
C0061UHMR 
06b8AMH8HHOrO 

MHCTMTYT8 
RABPHbll 

MCCfl8AOB8HMM 

AY6H8 

Pl-91-2:06 

C. A. Aspa~eHKo, IO.A.6em1Kos*. A.lt1. ronoxsacTos, 

B.n.KoHAP3TbeB*, n.B.KpacHos*, IO.nyKCTHHbW, 

C. A. CeAbiX, 111. B. CTenaHos*, C. A. Xopo3oB, 

1!1. E. Wes'leHKo*, 

CE4EH1t1R nEPE3APRAKit1 7u + 
7Be nPit1 21 r3B/c 

HA HAPAX H, C, AI, Cu, Pb 

*Hay~Ho-~ccneAOBaTenbCK~~ ~HCT~TYT ~~3~K~ flrY, 
neH~HrpaA 

1991 



© 06De,tJ;HHetiH&IH HHCTHTyT R,lleJ)HblX HCCTie,D;OBaHHfi ,Uy6Ha, 1991' 



npose~eHH naMepeHMH ceqeHnfi nsMeHeHMH sapH~a A»H 

ceqeHK3 nepeaap~Kn 
111 • 1Be Ha ~epHHX MMm8HHx. 

JJB3 

11MnYJibC ~ep 

RHTnH - 21 rsB/c, B 3KcnepHMeHT8 nCllOJib30B8RHCb CnaHTnJIJIH~OHHb18 

cqeTqnKn, 3JI8KTpOHMKa n cnCT8M8 CBH3n C 3BM yCT8HOBKn rMSC /1/. 

