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ABSTRACT

A theoretical possibility to determine proton Compton scat-
tering cross section from the reaction ep->epy is studied in
the kinematics with a small transversal momentum transfer In
the electron leg. With the exception of the region of for-
ward photon directions and extreme photon energies close to
the maximal ones or zero, registration of the particles ¥
and p in the final state can enable one to distinguish sub-
process of the Compton scattering from the electron bremss-
trahlung background and, owing to complete kinematical re-
construction of each individual event, measure in details
energy and angular dependence of the yp-scattering cross se-

ction. Count rate expected with a stcr_riage ring like NEP hav- .

L

: : 3
ing the luminosity L = 2:10° cm +s as projected is = 10
events/hour. Such measurements might help to determine pro-
ton polarizabilities with high statistical accuracy.
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1. INTRODUCTION

Photon scattering has served for many years as a very
useful tool to study nucleon and nucleus structure at low
and intermediate energies. Apart of already common applica-
tions for excitation of nucleué levels and giant resonances,
recently new possibilities are discussed such as exploration
free neutron properties or properties of nucleon and nucleon
resonances in the nucleus matter without some distortions
caused by initial or final state interactions [1-11]. Arri-
val of new generation of c.w. electron facilities with ener-
gies of few hundred MeV, corresponding tagged photon beams
with intensity up to = 10° 5*1, and application of large
crystal jy-detectors of high energy resolution allowing for
separation of exclusive final states, puts investigations of
¥N- and yA-scattering upon far more solid ground. Such in-
vestigations are already starting, particularly in Mainz and

Saskatoon.




One of the priority problems in the present-day studies
of photon scattering by nucleons and nuclei is a more
precise measurement of cross sections of the yp-scattering
which is the process lying at the ground of understanding
and interpreting of photon scattering by nuclei at energies
above giant resonances. As an illustration of hardly satis-
factory situation with the present experimental knowledge of

yp-scattering we can give the following example concerning

for an electric polarizability o« of the proton which is a
B :

structure parameter determining v-dependence of  the

yp-scattering amplitude and cross section at low phc-tcrnl

energies v [12-14] :
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Here M and A=1.793 are the mass and a.m.m. of the proton, a=

r

g P ﬁ? is the photon scattering angle, v’ is the final

4

photon energy,

P = = , (3)

v
1 + i (1-cos ﬁ:a']

and Bp is the magnetic proton polarizability. The polariza-

bilities are obtained from differential cross section of the
yp-scattering in the region v= 50-130 MeV and ranged from
-4 3

mp=[10.7i1.1]-l[} fm~ [15] (old data from Moscow) up to

mxpm{15+2.2)-10'4 fmn° (very preliminary data from Mainz [16])

or i.:r;ia:(l"f'iiﬂ-leiL fm> (preliminary data from Illinois [17]).
Implying that polarizabilities carry very intimate informa-
tion about valence quarks and pion cloud of the proton [12,
13] a possibility discussed below to measure with high sta-
tistics the yp-scattering cross section in the reaction ep->
->epy seems 1o be very attractive. '. This possibility'iis ori-
entated onto using of internal jet target of the electron
storage ring NEP [18].

The low-energy formula (1) predicts that e.g. at v =
= 100 MeV the cross section do‘fdﬁlab (90°) and the ‘ration
(120°)/0:(60°) decreases respectively on 13% and 17% when «
changes from 10 to 15:10"" fm” (at the fixed sum « + B =P-
=14.4-10"" fm° [12]). Hence an obtaining proton poeriz;bi—
lities is possible from both absolute and re]ati;.re measure-
ments of angular or energy dependence and the precision Ax =
= 10 fm3 could be reached by measurements of the CI“DZ-“S
sections within = 2+3% . As we will see the expected lumino-
sity LEEZ-IDSE cm ‘s of the NEP storage ring is quite suf-

ficient to achieve this aim.




2. KINEMATICS

The process ep->epy in the lowest order in « is governed
by diagrams in the Fig.l whére notations for 4-momenta are
also given. We discuss its kinematics implying that the
initial electron beam of the storage ring has a fixed known
energy E = P, and direction labelled as z—a:s;is, and protons
from the jet target are alﬁm&;t at rest. Due to conservation

of the total 4-momentum,

p+ P =p’+ P+ &k, (4)
and on-mass-shell constraints,
pz :p,zzmzj -P2=P;2=M2’ k2=0 ’ (5)

where m is the electron mass, among nine values ,3, fc, }_5" are
independent only five. Therefore, a registration of the
photon and recoil proton with measurements of their energies
and angles (six values at all) overdetermines the kinematics
of the individual event of ep->epy. Particularly, the rela-
tion between the photon energy kaﬂ and photon direction n o=

= E/w,

< BB PRPT) & (PP’ o
T AR p F P =B
where
e ?1} = k /w, (7)
i M

allows to refuse oneself from independent measuring of the

value w or use such measurement to define more accurately

some angles.

