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The (e,e' p} REACTION ON 12c WITH BACKWARD PROTONS 

The first experimental results on investigation of 

limiting nuclear f ragmentation in t he reaction e + 
12c ---> e' 

+ p + X with backward (cumulative) protons are presented. ·such 

processes carry a direct information about different degrees of 

freedom of nuclear matter.The energy spectra of the scattered 

electrons (at incident energy 2 GeV 8Ild scattering angle 15°) 

in dependence with the "cumulativity" of the coincidence proton 

(in angul ar region 66-140° and with energy 80 - 200 MeV) wa a 

studied.The experimental data obtained gives a s t rong argument 

in favour o f the Spectator Mer.hanism of the oockwa rd proton 

production. 
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L Introduction 

In tbia peqier the first ~ reeulta · on 

~tiOD of lhd.tinll nuclear ~thin b, inter-ti.ate 

-re electrona are ireeeDted. Such pro cea-. the a>et 

Jlll'GDOUDC9d of 1lidch ill cu.tlati-.e part;icle prooducti.on. carry a 

direct ~tion about different desreea (nuc.lecn. -son. 
..-rk-parton) of freedoa of nuclear -tter. 

Llaitlnll nuclear freamentation by electrcms has differmit 

.-pacts. I t le in fact a new. not Fet inTeeti81ltm problem. the 

cl9Ulled e~ of .U.cb reQU!ree com1iderable efforts. '1'be 

..--at work ie the first atep in th1e- W&7- It ill devoted to 

Ula ln-..atiption of the enero apectre. of the el_,u ....... 

~ on the nucleua in the reaction 

e + 12c - e' + p + X OJ 
ID dQeadenoe with the "cwmul.atiritv" of the coincidence 

~ 

'!be intel'ellt in the -~ of the proce- OJ increased due 

1lo tbe faot tbet it. allowe to o!.ak ~ ~ of one of 

tM popular tbeoretio.l 90dela of cnmulati"nl proton prodaction 

- the predictiona of the ao-oelled qeatator _.....nt- (SM) of 

tM few-bodr" COl'Nlation 90del [lJ. 

In th1a 9Ddel the electron ill ei..tioall7 (D:lasr- la) or 
~llJr (lb) «>attered on the correlated nucleon with .. 
fOl'Wl'd -w. P1• The correlation ill brobn end the 

llllDWon-Q110t.ator ha.... a bedlward, OCllllJ8DB•ted (before 

tatau.Dtlca) ~tum p
8 

en. fl'M and pea-• into the 
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cumulative region.. 

~ 
Pe' 

J,,_q ____ w;_:_=w_,. 

pi / PB 

A )A-2 

a) 

Diagram 1 

P. 
]. 

".. t'e 

_W2m 

PB 

==================)A-2 
b) 

In Impulse Approximation {IA) the factorized form of the 

cross section of the process (1) can be written as [2] 

d 4o/<l"l e 

-+ -+ -+ 
= PB KB 0 eN D(pi,Ki,pa,Ka,pA-2) (2) dK <l"l dK 

e P p 

where a eN is the cross section of the interaction of electrons 

with bound micleons, D( i\,Ki,p
8

,K
8

,pA_2 ) is the so-called 

decay function - the probability to find in nucleus A a m.JCleon 

with momentum pi · cmd· removal energy Ki times the probability 

that the residual · A-1 system decays into the nucleon with 

1D01D0ntum p and removal energy K and into the system A-2 with 
B S 

-+ 
momentum p A-2-

Fig.l shows the cross eection of (;I..) calculated in the 

spectator mechanism of pair correlation iood rt l (for the pair 

. . 0 -+ -+ K K m rest, J..e. PA_2 = ; Pi = - ps; i = 
proton detection 81J8).ee 120° (b) and 1140° 

the knock-out cross ·eection calcullltio 

kinematics are aleo presented 

form of D - fuoction and De 

for the spectator 

(u). The results of 

in the quasifree 

'rhe nonrelatavietic 

hell approximation for 

c. er eN [3] have been ueed for the 

As ie seen. the 
lower electron hift to 

energies with of protons {the 

4 

increasing of detection angle). These shifts are one of the 

main features of the spectator mechanism in Cl.llllUla.tiYe 

production, hence their eaperimental investigation gives 

opportunity to check the validity of this modeL 

an 

2. Kzperiment 

The energy spectra of electrons scattered in the reactliml 
o o 

(;I..) at Ke = L94 GeV, fJe' = 15 ±2 , Tp= (82..5+200) -MeV, &ep = 
66°, 90°, 120°, 140° have been inveetigated. 

