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AepaMeHKO C.A. 11 AP· 

Ce11eH11A nepeJapAAKl1 3H➔ 3 He Ha BOAOPOAe, yrnepoAe, 

antOMl1Hl111, MeA11 11 CBl1HUe np11 9 raB/c 

Pl-91-239 

npoBeAeHHble 113MCpeHHA CC'leHl1H nepeaapRAK11 AAep TpHTHA (oKono 

9 raB/c) B AApa ren11A-3 Ha paJHblX M11WeHAX Aan11 cneAyt0~11e peJynbT3Tbl: 

H - 0,71 ::t 0,06 M6, C - 1,96 •0, 15 M6, Al - 2,55 ±0,20 M6, Cu - 3,42 ::t 

+ 0,27 M6, Pb -;- 4,88 ::t0,39 M6. On11caHa MeTOAHKa HJMepet111'1. PacCMOTpE!Hbl 

OCHOBHble 11CTO'lHl1K11 BOJMO>t<HblX CHCTeMaTH'lecK11x OW116oK. 

Pa6ora BblnOnHeHa 8 na6oparop1111 BblCOKl1X 3Hepr11H 0"1A"1. 

Coo611.1erne 06-i.e.nHHeHHoro IUICTHTyT& .11neptii.1x Hccne.nos&HHH. Ily6Ha 1991 

nepeeoA n.H.6apa6aw 

Avramenko S.A. et al. 

Cross Sections of the 3 H • 3 He Reaction on Hydrogen, 

Carbon, Aluminium, Copper and Lead at 9 GeV/c 

Pl-91-239 

The cross sections of the (
3

H, 3He) reaction on nuclei at 9 GeV/c have 

been measured. The results obtained with different targets are the following: 

H -0.71 ± .06 mb, C - 1.96:t .015 mb, Al - 2.55:t .20 mb, Cu - 3.42 :t .27 mb, 

Pb - 4.88::t .39 mb. The method of measurement is described, Possible sources 
of systematic errors are considered. 

The investigation has been performed at the Laboratory of Hrgh Energies, 
JINR. 
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11HTepec K peaKUHHM nepeaap.lJ..IUW smep Ha H,lij)aX o6ycJioBJieH B 

3H8llllTeJibHOR Mepe TeM, llTO :mcnepHMeHTLI /I ,2/, rrpoBe.ztemme B .l{y6He. 
,• '• 

H CaKJie, YK88h1B8IOT H~ CYJileC.TB8HHJIO pOJib 

B036YE,D;emi:H ,1.teJibTa -uao6aphl B 8Tlll 

8~KTOB KOJIJieKTJ.!BHOro 
':,,• " 

npm~eccax. .n;eTaJlbHhla 

TeopeTHllecIWR aHa.Jm:8 8THX 8flqieKTOB, CBHaammx c xapaKTep1mTHKaMH 

B3aHMO,IteRcTBHH. ,lt8JlbTa -H806aphl C smepmw aemecTBOM, Tpe6yeT 

8H8llHT8JlbHO 6onee IlOJIHhlX, q~M 1W810lltH8CH, 8KCnepm.seHT8JlbHhlX ,lt8HHhlX. 

8 ll8CTHOCTH, BaJKHYK> poJlb B aHa.Jm:88 

8Kcnepm.teHT8JlbHhle .ztamwe no noJIHIDA ceqemi:~ nepeaap.lJ..IUW smep . Ha 

H,lij)8X /3,4/, 

8 ~TOR CTaTbe Mh1 OrumieM M8'1'.0.lt H np1me,ne:u . pe8JJlbTaTH H8Mepe~ 

ceti:e:HHa peaKUHH nepeaap.lJ..IUW 3H ➔ 3He Ha H, C, Al, CU H Pb npH 

HMilJJibCe TpHTOHOB OKOJIO 9 rsB/c. 
• - •• > 

3Kcnepm.teHT npoBO,ltHJICSI Ha BhlBe,IteHHOM nrme CHHXpcxI>aaoTpOHa. JIB3 
' ,, . : ,. 

