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.A j~int 'nalyeis ~f the data on d~ep'inelastic and 
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too. 

The investigation has been perfo.rmed at the 
_L&horetory of Nuclear· Prqblems, J;rN·R. 

· Communicatio11 of the Joint Institute for Nuclear • Research . 

Dubna· 1976 

... 

r 

~~- !". 

1. Beeoenue 

0TKphiTHe CKeBJIHHra B 3KCnepHMeHTaX no rny60KOHeyn

pyroMy e-p/ 1/ pacceB:HHIO CTHMYJIHpooano pa3BHTHe uenoro 

pB:~a HOBhiX TeopeTHI.feCKHX HanpaBJieHHB, TaKHX, KaK nap

TOHHaB: MO~eJih I 2• 31, MacwTa6HaB: HHBapHaHTHOCTh Ha MaJihiX 

paCCTOB:HHB:X 141, aCHMnTOTHI.feCKH CB060~Hhle TeOpHH 1:•1 H 

~p. 3TH TeOpHH npe~CKa3hiBaiOT pa3JIHI.fHhle $opMhl Hapywe

HHB: CKeBJIHHra B 06JiaCTH 60JihWHX q 2, fiOCJie~HHe 3KCnepu

MeHTaJihHhle ~aHHhle no rny6oKoHeynpyroMy nenToH-uyK

JIOHHOMy pacceB:HHIO, nonyl.feHHhie o SLAC 1(>1 u 6aTa

BHH 17 I ,no- BH~HMOMY, CBH~eTeJihCTBYIOT o Hapyweuuu CKeii

JIHHra. 

Bo3HHKaeT oonpoc, no3BOJIB:IOT JIH cymecTBYJOI.l.{He Teo

PHH OnHCaTb 06Hapy)KeHHOe Ha OnbiTe OTKJIOHeHHe OT CKeH

JIHHra. 3TOMY BOnpocy H noCBJIIJ..{eHa HaCTOB:ll{aB: pa6oTa. 

bhiJIH paCCMOTpeHhl napaMeTpH3al{HH HapyWeHHB: CKeH-

JIHHra, OCHOBaHHhle Ha: 

1/ MacwTa6Ho- HHBapuaHTHoii napTOHHOB Mo~eJIH I B I , 
2/ aCHMnTOTHI.feCKH CB060~HhiX TeOpHB:X ~~~, 
3/ TeopuH 111 o KOTopoii npe~nonaraeTc:ll, l.fTO napTOHhi 

' HMeiOT CTpyKTypy. 

C TOI.fKH 3peHHB: npooepKH CKeBJIHHra 60JihWOB HHTepec 

npe~CTaBJIB:eT o6JiaCTh 3Hal.feHHB nepeMeHHOH w 

( 2~b· ) 
r" = --- , 6JIH3KHX K e~HHHI.{e. 

q2 

Bo- nepohlx, npH w:: 1 o TeopHB:X 17 • HI O)KH.LJ.aeTCB: HaH-

6onhwee OTKJIOHeHHe OT CKeHJIHHra. Bo-BTOPhiX, HMeiOll{He

CB: 3KCnepHMeHTaJibHhle TOI.fKH C uJ ::_ 1 OTBel.faiOT MaKCH

MaJihHhiM q 2 • B- TpeThHX, o 3Toii o6naCTH ~JIB: ocex pac

CMaTpHBaeMhiX TeOpHB MOryT 6biTh nOJiyl.feHhl $opMyJihl, 

n03BOJIB:IOIJ..{He npOCThiM o6pa30M Bhlpa3HTh 3aBHCHMOCTh 

!•\\ 2 OT q 2 • 
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Iloae,IJ.euue 4JyuKIJ;HH v~ 2 npu w= 1 MO)KeT 6LITb CBJI3auo 
c noae,IJ.euueM 3neKTpoMaruuTuoro 4JopM4JaKTopa uyKnoua 
G M(q 2) npu q 2 .... "" • B napTouuoB: MO,IJ.enu 3Ta CBR3b 

/10/ 
61a1na anepable ycTauoaneua )],penn oM u JluoM . KaK no-
Ka3auo a pa6oTax /3, B, 11 1, auanoruquoe cooTuoweuue 
HMeeT MeCTO H B cnyqae HapyweHHJI 6bepKeHOBCKOrO 
CKeB:nuura. 

