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The proposal for measurement of polarized gluon distribution in scattering of polarized real
»eam on polarized nuclear target have been considered. High energy <« beam is obtained by
backscattering of laser beam off electrons from ring and linac type accelerators. Requirements for
lasers and design problems are discussed.
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L INTRODUCTION

Investigations indicate that measurement of polarized ghion distribution should play & crucial role in our under-
standing of nucleon spin structure. To obtain a full experimental information about the spin composition. of nucleon,
more and better experiments are needed. In previous papers [1,2] we proposed an experiment to directly mensure
the polarized gluon distribution in the scattering of polarized real gamma beam on polarized nuclear target. In this
report. we briefly review thie present situation.

II. MAIN CONSIDERATIONS
A. CONVERTING THE ELECTRON BEAM INTO POLARIZED REAL PHOTON BEAM

"I'he polarized real photon beam is produced by scattering circularly polarized laser photons ofl high energy elec-
trons provided by ring (LEP, TRISTAN, HERA) or linear (SLAC, NLC) accelerators. The energy distribution of
backscattered photon is [3]
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+1—y—4r(1 —7) + Aerora(l — 2r)(2 — y)] (1)
where
y=w/E., r =y/[k(l —=y)] , & = 4E.wo/m?

w is the energy of the backscattered photon, A and A\ are helicities of inital electron and luser photon and o, =
' 4+ A Mool is the total Compton cross section. Fig.(1) shows the energy distribution of real photons for x = 5
Ao = | and different values of A.. Helicity of the backscattered photon is a function of its own energy
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Plotting A, (w) versus w we see from Fig.(2) that at the highest w value, fully polarized real photon beam is obtained
in the case of opposite polarization of electron and laser photon beams.

The maximal energy of backscattered photons wmax = £E,. /(k + 1) will increase, in principal, up to nearly the
electron beamn energy. Between the IP and target a slit or collimator with a small opening needed to select high
energy photons. According to the energy dependence of photon scattering angle

@) = oy 25 s +1) ®)

the highest energies have the smallest scattering angle compared to the trajectory of the incoming electron. For 1
% monochromatization, i.e. 0.99wmaz < W < Wmaz, the angle 8, < 1.2 uyrad for LEP. Taking the distance between
the conversion region and the selecting slit as 100 meter, one easily obtains slit diameter d = 360um. Compton
backscattering angle 8, is smaller than 8, coming from the divergence of electron beam. If a slit is used instead of
collimator for monochromatization, luminosity will decrease by a factor of 8.,/6.. Behind the slit an absorber and a
magnet should be placed in order to sweep away any electrons, hadrons or muons produced here. After all, we have
monochromatic, fully polarized v beam coming to the target.

B. NUMBER OF CONVERTED PHOTONS

The number of converted photons n, is determined by the requirement of obtaining one event in each collision with
the polarized target

BkneTnoyp =1 (4)

where g is fraction of the photons passing through the slit, T, is density of nucleons in the target and n. is number
of electrons in a bunch. Substituting the value of total cross section of gamma-proton interaction (¢.,, > 100 ub), n,,
thickness of our target and the value of 8 in the case of 1% gamma beam monochromaticity, immediately gives the
conversion cocflicient k, then the number of converted photons

n., = kn¢ (5)

As long as electron bunches from the ring accelerators are used repeatedly, the smaller k the larger target thickness
is preferable. In the linac case where each electron bunch is used once, keeping k larger may be more effective. So
the polarized target with lower thickness can be chosen.