MeTO~ onpe~eJieHMH ceqeHMM n3M8H8EMH sap~a, OCHOBaHHhlA Ha 

naMepeHHn sap~osoro cocTaBa nyqKa sa MMIDBHbiD, onucaH HaMn B 

pa6oTe /2/. BKpaTue naJioMMM cyTb MeTo~a. CUHHTIIJIJIHI.lHOHHb18 

cqeTqnKII, pacnoJiomeHHHe nepe~ MMmeHbro n nocJie Hee, HaaoseM A n C 

COOTB8TCTB8HHO, Cpa~aThlB8HH8 ~¢¢epeHI.lH8JihHoro 
~cKpHMnHaTopa 

cqeTqnKa A, HacTpoeHHoro Ha perncTpaUHID ~ep c sap~oM 3, HBJIH8TCH 

(CTp060M) A»H 113Mep8HHH 8Ml1RHTY ,llhl cnrHaJia c 

38p~oBO-I.lHWPOBOro
 npeo6pa30B8T8RH cqeTqnKa C. EC.rlli ~0 RHTIIH 

npomJio MMIDeHb 6es nsMeHeBHH sap~a. TO sTa aMnJIHTY~a 6y~eT 

COOTB8TCTBOB8Tb 38p~ 3. B CJiyqae n3M8H8HHH 38p~a OTcqeT ll0ll8~8T 

B ~pyryro qacTb cneKTpa. B qacTHocTn, ecnu e peayJibTBTe 

B38HM0~8~CTBnH nyqKOBoro ~a B MHIDBEM B cqeTqnK C HB ll0ll8JI8 HH 

0~8 33pHm8HH3H qaCTnQ8, TO B Cll8KTp8 ~068BJIH8TCH 8~EMU8 B 

HYJIBBo~ KaHaJI (nbe~ecTaJI), ~To6hl
 qncJio oTcqeTOB NA cqeTqnKa A 

COOTB8TCTBOB8JIO qncJiy 38DMC8HHHX cnrHaJIOB cqeTqnKa C, BBOAnJ18Cb 

6JIOKnpOBKa cTpo6os Ha epeMH, 6oJibmee epeMeHn II~MepeenH n sanncn 

aMnRHTY.llhl cl!rHaJia c c. Bonpoc o Bhl6ope pasMepoe cqeTqnKOB n 

pacCTOHHMH M8~ HHMn llO~po6HO paccMOTp8H H8MH B pa60T8 /2/, ECJ!n 

Tenepb o6osHaqnTb ~OJIID qacTnU c sap~oM 3 B 113MepeHHH c Ml!meHhro 

N3M/NAJII , a COOTBBTCTBYIDillVID Be.lll!qnHY B 113M8peHHH 683 MH1ll8HH 

N3/NA, TO B8pOHTHOCTh ~y RHTIIH ITpO~TII MMID8Hb 683 II3M8H8HIIH 
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sapJ!,lla pasHa oTHomemno B peaJibHOM 
SKCnep~8HT8 C'!eTqnK C - STO rpynna H3 H8CKOJibKHX C'!eTqnKoB, qTo 
fi03BOJIHJIO (n0~06Hee CM. Hnm8) fiOJIY'IHTb 3apJ!,l\OBM8 Cfi8KTpM qacTHQ 
sa MHm8HbiD c ropas~o JIY~ paapemeHHeM. 

IIpH H3MepeHHH ceqeHHJl nepeaapJ!,l\KH 711 •7Be aa~aqa cBo~TcH K 
HsMepeHHro ~oRR qacTHQ c aapJ!.IIOM 4 sa MHm8HbiD. EcRH ~ sToR QeRH 
BOCfiOJib30B8TbCS! Cfi8KTpaMH CO C'l8T'IHK8 C (HJIH rpynnM C) CO CTp060M 
A, TO 113-38 M8JIOCTH C8'!8HHS! nepesapH~ H8~8lKHO BM~eRHTb B cneKTpe 
ITHK, COOTB8TCTBYromHH 33pfiAY 4, oqeHb Tpy~o. T3K R8R IDIK, 
COOTB8TCTBY~ 38p~ 3, 6y~eT HM8Tb H8 H8CKOJibKO nopSI~OB 60Jibmyro 
HHT8HCHBHOCTh. KpoMe TOI'O, H3-38 cpaBHHT8JibHO Jrn:3KOro 

6MCTp0~8HCTBIIS! CI!CT8MM BMBO~a 38nHCM Ha6op 
H806XO~OH CT8TMCTMKH fi0Tp860B8JI HeonpaB~aHHo 60Jibmoro 
Bp8M8HH. !I03TOMY npH H3M8p8HHS!X C8'18HHJl nepesapJ!,liKH CTp06-CHI'H8JI 
BMpa6aTMB8JICS! npH 0~0Bp8M8HHOM Cpa6aTMB8HIIH C'l8T'!HK8 A H W8CTH 
C'l8T'IHKOB rpynnM C. Hl!lKHH8 noporH ~OpMHpOBaT8JI8H H8 3THX meCTM 
cqeT'!HK8X yCTaHaBJIHB8JIHCb TaK, '!TOOM K8~H H3 HHX perHCTpHpDBaJI 
H~po C 38pJ!,liOM 3 C B8pOS!THOCTbiD OKOJIO 0,2. B aTOM CJiyqae 
sepoHTHOCTb noHBJieHHH CTpoOa np11 npoxo~eHI!II 'lepes cqeT'illKH H.I\pa 
6epHJIJIHH npaKTII'l8CKH pasHa I, a np11 npoxo~eHIIH J!.IIPa JIHTIIH o1<a 
npH6JIH31!TeJibHO pasHa ro-4 • B rpynne c sanHCMBaJIHCh aMnJIHTY~ 
CJ.iTH8JIOB KaK CO C't!8Tl:lliKOB, yttaCTBYIOIUnX B Bhlpa60TK8 CTpo6a, TaK H C 

