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BBFJlEffi:lE 
OClaspyxeHHe O~BpOp.BaHHx qBCTH~ rrpHBe~o K rznoTese 0 BOSMOMHOCTH 

cymecTBoBBHBR O~BpOBBHBHX BHa~orOB rHDepRnep - cynepRnep.i conep~mHX 

CBR3aH~ C ~OiBMrn ~erqB~ o~apOBBHRHn ClapHOH A; 1 I. B nocAeny
t,1UIX pS60TSX -II 6fJJlS nOKBS8HB EOSMOlSHOCTl> cymecTlloBBHZR CTB6HJl1>H~X 
cynepsmep. XOTR no KHHeMBTH'JeCRm~ nplPHlRBM rrpOlleCCfJ me OClpSSOBaHM 
.nOJLl![HJ,l 61:lTb CHJl1>HO nOD.BllAeH~/8/. V\CCJleD.OB8I1He cynepR.llep J!HTepeCHO upeJP;

.ne Bcero TeM, qTO MOgeT .nBTb ~03MOXHOCTb nO~ZTb YHHKanbHYD HH~PMS
u~ 0 cBoAcTBax A~AI-BaBZMo.ne~cTBHR. MsyqeHHe BSSHMOD.eaCTBJ!~A~ c Hy
KJI0H81~Z .lU'yrJ!MZ MeTo.nBMZ aBTpy.lOO!TeJlbHO B3-38 M8Aoro epeMeH I'I 
l!U!3HB t1~; rr;.: = (2, 3~5:~) . ro- I3 C /12/ . 

BpeMR ~3HZ cynepR.llep He nOnERO C~HO OT~BTbCR OT BpeMeHB ~3

HB A~ , C.JlenOBaTeJll,HO , rrpoClerz cynepsmep .no paCOB,!{B He ClYlIYT upeB.IlIIlBTb 
- 10-20 MKM . llOaTOMy HaanyqmBM neTeKTopoM ~ nOBCKB cyne~ep RB.JlReT

CR R.llepHBR ~T03MyJl1>CJ!R, B KOTOpOn paa.neJleHBe BepmHH oClpa30~8HBR B pac
nans BOSMOllHO HS PBCCTO.RHZ.RX R~I MKM. 

nOCROJl1>KY Macca A; (MAt= 2.282±D.003 ra~I2/) rrpeB.IlIIlaer-MSccH HY
KJlOHa WU\ ito Ha hI. 34 !! ,..1.17 rsB COOTBeTCTBeHHO, TO pacna,lDi cynepsmep 

.no~ COUPOBO~BTbC.R ClOJl1>WEM BHnBMfJM 3HeprOBfJ,!{eJleHoeM : ~B,!{~1 raa . 
Cpe~ npO.I{yKTOB pacnana cynepR.llep .n0~1:l 6UTb CTpaHHHe qaCTB~ 

(lr, RO. AO
• Z±). TaK RaR .D;OMmmlroilMZ MOnaMZ pacna.na A~ P.'BJIJtI>TCR 

nepexo,lDi B COCT0ir~ C S -KBBPROM 3. nOJIYJlenTOHHlle MO,lDi pSCna,llOB 11 ~ 
COCT8BARDT~IO% 12, nOSTOMy TSKXe B03MOXHO HaJlMqBe ~eDTOHOB ~+. e+). 

Coxp8HeHBe 0~apOB8BB.R B CJ!~bHl:lX S aneKTpOMa r HHTHHX B3BHMO,l.leAcTBB
.RX npBBO.IlBT R napHoMY pO~eHI!m OqBPOBBHHI:lX qaCTJ!U. lloaTOMY upB DOBCKBX 
cynepJiD.ep B T8KBX BsaHMo,l.leAcTBaRX BaXHoe SHaqeHBe HMeeT BB~eHBe B 
OKPeCTHOCTH pO.IlBTeJl1>CK1fX SBeS,l.l paCnB,llOB aCCOQI'IBTBBHID: DBpTHepOB A~ 
qaCTBIl C C-RBBPROM : l)- , nO. r. X~. 

B HaCTORmeA paClOTe npBBe,lleHl:l peSYJlbTaTH nepBor o aKOnepBMeHTB no 
nOSCRY cynepJiD.ep. Oni1CBHhI !! npoaHBJlB3RPOBallbl TPiI RBH~,!{BTB B cynePlOtPB. 
;!lSHI:l orpSHH'JeHHI! HB 'I8CTOTY 06P830BBIIHI! cynepsmep BO BSBBMO,l.le2cTJ3BSiX 
UPOTOHOB C R.JlPBMil D ~TOaMYJlbOIl1il UP!! aHeprBSiX 70, ... 100-150 B 250 raB. 
Pe3YAhTaTI:l nOilCRS cynepR.nep HB qaCTB CT8TilCTHKB upBBe.neHI:l B pa60Te/I 4{ 
llo.lU'06HYA a,a~3 nepBoro COClYTBR - K8H~aTB B cynepR.llPo - CO;ne~TcH 
B pB6oTe/I5 . 

!.- ----- . -r---
•\ 1' . u • ' . "". I lh'C-"-r.y.... J \ 
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I. !TOCTAHOBKA 3KCIIEPJ.1MEIITA li PE3YJI1TATbl IIPOCMOTPA 

,llBe (pOT03MYJlbCl!OHHHe K8Mepu, oO'heMOM I JI Ka l!i.na.f!, OUJlIl oOJIy'?e HH 
 .?

np::lTOH8MH C aHeprl1e~ 70 TaB Ha YCKOpl1TeJle li<l>B3 ( CepI1YXOB), l! OlLila RBMe 6 • ,.
""- .:. V2pa oo~eMOM 2 JI - rrpOTOHaMH C aHeprzea 250 TaB Ha YCRopHT eJle ~HAA ( Ea Ta

~ ~. ,,'e~. .~..;: .....-vrBaR ). !~MepH OHJlH coopa HH H3 CJlOeB (pOToaMYJlbCZH HHK~H-EP-2 p8 aMepOM p250 C;eV ' ....... ::;..:.. .. /~ •• • ;i~ 

~.. ..:,.:...:...;..- ~.....:.:200xI OOxO,6 MM3. CpelLH.H.fI TIJlOl'HOCTb OOJIY'l:eHaR B npOCMOTpeHHllX CJloruc CO
-~~ B;: ..• ~ CTaB1!JIB B paaHliX KBMepax ,.,. ( 0 ,6- 1,1) · ro5 p/CM2 . 