owm:. tfcnOJlb30Ba.Jmcb Cll8T'tJHKH l-1 8Jl8KTpOIDIK~ Tp:HrrepHoR CHCT8Mhl 

YCT8HOBKH I'lffiC /5/. IIOCKOJlbKY ycKopemi:e smep .TPHTH.II conp.lillteHO _c 

cepb88Hlill:fH T8XIDl:ll8CKHMH npo6JleMaMII, Mh1 HCilOJlb80Ba.Jm BTop:uqm,r0: 
' ·' : • ' - - i. • 

TpHTHeBhlR nyqoK, (IJopwpyeJ&IR 1m (IJparMeHTOB ycKopemmx smep. B 
CHHXpcxI>aaoTpoHe YCKOpHJIHCb H,lij)8 4He ,no HMI1JJlbC8 12 I'8B/c. IIyqoK, 

BhlBe,1.temmR H8 JCKOpHTeJIH, nona,ItaJI Ha MHIII8Hb H8 IIOJIHCTHJ)OJia ( OK~J,10 

4 r/mf'). Be~ Marmi:THh18 8Jl8M8HTl:l (TpH IIOBOpOTHhlX Marmi:Ta H ce~ 

,ItY6JieTOB Jm:H8 ) , pacnonozemme aa MmlleHbIO., , n acTpaIIBaJIHc:& Ha 

TpancnopTHpOBKY nyqKa 3H c mmyJlbCOM 9 I'8B/c. 



MeTO'A H3MepemrH ceqemr0 nepe3apH,ItKH TpHrnH B re.JIHA OCHOBaH Ha 

H3Mepemm aMII.irn:TY'A CHrHaJIOB co CI.U,IHTHJIJIH~OHliOrO C'tI8T"lJll:Ka, 

pacnoJiomeHlloro 38 MID!l8Hbl0, AHaJiorHqlimi M8TO'A Mhl HCilOJlb30B8Jill ,nJUI 

H3Mepe:mrn ceqeHlf0 nepe3apH,ItKH JI0:T1rn B 6epHJI.JIH0 /6/. 

