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Ap6y3oB AH.n;peit BopiiCOBH'I 

06m;a~ xapaKTepMCTMKa ,n;nccepTau;nn · 

,LJ)iCcepTa~HOHHaSI pa6oTa. IIOCBSI~eHa HCCJJe):\OBaHHIO B03MO>KHbiX npo

SIBJJeHHi1 HH3KoanepreTnqecKoi1 (c xapaKTepnbiM MacmTa6oM nopSI,L\Ka TaB) 

MHOrOMepnoit· rpaBHTa~HH B YCKOpHTeJJbHOM aKCnepnMeHTe. I1CCJJe):\OBaHIISI 

IlpOBO):\IIJJiich B paMKax nay'IHOit nporpaMMbi aKcnepnMeHTa · <<KOMIIaKTHbiH 

MIOOHHbiit coJJeHOII,L\>> (Compact Muon Solenoid'--- CMS1) na BoJJbiDOM ak 

pOHHOM KOJJJJait,L\epe (LHC)·B nepHO):\ 2002-2016 rr. B Jla6opaTopnn cpH3IIKII 

BbiCOKHX aneprnit. (JI<I>B9 OI15II1, ,l1Y6na) II B EBponeitcKoi1 oprami3a~IIII 
IIO SI,L\epHbiM IICCJJe):\OBaHIISIM (IJ,EPH, :tKeHeBa, lliBei1~apnS1). 

; 

AKTYa.JibHOCTb TeMbi . 

B TeopeTII'IeCKYIO cpH3IIKY H):\eSI 0 cy~eCTBOBaHIIII ):\OIIOJJHIITeJJbHbiX n'po

CTpaHCTBeHHbiX II3Mepenni1 (,li,I1) c 'IHCJJoM 6oJJhme o6bi'IHbiX Tpex BnepBbie 

npiimJJa B naqane 20-ro BeKa, c pa60TaMnTeo):\opa Kany~hi (192lr.) l!.OcKa

pa KJJS~itna {1926 r.). 06ocuo8aniieM noCJJy)KHJJO :IKeJJaniie o6'be~IIHIITh ·~Ba 
II3BeCTHblX na TOT MOMeHT cpyn):\aMeHTaJJhHbiX B3aiiMO):\eHCTBIISI -:- aJJ~KTpo
MarHeTH3M 'u rpaBIITa~IIIO, B ,paMKax OAHOro omrcaHIISI. Mnorm.repHaSI TeO

PIISI, BIIOMe):\CTBIIII. Ha3BaHHaSI Teopneit Kany~hi-K.imiina, '8 nepBoiiaqanb

HOM BapHaiiTe H~eJJa pSI,!\ I1p06JJeM, KOTOpbie 3aCTaBHJJU Ha neKOTOpOe ~peM~ 
3a6biTh aToT no):\Xo):\. B 70-x ro):\ax H,L\eSI cuoBa BepnyJJacb B 1:eopeTH'IecKni1 

<<MeitHCTpHM>>, y:IKe ):\JJSI ycTOSIBilleHCSI KapTHHbi w~6poBO'IHbiX B3am\io~ei1-
CTBHH 'u HX Ba:IKHOCTH Ilpii OIIHCaHHSI npo~eCCOB B cpH3IIKe ~JJeMen~apHbiX 
qacTH~. 11oToM' 1TeOpHS1 cynepcT}:>yn (TC) o603Hll~Hna He06XO):\HMOCTb ,lJ,I1 II 

~OJJHOro M~oro:MepHO~O npOCTPaHCTBa pa3MepHOCTH n: = 10 MSI caMOCOr~a~ 
COBaimoro OII~CaHlla, XOTSI aTo Ba:IKHOe ~JJSICaMoit TC ua6niO):\eHII~ ue'u1re

JJO B · TOT MoMenT 6onbmoro ornomenHSI K Hn3~~3irepreTu<iecKo~y. npe~e.ITy 
- cpu~IiKe qaCTH~. Pa3Mepbi ,li,I1 B TC Bee pasno noJJaranuch .o'Ie~b. MMbi~ 

' ' • • > • ~ ' ' ( • • ! . ' • k • 

MH, ne):\OCTYIIHbiMII ):\JJSI «pa3pemeHIISI>> IIOCpe):\CTBOM COBpeMennoro aKCIIe-. 
piiMeHTa. Cepe):\HHY 90-x rO):\OB np'ornJJoro BeKa MO:IKHO C'IHTaTb nepeJJO!\HibU.~ 
MoMenToM .L\JJSI sceit ¢eiloMen~JJomii «B .zzyie TC>~ (stri~g-inspired models): 

llOCJJe IIOJJY'I.eHIISI nenepTyp6~TIIBHbiX J>ellieH~fi1 (~paH) B. TC II II~y'Ieii,HSI 
MexanH3MOB cnonTaHHoro napymennSI cynepcnMMeTpnn B KOHCTPYK~HSIX c 

6J>anaMn, a TaK:IKe c Y'I~OM ycTaHOBJJeHHhiX panee ,co~norn~nnfi ,l\yaJJhno
cTn ,l\JJ51 pa3nbiX TC CTaJJO 'B03MO:IKHbiM scepbe3 paccMaTpnBaTh Mo):\eJm, e 

OTHOCIITeJJbHO neBbiCOKIIM CTpyHHbiM. ~racriiTa60M-Ms, KOTOpbill M:or .. 6biT. 
. . ' . . . . ~·-; . . : .. ·. ' .... ; 

ony~en ):\a:IKe ,L\0 MEw rv TaB. TeM caMbiM pNUlll~~Q..QJI~}~B@R1tlm 
XIII! MaCmTa60B II o6ecne'IHBaJJaCb. CBSI3b H 6JJIO,rM!q;iJfll~~f¥>_t!I<l>N1I~,~. 
cTan):\aprnoit Mo):\enn B3auMoAeitCTBHit (CM) «,~hiCOKt} pfJ!IW~,:~f~~. 
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TeopeTll'IecKIIX ,n;ocTIDKemli1 B KOHI~e 90-x ro,n;on nponmoro ne.Ka 6hiJIII npe,n;
JIO/KeHhi. )l;Ba C~eHapiUI C TpexMepHbiMII 6paHaMII, BJIO)KeHHhiMII B IIOJIHhiH 

MHoroMepHhiii o6'heM, c noJI.HMII CM, y,n;ep)KIIBaeMhiMII Ha 6paHe, II c B03MO)K

HOCT:biO )l;JI.H rpaniiTOHa Haxo,n;nThC51 B MHoro~tepnoM o6'heMe. B nepBOM c~e

Hapnn, Ha3hiBaeMoM B :.rrnTepazype Mo,n;eJihiO ADD, npocTpancTBO C'IIITaJIOCh 

TIJIOCKIIM, a 6pana - He IIMeiO~eii cpJiyKTya~nii B ,ll}1 II )KeCTKO cpiiKCIIpo

BaHHOH n onpe,n;eneHHoii TO'!Ke MnoroMepHoro npocTpancTBa. B aTOM ceTane 

TIOJIY'IaJIOCh npOCTOe npe)l;CKa3aHne )l;JI.H CB5131I TIJiaHKOBCKOrO '!eTbipexMep

HOrO Macmm6a Mp11I MnoroMepnoro MacmTa6a rpaBIITa~nii Mn (D = 4+n 
- pa3MepHOCTh npocTpaHCTBa c n ,ll;I1). Mn Mor 6biTh ,n;a)Ke nop.H,n;Ka MEw, 
3a cqeT ,n;ocTaTO'IHO 6onhmoro (He nnanKOBCKIIX pa3Mepon) o6'heMa ,ll;I1. Ta

KIIM o6pa30M pemanach npo6neMa IIepapxiiii MacmTa6on. Mo,n;eJih . .n;anana 

p.H.n; cne~II<pli'1ecKIIX npe,n;cKa3aHIIii o cy~ecTnonanuir o'!eHh nerKIIX Kany~a
KJI5IiiHoBcKIIX (KK) Mo,n; rpaBIITOHa, nonyqaeMhiX npii KOMnaKTncpnKall,nii 

,ll;I1. JlerKOCTh MO~, OTI.HTb-TaKII, 6biJia CB5I3aHa C 60JibllriiMII pa3MepaMU ,ll;I1, 

II )l;JI.H n ·;, 2 TIOJIY'IaJIIICh xapaKTepHbie pa3Mepbl ,ll;I1 IIOp.H)l;Ka )l;OJieii MIIKpo

Iia (,dn.H He CJIIIIDKOM BhrcoKoro Bhr6opa MD). 0Kno )l;JI.H TaKIIX KOHCTPYK~nii 
OTKphiBaJI TOT ¢aKT, 'ITO rpaBIITa~II.H, B OTJIH'IIIe OT Tpex .n;pymx cpyn,n;a

MeHTMhH:brx B3aiiMO)J;ellCTBIIH; nponepeHa C ropa3)J;O xy,n;meii TO'IHOCThiO II 

/J:o pacCTO.HHIIll He MeHhiDe ,n;ec.HTKOB MIIKpOH. 

BTopoii c~{mapuii, HaJhmae1mii Mo,n;eJihiO RS (6onee To'Ino - napiianT 

RSl, kor,n;a ,n;Be 3~paHhi pa3.n;eJieHhi Kone'!HhiM paccTO.HHIIeM B ,ll;I1, a He 

pa3HeCeiihi Ha· 6eCKOHe'IHOCTh), Y'IIIThiBaJI nenyJieByiO MHOrOMepHyiO KOCMG

JIOrH'IeCKYIO KOHCTaHTY II HeHyJieBhie HaT.H)KeHII.H 6paH. ,ll;JI.H MHOrOMepnoro 

npoc~aHCTBa mba AdS5 , KOMnaKTnoro n.HToro II3Mepenn.H c KOMnaKTIIcpii

Ka~ue:ii Ha.op6II{pOJI)l; II )l;JI.H pa3Me~eHII51 )l;BYX 6pan B cpliKCIIpOBaHHhiX TO'I

KaX op6n<Pon,n;a 6hiJIO TIOKa3aHO, 'ITO cy~eCTByeT pememre, coxpaiUIIO~ee 
'IeThrpexMepnyro· IIyaHKape-IIHBapiiaHTHOCTh na 6pal!ax. 9KcnoHeH~IIaJih
Hhifi 1fHO)KIITeJih' B MeTpiiKe ( CT.HrnBaiO~IIH cpaKTOp) o6ycJiaBJIIIBaJI IIHTe

pecnyiO ·cpeHoMeHonoruro, pa,n;nKanhno oTJin'IaiO~IOC.H oT CJIY'IM ADD, a 

TaK*e no3non.Hn reHep1IponaTh IIepapxuro Macnim6on. KK-Mo,n;hr rpam1To

nm3 B'aToM no,n;xo,n;e nony'IMIICh MacciiBHhiMII (cMaccaM:H: nop.H,n;Ka TaBu 

Bhrme), 'ITO To)Ke KOHTpacTIIponano c npe,n;cKa3aHHirMII ADD. 
B o6onx cny'IMX ,n;ocTynnM )l;JI.H n3y'IeHII.H cpenoMeHoJiorii.H Ha'Innanacb 

Ha aHepreTII'IeCKOM Macma6e nop.H,n;Ka TaB. C pa3BHTIIeM ycKopnTeJihHOfi 

TexmrKH u BBO)l;OM B CTpofi ycKopiiTeJI.H LHC - e,n;nncTBeHHoii B MIIpe no

HacToa~eMy TaB-Hoii MamiiHhr, cTano B03MO)KHhiM nponepnTh npe,n;cKa3a

HII.H C~{mapneB HII3KOaHepreTII'IeCKOll MHOrOMepHOH rpaBIITa~IIII, BhiTIOJIHeH:. 

Hbie MeTO,n;aMU a<f>epeKTIIBHOll TeOpiiH TIOJI.H (a<l>cpeKTIIBHhill JiarpaH)KIIaH )l;JI.H 

CB.H3II KK-Mo,n; rpaBnTOHOB c '!eThrpexMepHhiM TeH3opoM aHeprnii-IIMTIYJihca 
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MaTep1I1I). BKJia)J;hi OT KK-Mo,n;; llanpiiMep, B KaHane .BIIPTYaJihHoro o6Me

na ,n;aiOT OTKJIOHenu.H OT npe,n;cKa3aHIIii CM, KOTOphre MOryT 6biTh o~eHeHhi 
KOJIII'IeCTBeHHO II. cpaBHeHbi C peaJibHhiMII aKcnepiiMeHTaJihHhiMH ,n;aHHhiMH. 

c LHC. B ,n;nccepTa~noHHoii pa6oTe aTo 6hrJio ·c,n;enaHo ,n;JI.H Mo,n;ucpnKa~uii 
npo~ecca')~peJIJia-.5JHa C )l;HJieTITOHaMH B KOHe'IHOM COCTO.HHIIII." . 

BTopon Kpyr nonpocon, II3y'IeHHhrx · B ·· pa60Te,: KacanC51 BOOMO)KHOCTu. 

po)K)l;eHH.H B TaB-Hoii o6nacTn aHepruii MHKpocKonuqecKnx ~moroMepnhrx 
qepnhrx )l;hip (lJ,ll;).;Kpmre LHC, T~KIIe aHepruu (II Aa)Ke 3Ha'InTeJihHO 6oJih

miie) TeopeTn'IecKU:. ,n;ocTU)KHMhi B KOCMH'!ecKnx nyqax, no TaM 'IIICJIO co6hr

Tnii, )l;JI.H KOTOphiX acpcpeKTUBHM aHepnm B3anMo,n;eiicTBIIii: 6oJihme. 1 TaB, 

He npenhrmaeT HeCKOJihKO mTyK 3a 5-10 neT. IIoaToMy aK~eHT B IICCJie,n;ona

HH5IX ,n;eJiaeTC51, BCe-TaKn, Ha ycKopiiTeJihHhrii aKcnepnMeHT. IIpnqeM:)l;JI.H ,n;o
CTII)KeHII.H COCTO.HHII.H TepMO)l;IIHaMII;eCKOrO paBHOBeCII.H II )l;OCTaTO'IHO 60Jih:. 

moil anTponiiii ( 'IT06hr IIMeTh B03MO)KHOCTh oi:rnchmaTh q,n; B KnainKJiaccn

qecKOM npn6JIII)KeHnii) pemaiO~IIM .HBJI.HeTc.H Tpe6onaHne ',n;ocTaTo..fHo ?onh

moii Macchi, T.e., on.HTh-TaKn, ,n;eiicTBIITeJihHO TaB-Hhiii ycKopnTeJih. B ,n;nc

cepm~nonHoii pa6oTe IJ3yqanc.H npo~ecc po)K)l;eHn.H KBa3IIKJiaccuqecKnx q,n; 
Ha LHC, c cpopMnponanneM xapaKTepHoro cnrHana· «aiiep'reTn'IeCKM 3Be3-" 

,n;a~ - C06biTIIii C BhiCOKOii: MHO)KeCTBeHHOCThiO, 60JihiDOii TIOIIepe'!HOii anep

rueii·II ccpepnqecKII cn11MeTIHI'IHhiM pacnpe,n;eiieHne~I Kone..fnhrx il~cTii~, He 

nMero~nx aHanoroB n cpii3IIKe CM n 3a ee paMKaMII. KpoMe Taro, II3Y'IMHch' 

TaK*e B03MO)KHOCTII Ha6.riro,n;enirn aJihTepHaTnBHh!X o6'beKTOB _:__ cTpyiiHhrx 

mapOB II <<KBaHTOBhiX>> qepHbiX )l;blp - B6JIH3H nopora MHOr<:lMepnoii rpaBII

Ta~HII, )l;JI.H KOTOphiX cy~eCTByeT p.H,n; 'BeCbMa JII060IThiTHhiX ·. TeOpeTH'IeCKHX: 
. . . . . . , .. I .. 

