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1 

1. BBe,gemrn. 

B HaCTOSIIUeii CTaTbe npeACTaBneHbl peaynbT8Tbi no MHO:lKeCTBeHHOCTH 

BTOpH'IHbIX qacTnu, o6pa30B8H.HbIX B IT-p-, IT-n- H IT-c·-aaaHMOAeiiCTBHSIX 

npn liMnynhce nepBH'IHhix IT- -Meaouoa P =40 faBlc. IlpeABapnTenbHhie 

peaynbTaThI 6hmH aono:lKeHhI Ha Me)KAynapoAHoii KOHipepemirin B · AMcTepAa
/1/ 

_____ ,.. 

Me 

nsyXMeTpOBaSI nponaHOBaSI (CJ H 8 ) ny3blpbKOBaSI Ka Me pa 'flB8 OIUU1 

3KCilOHHpOBanacb B ny'IKe OTpuuaTellbHblX IT -Me30HOB C HMilY1lbCOM 

(40:!;_0,24) raa/c Ha ·cepnyxoacKOM ycKopuTene. KaMepa 6bma noMemeHa a 

MarHnTHoe none c ii"" 15 Kraycc. llaa)KllbI npocMoTpeHo oKono· 50000 c-repeo

ipo-rorpaipuii. 8ipipeKTHBHOCTb llB0IIH0ro npOCM0Tpa OKaaanacb pairnoii € =99,6%, 

aa HCK11IO'leuneM 0,1- n 2-nyqeahIX co61,nuii, iinst KOTOpbIX aaeAeHhI' cooTaeT

CTBy10mue nonpaBKII. B BbI6paHHOII 9tt,tjieKTIIBHOii o6nac-ru 'KaMepbl Ha BCeM ' 

iipocMoTpeuuol\i MaTep11ane nafiaeuo i 1267 cnyqaea. aaauMoaeiicTanii. B cooT

aeTcTBHH co · cTaHAapTHhtMu KpnTep IIHMn oT6opa A11SI nponanoBbIX KaMeJi na 

Il011HOro 'IHC:118 0·6uapynrn11HblX co61,1T11fi 5030 K118CCH!pHUHp0B8Hbi KBK IT -p -

B38HMOAeiiCTBHSI, 2072 - KllK IT-n Ii 4165 cnyqaeB OTHeCeHbl K IT'-C -aaan-

MOAeiicTBIISIM. 

K aaauMoaeiicTairnrvi T1ma IT-P 0Tnocun11cb co6bITHSI, a KOTOpbIX 

HMeeTCSI 'leTnoe 'IHC110.' TpeKoe; cyMMapHbifi aapsm acex BTOPH'IHblX 'ISCTHU 
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paneH O; qncno npoTOHOB paBHO eyn10 HnH enHHHUe; HeT HJleHTH¢HuHpoaaH

HOI'O npOTOHa, neTmuero Hasan, a TaK:iKe 6no6oB B Toqice B3aHMOJleHCTBHSlo 

BsaHMO]leHCTBHSI THna Tr -n HMe!OT HeqeTHOe qucno TpeKOB, cyMMapHblii 

sapM MHHYC e]lHHHUa, qncno npoTOHOB paBHO"Hynro HnH enHHHUe H B ToqKe 

B3aHMO]leiiCTBHSI He non:lKHO 6b!Tb 6no6oa. Bee co6b!THSI, He ynoaneTBOpSIIO

urne 8THM KpHTepHSIM, Knaccu¢uuupoaanHCb KaK Tr -c -asaHMO]leiiCTBHSI. 