!TOllcR BaaHMO!{e~CTB~ npOBO!{llJIC.f! MeTOnOM npocMoTpa no nJlOma!{11 npl1 I I I I 
·ZO}Jm~YBeJlI1~ eH l!l! 225X ( ~HaMeTp nOJlR apeHRH ~ 750 MKM ) . B ORp eCTHOCT.f!X Haa~eH

HllX aBe3!{ B npeneJlax 2 nOJle!!. apeH RH per l1CTpHpOBBJUlC b JIJOOHe BTopll'JHue 

RBJIeHRH. 3aTeM C ueJlbIO nOHCKa "!lBOI!.RHX 3Be3n" C O.1lil3KHMH ueHTpaMH " v 
"QepHiDil CB.f!3YJl11ll!M CJlenOM 3Be a,llH npOCMa TPHB8.1li1Cb npl1 yneJlIPJeHiUl 1350X 
(noJle 3pe mm ~I30 MR}.1). ~RTl1llHO C Tb perI'lCTpaU1!1! "!lBOaHUX 3Be3n" C 
'JepHllM CM 3J1OOl1!M CJle,llOM llJUIHOa OT 1 MKM,110 ~ I, 5 MIll, onpe;neJleH H8.f! TpoA

p ~HHM npOCM OTPOM, COCT8BHJla O ,58~0 .U4. :." / 0 0 'ji 
ge3YJlbT8 Te npocMoTpa ~TOaMYJJbCl!1!. OH JlO 3ap erHCTpHpOB8HO OROJlO -P25=OGeV=-----=:::>...,~....:-~- - --= - K+ 


1,27·10 3Bea,ll, ll a KOTOPHX ~ 5,2?·105 .f!BARDTC.f! pA-B3BHMO,lle~C TB1!RMl! ITpll 

aHeprllll 250 r aB, ~ 5 ,34. 104 - UP!! 70 raB, a OCTaJlbHHe .f!BAffnTC.f! BSBKMO

,llelkl'BllJiWI BTOPB"QHliX 3ap.f!JKeHHIlX 11 HettTp8JlbBHX tJ8CTHU C .f!.l(j)BMB. Cpe,llB 

HIlX ~ 4,25· 104 3Be3,ll BH3B8HH JlH.IUlPYJOIlUIMl! npOTOH8MB C aReprHet! ~ roO-I50 

TaB OT B3aHMOneacTBHI!. nepBl!'JHHX npOTOHOB C aHeprl!ea 250 TaB ( cM./16/). 
 Pl!C. 1. 

B Ka'JeCTBe KaH,llB,ll8TOB B cynep.f!,llpa OTOZP8J1IlCb Bce BToplII'JHHe 3Be3,llH 
C BI'l)U!MHM aHeprOBIi,UeJleHBeM ~JII~ > 0,3 TaB (,UJJ.f! OTJlWHI.f! OT pacnanoB rJII
nep.f!,llep, RnepHllx 3aXB8TOB n-, K- III ~ - ) , CBRaaHHlle C pO,UHTeJlbCKHMH B38

BMoneaCTBR.f!MB qepHHM CJle,UOM. nOnOJlHBTeJlbHO TpeOOB8J10Cb. 'JTo Clw C BR3yumJII~ 

CJlen HaXOABJICR BHe npeneJlOB Y3Koro KOHYC8 pa3J1eTa JlBBHeBHX 'JBCTJIIU . . · · 23.3 MI'I(G > 200 ). 3TO n03BOJIRe T BCKJIJOqBTb WOH OT Baa IilMO.I(efk TB~ JlIlBHeBllX '1BC 

D250 GE.\I. . • . -".$_•.,- . ~~.TKU HB M8JlHX paCCTO.f!HB.f!X OT nepBJllqHHX 3Be3;n C K8zymHMC.f! ~epHID~ CBfl3yD -... _--'-L~2.~~.~._.mRM CJle,UOM H3- 38 HaJlO~eHB.f! npyrl'lx CJle,llOB. !TO,UPOOHO HCTO~HHKJII <PaBB, JIIMH - 'A . 
TBpYIDmH e paCn8,llH cynep.f!,Uep, paccMoTpeHH B p8ooTe/I 7/. 

CpenB Bcex 3aperl!CTpilp OBaHHHX ".IIBo~H1a 3Be3n" C qepHHM CB.f!3yumKM 
CJle,nOM Jl)lIDIOi\ no ~ 1 ,5 MM HMeeTC.f! TpH COOHTBR C BHn llMHM 3HeprOBlI,neJleHI'l H/He 
eM BO BTOPil'rnofi 3Be3,lle ~l!n> 0, 3 raB. H 

I I. A.HAJlR3 ~X COlli1Wl 

MHKp~TOrp8~HB H cxeMU aTHX cooliTzD nOK838 H1/ Ha pHc.I-3 . C061/TilH 
 p2S0 GeV hi pI H 2 BH3B8Hll npoToHaMB C 3Hepr Bea 250 r3B, co6wTI'l e 3 - BTOpH'JHOa S8PR 

+
lIIeHHol! l!'8 CTBue1t h -, po.rummelkiI B nepBJII'IHOM B3aHMoneltcTBB.Il npO TOHa C 

aHeprsel! 250 raB C JUlPOM B IlJoToaMYJl bCH1L 
xapaKTepBcTHRH Tpex cO OliTill! npe.I(c T8BJleHll B TaC5.mme I . l{aK BH,llHO 

BS Ta OJlZUH I, 31'111 Co C51/Tl!R OOJl8,llBnr CJle.nYDmHMB oco CleHHOCTm~B: 
PHc.3.1. MBJlHe paCC TORHI'IH Mell;1JJ' ueHTpaMI'I "!lBoitHHX 3Be S.I\": R~2-4 IKIm: 