TIO)l;XO)J;OB II TpaKTOBOK, Hy)K)l;aiO~liXC.H B nponepKe. ' 
~' : J· 

IJ;enn ,n;nccepTa~OHHoii pa6oTbi. 
IJ;enhiO pa6oThi .HBJI5IJIC51 pac'!eT npo~eccoB c o6MeHOM BIIPTYaJihHhiMH 

KK-Mo,n;aMn rpannToHon·(nKJia,n;hr B npo~ecc ,ll;penna-.5Ina OT ADD- II RS

rpaBIITOHOB), KOJIII'IeCTBeHHa51 O~eHKa B03MO)K}{OCTU pa3)l;eJieHII.H pa3HhiX rii
noTe3 )l;JI.H HOBhiX HeiiTpaJihHhiX T.H)KeJihiX pe3oHancon (RS-rpaBIITOHhi II Z' 
II3 Mo,n;eneii c pacmiipeHHhiM KaJIII6poBO'IHhiM ceKTopoM), pac'!eT npo~ec

coB C po)K)l;eHIIeM Ha YCKOpiiTeJie MIIKpOCKOnii'IeCKIIX qepHbiX )l;blp (B KBa3II

KJiaCCII'IeCKOM ·II KBaHTOBOM npe,n;enax B MO)l;eJihHOM no,n;xo,n;e) II· CTPYHHhiX · 

mapon, nonyqeHIIe npe,n;cKa3aHIIii Ha Ha6nro,n;aeMOCTh yKa3aHHhiX .HBJieHIIii 

II ycTaHOBKa npe,n;eJIOB no Macce 06'beKTOB, B 3aBIICIIMOCTII OT napaMeTpOB 

Mo,n;eneii II yCJioBIIii: pa6oTh! LHC.· 

Ha:y•maSI HOBH3Ha 11 npaKTnqecKaSI 3HaqnMo~Th 
BhiTIOJIHeHHa51 aBTOpOM c KOJIJieKTUBOM coaBTOpOB pa6oTa. nerJia B oc

HOBY nporpaMMhi Hay'!HhiX ncCJie,n;onaniiii: aKcnepnMeHTa CMS Ha LHC no 
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nOHCKY cnrHaJIOB, · npe,D;CKa3biBaeMhiX MO,D;eJI51MH HH3K03HepreTH'IeCKHH MH0-

roMepHOH rpaBHTaiJ;HH H MO,D;eJI.HMH. C pacmnpeHHhiM KaJIU6poBO'IHbiM. CeKT0-

pOM. Pe3yJihTaThi Bhi'IHCJiennti n Mo,n;emrpoBann.H · c nm.1oru;hiO reuepaTopoB 

cpii3II'leCKliX C06hiTliH n03BOJiliJili ycTaHOBliTb ·npe,n;eJibi no ,ua6JIIO,D;aeMOCTli 

n3y'lennoro KJiacca co6hiTnti na LHC B mnpoKOM ,n;nana3one BeJIII'IIIH na

KonJiennoti cTaTnCTnKn n ,n;M pa3HhiX 3Ha'!ennti aneprnn ycKopnTeJI.H - 7, 
8 II 14 TaB II onpe,n;emrTh nporpaMMY CMS no noiicKy ,n;aHHhiX o6'heKTOB na 

,n;JinTeJihHhiti nepno,n; BpeMenn. 9Tn noJIO)KeHn.H,D;JI.H aneprnH 14 TaB 6hmn 

3acpnKcnpoBaHhLB ocuoBHOM ,n;oKyMenTe KOJIJia6opau;nn CMS <<CMS Physics 

Technical Design Report Vol. II: Physics Performance>>· (PTDR) [1]. 
Bo BpeM.H nepBoro IJ;IIKJia pa6oThi LHC npoBe,LJ,eHHhie B ,n;IIccepTaiJ;IIII pac

'leThi II BblllOJIHeHHble npe,D;CKa3aHII51 6hiJIII cpaBHeHhi C peaJibHhiMII ,n;aHHbi-· 

MII,-noJiy'leHHhiMII aKcnepiiMenTaMII ua LHC B CTOJIKHOBeHII.HX npoTOHHhiX 

ny~KOB npii auepriiii 7 II 8 TaB B c.u;.M. BhiJIII noJiy'leHhi npiinu;IIniiaJih

uo HOBbie orpaHII'leHII51 ua napaMeTpbi II3y'leHHbiX TeOpeTII'leCKIIX MO,D;eJieti: 

3Ha'leHII51 cpyu,n;aMeHTaJibHoro MnoroMepuoro MacmTa6a ·MD II· Macey pe3o

uaucoB (,n;JI.H R8-rpaBHTOHOB II Z') II MIIKpocKomrqecKnx q.D, B 3aBIICIIMOCTII 

OT napaMeTpOB MO,D;eJieti. 

,ll;ocToaepHOCTh noJiyqenniix pe3yJihTaToB o6ecneqnBaeTC.SI Bhi6pau

HhiM no,n;xo.r{oM K Bhi'IHCJien~IO ceqeHIIti paccMaTpnBaeMhiX npou;eccoB "B paM

:Kax ,KBaHTOBOti Teopiiii noJI.H ( aq}cpeKTHBHOti KTII ,D;JI.H Mo,n;eJieti MnoroMep

noti rpaBIITa~IIII)' Y~IeTOM n~npaBOK BbiCillHX nopR~KOB Teo pun B03MyiiJ;e

HIIH ,D;JI51 npou;ecca ,Il,peJIJia-5Jna (,L1,5J) II yqeTOM pa3JIII'IHOH CHCTeMaTIIKII 

TeopeTU'leCKOrO (~eonpe,n;eJieHHOCTII ,D;JI51 cpynKIJ;Hll napTOHHbiX llJIOTHOCTeit, 

Bhi6op MacmTa6a cpaKTOpii3au;nn) II aKcnepiiMeHTaJihnoro (omii6Kn peKon

cTpyKu;HII, 6e,n;na.H CTaTncTnKa) nJiana. C,n;eJiaHHhie npe,n;cKa3aHII51 BO Bcex 

CJIY'la.HX 6hiJIH BeCbMa KOHCepBaTHBHbl II OCTOpO)KHbi. 

B :. qacTn cpaBnenn.H npe,n;cKa3annti c peaJihHhiMn aKcnepnMeHTaJihHhiMH 

,n;annhiMH .cnTyau;n.H ,LJ,JI.H <<cpii3HKH OTKphiTIIti~,,K CO)KaJieHIIIO, noKa cKJia

,D;hiBaeTc.H 6e3 npii3HaKoB ciirHaJIOB noBoti cpn3nKn. O,n;naKo xopomo no,n;

TBep)K,ll;aeTc.H Ka'leCTBO c,n;eJiannhiX pac'leTOB no cponOBhiM npou;eccaM CM, 

· B qacTnocTn, B nameti nocTaHOBKe 3a,n;aqn - ,D;JI.H npou;ecca ,Il,5I (n3Mepen

noe ceqenne BO BCeM ,n;nana3one nnBapnanTHhiX Mace ,n;nJienTonoB, KOTOpbiti 

MO)KeT 6biTh npoBepen B ,n;annhiti MOMenT BpeMenn na LHC, cTa6IIJihHO pac

noJiaraeTc.H B KOpn,n;ope 2CT OTHOCHTeJibHO npe,n;CKa3aHII51) .. 9TO n03BOJI5leT 

C'IUTaTb Bhi6paHHblll HHCTpyMeHTapiiti, B qaCTHOCTII, cxe~tbl y'leTa neonpe

,D;eJieHHOCTeti npn Bhi'lncJiennn ceqennti, BllOJine a,n;eKBaTHhiM pacctmTpnBa-. . . . . 
eMhiM 3a,n;aqaM. 
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IloJIO:X:<eHHB, BbiHOCHMbie Ha 3aiiJ;HTY ., 

1. BhP-IIICJieniie . ceqenii.H· npou;ecca: c o6MenoM BIIPTJ'MhHhiMII ADD~ 
rpaBIITOHaMII B JieJ!TOHHOM KaHaJie; . BHe,n;peHIIe MaTPII'IHOrO aJieMeH

,Ta npou;ecca ,Il,peJIJia:-5Ina a'cTan,n;apTuyro Bhi'IIICJIIITeJihHYIO nJiaTcpop

MY PYTHIA B Ka'leCTBe BHemuero aJieMenTa; npoBe,n;eniie CKaHIIpoBaHII.H 

npOCTpaHCTBa napaMeTpOB MO,D;eJIII C. nOMOIIJ;biO. MaCCOBOrO MO,D;eJIIIpo

BaHII51 co6biTIIii,n;JI.H pa3HhiX ycJIOBIIti pa60Thi LHC; noJiyqeniie,npe,n;

CKa3aniiti Ha, MaKCII11aJihHO. ,D;OCTJI)KIIMhiH cpyn,n;aMeHTaJihHhiH MHoro

MepHbiH MaCIDTa6; II3y'leHIIe Heonpe,n;eJieHHOCTeti, CB513aHHbiX C Bhi6o-

pOM cpyHKIJ;IIH napTOHHbiX nJIOTHOCTeti II OTpa)KaiOIIJ;IIXC.Sl Ha OIJ;eHKax 

,D;JI.SI npe,n;eJIOB. 

2. Bhi'IIICJieu~e ceqemi.H npoll;ecca ,Il,penJia_:_5Ina c y'leTot1 BKna,n;a '.oT RS.:_: 

rpaBIITOHOB; na OCHOBaHIIII Macco:Boro ito,n;eJIIIpoianir.H co6biTIIH co 

CKanupoBanneM ~pOCTpaHCTBa napaMEiTpoB rio~y~enne. ripe,n;cKa3~HIIH 
,rr,ii.H npe,n;eJioB na MaKcnMaJihHO ,n;ocTII)KliMyio Mabey RS-rpaBIITOHa· B. 

3aB~CIIMOCTII OT KoncTanThi cBa3II II na6paiinoti cBernMocTir ~a LHC. 
. ... _., ' , . ) -; ,r· 

3. · Bhi'IHCJienne ceqennti npou;ecca ,Il,pe.Tma-5I'Ha c o6MeHOM Z' B nec':K6m,.. 

KIIX MO,D;eJI5IX c pacmnpenn:bi~I Ka.Jik6po'BO'llibiM ceKTOpOM: -~S~M' 
ZLRM> ·ZALRM> z~ n Z~; H~ OC~OBannn Ma,cco~oro MO~elmpoB~HlHI·~~ 
6biTHH CO CKannpoBaHIIe}.l npocTpaHCTBa napaMeTpOB noJiy'leHne npe,n;

CKa3annti ,n;JI.H npe,n;eJioB :Ha MaKcnMaJihHo ,n;ocTn)KnMyro M·accy Z' B 

3aBHCHMOCTII OT KOHCTaHT CB513H H na6pannoti C~eTHMOCTII 1Ia 'LHC! 

ou;eHKa B03MO)KHOCTH pa3,D;eJieHII51 pe30HaHCOB·pa3HOrO·Tnna C llOM(},' 

IIJ;hiO anaJin3a yrJIOBhiX pacnpe,n;eJiennti n acnMtteTpii'H npo,n;YKTOB pac.:. 

na,n;a. 

4. BhmoJinenne nocTanoBoqnoti qacTn 3a,n;aqn c oT6opoit 'c~eiiapneB pb)K

,n;enn.Hn aBOJIIOIJ;HH 'IepHhi.X ,D;blp H aJihTepnaTIIBHbiX o6'heKTOB, KOTQ
pbie npoBep.HJIHCb na LHC. · · •· · ' · ·, · 

5. Bhi'IHCJienne ceqeunti npou;eccoB po)K,ll;enH.SI MnKpocKonnqecKHx MHo-. 

roMepnhiX 'IepnhiX ,D;bip, KBanTOBhiX .'lepnhiX ,D;hip n CTPYHHhiX mapoB B 

pa3HhiX cu;enapn.SIX; cocTaBJienne KapT renepau;nn n nacTpotiKa cneu;n

aJin3npoBaHHhiX renepaTopoB no,n; paccMOTPeHHble cu;enapnn; npoBe,n;e-

, IIH(~ MaCCOBOrO MO,D;eJIHpOBaHH51 C06biTHH H ycTaHOBJienne npe,D;eJIOB Ha 

ua6Jiro,n;aeMOCTb co6hiTnti ,D;JI.SI yCJioBnti nepBoro u;nKJia pa6oThi LHC ... 
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Anpo6a~H pa6oThi 
Pe3yJihTaThi IIcCJie,n;oBamiii, cocTaBIIBIIIIIX ,n;IIccepTau,mo,· Heo,n;HoKpaTHO 

BhiHOCUJIIICh aBTopoM Ha · o6cy:~K,ZJ;eHIIe Ha Hay'IHhiX ceMHHapax OI15II1 (B 
JI<I>B9, JI5III, JIT<I>), a TaiOKe Ha ceMHHapax I1T9<I>, HI1I15l<I> MrY, III1-
5l<I>, rAI1III MrY. ITo MaTepHaJiaM HCCJie,n;oBaHHH HeO,ll;HOKpaTHO 6hiJIH 
npe,n;cTaBJieHhi ,ll;OKJIMbi Ha pa6o'IHX coBe~aHH5IX KOJIJia6opau,HH CMS, npo
xo,n;HBIIIHX B UEPH, Ol15II1, I1T9<I>, MrY (npe.n;cmBJ:ieHbi aBTopoM II coaB
TopaMn no Konna6opau,Im), a TaiOKe Ha Me:IK,ll;yHapo,n;HhiX pa6o'IHX coBeiiJ,a
HII5IX u KoH<l>epeHIJ,II5IX. B qacTHOCTH, Ha e)Kero,n;HhiX KciH<l>epeHIJ,II5IX RDMS 
CMS (,n;oKJia,ll;hi npe,n;cT3.BJieHbi aBTOpmt): rHU I1<I>B9, IlpoTi3liHO (2002); 
OI15II1, ,lzy6Ha (2003); MnHcK; Benopyccn5I (2004); BapHa, Bonrapii5I (2006, 
2010); AnyiiiTa, KpbiM (2012); Hop AM6ep.n;, ApMeHII5I (2013). TaiOKe .n;o
KJia,ll;hi npe,n;cTaBJI5IJIHCb (aBTOpOM, 3a liCKJIIO'IeHIIeM nepBbiX ,ll;BJX nyHKTOB, 
npe.n;daBneHHhrx coaB;opaMn) iia Me~Hapo,n;Hhix ~~ponpn5ITII5IX nnipoKo
ro npo<l>IIJI5I,. He 'cB~3aHHbiX c KOJIJia6oi:>au,neli: CMS: . Physics at. LH c (LH c 
Praha 2003), QFTHEP 2004, XXXIII International. Conference _on High 
Energy Physics ICHEP'06 (Moscow), APCTP-BLTP JINR Joint Workshop 
<<Frontiers in Blkk Hole Physics at Dubna>>, 2009; Cecciiii-KoH<l>epeHu,uu 
CeKu,uu 5I,n;epHoli: cPll311Kll O<I>H _PAH ,<<<l>u3nKa cPYH,ll;aMeHTaJihHhiX B3au
Mo,n;eitcrBuli:~ (2009,. 2011 I1T9<I>,. MocKBa; 2014 Hl15IY MI1<I>I1, MocKBa; 
2016 ,z:l;y6Ha), 15th Lomo~osov Conference on Elementary Particle Physics~, 
2011, MSU, Moscow, CMSWorkshop <<Perspectiveson Physics a,nd on CMS 
at Very; High Luminosity, Hk-LHC~, 2012 Alushta,. Crimea, EU-Russia
JIN~@Dubna Round Table. «What next?: Theoretical and Experimental 
Physics after the d~covery of the Brout-Englert-Higgs boson», 2014, Dubna; 
XIII Me)K,ll,yHapo,n;HM InKOJia-KoH<l>epeHIJ,ll5I <<AKTJaJihHbie npo6neMbi <Pn3n
Kll MllKpOMUpa>>, 2015 r., roMeJib, Benapycb. 