~yx ~onoJIHHTeJibHMX. B TaKOH TIOCT8HOBK8 3KC08pi!M8HTa ~Jill 

Haxo~eHIIH ceqeHI!H nepesapJ!,l\KH Heo6xo~Mo 3H8Tb 
Heynpyroro B3811MO~eRCTBIIH J!,l\8p 7Be C H~aMH 

noJIHoe ceqeiD:Te 

H C 
fiORHCTI!pOJIOM, H3 KOTOporo 6MJIH 1!3I'OTOBJI8HM Cl11!HTIIJIJISITOpbl, lip!! 
o6pa60TK8 ~8HHMX STII C8'18HIISI npi!HI!MaJIHCb 

C8'18HHSIM Heynpyroro B3811MO~eRCTBIIH J!,llep 
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H3MepeHHhlX B 3TOM me 3KCnepHMeHTe ce'leHMM H3MeHeHHH 3apH~a Ha 

ce'leHHe ~parMeHTa~n 711 •611, KOTopoe HesennKo n yqeT KOToporo He 

MOmeT cymeCTB8HHO ll3M8HllTh nony'leHHhle pe3ynhTaT~ llO Ce'I8HHHM 

nepe33PHAKll· 0TM8THM, 'ITO 7Be e~HCTBeHHhln ll30TOll 6epnnnnH, 

KOTOp~ll MOmeT Ha6RID~3ThCH B TaKoll ITOCT8HOBK8 3KcnepnMeHTa 

(BepOHTHOCTh llO~BaTa 

npeHe6pemRMo Mana, a 

HYKnOHOB 

6Be nMeeT 

npn paccMaTpnsae~x 

Bp8MH ~3HH OKano 

3HeprnHX 

Io-20 ) c . 

Han6onee cnomHoii npo6neMoll, CBH33HHOi1: c 

H806XO,IUiMOCTblO HCITOJib30BaTb nyt.IOK )1,0BO.IlbHO 60JibillO:A HHT8HCUBHOCTH, 

HBnH8TCH B03MOmHOCTb nponeTa qepe3 C'leTqnKn rpyn~ C ~YX ~ep 

nllTllH, pa3~eneHHhlX M3Jlb!M npoMemyTKOM Bp8M8HH (M8Hhlli8 IOO HC, B 

T8'18HH8 KOTOporo OTKp~T~ BXO,l\bl 3lUI), TaKne C06b!TllH liMIITI!pyiOT 

npoxo~eHHe qepe3 rpynny C 'laCTI!UN c 3apH~oM 4. ~nH YCTpaHeHHH 

KOHTpOnbHhl8 3TOrO 3~8KTa 6~nl! llpllHHT~ cneljl!anbHbie Mep~. 

ll3Mep8HHH, npOB8~8HHhl8 npl! pa3HhlX Bp8M8HHhlX nnOTHOCTHX llY'!Ka, 

llOK338nll, 'ITO BKna~ 3TOro 3~8KTa B llOJJY'I8HHbl8 Ce'leHHH nep838p~Kll 

H83H8t.IRT8JI8H. 

\13Mep8!lliH C8'18HHii npoBOMJlliCh c Mtllli8HHMII 1!3 yrnepo~a (6,88 

r/c~ ll 18,7 r/cM2 ), aniOMHHllH (4,92 r/cM2 ll I2,3 r/cM2 ), MeM 

(2I ,3 r/c~ ll 35,35 r/c~), CBllHUa (I6,95 r/cM2 ll 33,9 r/cM2 ) ll 

nonncTnpona ( CH ) (3,I5 r/cM2 ll II ,55 r/cM2 ). 11Cll0Jlb30B8Hll8 

Mlilll8H8i1. p83HOJ7l TOJIIUllHhl )1,8B8JIO ,IJ.OIIO.IIID!T8JibH:YIO B03MOJKHOCTb KOHTpOJlfi 

