IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Performance of a position sensitive Si(Li) x-ray detector dedicated to Compton polarimetry of

stored and trapped highly-charged ions

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
2010 JINST 5 C07010
(http://iopscience.iop.org/1748-0221/5/07/C07010)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 131.169.137.71
The article was downloaded on 21/06/2012 at 09:34

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1748-0221/5/07
http://iopscience.iop.org/1748-0221
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

’ inst PUBLISHED BY IOP PUBLISHING FORSISSA

RECEIVED: June 1, 2010
AccePTED June 30, 2010
PuBLISHED: July 26, 2010

INTERNATIONAL SYMPOSIUM ON ELECTRON BEAM ION SOURCES AND TRAPS,
APRIL 71—10™ 2010,
STOCKHOLM, SWEDEN

Performance of a position sensitive Si(Li) x-ray
detector dedicated to Compton polarimetry of stored
and trapped highly-charged ions

G. Weber,2P1 H. Brauning, 2 S. Hess,? R. Martin, 2P U. Spillmann 2 and
Th. Stéhlker 2b¢
aGSI Helmholtzzentruniif Schwerionenforschung,
Planckstrafle 1, 64921 Darmstadt, Germany
bPhysikalisches Institut, Universit Heidelberg,
Philosophenweg 12, 69120 Heidelberg, Germany
®Helmholtz-Institut Jena,
Helmholtzweg 4, 07743 Jena, Germany

E-mail: g.weber@gsi.de

ABSTRACT. We report on a novel two-dimensional position sensitidipdetector dedicated to
Compton polarimetry of x-ray radiation arising from higtdigarged ions. The performance of the
detector system was evaluated in ion-atom collision erpamis at the ESR storage ringe at GSl,
Darmstadt. Based on the data obtained, the polarimeteieefficis estimated in this work.
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1 Introduction

The investigation of x-ray radiation arising from highliiazged ions has proven to be an unique
tool for probing the dynamical behavior as well as the stmetof atomic systems. This is in
particular true for few-electron, high-Z systems whichypde detailed information about the in-
terplay of the effects of relativity and quantum electroalyrics [L]. However, due to the lack of
efficient polarimeter systems for the energy range abover d@keV previous studies were mainly
restricted to measurements of the spectral and angulaibdigtn of the emitted radiation.

In recent years novel type x-ray detectors have becomeasaiproviding good efficiency,
energy and time resolution together with submillimeterifms resolution and a large detection
area. Beside applications in classical x-ray spectrosemglyimaging, such detector systems can
be used as highly efficient Compton polarimeters. Thusatipslarization studies of hard x-rays
up to several hundred keV have become feasiI8][

In this work we report on a novel two-dimensional positionstve Si(Li) detector dedicated
to Compton polarimetry in the energy region starting fromgialy 70 to a few hundred keV. The
detector was recently applied for a series of polarizati@asarements at the internal gas target of
the ESR storage ring at GSI, Darmstagitg].

2 Two-dimensional position sensitive Si(Li) detector

The detector was developed within the SPARC collaboraffdarid consists of a single Li-drifted
planar silicon crystal with a total area of 8080 mn? and a thickness of 7mm. Each side of
the crystal is segmented into 32 strips with a pitch of 2 mningi\an active area of 64 64 mn?
(see figurel). The segments are isolated against each other yb@ide grooves. The active
area is surrounded by a guard ring of approximately 7 mm wimliolate and drain leakage cur-
rents. As the strips on the front side and the back side agated perpendicular to each other the
combination of both sides results in a pseudo-pixel strectd 1024 pixels.

Each individual strip is read out independently with a ckasgnsitive preamplifier providing
a time resolution of about 100 ns and a typical energy resoluf 2.5 keV FWHM at 100 keV
photon energy. Moreover, as the positive charge carriercaltected on the front side and the
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Figure 1. Left: Photograph of the Si(Li) Compton polarimeter deyeld within the SPARC Collarbotation.
The crystal and the preamplifiers are located in the headeadéitector which is connected to a LN2 dewar.
Right: Sketch of the detector crystal with the front side treback side each being segmented into 32 strips
giving a structure of 1024 pseudo-pixels.

negative charge carriers on the backside, the positiof@lnration of ionizing events inside the
detector crystal are obtained in two dimensions. By matrttie energy and positional information
on both sides even multiple hits can be identified unambiglyou