B uacToRmeB: pa6oTe npoao,IJ.HTCR coaMeCTHbiB auanu3 * 
,IJ.auublx no rny6oKoueynpyroMy /1 3/u ynpyroMy 1141 e-ppac
ceRHHIO B o6naCTH 6onbWHX q 2, IlpH 3TOM npe,IJ.nonaraeTCJI, 
qTo 4JyHKIJ;HH vW 2 H G M CBJI3aHbl o6o6IIJ;eHHLIM COOTHOWe
uueM )J,penna-Jiua. 

BLinonueuuLIB auanu3 rroKa3an, qTo o6nacTb 3uaqeuuB: 
nepeMeuuoii W I W - Macca KouequbJX a,IJ.pouoa/ aecLMa 
cymecTaeuua a CMblcne ueo6xo,IJ.HMOCTH aae,IJ.eHHR napywe
HHR cKeB:nuura. Ecnu W 2: 1,8 T3B, TO a Bblpa)Keuue ,IJ.nR 
~,w 2 ueo6xo,IJ.HMO BBO.IJ.HTb 3aBHCRIIJ;He oT q 2 qneubl. Ilo
Ka3auo, qTo ,IJ.auulale MoryT 6b1Tb onucauLI, ecnu ,IJ.n.JI uapy
waiOIIJ;HX CKeBnHHr qneHOB npHHJITb Bblpa)KeHHR, BbiTeKaiO· 
U\He H3 BCeX paCCMOTpeHHbiX 3,IJ.eCb TeOpHB. 

2. Pe3yAbmambt aHaAu3a 

Ceqeuue npou;ecca 

e + p .... e + a,IJ.pOHbl 

,IJ.aeTcR Bblpa)KeuueM /n.c./ 

d2 a 

dO dE' 

() 
a 2cos2-

___ 2 __ [W + 

4E 2· 48 2 
sm -

2 

/1/ 

2 () ] 
2tg 2\\1 /2/ 

* HcnciTIL30BaHHLIB MeTO.IJ. coaMecTuoro auanu3a ,IJ.aHHLIX 
no,IJ.po6uo u3no)KeH a pa6oTe .'12/. 0TMeTHM, qTo npu aua
nu3e ucnonL3YIOTCR TOnLKO uenocpe,IJ.cTaeuuo H3MepReMble 
a onLITax aenuquubl - .IJ.H!ll4Jepeuu;uanLuble ceqeuHR. 

4 

..,. 

.., 

• 

3,IJ.eCL E u E' - uaqanLuaJJ H KouequaR 3Hepruu 3neKTpoua, 

()- yron pacceRHHR. 
CTpyKTypuble 4JyuKIJ;HH vW2 H 2MW 1 RBnRIOTCR 4JyuK-

IJ;HRMH nepeMeHHOB uJ 

(w = 2Mv 
q2 

v = E - E'; q 4EE'cos 2 ~) 

u, B cnyqae uapyweuuJI 6LepKeHOBCKoro cKeB:nuura, TaK>Ke 
H nepeMeHHOB q 2. <l>yHKUHR 2M\\ l CBJI3aHa C 1·\\ 2 H 

R ,/R c 

(J 
s 

- OTHOllleHHe nonHbiX ceqeuuB: nornomeuuH 
aT 

aupTyanbuoro 4JoToua co cKanHpuoB: H nonepequou nonH
pu3aUHHMH/ COOTHOIUeHHeM 

q2 
l + -.,--

1' ~ 

2MW. ~ (di'W
2 
(---- ) • 

1 
1 + R 

Ceqeuue npouecca 

e + p -• e t- p 

HMeeT BH,II. 

zO 
(12~2 ( 

) y 
da 

rW 
-~--)- . 4 () 

4E -sm 2 2b, . 2 () 
l +- sm -

y l 

M 2 

') 
~ ') 

2 -~C\1 2 0 
G F + 4M2 + 2 tg z 
1+ £ 

4M2 

2 q 
---G 21 
4M2 M • 

/3/ 

/4/ 

/5/ 

r ,IJ.e G \-I H G E - MarHHTHbiH u JapR.IJ.OBbiH 4JopM4JaKTOpbl 
npoToua. llpu auanu3e 6y.IJ.eM npe,IJ.nonaraTL, qTo G"1u ·c E 

CBH3aHbl COOTHOWeHHeM G\l = 11 pGE. 0TMeTHM, qTo 

5 



3KcnepHMeHTanLHLie .n;aHHLie B HHTepecyJOU.teii Hac o6nacTH 
6onLmHx q 2 cornacyiOTC.R c 3THM npe.n;'nonmKeHHeM / 15/. 

