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HH03eMuea B.H. P2 - 10525 

06 ynpyroM 
4
He d -paCC9fiHHH OpH BbiCOKHX 3H9pr'HSIX 

4 B paMK8X TeOpHH rnay6ep~ onpe.aeneHbl napaMeTpbl 8MTIJ1H'r'Y.llbl 

He d -pacce~HHS! npH P.1a6 - 10+20 raB/c, HailaeHO ceqeHHe Heynpyroro 
s::~.aepROPO paCC9fiHHfl C B036y>K!l9HHeM 

4 He. ~1CCI19!lOB8Hbl :a¢¢eKTbi KBBJlpy­

nOilbHOH a.e¢o~UHH llefiTpOH8 B 05118CTH .anclJpaKUHOHHOro MltHHMyMa. 

Pa6ora BblnOilHeHa B natSopaTOPHif BbiCOKHX 3Hepru:it OYHU1. 

llpenpBJIT 06'1oe.IUIII.,Illloro llBC'I:IlTYT& BJIOPIIWX llCCJie:ilo ..... l. ,IJ;y6aa 1977 

Inozemtsev V.I. P2 - 10525 

On Elastic "Hed Scattering at High Energies 

In the framework of the Glauber theory the 
parameters of 4Hed scattering amplitude are determined. 
The cross section of incoherent scattering with 4 He 
excitation is found. The effects of quadrupole deforma­
tion of the deuteron at the dip position are investigate~. 

The investigation has been performed at the 
Laboratory of High Energies,JINR. 
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© 1977 06~e6uHeHHWii UHCBUB.)IB Jl6epHWXUCCAeOO&OHUJiJly6Ha 

I. B nocJie,IUiee BpeMR suatmTe,m,no Bospoc mtTepec K HcnoJII>so­

BBHl'Ill Jier:Kl'IX $1,Itep B 8KCne:pHMeHT8X no paCCeJ'iHKJl Ha MBJIHe yrJIH npH 

BHCORI'IX aueprHRX. PacceHHHe s~ep ua H~ nosBoJIReT npoBepHTl> 

cnpa.Be,ll.1JHBOCTb nanmx npe~cTaBJieHHA o MexaHHsMe ynpyroro paccesHM 

COCTaBHHX 06'!.eKTOB, onpe~eJIHTb napBMeTpH HYMOH-HYKJIOHHHX aMIIJIH­
Ty~ B npe,IUIOJI<>aeHHH 06 HSBeCTHOft CTpyKType $1,Itep. B noCJie~eM 8KC­
nepHMeHTe no pacceJ'iHJI[J) ~eP. 4 Hf.. ua npoToHax, BHnoJIHeHHOM na 
CHHXp$sOTpoHe JIB3 OWUf~Il, HSMepeiiHH ~qnlepeHUHaJil>HHX ce11eHd 
6wm npoBSBe~eHH B 06JiaCTH HMnyJil>COB {-1:( 5:J 0,U4 ((38/e)~ 
HcnOJII>soBaHHe ~eATpOHOB B Ra1{eCTBe MHWeHH nosBoJIHeT npz ToA &e 
9KCTiepHMeHT8Jl:&HOA MeTO,D;HKe, OCHOB8HHOA Ha ~eTeKTHpoBaHHH n,nep OT­
,Ita1{H, npo,llBHHYTl>CH B 06J18CTb nepe.»aHHHX HMOyJI:&COB, ,II,1UI KOTOpoA 
cy~ecTBeHHH MHoroxpaTHHe nyKJioH-HYKJIOHHHe nepepacceHHHB 

( /i:/ ,., 0. 1 + 0. ~ ( r~B/c.) 2.) .OCHOBHHM <floHOBHM npooeCCOM B .DaH-

HO! MeTo.u;HKe HBJIReTCH ueynpyroe s~epHoe paccesuze c o6pasoBauHeM 
Bos6ya;D;eHHHX cocTOJIHHA SI.JlP'l 11 Ht.. 