B c.nyqae H3Mepemrs ceqeHlf0 pearunm 3H ➔ 3He 3a'Aaqa cao~TCH K 

onpe'AeJieHHID 'AOJIH qacTl!U C 3ap~OM 2 38 Mm:118Hbl0. BepOHTHOCTb 

o6pa3oaamr~ ~ep 4He H3 TpHTHH npH Ha!IIHX 3HeprHHX MaJia H B 

'A8~bHe:0nleM·He y~m~aJiaCh, 38'A810l1Ulli cqeT"lJliK (C'tI0T"llliK A) pa3MepoM 

3x5 CM pacnoJiaraJICH Ha BXO'Ae B MarmrT CIT-41. Mmnemr 

ycTaHaBJrnB8JI0:Cb Henocpe'ACTB8Hll0 38 cqeT"lJliKOM A. qeTHpe C'tI8T"lJll:Ka 

(rpynn·a C) pa3MepoM 30x40 cii KalK,IU,Ili pacnoJiaraJlliCh 3a MarmrToM 

CIT-41 npu6JIH3liT8JlbHO B 5 M OT ).OO!l8HH. CHI'Ha~ C nepBoro C'tI8T"lJll:Ka 

(C1) 3T0:0 rp~ IlO'A8B8JillCb qepe3 JI0:H8:0HHe BOpOTa Ha 8H8JIH38TOp 

NTA. CHI'Ha~ c· TpeiocTaJibHHX C'tleT"tIHKOB rp~ C IlO'A8B8JillCb Ha 

· qiop1.mp0B aTeJIH, noporH KOTOpHX ycTaHaBJIHB8JIHCb TaK, qTo6H 

B~pOHTHOCTb cpa6amBBHHH cqeTqJ!K8 OT peJIHTHBHCTCK0:0 'tl8CTIU~ C 

3ap~OM I 6HJia OKOJIO. 0,5. KOM8ff'A8 (CTpo6) Ha H3Mepemre :m.myJibCa 

cqeT"tIHKa C1 Il0'A8B8J18Cb npH O'AffOBpeMeHllOM cpa6aTHBamm C'tI8T"tIHKa AH 

cqeT"tIHKOB C2,C3,C4, MarJrn:THOe IlOJie M8JW Mm118Hbl0 H rpynno:0 

cqeT"tIHKOB C Il03BOJIHJ10 nponycTHTb nepBHqffH:0 nyqoK MHMO 3THX 

C'tl8T't!HKOB, IT03TOMY ,name T8K0:0 . "WII'ICIDl" pemn.1 pa6om C'tl8T't!HKOB 

C2-C4 Il03B0JillJ1 CHH3HTb 't!HCJIO CTp060B 'AO H8CKOJlbKHX 'A0CHTKOB B ~KJI 

IlpH HHT8HCHBHOCTH ny"tIKa TpHTOHOB OKOJIO 3·I04 qacTl!U B ~KJI. 

BepoHTHOCTh me perHc-rpawm .lU3YX3apHMo:0 qacT1IUH, npome,nme:0 qepe3 

rpynny c, 6HJia npaKTITT:8CKH IO0%. 

B K8'tl8CTB8 HJIJIIOCTpawrn: Ha puc. I npHB8'A8H cneKTp CHI'H8J10B 

8H8JIH3HpYIOmero cqeT"tIRKa·, IlOJiyqe~ C yrJiepOM0:0 MHIII8Hbl0 TOJIIItmm:0 

8 150 r/cJf'. 

2 

i'\ / 

u 

l 

500 

I 

o:l 400 t f 
f 0 

E-< 
µl 

t f ! t e; 300 

l tt l t E-< 
0 .. -t . t I fl 
O 200 I t tu i::: 

+i+Ht H 
u 
"s-4 - t Ht ::r 

H\ 1t+Ht 100 + 
t l • 

0 ♦ ♦ •• I II 
~ 

0 10 QO 30 40 50 60 70 

AMI1J1J1TY,nA HMTIYJlbCA, 0TH. E,n. 
PHc.1 

B H3MepeHHHX HCilOJlb30B8JIHCb MHmemr: C (3,45; 8,50 H II,95 

r/cu2), Al( 6,02 H 12,3 r/cu2), Cu (21,3 H_28,4 r/c~), Pb ( 11 ,4; 

28,3 H 56,5 r/cu2) H CH2 (2,26 H 4,50 r/cu2). HCilOJlb30Bamre 

MHmeHe:0 6oJihmo:0-TOJIIllHHH Tpe6yeT BBe'AeHHH nonpaBoK Ha·norJiomemre B 

mrx. KaK nepBHqHHx ~ep 3H, TaK H nepe3apIDKe~x - 3He. CeqemrH 

norJiomemrH 3H H 3He Ha .~ax npe~oJiaraJrncb o~HaKOBHMH H . 
Haxo~JIHCb no 'A8HllHM pa6oT /7,8/, B Ta6JIHQ8 npHB8'A8HH IlOJiyqe~e 

H~MH 'A8Hl!ble no noJIH1,IM ceqemr.HM ( o ce ) nepe3apH,ItKH . · H 38BHCHMOCTh 

OTHocu·TeJihH0:0 BeJIH"lJliHH ceqeHlf0 nepe3apH,ItKH (R1 , ceqemre 

nepe3apH,ItKH Ha yrJiepo'Ae npHHHTO 3_a e~ey OT aToMHoro aeca 

~a-MHmeHH. Ceqemre nepe3apH,ItKH H8.BO'AOPO'A8 noJiy'tleHO no ,naHllHM C 

yrJiepOM0:0,u,no;rn,srnJieHOB0:0 MHm8HHMli, 

OllIH6KH B_ OTHOCHT8JlbHHX B8JlH"lJll:Hax ceqeHlf0 BKJ1JO'i8IOT, KpOMe 

CT8THCTH'tl8CKHX, OllIH6KH, CBH3attHHe C H8TO'iHOCTblO 3H8HHH ceqeHlf0 

norJiomemrH TPHTHH H reJIHH B MHmeHHX. 
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TaOim:ua 