PRe.1 - 3. MlrRpoc1ioTorpa4nnt l!I CX8Y1i2. E OJlbUJ8R EeJilJ1JIlHB HenO CT8IDWerO nOnepel!'HOI'O m.myJIbC8 BO BTOPI'I'J

HHX 3Be3.nax: ~ 0,5- 0 ,6 raB/c;
PT 
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N tx:. ()oe;; ~ 
H N E-oo 3. MaJIaR no cpaBHeHBIO C BH,nlThruM aHeproBl~.neJIeH.IIeM ~.II.n BeJI>I'lHH8«:,§ ~()iil ~ o Ho"" J;I <D::r: P' ..q ::r: :::n:Q rrpo.nOJIhHOrO WMTIyJIhC8 BO BTOP~HHX 3Be3.nax B COd~T.IIRX I >I 2:. ~oR o.(J),,/OlISl '" o o 

ro 0. po,;'; E-o l=-< (Y) P<+1J;l ctl It ~0 , 2 raB/c.H tx:cY)[ <Dt::tx:() 
Lf) Lf) <£)i:l ",,1Il  '" >"l o i!aroP<J ! E,nMHCTBe HHUM Z3BeCTHHM npoueccOM, B KOTOPOM Moryr HadJIJO.naThCR yxa_o oo '&~~{')t:: C'J .... 

Po 
() 0 3aHH~e oc06eHHoc T.II, RBJIHeTCR a HHHI'.IIJIHU.IIR Me,nJIeRHHX aHTKITpoTOHOB. AHaJI.II3cY) E-o 

rrOKaaaJI/I7/ 

I 
g g WoHOBHX npouec coB , ~TO aa dJIJOneR.IIe Tpex a HH.III'.IIJIHU.IIOHHHX ~ ~ NN E-or:g~:x: () f:l ...::. H o () P< SBes,n B Ha llleM 3KCnep .IIMeHTe MaJIOBepoRTHO . ITo Halll.llM OueHKaM, B rrpOCMOTpeH
III 0~ li;t~~ §f~ o o P' E-o HOM Od'heMe tPoT03MYJIhCIU'I MOlWO OlKB,naT h 06pa30Ba lUlR ~ 0.2 3Be3.n OT a HH.II:x:+1 «: IIl gSi:! t; 1=-< J;l0!i1 >< <D 

t{)oH !'MRUlIIIl Me:zureHIDlX ( T ~50 MaB) Ii B KaMepe. O dJI~eHHol! npoTOHaMl! C 3Hep::r:: lO i!l 0.0)  '" ~ ~ ::r {.) §< ~ Iro....~ oo o coo !'.IIe~ 250 ra~ I¥ ~ 5.10-4 
aBes n B KaMep8x, odJlY"e Hlnlx npOTOH8M..II C 3Hepr.ll

t;'@:s: e ta 70 raB * . f1oCKOJIbRY 3KC nep BMeHT8JlbHl:le .naHH~e 06 odp8 aOBaH.H~ Me,ll.lleH:.. .... m '" HH<D~ lSI ~ HlD.: (T ~ 50 MaB) altTmOTOHOB OTCyrc TBYJOT. MH .IICnOJlh30BaJIH TeOpeTZ'le CIU!eo oo <D1 15; '" o E-o
00 ::r: 1=-< pac~eT~ c neKTpoB Ii II I, HM8KmBe , no YTBep~eHHJO 8BTOPOB . qeKTop HeOTIo o oE-< "" H <D • ~ ~ 

Q) 1=[0. "I 1=1 ~ 161 .61 
~ <D <D ISl ro 0. 0 pe,ne~eHHOCTB 2. K c o~~eHBD , Ha..ll6o~ee Heonp e,neJIeHHN OrreHRS HMeHHO HSS

Lf)o~ ::<: 1=1. Jll <:l' 
~ "' ::II>"l >< K03HepreT~eCRO! ~aCT.II cneKTpa ( CM . II9/ ). TI08TOMY ~ oueHOR ~Ha OT 

