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Intensity and polarization spectrums of coherent bremsstrahlung for the designed facility NSC KIPT (project SALO)

for two possible channels of output of electron beam from accelerator with the maximal energies of beam 490 and
730 MeV are calculated. It is shown, that at the definite conditions of forming the beam it is possible to obtain

the CB beams with intensity and polarization, sufficient for conducting of experimental researches in the interval

of energies of photons about 400 MeV on the beam line with the maximal electron energy about 730 MeV, and in

interval about 250 MeV on the beam line with the maximal electron energy about 490 MeV .

PACS: 29.27.Hj

1. INTRODUCTION

At present and in foreseeable future fundamental
nuclear physic investigations will be of great impor-
tance both in low (from tens MeV) and high (up to
TeV) energy range from point of view of searching an-
swers on substantial questions of natural science, such
as the elementary particles structure, matter evolu-
tion, on one hand, and the possibility of practical ap-
plication of the fundamental investigation results, on
other hand [1]. To provide these investigations new
accelerator facilities are created, e.g. LHC and FIAR,
and operative facilities are constantly upgraded, e.g.
electron accelerators at intermediate energies MAMI
and Jlab.

The project of new accelerator facility (project
SALO) aimed on fundamental photonuclear investi-
gations in intermediate energy range is discussed in
NSC KIPT [2, 3]. The supposed accelerator param-
eters: maximal electron energy up to 730 MeV, cur-
rent up to 100 mkA, duty cycle ~ 100%, will provide
possibilities for production both polarized and unpo-
larized continues electron and photon beams that will
allow to perform high level experiments with electro-
magnetic probes in intermediate energy range. These
experiments could be aimed on studying fundamen-
tal problems, such as precision test and development
QCD approach in intermediate and low energy range,
e.g. ChPT, study hadron structure and it changes
in the nuclear matter, baryon mass spectrum, fun-
damental symmetries violation etc. These problems
decision require performing a wide experimental pro-
gram on studying single and pair pion photoproduc-
tion on nucleon and nuclei near threshold, Compton
scattering on nucleon and nuclei, n-nuclei photopro-
duction, electron scattering on nucleon and nuclei

[4, 5]. The experiments with polarized photon beam
will play very important part in such investigations
and one of the main requirements for them will be
high accuracy of the measurements.

Under SALO accelerator conditions the linearly
polarized photon beam could be produced on the base
of coherent bremsstrahlung radiation (CB) generated
by relativistic electrons in diamond crystal. The di-
amond crystal due to high Debye temperature, per-
fect crystal lattice and small atomic number provides
most high operating parameters (intensity and po-
larization) of the beam. As is known, in consequence
of periodicity of the atom location in the crystal lat-
tice, when relativistic electrons fall onto the crystal
at a small angle ¢ relative to the crystal axes (but
exceeding substantially a critical angle of axial chan-
neling, ¥ >> 1).) interference maxima appear in the
radiation spectra. The radiation intensity in these
maxima substantially exceeds the radiation intensity
in an amorphous material and in addition the radia-
tion in it has a significant linear polarization.

The spectrum and polarization of the CB are well
described by theory based on Born approximation.
According to [6, 7, 8] the CB cross section can be
represented as:

dUCB = dain + dJcoha

where do..p, is the interference part of the CB cross
section depending on the crystal orientation relatively
to the electron beam; do;, is the non-coherent part
of the cross section, which does not depend on the
crystal orientation and represents itself a cross sec-
tion of usual bremsstrahlung in the amorphous sub-
stance. Thus, CB beam spectrum consists of two
parts: coherent part with interference maximum and
usual bremsstrahlung. The interference peak has a
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sharp upper border and is reduced slowly in the low-
energy area. With increasing angle 1 the radiation
intensity in the peak falls, the peak itself is displaced
to higher energy range and at large 1 it is not ob-
served.

The CB beams were created practically at
every electron accelerators with beam energy of
Ey ~1GeV [9]. At present the CB beams are suc-
cessfully being used in Mainz [10] and at the Jeffer-
son Laboratory in USA [11]. As the polarized photon
beam is necessary for providing experimental photo-
nuclear program at NSC KIPT on the SALO facility
[5], we have studied a possibility of the linear polar-
ized photon beam creation on the base of CB elec-
trons in the diamond crystal and estimated expected
parameters of such beam.