B uacraamel pa6ore npoHsBe~eHH pac1{eTH napaMeTpoB ~HTY~H 
''He. d, -BsaHMO~eAcTBHJI B paMKax TeOJlHH T.nay6epa npl! anep-

rlri.IlX ny'I!Ra $1.Itep ~He , ~ocTHI'HYTHX na cHHXpo~oTpOne JIBS 
OHHH ( f .11a6 = I0 + 20 (~8/c, ) • Onpe~eJieHH SHa1{eHRii C"~t-
al. .: (c F /-t-o , napaMeTpa Ha.KJIOHa -£ =- /:t 4 M. . HccJie~oBaHH alf>­
~eK~~ynOJII>HoA ~~MBilHH ~eftTpoHa B o6JiaCTH ~paKUHOHHOro 
MIIHI!MYMai noKaSaHO, UO OHH HrpBilT B 9TOM npooecce SHa1{HTeJil>HO 
MeHYIYil poJI:&, 1{eM AJ18 ptl, - pacceHHRii, r~e OHH llpHBO~T K HC1{eS­

HOBeHHII MHHHMY~21. PaccqrTaHo ce1{eHHe Heynpyroro n,nepHoro pac-
ceaHRR c Bos6y-.IleHHeM H pasBaJioM SI.JlP'l I( He. 
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2 • .AMI1JIHTY~ lf/lt.. p{, -Ba~~eACTBRri B pa.MRBX TeOpHH 

f~y6epa Ollpe~e~eTCR BHpaE8HHeNf3 • 

Fcq) = j; Je iqi cd f#erl (I, £1.) ~.L.J"U .f.z.LJr.J /1-(i)/:J..x 

)( .f (~, ... tt) «.{ rl!t ... dtv , <r> 

r~e p - :HMrryJI:&C It fie. B JI.c.; r - rrepe~aHHhlft :HMIJYJibC (i.L P .. .... ... ..... 
f "' - 9 .t. ; 8 - llpHU8JI:&Hllii nap~eTp; t - OTHOCHTeJibHOe pac-

CTOSlHHe HYKJIOHOB B ~eHTpoHe; !_;· ( J = ~ ... If) -pacCTORHHR HYKJIO-

HOB If ke. ~~eHTpa Mace R.npa.; f..t. , Jj.L - nonepe"I!Hhle no 
... ..... 

OTHOIDeHHJO K HMTiyJI:&Cy nytJRa KOMIIOH6HTI\I B6KTOpoB '2. , .S J ; 
1f ( i} - BOJIHOBM <!JyHKllKSl ~eDTpoHa, p Cf..t, .•• 1 If) - ~epRM 
nJIOTHOCT:& 11/(e ; file rl - IPYRKQHR npoqiwiR. B rrpe~noJIOJKeRHH 
0 paBeHCTBe a.MIIJIHTY~ fP- H f'11 . - J:SCCeSUIH.fl .l!NeeK " .. r; == i. -. f1 ( i- ~A/ (I +!J.L- 'l.J..J}{i- t;~~.~ (f+:f;.L t- ~)) 

Hed J=l ~ .... (2) ' 

r.ne f"NJJ {6}- WYHKIUD! npoqwm RyKJioH-RyKJIOHHoro B~~eitcTmm 
r;N (6} = 2 '· D J f,VI./ ('f) e,- t,j, t/f; 

...o) 1rtro 

f!.IN (,/ - HyRJIOH-HyKJIOHHa.fl aMITJIHTy~a, ,Do -Jia60paTOpHllii HM-

nyJI:&C HyKJioHa B R,Jq>e "ke (Po ~ 0,25 p). BY6HJSH ,IT,7l.fl :fMJ(l/) 
o6~Hym napaMeTpHSaQHm , 

J.NA/ (q) = ~~ CT,v,v (:1.- t~IVA/) txp(- i bMtl?f% 

noJiy'I:HM 

~ a+ " ... 
~' :; - L A W { -~l {(l+ "!J.J}f +tl.(l.~fi.J t.L fJ- "" 

. /1i. ~ O~i.. o~=1 .l. (3) 

r~e 

(~ = ~)z. •... rJ . ( r.L):~.. M -t]~-
~!f·t:o -4- r '" , 
L ' 

% 
f'j = ft.j :t: jij+¥ ; 

A.:. _ r::r~(f-i~MJ) . 