aHHRr.llAffUHOHHHX SBean Ba~o rrpOBe,neHBe 3RCrrepHMe HTOB no HsyqeH.HV pOX
P< o o 

~~~ 
(J) A ,neH.HR HH3K03HepreT~ecKBX Ii. o + 

N~ 
() Ho t;~R ::i He odx onHMo OTM8TBTh, ~TO ROJIHqeCTBO 8HKHr.llJIHIT80HHNX aBea,n oueH8B8

ex);I; 
ex) oP< >"l "I Q) ~I JIOCh MR paCCTOJfHillt R ~60 MKM (pa,nHyc nOJIH speH.IIR npH YBeJIlf'JeHBPI 1350X) ex)o H ISl + '" P< e ~~ +1o=: ~ ~I ex) ro \II OT' po.n.llTeJIhC K.HX 3Be3n , o,nHaRO Ylf.e HS paCCTORHHRX 60JIe e ~ 30-40 MKM aH

i 
o o 

{.) H ::r: N 
o 1 1=1 HI¥rBJIaURR Me,l{JleH~X Ii nepeCTaeT d~Th ¢oHOM, HMBTHPYDmBM pacna~ cynept:: o III 


>;sI 
 R.nep . TaR RaR CTeHOB.IITCR BOSMOBHHM OT,neJIeHHe CJIe,l(OB MHO!'03BpR.nHHX~ 
;I; -4 E-o 
ro ts: ~ O H ( ~ ~ 3) cyneWlpaI'MeH ToB OT CJIe,nOB Ii. 

'" Lf)..q 'Q:.:: ro:s: "I + tt
Lf) Ec.1Ul 8HaJl1'l3HPyeMHe C06NT.IIR JlBJlHIOTCR 3Be3,naMB OT a HHl!r .HJIHJJ.l!B Me,l(ex)CO <:l' c:II:>~=r .... "/ +1+1 +I 

ex)lI5I o o P< JIeHHNX a HT8TIpOTOHOB, TO HenOHRTHB KOHueHTpaURH HX B HenocpenCTBeHHota
<£) Lf)15l ffi 

H + '"E-o 
~ ~~ 6JIH30CT.II OT pO.n.llTe~CKHX B3aHMo.ne~c TBlIta H OTcyrcTBlIe TSKBX BTOp8~po.,::II 

V) ~'0 cY) «:'" <£)o 3Bes.n Ha 60Jlhlll.iIX paCCTomnmx ,no '" 1,5 MM. B c~ae o6pa s oB8Ium cynep
(Y)() 

Lf) Lf) 0) •Lf) JU{ep ill( npo6en!, HallpOTilll, ,l(0JlJl(H],[ Clb!Th nopi1.lO<a H6CKMhKHX MKM. 1103~ H 1:1 (Y)~ o o o ISl N~ -25 ~ TOMy eCTeCTBeHHO nOCMOTpeTb, Moryr ~ Had~eHHb!e C06b!TRR db!Tb oll..llcaauts1 E-<+I +Iajl {.) o [' E-o H 
() KBK pacna,n:u cynepR.nep. 0.  (Y) (Y) ;:: ~ HI=:(l:;ISl 
0. P< tx: B 3T.IIX C06b!THRX cpelW Bcex SBpruleHllHX ~aCTHn .11 3 BTOPJflJHHX SBeS,l(, Ol E-o 0 

() ....E-' -Q -Q-0 -4:.:: lI5I u B.lleHTB~UHPOBaHlrnX no 8SMepeHl'IRM npo6eroB, HOH8saUIUl .II MHOrOKpaTHorocY) tn H N <D U<0 'I5l 
Ho 1=1 co 00. H paCCeRHRR, He 06HBpyxeHO HZ omiO~ CTpaHHofi ~8CTB~ BJI.II JIenTOHa. O,nHaKO:.:: o 0. g.~ + ++ +~ ~ i!l ~III 83- a8 60JThllloti EeJllf'J8HbI He.nOCTBlOlIlero 1J0nepe~Horo .IIMTIy~ca B K8l1Ulolit .113cro ~ ~ III ;I; Pot:: "I '" (Y)til (J) <D ill o co "'" '" (l) 3T8X SBea,n .nOJIZH8 6WTb no KpaaHe~ Mepe O,nHS He~TpaJlLH8H ~aCTsna. KOTOE-< .... P< P< ~ f;!.+ + ++IS; '" paR MOlKe l' d~Th CTPSHHoli! : RO- MeaOHOM llJIJl l1 o-r.llnepoHoM. KSR nOKaSHBseT :a co U1=1 II) V) II')"lo o P< 
t{) <£) NN :Il 0 P<0. KHHeMaTlf'JeCKBli! 8Ha~H3, TaKoe nVe.rr;nOJlO~eHHe He rrpOTHBOpeq.HT TOMY. qTOH H g; ~ :a 

Hal!teBHue C06HTHR MOryT 6un, lIHTeprrpeT8pOB8R1i KeR OC~pa30B8HHe .I!f pacna,IWP< 0. 0 
Q) 0. '0 E-o«:-:.:.: c ynePR.nep. Q) 0 a)ISl 
E-o 1:1 1=1 

NH:11 ~ 
"0 rr.l ~ ~ 10 BTOpZ'lIUle 'laCTH~ ~3-aa MaJlot\ 3Hepr.ll.ll .nem HeCytUeCTBeHllbdl BKJIa,n Bo i:Q ::r: 
{.) * (I) ro nOJIHoe 'fI!CJIO aHH.HrHJIHUJ,lOHHIlX 3J;Jea,n: < 10- 5.I=-< Is: 

,J 5 

http:3Hepr.ll.ll
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np~ rrpOBe~eH~~ KZHeMaTH~eCKOrO aHaAH3a rrpe~nOAaraAOCb, ~TO cpe~~ 

rrpO~YKTOB pacna~a cynepR~e) HMeeTCR TOAbKO onHa HenTpaAbHaR ~aCTHua 
K°-Me30H H~H A O-rHrrepOH * . nOnepe~HuG OTHOCHTeAbHO HarrpaBAeHRH ~~
*eHHR rrpe~DO~araeMOrO cynepRnpa l~DYAbC 3TO~ ~aCTHUN WHKCilpOBa~CR 3Ha

~eHHeM CYMMapHOrO nOnepe~HOrO HMTIYAbCa 3apR~eHHHX ~aCTilU: ~ = -~. 
rrpO~OAbHua HMTIYAbC p;V BapbHpOBa~CR TaK, ~TO ~ HMITyAbCa cynep~a 

PSF = pZ + rt' 
BHrrOJlHR.JJOCb YCAOBl'le P.JF ~ O. ,llJm K8li,IlOrO 3H8'le HHR P 5>' orrpe~eJJ.aAl'fCb :Iffi

