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1. ABSTRACT

We  propose to produce a linearl polarized
quasimonochromatic photon beam in the CEBAP (Hall B) using the
method of coherent bremssirahlung (CB) of electrons in a
Single crystal radiator. The employment of such a beam in
experiments would provide an important useful ool Ifor
studying the dymamics o photonuclear reactions and the
structure of particles and nucl=zi.




2. INTRODUCTION

In recent years, considerzble interest has been shown <o
the studies of spin observables in photoprocesses which give
information on: nuclson interaction, the structure of
few-nucleon systems, the role of meson exchange currents, the
contribution o¢f isobar configurations in nuclei, quark
degrees of Ireedom, etc.

Of importance in these studies ars the spin parameter
measurements of the processes using polarized photon bDeams
znd polarized targets, and 2lso the analysis of polarizaticn
of reaction products. Presently, polarized photon beams at

gnergies are plammed to be produced practically
=t 21l elsciron accelerators. A similar beam is proposed to be
produced at CEBAF (Hall 3).
' The analysis of the 2zxisting methods of  linearly
T

polarized photon beam generation (CB (1], off-azis Taggsd
photon collimation of the bremssirahlung (2], backward Compton
scattering of light on 2 fast electiron (3]), has shown <the
first two methods o be most promising for the CEBAF (Hall B).
Though in the case of Compton scatﬁering of light nearly a
100% vhoton polarization can be obtained, the energy and
intensity are low.

The CB specirum is characterized by the presence of 2
number of quasimonochromatic peaks, whose intensity and
position depend on the structure of a single crystal radiator
and its orientation relative %o the electron beam. 4s the
relative energy of 7Y-quanta (KzEY/Eo) grows, the  peak
intensity and, hence, the degree of linear polarization in
radiation peaks decrease, thersfore, 1t appears most efficient
to use this method in the energy range 0.1 ¢ x € 0.5. The
photon polarization from a diamond single crystal changes in
this case from 0.9 down to 0.4 and then becomes practically
zZero. _ ‘
With the off-axis tagged photon beam the polarization
value can exceed 0.7 at low photon energies and still be » 0.2




at x ~ 0.8. Even though this method is more labour consuming
because of strict requirements to the accuracy in installation
of the radiator, the collimator, the residual-electron
detector, it seems to us reasonable to develop at CEBAF both
techniques of polarized photon beam production, which would
complement each other nicely in the whole energy range.

Work at producing and investigating a CB beam at the
Zharkov 2 GeV eleciron linac has been carried out since 1966.
We have developed various methods of single crystal radiator
orientation [4,5], determination of the degree of polarization
at the peak of radiation wusing the coherent effect [6,7].
The polarized photon beam has been employed to investigate
spin observables in the processes of meson photoproduction on
nucleons and photodisintegratiion of lightest nuclei, both 1in
single- and double- polarizatiion experiments by the use of
polarized targets and recoil-nucleon polarization measursments
{8-11]. Thus, the szperisnce zcquired during this work can
efficiently be used for produciion and operation of the CB
beam in the CEBAF (Hall B).

3. EXPERIMENTAT, EQUIPMENT

Practically all experimental equipment which has been
installed in the Hall B in order to produce a tagged photon
beam can also be used to produce a CB beam. The main
additional units of the equipment will be a goniometer device
with a single crystal radiator, and 2 soft - photon detection
system ( e.g., 2 thin-walled ionization chamber) intended to
choose single—crystal orientation relative to the eleciron
beam.

The proposed layout of the experimental equipment is
shown in Fig.1. The goniometer with a single crystal is placed
at approximately 3 m ahead of the tagging magnet. The required
photon-beam and collimation-angle sizes are ensured by an
adjustable collimator installed together with a cleaning
magnet in front of the CLAS. Behind the detector there 1is a




thin-walled ionization chamber, which is used for orientatiicn
of the single-crysizl radiatcer.

