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Abstract 

A possibility to ronstruct high-intensity tunable mono- 
chromatic T-source at HERA and LEP (LEP 2) is dis- 
cussed. It is proposed to producr y-quantums by means of 
C:ornpt,on backscattering of laser photons on electrons of 
the collider. The laser light wavelength is chosen in such a 
way that after the scattering, the electron does not leave 
the separatrix. So as t,he probability of the scattering is 
rather small, energy oscillations arp damped prior the next 
scattering. As a result, thp proposed source can operate 
in “parasitic” mode not. interfering wit,h the main mode of 
the collider operation. 

It is proposed to install at the colliders HERA and LEE’ 
tunable free-electron lasers operating at 100 ~ 400 /ml 
wavelength band with the peak and average output powm 
- 10 MW and - 1 kW, respectively. It will result in the ilI- 
tensity of the y-source - 10’4s-’ with tunable y-quantum 
energy up to 150 MeV, 250 h3eV and 500 MeV for the 
HERA, LEP and LEP 2, respectively. Such a y-quantum 
source will reveal unique possibilities for precision investi- 
g&ions in nuclear physics. 

1 INTRODUCTION 

Investigations of photonuclear processes provide a valu- 
able information about a st,ructure of nuclei, nucleons and 
nucleon resonances. To study this physic.s, several exper- 
imental methods to obtain intensive photon beams have 
been developed [l] - [5]. To perform a more deep invcs- 
tigations, there exists an urgent need in the development 
of high-intensity monochromatic polarized photon beam 
sources. In the presented paper we propose to build such 
y-sources at the storage rings HERA and LEP. Gamma 
quantums are produced by means of CJompton barkscat- 
tering of infrared FEL radiat,ion on electrons of the col- 
lider. Proposed sources operate in “parasitic” mode not 
interfering with the main modp of the rollider opcrat,ion. 
They possess the following unique features: 
- high intensity of y-quantums; 
- y-quantum spectrrnn is rat,lier sharp and thr most frac- 
tion of photons is in high energy region; 
- there is definite energy-angle correlation of scattrred 
photons and the process of Compton scattering is well de- 
scribed by analytical formulae; 
-possibility to steer the polarization of high energy photon 
bearn by change of the polarization of FEL radiat,ion. 

2 BASIC RELATIONS 

High energy 7 - quantums are produced by means of 
Compton backscat,tering of the laser photons by the high 
energy electrons. We consider the case when the energy of 
the barkscattered y-quantum is rather small, (!i~~),,,~~ < 
AGnrtx 1 where A&,,,,, is maximal admissible energy losses 
of electron given with the energetic aperture of the storage 
ring. As a rule, the value of AK:,,,,/f does not exceed 1 %. 
11. means that the C:ompton scattering process meets the 
condition of quasi-classical approximation, Tw., < K. As 
a result, C:ompton cross section is given with Thompson 
cross section CT = 8m$/3 (re = e2/mc2) and energy of 
backscattered y-quant.um is given with 

(h)m.Y ” ‘b2fw, (1) 

where ~j and wy are the frequencies of incident, and scat- 
tered photons, resperbivcly and 7 = C/n& 

To obt.ain an effective conversion of the primary laser 
phot,ons into the high energy photons, the laser beam 
should be focused on the electron beam. The conditions 
of optimal focusing are as follows [G]: 

uz << X2 F2/4a;, F2 << ailph/2X, lb = lph, (2) 

where F is the focus distance of the mirror, a, is the size of 
the laser beam spot on the mirror, CT, is transverse size of 
the electron beam at conversion point, X = 27rc/w and I* 
and lph are the lengths of electron and laser beam, respec- 
tively. In this case total number of y-quantums, produced 
at a single passage of electron beam through the mirror 
focus, is given with t,he following relation [6]: 

2WBT 
,V? = Ne - 

iic2 > 

where 11; is the peak Iaspr power and N, is number of 
elect,rons in t,lie bunch. 

The proposed y-source operates in a “parasitic” mode 
and should not change significantly parameters of circulat- 
ing electron beams. The laser light wavelength is chosen in 
such a way that. after the scat,tering, t,he electron does not 
leave the separatrix. During energy oscillation damping 
time the electron energy is relaxed to t,lie nominal value. 
Nevertheless, at a sufficiently large power W of laser beam 
and a high repetition rate of the collisions f, the process 
of multiple scattering leads to increase of energy spread of 
electrons in the beam. The coefficient of energy diffusion 
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is given with the formula [7]: 

< d(E/ty 448 r~X,y2w2 Wf 

dt >= 15 nlc5 ’ (4) 

where X, = h/nx 
The growth of the rate of the energy oscillation excita- 

tion leads to the growth of the energy spread of electrons in 
the beam. For instance, the growth of the energy diffusion 
by a factor of Q with respect to energy diffusion defined 
by quantum fluctuations of synchrotron radiation, results 
in the growth of energy spread by a factor of (1 + Q)l/‘. 

