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3KcnepttMeHTbI Ha Eonhlll0M a.D.P0HH0M KOJIJiatt.D.epe (LHC), coJ)J,aHH0M 
06'be):(I1HeHHbIMII ycHJIWIMII yqeHbIX II cneunanHCTOB HJ MH0rIIX CTpaH Mllpa B 
EBponeiicKoii opraHmaunn ».D.epHbIX nccne)].OBaHnii ([{EPH) B )KeHeBe 
(IIIBeiiuapnx), HaueneHbl Ha IICCJie)],0BaHne rny6HHHbIX npo6neM COBpeMeHHOH 
q>IIJIIKII qaCTIIU II ycrpaHemie cymeCTByIOIUIIX "6eJihlX IIHTeH" B KaprnHe 
II0HHMaHIDI q>yH.D.aMeHTaJihHblX JaK0H0B IIpnpO)].bl. IIpoeKT HayqHo-
3KCIIepnMeHTaJibH0ro K0MIIJieKca CMS (KoMnaKTHhIH MIOOHHhiii ConeHOH.D.) -
MHoroq>yttKUHOHaJihH0ro )].eTeKTopa Ha LHC, Kpy1rnettmeii II3 KOr)].a-ntt6o 
C0J)],aBaeMbIX q>IIJH'leCKHX ycTaH0B0K, o6'be)],HHHeT HeCK0JibK0 TbICHq yqeHblX HJ 

37 CTpaH. 

Ba)lrneiimeii II HeOTbeMJieMoii qaCTblO 3T0ro npoeKTa HBJIHeTCH 
CoTpy.D.HH'leCTBO Poccntt, O6ne)].nHeHHoro HHCTIITYTa MepHhlX nccne)],oBaHHH 
(Ollfill, ,ll;y6Ha) n .D.pyrnx CTpaH -yqacTHHU Ol-Um - RDMS CMS ttnn npocm 
RDMS. CoTpy.D.HHqecTBo RDMS CMS ofi'he.D.HHHeT oKono 300 yqeHhIX n 
o6ecne'lnBaeT mnpoKoMacmrn6Hoe n )].0JiroBpeMeHH0e yqacrne q>IIJHKOB Poccnn 

II CTpaH - yqaCTHHU OIUIH B KpynHeiimeM HayqH0M npoeKTe C0BpeMeHH0CTII. 

,ll;IDI mnpoK0ro HayqHoro o6cy)K)].eHIUI C0BpeMeHHblX npo6neM q>IIJIIKII 
BJaIIMO)],eHCTBWI qaCTIIII, npn BbIC0KHX 3HeprIDIX H CBHJaHHbIM C Heii B0IIpocaM 
K0CMonornn corpy.D.HH'leCTB0M RDMS CMS 6hm opraHII30BaH O6'be)],nHeHHhiii 
ceMnHap "Cl>nJnKa Ha LHC". IIporpaMMa ceMnHapa npe/J.YCMaTpnBaeT IIO.D.po6Hoe 
0CBemeHHe q>HJil'leCKHX IICCJie)],OBaHHH, nnaHttpyeMhlX II np0B0)],HMbIX Ha 
DOJlblllOM a.D.P0HH0M KOJIJiaii)].epe, B qaCTH0CTII B 3KCIIepnMeHTe "KoMIIaKTHbIH 
MIOOHHblll COJieHOll)],". B paMKaX CeMnHapa np0B0)J,HTC}I ofoopHbie JieKUHII )],JIH 

czy)].eHTOB CTaplllIIX KYPC0B, acn11paHT0B II M0JI0)],blX yqeHblX II0 nepe'IHCJieHHblM 
BbIIIIe HanpaBJieHIDIM, BKJIIO'laH TeopernqecKHe, 3KCIIepnMeHTaJibHbie, 
MeT0)],H'leCKHe, 0IIbITH0-K0HCTpYKT0pCKHe II IIpIIKJia)],Hbie IICCJie)],0BaHIIH. 

PyKoBO/J.IITeJihCeMnHapa:npoqi.H.A.roJIYTBHH 

Y'leHhlii ceKpeTaph ceMnHapa: K.q>.M.H. C.B.IIIMaTOB 

OpraHIIJaUIIH ceMHHapa npe)].yCMaTpIIBaeT IIHTepaKTIIBH0e yqacTHe 
yqeHhIX, CIIeUilaJIHCT0B, acn11paHT0B II czy)].eHT0B HJ paJJIH'IHhlX HayqHhIX H 
o6pa30BaTeJibHbIX ueHTp0B C II0M0IUblO CIICTeMhl Bil)],eOKOH<pepeHUIIH. TaIOKe 
npe.D.yCM0TpeHa TpaHCJIHUIIH JaCe)],aHHH ceMIIHapa qepeJ IIHTepHeT. 

HHq>OpMaUIDI 0 ceMIIHape, MaTepilaJibl JaCe)],aHHH, BKJIIO'laH BH)],eo-JaIIHCb 
JieKUnii II 3JieKTp0HHbie BepCIIII Tpy)].0B CeMIIHapa /J.0CTYIIHbl Ha IIHTepHeT
CTpam1ue ceMnHapa http://rdms.jinr.ru/ 

Ilo B0IIpocaM yqaCTIIH B ceM11Hape o6pamaTbC}I K yqeH0MY CeKpeTapIO 
ceMnHapa e-mail: Sergei.Shmatov@cem.ch · 
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06"'be.QMHE!HHblM ceMMHap Konna6opal,4MM ROMS CMS 
PyKOBOAHTenb Ill. A. fOnyTBHH 

<l>M3MK3 Ha 60JlbWOM 3APOHHOM KOJ1Jl311Aepe 

048P8AH08 38C8A8HH8 CeMHHapa COCTOITTCH '19 HHBaPH 2011 r. B 15:00 (MCK) B 

KOHcpepeH4-3ane Y4e6HO-HOY4HOro l.l8HTpa 06b8AHH8HH0f0 HHCTHTyrn HA8PHblX 

HCcn8AOBOHHi;; (OYA.437 3AclHHH nlllT). ,Qy6Ha 

nPorPAMMA 

«3Kcnep11MeHTanbHOe 06Hapy>1<eH11e KonneKTl'1BHblX 

3cpcpeKTOB B pp- 11 PbPb-CTOnKHOBeHl'1RX Ha LHC» 

3ace(}aHue ceMuHapa noceRU.eHo o6cy!K(}eHwo Konne1<muBHb/X 3cpcpem100 B pp- u 
PbPb-cmonKH0BeHURX, 06HapyxeHHb/X 6 3KCnepuMeHmax HJ LHC (ALICE. ATLAS, 
CMS). 

HJ6fl10(}eHue YZJJOBblX KoppenR4UU (pu<}x-3(/JcpeKm) 
acuMMempuR eblxo(}a cmpyu 4acmu4 

Heo6bl4H0Cmb Jmux 3(/JcpeKm0B U ux 603M0XHble H06ble npoReneHUR 6b/3b/6il/Om 
nOBb/WeHHb/U UHmepec U i!OPR<tUe c}uCK}'CCULI 60K/JYZ npeonazaeMbl)( wnome3 06 ux 
npupo(}e_ Bo epeMR «Kpywoao cmona» eeoyu.ue y<;eHble uJ paJnU'<HblX 
uccneooeamenbCIWX qeHtnpoa Poccuu (<N1AH, n/llR<D. O/IIR/11, /IIR/11. /lf<DB3, H/11/IIR<D 
MrY U op.) npe(}no!Kam 603M0)l(Hble 00bRCHeHttR HJ6n,o(}aeMb/X 3(/Jrt,eKn106. 

Bee 1Kena10u,ue npuznawaiomCR npuHRma y<tacmue e c}uceyccuu. 

np11HRTb yYacrne B 33Ce,[\3H1111 , 3.J,[13Tb eonpocbl 11 BblCTym1Tb B AHCK)'CC11H M0)t(H0 B TO<lK3X 
AByCT0p0HHero BHAe0A0CTyna B Ol•1>1111 ()ly0Ha). (l)l,1AH (M0CKB3) , 111S'lll1 ("nHTOIAHHK", M0CKBa), 
nll1s:l(l) (raTY11Ha), l.jEPH (354-1-AD19), HY (T0MCK). ArY (6apttayn) , KrY (KeMep0B0). orv 
(OMCK), HrTY (H0B0CHrn!pCK), s:lprY (S'lpocnaenb). 

B11AeorpaHcnR411R ceMHHapa ocylljeCTBnReTCR YepeJ CHCTeMy ynpaeneHHR 

BHAe0K0Hq>epeH4CBRJl1 T0MCKoro rocyAapcTBeHH0ro yH11Bepe11rera. 

TalOKe npeAyCM0TpeHa BHAeo-TpaHCnR411R CeMHHapa C>e3 Hcn0nbJOBaHHR cne411anbHOfO 
oOopyAOBaHHR Yepe:1 "1HTep11er: http://n:1ms.jinr.rutwebcast 



3Af!BJIEHl1E KOJIJIAEOPAJ..UIH CMS 13 

HAiiJIIO,II;EHHE HOBhIX ,II;BYXIIACTil~HhIX KOPPEJUIIJ;IIH 

B CMS ,II;ETEKTOPE 
3rurBJiemie K0Jrna6opau;1m CMS 

)I{eHeBa, 21 ceHrn6pH 2011 r. 

Koirna6opau;1rn CMS cero,D.HH HanpaBirna B neqaTh pa6ory, 03arnaBJieHHYIO 

«Ha6n10.n.eHHe .n.am,Ho.n.eiiCTByIOlll;HX yrnoBbIX KoppenHD;Hll B a.n.poHHbIX B3aHMO

.n.eiicrn1rnx», OIIHCbIBaIOiu;YIO HOBOe HBJieHIIe B IIpOTOH-IIpOTOHHbIX CTOJIKHOBeHII

HX. 

IlpII aHanH3e CTOJIKHOBeHIIii «BhICOKoii MHO)KeCTBeHHOCTII», B CMS .n.eTeK

Tope, B KOTOpbIX po)K,!J.aIOTCH COTHH II 6onee 3apH)KeHHbIX qaCTIID;, 6bIJIO o6Hapy

)KeHO, qTO HeKOTOpbre H3 3TIIX qacTIID; onpe.n.eneHHbIM o6pa30M «CKoppenIIpOBa

HbI» IIJIII accou;IIIIpOBaHbI BMeCTe, po)K,!J.aHCb B TOqKe CTOJIKHOBeHHH. 

EbIJIO ecTeCTBeHHbIM II3yqIITb 3TH KoppenHD;lIH B npoTOH-IIpOTOHHbIX 

CTOJIKHOBeHIIHX Ha LHC C HaIIBbICIIIeii MHO)KeCTBeHHOCTblO, Kor.n.a IIJIOTHOCTb 

po)K,!J.aIOIIIIIXCH qacTIID; IIpII6JIII)KaeTCH K TOH, KOTopaJI peanlI3yeTCH B CTOJIKHOBe

HIIHX npII BbICOKHX 3HeprIIHX TaKIIX H,D.ep, KaK Me,D.b, r.n.e no.n.o6Hbie 3cpcpeKTbI 6br

JIH y)Ke 3aMeqeHbI. 

Puc. 1. KaK rrpnMep, ll306pIDKeHne, ).(eM0HCTPHPYIOIIIee rrp0T0H-IIp0T0HH0e CT0JIKH0-

BeHne Ha CMS rrpn 3Hepnm 7 T::1B c o6pmoBaHneM 6onee qeM 100 qacTHll-
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B npe,n;CTaBJieHHOM B pa6oTe aHanll3e 6bIJIH orn6paHhl Bee naphl o6pa3yIO

IUHXCH B CTOJIKHOBeHHH 3apx:lKeHHhIX qacn1u: H H3MepeHbl pa3nuqux B HanpaBJieH

HOCTH HX ,ll;BH:lKeHHH. '.:hH pa3JIHqHH o6o3HaqeHbl KaK lir, H lief/ 
,D;nx Ka:lK,ll;O:ii napb1 6hrna BhlqucneHa cooTBeTCTBYIOmax <«PYHKU:HH Koppe

nxu;uu» (R). PHCYHOK 2 IIOKa3hIBaeT 3aBHCHMOCTh R OT lir, u Ii¢ ,n;nx cpe,n;Hero TH

nuqHoro CTOJIKHOBeHHH C BhICOKOll MHO:lKeCTBeHHOCThIO. 

MinBias, 1.0GeV/C<PT<3.0GeV/c 

4 

-4 

N>110, 1.0GeV/c<p
1
<3.0GeV/c 

~ 
<] 

~ 
~ 

-4 

4 

Puc. 2. Bapna111rn R B 3aBHCHM0CTH OT 3HaqeHHH f:i.17 H t:i.cp .wrn IIp0T0H-IIp0TOHHhlX 

CTOJIKHOBeHHii B CMS. CJieBa: .wrn cpe.zumx THnnqHhIX CTOJIKHOBeHHH. CnpaBa: ,wrn 

CTOJIKHOBeHHH, B K0T0pbIX po)K)];eH0 6oJiee 110 3apxJKeHHI,IX tJaCTHII . 

. Hau6onee 3aMernoe pa3JIH'IHe Me)K,ll;y 3THMH .ll:BYMH KapTHHaMH - HeO)KH

,n;aHHOe IIOHBJieHHe Ha BTOpo:ii H3 HHX nporn:lKeHHOro «xpe6Ta» IIpH Ii¢ = 0 ,ll;JIH 

Bcex ~TJ- 3TO 03Ha'!aeT, 'ITO HeKOTOpbie napbl tJaCTHU: IIpH 60JihillHX lir,, y,n;aJIHHCh 

,n;pyr OT ,n;pyra co CKOpOCThlO CBeTa, OCTaIOTCH coopHeHTHpoBaHHhlMH IIO HanpaB

JieHHIO CBOero ,ll;BH:lKeHHH B,ll;OJih o,n;Horo H Toro )Ke a3HMYTaJihHOro yrna ¢, KaK 

eCJIH 6bI qaCTHll;hl 6bIJIH HeKOTOpbIM onpe,n;eJieHHhIM o6pa30M accou;HHpOBaHbl 

BMecTe, pO)K,ll;aHCh B TOqKe CTOJIKHOBeHHH. 

BoT KaK 3To KOMMeHTttpyeT pyKoBO.ll:HTeJih Konna6opau:un CMS rBH.n;O To

Hennn: «XOTH Mhl aKTHBHO HCKaJIH no,n;o6Hoe HBJieHHe, CaMO ero IIOHBJieHHe B 

IIpOTOH-IIpOTOHHhIX CTOJIKHOBeHHHX 6bIJIO HeO)KH,ll;aHHhIM H IIOTOMY 0Ka3aJIOCh 

KpattHe HHTepeCHhIM. ,D;oIIOJIHHTeJibHaH CTaTHCTHKa nponheT 6oJibille CBeTa Ha 

npupo,n;y 3TOro 3cpcpeKTa. 3TO Ha6n10,n;eHHe ,n;eMOHCTPHpyeT CHJIY H B03MO:lKHOCTH 

,n;eTeKTopa CMS, TaK:lKe KaK H q>H3HKOB, ero 3KcnnyaTHPYIOIUHX. Mhl Haxo,n;HMCH 

Ha IIY™ HCCJie,n;oBaHHH, ,ll;IOHM 3a ,ll;IOHMOM, HOBOH TeppHTOpHH, CTaBrue:ii ,n;ocryn

HOH 6naro,n;apx B03MO:lKHocrnM LHC». 

3To nepaoe Ha6n10,n;em1e no,n;o6Horo HBJieHHH B npoTOH-IIpOTOHHhIX B3aH

MO,n;eiicTBHHX H B03MO)KHbl pa3JIHqHbie HHTepnpeTaU:HH 3Toro 3q>q>eKTa. XOTH 0,ll;c 

H03HaqHoro o6oHCHeHHH 3TOfO 3cpq>eKTa eru;e HeT, HOBaH CTPYKTYPa HMeeT cxo.n:-
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CTBO C HBJieHHHMH, Ha6n10,n;aeMbIMH IIpH CTOJIKHOBeHHHX TH:lKeJiblX H0HOB Ha 

RHIC (PeJIHTHBHCTCKIIH rn:lKeJIO-HOHHhIH Konnaii,n;ep B CIIIA), KOTOphie HHTep

npeTttpoaanuch KaK npoHBJieHHe o6pa30BaHHH ropxqeii H IIJIOTHOH MaTepHH B 

CTOJIKHOBeHHHX peJIHTHBHCTCKHX TH:lKeJiblX HOHOB. 

Iionee ,ll;eTaJihHhlll aHaJIH3 C yaenuqeHHOH CTaTHCTHKOH 6y,n;eT npe,n;npHHHT 

,n;JIH ,n;aHHOro KJiacca npou:eccoB C BhICOKOH MHO:lKeCTBeHHOCThlO. Poer lIHTeHCHB

HOCTH nyqKoB LHC B 6JIH:lKaiimne MeCHU:hI o6ecnequT no KpaiiHeii Mepe B cTo pa3 

60JihillyIO CTaTHCTHKY, qTQ ,n;acT B03MO:lKHOCTh ,ll;OCKOHaJihH0 H3yqHTh o6Hapy

)KeHHhlll 3cpcpeKT H npOHCHHTh CTOHlll;Hll 3a HHM MexaHH3M HBJieHHH. 

KpaTKHll HayqHhIH HTOr pa60Thl M0:lKeT 6bITh HaiI,n;eH 

10.1007/JHEP09(2010)091 (ar:Xiv:1009.4122), a IIOJIHhlll TeKCT B 

http://cmsinfo.web.cern.ch/cmsinfo/News/20 l 0/OCD-10-002/OCD-10-002.pdf. 

J O6pa3hl H aHHMau;ux HeKoTophIX H3 nepBhIX CTOJIKHOBeHHii Ha CMS MOrYT 

6hITh Haii,n;eHhI Ha OTKphITOM ,n;nx ny6nHKH B36-caiiTe CMS: http://cms.cern.ch. 

CMS - o,n;HH H3 ,n;ayx YHHBepcanhHhIX ,n;eTeKTopoB Ha LHC, cOJ,n;aHHhIX ,n;nx 

IIOHCKa HOBOH q>H3HKH. OH cnpoeKTHpOBaH, qrnfa1 o6HapY:lKHTh mHpOKHH Kpyr 

HOBhlX qacTHu; H HBJieHHll B IIpOTOH-IIpOTOHHhlX H x,n;po-x,n;epHbIX CT0JIKHOBeHHHX 

npH BhICOKHX 3HeprHHX Ha LHC H IIOMOqh OTBeTHTh Ha TaKHe BOIIpOChI: «Ifa qero 

c,n;enaHa Hama BceneHHaH H KaKHe B Heii ,n;eiiCTByIOT CHJihI?» H «1:ITO TaK0e MaTe

pux?». 

CMS II03B0JIHT H3MepHTh CBOHCTBa H3BeCTHhIX HaM qacTHU: C 6ecnpeu;e

,n;eHTHOH ,n;o CHX nop roqHOCThIO, a TaK:lKe aeCTH IIOHCK COBepmeHHO HOBhlX He

npe,n;CKaJyeMblX HBJieHHll. Ilo,n;o6Hhle HCcne,n;oaaHHH He TOJihKO yrny6xT Harne 

IIOHHMaHue Toro, KaK YCTP0eHa H pa3BHBaeTCH Hama BceneHHaH, HO B HTore MO

rYT C03,ll;aTb HOBbie TeXHOJIOrHH, K0T0phie H3MeHHT Ham MHp, KaK qacro Y:lKe 0Ka-

3hIBaJIOCh B IIp0illJIOM. 

TeKyru;ax pa6orn LHC npo,n;oJI:lKHTCH 18 Mecxu;ea. 3TO ,n;oJI:lKH0 II03BOJIHTh 

3KcnepHMeHTaM Ha LHC aKKYMYJIHpOBaTI, ,ll;OCTaTQqHo ,n;aHHhIX ,ll;JIH HCCJie,n;oBaHHH 

HOBOH TeppHTOpHH, «Teppa HHK0rHHTO», BO acex o6nacTHX, r,n;e Q)KH,ll;aeTCH H0BaH 

q>H3HKa. 

KoHu;enTyaJI1,HhIH npoeKT 3KCnepnMeHTa CMS 6hrn po)K,ll;eH B ,n;aneKOM 

1992 ro,n;y. CoJ,n;aHue rnraHTCKoro ,n;eTeKTopa (15 MeTPOB a ,n;uaMeTPe, no~H 29 

MeTP0B ,ll;JIHHHOH H 14 000 T0HH aecoM) IIOTPe6oBaJIO 16 JieT HaIIpH:lKeHHhlX ycn

Jlllll 0,ll;HOH H3 KpynHeiimnx, K0r,n;a JIH6o cyru;ecTBOBaBmHX Me)K,ll;YHapo,n;HhIX 

HayqHhIX KOJIJia6opau;uiI: 6onee 3100 yqeHbIX u HH:lKeHepoB H3 169 HHCTHTYTOB H 

lICCJie,n;oBaTeJII,CKHX na6opaTopuii a 39 CTPaHax, pacceHHHhIX IIO BCeMy Mttpy. 

i 6.IJ - yron MelK/ly ipeKaMH B ropH30HTaJJhHOH ruJ0CK0CTH {pttc.3, CJJesa) 
def> -yron MCJKJlY ipeKaMH B nonepe•rnon nnocK0CTH {pttc.3, cnpasa) 
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Puc. 3. CncTeMa KooprornaT ycrnHoBKH CMS: (cneBa) /:,.7] - YTOJI Me)K)zy TpeKaMII Bro

ptt30HTaJihHOH IIJIOCKOCTH, ( crrpaBa) 1:,.¢ - yron MelK,ny TpeKaMH B rrorrepe'IHOH IIJIOCKO

CTII. 

B. JI. KOPOTKHX 17 

"PH,ll,)K"-3<1><1>EKT B pp H PbPb CTOJIKHOBEHIUIX B 

3KCilEPIIMEHTE CMS HA LHC 
B. n. KopOTKIIX 

Hay'llw-uccneiJoeamenbcKuu uHcmumym RiJepHou rjJu3uKu MI'Y, MocKea 

ITpe,nCTaBJieHhl H3MepeHHJI ,nayxqacTH'IHhlX yrnoBblX KOppeJIJIIUlll B pp- H 

PbPb-crnnKHoBeHHJIX B 3KcrrepnMeHTe CMS Ha LHC B umpoKoM ,nnarra3oHe rrcea

.1106hICTpoThI T/ JI a311MYTaJihHOro yrna ¢ 'IaCTl!llhl. I1p11 Bh!COKOll MHOlKeCTBeHHOCTII 

pp-co6bITl!ll C 3Heprneii B CIICTeMe ueHTPa Mace 7 T3B rrpOllBJIJ!eTCJI IIOpa311TeJib

Hhlll 3cp<peKT "xpe6Ta", IIOJIY'IIIBIIIero Ha3BaHHe "p11.lllK"-3cp<peKTa, Ml! rrpoMelKy

TO'IHbiX 3Ha'IeH11ii: Pr= 1-3 f3B/c B Kl!HeMarnqecKoii o6nacrn pa3HOCTeii 6hICTPOT 

2.0 < lilT/I < 4.8 JI Manblx yrnoB Llq, ,a, 0. 3TOT 3cpcpeKT Ha6mo.11ancJ1 paHee rrp11 200 

f1B B 1Kcrrep11MeHTax RHIC JI TaKlKe 113MepeH Ha CMS rrpJI 2.76 f3B Ml! 

PbPb-cTOJIKHOBeH11ii. BhIIIOJIHen <l>ypbe arran113 Ll¢-pacrrpe.11eneH11ii .110 BhICOKHX 

rapMOHIIK c n s; 5 . 

,ll;Byx'IaCTII'IHbie Koppemn~IIII HBmUOTCH MOIUHhIM cpe.ncTBOM IICCJie,[lOBaHirn 

CBOHCTB CIIJibHOB3aIIMO,[leHCTBYJOmeii cpe,Llbl, 06pa3yeMoii npII CTOJIKHOBeHIIII 

YJibTPapeJIHTIIBIICTCKIIX ».nep [1-6]. 3TO IICCJie,LlOBaHIIe .naeT HOBYJO IIH!pOpMaQIIIO 

KaK ,LlJIH KOJIJieKTIIBHbIX 3cpcpeKTOB, TaK II ,[lJIH ,KeCTKIIX nponeccoB KX,n;. YcTaHOB

Ka "KoMnaKTHhiii MIOOHHblii coneHou.n" (CMS) [7] IIMeeT npeIIMymecTBo nepe.n 

~.npyrnMII ycrnHOBKaMII Ha LH_C. Ha ypoBHe pemcTPan1111 qacTIIQ TPeKepoM 3a-

XBaThrnaeTc» 6oJibillM o6nacTb IICeB.no6bICTPOT 1J OT - 2.4 .no + 2.4. Ilo3TOMY 

BO3MO,KHO IICCJie,LloBaTb ,LlJIIIHHO-,[leiicTBYJOIUIIe KoppeJIHQIIII no ncea.no6bICTPOTe 

.no IL11JI = 4.8 [8]. 

(d) N>110, 1.0GeV/c<pT <3.0GeVlc 

~ ( 

<l 31 s -~ x-L 
4 

AuAu200GeV 
Au+Au 0'!.-10% 

Similar "ridge· in high multiplicity pp 
(even similar Pr dependence) 

~ 

Puc. 1. CpaBHeHJie "p11.11,K"-1q>cpeKTa B (cneBa) pp-cTOJIKHOBeHHJIX rrpJI 7 T1B B c.u.M. 

H (crrpaaa) B PbPb-crnnKHOBeHI1J1~_1!P.!f ~.9.9.D_l3['!)'_I<_J!Q!Ll.4!Jl; 7/1 - 7/2, 11:,.¢1 = ¢1 -
</J2, ITO ?CJI Op.nJIHaT - HOpMJipOB~I-ijlpIH:~U•Jl(©ilPJfl:rn:JI~~~'J¢fl'i9v hl'IJITaHIIJI !pOHa. 

51gepH11x :nccne,LJ,oBam-rn 
, BHBJU10TE:KA 
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Ilptt Bh!COKOll MHO)l(eCTBeHHOCTll pp co6b!Tllll c :meprtteii B CllCTeMe ueHTPa 

Mace 7 T3B npmrnmreTCH nopa:mTeJihHhill 3cpcpeKT "xpe6Ta", noJiyqttBrnero HaJBa

Htte "ptt.n)I(" -3cpcpeKTa, .D:JIH npoMe)l(yroqHhIX JHaqeHttii Pr= 1-3 f3B/c B KttHeMa

rnqecKoii o6Jiacrn pa3HOCTeii 6b1cTPOT 2.0 < I /J.r, I < 4.8 tt MaJihIX yrJioB /J.¢ ~ 0. 

3TOT 3cpcpeKT Ha6JIIO.D:aJICH paHee npII 200 f3B B 3KcnepttMeHTaX RHIC tt TaK)l(e 

IIJMepeH Ha CMS nptt 2.76 f3B .D:JIH PbPb-cTOJIKHOBeHttii (pttc.l). 

3aBHCllMOCTb OT /J.<p B pp-CTOJIKHOBeHHHX nptt npoMe)l(yroqHb!X nonepeq

Hb!X llMnyJibCax Pr = 1-3 f3B/c CllJibHO OTJittqaeTCH OT CTaH.L(apTHb!X MO.L(eJieii 

Tttna PYTHIA tt 3TO ornttqtte B03pacTaeT c pocTOM MHO)l(ecrneHHOCTll ( CM. pttc.2 

cpe.n:Htte KOJIOHKll). 

ll Jlj;i:\ l("(p1-:1 fl(rt'\ i'c: :t J,1)4'.;f'\ l(:"".JJr<],ll{;t.'\.'< t l U(;t'\ .'(""".p(J,(Ki,t\ •·~ 

:"l.o:J, • Cll~rl' 

t· ~f-~~i!--tT-- - ·"''r' 1 :;c ..,._ T ii <I e"". 1 __ ,.. a (Ir :.;.. 

:;c 
<l _...- I ?---l 2" ~1 ../" I __,,rr I _ _.... ._ 

- 1 ~ 1 
-Q- I ~- " -~ ~ ,.,.. 1 s ~ :::; ut · -

J • Z :.; U l i , . 
M .1~ Wei Li, MITt.o M 

Puc. 2. )];Byx'laCTJI'IHlUI KoppeJIJUJHH B pp-CTOJIKHOBeHim B 3aBHCHMOCTH OT /j_¢ rrpH 

pa3Hb!X Pr MHOJKeCTBeHHOCTH N. 

IlpttHHTO BhI.L(eJIHTb TaK Ha3bJBaeMyIO TPIIrrepHyIO qacTHUY, BhI6HpaH ee no 

MaKCllMaJibHOMY ttMnyJihCY C p~ig ll acCOI..(llllpOBaHHYIO ( corrpoBO)l(.L(aIOIIJYIO) C 

MeHbll!IIM P¥cc_ Ha pttc. 3 noKa3aHO, qTo "ptt.n)l("-3cpcpeKT ttcqe3aeT npII 60JiblllllX 
~ trig 

llMIIyhcax TPIIrrepHOll qacTlll..(bl Pr . 

B PbPb-cTOJIKHOBeHttHX npII ,jsNN = 2.76 f3B "pll.D:)l("-3cpcpeKT npoHBJIH~ 

eTCH C eIIJe 60Jibll!ell IIHTeHCHBHOCTblO [9] . KpoMe Toro, Ha6JIIO.L(aeTCH CHJibHaH 
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3aBllCllMOCTh OT ueHTPaJihHOCTII CTOJIKHOBeHIIH, ycttJittBaIOIIJaHCH C poCTOM ueH

TPaJihHOCTll (pttc.4). 

4 

pp vs =7TeV. N~ 110 

· 1-9-• :a 
'zi=
"b <1 

'O 

~1; 
4 

-4 

Puc. 3. lfaMeHeHttH npn rrepexo.ne OT p~;g = 2-3 f3B/c K p~rig = 5-6 f3B/c. 

4 OCWlt ~p~J c. '-OG.11/: 

.20C.V': ..,_p7"' c.-'OC,;V:: 

Pb-"l:\-.;;;.2-1•T_•_V /~ ?~5 % 

/'::.J~ -z-'·' 
~} :~ 
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Puc. 4. Pacrrpe;:ieneHne Bb1xo;:ia nap 11acTHI-I rro MJ II [j_cp J(JIJI 12 HHTepBaJIOB neHTPaJib

HOCTJI PbPb-cTonKHoBeHni1, yKa3aHHblX rrponeHTaMH. CaMbie neHTPaJibHhie cTonKHoBe

HH.11 0-5%, nepmpeprr11ecKHe 70-80%. 
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B pa6omx [9-12] npe.n;JIO)KeHO IICCJie.n;onan, "pII.n;)K"-3cpcpeKT C IlOMOll.(blO 
<l>ypbe pa3JIO)KeHmI !p}'HKUIIII KOppeIDIUIIII. ~eH COCTOIIT B TOM, tJTO IlOHIIMaHIIe 
:icpcpeKTa MO)KeT 6b1Tb npoHCHeHO 3a CtJeT BKJia.n;a BbICOKIIX rapMOHIIK pa3JIO)Ke-

HIIH. Jfa pIIc.5 Bil,!l;HO, tJTO .n;ettCTBIITeJibHO rapMOHIIKII vf c n ~ 4 BeJIIIKII 11 CIIJibHO 
OTJIIItJaIOTCH OT npe.n;cKa3aHIIH cTaH.n;apTHOH Mo.n;e1111 PYTHIA. 

2 < ~qi <4 2 < ~soc< 4 GeV/c CMS jLdt=3.1.ub·1 

- I.C yf ½ yf yf yl 
~ 

0 1 ! 4 5 
::_ D.5 

I -< • • • 
> --~ -- __ ..:--•-• __ _'_ '--ti--• • -•~__. l--• •" • .. ...... • !I 0.C e, 
~. 

i-0,5 
~ t ~b\~ • l__:"l T!V 0-S!i z -mt-:Ae~~s-2::oerev 

·1.D 
5 10 5 10 5 rn 5 10 ; 10 

p~9(GeV/c) ~(GeV/c) p;9(GeV/c) P,.:n.(GeV/c) P?(GeV/c) 

trig · Pnc. 5. <l>ypbe K03cpcpm~IIeHThl cpyHKUIIII K0ppeIDIUIIII B 3aB!ICIIMOCTII OT Pr rrpII 2 < 
P¥cc < 4 faB/c )];JUI Ha116011ee ueHTpaJihHhIX 0-5% PbPb-CTOJIKH0BeH11tt rrp11 .Js;;;, = 
2.76 f3B. 

HeCOMHeHHO, HOBhie 3KcnepIIMeHTaJibHbie pe3yJihTaThl Bbl3blBaIOT CIIJihHblll 
IIHTepec TeopeTIIKOB. MO)KHO CKa3aTb, 3KCnepIIMeHT no CBOIIM pe3yJihTaTaM 11.n;eT 
Bnepe.n;tt Teopttll. IloKa HeT BHHTHOro o6bHCHeHHH "ptt.n;)K"-:icpcpeKTa Hll n pp-, Hll 
B PbPb-cTOJIKHOBeHHHX. CaMhIM ttHrpttryi:oll.(ttM nonpocoM HBJIHeTCH nonTopeHtte 
"ptt.n;)K"-3cpcpeKTa B pp- H PbPb-cTOJIKHOBeHttHX c Heo6xo.n;HMhIMH oroBopKaMH. 
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"PH,IJ}K"-3<1><1>EKT H .HBJIEHHE BblCTPOEHHOCTH 
ll. II. Jloxnrn, A. K. MaHarame, A. M. Cmm1peB 

'Hay11no-ucCJleOoBameJlbCKuii uncmumym ROepnoii pu3uKu MI'Y, MocKBa 

IlpewionaraeTCll, 'ITO Ha6mo,n:aeMblll KOJIJia6opaIUieii CMS a CTOJIKHOBeHHH rrpOTO

HOB Ha LHC "pHWK"-3q>q>eKT H Ha6mo.n:aeMoe KOJIJia6opaI111eii "IlaMHp" B 3Myn1,-

- CIIOHHblX 3KCrrepHMeHTax C KOCM11qecKl!MH nyqaMI! l!BJieHl!e BbICTPQeHHOCTII IIl!TeH 

Ha 1meHKe ec'Th rrpol!BneHHe onttoro H Toro JKe, Herrmrnrnoro rroKa, MexaHH3Ma BO3-

HHKHOBeHllll KOMIIJiattapHOll CTpYKTYPbl co6&ITHH. Ha OCHOBaHIIH )TOH rl!IIOTC31,l H 

aHaJIH3a 3KCIIep11MeHTaJibHbIX .!1:aHHbIX rrpe,n:CKa3bIBaeTCll 6oJibIIIOll KOMIIJiaHapHblll 

3q>q>eKT Ha LHC B o6JiaCTII rrepe,n:HIIX 6b1CTpOT
1
. 

BBE,z:J:EHHE 

f'naBHITTI uem, ,n:aHHoii pa6on,1 - rroKa:mTb, qTo Ha LHC .n:om1ma Ha6mo,n:aTbCH 

aHOMaJibHO 6oJiblIIITTI aml3OTIJOIIIrn IIOTOKa :mepnm: B 06nacT11 rrepe,n:HllX 3Haqe

HIIR 6hICTIJOT rrpII ycnoBI111, qTO Konna6opaUI1I1 CMS II "IlaMilp" Ha6mo,n:aIOT o.n:

HO II TO )Ke HBJieHile, HO B pa3HbIX KI1HeMaTI1qeCKIIX ycJIOBIIHX. "Pil,n:)K" -3cpq>eKT, 

T.e., aJIIMYTaJibHITTI CKoppen11poBaHHOCTb a.n:poHOB C Pt~ 1-3 13B, pa3,n:eneHHbIX 

6onbIIIIIMII 6blCTIJOTHbIMII IIHTepBanaMII (.n:o J.177 I < 4), 6brn o6Hap~eH CMS 

KOJIJia6opauI1eii B pp-coy.n:apeHIIHX rrpII \IS =7 T3B B co6blTllHX C BbICOKOii MHO

)KeCTBeHHOCTblO BTop11qHbIX qacT11u. TaK KaK Konna6opau11» CMS rrpe.n:crnBIIJia 

CBOII ,n:aHHbie OTHOCIITeJibHO He,n:aBHO [ 1 ], a l!X IIHTeprrpeTau1111 IIOCBHIUeHO ~e 

60JibIIIOe KOJillqecTBO pa6oT B TeKYIIIeii Jll!TepaType (60JibIIIe 100 Ul!TllpOBaHllii 3a 

rrocne,n:Hilii ro.n: cornaCHo INSPIRE), TO MbI HaqHeM c KpaTKoro HarroM11HaH11H cy

Tll 3KCrrepI1MeHTa "IlaMllp"', pe3yJibTaTbl KOToporo He,n:ocTaToqHo IIIIlpOKO Il3-

BeCTHbl, rnaBHblM o6pa30M, 113-3a ,n:aBHOCTll Ha6n10,n:eHI1H. 

3KCilEPHMEHT "IlAMHP" 

3Kcrrep11MeHT "IlaMilp" l!CIIOJib3OBaJI ,n:JIH perl!C'I'paUilll qaCTIIU KOCMilqecKl!X ny

qeii BblCOKl!X 3Hepr11ii peHTreHO3MYJibCllOHHbie KaMepbI 60JibIIIOii IIJIOIUa.n:II, pac

lIOJIO)KeHHble B ropax IlaM11pa Ha BbICOTe OKOJIO 4400 M. B 3TOM 3KCrrep11MeHTe 

Ha6n10,n:aeMbie co6bITllH (ceMeiicTBa a,n:pOHOB II y-KBaHTOB C BblCTl)OeHHOCTbIO) 

IIHIIUI111pyIOTCH qaiue Bcero rrpOTOHaMll C 3Hepmeii ~ 104 
T3B, B3aIIMO,n:eiicTBy

IOIUl!Mll B aTMoccpepe Ha BbICOTe OT HeCKOJlbKIIX COT Me'I'pOB .n:o HeCKOJlbKIIX Kll

JIOMeTIJOB Ha,n: KaMepoii [2, 3]. HHTepecy10iu11e Hae rrpo.n:YKTbl CTOJIKHOBeHl!H 

Ha6n10,n:aIOTCH Ha pa,n:IlaJibHOM paCCTOHHilll .n:o HeCKOJlbKIIX caHTl!Me'I'pOB B 3MYJib

Cilll C paCCTOHHlleM Me)K.!l:y IIHTHaMll (pa3pe111eH11eM) 6oJibIIIe l!Jlll rrop»,n:Ka 1 MM. 

3cpcpeKT BblCTl)OeHHOCTll Haq11HaeT rrpoHBJIHTbCH B ceMettCTBax rrpII CYMMapHoii 
3Hepr1111 Ha6n10,n:aeMoii raMMa-KOMIIOHeHTbl Ey > 0.5 Il3B (qTo rrp116JI113IITeJibHO 

COOTBeTCTByeT 3HepmII B3al!Mo,n:eiiCTBllH \IS ~ 4 TeV). 