'"r 6NAJ ~ 

4 

" +­(!"..,.:: z f'j ; 
.i=-t 

I 
jJ .26..v..v 

~ 

' I 
I 
\ 

\ 

\~ 

- ... ) ,lJ.1m ~epaoA nJIOTHOCTH PC s~. •... £~ Mbl 6y~eM HCITOJlb30-

BaTb BhlpallreHHe, COOTBeTCTByonee MO~eJIH Hela~CHMI\IX HYKJIOHOB, 

(
... ... ) 14 1 Q. (- Sj ) 

f s.i)"'s" =v~ (~fl.'-)3/z. ){p /(,1.. 1 

.11: a V.t. R.'"' Vf" <'-) = (.3+ rp.,l.(. 

~qOJIRAA MHTerpMpOB8lU!8 B (I), Haft~eM, ytmTbiBM 06hi"IIHI\IM 06-

pasor/'4/ ~mteaxe ueHTpa Mace "He.. : 
. Aa+ 

l=(f}=- !.i..{ 2 -
fJr -f/'il A1..1z.l3 At A 

J ~, S~(qV/liiP{- q~(f+~fl~£) 
2. ltd 7 

tl#D r1+ f) -'-)7, r('t} 
x ~xp (- ficz~) -~o If,. 1: A A~ ~ ~ c;!' (q~ {:t,~1~~Gv- . C 4) 

f(~ / {J-i) I l l ,. 1 

6:0 

3~ec:o 
~- = 1+~/?.,~f': (J=f~!l.l!~,'f}; 

J ! ~ ~J 
;9 ~ )It+-{;~ &(/'j -/"J ·/ . 
'-11 .:a ,., • • • 

v~f _ AJ J M.+ 
41 • I '.J c1,_ = I' .z. J'fJ ; cu. = />. -. ; 

.a I )J .1., .( AJ 
:l.. 

4 = cf., e-ll -cu .. :~ 

S;{ll}- WOPMPaJtTOP ~e~TpoHa. 
EcJm npeRe6pe"tlb KBa.nJlYITOJlbHI\IM MOMeHTOM ~e111TpOHa ( STO npHBo­

~T K cy~eCTB8HHI\IM OWH6K8M JIHIDb B 06JiaCTH ~paKUHOHROro MHHJ!MY­
Ma) H Bhl6paT:& !fx>p.$lKTOp B BH,Ite 

So(;} = f' llr ~, (-clr~'Y, 
(5) 

TO llOCJie Bl\IHOJIH8HHR HHTerpHpoBaHHR B (4) ITOJiy'IHM llpOCTOe B!lpa.U-

HHe ,I!,1Ui aJlllJIHTY.D.Y 11/lc o(. -pacceRHHR : 

. ~ A,- f .. J.//+Cttoir ~;,7 
Fo (f)= - '! L Z ~ ..:1 c +ol. 4 exp -'1 (4-{Clz+~(A)S) {""i"J 

~ {tiJ j" II.J "' If ,, ~ • 
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~ y~eTa KB~no~Horo MOMeHTa ~eATpOHa.y~o6HO npe~CTaBHTb 

rpopMlJBRTOp B BH~e one~TO~, SaBHCJmlero OT CnHHa ~eitTpoHa 2/: 

sd (¥J = s, (f)- S:~.(if}[3 (ft;''- 't1 Jl 
( 7) 

~ ~ 

S - one~Top cnHHa ~ehpoHa, e ... .!!... , Sz {if) - x:sa.n;pynOJib-

Hiill !}JopMf>BRTOp. /q/ 
,Un.a HenOJlHpHSO,HHHX ~eATpOHOB .zo$IlepeHnHBJIJ>HOe Ce'IJeHHe Bli­

'IJHCJllieTCJl no \IJOpeyJie 21 
1.:!. = L Sp ( t:!=*). 
cf* r--1 3 p 2. . 

llpe~cTaBJIJili, corJiacHo pa6oTef5/, S1 ( 9) B BH,Ite 

(8) 