JllP-IHhiH Blqla,D; , ' , 

JlU'IHbiH BKJIM aBTOpa. B noJiy'IeHUe pe3yJibTaTOB, BbiHOCUMbiX . Ha 3a
IIJ,UTy, 5IBJI5IeTC5I onpe,n;eJI5IIOIIJ,UM II nOJIHOCTbiO OTpa)KeH· B CnUCKe ny6Jill
KaiJ,UH1 Ha KOTOpbiX OCHOBbiBaeTC5I ,ll;UCCepTaiJ,UOHHa5I pa60Ta. ,II;JI5I IICCJie,n;o
BaHUH, nocB5IIIJ,eHHhiX noucKy KK-Mo,n; rpaBIITOHOB B Mo,n;eJI5IX MHoroMep
Holi: ·Hu3K03HepreTuqecKoli: rpaBnTau,uu ADD- u RS-Tuna, a TaiOKe pa6oT 
no: pa3,n;eJieHIIIO HOBbiX T5I)KeJibiX Heli:TpaJibHbiX pe30HaHCOB' pa3HOrO TUna 
aBTopoM 6bmu Bhi'IUCJieHbi ce'IeHU5I npou,eccoB Tuna ,IJ;penna.;_5IHa c o6Me
HOM BHPTJaJihHhiMII rpaBIITOHaMu u Kanu6poBO'IHhiMII 6o3oHaMII Z' B p5I,n;e 
paecM<)TPeHHhiX Mo,n;eneli: [1, 2, 13, 12, 3]. ,IJ;anee 3TII TeopeTuqecKue ou,eHKII 
6biJIII UCnOJib30BaHbi aBTOpOM II KOJIJia6opaHTa:MII ,ll;JI5I nonyqeHII5I npe,n;e
JIOB Ha MaCChi HOBbiX 'IaCTIIIJ, B IIIIIpOKOM ,n;uana30He B03MO)KHbiX 3HeprHH II 
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Ha6paHHbiX BeJIII'IIIH IIHTerpaJibHOH CBeTUMOCTll YCKOpiiTeJI5!1 a TaiOKe ,ll;JI5I 
ou,eHoK .n;pyrux xapaKTepucTnK u3yqaeMhiX npou,eccoB, BKJIIO'Ia5I npe,n;cKa3a
HII5I TO'IHOCTII paC'IeTOB, CB5!3aHHbie C Heonpe,n;eJieHHOCTbiO Bbi6opa q}yHKIJ,IIH 
napTOHHhiX nJIOTHOCTeli: [14]. ABTopoM BMecTe c coaBTopaMu II3 OI15II16hma 
nOKa3ami. B03MO)KH0cTb ·pa3,ll;MeHII5I pe30HaHCOB pa3HOrO TUna C nOMOIIJ,biO 
aHaJIII3a 'yrJIOBbiX pacnpe,n;eJieHHH II aCUMMeTPIIU npo.n;yKTOB pacnMa ,ll;JI5I 
pa3HbiX YCJIOBIIH LHC [2, 13, 3]. . 

,II;JI5I IICCJie,ll;OBaHIIH no nOIICKY CIIrHaJIOB OT lJ,IJ; II aJibTepHaTUBHbiX 
o6'beKTOB, B, pe3yJihTaTe o<PopMJieHHhiX B ny6nuKaiJ,IIII KOJIJia6opau,Iiu CMS 
[8, 10], aBTOpOM 6biJia BblllOJIIIeHa' nOCTaHOBO'IHM II TeOpeTH'IeCKM qacTh 
3a,n;a'IH - Bbi60p cPII3II'IeCKHX CIJ,eHapiieB II paCCMOTpeHIIe MaKCIIMaJibHO IIIII
pOKOrO KJiacca B03MO)KHbiX BapiiaHTOB MO,ll;eJieli: po:~K,ZJ;eHirn, 3BOJIIOIJ,IIII II pac
nMa, [7], peaJIII3aiJ,U5I 3TIIX MO,ll;Meli: B KapTax reHepaTOpOB cPII3U'IeCKHX 
co6biTIIH BLACKMAX II CHARYBDIS2 (,n;JI5I 3Toro ocyiiJ,ecTs'JI5IJiach HaCTpOli:Ka 
IIIIIpOKOnpOcPIIJibHbiX. reHepaTOpOB cPII31I'IeCKIIX C06biTIIH ,ll;JI5I KOHKpeTHbiX 
CIJ,eHapiieB), Bbi6op OOJiaCTeli: napaMeTpOB MO,ll;eJieli:, K KOTOpbiM MQ)KeT 6biTb 
'IJBCTBUTeJieHyCKOpli'I:enb LHC ,ll;JI5I pa3HbiX BapiiaHTOB 3Hepr1IU roaiiMO,n;eli:
CTBII5I npoTOHOB, pac'IeThi ceqeuuli: II ciirHaJihHhiX pacnpe.n;eneHnli: no nepe:.. 
MeHHoli: Sr, .n;onycKaiOIIJ,IIX np5IMOe cpaBHeHne c 3KcnepnMeHTMhHhiX ,n;aHHhr:.. 
Mn no MnorocTpyli:nhiM co6hiTH5IM, 3aperiicTpnpoBaHHbiM ycTaHOBKofi CMS. 

Ily6mnrn.u;HH 
OcHOBHhie pe3yJihTaTbi .n;uccepTaiJ,IIII II3JIO)KeHhi B 25. ny6JIIIKaiJ,II5IX. 113 

HIIX 11 pa60T ony6JIIIKOBaHO B pOCCIIHCKIIX II IIHOCTpaiiHbiX·peiJ,eH3UpyeMbiX 
)KypHanax, B TOM 'IIICJie: 4 - B )Kypuane <<5l,n;epHa5I cPII3IIKa>> [3, 7; 9, 11], 
1- Czechoslovak Journal of Physics [2], 1- Journal of Physics G: Nuclear 
and Particle Physics [1], 2 - Physics Letters B [4, 5], 3 -·Journal of High 
Energy Physics [6, 8,· 10]. 

TaiOKe pe3yJihTaThi 6hiJIII npe,n;cTaBJieHbl B MaTepiianax Me:IK,ll;yHapo,n;nhiX 
Kon<PepeHIJ,IIfi- 4 [21, 22, 23, 24], B KOJIJia6opau,IIOHHhiX npenpiiHTax (uciTax) 
CMS- 9 [12, 13, 14, 15, 16, 17, 18, 19, 20],'rnaBax B MOHorpa<l>II5IX -1 [25]. 

5 pa60T ([7, 9, 11, 23, 24]) llO,ll;rOTOBJieHbl II.ony6JIIIKOBaHbl aBTOpOM 6e3 
COaBTOpOB, 5 pa60T [2, 3, 22, 21, 25]- COBMeCTHO C KOJIJieraMII II COaBTOpaMII 
II3 OI15ll1, 15 pa6oT [1, 4, 5, 6, 8, 10, 12, 13, 14, 15; 16, 17, ,18, · 19, 20] .___, B 
cocTaBe Me:IK,ll;yHapo,n;Hofi rpynnhi <<Exotica>> Konna6opau,nu CMS. 

06'beM H CTpyKTypa ~HCCepTaiJ;HH , 
,II;IIcCepTaiJ,IIOIIJia5I pa6oTa COCTOIIT II3 BBe,n;eHII5I, Tpex rJiaB, 3aKJIIO'IeHJrn, 

ClliiCKa pa6oT aBTOpa II~ TeMe ,n;'uccepTaiJ,UII. (25 nyHKTOB), ClliiCKa IJ,II'THpy
eMOH JIIITepaTyphi (180 nyHKTOB) II o.n;uoro npnJIO)KeJIII5I. Pa6om co.n;ep)KHT 
194 CTPaHIIIJ,hl u BKJIIO'IaeT B ce65I 62 rpa<l>nKa n 9 Ta6nuu,. 
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Co,n;ep)KaHHe pa6oThi 
:··. 

Bo Bne,LI.eHIIll K ,n;IIccepTa:u,IIonnoii pa6oTe ,n;aeTc.H IICTOpii'IeCKIIii. KOH

TeKcT H. COBpeMeHHhlii CTazyc TeOpiiii KaJiyU,a-:-KJI.HHHOBCKOfO TIIITa, OT Opii

rMHaJihHhiX pa6oT na'Iana 20 B. ,n;o Mo,n;eneii ADD- II RS-Tima c 3-6panaMII, 

BJIO)KeHHHhiMII B MnoroM~pnoe npocTpancTBO. TaK*e ,n;aerc.H BBO,D,Ha.H IIH

<PopMa:U,II.H no po)K)J,eHIIIO MIIKpocKOITII'IecKIIX q,n; B Teopii.HX T3B-noii rpa

BIITa:U,IIH. 
B Dmne lii3y'IaeTc.H po)K)J,eHIIe na ycKopiiTene KK-::Mo,n; rpaBIITOHOB B 

cu,enapiiH ADD-TIIna [1, 6, 11, 12, 14, 21, 24]: nnocKoe MHoroMepnoe npo

cTpancTBO, *ecTKa.H 6pana 6e3 <PnyKTya:u,IIii c <l>IIKCIIpoBaHHhiM noJIO)KeHIIeM 

B MHOfOMepHOM 06'beMe, B )J,OllOJIHHTeJihHhiX npOCTpaHCTBeHHhiX II3MepeHII.HX 

naxo,n;HTC.H TOJihKO rpaBIITa:U,H.H, HO He llOJI.H CTaH,n;apTHOii MO)J,eJIH2 • B 3TOM 

c:u,enapiiii npocTpaHCTBo---BpeM.H npe,n;cTaBJI.HeT co6oii np.HMoe npoii3Be,n;eHIIe 

M 4 xxD-4, r,n;e M 4 - o6bi'IHOe 'IeThipexMepnoe npocTpaHCTBO c MeTpiiKOH 

MIIHKOBCKoro, a xD-4 - KOMllaKTHOe MHOroo6pa3IIe )J,OllOJIHHTeJihHhiX 113-

MepeHHH (pa3MepnocTh nomwro npocTpanCTBa paBna D = (3 + 1) + n), a 
qeThipexMepHa.H Macca IInaHKa BhipiDKaeTC.H qepe3 MacmTa6 MHoroMepnoii 

rpaBIITaiJ,IIH (Mv "'. T3B) c noMo~hiO coOTnomeHII.H: 

M- _ M. · I+n/2Rnf2 
PI- D · (1) 

3,n;ecb n ----: 'IIICJIO ,Ul1, R - pa,n;IIyc KOMnaKTHhiX II3MepeHIIii, KOTOphiii ,D,JI.H 

npOCTOThl npe)J,llOJiaraeTC.H O)J,IIHaKOBhiM )J,JI.H BCeX ,[l;l1, II KOMITaKTII<l>HKa:U,II.H 

C'IIITaeTC.H npoBO,D,HMOii na TOphi (B03MO)KHhi II ,n;pyriie BapiiaHThi). Tor,n;a Rn 
eCTh o6'beM ,UI1: 

KK:-MO,D,hi ADD-rpaBHTOHOB nonyqaroTC.H o'leHh nerKIIMH, c MaccaMH oT 

10-33B ,n;o M3B, TaK 'ITO na 3HepreTII'IeCKOM MacmTa6e nop.H,n;Ka T3B ,n;o

cTynen 60JihillOii <l>a30BhiH 06'heM )J,JI.H po)K)J,eHII.H MO)J,. 

Ilaparpa<l> 1 co,n;ep)KHT onHcaniie c:u,enapii.H ADD-TIIna: ,n;eiicTBHe ,D,JI.H 

MHoroMepnoii rpaBHTa:U,HII, KK-,n;eKOMIT03HIJ,IIIO noneii, nepexo,n; K 3¢<PeK

TIIBHOMY 4D narpaH)KIIany u CB.H3II KK-Mo,n; ADD-rpaBIITOHOB c 'IeThipex-

. MepnhiM . TeH3opoM 3Hepmn-nMnynhca noneii cTan,n;apTnoii Mo,n;enn ( CM). 

9¢<PeKTHBHoe · HII3K03HepreTII'IecKoe onncanne BepHo ,n;o neKOToporo nopo

ra llpiiMeHIIMOCTll Vsmax = A, KOTOphiH )J,OJI)KeH 6biTh Hli)Ke IIJIH nop.H,n;Ka 

xapaKTepnoro MacmTa6a MHoroMepnoii rpaBnTau,nn Mv. Y'IHThiBa.H anen

JI.HIJ,IIH K TC, nopor o6pe3aHH.H A ,D,OJI)KeH 6hiTh nop.H,n;Ka Ms, r,n;e Ms -
CTpyHHhiii r-1acmm6, TaK 'ITO B o6~eM MO)KHO nanucaTh A"' Ms"' Mv. 

2N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys. Lett. B 429, 263 (1998); Phys. Rev. D 59, 
086004 (1999). 
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•.. , , B_. naparpa<l:>e _2. B paMKax 
3<l>cPeKTHBHOrO Hll3K03HepreTil''I!r 

.. CKOrO npH6JIH)KeHII.H BhlllliChiBaeTC.H 

aMnnnzy,n;a B3an11o,n;eiicTBH.H ADD
rpaBMTOHOB C <l>epMHOHaMH . B 

KaHane Bnpzyanhlioro o6Mena (ana-

Puc. 1. Ilpou;ecc "'eTbipex<l>epr.;HoHuo
ro B3aHMO~eitcTBilll c o6MeHoM KK-Mo~ar.m 

nor KOHTaKTnoro : B3am.m,n;eiicTBH.H), · 

KOTOPOMY · na: ,n;peBecnoM .. ypcmne 

OTBe'IaeT ,n;narpaMMa pnc:·1: 

2 

- ~6D(s) ((k1-: k2) · (q1 + q2)f21tJ h fiitJ!I , 
rpaBHTOHOB. 

M4J(h) = 

+ f2(~1 + ~2)hf~(~1+ ~2)!I-:- ~mhm/;!;J2fd1], (2) 

r,n;e s = (k1 - k 2) 2 = (q2 - q1)2, 11 'IeThipex~1~plia.HrpaBHT~~Holuirui riocTO

.HHHrui K = v'l67rGNI3hlpiDKaeTC.H qepe3 M PI. (cB.H3h K~oii KK-~o,D,bi c 
MaTepHeii xapaKTep:li3yeTc.H Toil *e Maccoii IIminKa, 'ITO· 11 B o6hi'IHOii qe

ThipexMepnoii OTO). l1MnynhChi k1,2 BTeKaiOT B Bepmimy, a qj,4 · BhiTeKaroT. 

B npou,eccax o6Mena BHPTYaJihHhiMH ADD-:-rpaBHTOHaMH coxpan.HeTca C- 11 

P-'IeTHOCTh, ll aMITJIHTY,D,a 'ne 3aimCHT OT apoMaTOB B KOHe'IHOM COCTO.HHHH. 

