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Abstract 2 |IDEA

A new approach for absolute beam energy measuremefjie main idea of the current suggestion is an attempt
with a use of the kinematic properties of the ComptoRy skip through the problem of having a perfect detector
backscattering is suggested. Under reasonable gamma-fgy direct Compton energy spectra measurements. As far
beam detector requirements, it possesses absolute accurggithe laser-electron interaction is the interaction of two

for beam energy measurement up to the valugof. monochromatic beams, there is an unambiguous correla-
tion between the scattered photon eners@nd its emission
1 INTRODUCTION angled, described by equation (1). Thus one can measure

the photon emission angle instead of its energy. If we use
There are several approaches to measure the electron b A | aser lines to scatter on the electron bean:= wo
energy by use of Compton backscattering kinematic pro Dndws = K - wo (K > 1), then for any monochromatic
erties. The Compton backscattering kinematics is shovsfn ’

on Fig.1: a photon with energyo and wave vectobs is ine w in the backscattered photon energy spectra (below
Pl Vo 0
incident on a high energy electrén = |]) with anglea. the backscattered photons energy spectrum edgs jave

) i - have the following equation:
In the final state an energetiequantum(w, k) is scattered
by angled.
A _ KX 5
’ AT e/~ 1L EAT Gfmecye’ @
wik L £ p wheref; andd, are the photon scattering angles for laser
e ¢ lines with the energies,, w,. This gives a possibilty to
\<§\< determine the electron beam energy by measuringthe
( X andd, angles:
]
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To perform the calibration of the electron beam energy
¢ we suggest to obtain the Compton backscattering for
Figure 1: Compton backscattering kinematics two laser lines on the electron beam, and then to measure
the backscattered photon energy and coordinates by-the
Main kinematic parameters of the Compton backscatteguanta detector, situated at distaizérom the interaction
ing are coupled by the following formula [1]: area along the photon beam propagation direction. The es-
sential difference from the mentioned above idea of direct
B Y ‘ _ dew, 20 (4 measurement of the Compton energy ;pectra edg'es is that
YEETIT (0c/mec?)?’ = (mecz)zcos 9 (1) the sense of the energy spectrometer in our case is only to
select the same energy range for the backscattering photons
Since that, one can measure the Compton energy sp@&m both initial laser photons energies.
trum for a couple or more laser wavelengths and then de- First, let's assume that we have thequanta detector
termine the electron beam energyrom the relative posi- ith perfect energy and space resolution, and that the elec-
tions of the energy spectrum edgés< 0). Althoughthese tron beam itself has zero transverse size and all electrons
edges are very sharp and thus may be measured with & V@gmenta are collinear. In this ideal case any monochro-
high accuracy, one must exactly know the linearity of thenatic linew in the energy spectra far; andw, laser pho-
energy scale of the detector used for the measurementsiés energies gives delta-function distributions over radius
obtain the high accuracy for the electron beam energy calip — p tan(6) in the coordinate detector plane. The ac-
bration. curacy for the beam energy calibration is then given by the
* Corresponding author. E-mail: muchnoi@inp.nsk.su expression:
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the list in the end of the previous section give the Gaussian

de | i\/( < )2AR? + AD?; (4) dispersions,, ands,. By simple integration of th¢(z, y)

e~ DV mee? ’ function overz or y coordinates, we have the functions to
WhereAR andA D are the accuracies for the radifgs  fit they andz coordinate distributions of the backscattered

and detector distande. From this expression we can men-phOtOﬂS on the coordinate detector, and then determine the

tion that for the beam energy = 5.0 GeV and detector Fo. The plot for thef(z, y) function is given on Figure 2.

distancel> = 50 m we need to measure the radilawith

accuracy hout1 um to have the~ 10~* accuracy for. 4 NUMERICAL EXAMPLE

The values ofm., ¢ and K are considered to be known , ) i
with the accuracy of0~% and are treated as constants inf he Monte Carlo simulations were performed to obtain the

the further discussion. possible experimental accuracy of the electron beam en-
In real life this narrowR-distribution is smeared by the €9y measurement. The following parameters were set for
following parameters: the Compton backscattering process simulation:
o the width of the choozen energy range in the backscat- ® electron beam energy = 5 GeV (that is the case of
tered photon energy spectrum; VEPP-4M collider [2]);
e energy resolution of the spectrometer; e photon energies; = 1.165 eV andv; = 2.33 eV that
i ) . corresponds to the first and the second harmonics of
e space resolution of the coordinate detector; Nd:YAG laser (this mean& = 2);

e energy, coordinate and angular spreads in the electron.