S;.C9) = ~L! 80 e.Kp (-h-?9, 
( 9) 

Hmi~eM, corJiacao ( 4), (8), .IUllfxPepeHnH~Hoe ce'IJeHHe ~ d -~c­
ceaHRH C y'IJeTOM K:sa.n;pynOJibHOrO MOMeHTa ~eATpoHa: 

'! = ,-x;_ {f'IJ.t/2 +j (tf9j1J,_j:z. + J./1>,/~ +} q'-~e {%)~~.otJ+ 

./- .: r<.e. {lr>.t ~;) +- flq'-1<.. ('t)~:J] ~ ( IO) 

r,Ile ~:1 =- Fo (() + 1 ( F~ (9) + 92 {i(()) ~ 
~.l.: -f fi(f) ~ ~.J =: - 3Fi :v ; 

~ (q) .. _ !f ~ ~ ,4a+ 41i6_. ~,{-qa/_1+Ct-tflr _£},7 
{l'ij l' ~.t .. ·rl\' (Czz + J,.6'}2- \.t,-(Czz+,l,.4) (6!./~ 

· A"+ 4 "" fi{f)= -!L ~- ;-Cf%. rlKp[-f'/(+(N1r -~l.y 
{1-ij r Ar··)~ {c2.i. +PrfJ3 ('f(C,z.~,.VI6?/. 

BeJJH1DIHH Ar. ol.r BSRTH Hs ~6oTs/5/, B xoTcipo! 6HJio noxasaHo, 

'IJTO ,ll;JlSi Y~OBJI6TBOpHT6JlLHOrO corJiaCM C q,opMliaJtTOpaMII 1 ~CC'IJB'l'QH­

HHMH no BOJIHOBHM WYHRUHRM XaM6epcToHa, Pel~ B BpecceJia-KepMaHa, 

~OCTQTO'IJHO OI'paHH'IJHTbCJl TpeMSl 'IJJieHaMH B (5): 

A~ = o,34 A:l. = o,58 A~ = o,oo 
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* l 

~I 

ol.~ = I4I,5 o/1. =26,I a/.3 = I5,5 (f~~/c.r1. 
BeJIH'IJJIH!i 6a- J ~r' BSJlT!i Hs/6/: • 

8~ = 2,518 !Jz. = 2,034 8:J = 0,3956 ( rs•~c.r~ 
/J~ =?9,I3 /12. =20,58 f'.s = 5,575 

Pesy~TaTH pac'IJeToB naJliMeTpoB aMnJIHTy.llli +J(e q' -BsaHMo~eii-
c TBM no \IJOIJo1YJie ( 4) npe~cTrneHH B Ta6JJHne I. BeJmlmH!l cr ..v..v • 

{;A/A/ , o/N/v B9JlT!l HS/7 • llpH /-6/ f6. 0,04 napSMeTp HaKJIOHa 

/;, D~eT C poCTOM /-6/ B COOTB6TCTBHH C noBe,IleHHeM WOPM-

!}JaKTOpa ~eiTpoua B aTo~ o6JiacTH nepe~aHHwt HMny~coB. PesyJILTaTH 

pac'IJeTa .ItlllWJepeH~Horo ce'IJeHH.a noxasaHH Ha pHc. I .n.n.a l'o11~~ ., 
=20 (:;8 /e . Y-qeT ~no~uoro MOMeura ~e~Tpoua npHBo~:l'lT K cy-

1116CTBeHHiiM nonpaBKaM ( - 30%) JllDJIL B 06JJaCTH MHHHMyMa.B TaOJIHLte 2 
npe~CTaBJl6Hli 3HaQeHRR ~~~ , npH KOTOpYX ~q,q,epeHQHaJibHOe ce­

'IJ6HHe BMeeT ~M H BTOpo! MBXCHMYM, a TaK&e OTHOWeHHe 

{!f_k..:-t...,;./{i$tt.t.z.-....• pacctmTaauoe cor.nacuo (4), (IO). 8To 
OTHOJDeHHe 6JJHSKO K e~HQe ,Mft BCeX TpeX B!i6paHHwt 9Hep:ndl ny'IJKa, 