1 
AerophI noceu11a10r 11aHH}'IO pa6ory naMJITH )"IIITeJIJI II coaeropa JI. 11. Caphrqeeoii, np11 )"laCT1111 Kornpoii 61,[JJ 

Il~)"leH pJl)l Pe3YllhTaTOB, rrpe)lCTaBJJeHHhlX 3)1ech, 11 KOTOpaJI 6hma no CYilleCTBY IIHIIUllaTOpOM JTIIX IICCJJe)lOBa
HHH. 
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,n:mr cpaBHeHirn: pe3yJJbTaTOB 3KcnepHMeHTa c q>IIKCIIpOBaHHOH MllllleHblO 

(3KCnep1IMeHT "IlaMIIp") C pe3yJJhTaTaMII nccne,noBaHHH CTOJJKHOBeHllli Ha 

BCTPeqHbIX nyqKax (CMS 3KcnepnMeHT) Heo6xo;:1;11M .nernnhHbIH aHanll3 KHHeMa

TnqecKnx COOTHOllieHHH B pa3HbIX nopeHIJ;eBbIX CllCTeMax OTcqeTa. Ilpn aHanH3e 

y.no6Ho napaMeTPH30BaTb 4-nMnynhc Ka)K,ll;oii paccMaTPnBaeMoii qacrnUhI i, po)K

,neHHOH B nepBnqHoM CTOJJKHOBeHHll, qepe3 ee nonepeqHbIH ( OTHOCHTeJJbHO OCII 

CTOJJKHOBeHirn: z) IIMilYJJbC Pri, a3IIMYTallbHhlli yron <Pi II fihICTPOTY T/i B C.IJ;.M.: 

Pi =[✓P;; +m; ch7];, Pr;Cos</J;, Pr;sint/J;, ✓Pi. +m; sh7];] (1) 

B 3TOM cnyqae nepexo.n OT C.Il;.M. K JJ.C. CBO)];IITCH TOJJbKO K C)];BIIry fihICTPOThl ~i = 
T/o + T/i, r.ne ~i - 6hICTPOTa qaCTilll;bl i B JJ.C., a T/o - fihICTPOTa C.IJ;.M. TaK)Ke B JJ.C. 

EcnII npeHe6peqb ,nanhHeHllIIIM B3aIIMO)];eHCTBIIeM qacTIIU B aTMocqiepe (qTO 

npIIBe,neT K oueHKe CTeIIeHII BbICTPOeHHOCTll IIO MaKCIIMYMY), TO IIX IlOJJO)KeHIIe 

Ha IIJieHKe B xy-IIJJOCKOCTII nerKO BhNIICJJHeTCH: 

_ Vr;h · · Pn h 
r;- ✓ 2 2 ' 

vziPr, + m; sh(770 + 77;) · 
(2) 

r.ne Vri II Vzi - pa,nIIanbHaH II npo.nonbHaH KOMIIOHeHThI CKOpOCTII qaCTIII.l;hl COOT

BeTCTBeHHO, E; = Jp'f. + ml ch(1Jo+1J;) - 3Heprnsr qacmri;hl B na6oparnpHoii CII

cTeMe oTcqeTa. 

TaK KaK pa3Mep o6naCTII Ha6mo,neHIIH IIOpH,nKa HeCKOJJbKIIX caHTilM~OB, 

TO 3TII paCCTOHHmI )];OJJ)KHhI y,noBnernopHTb ycJJOBIIHM 

rmin < 'i, (3) 

r;<rITTlX, (4) 

r.ne rmin = Tres::::: 1 MM, rmin::::: 15 MM. YcnoBIIe (3) 03HaqaeT, qTo IIHTHa He CJJII

BaJOTCH C ueHTPOM, q>OpMIIpyeMbIM II3 qacTIIU, neTHlll;IIX B)];OJJb OCII CTOJJKHOBeHHH 

(B OCHOBHOM II3 o6naCTII qiparMeHTall;llII HaneTaIOlll;ero npoTOHa). Pa3JJHqIIMOCTh 

IIHTeH Ha nneHKe HaKJJa)];bIBaeT elll;e O)];HO orpaHIIqeHne Ha B3allMHhie paCCTOHHIIH 

Me)K,ll;y qaCTIIIJ;aMII: 

diJ = .Jr;2 + rj-2r;rjcos(!/J; -¢i), (5) 

OHO )];OJJ)KHO fihITb 60JJbllie 1 MM: 

di}< rres• (6) 

J 
l 
t 

1j 

.t 
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B IIpOTIIBHOM cnyqae qacTilIJ;hI )];OJJ)KHhl 061,e,nIIHHTbCH B O)];HO KJJaCTep-n.HTHO, no

Ka He OCTaHYTC.H KJJaCTepb1-qaCTllll;hI co B3allMHbIMll pacCTO.HHII.HMll 6onhme 1 MM. 

IlpII 3TOM KOOp.D:IIHaThI 3TOH HOBOH KJJaCTepa-qacrnuhl onpe,neJJHIOTC.H TaK )Ke, KaK 

11 Koop,nIIHaTbl ueHTPa Mace .n;Byx Ten B MexaHIIKe: ru = (riEi + riEj)/(Ei + Ei). 
Cpe.nn KJJacTepoB-qacmu, y,noBnernop.HIOlll;IIX ycnoBII.HM (3), (4), (6), oT6IIparoTc.H 

2, ... , 7 C HaII60JJhllieH 3HeprIIeii, II )];Jl.H HIIX BhJqncJJHeTC.H BhICTPOeHHOCTb, KOTOpa.s 

onpe,neJJHeTC.H CTaH,napTHhIM o6pa30M [3]: 

AN 
I.: i"'-k cos(2</J;ik) 

N(N-l)(N-2)' 
(7) 

c yqeTOM ueHTPallhHOro KJJaCTepa, T.e., N - 1 = 2, ... ,7. 3.nech <Pijk - yron Me)K,ll;y 

BeKTopaMH (rk - rj) II (rk - ra (,nnH IJ;eHTPallhHOfO II.HTHa r = 0. 3TOT napaMeTP, 

ll3MeH.HIOlll;IIHC.H OT -1/(N - 1) .no 1, xapaKTepII3yeT HMeHHO paCIIOJJO)KeHne N 
ToqeK B)];OJJb np.HMOH JlllHllll. B cnyqae, HanpIIMep, CIIMM~IIqHoH II 6JJII3KOH K 

HaII6onee Bepo.HTHOH cnyqaHHOH KOHq>IIrypaIJ;IIll TPeX ToqeK Ha IIJJOCKOCTil (paB

HOCTOpOHHIIH TPeyronbHIIK) A3 = -0.5. AN = 1 coorneTcrnyeT npe.nenbHOMY 

cnyqaro, KOr,na BCe TOqKII JJe)KaT CTPOfO Ha IIp.HMOH JJIIHIIII, B TO BpeM.H KaK )];JJ.H 

II30TPOIIHoro pacnpe.neneHII.H AN < 0. CTeneHb BbICTPOeHHOCTII PN onpe.nensreTC.H 

KaK ,noJJH qIIcna co6b1mii c AN > 0.8 [3] OT o6lll;ero qncna co6blmii c qncnoM 

ueHTPOB B 3TIIX co6bITIIHX He MeHhllie N. 

3KcnepnMeHTallbHO ll3MepeHHaH [4] CTeneHb BbICTPOeHHOCTII npe,nCTaBJJe

Ha Ha pIICYHKe 1 KaK q>yttKUIIH qncna paccMaTPIIBaeMhIX KJJaCTepoB N. ,n:n.s cpaB

HeHH.H IlOKa3aHhl TaK)Ke pe3yJJhTaThI Hamero MO,nenIIpOBaHH.H [5, 6], llCilOJ1b3YJO

lll;ero reHeparnp PYTHIA [7], npn ../s = 14 T3B. IlpII 3HaqeHH.HX napaMeTPOB 

Tmin = Tres = 1 MM, Tmax = 15 MM, h =1000 M, MaKCIIMallhHO IlpII6JJII)KeHHbIX K 

ycnOBII.HM 3MYJJbCIIOHHhIX 3KCnepnMeHTOB, oueHeHHaH CTeneHb BbICTPOeHHOCTII 

(cnnomHasr KpIIBa.s) PN .nn.s N ueHTPOB 3HaqIITeJJbHO Bhillie cnyqaiiHoii BhI6opKII, 

HO He,noCTaTOqHa (Ha q>aKTop 3-4), qrnfih1 OilIICaTb 3KCnepnMeHTallbHbie ,naHHble 

[4] .na)Ke C yqeTOM IIX 60JJhllIIIX om1160K. 

O,nHaKO npII MO,nennpoBaHHII npouecca Ha 3HaqIITeJJbHO MeHbllieH BbICOTe 

h" :5 50 M, KOTOpa.H He COOTBeTCTBYeT oueHKe (xorn II BeCbMa rpy6oii) KOJJJJa6o

paUIIII IlaMHp, IlO.HBJJ.HeTC.H CIIJJhHaH 3aBIICIIMOCTh CTeneHII BbICTPOeHHOCTII PN OT 

MIIHIIManbHoro nonepeqHoro HMnynbca )KeCTKoro npouecca P¥ard (HBJJ.HIOlll;erocsr 

napaM~OM B reHeparnpe PYTHIA). 3m 3aBIICHMOCTb He 6brna 3aMerna npII BbI

coTe h = 1 KM, XOTH HeKOTopyro He3HaqnTeJJhHYJO TeH,neHIJ;llIO K pocry CTeneHII 

BhlCTPOeHHOCTil C pocTOM P¥ardnpn 3TOM MO)KHO 6bIJJO 6bI YJIOBIITb. Ee3 orpaHII

qeHIIH CHII3Y Ha P¥ard 
pe3yJJbTaT npaKTilqecKII COBna.naeT C nonyqeHHhIM paHee 

( CilJJOllIHa.H KpIIBaH Ha pIIc. l ), OTP8)KaH TeM caMbIM HeKOTOphie 06lll;IIe CBOHCTBa 

CTPYHHOH CTPYKTYPhI )KeCTKHX co6bITilH. IlpII P¥ard > 3 T3B qacTIIIJ;bl OT TaKIIX 

)KeCTKIIX CTPYH BMeCTe c qacmuaMII, JieT.Hlll;IIMll B)];OJJh OCH z (B pa.neyce < 1 MM), 
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np11BO.ll,JIT K CTeneHl:I BbICTPOeHHOCTl:I (nyttKTl:lpHaJI Kpl:IBaJI), yx<e conocTaBl:IMOii C 

3Kcnepl:IMeHTaJihHO Ha6n10,naeMoii [ 4]. 
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Puc. 1. CTeneHb Bbic-rpoeHHOCTH PN KaK q>)'HKQI:1.11 'llfcna KnacTepoB N npu h = 50 M H 

..rs= 14 T3B B (a) mrneiiHOM H (6) norapHQ)MHtJeCKOM MaCn1Ta6ax. CmIOllIHa.11 KpliBa.11 -

pe3yn1,TaT (coBna,D;aIOw;Hii C pe3yilhTaTOM npH h = 1000 M) 6e3 orpaHHtJeHH.11 Ha MliHH

MallbHOe 3HatJeHHe JKeCTKOCTH rrpoQecca p~ard , TOtJetJHa» - npl:I $p~ard = 300 r3B, 

llI-rpHXOBa.11 - npH p~ard = 3 T3B. TotJKH C OllIH6KaMH - 3KCnepHMeHTallbHbie ,naHHhie, 

B3.l!Th!e 113 pa60Tbl [ 4]. 
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PaCCMOTPHM 6onee no,npo6HO BJil:IJIHHe HaKna.ll,bIBaeMbIX or-paHl:ltJeHHii (3), 
(4) (nona,naHl:le Ha nneHKY) Ha cneKTp OT6l:lpaeMhIX tJaCTl:IQ .ll,JI.11 Bl,llU!CJieHH.11 BbI

CTPOeHHOCTII. ,[(M tJaCTl:IQ C .ll,OCTaTO1IHO 60Jibllll:IMl:I nonepetJHhIMH l:IMnyn1,caMH 

Pri no cpaBHeHHIO c nx MaccaMl:I mi 3TII ycnoBl:IJI nona,naHII.11 Ha nneHKY (3), (4) 
npIIBO.ll,JIT, B OCHOBHOM, K or-paHIIIJeHl:IIO Ha ,nonycTHMbie 61,rcTpOThI tJaCTl:IQ B 

C.Q.M.: 

rmn < r; ⇒ 17; < 17rmx = ln(r0 I rm0 ) = 4.95, 

I'; < r rmx ⇒ 1]; > 1Jrmx = ln.(r0 Ir rmx) = 2.25, 

TaK KaK B 3TOM cnyqae ri ""r0 /e1Ji npl:I 7/o + 1/i ;;::: 1, r,ne 

r0 =2hle"0 =2hmPl✓s. 

(8) 

(9) 

(10) 

TaKl:IM o6pa30M Bee yn1,TPapenJITIIBIICTCKI:1e tJaCTl:IQhI (Pri » mi) l:13 l:IHTep

BaJia 6brcrpoT 4.95 ::S 1/i ::S 9.55 (B C.Q.M.) o6pa3yIOT O.ll,l:IH KnacTep B OKpecrno

CTl:I r = 0 C pa3MepoM ~ 1 MM B na6opaTOpHOM. Cl:ICTeMe OTCIJeTa npl:I "o6IQenpl:I

HJITOll11 BhICOTe h ~ 1000 M II 3Hepml:I LHC l:13-3a Cl:IJibHoro nopeHQ-cJKaTl:IJI. lfa_ 
crnQhI :iKe l:13 npoMe:iKYTOIJHoro nepe,nHero l:IHTepBana (8) l:I (9) (2.25 ::S 7/i ::S 4.95 
B C.Q.M.) q>OpMIIpyIOT OCTaJibHble (N - 1) Han6onee 3Hepm1IHbie KnaCTep1,1 B na-

6opaTOpHoii Cl:ICTeMe OTCIJeTa. 

TOIIOJIOrIDI BhICTPOEHHbIX COlihITIIH B c.u;.M. 

Ha Heo6hitJHyIO TOnonorl:IIO co6bITl:lll C BbicrpoeHHOCTI,IO B_ C.Q.M., KOTopaJI no3-

BOJIIIT nerqe 06Hapy:iKI:1BaTb l:I OT6I:1paTb IIX, 61,mo o6paIQeHO BHl:IMaHl:le B pa6oTe 

[8]. E1,m IICnOJII,3OBaH TOT q>aKT, 1ITO HeCMOTPJI Ha OTCYTCTBI:le peaJibHbIX MO,neneii. 

.ll,IlJI onl:lcaHl:IJI JIBJieHl:IJI BbICTPOeHHOCTII, tJaCTl:IQI,l OT .ll,OCTaTOIJHO :iKeCTKl:IX crpyii. 

MOf'YT .l:IMIITl:lpoBaTh Heo6xo,nl:IMYIO TOnOJIOrl:IIO co61,iTI:1M. C .ll,OCTaTOIJHO 60JibIIIOM. 

CTeneHbIO BbICTPOeHHOCTl:I PN B na6opaTOpHOM. Cl:ICTeMe Ha6n10,neHI:1JI npII HeKop

peKTHOM. BI,ICOTe h ~ 50 M nepBI:11IHOrO B3aIIMO,neii.CTBHJI. 

B C.Q.M. co61,1Tl:IJI C BhICTPOeHHOCTbIO, reHepl:lpyeMbie .ll,OCTaTOIJHO JKeCTKII

Ml:I CTPYJIMI:I, IIMeIOT ,nBa JIPKO Bbipa,KeHHbIX nl:!Ka 3HeproBbl,neneHl:IJI B npOCTPaH

CTBe ,, X </> (fihICTPOTa X a3HMyraJII,HI,IM. yron), KOTOpbie pa3,neneHbl no a3l:IMYTY 

IIpIIMepHO Ha rr. MO,KHO BBecrn KOJil:ltJeCTBeHHyIO Mepy, xapaKTepII3YIOIQYIO Ta

Kl:le BbI6pocbl 3HeproBbI,neJieHl:IJI, KOTOpaJI nO3BOJil:IT 06Hapyx<I:1BaT1, l:I OT6l:lpaTb 

co61,1rnJ1 C BbICTPOeHHOCThIO B C.Q.M.: 

LPi;cos2(¢; -¢axis) 
P2 l "'; V2 = --- L., -'----"'--2----, 

Nevent event L.,Pn 
(11) 
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r.r1e </Ji - a3ttMyraJihHhiii yroJI qacnui1,1 i c nonepeqHbIM l:IMIIYJibCOM Pri• CYMMl:1-

poBaHtte Be,l:leTCJI IIO BCeM paccMaTPl:IBaeMbIM qacTm.{aM. 3KcnepttMeHTaJibHO 3a 

HanpaaJieHtte OCH ¢axis MO)KeT 61,n1, BbI6paHo HanpaBJieHtte Jil:IAl:IPYJOII.{eii qacTl:1-

I.{hI B co6hITl:ll:I. Ee3 Becoaoro cpaKTopa Pri Harne onpe.r1eJieHtte CTaHOBl:ITCJI 

Lcos2(¢; -¢axis) 
1 " . V2 = -- L, -'''-------="=-5---, 

Nevent event L..J ii 

(12) 

l:I COBIIa,[laeT C onpe.[leJieHl:leM K03(p(pl:II.{l:leHTa 3JIJil:IIITl:lqecKOH a3l:IMYTaJibHOH aHl:l-

30TPOIIl:ll:I. 

B pa6oTe [8] 6brno ycTaHOBJieHO, qTQ co6hITIIJI c BbICOKOH CTeIIeHbIO Bbl

CTPOeHHOCTII (B Jia6opaTOpHOH Cl:ICTeMe) xapaKTepl:13YJOTCJI TaK)Ke BbICOKOH CTe

neHbIO aHl:130TPOIIl:ll:I IIOTOKa 3Heprl:ll:I B C.I.{.M.: 

vfr ~ vfr (p;ard = 3 T3B) = 0.98, 

V2 ~ V2 (p;a,d = 3 T3B) = 0.6 
(13) 

3.r1ec1, CTOl:IT OTMeTl:ITb, qTo napaMeTP BbICTPOeHHOCTII AN onpe.r1eJieH B IIpOCTPaH

CTBe r X <p {pa,l:ll:laJibHOe paCCTOJIHl:le X a3ttMyraJihHblll yroJI) B Jia6opaTOpHoii Cl:1-

CTeMe OTcqern, B TO BpeMJI KaK K03(p(pl:II.{l:leHTbl 3JIJil:IIITl:lqecKoii a3l:IMyraJibHOll 

aHl:130TPOIIl:ll:I vf7 l:I v2 onpe.r1eJieHbI B npocTPaHcTBe Pr X <p (nonepeqHhlii l:IM

nyJihC X a3l:IMyraJihHblll yroJI) B C.I.{.M. AN xapaKTepll3yeT paCIIOJIO)KeHl:le N rnqeK 

B,[IOJII, IIplIMOll Jll:IHl:ll:I, B TO BpeMJI KaK vfT l:I Vz xapaKTeptt3YIOT Y30CTI, BbI6poca 

3HeprOBbI,[leJieHl:IJI, KOTOpaJI JIBJIJieTCJI HeoneMJieMbIM aTPtt6yroM co6hITl:lll C Bbl

COKOH CTeneHbIO BbICTPOeHHOCTl:I (B Jia6opaTOpHOll Cl:ICTeMe) l:13-3a JiopeHI.{

l:IHBapttaHTHOCTl:I a3l:IMYTaJibHOro yrJia. CJie,[IOBaTeJibHO, B co6b!Tl:IJIX C OTHOCl:1-

TeJibHO 60Jibll1l:IMl:I (aHOMaJibHbIMl:I) K03(p(pl:II.{l:leHTaMl:I 3JIJil:IIITIIqecKOll a3ttMy

TaJibHOll aHl:130TPOIIl:ll:I vfT l:I Vz B C.I.{.M. MO)KHO O)Kl:l,[laTb 6oJibrnoro 3HaqeHl:IJI na

paMeTPa BhICTPOeHHOCTl:I AN B Jia6opaTopHoil: cttcTeMe oTcqern. MbI npe.r1noqttTa

eM l:ICIIOJlb30BaTb vfT l:I Vz B KaqecTBe KOJil:lqecTBeHHOH Mepbl BbICTPOeHHOCTII B 

c. I.{. M. BMecTo HeKoero aHanora AN B npocTPaHcTBe Pr x <p no Toii npocToii nptt

qttHe, qTO pa,l:ll:laJibHOe IIOJIO)KeHl:le qacTl:II.{ ri Ha IIJieHKe npaKTl:lqecKl:I He 3aBl:ICl:IT 

OT l:IX nonepeqHoro l:IMIIYJibCa l:I onpe.[leJIJieTCJI, rnaBHbIM o6pa30M, l:IX 6bICTPOTOll 

T/i B C.I.{.M. ( CM. (8) l:I (9)). 

,[(HCKYCCIDI H BhIBO,[(hl 

Tenepb MO)KHO o6cy,l:ll:1Tb, qTO CJie.[lyeT l:13 cpaKTa Ha6JIIO,[leHl:IJI JIBJieHl:IJI BbICTPO

eHHOCTl:I, HaIIIl:IX IIOIIbITOK OIIl:ICaTb 3TO JIBJieHl:le qepe3 MexaHl:13M CTPyiiHoro 

po)K.[leHttJI qacTl:II.{ tt o6Hap~eHttJI "ptt,l:l)K" -3cp<peKTa B 3KcnepttMeHTe CMS. 

B nepayro oqepe.r11, cJie.r1yeT OTMeTHTh, qTo o6e Komia6opal.{l:ll:I Ha6nro.r1a10T 

HOBbie neofiblqHble JIBJieHl:IJI, naqttHaJI c HeKoToporo nopora na 3Heprttro nepBttq-
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Horo B3al:IMO.[leil:CTBl:IJI: B 3KCIIepttMeHTe "TiaMttp" 3TO -,/s ~ ✓ Sett :::,:: 4 T3B, B 

CMS 3KcnepttMeHTe - ../s = 7 T3B. KopoTKoyrJioBble ,l:laJibHl:le fihICTPOTHhie Kop

peJIJII.{l:ll:I 6hIJil:I o6Hapy)KeHbl KOJIJia6opal.{tteil: CMS TOJihKO .[IJIJI co6blrnii: c 6oJib

IIJoil: MHO)KeCTBeHHOCTbIO, qTo IIO Cyll.{eCTBY 03HaqaeT HaJil:lql:le nopora Ha BbI,[le

JieHl:le nonepeqHoii 3Heprntt B 6bICTPOTHOM l:IHTepBane ITJI :s; 2.4 (K1rneMarnqe

CKaJI o6JiaCTb CMS Ha6JIIO.[leHttJI). KoJIJia6opal.{l:IJI "TiaMttp" JIBHO He ,l:leKJiapttpyeT 

Cyll.{eCTBOBaHl:le aHaJIOrttqnoro nopora, O,[IHaKO Harn aHaJil:13 IIOKa3bIBaeT [8], qTo 

3KBl:IBaJieHTHbIH nopor Ha Bhl.[leJieHl:le nonepeqnoil: 3Heprnl:I B 6bICTPOTHOM IIH

TepBaJie 2.95 < 1J < 5.65 (KIIHeMaTIIqecKaJI o6JiaCTI, 3KCnepIIMeHTa "TiaMIIp") 

,[IOJI)KeH 6bITh. 3Ta OI.{eHKa CJie.[lyeT II3 coornorneHl:IH (8) II (9) IIpl:I yqeTe TOro 

cpaKTa, qrn 3HeprnJI LHC Ha .r1aHHhiil: MOMeHT cocrnBJIJieT 7 T3B, BMecTO npe.r1no

JiaraeMoil: panee 14 T3B. 3aMeTIIM, qrn a6coJIIOTHhlii IIHTepBaJI 6blcTpoT, cooTBeT

CTBYIOII.{ttii 3KCIIepIIMeHry "TiaMIIp", B C.I.{.M. CTPOro He (pIIKCl:lpOBaH II3~3a He

onpe,l:leJieHHOCTII B onpe,l:leJieHl:III BbICOTbl nepBIIqnoro B3aIIMO.[leHCTBIIJI. On MO

)KeT 6bITI, C,[IBIIHyr. Ba)KHO, qTo6bl 1/max - TJmin :::,:: 2.7 B COOTBeTCTBIIII C l:13MeHe

Hl:leM pa,l:IIIaJibHOro paccTOJIHl:IJI B ~ 15 pa3 (rmax/rmin = 15) B Cl:IJIY coornorne

Hl:IJI ri :::,:: ro/ eT/i (He3aBIICIIMO OT ro(h), T.e., BbICOThI). 

Ha6JIIO,l:laeMblil: KOJIJia6opal.{IIeil: CMS "pII,l:l)K" -3cp<peKT HaII6oJiee JaMeTeH 

Ha rpaHIII.{e <pa3oaoro npocTPaHcTBa no JL'.1TJI T.e., nptt 1J ""' 2.4. 3TO KaK pa3 

6Jil:13KO K OI.{eHeHHOil: HII)KHeil: rpaHl:II.{e IIHTepBana 6bICTPOT, COOTBeTCTBYJOII.{ero 

3KCnepIIMeHTY "TiaMttp" B C.I.{.M., ,[IJIJI KOTOporo 3cp<peICT KOMilJiaHapHOCTII Bbipa

)KeH CIIJlbHee. TipII 3TOM o6e KOJIJia6opal.{IIl:I IICIIOJib3YIOT COBepIIIeHHO pa3Hbie ne

peMeHHble, TPYAHO COIIOCTaBl:IMble HanpHMYJO, qTo6bl xapaKTepl:130BaTI, Ha6JIIO,[la

eMbie JIBJieHIIJI, 0,[IHaKO ,[IJIJI IIX 06-i,JICHeHIIJI Heo6xO,[ll:IM MexaHII3M B03Hl:IKHOBe-

HIIJI Cl:IJihHoil: KOMilJiaHapHoil: CTPYKTYPhl co6b1rnii. · 

Xorn l:IHTPIIryIDII.{ee JIBJieHIIe - CIIJibHaJI BbICTPOeHHOCTh IlJITeH B 3MYJibCII

OHHbIX 3KcnepttMeHTaX [2], COOTBeTCTByIOII.{aJI KOMIIJiaHapHOMY pa3Jiery BTOpIIq

HblX qaCTIII.{ B aKTe B3al:IMO,[leHCTBIIJI - 61,mo o6nap~eHo OKOJIO 20 JieT Ha3a.[I, 

CIIX nop He Cyll.{ecTByeT CKOJib-HII6y.r11, YAOBJieTBopIITeJibHOro o6bJICHeHl:IJI 3TOMy 

YAl:IBl:ITeJibHOMY cpaKTY, HeCMOTPJI Ha MHoroqIIcJieHHble IIOilb!TKII ( CM., nanpttMep, 

ofoop [9] l:I CChIJIKl:I B HeM). Ha6JI10.r1aeMblil: KOJina6opal.{tteil: CMS "ptt,l:l)K"-3cp<peKT 

- TaK)Ke B npol.{ecce CBoero o6bJICHeHl:IJI tt IlOHIIMaHIIJI (6oJiee 100 I.{IITl:lpOBaHl:IH 

3~ nocJie.[lnttil: ro.r1, cornacno INSPIRE). TaKIIM o6pa30M, na .r1ann1,1il: MOMeHT 

MO)KHO KOHCTarnpoBaTh OTCyrCTBl:le peaJibHbIX MO,[leJieil: (renepaTopoB co6bITIIil:), 

KOTop1,1e Il03BOJIIIJil:I 61,1 C,[leJiaTb .[leTaJII,Hble npe,l:ICKa3aHIIJI ,[IJIJI 3KCIIepttMeHTOB 

Ha LHC, OCHOBbIBaJICI, Ha Cyll.{eCTBYJOII.{IIX ,[laHHbIX 3KCnepttMeHTa "TiaMttp". 

TeM He Menee, l:ICXOAJI II3 rttnoTeJbl, qTo KOJIJia6opal.{IIII CMS l:I "TiaMttp" 

Ha6nro.r1a10T 0.[IHO l:I TO )Ke JIBJieHl:le, HO B pa3HbIX KIIHeMarnqecKIIx YCJIOBIIJIX, Mbl 

npe.ncKa3bIBaeM aHOMaJibHO 60JII,ll1l:le BeJil:lql:IHbl (Ha ypOBHe Harnttx OI.{eHOK (13)) 
K0

3
<p<pl:II.{l:leHTOB 3JIJil:IITTl:lqecKoil: a3l:IMyraJihHOll aHl:130TPOIIl:ll:I vfT II Vz B nepe.r1-

HeM l:IHTepBane 6bICTPOT 2.95 < 1J < 5.65 MH 3KcnepttMeHTOB Ha LHC. 3m Cl:IJib

HaJI antt30TpOIIl:IJI IIOTOKOB 3Heprtttt no cpaBHeHttIO c cpoHoBoil: OT CTPYH AOJI)KHa 
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npmrnmnhCH, Ha'I1rnaH c HeKOToporo nopora Ha Bhr~enemre nonepeqHoii 3Hepnm 
B o6c}')K,ll.aeMOM IIHTepBane 6hICTpOT. IIpe~CKa3aHIIe OCHOBaHo TOJihKO Ha KIIHe
MaTIIqecKIIX COOTHOIIIeHIIHX II TOnOJJOrIIqecKIIX aHaJIOrIIHX. 

ABTop1,r 6naro~apHT A. l:I. )J;eMhHHOBa, A. )J;e-PoeKa, C. B. Mono~uoBa, P. 
A. MyxaMe~III11Ha 3a none3Hhre o6cy)I()];eHIIH II ~IIcKyccIIII, a TaIOKe H. II. Kap
nIIHCKyro 3a nOMOmh npII no~rOTOBKe pyKonIICII K neqarn. Pa6oTa BhIIlOJIHeHa 
qacrn'IHO np11 noMep)l(Ke rpaHTOB P<l><l>l1 N!!l57 10-02-93118 II N2 157 12-02-
91505 II Hill N2157 871.2012.2. 
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"CTPYHHblH XPEJiET" B IlPOTOH-IlPOTOHHblX 

COY,[v\PEHIDIX HA JiAK 

M. IO. A3apKIIH, 11. M. )];peMIIH, A. B. JieoHII~OB 

</Ju3w1ecKuii uHcmumym UM. II.H Jle6eiJeea PAH, MoCKea 

Ha6nro~eHHM KOJIJia6opauIIeii KMC Ha EAK CTpyKTypa "xpe6rn" B co6hmrnx c 
BhICOKOH MHO)l(eCTBeHHOCThIO B pp-coy~apeHIIHX npII 3HeprnII vs = 7 T3B [1 ], 
B03MO)l(HO, HBJIHeTCH nepBhIM 3KCnepIIMeHTaJihHhIM no~TBep)I()];eHIIeM cymecrno
BaHIIH KorepeHTHoro MexaHl13Ma MHO)l(eCTBeHHOro po)I()];eHIIH qaCTIIQ B coy~ape
HIIHX a~pOHOB npII BhICOKIIX 3HeprnHX. Ha6nro~aeMaH CTpYKTypa KoppeJIHQIIOH
HOH <pyttKQIIII C(!J.r,, !J.<f>) xapaKTepII3yeTCH ~aJihHIIMII KoppeJIHQIIHMII no nceB~0-
6hICTpOTe /J.r, II OT'IeTJIIIBOH JIOKaJIII3aQIIII no a3IIMYTaJihHOMY yrny /J.cp, QeHTpII
pOBaHHOH IIpII !J.<p =O. Oco61,rii IIHTepec npe~CTaBJIHeT B03MO)l(HaH CBH3h 3TOro 
HBJieHIIH c aHanorn'IHOH CTPYKTYPOH, BIIepBhie Ha6nro~amneiicH Ha RHIC B co
y~apeHIIHX TH)l(eJihIX H~ep IIpII 3Heprm1 vs= 200 faB [2, 3, 4]. B HaCTOHmee 
BpeMH npe~JIO)l(eH pH~ BapIIaHTOB TeopeTII'IeCKOro OIIIICaHIIH 3<p<peKTa xpe6Ta [5, 
6, 7, 8, 9, 10, 11, 12, 13, 14]. B 3TOM coo6memm, OCHOBaHHOM Ha pa6oTe [6], MhI 
IIOKa)l(eM, qTo CTPYKTypa xpe6Ta HBJIHeTCH ecTecrneHHhIM CJie~CTBIIeM MHrKOro 
MexaHII3Ma po)I()];eHIIH qacTIIQ a~pOHHhIMII CTpyttaMII. 

~eH pa60ThI [6] COCTOHJia B TOM, 'ITO 6ycT-IIHBapIIaHTHOe po)I()];eHIIe qa
crnu II, KaK cne~crn11e, ~aJihHIIe KoppeJIHQIIII no (nceB~o)61,rcTpoTe xapaKTepII-
3YIOT o6hI'IHhIH MexaHII3M po)I()];eHIIH 'IaCTIIQ "Jiytt~OBCKOH" CTpyttOH [15] Ha KO
TOpOM, B qacTHOCTII, OCHOBaHO OIIIICaHIIH MHrKIIX npoueccoB po)I()];eHIIH qacrnu B 
reHeparnpe PYTHIA [16]. 11HTepecHo no3TOMY Y3HaTh, He MO)l(eT JIII xpe6eT B03-
HIIKHYTh IIpII o6hI'IHOM pa3phIBe a~pOHHhIX CTpyH. IIpHMOH OTBeT Ha 3TOT BOIIpoc 
MO)l(HO IIOilY'JIITh, OTKJIIO'IIIB Bee )l(eCTKIIe MexaHII3MhI po)I()];eHIIH qacTIIQ B Bep
CIIII PYTHIA 6.4. B 3TOM CJIY'Jae e~IIHCTBeHHhIMII IICTO'IHIIKaMII '!aCTIIU HBJIHIOT
CH ~Be a~pOHHhle CTpytthI, HarnrIIBaromIIeCH Me)I()];y COOTBeTCTByromIIMII KOHCTl1-
TY3HTHhIMII CTeneHHMII CB060~hl. 

KoppeJIHQIIOHHM cpyHKQIIH C(!J.r,, !J.<f>) 6hma IIOCTpOeHa c IICIIOJih30BaHIIeM 
aHcaM6JIH co6hrmii, creHepIIpoBaHHhIX B PYTHIA 6.4 npII vs= 7 T3B c orpaHII
qeHIIHMII no nceB~o6hrcTpoTe 2.0 < lr,I < 4.0, TpIIrrepHoMy nonepeqHoMy IIM
nyn1,cy pfr = 1.0 - 3.0 f3B, npoTIIBOHanpaBJieHHOMY nonepeqHoMy IIMnyn1,cy 
pf

5
= 0.6 - 1.5 f3B II MHO)l(eCTBeHHOCTII npart > 12. IIOJIY'JeHHM B pe3yJihTaTK 

KoppeJIHQIIOHHaH <pyttKQIIH II COOTBeTCTByromIIe 3KCIIepIIMeHTaJihHhie ~aHHhie [ 1] 
npIIBe~eHa Ha PIIc.1 1

• IIo~qepKHeM, qTo orpaHIIqeHIIe npart > 12 OT6IIpaeT, ~JIH 
paccMaTpIIBaeMoro MHrKoro CTpyttHOro MexaHII3Ma po)I()];eHIIH 'IaCTIIQ, co6hITIIH C 
BblCOKOU MHO)KeCTBeHHOCThIO, TaK 'ITO IIX ~OJIH OTBe'!aeT co6hITIIH C npart > l 00 B 
[l]. Pe3yJihTaT BhiqIIcJieHIIH, npe~CTaBJieHHhIH Ha PIIc. 1, HCHO ~eMOHCTpIIpyeT, 

I )J;JIH y~o6crna Mhl HOpMIIpOBaJIII 3KCIIepIIMeHTaJihHhle ~aHHhie Ha TeopeTIIqecKoe 
3HaqeHIIe ~JIH IIpOTIIBOHanpaBJieHHOro IIIIKa IIpII !J.<p = TI. 
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qTo CTaH,n;apTHbIH M.HrKHH MexaHH3M MHO)KeCTBeHHoro pO)K,!l;eHH.H qacTHU a,n;poH
HbIMH CTPyttaMn ,n;eiicrnHTeJibHO reHepnpyeT CTPYKTYPY xpe6rn c cpopMoii, 6rrn3-
Koii Ha6mo,n;aeMoii B 3KCrrepnMeHTe [1]. llcToqHHKOM ,!l;aJibHIIX Kopperr.HUIIH ITO 
6hICTPOTe .HBJI.HeTC.H 3,D;eCb 6ycT-IIHBapIIaHTHbIH xapaKTep po)K,!l;eHH.H qaCTIIU a,n;
pOHHbIMII CTPyttaMII. l.JTO KacaeTC.H Ha6mo.n;aeMoro Ha PIIC. 1 JIOKaJIH30BaHHOro 
xapaKTepa KOpperr.HQIIOHHOH !p)'HKQIIII rrpII fl</> =0, ecTeCTBeHHblM ero 06b.HCHe
HHeM CJIJ)I(HT CYIQeCTBOBaHne Bbl,D;erreHHOro HarrpaBrreHII.H B ITJIOCKOCTH rrpnuerrh
HOro rrapaMeTPa, Ja,n;aHHoro BeKTopoM rrpIIuerrhHOro rrapaMeTPa .n;rrx coy,n;apmo
mnxcx KOHCTIITY3HTHhIX cTerreHeii cBo6o,n;hl ,n;rrx Ka)K,!l;oii H3 CTPYH· 
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Pnc. 1. CpaBHeHIIe K0pperrm.(HOHHbIX qJ)'HKUHH B 3KCI1epHMCHTe H MoHTe Kaprro: 3KC
rrepHMCHT (TO"IKH), MK (KpeCTbI). Pe3yJihTaTbl MK IT0JIJ"ICHbl rrpn CJIC).\)'IOII.\l!X orpaHH
"ICHirnx: 2.0 < 1771 < 4.0, pf= 1.0 - 3.0 r3B, pf5= 0.6- 1.5 faB, npart > 12, 5.5M co-
6mnil:; )..\aHHbie: 2.0 < 1771 < 4.8, pf= 1.0 - 3.0 faB, pf5= 1.0 - 3.0 r3B, npart > llO, 
354K co6hITllll. 3KcrrepHMCHTaJihHhlC )..laHHbIC H0pMHp0BaHhl Ha MK 3Ha"!eHHe B rrpOTll
B0HarrpaBJICHH0M Ill!Ke. 

lh rrpoBe,n;eHHOro paccMOTPeHH.H crre,n;yIOT ,n;Ba OCHOBHblX BblBO,!l;a. Bo
rrepBbIX, CTPyi<Typa xpe6Ta, cpopMnpyeMa.H CTaH,n;apTHbIMll a,n;pOHHbIMH CTPyttaMII 
B PYTHIA, BecbMa crra6a n nerno pa3pymaeTc.H rrorrJ)I(ecTKHMH MexaHII3MaMn 
MHO)KeCTBeHHoro pO)K,!l;eHH.H, T.e. TOpM03HbIM H3JIJ"ieHIIeM rrrIOOHOB, CTPY.HMII H 
T.,!l;. 

