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R.G.BADALYAN 

ON THE POSSIBILITY OF INVESTIGATION OF 

TRANSVERSE AND LONGITUDINAL PHOTONS INTERACTION WITH PROTONS 

The possibility of investigation of transversely and 

longitudinally polarized photons interaction with protons 

quasielastic electron scattering on atom nuclei is shown. 
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One of the interesting recent ideas is the hypothesis on 

(v,c2 ) photon interaction with proton in elastic electron 

scattering on protons [1-3]. According to this hypothesis, the 

virtual photon interacts with that component of the proton wave 

function that is characterized by a spatial size of the order 
2 2 

of r( C ) <r N. r( C )=r N, c2SM2
, where M 

c c 
is if some 

characteristic hadronic mass which, apparently, determines the 

radius of color quark and gluon confinement Rc~l/Mc' . rN is 

radius of normal (conventional) proton. 

The process of interaction of the virtual photon with 

proton in the latter's rest system is characterized by the time 

inter.val 
2 

Tp~/C , after which the proton · wave function 

2 1"22 
component with a transverse size of about r(C )::.r(H~;c- rN or 

the color (quark-diquark) dipole receiving the whole v energy 
2 2 2 

of the virtual photon and during TF~/Mc:.(C /Mc)TP time 

interval turns into a normal proton with usual sizes rN [3,4]. 

Let us consider elastic electron scattering on nuclear 

protons. If provided, that the nucleus plays a passive role in 

the photon-proton interaction [5], or that the proton in 

nucleus interacts with the photon as the free proton does, then 

investigation of quasielastic electron scattering on nuclei 

will allow us to determine the change in the cross section . of 

interaction of the proton having interacted with the photon 

(further in the text, tagged photon) with other nucleons in 

nucleus in the process of its motion through nuclear matter. By 

measuring nuclear matter transparency to the proton yield in 

quasielastic electron scattering on nuclei, we 

information about the change in the cross 

3 

can 

section 

get 

of 



In 

nu 

of' tagged proton with the other nucleons in 

rid, hence, about the change of its transverse size. 

'• l l' t:h"re is no change in the interaction cross section, 

tHm the value of nuclear matter transparency is expected to be 

looe to the Glauber predictions [6], and if the tagged proton 

ve rage sizes and hence the cross section of its interaction 

with intranuclear nucleons become smaller, then transparency of 

nucleus must be higher than the value determined by the Glauber 

model, and this difference is the larger, the higher the value 

of cl. 
The value of nuclear matter transparency 

R=o(eA+e'p(A- 1 ))/Zo(ep+e'p), defined as the ratio of the cross 

s e c tion of quasielastic electron scattering on nucleus, 

normal i zed to the proton number in the nucleus, to the 

section of elastic electron scattering on proton, 

cross 

is a 

characteristic of tagged proton propagation through nucleus. It 

is assumed, that the tagged photon motion through nucleus may 

be described in the frameworks of the Glauber approach [6]. 

Minimal transparency occurs in the case when the tagged proton 

passing through nucleus may interact with nucleons in nucleus 

with O'N cross section, which coincides with that of 

proton-nucleon interaction. If O' cross section of tagged proton 

i nteraction with the remaining nucleons in nucleus is smaller 

t han O'N cross section of proton-nucleon interaction, O'(O'N, then 

nuclear matter transparency is higher than the minimal value 

determined by the Glauber model. The maximum value equal to 

unity is achieved at small values of O'!llO, which may occur when 

rl>>M2
• 

c 
Nuclear matter transparency is defined by [3-7): 

1 CIO . 2:+ 
R =A fp<b,x)exp(-Jp(b,t)o(t-x)dt)d odx. (1) 

x 

4 

where p(b,x)=p(r) is nuclear matter distribution density 

r 3+ 
1
,.

1 
/22 normalized to the condition of Jp(r)d r=A, b= o and r=ib-+x-. 