,Un.H nponaraTopa D(s), KOTOphiii co,n;ep)KMT cyMMY BKTia,n;oB oT Bcex 

KK-Mo,n; rpaBHTOHOB, cy~ecTByeT H3BecTHa.H npo6neim pacxo,n;HMOCTM )J,JI.H 

n 2': 2. IJ03TOMy, KaK OTMe'IaJIOCh Bhime, llpll Bhi'IllCJieHM.HX llpll~O)J,HTC~ BBG

)J,HTh yJihTpaqmoneTOBhiii MacmTa6 o6pe3aHM.H A, KOTOphiii 'nonaraeTc.H paB

HhiM Ms. Cy~eCTByer He O)J,HH, a HeCKOnhKO m.hH'Ia~~~XC.H pe3yJih;aTOB 

,n;n.H npou,e,D,yphi pa3Mepnoii peryn.HpH3a:U,HH3 , ,n;aro~MX pa3Hhiii <l>HHaJihHhiii 

Bll)J, npocyMMllpOBaHHOro nponaraTOpa npH nepexo,n;e K npe~eny ...(§«Ms. 
B napaMeTPH3aU,HH, Ha3hiBaeMoii HLZ (nepBa.H CChiJIKaBHH3y), nponaraTop 

BhlrJI.H)J,liT KaK 

. -i' 
D(s) ~ 

4
71" R2 1n(MMs) , (n = 2), 

~ -2i RnM~n-2) . 
~ (n- 2)f(n/2) (47r)nl2 ' (n ~ 3). (3) 

Cnyqafi n = 2 c norapmpMII'IeCKoii pacxo,n;HMOCThiO CTOHT oco6H.HKOM, a 

,n;n.H n ~ 3 BhipiDKeHIIe ne 3aBIICIIT OT s 11 .HBJI.HeTC.H <l>YHK:U,IIeii TOJihKO Ms 
II n. Pe3yJihTHpyro~IIii BKJIM KK-:Mo,n;, onpe,n;enaeMhiii npocyMMHpoBaHHhiM 

3T. Han, J. Lykken, and R. Zhang, Phys. Rev. D 59, 105006 (1999); G. Giudice, R. Rattazzi, and 
J. Wells, Nucl. Phys. B 544, 3 (1999); J. Hewett, Phys. Rev. Lett. 82, 4765 (1999). 
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- 4 
nponaraTopoM, uo,n;aBJieH He KaK 1/ M PI , a TOJihKO KaK 1/ M§. BBo.n;a o6o-

3HaiteHIIe 

F =·"{' z: (~) 
n-2 

n=2' 
n~3, 

)J.JI51 npe,n.cTaBJieHII51 HLZ MO:>KHO 3aniicaTb D( s) ~ F I M§. 

{4) 

B · ,n;Byx . .n;pyriix napaMeTpn3a~II51X 3aBIICIIMOCTh OT n nornorn;aeTca B 

onpe.n;eneHire MacrnTa6a Y<l> o6pe3aHIIa AT (npe.n;cTaBJieHIIaGRW II Hewett), 

TaK 'ITO OHH He n03BOJI51IOT <<nporn;ynhiBaTb>> pa3HOe 'IIICJIO ,LJ;H B SKCnepii

MeHTe. 
B naparpacpe 3 Bhi'IIICJiaeTca ce'IeHIIe npo~ecca ,LJ;penna-5IHa c BKJia-

,n.oM oT o6MeHa BIIPTYaJihHhiMII ADD-rpaBIITOHaMII, KOTOphiii .n;aeTca aMnJin

Ty.n;oii (2), c nponaraTOpoM rpaBIITOHOB B npe,n;cTaBJieHIIII HLZ. Ilpii CJio

:>KeHIIH BKJia)l;OB Ha ypOBI_Ie aMnJIIITY)l; qij,gg -7 "(jZ0jG~k -7 £+£- )l;JI51 

,n;H¢¢epeH~IIaJihHOI'O Ce'IeHII51 npo~ecca ,LJ;5I (B JIII)l;Hpyrorn;eM npn6JIII:>KeHIIII 

c nonpaBKaMII nepJ3oro nopH,n;Ka no KOHCTaHTe a 8 , yqnThiBaeMhiMII o6rn;IIM 

M~o:>KnTeJie~1 K) nonyqaeTca Bhipa:>KeHIIe: · · 
·: < , ' '·. ' 

d3u · ( F' . ( F )
2 

· ) 
. - _ = K So+ M§ S4+ M§ _ : Ss , (5) 

r.n;e CJiaraeMbie So, s4 II Ss eCTb 

· So :. L 1~:8/q{xi)Jq{x2) x [(1 + cosB*)2 (IMLLI2 +IMRRI2) + 
q 

+ {1 ~ co~B*)2 (IMLill2.+ IMR£12)], 

's4 
· M3 2 - L 2~; /q(xi)fq(x2) X [ -QeQqcos3B*+ (6) 

q 

+ 1 Mjl ( e q 1- 3cos
2

()* )] 
sin2 :w cos2 Bw M'ft- M~ 9A9A · 2 .. - 9v9~cos

3

()* , 

1TMu. . 
1

288 
/g{xi)/g{x2)(1 - cos4B*). Ss = 

3.n;ecb 

Ma/3 

2Q Q 2 e q e e q e 9a9[3 
= s · + sin2 Bw cos2 Bw s - M~ a,/3 = L,R, 

(7) 

12 

.e 10000 
pp, 14 TeV 

b 
--n=3 

1000 --n=6 

-~ 
'-----·----

100 

10 

3 4 5 6 7 

M5,T~V 

Puc. 2. CeqeHne po:lK,!l;eHHH napbl MlOOHOB c Minv 2:: 
1 T::~B/c2 npn .JS = 14 T::~B c yqeroM BKJIMa ADD
rpaBHTOHOB B 3aBHCHMOCTH oT Ms ,li;JIH .n;Byx KpailHHX 
paccqnTaHHbiX 3HaqeHHil n =_ 3 (BepXHHil) H 6 (HH:lK
HHH). 

Vs '-- SHeprlUI.CTa.TIKIIBa

IOIIJ;IIXC5f npOTOHOB -B' C.~.M., 

cos()* - KociiHyc yrna Me:>K

llY KOHe'IHbiMII JienTOHaMII B 

IIX C.~.M., y- 6hiCTpOTa Jien
TOHHOll .· napbl B KOHe'IHOM 

COCT051HIIII, /qfg(x).- nap

TOHHbie nJIOTHOCTII. 9TO ce
'IeHIIe nonyqeHo npii yCJio-

Biiii M'§. » .s; Iii, 1111. B 
JIII)l;IIpy!orn;eM npii6JIII:>KeHIIII 
s - M2 x - Ml!e±Y 

-:- lb 1,2 -:. ..;s ' 
f_rp Q ·2() '!--". 9L - .LJf .- f sm _w, 9R ;c 

0 2 f . f . 
-Q,sm Bw, 9v = (gL -t 
gk)/2, II 9~ = (gf - gk)/2. 
IIo BCeM Ha'IaJihHhiM. cocToa

HII51M npOBO)l;IITC51 CYMMIIpo-

BaHIIe. 3aMeTIIM, 'ITO rJIIOOH

Hblll BKJia,n; B Ce'IeH!Ie He Ma.TI, HeCMOTp51 Ha no,n;aBJieiiiie 1/M~- erO,KOM

neHCIIpyeT 60JiblliM MHO:>KeCTBeHHOCTh I'JIIOOHOB, oco6eHHO npii )l;OCTaTO'IHO 

6oJihlliiiX IIHBapiiaHTHhiX Maccax Mu B II3yqaeMhiX npo~eccax. 

Pe3yJihTaThi no 3Ha'IeHII- -· · · 
51M Ce'IeHIIll l B ¢eMT06ap- ITpe)leJI Ms. T3B. 

Hax )l;JI51 HeKOTOpbiX TO'IeK 1 

II3 npocTpancTBa :napaMeT

poB ADD npnBe,n;enhi Ha 

pnc. 2 .n;na IIcnoJib30Banno

ro na6opa ¢ynK~IIii napTOH-:

HhlX pacnpe.n;eneniiii (<I>IIP) 

CTEQ6L. K -¢aKTOp 6pa.TI
ca paBHhiM 1.3 ± 0.05. ,II;na 

Bbl'IIICJieHHOI'O B TeX :>Ke 

8.5 

7.0 

;,.s 

YCJIOBII51X II KIIHeMaTJI'IeCKIIX 

o6pe3aHJI51X ¢ona - npo~ec

ca ,II;5I CM - B CJiyqae n = 
3 cHrHaJihHhie ce'IeHII51 npaK-

Puc. 3. .l1:ocTmimMhlii: npe.n;en co craTncrnqecKofi 
3HaqnMOCTbiO 5u Ha 3HaqeHIIH Afs ,1I;JlH qnCJia .n;onon

TII'IeCKJI . BO BCeX CJIY'IMX HIITeJibHbiX 113MepeHnfi n = 3, 4, 5, 6 (1, 12). 
npeBbiUiaiOT ¢oH (6.61 "¢6n . . , . . . . 
.n;na Mf:lV ;::: 1 TsB) MIIHIIMYM na nopa.n;oK, a .n;na yMepemm neBhiCOKHX 3Ha-
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qemrit Ms -:- ~aJKe Ha TPII nop.H~Ka [12, 14], TaK 'ITO cnrHaJihHbiit npo~ecc 
AOJDKeH6hiTh xoporno p83JIH'liiMhiM Ha LHC. · 

IIony'!eHHbie npe~cK83aHn.H Ha npe~eJibi ~JI.H Ms B KaHaJie BHPTYaJihHOro 
o6MeHa c KOHe'!HbiMII ~nnenTOHHhiMH cocTO.HHH.HMH B 3aBHCHMOCTH oT qncna 
n n Ha6paHHOit HHTerpa.TibHOit CBeTHMOCTH ycKopnTena LHC noK83anhi Ha 
puc. '3. B 9TOM )Ke naparpa¢e o6cy~aeTC.H BJIH.HHne Heonpe~eneHHOCTeit 
npu Bbl'lliCJieHIIII Ce'!eHIIit, CB5I3aHHbiX C Bbi6opOM <I>IIP II ~pyroit CliCTeMa
TIIKOit. . 

B KOH~e ' rnaBbi 1 
npoBO~IITC.H cpaBnenue Bbi
nonnenHhiX npe~CK83anuit 

C pea.TibHbiMII ~aHHbiMII II3 
ycKOpiiTeJibHbiX II HeycKo
pnTeJibHbiX 9KCnepnMeHTOB. 
llonyqennhre Konna6opa
~ueit. CMS orpaHII'lenua 
B KanaJie BliPTYaJibHOrO 
o6MeHa ~JI.H napaMeTpn-
3a~uu HLZ ( cym;ecTBYIOT 
anaJIOrii'!Hbie ~JI.H GRW) no
K83aHhi na puc. 4. PucynoK 
TaK)Ke co~ep)KIIT cpaBHeHne 
pe3yJihTaToB CMS u ATLAS 
B 9TOM KaHaJie II paHIIHe 
pe3yJibTa Tbi YCKOpiiTeJI.H 
Tevatron. 

Y'!IIThmasr 9cpcpeKTIIB-
Hbiit xapaKTep onucanua u 

6 

5 
::0 

"' 

- C\lS ,., + ~t!J (3 TJB, ZO c:p6tr 1) 

......... ATLAS~e+pJt+1f{7ToB.5.0<J>6..- 1 t 

- • • CMStY+JtJ.l + --rtt7T:lB, :!~O{pGte 1 ) 
...... ,., CMS Yii1 T>R 34 nou·•; 

··-·- D0.-·+Y¥tL96T>B, 
1.05 <j>(\w 1) 

!'-- ............. _ 
.:;4~ ·-·!-·- 'l 

:::;;: 1- : ............ , 

! -.-. t:·:.:::·:·~·:.:::·:· .. ·:.:::::·;·::::·: 
~ ~ ~ ... : ...... : ...... . 
0.. ? ·-··-·~·~--····--;· .. •· : ............ ; ....................... .. t:: - .......... : ···--···-· ..... -•. -....... _. .••. -._ ___ •.•.. . ~ 

0 I 
2 3 4 5 6 7 

liED 

Puc. 4. Pe3yJihTaThi CMS n ATLAS no Ms B na
pru.Ie-rpll3a~nn HLZ, a TaiOKe ,n:aHHhle c ycKopnTeJUI 
Tevatron [6, 11, 24). qncno .n;orroJIHHTeJihHhiX H31\lepe
Hnil: n = 2-7. 

pa~ npu6nu)KeHnit, 'ucnoJib30BannhiX npii Bhi'!ncnenuax (Bn~ nponaraTopa 
(3), nonyqeJIHbiit Bnpe~eJie vrs « Ms) II npupaBHIIBanue Mt::~x(ll) = Ms 
(MaKCIIMaJibHOit IIHBapnaHTHOit MaCChi ~IIJienTOHa, ~5! KOTOpoit em;e MO)KJIO 

OTJIII'!IITh ciirHaJI OT cpona B ycnoBII5IX LHC, K TeopeTII'leCKOMY 3Ha'!eHIIIO 
MacrnTa6a Ms), npnMeH.HeMa.H npo~e~pa II3BJie'!eHII.H Ms II3 ~annhiX ne 
.HBJI.HeTc.H npaMoit u o~no3Ha'lHOit. CB.H3aHHbie c Heit ornn6Kn 3aCTaBJI.HIOT, 
c onpe~enennoit ~oneit yBepenHocTn, C'!IITaTb ycTanoBnennhie npe~eJibi na 
Ms MnnnMyM Ha 3D-50% Bhrrne YK83annhrx. 

B rnane 2 oniiCbiBaeTC.H aHaJIII3 [1, 2, 3, 4, 6, 11, 13, 15, 16, 17, 18, 
22, 24, 25], BblllOJIHeHHbiit B ~e fnaBbi 1, HO nony'!eHIIIO npe~CK83aHnit 
u nx cpaBHenniO c pea.TibHhiMn ~aHHbiMII c LHC ~~.H Mo~enn RS1, c o6Me
HOM BIIpTyaJihHhiMII KK-Mo~aMn RS-rpaBnTonoB, BhirJI.HMIIJ;HMII KaK Y3Kne 
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neitTpa.TibHhie pe3onaHChi c MaccaMII_ B ~nan83one T9B ,II .Bhiiiie. 
, Ilaparpac:P 1 co~ep)KIIT onncanne Koncpnrypa~mi c ~BYM.H 3--6panaMn, 

orpaHn'lnBaiOm;nMn <<KycoK>> · n.HTIIMepHoro npocTpancTBa AdS5 II pacnono
)KeHHhiMII B cpiiKCIIpOBaHHbiX TO'!Kax op6ncpon~a, l13BeCTHOit KaK C~enapiiit 
RS 14 . ,ll;na 9Toro ceTana cym;eCTByeT perneniie ~.H MeTpiiKn, coxpanaiOm;ee 
'leTbipexMepnyiO llyanKape-nnBapuanTHOCTb: 

ds2 = e..:2;(4>)1J. dxlldx" + r 2dA.2 
, JlV ,C 'f' I (8) 

r~e rpeqecKne IIn~eKChi HyMepyiOT Koop~IIHaTbi o6hi'lnoro 'leThipexMepHoro 
npOCTpaHCTBa, a(¢) = kr~lc/JI, II Tc - PMIIYC KOMnaKTHOro n.HTOro Im.ie
peUII.H, c 0 ::; 1¢1 ~ 1r. llpii 9TOM 'leTbipexMepna.H pe~~IIpoBanna.H Macca 
IInaHKa M PI CB.H3aHa c n.HTIIMepnoit.KpiiBII3HOit II n.HTIIMepnhiM MacrnTa6oM 
rpasnTa~IIII M cooTnorneniie~ · . 