3.1. GCONIOMETER

The goniometer device is intended for orientation of =2
single- crystal radiator relative to the primary slsciron
momen tum PO. Coherent effszcis take place in the case when the
chosen axis b1 of the single crystal makes &z small angis
with the momentum P, and the zzimuthal angle & is determined
oy the (Py.,by) and (Dg,Dy) planes. The scheme of  the-
goniometer is shown in Fig.2 [12]. The device 1is a set of
frames 5, 10 through which the =ingls crystal 1 rotats
around mutuzlly perpendicular horizonial (IH) and vsriical
(f-) axes, and also around the zzimuthal azis fA nermel TO *H
he angles of goniometer rotaticn are rslated to the anglss oI
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Oy = @3 + 8 cos(@ + @)
By = “% + 8 sin(a + @)
o, = @3 + @ ,
where 32, @O | the initial orientation angles,at which the

crystal azls b1 is parallsl to the momentum PO, @ is +the
ancle hetween the axes ba(ba) znd Iv(fq).
At our Institute, we have constructed the goniometer with

the parameters listed in Table 1.
3.2. A SINGLE CRY3STAL TAFGET
The CB beam parameters substantially depend on the single

crystal type. Here the most important characteristics are the
density of atomic packing, Debye temperature and the




manufacturability. The analysis of these properties among
diZferent crystals has led one to choose diamond, silicon and
veryllium as radiators (see Table 2). As it follows zrom the
estimates given below, diamond provides the highest coherent
effect and, hence, the highest degree of polarization. In its
turn, silicon is easily adaptable to produce rather +thin
samples, and this is essential for OB beam monochromatization
(13]. In this respect,a single crystal of beryllium appears
rather promising. Yet, in this case there are some problems
with preparing samples larger than 2 op 3 mm without any
substantial defects of the structure.

Since in Hall B there is no necessity for hnigh photon
beam intensities, the main Tequirement in choosing the
single-crystal radiator thickness should be the possibility of
attaining the highest degree of polarization and the
monochromaticiiy of the photon beam. The method of tight
collimation of phoions is most sffective in <he case whers the

12 of multiple scattering in the radiator is smaller than
‘he natural emission angle mce/EO. In view of this critericn,
the crystal thickness should noct ezceed 0.1 mn (7.5 z 10°%
rad.lsngth) and 0.07 mm for diamond and silicon, respectiively.
The multiple-scatiering angle Zor these thickness values at
nitial electron energies of 4 GeV is equal to ~ 104 rad.

3.3. DETERMINATION OF SINGLE CRYSTAL ORIENTATION

As mentioned zbove, the CB intensity and polarization
specira essentially depend on the single crystal orientaticn
angles B and & with respect io the initial electron momentum
PO. For 8 «1 and a = 0° (or T/2), the cross section for the
CB is contributed by a row or reciprocal lattice points of the
single crystal ("the effect of he Tow" ). -

Zven though the intensity at the CB peak is high, the
polarization degree is not large in this case, because the
contributions from different lattice points of the row may

Suppress each other. Por 0 < @ < ®/2 one can choose such a




target orientation, a2t which the contribution to the CB cross
section comes from a single reciprocal lattice point ( "the
effect of the point"l). In this case, the polarization 1is
maximum. Since there is no special need for high intensities
in Hall 3, the last-mentioned <iype of orientation 1is
preferable.