Mm:lleHh ace(MO) . R1 R2 

H o, 71 ± 0,06 0,36 ± 0,02 

C 1 ,96 ± o, 15 1,00 1 ,00 

Al 2,55 ± 0,20 1 ,30 ± 0,05 1,22 

cu 3,42 ±0,27 1, 75 ± o, 10 1 ,53 

Pb 4,88 ±0,39 2,49±0,09 2, 14 

B Hame:0 pa6oTe /6/ ObIJIO noKa3aHO, qTo B paMKax reoMeTpnqecKo:0 

MO,Jte.Tm: CTOJIKHOBeHl-iR /9/ .impa-cHapH,l{a ¾, c .II,lij)OM-Mm!IeHhlO At 

saBHCHMOCTb ceqeHllR rrepn4)epHqecKHX CTOJIKHOBeHl-iR OT At ,JtOJDKHa 

Oil!ICbIBaThCH ~opuyJio:0: 

op~ (AP+ At - b ), (1) 

r~e napaMeTp b onpe,1te~eTC.fI us annpoKc:m.taQHll ,1taHHUx no ceqeHHHM 

Heynpyrnx cToJIKHoaeHllR ~OPMYJio:0: 

0 1n ~ (¾,+At - b )
2

• (2) 

K coEaJieipIIO, sKcnepm.1eHTaJibHbie ,JtaHHUe no ceqeHHHM Heynpyrnx 

CTOJIKHOBemm 3He (3H) HMelOTCH TOJibKO Ha JierKHX .impax ( Be, C, Al 

- CM. /7/). HaHnyqmee sHaqeHHe -napaMeTpa b, HatmeHHoe no STHM 

AaHHHM, paBHO 0,54~ EcJIH Tenepb HCnOJib30BaTb ~OPMYRY (I) C b=0,54 

ao aceM · ,nHanasoHe . aTOMHbIX aecoB · H.l{ep-MRmeHe:0, TO .lVIH At

saBHCHMOCTH OTHOCHTeJibHbIX ceqeffiI8 R2 nepH~epuqe~KHX CTOJIKHOBemm 

nonyqaTCH 3HaqeHHH, npHBeAeHHbie B qeTBepT0:0 KOJIOHKe Ta6.mrin,i. 

CpaBHeHHe KOJIOHOK 3 ' .. H • 4 . Ta0nHQbl nOK83bIBaeT, 

nepesapH,IUW TpHTHH B re.lIH8 ·. • c yaemF-IeHHeM aToMHoro 

qTo ceqeHHH 
' aeca llHIIIeHH 

pacTyT HeCKOJibKO ObICTpee, qeu ceqeHHH nepH(1)epHqec1mx CTORHOBe~. 

AHaJIOfflqffa.fI oco6eHHOCTb At-saBHCHMOCTH OTMeqaJiaCb HaMH B paOoTe 

/6/ .lVIH peaKl.{ml 711 ·+ At ➔ 7Be + • • .. En{e pas no~epKHeM, qTo 

npoae,1teHHbl8 aHaJIHs npe,IUioJiaraeT cnpaae,zvnmocTb reoMeTpuqecKo:0 

MO,Jte;m: CTOJIKHOBeHHH H.l{ep. 
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Onrn:6Irn. H3MepeHHUX noRRUx ceqe:mm nepesapH,IUW, 

ynOMRHaBmHXCH, BKRroqaJOT: 