2. RESULTS AND DISCUSSION

The SALO project facility lay out [2, 3] is shown
in Fig.1. The electron accelerator (superconduct-
ing recirculator) is placed in the existing room of
the LU — 2GeV facility. The proposed accelerat-
ing structure will give growth energy rate 20 MeV/m

and provide increasing of the electron beam energy
on 240 MeV after each passing through it. The mag-
netic system will allow make only three passing the
beam through the accelerating structure so maximal
energy of the electron beam will reach 730 MeV, if
one will take into account exit energy from injector
(~ 10 MeV), along the lines to the experimental Hall
SP — 103 of the old linac LU — 2GeV. There is an
intention to construct two beam lines in SP — 103
Hall, Fig 1: the first beam line for experiments with
real tagged photons (both unpolarized and linearly
and circularly polarized) in the energy range up to
730 M eV (High Energy Photon Line-Line A); the sec-
ond beam line for experiments with electrons with the
same maximal energy (Electron Beam Line-Line C).
The third beam line is proposed to be constructed in
the Lens Hall of the linac LU —2 GeV and it is aimed
on experiments with real tagged photons (also both
unpolarized and linearly and circularly polarized) in
low energy range, up to 490 MeV (Low Energy Pho-
ton Line-Line B). The linearly polarized photon beam
on both photon beam lines is planned to obtain using
the CB process of the electrons in diamond crystals.

lens Hall

Linear Accelerator
LU-2000

Target Holf

Fig.1. General scheme of the SALO facility with beam lines. A-High Energy Photon Line, B-Low Energy
Photon Line, C-Electron Beam Line, D-Free Electron Laser Line

For estimation of the possible CB beam param-
eters, intensity and polarization and their depen-
dence on crystal orientation for proposed photon
beam lines the relevant calculations were made with
using analytical code developed by P.Grabmayr and
co-workers [12] on the base of Born approximation
[6, 7, 8]. At present this is the most perfect pro-
gram for the CB characteristics calculation which al-
low to take into account most of experimental fac-
tors with sufficient accuracy: electron beam size, en-
ergy and angular divergence, multiple scattering in
the crystal, photon beam collimation. In compar-
ison with previous calculations some improvements
were made in this program both in the CB for-
mula [7] and in procedure of the experimental fac-
tors taking into account. Improvements in the for-
mula included new parameterizations of the carbon
form factor, the angular distributions of the coher-
ent and incoherent electron-nuclear contributions and

the electron-electron bremsstrahlung. For the exper-
imental factors taking into account the following as-
sumption were made. The beam angular distribu-
tion and electron beam distribution function due to
multiple Coulomb scattering were assumed to be of
two-dimensional Gaussian shape. The electron beam
distribution within spot on the target and electron
beam energy spread around the nominal energy FEj
were also approximated by Gaussians. With such ap-
proach the expected calculated the CB intensity re-
sults from folding of all experimental effects weighted
with the above distributions and as a result the 8-fold
integral was appeared.

For calculation this 8-fold integral a Monte Carlo
method was used but it takes sufficiently much
time. For acceleration the CB calculation an ana-
lytical approach was developed in which: (i) all two-
dimensional distributions were assumed to be Gaus-
sian in shape with azimuthal symmetry; (ii) the over-
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all electron angular distribution was obtained by fold-
ing the electron beam multiple scattering and initial
angular divergence distributions; (iii) for the colli-
mated photon spectra calculation the effects of the
beam size, divergence and multiple scattering were
also combined into one Gaussian angular distribution
with relevant parameters. This code was tested and
well described the CB beam parameters obtained at
the Mainz facility for Fy = 855 MeV. A comparison
of the analytical and Monte Carlo codes calculations
has shown that they gave almost identical results.

Using analytical code [12] we made calculations of
the CB beam spectra and polarization for diamond
crystal with thickness 0.1 mm. The crystal orienta-
tion is determined by two angles, 6 and «. 6 is the an-
gle between electron beam momentum F, and crystal
axis by = (100),« is the angle between planes (P, b1)
and planes (by,b2), where by = (010). The angles 0
and a were chosen in a such a way that main con-
tribution to the CB cross section was produced point
(0,2,2) of the crystal reciprocal lattice. The electron
beam energy spread was assumed to be 0.08%, di-
ameter of the electron beam spot on the target was
1mm.

