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A METHOD FOR MEASURING 11IE TIME STRUCTURE OF SYNCHROTRON X-RAY BEAMS

W.W. MOSES and S.E. DERENZO
Lawrence Berkeley Laboratory, University of California, 1 Cyclotron Road; Berkeley, California 94720, USA

We described a method employing a plastic scintillator coupled to a fast photomultiplier tube to generate a timing pulse from the
synchrotron radiation source. This technique is useful for performing synchrotron experiments wh~e

such as time-resolved' spectroscopy or fluorescence lifetime experiments.
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next beam crossing, the time structure of a synchrotron beam can be analyzed. Using this technique, we have investigated the
.Synchrotron Light Source (NSLS) during pilot runs in January 1989, and found ~t the

beam (4%) is contained insatellit!:;rf :buck;ets
bucke-tby 19 ns.is within

hTe hope
l increase
:ld. i, In order to. perform timing experiments such as

spectroscopy or fluorescence lifetime
at synchrotron radiation fa,ciliues,' it is

~~sary to obtain a timing si~ ~t.1S accurately
synchronized to the incident beam. ,Tbe f~ost co~on
~~thod for obtaining this timing sipiis to sample the
r~o-frequency (rf) signal that pjJ#ers the synchrotron's
~ccelerating cavities with a zero-crossing discriminator.
As the rf cavities and associated power supplies are
vsuallY located many meters away from the experimen-
@ area, a long cable is required to carry the timing
~ign81 to the experimental area, frequently resulting in
fitectrical noise and subsequent timing jitter because of
~ound loops and antenna effects.. In addition, the time

difference between the, rf crossover and the arriv~ of
the X-ray beam into the experimental area is unknoWl;l.
and can vary during a run as the accelerator orbits are

changed. ,
Therefore, we have devised a method ~t uses the

X-ray beam itself to generate a ~gp$~. The device,
shown in fig. 1, consists of a thin (0.043 in. thick X 0.375
in. wide x 1.0 in. long) pieceDf Pilot U plastic scintilla-
tor coupled with Dow Corning 3140 RTV to a fast (2.3
ns rise time, 1.6 ns transit time spread) HRmRmatsu
R647-01 photomultiplier tube that is powered by a
Hamamatsu E849-02 base. The plastic scintillator is
wrapped with a reflec~ve coatiDg ofal~um fQil, and
the entire assembly is wrapped with black tap~ to block
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Fig. 1. Photograph of the plastic scintillator (0.043 in; XfJ.375 in. X 1.0 in.), photomultiplier tube (0.5 in. diameter X 2.8 m. long), and
base (1.375 in.long)'before the assembly was wrapped with black tape.
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Fig. 3. Minimum flux (number of X-rays per bunch incident on
the device) necessary to produce a good timing signal and
fraction of incident beam transmitted as a function of incident

X-ray energy.
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Fig. 2. Coincidence time distribution of two devices excited

simultaneously.
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energy. Less than 50% of the incident beam flux of
X-rays above 10 keY is absorbed in the scintillator and
aluminum coating. Therefore the device can be placed
in the X-ray beam in front of the sample without
significantly affecting the beam, and the mininlum inci-
dent flux is determined not by absorption in the protec-
tive wrapping but by the X-ray flux stopped in the
scintillator. This minimum flux necessary to have suffi-
cient radiation absorbed by the scintillaior is a slowly
varying-function of the X-ray energy, and is approxi-
mately 100 photons per bun.<;h impinging on the device
for X-ray energies above p;£eV.

We used this device --to investigate the beam timing
structure with mon'/ich/omatic 22-keV X-ray radiation
from beam1ine X23~A2 at the National Synchrotron
Light Source -(NSLS) during pilot single-bunch runs in
January 1989. The time difference between timing sig-
nals generated by our device for successive bunch cross-
ings is digitized with the same equipment used to mea-
sure the intrinsic ~g resolution of the device, and
the resulting distribution:,is shown in fig. 4. The major-
ity of the beam (96%) is contained in one rf bucket,
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ambient light. When the scintillator is placed in the
path of the X-ray beam, the X-rays excite the scintilla-
tor and cause the photomultiplier tube to fire. An Ortec
473A constant-fraction discriminator converts the pho-
tomultiplier-tube output into a timing signal that is
accurately synchronized to the leading edge of the syn-
chrotron X-ray beam.

The intrinsic timing resolution of this device is mea-
sured by constructing two such devices, supplying
-1100 V to each of their bases, and placing a positron-
emitting 68Ge source between them. The back-to-back
pair of 511-keV photons resulting from positron annihi-
lation excites the two devices simultaneously, and the
difference between the arrival times of the two pulses is
measured with an Ortec 457 time-to-amplitude con-
verter and digitized with a LeCroy 3512 analog-to-dig-
ital converter. The. resulting distribution, shown in fig.
2, has a full width a half maximum (FWHM) of 1.5 ns,
which implies that the time resolution of a single device
has a FWHM of 1.1 ns.

This device is usually placed to one side of our
sample in a portion of the incident X-ray beam that is
not being Used toirradiat~the sample. In this config-
uration, it can be used with X-ray energies as low as a
few keY, limited by the X-ray beam attenuation in the
aluminum foil and black tape surrounding the scintilla-
tor. A minimum total energy deposit in the scintillator
of approximately 100 keVis necessary to forma good
timing pulse. Using this value and the mass absorption
cross section foTwiiliiiIium[l];ng: -'.3~Shows theriiirii:
mum flux necessary to fomi a good timing signal, in
units of number of X-rays per bunch incident on the
detector, as a function of the incident X-ray energy. At
5 keY incident energy, an incident flux of approxi-
mately 340 photons per bunch is necessary.

As the X-ray energy increases, their penetrating
power increases to the point where most of the X-rays
pass through the scintillator without interacting. Fig. 3
also shows the fraction of the incident X-ray beam that
passes unaltered through the device as a £unction of
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Fig. 4. Beam timing structure measured during pilot single-

bunch runs at NSLS in January 1989.
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~
.the main rf bucket When the effect of the

timing resorotion of our device is subtracted
we measure
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:. 40 j;,In conclusion, we have constructed a simple device
, on a photomultiplier tube and plastic scintillator

timing pulse synchronized within 1.1 ns
arrival time of an X-ray pulse. The device is
for X-ray energies above a few keY, and can

as a few tens to hundreds of
on the device. In addition to provid-

pulse for fluorescence lifetime or time-re-
spectroscopy measurements, it can be used to

beam time structure.
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