11 • PacnpeneneHHSI no MHO:iKeCTBeHHOCTH 

1) rr-p- C06b!THSI 

Ha •pnc. la noKasaHo pacnpeneneHHe no MHO:iKeCTBeHHOCTH sapSI:iKeHHbIX 

- xi 
qaCTHU,. o6pasoaaHHb!X B Tr p -B3aHMOJleiiCTBHSIX • 

3arnTpHXOB8HH8SI o6nacTb COOTBeTCTByeT BKnany cnyqaeB ynpyroro 

pacceSJHHSI (oKono 25% acex 2-nyqeabIX co6b1Tnii). nonHoe ceqeane ynpyroro 

pacceSIHHSI nonyqeHO nyTeM 8KCTpanon~UHH naHHb!X npu MeHblllHX 8HepI'HSIX 

n npHHSITO paBHblM c,-:;" =3,5 M6H. CornacHO npoaeneHHb!M oueHKBM, a Ka

Mepe MO:lKeT Ha6nJO]l8TbCSI TOnbKO "'70% cnyqaea BCeX y npyI'HX B38HMO]leiicT

BHHe 

3HaqeHHSI cpenHHX MHO:lKeCTBeHHOCTeii sapSI:iKeHHb!X qacTHU .< n±> npH

Be]lCHbl B Ta6nnue 1. nonpaBKH; CBSl38HHble C BTOpHqHblMH B38HMO]leiiCTBHSI

MH, HanuqneM 8 -aneKTpOHOB, y· -KB8HTOB _H nap .llannua a6nH3H TQqKH. 

B38HMOJleficTBHSI, a T8K:lKe noTepefi MenneHHblX npOTOHOB, Jl8IOT CMemeHHe 

aaaqeHHSI .<n±> Ha , /'l < n±>=-0,01, qTo H yqTeHbI B Ta6nnue I. Yaennqe~He 

cpenaeii MHO:lKeCTBeHHOCTH 38 cqeT B38HMO]leHCTBHH nepanqHb!X IlHOHOB C 

KB83HCB060JlHbJMH npoTOH8MH Sl]lep yrnepona no npoaeneHHb!M oueHK8M coc

TaBnSJeT l'l<n±>=+0,1 (sTa nonpaaKa He yqTeHa B Ta6nnue) •. 

TononornqecKHe ceqeHHSI (un) nnsi: Tr -p -B38HMO]leH<;:TBHii npHBO)lSIT-

cs B Ta6nnue 11 • 3necb HCKnroqeHbI cnyqan ynpyroro pacceSJHHSI • 

~ ) .llaHHble npuBeJleHbl no qacTH CTaTHCTHKH (92% • 
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NO. or PRO.KGS 
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Puc. 1. PacnpeneneHHSI no MHO:iKeCTBeHHOCTH sapSI:iKeHHb!X qacTHU B. rr-p -
B38HMO]leHCTBHSIX! a) . ace co6bITHSli 6) C06bJTIISI C V 0 -'18CTHU8MH. 3a"." 
lllTpuxoaaHHaSJ o6nacTb - BKnaa ynpyroro paccegmrn. 
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TABJIHUA I. 

3Hat.eHIUi cpe,1umx MHOl8CTB8HHOCTeR 4'n+> 3aPffll8HHliX tiaCTHU 

B Jrp H IJK.- - -B3aHMOJl.eliC_TID!RX:. -

Tan B3aHllOJJ.eRCTBllfi'. <VI±.,. vii II) -"H:t>~ 

r(p (:ace 3aJ)HI'l!CTJ)HJX)BaHHlie C061iT1111) 5.45:!: 0.04 2.81 I.94 

-
lip (cles yrrpyn'fx COclliTHll) 5.62 :t 0.04 2.17 2.02 

n"":e Ceo clH'l'Kff C V r, -qac TH!J!IIH) 5. 56 .:t o. 15 2.76 2.01 
JirL,UJCe COclliTHff) 5.08 ±.0.06 2. 7'.3 I.86 
Ii n,(cles ROreI?eHTHHX COclliTHI) 5.2I :t 0.06 2.79 I.87 
I('~ Ceo clHTBff C V 0-tiac myaHK) 5.70 .± 0~23 2. 77 _ __ 2~_Q6 

It) CZ>= ( ~ n:> - .en±'>~) 

TABJIHUA n 
Pacnpe,l8Jl8HBe co6anA no IIHOXeCTBeHHOC'l'JI sapaeHHHX qacTHU 
K 1'0UOJlOI'H1leCKHe cetiemtff B trp H Jrn.. -' B-3am.l'.O,l8SlCTBlllIX. 

