
9-f- 2.0 r . 
COOtiutBHHR 

Oti'b8AHH8HHOfO 
MHCTMTYT8 

RABPHbll 
MCC18AOB8HMI 

AYfiHa 

Pl-91-206 

C.A.AepaMeHKo, W.A.6en~Koe*, A.~.ronoxeacToe, 
B.n.KoHApaTbee*, n.B.KpacHoe*, W.flyKcT~HbW, 
C. A. CeAblX, ~. B. CTenaHoe*, C. A. Xopo3oe, 
~.E.Weel.leHKo* 

CElfEH~H nEPE3APHtJ,K~ 7Li -+ 
7B-e nP~ 21 r3B/c 

HA HtJ,PAX H, C, -Al, Cu, Pb 

*HayYHO-~ccneAOBaTenbCK~~ ~HCT~TYT ~~3~K~ nrY, 
fleH~HrpaA 

1991 



AepaMeH KO C.A . 1-1 AP· 

Ce11eHHA nepe3apAAK1-1 
7 Li - 7 Be np1-1 21 r3B/ c 

Ha AApax H, C, Al, Cu, Pb 

Pl-91-206 

B ny11Ke AAep 
7 Li C HMnynbCOM 21 r3B/c npoeeAeHbl MJMepeHMA Ce<leHMH 

H3MeHeHMA JapAAa 1-1 ce11eHHH nepe3apAAKH 7 Li ➔ 7 Be Ha MHWeHAX C, Al, Cu, 

Pb 11 CH. On1-1caHa MeTOAHKa HJMepeHHA Cl!'leHHH. nony11eHHb1e AaHHb1e no ce

'leHHAM nepe3aPAAKH yKa3blBatOT Ha 6onee CHnbHYIO, '!eM AnA nep11cpepH'll!CKHX 

CTOflKHOBeHHH, 3aBHCHMOCTb OT aTOMHoro eeca AApa·MMWeHH, 

Pa6ora BblnOflHeHa B Jla6oparo p111-1 BblCOKHX 3HeprHH 0111All1. 

Coo6we11He O6-.ewoce1111oro KHCTHTyT& QePff1>1x Hccne40BU1HA. ny6Ha 1991 

nepeeoA Jl.H.6apa~w 

Avramenko S.A. et al. 
Charge Exchange 7 Li ➔ 7 Be Cross Sections 
at 21 GeV /con H, C, Al, Cu, Pb Nuclei 

P1-91-206 

The charge change and charge exchange 7 Li ➔ 7 Be cross sections were mea
sured on C, Al, Cu, Pb and CH targets at a 7 Li momentum of 21 GeV /c. The mea

surement method is detcribed. The charge exchange cross section data give evi• 
dence for a stronger A-dependence of target nuclei than that for peripheral col
lisions. 

The investigation has been performed at the Laboratory of High Energies, 
JINA. 
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Ha nyqKe M8,IVl8HHOro BNBOAa CHHXpoqJa30TpOHa 

npoBeAeHN H3MepeHHH ceqeHH~ H3M8H8HHH 3apHAa ARH 

ceqeHHH nepe3apMIDI 711 ➔ 7Be Ha M8pHNX MmlleHHX. 

JIB3 

IAMnynbc Mep 

RRTHH - 21 I'3B/c. B 3KCnepHMeHTe HCilORb30B8nllCb CI.llfHTHnnHUHOHHhle 

cqeT'llillli, 3R8KTpOHHKa H CHCTeMa CBH3H C 3BM ycTaHOBllli r~c /1/. 