'1'0 6CTb MBHHMyM He JlBJlli6TCJl ~OCTQTO'IJHO rny6oKRM, 'IJTo6!l ero MOZHO 

6Wio o6Hapyun axcnepmreHTaJILHo. llpH HSMepeHMX CJie~eT, no-m­

.IU!MOMY.a ODI~Tb "B&nOJiaDIBaHRH" Ce'IJeHKH B 06JiaCTH 0, II ~ /-6/,$ 
0,2 ('38/t:)%.. • 

Ha pmc. 2 npe~cTaBJieHH ,IU!!fxpepeHnHBJIJ>HHe ce'IJeHH.fl, pacctmTaH­

HHe c y1feToM neperacce.aHd }liSJIB11Hol KpaTuocrPI ,ll;JlSl l'.11a.F = 20 ~8;i. 
BH,Ilao, 'IJTO MHoroKpaTH!i8 nepepacce.aHH.fl npHBO~T K SHQ'IJHT8nbHOMY 

c,IJ;BJII'y MRHJIMYMa BITPaBo no ocB It:/ 

TaQJIHlla I 
IJapSMeTpH SMnJJHTY~ ynpyroro ~~~~a/, -pacce.aHH.a 

P.:a§ fJ.cof(.l.l611) ri= ,(<~ 
b " ( (96)-tl.. 

r~Vc- :J,.,F t20 
-t-ao t: ~o.oq i: -0.01 (~)2-

IO 259;7 -0,25 64,9 59.2 66,9 
I4 258,7 -0,27 65,2 59,4 66,4 
20 253,0 -0,'28 65,7 59,8 66,5 
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r--1 

O.t& 0.2t D.24 
-t.!rulc)2 

PF!c. I. ,lUiqxfiepeHIJ;HaJJ:&Hoe ce'ieHHe ynpyroro '~11£. ol- pacce.RHIDI 
( fAd' = 20 r3/3f¢_ ) • IlyHKTHPHM RJEBM - Bll'n!CJieHIDl 
C y'ieTOM KBanpynO~Horo MOM6HTa ~e~TpOHa. 

*)Bil'rnc~eHo no ~op~~e (6). 

~)B~HC~eHO C y'ieTOM KBanpyno~:&HOro MOM6HTa ~eftTpOHa • 

8 

3. ,llJm oueHKH cfJoHa npH :eaMepeHHI1 ~H!WJepeHQHaJJ:&Horo ce'ieHIDI 
B MeTo~ef!/ 6YRM npoHSBe~eHU paCti6TU Be~'i:HHU 

( -dJ),If~t = (-fJAof -( fne, (II) 

r~e ('~iot- - ~~epeHQHaJJ:&Hoe ce'ieHHe c y'ieToM npoueccoB Boa-
6ylt,ll;em1Ji .II.IqlB. lf,t,'.e • BeJIH'i:HHa (.g}w npe~cTaMReT co6olil 
cy~ ce'ieHd, HaMepReMHX np:e paa~'iHJi. yr~ax BWieTa ~eli!TpoHa or­
~a'iH C tPHKCHpOBaHHOH aHep:rne~ 'r = f:f/2Jt..d • IlpH BU'i:HCJI6Hmf 
('~~~ HCllO~:&SOBanOC:& YCJIOBHe n~HOTU ~ Boa6y~eHHHX COCTO.fl-
Hd If#~ : 

/'dcr) = _!_,/~~~~/!<tl/ fe iiidJ r;; J (i; ft 1;· )Vtl>/1/kt) · t ~417f It,., . "'~ <( ~ .i/. ( !2) 

fO'L 

fO -----

1 - -
0 0.0~ 0.011 0.09 0.11 0.15 0.18 O.t1 O.t'l 

- -t.O"ulc)2 

~epeH~Hoe ce~eHHe ynpyroro pacceRHHR c y'ieToM 
nepepacceRHKA pa3JIH~O~ KpaTHOCTH: 
---------- l + 2 - KpaTHOe pacCeRHHe, 
-·-·-·-·- I + 2 + 3 - KpaTHoe pacceaHHe, 

peay~TaTu pac'ieTa no ~pMy~e (6). 
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C y'!leTOM (3,5) HHTerpHp,OBa.HHe B (12) .nerKO BllOOJIH.IISTCJI; 