The experiment has been carried out at the Yerevan 

synchrotron external electroii beam on the set-up '"Deuteron-2" 

[4] 

The main characteristics of the electron beam 8.%le 

described in [5]. The average intensity of beam WaB 10
10 

eVs. 

the duty factor was 10%. 

The scattered electrons were detected by a llR!Qlnetlc 

spectrometer [6) with a momentum acceptonc'e of (Ap/p)e = · 45X, 

and a solid angle of Ane' = 2.75 1118r. The .-entum resalution 

(6p/p) = ± L5%, the angular acceptanctt llt&e' = ±2° ,/>Ip = ±le;' e -
the angular resolutions 6&e' = ±0.3°, OJP :::: ±1°. The datection 

angle and the momentum of electrons Qllll be varied from ID'O to 

90° and from 0.5 to 3 GeV/c, respectively. Electrons were 

identified by the n/e rejection system [7] consisting of a 

gaseous threshold Cherenkov collllter [8] with freon filling -and 

a lead-scintillator shower detector [9]. The 
-2 was 10 , which under the above-mentioned 

the pion admixture down to less than 1%. 

rejection factor 

kinematics reduces 

The protons were detected by the range spectrometer [10) 

with a solid angle of 60 = 8 mar and an ~lar spread of AfJp = 

ll.f' = ±8°. The protons were separated from n-mel!loDB by measuring 

the dK/dx at a fixed range. The kinetic energy of protons 

varied within 80-200 MeV and was measured with uncertainties 

which are shown in Table L The detection angle can be varied 

in the range from 50 to 165°. 

5 



I 
3. Experimental Results 

Fig.2 shows the spectra of electroDB. scattei.ed at 15±2° in 

coincidence with protorus with kinetic energy from 82.5 to 

200 MeV in the reaction (1). There are shown ell(>eriJnental 

points for quasielaatic case {• ), when the proton momentum is 

parallel to the virtual photon {& = 66±8°). and for backward ep 
protoDB {o). when & = 112-148°. The simultaneously measured 

ep 
inclusive electron spectrum is presented by a dotted line. 

As is seen, the contribution of multiple scattering {see 

diagram 2) of nucleons in nuclei [11J to cumulative proton 

production is smalL It 18 seen more unambiguously from Fig.3, 

~ 
~<t. pf 
q~ 

l 
pi 

====::::::~=====A-1 
A 

Diagram 2 

forward cross section is 
of backward to where the ratio 

function of scattered electron 
a presented as 

fraction of the 

an order less 

cross section in the quasielastic 

energy; The 

region is by 

of scattered 
than that at lower energies 

electron. 
Two more important conclusions can be drawn from the data 

in Fig.2. i) There is a big differ~nce between the electron 

spectra when passing from forward over to backward angles of 
latter case the spectrum shifts to the lower 

scattered electrons with respect to the former 
protons: at the 

energy region of are two peaks located in 
one. ii) For backward protons there 
dip and LI - regions. To understand the origin of these 

two peaks. 

6 

let us comrldar the ei-:tra in two angular regions of bec•MIJt"d 

protone: 120±8° and 140±8°. 'l'bese two spectra are ~ ID 

li'ig.4 {see Table 2). It la seen that the abov~ t.I» 

peab ezist at 120±8° onhr. 1llhich 99ml8 t.bat in thiB case akJas 
with the one-step proceasea (OSP) (see dlagioaa 1) the two step 

processes (TSP) with t.-intermediate state (see dlaar- -3) could 

take an illportant par1; in b.;ilm ard ¥1'°ton production.. 

Pe' Pe' 

u 0 

a) b) 

Diqrem 3 

'1'be Jd:neinatioal eeleotion of the . data frcma OSP . ,can be ueed 

ea a first atep of suppreeaU. the OODtrilJution of TSP_ / In Ol'8e 

of pair OOftfllation of OSP (with . the pair in "81;) the 

ldnematioal oondltiona are <-~ U: 

• ..2 2,. •2 
tr = (\> + ~ - B•) - (q '1 P •) • (3) 

'l'bll dai>a obDlten aooordln8 to ec;a..(3) under w = 9niaci­
(~•laatio llOll.tt.rb& ... D:lQNa la) are pl:-eeentect in 

)'la.& (•" Te.bl• 3). Aa bl --. for •_, = 120° thli peak in the 

t.-1'941lon ill •u.J,'ll'llNliHd b:v a fMl'tor of 2, while the peak in - the' 

- ~ ....... aliilbt.~ • .&a to tba cw. with & .. =- 140°. 
after ohDolti!Q8 ._ ...,,.,_ mndnw tba --.. ™a la a etralW 

~t in f&YOUI' · of tbe faot \hat· •tba bmiip ai: W9h •• for 

• . • 120° ud Via ~ bllmlll for • = 140° are oaatr:lbatlmlll .. .. - . , 
of tM ~tor ~ in tha ~ ~ c... 
~ ·la). ffowqr, a · ~ ...w..... for tbia oc:mohwicm 

oan 'bit fOUlld 'b:r .~ t.Mee ct.i>a with ~ ~ 

~tiona of tM OODtrlbutlcae ~ tba •J*'Ol?M ... i-e•eated bl­
,. ....... l. ud a. ~ wSll ....... •111 • ...... 