MeTOA onpeAeneHHH ceqe~ H3M8H8HHH 38pMa, OCHOBaHHblli Ha 

H3MepeHHH 38pMOBoro COCT8B8 nyqKa 38 Mm118HbID, onncaH HaMH B 

pa6oTe /2/. BKpaTue H3ROl!iliM CYTb M8TOAa, CI.lllHTHRRHI.llfOHIIl,18 

cqeTqnruI, pacnonomeHHNe nepeA Mml18HhID H nocne Hee, Ha3oBeM A n C 

COOTB8TCTB8HHO. Cpa6aThlB8HH8 ~qxl)~p8HI.llf8RbHOro ~CKp:m.rn:HaTopa 

cireT'lliKa A, H8CTpOeHHoro Ha perncTpal.llfID HAep C 3apMOM 3, HBRH8TCH 

KOMa~OH (CTp060M) ARR H3MepeHHH 8MilnRTY.I0>1 cnrHana C 

3apMOBO-I.llfWPOBoro npeo6pa3oBaTenH cqeT'lliKa C. EcJIH MPO RHTHH 

npomno Mml18Hb 683 H3M8H8HHH 38pMa, TO 3Ta 8MilJIHTYA8 6y~eT 

COOTB8TCTBOBaTb 3ap~ 3. B cnyqae H3M8H8HHH 38PHA8 OTcqeT nonaAeT 

B Apyryro qacTb cneKTpa. B qacTHOCTH, ecnn B pe3ynbTaTe 

B3aHMOA8RCTBHH nyqKoBoro MPa B Mml18HH B cqeTqHK C He nonana HH 

OM8 38pHmeHHaH qacTHUa, TO B cneKTpe A068BRH8TCH e~HHU8 B 

HyneBoR KaHan (Ilb8A8CTan). ~T06N 'lliCRO OTcqeTOB NA cqeT'lliKa A 

COOTB8TCTBOBano 'lliCny 38nHCaHHNX CHrHaROB cqeT'lliKa C, BBO~nacb 

6nOKHpOBKa CTpo6oB Ha BpeMH, 6onbmee BpeMeHH H~MepeHHH H 38IlHCH 

8MilnHTYAN CHrHana C c. Bonpoc O BN6ope pa3MepoB cqeT'lliKOB ll 

pacCTOHHHH M8mAY HHMH IlOAp06HO pacCMOTpeH HaMH B pa6oTe /2/. ECJIH 

Tenepb o603Ha'lliTb ~onro qacTHU C 3apMOM 3 B H3MepeHHH C Mml18HbID 

a COOTBeTCTBYIDillYID B8.TIH'lliHY B U3Mepemrn: 6e3 MUill8Irn: 

N3/NA, TO BepOHTHOCTb ~y JIHTUH np0Rn1 Mml18Hb 6e3 U3M8H8HHH 

ltnt1\.h,Rjli1:wM 1-mcmyt I 
fll\":l/!iwX m ~ J~,tlOBIUllft 

6WSJJJ.10TEKt .._...... ~ --



38PM8 p8BH8 oTHomernuo (N3M/NAJlll)/(N3/NA) B peaJihHOM 

:mcnepnMeHTe C'lleT'lJJiK C - 3TO rpynn8 II3 HeCKOJlhKIIX C'll8T'lllIROB, 'ITO 

Il03BOJIBJIO (no.npo6Hee CM; HIDKe) IlOJIY'lllITh 38pMOBble cneRTpbl 'l8CTUQ 

38 MlIIlleHhIO c rop8s~o JIY'llIDIIM p8sperneHIIeM. 

Ilpn nsMepe:mrn ceqemrn nepes8p~ 711 ➔7Be sa~aq3 CBOMTCH K 

lI3MepeHIIIO ~OJIII 'll8CTIIQ C 38pMOM 4 38 MlIIll8HhIO. Ec.Jlli ~JIH 3TOH QeJIII 