M. JO. A3APKHH, ll. M. ,!l;PEMHH, A. B. JIEOHll,!l;OB 33 

Bo-BTOpbIX, ,!l;Il.H OITHCaHml BerrnqHHbl 3KCrrepIIMeHTaJibHOro 3cpcpeKTa 
CTP)'HHbie KOH<pnrypaUHII ,!l;OJl)KHbl 61,n1, ropa3,!1;0 6orree IIHTeHCIIBHbIMH, qeM a,n;
poHHbie CTP)'Hhl co CTaH,n;apTHbIM CTP)'HHbIM Han!)KeHneM. TaKIIMH KOH!pHrypa
UH.HMH MOryT 6bITb rrpe,n;rrOJIO)KIITeJibHO CYIQeCTB)'IOIUHe rrra3MeHHbie TOKOBbie 
TPY6KH [13] IIJIH UBeTHbie IIIHypbl [17, 18]. 
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KOJIJIEKTHBHhIE 3<I><l>EKThl B COY,!I;APEHIDIX HOHOB 

CBHHQA IIPH 3HEPrnn ✓sNN = 2.76 T3B 
I-I. II. JlOXTHH 

Hay•mo-uccJ1eooeameJZbCKUU uHcmumym ROepHoii <j;u3UKU MIY, MocKea 

TeopemqecKoe H 3KCIIepuMeHTa.JibHOe HCCne,n:oBaHHe CBOMCTB R,n:epHOM MaTepuu 

B ycnOBHJIX 3KCTPeMa.JibHO BbICOKHX TeMnepaTYP H IIIlOTHOCTett: 3Hepruu JIBilJleTCJI 

O,U:HOll 03 aKTya.JibHeiinrnx 3a,n:aq COBpeMeHHOll qlll3HKH BblCOKHX 3Heprnii, Bbl3bl

Bal0m:eii paCTYm:Hii Ha nporn)KeHHH nocne,n:HHX ,n:sa,n:QaTu neT HayqHhlii HHTepec 

(CM., HaIIpHMep, He,n:aBHHll o63op [1]). ,[(oCTH)KeHIIe ,n:eKOHcpatt:HMeHTa R,n:epHoii 

MaTepm1 H o6pa30BaHHe HOBOro COCTOJIHHJI sem:ecrna - KBapK-rlllOOHHOll MaTepuu 

(KrM) - npe,n:cKa3brnaeTCJI Teopueii CHilbHblX B3aHMO,n:eiiCTBHll, KBaHTOBOll xpo

MO,U:HHaMHKOll (KX)JJ, ,U:IlJI CHCTeM c ,U:OCTaTQqHo BhlCOKOll TeMnepaTypoii (>200 
M3B) Hllll IIIlOTHOCThlO 6apuoHHOro 3apR,n:a. CornacHO cospeMeHHbIM KOCMOilO

rttqecKHM npe,n:CTaBneHHJIM, KBapK-a,n:pOHHhlll cpa30Bblll nepexo.n: HMen MeCTO B 

paHHeii BceneHHOii B nepBble MHKpOCeKYH.U:hl nocne EonbIIIoro B3p1,rna. Oco6y10 

aKTya.JibHOCTb ,n:aHHM TeMaTHKa nptto6pena B CBJ13H c Haqa.rroM pa6oTbl Eonbll!Oro 

a,n:poHHoro Konnaii,n:epa (LHC) B EsponeiicKoM QeHTPe J1,n:epH1,1x uccne,n:oBaHttii 

QEPH. 3KcnepuMeHThI c nyqKaMH TJ1)Ken1,1x HOHOB Ha LHC ,n:a10T YHHKa.JihHyio 

B03MO)KHOCTh BOCC03,U:aHHJI B na6opaTOpHbIX ycnOBHJIX cym:eCTBOBaBIIIeii Ha ca

MhlX paHHHX CTa,U:HJIX pa3BHTHJI BceneHHOM npOTOMaTepHH, myqeHHe CBOHCTB 

KOTOpoii npe,n:cTaBnJleT HeCOMHeHHblll HHTepec KaK C ToqKH 3peHHJI IIOHHMaHHJI 

npupo,n:bl <pYH.n:aMeHTa.JibHblX B3aHMO,n:eiicTBHll H npOHCXO)K,L(eHHJI 3IleMeHTapHbIX 

qacmQ, TaK H C TOqKH 3peHHJI npoBepKH COBpeMeHHblX Teoptttt: po)K,L(eHHJI H 3B0-

IllOQHH BceneHHoii. 

B na6opaTopHblX ycnOBHJIX nyqKH penRTHBHCTCKHX R.n:ep BIIepBbie 6binH 

nonyqeH1,1 B 1970 ro.n:y Ha CHHxpocpa3oTPOHe 01-UU-I (,[(y6Ha) nptt 3HeprHH E=l-4 

f3B Ha H)'KJIOH. Bnocne,D;CTBHH R.n:pa 61,rnH ycKopeHhl .n:o BbICOKHX 3Heprttii H B 

.n:pyrnx J1,D;epHhIX QeHTPaX. ,[(o Haqa.rra pa6oTbI LHC ~e 61,rn HaKonneH 3Haqtt

Ten1,H1,1ii 3KCIIepHMeHTa.rrbHblll MaTeptta.rr no pa3nHqHI,IM qlH3HqecKHM Ha6mo,n:ae

Mb1M B coy.n:apeHHJIX TJ1)Ken1,1x HOHOB Ha ycKopttTene SPS B QEPHe (MaKCHMa.rrb

HM 3HeprnR nyqKOB CBHHQa B CHCTeMe QeHTPa Mace -,jsNN = 17 f3B Ha rrapy HyK

IlOHOB) H Konnaii.n:epe RHIC B EpYKxeiiBeHcKoii HaQHOHanhHoii na6opaTopHH 

CllIA (MaKCHMa.rrbHM 3Heprntt nyqKoB 3onorn -,jsNN = 200 f3B Ha napy H)'KJIO
Hos). CosoKynHOCTh nonyqeHHhIX Ha RHIC .n:aHHhIX (no.n:asneHtte s1,1xo.n:a KBap

KOHHes ll )KeCTKHX a,n:poHOB, CHilbHaJI a3HMYTa.JibHaJI aHH30TPOIIHJI IIOTOKa qacTHQ, 

,!l;a.JihHo.n:eiicrnyiom:tte a3HMYTa.JihHble KOppenJIQHH H ,n:p.) CBH,D;eTen1,crnyeT O npo
JIBileHHH KonneKTHBHblX 3cp<peKTOB Ha napTOHHOM ypOBHe H roBOpHT B IIOilh3Y rH

IIOTe3bl cpopMHpoBaHHJI KrM B Hatt6onee QeHTPa.JihHblX coy.n:apeHHJIX TJ1)Keni,1x 

HOHOB, xorn B03MO)KHOCTH a.JibTepHaTHBHblX HHTepnpeTaQHll no-npe)KHeMy 06-

CY)K.n:aIOTCJI B HayqHoii IlHTepaType. IlpH 3TOM H3MepeHHh!e CBOllCTBa cpe.n:1,1 co

rnacYIOTCJI CKopee C npe.n:nono)KeHHeM O cpopMttpoBaHHH CHilbHOB3aHMO,D;ett:CTBY-
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10rn:eil: napTOHHOH )Kil,[IKOCTII, qeM npe,l:ICKa3bIBaeMOH perneToqHhlMII pacqeTaMII 

KX,[( «cna6oB3aIIMO.[leil:crnyiorn:eii» Kf'M. 

3Heprmr CTOJIKHOBeHIIH BO BpeMH ceaHCOB pa60Thl LHC C nyqKaMII CBIIHIIa 

B 2010 11 2011 ro.r1ax 6hlna B 14 pa3 6onhrne qeM Ha RHIC, qrn OTKphrno HOBhIH 

pe)KIIM ql113IIKII B3aIIMO,[leHCTBIIH TH)KeJibIX IIOHOB, B KOTOpOM )KeCTKIIe II nony

)KeCTKIIe np011ecCbl po)K,[leHIIH 11rpaIOT ,[IOMIIHIIPYJOIUYIO pOJih. O11eH11BaeMaH 

HaqaJibHaH nJIOTHOCTh :mepr1111 B coy.r1apeHIIHX IIOHOB CBIIHIIa Ha LHC cyrn:e

CTBeHHO BhIIIIe, qeM Ha RHIC (11 HaMHOro BhIIIIe, qeM KpIITIIqecKoe 3HaqeHIIe ,[IJIH 

KBapK-a,l:lpOHHoro q>aJoBoro nepexo.r1a), qTo o6ycnaBJIIIBaeT 6onee CIIJihHhie KOJI

neKTIIBHhie 3q>q>eKThl, npOHBJIHIOIUIIeCH B pa3JIIlqHhIX HOBhIX KaHanax po)K,[leHIIH. 

I1p11 3TOM CBoiicrna o6pa3oBaHHOH B coy.r1apeHIIHX rn)KeJihIX IIOHOB Ha LHC KX,[(
MaTep1111 MOrYT cyrn:ecTBeHHO OTJI11qaThCH OT CBOHCTB C03,[laHHOH Ha RHIC 

«KBapK-rJIIOOHHOH )Kil,[IKOCTII», 6y.r1yq11, B03MO)KH0, 6JIII)Ke K CBOHCTBaM 11,[leaJih

HOH Kf'M 11n11 napTOHHoro ra3a. Ba)KHO OTMeTIITh, qTo np11 :mepr11»x LHC MO)K

HO 0)1(11,[laTb npOHBJieHIIH KOJIJieKTIIBHhlX 3q>q>eKTOB Ha napTOHHOM ypOBHe He 

TOJlhKO B H,l:lpO-H,l:lepHbIX coy.r1apeHIIHX, HO II B npOTOH-npOTOHHhIX B3aIIMO,[leH

CTBIIHX, nepBbie CBII,[leTeJibCTBa qeMy (.rlaJihHO,[leHCTBYJOIUIIe a3IIMYTaJihHhie KOp

peJIHIIIIII - T.H. ridge-3q>q>eKT) ~e 6hrn11 nonyqeHhI Konna6opa1111eii CMS ,[IJIH pp
co6hn11ii C BhICOKOH MHO)KeCTBeHHOCThlO np11 3Heprn11 B ...;s;;;; = 7 T3B [2]. 

(a) CMS JL•1=3s.1pb· ff(b)/ 1 
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Pnc. 1. Pacrrpe,l:\eJieHne no aCHMMerp1111 ::rneprnn rraphr CTPYii A1 M» pp-coy,l:\apemiii 

rrpn ..Js;;; = 7 T3B (a) 11 pa3miqHhIX 11eHTPaJihHOCTeii CTOJIKHOBeH11ii PbPb rrpn ..Js;;; = 
2.76 T3B (b-f). ToqKH - ):\aHHhie CMS, rncTorpaMMhI - pe3yJihTaThl MoHTe-Kapno M0-

,1:\emipoBamrn, He yqIITbIBaI0111ero 3q>q>eKThl ITJIOTHOH cpe,l:\hl [5]. 
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B KOHIIe 2010 ro.r1a 6hrn npoBe,[leH nepBhIH ceaHc pa60Th1 LHC c nyqKaMII 

IIOH0B CBIIHIIa nplI 3Heprn1I ✓sNN = 2.76 T3B Ha napy HYKJIOHOB, pe3yJihTaThl KO

rnporo 6bIJIII co6paHhI II npoaHaJIII31IpoBaHhI KoJIJia6opa111I»M1I ALICE, ATLAS II 

CMS. 3mMII KOJIJia6opa111JHMII ony6n1IK0BaH p».rl HayqHhIX crnTeiI no pn.r1y q>1I

J1IqecK1IX Ha6JIIO,[laeMblX B coy.r1apeHIIHX IIOHOB CBIIHIIa (o63op OCHOBHhlX pe3yJih

TaTOB M0)KHO Haihn B [3]). O.[IHIIM lJ3 nepBblX HOBhlX KOJIJieKTIJBHhIX 3q>q>eKTOB, 

CBII,[leTeJibCTBYIOIUIIX O qiopM1IpOBaHIIII ropnqeii II nJIOTHOli cpe,l:lhl B coy.r1apeHIJHX 

IIOHOB CBIIHIIa Ha LHC, CTaJIO Ha6n10.r1eH11e ac1IMMeTP1I1I 3Heprn11 B napHOM po)K

.r1eH1III CTPYH B 3Kcnep1IMeHTax ATLAS [4] n CMS [5]. PIICYHOK I noKaJhrnaeT 

113MepeHHoe CMS pacnpe.r1enemie no ac1IMM~1III 3Heprn11 napbI CTPYH AJ (pa3-

HOCTh nonepeqHoii 3Heprn1I naphr CTPYH, .r1eneHHa» Ha IIX CYMMY) .[IJIH pa3n11qHhIX 

11eHTPaJihHOCTeil: CT0JIKHOBeHIIii PbPb II pp-coy.r1apeH1Iii B cpaBHeHIIII c pe3yJih

TaTaMn MoHTe-Kapno MO,[leJIIIpOBaHIIH, He yqIIThIBaIOrn:ero 3q>q>eKThl nJIOTHOll 

cpe,l:lhl. 3Haq1ITeJibHOe yBeJI1IqeH1Ie q1IcJia Hec6anaHC1IpOBaHHhIX no 3HeprIIII nap 

CTPYH B 11eHTPaJihHhlX CTOJIKHOBeHIIHX IIOHOB CBIIHIIa no cpaBHeHIIIO c nep11qiep1I

qecK1IMII PbPb- II pp-coy.r1apeH1IHMII, a TaK)Ke c pe3yJihTaTaM1I Mo.r1en1IpoBaH1IH, 

cornacyeTc» c r1In0Te3oil: «rarneHIJH» BhICOK03Hepr1IqHhIX a.r1poHHhlX CTPYH 

BCJie,[ICTBIIe MH0r0KpaTHOro pacceHHIIH II noTepb 3Heprn1I KBapKOB II rJIIOOH0B B 

BhICOKOTeMnepaTYPHoii cpe.r1e. 

tij0.14r f f I 7 t f 
0.12 

f 

00 0.1 0.2 0.3 0.4 0.5 0.6 

AJ=(pT_,-PT)/(pT_1+PT) 

Pnc. 2. Pacrrpe,l:\eJieHIIe no acIIMMeTpIIII 3HeprIIII rrapbl erpyii A1(0-10% 11eHTPaJihH0CTII 

CTOJIKHOBeHIIii PbPb) B coy,l:\apeHII»x II0H0B CBIIHIIa np11 ,JsNN = 2.76 T3B. ToqKH -

,l:\aHHhie CMS, rncrorpaMMhI - pe3yJihTan1 Mo,l:\eJIII PYQUEN [6]. 

Bo3MO)KHOH IIHTenpeTa111IeH ,[laHHoro 3q>q>eKTa HBJIHeTCH HaJIIIqlie 3HaqlI

TeJibHOro BKJia,[la «IIIIIPOKOyrJIOBhIX» noTeph 3Hepr1III napTOHOB B cpe.r1e, nplIBO

.UHIUIIX K TOMY, ~o 60JihIIlaH qacTb 3Heprn1I II3JiyqeHHhIX B cpe.r1e rJIIO0HOB BhIXO-
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,n;IIT 3a npe,n;errhI KOHyca CTPYH· Ha ocHoBe aHarrma ,n;aHHhIX CMS no po)K,ZJ,eHI:110 
a,n;poHHhIX CTPYH B paMKax MoHTe-Kaprro Mo,n;emr PYQUEN 6brno noKa3aHo [6], 
qrn Kaqecrne1rnoe BocnpoII3Be,n;eHire Ha6mo,n;aeMoH pa36arraHcIIpOBKII JHepmII 
nap CTPYH MO)KeT 6hITh ,n;ocTIIrnyrn B npe,n;norro)KeHIIII, qrn ,n;oMIIHIIPYIOIIJIIMII 
MexaHII3MaMII noTeph :meprIIII )KeCTKIIX napTOHOB B cpe,n;e aBmleTCH rJIIOOHHaa 
pa,n;IIaUIIH Ha 6orrh1Illle yrrrhl II CTOJIKHOBIITeJibHhie noTepII (cM. pnc. 2). 

CoBOKyrIHOCTh pe3yJihTaTOB, norryqeHHhlX B coy,n;apeHHHX HOHOB CBllHUa Ha LHC, 
CBH,ll;eTeJibCTBYeT O qiopMHpOBaHHll ropaqeH cpe,n;hI (nornoII}aIOII}eli )KeCTKHe nap
TOHHble CTPYH) C KOJIJieKTHBHhlMll xapaKTepHCTHKaMH, KaqecTBeHHO 6JIH3KllMll K 
CBOHCTBaM «KBapK-rnIOOHHOH )KII,ll;KOCTH», Ha6rr10,n;aeMOH Ha RHIC. O,n;HaKo TaKaa 
llHTepnpeTauna HBJIHeTCa noKa BeCbMa npe,n;BapHTeJibHOH, ll ,ll;aJihHeHlllee 3KCne
pHMeHTaJihHOe II qieHOMeHOJIOrIIqecKoe IICCJie,n;oBaHIIe pa3rrIIqHbIX npouecCOB 
MHO)KeCTBeHHoro po)K,ZJ,eHHH qacrnu B coy,n;apeHIIHX Ta)KeJiblX IIOHOB Ha LHC no
MO)KeT npoaBIITh npnpo,n;y o6pa30BaHHOli MaTepIIII. 
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IIOHCK IlP ABOro W-li030HA H TJDKEJioro HEHTPHHO 
HA liAK (3KCIIEPHMEHT CMS) 

H.B. Kpacm1K0B 

JfHcmumym RoepHOU qJU3UKU PAH, MocKBa 

Ilocne KpaTI<Oro o63opa SUc(3) ® SUL(2) ® SUR(2) ® U(J) neBo-npaBo CHMMCT

pHqHoii KaJIH6poBoqHoH M0,!1CJIH o6Cy,K.!laCTCSI B03MOlKHOCTb ,!1eTeKTHp0BaHHSI CHr

HaJIOB OT p0lK,!1CHHSI HOBOro KaJIH6poBoqHoro WR B pp-CTOJIKHOBCHHSIX. IlpHBC,!1CHbl 

orpaHHqeHHSI Ha Macey 6o30Ha WR H TS!lKCJIOro HCHTPHHO, nonyqeHHbie Ha OCHOBC 

aHaJIH3a 3KCilepHMCHTaJibHbIX ,11aHHblX ,!1CTCKTOpa CMS C . IlOJIHOH HHTerpaJibHOH 

CBCTHMOCThlO Ltot = 240 pb"
1
. 

O,nHOll 113 0CHOBHhIX 3a,na1I EAK (EoJihIIIOrO a,npOHHOro KOJrnaii,nepa), IIOMJIM0 

IIOIICKa 6o30Ha X11rrca, .HBIDieTC.H IIOJICK HOBOH !pll31IKJI BHe paMOK CrnH,napTHOll 

MO,nen11 (CM). B HaCTO.HIIIee BpeM.H CYIIIecrnyeT MHoro pacumpeH11ii CM, rrpe,n

CKaJhIBaIOIIIIIX H0Bhie Ha6nro,naeMhie 3cpcpeKThI Ha EAK [ 1]. Cpe,nH HIIX CTOIIT 0T

MeTHTh cyrrepcIIMMeTplIIO, HOBhle ,II0IIOJIHIITeJihHhie pa3MepH0CTJI, a TalOKe neBO

npaBO CIIMMeTPII1IHYfO MO,IleJih (llTI MO,IleJih) [2]. lleBo-rrpaBO CIIMMeTPII1IHa.H MO

,neJih [2] oco6eHHO IIHTepecHa B CB.!1311 C TeM, 1IT0 Bee JIMeIOIIIJiec.H Ha cero,nH.H 

3KCrrep11MeHTanhHhle ,naHHhle y6e,n11TeJihHO IIO,IITBep)K,IlaIOT mrroTeJy 06 0CIIJIJI

JI.HIIIIII HeiiTPIIHO, a, CTano 6hlTh, HeiiTPIIHO o6na,naIOT OTJIJI1IHhlMH OT HyIDI 11 

01IeHh ManeHhKIIMII MaccaMJI. B paMKax CM TaK HaJhIBaeMhiii "see saw" Mexa

HIIJM, OCHOBaHHhlll Ha BBe,neHJIII ,IIOIIOJIHJITeJihHOro nrncenoro MaiiopaHOBoro 

HeiiTPHHO, .HBJI.HeTC.H Ha116onee ecTeCTBeHHhIM ,IIIDI 061,.HcHeHJI.H ManOCTII Mace 

HeiiTPHHO. O6hl1IHO rrpe,nrronaraeTC.H, 1IT0 T.H)KeJihle HeiiTPIIHO .HBJI.HIOTC.H CJIHrne

TaMII Kan116poso1IHoii rpyrrrrhI CM II He JIMeIOT HOBhIX BJaIIMO,neiicTBIIii. C ,npy

roii CT0p0Hhl, B CM neso-rrpaBa.H CIIMMeTPII.H .HBH0 HapyrneHa, 1ITO rrpo.HBJI.HeTC.H B 

CYIIIeCTBOBaHJIII neBhIX 1130,ny6nems 3JieKTPOcna6oii SUL(2) ® U(I) Kantt6posoq

HOii rpyrrrrhl II rrpaBhIX II30CIIHrJieTOB TOH )Ke 3JieKTPOCJia6oiI rpyrrrrhl. B CBeTe 

cl>YH.naMeHTanhHOll 11,ne11 0 CIIOHTaHHOM HapyrneHJIII CHMMeTplIII rrpe,nCTaBJI.HeTC.H 

ecTecTBeHHhlM rronaraTh, 1ITO Ha6nro,naeMoe Ha ypOBHe CM .HBHOe HapyrneHJie ne

BO-rrpasoii CIIMMeTplIII CB.H3aHO co CIIOHTaHHhIM HapyrneHJieM 3TOH CHMMeTplIH, a 

Ha 60JihlliOM Macmrn6e 3Hepr11ii IIJIII Ha ManhlX paCCT0.HHII.HX neso-npaBa.H CJIM

MeTplI.H B0CCTaHaBJIJIBaeTC.H. Ha116onee 3K0HOMHyro pean11JaIIJIIO H,neJI 0 CIIOH

TaHHOM HapyrneHJIII neBo-rrpaBOll CIIMMeTpHII OCYllieCTBJI.HeT MIIHJIManhHa.H llTI 
(neso-rrpaso CJIMMeTPII1IHa.H KanH6pOB01IHa.H Mo,nenh), OCHOBaHHa.H Ha KanH6po

B01IHOll rpyrrrre SUc(3) ® SUL(2) ® SUR(2) ® U(J) [2], rrp111IeM Ha 6onhmoM 

Macmrn6e 3Ta Kan116poB01IHa.H rpyrrrra HapyrneHa ,no Kan116poB01IHOii rpyrrrrhI 

SUc(3) ® SUL(2) ® U(J) CM. OTHoc11TenhHO SUL(2) ® SUR(2) ® U(J) Kan116po

B01IHoii rpyrrIIhI neBhie cpepMIIOHhI .HBIDIIOTC.H ,ny6neTaMJI Kan116pOB01IHOH SUL(2) 
rpyrrIIhI, mr,na KaK rrpaBhie cpepMIIOHhl .HBJI.HIOTC.H ,ny6neTaMII SUR(2) Kan116poB01I

HOH rpyrrIIhI. llTI MO,IleJih C He06XO,IIIIMOCThlO BKJII01IaeT B ce6.H ,II0II0JIHIITeJihHhie 

rrpaBhle HeiiTPIIHO, .HBJI.HIOIIIeeC.H naprnepaMJI rrpaBhIX 3ap.H)KeHHhIX nerrT0HOB. 
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MIIHIIMaJihHhIH Ha6op noneu XIIrrca BKJIJOqaeT B cefor XI:1rrcoBCKIIH 6II- • 

.n:y6JieT, KOTOphlH Ha ypOBHe CM npe,n:CTaBJUleT co6ou COBOKynHOCTh II3 .n:ayx 

.n:y6neTOB XIIrrca, O.U:IIH II3 KOTOphIX B3aIIMO,n:eHCTByeT nocpe.n:cTBOM HeHyJieBOH 

IOKaBCKOH KOHCTaHThl CBH3II C BepXHIIMII qiepMIIOHaMII neaoro II3o,n:y6neTa, a .n:py

rou II30,n:y6JieT CBH3aH C HII)KHIIMII q>epMIIOHaMII. KpoMe Toro, .U:JIH HapyrneHIIH 

npaaoii: KaJIII6poaoqHoH rpynnhI II cymecTBoBaHI:IH neao-npaaoii: CIIMMe'I'pIIII 

Heo6xo.n:IIMO HaJIIIqIIe B MO,n:eJIII .n:ayx 'I'pIITIJieTOB LIR II LIL. HeHyJieBoe BaKYYMHOe 

cpe.n:Hee npaaoro 'I'pIITIJieTa ~R npIIBO.U:IIT K HapyrneHIIIO SUc(3) ® SUL(2) ® 
SUR(2) ® U(J) KaJIII6poaoqHOH rpynnhI .n:o KaJIII6poaoqHoH rpynnhI SUL(2) ® 
SUR(2) ® U(l) CM, B TO apeMH KaK HeHyneBhie BaKYYMHhie cpe,n:HIIe xIIrrcoacKo

ro 6II.n:y6nern oTBeTcTBeHHhI 3a cnoHTaHHoe HapyrneHIIe SUL(2) ® U(J) KaJIII6po

aoqHoii CIIMMe'I'pIIII CM .n:o :meK'I'pOMarnIITHOH KaJIII6poaoqHOH CIIMMe'I'pIIII U(l). 
JITI MO,n:eJih npe.n:cKaJhIBaeT cymecTBOBaHIIe HOBhIX TH)KeJioro 3apH)KeHHOro npa

BOro WR 6o30Ha, TH)Kenoro HeH'I'paJihHOro 603oHa Z'II npaBhIX HeH'I'pIIHO Nk (k = 
1,2,3) .U:IDI Ka)K.!l:oro IlOKOJieHIIH KBapKOB II JieTITOHOB. 

C ToqKII 3peHIIH IlOIICKa 3TIIX HOBhIX qacrnu: Ha EAK HaII6onee nepcneK

TIIBHO I:13yqeHIIe .n:ayx peaKU:IIH po)K.!l:eHIIH pp ➔ WR ➔ I + N1 + X, pp ➔ Z' ➔ N1 

+N1 + X, c nocne.n:YJOin:IIMII pacna.n:aMII rn)KeJihIX HeH'I'pIIHO Ni ➔ I +ji + h Ha 3a

pH)KeHHhie nenTOHhl II MIIHIIMYM ,n:Be a,n:pOHHhie C'fPYI:1- B JITI MO.U:eJIII B CIIJIY 

cnen:IIq>IIKI:1 XI:lffCOBCKOro ceKTOpa, OTBeTCTBeHHOro 3a HapyrneHIIe npaBOH Ka

JIII6poBOqHoH CIIMMe'I'pIIII SUR(2) ® U(J), Macca 6o30Ha Z' npII6JIII3IITeJihHo B 

I. 7 pa3a 6oJihIIIe Macchi npaaoro WR 6o3oHa, no3TOMY peaKU:IIH pp ➔ WR ➔ I + 
N1 + X c nocne.n:YJOin:IIM pacna.n:oM Ni ➔ I + ji + h HaII6onee npe.n:noqrnTeJihHaH 
npII IlOIICKe 3KCnepIIMeHTaJihHhIX npoHBJieHIIH JieBo-npaBOH KaJIII6poaoqHoH 

CIIMMe'I'pIIII Ha EAK. KaK CJie,n:CTBIIe, Mhl O)KII,n:aeM HaJIIIqIIe B KOHeqHOM COCTOH

HIIII .n:ayx 3apH)KeHHhlX nenTOHOB II MIIHIIMYM .n:ayx a,n:pOHHhlX C'I'pYH. OCHOBHOH 

q>OH OT peaKn;IIH CM CBH3aH C po)K.!l:eHIIeM TOTI-aHTIITOII KBapK-aHTIIKBapKOBOH 

naphl C nocne.n:YJOin:IIM IIX pacna,n:oM Ha JieTITOHhl II a.n:poHHhie CTPYI:I, a TaK)Ke C 

npou:eccoM )];penna-51Ha pp ➔ (Z* ➔ II) + ~ 2 hadronic jets. KpoMe Toro, Heo6-

XO.U:IIMO Y'JIIThIBaTh IIHC'I'pYMeHTaJlhHhlH q>OH, B03HIIKaIOru;IIH, Kor.n:a Mhl OIIIII6oq

HO TIYTaeM a.n:poHHYJO C'fPYIO C 3apH)KeHHhIM JieTITOHOM. KaK cne.n:cTBIIe KaCKa,n:HO

ro pacna.n:a 3apH)KeHHoro npaaoro 6o30Ha WR ➔ IN ➔ 1/j di, pacnpe.n:eneHIIe IIH

aapIIaHTHOH MaCChl .n:ayx JieTITOHOB II .n:ayx a.n:poHHhlX C'fPYH M;nv(/lj i» o6na.n:aeT 
pe3oHaHCHOH C'fPYKTYPOH c MaKCIIMYMOM a6JIII3II MwR- KpoMe Toro, KaK cne.n:
CTBIIe pacna.n:a rn)KeJioro Hett'I'pIIHO Ni ➔ I +ji + h, pe3oHaHCHM crpyKrypa 

.U:OJI)l(Ha npIICYTCTBOBaTh B pacnpe.n:eneHIIII IIHBapIIaHTHOH MaCChl o.n:Horo II3 nen
TOHOB II ,n:Byx a.n:poHHhIX C'fPYH M;nv(/jdi) c MaKCIIMYMOM B6JIII3II Macchi rn)KeJioro 
HeH'I'pIIHO MN/- 3TII o6cTOHTeJihCTBa oqeHh IlOMOraIOT npII IlOIICKe npaBoro 6030-

Ha WR II TH)KeJioro HeH'I'pIIHO Ha OCHOBe CIIrHaTyphl C .U:BYMH 3apH)KeHHhIMII nen

TOHaMII II .U:BYMH a,n:pOHHhlMII C'fPYHMII. 
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B pa6oTe [3] II3Y'JaJICH IlOIICK 3apH)KeHHoro 6o30Ha WR II TH)KeJioro 

HeH'I'pIIHO Ha EAK .U:IDI .n:ereKTopa KoMnaKTHhIH MIOOHHhIH coneHoII.n: (CMS) Ha 

0CH0Be CIIrnaryphI C .U:BYMH 3apH)KeHHhIMII JieTIT0HaMII II .U:BYMH a,n:p0HHhIMII C'I'py
HMII. AliaJIII3IIpOBaJIIICh 3KCTiepIIMeHTaJihHhie ,n:aHHhie 2010 ro,n:a II IIerBOll Il0JIO

BIIHbI 2011 ro.n:a c nonHoii IIHTerpaJihHoii CBeTIIM0CThIO L,01 = 240 pb- II nonHoii 

3Hepmeii cTaJIKIIBa10ru;IIxcH npoT0H0B Ec.~.M. = 7 T3B. lfayqaJIIICh M0.U:hl c .U:BYMH 
3JieK'I'p0HaMII II .U:BYMH MIO0HaMII B KOHeqHOM C0CT0HHIIII, IlJIIOC MIIHIIMYM ,n:Be 

a.n:poHHhie CTPYI:I· HIIKaKI:lx YKaJaHIIH Ha cymecTBoBaHIIe npaaoro 6030Ha WR II 

TH)KeJIOro HeH'I'pIIHO He 6hIJIO Haii,n:eHo. bhIJIII nonyqeHhI H0Bhie, peK0P.U:Hhie no 

cpaBHeHIIIO c ycKopIITeJieM TEVATRON, orpaHIIqeHI:IH Ha Macey npaaoro 6030-

Ha WR II TH)KeJioro Heii'I'pIIH0. TaK, HanpIIMep, npII Macce rn)KeJioro Heii'I'pIIHo 

npII6JIII3IITeJihHO a.n:aoe MeHhIIIero qeM Macca npaaoro 6o3oHa WR, Macca rn)Ke

noro 6o3oHa MWR ~ 1600 faB. Ha rpaq>IIKax (1-6) npe.n:crnBJieHhI nonyqeHHhie 

orpaHIIqeHI:IH Ha MaCChI 6030Ha WR II TH)KeJioro HeH'I'pIIHO. Mhl Q)KII.n:aeM, no o6-

pa6oTKa Bcex 3KcnepIIMeHTaJihHhIX .n:aHHbIX 2011 ro.n:a II03BOJIIIT npII6JIII3IITeJihHO 
B noJITOpa pa3a ynyqIIIIITh nonyqeHHhie HaMII orpaHIIqeHIIH. 
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Puc. 1. OrprumtJeHHe csepxy Ha cetJeHHe po)K.n:eHIIH npasoro 6030Ha WR a 3aBHCHM0CTH 

OT MaCChl TH)KeJioro 3JieKTp0HH0ro HeihpIIHo IIpll MWR= 900 r3B. 
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Puc. 2. OrpaHuqem1e CBepxy Ha ceqeHHe pO)KAeHIDI rrpaBoro 6o30Ha WR B 3aBHCHMOCTH 

OT MaCCI,I n!)KeJioro 3JieKTpOHH0ro HeHTPHHO rrpu MWR= 1500 r3B. 
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Puc. 3. OrpaHuqeHue cBepxy Ha ceqeHue po~eHHH rrpaBoro 6o3oHa WR B 3aBHCHM0CTH 

oT Macc1,1 TH)KeJioro MIO0HHoro HeiiTPHHo rrpu MWR= 900 r3B. 
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Puc. 4. OrpaHuqeHHe CBepxy Ha ceqeHHe po~eHIDI rrpaBOrD 6030Ha WR B 3aBHCHMOCTH 

oT Macc1,1 TH)KeJioro MIOOHHoro HeiiTPHHO rrpu MWR= 1500 r3B. 
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Puc. 5. OrpaHuqeHuH Ha Macc1,1 WR u TH)Kenoro 3JieKTPOHHoro HeiiTPHHo Ha 95 rrpo

IWHTHOM ypOBHe AOCTOBepH0CTU AJlH JUI MOAeJiu. MaccI,I BHyTPH 3Jimmca UCKJIIOqeHI,I. 
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Puc. 6. OrpaHII'IeHIDI Ha MaCCbl WR n T.IDKenoro MIO0HH0ro HeihpIIHO Ha 95 npo11eHT
H0M yp0BHe ,ll;0CT0BepH0CTll .n;mI JUI M0,n;eJill. Macchi BIIyrpn 3JIJillIICa llCKJIIO'IeHbI. 

B 3TOM KpaTKOM o63ope Ha npnMepe noHCKa npaBoro 3ap»:)KeHHoro 6o30Ha 

WR II TH)KeJioro HeiiTpHHO Mbl npo,n;eMOHCTPIIPOBllJIII, HaCK0JibKO 6on1,11me B03-

MO)KHOCTII, no cpaBHeHIIIO C npe.n;Ll,ll;YJQIIMII ycKOpHTeJI»:MII, .n;aeT EAK ,ll;IDI nOIIC

Ka <pll3HKII BHe paMoK CM. Ey.n;eM Ha.ne»:TLC»:, 'ITO B nocJie,l:lyIOIIIHe ro.nM EAK 

oTKpoeT HOByIO <pll3HKY BHe paMOK CM. Pa6orn no.n.nep)KaHa rpaHT0M P<l><l>H 10-

02-00468a. 
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,IJ:HCKYCCIDI IlOCJIE ,IJ:OKJIA)],A 

IDIH P AH, Moc1rna 

Bonpoc: B 3KcnepttMeHTaX Ha T3BaTPOH npe.nnpHHHMaJIHCL nonMTKll o6Hapy)Ke

HIIH npaBblX KaJIH6poBO'IHblX 6o30HOB II B pacna.nax Ha napy KBapK-aHTIIKBapK. 

Bepo»:THOCTL CYJQeCTBOBaHIIH no.n;o6Hb1X pacna.noB BJillHIOT tt Ha BepOHTHOCTL II0-

JiyJienTOHHblX pacna.noB, COOTBeTCTBeHHO, YMeHLlilaH npe.neJibl Ha HeHTPllHHhie 

MOJ:lhI pacna.noB. IlpoBO,l:IIIJIIICL Jill no.no6Hble HCCJie):IOBaHHH B CMS? 

H.B.: B CMS npoBO,l:IHJIC»: He3aBHCHMhlii: IIOIICK 061,eKTOB, KOTop1,Ie 06pa3y10Tc»: B 

CJillHHIIll KBapKa II aHTIIKBapKa, a TaK)Ke pacna.naIOTCH Ha napK KBapK-aHTIIKBapK, 

T.e. 1ICCJie):10Banac1, B03MO)l(Ha»: pe3oHaHCHa»: CTPYKTypa B cneKTPe .nByxCTPYHHhIX 

co6LITIIH. B HaCTOHIIIIIH MOMeHT orpaHH'IeHIIH Ha Macey WR B 3TOM KaHaJie co
CTaBJI»:eT 1.5 T3B. B Hamux llCCJie,l:loBaHIIHX Mb! IICIIOJIL30BaJIII "6peH'IIIHrll" pac

na.noB, 3aBHCHIIIlle KaK OT Bepo»:THOCTll pacna,l:(OB no .n:pyrHM KaHanaM, TaK II OT 

Macchi T»:)KeJioro Heii:TPHHO. HanpttMep, eCJill Macca rn)KeJioro Heii:TPHHO CJIHlII

KOM MaJia, TO yroJI pa3JieTa Me)K,l:ly .LIBYMH CTPYHMII, Ha KOTOphie pacna,n:aeTCH 

HeHTPIIHO, HaCTOJILKO He3Ha'IHTeJieH, 'ITO HeB03MO)KH0 npoBeCTll ll,ll;eHTIICpttKa

U:IIIO ,l:IByx He3aBHCIIMhIX CTPY" ll, C0OTBeTCTBeHHO, npoBeCTII aHaJIII3 no IIHBapll
aHTHOH Macce. H, B CBOIO 01Iepe.n;1,, Kor.n;a Macca T»:)KeJioro Heii:TPHHO nptt6Jim1rn

eTC»: K Macce npaBoro 6o30Ha, TO ero "6peH'IHHr" pacna.n;a Ha JieIITOH ll ,n:Be 

CTPYH o'IeHh MaJI. 

«l>HAH, Moc1rna 

Bonpoc: CYJQeCTByeT JIil pa,l:lllKaJihHOe OTJill'Ille B .n;ocrynHhIX ,!l;JIH II3MepeHIIH B 

3KCIIepttMeHTe Mace npaBI,JX 6o30HOB II TH)KeJioro HeHTPllHO npll .npoeKTHOH 
3Hepmtt CTOJIKHOBeHIIH npoTOHOB nptt 14 T3B lI TeKy111eii: 3Hepm1I 7 T3B II CBe

TIIMOCTII? 

H.B.: O)KII,ll;aeMoe Ce'IeHHe po)K,l:leHHH 6y,n:eT B HeCKOJihKO pa3 6oJILlile ll, COOTBeT
CTBeHHO, MaCCOBhill nepe,n:eJI 6y,n:eT yBeJIH'IeH KaK MllHIIMYM B ,n:Ba pa3a. Kaqe

CTBeHHO H,n:e»: npoBe,n;eHIIH nOIICKa B ,n:aHH0M KaHaJie OCTaHeTCH TaKoii: )Ke. 

D;EPH, )KeneBa 

Bonpoc: EcJIH 6y,n:eT naii:,n:eH npaBhIH KaJitt6poBo'IHhIH 6030H c Maccoil: B pail:oHe 

,n:Ba T3B ll T»:)KeJioe Heil:TPHHO c Maccoii: o,n:HH T3B, TO ,n:acT JIil 3TO KaKHe-HH6y,n:1, 
CBe,n:eHIIH O HaJIII'Illll 6o3oHa Xurrca B 3TOM KaJIH6poBO'IHOM CeKTOpe? 

B.H.: B npHHIIIIIIe, Macca 6030Ha Xurrca He MO)KeT O'IeHL CJIIIlIIKOM ClIJihHO OT

JIII'IaThCH OT Macchi KaJIH6poBO'IHhIX 6o30HOB. B ,n:aHHOll MO,n:eJIII npe,n:CKa3hIBa
lOTCH ,n:Ba)K,l:II,J 3ap»:)KeHHhie 6o30Hhl XHrra II IIX Macca He MO)KeT OTJlll'IaThCH OT 

MaCCI,I Hail:,n:eHHhIX HOBLIX KaJIH6poBO'IHhIX 6onee 'IeM B ,n:Ba pa3a. 3TO 03Ha'IaeT, 

'ITO H no,n:o6Hhie 6o30HhI XHrrca Moryr 6bn1, 06HapJ)KeH1,1 Ha LHC. 

Bonpoc: A ecnH 6o3oHa XHrrca He CYJQeCTByeT, 'ITO 6y,n:eT c Mo,n:en1,10? 
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B.H.: 3TO 03Ha'!aeT, '!TO MO,[(eJib HenpaBl:IJibHa. 