Mp/ = ~3 (1- e-2krc11'), (9) 

TaK 'ITO. Bee MacrnTa6i.r B paccMoTpeniiii, B OTJIII'liie OT CJIY'la.H. ADD
rpaBIITa~IIII,. nony'!aiOTC.H o~noro nop.H~Ka, M rv k rv M PI· B naparpacpe 
npiiBOMTC.H pe3yJihTaTbi KK-~eKoMn031I~IIII noneit II nepexo~ K 4D oniica
HIIIO, a TaK)Ke 9cpcpeKTIIBllbiit narpan)KllaH ~5! oniiCaHII.H . B3aiiMO~eitcTi3li.H 
RS-rpaBnTonoB c noJI.HMII CM. B Mo~emi RS1 ecTeCTBennhiM o6p83o~t nony
'!aeTc.H neyniiBepca.TihHa.H CB.H3h KK~Mo~ c MaTepueit CM, KOrAa ~.H nyneBoit 
MO~bl' BOCnpOII3BOMm;en o6bi'!Hbiit rpaBIITOH OTO' CB5I3b c '!eTbipexMepHbiM 
Ten3opoM 9neprnn-nMnynhca no~aBJiena KaK 'leTbipexMepHa.H Macca IInanKa 
11M PI, a ~JI.H Bcex BhiCIIIIIX KK-Mo~ no~aBJieniie 6y~eT TOJihKO KaK 11 A11' 

(MacrnTa6 rpaBIITa~~II, KaK oH II3MepaeTC.H na 6pane c no31I~1Ieit ¢ = 1r no 
naToit ~onoJIHIITeJibHOit Koop~IIHaTe). 3~ech A11' = e-krc11' M PI- nop.H~Ka 9C 
MacrnTa6a, 3a C'leT ~eitCTBII.H CT.HriiBaiOm;ero cpaKTopa. Be3pa3MepHbiit napa
MeTp c = kIM PI BhrcrynaeT KaK KOHCTaH'ra cBa3II B npo~eccax pacceanii.H 
c BKna~aMn R8-rpaBIITonoB. B RS-Mo~enli Bcer~a 'nonaraeTca, 'ITO naTII
Mepnaa Kp1IBII3Ua k < M (M rv M PI), '!T06bi cym;ecTBOBaJIO Hait~ennoe 
perneniie ~.H MeTpiiKII, TaK 'ITO B JII06oM cnyqae ~OJI)KHO 6biTh kIM PI ::; J. 
B pa6oTax no RS-Mo~enn B Konna~epno-opiienTirpoBannhiX BhP1ncnenii.HX 
IICnonb3yeTC5I ~1Iall830H 3Ha'!eHIIit 0.01 ::; kl M PI ::; 0} . . ', . . 

B Ilaparpac:Pe 2 npiiBOMTC.H pe3yJihTaThi Bhi'!IICJieHII.H ceqenna npo
~ecca ,ll;5I c BKJIMOM OT o6Mena BIIPTYaJihHht:MII RS-rpaB~TOHaMn (1-.H KK:_ 
Mo~a, ~oczynna.H npu 9Hepr1In.LHC) B3aBHCIIMOCTn OT KOHcTaHTbi c. AM., 
nnnzy~a IIHTepecyiOm;ero nac npo~ecca qij,gg-+ Gix ~ z+z- nonyq~eTca B 

ev. Lett. 83, 3370 (1999); Phys. Rev. Lett. 83, 4690 (1999). 
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TaKOM :tKe BII,n;e, KaK {2) ,n;Jm CJIY'Irui ADD, TOJihKO c 3a:Menoil: npocyMMIIpo
nannoro c nne,n;eniieM Y<I> o6pe3aHII51 nponaraTopa rpaBIITOHa na Bhipa:tKeHIIe 

1 i 2 00 
1 

M4 -:-:+ 8A2 L - 2 . s 7r n=1 s mn 
{10) 

B OTJIII'IIIe OT cu.enapii51 ADD, r,n;e npiicyTCTBOBaJIII pacxo,n;IIMOCTII na ,n;pe

I3ecHOM yponne, 3,n;ecb cyMMa no KK-Mo,n;aM cxo,n;IITC51, TaK KaK ecTh TOJihKO 

o,n;no,n;onoJIHIITeJihHoe II3Mepeniie. B npe,n;eJie m;'; >> s cyMMa no nceM KK

Mo,n;aM B nponaraTope nepexo,n;uT B Bhipa:tKenne, KOTopoe 6hrcrpo cxo,n;IITC51: 
' ' J ~ 

( 
A1r )-

2 
1 

Mpz ~x~· {11) 

.e 10000 

b 1000 

100 

10 
.. 

1 

0,1 

O,Q1 
--c=0.01 
--c=0.02 

1E-3 -·-c=0.05 
· -·-c=o.1 

1E-4 -.-c=0.2 

.. 1E-5 
2 3 4 5 

MGKK'TeV 

Puc. 5. Ce'!eHIIe po)K)J;eniiH RS1-rprumToua npii vs ~ 14 T3B B 3aBIICIIMOCTU OT ero'Macchl ,zvm (cnii-
3Y Bnepx) KOHCTaHThi CBH3II c = 0.01, 0.02, 0.05, 0.1, 
o:2: · · 

TaKIIM o6pa30M, B cu;e

napnn c. ¢aKTOpii3yeMoil: 

MeTpiiKoil: OTCYTCTBYIOT 

npo6JieMhi, CB513aHHhre 

c Y<I> MacuiTa6oM o6-

pe3aHII51 II TOHKOCT5IMII 

IIHTepnpeTaQIIII ,D;aHHbiX B 

3aBIICIIMOCTII oT nero. KaK 

n OTCYTCTBYIOT pa3Hhre na-
. paMeTpii3aiJ.IIII. · BKJia,n;hr CM 

II · RS-rpaBIITOHOB TaK:tKe 

CKJia,D;hiBaiOTC51 Ha ypOBHe 

aMnJIIITy,n;, ,n;aBrui IIHTep

¢epeHQIIOHHoe cJiaraeMoe ·n 

ce'IeHIIII. 
'llcnoJib3Y51. aMnJIIITY,ll;Y 

npou;ecca {2) c nponaraTo-

. pOM {11), Mbl nOC'IIITaJIII 

ce'!eHII51 npou;ecca ,LJ;5I c nKJia,rr,oM oT RS-rpaBIITcmon ,n;JI51 ycJioBIIii LHC, n 

3aBIICHt.10CTH OT KOHCTaHTbl CB513II rpaBIITOHa C MaTepiieil:. Bep05ITHOCTb pac

na,rr,a RS-rpaBIITOHa no KaHaJIY c ,D;BYMH MIOOHaJI.Ul B KOHe'IHOM COCT05IHIIII 
cocTarumeT "' 3%. Ceqeniie B JIII,D;IIpyroru;eM npii6JIII:tKeHIIII ,D;JI51 npou;ecca 

p0)K,IWHH51 rpaBIITOHa C pacna,D;OM Ha napy MIOOHOB nOKa3aHO Ha piiC. 5. 

B Bhi'IIICJiemmx IIcnoJib30BaJIC51 na6op cDTIP CTEQ6M. ,Ll;JI51 CIIrHaJihHhiX 

ceqemril: He Y'IIITbiBaJIC51 BKJia)J, nonpaBOK BbiCillnX nop5I,D;KOB, T.e. K -¢aKTOp 

noJiaranc51 paBHhiM 1. K -¢aKTop ,D;JI51 ¢ononoro npou;ecca ,Ll;5I 6panc51 KaK 
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B fJiane 1. lloJiy'IeHHhre 3Ha'!eHII51 ·ceqeniiil: ,Ll;5I ·CM ··aK83an~ch· MeHhme 

CHrHaJibllbiX B m!CKOJibKO pa3 (1, 13, 14]. 
Ha piicyHKe 6 noKa3aHhi KpHBhH~ ycTanonneHHhiX npe,n;eJIOB co cTaTIICTH

qecKoil: 3Ha'IIIMOCThm 50" no Macce RS..:.rpanll:Tona · n 3aBIICIIMOCTII oT Kon

cTaHThr CB513II.c ,D;JI51 pa3noil: IIHTerpanhnoil: cseTIIMocTII: • 

BTopa51 qacTh fJiaBhi 2 
nOCB51Iu;eHa II3y'IeHIIIO ,n;py

roro KJiaCCa MO,D;eJieil:, KOTo

pbie TO)Ke ,n;aiOT yJKIIe T51-

)KeJibie pe30HaHCbi KaK <<KOH

KypiipyiOiu;IIfi» CIIrHaJI ,n;JI51 
RS-rpaBIITOHOB. Mbr pac

cMaTpHBaJIII po)K)l;eHIIe ,n;o

noJIHIITeJihHhiX KaJIII6pOBO'I

HbiX 6o30HOB Z' B Mo,n;e

JI5IX c pacmiipeHHbiM KaJIH6-

k/Aip1 

poBO'IHhiM ceKTOpOM {PKC): "' 500 .IOOO 1500 2000 2500 3000 3500 
BhiJIII II3y'IeHhi 4 pa3JIII'I- mG. r3B/c2 

Hhre · Mo,n;enn5 cJie,n;yroru;IIe .. . • ·. . \ 
' · · Puc. 6. Teoperu'!ecKne orpaHn'leHnH n Bhl'liiCJieH- · 

II3 rpymr Teopiiii , BeJIIIKoro . Hhie npe.n;eJihl rro r.racce .ivia p33noil: ua6pimnoil: cBe
o6'be,n;IIHeHII51 E 6 II 80{10) ·Tn11rocrn B 3aBncnMocTn oT KoucTanTbl cBH3n, B nnoc" 
{nJIIOCO,D;Ha <<HaCTpOe'IHrui» KOCTn kfMptU m1 11, 13). 

MO,D;eJih, OCHOBaHHrui Ha .CM 
- Sequential Standard Model - c KOHCTanTa:MII CB513II Z' II W' c MaTepll'eii 

CM KaK ,n;JI51 Z 0 II w±). ,Ll;ne MO,D;eJIII noJiy'IaiOTC51 B u.enO'!Ke nocJie,n;onaTeJih

HhiX napymeniiil: CIIMMeTpiiii E6 -+ 80{10) x U{1)1/l -+ SU(5) x U{1)x x 
U{1)1/l -+ U(1)sM x U(1)oe

6
• B 3aBIICIIMOCTII OT napa:r.mTpon cMemiiBaHII51 

,D;JI51 rpynn U{1)xH U{1)1/l o6ru;rui E6-Mo,n;eJih MO)KeT no,n;pa3,D;eJI51ThC51 naTpii 

qacTHbie MO,D;eJIII: x-Mo,n;eJib('IIICTOe U{1)x-cOCT05IHIIe, COOTBeTCTByroru;ee Z' 
rpynnhr 80{10)), '1/J-:-Mo,n;enh ('IIIC,Toe U{1)1/l-cocTo5IHIIe, cooTBeTcTnyroru;ee Z' 
rpynnhi E6), II CMemaHHrui 1]-MO,D;eJih. Mbr paccMaTpiiBaeM Zx II z1/l. I}oH:
CTaHTa CB513II 3TIIX Z' c ¢epMIIOHaMII CM B o6ru;eM BII,n;e ,n;aeTC51 Bhipa:tKenn

eM: 

gzo( 9Z') (Qxcos0E6 + Q~sin0E6), 
9ZO . ... . . . . 

{12) 

r,n;e cno6o,n;Hhiii napaMeTp Mo,n;eJin OE
6 

MO)KeT npiiHIIMaTb 3Ha'!emm oT 

-7r/2 ,n;o 1rj2, (gz•/9z) 2 = 5/3sin20w, a Q1,11 = (1, 1, 1]/2!6 II Qx = 

sp_ Langacker, R. Robinett, and J. Rosner, Phys. Rev. D 30, 1470 (1984); D. London and J. Rossner, 
Phys. Rev. D 34, 1530 (1986) · 'i · · · 
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· · [-1, 3,,-5]j2y'IO .zvrn [(u, d, uc, ec), (de, ve-), (Nc)]. 
,ll;Be p;pyrne MO)J.eJin - JieBo-rrpaBaa n aJibTepnaTHBHM JieBo-rrpaBaa -

ocuoBaHbi · ua pacumpeuuoil: KaJin6poBO'IHOil: rpyrrrre SU(2)L x SU(2)R x 

U(1)s-L. KOTopaa TO)Ke ,noJiy'laeTca H3 pa3HbiX u;erro'leK uapyrneuna, ua
npnMep, 80(10). ,ll;Jia unxKoncTaHTa cBa3n.c ¢epMnonaMn CM p;aeTca Bbi

pa)KeuneM 

gzo 
1 

. [sinBwTJL + ,;(1 - sinBw )TJR - sinBwQ] , (13) 
.J1- (1 + ,;)smBw · 

rp;e T3L(R) - n3ocrruu JieBbiX (npaBbiX) ¢epMnonoB no rpyrrne SU(2)L(R)• a 
0.55 ~ 11:::; 1-7-2, 11: := (g£/gR)2. 

Ar.mJinryp;a npou;ecca ,.!1;5! c nnTep¢epeuu;neil: Me)K)J.J Z 0 n HOBhiM 6o3o
HOM PKC Z' p;aeTca BbJpa)KeuneM: 

Aij =AU!-+ z+z-) = -Qe2 + s z .· 
s-:- M} + iMzfz Ci (f)Cf(l) + (14) 

s • 
+ s - 2 . c~'(!) z' Mz, +zMz,fz, z cj I 

rp;e (i,j) ::::::: (L, R), KOHCTaHThi CL nCR rroJiy'laiOTca KaK cyMMa n pa3HOCTh 

BeKTopnhiX . Cv. II aKCIIaJihHo-BeKTopnhiX C A KOHcTauT cBa3n Z' c ¢epMIIo
uar-m, IIMeiOIIJ;IIX pa3nhiii BII)J. B 3aBHCIIMOCTH OT MO)J.eJin Z'. 

C1z• x Br ""' <j>Du 
103 

w-• ··~~""'c··, '""'-, __ _ 
........... ___ __ 

. 101 

1()-3 ------------
1000 2000 . 3000 4000 5000 

Mz:. f>B/c0 

Puc. 7. Ce'leHne po)K,ll.eHWI ,ll;HMJOOHOB, npmco)J.H
~nx H3 pacna.n;oB Z' B SSM, LRM, x- H 1/J-~m.n;enmc, a 
TaJOKe .n;nx npo~ecca ,LWenna-.HHa ( csepxy BHH3) .n;liH 
all'epmn LHC ...jS = 14 TaB [3]. 