BOCilOJlb30B8TbCH cneKTpaMII co C'IeT'llIKa C (II.Jlli rpynm1 C) co CTpo6oM 

A, TO II3-38 M8JIOCTII ce'lJeHII.fI nepesapHW..II H8~8JKHO Bbl~eJIIITb B cneRTpe 

rnm, COOTB8TCTBYIO!lllIM sap~ 4, oqeHb TPY~HO, T8K l{aK mm, 

COOTB8TCTBYIO!lllIM sapsmy 3, 6y~eT IIM8Tb Ha HeCKOJihKO nop~OB 60JibillYIO 

lIHT8HCIIBHOCTh. KpoMe 

6blCTpo~ettCTBIIH CIICTeMbl 

Toro, 

Bb1B0~8 

II3-38 

II 

cpaBHIIT8JlbHO 

sanncn nH(IJopMaQIIn 

HII3Roro 

Ha6op 

He06XO,nnMOH CT8TIICTIIKII IlOTpe6oBaJI 6bl HeonpaB~aHHo 6oJihrnoro 

BpeMeHII. Ilo3TOMY npn nsMepeHIIHX ceqemrn nepesapMKII cTpo6-cIIrHaJI 

Bblpa68Tb1B8JICH npII OMOBpeMeHHOM cpa6aTliIBaHIIII CtieTqnKa A II mecTH 

C'l8T'lllIKOB rpynnbl C. lilllKHIIe noporn (IJopwi:poBaTeJiefi Ha 3TMX rnecTM 

C'l8T'IIIK8X YCT8H8BJlliB8.JlliCh TaK, 'IT06bJ Irn~fi M3 HIIX perncTpnpoBa.11 

H~po C 38PMOM 3 C BepoHTHOCThlO OKOJIO 0,2. B 3TOM CJiyqae 

BepOHTHOCTh IlOHBJieHIIH CTp068 npn npoXOJK,Il;eHIUl qepes cqeT'llIKlI smpa 

6epIIJIJllIH npaKTntJecKII paBHa I, a npn npoxolK,Il;eHIIn smpa 

npn6JIII3MT8JlhHO paBHa I0-4 • B rpynne C 3alllICblB8JllICb 

JIMTIIH oua 

aMilIDITY ~l 

CIIrHaJioB K8K co C'l8T'llIKOB, yqacTBYIOIIIJlX B Bblpa60TKe CTpo6a, TaK H c 

MYX ~OilOJIHIIT8JlhHblX. B TaKOH IlOCTaHOBKe 3KCnepMMeHTa ~JIH 

H8XOJK,Il;eHUH cetJeHIIH nepesapMKII Heo6XOMMO 

Heynpyroro B38lIMO~eHCTBM.fI smep 7Be C 

3H8Th 

H'AP8MII 

IlOJIHOe 

MMllieHII 

ceqeHIIe 

li C 

IlOJIHCTHpOJIOM, II3 KOToporo 6bl.Jlli li3rOTOBJI8Hbl CQIIHTHJIJI.fITOpbl. Ilpn 

o6pa60TKe ~aHHI,IX 3TII ceqe1rn:H npnHIIMa.Jllicb 

ceqeHIIHM Heynpyroro BsanMo~e0cTBIIH smep 

2 

paBHbJMM 

711. OHII 

COOTB8TCTBYIOtqUM 

OTJllJqaroTCH OT 

H3MepeHHbIX B 3TOM JKe 3KcnepIIMeHTe ceqemrn II3MeHeHIIH 38PH'A8 Ha 

ceqeHIIe (IJparMeHT8QIIII 711 ➔611, KOTOpoe HeBe.flUKO II y'lleT KOTOporo He 

MOlKeT cymecTBeHHO II3M8HliTh 

nepesapMKII. OTMeTHM, qTo 

IlOJiyqeHHI,Ie pesyJihTaTbl no ceqeHIIHM 
7 

Be - 8MHCTB8HHI,IH II30TOil 6epnnmrn, 

KOTOpblfi MOlKeT Ha6JII0~8TbCH B T8KOH IlOCT8HOBKe 3KcnepIIMeHTa 

(BepOHTHOCTb IlOAABaTa HyFJIOHOB 

npeue6peJKnMo Mana, a 6Be IIMeeT 

npII paccMaTpIIB8eMblx 

BpeM.fI lKH3HlI OKOJIO 

3HeprIIHX 

10-20 C) • 

HaII6onee CJIOJKHOH M8TOM'l8CKOH npo6JieMofi, CBH33HHOH C 

Heo6XO,nnMOCThIO IICilOJlh30BaTb nyqoK 'AOBOJlhHO 60JihlliOtt IIHT8HCHBHOCTII, 

HBJIHeTC.fI B03MOJKHOCTh npoJieTa qepes cqeT'IIIKII rpynllbl C MYX smep 

.JlliTII.fI' pas~eJieHHblX M8Jlb!M npoMelKYTKOM BpeMeHII (MeHbllle I 00 HC' B 

TeqeHIIe KOTOporo OTKpb!Tbl BXO,nhl 31.UI) • TaKIIe C06blTIIH HMHTHPYIOT 

npoxoJK,I1;eune 'Iepes rpynny C qacTHQhl c sapsmoM 4. ,U./IH 

3Toro 3(lJ(IJeKTa 6blJIM npIIHHThl cneQIIaJihHbJe Mepbl. 