38 B03MOmHhlMH CHGT8M8THqecKnMH Oillll6R8MM. 

Ha pncyHKaX Ia n IB npe~cTasneHH COOTBeTCTBeHHo Cll8KTp 

CHrH8JIOB C OAHOrO M3 cqeTqHKOB rpynnhl C, H8 BKJIJOq8HHOrO B CX8MY 

cTpo6nposaHHH, ll cneKTp cnrHanos co scex c<JeTqnKoB rpynm1 C, 

nony'I8HHhlii M8TO~OM paHrOB~X CT3TllCTllK /3/, 
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B Ta6RH48 I npe~cTaB~eHhl pe3Y~hT3TN K3Mepe~ 
K3MeHeHHH 3ap~a K ace - ceqe~ nepe3apHAKU 

7
11 

Ta6nu4a I 

Mlllli8Hb occ(M6) oc8 (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 

t, 
170 

ilpKB8~811Hb18 B Ta6RH48 C8'18HHH K3M8H8HHH 33p~a K nepe3ap~KK ,Ha 
BO~OpO~e llO~yqeHhl K3 ~aHHRX llO COOTB8TCTBYID~ ceqeHKHM Ha 
nonucTupo~e K yr~epo~e. 

B pa6oTe /4/ npKB8A8HN AaiiHble o ceqeHHHX H3M8HeHHH 3ap~a 
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HeKOTOphlX ll,l\ep Ha BO,l\OpO)l.HOi!, re.lllieBOi! n yrJiepO)l.HOi! MIID!8Hl!X. XOTJ! 

B 3'roi! pa601'8 U3MepeHl!l! C nyqKoM Jll!TI!ll He npOBO,l\nJll!Cb, 3Il3<!eHI!l! 

ceqellnll Il3M8H8Hl!ll 33pll,l\a B 711 + C Il 711 + H CTOJIKHOBeHnl!X MOMHO 

OUeHl!Tb ITO annpOKCilM3Ul'lHM, npnBe,l\ei!HbiM B /3/, COOTBeTCTBY!OII\H8 

Ce'I8Hl!H OK33blB3!0TCll paBHblMil 570 M6 Il 155 M6, CeqeHl!e Ha BO.I\OpO,l\e 

xopomo corJiacyeTCH c HaillllM Il3MepeHl!eM, a Ha yrJiepo,l\e ,1\aHHble 

38MeTHO p3CXO,l\HTCH, 

ilpoana.llllsupyeM 33BllCnMOCTb ceqellnll nepe3apll,l\Kll OT aTOMHoro seca 

H,l\p8-Mllill8Hl!. PacqeTbl /5/, BhlllOJIHeHHble w.rapeeBhlM Il ID.PaTnCOM, 

llOK33blBa!OT, qTO XOTJ! peaKUl'lH nepe3apll,l\Kll J!BJIHSTCH ql{CTO 

nepn~epnqecKoi!, 3aencnMocTb ceqeHl!H nepe3apR,l\Kll oT aToMHoro seca 

K 

ycnJieHHoi! 3aBncnMocTn ceqellnll nepe3apll,l\Kll oT At B MO,l\SJIIl /5/ 

llpllBO,l\nT yqeT KOJIJISKTilBHblX 3~8KTOB B036ym,l\8Hl!H ,l\8JibTa-Il3063pbl B 

H,l\pe-Mllill8Hl!, YKa3aHl!e Ha HaJIIlqne T3KllX 3~8KTOB llOJIYqnJIIl 3BTOpbl 

pa6oThl /6/, aHaJIIl3KpYll ,1\aHHble /7/ no (p,n)-peaKQHM Ha Mpax. 

nJIH aH3Jlll3a At- 33BllCilMOCTil noJiyqeHHblx B 3KcnepllM8HT8 ceqe~~~~~ 

nepe3apll,l\Kll BOCllOJib3yeMCJ! reoMeTpnqecKOi! MO,l\eJib!O B33IlMO,l\el'iCTBilH 

ll,l\ep, npnBo,l\Hlllei! K npocToi! ~opMY Jie /8/ ,l\JIH ceqellnll Heynpyrnx ____ . 