IlpH aHanH3e 6LinH HcnonL30BaHLI .n;aHHLie no rny6oKo
HeynpyroMy e-p pacce.RHHIO/I 3/ I e = 26°H 34° I H .n;aHHLie 
no ynpyroMy pacce.RHHIO 3neKTpOHOB npOTOHaMH /14/ B HH· 
Tepaane 6 S q 2 S 25 I F3B/cl2. 0T6HpanHCL TO'lfKH c 
w < 1,5*. IlpH noM 6.::;q 2_::; 20 I F3B/cl2, 5.::; v <;;. 131 F:JBI. 
3TH ,D;aHHLie cpaBHHBanHCL C pa3nH'lfHLIMH TeopeTH'lfeC
KHMH MO,D;en.RMH. 

IlapTOHHa.R MO.n;enL / 2 ~ OCHOBaHHa.R Ha npe.n;nonolKeHHH 
0 TO'lfe'lfHOCTH napTOHOB, npHBO,D;HT, KaK XOpOWO H3BeCTHO, 
K CKeiinHHry lilYHKUHH v\'12 • EcnH B o6nacTH w-> 1 JanHcaTL 
vW 2 B BH.n;e 

m 1 vn
2 

=a(1- -)P 
w ' 161 

W->1 

a MarHHTHLIH 4JopM4JaKTOp npOTOHa npH q 2 -> oo B BH.!J.C 

1 G = 11 b--·---, 
M P (q2)n/2 

171 

TO H3 napTOHHOH MO,D;enH cne.nyeT TaK:>KC H COOTHOlliCHHC 
,[(penna- JIHa/1 0 I 

n = P + 1. 181 

B cnyqae, Kor.na CnHH napTOHOB paBeH 112, HMeeM /!?/ 
q2 

R =-. 191 
v2 

B pa6oTax 131 6bm paccMoTpeH cnyqaii HeTO'IC'lfHLIX 
napTOHOB. B 3TOM cnyqae CKeiinHHr CTPYKTypHoii4JyHKI.{HH 
vW2 HapyrnaeTC.Il, H npH w-> lHMeeM: 

vW = a(l- .l)P G2 (q 2 ) 
2 ' 
W-> 1 W 

1101 
r.ne 

*HcnonL3YJI BLipalKeHHe .n;n.& vW2 , nonyqeHHoe B pa6o
Te /J 6/ H3 aHanH3a acex .n;aHHLIX no rny6oKoHeynpyroMy 
e-p pacceJIHHIQ, MOfHO noKa3aTL, 'liTO npH w<1,5 B pa3nO)I(e
HHH vW 2 no U--) rnaBHYIO ponL HrpaeT- nepaLiii qneH. 

w 

6 

~. 

! 

.. 

G(q2) 1 1111 
1 + q 2/M~ 

4JopM4JaKTop napToHa. ,[(n.& 4JopM4JaKTopa npoToHa npH 6onL
mHx q 2 B 3TOH MO,D;enH B03HHKaeT cne.n;yromee BLipalKeHHe: 

1 G(q~. G - 11 b p+l· 
M- P (qZ) ,....--· 

1121 

<l>yHKUHJI R .n;aeTc.ll BLipa:>KeHHeM 19 I. 
C noMomLro 1101-1121 6LinH npoaHanu3upoaaHLI 3K

cnepuMeHTanLHLie ,D;aHHLie. IlOMHMO BLlpalKeHHJI 191, ,D;ml 
lilYHKUHH R paccMaTpuaanucL TaK:>Ke H = c 1 H H = c2 / Ci! • 

