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A Silicon Telescope for Applications in
Nanodosimetry

Brian Keeney, Vladimir Bashkirov, Robert P. Johnson, Wilko Kroeger, Hiroshi Ohyama,
Hartmut F.-W. SadrozinskBenior Member, IEEEReinhard W. M. Schulte, Abraham Seiden, and Patrick Spradlin

Abstract—The position- and energy-sensitive primary particle panicle
detectors of a nanodosimetry system are described. They consist of i
atelescope of silicon strip detectors, which allow the determination i

R 00T oa ali
of the particle’s position from the hit strip address and its energy o] iy E- N

FP R
from the specific energy loss. In our implementation, the energy B
loss is measured through the time over threshold (TOT). When . T

& elecirom

testing the performance of a single silicon strip detector, it was ey ——+ 'on counter
found that between the energies of 20 and 100 MeV, primary | 5 Ly _'lrrlr']f‘""'lr
particle energy could be determined to an accuracy of 15%, i \ irirerg
decreasing to 25% at 250 MeV. Below 20 MeV, we observed TOT E. .
saturation. It is concluded that the performance of the tested E
silicon strip detector is suitable for application in nanodosimetry. )
differential pumping
|. INTRODUCTION

A schematic diagram of the nanodosimeter based on single-ion

. . ig. 1.
HEgoaI Ofour_res_earch ISto deveIQpaSIIICOH t_elesco_pe ﬂf%%nting. Only ions formed in the sensitive volume (shaded dark gray) are
I will have applications in nanodosimetry. It will provide aextracted with high efficiency and detected in the ion counter.

precise measurement of the energy and trajectory of individual

charged particles inducing ionizations within the low-pressutgta with primary particle energy and position relative to the
gas volume of ananodosimeter (ND) (Fig. 1). The ND techniqugensitive volume. In this paper, we describe the module’s
developed at the Weizmann Institute of Science, is based on fe@formance with respect to measuring particle energy, which

counting of individual ions deposited by the primary chargeglas tested with protons over a wide range of energies.
particles or delta electrons in a wall-less sensitive volume

segments as described in [1]-[3]. By using a gas at low ) L
pressure instead of a solid, the basic interaction of ionizing € téléscope is made up of two modules, each consisting of

radiation with molecules can be probed on the molecular sca?e?air of_single—side_d silicon strip detectors (SSDs) with their
Experimental results obtained to date prove the feasibility SF1PS oriented at right angles. These SSDs were developed
the ion counting technique with a vacuum-operated multiplid?" e gamma-ray large area space telescope (GLAST) and

and demonstrate the possibility of nanometer spatial resolutim’:fme"’ICturEHj by Hamamatsu Phot_onics [4]- The de’gectors are
[3]. constructed of p-on-n of 40@m thickness, with a pitch of

To enhance the measurement capabilities of the existihg##M: and outer dimensions of 6.4 by 6.4 cm. Fig. 2 shows
ND, the silicon telescope, consisting of two detector module€ Of the two modules. The SSDs provide information about
placed in front of and behind the sensitive volume, will b€ Primary particle track from the strip-hit information as

implemented. The new system will permit correlation of NIl @s the particle’s energy, which is determined via the
specific energy deposition measured in each detector.

For the readout of the fast silicon detector signals, we are
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Fig. 3. The TOT calibration curve. The curve is linear below 100-fC input
charge and saturates at 106 (not shown).

TABLE |
ENERGY AND TOT

0

Protonenergy ~ Mean TOT RMS TOT Charge TOT expected
Fig. 2. One of the two silicon modules. The 6:46.4 cm SSD and the MCM [MeV] [vs] {us] Deposition [us]
with 5 GTFE and 1 GTRC ASICs are visible. Alignment of the SSDs on the 400um Si [£C]
two sides to each other is accomplished by the Delrin posts and the precisi 13,500 7 1.4 53 6.5
cutting of the SSD to 2@m. 250 123 26 135 13.7
. L . 39 534 6.4 54 55
The measured electronic calibration of the chip TOT versu
input charge is shown in Fig. 3 and exhibits a linear dependen 27 70.4 7.5 67.5 69
of the TOT on the charge input up to a duration of 1/30At that ot 183 g 765 -
point, saturation sets in very quickly. Thus we expect valuabl ' ' '
energy measurement up to an input charge of 100 fC, which cc 2 84.4 98 8l 82
responds to the charge deposited by 20-MeV protons or about
o S . ’ X 176 105 115 99 101
minimum ionizing particles (MIPs) in 400m Si (see Table I).
One feature of the selected ASIC is that only one TOT value | 95 108 15 189 105
returned per detector, even if more then one strip is hit. The TC
) . . 7.4 109 21 243 105
value is theor of all pulse widths. Thus to achieve good energy
resolution, events with only one hit have to be selected, such
that there is no appreciable charge sharing between strips. Th~  g4q .~~~ =
TOT values for hits next to any nonfunctional strips were also A ]
eliminated because the extent of charge sharing is unknown. X TOT Spectra for 40MeV Protons ]
Fig. 4 shows the TOT spectrum for 40-MeV protons for all 400 - Y ]
events and for single-hit events and other fiducial cuts as men- i 22 a Athits |
tioned 3 300 b ﬁo% v _Single hits ] |
| s : -
[ll. SiLICON DETECTORPERFORMANCE j% 200 _ 5% ]
To determine the energy measurement capabilities of the sil-m f'
icon strip detector TOT system, we exposed silicon detectors tc F 1
. . ) 100 | §
proton beams of various energies and recorded the TOT spectre r & 1
Table | shows the proton beam energies selected. The TO1 & Ai! g g ]
. ,

