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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

We describe a method employing a plastic scintillator coupled to a fast photomulti-
plier tube to generate a timing pulse from the x-ray bursts emitted from a synchrotron
radiation source. This technique is useful for performing synchrotron experiments
where detailed knowledge of the timing distribution is necessary, such as time resolved
spectroscopy or fluorescence lifetime experiments. By digitizing the time difference
between the timing signal generated on one beam crossing with the timing signal gen-
erated on the next beam crossing, the time structure of a synchrotron beam can be
analyzed. Using this technique, we have investigated the single bunch time structure
at the National Synchrotron Light Source (NSLS) during pilot runs in January, 1989,
and found that the majority of the beam (96%) is contained in one rf bucket, while
the remainder of the beam (4%) is contained in satellite rf buckets preceeding and

. following the main rf bucket by 19 ns.

In order to perform timing experiments such as time resolved spectroscopy or fluores-
cence lifetime measurements at synchmtfon radiation facilities, it is necessary to obtain
a timing signal that is accurately synchronized to the incident beam. The most common
method for obtaining this timing signal is to sample the radio-&equéncy (rf) signal that
powers the synchrotron’s accelerating cavities with a zero-crossing discriminator. As the
rf cavities and associated power supplies are usually located many meters away from the
experimental area, a long cable is required to carry the timing signal to the experimental
area, frequently resulting in electrical noise and subseqﬁent timing jitter because of ground

loops and antenna effects. In addition, the time difference Between the rf crossover and
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the arrival of the x—ra& beam into the experimental area is unknown, and can vary during
a run as the accelerator orbits are changed.

Therefore, we have devised a method the uses the x-ray beam itself to generate a timing
pulse. The device, shown in Fig. 1 consists of a thin (0.043 in. thick x 0.375 in. wide X
1.0 in. long) piece of Pilot U plastic scintillator coupled with Dow Corning 3140 RTV to a
fast (2.3 nsrise time, 1.6 ns transit time spread) Hamamatsu R647-01 photomultiplier tube
that is' powered by é. Hamamatsu E849-02 base. The plastic scintillator is wrapped with
a reflective cda.ting of aluminum foil, and the entire assembly is wrapped with black tape
to block ambient light. When the scintillator is placed in the path of the x-ray beam, the

x-rays excite the scintillator and cause the photomultiplier tube to fire. An Ortec 473A

constant fraction discriminator converts the photomultiplier tube output into atiming:

signal that is accurately synchronized to the leading edge of the synchrotron x-ray beam.

The intrinsic timing resolution of this device is' measured by constructing two such"

devices, supplying -1100 V to each of their bases, and placirig a positron emitting ®Ge

source between them. The back-to-back pair of 511-keV photons resulting from positron = -

annihilation 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 converter and
digitized with a LeCroy 3512 a.nalbg to digital converter. The resulting distribution, shown
in Fig. 2, has a full width at half maximum (FWHM) of 1.5 ns, which implies that the
time resolution of a single device has a FWHM of 1.2 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 to irradiate the sample. In this configuration, it can be
used with x-ray energies as low as a few keV, limited by the x-ray beam attenuation in
the aluminum foil and black tape surrounding the scintillator. A minimum total energy
deposit in the scintillator of approximately 100 keV is necessary to form a good timing
pulse. Using this value and the mass absorption cross section for aluminum [1], Fig. 3 shows

~ the minimum flux necessary to form a good timing signal, in units of number of x-rays
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per bunch incident on the detector, as a function of the incident x-ray energy. At 5 keV
incident energy, an incident flux of approximately 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 intera,ctiﬁg. Fig. 3 also shows
the fraction of the incident x-ray beam that passes unaltered through the device as a
function of energy. Less than 50% of the incident beam flux of x-rays above 10 keV 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
minimum incident flux is determined not by absorption in the protective wrapping but by
the x-ray flux stopped in the scintillator. This minimum flux necessary to have sufficient
radiation absorbed by the scintillator is a slowly varying function of the x-ray energy; and
is approximately 100 photons per bunch impinging on the device for x-ray energies above
6 keV.

We used this device to investigate the beam timing structure with mbnochromatic
22 keV x-ray radiation from beamline X23-A2 at the National Synchrotron Light Source
(NSLS) during pilot single bunch runs in January, 1989. The time difference between
timing signals generated by our device for successive bunch crossings is digitized with the

same equipment used to measure the intrinsic timing resolution of the device, and the

| resulting distribution is shown in Fig. 4. The majority of the beam (96%) is contained

in one rf bucket, while the remainder of the beam (4%) is distributed into two satellite
rf buckets located 19 ns preceeding and following the main rf bucket. When the effect of

the intrinsic timing resolution of our device is subtracted from the 2.3 ns FWHM of the

~ central peak, we measure a 1.9 ns FWHM variation in the bunch rotation period.

In conclusion, we have constructed a simple device based on a photomultiplier tube and

. plastic scintillator that provides a timing pulse synchrohized within 1.2 ns of the arrival

time of an x-ray pulse. The device is useful for x-ray energies above a few keV, and can

operate with fluxes as low as.a few tens to hundreds of x-rays impinging on the device. In
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addition to providing a timing pulse for fluorescence lifetime or time resolved spectroscopy
measurements, it can be used to measure the synchrotron x-ray beam time structure.

We would like to thank John Cahoon of Lawrence Berkeley Laboratory for invaluable
technical support, as well as Dr. Chuck Bouldin of the National Bureau of Standards for
use of Beam Line X23-A2 at NSLS.
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List of Figures

Figure 1: Photograph of the plastic scintillator (0.043 in. x 0.375 in. x 1.0 in.), pho-
tomultiplier tube (0.5 in. diameter x 2.8 in. long), and base (1.375 in. long) before the
assembly was wrapped with black tape.

Figure 2: Coincidence time distribution of two devices excited simultaneously.

Figure 3: Minimum flux (number of x-rays per bunch incident on the device) necessary
to produce a goéd timing signal and fraction of incident beam transmitted as a function
of incident X-Tay energy.

Figure 4: Beam timing structure measured during pilot single buhch runs at NSLS in

January, 1989.
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