OIUIII, ,ll;y611a 

Bonpoc: 3a'!eM .[(JUI IJ0.[(06HbIX IJOI:ICKOB HY)KHa BbICOKa» CBeTIIMOCTb? Ilpl:I TOH 

)Ke caMoH :meprl:ll:I CTOJIKHOBeHl:IH, '!To BaM .[(acT ysenI:1'!eHI:1e l:IHTerpanbHOH cBe

Tl:IMOCTI:1 .[(0 5 q>fiH-l (B 25 pa3 ). 

B.H.: Y Hae B 25 pa:1 yseJil:l'll:ITbC» '!l:ICJIO co6bITHH, 'ITO .[(acT B03MO)KHOCTb yBe

Jil:l'll:ITb .[(OCTynHbIH npe.[(eJI Ha Macey HOBOro 6030Ha. 



OTKPblTIIIE HOBOro 6030HA 



;1H°CeM1AHap;Ko1111a6opa4HH'. 
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. ,w· :" PyKOBO,QHT~b h A. r~nyrBHH 

<l>l.131.1Ka Ha 60J1bWOM a.qpOHHOM KOJ111a'1.qepe 

04epe,QHOe 3ace,qaHHe CeMHHapa COCTOHTCl'l 04 HIOJll'l 2012 r. s 10:30 (MCK.) s 
AoMe Me)l(AyHapo,QHblX COBelJ.1aHHH 06be,Ql-1HE!HHOro l-1HCrnTyra l'l,QepHblX 
1-1cc11e,qosaH1-1fi, Ay6Ha. 

nporpaMMa 
• OTpblTHe ceMHHapa 

• np11seTcrn1-1e AHpeKu1-11-1 0111m1 

npocp. Ill.A. ronyTBHH 

aKaA. B.A. MaTBeeB 

TpaHCJlllL.IHll Hay4Horo ceM11Hapa B CERN, Ha KOTopoM 6yAyT npeAcTasneHbl 
noCJ1eAH>1e pe3yllbTaTbl 3Kcnepi1Me,nos ATLAS 1-1 CMS no noncKy 6o3oHa 
X11rrca. 

• TpaHCJlllL.11-1ll npecc-KOHcpepeHUl-1L1 B CERN C y4acrneM AHpeKUl-1L1 CERN, 
PYKOBOAl1TeJ1e11 MelKAYHap0AHblX KOJ1J1a6opau1-111 n npeACTaBvtTeneii cpeACTB 
MaCCOBOH L1H(j)OpMau11n. 

• nnaHnpyKJTCll ceaHcbI npsi'-1011 CBll3,1 c CERN 

4 11/0flR 2012 r. EaponetkKaR opraHtt3dl..Jl1R no R,aepHb/M 11ccne.aoaaHl1RM (CERN) npoBO,lll1T 
Hdyt-lHblU C€Ml1Hap noCBR11./€HHblH nocne.aHMM pe3yflbTaTaM 3KCnep11MeHT0B ATLAS 11 CMS no noucKy 
6o3oHa X'1rrca http://press. web. cern.chlpress/PressRe/eases/Releases20121PR16.12E.html. 

[lnR Hayl/Hb/X C0061.1..(eCTB ATLAS 11 CMS ceMJAHap RBl1ReTCR nepBblM Meponpl1RTJ1€M no 
npe.acraaneH1110 caoux pe3y11braroa no JJ.dHHblM LHC 2012 r., 6onee no.apo6Hoe 06cy>K11eH11e 
O>Kl1,lld€TCR Ha KOHt:/)epeHlll1J1 ICHEP B Menb6ypHe. K HaCTOR~er,ty BpeMeHM YCKOPMT€flb ycneWHO 
o6ecnel/Mfl Ha6op rpeT11 113 3annaH11poBaHHOTO Ha 2012 r. 06beMa /WHHblX, KOTPb/€ 6bll1M 
npoaHan11311poaaHbJ ATLAS 11 CMS. 

Corpy,4Hl1l/€CTBa ATLAS 11 CMS, Kd)l(J!Oe J,13 KOTOpblX 06be,llMHReT 6onee 3000 11ccne,aoaarenei1 J13 
nol/n1 180 l1HCTl1fYTOB J1 Hayf./HblX opraHM3l.ll1i1 scero MMpa, opraHM3YIOT npe3eHTdl..Jl1,0 CBOMX 
pe3yflbTdTOB B pa3fll1l/HblX crpaHaX ,llflR 03HdKOMfleHl1R W11pOKl1X Kpyroa Hay1.1Hoi1 o6wecrseHHDCTl1, 
cpe,aera Maccoaoi1 l1Ht:/)OpMa41111 11 ecex 3a11HrepecoaaHHblX fll1l.l 11 opraH113a4m1. 

np1'1HRTb )"lacrne B 3aCeAaHHl'1, 3aAaTb eonpocbl 11 BblCTyn11Tb B A11CKYCCl1L1 M0>l<HO B T04Kax 
ABYCTOpOHHero e1,1,qeOA0CTyna e 0111.S,III (Ay6Ha), <l>IIIAH (MocKea), llll'llll ("nHTOMHl'1K". MocKsa), 
n111.s,<1> (raT411Ha), LIEPH (Main Auditorium), TrY (TOMCK), ArY (6apHayn), KrY (KeMepoeo), OrY 
(OMCK), HrTY (Hoeoc1-1611pcK), l'lprY {l'lpocnaBJlb). 

B11AeOTPaHCnRL11'1R C8Ml'1Hapa ocyl.l.leCTBJlReTCR 4epe3 
,CBR31'1 T0MCKOro rocyAa 

ynpaBJ1eH11R 
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IIPE3EHTAIJ;IUI PE3YJihTATOB 110 OliHAPY~HIIIO 
HOBOro 6030HA B 3KCIIEPIIMEHTAX ATLAS II CMS 

Oqepe.nHoe 3ace.nam1e 061,emrneHHoro ceM1rnapa "<I>mIIKa Ha LHC", opraHII3o
BaHHoro C0TpYAHIIqecTB0M IIHCTIITYT0B PoccIIII II CTpaH-yqacrnm~ OIUIII B 3KC
ITepIIMeHTe "KoMITaKTHhlll MIOOHHhlll correHOil.[\ 11

, C0CT0HJI0Ch 4 IIIOJIH B ,ll;oMe 

Me)K.LlyttapoAHhIX coBe~aHIIii OIUIII ()];MC). Tio cIIcTeMe BII.neoKoHcpepeHUIIOH
Hhiii CBH3II )];MC 6hrn CBH3aH C CaHKT-TieTep6yprCKIIM IIHCTIITyr0M HAepHoii q>II-

3IIKII B fanIIHe II EBpOITeiiCKIIM ueHTp0M H.L{epHhIX IICCJie.[\OBaHIIH. (U:EPH) B )Ke

HeBe. TpaHCJIHUIIH ceMIIHapa Berrach qepe3 IIHTepHeT B pa3JIIIqHhie HayqHhie ueH
Tphl PoccIIII II CTpaHhl-yqacTHIIUhI OIUIII, YHIIBepcIITeThI MocKBhI, CaHKT
TieTep6ypra, 51pocrraBJIH, MIIHCKa, HOBocII6IIpcKa, ToMKa, TBepII II .npymx ropo

A0B. 

3ace.naHIIe ITpIIypoqeHo K HayqHoMy ceMIIHapy, ITpox0AIIBIIIeMy B U:EPH II 

ITpe.nBapHBIIIeMy Ba)lrneiiIIIyro KOHcpepeHUIIIO ITO q>II3IIKe qacrnu ICHEP2012 B 
Merrh6ypHe. ,ll;rrH HayqHhIX coo6~ecTB ATLAS II CMS ceMIIHap CTarr ITepBhIM 
MepoITpIIHTIIeM ITO ITpe.ncTaBJieHIIIO pe3yJihTaT0B ITO OOIICKY 6030Ha XIIrrca Ha 
o6be.L{IIHeHHhIX 3KCITepIIMeHTaJihHhIX .naHHhIX 2011-2012 rr. 

CeMIIHap B ,ll;y6He 0TKphrn ero PYK0B0AIITerrh, ITpe.nce.naTerrh coTpyAHIIqe
CTBa RDMS, ITpocpeccop IIroph AHaTorrheBIIq forryTBIIH. OH HaIT0MHIIJI 06 IICTo
pIIII o6beAIIHeHHoro ceMIIHapa RDMS CMS II paccKa3arr 06 TOM ITYTJI, KOTOphiii 

LHC H 3KCITepIIMeHT CMS ITp0IIIJIII 3a 27 MeCHUeB, HaqIIHaH OT M0MeHTa 3aITycKa 
KOJrnaii.nepa 30 MapTa 2010 r. C ITpIIBeTCTBIIeM K yqacTHIIKaM o6paTIIJICH Bnue
AIIpeKTop OIUIII ITpocpeccop MIIxaIIrr fpIIropheBIIq lITKIIC. OH 0TMernrr 6orrh
rrmii BKJiaA OIUIII B ITo.nroTOBKY 3KCITepnMeHT0B Ha LHC, II oco6o ITo.nqepKHYJI 
ero orpoMHYIO IIHTerrrreKryaJihHYJO C0CTaBJIHIO~YJO, K0TopyIO BHeCJIII yqeHhie H 
CITeUHaJIIICThl OIUIII, HX aKTIIBH0e yqacTHe B ITp0Be.L{eHIIII ceaHC0B Ha KOJIJiaii.ne
pe B )KeHeBe, c6ope II o6pa60TKII IIHq>OpMaUIIII. 

OTKphrnaH nepBhiii ceaHc npHMoii CBH3II II3 U:EPH c .ny6HeHcKoii ay.nIIrnpII
eii, nepe.n HaqarroM 3noxarrhHoro ceMIIHapa PYK0B0AIITerrh ITpoeKTa CMS B OIUIII 
AHaTOJIHH. Ba.nIIMOBIIq 3apy6IIH 0TMeTIIJI, TIO .ny6HeHCKIIe yqeHhie BMeCTe c 
KOJIJia6opauIIeii npoIIIJIII .norrmii 20-rreTHIIH. TIYTh OT pa3pa60TKII K0HUeTIUIIII 
CMS B. 1992 II co3.naHIIH 3KcnepIIMeHTaJihHoro K0MnrreKca, .no pemcTpaUIIII nep
BhIX np0T0H-Ilp0T0HHhIX CTOKHOBeHJIH. II norryqeHIIH ITepBhIX q>II3IIqecKJIX pe3yrrh
TaTOB. If HaKoHeu, cer0AHH m1m.naeTCH npe.ncTaBJieHIIe H0BhIX pe3yrrhTaT0B no 
Il0IICKY 6o30Ha XIIrrca, HBJIHIO~IIXCH HaII6orree 3HaqIIMhIMII AJIH COBpeMeHHOH. 

HayKII. 

OTKphIBaH nepBhlll. ceaHC npHMOH. CBH3ll II3 U:EPH C .ny6HeHCKOH. ay.L{IIT0pII
eii, ITepe.n HaqarroM 3IT0XaJihH0ro ceMIIHapa pyK0B0AIITerrh npoeKTa CMS B OIUIII 
AHaTOJIIIH. BaAIIMOBIIq 3apy6IIH 0TMeTIIJI, qTo .ny6HeHCKIIe yqeHhie BMeCTe c 
KOJIJia6opauIIeii npoIIIJIII .norrmii 20-rreTHIIH. nyTh OT pa3pa60TKII K0HUeITUIIII 
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CMS B 1992 11 co3,naHmI 3Kcnep11MeHTaJibHOro KOMnJieKca, ,no per11crpa111111 nep

BbIX npOTOH-IIpOTOHHblX CTOKHOBeHl:lll 11 IIOJI)"IeHl:IJI nepBb!X lpl:131:l'IeCKl:IX pe3yJib

TaTOB. J-I HaKOHe11, cerO,[\HJI 0)1(11,[(aeTCH npe,ncTaBJieHl:le HOBb!X pe3yJibTaTOB TIO 

IIOl:ICKY 6030Ha X11rrca, JIBJIJI!Oll.lIIXCJI Ha1160Jiee 3HaYJ:l:IMb!Ml:I ,[\JIJI COBpeMeHHOll 

HayKII. 

KoMMeHTIIPYJI 3HaYJ:em1e co6bITl:IJI, aKa,neMl:IK P AH BaJiep11ii AHaTOJibeBl:IYJ: 

Py6aKOB, B qacTHOCTl:I, OTMeTl:IJI, 'ITO cerO,[\HJI TOT ,neHb, KOTOpblll MIIpOBaJI Hayq

HaJI 06111ecTBeHHOCTb 0)1(11,[(aJia MHOrIIe rO,[(bl - cero,nHJI MO)KeT 6b!Tb IIOJI)"IeH 

nepBblll OTBeT Ha BOIIpoc: "cYII.leCTByeT JIii CKaJIJipHaJI YJ:aCTIII.la, KOTOPYIO Ha3bl

Ba!OT 6030HOM X11rrca IIJIII 'ITO-TO ,npyroe CTOIIT 3a MexaHII3MOM Hapyrnemrn 

3JieKrpOCJia6oii Cl:IMMerp1111?" "3TO, KOHeYJ:HO )Ke, 6e3YMHO IIHTepecHo," - no,ne

JIIIJICJI CBOIIMII BIIeYJ:aTJieHIIJIMl:I B. A. Py6aKOB - "a)Kl:IOTa)K 3,[(eCb orpOMHblll, 3a

IIOJIHeHbl He TOJibKO BCe ay,n11Top1111, Ky,na rpaHCJIIIpyeTCJI ceMIIHap, KpyroM CTOJIT 

orpOMHbie 3KpaHbl, CbexaJIOCb MHO)KeCTBO cp113IIKOB co Bcex yroJIKOB MIIpa 11 BCe 

crpeMJITCJI IIpl:IHJITb )"IaCTIIe B 3TOM MeporrpIIJITIIl:I. 5I CMOTPIO Ha 3TO co6b!TIIe 11 C 

TOYJ:Kl:I 3peHIIH nepcneKTIIBbl. 51CHO, 'ITO 3IIOIIeJI TOJibKO HaYJ:IIHaeTCJI, nepBbie ca

Mb!e rpy6b1e npe,nCTaBJieH1rn, KaK ycrpoeH 6o30H X11rrca, KaK OH B3aIIMO,[(eiicTBY

eT, Mb!, HaBepHoe, cero,[\HJI Y3HaeM. Ho, C O,[\HOll CTOpOHbl, TaK)Ke npe,ncTOIIT BbI

JICHIITb MHOro ,neTaJieii, a C ,npyroii, CY111eCTBOBaH11e OTHOCIITeJibHO JierKoro CKa

JIJipHoro 6o30Ha - 3TO eme He ,noKa3aTeJibCTBO, YJ:TO MexaHl:13M, KOTOpb!ii 6bIJI 

npe,nJIO)KeH, pa6oTaeT. M npe,ncTOIIT eme pa3o6paTbC», KaK 11MeHHO ycrpoeHo 

HapyrneHl:le 3JieKrpocJia6oii CIIMMerp1111, KaKoii IIMeHHO MexaHII3M OTBeTCTBeHeH 

3a 3TO HapyrneH11e. 3To - Ja,naqa 6y.nY111ero, KOTopy10 np11,neTcJI pernaTb MHor11e 

rO,[(bl, B OCHOBHOM Ha bOJibIIIOM a,npOHHOM KOJIJiaii,nepe, HO B03M0)KH0 ,[\JIJI 3T0ll 

11eJI11 rrp11,neTCJI C03,[(aBaTb II ,npyryIO ycTaHOBKy''. 

.lJ:o HaYJ:aJia ceMIIHapa B IJ,EPH pyK0Bo,n11TeJib 3Kcnep11MeHTa CMS B 2010-
2011 rr. (11MeHHO B 3TO BpeMJI 6b!JIO IIOJiyYJ:eHbI nepBb!e YKa3aHIIJI Ha CYII.leCTBOBa

HIIe HOBOll qacTIII.lbl C Maccoii OKOJIO 125 r3B) rBII,[(0 ToHHeJIII no,neJIIIJICJI CBOII

MII O)KII,[(aHIIJIMl:I C poCCIIllCKOll YJ:aCTb!O )"IaCTHIIKOB 3ace,naHIIJI OT npe,nCTO»ll.lero 

co6b1T11JI: 

IIpJirnarnaJI rBJI,no ToHeJIJIJI, PYKOBOL\JITeJIJI 3KcrrepJIMeHTa CMS B 2010-
2011 rr., rro,neJIIITbCJI CBOIIMJI O)KJI,[(aHJIJIMJI OT npe,ncT0»111ero co6b!TJIJI, A. B. 3a

py611H IIO,[('-lepKHYJI, 'ITO 6Jiaro,napJI orpOMHb!M ycJIJIJIHM rBJI,[\O CTaJIJI B03MO)K

Hbll\lJI JI cero,nHJIIIIHJie co6b1T11e, JI ceMJIHap, JI rJiaBHoe IIOJI)"IeHJie JI npe,ncTaBJ1e

HJie Ba)KHOro pe3yJibTaTa, IIOCKOJibKY JIMeHHO B 3TO BpeMJI 6bIJIJI rroJiy'-leHbl nep

Bb!e yKa3aHirn Ha cymecTBOBaHJie HOBOll '-!aCTl:11.lbl C Maccoii OKOJIO 125 r3B. rBl:1-

,no ToHeJIJIII, 06pa111aJICb K poccJiiicKoii '-!aCTJI y'-laCTHJIKOB 3ace,naHI:1JI, paccKa3aJI: 

"IIpe)K,[(e Bcero, JI O'-!eHb C'-!aCTJIIIB cero,nHJI, B03MO)KH0 JI caMblll C'-!aCTJIJIBblll <pJI-

3JIK Ha 3eMJie B 3TOT MOMeHT. IlpJI'-IJIHY Bbl Y3HaeTe '-1epe3 napy '-!aCOB, ceii'-laC JI 

Mory cKa3aTb, 'ITO 3TO o'-!eHb Ba)KHblii ,nenb ,nJIJI 3KcrrepJIMeHTa CMS, ,[(JIJI narneii 
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o6JiaCTl:I HaYKl:I 11 B TOM YJ:l:ICJie ,[\JIJI lpJI3l:IKOB Pocc1111, KOTOpb!e c,neJiaJil:I OYJ:eHb 

MHoroe ,[\JIJI noJI)"IeHl:IJI 3Tl:IX pe3yJibTaTOB. OHl:I BHeCJil:I 60JiblIIOll BKJia,n KaK B co-

3,naH11e 3Kcnep11MeHTa CMS, ero 3KC1myarn111110 11 noJI)"IeH11e ,naHHbIX, TaK 11 B 

np0Be.nem1e cp11311qecKoro aHaJil:13a. MHor11e pe3yJibTaTbI, npe,ncTaBJIJieMbie cero

,nHJI, He 6bIJil:I 6b! B03MO)KHbIMl:I 6e3 BKJia,na pocc11iiCKl:IX lpl:13l:IKOB, B TOM YJ:l:ICJie 11 

MOJIO,[(e)Kl:I. 5I He Mory CKaJaTb 6oJiblIIero ,no Olpl:11.ll:laJibHOro npe,nCTaBJieHl:IJI pe~ 

3YJibTaTOB, HO OTMeYJ:y, 'ITO eme B ,neKa6pe npOIIIJIOro ro,na HalIIl:I pe3yJibTaTbI ,ne

MOHCTPl:IPOBaJil:I yKaJaH11e Ha B03MO)KHOe CY111eCTBOBaH11e 6o3oHa X11rrca CrnH

,napTHOii MO,[\eJil:I B paiioHe MaCCbl 125 r3B. M 11eJib cero,[\HJIIIIHero CeMl:IHapa OT

BeTl:ITb Ha Bonpoc - ,neiicTBl:ITeJibHO Jil:I ,nBa 3Kcnep11MeHTa (ATLAS JI CMS) no,n

rnep)K,[(aIOT 3Tl:I pe3yJibTaTbl Ha 6oJibIIIeM o6beMe ,naHHbIX. Tenepb JI HanpaBJIJIIOCb 

B nepenoJIHeHHYIO rnaBHyro ay,n11TopJiro IJ,EPH, Ky,na Bb1crpo11Jiacb oqepe,nb 113 

TbICJI'-111 MOJIO,[\b!X JIIO,[(eii, KOTOpbie 3aHJIMaJIJI MeCTa eme co BYJ:eparnHero BeYJ:epa 11 

rrpoBeJI11 11eJiyro HOYJ:b B O)Kl:l,[\aH1111 3TOro co6b1TI:1JI". 

B 11 qacoB B pe)K11Me peaJibHoro BpeMeH11 HaYJ:aJiacb rpaHCJIJII.ll:IJI HayYJ:Horo 

ceM11Hapa B IJ,EPH 11 npecc-KoHcpepeH111111 c yqacT11eM ,n11peKI.111JI, PYKOBo,n11TeJieii 

Me)K,[(yttapo,nHb!X KOJIJia6opa1111ii 11 npe,nCTaBl:ITeJieii cpe,ncTB MaCCOBOll l:IH<pOpMa-

111111. Ha ceMl:IHap 6bIJil:I np11rna11IeHbI aBTOpbl 11,ne11 cnoHTaHHOro HapyrneHl:IJI 

3JieKrpOCJia6oii c11MMerp1111 no "MexaHl:13MY X11rrca" - cp11311K11 ,n:)KepaJibL\ ry

paJibHl:IK, KapJI XareH, IlllTep X11rrc 11 <l>paHcya 3Hrnep, noJIBJieH11e KOTOpbIX B 

ay,n11Top1111 6bIJIO BcrpeYJ:eHo 6ypHbIMl:I anJIO,[\l:ICMeHTaMJI. 

reHepaJibHbiii ,n11peKTop IJ;EPH PoJib<p .lJ:11Tep Xoiiep, PYKOBo,n11TeJib 3KC

nep11MeHTa CMS ,n:)Ko IfHKaH,neJia (3Kcnep11MeHT CMS) 11 PYKOBOL\l:ITeJib 3Kcne

p11MeHTa ATLAS <l>a6110Jia .lJ:)K11aHOTTl:I (ATLAS) npe,ncrnBJIJIIOT 11HrpJiryro111Jie 

pe3yJibTaTbI - o6a 3KCnep11MeHTa YBll,[(eJil:I JIBHb!e npl:13HaKl:I HaJil:l'-ll:IJI HOBOH qa

CTl:11.lbI B o6Jiacrn Mace 125 r3B. Pe3YJibTaTbI 06be,[(l:IHeHHOro aHaJil:13a ,naHHbIX 

2011 11 2012 rr. no,nrnep,n11JI11 pe3yJibTaTbI, npe,ncrnBJieHHbie 3KcnepJIMeHTaM11 B 

,neKa6pe 2011 r., Kor,na 6bm11 nOJI)"IeHbl nepBbie Cl:lrHaJibI CYII.leCTBOBaHJIJI HOBOll 

'-laCTl:11.lbl co CTaTl:ICTl:IYJ:eCKOll 3HaYJ:l:IMOCTblO 2-3 CTaH,napTHbIX OTKJIOHeHl:IJI. B HO

BOM npe,ncTaBJieHHOM aHaJil:13e JIOKaJibHM CTaTl:ICTl:IYJ:eCKaJI 3Ha'-!l:IMOCTb ,nocrnrJia 

4.9 11 5.0 CTaH,napTHbIX OTKJI0HeH11ii B ,neTeKTopax CMS 11 ATLAS. Pacna,n HOBoii 

'-laCTl:11.lbl Ha6JIIO,[\aeTCJI B rpex He3aBl:ICJIMbIX KaHaJiax - pacna,nax Ha napbl Ka

JIJI6poBOYJ:Hb!X 6030HOB (yy, zz JI WW). Ha6JIIO,[(eH11e ,nByx lpOTOHOB B KOHeYJ:HOM 

COCTOJIHilil )'Ka3bIBaeT Ha TO, 'ITO HOBM qacrnua JIBJIJieTCJI 6030HOM, a He cpepMl:1-

0HOM, 11 ee cnHH He MO)KeT 6bITb paBHbIM 1. 

CeM11Hap B IJ;EPH 3aBeprnHJICJI npecc-KoHcpepeH1111eii, Ha KoTopoii ,n11peK

l.ll:IJI IJ;EPH (renepaJibHblii ,n11peKTop P. ,n:. Xoiiep, ,n11peKTop no Ha)"!Hoii pa6oTe 

Cep,[()1(110 EepTOJI)"IYJ:11 11 ,n11peKTop rro ycKop11TeJIJIM CrnB Maiiepc) H PYKOBo,n11-

TeJI11 3KcnepttMeHTOB ATLAS 11 CMS oTBeT11JI11 Ha Bonpocb1 npeccb1. 

OTKpbIBM BTopoii ceanc npJIMoii CBJJ:311 113 IJ;EPH c ,ny6HeHcKoii ay,n11Toptt

eii, A. B. 3apy611H OTMeTl:IJI, '-!TO 3TOT ,neHb 6e3ycJIOBHO BOll,[(eT B IlCTOpl:l!O lpl:1311-
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K11 11 6y,neT OTMeqeH KpaCHOH ,naTOH llpKoro OTKpbITMll B qm311qecKOM KaJieH,nape. 

Ha cero,nHll Mbl y)l{e 3HaeM, qTo HO Ball qacTm.{a - 3TO 6030H C Maccoii OKOJIO I 25 
f38. Ho BITepe,n11 orpOMHal! pa6orn ITO 113MepeHMIO CITMHa 11 qeTHOCTM, OITpe,neJie

HMll KOHCTaHT CBll311, yToqHeHMll MaCCbl. Enecrnll.{al! pa6orn EAK BCeJilleT yBe

peHHOCTb, qTQ qepe3 ro,n Mbl ITp116Jil1311MCJI K ITOJIHOTe ITOHMMaHMJI OTBeTOB Ha 3TH 

BOITpOCbl. Ha crrel.{11aJibHOH BCrpeqe C pOCCMHCKMMM ql11311KaMM 11 ITpeccoii ITpe,n

CTaBMTeJIM pyKoBo,ncTBa CMS fB11,no ToHHeJI11, T111.{11aHo KaMITope311 11 )Koa Ba

pena ITpOKOMMeHT11pOBaJil1 COCTOJIBllleecll OTKpblTMe : 

)Koa Bapena: "Cero,nHll ,neiicTBMTeJibHO oco6brtt ,neHb .D.Jill Bcex Hae. Mbr Bee 

oqeHb B3BOJIHOBaHbl, TPY.D.HO coxpaHJITb CITOKOHCTBl1e B TaKOH MOMeHT. <l>aKT OT

KpblTMJI HOBOH qacTMI.{bl Heocnop11M. Bo BpeMJI ceMMHapa 11 ITpecC-KOHq>epeHI.{1111 

BCe MOrJIM B 3TOM y6e,nMTbCJI. 51 He 6y,ny rOBOp11Tb 6oJibllle 06 3TOH qacTMI.{e, J!B

JIJleTCJI JIM OHa 6o30HOM X11rrca 11Jil1 HeT, qTo 3TO 03HaqaeT ,[(Jlll ql11311Kl1 qacTl11.{ 

(Moe MHeH11e - MHOroe). Ceiiqac ll xoqy BOCITOJlh30BaTbCJI cnyqaeM 11 OT 11MeHl1 

KOJIJia6opal.{1111 CMS cep,neqHo no6naro,nap11Tb Halll11x KOJIJier 113 corpy,nH11qecrna 

11HCTl1TYTOB Pocc1111 11 crpaH-yqacrn111.{ Oll5HI. 51 Bee ell.{e ITOMHIO, KaK B 1992 r. 

BMecTe c ITepBbIM pyKOBo,n11TeJieM CMS M11llleJieM ~enna Herpa ITp11exan B 

MocKBy, qTo6bl ITp11rnaCl1Tb pocc11iicKl1X yqeHbIX ITPMHJITb yqacTMe B 3KCITep11-

MeHTe CMS. Y MeHJI coxpaHMJIMCb oqeHb xopOllll1e BOCITOMMHaHl1JI OT 3TOH ITO

e3,[(Kl1. 11 JI .D.YMalO, qTQ 3KCITep11MeHT He ,[(OCTl1r 6b! Beem 3Toro 6e3 TeCHOro co

TPY.D.Hl1qecrna MHor11x crpaH, B TOM q11cne Pocc1111 11 Oll5111. 11 ll xoTeJI 6b1 ell.{e 

pa3 IT06Jiaro,nap11Tb Bcex Bae 3a ,nettCTBMTeJibHO 60JibllIOH BKJia,n B 3TOT 3KCITep11-

MeHT" . 

T111.{11aHo KaMITope311: "51 .nYMaIO, qTo, ITpe)l{.[(e Bcero, Ha.no IT03,npaBl1Tb BCIO 

KOJIJia6opaIJ.MIO. Mb! BCe )KJ1BeM B l1CTOp11qeCKl1H MOMeHT, KOTOpblH Mb! BCe 6y,neM 

ITOMHl1Tb. Mb! 6bIJil1 BOBJieqeHbl B ITOMCKM 6030Ha X11rrca ITOCJie,[(Hl1e ,[(Ba,nl.{aTb 

neT 11 ceiiqac 6oJihllIMe yrnn11ll MHCTMTYTOB CMS 11 q>M3MKOB CMS 3aBepIII11JI11Cb 

ycITexoM. 11 ll XOTeJI 6b! OTMeTMTb OCHOBOITOJiaraIOII.{yIO pOJib RDMS, 3TO KOHraJI

MepaT 11HCTMTYTOB, cqiopM11poBaHHbll1 BOKpyr ~y6Hbl, Cblrpan KJIIOqeByIO pOJib B 

C03,[(aHl111 3 KCITep11MeHTa, qTQ c,neJiaJIO cerO,[(HJ!IIIHl1H ycITex B03MO)l{HbIM". 

fBM,[(0 ToHHeJI11 : "Ceiiqac Mb! 11MeeM 061,eKT, KOTOpb!H Mb! Ha3bIBaeM 6030H 

X11rrca, 3TOT 061,eKT 11MeeT Macey B paiioHe 125 f38, a ero cBowcrna ell.{e ITpe,n

CTOl1T 113yq11Tb B ,neTaJIJIX - 113MepeH11e KOHCTaHT CBJl311, yToqHeH11e MaCCbl, IIIl1-

p11Hbl. K ,npyroMy Ba)l{HOMY MOMeHTY OTHOCMTCJI ITOHl1MaH11e I1p11po,nbl 061,eKTa -

JIBJIJleTCJI Jil1 OH B TQqHQCTl1 TeM, qTo ITpe,ncKa3bIBaeT CTaH,napTHaJI MO,neJib . 3TOT 

o6beKT MO)l{eT ,naTb HaM yKa3aHl1ll, qTo ITp011CX0,[(11T Ha MaCIIITa6ax T 3B 11 ,nanee". 

B . A. Py6aKOB ITO,[(BeJI 11TOr COCTOJIBIIIerocJI OTKpbITMJI: "Bo-nepBbIX, 3KC

ITep11MeHTaJibHblM KOJIJieKTl1BaM y,naJIOCb c ,neJiaTb Cl1JlbHbIH pbIBOK ITO cpaBHeHl1!0 

C ITpe,nbI,[(yll.{11M ro,noM, KOr,na 6bIJil1 ITOJiyqeHbl ITepBbie yKa3aHMJI Ha Cyll.{eCTBOBa-
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HMe HOBOH qacTMI.{bl. 3To BITetJaTJIJleT. 51 He 0)1{11,[(aJI, qTo 6y,neT o6bJIBJieHO 06 OT

Kpb!Tl111 . bbIJia npo,neJiaHa q>aHTaCT11qecKaJ1 pa6orn 3a TaKOe KOpOTKOe BpeMJI . 

MHe, KaK TeopeTl1KY, Y.D.11Bl1TeJibHO, lJTO 6o30H X11rrca OKa3aJICJI , HaCKOJibKO Mb! 

cero,nHJI Bl1,[(11M, 11MeHHO TaKMM, KaK npe,ncKa3bIBaeT CTaH,napTHaJI MO,neJib . Ha.no 

ITp11BbIKaTb K 3TOMY 3HaHl1!0, ITOTOMY qTo 3TO 11,neT B pa3pe3 C TeM, qTQ He TOJibKO 

JI, HO 11 MHOr11e MOM KOJIJier11-TeopeTl1Kl1 ITpe,ncTaBJIJIJIM. MexaHl13M X11rrca, Me

xaHM3M CITOHTaHHOro HapYllleHMJI Cl1MMerp1111, KOTOpbIH ITpe,ncKa3bIBaeT TaKyIO 

JierKyIO C ITOHJITHbIMM CBOHCTBaM CKaJIJIPHYIO qacT111.{y, 6o30H, OIJeHb Hal1BHbIH . 11 
ITpHMepbl CITOHTaHHOro HapYllleHl1JI Cl1MMerp1111 113 ql11311Kl1 rnep,noro TeJia COBep

llleHHO He TaK11e Hal1BHbie, He TaKMe ITpOCTbie. 11 3TO HaTaJIKMBaJio ,[(OJiroe BpeMJ! 

Ha MblCJib, qTo ,[(QJI)l{Ha 6b!Tb 6onee MHTepecHaJ! Herp11B11aJibHaJ1 ,[(11HaMl1Ka, HO 

ceiiqac BbJJ1CHJ1eTcJ1, qTo H11qero ITo,no6Horo HeT. Bo BCJIKOM c n yqae, no TeM xa

paKTep11cT11KaM, qTo ceiiqac ITpOCMarp11Ba!OTCll B11,[(HO lJTO-TO OIJeHb ITpOCTOe, no

XO)l{ee Ha MeXaHl13M co CKaJIJlpHbIM noJieM C ITOTeHl.{11aJIOM B B11,[(e " MeKC11KaHCKOH 

llIJillITOH". 3Tl1 CBOHCTB KOHeqHo )Ke npocMaTpHBa!OTCJI OIJeHb np116Jil1311TeJibHO, 

3TO - ITepBbie pe3yJibTaTbI, ITepBbie ,naHHble, KOTOpbie cornacyIOTCJI C ITpe,ncKa3 a

H11llMl1 CTaH,napTHOH MO,[(eJI11. ToqHQCTb 3TOro cornac11J1 ITOKa ell.{e He OIJeHb Bbl

COKa 11, KOHeqHo, 3a,naqa 6 Ji l1)Kattlll11X ,neCJ1Tl1JieT11i1 6y,ner COCTOJITb B TOM, lJT06bI 

p a3o6paTbCJI B ,neTaJIJ!X co CBOHCTBaMl1 3TOH LiaCTl11.{bl , C TeM, KaK MMeHHO Hapy

waeTCJI 3JieKrpocJia6aJ! C11MMeTp11ll. I1o3TOMY cero,[(HJlllIHee o6Hapy)l{etme OTKpbl

BaeT HaM ,[(aJibHettlllyIO ITepcneKTMBY 11 nepcneKTl1BY 11HTepeettyIO. " 
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B 3a1auoqemie ceMJIHapa npocp. 11. A. fonyrBJIH 3aqJITan 3mrnneHJie Konna-

6opa1urn CMS o Ha6mo.neHllll HoBoii qacTlfl.\bI c Maccoii 125 13B, a rnaBHbIM 
yqeHbIM ceKpeTapb 0115111 npocp. H. A. PycaKOBllq 03Byqlln 3a»BneHlle Konna60-

pa1Illll ATLAS JI npecc-penll3 11,EPH. 

f1PECC-PEJll13 UEPH 61 

3KCI1EPIIMEHThl IJ;EPH YKA3hIBAIOT HA HOBYIO 

1-IACTIIIJ;Y 

Ilpecc-penll3 11,EPH 

)I{eHeBa, 4 IIIOilH 2012 

Ha ceMJIHape, npoBe.[leHHOM cero.nH» B 11,EPH H npe.nBap»IOll!IlM Ba)lrneiirny10 

KOHcpepeHIIIlIO no <pll3IlKe qacmu ICHEP2012 B Menb6ypHe, 3KcnepllMeHTbI 
ATLAS Il CMS npe.ncrnBilnll CBOil nocne.[IHile npe.nsapllTenbHbie pe3ynbTaTbl no 

IIOilCKY .nonrmK)l,aHHOM qacTill!bl Xllrrca. O6a 3KCIIepllMeHTa YBil)l,enll HBHbie 
npmHaKil Hanllqll» HOBOM qacTilllbl B o6naCTil Mace OKOno 126 13B. 

"Mbl Ha6n10)1,aeM 3HaqllTenbHOe npeBbJlIIeHile co6bITilM, Ha ypoBHe 5 CllrMa, B 06-

naCTil Mace oKono 126 f3B. BM)l,aIOll!Ilec» B03MO)l(HOCTil LHC Il ATLAS, a TaK)l(e 

orpoMHbie ycllnll» MHOrllx IlIO)l,eii, IIpllBenll Hae K 3TOMY 3aXBaTbIBaIOll!eMy MO
MeHTy", cKa3ana PYKOBO)l,IlTenb 3KcnepllMeHTa ATLAS cDa6Hona ,n:)l(aHOTTil, "Ho 

ceiiqac Heo6XO)l,IlMO ell!e HeMHOro BpeMeHil )l,IlH IIO)l,rDTOBKil ny6nJIKaIIIlll 3TllX 

pe3ynbTaTOB11
• 

"IIonyqeHHbie pe3ynbTaTbl HBilHIOTCH npe)l,BapllTenbHblMil, HO Ha6nIO)l,aeMblM Cllr
Han B 5 CllrMa oqeHb BIIeqaTn»IOll!IlM. Ecnll 3TO )l,eMCTBilTenbHO HOBa» qacmua, TO 
Mbl 3HaeM, qTO 3TO .[IOil)l(eH 6bITb 6o30H, Il 3TO 6y)l,eT caMa» TH)l(ena» Il3 IIO)l,06HbIX 

KOr)l,a-nll60 Haii.neHHblX qacTilll"' 3aHBl1Il pyKOBO)l,IlTenb 3KCIIepllMeHTa CMS .n:)1(0 
11HKaH)l,ena. "Ilocne.[ICTBilH 3TOro BeCbMa 3Haq1nenbHbl, Il IlMeHHO IIO 3TOM IIpll
qllHe Mb! .[IOil)l(Hbl 6bITb oqeHb Tll!aTenbHbl BO BCex HalIIHX IlCcne)l,OBaHHHX H ne-
peKpeCTHbIX npoBepKax". . 

"Tpy)l,HO OCTaTbCH paBHO.[IYJlIHbIM K 3TllM pe3ynbTaTaM", roBOpllT )l,IlpeKTop IIO 
IlCcne)l,oBaHmIM 11,EPH Cep)l(IlO EeprnnyqqH, "B npornnoM ro)l,y MbI aHOHCHpoBa
nH, qTQ B 2012 ro)l,y HOBa» XllffCOIIO)l,06Ha» qacmua 6y.neT Haii)l,eHa, Illl60 6o30H 
XHrrca CrnH)l,apTHoii Mo.nenll 6y)l,eT HCKn10qeH. Co Bceii ocTopo)l(HOCTbIO, MHe 
Ka)l(eTCH, qTo Mbl HaXO)l,IlMCH B nepenoMHOM TOqKe - Ha6n10.neHile 3TOM HOBOM qa
CTill!bl YKa3bIBaeT IIYTh B HanpaBneHilll 6onee rny6oKoro IIOHHMaHilH Toro, qTo 
Mb! Bll.[lllM B )l,aHHblX 11

• 

Pe3ynbTaTbl, npe)l,CTaBneHHbie cero)l,HH, OCHOBaHbl Ha )l,aHHbIX 2011 Il 2012 ro.[IOB 
Ii HBilHIOTCH npe.nBapllTenbHblMil - aHanli3 )l,aHHblX 2012 r. Bee ell!e npo)l,Oil)l(aeT
CH. IIy6nHKaIIIlH IIOKa3aHHbIX cero.nH» pe3ynbTaTOB O)l(Il)l,aeTCH IIpHMepHO B KOHIIe 
IlIOn». Eonee IIOnHaH KapTHHa C)l,enaHHbIX Ha cerO.[IHHlIIHIIM )l,eHb Ha6nIO)l,eHHM 
IIpOHBilTCH B 3TOM ro)l,y HeCKOilbKO II03)1(e, ~e nocne Toro KaK 3KCIIepllMeHTbl Ha 

LHC Ha6epyT 6onbrnllii o6beM )l,aHHbIX. 

