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.~ A METHOD FOR MEASURING THE TIME STRUCTURE OF SYNCHROTRON X-RAY BEAMS

W.W. MOSES and 5.E. DERENZD

Lawrenee Berkeeley Labaratory, University of California, ! Cyelotron Road, Berkeley, California 04720, US4

We described o method emplaying o plastic scintillstor coupled 1o & fast photomultiplier tobe o gensrate o 1iming pulse from the
¥-roy bursis emitted from a synchrotron radiation source. This technigue is usefol for performing synehrowron experiments whers

= derniled knowledge of the timing distdbution is necessary, such a5 time-resolved spectroscepy or Ouorescence lifetime experiments.
" By digitizing the time difference betwesn the timing signal generated on one beam crossing with the timing signal generated an the
' nexi beam crossing, the tme structure of o synehroron bepm can be snalyzed, Using this lechnique, we have imvestigated the
- single-bunch time strocture al the National Synchrotron Light Source (NSLS) during pilot runs ian Januery 1985, and found that the

majority of the heam (B6%) is contained in one rf bucket, while the remainder of the beam (4%) is conained mn satellite of buckets

preceding and following the main o bucket by 19 ns.

.. In order to perform timing experiments such &s
time-resclved spectroscopy  or fluorescence lifetime
measurements At synchrotron radiation facilities, it is

- mecessary to obtain a timing signal that 1s accuralely
. synchronized to the incident beam. Fhe most common

method for obtaining this timing signal is to sample the
radic-frequency (rf) signal that ppwers the synchrotron's
accelerating cevites with & zero-crossing discriminator.
As the of covities and associated power supplies are
usually located many meters away from the experimen-
tal ares, 8 long cuble is required to carry the timing
sigmal to the experimental area, frequently resulting in

= glectrical noise and subsequent timing jitier becanse of

ground Joops and antenna effects. In addition, the time

Rk,

difference between the of crossover and the armval of
the X-ray beam into the experimental ares is unknown,
and can vary during 2 run as the accelerator orbits are
changed.

Therefore, we have devised a method that uses the
M-ray beam itself to gemerate a timing pulse. The device,
shown in fig 1, consists of a thin ((L043 in. thick % 0.373
in, wide % 1.0 in. long) piece of Pilor U plastc scntille-
tor coupled with Dow Corning 3140 RTV to a fast (2.3
ns rise time, 1.6 ns transit dme spread) Hamamatsu
R#47-01 photomultiplier tube that is powered by a
Hamamatsu ER49-02 base, The plastic scntillator is
wrapped with a reflestive coating of aluminum foil, and
the entire assembly is wrapped with black tape o block

Fig, 1. Photograph of the plustic seintillator (0.043 i *0.375 in. > 1.0 in), photormltiplier nibe (0.5 . diameter 3 2.8 0. Jong), and
hiase (1.375 in. long¥ before the assembly was wrapped with Black tape.

U16%-9002 /90 /505,50 © 1990 — Elsevier Science Publishers BV, (North-Holland}
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Fig. 2. Coincidence time distribution of two deviees excited
simuitanequsiy.

ambient light. When the scintillator is placed in the
path of the X-ray beam, the X-rays excite the scintilla-
tor and cpuse the photomultiplier tbe to fire, An Ortee
473A constant-fraction discriminator eonverts the pho-
tomultiplier-tube output inte a timing signal that is
accurately synchronized fo the leading edge of the svn-
chrotron X-ray beam.

The minnsic dming resolution of this device s mea-
sured by constructing two such devices, supplying
—1100 ¥ to each of their bases, and placing & positron-
emitting “Ge source between them. The back-to-back
pair of 511-ke¥ photons resulting from positron annihi.
lation excites the two devices simultaneously, and the
difference between the arrivel times of the two pulses is
measured with an Ortec 457 dme-to-amplitude con-
verter and digitized with a LeCroy 3512 analop-to-dig-
ital converter. The resulting distribution, shown in fig.
2, has & full width a half maximum (FWHM) of 1.5 ns,
which implies that the time resolution of a single devies
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 to irradiate the sample. In this confip-
uration, il can. be used with X-ray energies as low as o
few keV, limited by the X-ray beam attenvation in the
aluminum foil and black tape surrounding the scintills-
tor, A minimum total energy deposit in the scintillator

Fig. 3. Minimum flux {number of X-rays per bunch incident on

the device) necessary to produce & good timing signal and

fraction of incident beam transmitted as & function of incident
X-roy energy,

energy, Less than 30% of the incidemt beam fux of
Xeravs above 10 keV 15 absorbed in the scintillator and
aluminum coating. Therefors the device can be placed
in the X-ray beam in front of the sample without
significantly affecting the beam, and the minimum inci-
dent flux is determined not by absorption in the protec-
tive wrappiog but by the X-ray flux stopped in the
scintillator. This minimum flux necessary to have suffi-
cient radiation absorbed by the scintillator is a slowly
varying - function of the X-ray energy, and is approxi-
mately 100 photons per bunch impinging on the devies
for X-1ay energies above g:keV.

We used this device 1o investigate the beam timing
structure with monechromatic 23-keV X-ray radiation
from beamline X23-A2 at the Natiomal Synchrotron
Light Source (MSLS) during pilot single-bunch runs in
January 1989, The time difference between Uming sig-
nals penerated by our device for successive bunch cross-
ings is digitized with the same egquipment vsed to mea-
sure the intringic timing resolution of the device, and
the resulting distribution is shown in fig. 4. The major-
ity of the beam (96%) is contained in ome rf bucket,

i

of approsumately 100 keV is necessary to form & good e L i I I I I ) :
timng pulse. Using this value and the mass absorption B al A 1
cross section for aluminum [1), fig. 3 shows the mini- 2 10°F FwHm=23ng ! B |
mum flux necessary to form & good timing signal, in g af 4
units of number of X-rays per bunch incident on the — 107 o % 1
detector, as & function of the incident X-rav energy. At % _"i‘ £ : -
5 keV incident energy, an incident flux of approxi- 2 10k E : o 4
mately 340 photons per bunch is necessary. = e .: .

As the X-ray energy incresses, thelr penetrating ] S| Bt
powsr increases o the point where most of the X-rays 30 20 40 0 10 20 320
pass through the scintillator without interacting. Fig. 3 Time {ns)

also shows the frection of the incident X-ray beam that
passes unaliered throogh the device as a function of

Fig. 4. Beam uming structurs measured during pilel single-
bunch runs at NSLS in JTanuary 1980,
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hile the remainder of the bepm (4%) is distributed into
wwo satellite T buckets Jocated 19 ns preceding and
following the main f bucket. When the effect of the
intringic timing resolution of our device is subtracted
Sfrom the 2.3 ns FWHM of the central peak, we measure
a 1.9 ns FWHM variation in the bunch rotation penod,
1n conclusion, we have constrocied & simple device
ased on a photomultplier wbe and plastc scintillator
ihat provides a timing pulse synchronized within 1.1 ns
“pf the arrival time of an X-ray pulse. The device is
eful for X-ray energies above a few keV, and can
perate with fluxes as low as 2 few tens 1o hundreds of
erays impinging on the device. In addition to provid-
ng & timing pulse for fluorescence lifetime or time-re-
plved spectroscopy measurements, it can be used to
asure the synchrotron X-ray beam time structure,
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