3,D.CCh H B .nanhHCHWCM 3Ha'leHHJI KOHCTaHT C l H C 2 6panHCh 
H3 pa60Thl / 18/ B KOTOpOH npOBO,l\HnCJI aHanH3 BCCX ,l\aHHLIX 
rpyrmLI SlJAC-kH'r / 1/ lc 1 = 0,19, c 2 = 0,651. PaccMaT
pHaanucL pa3nH'IHble o6nacTH no nepeMeHHOH 
W (W = M 2- q 2 + 2Mv). 0Ka3anocb, 'ITO .naHHLie MoryT 6hiTh 
onucaHLI npu W 2. 1,8 F3B. PeJynLTaTLI aHanH3a npuae.neHLI 
B ma6/l. 1. TaK KaK o6nacTL Vv > 1,8 T:JB o'lfeHL 6nH3Ka 
K pe30HaHCHOH 06JiaCTH, B Ta6nHUC npHBC,l\CHbl TaK:>KC 3Ha
'lfCHH.R aapbupyeMLIX napaMeTpoB npu W ~ 2,0 T3B. 

llTaK, paCCMOTpCHHaJI MO,D;CJib, B KOTOpOH HapylliCHHC 
cKeiinuHra o6ycnoaneHo 4JopM4JaKTopoM napTOHOB, no3ao
nHeT y,n.oaneTaopuTenLHO onucaTL paccMaTpuaaeMLie .naHHLie 
no rny6oKoHeynpyroMy pacceJIHHIO B o6nacTH w, 6nH3KHX 
K C.!J.HHHUC, H .naHHLIC flO ynpyroMy paCCCJIHHIO llpH q 2 ;::: 

;:::6 I T:JB/cl 2 .Ilpu JTOM .nnJI napaMeTpa, xapaKTepu3yromero 
$opM4JaKTOP napTOHOB, npu R = q 21 v 2 nonyqaeM M c; = 

16,0±0,41 T:JB. KaK BH.U.HO H3 Ta6nuuLI, B cnyqae 
JJ,pyrux paccMoTpeHHLIX BLipa:>KeHHH .nnH R napaMeTp M c 
B npe.nenax OWH60K He MCHJICTCJI. 0TMCTHM, 'liTO nony'lfCH
Hoe JHa'leHue MG 6nH3KO K 3Ha'ICHHJIM, Haii.n;eHHLIM .npyrHM 
MCTO.!J.OM B pa60Te /l9/,a TaK:>Ke B pa60TC / 20/. 

H3 MacrnTa6Ho-HHBapHaHTHoii napTOHHOH Mo.nenH, pa3-
BHTOii B pa6oTe/B/, cne.nyeT llpH W->1 H 6onhlliHX q 2: 

1 P 1 A 
vVv

2 
= a<l- -) (-) , 

W->1 W q2 
1131 
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B pa6oTe 181 noKa3aHo TaiOKe, 'ITO cPYHI<D.HB R =- const . 
Mbi npoaenH aHanH3 3KcnepHMeHTanLHbiX .D,aHHbiX, npH

HHMaB .D.nB vW 2 H GM Bblpa:>KeHHB 1131 H 1141. llpH 3TOM 
paccMaTpHBanHCb cne.D,YIOI.l\He napaMeTpH3aiJ,HH .D,nB OTHO
llleHHB R : R = 0,19; R = 0,65/w H R = q ~v ~ PeJynL
TaTbl npH W :::_1 ,8 T3B H W :::_ 2,0 T3B npHBe.D,eHbl a ma6A. 2 . 
llapaMeTp A, xapaKTepH3YIOI.l\HH aKna.D. aHoManLHbiX pa3-
MepHOCTeil, paaeH A = 0,35±0,04 npH R = const. 

HTaK, KaK BH.IJ.HO H3 ma6A. 2, 3KCnepHMeHTanLHble .D,aH
Hhie Y.D.OBneTBOpHTenbHO OllHChiBaiOTCB, ecnH B Bblpa:>KeHHe 
.D,nB vW 2 BBeCTH 3aBHCBI.l\HH OT q 2 qneH, CBB3aHHbiH C aHO
ManLHhiMH paJMepHOCTBMH. Ha Heo6xo.D.HMOCTh aae.D,eHHB 
aHOManbHbiX pa3MepHOCTeH HeO.D,HOKpaTHO yKa3biBanOCb B 
nHTepaType /21, 18/. 