electron-laser beams interaction angle= /2, that
beam.

allows to obtain accurate knowledge of the electron-

photon interaction area position;
3 RADIUS MEASUREMENT

We have to determine the radius that corresponds to the se-.
lected energy diapason in the backscattered photon spectra

for both thew; andw; laser lines from the coordinate dis-  The packscattered photon energy spectra for two laser
tributions of these photons on the coordinate detector. Tl’fﬁuoton energies; = 1.165 eV ands, = 2.33 eV are plot-
section describes one of the possible approaches to sofyg on Figure 3. The dashed region (100 MeV width) was
the problem. We assume that the coordinate distributiqf)iged into 1 MeV intervals, for each of them theandy

]?f thelbackscattered photons is described by the following,,ginate distributions were simulated on the coordinate
ormula;

Gaussian dispersions for the electron beam transverse
sizeso, = 100um, o, = 200um;

detector.
f(l‘, y) = 471'20110ng : 5
27
Rg cosp—2)? Rosinp—y)?
-fexp[—( 20? L 5o ) ]dS03 (5) JJJI
0 y

that is the convolution of the ring with radiug, with
the two-dimensional Gaussian for coordinatesndy.

cross section, mbarn
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Figure 3: The backscattered photons energy spectra

Next set of simulation parameters describes the detector
for the backscattered photons:

e The coordinate detector Gaussian dispersions for the
space resolutiost, = 100um, o, = 100um;

Figure 2: Thef(x, y) function

e The coordinate detector distance from the electron-
The ring with radiusk, corresponds the ang#efor the photon interaction area and #@scuracy
backscattering photons of energyand all the factors from D+ AD=7500+ 0.5 cm.
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Coordinates and energy are measured in channels: angandws, as it was shown on Figure 3. The non-zero
coordinate channel equals 1@0n, one energy channel width of the selected interval gives the difference between
equals 0.1 MeV. The coordinate distribution of backscatthe average energy (inside each interval) for these two spec-
tered photons for one of the energy intervals is shown ama. The effective width of the interval is determined by the
Figure 4: convolution of the selected range with the resolution of the
spectrometer. Therefore there is no sense to select the in-
tervals narrower then the spectrometer energy resolution.
The dependence of the systematical beam energy shift on
. the spectrometer energy resolution is given on Figure 6:
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Figure 4: X-coordinate distribution of backscattered pho-
tons forwy = 2.33 eV,e =5 GeV. Energy interval fixed by " s s s s \ \ \
the specrometer i$39 — 140 MeV. Empty squares - re- O Gnerty spectrometer Gaussian resol ution sigma, MV ©
sult of Monte Carlo simulation, the fit was done as it was
described in section 3*=1.047 Figure 6: The dependence of thee— ) /<0 on thes, .

The dependence of the relative statistical error in radius The absolute value of the electron beam energy on Fig-
measurement from the number of counts in histogram isre 6 was determined by averaging the values, obtained
given on Figure 5: from 20 energy intervals of 1 MeV width. The system-
atical shift must be taken into account for correct electron
beam energy measurement.
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1 5 DISCUSSION

A new approach to measure an absolute electron beam
1 energy by the coordinate-sensitive detector has been sug-
gested in this report. The statistical errors for radiuses de-
termination could be minimized to the leveldf~2 or even
better by increasing the experimental statistics to the value
] of 107 or more photons per histogram. A numerical esti-
i mations for the method accuracy at the electron beam en-
ergye=5 GeV shows that the main source of systematical
orter S B ounts 1 i S 1e+07 errors is in the difference of the energy spectra shapes for
two laser lines in the selected energy range. These system-
Figure 5: Dependence of the relative statistical error in rédtical shiftin the absolute beam energy calibration have to
dius measurement from the number of counts in histograi€ Significantly smaller for higher beam energies, cause the
The labels in the corner are in the same order (from top @ Pitrary energy resolution of the photon spectrometer will
bottom) as the lines and points on the plot. The Gaussidl$ Much better for this case.
angular spread in the electron beam eqodts 10~* rad
for cases a), ¢) an@l1 - 10~* rad for cases b), d) 6 REFERENCES
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