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Abstract

ForJ/ψ,ψ′, andτ masses measurement with the KEDR
detector, the VEPP-4M collider is planned to operate at
1200–2000 MeV beam energies. Electron beam energy
calibration with backscattered laser photons, performed at
BESSY I storage ring [1], has shown the accuracy com-
patible with that obtained by resonant spin depolarization
technique. We propose the non-head-on configuration of
electron-laser beams interaction: electron beam intersects
theCO2 laser cavity axis at close toπ/2 angle. The result-
ing spectrum of backscattered Compton photons has two
edges, their sum is used to determine the electron beam en-
ergy and depends weakly from the intersection angle. The
estimated accuracy for beam energy calibration is about
10−4.

1 INTRODUCTION

The basic idea of the electron beam energy calibration
by inverse Compton scattering of laser photons is to mea-
sure the high energy edge of the photon energy spectrum.
In case of head-on collision of laser and electron beams it
reaches maximum possible value, which depends on laser
photon energyω0 and electron enegryε only.CO2 laser ra-
diation ofω0 = 0.12 MeV at BESSY I [1] was scattered on
350–850 MeV electron beam, and backscattered photons
were registered by HPGe detector of 500 cm3 volume. The
60Co radioactive source was used for absolute calibration
of the detector energy response. The obtained precision of
electron beam energy measurement was about1 · 10−4. It
seems to be a good idea to give preference to this approach,
rather then to the resonant depolarization technique, when
there is no possibility or it is hard to obtain the polarized
electron beam.

2 METHOD

Let’s consider a possibility of application of this method
for measurement of the electron beam energy of the VEPP-
4M collider with alternative set-up of electron-photon in-
teraction area. The electron beam intersects the axis of
laser cavity withα angle and interacts with photons, prop-
agating in both directions (Figure 1). In this case we have
two edgesω1 andω2 in the Compton spectrum of scattered
photons, corresponding to theα and (π − α) interaction
angles:
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Figure 1: Laser-electron interaction scheme.
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Hereme is the electron rest mass,ε andω0 are the initial
electron and photon energies correspondingly. The pho-
tons are scattered into a narrow cone in the forward direc-
tion of the electron beam (Klein-Nishina differential cross
section), where the HPGe detector with collimator and cal-
ibration gamma source is installed the same manner as in
[1]. From (1) one can see that the strict compliance be-
tween the values ofω1, ω2, ω0 andε is implemented for
anyα:
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While ω1, ω2 � ε we can deduce from (2) the approxi-
mate expression for the electron beam energyε determina-
tion through the measured values ofω1 andω2:
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Precision of approximation (3) forω0=0.12 eV and the
electron beam energyε around 1800 MeV is not worse than
1.5·10−6 for anyα. The necessity to deal with both edges,
ω1 andω2, rises from the fact that their separate values
are linearly proportional to the angleα � π/2 and energy
measurement accuracy will be determined by the accuracy
of the interaction angle measurement. As the electron rest
mass is well known(∆me/me = 4 · 10−8) [2], in our case
we have
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Edge 1 spectrum Chi2 / ndf = 82.952 / 96
 0.230 ±Energy   = 2457.431 

 0.239 ±Sigma    = 7.363 
 15.622 ±Integr   = 908.721 

 0.000 ±Slope    = 0.002 
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Edge 2 spectrum Chi2 / ndf = 97.637 / 90
 0.275 ±Energy   = 3488.296 

 0.215 ±Sigma    = 8.925 
 9.674 ±Integr   = 547.041 
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0.12 eV photons on 1800 MeV electrons at 80 grad angle

Energy from fit: E=1800.0 +- 0.1 MeV (6.12e-05)

Figure 2: Simulation results for the scattered photon spectrum and the energy, obtained from fitting the spectrum edges.
Main simulation parameters are ε=1800 MeV, ω0=0.12 eV, α=80◦.

3 SPECTRUM SIMULATION

According to preliminary estimations, the statistical er-
ror at the level of 5 · 10−5 can be achieved with the follow-
ing parameters:

• electron beam current 10 mA,
• CO2 laser power (inside the cavity) 100 W,
• laser waist size at the interaction area 1 mm,

• HPGe detector energy resolution 5 keV,
• HPGe registration efficiency 10%,

• spectrum acquisition time 103 s.

The simulation results for the photon spectrum and the
electron beam energy ε, obtained from data fitting, are pre-
sented on Figure. 2.

4 CONCLUSION

The proposed set-up for the absolute electron beam en-
ergy calibration by CO2 laser photons has the following
advantages relatively to the head-on interaction scheme:

• The average energy of the scattered photons spectrum
edges is twice lower then in the head-on interaction
case. This simplifies the calibration of the HPGe de-
tector and increase its efficiency.

• The transverse configuration of the interaction area
simplifies the alteration of the existing accelerator
vacuum chamber.

• If the entire laser cavity angular alignment is foreseen
in hardware realization of experimental equipment, it
provides the additional control over systematical er-
rors, cause the offered scheme is insensitive to the in-
teraction angle.

The obvious complication of the offered scheme is to
achieve the high enough intensity of the scattered pho-
tons beam, cause the electron-photon luminosity is much
smaller then in the head-on interaction.
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