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Abstract

In this paper, we will present some recent developed
methods of beam observations and their experimental
results. These methods including: beam energy
measurement by laser Compton scattering, investigating
electron beam orbit sensitivities on the flux of the photon
beam line, beam lifetime investigation in storage rings.

1 INTRODUCTION

We have been trying to utilize the known principles of
Beam physics and the existing Photonics knowledge and
devicesto investigate or to perform new methods of beam
observations. In this paper, we will present some recent
developed methods of beam observation and their
experimental results. These methods including: beam
energy measurement by laser Compton scattering,
investigating electron beam orbit sensitivities on the flux
of the photon beam line, beam lifetime investigation in
storage rings. Only brief description and results are
presented in this review. References are provided for
more detail information for each individual study. All of
the experiments are performed on the electron beam in the
storage ring of Tawan Light Source(TLS) of
Synchrotron Radiation Research Center(SRRC), Taiwan.

2 BEAM ENERGY MEASUREMENT BY LASER
COMPTON SCATTERING[1],[2]

The method of Compton scattering to measure the
electron beam energy in the storage ring or to produce
guasi-monochromatic y-rays is characterized by excellent
signal-to-noise ratio. To acquire a high y-ray flux, a
pulsed CO, laser with up to 2.67MW peak power is
employed. Owing to the fact that the background
radiation from Bremsstrahlung is extremely high ( about
1200 counts/sec at 20mA electron beam current ), how to
effectively subtract the background radiation is a relevant
concern. In this study, we developed the method of
synchronous measurement to resolve the above problem.
The synchronous measurement used a gate to periodically
allow the signals to pass from the detector to the counting
system. Since the scattered photons were produced after
the laser pulse reached the interaction region, the laser
could provide a trigger signal for the gate to open. The
method proposed herein increases the signal to noise ratio
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from 1.2 to 42.5. Figure 1 presents the entire system'’s
schematic diagram. According to this figure, the laser
photons pass through the optical system into the storage
ring’s straight section. After being scattered by
relativistic electrons, thg-rays passes through the lead
collimator and is then detected by the HPGe detector.
The signal processing instruments, then, acquire the back-
scattered-rays’ spectrum.

Considering that the highest energy of the back-
scattered photons was arousadOkeV, we chosé‘Na the
standard source in energy calibration of the HPGe
detector since the two characteristic energiedNd were
1368.4keV and2753.6keV. Those energies contributed to
a sum-peak energy @fl22keV that could be applied to
the interpolation method in energy calibration.

Figure 2 presents the spectrum of the Compton
scattering with a collimator having an inner diameter of
3mm that corresponded to a half opening angle of
0.2241mrad. The background radiation’s counting rate
without the laser Compton scattering effect was around
0.82 countg/sec with gating. After the laser collided with
the electron beams, the counting rate raised3483
counts/sec. TheSN ratio was approximate2.5.

The highest back-scatteregray energy could be
estimated from the sharp edge of the spectrum as shown
in Fig. 2. For our latest experiment, it was
3054ke\t2.6keV. According to the results, we can infer
that the electron beam energy was 1.3I68017GeV.
The relative energy measurement uncertainty of this
experiment i9.13%.
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FIG. 1 Schematic diagram of the overall system: part of
the vacuum chamber of the storage ring, optical system,
detecting system, and signal processing system.
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30 3 backscattered photons, 3483 cps figure also plots the beam angle’s value at each step on
1---- background radiation, 0.82 cps the right vertical axis, i.e. the X-X’ correlation.
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measurement. (electron beam current=19mA, counting Position: X (mm)

time=4frs., and SN ratio =42.5.) Fig. 3 The measurement results for which only the
position bump was varied.

3 INVESTIGATING ELECTRON BEAM ORBIT
SENSITIVITIESON THE FLUX OF THE PHOTON
, _BEAM LINE[3] " 4 BEAM LIFETIME INVESTIGATION IN
This study examines the beamline flux sensitivity due STORAGE RINGS[5]
to an electron beam’s positional and angular changes at

the source point of the beamline. Beam experimental and Ar\ns dISG generally knowg, tge tW?_f unequal b'lgnc'hes
numerical studies have been undertaken. It was perfor t ?h[ ] i:an sfipe;rat_elz_ht f) eam |et|tme (t:_ontrlf utlonsh
by varying the size of either the electron beam’s orb fom these two €fiects. The beam current vs. ime for eac

local position bumo or that of the local anqular bum individual bunch was measured by the voltage signal of a
post PO g Hsroad band pickup. The lifetime of each individual bunch
Changes in the beamline flux are measured at the eNtralees then calculated. The calibration of the broad band