Below we consider the methods of determining the initial
single crystal orientation ( €=0, a=0). To sclve this problem,
we use the dependence of the CB cross section on crystal
orisntation angles [4,14]. The most pronounced dependences ars
observed in the case of low-energy photon detection [14]
(Fig.3). The initial single crystal orientation is determined
by constructing a map of discrete CB peaks resulting Irom
particular points of the diamond reciprocal lattice in the @V
- @H coardinates of the angles of goniometer rotation. Using
ihe XKnarkov 2 GeV electron linac facilities, we have measured
the number of low energy photons N, as a Zfunction oI Ihe
Totation angle @E for three fized arbiirarily chosen anglées
of the goniometer rotation @v = 60, 50 and 40 mrad (see
curves 3a, b, ¢, respectively). The orientation angles @g, @%
wers calculated by solving the set of equations of the
intersecting siraight lines passing through the coordinates ol
the discrete peaks from the lattice zpoints with the like
¥iller indices (Fig.3d). The map inclination 1s due o the
lack of coincidence between the crystal azes bZ’ ‘D3 and the
corresponding azes of goniometer rotation Iv, IH (in our
example, @ = 13018'). These axes were aligned by rotating the
crystal around the axis IA by the angle ¢ , and as 1is seen
from Pig.3e, the orientational dependence Dbecomes symmetric
with respect to the peak from the "strongest" (220) point of
the diamond crystal reciprocal lattice.

3.4. CB INTENSITY AND POLARIZATION SPECTRA

Figures 4 to 7 show the calculated CB intensity and
polarization spectrz from diamond and gilicon single-crystals




with thicknesses 0.7 zand C.07T mm, respectively, Ifor JIZBAY
energies. The specira were cailculated both for no photon beam
ollimation on ihe physical target, and for the c¢ollimation
angle ec= 0.5 (in the unizs of the natural photon emission
angle me"/E, Zor the {(2Z0) peint orisntation. The CB Dbeam
parameters estimated Irom these spectrz are given in Tabls 3,
from which it can be sesn that the highest polarization degree
and the beam merit factor are attained in the case oI the
collimation angle ec=' C.5 of the radiation from a thin
diamond single crysial. Rather high polarization degree and
beam monochromaticiiy also iazks place in the case of a silicon
single crysial from which, as mentioned above, it is easier <o
rrepare itnin single crystal piztes.

3.5. SONTROL OF TEx FECTON TCLARIZATION DEGREE

k=

Turing *he measursments of spin  observables <he (B
parameters may cnange. To control the beam polarization

dsgres, on= can employ = simplie method (6,71, wheres the
correlaticn beiwsen polarizatisn and intensity of the (B 1is
used. For an isclzisd  reciprocel lattice point “nis
correlation i1z given by 2 simpis relailonsnip

where k is the cazlculaited coefficient taking into account the
special features of target orientation and siructure, § is the
ratio of yields from the process under study in the cases oI
the oriented and uroriented single-crystal. Another
poseibility of dinvestigating and controlling the CB beam
parameters lies in a continuous measurement of the photon
spectrum by the pair spectrometer and in arranging the
feedback with the control board, the electron beam and the
goniometer [15]. '




4. CONILUSION

In the CB pro'duction at ihe CEBAF (Hall B) the ZXharkov
Institute of Physics and Technelogy can undertake:

- to make a2 goniometer device with the parameters given
in Table 1;

‘- to prepare diamond and silicon single crystals ;

~ to participate in ihe CB beam production and in
measurements of spin cobservables.




1. G.Diambrini Palazzi, Rev.Mod.Phys., 40, 611 (1963).

2. R.M.Laszewsky, ?rogram at CEBAF (II). Report of
1986 Summer Study Group, 1986, p.867-6T73.

3. R.E.Milburn, Phys. Rev. Lett., 10, 75 (1963)

4. V.G.Gorbenko et al., Yad. Fiz., 11, 1044 (1970)

5. V.G.Gorbenko et al., Pridb. Tekh. Ehksp., N2, 54 {(1973)

6. V.G.Gorbenko et al., Yad. Fiz., 1T, 793 (1973)

7. L.Ya.Rolesnikov,A.L.Rubashkin,V.M.Sanin, Ukr.Fiz.Zh.,
29, 1296 (1984)

8. A.3.Bratashevsky £t al., Nucl. Phys., B166, 525 (1980)

9. V.A.Get'man et zl., Nuel. Phys., B188, 357 (15371)

10.V.G.Gorbenko &t al., Nucl. Phys., 4381, 330 (1382)