3 GAMMA-SOURCE AT HERA 

FEL based y-quantum source at HERA will allow one to 
produce about of 1014 y-quantums per second with the en- 
ergy up to 150 MeV. Main parameters of the electron stor- 
age ring HERA are presented in Table 1 (see also ref. [S]). 

Table 1: Parameters of the HERA and LEP storage rings 

Electron energy &, GeV 
Circumference, m 
Number of bunches Nb 
Bunch spacing, /Ls 
Number of electrons 

in the bunch N, 
Bunch length u,, cm 
RF frequency fRF, MHz 
Energy loss/turn, MeV 
RF voltage, MV 
Polarization time, min 

HERA LEP / LEP 2 
30 55 / 90 

6335.8 26658.9 
210 4/8 

0.096 22.2 / 11.1 

3.7 x 10’0 4.2 x 10” 
0.8 1.6 / 1.8 

499.667 352.21 
118 260 / 1855 
260 400 / 2400 
24 135 / 11.5 

3.1 Free electron laser 

To achieve such parameters of y- source, a free electron 
laser (X - 100 him) should be installed (see Table 2). The 
project of the FEL oscillator with the parameters close to 
those required has been developed at LBL [9]. Designers 
of this project assume to use superconducting accelerating 
four-cell struc.ture manufactured for the HERA project at 
DESY. This project of the FEL oscillator may be consid- 
ered as a prototype of the FEL for y-source at HERA. 

To match the FEL operation with the electron storage 
ring operation, the accelerator of FEL driving beam should 
be designed on the base of accelerating SC: cavit.ies of the 
electron st,orage ring (fop = 500 MHz). 

The electron bunches (k)ulse duration 1.5 ns, peak cur- 
rent 1.5 A, average current 12 mA, pulse repetition rate 
5.2 hlHz) are produced by a gridded electron gun. Then 
the elect,ron bunches are fed into a subharmonic buncher 
consisting of two coaxial resonators operating at 6-th and 
3-rd subharmonic frequency, respectively. Then they are 
fed into the buncher operating at 500 MHz frequency. This 
bunc.her has a form of four-cell SC: acc.elerating structure. 
At the exit of the buncher the beam has the energy 5 MeV. 
Then the bunches are passed through the energy slit and 

Table 2: Free electron laser parameters 

Electron beam 
RF frequency 
Energy, & 
Peak current, I 
Energy spread 
Normalized emlttance, c,, 
Micropulse duration 
Micropulse repetition rate 
Mode of operation 
Average beam current 
Average beam power 

Undulator 
Undulator period, X, 
Undulator field, If, 
Number of undulator periods, 

Optical resonator 
Radiation wavelength, X 
Resonator length 
Czurvature radius of mirrors 
Radiation power losses 
Efficiency 
Peak radiation power 
Average radiation power 

500 MHz 
10 MeV 
50 A 
150 keV 
10 mm.mrad 
30 ps 
5.2 MHz 
cw 
8 mA 
80 kW 

5cm 
2.7 kG 

N, 40 

100 pm 
28.8 m 
14.47 m 
10 % 
0.8 % 
4MW 
0.65 kW 

are accelerated up to 10 MeV energy in the single-cavity 
SC: accelerator module. 

RF power supply of such an accelerat,or may be con- 
structed on the b,a.se of two TH2133 klystrons with output 
power 75 kW. 

The undulator is a steel-SmC:os hybrid one with the fol- 
lowing parameters: period X, = 5 cm, number of undula- 
tor periods N = 40, field amplitude B, = 2.7 kG at the 
undulator gap g = 28 mm. 

Optical resonator is formed by two spherical copper mir- 
rors (radius of mirror curvature is equal to 14.47 m and 
aperture - 30 cm). The resonator base is equal to 28.8 m 
and Raleigh length is equal to LR N 1 m. One of the mir- 
rors has a hole for radiation output. Total resonator losses 
are equal to 10 %. Peculiarity of such a resonator consists 
in a rather large resonator base which is connected with 
the low micropulse repetition rate - 5.2 MHz. 