KpOMe Ylte 

- OmR6Ky, CB.fI3aHHYIO C B03MO:lKH0:0 npin&eChlO B nyqKe TpHTRH 

IlpOTOHOB H.lm ,Jte:0TOHOB; 

- onrn6Ky, CBH3aHHYID C Bhme~eHHeM qaCTllQ C sapH.l{OM 2 B cneKTpe 

. cHrHaJioB aHa.1msnpyI0111ero cqeTqJIKa; 

- onrn:6rur B pacqeTax annapaTypno:0 H reoMeTpuqecKo:0 s~eKTHBHoc

Te:0 perncTpaQHll 3He. 

reoMeTpHqecKaH s~eKTHBHOCTh, T.e. aepOHTHOCTb .impy 3He nonaCTb 

B cqeT~IGI rpynrru c, OQeHHBaJiaCb Ha OCHOBa:mm 3KCnepHMeHTaJibHhlX 

'ABHHUX /IOI 06 yrJIOBbIX H
0

mA!IYnhCHlil pacnpeAeJieHH.fIX H,l{ep TpHTH.fI, 

o6pa30B8BmRXCH B peaKQHll 3He + C ➔ 3H + •••• ID.myJibCHO-yrJIOBbie 

pacnpeAeJieHHH 3He Ha pa3HbIX MmlleHHX npe,IUIOJiaraJIHCb O,IU!H8KOBm.rn'., 

IlpaBOMepHOCTb TaKoro npe,IUIOJIO>XeHHH nOATBep~aeTCH 

3KCnepmAeHTaJibHbil.m AaHHb!MH /2/. PacctmTaHHaH reoueTpHqecKaH 

. s~eKrnBHOCTb OK838JI3Cb paBH0:0 0, 90 ± 0, 05. ' CpaBHHTeJibHO .r-msKaH 

'tfYBCTBHTeJibHOCTb pacc~TaHH0:0 reoMeTpHqecK0:0 · . s~eitTHBHOCTH K 

aapHaQHHM BXO~X 'ABHHbIX (yrJIOBOe H IOOIYJibCHOe pacnpeAeJieHHe 3He, 
,- ' ' 

yrJIOBOH H m.myJibCHblR pasOpoc nyqKa H T.,Jt.) o6ycnoBJieHa ,ltOBOJibHO 

60JibIIIHM.TeJieCHblM yrJIOM, KOTOpbl8 nepeKpbIBa.Jili cqeT~KH rpynrru c. 

B pa6oTe /IOI npHBe,1teH pesyJihTaT HSMepeHHH ceqeHHH nepesapH.l{IW 

I,4 ± 0,4 u6 np:0: 6,8I rsB/c ) remra-3 B TpHTIIB Ha yrnepo,IUio:0 

Mm11e1m B K1rne11arnqecKo:0 06JiacTI1, He BKJilOqalOlije:0 npouecc 

KBasHynpyro:0 nepesapH.l{IW. Ec;m: y,:i:ecTb BKJia,Jt sToro npoqecca no 

,JtaHHLIM, IlpHBe,1te1nn,w B T0:0 lle pa6oTe /IO/, TO nonyqaIOIQaHCH BeJIWilffia 

nonHoro ceqem,m nepesapH.l{IW ( I , 75 ± o, 5 uo ) xopomo cor nacyeTcH c 

COOTBeTCTB~ ceqeJmeM, ll3MepeHHID.1 Ha:t.rn ( I,96 ±0,I5 uo ). 
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MbI 6naro'AapHM lli.A.rapeeBa, · C.M.E.1mceeBa, B.fl1.l-1H03eMUeBa, 

10.JI.PaTRCa 1t E.A.CTpOKOBCKoro 3a IlRO'AOTBOpHble ,nHCKYCClfi'l R none31me 

3aMeqa:ims, a Taue nepcoHan ycKopHTens 3a o6ecneqe:ime ycToR~BoR 

paOOT~ CHHXpo(lla30TpOHa. 
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