YCTpaHeHIIH 

KOHTpOJihHble 

lI3MepeHIIH, npoBe~eHHh!e npII pa3Hh!X BpeMeHHblx IlJIOTHOCTHX nyqKa, 

noKasaJIII, '!To BKJia'A 3Toro 3(lJ(IJeKTa B nonyqeHHI,1e ce'IeHIIH nepesapsm1m 

H83H8'IIITeJieH. 

H3Mepe!rn:H ceqeHII0 npOBOMJIHCh c MlIIII8HHMII II3 yrJiepO'A8 (6,88 

r/c~ II 18,7 r/c~). 8JIIOMMHIIH (4,92 r/cM2 II 12,3 r/cM2 ), M8M 

(21,3 r/c~ II 35,35 r/c~). CBIIHQa (16,95 r/cM2 II 33,9 rlcM2 ) n 

IlO.JlliCTIIpona ( CH ) (3, 15 r/cM2 II II, 55 r/cM2 ). HCilOJlh30B8!Ille 

MIIIIIeHefi pasuofi TOJllqlIHbl 'A8B8JIO 'AOilOllillIT8JlbHYIO B03MOlKHOCTb 

38 B03MOJKHhIMH CIICTeMaTnqecKIIMH omn6KaMII. 

Ha pncyHKax Ia II IB IlP8'ACT8BJieHbl COOTB8TCTBeHHo 

KOHTpOJI.fI 

cneKTp 

CIIrHaJIOB C OMoro ll3 cqeT'lJIIKOB rpynnbl C, He BKJIIOqeHHoro B CX~MY 

CTpo6npoBaHUH, II cneKTp CIIrHaJIOB co Bcex C'l8T'lllIKOB rpynm1 C, 

IlOJiyqeHHbill M8TO'AOM paHrOBblX CT8TIICTIIK /3/. 

3 



70 

60 

'2 50 
hi 
z; 40 
S 
0 30 
< 
L.) 

? 20 

10 

'Be 

!HI 
1 
Li tf 
ff ft 

9~ 1H9/? 7~ 
99 

70 ~ 14 1Be 

60r 

150 
I -1 

-::r 
u 

~ •or t 
!1 5 30 7Li ::J 

J 

20 f Ht t 
10 r 

9'?9 '? ¢ 1 
I I 0~ ' I 

60 80 100 120 140 160 
HOMep KQHQAQ 

70 90 110 130 150 170 
HOMep KAHAAA 

Puc. I 

B Ta6JIUQe l npeACT8BJieHh! pesyJihTaTbl H3MepeHUil 0cc - ceqeHUfi 

nsMeHeHHH sapMa n oce - ceqemrn nepesapHARU 711 ➔ 7Be. 

Ta6JIUQa I 

MmneHb occ(M6) oce(M6) 

C 650 ± 20 0.29 ± .03 

Al 900 ± 50 0.42 ± .04 

Cu 1500 ± 50 0.53 ± .05 

Pb 2700 ± 100 0.84 ± .08 

CH 820 ± 20 0.47 ± .04 

(H) 170 ± 30 0.18 ± .05 

TipnBeAeHIIble B Ta6JIUQe ceqeHUH nsMeHeHHH sapMa n nepesapMKU ,Ha 

BOAOPOAe noJiyqeHh! U3 A8HHhlX no COOTBeTCTBYIOlllUM ceqeHUHM Ha 

noJIUCTHpOJie H yrJiepoAe, 

B pa6oTe /4/ rrpnBeAeHbl AaHHh!e o ceqeHUHX nsMeHeHlIH sapMa 
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HeKOTOpb!X Mep Ha BOAOPOAHOfi, reJllleBOH u yrJiepo.zu1m1 MnmemIX. XOTH 