Cne)l,yIOll!IlM rnaroM 6y)l,eT onpe)l,eneHHe IlpllpO)l,bl 3TOM qaCTill!bl Il ee 3HaqeHIIH 
.nn» Harnero IIOHilMaHIIH BceneHHOM . .5IBn»eTCH nII OHa 6030HOM Xllrrca, npe)l,CKa-
3aHHblM B 1964 ro.ny, KOTOpbIM npe.ncrnBn»eT co6oii 3aBeprnaIOll!IlM He.[IOCTaIO
II.IIIU: KOMIIOHeHT CrnH.napTHOM MO)l,ellll lpll3IIKil 3neMeHTapHbIX qaCTill!? 11nll 3TO 
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'ITO-TO 6orree 3K30Tll'leCKOe? CrnH,1:~aprna» MOAeITh OnllCbIBaeT 3J1eMeHTapHbie '!a

CTllUhI, ll3 KOTOpbIX COCTOllM Mbl ll Bee BllAllMbie semu BO BcerreHHOH, a TaIOKe 
B3allMOAeHCTBllH MeJK.IJ:y HllMll. OAHaKO, see, 'ITO Mhl MO)KeM BllAeTb, COCTaBrr»eT 

He 6orree 4% OT o6meii MaCChI BcerreHHOH. Eorree 3K30Tll'leCKlle sepcrm 'laCTllUhI 

Xurrca MOryT 6bITh MOCTOM AITH nOHllMaHllH 96% OCTaBilleHCJI '!aCTll BcerreHHOH, 

'ITO OCTaeTCH Ha cerOAHHillHllll AeHb HeHCHhIM. 

"Mhl AOCTllrITll Ba)KHOH BeXll B HallleM nOHllMaHllll IIpupOAhI
11

, yKa3arr reHeparrb

Hhlll AllpeKTOp QEPH Porrup Xoiiep. "Ha6moAeHlle '!acrnuhr, corrracyxomeiicJI c 

runoTe3oii 6o3oHa Xurrca, OTKpbrnaeT nYTh K 6orree AeTarrhHhIM uccrreAoBaHllJIM, 

Tpe6yIOllillM 60J1bllleH CTaTllCTllKll, KOTOpM n03BOJ1llT TO'IHO onpeAeJ1llTh CBOH

CTBa HOBOH 'laCTllUhl, ll, CKOpee scero, nporrllTh CBeT Ha Apyrue TaHHhl BcerreH

HOH». 

lI3Y'J:eHlle xapaKTepllCTllK HOBOH '!aCTIIUhl noTpe6yeT 3Ha'lllTeJ1hHOro BpeMeHII ll 

6orrhmero 061,eMa AaHHblX. Ho KaKIIMll 6hI CBOHCTBaMll 'laCTllUa Xurrca Hll o6rra

AaITa, Halllll 3HaHllH O q>yttAaMeHTaIThHOH CTpYKTYPe MaTepllII o6orarnTCH. 

3AflBJJEHl1E KOJJJIAEOPA1\l1l1 CMS 63 

HAliJIIO,IJ;EHME HOBOH qACTIIIJ;hl C MACCOH 125 r3B 

3aJ1BrreHue Korrrra6opauuu CMS 

QEPH, 4 lllOJ1ji 2012 

Pe3IOMe 

CerOAHJI, Ha COBMeCTHOM ceMIIHape B QEPH u Ha KOHq>epeHUllII "ICHEP 2012 [1] 
B Merrb6ypHe uccrreAOBaTerru 3KcnepuMeHTa KoMnaKTHhIH MIOOHHhIH correHOIIA 

(CMS) Ha EorrhmoM aApOHHOM KorrrraiiAepe (LHC) npeACTaBllITll npeABapIITerrb

Hhie pe3yrrhTaThI no noucKy 6o3oHa Xurrca CTaHAapTHOH MOAeITII (CM) Ha ocHose 

AaHHhlX, Ha6paHHhlX AO lllOHH 2012 fOAa. 

CMS Ha6rr10AaeT npeBhlmeHue co6b1Tuii npII 3Ha'leHuu MaCChI npII6rrll3llTerrhHO 

125 f3B [2] co CTaTllCTll'leCKOH 3Ha'lllMOCThlO n»Th CTaHAapTHbIX OTKITOHeHIIH (5 
CIIrMa) [3] HaA O)KllAaeMOM q>OHOM. BepOJITHOCTh Toro, 'ITO Ha6rr10AaeMblll curnarr 

HBrr»eTCJI q>ITYKTyauueii <pOHa, pasHa OAIIH Ha Tpll MllJ1J1llOHa. CaMoe 3Ha'lllMOe 

nOATBepJK.IJ:eHlle Ha6rrIOAaeTCJI B AByx K0He'IHhlX COCTOJIHllHX C HallITY'llllllM Mac

COBhlM pa3pemeHlleM: BO-nepBbIX, B KaHarre C ABYMJI q>OTOHaMII B KOHe'IHOM co

CTOHHllll, ll, B0-BTOpbIX, B KaHarre C ABYMH napaMII 3ap»)KeHHhlX rrenT0HOB -

(3rreKTpOHhI llJ1ll MlOOHbI). MbI llHTepnpeTupyeM 3TO, KaK poJK.IJ:eHue paHee He 
Ha6rrIOAaBmeiic» '!aCTllUhI c Maccoii OKorro 125 f3B. 

,l.(aHHhie CMS TaIOKe llCKITIO'laIOT cymecrnosaHue 6o3oHa Xurrca cTaHAapTHOH 

MOAerru B AllanaJoHax Mace: 110-122.5 f3B u 127-600 f3B c ypoBHeM crnrn

crn'!eCKOH AOCTOBepHOCTll 95% [4]. MeHbllllle 3Ha'leHllH Mace 6brnII paHee llC
KJ1IO'leHbI Ha KorrrraiiAepe LEP B QEPH c TaKllM )Ke ypoBHeM CTaTllCTII'leCKoii AO
cTosepHOCTII. 

B npeAerrax CTaTllCTll'leCKOH ll CllCTeMaTll'leCKOH norpemHOCTeii pe3yIThTaTbl no
llCKa no HeCKOJ1hKIIM KaHarraM COBMeCTllMhl C O)KllAaeMOH runoTe30H 6030Ha 
Xurrca CTaHAapTHOH MOAerru. OAHaKo Heo6xoAllM 6orrhmuii o6beM AaHHhIX, 'IT0-

6b1 ycTaHOBllTh, 06rraAaeT J1II HOBM 'laCTIIUa BCeMll CBOHCTBaMII 6030Ha Xurrca 
CTaHAaprnoii MOAeITll, llJ1ll )Ke HeKOTOphie CBOHCTBa He COBnaAaIOT, 'ITO YKa3bIBaeT 

Ha HOByxo q>ll3llKY 3a npeAerraMu cTaHAaprnoii MOAerru. 

LHC npoAOJ1)KaeT pa6oTy so sne'larn»10meM TeMne. K KOHUY 2012 fOAa CMS 
pacc'lllThIBaeT 6orree 'leM yTpOllTh o6muii o6beM Ha6paHHhIX Ha ceroAHHillHIIH 

AeHh AaHi°ihIX. 3rn AaHHhie no3sorrHT CMS nporruTh cseT Ha npupoAy 3TOH HOBoii 

3aperllCTpllpOBaHHOH 'laCTllUhl, a TaK)Ke pacmllpllTh Apyrue llCCITeAOBaHllH, 
HanpasrreHHhie Ha nollCK HOBOH q>ll3llKll. 

CrpaTeruH no11cKa CMS 

Korrrra6opauueii CMS npoaHarrmuposaH noJIHhIH Ha6op 3KcnepuMeHTarrhHhIX 
AaHHhlX B npoTOH-npoTOHHbIX CTOJIKHOBeHUHX, Ha6paHHhlX B 2011 fOAY, a B 2012 
fOAY AO 18 lllOHJI BKJ1lO'lllTeJibHO. HaKonJieHHaH s 2011 u 2012 roAaX llHTerparrb-
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Ha51 csen!MOCTb paBHa 5.1 cp6H-t rrpH 3HeprnH 7 T3B B CHCTeMe l\ettrpa Mace H 5.3 
fb- 1 

rrp11 3Heprn11 8 T3B. 

CTaH.napTHa51 MO)],enb rrpe.ncKa3bJBaeT KOpOTKO)KHBYJ.l-lHH 6030H XHrrca, pacrra

)],a!OIUHHC51 Ha .npyrne xopowo mBeCTHbie qacTHI-lhI. 3Kcrrep11MeHT CMS Hccne

)],OBan II51Tb OCHOBHbIX KattanoB pacrra.na XHffCOBCKOro 6030Ha. Tp11 KaHana pac

rra.na - Ha rrapy 6o30HOB (yy' zz HnH WW) H )],Ba KaHana - Ha rrapy cpepMHOHOB 

(bb 11nH rf ) . 3.necb y 03HaqaeT cpoTOH, Z 11 W 51Bll51JOTC51 rrepeHocq11KaMH cna6oro 

B3aHMO)],eHCTBH51, b - 3TO rrpeneCTHblH KBapK a T - 3TO my nerrTOH. I1p11 IIOHCKe 

6o3otta X11rrca c Maccoii 125 f3B qyBcTBHTenhHOCTh KattanoB yy, ZZ 11 WW 
rrp116nH3HTenbHO O)],HHaKOBa. B l\ellOM, OHH 6onee qyBCTBHTenbHbl, qeM KaHanbI 

pacrra)],a Ha rrapy bb 11 rf. 

Puc. 1. Co6blrne, 3aperncTp11poaattttoe .ue-reKTopoM CMS B 2012 r. np11 JHeprm-1 8 TJB 

B Cl1CTeMe ueHrpa Mace npoT0H-np0T0HHblX CTOnI<HOBeHHH. Co6btTHe fl0Ka3b!BaeT 0lKH

.uaeMblH xapaKTepHblH pacna.u 6030Ha X11rrca CTaH,uapTHOH M0.[leJm Ha napy cjJOTOHOB 

(nyHKT11pHble lKenTbJe Jll1HHH 11 3eneHble "6arnHH"). Co6bJTHe TaKlKe M0lKeT 6h!Tb J,13-

BeCTHblM cjloHOBblM npouecC0M CTaHJWPTHOH M0,1en11. 

Kattanbl yy H zz oqeHb Ba)KHbl, ITOCKOllbKY o6a OHH II03BOll.!IIOT H3MepHTb Macey 

HOBOH lJaCTHl..\bl C Bb!COKOH TOlJHOCTblO. B Kattane yy Macca onpe)],emteTC.!I 113 

3 tteprni-i 11 ttarrpaBneHHH )],Byx BblCOK03HepreT11qeCKHX (pOTOHOB, H3Mep51eMblX 

KpHcTann11lJeCKHM JneKTPOMarHl1THbtM KanopHMerpoM ycTaHOBKH CMS (ECAL, 

P11c . I) . B Kattane ZZ Macca onpe)],en.11eTcR 113 pacrra)],a rrapb1 -6o30HOB Ha )],Be rra-
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pbl 3neKrpOHOB HnH MIOOHOB, nH6o Ha rrap1:,1 3lleKrpOHOB H MIOOHOB (P11c. 2). OHH 

H3Mep51IOTC.!I BHyrpeHHb!M rpeKepoM, 3lleKrpOMarHHTHbIM KanOpHMerpoM H MIO

OHHblMH KaMepaMH. 

WW-KaHan RBnReTc.11 6onee cnolKHbIM. Ka)K.l(bIH -6o30H orrpe)],en.11eTc.11 rro ero 

pacrra)],y Ha 3neKrpOH H HeiirpHHO, HllH MIOOH H HeiirpHHO. Hei-iTp11HO He per11-

crp11pyeTC51 rrp11 rrpoxo)K.l(eHHH qepe3 .neTeKTop CMS, rro3TOMY 6o3oH XHrrca 

CTaH)],apTHOH MO)],en11 rrp051Bll51eTC51 He KaK Y3KHH IIHK, a KaK npeBbIWeHHe q11cna 

co61:,n11ii B wHpOKOM )],HarraJoHe Mace. Kattan bb HMeeT 6on1:,woi-i cpott OT npo-

1..\eccoB CTaH)],apTHOH MO)],enH, II03TOMY rrpH aHan113e Hccne)],yJOTC51 co61:,1TH51, B KO

T0pb!X 6o30H X11rrca po)K,l(aeTC51 COBMeCTHO C W- HnH - 6030HaMl1, pacrra)],a10m11-

Ml1C51 Ha 3neKrpOH(b1) HnH MIOOH(b!). Kattan Tf H3Mep51eTC.!I no pacna)],aM T Ha 

3neKrpOHbl, MIOOHbl H a)],pOHbl. 

P11c. 2. Co6h1rne, 3aperncrpHposaHHoe ,1eTeKTopoM CMS B 2012 r. npH JHeprn11 8 TJB 

B Cl1CTeMe 11eHTpa Mace np0T0H-np0T0HHblX CT0JIKH0BeHHH. Co6bJTHe IT0Ka3bIBaeT OlKl1-

.uaeMblH xapaKTepHb!H pacna)],a 6030Ha XHrrca CTaH)],apTHOH M0.[leJJH Ha napy -6030HOB, 

0.UHH 113 K0T0pblX B CB0IO oqepe)],b pacna,1aeTC.!I Ha napy JJJeKTP0H0B (3eJJeHbJe Jll1Hl1H 11 

3eJJeHbJe "6arnHH"), a J-lpyroi-i - Ha napy MIO0H0B (KpaCHble JIHHH11). Co6bJTl1e TaKlKe 

MOlKeT 6b!Tb H3BeCTHbIM cjJOHOBblM npouecC0M CTaH)],apTHOH M0,1en11. 

Orrucattue pe1yJibTaT0B CMS 

B cn}"lae, ecn11 6010H X11rrca He cymecTByeT, 3Kcrrep11MeHTanbH1:,1x )],aHHbix CMS 

BIIOnHe )],OCTaToqHo, qT061:,1 IIOllHOCTblO 11CKnJOqJ1Tb ero cymeCTBOBaH11e B o6na

CTH Mace 110-600 fJB Ha ypOBHe CTaTHCTHqecKOH )],OCTOBepHOCTH 95%. <I>aKTH

'leCKH, )],atttt1:,1e CMS HCKnJOqaJOT cymecTBOBaHHe 6o3oHa X11rrca crnH.napTHoi-i 
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MO,L(eJm: B ,L\Byx IIIIIpOKHX MaCCOBhlX ,L\HaIIa30Hax: 110-122.5 13B II 127-600 I'3B 

Ha ypoBHe CTaTIICTII'IeCKOii ,L\OCTOBepHOCTll 95%. 
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Puc. 4. MaccoBoe pacrrpe,n:eneHne qepTbI

pexnerrT0HHhIX peK0HCTPYHP0BaHHblX cofib1-

THH B KaHanax 4e, 4µ n 2e 2µ. ToqKaMH rro

KaJaHbI ,n:aHHhie, JaKpaIIIeHHOH rHCT0rpaM

MOll npe,n:CTaBJieH qJOH, a He JaKpaIIIeHHOH 

rncrnrpaMMoil: - olKll,n:aeMbIH cnrnan. IIpn

Be,n:eHhI C0BMeCTHble HJMepeHHJI .!(JUI ,n:aHHbIX, 

tta6pattHhIX rrpn :meprnn 7 T3B n 8 T3B. 

O6JiaCTh 122.5-127 13B He MO)KeT 6bITh llCKJIIoqeHa, TaK KaK Mhl Ha6mo,n;aeM 

npeBhIIIIeHHe qncna co6hITIIll B TPeX ll3 IIJITll npoaHaJill3HpoBaHHhIX KaHanax: 

• KaHaJI yy: MaCCOBOe pacnpe,n;eneHHe naphl q>OTOHOB yy II0Ka3aHo Ha 

Pnc. 3. B HeM Ha6mo,n;aeTcJI npeBhIIIIeHne qJlcna co6hITIIii Ha,n; ypoBHeM 

q>oHa IIpll JHaqeHllll MaCChI B paiioHe 125 13B co 3HaqeHHeM CTaTIICTJlqe

CKOll 3HaqJlMOCTll 4.1 CllrMa. Ha6mo,n;eHHe .L\BYX q>OTOHOB B KOHeqHOM co

CTOJl:Hllll YKa3hIBaeT Ha TO, qTo HOBaJI qacruua JIBJIJieTC.!I 6030HOM, a He 

qiepMHOHOM, H ee CIIIIH He MO)KeT 6hITh paBHhIM 1. 
• KaHaJI ZZ: Pnc. 4 IIOKa3hIBaeT MaCCOBOe pacnpe,n;eneHHe qeTu1pexneIIT0H

HhlX co6hITllll (,n;Be naphl 3JieKTPOHOB, llJill ,L(Be naphl MIOOHOB, llJIH napa 

3JieKTP0HOB II napa MIOOHOB). C )"IeTOM llX YTJIOBhlX xapaKTepHCTIIK npe

BhIIIIeHHe qJlCJia co6bITllll Ha,n; ypoBHeM qiona npn JHaqeHllll MaCChI B paii

OHe 125 13B COCTaBJI.!leT 3.2 CHrMa. 

• KaHaJI WW: Ha6n10,n;aeTC.!I IIIllpOKOe npeBhIIIIeHne co6hITIIll HM q>OHOM B 

MaCCOBOM pacnpe,n;eneHHll Ha ypoBHe 1.5 CTaH,n;apTHhIX OTKJIOHeHHll. 
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• KaHaJI bb H KaHaJI TT: He Ha6n10,n;aeTc.11 npeBhIIIIeHll.!I co6b1ruii. 

CTaTJlCTJlqeCKaJI 3JlaqnMOCTh npeBhIIIIeHH.!I CllrHana Ha,L\ ypoBHeM q>OHa IIpll COB

MeCTHOM aHaJill3e ,n;aHHhIX no BCeM IIJITII KaHaJiaM (Pile. 5) COCTaBJI.!leT 4.9 CllrMa. 

CoBMeCTHhlll aHaJill3 TOJihKO IIO .L\BYM HaH6onee qyBCTBHTeJihHhlM II BhICOKOTOq

HhIM KaHanaM (yy II ZZ) o6ecneqJlBaeT CTaTIICTJlqecKyIO 3HaqJlMOCTh Ha6n10,n;ae

MOrO 3q>q>eKTa 5.0 cHrMa. Bepo.11rnoCTh q>JIYKTYaIIHH q>oHa Ha rney10 BenHqnHy 

oueHHBaeTC.!I KaK 1/3000000. 
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Pttc. 5. BepouHOCTh (p-value) qinyicryaIIHH cpoHa .n:o Ha6mo,n:aeMoro Konnqecrna co-

6bITnil: B ,n:aHHbIX CMS B JaBHCHM0CTH OT MaCCbl .wrn IIJITH 0CH0BHbIX KaHan0B. qepHaJI 

JIHHH.!I II0KaJbIBaeT KOM6HHHpOBaHH)'IO BeJIHqHtty p-value .wrn BCex KaHaIT0B. 

Macca HOBoii qacTIIIIhI onpe,n;eneHa 6e3 yqern KaKHx-nn6o npe,n;noJio)KeHHii 06 

OTH0CHTeJihHhIX Bep0.!ITH0CT.!IX MO.LI pacna,n;a II COCTaBJI.!leT 125.3 ± 0.6 I'3B. M3Me

peHHaJI BepO.!ITHOCTb o6pa30BaHH.!I HOBOii qaCTIIIIhI ( a DAT) HaXO,L\llTC.!I B cornaCHH 

c npe,n;CKa3aHHOll BeJIJlqJlHOii BepOJITHOCTll o6pa3oBaHll.!I 6oJOHa Xnrrca CTaH

,n;aprnoii Mo,n;enH (asM): (avAr)/( asM) = 0.80 ± 0.22. 

bOJihIIIHe YCllJill.!I 6hIJill HanpaBJieHhI Ha ,n;eTaJihHOe llJ)"IeHHe xapaKTepnCTIIK ,n;e

TeKTopa, oroop co6blruii, oueHKY q>OHa II ,n;pyrHx B03MO)KHhIX llCTOqHJlK0B CH

CTeMaTJlqeCKHX II CTaTIICTJlqeCKHX norpeIIIHOCTeii. AHaJIH3 ,n;aHHhIX 201 lr. [6] no

Ka3aJI npeBhIIIIeHHe co6hITllii Ha,L( q>OHOM B paiioHe 125 13B. Ilo3TOMy, qrn6hI ll3-

6e)KaTh B03MO)Kil0ll CllCTeMaruqecKoii OIIIH6KH B MeTO,L\HKe oroopa co6hITllll II He 

«yCHJillTJ,)) llCKYCCTBeHHO 3q>q>eKT 201 lr., ,n;aHHhie 2012 r. o6pa6aThIBaJillCh KaK 

6hI «BCJieIIYIO» [7]. 3TO 03HaqaeT, qTo MaCCOBhlll ,L(llaIIa30H, r,n;e O)Kll,L\aJIOCh 

HaJIJlqJle npeBhIIIIeHne qJlcJia co6hITllll, He llCCJie,L(0BaJIC.!I, IIOKa He 6hIJill ,L\OCKO

HaJibHO myqeHhI H YTBep)K,L\eHhl KpHTepHH o6pa6oTKH ,n;aHHhIX. 
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B QeIDIX nepenpoBepKH nOJiy<IeHHhIX pe3yJILTaTOB o6pa6oTKa ):\aHHbIX BeJiaCb no 

KpaiiHeii Mepe AB)'MH He3aBHCHMbIMH rpynnaMU y<IeHblX. Ihm 61,mu nOJiy<IeH PM 
CBH):\eTeJibCTB, ycuJIUBaIOIIIHX ):\OCTOBepHOCTh IlOJiy<IeHHbIX pe3yJILTaTOB: 

• IIpeBbIIlleHue co6hITHii Ha6JIIO):(aeTCH B paiioHe 125 f3B KaK no ):\aHHbIM 

2011 r. (7 T3B), TaK u no ):(aHHhIM 2012 r. (8 T3B); 

• IIpeBbIIlleHue Ha6JIIO):\aeTCH B o6oux KaHaJiax BbICOKOro pa3pemeHIIH (yy u 

ZZ); 
• IIpeBbITIIeHue B KaHanax WW cornacyroTcH c npeAnOJIO)KeHneM o cyme

CTBOBaHnn qacTIIQbl C Maccoii 125 f3B; 

• IIpeB1,1meHue Ha6JIIO):(aeTCH B KaHanax pacna):(a, nMeromux B KOHeqHoM co-

CTOHHHH qJOTOHhl, 3JieKTPOHbl, MIOOHbl If aApOHbI. -

IIpe):(BapnTeJibHbie pe3yJILTaThl, npeACTaBJieHHble cero):\HH, 6yAYT ):(Opa60TaHbl 

Alli ony6JIHKOBaHUH B KOHQe JieTa. 

IlJiaHLI Ha 6yAymee 

HoBaH qacrnna, Ha6JIIOAa10maHCH co 3HaqeHneM Macc1,1 B paiioHe 125 f3B, c 

orpattuqeHHOH CTaTHCTlfqecKoii TOqHOCTblO COBMeCmMa C mnoTe3oii 6030Ha 

Xurrca CTaHAapruoii MO):\eJIU. TeM He Mettee, TPe6yioTCH ):\OnOJIHUTeJibHbie ):(aH

Hble Alli H3Mepemrn ee CBOHCTB, TaKHX KaK BepoHTHOCTlf pacna):\a B pa3JIHqffI,IX 

Mo):(ax (yy, ZZ, WW, bb H if) H, B nepcneKrnBe, onpe):(eJ1eH11H cnutta u qeruocTH 

Alli O):\H03HaqHoro ycTaHOBJieHHH, ):(eHCTBHTeJibHO JIU HOBaH qacTUQa HBID!eTCH 

6o30HOM Xurrca CTaH):\apTHOH MO):\eJIH, HJIH )Ke 3TO Ha6JIIO):\eHue CH[HaJia HOBOH 

qJH3HKH 3a npe):(eJiaMH CTaH):(apruoii MO):\eJIH. 

LHC npo):(OJI)KaeT CBOIO pa6ozy qpe3BhlqaiiHo ycnenrno. K KOHIIY 2012 ro):(a CMS 

paccqUTbIBaeT 6onee qeM YTPOHTb o6muii 061,eM Ha6paHHbIX Ha cero):(HHIIIHHii 

):\eHb ):\aHHblX H, 6JiatO):(apH 3TOMY,. npO):(OJl)KHTb HCCJie):\OBaHHe npupOAbl HOBOH 

qacTHQbl. EcJIH OHa ):(eHCTBHTeJibHO OKa)KeTCH 6o30HOM Xurrca CTaH):\apruoii MO

):\eJIH, TO ee CBOHCTBa If 3HaqeHne ):\JIH CTaH):(apruoii MO):\eJIH 6yAYT no):(p06Ho my

qeHbl. Ecnu )Ke 3TO He 6o3oH Xurrca CTaHAapruoii MO):(eJm, TO CMS 3aiiMeTcH 

H3y<IeHHeM HOBOH qJH3HKll, qro no):(pa3yMeBaeT B03MO)KHOCTI, HCCJie):\OBaHIIH H 

AonoJIHHTeJILHLIX HOBLIX qacrnn Ha LHC. B n1060M CJiy<Iae, 6yAeT npoAOJI)KaThcH 

noHCK HOBbIX qacmn HJIH CHJI, KOTOpbie MOfYT Ha6JIIO):\aThCH B 6yAymHX ceattcax 

LHC npu 6oJiee BbICOKllX 3HepmHx H HHTeHCHBHOCTHX CTaJIKIIBaIOIIIHXCH Il)"IKOB. 

OCMS 

Eo.iiee noApo6Hyro nHqiopMaQHIO MO)KHO ttaiirn Ha caiire CMS: b!m.;L/cem.ch/cms 

HJIH 06pamaiiTec1, cms.outreach<@cem.ch · 

CMS HBIDleTCH OAHHM 113 AByx MHoroneneBhIX 3KcnepuMeHTOB Ha LHC, KOTOpble 

61,m11 C03):\aHhl Alli noHCKa HOBOH qJH3HKH. OH npe):(Ha3HaqeH ):\JIH perHCTPan1m 
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urnpoKoro cneKTPa qacrnn H o6Hap~eHIIH HBJieHHii, B03HHKa10m11x B npoTOH

npoTOHHbIX B3aHMO):(eiicTBIIHX H B3aHMO):\eHCTBIIHX TH)KeJihIX HOHOB Ha LHC. 

CMS noMO)KeT OTBeTIITh Ha TaKHe Bonpoc1,1, KaK: "lh qero Ha caMOM AeJie cocTo

HT BceJieHHaH u KaK11e CHJihl ):(eiiCTBYIOT B ee npe):(enax?" 11 "lho ):(aeT BCeMy Mac

ey?" 3KcnepHMeHT H3y<IaeT CBOHCTBa H3BeCTHbIX qacrnn C 6ecnpeneAeHTHOii 

TOqHOCThIO, a TaK)Ke ocymecTBID!eT noncK COBepllleHHO HOBbIX, He npe):(CKa3aH

HblX HBJieHHii. TaKIIe HCCJie):\OBaHIIH He TOJlbKO YJiy<IIlla10T Hallie noHHMaHHe Toro, 

KaK qlyHKQHOHHpyeT BceneHHaH, HO, B KOHeqHOM llTOre, MOfYT Bbl3BaTh TeXHOJIO

r11qecKHM npopbIB, KOTOpbIH H3MeHHT Ham MHp, KaK 3TO qacTO 61,rnano B npo

lIIJIOM. 

K0Hnenzyan1,tt1,1ii npoeKT 3KcnepnMeHTa CMS AampyeTCH 1992 roAOM. CTPOH

TeJ11,cTBO rHraHTCKOro ):(eTeKrnpa (15 M ):\HaMeTPOM, OKOJIO 29 M B ):\JIHHY n BeCOM 

14000 TOHH) nOTPe6oBaJIO 16 JieT YCHJIHH OT O):\HOii m KpynHeiillIHX Me)K):(ytta

pOAHblX Hay<IHblX KOJIJia6opanuii, cymecTBOBaBIIIHX KOr):(a-JIH6o: 3275 qlll3HKOB 

(B TOM q11cJ1e 1535 CTy):(eHTOB) H3 41-oii CTPaHbl, a TaK)Ke 790 UH)KeHepOB II Tex

Hil:KOB, ll3 179 HHCTHTYTOB H HCCJie):\OBaTeJibCKHX Jia6opaTopuii, pacnoJIO)KeHHbIX 

no BCeMY M11py. 

CChIJIKH 

[1] ICHEP - 36-H Me)K):(yttapOAHaH KoHqiepeHQIIH no qJH3HKe BhICOKHX 3Hepmii, 

Men1,6ypH, ABCTPaJIHH, 4-11 HIOIDI, 2012. Pe3yn1,TaT1,1 6YAYT npe):(CTaBJieHLI coB

MecrHo Ha AByx MeponpHHTHHX: nepcoHaJihHO B U:EPH If no BH):\eOCBH3H B pe)KH

Me pean1,Horo BpeMeHH Ha ICHEP. 

[2]. 3JieKTPOH-BOJibT (3B) - eAHHHQa 3Hepm11. 1 f3B = 1.000.000.000 3B. B qi11-

3HKe 3JleMeHTapHbIX qacTHII, r):(e Macca If 3Hefr11H qacTO B3aHM03aMeHJieMbl, 06-

menpHHHTOH e):\HHHQeii MaCCbl HBJIHeTCH 3B/c (H3 COOTHOllleHHH £ = mc2
, r):\e C 

- CKOpOCTh CBeTa B BaKYYMe ). Eme 6onee pacnpOCTPaHeHO HCnOJib30BaHHe TaK 

Ha3bIBaeMoii «ecrecTBeHHOH CHCTeMbl e):(HHHQ», B KOTOpoii CKOpOCTb CBeTa paBHa 

e):\HHHQe (H, COOTBeTCTBeHHO, £ = m), If 3B HBIDleTCH TaK )Ke If e):\UHHQeii MaCCbl. 

[3] CTaH):(apruoe OTKJIOHeHHe on11c1,rnaeT pacnpe):(eJieHHe Ha6opa H3MepeHHii BO

Kpyr cpe):(Hero 3HaqeHHH. OHO MO)KeT 6hITb HCil0Jlb30BaHO ):\ID! KOJIHqeCTBeHHOro 

OilHCaHHH CTeneHH HeCOBMeCTIIMOCTlf Ha6opa ):(aHHbIX C 3a):(aHHOH runoTe3oii. 

<l>H3HKH Bbipa)KaIOT CTaH):(apTHOe OTKJIOHeHHe B e):\HHHQaX, Ha3hIBaeMbIX er ("cur

Ma"). lleM 6oJibllle BeJ111q11Ha er, TeM 6onee HeCOBMeCTIIMbl ):\aHHbie C BbI6paHHOii 

runoTe30ll. O6hlqHo, qeM 6oJiee HeO)KH):(aHHOe OTKpbITlfe, TeM 60Jibillee 3HaqeHHe 

er TPe6yeTcH Alli ero no):(TBep)K):(eHHH. 

[4]. YpoBeHb CTaTIICTlfqecKoii ):\OCTOBepHOCTlf (CL) COOTBeTCTByeT nponettzy He-

3aBHCHMblX CTaTIICTJfqecKHX TeCTOB C pe3yJILTaTOM B YKa3aHHOM ):(Halla30He. 

Hanp11Mep, 95% ypoBeHb 3HaqlfMOCTlf 03HaqaeT, qTo pe3yJihTaT H3MepeHIIH 6y):(eT 

HaXO):\HThCH B YKa3aHHOM ):\Halla30He B 95% CJl)"IaeB. 

[5] http://news.stanford.edu/news/2004/july2 l/femtobam-721.html 
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[ 6] http://ems.web.cern.ch/news/ cms-search-standard-model-higgs-boson-lhc-data-
2010-and-2011 

[7] http://cms.web.cern.ch/news/blinding-and-unblinding-analyse~ 

TI03.[(PABJJEHHE ABTOPOB COTPY.[(Hl1qECTBA RDMS 71 

II03,IJ;PABJIEHIIE ABTOPOB COTPY,IJ;HWIECTBA RDMS 
C HAli.JIIO,IJ;EHIIEM HOBOH 1-IACTHIJ,hl C MACCOH 125 r3B 

Py1<:0B0.n;nTen1 Konna6opaum1 CMS )l lIHKa,n;ena, 
npe,n;ce,n;aTeJih corpy,n;m1qecTBa RDMS CMS II. A. ron)'TBHH 

( OT nMeHn Konna6opauuu CMS) 

To the RDMS authors of the 'Observation of a new t"'JJ 
boson with mass near 125 GeV' article ~1 

~: ANL: S.Cl\atrC"l'(iin, V.~achat,yilfl. A.!.inlr")'3n, A.Tufl",asyan. ~: NCPH(P: V.Che~hovsky, I.E:1NHa'ltch1k, A.Jtcml"t, V.M.ikarenkc, V.~vS;clov, N.Shu"let~o. A.SOli"l. R.Stef,novitch, J.'il..arez 
Gonzalez. RINP: A.F!&ltov, M.Korz'\lk, O.Mtsle\'ttch,, R.Zuyeus~1. lul&!Ii,t: INRNE: L.31m1trc11, V.~!'lthev, S.Plpe·.,._., G.Sut-.ariov, V.Tchola~ov, I.Vankmi. US: Ltrtov, P.,'etkc,v.~: CU: M.flni;er, 
M.fmger Jr-.~: EAIP: \l.~!'\IShVili, Ut1,1n.a. lHEPI: N.A'll-3t1lobeli, l.Bagatt.n~. S.Ch1lad.:e, R.Kvatad;:e, C.Lomidze. R.S.ha"11dze, Z.Tsa..,..~la1d22 . .fu!llii.: JINR: S.Afanasiev, I.Belcte!O\', P.Bum,, Y.E'"Shov. 
M.Gavr~enko. A.Goturov, 1.Goli.Mn. N.Gorbo,.,r,ov, LGorbunov, I.Gra..-.e-"'U~~ V.ka!agi:,, A.K;unenev. V.Kariallin, V.Konoplyan1ko'J, \i'.Kcre-"licov, G.kozlov, A,Kurenkcv, A.La-iev, A.!llaQndn, A.Mall~r,ov, 
J.Melni'tchenlto, V.V.Mttsyn, P.Molsenz, D.Cleynik, A.Ortov, V,PaUehlk,. V.Pereiygi"I, A."'etre~ya'l, M.53\11 ... a, llS.er\e"!OV, S.S~'fllt~v. S.Shulha, A.5kachkova, N.Sutch!Qv, V.Smet<llnnlkov, V.Sm1mov, o.Smolrl, 
[.Tikhooenko, s.vas11'e..-, A.Volodlo, A.Z&rubin, v.lha::sov. PNPI: S..Evstyukh1-., V.G<ilo\/tsov, Y.tv,.nov, V.Ktm, P.~evche-,ko, V.MLl'llri, v.oreshkl'l.. 1.sm1rna.-, V.St.hmov, Lt..varov, S.V;;vllov, A.vorobye,-.r, 
An.Vorob~v. JNR: Yu.Andreev, A.Anislmov, A.Oermenev, S.Gri-"1110, N.Golubev, O.Garbuno11, A..IUrt'!~l!U, M.k'lrs.J'lCV, N.k'"ai-i1kov, V.\1atv~. A.Fasht'lkcll, G.P1110Yare11, V.EJ>~, V.R<..b,.kov, 
vs111inyants. A.SO!ovfy, D.TllsOY, A.Toropir'I, S.Trortslty. rrEP: V.Epst,ttyn, M.Erofeeva, V.Gavnlov, V.K .. ~.anov·, 1.1::~eVlth, V,KolcSOII, A.Kono~lyan~Jkev, M.Kcssov, Y.Kcrlov. A.Krok~tm, D.lrtv!~t~v. 
N ... ycnwv5kaya, A.Ouli.inov, V.Popov, G.Safrcnov, S.S.em2r1ov, N.Stepanov, v.Stolm, E.Vlasov, V.Zaytsev, A.Zr.akin. MSU: A.BelVJe-v, E Boos, v.aumchev, A.C<:rn1yl"lOV, M.~b1riin, t.Duc~o. A.Er.;hov, 
A.GnOUM!in, V.llyin, A.!Ca'T1insi;I'{, V.Klyi..khln, 0.Kodolova, V.Korotltilth, A.~1.1kov, Ll.okhbi, A.Martina, S.Oora.m-:;11, M.Perf~ov, S.Pi!t1..Lshanko,AJ'opov,A;>rost-ury•~C11, L.Sarycheva·, V Savrin, A.Si1girev. 
1.Vardanya'\. PNLPf:: VAndreev, M.>.zartln, 1.Drtmin, M.Klrakosy.r, A.leonidw, G.M-:"syau, S.V.Ru!>akov, A.V1n~radav. IHfP: I.A.!hgirey, 1.Bays~.ev, S.BrU01.kov, V.Grtshin, V.Kachariov, A.Kal1~1'l, 
o.Konsta'ltlMV, A.Korablinr, V.Krydll'.me, A.Levine, V.Pi?UOV, A.Ryabov, R.Ryut,ri, A.Sobol. V.Tllov, L TOl..rtcha'lOVlxti, s.Troshil'l, N.Ty-rln, A.Uzuniao, A.Volbv. Ukraine: IS(NA<;: B.Gr'fl"''f"'.JV· KlPT: LLevchu<, 

S!Ukyani!n/0,0.sorol:a,P.sorokln 

Dear Colleagues! 

The past 20 years of responsible and intensive work in the CMS Collaboration have yielded 
important results. The result of this work is the discovery of new particle, which may be the so
called Higgs boson. 

We sincerely want to congratulate you on your contributions to the preparation and 
publication of the first scientific article from CMS devoted to the observation of a new boson with 
mass at 125 GeV! 

For some of us, this discovery is the first in our scientific careers. Studying the 
properties of this particle is yet to come, but the first step has been taken and done brilliantly! Each 
of you deserves to be a co-author of this discovery, which is reflected in the author list of this 
article. Please accept our sincere congratulations and wishes for further scientific progress and 
achievements! 

On behalf of CMS Collaboration 

Joe Incandela. CMS Spokesperson 
Igor Golutvin. RDMS Spokesperson 31.07.2012 
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ABTOPAM RDMS "HAliJIIO)J;EHIDI HOBOro liO3OHA C MACCO:0: 
OKOJIO 125 r3B" 

Yea;teaeMLie, KOJIJiern! 

Ilpome.nmne 20 JieT OTBeTeTBeHHOH n lIHTeHeHBHOH pa6on,I KOJIJia6opa
U:llll CMS npttHeenn Ba)l(Hhie pe3yJihTaThI. PeJyJihTaT :noii pa60Th1 - OTKphlme 
HOBOH qaeTHIJ;hI, KOTopa» MO)KeT OKa3aThe» TaK Ha3hIBaeMhIM 6030HOM Xnrrea. 

Mhl HeKpeHHe XOTHM II03,LlpaBHTh Bae e BaIDHM BKJia,L\OM B IIO,LlroTOBKY lI 

ny6nnKan;mo nepBoiI HayqHoiI eTaThH CMS, noeB»in;eHHoii Ha6mo.neHHIO HOBoro 
6o30Ha e Maeeoii OKOJIO 125 f3B. 