11.A.A.Belyaev et al., Nucl. Phys., 3213, 201 (1983)

12.N.A.Agarkov =t al., 2rib. Tekh. Fhksp.,N2, 57 (1979)

132.8.7.Mozley,J.de Wire, Nuovo Cim., 27, 1281 (1963)

14.D.Luckey,R.F.Schwitiers, Mucl. In=sir. and Meth., 81,
164(1370)

15.A.Jackson, Nucl. Instr. and Meth., 129, 73 (1575)

the




"TABLE 1. PERPORMANCE CHARACTERISTICS OF THE KIPT GONIOMETER.

Range of rotation around the axes:

vertical :80
horizontal +8°
azimuthal 0%..360°

Angle of frame rotation per motor step
vertical and horizental axes

azimuthal axis 2.5x107°

1 21077 rad




TABLE 2. MAIN PARAMETERS OF THE SINGLE CRYSTAL EMPLQOYED
PCR CB BEAM PRODUCTION

Single crystal
Parameter
Diamond Silicon Beryllium
Atomic number 6 14 4
Atomic weight 12 28 )
Density, g/cm2 3.51 2.4 1.84
Lattice type diamend diamend hexagonal
o

Lattice constant, A 3.568 5.431 a1=a2=0.364

| 2,=0.571
Debye temperature, X 1850 650 —_—
Debye Zactor 127 270 412
Radiation length, g/cm’ 43.3 22.2 63.7




TABLE 3. EXPECTED CB BEAM PARAMETERS IN THE CEBAF(Hall B)
' AT AN INITIAL ENERGY E = 4 GeV.

Diamond Silicon

Parameters = o= SO=O.5 Bc= oo SC=O.5
Number of photons
4N /4B, (cev Taua™")
Egeak = 1 GeV 1019 | 7.5210° 2210°| 1.1x107
EE(eak = 2 GeV 1.8210° 10%| s5.9x108] 2.2x10°
Monochromaticity,

AE /By

E%eak: 1 Gev 0.35 0.2 0.35 0.15
E%ea*% 2 GeV 0.3 0.125 0.3 0.1
Polarization, PY
E%ea*‘:j GeV 0.71 0.88 0.45 0.77
Ei.;ea*‘: 2 GeV 0.42 0.65 0.2 0.48
Merit factor, I*P,‘:',
E?reakr- 1 GaV 5.545 5.94 0.4C5 0.652.
Egeal% 2 GeV 0.623 0.845 0.051 0.103




F1GURE CAPTIONS

H
(%)
‘a

Layout of the experimental equipment in Hall B.
Diagram of the goniometer
1: single crystal itarget; 2: sliding carriage;
3,7,9: step motor; 4: crystal holder casing;
5(10): immer (outer) frame; 6,8: pushers; 11: support.
FIC.3. Procedure of determining the diamond single crystal
orientation: a, b, ¢: orientational dependences of the
number of low energy photons at @v=60, 50 and 40 mrad.
d: map of discrete peaks in the @v - @H coordinates;
g: the same as in Fig.3 ¢, but for ¢ =0.
CB intensity (a) and poclarization (b) spectra from a
diamond single crysial, O.1mm thick, =75 mrad,
@=85°08". The slectron beam divergsnce is 1074 rad.
Collimation angle 60=cca(solid curve),

80=O.5 (dzshed ?urve)
. The same as in FIG.4, but for a=387"25'.
OB intensity (a) and polzrization (b) specira Ifrom a
silicon single crystal, O0.07 mm thick, ©=75 mrad,
=38°6'. The remaining parameters are the same as
those in FIG.4.
FIG.7. The same as in FIG.6, but for a=85°82'.
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