The interesting for us Compton scattering subprocess
will dominate when the square of the momentum transfer
g = J == pf (8)

: 2 ) ;
is small (# m”) or, as is evident from

9 2 2 > 9
Q=-qg =Q° +2 |pllp']l (1 - cos ¢ ) =

min e

R B o

_Qmin+ E’ pJ. ! (9)

7 -3
when the transversal final electron momentum p’ is small.
: [

Here
9° B 2EE” -2y lipY ~’>r2~-—_{E*EJ}2 Z
min Pilp < = EE’ m (10)

is the minimal momentum transfer squared achieved at forward
direction of the outgoing electron. Under this condition the
kinematics for the subprocess of scattering of, quasi . real
photon g* with the energy

| o=k = B (11)
is almost the same as in the case of real photons of the
energy v flying "along z-axis. Particularly, the energy of
the scattered photons w, kinetic energy of the recoil
protons T and their polar angle @ will be close

: P p
respectively to

= P (see (3)) , (12)
T:al B B II:IV (L - cos 133’} ; (13)
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't?‘p real 5 ﬁ?
[cotan ——-] = - [1 il ] tan T (14)

2

These formulae determine the mutual positions of the - and

p-detectors needed to observe the Compton scattering on the

proton.

3. ESTIMATIONS OF THE CROSS SECTIONS

Under the same condition of small Qz the cross section

of the process ep->epy determined by the diagram la is given

by the formula

o * (v,o )

¥ PP ¥
dQ] : dn? : (15)

de'® ~ dN (v, 0%

and proportional to  the differential cross section of the

*

¥ p->yp scattering with real initial photons. Here dN is the

equivalent photons flux [19] :

& v Q 2
dﬂ{u,Qz_}:%?%[[l—%J[l— "‘;“]U”—z] (16)
o A Q 2E
or, integrated over Qz,
2 2
2 Q Q
dN(v)= % 3—"’ [[1— % + "’—2] log —2% - [1- E} [1* ’Z”“ ”{-171
2F (% JEh Q..
min maix
‘where Qz is a cut-off imposed on event selection.

max
If the photon angle -&? and photon energy are not very

small, then the 4-momentum transfer squared carried out by

8

the virtual photon in the diagram 1b and determined by the

recoil proton energy,

o Z }
-q’ 2 - (P ~.P*)° =2M'T , (18)
P

will be high, » mz, and the electron bremsstrahlung contri-
bution will be suppressed. Neglecting the proton  recoiling,
the bremsstrahlung cross section is given by the well-known
Bethe-Heitler formula [20] which in the case of small elec-

2
tron angles % « ﬁ; is reduced to
2

2 2 l+cos &
do® (s = 5 ;t_n [1_ % g ¥ ] dv k ?g e
2 Y W ensigid o

¥

(19)

so that its ratio to the cross section (15),(1) is equal to

(b) A l+cos @
B ow Cfﬂ"[  ® M"™Q Y i
a 2 i i
do 2v E (E-v) {1+CDSZ13?J[I-DQS ) ]3
x
d ZMZ l+cos ﬁ? fuis U
» : - : - sin [—~2—-] (20)
v (1+cos ‘ﬁ?}[l“DDS 9 )

At »v=100 MeV and 1'}3( = 90° this ratio is less than 1 at elec-
tron angles up to 13& ~ 9° what corresponds to Q = 20 MeV at
E=200 MeV (the NEP energy), see Fip. =4 "Ehe coﬁditic}n /ol <
represents the main requirement for event selection which
must be fulfilled to observe the proton Compton scattering.
When the photon energy v is small or close to maximal one or
at small photon angle 63’ , this requirement cannot be reali-

zed because of finite resolution of experimental set-up.

9




To estimate count rates it is useful to calculate also
the cross sections dw’du-dﬁw integrated over Q up to some

cut-off Qm . These cross sections found with (15),(17),(19)
a

X
and (21) are depicted in the Fig.3. Typical value of the
cross section crm is = 10*36 cmz/MeVXsr so that with the

projected NEP luminosity Le2 A0 B B y-detector

10°

2

aperture ﬂQ? ~ 0.1 sr the expected count rate will be
events/hour per 10-MeV photon energy interval.