In numerical estimations we used the Wood-Saxon distribution 

p(. r ) 
Po 

r-r ) l+exp(~ 
( 2) 

1/3 1/3 where a=0.54 and rA=(0.978+0.0206 A )A [7]. In eq.( 1) o(t) 

is the cross section of tagged proton interaction with 

intranuclear nucleons as a function of the time/space variable 

t. This value increases from o
0 

in the point of t=x (t~is is 

actually not a point, but a space-time region with TP=w102 

dimensions), where an electron-proton interaction or.a virtual 

photon absorption has taken place, to O'N at t»x+TF, where TF is 

the time characteristic of the color dipole (compressed proton) 

transition to . a normal proton. In the frameworks of the color 

dipole hypothesis o(t) is expected as [5]: 

o( t) 2 2 
O'N-(O'N-O'O)exp(-t /TF) ( 3) 

or, at t/T F«l [4] , 

O' -0' 

o(t)~O'+~t2 
0 2 • 

TF 
( 4) 

where o =(M2102 )o , 
0 c N 

. 2 
TF=V(Mc. O'N is taken oN=40mb, 

cross section 

this 

of corresponding to the characteristic 

proton-nucleus interaction in the energy range of ~( 1-lO)GeV. 

Figs.1 and 2 show the dependence of nuclear matter 

transparency R obtained by Monte Carlo simulation on the basis 

of the expressions 

variable o21M2 and 
c 

differs noticeably 

(1 )-(3), respectively, on the dimensionless 

o
2 

at different values of M2 . The value of R 
c 

from that expected in the Glauber model, 

5 



starting from c2/M2~(10-20). Most likely, the value of M
2 

is to 
c 2 2 2c 

be expected in the interval of (0.05-0.1 )GeV SMcSO.SGeV (see, 

in this connection, Ref.[5] ). Consequently, the region over the 
2 variable C favourable for investigation of the mechanism of 

photon-proton interactions in the kinematics of quasielastic 

electron scattering on nuclei is 2Gev2sc2S(6-10)Gev2 . 

The lower limit of c2 is taken such that the tagged proton 

kinetic energy is noticeably higher than the energy 

characteristic of the Fermi motion of nucleons in nucleus, i.e. 

v~lGeV (recall, that 

scattering v=c212m ). At 
p 

in the kinematics of 

the 

quasielastic 

lower values of v 

Fermi motion of nucleons in nucleus, multiple 

tagged proton on intranuclear nucleons at passage 

nucleus, etc., may become considerable. All these 

complicate the picture of quasielastic electron 

nuclei in the region of c2S2Gev
2

• 

effects like 

scattering of 

through the 

effects may 

scattering on 

Till now, when considering the mechanism of photon-proton 

interaction, it was assumed that both transversely and 

longitudinally polarized photons interact with proton in the 

same manner. But this is not an evident assumption. If assumed 

that the mechanisms of interaction of transversely and 

longitudinally polarized photons with protons differ, and that 

only transverse photons interact with colour dipole or 

compressed proton, then for nuclear matter transparency RT we 

obtain: 

RT(E,C2 ,M~)=~G+[R(C2/M~)-RG] 
2 

Tj.lp 
-2-
Tj.lp+& 

( 5) 

'nd if assumed, that with the compreaeed proton interacts only 

he long! tudi nally polar 1 zed ph,oton, then 

R (E c2 M2 )•R +(R(c2tM
2

)-R] __!._.. 
L ' ' c G c G Tj.12 +& 

p 

( 6) 
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and 
RT(E,C2 ,M~)+RL(E,C2 ,M~)=R(C2/M~)+RG ( 7) 