At chosen values of undulator length I, = 2 m and un- 
dulator gap g = 28 mm, diffraction losses of radiation due 
to the aperture restrictions are negligibly small with re- 
spect to the losses in the mirrors. 

At optimal choice of t,he resonator losses (i.e. at optimal 
choice of the size oh the output hole), the FEL efficiency 
at sat,uration is equal to 71 N 0.3/N 2: 0.8%. Peak and 
average output radiation power are equal to 4 MW and 
0.65 kW, respectively. 

3.2 Yielti of -y-quantums 

Taking into account the HERA parameters (see Table 1) 
and the FEL parameters (see Table 2), from relation (3) 
we obt,ain the yield of r-quantums production to be equal 
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to dN,/dt N 1.5 x lOI s-l. We assume here that opti- 
cal bunches meet only with the half number of bunches, 
N = 105, circulating in the HERA electron ring. The 
yield of y-quantums may be increased by two different 
ways. First, using tapered undulator, the efficiency of the 
FEL oscillator may be increased up to the value about of 
71 E 2.5 %. Second, the number of conversion points may 
be increased. In this case, after t,he crossing the first con- 
version point, the optical beam is directed to the optical 
labyrinth which plays a role of delay line. Then it is fo- 
cused at the next electron beam, etc. Remembering that 
the losses in copper mirrors of radiation with the wave- 
length X N 100 pm are about of 0.5 %, we may conclude, 
that each optical bunch can effectively interact with many 
electron bunches. .4s a result, the yield of y-quantums 
dN,/dt z lOI s-l may be achieved. 

3.3 Increase of energy spread 

For the HERA electron ring operating at 30 GeV, coeffi- 
cient of energy diffusion due to the quantum fluctuations 
of synchrotron radiation’ is equal to < d(6f/C)2/dt >SRE 
10-3s-1, Using relation (4), we obtain that coefficient of 
energy diffusion due to the scattering of electrons by laser 
beam, is of the order of < d(btI/C)'/dt >CE 0.6 x 10-3s-1 
at dN,/dt 2: lOl4 s-’ whic.h results in the growth of the 
energy spread by 1.3 times with respect to the norninal 
value. 

4 GAMMA-SOURCE AT LEP 

Main parameters of LEP are presented in Table 1 (see 
also refs. [lo, 111). Installation of far-infrared FEL (A - 
200 - 400 firn) at LEP will allow one to obtain intensive 
source of r-quantums with the energy up to 250 MeV and 
500 Me\’ for LEP and LEP 2, respectively. The princi- 
ples of its design are the same as for y-source at HERA 
(see section 3). The electron driving beam for the FEL is 
produced by CW superconducting accelerator constructed 
on the base of the LEP accelerating modules (fop = 
352 MHz). Output parameters of this accelerator are the 
same as those presented in Table 2, with the only exception 
that the micropulse repetition rate should be 7.04 MHz. 

Assuming that each electron bunch is collided with 5 
optical bunches and the FEL efficiency is about of 3 %, we 
can expect the yield of y-quantums dN,/dt N 1014 s-l. 

5 CONCLUSION 

In conclusion we should emphasize that the exist,ence in 
Europe of such unique storage rings as HERA and LEP 
reveals a possibility to construct on their base sources 
of high intensity monochromatic polarized y-quantums. 

‘This value may be calculated frmn Table 1 remembering relatim 

between the coefficient of energy diffusion and the time of radiative 

polarization rP: 

< d(6E/q2/dt >sx= 11/9s,. 

These y-sources will reveal a possibility to study photonu- 
clear physics in the energy range from several tens MeV 
up to 500 MeV with an accuracy unachievable with the 
existent facility. 

Construction of such sources is technically feasible at 
the present level of accelerator technique R&D. The main 
element of the proposed facility is far-infrared (X N 100 - 
400 fern) free electron laser with the peak and average out- 
put power about of 10 MW and 1 kW, respectively. Such 
an FEL may be constructed on the base of the project 
of the Infrared Free-Electron Laser for the Chemical Dy- 
namics Research Laboratory, which has been developed at 
the Lawrence Berkeley Laboratory [Q]. The driving ac- 
celerator for this FEL has been designed on the base of 
the HERA SC cavities. As for the design of conversion 
regions and r-quantums output channels, these problems 
may be solved using experience stored during design and 
construction of the laser polarimeters at HERA and LEP. 
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