Bap~aHTHaR MaCCa rrpO~TOB pacna~a MSp 3Hepr Wl CER3H 11 ~ B cynepR~pe 

BC + Mil '" - MSF= MRO < 

( MHO - Macca Rnpa-OCTOBa ) H BpeMR rrpo~eTa ~O pacna~a t sF. 
CTaOl'fAbHNe OTHOC l'fTenbHO CHAbHHX B3aHMo~enC TBRA cynepR~a MorYT 

cyme cTBoBaTb rrpH YC AOBl!l'f Bc;;> O. H8I1"OOAee pe8Al'fC TlftI lille oueHK/ 8/ rrOKa-

3~a~T, ~TO Bc ~o~a ONTb MeHbwe 3Heprl'fB CER3H BA B COOTBeTcTBynml'lX 

rHTIepRnpax. B WoT03MY~bCHOHH~ 3KcnepZMeHTa~~Berl'fC TpBP~CR Aer KHe r l'f
nePR.IrPa C A~ 15. ,UJJH KOTOPNX B", ~ 0 , 1-1 4 r~3J31 G I. TIo3TOMY MN npl'f HRJUl 
06AaCTb ~OnycTHMNX 3Ha~eHHB Be ~o IO MaE. 

Pe3y~bT8TH aHaAl'f3a Ha~eHHHx KaHnB~aTOB B cyrrepRnpa rrpe~cTaB~eHH 

B Ta oABue TI: cxeMH p8crra~a, 3Ha~eHHR HMDYAbCOB cyrrepRnpa P;FH KO 
BAl'! 

/1.0 P~. llpH KOTOPHX Bc = 0-10 MaB, a Ta KRe rroA~eHHHe rrpil 3TOM 3Ha~e
HHR BpeMeHl'f rrpoAeTa no pacna~a is!'" Ha p l1c . 4 B Ka~eCTBe IIp ID~epa nOKa
3aHa 3aBllCHMOCTb Bc OT ~ c~aR pacrra~a ~Be __ l1 on+n+n-ppp BPSF 
C06HTHH I. KaK BB~HO l'f3 Ta6ABUH TI, HMITyAbCH cynepR~ep, llpl'f KOTOPHX 
Bc = 0-10 MaB, He rrpeBoCXO.ll.l1T 1,6 raB/c, ~TO RBMeTCR xapaKTepHIiM ~ 
nmepMep l'f 061f1HHX IPparMe HToB ( CM ./16/). l1MilyAbCH RO B ;10 rrpH aTOM 

Ta K%e He rrpOTHBope~aT B0 3MOMHO

CT\'! pacna~a BHyTPB cynepMep ~~ 
Ha ROp (+IIl'fOHH) ZJl.H 11 ° n+ (+Ill1

OHH): M8KC HM8AbHO B03MOln me 1!11f

nYAbCH KO \'! /)0 OT pacna~a )\ ~ 
B nORoe COCTaBM m ,. 0 ,87 H 

~ 0 ,86 raB/c COOTBeTCTBeHHO . 
DOJlbmOn HMIIYAbC /10 B CO Ol>T1Ul 2 
3aMeTHO YMeHbmHTCR, e cAl'f rrpen no-
AO~Tb HaJl.~lle XOTR ON onHoro 

PBc. 4. 38BECBMOCTb 3HeprKB CBR3Z nO- Me 30Re BJI.l'f HeaTpOHa cpen \'! 

~T lDfny.1ll:.Ca cynepH.lijXl .Il.JlR pacna.)t8 npO.n:yRTOB pacnana . TIo~eHHHe 

£~--"AoJ/t;;Jt"J1PPA B c06unm 1. 
~J B03MO XHO T8~e Ha~se He a TpOHOB, a B COONTRRX 2 B 3 - He!TpaAbHYX 

nsonOB, HO Ro~ecTBeHHHA 8HaA~3 B c~ae BI>AeT8 60Aee ~eM OnHO~ He!
TpaAbH Oa ~8CTllUH HeB03MoxeH. 
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3Ha~eH~H BpeMeH rrpOAeTa RaH~M~aTOB B cynepRnpa ~O pa crra~a TaRH.e COrA8
CYilTCH C BpeMeHeM liiHSHB A~. 

HaH60~bmHt BHTepeC rrpe~C T8BAReT C0 6~THe I , rronp06HO orrHC8HHoe BI 5 
pa60Te/ /, nocRo~hRY B HeM 06H8pyxeaa BBARa (CAe~ VI B V2 H8 pRc. I ), 
reOMeTpH~e CRH BOCCTaHORneHH8R BepmHHa KO TOPOtt HaxonzTCH H8 paCCTORHBH 
6 ,3±2, 8 MKM OT BepWBHU A rrepBWqHOr o B38HMO~eaCTBRR. CorAacHo B3MepeHB
RM MHoro RpaTHOro P8 CC eJIHRR H BOHBsalUIB, Ha l'!60Ae e BepoRTH8R .!!HTeprrpeTa
nRR qa CTHQW VI eCTh X- MeSOH . il03TOMy BBARS Mo~eT 6~Tb HHTepnpeTH~OB8
Ha RaR p8crra~ ~O-Me30Ha HS r n- (HHB8pB8HTHaR Ma cca MKn=I , 62~g:b r aB) 
38 npeMR ~0, 36 · ro-I4 C BJU! Ha r n-nO 38 BpeMR 
( 0 ,28-0 , 41). 10- 14 C *. 

BepoRTHoCTb o6pasoB8HRR no~06HOA BBARI'I 38 Cq e T p8crra~a K~ ~B AO, 

8 T8Me ~Hq,p8RIU!oHHOli .ll.BCCOUB8lU!B 1'\ -. pn- BJU! I'\. _ n. n+n- rrpH TOA
lllBHe ~eTeKTopa 5 CM (pasMep S OH~ ITpocMOTpa qioToaMYJIb CDl! B HarrpaBJI eHJH~ 
lJY'IKa rrpOTOHOB) He npe BHllIa eT ..... '7 . 10- 3 Ha O~HO nePBW1jOe BSaHMO~eitc TBBe 
( oueHKB ~Ha ITp.!! nOHCKe 0~8poBaHHHx qaCTBU eM. B /21 ). IT03TOMy rro~oe 
OJ!(B.nael.40e qHCJIO ~HOBHX C06I:JTm!, HMllTnpynItIDC OJUlOBpeMeHHo pacrrs.n cynep
H}lp8 C BepoRT~oCT b~ PI B He~TpaAhHO~ OqapOnaHHo~ qaCTHnl:J C BepoRTHoC
Th~ Pz' VBBHo/2I /: 

N <p =i .,AI. PI • P2 