B 3TOil pa601·e U3Mepemrn C nyqKOM Jll!TUH He npoBOAUlliiCh, 31rni1emm 

ceT.JeHUll H3MeHemrn sapMa B 711 + C n 711 + H CTOJIRHOBemrnx MOlKHO 

OQeIIliTh no annpOKCUMaQHHM, nplIB8AeHHHM B /3/. COOTB8TCTBYIOm;tie 

ceqernrn OKa3blBaIOTCH paBHh!MU 570 M6 n 155 M6. CeT.JeHUe Ha BOAOPOA8 

xopomo corJiacyeTCH c HalllliM nsMepeHUeM, a Ha yrJiepoAe AaHHI,Ie 

3aM8THO paCXOMTCH, 

TipoaHaJlllsnpyeM saBHCUMOCTh ceT.JeHUll nepesap~ OT aToMHoro Beca 

,HAp8-MlIIIleHU. PacT.JeTbl /5/, BblllOJIHeHHh!e cI>.rapeeBh!M H 10.PaTHCOM, 

noKa3blBaIOT, 'ITO XOTH peaKQHH nepesap~ HBJI.HeTCH \JUCTO 

nepn~epnT.JecKofi, saBHCUMOCTh ceqeHUH nepesap~ OT aToMHoro Beca 

At Mpa-MlIIIleHU AOJilKHa BKJIIOT.{8Tb qJieH, nponopQHOH8JlbH!lli A2/3 t . K 

ycnJieHHofi 3aBHCUMOCTU ceqeHUll nepesap~ OT At B MOA8Jlll /5/ 

npUBOAUT yqeT KOJIJieKTHBHhlX 3~8KTOB B036YJKA8HUH A8JihT8-H306aph! B 

H,Iq)8-MlIIIl8HU, YKa3aHUe Ha HaJiuqne T8KUX 3~8KTOB IlOJiyimJlll 8BTOphl 

pa60Thl /6/, aHaJIUanpyH AaHHhle /7/ no (p,n)-peaKQUU Ha Mpax. 

J{JIH aH8Jlll3a At- 38BHCUMOCTH noJiyqeHHI,IX B 3KCnepUMeHT8 ceqernrn 

nepesap.HARU BOCil0Jlb3Y8MCH reoMeTpnqecKOti MOA8Jlhl0 B38HMOA8ttCTBHH 

HAep, npnBOAHil{efi K npocTofi ~opMyJie /8/ AJIH ceqeHUll Heynpyrnx 

CTOJIKHOBeHV.fi: 

o 1n = nR5 ( A 1 /3 p 
+ A1/3 

t - b)2. ( 1 ) 

CMI,1CJI 3Tofi ~opMyJlhl BnoJIHe npospaqeH - npn npnQeJibHh!X napaMeTpax 

CTOJIRHOB8HUH, 60JihIIlUX, qeM Ro( A~13 + At13 - b), MP3 He 

B38UMOA8HCTBYIOT, npn MeHhIIlUX - B38UMOA8HCTBYIOT BcerAa, Pllc.2a 

A8MOHCTpnpyeT, qTo ~opMyJia (1) c napaMeTpOM b=1 H8IlJIQXO 

BOcnpOH3BOAUT 38BHCHMOCTh ceqernrn OT 8TOMHhlX B8COB CT8JIKUB8IOlllHXCH 

Mep. 

B paMKax paccMaTpHB88MOfi reoMeTpnqecKOfi MOA8IDi ecTeCTBeHHO 
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1:. 

cqnTaTb, qTo saBRCHMOCTh ceqemrn op nepm1Jepnqec1m:x 

OT aTOMH1IX BeCOB ,naeTC.ff lJ)opMyJio.tl: 

o (A113 + A113 -b) nb p 0( p t ' 

CTO.IIKHOB8Hllll 

(2) 

r.ne b - Ta JKe caMa.IT KOHCTaHTa, qTo lf B ~OpMyJie (I), a nb 

onpe,n;em:reT Ha6op npnQeJibHhlX napaMeTpoB, npu KOTOpblX BO 

B3aRMo.n;eiicTBlflf yqacTByeT TOJlbKO He60JiblliaH .D;OJIH HYRJIOHOB 

CTaJIKHBaIOII{IIXC.ff H,n;ep. Puc.2b noKa3hlBaeT, qTo ~OpMyJia (2) c· b=1 M 

nb = const Hennoxo onnchlBaeT saBHCHMOCTh ceqemrn nepn~epn<Iec1mx 

CTOJIKHOBemrn OT aTOMH1IX B8COB CTamurnaIOil\HXC.H .H,nep. 