To obtain estimations free from equivalent photon appro-
ximation, neglecting of proton recoil and interference of
the diagrams la and 1b, we analyzed also a simple model with
spinless charged particles convenient for fast Monte-Carlo
simulations (see Appendix). The computations within this mo-
del showed that the relation (20) between the cross sections
G‘{a} and c-*{b} is still valid after taking into account the
recoiling. The interference term is only = 10-20% of the
cross section G‘{b} itself. This'analysis says that the equi-
valent photon approximation overestimates the cross section
o on 15-20%. Therefore a final procedure for obtaining
Compton cross sections and proton polarizabilities from the
ep ->epy data must be based on more accurate theoretical mo-
dels than (15). Such models can be certainly developed on
the ground of calculations [21] of the reaction ep->epy ful-
I.‘illed-forspin 1/2 particles and model-free low-energy ex-
pansion of. the ;r*p -> yp subprocess amplitude with virtual

photons followed from a general phenomenological description

10

of polarizable particles [14]. An expected accuracy of such
models seems to be quite sufficient to allow a precise de-

termination of the proton polarizabilities.
4. CONCLUSION

The above estimations argue that a study of the reaction
ep->epy with the final ¥ and p-coincidences at internal jet
targets of electron storage rings provides an attractive
possibility for obtaining high statisti.cs data on yp-scat-
tering and proton polarizabilities. Such possibility might
be realized at the Novosibirsk storage ringp NEP covering the
energies up to Vv ~ 200 MeV. The realization will require
detectors with the energy resolution =5% (at least for pro-
tons) and space resolution sufficient for determination ol vy
and p angles within = 2-3° to be able, as the result, to
control the balance of transversal momenta of these two
particles within 1El+ B’ = 5-10 MeV.

Comparing this proposal with more traditional methods
for studying Compton scattering it should be marked that a
registration and spectrometry of the recoil protons with low
energies ® 10 MeV becomes be possible owing to vefj; thin
target (gas jet). Together with the regiétration of photons
it allows to reconstruct all energies and thereby' to have
the same advantages as with tagged photons. At the same time

the refusal from registration of final electrons enables one

11




to work with the whole intensity' of the internal electron

beam of the storage ring thus achieving an

v

- - & *
luminosity in the y p-collisions L 10> cm %s ! that
¥

¥

.far beyond possibilities of the tagged photon method, and

achieving yields » 10° events/hour.

Authors acknowledge M.I. Levchook and M.V. Galynski for
pointing out the work [21] and informing us about their own

estimations. Thanks are also to D.M. Nikolenko, V.G. Raevski

and M. Schumacher for useful discussions of the experimental
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APPENDIX. Scalar Model

In this model both electrons and protons are considered

as spinless point-like particles so that Compton scattering

block is described by diagrams in the Fig.4. Corresponding

rp-scattering cross section looks like

do(v,d )

S [ & ]z [ U,}z 1+::t::rs2 f}?r
dQlab M v 2 (21)

and within 10 to 20% agrees with the real value of the cross
section at energies up to v = 100 - 130 MeV [15,16] where
A-resonance does not dominate yet. |

The scalar model rather well describes also equivalent
photons spectrum and electron bremsstrahlung radiation off

heavy proton for forward directions of outgoing electrons

12

effective

is

™

with the exception of v close to the maximal value E,

yielding instead of (16) and (19) respectively

2

2 Q
dN (v, 09 = 22 22 [1 i %] [1 B ] 2!
0] Q
and
3 2 1 + cos &
(b) o v)] dv dQ
do (8 =0) = — [1 & “‘] e el
e a1 E 1-"3 E{E-P] [1—CDS 1?3,}3 4

Amplitudes of the processes shown in the diagrams la and

1h: in t_he frame of the model, are

Tm = 2&3 E# [a},
[THREH!
(24)
L, B 8 V{;}}
where e = V4na , € is the final photon polarization (ek=0)
and
@) _ (o iyt [g i FMPP v PUPM]
& Pk |l d
1L (b }2 1A% K
(25)
o) Lot }u [g +Pupv ﬁ_‘DV‘Dp]
B (p - pry2 LY Pk p'k

Total amplitude squared summarized over photon polariza-

tions,

Z
ITI% -4 (4na)° [v‘“ - V””] , (26)
i

b
is determined by components of the 4-vectors V{a] and v

which in turn are easy computed from (25) in terms of

particles 4-momenta.
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A differential cross section of the reaction ep->epy,

2
] | T |
- a°p’ d’pr d°k

4
é (p + P-p’-P’-k) (27)