)J;JIH HeKOTOphIX ll3 Hae :no OTKPhITHe - nepBoe B HayqHOH Kaphepe. Eme 
npe.neTOlIT H3yqHTh eBoiieTBa 3TOH qaeTHIJ;hI, HO nepBhIH mar e.nenaH, lI e.nenaH 
6neeT»in;e! Ka)K,LlbIH ll3 Bae 3aen~eHHO HBJI»eTe» eoaBTOpOM 3TOro OTKphITHH, 
qro lI OTpa)KaeT aBTOpeKHH enneoK 3TOH pa60TbI. IlO)KaJiytteTa, IIpHMHTe queTO
eep.neqHhie no3.npaBneHn» n IIO)KeJiaHHH .nanhHeiimero HayqHoro·nporpeeea n .no
eTtt)KeHnii. 

OT nMenu KOJIJia6opau;uu CMS 

)J;;teo IlnKa.neJia, pyKOBO.L\HTeJih Konna6opan;nn CMS 

IlropL roJiyTeuu, npe.nee.naTeJih eoTpy.nHnqeeTBa RDMS CMS 

31.07.2012 
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ITOCJIE,ll;HHE PE3YJlhTATbl IlOIICKA li030HA XHrrcA B 
3KCilEPIIMEHTE ATLAS 
3an:BJieHue KOJma6opaQHH ATLAS 

QEPH, 4 HIOJIH 2012 

4 HIOJIH 2012 KoJina6opaQHH ATLAS npe~cTaBHJia Ha ceMHHape B QEPH, KOTo

pbitt. npoBO~llJICH C nOMOIQhlO B~e01paHCJIHQHll napaJIJieJibHO C OTKpbIBIIIett.cH 

Me)K,l(}'Hapo~Hott. KOHtpepeHQIIH no q>H3HKe BhICOKIIx :mepmtt. (ICHEP) B Menh-

6ypHe (ABC'IJ)aJIHH), o6HOBJieHHhie pe3yJihTaTbI no noucKy 6o30Ha Xurrca. Ha 

ceMHHape B ~PH 6bIJIH npe~CTaBJieHbI npe~BapHTeJibHbie pe3yJihTaTbI ~JIH q>H-

3llKOB, Haxo~HIQHXCH TaM, a TaIOKe no BH~eo'IJ)aHCJIHQHll ~JIH HX KOJIJier B COTHHX 

~pyrux llHCTHTYTOB no BCeMy MIIpy. ,aeTaJibHhlll. aHaJill3 pe3yJihTaTOB noHCKa 6o-

30Ha Xurrca B 3KcnepuMeHTe ATLAS 6y~eT npe~cTaBJieH Ha Me)K,l(}'Hapo~Hott. 

KOHtpepeHQHH B KOHQe 3T0ll. He~eJie B MeJib6ypHe. 

"Cero~HH nOHCK 6o30Ha XIIrrca HaCTOJihKO npo~BHHyJICH, KaK Mhl ~a)Ke He MOrJIH 

MeqTaTh", - 3aHBHJia rnaBa KOJIJia6opaQHH ATLAS <l>a6uona ,a)KaHOTTH (Fabiola 

Gianotti). "MbI Ha6JIJO~aeM B HaIIIHX ~aHHhIX HBHhie npll3HaKll cym.ecTBOBaHHH 

HOBOll. qaCTHQbI Ha ypoBHe nHTH CTaH~apTHbIX OTKJIOHeHHll. (5cr) B o6JiaCTH Mace 

oKono 126 r3B. Bb1~aJOIQIIecx pa6oqlfe xapaKTepIICTHKII ycKopmenx LHC II ~e

TeKTopa ATLAS, a TaIOKe orpoMHhie ycIIJIIIH MHOrIIx JIJO~ett., npIIBeJIII Hae K 3TO

MY BOJIHYJOIQeMy pe3yJihTary. 1Iyr1, 60JihIIIe BpeMeHll no1J)e6yeTCH ~JIH TOro, qTo-

61,1 3aKpenIITh 3Tll pe3yJihTaTbI, II, KOHeqHO, HY)KHO HaKOnllTI, 6oJihIIIe ~aHHhIX If 

npoBeCTll 6oJibIIIe llCCJie~OBaHllll. ~JIH onpe~eJieHIIH CBOll.CTBa 3TOll. HOBOll. qacTll

QhI." 

b030H XIIrrca - HeCTa6IIJibHaH qaCTIIQa, )KlfBym.ax TOJihKO MeJI1,qaiiIIIYJO ~OJIIO 

ceK}'H~hI nepe~ TeM, KaK pacnacTbCH Ha ~pyrIIe qacTIIQbI. B 3KcnepIIMeHTe 6o30H 

XIIrrca MO)KHO Ha6JIIO~aTh, TOJihKO ll3Mepxx ero npo~yKThI pacn~a. B CTaH~apT

HOH MO~eJill 3JieK1J)OCJia6blx B3allMO~eiiCTBllH, KOTOpax HBJIHeTCH BeChMa ycnew

HOH lpll3llqecKoii TeopIIeii, o6ecneqIIBaJOIQeii oqeHb TOqHoe onIICaHIIe MaTep1111, 

O)KII~acrcx, qro 6o30H Xurrca pacn~aeTCH B pa3JIIfqHhle KOM6IIHaQIIH qacn1l1, 

llJIH KaHaJihI. BepoHTHOCTI, pacna~a B pa3Hhie KaHaJihI 3aBIICllT OT MaCChI 6o3oHa 

XIIrrca. 

KoJIJia6opaQHH ATLAS CKOHQeH'IJ)HpOBaJia CBOII ycIIJIHH Ha myqeHIIII ~Byx B3a

HMHO ~onoJIHHIOIQllX KaHaJIOB: pacn~ 6030Ha XIIrrca JIH6o B ~Ba lpOTOHa, m160 

B qeTbipe JienTOHa. O6a 3Tll KaHaJia HMeIOT npeBOCXO~HOe MaCCOBOe pa3pewem1e. 

KaHaJI pacna~a B ~Ba lpOTOHa llMeeT YMepeHHhlll. CiffHaJI Ha 60JihIIIOM, HO ll3Mepx

eMoM lpOHe, a KaHaJI pacn~a B qeTbipe JienTOHa llMeeT CJia6hltt. CllrHaJI, HO oqeHh 

HH3Kllll. lpOH. O6a KaHaJia noKa3bIBa!OT CTaTllCTifqecKll 3HaqlfMOe npeBbIWeHIIe 

npllMepHO B TOM )Ke MecTe - OKOJIO MaCChI 126 r3B. CTaTHCTIIqecKaH KOM6IIHa

l.(HH 3TllX If ~pyrux KaHaJIOB ycTaHaBJIIIBaeT, qTo Ha6JIJO~aeTCH OTKJIOHeHIIe OT 

qJOHa Ha ypoBHe nn:TH CTa~apTHhIX OTKJIOHeHHll. (5cr). 3TO 03HaqaeT, qTO TOJihKO 



78 OTKPbITHE HOBOfO E030HA HA LHC 

O.D;HH 3KCnepHMeHT H3 rpex MIIJIJIHOHOB B03MO)KHhlX ,n;pyrIIx MO)KeT CJI}"IaHHO 

Ha6mo.n;aTh TaKOH )Ke cHrnaJI 6e3 c~ecTBoBaHIDI 6o3oHa X11rrca so BceJieHHoit. 

Tipe,n;cTaBJieHHhie pe3yJihTaThl HBJIHIOTCH .D;OilOJIHeHHeM pe3yJihTaTOB npe.n;hl,IJ;~e

ro aHaJIHJa ,n;aHHhIX, noKaJaHHhIX B IJ;EPH B .n;eKa6pe npoumoro ro.n;a II ony6JIH

KOBaHHhIX B Ha'IaJie 3TOro ro,n;a. Pe3yJihTaThI, Il0Ka3aHHhie B .n;eKa6pe, 6bIJIII noJiy

'IeHhl H3 ,n;aHHhlX, co6paHHhlX B 2011 ro.n;y npH CTOJIKHOBeHIIHX npoTOHOB C 3Hep

meit 7 T3B. 3TH pe3yJihTaThl orpaHH'IIIBaJIH c~eCTBOBaHHe 6030Ha X11rca B 

.n;ayx Y3KHX HHTepaaJiax Mace - OKOJIO 117 r3B H 129 r3B. He60JihIIIOH H36hITOK 

co6hlTHH Ha.n; O)KH,n;aeMhIM cpoHoM Ha6JIIO.D;aJICH KaK B 3KcnepHMeHTe ATLAS, TaK 

H a 3KcnepHMeHTe CMS OKOJIO Macchi 126 r3B, 'ITO npuMepHo cooTBeTcTByeT 

Macce aToMa iio.n;a. 

CJie.D;YIQIIIHH IUar .n;JIH 3KcnepHMeHTa ATLAS, ycKopHTeJIH LHC II coo6111ecTBa 

q>II3HKII BhICOKHX 3Hepmii COCTOIIT B II3MepeHHH CBOHCTB 3TOH 'IaCTHIJ;hl H cpaB

HeHHH 3THX H3MepeHHii c npe,n;cKa3aHHhIMH CBOHCTBaMH 6o3oHa Xurrca. Y)Ke 

ceit'Iac HeKOTOpbie 113 3THX CBOHCTB COOTBeTCTBYIOT npe,n;CKa3aHIIHM, HanpIIMep, 

TOT cpaKT, 'ITO 'IaCTHIJ;a Ha6JIIO,n;aeTCH B npe.n;cKa3aHHhIX KaHaJiax H C Maccoit onpe

,n;eJieHHOH 113 .n;pyr11x, KOCBeHHhlX H3MepeHIIH. B npe,n;CTOHIIIIIe He,n;eJIH H MeCHIJ;hl, 

3KcnepuMeHT ATLAS yTO'IHIIT caoitcTBa 3TOH 'IaCTHIJ;hI, 'IT06hI ,n;aTh 6oJiee xcHyIO 

KapTHHy: HBJIHeTCH JIH 3Ta 'IaCTHIJ;a 6030HOM X11rrca, HJIH 3TO - nepBhlH npe,n;cTa

BHTeJih 113 60JihIIIOrO ceMeHCTBa TaKHX 'IaCTHIJ;, JIH60 3TO - 'ITO-TO COBCeM .n;pyroe. 

)];aHHhie 2012 ro.n;a Ha611paIOTCH B npOTOHHhlX CTOJIKHOBeHIIHX C IlOBhIIIIeHHOH 

3Hepmeii B CHCTeMe u;eHrpa Mace .n;o 8 T3B II BKJIIO'IaIOT B ce6x 60JihIUe ,n;aHHhIX 

(Ha6paHHhIX 3a rpu Mecxu;a), 'IeM 6bmo Ha6paHo 3a aech 2011 ro.n;. 3m 6b1cTpoe 

HaKOITJieHHe ,n;aHHhIX CTaJIO B03MO)KHhIM 6Jiaro.n;apx BhI,IJ;aIOIIIHMCH ycHJIHHM rpyn

Ilhl ycKopHTeJIH LHC. Ha6op .n;aHHhIX, npe,n;cTaBJieHHhlX Ha CeMHHape, COOTBeT

CTByeT npHMepHO O.D;HOMY KBa,n;pHJIJIHOHY (MHJIJIIIOH MHJIJIHap.n;oa) npOTOHHhIX 

CTOJIKHOBeHHH. 

)];eTeKTop ATLAS, ,n;a)Ke B 6oJiee rpy,n;HhIX ycJioBIIHX IT}"IKa 2012 ro.n;a, pa6oTaJI 

3aMe'IaTeJihHO, C BhICOKOll 3cpcpeKTHBHOCThIO, Ha6paB ,n;aHHhie BhICO'IaHIUero Ka'Ie

CTBa .D;JIH IlOHCKa 6030Ha X11rrca. MOIIIHhie Bhl'IHCJIHTeJibHhie pecypchl o6ecne'IH

BaJIHCh no aceMy MHPY c ucnoJih30BaHHeM rPl'.l)J; (LHC Computing Grid) IIHq>pa

CTPYKTYPhI, 'ITO HMeJio Ba)KHOe 3Ha'IeHHe ,n;JIH peKOHCTPYKIJ;IIII H aHaJIH3a ,n;aHHhlX. 

"Co3,n;aHHe ,n;eTeKTopa, KOTOphIH Il03BOJIHeT HaM ceuqac HaCJI~aThCH TaKHMII 3a

XBaThIBaIOIIIHMH q>H3H'IeCKHMH pe3yJihTaTaMH, 6bIJIO orpoMHhIM COBMeCTHhIM 

ycHJIHeM KOJIJia6opau;HH Ha npOTH)KeHHH MHOrHX JieT", - CKa3aJia .D;OKTOp <!>a6uo

Jia )];)KaHOTTH (Fabiola Gianotti). "Tiorpe6oBaJIOCh oKoJio 15 JieT ,n;JIH KOHcrpyupo

aaHHH, C03,IJ;aHHH npOTOTHITOB, crpoHTeJihCTBa, MOHTa)Ka H BBO,n;a B 3KCnJiyaTaIJ;HIO 

,n;eTeKTopa. 3TOT nepuo.n; OCTaHeTCH a naMHTH Bcex KOJIJier KOJIJia6opau;HH 

ATLAS, KoTOphie BHecJIH caou BKJia.n; B 3TO. O'IeHh KOMneTeHTHhIH H MOTHBHpo-
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aaHHhlH KOJIJieKTHB q>H3HKOB, HH)KeHepoB II TeXHIIKOB O61,e.n;IIHeHHOro HHCTHryTa 

x.n;epHhlX HCCJie,n;oBaHHH aKTHBHO }"IaCTBOBaJI Ha acex 3Tanax C03,IJ;aHHH ,n;eTeKTO

pa. )];y6HeHCKaH rpynna B ATLAS HBJIHeTcH o,n;HHM 113 OCHOBHhIX CTOJIITOB KOJIJia-

6opau;HH ATLAS c caMoro ee Ha'IaJia. B 3TOM nocJiaHHH PYK0Bo,n;cTBo KOJIJia60-

pau;m1 ATLAS nepe.n;aeT TenJihie cJioaa 6Jiaro.n;apHocrn H no3,n;paBJieHHH aceMy 

K0JIJieKTHBY OIUIH 3a IIX orpoMHhie ,n;oCTII)KeHHH. Mhl o<ieHh pa.n;hl Teneph no.n;e

JIHThCH C BaMH "6oraThlM q>H3H'IeCKHMII ypo)KaeM", 6oJihIUaH qaCTh KOT0poro 6a-

3HpyeTCH Ha H,n;exx II IlH0HepCKIIX pa6omx q>H31IKOB )];y6Hhl H BhlX0.D;IIT ,IJ;aJieKo 3a 

paMKH Il0IICKa 6o30Ha Xurrca ". 

KaK O)KH,n;acrcx, ycKop11TeJih LHC, nepe,n; Ha'IaJIOM ,n;oJiroit ocTaHOBKH .D;JIH Mo

,n;epHmau;HH ycKopuTeJix, o6ecne'IHT 3KCnepIIMeHT ATLAS .n;o KoHu;a 2012 ro.n;a 

,n;onOJIHHTeJibHhIMII .n;aHHhIMH, npeBbIIIIaIOIIIHMH a .D;Ba pa3a Te, KOTOphie 6hlJIH 

Ha6paHhl B Ha'IaJie 2012 ro.n;a. Kor,n;a K KOHIJ;y 2014 ro.n;a ycKopIITeJih Ha'IHeT pa-

60TaTh CHOBa, OH 6y,n;eT pa6oTaTh C 3Hepmeit B CIICTeMe u;eHrpa Mace npOTOHHhlX 

Il}"IKOB IlO'ITH B ,D;Ba pa3a BhIIUe cero.n;HHIIIHeii 3HeprHH 7 T3B. 

HoBhie ,n;aHHhie 2012 ro.n;a H .n;aHHhie, IlOJI}"IeHHhie nocJie M0,n;epHH3all;HH ycKopH

TeJIH, Il03B0JIHT }"IeHhIM OTBeTHTh Ha BOnpochl O 6o30He Xurrca, Il0.D;HHThie Ha ce

ro,IJ;HHIUHeM ceMHHape, a TaK)Ke Ha .n;pyrue B0ilpOChl, cpytt.n;aMeHTaJihHhle .D;JIH 

HaIUero 3HaHHH o npupo.n;e. 



PyKOB0)].11TeJib COTJJYAHHY.ecrna RDMS, 
npe,!1.ce)].aTeJib ceM11ttapa npocp. J1. A. forryTBl1H. 

Y4aCTHl1Kl1 ceM11ttapa B U,EPH. 
A. B . 3apy611H, T. KaMnope311, B. A. Py6aKOB, r. Totttterr11, C. B. lliMaToB. 
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' f>yJ<OBOA11T8flb'"1. A ronyre 

<l>M3MKa Ha 60JlbWOM a.QpOHHOM KOJ1Jl3M.Qepe 

Q4epeAHOe 38C0A8H110 CeM11Hapa COCTOl1TCl'I 06 11IOHl'I 2012 r. B 15:00 (MCK.) B 

KOHcj:JepeHtpane Y4e6HO-H8Y4HOro l\0HTpa 06b0.Ql1H0HHOro 11HCTl1ryTa l'I.Q0PHblX 

11ccneAosaH11ii (ayA.437 a.QaH1tl'I Jlv1T), AY6Ha. 

«"1ccneAOB3HHe CBOHCTB KBapK-rmooHHOIA MaTepHH B 
coyAapeHHffX Tff>KenblX HOHOB Ha LHC» 

,QoKn8A411K npocp. 111.n. noxn1H (Hvlltlrlct> MrY. MocKsa) 

OAHHM U3 0CH0BHblX npe,tJCKiHdHHff TeopHH CHflbHblX B3iJffff0,qeikTBHH, KBiJHTOB0if Xf)0l<I0,4HHiJMl-fKH, 

flBnRerar ,aOCTHJKeHue ,4eKOH</)aHHHeHTiJ 11,4epHoU MOTef)HU II o6pa308aHHe HOBOro C0CT0RHHR 

se114ecrsa - KBdf)K-rn!0()1moU nna3Mbl - AJ1R C»CTeH C AOCTdTO'IHO BbJCOKOii rer,tneparypoii Ulm 
nnoTHOCTb/0 6apHOHHoro 3apR11a. npe11nonaraera,, <IT0 </Jop1<uposa,me TaKoro 3KCTpe1<anbH0ro 
COCTOflHHR HclTepHH MOJKeT npoHCXOAUTb B y11orpape1111n1BUCTCKHX COYAdP8HHRX Tfl>KenblX HOHOB. 8 
40Kna11e npe11crasneHbl nocne,a1<He pe;ynbTaT1,1 3i<cnep,meHTOB 11a Gon&wor, all.{JOH0H Konnai111epe 
(LHC) no coy11ape11H1/H H0l/08 CBHHI/" npH 3Hepnm2.76 T38 Ha napy HYKn0H0B (1/iJIIHble cea11cos 2010 
H 2011 r.r.). 06cy)KJlalOTCJI HHTepnpeTal/HH HiJ61110,aaeWblX O'13H'leCK"X 3r/Jr/)eKTOB H AdnbHei1wue 
nepcnei<WBI,/ q)H311Kl1 Tfl)l(e/1!,IX "01108 Ha LHC. 

np11Hl1Tb y-lacrne B 3aCe,{laH1111, 3a,CIJTb BOnpocbl 11 Bbtc1ym1Tb B J:.111Ct<yCCIU1 MOJKHO B T04KaX 
AflYCTOpOHHero 611,QeoAOClYfla B Olllrllll (Ay6Ha), lf>IIIAH (MocKBa), lllrllll ("nl1TOMHl1K", MocKBa), 
n111.s,q, (ral'lmra), LIEPH (354-1-019), TfY (ToMcK), AfY (6apttayn), KrY (KeMepoeo), OfY 
{OMCK), HnY (Hoeoc1161,1pcK), rlprY (flpocmBllb). 

Bll,!leoTpaHCJllU\11!1 ceMl1Hapa OcylJ.leCTBJllleTCll '1epe3 CHCTeMY 
B11,QeoK0HcpepeH4CBll311 TOMCKOIO rocyAapCTBeHHOfO yttl1BepCITTera. 

ynpa!II1eHl1ll 

Ha BKAOO-. 
t:L:{? ___ ,,lW.JltUlll:::),llfl'·fUIYn:lJ1..d,2'l 
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IICCJIE,[l;OBAHIIE CBOMCTB KBAPK-r JIIOOHHOM 

MATEPIIII B COY,[l;APEHIDIX TJDKEJiblX IIOHOB HA LHC 

II. II. noxrnH 

Hay'lHo-uccJleOO(WmeJlbCKUU uHcmumym ROepHou pu3uKu MrY, MocKea 

O,nHIIM Il3 0CH0BHIJX npeJlCKa3aIIIlll reopIIII CIIIThHhJX B3aIIMOJlellCTBilll (KBaIITOBOll 

xpoMO,nHHaMIIKII) l!BIDieTCll Jl0CTI1JKeHI1e JleKOHq>allHMeHTa MepHoii MarepIIII II o6-

pa30BaIIIle H0B0ro C0CTOl!Hllll nemecTBa - KBapK rmooHH0ll IIITa3Mhl - Ml! CIICTeM 

C Jl0CTaTQqHo BhICOK0ii TeMneparypoii IIITII IIIT0TH0CThlO 6apI10HHOro 3apl!Jla. ITpeJl

nonaraeTCll, qro q>OpMI1pOBaIIIle TaK0ro 3KCTpeManhH0ro C0CTOl!Hilll MarepIIII M0-

JKeT np0IICX0Jll!Th B penl!TIIBIICTCKIIX coyJlapeHill!X TlllKeITh!X II0H0B. B neKIJIIII 

npeJlCTaBneHhl nocneJlHile pe3ynhTaThl 3KCIIepI1MeHTOB Ha EonhIIIOM MP0HH0M 

KonnaiiJlepe (LHC) no coyJlapemrnM II0H0B CBIIH~a npII 3HeprnI1 2. 76 T3B Ha napy 

HyKIT0H0B (JlaIIHhie ceaIIC0B 2010 II 2011 rDJlOB). O6CYJKJlaIOTCll IIHTepnpeTa~IIII 

Ha6moJlaeMh!X q>I13IlqecKI!X 3q>q>eKTOB II JlaIThHeiiIIIIle nepcneKTIIBhl q>Il3IIKII Tl!lKe

IThlX II0H0B Ha LHC. 

1. IloncK KBapK-rJIIOOHHOH MaTepuu B coyJJ.apeunHX THiKeJihIX HOHOB 

TeopeTH'IeCK0e H 3KCIIepttMeHTaJibH0e llCCJie)].0BaHlle CBOHCTB JI,l].epHOH MaTepllll 

B ycn0BlllIX 3KCrpeMaJibH0 BbIC0KllX TeMnepaTyp ll IIJIOTHOCTeii 3Heprllll JIBJIJieTCJI 

0)].HOH ll3 aKTyaJibHeiiumx 3a,D,aYJ: COBpeMeHHOH <pll3llKll BbIC0KllX 3Heprttii, BbI3bl

BaI-Omeii pacT~llll Ha nporn)KeHllll II0CJie,l].HllX )].Ba,D,U,aTll neT HayYJ:Hblll llHTepec 

( CM., HarrpttMep, He,D,aBHllll o63op [1 ]). ,n:ocrn)KeHlle ,1].eKOH<paiiHMeHTa JI)].epHoii 

MaTepttll ll o6pa30BaHlle H0B0ro C0CT0JIHllll BemecTBa - KBapK-rJII-OOHHOH MaTe

pllll (KrM) - rrpe,1l.CKa3hIBaeTCJI Teoptteii CllJibHbIX B3allMO,D,eiiCTBllll (KBaHTOBOH 

xpoMO)].llHaMllKOH, KX,l],), )].Jill CllCTeM C )].0CTaT0YJ:H0 BbICOKOH TeMrrepaTypoii (> 
200 M3B) llJill IIJI0TH0CTbI-0 6apllOHHOro 3apJI)].a. CornaCHO C0BpeMeHHbIM K0CM0-

norttYJ:eCKllM npe)].CTaBJieHlllIM, KBapK-a)].pOHHblll <pa30Bblll nepexo)]. llMeJI MeCT0 B 

paHueii BceneHHOii B rrepB1,1e MttKpoceKyn,D,1,1 rrocne Eon1,II1oro B3p1,rna. Oco6yI-O 

aKryaJihH0CTb ,D,aHHaH TeMaTllKa nptto6pena B CBJI3ll C HaYJ:aJI0M pa60TbI bOJibIIIOro 

a)].p0HH0ro KOJIJiaii,1J.epa (LHC) B EBporreiiCKOM u,eHrpe JI)].epHbIX llCCJie)].OBaHllll 

(IJ;EPH). 3KcnepttMeHThI c IIyYJ:KaMll rn)Ken1,1x ll0H0B Ha LHC ,1J.aIOT ynttKaJihHYI-O 

B03M0)KH0CTb B0CC03)].aHllll B na6opaTOpHbIX ycnoBlllIX c~eCTBOBaBIIIeii Ha ca

MbIX paHH.llX CTa)].llJIX pa3BllTllH BceneHHOH rrpoTo-MaTepttll, ll3yYJ:eHtte CBOHCTB 

KOTopo:ii npe)].CTaBJIJieT HeCOMHeHHblll llHTepec KaK C T0YJ:Kll 3peHllll II0HllMaHHH 

rrpttp0)].bl <pyn,1J.aMeHTaJlbHbIX B3allMO)].eUCTBllll ll rrpollCX0)K)].eHllll 3JieMeHTapHbIX 

YJ:aCTllU., TaK ll C T0YJ:Kll 3peHllll rrpoBepKll C0BpeMeHHbIX Teoptt:ii po)K)].eHllll ll 3B0-

JII-Oll,llll BceneHHoii. 

B na6opaTOpHbIX ycn0BlllIX IIyYJ:Kll penJITllBllCTCKllX JI)].ep BIIepBbie 6hIJill 

rronyYJ:eHbI B 1970 ro)].y Ha cttHxpo<paJorpoHe Oll5III (.l1:y6Ha) rrptt 3Heprntt E = 
1-4 f3B Ha HYKJI0H. Brrocne)].CTBllll ll)].pa 6brnll ycKopeHbI )].0 BbIC0KllX 3Heprnii ll 
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B ,npyrttx R,nepHhIX [leHTJ)aX . .lJ:o Haqana pa6on,1 LHC y)Ke 6blrr HaK01rneH 3Haqll

TeJibHhIH 3KCnepttMeHTaJibHblll. MaTepttan ITO pa3JillqHbIM q>ll3H'IeCKllM Ha6mo,nae

Mb!M B coy,napeHllJIX TH)KeJibIX JIOHOB Ha ycKopJITerre SPS B IJ;EPHe (MaKCllMaJih

HM 3Hepnrn nyqKOB CBllH[la B CllCTeMe [leHTJ)a Mace ✓sNN = 17 r::iB Ha rrapy HyK

JIOHOB) ll Korrrraii.,nepe RHIC B EpyKxeii.BeHcKoii. HallllOHaJihHOii. rra6opaTopttll 

CIIIA (MaKCJIMaJibHaH ::iHeprntt rryqKoB 3orr0Ta ✓sNN = 200 r::iB Ha rrapy HyKno

HOB). CoBoKyrrHocn, rrorryqeHHhIX Ha RHIC ,naHHhIX (rro,naBrreHJie Bbixo,na KBap

KOHJieB JI )KeCTKJIX a,npOHOB, CllllbHaH a3llMYTaJibHaH aHll30TJlOIIJIH IIOTOKa qaCTllll, 

.[{aJibHO,neii.crnyIOI[IJie a3JIMYTaJibHhie KOppeJIH[lllll JI ,np.) CBll.[{eTeJihCTByeT O rrpo

JIBJieHllll KOJIJieKTJIBHbIX 3q>q>eKTOB Ha rrapTOHHOM ypOBHe JI roBOpllT B IIOJib3Y rJI

IIOTe3bl q>OpMllpOBaHJIH KrM B HaJI6orree [leHTJ)aJibHbIX coy,napeHllHX TH)KeJibIX 

JIOHOB, XOTH B03MO)KHOCTJI aJibTepHaTJIBHbIX llHTeprrpeTa[lllll. rro-rrpe,KHeMy 06-

c~aIOTCJI B HayqHoii. JIJITepaTYPe. Ilpll :noM Jl3MepeHHbie CBOll.CTBa cpe,nbl co

rnacyIOTCJI CKopee C rrpe.[{IIOJIO)KeHJieM O q>OpMllpOBaHJIJl CllllbHOB3aJIMO.[{ell.CTBY

IOI[leii. rrapTOHHOll. )l(Jl.[{KOCTJI, qeM rrpe,ncKa3bIBaeMOll. perneToqHb!Mll pac'!eTaMJI 

KX)J, "crra6oB3aJIMo,neii.crnyIOI[leii." KrM. 

3HeprllH CTOJIKHOBeHJill. rryqKOB JIOHOB CBJIH[la BO BpeMH ceaHCOB pa6oTbl 

LHC B 2010 JI 2011 ro,nax 6brna B 14 pa3 6orrhrne, '!eM Ha RHIC, '!TO OTKpbrno 

HOBblll. pe)KJIM q>ll3llKJl R,npo-H,nepHbIX B3allMO,neii.CTBllll, B KOTOpOM ,KeCTKJie JI 

rrorr~eCTKlle npo[leCCbl po)K.[{eHllH '!aCTllll ttrpaIOT .[{OMJIHllpyIOI[lyIO porrb. Ot1e

HJIBaeMaH HaqanbHaH nrroTHOCTb 3Heprnll B coy,napeHllHX JIOHOB CBJIH[la Ha LHC 

Cyl[leCTBeHHO BbIIIIe, '!eM Ha RHIC (II HaMHOro BbIIIIe, '!eM KpllTJI'!eCKOe 3Ha'!eHlle 

,nrrH KBapK-a,npoHHoro q>aJOBoro nepexo,na), '!TO o6ycrraBJIJIBaeT 6orree cttrrhHbie 

KOJIJieKTllBHhie 3q>q>eKThI, npOHBJIHIOI[IJieCH B pa3JIJl'!HbIX HOBbIX KaHanax po)K.[{e

HllH. Ilpll 3TOM CBOll.CTBa o6pa30BaHHOll. B coy,napeHllJIX TJl)KeJibIX JIOHOB Ha LHC 

KX)J,-MaTepttll MOrYT Cyl[lecrneHHO oTJitt'!aTbCH OT CBOHCTB c03,naHHoii. Ha RHIC 

"KBapK-rJIIOOHHOll. )Kll.[{KOCTJI", 6y,nyqJI, B03MO)KHO, 6JIJI)Ke K CBOll.CTBaM tt,neanb

HOll. KrM JIJIJI napTOHHoro ra3a. OTMeTJIM, qrn npll ::iHeprnHx LHC MO)KHO O)Kll

,naTb npORBJieHJIJI KOJIJieKTllBHbIX 3q>q>eKTOB Ha rrapTOHHOM ypOBHe He TOJibKO B 

J1,npo-J1,nepHbIX coy,napeHllJIX, HO JI B npOTOH-npOTOHHbIX B3aJIMO,neii.CTBJIHX, nep

Bble CBll,[{eTeJibCTBa '!eMy (,nanbHO.[{ell.CTBYIOilllle a3JIMYTaJihHbie KoppenJl[lllll -

T.H. "ridge-::iqiq>eKT") y)Ke 6brntt nonyqeHbI Konna6opat1tteii. CMS ,nnH pp-co6b1TJiii. 

C BbICOKOll. MHO)KeCTBeHHOCTblO npll 3Heprnll ✓s = 7 T::iB [2]. 

B HaCTOHI[lllll. MOMeHT B HayqHoii. JlllTepaTYJ)e npllHHTO pa3,neneHI:1e 3KCIIe

pttMeHTaJibHbIX CllrHaJIOB qiopMllpOBaHml KrM Ha "MJITKJie" JI ",KeCTKHe" TeCTbl. 

IIpo[leCCbl )KeCTKOro po)K,[{eHirn '!aCTlill (T.e. lI.[{yl[llie c 6onbIIIllMlI nonepe'!Hb!MlI 

JIMnynhCaMH PT lIJlll MaccaMlI M MHOro 6onbIIIe xapaKTepHoro MaCIIITa6a KOH

q>all.HMeHTa KX.lJ:, Pr, M » 200 M3B) HHTepecHbI npe)K.[{e Bcero TeM, 'ITO OHH 

HeCYT HHq>OpMaIJHIO O CaMhIX Ha'!aJibHbIX CTa.[{llHX 3B0JllOlllill coy,napeHlill. TH)Ke

JlblX llOHOB: Ha'!aJibHOll. KBapK-rnIOOHl-'Oll. nnoTHOCTlI ll TJ)aHCIIOpTHbIX K03q>q>lI-
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lltteHTax. O,n;HHM H3 ocHOBHhIX ,KeCTKJIX TecToB KrM Ha LHC HBMeTCR norno

meHtte B Hen BblCOK03Heprll'!HbIX CTJ)yii. IJBeT03apH)KeHHblX napTOHOB, npHBO.[{H

mee K pj!,ny 3q>q>eKTOB: no,naBJieHJIIO BbIXO,na a,npoHOB C 60JibIIllIMlI nonepe'!HbIMJl 

llMnynhCaMtt; MO.[{llq>JIKa[IJilI cneKTJ)OB, q>OpMbl lI q>yttKllllll q>parMeHTa[llilI CTJ)yii.; 

pa36anaHc1IpOBKe nonepe'!H0ii. 3HeprnH B npot1eccax napHoro po)K.[{eHllJI cTpyii. H 

B npot1eccax po)K,[{eHJIH CTJlYll B conpOBO)K,[{eHJIJl (BllPTYaJibHOro) q>OTOHa lIJlll z0 
-

6o30Ha. IIone3HbIM o6CTOHTeJibCTBOM npll 3TOM JIBJIHeTCH TO, '!TO po)K.[{eHHe 

)KeCTKlIX a,npOHHhIX CTJlyii. B 3KCnepllMeHTax no e + e-- aHHlirJIJIH[llilI, B ep- JI 

pp-B3alIMO,neii.CTBlIHX Ha Konnaii.,nepax - .[{OCTaTO'IHO xoporno ll3yqeHHOe JIBJie

Hlle, KOTOpoe JIBlIJIOCb HarnH.[{HbIM TeCTOM TeOplill B03Myl[leHJill. KX.lJ:, no,nTBep

.[{JlB Ha onhrre cnpaBe,nnHBOCTh MHOrlIX ee npe,ncKa3aHJill.. Mo,nllq>lIKa[IJIH cneK

TJlOB )KeCTKJIX '!aCTlill B R,npo-H,nepHblX B3aJIMO,neii.CTBlIHX no cpaBHeHHIO C HYK

JIOH-HYKnOHHblMJl coy,napeHHJIMlI (npll 3KBlIBaJieHTHOll. 3Heprnll Ha HYKJIOH B Cll

CTeMe [leHTJ)a Mace) YKa3hIBaeT Ha HaJilI'!He nepepacceHHlIH lI noTepb 3Heprllll 

napTOHOB B nnOTHOll. MaTepllll. IIorryqeHHhie Ha RHIC ,naHHbie no po)K.[{eHHIO '!a

CTllll C 60JibIIIlIMlI nonepe'IHbIMll lIMnynhCaMJI ( q>aKTOp no,naBneHJIH )KeCTKJIX a,n

pOHOB B [leHTJ)aJibHbIX coy,napeHJIHX AuAu -5, no,naBneHHe BbICOK03HeprH'!HbIX 

,n;Byx'!aCTliqHbJX KoppenH[llill. "Bnepe,n-Ha3a,n" JI 3JIJillnTH'!eCKJlll. noTOK B nony

[leHTJ)aJibHbIX coy,napeHJIJIX AuAu npll 6onhIIIlIX nonepe'!HblX lIMnynbcax) Haxo

.[{HTCH B Ka'!ecrneHHOM cornacHH c rJinoTe3oii. rarneHJIR CTJlYH B KrM. O,n;HaKo 

noco6b1rnii.HM peKOHCTJlYKlllIH CTJlyii. B 3KcnepHMeHTax Ha RHIC 3aTJ)y,n;HeHa Ma

JihIM ce'leHlleM po)K,[{eHJIH CTJlyii. JI CllJlbHbIMll q>OHOBbIMlI 3q>q>eKTaMll. B coy,na

peHHHX TH)KeJibIX lIOHOB Ha LHC B03MO)l(Ha 3q>q>eKTlIBHM peKOHCTJlYKlllIJI BhICO

K03HeprH'!HhIX CTJlyii. C lICnOJib30BaHlleM KanopHMeTJ)lilI lI TJ)eKOBOll. ClICTeMbI. 

IlpH ::iHeprnH LHC ce'!eHJie po)K.[{eHJIJI ,KeCTKJIX CTJlYH Ha HeCKOJihKO nopR,n;KoB 

BbIIIIe, '!eM Ha RHIC, a CTaTJICTJIKa .[{OCTaTO'IHO BbICOKa .[{JIJI CllCTeMaTJI'!eCKOro 

aHanll3a pa3JilI'!HbIX acneKTOB KX.lJ:-q>H3lIKll 3a npe,nenaMlI KJIHeMaTH'!eCKJIX rpa

Hlill, ,nocTH)KllMhIX Ha RHIC. 

Mo,nJiq>llllllPOBaHHhie B cpe,ne cneKTJ)bI MlOOHHbIX nap 6onbIIIlIX lIHBapJiaHTHbIX 

Mace JI BTOpll'!HbIX j /1/J -pe30HaHCOB (oT pacna,na B-Me30HOB) no3BOJIHIOT npo

aHaJilI3HpoBaTh noTepll 3HeprlllI TJl)KeJibIX KBapKOB, KOTOpbie, KaK O)KlI.[{aeTCH, 

.[{OJI)l(Hbl OTJIJI'!aTbCJI OT noTepb 3HeprHlI nerKHX KBapKOB BCJie.[{CTBHe 3q>q>eKTa 

"MepTBOro KOHyca" - no,naBneHlIH KOJIJillHeapHOll. pa,n;Ha[IJill MaCClIBHbIX napTo

HOB. OTMeTttM, '!TO ,naHHhie RHIC no cneKTJ)aM o,nHHO'!HhIX ::ineKTpoHOB OT 

cpparMeHTalllilI C-KBapKOB YKa3hIBaIOT Ha ClIJibHYIO CTerreHb lIX no,naBneHHH, KO

TopaR KOJIH'!eCTBeHHO conocTaBllMa co CTeneHblO no,naBneHHH nerKlIX a,npoHOB lI 

He OnJICbIBaeTCH B paMKax MO,neneii. IIOTepb 3HeprHlI TH)KeJibIX KBapKOB B KrM. 

Ha LHC CTaHOBHTCJI ,nOCTYIIHhIM ll3yqeHHe noTepb 3HeprHH B cpe,ne 6onee Mac

CHBHbIX -KBapKOB. 

.ll:pyrnM •fi;a)KHbIM 3q>q>eKTOM, 'IYBCTBHTeJibHbIM K Ha'!aJibHblM ycnOBllJIM 

cpopMHpoBaHHH KrM, JIBMeTCH J)O)K.[{eHHe lI no,naBneHHe CBH3aHHbIX COCTOHHlill. 