Some calculation results are shown in
Fig.2,3 where the polarization P, total intensity
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Tsum = Icon + Lin, and coherent effect 5 of the CB
are presented. Coherent effect is determined by the
relation

ﬁ_ Icoh +Izn

B Icoh ’
I.on and I, are the intensity of the ra-
diation per one electron and is  deter-

mined as Iconin = (Ey/00)(docon,in/dE), where
0o = 0.5794-10727 Z2¢m?.  In Fig.3 it is shown
calculations for initial electron energy FEy= 730
and 490 MeV and collimation angles in the inter-
val from 6. ~ 0.56., and up to 1.96,, (6, = mc?/Ey,
where m is the electron mass). The orientation an-
gle’s values were chosen so that energy of the CB
peak was ED =170.5 MeV (relative photon energy
X =E,/Ey; =0.23), but due to multiple scatter-
ing of the electron beam the real peak position is
shifted to slightly lower energy. One can see that at
these conditions for beam Line A at relative energy
X ~ 0.2, we may obtain essentially high polariza-
tion (P, ~ 55%) at the CB peak and coherent effect
B ~ 2.5 — 3 even without any collimation of the pho-
ton beam. At the strong collimation (6. = 0.47) the
polarization is increased up to ~ 75% and coherent
effect become two times more but the total intensity
in the CB maximum becomes six times less.
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Fig.2. Polarization, coherent effect and full intensity of the CB for collimation angles:
left panel - 6, = 0.470., (solid line,) and 0.7106., (dashed line);
right panel - 8. = 1.196,, (solid line) and 1.96., (dashed line)

Calculations for more high peak energies
X ~ 0.41 are presented in Fig. 3 for Fy = 730 and
490 MeV and some collimation angles in interval
from 6. ~ 0.5 and up to 0. ~ 6,. We can see that for
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Ey =730 MeV polarization and coherent effect are
changed in the range P ~ 0.4—0.6 and 8 ~ 2—3 and
they are P ~ 0.35 and 8 ~ 1.7 for Ey = 490 MeV .
From previous experience it is known that the CB



beam can be used in experiments if the polarization
and coherent effect are no less than P, ~ 30% and
B ~ 1.5, so the CB beam parameters for this photon
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energy are also good enough for using in polarized
experiments.
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F1g.3. Polarization, coherent effect and full intensity of the CB.
Left panel: initial electron energy Ey = 730 M eV, collimation angles 8. = 0.47 6., (solid line), 0.956,
(dashed line);
right panel: Ey =490 MeV, §, = 0.630., (solid line) and 1.120., (dashed line)

In more detail the CB parameters collimation de-
pendence for is shown on Fig.4 for initial electron
energies Eg = 730 MeV and 490 MeV and the CB
peak energy X ~ 0.23. It demonstrates fast increas-
ing of the polarization and coherent effect values
with decreasing collimation angle, especially for an-
gles 6. < 0.8 0, where these parameters can reach val-
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ues P ~ 80% and 8 ~ 5 — 6 for strong photon colli-
mation. On other hand polarization and coherent ef-
fect do not practically change for collimation angles
0. > 0.80,, and at the same time the CB intensity
is somewhat increased with the collimation angle in-
creasing. So it is more preferable to use more collima-
tions angle if there are no any additional restrictions.
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Fig.4. Coherent effect and polarization dependencies from collimation angle for initial electron energy
Ey =730 MeV and peak photon energy 170 M eV and for initial electron energy
FEy =490 MeV and peak photon energy 100 MeV
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The important characteristic of the polarized
beam is the energy range where the beam could be
applied for photonuclear investigations. In Fig.5 it is
presented the results of the energy dependence cal-
culations of the coherent effect and polarization for
electron beam energies g = 490 MeV and 730 MeV,
which will be acceptable on SALO photon beam lines.
It is seen that the values of the coherent effect and
polarization decrease from = 3.6 and P, ~ 70%
at E, ~100MeV up to S~ 1.6 and P, ~ 25% at
E, ~ 400 MeV for initial electron energy 730 MeV
and from § =~ 2.8 and P, ~ 60% at E, ~ 50 MeV and
up to S~ 1.5 and P, =~ 23% at E, ~ 250 MeV for
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initial electron energy Ey = 490 MeV. The calcula-
tions demonstrate that acceptable energy ranges for
nuclear physic investigation with linearly polarized
photons for Line A is extended up to photon energy
E, ~ 400 MeV at collimation 6. ~ 6, and could be
increased up to 450 M eV under more strong collima-
tion. That will allow one to study pair pion photo-
production on nucleon and nuclei near threshold with
polarized photons. The acceptable interval for Line
B, where experiments with polarized photon are also
planned, is extended up to E, ~ 250 MeV that is it
enough to cover the experiments on single pion pho-
toproduction at threshold energy range.
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Fig.5. Coherent effect and polarization dependencies from peak energy for initial electron energy