In o1e expressions (5) and (6) R(C2
/M

2
) is nuclear color 

transparency as a function of 
2 2 c 

C /M (see Fig.1 ), 
c 

RG=R( 1 ) are 

the values of nuclear matter transparency determined 
2 2 Glauber model, T=C /4m , m and I.I =2.79 correspondingly p p p 

mass and magnetic momentum of proton, & is the degree 

by the 

are the 

of the 

virtual photon longitudinal polarization 

2(E2-Ec2/2m -C
2
/4) 

& = p 

c4/4m2+2(E2-Ec212m +c
2
/4) 

p p 

where E is energy of primary electrons. At the given c
2 

(electron scattering angl~ & =180°) at EzE i =m (T+~) 

( B) 

&=0 

and 
e m n p 

tends to unity, &+1 (electron scattering at small angles, & ~) , e 

at high primary electron energies. 

Thus, at fixed c2 the nuclear matter transparency depends 

also on & or, otherwise, on the initial electron energy E, and 
2 2 2 2 

separately, on Q and M . Fig.3 presents RT(E,C ,M ) 
64 c c 

transparency of the Cu nucleus as a function of ·E for 
2 2 2 2 2 2 

Q /M =20 and 40. The dependence of .AR=RT(E,Q ,M )-R(C /M ) on c 2 c2, c 
the initial electron energy E for C =2,4 and 6GeV is shown in 

Fig.4. 
The results presented show, that when measuring the 

nuclear matter transparency with an accuracy 

cents, it becomes possible to study separately 

of several per 

the mechanisms 

of interaction of transversely and longitudinally polarized 

photons w'ith proton. Undoubtedly, such investigations are 

valuable from the viewpoint of physical nature of longitudinal 

photons and can be carried out both at CEBAF (see Figs.2 and 3) 

and SLAC in the frames of PEGASYS collaboration [B). 
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Figure Captions 

Nuclear matter transparency R(Q
2

/M
2

) of 
64

cu nuclei as 
c 2 2 

a function of the dimensionless parameter Q /M . 

Nuclear matter transparency 

function of Q
2 

at different 

64 c 
R of Cu nuclei as a 

values of M
2

. Curves: 
c 

2 . 2 
1-M =O.OSGeV , 

c 

4-M
2

=0.2GeV
2

, 
c 

2-M
2

=0 .1GeV
2

, 
c 

5-M
2

=0.3GeV
2

, 
c 

3-M2=o .15GeV
2

, 
c 

6-M
2

=0.5GeV
2 

c 
and 

7-M2=1Gev2 . The experimental points may be obtained 
c 

in 

Hall cat CEBAF, spending lees than 130 hours of beam 

time (oR/R=0.02) . 
2 2 6-4 

The dependence of 
1
RT(E,Q ,Mc) of Cu nuclei on the 

d21M2 =20(a) and initial electron energy E(GeV) at 

40(b). Curves: 1-Q
2

=2Gev
2 

(M
2

=0.1Gev
2
(a) 

2 2 2 c 2 

c 2 
and O.OSGeV 

( b)). 2-Q =4GeV ( M =O .2GeV (a) 
2 · c2 

( Mc=0.3GeV (a) 3-Q
2

=6GeV
2 and 

and 0.1GeV
2
(b)), 

0.15GeV
2
(b)). The 

experimental points (oR/R=0.02) may be obtained in Hall 

Cat CEBAF, spending lees than 15 hours of beam time (& 

varies within 0.47S~0.92). 
2 2 2 2 

The dependence of the difference AR=RT(E,Q ,M )-R(Q /M ) 
64 ' ', c c 

for Cu nuclei Cff'/ trye initial electron energy E(GeV) 
2 2 '/2i 2 

at c =2GeV (a), -4G~\,\'7(b) and 6GeV (c). Curves: 

1-Q2/M2=100 ( 0. 02GeiVi$M
2

$0":06GeV
2 

) , c c .. 

2-Q2;M2 =40 (0.05Gev2SM2~o.tsGi!iv2 ), 
c c 

3-Q2 /M2 =20 (0.1Gev2~2$0.3Gev2 ). 
c c 
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