r~e AI- KO~eCTBO saper HCTpBpona HHNX BsaHMo~eAcTBm! , B He ITpeBHIDaeT 
B HaIDeM 3KcnepBMeHTe ~ 7. ro- 4• 

B JU3yx ~yrn C06I:JTMX YR8saHRR H8 pacna.n BTOpOa O~apOB8HHoit ~ac

Tfll.U>l He 6~JIO 06HapyxeHO .no pa CC TORHlJit '"' 3 MM OT pO~TeJIhCKBX llSBHMO

~eaCTBHA. ITocRO~bRY B C0 6HTlJB 3 Ka H.llB~a T 1l cynepRnp o Ha~.neH BO BS8HMO

~enCTBBH BTOpaqaoA ~a CTBUN h±, TO 6HAa J~OBepeHa rflnOTesa 0 TOM, qTO 

aTa 'la CTlJaa MOJileT 6liTh ~+-Me SOHOM . Pacrra.ll BT OpOn OqapOBa HHoA qaCTHl.U>I, 

po~eHHOa B nape C Z>+-Me30HOM B BepIDI'IHe A (PUC.3), He 61:J~ 06HapyseH. 


ITOCKO.lJbRY rrp06er~ KO 
1!1 /I 0 ~O pacna.na COCTB1l.1J.A"IOT HecRO~hKO C8HTl!

MerpOB, TO BepORTHOCTh BX pacna~a B ITpe~eJI8X ~TOaMYJIbCl!OHHOa RaMepl:J 
HeBeJlID(8 (~ ro-20%) . EC~H ITpB pacnB.ne cynepallep KpOMe CTpaHHoJ;! Hebpa
~bHOa qaCT~ BIiJIeTBeT XOTR 6H o~a .norrO~HBTeJIbHaR HeaTpa~bHaR qaCTB
l1a - HettrpoH BJIa nO, TO yrJW Bl.lJIeTS RO IfJlI'I 11 0 Mor Y'!' OTJlW1anCR OT yr_ 
~OB , onpe.lleJleBRl.lX rrpl! KBHeMaTB~eCKOM aHaABse paCIT8.1l0B C O~HOa HeATpaJIh
BOtt ~aCTll·uea . IIOJlCR paCTI8.1l0B HeATpaJILHIiX CTpaHHIiX qaCT~ npOBO,IUlllCR 
n08TOItIy TOJn.KO B OKpeCTHOCTJI C06I:JTJlR I. Pacna~ 11" He 61U! 06HBPYJKeH . 

HMeDmBeCR ~onymeHHR l! Heorrpe.lleJI~HHOCTH, XOTR B He rrpOTaBOpeqaT 
HHTeprrpeT8qBB Ha~eHHIiX Co6liTHA RaR pacns.nOB cynePR~ep, TeM He MeHee 
He rrOSBM RIOT Y'l'Be.PJK,D.aTb 0 Ha6JIJqnSllliH CYllSPH,n.ep.l)epXJ1RH rparWIta BLl

~) 3H8H sapR.lla KaOHa HeHSBeCTeH; rrpe1lDO~O~eHHe, ~TO OH nOJIO~TeJJeH. 
OCHOBaHO BB rmroTese 06 06paSOBaHJIJI cynep.a:;n:p9 B 1>0 

Ii 

xo~a cynep~ep B npoToH-~epHJllC Bsru1Mo~eitcTBlffiX B rfioT03MYJn.CID! Ha 
90% YPoBHe .Il0CTOBepHocTH paERa : 

3 I·ro-6 npB 250 raB 

fSF ~ 3 :8. ro- 5 rrpH ~I OO-I50 raB 
53 ,I· ro- rrp~ 70 rsB 

Ha O~HO Heyrrpyroe BSaHMO~eaC TBBe, eCJIH 3~eKTHBHoCTh perzcTp8UBB cyne p
R~ep p8BH8 100%. n;ra cpaBHeHHR - ~aC TOTa Ha6JID~eHHR r BoeEj.llep CO CT8BJIR
eT -- (I ,5-3) . ro-3 B flHTepB8J1e 3HepraA OT ... 5 .no 250 rad 1 . 

OTcro,na MOZEO C~eJIaTh oueRRY BepxHeA rpa HRUH BepORTHOCTB 38xn8Ta 
11 ~. 3Ta 011eHK8 CBJIbHO 3BBHCHT OT Ce~eHi1R 06pa s oBaHHR II ~ B pp-BSaBMO
~eAcTBHffX B A-3aBBCHMOCTfl Ce~eH1!IH zx 06paSOBaHHR B pA-BS8KMO~enCTBRHX . 

iloRa SaTeJlb d.. B SaBZC HMOCTH <5 ,.. A0(. CeqeHBR 06p8S0BaH BR OqapOB8HHblX ~ac
TBU RBJIReTCR ~Bett OT XF / 22/ . IT08TOMY oueHKlI ITpI'lBO~TCR ~ nnyx 
rrpe.D.1l0~0~eHBa : 6 r- AI H 0 '"' A2/3 . 3KCnepHMeHTaJIbHI:Je ~aHHble no Ce~eHBRM 
06p8S0BaH.H.fI Jl ~ BJA-B38BMO~eACTBBRX K HacTomueMy EpeMeHI'I OCTa~TCR rrpo
TlJBOpe~BB~ ( CM. 2/ ). ~ rpy6LlX oueHOR B3RTH pe sYJIbTa TH KOJIJI860paUZB 
ACMOOR / 23 , rroJlY'l'eHHl:Je B peaKUBB pEe ---7> A~ + X rrp lll Js = I? raE. 

B ITpeltllOJIOJ1(eHHB 
JIZHenHO~ A-3aBBCHMOCTB nOAyqeHo 6 (pp __ 11 t) ~ e MK6H Ha 90% ypoBHe 
~ocToBepHocT~. ITP~HRB ~ orrpe~eJIeHHOCTI'I, ~TO B c~ae AflHe!HoA A-S8BH
CBMOCTB 6 (Pp ---. .Il ~ ) = 8 MK6H rrpB ~ = 250 raB ( $ = 22,4 raB) , no.ny
~aeM Bepm/()J() rp8HBUY BepORTHOCTH saXBaTa 11 ~ Ha ~ax Ad ' Br: 
S4 ~ 4· ro-3 H8 90% ypoBHe ~ocToBepHocTlIl. ~ c JJY"aR <5 (pA _A~ ) __A2/3 
8At ~ 8 ,7.IO-3 Ha 90%ypoBHe nOCTOBepHOCTlIl. nOJIR 11 0 , 06pasynmBx BB.ll.B

Ml:Je rlllnep~a, rrplll ~ = 250 raB COCTaBJIReT HeCKOJIbKO rrpoueHT OB . 

3.AK.1IKREID1E 