'lKc.ito 'JJ/JJia OT :acex CetieHHe 11Hc.110 }{oM OT :acex CetieB!le 
''± cocl1:1THI C061:1THS~) ~,,,(ii 11c1s> coclama coclunl ( 18!) 0, .. 

Il""-o -co6aTHff (<Sea vrmvr11x) n'.'l Irl1 --coclli'l'Hff (6es ttoreneBTnwc) 
0 :IT I.3 .t 0.17 0.28 ±. 0.04 I I85 9.4 ±. 0.69 I.84 :t O.I4 
2 650 14.7 ::t 0.58 '.3.I2 ± 0.1'.3 '.3 590 '.30.l ± 1.24 5.90 .± 0.26 
4 1328 30.0 ± 0.82 6. 36 ::r 0. IS 5 495 25.'.3:t I.I4 4.96 ±: 0.24 
6 II79 26. 7 ~ o. 78 5.66 :t O.I7 7 :rrn IS. 9 :!: 0.98 '.3.70:t: 0.20 
8. 7rJ7 16.0 :!: o. 60 3.39 + O.I'.3 9 I99 I0.2 :!: o. 72 2.00 :!: O. I4 
IO '.3'.ll 7. 5 :t 0.41 I.59 ~ 0.09 II 89 4. 5-±. o. 4.f o. 88 :!:. o. 09 "t 

12 12'.3 2. 8 :t o. 25 o. 59 ± 0.05 I3 25 I.'.3 ± 0.26 o. 26 :!: o. 05 
I4. '.37 o.s t 0.14" 0.17 ± 0.03 IS 5 0.'.3 ~ O.II 0.06 -r 0.02 
16 8 0.18± 0.06 0.04 :t O.OI 17 0 0 0 
18 4 o.b9~ o.os 0.02 :t O.OI 19 l 0.05:!:0.05 0.01 -4- O.OI 
20 2 0.05:t0.03 o.ont 0.006 I 

22 I o. 02 ± 0.02 0.005:to.oos 
Bee cocl,mrn: IOO 21.2 .:!: 0.15 Bee COClliTH.li 100 19.6 ;!:. 0.3 

4427 1959 :.; 
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; 
l 

-I 

I 

• 

Bee ocTaBumecsi co6bITliSI HOpM11poBanncb Ha nonHoe ceqeHne Heynpy

rnx B3aHMOJ]eiicTBl!ii, KOTopoe 6bJnO paBHO ... 
TT- p 

a 
in el 

11-1> 11-P XI 
a tot - a el =21,2;!:_Q, 15 M6H • 

Ha p11c. 16 npHBOllliTCSI pacnpeJJeneHne no MHO*eCTBeHHOCTll aapsi*eH

HblX '!aCTl!U B C06b!Tl!SIX, rae l!MeeTCSI XOTSI 6bJ OJ]Ha BH3yanbHO IIJleHTHqm-

uupoBaHHaSI V0 
-qacT11ua. 3Ha'leHne <n± > Jln"si aTnx cny"!aeB J]aHo B Ta6-

nnue / • CneJ]yeT OTMeTl!Tb, 'ITO aqxpeKTHBHOCTb perncTpaunn VO -"IaCTllU 

B KaMepe COCTaBnSieT l Vo; 80%. 3Ha'!eHHSI < n + > B C06bITHSIX 6e3 CTpaH-

HblX 'laCTHU n c HHMH COBnaJ]alOT B npeJ]enax oum6oK. 