p + 1 
0TMeTHM, 'ITO aenH'IHHa 2 - + A 

1 
- cTeneHL (- ) 

q2 

a Bblpa:>KeHHH 1141- a npe.D,enax ornH6oK pasHa .D.ByM. TaKaB 
:>Ke JaBHCHMOCTh G M oT q 2 B03HHKaeT H H3 aHanHJa 
.D,aHHbiX TOnhKO no ynpyroMy e- p pacceBHHIO Ha OCHOBe 
Bblpa:>KeHHB 17 I. )l,nB napaMeTpoa nonyqaeM cne.IJ.yiOI.l\He 
3Ha'leHHB: 

b = 1,61±0,04 I T3B/cl, 
n/2=1 ,99±0,02 

<x 21X2 = 7/7L 

H3 TeopHH c acHMllTOTH'IecKoil cao60.IJ.OH .D.nB cPYHKIJ,HH 
v\'i 2 B o6nacTH 6onLrnHx q2 H w:: 1 cne.D,yeT /9/ 

vW2 = an-l1 On~)~(0,69-t4In(l- _!_)). 

(lJ-d w . fl2 w 
1151 

EcnH aocnonL3oaaTLCB rHnoTeJoil .D,yanLHOCTH, To ~nB 
clJopMclJaKTopa GM npH 6onhlllHX q 2 H3 1151 nonyqaeM 

11 1: 
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G 
'G 1 P + I q2 -

M = 11 b(-f--2- <ln-) 2 
2 p q2 112 

q -+OO r 

q2 
(0,69-4ln-), 

w2 
t 1161 

3Ha'leHHe napaMeTpa G a Bblpa)I(CHHJIX 1151 H 1161 
laBHCHT OT rpyllllbl CHMMCTpHH CHJibHbiX B3aHMO.IJ;CHCTBHH 

H OT npe.IJ;CTaBJICHHJI, K KOTOpOMY npHHa,IJ;JIC)I(aT ~CPMHOHbl 

I G = 4125 .IJ;JI.II MO.IJ;CJIH c TPCMJI uaeTHLIMH TpHnJieTaMu/22/ 

H G = 4127 .IJ;JI.II MO.IJ;CJIH c TpeMJI UBCTHLIMH KBapTeTa

Mu/23/ 1. Mw 6y.IJ;eM C'IHTaTb G aapbHPYCMbiM napaMeTpoM. 

BeJIH'IHHbl 11 2 
H W ~ ~HKCHpoaaJIHCb. )l;JIJI \\ ~ npuHiiMaJiocb 

3Ha'ICHHC w~ = 1,5 T3B, noJiy'ICHHOC B pa6oTe /24/. IIapa

MeTp HOpMHpOBKH /1 2 .IIBJI.IICTC.II CB060.IJ;Hb1M napaMCTpOM TCO

PHH. II pH aHaJIHJe 3KCnepHMCHTaJibHbiX .IJ;aHHbiX 11 2 no

naraeTcJI paBHbiM 11 2 = 0,5; 1 H 3 I T3BI 2 • 
Hl TeopHH c acuMnTOTH'IecKoii cao6o.IJ;oiil 9/ cne.IJ;yeT, 

'ITO ~YHKUH.II R y6waaeT norapH~MH'ICCKH npu 6oJibWHx 

q2 • B HaWCM aHaJIH3C Mbl HCllOJib30BaJIH CJIC.IJ;}'lOII.(HC Bblpa
)I(CHH.II .IJ;JI.II R: 

R = 
w- 1 -- 1171 

ln q 2 j 11 2 

R = __ 1_ ---
lnq2j 11 2 

1181 

a TaK)I(e .IJ;JIJI cpaBHCHHJI R = 0,19. 