B ~aHHo~ pa 60Te BnepBl:Je rrpOBe~eH nOlllCR o~apoBaHHIiX aHaJIOrOB r Bllep

~ep - c ynepR~ep, rrpe~cTaBARDm1!!X c060n CBRSaHayD c BcTeMy HyKAOHOB B 
JIe~aamero O'lapOBaHHoro 6apHoH8 t1 ~ . ITPH aH8JIHSe 60Jlee ~eM 6 · ro5 B3afl
Mo~eaCTB~ ITpOTOHOB C 3Hepr HRMB 70 , ~IOO-I50 H 250 raB 6~~0 06Hapy&eHo 
TpB K8~naTa B cynep~a. 3TJ/l C0 6HTlIlR 0 6JI8~aDT PR~OM UPBSHBKOB, xa paK
TepHIiX .llJIR cynep~ep: 60JIbIDOe Blln l!MOe 3Hepro BLI.neJleHBe ~fl.n 0,5-I , 0 r aB, 
MaJWe rrp06er ll .no pac na~a R~ 2-4 MKM. npeJITlOJlO~eHBe 0 TOM, 'ITO cpe.lOf 
HeATp8JIbHHX qBCTlIlU, YHOC~X He.nOC TaDmM~ J/l~rnyJIbC , HMeeTCR CTpaHHaR 
KO IIJIH 1'1 0 , He npHBo.nIlT K rrpOTIffiOpeqUI C r mJOTesoA 0 pacna;n:e cyneJlSl.llPa . 
ilOJIY'leHHHe UPI'! KIlHeMa1'llqeCKOM 8HaJU!3e 3H8~erulR IfMTIYJI1>COB cynepR.nep B 
HeRTp8JIbHHX CTpa HHHX qa CTBU, a TaRZe BpeMeH J~O~eTa .no pacna.na He npo
TBBope~aT BOSMO~OCTH TBKOA flHTeprrpeT8Ulllll. 

Hru!60JIhIDell ~OC TOBepIlOCThll o6JIa.ll.a eT C06I:JTlle, B ROTOPOM HapRJIY C 
Ka~fl~BTOM B cynep~o 06Hap~eHa BBJIK8 OT BOSMo~oro pacna~a aCC0118a 
TflBHoro napTHepa A~ - ~°-Me SOHa . ~OH .llJIR SToro C06HTBR He ITpeBlimae T 
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4 
,..7 ·ro- . 	 )In.q BTOpOrO C0 61:lTIDI <PaH -0 , 2 , ,n.wr TpeTl,ero - He 60JIee ro·? 
o~aKO B 3TRX C061:lTIDIX He o6Hapy~eHo YKa3auHtt Ha pacna,n BTOPOH o~apo
BaHHOa ~aC TBI\IlI. 

Onpe.neJIeHB EepXHRH rpaHBUB BHXo,na cynepRnep B npOTOH- R.nepHHX B3BB
Mo,neAc TBIDIX B ~TOaMyJIbCBB Ha 90% ypOBHe ,noc roBepHocTB: 

63, 1'10- npl'J 250 r aB 
5!SF 	~ 3 , 8 · ro- npH - 100-150 raE 
53 , 1 '10-	 npB 70 r a 

Ha 	 O,UHO Heyrrpyroe B3BHMo,nettcTBHe. 

C,neJlaHa OneHKa BepXHe~ rpamulhl ,nOJIH .t1 ~. o6pa3YlOuU-lX B.H.IlHM1le cy

nepR~a BO B3aRMo,neAcTBHRX rrpO TOHOF C 3Hepr zeA 250 raE C R~BM.H AJ .BT. 
Ha 90% ypoBHe ,nocToBepHoCTZ aTa Be~HHa paBHa: 

4 , 0.10-3 
CJIH d ( pA _ A +)..-A1s 	< 311-t 

<. 
..... 8,? ·ro- eCJIB 6 ( pA _A; )"'A2/~ 
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npHHHMaeTCR nOAnHCKa Ha npe npHHT~ H COofi~eHHA 06~eAHHeHHOfO HHCTHTyTa 
RAePH~X HCCfieAOBaHHH, 

YcraHoeneHa cne,qy~~aR CTOHMOCTb no,qnHCKH Ha 12 MecR~ea Ha H3,QaHHR OHRH, 
BKn~4aA nepeC~JlKy, no OTAeJlbH~M TeMaT~4eCKHM KaTefOpHRM: 

HHAEKC TEMATHKA 

1. 3KCnepHMeHranbHaA ~H3HKa B~COKHX 3HeprHH 

2. Teo peTH4ecKaR ~H3HKa a~cOKHX aHeprHH 

3. 3KCnepHMeHTaJlbHaA HeHTpOHHaR $H3HKa 

4 . TeoperH4ecKaA ~H3HKa HH3KHX aHeprHH 

5. MareMan1Ka 

6. R,qe pHaR cneKrpocKOnHA H pa,qHOXHMHR 

7. ~H3HKd TR*ell~X HOHOB 

8. KpHoreHHKa 

9. YcKopHren..., 

~ 10 . AeroMaTH3a4HA o6pa60TKH 3KcnepHMeHTanbH~x 
,QaHH~X 

11. 

12. 

13. 

14. 

8~4HC11HTeJlbHaR MaTe MaTHKa H TeXHHKa 

XHMHA 

TexHHKa ~H3H4ecKoro 3KCnepHMeHra 

Hccne~oeaHH~ Teep~~x Ten H *H~KocTeH 
~~epH~MH MeTO~dMH 

15. 3KcnepHMeHTdnbHd~ ¢H3HKd H~epH~X peaK~HH 
npH HH3KHX 3HeprH~X 

16. 

17 . 

18. 

19. 

~03HMeTpH~ H ¢H3HKa 3d~HT~ 

TeopH~ KOHAeHCHPOBdHHOfO COCTO~HH~ 

Hcnon baoeaHHe peaynbTaTo e H MeTOAOB 

¢YHAaMeHTanbH~X ¢H3H4eCKHX HCCneAOBdHHH 
B CMe*H~X o6naCT~X HdYKH H TeXHHKH 

6HO<IlH3HKa 

UeHa noAnHCKH 
Ha ro,q 

10 p, 80 KOn, 

17 p, 80 KOn. 

4 p , 80 KOn, 

8 p, 80 KOn, 

4 p, 80 KOn, 

4 p, 80 KOn, 

2 p, 85 KOn, 

~ p. 85 KOn, 

7 p , 80 KOn. 

7 p. 80 Kon . 

6 p, 80 KOn, 

p, 70 KOn, 

8 p, 80 KOn, 

1 p , 70 KOn. 

P. 50 KOn, 

p, 90 Kon. 