Ha pnc. 7 IIOKa3aHhi 

Bhi'IHCJieunbie ce'lenna )J.Jia 
npou;ecca c o6MenoM Z' B 

pa3HbiX MO)J,eJiaX C pacna)J,OM 
Ha napy )J,IIMIOOHOB )J,Jia MaK

CHMaJibHOH suepriiii LHC -

14 TsB. Bee Bhi'IIICJieniia 
6hiJIII C)J,eJiaHbl C . MaTpii'I

HbiM 3JieMeHTOM B JIII)J,Hpyio
IIJ;eM npii6JIH)KeHIIH no KOH

CTaHTe a 8 c ua6opoM <I>IIP 
CTEQ5L. Ilpep;eJihi ua MaK
CIIMaJibuo )J,OCTII)KIIMbie MaC

Chi, IIOCTaBJieUHbie C HCIIOJih-
30BaHHeM Bhi'IHCJieUHhiX ce

'leHIIH )J,Jia II3J'leHHbiX MO)J,e
Jieil: Z' B )J.HJieiiTOHHOM Kana

Jie, cocmBJiai~>T OT 3.8 TsB (Z"I/J) p;o 4.4 TsB (Zx) p;Jia ua6pauuoil: IIHTerpaJib
uoil: CBeTul.WCTII 300 ¢6n-l [3]. 
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B K<mu;e naparpa¢a 2 o6cy)K)J.aiOTca B03MO)KHOCTII pa3)J.eJieuna B 3Kcrre
pnMeHTe CHrHaJIOB OT RS-rpaBIITOHOB H z~ c IIOMOIIJ;blO·yrJIOBbiX pacrrpep;e
JieHIIH II aCHMMeTpHII BbiJieTa KOHe'IUbJX JieiJTOHOB. «Bnepe)J,-Ha38.)J,~ :. · 

A = O"F _:. O"B ~ 3lAid~ + IARRI 2 
- IALRI2 .:... IARLI 2 

(15) 

FB - aF-: as .. 4IALLI2 +IARRI2 + IALRI2+ IARLI2 ' 

rp;e ce'leniie BhmeTa JieiiToua <<Brrepep;~ (Forward) ~· <<Ha3a~~ (Backw~rd) 
rroJiy'laiOTca IiiiTerpnpoBan~~M p;II¢epepenu;IIaJihnoro .~eqeuiia · · 

da(f f-+ z+z-) 
dcos{}* 12~1rs [ (IAL£1 2 + IARRI 2

) (1 +cosO*)+ 

+ (IALRI 2~+ IARLI2
) (1~ cosO*)]. 

(16) 

no nOJIO)KIITeJibHbiM II OTpiiiJ;aTeJibHbiM 3Ha'leHHaM cos(}* - KOCHHyca yrJia 

BbiJieTa pacnap;uoro JienTona, II3Mepeuuoro B CIICTeMe noKoa po)K)J.euuoro Z'. 
IloKa3biBaeTca, 'ITO yBepeuuoe pa3)J.eJieHIIe rrpii IIHTerpaJihHOii cBeTIIMo

CTII 300 ¢6u-1 (noJiuoe :BpeMa pa6oThi LHC) )J.OCTII)KIIMO TOJihKO p;o Mace 

HOBhiX pe30HaHCOB OT 1.3 )J,O 2.5 TsB, B 3aBHCIIMOCTH OT KOHCTaHTbl C )J,Jia 
RS-rpaBnTonoB, )J.Jia .pa3p;eJieHIIa no yrJIOBhiM pacrrpep;eJieunaM Gkx II Z'. 
[1, 13], II p;o 2.5 TsB no aciiMMeTpnii AFB )J.J~a pa3HhiX MO)J.eJieii Z' [3, 22]. 
9TH He O'leHh BhiCOKHe npe)J,eJibl CBa3aHbl C MaJIOH CTaTIICTIIKOH. C06biTHH B 
)J;HJieiiTOHHOM KaHaJie ( o6paTHrui CTOpOHa Bhi6opa <<'IIICTOfO~ KaHaJia C MII
HHMaJibHbiM ¢oHOM): 

B naparpa<}le 3 npn- R, . 

BO)J,IITCa cpaBHeHIIe cp;eJiaH
HhiX npep;CKa3aHIIH no Ta)Ke

JibiM Heil:TpaJibHbiM pe30HaH
CaM C p;aHHhiMH rrepBOfO IJ;IIK
Jia pa60Thi "ycKopnTeJia LHC 

3a rrepiiop; 201o-:-2012 rr. Mc
xop;a H3 ueua6JIIOp;euiia uo-

I~ 

w-s 

BbiX pe30HaHCOB, JCTaHaBJIH-
10

_7 

BaiOTca HH)KHHe rrpep;eJihi ua 

pa3perneHHbie MaCChi. B cJiy-
'lae sKcnepiiMenTa CMS p;Jia 

500 1000 

Cpe~ "*Y.laeMoe JHa'I.CHH~ 

- 68o/r. CT:!H.:J.. OTX..1. 
-l)."i~ ... 1'il.H.!l.OTto:.1. 

-·-·· Gn AJ.ff.,1•0.01 
.......... Gnl./.fi.,1 •1I.CIS 
-- Gu:;l/.flr-~•0.1 

7 9:"% C.L npe.'l.e.;J . _ 

RS-rpaBHTOHOB oun IIOKa3a- Puc. 8. Ilpe.n;enhi HaMaccy RS-rpasnioHos B Kim
Ubi ua puc. 8. Ilpep;eJibi ua 6mmposanHoM KaHane e+c + J.I+Jr [6, 11]. 

MHHIIMaJihHO p;orrycTnMyiO Macey mipBoii KK-MO)J.bi RS-rpaBnTona paBHbi, 
COOTBeTCTBeHHO, 2.26, 2.12, 1.13 TsB )J,Jia CJiy'laeB C = 0.1, 0.05, 0.01. [6]. 
AuaJIOrii'lllbie npep;eJibl ua Z' p;aiOT 2.90 n .2.57 TsB)J.JiaZssM n z"I/J . .. 
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B Dmne 3 II3yqaiOTC51 B03MO:>KHOCTII po)K)J.eHII.H MIIKpocKonwieCKHX Mno
roMepnhiX qepnhiX ,ll;hip ("lJ,Z::J;) II MhTepnaTIIBnhiX o6'beKTOB CHJihno,n;eiicTBY
roru;eii rpaBIITa~IIII - KBanTOBhiX l.J,LJ; (Kl.J,LJ;) II CHJihnOB036y)K,D.ennhiX CTpyn
nhiX cocTO.HHIIii - cTpynnhiX rnapoB { CIII), B ycKopHTeJihnoM sKcnepHMenTe 
[7, 8, 9, 10, 11, 19, 20, 23, 24]. . 

B cooTBeTCTBHH c rHnOTe3oii Topna ¢opMHpoBaHIIe MHKpocKOIIIIqecKoii 
l.J,LI; npii CTOJIKnOBenHII ,n;Byx yJihTpapeJI.HTliBIICTCKliX qaCTH~ c snepmeii Ecm 
nponcxo,n;nT, ecnn npu~eJihnhiii napaMeTp b npo~ecca B3anMo,n;eiicTBH.H Menb
rne ,n;HaMeTPa ropii30nTa (4 + n)-Mepnoii l.J,LI; MacChi M = Ecm: 

· b < 2rh(n, M, J), (17) 

r,n;e Th - pa,n;Iiyc . CQlOpMlipOBannoii l.J,LJ;, 3aBHC.HID;IIH OT pa3MepnOCTli npo
CTpanCTBa, MaCChi l.J,LJ; li ee yrJIOBOrO MOMenTa J (Bo3nHKaiOru;ero II3-3a neny
JieBOrO yrJIOBOrO MOMenTa CTaJIKliBaiOIIJ;IIXC51 qaCTII~ B C.~.M. ,li;O B3aiiMO,ll;eii-
CTBII.H, J = bEcm/2). • 

B naparpa<Pe 1 npiiBO,ll;liTC.H MnoroMepnoe o6o6ru;eniie pernenii.H Keppa
HhroMena ,n;JI.H neiiTpaJihnoii Bparu;aroru;eiic.H l.J,LI; B Koop,n;IInaTax Boiiepa
Jliin,li;KBHCTa (sTo MnoroMepnoe pernenne 6hmo nonyqeno MeiiepcoM n IIep
pii6). BhipaJKeniie ,n;n.H IIIBap~IIJih,li;OBCKoro pa,n;IIyca l.J,LI; B npe,n;noJIO)KeHIIII, 
qTO BC.H sneprli.H CTOJIKnOBenii.H OCTaJiaCh y,n;ep)Kannoii no,n; ropii30HTOM II no
IIIJia na <PopMHpoB.anHe l.J,LI;, T.e . ..;§ = MnH, HMeeT BII,n;: 

r,n;e 

1 (M ) 1/(n+l) 
r~n)(-\f§,n,MD) = f(n) MD ;;: 

f(n) := [2n7r(n-3)/2r[(n + 3)/2]] 1/(n+l) 
n+2 

{18) 

{19) 

OcnoBnoe noJIO)KeHHe no ,n;annoMy KJiaccy o6'heKTOB rnaciiT, qTo po)K)J.e
HHe l.J,LJ; MO)KHO TpaKTOBaTh KaK KJiaCCHqecKIIH HenepTyp6aTIIBHhiH npo~ecc, 
BepO.HTHOCTh KOTOporo ,n;JI.H IIIBap~IIJih,li;OBCKOH l.J,LJ; onpe,n;eJI.HeTC.H npOCTO 
reOM~IIqecKOH 06JiaCThiO nepeKphiTH.H, liJIII <<qepnhiM ,li;HCKOM>>: 

any= 1rrs2 (20) 

TeMnepaTypa II snTponii.H l.J,LI; ,n;aroTc.H BhipaJKenn.HMII ( TaK)Ke naii,n;ennhiMH 
B pa6oT~ Meiiepca n IIepppH): 

1 

Ty = MD_l_ (MD )n+l = n+1 
, f(n) MnH 41rrs' 

(21) 

6R. C. Myers and M. J. Perry, Ann. Phys. 172, 304 (1986). 
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. 1 ' 

SnH = ~(-MnH)·*i (· 2",-'9'r("¥J)'n+I,= l+n'MiJl!; (22) 
n+2 MD _ n+2 .. · .2+n Ty . - . 

llaparpa<P 2 co,n;ep)KUT o6cy)K)J.eHHe Mexa:HH3Ma noTeph· snepnm na 
CTa,li;IIII QlOpMIIpOBaHli.H ropii30HTa l.J,LJ; (nOTepH llornnno-Phiq~oBa B Me
TO,ll;e JIOByrneqnhiX noBepxnOCTeii7) li BbiqncJienHe ceqeiiHH po)K)J.eniui l.J,LJ; 
C yqeTOM STHX nOTeph ,li;JI.H SIH~prnii -LHC. Ilpn onncamm ,li;Byx CTaJIKIIBa
IOIIJ;liXC.H qacTH~ KaK ,li;Byx IIIOKOBhiX BOJIH (pernennii IIIBap~IIIHJih,li;OBCKOH 
l.J,LI;, ycKopennhiX ,n;o CKopocTH CBeTa n c6Jin)Karoru;nxc.H ,n;pyr c ,n;pyroM) B 
MeTo,n;e AiiKeJih6ypra-CeKcJia, B paMKax KJiacciiqecKoii Teopiiii rpaBIITa~IIII 
MO)KnO llOKa3aTh, qTQ B o6JiacTII B3aHMO,n;eiiCTBII.H ,n;eiiCTBIITeJihnO o6pa3yeT
C.H 3aMKnyTa.H JIOByrneqnasi llOBepxnOCTb ·• ( KaJKYID;IIHC.H ropii30nT), qTo ~aeT 
,n;ocTaTOqnoe yCJioBIIe ,n;.im ¢opMHpOBaHII.H l.J,LI; ( anaJIIITIIqecKqe no,n;TBep~e;. 
HIIe mnoTe3hi Topna). Mo)l{no naiiTII MaKCIIAiaJihHoe 3naqeniie npiiiJ;eJihnoro 
napaMeTpa B3aiiMo,n;eiicTBII.H bmax = ..;jF{_nj rs(-\1§, n;· MD), ,n;im KOToporo 
ona eru;e o6pa3yeTc.H, TaK qTQ ycnoBHe (17)ipaiic¢opMIIpyeTc.H B 

.-.. (n)( "·. . . ·j ) . 
b < bmax = 2rh Etim, bma:z;Ecm 2 . ' _(23) 

,LI;eTaJihHhiii anaJIH3 npo~ecca ¢opMIIpoBamm ropii30nTa B aToM no,n;xo,n;e ,n;a
eT, qTo, Bo-nepBhiX, npiiMennMo KJiacciiqecKoe onHcanne II ¢6pMyna (20), no
npaBJienna.H B cooTBeTCTBHli c yCJioBIIeM (23),-npnqeM sTo Bepno ,n;ail<e ,n;JI.H 
l.J,LI; MaJioii Macchi, po)K)J.ennhiX OKOJIO · nopora · MiJ ll: ycnoBno' na3hmaeMhiX 
KBaHTOBhiMII l.J,LI;. A BO:.BTOphiX, naxo,n;.HTC.H qiiCJiennhie pernemm ,n;JI.H iiro6o
ro b < bmax ,n;Jilr nii)KniiX npe,n;eJioB na Macey II 3naqenm~ yrnoBoro :MoMenTa 
c¢pMIIpOBannoii l.J,ll;. B 3aBIICHMOCTH OT qiiCJia n 3naqenHe bni.ax·nonyqaeTc.H 
KaK Menhrne, TaK II 6onhrne (,n;n.H 6onhiiiiiX n) pa,n;IIyca r8 . 9TO ~aeT ysenn
qeniie ceqenn.H no cpaBneniiro c (20) na 40-70%, KOTopoe, o,n;naKo,e JIIIXBOii 
KOMnenciipyeTC.H «JTeKanneM>> 3naqiiTeJihnoii ,li;OJIH naqafihnOii sneprnn.-\/§ 
n3-no,n; ¢opMIIpyroru;eroc.H ropii3onTa, KaK ,n;aJ?T pe3yJihTaThi Bhiqncneniiii ·B 
MeTO,n;e JIOByrneqlfhiX. nOBepXHOCTeii. 

TaKIIM o6pa3oM, nenb3.H cqiiTaTh, qTO Macca c¢opMnpoi3aimoii l.J,z::r 6y
,n;eT Mny(z). = ..;§, II yrJIOBOH MOMenT naphi naqaJihnhiX <mcTli~ noJ11Io
CThiO nepeii,n;eT B yrnonoii MOMenT ·l.J,LI;. ·B· napToH:noM ceqemiii ·pmi<,n;enii.H 
(20) ,li;OJI)KnO 6hiTh yqTeno, qTo rs COOTBeTCTByeT;aKTYaJihnOMY 3naqenHID 
MaCChi Mny(z) = y(z)-\1§, BMecTo Mny(z) = '..;§: BBo,n;HMhiii <<Kos<P¢n
~nenT neynpyrocTII» y(z) siBJI.HeT6I ¢ynK:~neii z = b/bmax· ,LI;na npo~ecca 

7H. Yoshino andY. Nambu, Phys. Rev. D 67, 024009 (2003); V. S. Rychkov, Phys. Rev: D 70, 044003 
(2004); H: Yoshino and V.S; Rychkov, Phys. Rev. D 71, 104028 (2~5) · · 
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po)l{AeHII.H ~,II;, HanpiiMep, B pp-coy.n;apeHIISIX (,n;nSI cny'IaSI LHC) ,n;II<P<Pe

peH~IIaJihHOe ceqeHIIe 3alliiCbiBaeTCSI KaK CBepTKa mipTOHHbiX llJIOTHOCTeii 

qaCTII~-yqaCTHII,KOB :>KeCTKOrO npo~ecca, HyMepyeMhiX i II j, C 3JieMeHTap

HbiM reoMeTpii'IeCKIIM ce•IeHIIeM, B3SITbiM C OrOBOpeHHOH Bblllie nonpaBKOH: 
< ' ' • ! 

uPP( J"i, Xmim n, MD) _ 2z dz 
2 

du ~ f(n) x 11 l1 11 d . 
0 (xm;qMv u V 

u • . 