C. LUMINOSITIES

For the ring type accelerators integrated luminosity is given by

o J— . 0 ° (N 1
erg Tat T+ 75 frepﬂne 7,10 (6)

here, 7, is acceleration time, 7 is filling time, 7, may be considered as mean lifetime of the beam, and given by

_In(1-96)27R
™= In1-k) ¢ . )
where 4§ is maximnal fraction of used electrons permitted by beam dynamics and in estimations below we take § = 0.1.
[rep = (¢/2mR)ny is repetition rate, here c is the speed of light, 27R is the circumference of the ring and n, is number

of bunclies in {he ring. After each collision with laser photons, number of electrons on the bunch will be reduced by
a factor 1-k and mean number of electrons is given

fig = (1 — %k)ne (8)



_where { represents .the number of collisions during one cycle. Cousidering the abovementioned requirnent, maximuin
integrated luminosity for ring type accelerators takes the following form

max __ Tb o Me 1 9
M Tt T+ T e o0 )

For linac type accelerators, integreted luminosity is

Litt e = frepBkn T,107 (10)
or the maximum integrated luminosity
s, = Jrep 7 (1)
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where frep = fpulsemts.
Let us remind that if we use the slit instead of collimator, the luminosity will be reduced by a factor 0y/0e (= 1/5
for LEP).

III. LASER PARAMETERS

Our laser has to fulfill the following requirements:

a) repetition rate should be commensurable with frequency of electron bunches reaching the conversion region,

b) the energy of laser photons should be of the order of 1 eV,

c) laser pulse energy would be determined by conversion coefficient.

For the linac type electron accelerators frequency of laser pulses should be commensurate with f,yise. In the case of
multibunch accelerator a mirror system should be used in order to convert all bunches accelerated in one linac pulse
[4].

Let us recall the definition of the conversion factor

n A
k=—"2="X 12
= A (12)

- where Ag is the laser pulse energy such that each electron in a bunch is subject to collision with a laser photon and
A is a pulse energy needed. The condition for each electron to be scattered once from the laser bunch is given by

o.=1 13

Slaser € ' ( )
where ng is the number of photons in a laser pulse, Sj, ., is the transverse area of the laser bunch in the conversion
region and o = 10~25¢m? is the total Compton cross section. Since all electrons should pass through the laser bunch,
it is clear that Sigser = Se = 4m00,. Laser pulse energy Ay is defined as Ag = ngwo, here wp(l eV) is the energy of

laser photon. The value of required pulse energy
A= kAo (14)

turns out to be in the order of pJ. In order to increase conversion efficiency, the length of laser and electron bunches
st overlap in the interaction region.

. IV. APPLICATIONS
A. PROCESSES

The proposed experiment will give opportunity to investigate wide spectrum of polarization phenomena, starting
from polarized y-nucleon total cross section to the polarized quark and gluon distributions including peripheric
interactions, exclusive meson productions etc. The main subprocesses of photoproduction and corresponding final

- states are listed in Table 1.



TABLE 1. The main inclusive photoproduction processes to determine parton distributions.

subprocesses Final States

Y — g 7p — 7iX, 7hX (h : light mesons )

79— 99 7p —iiX

79 — dq P —jiX, hiho X

vg — Ee ap —jjX, DDX, J/¥X; ¢ — sut v, J/¥ — ptp~

~g — bb ~vp —jjX, BBX, TX; b—cp v, e = sutp,, T — ptp”

Here, we are interested in polarized gluon distributions in nucleon. The information will come from heavy quark
productions such as open charm, J/¥ and T (at NLC) productions.
I our calculations, we used the parametrization for the helicity difference gluon distribution function [5]

AG(x, Q%) = Nz~%4(1 - x)B (15)
where
N = AG(Q3)/5(06,1.8) | (16)

Three sets are labeled according to values of AG(Q2) =0.5, 3.0 and 5.7 at Q% = 4 GeV?, respectively. The distribution
can be obtained at any Q2 by evolving it with Altarelli-Parisi equations.

The results for the asymmetry for three sets of polarized gluon distributions as a function of E, are ploted in Fig.(3)
and Fig.(4) for J/¥ and in Fig.(5) for Y productions. Clear sensitivity to different parton parametrization can be
Seell.

In the following subsections, we consider the proposed REGAS (REal GAmma Scattering) experiment for several
accelerators and present the necessary parameters. Throughout the calculations we have taken x = 5 and consequently
# = 0.026 for 1% monochromatization, n, = 0.96 x 10*, we used deuterated butanol target with the length about 40
cin and thickness 4x10%% cm~2. The distance between IP and selecting slit is taken as 100 m.