slit downstream. Those two types of local bumps arg.\ .\, signal was done by a DC current transformer
created by four correction magnets. The strength of fo HCCT) when a single bunch beam was stored. Figure 4
correction magnets must adhere to a certain ratio O mmarizes these results. The horizontal axis is the
control the amplitude and slope of the electron beamiference between the two bunch currents in mA. The
orbit at a given position in a ring. The experiments in thigertical axis is the difference of the inverse of the bunch
study are conducted on the 6m-HSGM (6 meter Higiptal lifetime. From the slope of the fitted line, the
energy Spherical Grating Monochromator)[4] beamline &roportionality constant A can be obtained and the
TLS. Touschek lifetime for a given bunch current can be
Results obtained from the beamline studied heretralculated. Under the experimental conditions of the
indicate that 1Qum vertical beam position displacementnominal transverse beam sizes, = 18Gt9 pm, o, =
causes a relative photon flux change of+0.9%, as 70+5 um), a total RF voltage of 700 kV and a bunch
measured at the entrance slit downstream. Thiength of 100 ps, the results derived from Fig. 4 are:
observation corresponds to the numerical results. In
addition, a vertical beam angular change of W@d  Touschek lifetime(min)=(366t52)/(single bunch current in mA)
causes a relative photon flux change oft0.2%. The
above two values depend on the electron beam size, 8iithe following calculations, the above results are used to
size as well as the beamline’s optics. Figure 3 presemstimate the multibunch beam lifetimes. For a total beam
the measurement results for which only the position bunqurrent of 195 mA (filling 140 bunches), the single bunch
was varied. Horizontal axis denotes the beam position @irrent is 1.39 mA. The Touschek lifetime is 263
the source point. The left vertical axis represents thfin. The measured total beam lifetime at 195 mA with a

rela_tiye photon flux fluctuation Mo/1,) per unit. beam. multibunch mode by DCCT is 228 min. Subtracting
position displacement at the source point. While varying;>63 min) from 1/(238 min) yields the gas scattering

the beam positions, the beam angle should rema}ifetime as 2501361 min. The reason of the large

unchanged. Due to the position bump’s imperfection, thuncertaint was discussed in Ref[5]
beam angle at the source point slightly changes. This y '
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Fig. 4 The Touschek lifetime measurement by the two
unequal bunch beam method. The horizontal axisisthe
difference between the two bunch currentsin units of mA.
The vertical axisisthe difference of the inverse of the
bunch total lifetime.

In the multibunch method, using the same total RF
voltage, we first measured the total beam lifetime at the
multibunch mode with the nominal transverse beam sizes
(ox = 1809 pm, oy = 70x5 um). The beam current was
195 mA (filling 140 bunches) with a total beam lifetime
T, of 238+1 min. Next, the beam was driven into the
difference resonance and the transverse beam area (o, =
357x14 um, o, = 353+16 um) was increased by a factor
of 10. The beam current was 194.3 mA with atotal beam
lifetime 110, Of 9601 min. If the difference between the
beam current of 195 mA and 1943 mA can be
disregarded, the following two equations can be solved
easily, yielding a Touschek lifetime tr of 285+14 min and

a gas scettering lifetime T of 1443%280 min which
includes theion effects, if they exist.

Vt,=1/238 = Uty + U T @
1/T103 =1/960 = 1/(10[T) +1/ Tgas
]

The results obtained above are valid for estimating the
beam lifetimes for the multibunch operation mode
because all the measurements are taken in the multibunch
mode.

According to the measurement results, the Touschek
lifetime is longer when measured by the multibunch
method (285+14 min) than when measured by the two
unequa bunches method (263+38 min). The reason for
this discrepancy is that in the two unequal bunches
method, the Touschek lifetime was measured at the few
bunches mode and in that mode, the bunch lengthening

effects, possibly caused by the couple bunch effects may
not be as prevalent as those in the multibunch mode. For
the estimation of the gas scattering lifetime of the
operation mode i.e., the multibunch mode, in which the
total lifetime was measured, we used the Touschek
lifetime measured at the few bunches mode. This misuse
caused the Touschek effect in the multibunch mode to be
overestimated and consequently, underestimated the gas
scattering effects in the multibunch mode. The Touschek
lifetime is longer by 8% {i.e., (285-263)/[(285+263)/2] }
when measured by the multibunch method than when
measured by the two unequal bunches method. The
theoretical value of the Touschek lifetime a the
corresponding parameters is 302 min. There is a 54%
{i.e., (2500-1443)/[(2500+1443)/2] } discrepancy of the
gas scattering lifetime measured by the two methods.
Besides the consequence of the overestimation of the
Touschek effect as previously mentioned, a significant
reason for this discrepancy is a possibility of the
discounting of the effects of any trapped ions in the
multibunch operation mode, when the lifetimes were
estimated by the results of the two unegual bunches
method.
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