7rr;(u.J.§, n, MD) L J;(v, Q2 )fi(ufv, Q2).(24) 
i,j 

3,n;eCh .jS ----:- 3HepriDI CTaJIKIIBaiO~IIXCSI npOTOHOB B C.~.M., napaMeTp Xmin 
3a,n;aeT pa3Hble CeMeHCTBa perneHIIH II Bbi6npaeTCSI B COOTBeTCTBIIII C yCJio

BIIeM npnMeHIIMOCTII KBa3IIKJiaCCII'IeCKOrO OlliiCaHIDI K npo~eccy po)l{AeHIISI 

l.J,IJ;, Xmin ;::: 5 (no.n;po6Hee KpiiTepnii npiiMeHIIMOCTII pa3o6paHhi B napa

rpa<Pe 5), T.e. l.J,IJ; pa3perneHO IIMeTb Macey He HII:>Ke Mjflf = XminMD. 
KpoMe rs B reoMerpii'IeCKOM ceqeHnii, B03HIIKHOBeHIIe "aKTJaJihHOii Macchi 

.MBH(z) = y(z)-v'§ )l;OJI:>KHO 6hiTb TaK:>Ke OTpa:>KeHO B Bbi6ope MaCrnTa6a 

<PaKTOpii3a~IIII Q B !flllP, 3a)l;aiOll!ero xapaKTepHyiO 3HepreTII'IeCKYIO lliKa

JIY II3yqaeMOrO npo~ecca. ,Il;JISI po)l{AeHIISI l.J,IJ; OH MO:>KeT 6biTb Bbi6paH KaK 

MBH, XOTSI B03MO:>KeH BapiiaiiT Q = 1/rs c npnBSI3KOii K xapaKTepHoMy pac-. . 
CTOSIHIIIO )J;JISI npo~ecca. 9TO - He O)J;HO II TO :>Ke, llOCKOJlhKY )J;JISI KBa3JIKJiaC-

CII'IeCKIIX l.J,IJ; liX xapaKTepHblH pa3Mep T:S BCer,n;a 60Jibllie KOMll'I'OHOBCKOH 

)J;JIIIHhi BOJIHhi. O,n;HaKo B nro6oM c:'lyqae .n;on:>KH06hiTh yqTeHo, 'ITO y(z) =/= 1. 
TaK:>Ke B03HIIKaeT 3aBJICIIMOCTh HII)KHero npe.n;ena. IIHTerpiipoBaHIISI no .n;o

JISIM HMITYJihCOB v OT npii~eJibHoro napaMeTpa: v = x;;nM'jyfy2(z) s. Bee 

3TO BMeCTe onpe,n;eJISieT BII)J; (24). 
, · llpnMep pe3yJibTaTOB Bbi'IIICJieHIIH Ce'IeHIIH )J;JISI HeCKOJlhKIIX TO'IeK II3 

npocTpaHCTBa napaMeTpoB II HeKOToporo Ha6opa c~eHapiieB l.J,IJ; (KeppoB

CKaSI l..J,IJ;, rnBap~IIJih)J;OBCKaSI l.J,IJ;, CTPYHHhiii map II KBaHTOBaSI !-I,IJ;) noKa
. 3aH ml. puc. 9. . 

Y'IeT noTepb na CTa)J;IIII <PopMIIpoBannSI ,n;aeT oqenh cy~ecTBeHnoe no

_,n;aBJieHne ceqeHIIii, oT o.n;noro .n;o TpeX-'IeThipex nopSI)l;KOB BeJIII'IIIHhi, B 3a

BHCIIMOCTII OT MO)J;eJIII l.J,IJ;, MaCrnTa6a MD U 'IIICJia ,IJ;I1 n, no CpaBHeHHIO CO 

CJiyqaeM, KOr,n;a B napTOHHOM Ce'IeHIIU BMeCTO bmax UCnOJib3yeTCSI rs (KaK B 

(20)), z II y nonararoTcSI paBHhiM 1, II MBH(z) = -v'§. llpii ycraHOBKe npe.n;e

JIOB Ha Ha6JIIO)J;aMOCTb npo~eCCOB C l.J,IJ; 3TO TpaHc<l>opMHpyeTCSI B nOHII:>KeHJie 

npe,n;eJIOB Ha BeJIII'IHHY OT 300 f3B .n;o 0.9-1.1 T3B. 
B naparpacl>e 3 npiiBO)J;IITCSI o6cy)l{AeHIIe BeJIII'IIIHhi 3nepreTn'IeCKIIX 

nOTepb )J;JISI c<PopMnpoBaBrneiiCSI l.J,IJ; Ha cTa,n;HSIX II3Jiy'IeHIISI no MexaHII3-

MY XoKnnra c TenJIOBhiM cneKTpoM, cooTBeTCTByro~nM a6coJIIOTHO qepHOMY 
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Puc. 9. CeqeHIDI po)!(,ll;eHIDI q)J. ,LIJI.H ..[8 = 8 T3B n 3asncnMocrn. oT 1\IHHnMa.rrhHOii 
Macchi MB'Ji ,LIJIH pa3Jinquiix 3HaqeHiiii Mv n qncna ,LIOrroirmiTeJI~Hh~X· H3l\IePeHHii n = 6. 
BbrqneJieune rrarepb rrpOBO,LIHJIOCh no l\I~Xal!H3l\IY flornnuo-Phl<iKOBa [19]. . 

TeJiy, nonpaBJieHHbiM <<CepOTeJibHbiMII MHO:>KIITeJIJrMII>> )J;JISI ·'I~C~II~· pa3HG

ro cnnHa8. llpiiCyTCTBUe 3TIIX MHO:>KHTeJieii o6ycJIOBJieHO HaJIII'IHeM nOTeH

~IIaJihHOrO 6apbepa BoKpyr l.J,IJ;, o6na.n;arorUero·KoHe'Iimii npoim~aeMOCThio, 
3aimcSI~eii oT 3HepriiH n yr.rloBoro MOMeHTa II3JiyqaeMhiX qacTII~. 9TO, npn

BO)J;HT K HepaBHbiM BepOSITHOCTSIM H3Jly'IeHUSI )J;JISI · 'IaCTII~ pa3HOro· TIIna, 

B03pacTaro~m.1 c yBeJIII'IeHHe~i cniiHa. ,IJ;aroi-ca qucneHHhie o~eHKII. :Ben~'III
Hhi <<nOTepSIHHOH>> 3HeprHII y' aBOJIIO~liOHHpyro~eii. lliBap~lliiiJlb)J;OBCKOH. l.J,IJ; 

)J;JISI 3neprnii LHC, CBSI3aHHoii c n3nyqeHneM rpaBHTOHOB ( c He6onhrnoii .n;o

neii HeiiTpHno). Hn:>KHSISI rpaHn~a BeJIH'IIIHhi Itt nonyqaeTcSI OT 27 .n;o 35% 
OT nOJIHOH H3JlyqeHHOH 3Heprnn, B 3aBUCUMOCTH OT n. 

Ilaparpacl> 4 nocBSI~eH o6cy)K)J;eHnro KpHTepneB npM:MeHHMOCTH KBa3H

KJiaccii'IecKoro onncaHIISI l.J,IJ;. llpocTeiirnHM H3 uux SIBJISieTCSI .n;ocTaTo'!naSI. 

BeJIU'IIIHa· 3H~ponnn, <<KO)J;Hpyro~aSI~· 'IIICJIO BHyTpeHIIIIX creneHeii CB060)J;hl 

l.J,IJ;. ManocTh <PnyKTya~nii oTBeqaer peanll3a~un yc.riomm TepMo,n;HHa:t\m'Ie-. 

8P. Kanti, I. Olasagasti, and K. Tamvakis, Phys. Rev. D 66, 104026 {2002); P. Kanti and J: March
Russell, Phys. Rev. D 67, 104019 {2003); V. Cardoso, 11. Ca~oaglia, and L. Gualtieri, Phys. Rev. Lett. 96, 
071301 {2006); JHEP 02, 021 {2006) 
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CKOrO paBHOBeCIUI H npnMeHHMOCTH onncaHIUI MHKpOKaHOHH'IeCKOrO aHCaM-
6mi, TaK 'ITO .n;omKHO 6biTb 1IVN « 1 -t 1IVS « 1. Bhi'Inc:.neHn~ BeJin

. 'IHHhi 9HTPonnn ,n;JI~ pa3HbiX n B 3aBHCHMOCTH OT Mj]Jr c ncnoJib30BauneM 

(21) ,n;aiOT yCJIOBHbiil KpnTepnil Mj]j; ~ 5Mv, IIJIH Xmin = Mj]Jr IMv ~ 5, 
ncnoJih3yeMhiil B HameM aHaJIH3e. Bbi6op Xmin, pa3yMeeTc~, ~BJI~eTC~ cy6'h
eKTHBHbiM, II MO:>KHO pacc~taTPHBaTb ,n;pyrne pa3JMHbie BapnaHTbi. 

llpn npn6Jin:>KeHnn K nopory Mv BMeCTo KBa3HKJiaccnqecKnx l:.J,IJ. c Heo6-

xo,n;nMOCThiO HJ:>KHO paccMaTpniiaTb o6'heKThi .n;pyroro nJiaua. O,n;nH H3 Ta

KHX BapnaHTOB - cTpyuHbiil map, onncaHHhiil B naparpaq>e 5. Clll Mo
ryT o6pa30BhiBaTb~, ecJin c~eHapnn MHoroMepHoil rpaBnTa~nn ocHoBaHbi 
Ha TeOpiiH CTpyu (TC), HMeiO~eil pe)KJIM CJia6oit CB~3H B HHTepecyiO~eil HaC 

o6JiaCTH. OKoJionoporOBbiil nepexo.n; l:.J,IJ.ICIII3a,n;aeT~ npnH~noM coOTBeT

CTBII~, npe~Jio:>KeHHOM B TC B pa6oTax9. llpn BbinOJIHeunn ycJioBirn 18 ~ rh, 
r.n;e l8 - .n;mma cTpJHhi, a rh - rpaBnTa~nOHHhiil pa.n;nyc, CIII MO:>KeT cTaTb 
KBa3HKJiacciiqecKoil l:.J,IJ.. Bxo~~ne B paccMoTpeHne BeJIH'IHHhi Ms, 9s II 
Mv ue ~BJI~IOT~ He3aBHCHMbiMH, OHH CB~3aHhi coOTHOII.leuneM no nop~,n;Ky 

BeJIH'IHHbi: Mij+2 ~ M8+2 I g~. llpnH~nn coOTBeTCT~n~ YTBep:>K,n;aeT, 'ITO B 

TO'!Ke nepexo.n;a 9HTponn~, Macca II yrJioBoil MOMeHT ,n;Byx o6'heKTOB- CIII n 
l:.J,IJ.- ,li;OJI:>KHbi 6hiTb paimhi (no nop~,D,KY BeJIH'IHHbi). lloCKOJibKJ 9HTponn~ 
Clll nponop~noHaJibHa ee ,n;JIHHe, T. e. Macce Sstring"" HMs = MssiMs, 
a 9HTponn~ l:.J,IJ. nponop~IIoHaJibHa ee nJio~a,n;II, T. ·e. KBa,n;paTy MaCChi, ·Ha

cTpoilKa pe:>KHMOB, Clllll:.J,IJ. B TO'!Ke cooTBeTCTBH~ MO:>KeT 6biTh BbinOJIHeua 

TOJibKO ,n;JI~ c'ne~HaJibHOrO 3Ha'!eHH~ CTpJHHOil KOHCTaH~bi, KOTOpOe ,n,aeTC~ 
M min ~ M 1 2 JCJIOBHe¥ BH .. ~ S 9s· 

llepBoe Ka'!eCTBeHHoe o6cy)K,ll;eHne. cTpJHHoro pe)KJIMa pacce~Hn~.ua 
LHC, npe,n;Bap~IO~ero po:>K,n;eune KJiaccnqecKHX l:.J,IJ., 6biJIO c,n,eJiauo B pa-
60Te10. Ycmmne HacTpoilKH pe:>KIIMOB Bhi6npaJioch KaK TO'!Hoe paBeu

CTBo Mj]j; ~ Msl g~.' Tor.n;a «CIDIIBKa» ceqemiil a(SB)IMsB=Ms/g~ = 
a(BH)IMBn=Ms/g~ no3BO~~eT noJiy'IHTb o6~ee Bbipa:>Keune ,li;JI~ ceq~un~ 
npo~eccoB e nepexo,n;aMn Clllll:.J,IJ. B 3aBncnMOCTH OT 9Heprnn B3anMo,n;eil-

·-' '' . 
CTBIUI: 

. . { J\~2 ( Ml}") n!t [f(n)f, !fff ~ MsH 

a(SB I BH) = . ~~ (~~9~) n!t [f(n)]2 
= ~ [f(n)]2

, l!f: ~ Mss ·~ ~ 
· 11'9s~sB [f(n)]2 M « M < ~ . . . . Ms , S SB - gs 

91: Susskind, hep-th/9309145; G. T. Horowitz and J. Polchinski, Phys. Rev. D 55_, 6189 (1997). 
10S. Dimopoulos and R. Emparan, Phys. Lett. B 526, 393 (2002) 
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B naparpa¢e 5 6hiJIO' nOKa3aHC), ''ITO nim ;.Bbi'IliCJieuim ceqe}mil no '9TOil 
cxeMe BTO'!KeCIIIIIBKH CIIIIq,IJ. Bcer.n;a ncmyqaeTc~ II3JIOM (eM. pnc. 10), 
CB~3aHHbiil' HMeHHO c npe.n;n'om):>KeuneM. 0 TO'IHOil HaCTpoilKe, 'H ere)' ue!3o3-

MO:>KHO JCTpaUHTbHIIKaKIIM Bbi60pOM 9S HJIH mipiiaWUIMli,K09¢¢n~neHTOB 
B cooTuorneiinn Me)K)I,J Ms II Mv: i• 

Pacna.n; CIII nponcxo,n;nT ·no Me-
-m . . . . . . . . . 
-&. • i i ! i M~=1.1~ev, ... ~ .... v.J.... . xaHH3My, CXO,li;HOMY c MexaHII3MOM 
-; .. ;... i l + u, ... •r•v. M,~ .... v . .J•o.35 ncnapeun~ l:.J,IJ. n TaK ){(e- npenMy-

: i i I I '\ 

~eCTBeuuo· B. qacTn~hi ·cTau.n;apT
. uoil Mo,n;eJin. Te1-mepazypa Xare.n;op

ua ,II;~ ,li;JIIIHHOil cliJibHOB036y:>K,n;eH-
uoil cTpyuhi BhiBO,li;IITC~ B Teopnn 
CTpyu II paBHa 

_ Ms Ms 
Ts - ro. . = 0.35-, 

y87r 7r 
! l I ! 1 ~ o---r--, ! . '•!· D Tor,n,a KaK TeMnepazypa XoKIIHra 

' · j j · i : :' ' • B TO 'IKe COOTBeTCTBII~ Bbipa:>KaeTC~ 
10 3 3.$ 4 4.5 5 s.s 6.5 1 

M"""(TeV) qepe3 Ms n'gs: · 1 

.:·· 
.! Puc. 10. CMeHa pe)l(HMOB CIII/q,ll; u 

CIIIHBKa C€'-1€HHH ,!I.JI.H pa.3HhiX ~hiOO,i><>,B 9S· 
• ' c ~ 

n + 1 '(_!.:) n Ms. 
TH-+ A1ff(n) 9s · · ·. 