4Mif}1 [21:]5 2FE 2P{’) 2w
Is recasted in terms of the variables v, Qz, Q as
4
1 T2 ar a0” db  w?dq
do = : 7
-+ 5 —» e {2‘8}
4M|pl| (2n) 4ip| 2 (2Mv - QF)

where qﬁe is the azimuth angle of the final electron which,

¥

together with the energy E‘ = E - v and the polar angle #
a2

)
: 1
sin” [2—]" e Q=07 1, (29)
4ip[ jp;i min

fixes the 4-vectors p’ and g=p-p’. Owing to the momentum

|

conservation (4) the direction of photon n determines the

photon energy

iy fa G NZR S YT
2ﬁ[@+q}m

Mv - Q°/2
> -

- (30)
M+U—n{pup]

and thereby the 4-momenta kX and P'=q + P - k completing the
reconstruction of the kinematics. The remaining integrations

s
over cﬁe or @ in (28) are easy carried out numerically.
REFERENCES

1. P. Christillin. Phys. Rep. 190 (1990) 63.

2. J.H. Koch, E.J. Moniz, N. Ohtsuka. Ann. Phys. 154 (1984)
99.

14

9,
10.

12,

13,

14,

ez
16.

J. Vesper, D. Drechsel, N. Ohtsuka. Nucl. Phys. A466
(1987) 652.

in - Electro-Nuclear Physics,

H. Arenhovel. New Vistas

Eds. E.L. Tomusiak, ‘H.S. CGaplan, E.T. Dressler, Plenum
(1986), p. 25l.
B, Ziegler.: Ibid . p.293;

. M. Ericson. Progr. Theor. Phys. Suppl. 91 (1987) 235.

M. Schumacher, P. Rullhusen, A. Baumann. Nuovo Cimento.

100 A (1988) 339.

K.P. Schelhaas et al. Nucl. Phys. A489 (1988) 189; AS506
(1990) 307.

E. Hayward, B. Ziegler. Nucl. Phys. A414 (1984) 333.

E.J. Austin, eth.al. Phys. ‘Rev. Lett. 57 (1986) 972 6l
(1988) 1922.

Al. L'vov, V.A. Petrun'kin..lecture Notes in FPhysics

365, Eds. M.Schumacher, G.Tamas, Springer-Verlag (1990),

p.123.

V.A. Petrun’kin. Fiz. Elem. Chast. Atom. Yad. 12 (1981)
692.

A.I. L’vov, V.A. Petrun’kin. Preprint FIAN 258, Moscow

(1988); R. Weiner, W. Weise. Phys. Lett. 159B (1985) 85;
Phys. AS517 (1990)- 495.

A.I. L’vov. Preprint FIAN 344, Moscow (1987).

N.N. Scoccola, W. Weise. Nucl.

P.S. Baranov et al. Phys. Lett. 52B (1974) 122.

J. Ahrens et al. In Physics with MAMI A, Mainz Univer-

sity, (1988), p:.1; J. Ahrens, Private Communication.

15




17. A. Nathan et al. (1990).

18. B.B. Wojtsekhowski et al. Preprint INP 85-41, Novo-
sibirsk, (1985).

19. V.M. Budnev et al. Phys. Rep. 15 (1975) 18l.

20. V.B. Berestetsky, E.M. Lifshits, L.P. Pitaevsky. Quantum
Electrodynamics, Moscow, 1980, Sect. 93.

21. R.A. Berg, C.N. Lindner. Nucl. Phys. 26 (1961) 259. i

16

e(p) e(p) e €
15 (= ¥eal ¥
¥ (q) Fur) ¥*(q')
i
p(P) pCP) p -
a) b)

Fig. 1. Mechanisms of the reaction ep -> epy : a) subprocess of photon
scattering by proton; b) electron large angle bremssirahlung.
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Fig. 2. Q-dependence of the proton Compton scattering con

(curve @) and electron bremsstrahlung (19) (curve &) at},:?=2[}0 MeV,

v =100 MeV, 9y=90°. Dot curves present the results in the scalar

model for photon radiation by electron (curve ¢} and proton (curve

iq)
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Fig. 3. Cross sections for the reaction ep -> epry at cut-off Qmax=10 MeV (solid
lines) and Qmax = 20 MeV (dashed lines). Labels ) and b) refer to
the diagrams la and 16 contributions, (15) and (19), respectively,
E=1200MeV. Dot curves present the cross sections in the scalar model
with cut-off Qmax = 10 MeV for photon radiation by electron (curve
¢) and proton (curve d).
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Fig. 4. Diagrams for Compton scattering in the scalar model.
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