6 p, 80 KOn, 

2 p, 35 KOn. 

1 p , 20 KOn, 

noAnHCKa MO*eT 6~Tb Q¢OpMneHa C n~6oro MeC~4d TeKy~ero fOAd . 

no BCeM BOn pOCdM Q¢OpMneHH~ noAnHCKH cneAyeT 06pa~aT b C R B H3AdTefibCKHH 
OTAen OHRH no aApecy: 101000 MocKea, rnaeno4TaMnT, n/• 79. 

6aTycoa ~.A. H AP· Pl-85-495 
nDHCK cynepRAep BO B3aHMOAeHCTBHRX npOTOHOB C RApaMH B ¢QT03MyfibCHH 
npH 3HeprHRX 250 H 70 r3B 

npH aHanH3e - 1,27 • 106 B3aHMOAeHCTBHH npOTOHOB C 3HeprHRMH 250, 70 r3B 
H BTOpH4H~X 4aCTH~ 06Hapy*eHO TpH KaHAHAaTa B cynepRApa. 3TH Co6~THR o6na
Aa~T PRAOM npH3HaKOB, xapaKTepH~X AnR pacnaAa cynepRAep: 6onbWOe BHAHMOe 
3HeprOB~AeneHHe E ••A- 0' 5-1 '0 r<3B' Manwe npo6erH R- 2-4 MKM. KHHeMaTH4eCKHH 
aHanH3 noKa3an, 4TO 3TH C06~THR MOryT 6~Tb HenpoTHBOpe4HBO HHTepnpeTHpoBaH~ 
KaK pacnaA~ cynepRAep. 0AHaKo o6pa3oaaHHe cynepRApa AOn*HO conpoao*AaTbCR 
acco~HaTHBH~M PD*AeHHeM 04apoaaHHoH aHTH4aCTH~~. TonbKO a OAHOM H3 co6~THH 
3aperHCTPHPQBaH KaHAHAaT Ha pacnaA ~-Me30Ha . no 3TOH npH4HHe 3aTPYAHHTenb
HO CAenaTb 0AH03Ha4HwH B~BOA 0 Ha6n~AeHHH cynepRAep. BepXHRR rpaHH~a B~XOAa 
cynepRAep B pA-a3a~MOAeHCTBHRX B ¢QT03MYfibCHH Ha 90% ypoaHe AOCTOBepHOCTH 
pasHa : (SF$ 3,1' 10- Ha OAHO Heynpyroe B3aHMOAeHCTBHe npH E p= 250 r3B H 
~ 3,1·10-5 npH Ep= 70 r3B. CAenaHa o~eHKa aepxHeH rpaHH~~ B~XOAa cynepRAeP 
BO B3aHMOAeHCTBHRX fiHAHPYKlUIHX npOTOHOB C 3HeprHeH E p -1 00-150 r3B: (SF !1: 
:;;;3,8.1(f~Ha 90% ypoaHe AOCToaepHOCTH o~eHeHa aepxHRR rpaHH~a AOnH A~ , o6pa3y
Kl111HX cynepRAPa ao B3aHMOAeHCTBHRX npoToHoa c RAPaMH Ag, Br npH 3HeprHH 
250 r3B: SA+ ~4,0·10-3 , ecnH u{pA .. A:)-A~ H $:8,7·10-s, ecnH u(pA .. A~-A218• 

Pa6~Ta a~nonHeHa B na6opaTOPHH RAePH~X npo6neM OHRH 
Coo6~eHHe O&be~HeH~oro HHCTHTyTa RAepHYXHccneAoBaHHA. By6Ha 1985 

M. H. noTanoaa 

Batusov Yu . A. et al. Pl-85-495 
Search for Supernuclei in Interactions of Protons with Photoemulsion 
Nuclei at 250 and 70 GeV 

The analysis of -1.27 · 10 6 interactions of 250 and 70 GeV protons and 
secondary particles has yielded three candidates for supernuclei . These 
events possess a set of characteristic features of a supernuclear decay: 
a large visible energy release Ev

18
-0 . 5-1.0 GeV , short rangesR-2-4!J.m . 

The kinematical analysis has shown that there is no contradiction in , inter
preting those events as supernuclear decays. However the formation of a 
supernucleus must be accompanied by the production of an associutive 
charmed antiparticle . A candidate for the ~-meson decay was registered 
only in one event. So it i s difficult to claim for sure that supernuclei 
have been observed. The upper 1 imit of the supernuclear yield in pA-Inter
actions in photoemulsion at 90% CL is fsF ::; 3 . 1·10-6 per inelastic interac
tion at Ep = 250 GeV and ~ 3. 1 · 10-5 at Ep = 70 GeV. The estimation of the 
upper 1 imit of the supernuclear yield in interaction of leading protons 
at Er--100-150 GeV has been made : fsF ~3.8·10-5. The upper limit of the 
fraction of A~ produc i ng supernuclei in interact ions of 250 GeV protons 
with Ag, Br nuclei has been estimated at 90% CL : SA+ ~ 4.0·10-3 for u (pA .. 
.. A:) - A 1 and :S 8 . 7 · 10 - 3 for u ( pA .. A +c ) - A 2/3 . c 

The invest igat ion has been performed at the Laboratory of 
Nuclear Problems , J INR . 
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