' 
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Table 1 

Energy range of protons 

Tp(MeV) 90 104 123 149 181 
ATp(MeV) 15 13 20 29 35 

Table 2 

Experimental cross section of reaction (1). 

o = f f (d4o/d0 dE dO dE )dOpdEp• 
e E e e P P 

p p 
[nb/(sr GeV)J 

&ep = 120° &ep = 140° 

Ee . ( GeV) 0 ± A (o) 0 ± A (o) 

1.34 31.12 9.841 . . 15. 78 4.074 

1.38 44.54 10.50 19.24 4_011 

1. 4.2 42.81 9.341 17 .92 3.513 

1. 46 61.27 . 10.36 22.49 3 ·.648 

1.50 68.51 10.45 21.00 3.363 

1.54 50.38 8.515 22.87 3.335 

1.58 31.59 6.448 20.47 3 . 0 17 

1. 62 52.01 8.122 22.30 3.092 

1.66 48.38 7 . 848 10.76 2.152 

1. 7 39 . 40 7.076 9.45 2. E>15 

1. 74 38.39 7.128 11.19 2 . 237 

1. 78 17.88 4.96 12.09 2.371 

1.82 12.09 4.273 3.064 1.251 

1.86 6.677 3.338 3.385 1.382 

1.9 1. 779 1. 779 2.406 1.203 
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Table 3 
Experimental cross section of reaction (1) 

chased by eq (3). 6 ,arb. units 

f f (d
4
o/d0 dE dO dE )dOpdEp I 20 O' = 

e1 eepp ' I 
j pp 
~ a [nb/(er GeV)J ,_ 

! 
16 r &ep = 120° &ep = 140° 

Ee' (GeV) O' ± !:. (o) O' ± !:. (o) I 12 

1.38 21.78 8.24 7.36 2.79 b 
1.42 17.32 6.55 10.87 3.02 

8 /-, , . 1.46 36.69 8.65 22.49 3.96 
I I ' . 

/ . .. 1.50 40.26 8.40 21.00 3.69 
/ 

/ ' 

>1 
/ ' ' -· ./ . ... ' 1.54 28.68 6.76 22.87 3.335 

~ ' ' . 1.58 24.47 5.93 17.03 2.88 
' ' ' . 1.62 51.33 8.22 16.415 2.71 . 

a· 1.66 45.67 7.61 7.718 1.819 O · o.e 1 ti I 1. 7 33.10 6.49 5.1154 1. 491 Flg.1 Ee'[GeV] 1. 74 35.58 6.74 3.007 1.136 
~ 

1. 78 10.59 3.76 0.447 0.448 ll 1.82 9.63 3 . 64 
1.86 3 .02 1 . 2 . 135 

t 
I 

. 

' 
t .. 

11 - ., 10 

I 
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CAP'l'IONS 

~ ero- section of :rw::tian '(1) calculated bl' the speetator 

-mam- nf pair cornslation model for the spectator 
proton 

of 

:gua.sifree 

>tectian lllleles 120°(b) and 140°(c). The resulta 

lmoclr--.aat ·croae aectian ....... 1 .... 1 .. +.i...... in the 

~2 Spectra 

with PE"Otontl with 

n-M;inn w 
m case 

at 15±20 Coincidence 
M9l'U from 82..5 to 200 MeV in 

ialaatic case -&ep = 88±8°- (II) 

<'Of . blllcJara:rd aQ8).es &ep = 
-(a). <t;t:ed 

~ 

lines :presented the fits 

elec:tron spectra in (e.e1 
:rewrt;ma mid 

i-b'-
n...s :Rat¥> 

.°} 

data at -&ep = U2-148° • 

~ at backward 
:&e:P = 86t8°) one. 

--~tlca - in l'ia-2 
of c ~ protons: (o) - for 

for ' •ep = .140±8°_ Dotted and daebad 
fits of ~tal da\a of 

coinc1dwaoe (at &ep = 88%8°) 

J'ia.5 ne B)leCtora. of ~ e1ectz.w dw>o«ins ~ 
120±8° -t:i) ilDd - •ep -= 140:t8° .... ).. 

ec;a.{3) at &ep = 

w· 

1. 

2. 

599 

3. 

4. 
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