B. REGAS AT LEP

The parameters of LEP electron beam:

E.(GeV)[n.(10™)] frep(Hz) |3 |0 (um)] o, (um)o . (cm)] 74 (min)] 7, (sec)
100 40 10% 41 200 8 1 90 420

The parameters of the REGAS experiment:

p(sec) | Laser |wo(eV)] 0, (urad)[k(10~")[A ()| Line (f67T)
94 |Culs| 3.25 1.26 0.23 10.024 1

Since o(yp — J/PX) = 10 nb at E, =~ 80 GeV, we expect Ny ~ 107 per working year, which corresponds to
6% 10° J/¥ — utpu~ events.

C. REGAS at HERA or APOLLON

During this workshop the APOLLON proposal will be dicussed in detail.
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D. REGAS at SLAC

The parameters of SLAC electron beam:

E.(GeV)[ne(10")] frep(H2) [0, (um) o, (um)]o, (mm)
50 3.5 120 1] 21 0.6 1

o

The parameters of the REGAS experiment:

Laser |wo(eV) [0, (urad)[k(10~7)[A(pJ)[Line(pb~Y)
Ar-Fl| 6.75 2.54 2.74 0.47 12

a(yp — J/¥X) =~ 5 nb at E, ~ 40 GeV; Ny = 6 104; 3600 J/¥ — p+p~. In this case open charm production
scems preferable because of larger cross section.

E. REGAS AT NLC

a)The parameters of JLC electron beam:

Ec(GeV)[n.(10™)] frep (H2)[np] 05 (nm)]o, (nm)[o, (nm)
250 1 150 [{50] 300 3 0.1

The parameters of the REGAS experiment:

Taser Jwo(eV)[05(urad) [K(10~ ) AG) LanF0-T)
Nd-YAG| 1.3 0.01 9.62 | 0.23 0.75

o(yp — TX) ~ 1 nb at E, =~ 200 GeV; Ny ~ 0.75 % 105; 18750 T — ptp~.

b) The parameters of TESLA electron beam:

E.(GeV)[n.(10")] frep(Hz)| np |0z (nm)|o,(nm)]|a.(mm)
250 5.15 10  [800] 640 100 1

The parameters of the REGAS experiment:

Laser |wp(eV)|8, (urad)[k(10~")A(pJ)] Line
Nd-YAG| 1.3 0.51 1.86 3.1 [0.8(fb—*)

o(yp — TX) ~1nbat E, ~ 200 GeV; Ny ~ 0.8 %105, 20000 T — putpu~.



F. Conclusions

Having almost monochromatic and fully polarized v — beamn, the REGAS experiment will provide advantages in
investigations of polarized phenomena. When it comes to gluon polarization, at intermediate scale machines (LEP,
HERA, TRISTAN, SLAC) main information will come from J/¥ and open charm productions, whereas at high energy
machines (JL.C, TESLA) investigations of T and open bottom productions will be more advantageous.
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FIG. 1. Energy distributions of backscattered photons. Numbers from 1 to 5 correspond to A.A¢ =0.9, 0.5, 0.0, -0.5, -0.9,
respectively.
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FIG. 2. Helicity of backscattered photons as a function of their energy. Set of curves starting from the bottom (lower set)
are plotted for Ao = —1 and those starting from the top (upper set) for Ao = 1. Lines from the left to right for lower set
correspond to A, =0.9, 0.5, 0.0 and for upper set A\, =0.0, 0.5, 0.9.
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FIG. 3. J/¥ production asymmetry in polarized gamma-proton scattering for three sets of polarized gluon distributions at
intermediate energies (HERA, TRISTAN, LEP, SLAC). Curves from lowest to highest correspond to AG(Q3) = 05,30 and
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FIG. 4. The same as in Fig.3 for wider range, including NLC energies.
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FIG. 5. T production asymmtery in polarized gamma-proton scattering for three sets of polarized gluon distributions. Curve
numeration is the same as in Fig.(3).