3Ha'ICHHJI aapbupyeMLIX napaMeTpoa npu W ::._ 1,8 T3B 
H W ?:: 2,0 T3B npuae.IJ;CHbl B ma611. 3. KaK BH.IJ;Ho H3 Ta6nu

ULI, OllHCaHHC BO BCCX paCCMOTpCHHbiX CJiy'la.IIX Y.IJ;OBJICTBO

PHTCJibHOC. 3Ha'ICHHJI napaMCTpOB CHJibHO JaBHC.IIT OT /1 2 • 

0TMCTHM, 'ITO cpe.IJ;Hee JHa'leHHe napaMeTpa G I 'G = 
= 0,12±0,011 a cnyqae 11 2 = 3 I T3BI 2 6JIH3KO K JHa'le-

TCOpHCH /23/ (R= w-1 ). 
ln q2/!12 

HHIO, npe.IJ;CKa3biBaeMOMy 

q2 
BeJIH'IHHa p + 4G lnln -

2
-

11 
BO BCCH 06JiaCTH q2 6JIH3Ka 

K 3Ha'ICHHJIM napaMCTpa p B 1101 H 1131. 
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B JaKmoqeHHe OTMeTHM, qTo 3KcnepuMeHTanbHble .ZJ;aH· 
Hble 6blllH npoaHallH3HpOBaHbl TaK:>Ke Ha OCHOBe Bblpa:>KeHHH 
/6/· /8/ C HCllOllb30BaHHeM BMeCTO nepeMeHHOH w CKeHnHH • 

2 
rosoii: nepeMeHHOH JinyMa- runMaHa I 241 w ' = w + M 

2
-

q 

,D;m1 scex 

R = 0,65 - H 
w 

paccMoTpeHHblX Bblpa:>KeHHH R I R -= 0,19; 

2 
R = ~/ 6hlno nonyqeHo Y.ZJ;OBneTBopuTenbHOe 

1/ 

onucaHue npu W :2:. 1,8 F:JB /C.L. = 10·15~/. Cpe.ZJ;Hee 
JHaqeJiue napaMeTpa p 6nu3KO K TpeM /npu R = q 2 I v 2 

p= 3,03±0,10/. 
HTaK, Mbl paccMoTpenu o6nacTb JHaqeHHii nepeMeHHoii 

w, 6nH3KHX K e,ZJ;HHHUe. 113 MO,ZJ;eneii:, OCHOBaHHblX Ha Teo· 
pHH llOllJI, BblTeKaeT, qTO B 3TOH o6naCTH Clle,ZJ;yeT O:>KH,ZJ;aTb 

- secbMa JHaquTenbHblX HapyweHuii: cKeii:nuHra. BbinonueHHblH 
aHallH3 3KCnepHMeHTallbHblX ,ZJ;aHHblX llOKa3an, qTo B o6naCTH 
(->.S1,5, q2?_6 /F:JB/c/ 2 H W ?.1,8 F:JB yqeT HapyweHHJI 
CKeHnHHra, ,ZJ;eHCTBHTellbHO, He06XO.ZJ;HM. 06cy:>K,ZJ;allHCb MO· 
,IJ;enH, KOTOpble npHBO.ZJ;JIT KaK K CTeneHHOH, TaK H K nora· 
putlJMuqecKoii: q 2 ·JaBHCHMOCTH tPYHKUHH vW2. AHanH3 no
KaJan, qTO paCCMaTpHBaeMble 3KCnepHMeHTallbHble ,ZJ;aHHble 
He ll03BOllJIIOT paJnHqHTb tlJopMbl HapyweHHJI CKeHnHH· 
ra. 

JiblllH COBMeCTHO npoaHallH3HpOBaHbl ,ZJ;aHHble no rny6o· 
KOHeynpyroMy H ynpyroMy e- p pacceHHHIO. -l)o scex pac
CMOTpeHHbiX MO,ZJ;ellJIX vW 2 H G M npe,ZJ;nonaranHCb CBJI3aH • 
HblMH COOTHOWeHHeM ,lJ;penna • JlHa, o606IUeHHblM Ha cnyqaii: 
HapyweHHJI cKeii:nuHra. TaK KaK npu 3TOM onucaHue y.ZJ;os
neTBOpHTenbHoe, TO Mbl npHXO.ZJ;HM K BblBO.ZJ;y, qTo 3TO 
COOTHOWeHHe He npOTHBopeqHT 3KCnepHMeHTallbHblM ,ZJ;aH • 
HblM. 

ABTOpbl BblpaX<aiOT CBOIO HCKpeHHIOIO 6naro,ZJ;apHOCTb 
,D;.CTaMeHosy Ja none3Hble o6cy:>K.ZJ;eHHH. 
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