spectra for single hits allow finding the mean and the full-width
at half-maximum of the deposited charge for different incident

50

100

150

proton energies. We used a prototype module to take TOT TOT [us]

SPeCtra In_ the .prOton t_)eam of the proton SynChrOtron at LOI”E@ 4. TOT spectrum for 40-MeV protons. The effect of the fiducial and hit
Linda University Medical Center (LLUMC). MonoenergetiCcuts is shown. Open circles: TOT in all events; open squares: TOT in events with
beam energies of 250 and 40 MeV were selected. Beamssiofile hits and with applied fiducial cuts.

lower proton energies were produced by degrading the proton

beam with polystyrene absorbers. In addition, we have analyzeehm test in January 2000 [4], using identical Si detectors and
the data taken in a 13.5-GeV proton beam during the GLAS#ont-end ASICs.
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Fig.5. TOT spectrum for 13.5-GeV protons. The effect of the hit cutis showpig. 7. Measured and predicted mean TOT signal as a function of the proton
energy. The proton energy can be measured uniquely at energies above 20 MeV
(and below 3 MeV, where the signal of stopping protons is not saturating the

300 f—+——+—t+——t+—+—+—————+—+— TOT). The error bars shown are the rms width of the TOT spectra in Fig. 6.
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Fig.6. TOT spectrum for two monoenergetic proton beams (250 and 40 MeV) Proton Energy [MeV]
and two degraded proton beams (24 and 17 MeV) with fiducial and hit cuts
applied. Fig. 8. Relative width of the measured TOT speetta+/TOT, and derived

energy resolutiow /E. The TOT resolution is on the order of 10-20% and
. represents the linear energy transfer (LET) resolution of a single plane. The
Fig. 5 shows the TOT spectrum from the SLAC beam tegfergy resolution is about 15% below 100 MeV. At energies above 100 MeV, the

for all events for those with one hit, two adjacent hits, and thr@&/dx= curve is relatively flat, which leads to a relatively low energy resolution.
and more adjacent hits, respectively. The ASIC voltdggsios
and threshold settingk;;,. were slightly different for the two from the observed TOT rmsror and the derivative of the
setups, resulting in slightly different TOT calibration curvestOT versus energy curve (Fig. 7)
which were taken into consideration in the data analysis.
(LLUMC data: Vapalog = 1.92 V, Vi = 5 fC; SLAC data _ IToT

£ OF = OT70OT . (1)
Vanalog =23 V, W}lr =14 fC) aE

The TOT spectr_a for single hit racks are shown_m Fig. 6 Fig. 8 shows the relative width of the measured TOT spectra
for selected energies of the LLUMC runs. The energies, mean, /TOT and the energy resolutiony/ E. Below 40 MeV,
and rms of all TOT spectra are shown in Table 1. In additiorf, -0 T gy Ong/ L. ’

1 i 0,
the calculated deposited charge in 4@@- silicon and the the energy resolution of the detector is on the order of 15%, and

i 0,
expected TOT mean value are shown in Table | [6], [7]. Thacleases to 25% at 250 MeV.

mean measured and calculated TOT values versus the energy
of the primary protons are shown in Fig. 7. The rms of the TOT
spectra derived from the core of the distributions are shownWe have demonstrated that with the silicon telescope module
as error bars. The agreement between measured and predidestribed in this paper, useful measurements of the position
TOT values is excellent over the entire energy range froamd primary energy of the protons can be derived from their
20 MeV to 13.5 GeV. It is clear from Fig. 7 that there is lesspecific energy deposition using the TOT signal of a single
energy discrimination for proton energies above 100 MeV dwdicon strip detector for proton energies above 20 MeV. In the
to the smaller dependence of the energy loss on primary proemergy range of 3—20 MeV, where we observed TOT saturation,
energy. We can derive the energy resolution of the system the total energy deposited in the planned four detector planes

IV. CONCLUSION
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(two per module) will be shared such that at least one detector REFERENCES
will provide a measurement outside the TOT saturation rangey1j s. shchemelinin, A. Breskin, R. Chechik, A. Pansky, P. Colautti, V.
which should permit a reconstruction of the primary proton Conte, L. De Nardo, and G. Tornielli, “lonization measurements in small

; ; ; ; gas samples by single ion countingyucl. Instrum. Meth.vol. A368,
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