Ey =730 MeV and collimation angle 8. = 0.950., , and Ey = 490 MeV and collimation angle 6. = 0.63 6,
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JIMHEMHO ITOJISIPU30BAHHBIN ®OTOHHBIN IIYVYOK JJId ®OTOSIIEPHBIX
NCCJIIEAOBAHUUN HA HOBOU YCTAHOBKE HHII X®TU
B.B. I'anenxo, IA. Bawenxo, /1./I. Bypdetinbiti

Paccunranbl crieKTpbl HHTEHCUBHOCTY ¥ TIOJISIPU3AIIANA KOT€PEHTHOI'O TOPMO3HOTO M3JIy9eHUsI JIJIsi IIPOEK-
tupyemoii yeranosku HHIT XOTU (upoekr SALO) yis 1ByX BO3MOMKHBIX KAHAJIOB BBIBOZA JIEKTPOHHOIO
[My4YKa U3 YCKOPHUTEJsS ¢ MakcuMajabHbIMU SHeprusamu mydka 490 m 730 M»sB. Ilokazano, uro mpu ompe-
JIeJIEHHBIX YCJIOBHSAX (DOPMUPOBaHUsI BO3MOXKHO mojrydenne mydkoB KTV ¢ MHTEHCHBHOCTBIO U IOJISIPU3a-
[yei, JTOCTATOYHBIMU JIJIsl IPOBEEHNUsI SKCIIEPUMEHTAIbHBIX UCC/IEIOBAHUI B MHTEpBaJe dHepruil (hOTOHOB
a0 400 M»sB na my4ykoBoil JimHUN ¢ MaKCUMAaJbHOU sHeprueil 3jmekTpoHosB 1o 730 MsB, u B mnrepsase m0
250 M»sB na my9KoBOil JIMHUN ¢ MAKCUMAJILHON dHeprueil s;iekTpoHoB 10 490 MsB.

JITHIMTHO ITOJISIPU30BAHUM ®OTOHHUN IIYYOK JJId ®OTOSIIEPHUX
JOCJIIIXKEHb HA HOBOMY IIPUCTPOI HHIT X®TI
B.B. I'anenxo, I'A. Bawenxo, /1./I. Bypdetinut

PospaxoBani ciekTpu iHTEHCHBHOCTI 1 TIOJIsIpU3aIil KOT€PEHTHOTO TAJIbMIBHOTO BUITPOMIHIOBAHHS JIJIsI IIPO-
exroBanol ycranosku HHIT XDTI (upoexkr SALO) i1t 1BOX MOXKJIMBUX KAHAJIB BUBEJIEHHS €JIEKTPOHHOIO
Iy4Ka 3 IIPUCKOPIOBaJa 3 MakcuMajabHuMH eHeprismu mydka 490 i 730 MeB. [lokazano, 1o 3a 11eBHIX yMOB
dopmyBanus MoxKauBe orpuManis nydkiB KI'B 3 iHTeHCHBHICTIO i MOJSpU3AINEO, JTOCTATHIMEU JJIsT TIPO-
BeJIeHHSI eKCIIEPUMEHTAIbHUX JOCJiKeHb B iHTepBasi enepriit ¢doroniB g0 400 MeB ma myukosiit JiiHil 3
MaKCHMAaJILHOIO eHeprieio eyneKTpoHiB j10 730 MeB, i B imTepBami mo 250 MeB ma myukosiit jinil 3 Makcu-
MaJIbHOIO eHepriero esekTponis 10 490 MeB.
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