CTOJIKHOBellnll: 

a. = ~R2 ( A1/3 
m o p 

+ A1/3 
t 

- b)2. ( 1 ) 

CMb!CJI aTol'i ~opMYJibl snoJIHe npo3paqeH - npl! npnueJibHblX napaMeTpax 

CTOHKHOB8HHH• 60RbiDMX• qeM Ro( 

B33IlMO,l\8l'iCTBY!OT, npn MSHbillllX 

,1\eMOHCTpnpyeT, qTo ~OpMYJia (1) 

A1/3 
p + A1/3 

t b), ll,l\pa He 

B33IlMO,l\8i!CTBY!OT BCSr,l\a. Pnc.2a 

c napaMeTpoM b=1 HenJIQXo 

BOCITp0Il3BO,l\IlT 33Hl!CllMOCTb ceqellnll OT aTOMHblX BSCOB CT3JIKHB3!011\HXCH 

ll,l\ep. 

B paMKax paccMaTpnsaeMol'i reoMeTpnqecKol'i MO,l\eJIIl ecTeCTBSHHO 
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C~TaTb, qTo 33BMCHMOCTb ceqeHMM Op nepy~epnqecF~X 

OT aTOMirnx secoa ~aeTcn wopMynoM: 

ap ~ (Ab13 + Ai13 
-b) 6b, 

CTOJlKHOBeiDlC! 

(2) 
r~e b- Ta Me caMan KOHCTaHTa, qTo n B ~opMyne (I), a ~b 
onpe~enf!eT Ha6op npnqenbHhlX napaMeTpoa, npn KOTOphlX BO 
B3aHM0~8MCTBMR TORbKO H860RbiD8f! ~ORf! HYKROHOB 
CTaRKMBaiD~XCf! f!~ep. filc.2b nOK33hiB88T, qTo ~opMyRa (2) C b=1 ll 
6b = canst Hennoxo OnMCh!BaeT saBMCllMOCTb ceqeHMM nepn~epn<Jecimx 
CTORKHOB8HMM OT 8TOMHI>IX B8COB CTBRKllBB=XCf! ~ep. 

a 

b 

t-----!-l---1 1.0 
c ' -~ r 

<f 0.8 
-~~ 

~ 06 1/5 
L; C Ae Ti Cu z,Sn W PbU 

l'l!c. 2. a1 At - saancHMOCTb ce'IeHMli MsMeH8HMH sap~ a n 
ceqeHMfi Heynpyroro B3aKMO~eliCTBMH, naHHUe no 
paOoTu, no 4He, 12c +At ns /9/, no 56Fe +At 

7 11 +.At- ll3 9TOli 
M3 /10/, no 19F +At 

Ms /II/. bl At- saBMCKMOCTb ceqeHMfi ~parMeHTai.lllll no ~aHHhlM liD!. 
CJ At- saancWMOCTb ceqeHllli 711 +At • 7Be + •.• 
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HaKOHe~. Ha .pHc. 2c 11p8.I\CT8BJI8H8 38BHCJIMOCTb 

nepesapMKH OT 3TOMHOro B8Ca Mpa - MllrnemL XOTl! sTa 

peaK~l! ,I\OJimHa 6NTb nepH~8pH'18CKOll, pMC. 2C TIOKa3HB88T, 'ITO 

~OPMYJI8 (2) H8 3TOT pas xyme B0CTipOH3BO,I\HT TIOB8,I\8HM8 C8'18HMfi. 

iliHTHposaHMe At-sasHcl!MOCTH sKcnepl!MeHTaJibHhiX ,I\aHHhlx ~opMy.noll 

a = C (A1/3 + A1/3_1) + C A2/3 
ce 1 p . t 2 t 

,I\aeT ,I\Jil! c2;c1 3Ha'!eHMe 0. 088 ± • 040, 'ITO corJiacyeTcH c pac'!eTaMll 

/5/. 

MsMepeHMH 3HepreTM'!ecKoro 

pea~ nepesapMKH 3He + A , 

CTI8KTpa TpMTOHOB, o6pa3yiD~XCl! 