OKOH'qaTe.nbHOe BllpaxeHHe He npHBe~eHO BB~ ero rpoMOS~OCTH. Gne­
~eT no~-qepKHyT:b, 'ITO B rpopMHpoBaHliH (~_her CYllleCTBeHHYil pam. 
Mrpa.DT MHOrOK~TH!le nepepacceSIHWI; pesyJn.T8Til Bll"'HC.nemdt.($)~ 
Jri (rltr)i~tel npe~cTaB.neHu Ha pMc. 3 (l'r~~or= k:J f7&/e) , r~e 
npH~eHU TaKXe KpHB!le, COOTBeTCTBYIDlllHe y"'eTY ~L O~HOKPQTHOrO H 

~pyRpaTHoro pacceRHKH B {g) i~tel . · 
0TMeTJriM, 'ITO npw6JIIDleHH!le ~C'!IeT!l Ce'qeHWI 06~SOBaHH.R "'ke ~­

nepBoro BOS6y~eHHOI'O COCTORHWI R~ r~ (aHeprKH BOS6y~eHER 
~ 20,2 M~8 • WHp:HHa ~ 0,4 11S!> ) ~allte ,IVIJl e lfJt~ pacce.R-

HRII, r~e aqxpeKT!l SK~HHpoBKH HecymecTBeHH!l, npHBO,ItliT JIHIIIb K Ka­

'!leCTBeHHOMY cO:t.nacHJJ C SKCnepHMeHTO~S/. llOSTOMY ecTeCTBeHHO HC­

no.nbSOBaTb HHTerpa.nDHYJJ HHWOPManRJJ o6 o6pasoBaHKH Bcex Bos6y~eH­

HilX COCTOJiH~ If/{~ , CO~eJllltBIIlYilCR B (II). 

B -qacTHOCTH, MO~Ho annpoKCHMHpOBaTb ce'!leHHe ~K 
( ffx -Macca Bos6y~eHHoro cocTORHHR r~~ ) npocTelmHM cnoco6oM, 

npe~o.naraa, 'ITO OCHOBHOil B~ B ®tittt~ MilT COCTORHM C &Hep-

I'Hen Bos6ylE,lleHHR nopn~a £ 0 - aHepmH cB.RsH HYMOHOB B ~ : 

PEe. 3. 

.,-
MCIH 

(r31A:}2 

~~ I I I I I I I 

o o.oa o.oe o.ot o.tt o.ts o.11 o.tt liP; 
-t.!r81k)2 

Pesy.nLTaTH Bll'!IHc.neH~ ( -df}t:o+ , ( 1/Ji~t (1;.1""2/) ~ : 
- (!JfJewt , O,llHOKpaTHOe plCCe.A:HHe, 

__ - __ (d(T'), , O~HOKpaTHOe H .D;ByKpaTHOe pacce.RHHe, 
ij"/UtiL 
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dtS 
('_j_ ...., i E'0~t:, 

f Q'd.::) 
" dl/i~ree ) 11rl<e. +c~r ~ 17~ ~11~+ E..) -ctl-t:l.l't.t 

) 
1-fx ~ /'f,~ ..;. E() 

(13) 
E, =19,8 t1~;3 - nopor Bos6ylE,lleHM ~ ; Eo = 28,3 fl;;~) 

BupallteHHe ( ra} MOUT 6b!TL Jii'CllOJILSOBaHO ,IVIJl nplil6JJmteHHoit oueHKE 

woHa, BOSHiilKa~ero Ms-sa KOHe"'Horo ~spe~eHRR no yr.ny BHneTa ~etl­

TpoHa. 

ABTop 6Jiaro~apeH B.A. Hl'rtmTHHY H II.,L.eBSHCKH sa BHHMaHHe 

K pa6oTe H KOHcy.nLT8IlKH no SKcnepHMeHT8.nLHb!M MHHb!M. 
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