2. 11 -n - CO 6 bl TH SI 

PacnpeaeneH11e no MHOlKeCTBeHHOCTli aapsi*eHHblX "IaCTHU, o6pa3oBaH

HbIX B 11-n -B3al!M0J]eiicTBHSIX, noKa3aHo Ha -PIIC. 2a. O6naCTb, aarnTpnxo

BaHHaSI Ha pncyHKe, COOTBeTCTByeT BKnaJ]y KorepeHTHblX B3al!MOJ]eiicTBHll 

( "" 17% OT 3-ny"!eBblX co6bIT1iii). Ce"!eH11e KOrepeHTHoro o6pa30BaHHSI Tpex 

aapsi*eHHbIX 11 -Me3oHos Ha SIJlpax yrnepoJJa npnHnManocb paBHbIM a~oh = 

2,5 M6H no aKCTpanonsiuIrn aKcnep11MeHTanbHbIX J1aHH~1x. 3aaqeansi <n+"> J]nsi 

xx.I - " 
scex 11 -n -co6h1Tnii: II 6ea KorepeTHbIX np11BeJ1eHbI B Ta6nnue I .O111n6K11 

xi TTonHbie ce"!eHnsi 11 P - n 11 n -saanMoJJeii:cTsnii: npn 40 faslc 
paBHbI: a,~~1>=24,7.:!:.0,15 MW n a ,:,-n =23,1;!:.0,3 M6a121 

xx.I -
B OJ]HOny"!eBbie 11 n -co6bJTl!SI MoryT J]aTb BKnaJ] KOrepeHTHbie npo-

UeCCbl Tlina 11-C 
1

L.r11-11 °11°) cf~ BKnaa TaKl!X 1§96b1Tnii: MO)l{HO oueHHTb, ncxo-
J]SI H3 CTaTHCTH"IeCKOll H30CillIHOB0ii J\.IOJ]enn • PaC'IJE!Tbl no 9T0ii MOJ]enn 
J]a!OT 0THOllleHne 

U (11-c -11-11+11-c) 

a (11-c --. 11-11°11° C) 
I, s. 

B TaKOM cny"Iae J]nSI 3Ha'leHl!SI <n+ > B TT -n -B3allMOJ]eiicTBHSIX nony'IJaeT-
CSI <n± > =5,40;!:_0,07. -
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(a) t·n EVENTS 

?00~ P777/l IZ:I COHIRINT IVENn 

., ,,,,,,, 1959 EVENTS (WITH()JT COHERENT) 
500· 

I 
Ul 500 
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0 

~~ 

200 
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(b) ,r·n IIIENn WITH V0 

Ul I !~O EVENTS 
!i: ... 
~ 

25 ... 
0 

d 
'Z: 

0 ?, 5 ? g II 13 15 17 19 21 13 

>10. OF PRONGS 

P1Ic. 2. Pacnpe]leneHIISI no MHO)KeCTBeHHOCTH 38p51:lKeHHblX 'laCTHU B 11-n 

B3aHMO]leitCTBHSIX! a) ace co6bITIISlj 6) co6bITHSI C V O 
-qaCTHUaMH. 

3amTplIXOB8HHaSI o6nacTb - BKna]l KOrepeHTHbIX B381IMO]leitcTBHit Ha Sl]lpax 

yrnepo/la 11 - C --->(11 -11 + 11-) C. 

8 
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!, 

},: 
ii 
!J\ 
/ 
I ,, 

t 
l 
I~ 

1, 
I 

t 
i 
jl 

-- I 
. ! 
_ .. -.. l 

B <n± > srnnSIIOTCSl CTaTHCTII'leCKIIMII. 0,:mony'leBbie co6bITHSI per1ICTp1IpOBa

n1ICb B KaMepe c 0 2: 1 °. Ha irnc. 26 nplIBO/llITCSI pacnpe/leneHHe no MHo

)i<ecTBeHHOCTII 3apmKeHHbIX '18CTIIU B 11-n -co6bITHSIX, l']le HMeeTCSI XOTSI 6b! 