BMeCTO TO'IHOrO paBeHCTBa·. ~ . TO'IK~ COOTBeTCTBII~ uarnn Bbi'IliCJieHII~ ,n;a

IOT pe3yJihTaTbi o.n;uoro n~p5r,n;Ka, uo e. Ko9¢cl>n~neHTOM, 6oJibiiie. e.n;nmi~hi, 
npn'IeM TH Bcer.n;a 6y,n;eT J:3hill,le B uecKOJihKO pa3. O.n;naKo, uecMoTp~ H_a 
HeTO'IHJIO . HaCTpOilKy, BeJIH'IHUa li3JIOMa B TO'!Ke COOTBeTCTBH~ He HJ>e~bi
rnaeT o.n;uoro nop~,n;Ka n ue OKa3biBaeT cy~eCTBeuuoro _BJIII~HIIK ua, npep;cKa-

3aun~,. no9TOMY 9Ta cxe~ta 6hiJia IIcnoJib30Baua B auaJin3e, e oroBopKaMn o6 
<' • • '!• • • .·r· ' _.-.. J ·, ,. ·., .•. 

OTCJTCTBHII KoppeKTHoro. onncau~ noporoBoro pe:>KnMa. 
KpoMe po:>K,n;enn~ CIII, MO:>KH; paccMOTp~~ n .n;pyme JII06~nhiTHhi~ B03-

MO:>KHOCTH, B '!aCTHOCTII, OKOJIOnoporoBOe po~~HHe 06'beKTa, KOTOp0~1Y H'e 
:lmaTaeT Macchi (9HTponnn), 'IT06hi C'IIITaTb~ KBa3nK.iiaccnqecK~il l.J,IJ.. ria
parpa<l> 6 nOCB~~eH O,li;HOMJ II3 B03MO:>KllblxMO,ll;eJibllhlX nO,li;XO,lJ;OB KO~H
caHIIIO mKnx o6'beKToB, yCJioBuo Ha3biBaeMwx,KBaHTOBhiMn l:.J,IJ. (ncTnl!u~ 
KBaHTOB~ l:.J,IJ. Mo:>KeT onncbiBaTb~ Tom:.Ko noJIHoil Teopneil KBauTo~oii rpa
BIITa~nn, KOTOp~ OTCJTCTByeT, .B cnJiy. qero JII06oil 'no.n;xo.n; K Kq,[( ~B~eT
c~ ycJIOBHhiM, oimeHTnpoBo'IHhiM II Mo,n;eJihHhi11). Ha o~uoBaunn pa6oThi1~ 
npnunMaeT~, 'ITO Bepo~THOCTb po:>K,n;eiiii~ TaKHX o6'heKTOB ua napTcmiroM 
____________ ·_ '" ' • •• •• ,' J •• ' 

11D. M. Eardley and S. B. Giddings, Phys.Rev. D 66, 044011 (2002). 
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ypoBHe TO:>Ke OniiChiBaeTC5I KJiaCCII'leCKIIM ceqemieM <<'lepHhiii AIICK~ (20), 
'ITO AaeT ,rvm pp-cToJIKHOBeHIIil ceqeuiie npol\ecca ( 24). · 9TO · no3BOJI.HeT Ae

JiaTh Ol\eHKII no ua6JIIOAaeMOCTII. Kq,ll, na LH C B noJinoit anaJIOriiii c ana

JIII30M, oniiCaHHhiM Bbiiiie B naparpacpe 2, HO C ycJIOBIIeM, 'ITO 06beKT1 po:>K

AaiOil\IIitC.H B cooTBeTCTBIIII c 24, C'IIITaeTC.H Kq,ll,, .ecJIII ero Macca Jie:>KIIT B 

AIIana3oHe OT Mv AO neKoToporo M'Qf!/k- MaKCIIMaJihnoro 3HatieHII.H Macchi 
Kq,ll,. Ee npeAnaraeTc.H Ol\eHIIBaTh IICXOA.H H3 coo6pa:>KeHII.H, 'ITO KBaHTOBhiit 

pe:>KIIM BKJIIO'laeTC.H, KOrAa KOMnTOHOBCKa.H AJIIIHa ·BOJIHbi q,li, CTaHOBHTC.H 

.6oJibiiie IIIBapl\IIIIIJihAOBCKoro pa,n;IIyca - >.gBH = 21r / MQBH ~ rs. TorAa 
MO:>KHO noJiy'IIITh Mana30H pa3peiiieHHhiX Mace (Hll:>KHIIit npeAeJI COOTBeT

CTBYeT TO'IHOMY pa~eHCTBY M'Qk'H = 1/rs) 

( 
.. 1 ··)~ MQBH ( 21r )~ -- <--< --
f(n) "' Mv "' f(n) 

(25} 

06hi'IHO B npoBOAIIMhiX IIcCJieAoBaHII.HX pe:>KIIMa Kq,ll, Mhi IIcnoJib30BaJIII 

Aa:>Ke 6oJiee HII3Koe 3Hatieniie M'QJJ:Y = 3Mv. B AYXe npeAJio:>KeHII.H12 npeA
noJiaranocb, 'ITO CIIMMeTpiiii CIIJihHOrO B3aHMOAeitCTBH.H COXpaH.HIOTC.H B npo-

1\eCCe cpopMIIposanii.H II pacnaAa Kq,ll,, TaK 'ITO sepo.HTHOCTH cpopMIIposaHII.H 

Kq,ll, ue paBHhi AJI.H pa3HbiX nap napTOHOB-IIHIIl\IIaTopoB (no KOHTpacTy c 

KBa3IIKJiaccii'leCKOit q,ll,), II cocTO.HHII.H Kq,ll, o6pa3yiOTC.H KaK npeACTaBJie

HII.H rpynnhi KX,ll, SU(3)~· I13:-3a MaJIOCTII o6JiaCTII B3aiiMOAeitcTBII.H cppar

MeHTal\II.H npOIICXOAIIT nocJie paciiaAa, II B KOHe'IHOM COCTO.HHIIH AOMIIHIIpy

IOT AByxCTpyitHhie KOHCJ>IIrypal\IIII ( OII.HTh-TaKII, B OTJIII'IIIe OT MHOrOCTpyit

HhiX co6hiTIIit 'c TepMaJIH30BaHHhiMII q,ll,). TaKIIM o6pa30M, ceqeuii.H Kq,ll, 

BhP'IHCJISIIOTC.H C. IICIIOJI:b3osaniieM cpopMyJI AJI.H KJiaCCH'leCKoro CJIY'lrui, HO 

TOJibKO B pa3peiiieHHOM A1Iaiia30He Mace II OTAeJihHO AJI.H pa3HhiX 1\BeTHhiX 

Komjmrypal\IIit. · 

ITocrauosoqua.H qaci'h cpii31ItiecKoro anaJIII3a AJI.H MnoroMepnhiX MIIKpo

cKonuqecKiix qepnhiX Ahip, o6o611\aiOil\a.H see oniicannoe B naparpacpax 2-6, 
6hma ccpopMyJIIIposaiia B pa6oTe [7], II AMhHeitrnee M3yqe·um:i' TaKnx o6beK

TOB e «'npii~eJIOM>> ua cpasueniie c AaHHhiMII KOJIJia6opal\IIII CMS na ycKo

PIITeJie LHC BKJIIO'lario see cyll\eCTBeHHhie qepThi npol\ecca po:>KAeHII.H n 
asoJIIO.t(ini: nonpasJieunoe ceqeuue po:>KAeHII.H AJI.H KepposcKoit q,ll,; yqeT no

Teph na cTa,n;im q)opM1Iposanii.H, cepoTeJibHhie cpaKTOphi II Bhi'IIICJieniie AOJIII 

<<nOTepSIIlHOfi>) 3HepriiH BO BpeM.H XOKIIHrOBCKOrO IICnapeHII.H q,li,, B03MO:>K

Hhie oKoJiqnoporoshie nepeXOAhi s Kq,ll, IIJIII CIII II pa3JIII'IHhie oniicaHII.H 

cpuna..iihiioit nJiaHKOBCKOit CTaAHH. ,li,JI.H nepsoro 1\IIKJia LHC see aTo 6hiJIO 

• 
12X. Calmet, Wei Gong, and S. D. H. Hsu, it Phys. Lett. B 668, 20 (2008), eM. -raJOKe 

P. Me8.de and L. Randall, JHEP 05, 003 (2008). 
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peaJIII3osano II pn1Icauo s pa6oTax [8, 19, 10; 20] II npoanaJIII31Iposano c 
TO'IKII 3peHII.H COrJiaCOBaHHOCTH pe3yJihTaTOB .II AaJihHeitiiiiiX nepcneKTIIB · B 
[9, 11, 24]. . . . 
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Puc. 11. I1cKJIJO'leHHrui (95% C.L.)•MnmrMaJihHaa· t.tacca l.J.ll: B 3aBHCHt.IOCTH OT ne
JIH'lHHhi ·Mv ):IJia pa3JIH'lHbiX t.IO~eJieii l.J.ll: B reneparopax (a) BLACKMAX u (6) - (r) 
CHARYBDIS2. 06Jiacrn no~ KpiiBhit.lll C'liiTaJOTca 3aKpb1ThiMII (10, 11, 20). · 

Bo BTOpoit qacTn fJiaBhl 3 OIIHChiBaiOTC.H rrpo~e.ey'phl MaCCOBOit renepal\HII 

co6hiTIIit c q,ll, AJI.H YCTaH~BKII npeAeJIOB. Ha na6JIIOAaeMOCTb II cp~BHemre c 

3KCnepHMeHTaJihHhiMII AaHIIhU,fii. llpu MOAeJIIIpOBaHIIII C nOMOil\hiO npeABa-. 

pnTeJibHO HaCTpOeHHhiX II npOTeCTIIpOBaHHhiX Cnel\HaJIII3HpOBaHHhiX reuepa
TOpOB co6biTHit :.._ CHARYBDni2, BLACKMAXn QBH' ucnOJib30BaJIHCb B<)ceMh Cl\e

napneB N!.H t.l,ll,:' PO:>KAeH'IIe umapl\IIIHJihAOBCKOit II KeppOBCKOit q,ll,, e yqeTOM 

II "6e3 yqeTa noTepb npli. cpopMIIpOBaHIHI ropH30HTa, OKOJIOilOpOrOBhlit nepe-. . . . ' ' ~ , . ' ~ . . . 
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xo.n; q,n;jCIII, po)K)l;emre Kq,n; II p83Hhie on~IIII coxpaneHII.Hjnecoxpauenii.H 
nenTonnoro II 6apiionuoro 'IIICJia II ¢opMIIposaniie ueua6mo.n;aeMoro ocraTKa 
na ¢IIHaJihHOH nJiaHKOBCKOii: CTa)l;liii. 

:;:; 
.e. 

CMS Is• 8 TeV L= 12.1fb'' 
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Puc. 12. CTPYHHble rnapbl (cnena): Bepxmlii npe.n.en Ha BeJIH'IHHY na6mo.n.aeMoro ce
'JeHHH c 95% C.L. (cnnoiiiHbie JIHHHH) H TeOpern'leCKHe 3Ha'leHHH ce'leHHH po:lK,!I,eHHH 
(nynKTHpHble JIHHHH, cnepxy BHH3 ,!1,.11H Ms oT 1.1 .n.o 1.7 T::!B), B 3aBHCHMOCTH oT MHHH
MaJibHOro 3Ha'leHHH Macchi CIII. KnaiiTOBble l.J)J; (cnpaBa): MHHHMaJihllaH Macca Kl.J)J;, 
HCKJIIO'Iennaz c 95% C.L., n = 1 (~m.n.enh RS1, HH:lKHHH KpHBaz) nn6o n = 2 + 6 (cHH3Y 

BBepx, ~m.n.enl, ADD). [10, 20]. 

Cpamieniie pe3yJihTaTOB ,n;mi MnorocTpyii:HhiX co6hiTIIi1, co6paHHhiX KOJI
na6opa~IIeii: CMS 3a nepBhiii ~IIKJI pa6oThi LHC, co c.n;enaHHhiMII npe,n;cKa-
3aHII.HMII )l;JI.H q,n;, Kq,n; II CIII no3BOJIIIJIO ycTaHOBIITb npe,n;eJihi na MIIHII
M:an:bnyro Macey o6'beKTOB .II3 yCJIOBII.H IIX HeHa6JIIO)l;eHII.H, B 3aBIICIIMOCTII OT 
C~eHapii.H II 'IHCJia )l;OnOJIHIITeJihHhiX II3MepeHIIH n. 3a nepBhiH ~KJI pa60Thi 
LHC aT<>T'anaJIII3 nposo,n;IIJIC.H ,IJ;Ba)K)l;hi, )l;JI.H .JS =7 TaB [8, 19]II ,n;JI.H .JS =8 
TaB [10, 20]. 0KOH'laTeJihHhie noJiy'leHHhiena nonuoii: cTaTIICTIIKe nepsoro 
~liKJia npe,n;eJihl nOK83aHhl Ha piiC. 11 - )l;JI.H KB83HKJiaCII'leCKIIX ~,LJ; B p83-
HhiX c~enapn.Hx, II na piic. 12 neBhiii - ,n;JI.H CIII, n npaBhiii - )l;JI.H Kq,n;. Jtb 

. piiC. 11 BII)l;HO; qTo ,n;onyCTIIMhie 3Ha'leHII.H MliHIIMaJihHOH MaCChi q,n; OTJIII'la
IOTC.H )l;JI.i p83HhiX nOC'IIITaHHhiX CJiyqaeB, HO Jie)KaT CTa6HJihHO Bhiiiie 5.4-6 
TaB: Ana.Jiorii'IHO, nonyqenHhie MIIHIIMaJihHO .n;onycTIIMhie Macchi o6'beKTOB 
,n;JI.H CIII cocTaBJI.HIOT OT 5.5 .n;o 5.7 TaB, B 3aBIICIIMocrn oT Ms II gs, II oT 
5.4 .n;o 6.2 TaB: ,n;n.H Kq,n;. 

B KOH~e r.ITaBhl 3 npOBO)l;IITC.H o6cy)K)l;eHne nony'leHHhiX B )l;IICCepTa
~liii ·pe3yJihTaTOB, OTMe'!aeTC.H cornacoBaHHOCTh noJiy'leHHbiX orpannqeuiiii: 
no KK-.:.1\io,n;aM rpaBIITOHOB II no MIIKpocKonii'leCKIIM q,n; II MaJia.H sepo.HT.:. 
nocr:b B03MO)KHOCTII na6nro.n;enii.H TepMaJIII30BaHHhiX (KB83IIKJiaccii'!eCKIIx) 
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q,n; na LHC B ,n;anhneii:IIIeM. BMecTe c TeM, TeopeTn'!eCKII ocTaeTc.H OKHO 
B03MO)KHOCTeii: )l;JI.H po)K.n;eHII.H Ha YCKOpiiTeJie HeTepMaJIH30BaHHhiX COCTO.H
HIIH nano.n;o6IIe Kq,n; IIJIII CIII s6Jiii3II nopora rpaBIITa~IIM Mn. · 

B 3aKJiroqemm c¢opMynnposaHbi ocnoBHhie pe3yJihTaThi ,n;IIccepTa~II
onnoii: pa6oThi, BhiHOCIIMhie na 3a~nTy. B IlpHJioiKemm npilae.n;enhi npiiMe
phi Kapi' renepa~m! co6hiTIIi1 c q,n;n CIII, :ncnonb3oBaHHhie -B CMS ananii3e 
2011 r . 
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