TH)l(eJibIX KBapKOB (KBapKOHHeB) B coy,napeHHHX TH)KeJibIX lIOHOB. AHaJilI3 Koppe-
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m1TOpOB II noTeHUHfillOB 1rnapKOHHeB B perneTOtIHOll KX)]; npH KOHetIHJ,IX TeMne

paTypax noKa3bIBaeT, 'ITO Pa3JIHtIHbie COCTOHHml tiapMOHHH (cc) II 60TTOMOHHH 

(bb) ,11.0JI)KHhI "nnaBHThCH" np11 TeMnepaTypax, ,11.JIH KOTOphix pa,11.11yc useToBoii 

3KpaHHpOBKH B KrM (.n.e6aeBCKHll pa,11.11yc) OKa3bIBaeTCH MeHbille pa,11.11yca CBH-

3aHHOro cocTOHHIIH. Ha6mo.n.aeMM B 3KCnep11MeHTaX Ha SPS 11 RHIC KapTHHa 

no,11.aBJieHHH BbIX0,11.a j /1/J -Me30HOB (tiapMOHHeB) Ha ,11.aHHblll MOMeHT He HMeeT 

0,11.H03HatIHOll HHTepnpeTaUHH. B tiaCTHOCTH, ,11.aHHbie no H3MepeHHIO cneKTpOB 

J /1/J Ha RHIC yKaJhIBaIOT Ha TaKYIO )Ke CTeneHb ux no,11.asneHHH KaK 11 Ha SPS 

(npH ,11.ByKparnoii oueHHBaeMoii pa3HHUe B TeMnepaTYPe cpe,11.bI), 'ITO MO)KeT CBH

,11.eTeJihCTBOBaTh n1160 o "nocne,11.osaTen1,HoM" xapaKTepe nornomeHHH (nnasneHHe 

TOJIJ,KO B036~eHHJ,IX COCTOHHHH tiapMOHIIH), JIH6o O KOM6HHaUHH CHJibHOro 

nnaBneHHH npHMbIX J /1/J 11 pereHepaUHH tiapMOHIIH BCJie,11.CTBHe Hfil!HtIIIH 6on1,rno

ro KOJIHtieCTBa C-KBapKOB B nnoTHOll MaTepHH. O)KH,11.aeTCH, 'ITO np11po,11.a no,11.aB

neHHH tiapMOHHeB MO)KeT 6bn1, npOHCHeHa Ha LHC npH ropa3,II.O 6onee BbICOKHX 

TeMnepaTYPaX cpe,11.1,1. OTMeTllM, 'ITO B 3KcnepuMeHTe CMS ,11.ocrnraeTCH nytirnee 

ll3 scex ,11.eTeKTopoB LHC, KOTop1,1e npuMeHHIOTCH ,11.M aHfillll3a ,11.aHHhIX no co

y,11.apeHIIHM TH)KeJihIX llOHOB, pa3perneHlle MIOOHHhIX nap no llHBapuaHTHOll Macce, 

n03B0JIHIOIUee pa3,11.eMTb pa3JilltIHhie COCTOHHllH KBapKOHlleB npu xoporneM OT

H0illeHllll CllrHfilla K qJOHy. 3TO OTKpbrnaeT YHllKfillbHYIO B03MO)KHOCTh ll3ytiaTb 

noporosy10 ,11.llCCOUllaUllIO KaK tiapMOHlleB, TaK ll ceMeiicTBa 6onee TH)KeJihIX 

KBapKoHues - 6oTTOMOHlleB Y(lS, 2 S, 3 S). IIocKon1,Ky pa3Hhie cocTOHHIIH Y 
,11.0JI)KHJ,I pa3pymaThCH npll pa3JilltIHJ,IX TeMnepaTYPaX, CKaHupoBaHlle COOTBeT

CTBYIOIUllX qiaKTOpOB no,11.asneHllH MO)KeT CJI~llTh 3<p<peKTllBHbIM "TepMOMeT

poM" KrM. KpoMe Toro, cneKTp KBapKOHlleB tIYBCTBllTeneH K M0,11.ll!pllKaUllll nap

TOHHJ,IX pacnpe,11.eneHllll s H,11.pe B o6naCTll MfillbIX .n.oneii napTOHHOro llMnyn1,cax 

BCJie,11.CTBlle "rnIOOHHOro HaCbIIUeHllH", 'ITO TaK)Ke HBJIHeTCH HOBJ,IM npe,11.MeTOM 

uccne,11.oBaHllH B H,11.pO-H,11.epHbIX ll npoTOH-H,11.epHbIX coy,11.apeHIIHX. 

Ecnu )KeCTKlle npouecc1,1 MHO)KeCTBeHHoro po)K,11.eHllH tiacrnu Hecyr llH

qiopMauu10 0 caMbIX paHHllX CTa,11.llHX H,11.epHoii peaKUllll, TO MHrKlle npouecc1,1 

po)K,11.eHllH tIYBCTBllTeJIJ,HJ,I rnaBHbIM o6pa30M K npocTpaHCTBeHHO-BpeMeHHOll 

CTpYKTYPe CllCTeMhI ~e nocne ee TepManH3aUllll, n03TOMy Hecyr llHqJOpMaUllIO 0 

TepM0,11.llHaMlltieCKllX CBOHCTBaX o6pa3YIQIUeiicH MaTepllll. B tiaCTHOCTll, KOJIJieK

TllBHbie noTOKOBbie 3q>q>eKThI (pa,11.llfillhHblll ll aHll30TpOnHblll nOTOKll), npoHBJIH

IOJUlleCH B llMnynhCHbIX cneKTpaX a,11.pOHOB, xapaKTepll3YIOT ru,11.po,11.uHaMlltieCKOe 

nose,11.eHue o6pa30BaHHOll MaTepllll. AHfillll3 MHrKllX TeCTOB B coy,11.apeHllHX 

PbPb), (MHO)KeCTBeHHOCTh II IIMnyn1,cH1,1e cneKTphI 3apH)KeHHhIX a,11.poHoB, a3II

MYTfillhHM aHII30TpOnIIH, ,ll.fillbH0,11.ettcTByIOmIIe a3IIMYTfillhHbie KOppenHUIIII, 

nnoTHOCTJ, nOT0Ka 3HepmII B IllIIpOKOM ,11.IIanaJOHe 6bICTpOT), no3BOMeT nony

tiaTh HOBYIO IIH<pOpMaUIIIO O TaKIIX CBOHCTBaX o6pa30BaHHOll MaTepIIII (Ha CTa,11.IIII 

ee "BbIMOpa)KIIBaHIIH") KaK nnoTHOCTJ, :rneprIIII, pa,11.IIfillbHaH KonneKTllBHM CKO

pOCTb, K03q>qJIIUIIeHThI a3IIMYTfillhHOll aHII30TpOnIIII, K03qJq>IIUHeHTJ,l BH3KOCTII. 
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B KOHUe 2010 ro,11.a 6bm npose,11.eH neps1,1ii ceaHc pa6oThI LHC c nytiKaMII 

IIOHOB CBHHUa npII :rnepm11 ✓sNN = 2.76 T3B Ha napy HYKJIOHOB, no3BOJIIIBIIIIIii 

Ha6paTb CTaTllCTIIKY, COOTBeTCTBYIOIUYIO HHTerpaI!bHOll CBeTIIMOCTII OKOJIO 8 06-

paTHhIX MIIKp06apH. ,ll;aHHbie 6bIJIII co6paHbI ll npoaHfillH3llpOBaHbI Konna6opauu

HMll ALICE, ATLAS u CMS (ofoop ocHOBHhIX pe3yn1,rnT0B ceaHca 2010 ro,11.a 

MO)KHO Haiirn B [3]). B KOHUe 2011 ro,11.a 61,m npose,11.eH BTOpoii ceaHC pa60TJ,I 

LHC C nytiKaMll HOHOB CBllHUa npH TOH )Ke 3Hepmll, HO llHTerpaI!bHOll CBeTllMO

CTll npllMepHO B 20 pa3 6on1,rne (160 o6paTHbIX MllKp06apH), tieM B 2010 ro,11.y, 

'ITO no3B0JlllJIO cymecTBeHHO ysenlltillTJ, CTaTllCTllKY (tITO KpllTlltIHO, B tiaCTHO

CTll, ,11.M pH,11.a )KeCTKllX TeCTOB). KpoMe Toro, s MapTe 2011 ro.n.a 61,m npose,11.eH 

cneuuan1,H1,1ii ceaHc pa60T1,1 LHC c nytiKaMu npoTOHOB np11 TaKoii )Ke :rnepm11 Ha 

ttyKJIOH, KaK u s coy,11.apeHllHX llOHOB CBllHUa (61,m Ha6paHo nopH,11.Ka 240 o6paT

HJ,IX HaHo6apH, 'ITO no cetieHHHM )KeCTKllX npoueccos npuMepHO 3KBllBfilleHTHO 

crnrncTuKe nepsoro ceaHca Pb Pb), ,11.aHHbie KOToporo ucnonh30BfillllCh ,11.nH cpas

HeHllH pa3nlltiHhIX xapaKTepucrnK )KeCTKllX npoueccos B coy,11.apeHllHX pp u PbPb. 

Ha llIOHJ, 2012 ro,11.a Komia6opaullHMll ALICE, ATLAS II CMS 61,mo orry6nllKO

BaHO 35 cTaTeii no aHfillll3Y ,11.aHHhIX coy,11.apeHuii PbPb Ha LHC [4-38], OCHOBHbie 

pe3yn1,TaTJ,I KOTOpbIX npe,11.CTaBJieHJ,I B ,11.aHHOM ofoope. 

2. :U:enTpaJILHOCTh HLl,pO-HJJ,epHLIX B33IIMOJJ,eiiCTBHii 

Ba)KHbIM noHHTHeM B qJH3IIKe TH)KeJibIX llOHOB HBJIHeTCH nOHHTlle ueHTpaI!bHOCTll 

B3allMO,ll.eiicTBllH, KOTOpM xapaKTepH3yeTCH napaMeTpOM y,11.apa b - paCCTOHHHeM 

Me)K,11.y ueHTpaMH CTfillKHBaIOIUllXCH H,11.ep B TIJIOCKOCTll, nepneH,11.JIKynHpHoii OCH 

CTOJIKHOBeHllH (T.H. "nnoCKOCTII peaKUllll", puc. 1). Hau6onee ueHTpfillbHbie co

y,11.apeHllH (b - 0) llHTepeCHJ,I TeM, 'ITO B HIIX O)Kll,11.aIOTCH MaKCllMfillJ,Hbie nnoT

HOCTh 3Hepmu ll 061,eM o6naCTll nepeKpbITIIH H,11.ep, ll 3<p<peKThI cpe,11.bI ,11.0JI)KHJ,I 

npOHBMTbCH Hau6onee OTtieTJIIIBO. C .n.pyroii CTOpOHbI, B nony-ueHTpfillJ,HJ,IX co

y,11.apeHIIHX H,11.ep (b - RA, r,11.e RA - pa.n.11yc H,11.pa) MO)KHO Ha6n10,11.aT1, 3q><peKThI, 

CBH3aHHJ,Ie C a3llMYTfillhHOll aCllMMeTplleii 061,eMa nnornoii MaTepuu. Onpe.n.e

neHHbill IIHTepec npe,11.CTaBMIOT u nepuqieputieCKlle coy,11.apeHHH (b - 2RA), s KO

TOpbIX 3q>q>eKThI cpe,11.1,1 MllHllMfillJ,HJ,I, HO B03M0)KH0 ll3ytieHHe .n.pymx npoueccos 

(HanpllMep, 3JieKTpOMarHllTHbIX B3aHMO,ll.ettcTBHii). TaKllM o6pa30M, Ba)KHOH Me

T0,11.lltieCKOll 3a,11.atieii HBMeTCH pa36HeHlle aHfillH3llpyeMJ,IX co61,1rnii no KJiaccaM 

ueHTpfillbl!OCTll. CymeCTBYIOT pa3JilltIHhie cnoco6bI onpe,11.eneHllH ueHTpfillbHOCTll, 

OCHOBaHHbie Ha KOppeMUllll Me)K,11.y napaMeTpOM y,11.apa ll pa3JilltIHbIMH qJH3lltie

CKllMll Ha6n10,11.aeMbIMll. HanpuMep, B 3Kcnep11MeHTe CMS ,11.nH onpe,11.eneHllH ueH

TpfillhHOCTll ucnon1,3yeTCH 3Hepros1,1,11.eneHlle B nepe,11.HeM KaI!OpllMeTpe (HF) 

ycTaHOBKll, nOKphIBa10meM o6naCTJ, MfillbIX nonHpHbIX yrnoB no OTHOIIIeHHIO K 

ocu IlYtJKa (nces,11.061,1cTpoT1,1 3< 11/1 < 5.2); npu 3TOM n npoueHTaM co6b1rnii c 

MaKCllMfillJ,HJ,IM 3HeproBbI,11.eneHHeM C0OTBeTCTByeT n npoueHTOB Hau6onee ueH

TpfillbHbIX coy,11.apeHHll (p11c. 2). Tor,11.a ,11.JIH Ka)K,11.oro KJiacca ueHTpfillhHOCTll MO)K

HO M0,11.eJibHbIM o6pa30M BJ,ItillCJillTJ, cneUllfillbHYIO BeJIH'IllHY - cpe,11.Hee tillCJIO 

HYKJIOHOB, ytiaCTBYIOIUllX B coy,11.apeHHll, (Npart), B 3aBHCllMOCTII OT KOTOporo 
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o6hilfHO II npe.D.CTaBJUIIOTC» 3KCIIepnMeHTaJibHO II3Mep»eMbie xapaKTeplICTIIKII 

pa3JIIIlfHbIX <plI3HlfeCKIIX npoQeCCOB. 

Puc. 1. CxeMaTHlfeCKOe npe;:i;CTaBJiem1e l\eHTPaJibHOCTH »;:i;po-»;:i;epHoro B3aHMO;:i;eii

CTBH» B IIJIOCKOCTH, nepneH)];HKyn»pHOH OCH CTOJIKHOBeHH». 
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Puc. 2. Pacnpe;:i;eneline no :meproB1,1;:i;eneHHIO a nepeAHeM KanopnM~e CMS B CTOJIK

HOBeHnmc PbPb npn ~ = 2.76 T3B (0-5% o603HalfaeT 5% Han6oJiee l\eHTPaJihHhIX 

coy;:i;apeHnii n T.;:i;.) [27]. 
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3. MuomeCTBeHHOCTh 'laCTHQ " DOTOK 3Hepruu. 

MuoJKeCTBeHHOCTb 3ap»JKeHHbIX lfaCTJIQ »BJI»eTC» KJIIOlfeBOll rno6aJibHOll !plI3H

qeCKOll ua6n10,naeMOll B coy,napeHII»X a,npOHOB II ».nep BblCOKIIX 3Heprnii. M3Me

peHHble ALICE [4, 7], ATLAS [21] II CMS [27] MHOJKecTBeHHOCTII 3ap»JKeHHhIX 

qacrnQ B QeHTPaJihHOii o6nacTII 61,1cTPOT uaxo,n»Tc» B cornac1In, dNch/11 (11 =O) :::: 
1600 ,nn» 5% Ha1I6onee QeHTPaJihHbIX coy,napeHIIii PbPb, lfTO B 2 pa3a Bblme lfeM 

B l\eHTPaJihHblX coy.napeun»x IIOHOB 30JIOTa ua RHIC. IlplI 3TOM Ha6n10,naeTc» 

OlfeHb cna6a» 3aBIICIIMOCTb MHOJKeCTBeHHOCTII OT ncee,no61,1cTPOThl B aKCeIITaHCe 

lrJI < 2.5 TPeKOBhIX cncTeM ATLAS [21] II CMS [27] (pnc. 3, nee1,1ii). KaK n 

OJKH,naeTC», MHOJKeCTBeHHOCTb yeeJIIIlflIBaeTc» C pOCTOM QeHTPaJibHOCTII (T.e. C 

yMeHbilleHIIeM napaM~a y.napa b II yeeJI1IlfeH1IeM lflICJia "HYKJIOHOB

YlfaCTHIIKOB" Npart); 3aBIICIIMOCTII MHOJKeCTBeHHOCTII OT QeHTPaJihHOCTII, II3Me

peHHbie pa3Hb1MH 3KCIIep1IMeHTaMII, TaKJKe COBIIa,naIOT B npe,neJiax CTaTIICTIIlfe

CKHX II CIICTeMaTJilfeCKIIX Heonpe.neneHHOCTeii (plIC. 3, cpe,nHHii). Ha6n10,naeMa» 

3aBHCIIMOCTb MHOJKeCTBeHHOCTII OT 3Hepr1III CTaJIKIIBaIOIIIIIXC» IIYlfKOB IIOHOB 

xopomo annpOKCIIMIIpyeTC» CTeIIeHHOll <pyttKQIIeii II IIMeeT 6onee pe3KIIH pocT C 

✓sNN, lfeM 3Ta JKe 3aBIICIIMOCTb B -coy,napeHII»X (p1IC. 3, npaBblll), lfTO CBII,ne

TeJibCTByeT O BaJKHOll pOJIII JKeCTKIIX HYKJIOH-HYKJIOHHbIX pacce»HIIll B pen»TII

BIICTCKIIX ».npo-»,nepHbIX B3alIMO.D.eHCTBII»X. 
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Puc. 3. HopMHpOBaHHa» Ha cpe;:i;Hee lflfCJIO HYKJIOHOB-YlfaCTHHKOB MHOlKeCTBeHHOCTh 

3apSilKeHHhIX lfaCTHI.\ B CTOJIKHOBeHn»x PbPb npn -.Js;;;; = 2.76 T3B B 3aBHCHMOCTH OT 

rrceB,L(o61,1cTPOThI (JieBhIH pHCYHOK) 11 l\eHTPaJlhHOCTH (cpe,L\Hnii pHCYHOK), a TaKJKe OT 

3Heprnn ITYlf~OB (npaBhlll pncyHoK) [27). 

,[(pyroii BaJKHoii rno6an1,ttoii <plI31IlfecKoii Ha6n10,naeMoii »BJI»eTc» Bbl,nen»

eMa» BO B3anMo,neiicTBIIII nonepelfHa» 3Hepr1I» Er, onpe,neneH1Ie KOTopoii II03BO

JI»eT 011eH1ITh HalfaJibHYIO IIJIOTHOCTb 3Hepm1I cpe,nhI. lliMepeHHblll [36] C IIOMO

lllbIO Kanop1IMeTP111IecKoii c1IcTeM1,1 CMS noToK nonepelfHoii 3Hepr1III 

dEr/11 MaKCIIMaJieH B QeHTPaJibHoii o6nacTII 6h1CTPOT 11 = 0 II YMeH1,maeTc» c po

CTOM 1111 (pHCYHOK 4, JieBbIH), 3aBIICIIMOCTb dEr/T/ OT 11 xopomo annpoKCIIMIIpy

eTc» <pYHKQIIii raycca. ,[(n» 2.5% Han6onee QeHTPaJibHblX coy,napeHIIii PbPb 3Ha

qeHne dEr/T/ (11 = 0):::: 2.1 TeV B 3 pa3a Bblme, lfeM B QeHTPaJihHhIX coy,napeHII»X 
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AuAu Ha RHIC. Ou;emrnaeMrui IlJIOTHOCTb :meprnn E(TJ = 0) oc dErf y (y = 0) (y -
6b1CTPOTa) B MOMeHT BpeMeHH To = 1 <pM/c COCTaBJUieT z 15 f3B/cpM

3
, qm B 2.8 

60JibIIIe, qeM Ha RHIC (n npnMepHO B 100 pa3 6oJibIIIe, qeM IlJIOTHOCTb HOpMaJib

HOll Jl,D;epHoii MaTepnn). IlOTOK nonepeqHoii :meprnn, KaK ll MHO)KeCTBeHHOCTb, 

yaeJIHqIIBaeTCJI c pOCTOM u;eHTPaJibHOCTH coy,n;apeHHii (pHCYHOK 4, cpe,n;Hnii) n 

3Heprneii nyqKOB (pHCYHOK 4, npaBbiii). O,n;HaKO ,ll;JIJI dEr/11 3aBHCHMOCTh OT 

3Heprnn HMeeT 6oJiee pe3Kllii xapaKTep qeM ,D;JIJI dNch/11, qro CBJl3aHo C pOCTOM 

cpe,n;Hero IIOIIepeqHoro HMIIYJibCa qacTHu; (pT) C ✓sNN· 
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Pnc. 4. IloTOK nonepe1rnofi 3Hepnm B CTOJIKHOBeHHJIX PbPb npn ...rs;;;= 2.76 T3B B 

3aBIICIIMOCTH OT IICeB;:i:06b1CTPOTbI (rreBbIH pHCyHOK) ll u;eHTPaJibHOCTII (cpe;:i:1mfi pncy

HOK), a TaIOKe OT 3HepmII II)"IKOB (npaBbIH pllCyHOK) [36]. B nocrre;:i:HHX .D:Byx CJiyqaJIX 

3HaqeHne dEr/TJ HOpMHpOBaHO Ha cpe;:i:Hee qncJIO HYKJIOHOB-yqaCTHHKOB. ToqKII -

;:i:aHHbJe, KpHBbie - pa3JIHqHble annpOKCIIMan;IIII II MO)];eJIII. 

4. AHH30Tp0Dllhlll DOTOK qacTHU: II a311MyraJibllble KoppMHUHH. 

B Heu;eHTPaJibHbIX coy,n;apeHHHX TH)KeJibIX HOHOB HaqaJII,HaJI IIpOCTPaHCTBeHHaJI 

aCHMMeTPHJI o6JiaCTH B3aHMO,n;eiiCTBHJI IIpHBO,D;HT K aHH30TPOIIHH HMIIYJibCHbIX 

CIIeKTPOB Ha6mo,n;aeMbIX qacTHu; (pnc. 5). TaKoro po,n;a KOJIJieKTHBHOe IIOBe,n;eHne 

CHJibHOB3aHMO,D;eHCTByioIIIeii MaTepnII Ha3bIBaeTCJI "aHH30TPOIIHbIX IIOTOKOM" 

("anisotropic flow") n xoporno onncr,maeTCJI B paMKax rn,n;po,n;nHaMnqecKnx Mo

,n;eJiefi, KOTOpbie o6ecneqnaaIOT MexaHH3M npeo6pa30BaHHJI HaqaJII,HOH IIpOCTPaH

CTBeHHOii a3HMYTaJibHOll aHH30TPOIIHH B KOHeqHyIO HMIIYJibCHyIO. BeJinqnHa IIO

TOKa xapaKTepH3yeTCJI K03qlqlHUHeHTaMH cl>ypr,e-pa3JIO)KeHHJI pacnpe,n;eJieHHJI qa

CTIIU: IIO a3HMYTaJibHOMY yrJiy <f, OTHOCHTeJibHO IIJIOCKOCTII peaKD;IIH. B qacTHO

CTH, K03qlqlHU:HeHT 3JIJIHIITHqecKOro IIOTOKa Vz onpe,n;eJIJleTCJI KaK BTOpaJI cl>ypr,e

rapMOHHKa TaKoro pacnpe,n;eJieHHJI, v 2 = (cos(2<f, )}. 

3aBHCHMOCTH K03qlqlHD;HeHTa 3JIJIHIITHqecKoro IIOTOKa OT nonepeqHoro HM

IIYJibCa PT n u;eHTPaJibHOCTH B3auMo,n;eiicTBnii: PbPb 6r,mn npoaHaJIH3HpoaaHbI 

ALICE [5, 16], ATLAS [20] n CMS [33, 34] (Ha ATLAS n CMS 6bma TaK)Ke tt3-

MepeHa 3aBHCHMOCTb Vz OT nceB,n;06bICTPOTbl ,, - CJia6oe YMeHbIIIeHHe Vz C po-
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cTOM ITJI, 6oJiee Bbipa)KeHHOe ,n;mr nepncpepnqecKnx coy,n;apeHnii). PncyHoK 6 no

Ka3bIBaeT 3aBHCHMOCTh Vz OT PT, H3MepeHHYJO CMS [33] B cpaBHeHHH C aHaJIO

ruqHOll 3aancnMOCTbIO, noJiyqeHHoii Ha RHIC (3KcnepnMeHT PHENIX). ,[{aHHrui 

3aBHCHMOCTb HMeeT MaKCHMYM npn PT - 3 f3B/c (o6JiaCTb, r,n;e C rn,n;po,n;nHaMH

qeCKHM pe)KHMOM, B KOTOpOM Vz pacTeT C PT npaKTHqecKH JIHHeiiHO, HaqnHaeT 

"KOHKypHpOBaTb" pe)KHM )KeCTKHX napTOH-IIapTOHHbIX pacceJIHHii). 3JIJIHIITHqe

CKllll IIOTOK HMeeT TaK)Ke MaKCHMYM B pacnpe,n;eJieHHH IIO u;eHTPaJibHOCTH 

(30-50% ueHTPaJibHOCTH). HHTepecHo, qTo 3aBHCHMOCTH v 2 OT PT Ha LHC n 

RHIC oqeHo 6Jitt3KH. 

Reaction z/-
plane / 

V 

y t~ ---+
x 

Pnc. 5. CxeMaTnqecKoe npe;:i:cTaBJieHHe aHHII30TPOIIHOro IIOTOKa B Heu;eirrpa.rrbHbIX H.D:

po-Jl;:i:epHblX B3aIIMO)];eHCTBIIHX B IIJIOCKOCTII peaKIIHH xy, nepneH)];HKYJUIPHOH OCH 

CTOJIKHOBeHIIJI Z. 

O,n;HaKo, nponHTerpnpoaaHHoe no aceM PT 3HaqeHne v 2 Ha LHC BbIIII, qeM 

Ha RHIC npnMepHo Ha 30% (pnc. 7), qTo o6ycJIOBJieHo pocmM cpe,n;Hero none

peqHoro HMIIYJibCa C 3Heprnefi. Ba)KHbIM pe3yJioTaTOM JIBJIJleTCJI TaK)Ke Ha6JIIO,n;e

HHe HeHyJieBoro 3JIJIHIITHqecKoro IIOTOKa npn oqeHb BbICOKHX IIOIIepeqHI,IX HM

nyJir,cax, BIIJIOTb ,n;o PT - 40 f3B/c [34], qTo MO)KeT CJIY)KHTb YKa3aHHeM Ha IIOTe

pn 3Heprun )KeCTKHX KBapKOB ll rJIIOOHOB B a3HMYTaJibHO HeCHMMeTPHqHOM ofrr,

eMe IIJIOTHoii MaTepnn. KpoMe Toro, 6r,mn H3MepeHbI ar,1crnne rapMOHHKH (v3 , v 4 , 

V5, v6) cl>ypbe-pa3JIO)KeHHJI pacnpe,n;erreHHJI qaCTIIU: IIO a3HMYTaJibHOMY yrJiy <f,, 
KOTOpbie HMeIOT KaqeCTBeHHO IIOXO)Klle 3aBHCHMOCTH OT IIOIIepeqHoro HMIIYJibCa 

Pr n u;eHTPaJibHOCTH [9, 20, 32]. Mo,n;eJibHbIH aHaJIH3 ,n;aHHbIX no pa3JinqHbIM 

cl>ypr,e-rapMOHHKaM aHH30TPOIIHOro IIOTOKa ,n;aeT B03MO)KH0CTb IIOJiyqHTb HH

cpopMan;HIO o npocTPaHCTBeHHofi CTPYKTYPe o6JiaCTH H3JiyqeHHH qacTnu;, HaqaJir,

HbIX ycJIOBHJIX, ypaBHeHHH COCTOJIHIIJI II BJl3KOCTH o6pa30BaHHOH cpt::,D;bl. 
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• CMS PbPb (s:;. = 2.76 TeV 
• PHENIXAuAu(s:;.-200GeV 
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Puc. 6. llMTIYJihCHaH 3aBIICIIMOCTh K03<pqrn1111eHTa 3JillIIIlTIIqecKoro IlOTOKa B CTOJIKHO

BeHIIHX PbPb np11 ✓sNN = 2.76 T3B .rorn pa3JmqHhlx 11eHrpanhHocreii: B3aIIMO,L1eii:crB11ii. 

[34]. ,r:{aHHhle LHC (CMS, Kpyrn) cpaBHIIBaIOTCH c ,LlaHHhlMII RHIC (PHENIX, poM611-

KII). HmKHIIH. pIICYHOK IlOKa3hIBaeT OTHOIIIeHIIe annpOKCIIMaWm ,LlaHHhlX CMS {KpIIBhie 

Ha BepXHeM pIICYHKe) K 3HaqeHIIHM ,L1aHHhIX CMS II PHENIX. 
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Puc. 7. llHTerpaJibHh!H. K03<p<pIIIIIIeHT 3JillIITITIIqecKoro IlOTOKa B nonyIIeHTpaJibHh!X 

CTOJIKHOBeHIIHX TH)KeJib!X IIOHOB B 3aBIICIIMOCTH OT 3HeprIIII nyqKOB [34]. 

Eme 0.L(HOH Ba)KHOH. xapaKrepIICTIIKOll KOJIJieKTIIBHh!X 3<pqJeKTOB B coy,Lla

peHIIHX TH)KeJib!X IIOHOB .s!BJIHIOTCH pa3nIIqHh!e ,nByxqaCTIIqHhle a3IIMJTaJihHhie 
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KOppen.sIIIIIII [10, 11, 25, 32]. B qacrnocrn, ,nanbHO,L1eiicTByIOm11e a3IIMJTaJihHb!e 

KOppen.silllIII (ridge-3qiqieKT), Ha6nIO,L1aBII1llec.s1 paHee B coy,napeHII.s!X T.sJ)KeJih!X 

IIOHOB Ha RHIC II B npoTOH-npoTOHHh!X coy,napeHII.s!X C Bh!COKOH. MHO)KeCTBeH

HOCTh!O BTOpIIqHI,JX qaCTIIll Ha LHC [2], 6bIJIII H3MepeHh! TaK)Ke B coy,napeHH.sIX 

IIOHOB CBHHl.(a [25, 32], B 3aBIICIIMOCTII OT nonepeqHoro IIMnyn1,ca qaCTIIll H l.(eH

rpanbHOCTII B3aIIMo,neiiCTBIIH. Ha pIICyttKe 8 noKa3aH npIIMep ,nByMepHb!X 

Mp - 1117 KOppeJI.sil.(IIOHHh!X 4JYHKllllll ,nn.si pa3JIIIqHh!X l.(eHrpanbHOCTeii coy,nape

HIIH. PbPb [32]. B Ha116onee lleHrpanhHh!X B3aHMo,neiicTBII.sIX BII,neH qeTKIIii nIIK 

Ha Mp :::: 0 (11</> - pa3HIIlla 3HaqeHIIii a3IIMYTaJihHhlx yrnoB rp11rrepHoii II acCOllII

IIpoBaHHOii qacTIIll), KOTOphlii coxpaH.sieTC.sI ,na)Ke npII oqeHb 6onbIIIIIX OTHOCII

TeJihHh!X nceB,L106b1crporax 3TlIX qaCTllll (BnJIOTI, ,no 111111 = 4). TipII 3TOM 3qJqJeKT 

ocna6eBaeT .LIJI.s! 6onee nep11qiepIIqecKIIX coy,L1apeH11ii II 6on1,m11x nonepeqH1,1x 

IIMnyn1,coB. 0,n;Ha 113 B03MO)KHh!X IIHTepnpeTallIIii ridge-3qiqieKra 3aKJIJOqaeTc.si B 

TOM, qTO OH MO)KeT 6h!Tb npo.sIBJieHIIeM CIIJihHO qJJIYKTYIIPYIOm11x HaqanI,Hh!X 

ycnoBIIii rnna "npo.n;onhHhIX rpy6oK". B 3TOM cnyqae npII nocne.nYJQmeii m.n;po

.L1IIHaM11qecKoii 3BOJI!OlllIII CKoppen11poBaHHOCTI, qacTIIll no a3IIMyranhHh!M yrnaM 

coxpaH.sieTC.sI, B TO BpeM.sI KaK no noJI.sipHbIM yrnaM pacnpe,neneHIIe OKa3bIBaeTC.sI 

,LIOBOJibHO IIIIIpOKIIM. B HayqHoii JIIITeparype npe,nnaraIOTC.sI II .n;pyr11e Teopernqe

CKIIe 061,.sicHeHII.sI ,naHHOro .sIBJieHII.sI KaK .D;JI.s! npOTOH-npOTOHHbIX, TaK II ,nn.si .si.n;po

.sI,LlepHbIX B3aIIMO,neiicTBIIH. 

CMS ½m = 3.9 µb·1 PbPb vs;,;= 2.76 TeV 3.0 < p;,g < 3.5 GeV/c 1.0 < p~soc < 1.5 GeV/c 

10-15% 

'2:i::- 14 ~~" }:~1 
4 

·• 
Puc. 8. .r{BYMepHb!e /J.¢ - /J.T7 KoppeAAIIIIOHHb!e !pYHKIIIIII (oT6op rp11rrepHb!X 3apH

ll(eHHb!X qacrn11 C 3.0 < Pr < 3.5 I'3B/c u acco111111poBaHHh!X 3apH)KeHHhlX qacTIIII C 1.0 
< Passoc < 1.5 faB/c) B CTOJIKHOBeHIIHX PbPb npII ..rs;;; = 2.76 T3B ,roI.sI pa3JIIIqHhlX 

l.(eHrpaJibHOCTeii. B3aIIMO,LleHCTBIIH. [32]. 
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5. lbmyJihCllbIC CHCKTJ)hl qacnn~ u 4>aKTop si.nepuoii l\lO.D;H4>HKaQHH. 

Pacrrpe.nerremrn qacTuQ rro rrorrepeqHoMy HMrryrrncy B coy,napeHm1x TH)KeJibIX 

HOHOB HeCYT Ba)KH}'IO 1:1114>opMaQIHO O MexaHJl3MaX MHO)KeCTBeHHoro po)K,L{eHmI B 

pa3rrJlqHI,IX KHHeMarn:qecKIIX pe)KJIMax. IlpJI OTHOCJITeJibHO He60JibIIIJIX PT ( < 1-2 
f3B/c) qacTJIIIbI po)K,L{aIOTCH, rrraBHbIM o6pa30M, B pe3yJinTaTe MHrKJIX B3aJIMO

.neiiCTBJIH JI JIX crreKTP orrpe.nerrHeTCH KOJIJieKTJIBHbIM IIOBe,neHJleM o6pa30BaHHOH 

MaTepJ1J1. CrreKTP )Ke a.npoHOB c 6orrnIIIJIMJI Pr orrpe,nerrHeTCH q>parMeHTaI1J1eii a.n

poHHbIX CTpyii OT )KeCTKJIX rrapTOHHbIX pacceHHJIH JI HeceT, TaKIIM o6pa30M, JIH

q>OpMaIIJIIO O IIOTepHX 3HeprnJI KBapKOB JI rJIIOOHOB B IIJIOTHOH MaTepJ1J1 (KoTOpbie 

HaJ16orree JIHTeHCJIBHI,I Ha caMbIX paHHJIX CTa,L{mIX peaKIIJIJI, Kor.na TeMrrepaTYPa JI 

IIJIOTHOCTh :meprJIJI MaKCJIMaJII,HI,I JI ,L{OJI)KHI,I IIpJIBO,L{JITb K rro,naBJieHJIIO BbIXO,na 

BbICOKo:meprJ1qHI,IX a,npOHOB). 0TKJIOHeHJle B IIOBe,neHJIJI )KeCTKJIX qaCTJIQ B co

y,napeHJIHX TH)KeJibIX JIOHOB IIO cpaBHeHJIIO C pp -coy,napeHJIHMJI xapaKTepmyeT

CH q>aKTopoM H,nepHoii MO,L{JlqJJIKaQJIJI RAA, KOTOpbiii orrpe,neJIHeTCH KaK OTHOIIIe

HJle BbIXO,na qaCTJIII ,naHHOro rnrra B H,npo-H,nepHbIX B3aJIMO,neiiCTBJIHX K JIX qJlcrry 

B rrpOTOH-IIpOTOHHbIX CTOJIKHOBeHJIHX (rrpJI TaKOH )Ke 3HeprnJI Ha rrapy HyKJIO

HOB), HOpMJ1poBaHHOMY Ha qJICJIO HYKJIOH-HYKJIOHHI,IX coy.napeHJIH (BI,IqJICJIHeTCH 

MO,L{eJibHbIM o6pa30M ,L{JIH ,naHHOrO KJiacca 11eHTpaJibHOCTJ1). ECJIJI RAA = 1, TO 3TO 

3HaqJIT, qTo ,nJIH ,naHHoro TJ1rra qacrn11 34>qieKTa cpe,nbl He Ha6rr10.nacrcH, JI H,npo

H,nepHoe B3aJIMO,neiiCTBJle HBJIHeTCH rrpocTO JIJIHeiiHoii cyrreprro3JIIIl.leii HyKJIOH -

HYKJIOHHbIX coy.napeHJ1ii. EcrrJI RAA < 1 JIJIJI RAA > 1 - 3TO CBJl,L{eTerrncrno Toro, 

qTo B CTOJIKHOBeHJIHX TH)KeJibIX JIOHOB Ha6rr10.naeTCH COOTBeTCTBeHHO rro,naBJieHJle 

JIJIJI ycJ1JieHJ1e BbIXO.D;a qaCTJIII ,naHHoro rnrra IIO cpaBHeHJIIO C COOTBeTCTB}'IOIIIJI

MJI pp -coy.napeHJIHMJI. <l>aKTop H,nepHoii MO,L{JlqJJIKaIIJIJI ,L{JIH 3apH)KeHHbIX a.npo

HOB B coy.napeHJIHX JIOHOB CBJIHIIa Ha LHC 6nm Jl3MepeH .no Pr = 100 f3B/c [6, 
29]. PJ1cyHoK 9 IIOKaJbrnaeT pacrrpe.nerreHJ1e 3apH)KeHHbIX a.npoHOB rro rrorrepeq

HOMY J1Mrryrrncy JI Pr-3aBJICJIMOCTb RAA, rrorryqeHHble B 3KcrrepJ1MeHTe CMS [29]. 
3qicpeKT rro.naBJieHJIH MaKCJIMaJieH B HaJ16orree 11eHTpaJibHblX coy.napeHJIHX (r.ne 

0)KJl,!l;aIOTCH MaKCJIMaJII,Hble IIOTepJI 3HeprJIJI rrapTOHOB B cpe.ne) JI ,!l;JIH a.npoHOB C 

Pr ~ 7 f3B/c. MJ1HJ1MarrnHoe 3HaqeHJ1e qiaKTopa H.nepHoii MO.D:J1!pJ1KaI1J1J1 B 11eH

TpaJibHbIX B3aJIMO,!l;eiicTBJIHX COCTaBJIHeT RAA ~ 0.15 IIPJI Pr~ 7 f3B/c JI pacTeT C 

rrorrepeqHI,IM JIMrryrrncoM, "HaCMIIIaHcn" Ha ypoBHe RAA ~ 0.5 rrpJ1 Pr > 50 f3B/c. 

lhmyrrnCHaH 3aBJICJIMOCTI, cpaKTopa x.nepHoii M0,!1;J1q>J1KaI1J1JI orrpe.nerrHeTCH 3Hep- , 

rernqecKoii 3aBJICJIMOCTI,IO IIOTepb 3HeprJIJI KBapKOB JI rJIIOOHOB B cpe.ne, qTo 

II03B0JIHeT Ha OCHOBe aHarrJl3a .naHHblX TecrnpoBaTb pa3JIJlqHI,Ie MO,!l;eJIJI "raIIIeHJIH 

CTpyii" JI Jl3BJieKaTh JIH!pOpMaIIJIIO O HaqaJibHbIX ycrrOBJIHX cpopMJ1poBaHJIH o6pa-

30BaHHOH MaTepJ1J1. 0TMeTJIM, qrn Ha LHC 3cpcpeKT rro.naBrreHJIH )KeCTKJIX a.npo

HOB JIJMepeH .no ropa3.no 6orrnIIIJIX Pr, qeM Ha RHIC (r.ne MaKCJIMaJibHO .nocTJ1-

)KJ1Mble Pr = 20 f3B/c). 
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Puc. 9. Pacrrpe).(erreHtte 3apmKeHHbIX a).(pOHOB no rrorrepeqHoMy HMrryrrncy (rresuii pH

cyHoK, TOqKH - ).(aHHbie, KpHBb!e - HOpMHpOBaHHbie Ha qHCJIO HYKJIOH-HYKJIOHHb!X co

y).(apeHHH pp ).(aHHbie IIpJI TOH JKe :meprnH Ha rrapy HYKJIOHOB) H 3aBHCHMOCTb cpaKTOpa 

ll).(epHOH MO,LU1cpHKaUHH OT rrorrepeqHoro HMrryJibca (rrpaBb!H pHCYHOK) B CTOJIKHOBeHHllX 

PbPb rrpH Fs;;;; = 2.76 T::iB ).(JUI pa3rrHqHbIX ueHTparrnHOCTeii B3aHMO).(eiicrnHii [29]. 
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Puc. 10. 3aBHCHMOCTb cpaKTopa ll).(epHOH MO).(HcpHKaUHH OT rrorrepeqHoii MaCCbl s 10% 
HaH6orree ue1nparrbHhIX CTOJIKHOBeHHllX PbPb rrpH Fs;;;; = 2.76 T::iB Ml! 3apl!JKeHHbIX 

a).(pOHOB, z0 -6o30HOB, w±-fi030HOB, IIpHMb!X cpOTOHOB H BTOpHqHb!X] /i/J-Me30HOB (OT 

cpparMeHTaUHH b-KBapKOB). 