0/lHa BII3yanbHO l!]leHTmi>IIU1IpOB8HH8SI V O 
-qac_THua. 3Ha'leHIIe . <n ± > JlnSI 

8TIIX B381IMO]leitCTBHit Jl8HO B Ta6n1Iue I • B Ta6nuue 11 ]l8IOTCSI TononOI'H'le

CKHe Ce'leHHSI Heynpyrux 11-n -B381IMO]leitcTBIIii. Bee co6hITHSI HopMHpOBanHCb 

- - u u 11-n 11-n 11-n 
Ha nonHoe ce'leH1Ie Heynpyrux 11 n -B3alIMO/leHCTBHH ainel = a tot -a el = 
=19,6;!:_D,3 M6H 0 TTonH00 Ce'1eH1Ie ynpyl'Ol'O TT-n ~pacceRHHSl nplIHSITO paBHbIM 

11 -n TT - P 
a = a =3,5 M6H. TTonyqeHHbie B HaCTOSIIUeit pa6oTe pacnpe]leneHHSI 

el el 
no MHO)KeCTBeHHOCTH B TT - p - II 71 - n -coy ]lapeHIISIX xopomo onHCbIB8IOTCSI 

/4/ 
8MnHp1I'leCKOit ¢opMynoit, npe]lnOXleHHOit B pa6oTe . • 

3. rr-C-B381IMOJleitcTBIIS1 

B Ta6n1Iue Ill npHBe]leHhI ]laHHbie no cpeAHeit MHO)KeCTBeHHOCTH pensi

TIIBIICTCK 1-1x TpeKOB B 38BIICIIMOCTII OT 'IIICna t.-rn]lneHHb!X npOTOHOB ]lnSl coy-

u - x/ 
]lapeHIIII TT -Me30HOB C SI/lp8MH yrnepo]la 

Cpe]llISISI MHO)KeCTBeHHOCTb penSlTHBIICTCKHX TpeKOB COCTaBnSieT 

.<n± > =6,54+0,05. Cpe]lHee 'IIICnO BCeX BTOplI'IHbIX 3apS1:lKeHHblX 'laCTHU 
pen -

TT C 
B TaK1-1X co6bITHSIX OK83anocb paBHbIM <n ± > =7,21:!:.0,04. B Ta6n1Iue IV 

np1IBO/l51TCSI aHanOI'H'IHbie /l8HHbie JlnSl B381IMO]leitcTBHH TT - -Me30HOB C Sl/lpa

MII yrnepo]la 38 HCKnIO'l0HIIeM 11-P - II 11-n -coyJlapeHHH Ha KB83HCB060JlHbIX 

HyKnOHax. HHTepeCHO O~MeTIITb oTcyTCTBIIe 38BHCIIMOCTH 

Me]lneHHWX npoTOHOB. 

<n + > OT 'IIICna 
- pen 

xi K - u 
coy/lapeHIISIM 11 -Me30HOB c SI/lpaMII yrnepo]la no Hamen Knac-

CIIqJHKaUIIH OTHOCSITCSl TT - C-co6b!TIISI, 11-n - H '18CTb 11-p -co6bITIIit Ha KBa-

3HCB060JlHbJX HyKnouax. 

~ 



TA:S1IHUA m 
SuaqeHHS cpe.D.BHX KHOzecTBeHBOCTel sapszeHHHX peJlSTHBHCTCKHX 

qacTHn B coyJtapeuxsx Ir-11esouoB c Qpa11H yrnepoJta B 3aBHCH-
11ocu OT qKCJla lle.ll.lleuiliix np0'1'0HOB. 

11Kc.110 11e.zr..11eHBHX 
!!}!!TOHO B 

Q 
I 
2 
3 

:a') 4 
-Bee C06H'l'IIS 

% OT :acex 
IrC- C06Y'l'IIB 

-· 55. 7 ! m 
25.2! 
I~ 
5.0 ! 
&I.! 