a 

b 

C 

~ 
N-;:::- ~ 

I o 

~~h [lrr .. rT rll 
-,"'J: ~ ~ l I 

~ 1.0 ~l % 1lfiy-4Ii 1 ~•- §• 
j §. 
d-

C j 

-i,-,f to i f•rl 
-!Ma.. 

r ! \ 
•H..L fjH f/1- fl 1i ~-
J I 

: 0.8}-. H 

~ 0.8 
\9' 

-t->1- 1.o~f-l l 
-~J o.s/ f 

'<:::. 
J} 0.6 

Li C Ae Ti Cu lrSn W PbU 

Puc. 2. a) At - 3aBHClfMOCTb ce<JeHHii H3M8H8HH.H sap.H,na n 

ceqemrn neynpyroro B3aRMo,n;etlcTBHH. ,UaHHbJe no 7L1 +,At - lf3 sTofi 

pa60Thl, no 
4
He, 12c + At ns /9/, no 56Fe + At lf3 /IO/, no 19F + At 

lf3 /II/. b) At- 3aBlfCHMOCTb ceqeHHfi ¢parMeHTal.{trn no ,n;aHH1IM /IO/. 

C) At- 3aBHCHM0CTb ceqemrn 7L1 +At ➔ 7Be + ••• 

6 

2c npe,n;cTaaJJeHa 3aBHCHMOCTb ce<Jellllll HaK0HeQ, 

nepe3ap.H,nKH 

Ha pMc. 

7L1 .. 7Be 

peaKl{llH .D;OJDKHa 6hlTb 

OT aTOMHoro aeca Mpa - MHlli8HH. XoT.H 3Ta 

nepn~epuqe1!mon, pnc. 2c noKasi-maeT, qTo 

¢opMyJJa (2) Ha STOT pa3 xyme Bocnpousao.n;uT noae,n;eHne ceqem1n. 

IJiunIpoBaHHe Ac3aBHCHMOCTlf 3KCnepnMeHT8JlbHblX ,n;aHHhlX ¢opMy.11ofi 

a = C (A113 + A113-1) + C A213 
ce 1 p t 2 t 

,n;aeT ,n;JJH c2;c1 3HaqeHI!e 0.088 ±: .040, 'ITO corJiacyeTcH c pacqeTaMH 

/5/. 

v13MepeHUH 3HepreTll:qecKoro cneKTpa TpUTOHOB, o6pa3YIOil\HXCH B 

peaKI.um nepe3apH,IUU! 3He + A , 3H + ••• , 6h!JJH Bb!IlOJIH8Hbl B ,lly6He H 

CaKJJe (CM. ' HanpnMep' /I3 - 15/). AHaJJH3 3THX ,naHHblX noKa3a.ll, qTo 

npoQecc nepesap.H,n1m reJJHH Ha H,npaX Tpy,nno 061iHCHI!Th nepe3ap.H,nKOfi 

Ha KBa3HCB060,nHOM HYICJJOHe .H,npa-Mlllll8HII. IloJJyqeHHbrn HaMll pe3yJibTaT 

M0JKHO paccMaTpRBaTb KaK HOBOe H838BHCHM08 yKa3am1e Ha cy~eCTB8HHYIO 

p0JJb ROJIJl8KTllBHhlX 3~8KT0B B npoQeccax nepe3ap.H,nKH .H,nep Ha .H,npax. 

C.11e,nyeT, KOHeqno, IlOMIBITb, qTo 3TOT Bb!BO,n; OCHOBaH Ha npe,nn0JIOJKemm 

o cnpaae,n.llHBOCTH reoMeTpuqecKotl Mo,neJJH. J{JJH 6onee o,ntto3Ha<rnoro 

38KJI!Oqeffi1H HYlKHhl TQqHhJe 

CT3THCTuqecKHMU OUIH6KaMU. 

pacqeTbl H U3MepeHI!H C M8Hbll!HMH 

ABT0pb! 6.11aro,napHhl cI>.A.rapeeay, C.M.E.nnceeBy, B.l1.l1H03eMQeay, 

10.JI.PaTHCY, H E.A.CTpOKOBCKOMY 38 o6cyJK,nemm pesyJJbT8T0B 

3RCnepHMeHTa H IlOJI83Hhle 3aMeqaHUH. 
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