102 HCCJIEJ:(OBAHHE CBOHCTB KBAPK-rJJIOOHHOH MATEPHH 

Ilp11 3TOM (B npe,nenax CTaTlICTJllleCKlIX II ClICTeMamqecKlIX Heonpe,neJieH

HOCTeiI) He Ha6mo,naeTCH OTKJIOHeHirn RAA OT e,D;lIHlIIIbI ,D;M 3JieKrpOMarHlITHOro 

po)K)];eHJIH z0 -6o30HOB [19, 24], w±-6030HOB [38] II npHMbIX qJOTOHOB [28], qTQ 

no,n:TBep)K)];aeT npaBOMepHOCTI, lICnOJII,30BaHllH MO,nemI He3aBJICJIMI,IX HYKJIOH

HYKJIOHHblX coy,napeHlIM ,D;JIH )KeCTKlIX npoueccoB, ecJill OHll He MO,D;llqllllllIPYIOTCH 

B CTOJIKHOBeHmIX TH)KeJiblX lIOHOB no cpaBHeHlllO C pp -B3alIMO,D;eMCTBlIHMll. P11-

CYHOK 10 CYMMHpyeT 3aBlIClIMOCTII qiaKTOpa H,nepHOM MO,D;llqllIKaIIHll OT nonepeq

HOM Macc1,1 (m} = m 2 + pf, r,ne m - Macca qacmubl) ,nnH pa3n11qH1,1x npouec

coB po)K)];eHHH B Ha116onee ueHrpaJibHbIX coy,napeHJIHX lIOHOB CBlIHIIa Ha LHC 

(3q>q>eKT no,naBJieHHH BTOpllqHI,IX J /t/J-Me30HOB 6y,neT o6cy)K)];aTbCH B pa3,neJie 

7). 

6. rarnenne CTJ1YM B KanaJiax CTPYH + cTpyH II cI>ornn + CTJ)yH. 

IIp11 3Hepr11HX LHC CTaHOBlITCH B03MO)KHI,IM Henocpe,n:CTBeHHOe Ha6n10,neH11e B 

coy,napeHHHX TH)KeJiblX lIOHOB 3q>q>eKTa rarneHlIH peKOHCTPYHPOBaHHl,IX a,npoH

HbIX crpyiI II 113yqeH11e MO,D;llqllIKaIIHH lIX xapaKTeplICTlIK. O,n:HlIM 113 nepBbIX HO~ 

BbIX 3q>q>eKTOB, CBH,D;eTeJibCTBYIOIIIlIX O qiopM11poBaHJ1ll ropHqeiI II nJIOTHOM cpe

,D;bl B coy,napeHlIHX lIOHOB CBlIHIIa Ha LHC, CTaJIO Ha6mo,neH11e aCHMMerpHll 3Hep

fllll B napHOM po)K)];eHHll crpyiI B 3Kcnep11MeHTaX ATLAS [18] 11 CMS [23]. B 
,D;aJibHeiirneM 3TOT 3q>q>eKT 61,rn 6onee ,neTaJibHO npoanaJill3llpOBaH B 3aBlIClIMOCTll 

OT 3neprn11 crpyiI [31 ], 6hrna TaK)Ke rtccne,noBaHa ¢YHKIIHH qiparMeHTau1111 crpyiI 

[37]. PHCYHOK 11 noKa31,rnaeT ll3MepeHHoe CMS pacnpe,neneHHe no ac11MMerp11H 

3Heprn11 nap1,1 crpyiI A f (pa3HOCTh nonepeqHoiI 3Heprn11 nap1,1 crpyiI, ,neneHHaH 

Ha 11x CYMMY) ,n:JIH pa3n11qHblX ueHrpan1,HocTeiI CTOJIKH0BeH11iI PbPb II pp coy,na

peHHM B cpaBHeHllll C pe3yJII,TaTaMH MoHTe-Kapno Mo,nen11poBaH11H, He yqHTbl

BaIOIIIero 3q>q>eKTbI nJIOTHOM cpe,nbI [31]. 3Haq11TeJibHOe ysen11qeH11e q11cJia He

c6ananc11poBaHHbIX no 3Hepnm nap CTpyiI B ueHrpaJibHbIX CTOJIKHOBeHIIHX lIOHOB 

cB11m1a no cpaBneHHIO c nepHqiep11qecK11M11 PbPb - 11 pp -coy,napeHHHMll, a 

TaK)Ke C pe3yn1,TaTaMH MO,D;eJIHpoBaHHH cornacyeTCH C r11n0Te30M rarneHHH )KeCT

KlIX KBapK-rJIIOOHHblX crpyiI BCJie,D;CTBlle lIX nepepacceHHHH II n0Tep1, 3Hepr1111 B 

nJIOTHOM cpe,ne. reoMerpHqecKH TaKlle co6bITHH COOTBeTCTBYIOT ClITyaIIHll, KOr,na 

BepllIHHa po)K,D;eHJIH napbI crpyiI HaXO,D;lITCH 6Jill3KO K noBepXHOCTll o6JiaCTll 

H,nepHoro nepeKpbITHH, II nepBaH ("n11,n:11pyIOIIIaH") crpyH BbIXO,D;HT 113 cpe,nbI 

npaKTJlqeCKll 6e3 B3aHMO,D;eMCTBHH, B TO BpeMH KaK BTOpaH ("no,naBJieHHaH") 

crpyH npoXO,D;lIT qepe3 nJIOTHYIO MaTeplIH II TepHeT qacTh 3Hepr1111. OueHHBaeMbie 

OTHOClITeJibHhie n0Tep11 3Hepr11H TaKlIX no,naBJieHHI,IX crpyiI yBeJI11q11BalOTCH C 

pocTOM ueHrpaJibHOCTH II cna6o 3aBHCHT OT HX HaqaJII,HOM 3Hepr11H (KOTOpyIO B 

cpe,n:HeM MO)KHO OIIeHHTI, KaK 3HeprHIO JIH,D;Hpy10meiI crpy11), B Ha116onee ueH

TPaJibHl,IX coy,napemrnx CTPYH TepHIOT B cpe,n:HeM -10% 11x Haqan1,HoiI :meprHH 

(pHC. 12). 
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Puc. 11. Pacrrpe.n;eneHne no ac11MMerp1m :mepnrn napu crpytt AJ )];JIH pp coy.n;apeHHH 

11 pa3JIJ1qH1,1x 11eHrpaJI1,HocTeH CTOJIKHOBeHHH Pb Pb npH .rs;;;; = 2. 76 T3B [31] ToqKH 

- .n;aHHbie CMS, flICTOrpaMMbl - pe3yJihTaTbl ·MoHTe-Kapno MO.n;enHpoBaHHH, He yqH

TbIBaIOIIJero 3q>q>eKTbl IlJIOTHOH cpe,!l;hl. 
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Puc. 12. Cpe.n;Hee OTHOIIIeHHe 3Heprllll no.n;aBJieHHOM lI Jlll,!l;HpyIOIIJeH crpytt B 3aBHCH

MOCTll OT 3Heprnll Jlll,!l;HpyIOIIJeH crpyH ,!l;JIH pp -coy.n;apeHHH lI Tpex 11eHTpaJibHOCTeH 

CTOJIKHOBeHHM PbPb rrpH .rs;;;;= 2.76 T3B [31]. Kpyrn - .n;aHHhie CMS, rrpllMoyronh

HHKH - pe3yJihTaTbl MoHTe-Kapno MO,!l;eJIHpOBaHHH, He yqHTbIBaIOIIJero 3q>q>eKTbl 

IIJIOTHOH cpe,!l;bl. Ha HlllKHHX pHCYHKax IIOKa3aHa pa3HHIJa Me)Key ,naHHb!Mll lI pe3yrrhTa

TaMH MO,!l;eJIHpOBaHHH. 
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,[(JUI HaXO)K_neHIUI IIOTepHHHOii :rnepnm: no,naBJieHHbIX CTJ)yii aHamn KaJIO

pHMeTJ)WieCKHX CTJ)yii 6bIJI .nononHeH nccne.noBaHHeM BbIXo,na qaCTHU c MaJibIMH 

nonepeqHbIMH HMIIYilbCaMH B OKpeCTHOCTH KOHyca CTJ)yii, H3MepxeMbIX TJ)eKOBOR 

CHCTeMoii CMS C HCIIOilb30BaHHeM MeTO.D:HKH "He,nocTa10mero nonepeqHoro HM

nynbca" [23]. DblJIO o6Hap)')KeHO, qTQ 3HaqnTenhHbIR BKna.n B :rnepmIO, BhI,nenH

eMyIO B6nlI3H CTJ)yii, npnxo,nHTCH Ha TJ)eKH C MaJibIMH Pr (< 2 r3B/c), H 3TOT 

BKna.n yBennqnBaeTCH C poCTOM aCHMMeTJ)HH A1 H Ha6n10,naeTCH Ha ,nOCTaToqHo 

6onbIIIHX pacCTOHHHHX OT OCH CTJ)yH. TionyqeHHbIR pe3ynhTaT cornacyeTCH C 

npe.nnonmKeHHeM, qTo 6onhmax qacTb TepxeMoii CTJ)yeii 3Hepmn npeo6paJyeTCH 

B po)K,neHHe MHrKHX a.npoHOB 3a npe.nenaMH KOHyca CTJ)YH ("mnpoKoyrnOBbie" 

IIOTepn 3Heprnn KBapKOB H rnIOOHOB B cpe.ne). DbIJIO TaIOKe IlOKa3aHO [37], qTQ 

pacnpe.neneHne no .nonn ynocnMoro HMnynhca CTJ)YH (cpyma~nx cpparMeHTaunn) 

.nnx .nocTaToqHo )KeCTKHX a.npoHOB (Pr> 4 r3B/c) HOCHT yHHBepcanbHbIR xapaK

Tep KaK .nnx nn.nnpy10mnx, TaK n .nnx no.naBneHHhIX CTJ)yii, npaKTHqecKH He 3aBH

CHT oT ueHTJ)aJihHOCTH B3aHMo.neiicTBHH n o,nnHaKoBo .nnx PbPb - n pp -coy.na

peHnii, qTO MO)KeT CBH,neTellbCTBOBaTb O TOM, qTO KOHeqHaH cpparMeHTaQHH CTJ)yii 

nponcxo,nHT 3a npe.nenaMH nnoTHoii cpe,nbI. 
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Puc. 13. Cpe,11Hee OTHOIIIeHIIe rrorrepeqHoro HMTIYJibCa CTJ)yn n qJOTOHa x 1Y (a) n ,!IOnH 
Ha6nI0,11aeMbIX co6hITHii, B KOTOpbIX H30JIHpOBaHHblR qJOTOH po)K,!laeTCH B corrpOBO)K,!le
HHH )KeCTKOii CTJ)YH RlY (b) B 3aBncnMOCTH OT neHTJ)anbHOCTH CTOJIKHOBeHnii PbPb rrpn 
✓sNN = 2.76 T3B [35]. 3aKpaIIIeHHble CHMBOJibl - ,!laHHbie CMS, OTKpbITble CHMBOJibl 
- pe3yJihTaThI MoHTe-Kapno MO,!lennpoBaHHH, He yqHTbIBaIOmero 3<pq>eKTbl IIJIOTHOll 
cpe,!lbI (Kpyrn - PbPb, KBa,!lpaTbI - pp). 

BbICOKaH CTaTIICTHKa, Ha6paHHaH B ceaHCe 2011 ro.na, II03Bonnna H3yqHTh 

acnMMeTJ)HIO nonepeqHoii 3Hepmn B 6onee pe,nKOM KaHane - po)K,neHHH CTJ)YH B 

conpOBO)K,neHHH q)OTOHa [35]. TipenMymecTBOM .naHHoro KaHana HBnHeTCH TO, qTQ 

!pOTOH BblXO.D:HT H3 IIIlOTHOii cpe,nbI 6e3 B3aHMO,neiiCTBHH H "Kann6poBKa" HaqaJib

HOH 3HeprHH CTJ)YH Ha. 3HeprHIO !pOTOHa MO)KeT 6blTb c.nenaHa B 6onee qncTOM 
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BH.ne, qeM B cnyqae c po)K,neHHeM nap CTJ)yii. AHanH3HpOBaJIHCb co6bITHH c po)K

,neHHeM monnpoBaHHOro cpoToHa c Pr > 60 r3B/c n a.npoHHOii CTJ)YH c Pr > 30 

r3B/c. Pr-pa36anaHcHpOBKa B TaKHX co6bITHHX xapaKTepH30BaJiaCb OTHomeHHeM 

nonepeqHoro HMnynhca CTJ)YH n cpoTOHa x 1Y = PrUet)f Pr(Y)- Mo)KHO TaIOKe 

BBeCTH OTHOIIIeHHe qncna Ha6n10.naeMbIX co6hITHH !pOTOH + CTJ)YH K qncny co6bI
THH c po)K,neHHeM o,nnHoqHbIX monnpoBaHHhIX cpoTOHOB, RiY = (NY+iet /NY). Ha 

pncyHKe 13 IIOKa3aHbI 3aBHCHMOCTH BennqHH xfY H RiY OT ueHTJ)aJibHOCTH B3aH

Mo.neiicTBHii PbPb [35]. 3HaqnTenhHoe YMeHbIIIeHne ornoIIIeHHH nonepeqHoro 

HMIIYilbCa CTJ)YH H !pOTOHa (Ha ~ 15%) H .nonn Ha6n10.naeMbIX co6hnnii, B KOTOpbIX 

monnpoBaHHbIR !pOTOH po)K,naeTCH B conpoBO)K,neHHH )KeCTKOii CTJ)YH (Ha ~20%) 

B ueHTJ)aJibHbIX CTOilKHOBeHHHX HOHOB CBHHQa, IIO cpaBHeHHIO C nepncpepnqe

CKHMH PbPb - H pp -coy.napeHHHMH H c pe3ynhTaTaMH Mo,nennpoBaHHH, TaIOKe 

cornacyeTCH c rnnoTe3oii "raIIIeHHH" CTJ)yii B nnornoii cpe.ne. 

7. KsapKOHHH n TH.KCJihle KBapKH. 

KaK )')Ke ynoMHHanoch BO BBe,neHHH, Ha6n10.naeMaH Ha SPS H RHIC KapTHHa no

,naBneHHH BhIXo,na ] /tp -Me30HOB B coy.napeHHHX THiKenhIX HOHOB IlOKa He HMeeT 

o,nH03HaqHoii HHTepnpeTaQHH, H O)Ku,naeTCH, qTQ npnpo.na 3TOro HBJieHHH MO)KeT 

6bITb npoHcHeHa Ha LHC (r.ne TaIOKe OTKpbrnaeTCH HOBaH B03MQ)KHQCTb nccne.no

BaHHH pa3nHqHbIX COCTOHHHll Y-Me30HOB). K HaCTOHII(eMy BpeMeHH nonyqeH px.n 

HHTepeCHbIX pe3ynbTaTOB IIO po)K,neHHIO KBapKOHHeB B coy,napeHHHX HOHOB CBHH

ua Ha LHC [13, 19, 26, 30]. 

lhMepeHHaH ALICE [13] cTeneHh no,naBneHHH Bhlxo.na J ftp -Me30HOB c Ma

IlhIMH nonepeqHhIMH HMnynbcaMn Ha LHC MeHhIIIe, qeM Ha RHIC (pnc. 14) H co

rnacyeTcH C Mo,nenHMH pereHepaunn qapMOHHH H3 COCTOHHHH BbICOKOTeMnepa

TYPHOll KBapK-rnIOOHHOll MaTepHH c co.nep)KaHHeM 6onbIIIOro KOnHqecTBa c

KBapKOB. Tipn 3TOM no,naBneHHe BbIXo.na] /tp -Me30HOB C BbICOKHMH nonepeqHbI

MH HMnynbcaMn (Pr > 6.5 faB/c), mMepeHHoe ATLAS [19] n CMS [26, 30], 

3HaqnTenhHO CHilhHee qeM no,naBneHne npn MaJibIX Pr, qTo CBu,neTenhCTByeT 06 

3cpcpeKTe "nnaBneHnH" CBH3aHHbIX COCTOHHHll C-KBapKOB B ·.naHHOH KHHeMaTnqe

CKOll o6nacTH. TioMHMo no,naBneHHH nepBHqHbIX J /tp -pe3oHaHCOB, B 3KCnepn

MeHTe CMS BnepBbie Ha6n10.nanoch no.naBneHne BbIXO,na BTOpnqHbIX qapMOHHeB 

OT pacna.na B-Me30HOB [30] (pnc. 10 B pa3,nene 5), qTQ MO)KeT Cll)')KHTb YKaJaHH

eM Ha nepepacceHHHe H llOTepn 3HeprHH TH)KeJihIX b-KBapKOB B IlJIOTHOll cpe.ne. 

B 3KcnepnMeHTe CMS B coy.napeHHHX HOHOB CBHHUa TaIOKe BnepBbie 

Ha6n10.nanoci; no,naBneHne BbIXO,na B036)')K.neHHbIX COCTOHHHll Y-Me30HOB (Y(2S), 

Y(3S)) OTHOCHTenbHO MX OCHOBHOrO COCTOHHHH Y(l S) (B ~ 6.5 pa3 no cpaBHeHHIO 

c pp coy.napeHHHMH) [26, 39] (pnc. 15), cornacyiomeecx c mnoTe3oii .ne6aeBcKoro 

3KpaHHpOBaHHH UBeTOBOro 3apx.na B cpe.ne. Tipn 3TOM H3MepeHHbie cpaKTOpbI 

H,nepHoii Mo.nncpnKaunn (RAA ~ 0.56 .nnx Y(lS), ~ 0.12 .nnx Y(2S) n < 0.1 .nnx 

Y(3S)) no3BOnHIOT npe.nnonoiKHTh "nocne,noBaTenhHbiii" xapaKTep nnaBneHHH 

B036y)K,neHHbIX COCTOHHHll 6oTTOMOHHH H OTCYTCTBHe nnaBneHHH OCHOBHOro co-
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CTOJIHIUI (T.K. IIpllMepHO IIOJIOBllHa Y(1S)-Me30HOB po)K}:laeTCJI 1Iepe3 B036y)K}:leH

Hble COCTOJ!HllJI). 3TOT pe3yJihTaT TaIOKe corrracyeTCJI C rrpe.nBapnTeJibHb!Mll .[\aH

HblMll 3KcrrepnMeHTa STAR Ha RHIC (RAA - 0.5 .[(JIJI Y(lS +2S +3S)). 
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Puc. 14. Pacnpe.nerreHue no HHBapuaHTHoii Macce MIOOHHhlX nap B crorrKH0BeHm1x 

PbPb npu -,/s;;; = 2.76 T3B [39]. To1IKU - ,naHHbie CMS, cnrronrnaJI KpHBaH - an

npoKCUMaUHJI ,naHHbIX, lllTJ)UXOBaH KplIBaH - annpoKCHMaUUH pp -,naHHb!X npu TOH )Ke 

:mepruu Ha napy HYKJIOHOB. 

TioMllMO ll3Y'-!eHirn CBH3aHHblX COCTOJIHIIH. TJI)KeJiblX KBapKOB 3Ha'-!IITeJibHb!H. 

IIHTepec rrpe,nCTaBJIJieT aHaJIII3 po)K}:leHIIJI D- II B-Me30HOB, cneKTP KOTOpblX 1IYB

CTBIITerreH K npoxo)K}:leHIIlO COOTBeTCTBeHHO c- II b-KBapKOB 1Iepe3 IlJIOTHYIO Ma

TepIIIO. CpaBHeHIIe CTeneHII no,naBJieHIIH IIHKJil03IIBHblX a,npOHOB, D-Me30HOB II 

B-Me30HOB Il03BOJIJieT cpaBHIITb IIHTeHCIIBHOCTb rrepepacceJIHIIH II IlOTepb :rnep

rIIII B KrM rrerKIIX II MaCCIIBHbIX rrapTOHOB. PIICyttOK 16 IlOKa3bIBaeT II3MepeH

Hblll ALICE [14] cpaKrnp H,nepHoii MO.L\IIlpIIKaUIIII D-Me30HOB B 20% HaII6orree 

ueHTPaJibHb!X coy,napeHIIll IIOHOB CBIIHUa B cgaBHeHIIII C ,naHHblM cpaKTOpOM wrn 
3apH)KeHHblX a,npOHOB II BTOpII'-IHblX j /i/J-pe3oHaHCOB OT pacna.na B-Me30HOB. 

MO)KHQ BII.[\eTb TeH,neHUIIlO K yrropH,L\O'-leHHOCTII RAA ITO Macce, RAA ( rr) < 
RAA (D) < RAA (B), '-ITO Ka'-!eCTBeHHO corrracyeTCH C npe,nnOJIO)KeHIIeM 06 yMeHb

rneHIIII IIOTepb 3HeprIIII KBapKOB B cpe.ne C pOCTOM IIX MaCCbl. 
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Pnc. 15. 3aBHCHMOCTb q>aKTopa H,nepHoii MO.[\HqlHKaJ:_\IIH J /i/1 -Me30HOB OT ueHTPaJih

HOCTH cTorrKHoBeHnii PbPb npH -,/s;;; = 2.76 T3B [13]. 3aKpallleHHbie Kpyru - ,naH

Hbie LHC (ALICE), OTKPhlTbie KPYIB - ,naHHbie RHIC (PHENIX). 
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Puc. 16. HMnyrrhCHaH 3aBHCIIMOCTb q>aKTOpa H,nepHoii MO.[\llqll!KaUHll D-Me30HOB (3a

KpallleHHbie TO'-IKH) .[\ITH 20% HaII6orree 1-1eHTJ)aJibHhIX crnrrKHoBeHHii PbPb npH -,/s;;; = 
2.76 T3B B cpaBHeHIIll C ,naHHbIM q>aKTopoM .[\ITH 3apH)KeHHblX a.[(pOHOB (OTKpbITble T0'-1-

KH) II BTopII1IHhIX J /if,-pe3oHaHCOB OT pacna.na B-Me30HOB (3aKpallleHHhiii npHMoyrorrh

HIIK) [14). 
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8. 3a1mmqe11ue. 

IIpoBe)],eHIIe 3KCnepllMeHTOB c nyqKaMII nrnceJihIX IIOHOB Ha KOJIJiaii)],epax RHIC II 
LHC L(aeT YHIIKaJihll}'IO B03M0)KH0CTh BOCC03)],aHIIH B Jia6opaTOpHhIX ycJIOBIIHX 
npoTOMaTepIIII, KOTopm1 cymeCTBOBaJia Ha caMhIX paHHIIX CTaL(IIHX pa3BIITIIH Bce
JieHHOii - KBapK-rJIIOOHHOll IlJia3Mhl, o6pa30BaHIIe KOTOpoii npII )],OCTaToqHo Bhl
COKIIX TeMneparypax IIJIH IlJIOTHOCTHX 6apHOHHoro 3apH)],a HBJIHeTCH OL(HIIM H3 
OCHOBHhlX npeL(CKa3aHnii KBaHTOBOll XpOMO)],IIHaMIIKH. CoBOKyllHOCTh nonyqeH
HhIX Ha RHIC )],aHHhIX (B qacTHOCTH, IlO)],aBJieHIIe BhIXOL(a )KeCTKHX a)],pOHOB " 
CIIJihHaH a3IIMYTaJihHaH aHH30TPOilllH IlOTOKa qacTlllI) CBH)],eTeJihCTByeT O npOHB
JieHIIH KOJIJieKTIIBHhIX 3cp<peKTOB Ha napTOHHOM ypOBHe H rOBOpIIT B Il0Jlh3Y rnno
Te3hl cpopMllpOBaHIIH CHJlhHOB3aHMO)],eiicTBy10meii KBapK-rJIIOOHHOll MaTepnn 
("KBapK-rJIIOOHHOii )Klf)],KOCTH") B coy)],apeHHHX TH)KeJihIX llOHOB. 

Bo BpeMH ceaHCOB pa6oThI LHC c nyqKaMH CBHHIIa B 2010 II 2011 ro)],ax 
:rnepmH CTOJIKHOBeHHH 6hrna B 14 pa3 60Jihllle, qeM Ha RHIC, qro OTKphIJIO HO
Bhlll pe)KHM <pll3HKH B3aHMO)],eiicTBIIH TH)KeJihIX HOHOB C Ba)KHOH pOJihIO )KeCTKIIX 
npoIIeccoB. OIIeHIIBaeMaH HaqaJihHaH IlJIOTHOCTh 3HeprIIII Ha LHC cymecTBeHHO 
Bhillle qeM Ha RHIC (II HaMHoro Bhillle, qeM KpnrnqecKoe 3HaqeHIIe )],JIH KBapK
a)],pOHHoro <pa30Boro nepexo/1,a), qTo o6ycnaBJIHBaeT ·cIIJihHhie KOJIJieKTIIBHhie 
3cpcpeKThI, npOHBJIHIOmnecH B pa3JIHqHhIX HOBhIX KaHanax pmI()leHllH (npHMOe 
Ha6JIIO)],eHIIH 3cpcpeKTa rallleHHH crpyii B KaHanax crpyH + crpyH " q>OTOH + crpyH, 
IlO)],aBJieHne BhIXO)],a B036y)KJ].eHHhIX COCTOHHIIH Y-Me30HOB " BTOpIIqHhIX J /i/J
Me30HOB ). Bo3MO)KHO, qro cBoiicTBa o6pa3oBaHHoii Ha LHC cpe/1,hI KaqecTBeHHO 
6JIII3KH K CBOHCTBaM "KBapK-rnIOOHHoii )KII)],KOCTn", Ha6JIIO)],aeMoii Ha RHIC. Ho 
)],JIH 6onee onpe)],eJieHHhlX BhlB0)],0B Heo6XO)],IIMO L(aJihHeiilllee HCCJie)],OBaHne pa3- ' 
JIIIqHhIX npoIIeCCOB MHO)KeCTBeHHOro pO)K)],eHllH qacrnII B coy)],apeHHHX TH)KeJihIX 
noHOB Ha LHC. 

B ceHrn6pe 2013 ro)],a 6hrn npoBe)],eH nepBhIH TeCTOBhiii ceaHc coy)],apeHIIii 
npoTOH-CBHHeII npn 3Hepmn vsNN = 5.02 T3B, 6onee )],JIHTeJihHhlii ceaHc cocTo
HJICH B Haqane 2013 ro)],a. OcHOBHaH IIeJih HCCJie)],OBaHHH npoTOH-H)],epHhIX coy)],a
peHIIH - aHaJIII3 BJIHHHHH HL(epHhIX 3cpcpeKTOB HaqaJihHOro COCTOHHHH Ha II3MepH
eMhle B MPO-H)],epHhIX B3aIIMO)],eHCTBIIHX <pll3IIqecKHe 11a6JIIO)],aeMhie (B qaCTHO
CTll, ll3yqe11IIe MO)],IIq>IIKaIIIIH napTOHHhIX pcnpe)],eJieHHH B H)],pe, T.H. "Mep11oe 
3KpaHIIpoBaHIIe"). IIocne )],ByxJieT11ero nepephrna B pa6oTe LHC nna11IIpyeTCH 
YBeJIIIqe11ne 3HepmII nyqKoB IIOHOB CBIIHIIa )],0 ✓sNN - 5-5.5 T3B, qm Il03BOJIIIT 
npOBeCTII )],IIq><pepeHIIHaJihHhIH aHaJIII3 pa3JIIIqHhIX 3cpcpeKTOB B coy)],apeHIIHX TH
)KeJihIX HOHOB B HOBOM 3HepreTIIqecKOM pe)KIIMe, a TaK)Ke IICCJie)],oBaTh HeKOTO
phie HOBhie KaHaJihI po)KJ].eHHH, )],JIH KOTOphIX IlOKa He YAaJIOCh HaKOilIITh 311aqII
TeJihH}'IO CTaTIICTllKY (11anpIIMep, po)KJ].eHIIe a)],pOHHOH crpyn B conpOBO)KJ].eHIIH 
z0-603011a). B nepcneKTIIBe B03MO)KHhI TaK)Ke coy)],apeHIIH 6onee nerKHx IIOHOB. 
Mo)KHO O)KH)],aTh, qTo nocne 11ecKOJihKHX neT pa6oThI LHC c nyqKaMn TH)KeJihIX 
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UOHOB )],eTaJihHhIH aHaJIH3 pa3JIHqHhIX <pII3nqecKHX 11a6JIIO)],aeMhIX B COBOKynHO'
CTll C )],aHHhIMII no coy)],apeHIIHM TH)KeJihIX IIOHOB npII 6onee Hll3KHX 3HeprIIHX 
Il03B0JIHT C)],eJiaTh BhIBO)],hI O npIIpO)],e II CBOllCTBaX o6pa3oBaHHOH cpe)],hl " nony
qUTh HOBYIO <pynAaMeHTaJihHYIO IIHcpopMaIIIIIO o KBapK-rn1001111oii CTPYKTYPe 
Jl)],epHoii MaTepIIII B 3KCrpeMaJihHhIX, MaJIOII3yqeHHhIX pe)KHMaX CBepxBhICOKIIX 
IlJIOTHOCTeii 3HepmII H TeMneparyp. 
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~CKYCCIDI IIOCJIE )];OKJIA,[(A 

IDIII PAH, Moc1rna 

Bonpoc: qTO Bbl M0)KeTe CKa:JaTb O nepcnercr1rnax npeQlI3lI0HHbIX II3MepeHlill 

KBapKOHIIeB nplI xoporneM pa3pernemm, HanpIIMep B 3KcnepIIMeHTe LHC-B? 

IlrraHIIpYJOTCH JilI TaKlie pa60TbI B 6y,n}'ll(eM? 

II.II.: 3TOT Bonpoc JI}"1Ille BCero a,npecoBaTb K }"1aCTHlIKaM 3Toro 3KenepIIMeHTa. 

IIo MOlIM eBe,neHIIHM BeprnlIHHhrii ,neTeKTop LHC-B He M0)KeT pa6oTaTh yenoBIIHx 

BbieOKOll MH0)KeeTBeHHOeTlI nplI eTOJIKH0BeHlilI H,nep CBlIHQa. O,n;HaKO B np0T0H -

H,nepHbIX CTOJIKH0BeHlIHX, O)KlI.!l:aeMbIX B K0HQe 2012 r., 3T0 Bn0JIHe B03M0)KH0, lI 

LHC-B nnaHIIpyeT pa6oTaTh B TaK0M pe)KJIMe. PaJperneHIIe 3Toro ,n;eTeKTopa noJ

BoJIHeT paJ,n;eJilITb He TplI eoCTOHHlIH Y, KaK Ha CMS, a <IeThrpe. 

«l>IIAH PAH, MocKBa 

Bonpoe: KaKrur CJITYaQIIH no epaBHeHIIIO Mo,n;eJilI HIJET e Mo,n;eJihIO HIJING? 

II.II.: Rama Mo,n;eJib HIJET eeii<Iae Jien0JihJyeTeH B CMS, KaK penepHrur T0'!Ka 

epaBHeHIIH Mo,n;eJIIIpoBaHIIH MoHTe-Kapno e .n;aHHblMlI. ·Mo,n;eJib 6bma HaerpoeHa 

Ha ,n;aHHblX lI onliebmaeT pa3JilI'IHble lplI3lI'!eeKIIe Ha6nro.n;aeMbie (eneKTp '!aernQ, 

MH0)KeeTBeHH0CTb, qiaKTop H,n:epHOll MO.!l:litplIKaQlilI lI T.,n;.) LI0B0JibH0 xoporno. Ho 

3tptpeKTbI rnna "plI,n;)K" lIJilI .n:pyrIIe KoppeJIHQlI0HHble 3tptpeKTbI Mbl noKa onIIeaTb 

He M0)KeM. 

.QEPH, JKeueea 

Bonpoe: HaeKOJibKO onpaB,l{aHo cpaBHeHlie eOCTOHHlill, KOT0poe 6bIJIO B paHHett 

BeeJieHHOll, e TeM, 'ITO o6paJyeTCH B CTOJIKH0BeHlilI lIOHOB? Bee-TaKlI, B H,n:po

H,n;epHblX B3alIMO,n;eiieTBlIHX Ha6nro.n;aroTeH BCTpe'!Hble noTOKlI, rlI.l{p0,n;lIHaMlIKa, 

TYP6yneHTHOeTb, a TaM 6bIJIO .n:pyroe eoeTOHHlie. CoeTOHHlie TO)Ke c 6oJihllIOll 

IIJI0TH0eThIO lI TeMnepaTYPOH, lI no 3TlIM xapaKTeplICTlIKaM lIX M0)KHO epaBHlI

BaTb, HO KlIHernKa B3alIMO,n;ettCTBlIH, Bee-TaKlI, He eoBeeM O,n;lIHaKOBa. 

II.II.: Bee BepHo. Mbl roBopIIM 06 aHan0rlIII e paHHett BeeneHHOH B TOM eMhiene, 

'ITO 6bma n0X0)KaJI 3HepruH, n0XO)KaJI TeMnepaTYPa, lI 803MO)KH0, 'ITO 3TOT 

KBapK-rJIIOOHHblH "eyrr" C}'ll(eeTBOBaJI Tor.n;a, II npoQeeebl 6hIJilI noXO)KlI. KlIHe

MarnKa )Ke 6bIJia .n:pyrott, .n:!l)Ke ClIMMeTplIH B3alIMO,n;eHCTBlIH pa3JilI'IaeTCH - B 

paHHeH BeeJieHHOH cqiepII<IeeKrur, y Hae B 3KenepIIMeHTe Ha BCTpeIJHblX II}"1Kax -

QlIJilitt.n;plI'IeeKaJI . 

OIDIII, )fy6Ha 

Bonpoe: Bbl roB0plIJilI O no.n;aBJieHlilI j /i/J, T.e. CTaTlieTlIKlI ,n;oBOJibHO MH0ro. B 

pa6orax Ha T3BaTpOHe, B '!aCTH0CTlI B 3KenepIIMeHTe DO, Jieene,n;0BaJilieb IIOJIHplI-. 

Ii. TI. JlOXTHH 113 

JaQlIOHHbie 3tptpeKTbI j /i/J. bbIJ10 6hr lIHTepeeHo noeM0TpeTb TaKlie )Ke 3cpcpeKTbI 

na CMS B eTOJIKHOBeHIIlI JI,n;ep. 

11.II.: IIonJiplI3aQIIJI J /i/J B eTOJlKHOBeHIIlI npoTOHOB IIeene.n;oBanaeb Ha LHC B 

3KenepIIMeHTe ALICE, B 3KenepIIMeHTaX ATLAS II CMS noKa TaKlIX pa6oT He 

6bIJIO. HanpJIMYIO TaK11e lI3MepeHlIJI ,n;eJiaTb eJIO)KH0, HO M0)KH0 nonpo6oBaTb Jie

noJib30BaTb yrnoBbie KoppeJIHQlilI, no KOTOpblM B03MO)KHO onpe,n;eJilITb MeXaHlI3-

MbI po)K,n;eHlIJI KBapKOHlieB. Hanp11Mep, a3lIMYTaJibHaH KoppeJIHQlIH Me)K.!l:y KBap

K0H!leM II a.n;poHaMlI M0)KeT e.n;eJiaTb BhI6op Me)K.!l:y elIHrJieTHblM lIJllI 0KTeTHbIM 

MexaHlI3MOM. 

Bonpoe: MO)KHO JilI B naeTOJillilIH MOMeHT eKaJaTb e onpe.n;eneHHOeTbIO, 'ITO eeTb 

TaKaJI epe.n;a, KaK KBapK-rJIIO0HHaJI nJia3Ma lIJilI 3T0T Bonpoe Bee eiue OTKpbIT? 

,n:eiieTBIITeJibHO JilI Mb! Ha6nro.n;aeM ,n;eKOHtpaHHMeHT? 

11.II.: MHe Ka)KeTeJI, 'ITO TO, 'ITO Mbl BlI.!l:lIM - 3TO nJIOTHaJI H,n;epHrur epe.n;a e KOJI

JieKTlIBHbIMlI eBoiieTBaMlI lI 6oJibllIOH nJIOTHOeTbIO 3HeprlilI. Ho '!eTKO eKa3aTb, 

'ITO 3TO .n;eKOHcpattHMeHT - 3TO Bonpoe M0,n;eJlbHblX lIHTepnpeTaQlIH, YKaJaHIIJI Ha 

3TO eeTh. CKa3aTb, 'ITO 3T0 Ha 100% ,n;oKa3aHHbIH qiaKT, HaBepHoe, HeJib3JI. 

Bonpoe: Bbl r0BOplIJill, 'ITO B QeHTpaJibHblX B3alIMO,n;eiieTBlIJIX Mb! na6mo.n;aeM 

peKOM61IHaQIIIO J /i/J. 
H.II.: HeT, peKOM6lIHaQlIIO 1/J'. ,n:eno B TOM, 'ITO eeJilI y Hae eeTb TOJibKO no.n;aBJie

Hlie, TO KOHe'IH0 1/J' .!l:OJI)KHO fibITb no,n;aBJieH0 0THOelITeJibHO J /1/J. Ee;m )Ke y Hae 

eeTb o6naeTb, r.n:e 1/;' 60Jibllle, '!eM J /i/J, TO O,n;HOH 113 B03MO)KHblX llHTepnpeTaQllll 

3TOro 3cptpeKTa HBJIJieTeJI npoQeee peKOM611HaQ1Ill KBapK0H!leB, KOTOpblH ,n;JIJI 1/J' 
6onee ellJibHbIH, <IeM ,n;JIJI J /i/J. 3m cornaeyeTeJI e TeM, 'ITO y Hae no.n;aBJieH11e 60-

nee 3Ha'!!lTeJibHO np11 6oJihlllllX Pr, n0T0MY 'ITO B 3TOH o6naern nonepel!HbIX llM

nynbeOB 3tptpeKT peKoM611HaQ1IlI pa6oTaTb He ,n;OJI)KeH. Ho IIOKa 0.!l:H03Hal!HOH llH

TepnpeTaQlilI y TeopeTlIK0B HeT, II0T0MY 'ITO 3Tll .n;aHHbie noJIBIIJllleb 'IYTb 6onee 

He.n;en11 HaJa,n;. 

Bonpoe: KaKlle 3Kenep11MeHTaJibHbie e11rnaTypbI Ha116onee KpllTll'IHbI e TO'IKII 

3peHIIJI pa3,n;eneH11JI Mo,n;eneii? 

H.II.: Mo,n;eJill ,n;0JI)KHbI BOenpoll3B0.!l:llTb oeHOBHbie xapaKTep11eT1IKll - MHO)Ke

eTBeHHOeTb, eneKTpbl <IaeT11Q. ,n:anee .n:11qicpepeHQ1IaJihHb1e na6mo.n;aeMbie - no

,n;aBJieH11e erpyii, no.n;aBJieH!le KBapKOHlleB, r11.n;po.n;unaM1I'IeeKHe nOTOKlI. Ho Ha,n;o 

paeeMaTpllBaTb Be!O eoBoKynHoeTb Ha6nro.n;aeMblX. 
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