I00 

T A :S JI H II A IY -~ -1 

Cpe,llHee qHCJlO 
pe.n:HHBIICTCJOIX TpeKOB 

6.02 ± 0.05 
6. trT ±. 0. 09 
7. 58 ± 0.I2 
7.83:!: 0.I9 
7.44 ± 0.29 

Cpe~Ke IIHOZeCT:&eBBOCTK sapueBHHX peJISTJIBIICTCIUIX 'll&C'l'BU 

B .ire • B3aJOIOllelCTBRsx <ircuDqeuu Irp • Ir11. co61,rru ua 
_ x:ea3HCB060llBHX BJJLllOBaX Mep yr.11epojta.J 

'lfllCJIO 11e.ll.ll8BBHX 

~TOBOB 

_o, 
I 
2 , 

-2...! 
Bee co61muI 

% o, :acex 

!(C -co<Ssnl 

27.I 
35.7 
23.6 
9.6 
4.Q 

100 

10 

CpeJtuee uc.110 

pe.lIJl'l'HUCTCKJIX Tl)eXOB 

7~80:t 0.I0 
7.46 ± 0.09 
7. 58 -t- 0. I2 
7.83.:t Q.19 
7.44 :t.0.29 

III • 3aB11c11MoCTb cpenHero •mcna raMMa-KBaHTOB 

oT MHO)KeCTBeHHOCTH aapg)KeHHbIX qac-r1111 B zCP -~ 
"-n - B3al!MO,geiiCTB!!SIX 

B HaCTOSIIUeii pa6oTe per11cTp11poBanHCb aneKTpOH-Il03llTpOHHbJe rrapbI, 

CMOTpS!IUl!e B TO'IKY B3al!MOJleiicTBIISI. Ha p11c. 3a ll 36 rrpllBOJlSITCSI 38Bll

Cl!MOCTll cpeJlHero 'IHCna raMMa-KBaHTOB <n > ' Hail:JleHHbIX npll npOCMOT-y -

pe, OT MHO)KeCTBeHHOCTll aap~eHHb!X 'laCTllU B "-p - ll rr -n -B3al!MOJleiicT-

<n > y BllSIX, COOTeeTCTB9HHO. t.{ epHb!Mll Kpy)KKaMll HaHeCeHbl 3Ha'leHllSI 

6e3 Bbl'll!TaHIISI BKnaJla OT yrrpyr11x (B rr-P ) ll KOI'epeHTHblX (B rr -n )-

x/ B381!MOJleil:cTBl!ll • B11/lHO, 'ITO C y5en11'leHHeM MHO)KeCTBeHHOCTII Ha6moJla-

eTCSI pOCT cpeJlHero 'll!Cna aaperHcTp!!pOBaHHblX raMMa-KBaHTOB. 3Ha'leHHSI 

<n > JlaHbl 6ea y'leTa acp<peKTIIBHOCTII per11cTpau1111 raMMa-KBaHTOB. 0JlHa-
. y 

KO, KaK rroKa3b!BaIOT 1!3MepeHHSI, cpeJlHl!e BeCa raMMa-_KBaHTOB B npeJlenax 

10% He 3aBHCSIT-OT n+ 
• B CBSI3ll C 3TllM BBeJleH11e norrpaBOK Ha acpcpeKTIIB-

HOCTb per11cTpauirn raMMa-KBaHTOB cyIUeCTBeHHO tte 1!3M9HIIT XO/la 3aBIICII

MOCTII. 

ABTOpbl Bbipa)KaIOT 6naroJlapHOCTb KonneKTIIBY rpyrrilbl 2-MeTpOBOll 

nponaHoBoii KaMepb1 OIHU1 11 coTpyJlHHKaM 11<1>B8 aa npoBeJleHHe o6nyqe-

HIISI. Mb! TaK)Ke npH3HaTenbHbl Hallll!M na'6opaHTaM aa 6onbllIYIO IIOMOlllb, oKa-

3aHHYIO npll BbmonHeHIIII HaCTOSIIUeii pa6oTbI. 

_x/ 6 • • -c ( - o o) C 
Co b!TIISI OT KOI'epeHTHbIX B3aHMOJlel1CTBlll1 THila rr ---> rr rr rr 

He Y'IIITbIBanHCb. 
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