3H + ••• , 6NJIM Bb!TIOJIH8!1hl B JlY6H8 

B 

CaKJie (eM., HanpHMep, II3 - I5/). AHaJIMs 3THX .I\3HHhiX noKasa.n, 'ITO 

npo~ecc nepesapll.l\!rn reJIMH Ha HJ\P3X TPY.I\HO o6bl!CHMTh nepesapll.l\KOfi 

H8 KB33HCB060,I\HOM HYKJIOH8 l!.I\p8-Mlllll8HM. lloJiy'!eH!Ihill H8MH pesyJibT8T 

MOmHO paCCM8TpHB8Tb K8K HOB08 H838BHCJIM08 YK833HM8 Ha CY1118CTB8llliYID 

poJib KO.nJJeKTMBHhiX s~eKTOB B npo~eccax nepesapll.l\KM ll.l\8P Ha Mpax. 

CJI8.I\Y8T, KOH8'1HO, IIOMHMTb, 'ITO 3TOT BbiBO.I\ OCHOBaH Ha np8.I\IIOJ!Om8HMII 

o cnpase,I\JIMBOCTH reoMeTpll'lecKofi MO,I\eJIII. ARH 6oJiee O.I\H03H3'!Horo 

113M8p8HMl! c M8Hbllill:MJI 

CT3TMCTH~eCKMMH OWM6KaMM. 

ABTOphl 6JJarO.I\3pHhl ili.A.rapeesy, C.M.EJIMceeny, 8.11.11H038MU8By, 
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ABpaMeH i<o C.A. " AP· 

Ce4eH~A nepe3apA,IlKio1 7 Li ~ 7 Be "Pll! 21 raB/c 
t<a AApax H, C, AI, Cu, Po 

P1-91-206 

B ny4Ke A,llep 
7 L! c IIIMnyilbCOM 21 r3B/c npoee,l\eHbr lo13Me_peH1o1A C948Hii1l1 

lo13MeHeHVIA JapA.Qa VI ceYeHI-1&71 nepeJapAAKH 7 Li __.,. 7 Be Ha Mlo1WeHAX C, AI, Cu, 

Pb lo1 CH. OnVICaHa MeTO,Ilt.1Ka 1113MepeHHA C848HIIIill,. nonyl.f~l'tHble ABHHble .no ce-

48HitiAM nepe3apAAKIII yKaJbiBator Ha 6onee c~nbHyto, 4eM AnA nep1o1cJ>eplll4ecKl.1X 

CTOilKHOBet-t\o'lill,, 3BBio1CiiiMOCTb OT BTOMHOfO e0Ca A,llpa-Mio1WeHH. 

Pa6a.ra Bbmo.nHeHa e Jia6oparop1o1111 Bb!COKII1X 3Hepnta:1 OltlAVI . 

. 
Coo6IAeHKe 06DenHHeHHoro HHC:THyYTa Jl.lle})HbiX. HCCJleAOBBHHH. ,Qy6Ha 199'1 

nepeBoA n.H. 6apa6aw 

Avramenko S.A. et al. 

Charge Exchange 7 Li ~ 7 Be Cross Sections 
at 21 GeV/c on H, C, AI, Cu, Po Nuclei 

P1-91-206 

The cha~'ge chan9e and charge exchange 7 Li .....). 7 Be cross sections were mea
sured on C, AI, Cu, Po and CH targets at a 7 Li momentum of 21 GeV /c. The mea

surement method is described. The charge exchange cross section data give evi· 
denc;e for a . str~nger A-dependence of target nuclei .. than that for peripheral col· 
lis ions. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 

Commu.ilication of the Joint Institute for NuciE"ar ReSearch. Dubna 1991 



2 I. KOII. 

-

Pe,a.aKTop E .K .AKceHosa. MaKeT H .A .KHcenesol'r. 

noAIIHC&HO B neoaTL I 5. OS. 91 • 
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