The number of strips on each side detecting an energy sidpoakahe noise level is deter-
mined by the number of inelastic interactions, mainly plmization and Compton scattering, an
incoming photon undergoes inside the detector. If exaaily strip on each side was affected by
an event, the underlying process can be attributed mainhhtboionization. Compton scattering
with the scattered photon having escaped from the detextasd possible, but the typical recoil
electron energies affect only the low energy part of the spet If two strips on each side show
a signal this is most probably due to Compton scattering sv/tiee recoil electron is stopped in
the close vicinity of the interaction point and the scatiguboton is detected at a different pixel of
the detector. Higher hit numbers are related to multiplétedag and absorption processes inside
the detector.

Thus, the simultaneous detection of multiple events is af&ayure when applying the de-
tector as a Compton polarimeter where the scattering psaaed the absorption of the scattered
photon are detected in the same crystal. This is in contoastandard Compton polarimeter se-
tups consisting of a dedicated scatterer and one or moreagepaetectors as absorbers for the
scattered photons.

3 Performance asa Compton polarimeter

The performance of the Si(Li) detector was evaluated ini@sef ion-atom collision experiments
at the internal gas target of the ESR storage ring at GSI, Bagth The data presented in this work
was obtained by colliding 96.6 MeV/u®®' ions and 150 MeV/u X¥" ions, respectively, with a
H, target where the detector was located &t @fh respect to the ion beam axis. A coincidence
technique between the x-ray detector and particle coufuedetecting the down-charged ions was
applied in order to discriminate the photons being relatedl¢ctron capture events. The energy
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Figure 2. Energy spectrum of x-rays arising in the collision o2 with H,, recorded at a beam energy
of 96.6 MeV/u. To exclude contributions by Compton scattgrand double hits inside the detector, only
events with exactly one inelastic interaction were takeéo actcount.

spectrum of all coincident events where only one inelastieraction was detected is displayed
in figure2. This restriction results in the spectrum being dominatgdlotoionization events
while scattered photons are not displayed. All peaks in feztsum can be attributed either to
the radiative electron capture (REC) process or to subseainaracteristic transitions in%yt,
namely the Lyman transitions into the ground state.

Each line with an energy above roughly 70 keV can be subjgmlarization measurements by
means of Compton polarimetry which is based on the anisptwbthe Compton scattered photon
emission. According to the Klein-Nishina equatid@) 9], which depends on the incident photon
energyE, the polar scattering angi# and the azimuthal scattering angle the scattered photon
is preferably emitted perpendicular to the incident phatiectric field vector, whereas emission in
the parallel direction is less probable. Thus, the degrdm@ér polarization as well as the orien-
tation of the polarization plane of the incident photons lbarmbtained from the distribution of the
Compton scattered photons with respect to the azimuthétesicey angle, seell]. Note that for
the photon energies discussed here the Klein-Nishina iequgelds the maximum anisotropy and,
consequently, the maximum polarization sensitivity agpaskattering angle8 ~ 90°. Moreover,
for incident photon energies below half of the electron reass the energy splitting between the
recoil electron and the scattered photon is an unambigumesién of the polar scattering angbe
Thus, in energy dispersive detector systems the so-cailfegiatic event selection can be used to
take into account only the highly polarization sensitiven@pbon events with scattering anglés
near 90, see B, 11] for details.

In order to obtain the scatter distribution the Compton &veletected inside the crystal must
be reconstructed using the energy and position informaifdhe detector. The present analysis
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Figure 3. Reconstruction of the Compton events inside the detea)dBy applying several conditions the
true Compton events, consisting of the recoil electron &edstattered photon, were identified. A further
selection with respect to the polar scattering arfylakes into account only the Compton events with the

maximum polarization sensitivity. b) Energy spectrum & teconstructed Compton events, given by the
sum energy of the recoil electron and the scattered photon.

a)3o b)so C)3o
all Compton events events with 3 =90° * 15° 9 <75°0r 9 >105°
20 X e 20 TR 20
._|10 '_'10 '_|10
£ u £ £
€o u €o €Eo u m=
> > >
10 -10 -10
-20 20 -20
-30 B -30 -30
3 =20 10 0 10 20 30 30 =20 -0 0 10 20 30 30 20
X[mm]

20 30
X[mm]

-10 (1] 10
X[mm]

Figure 4. Position distribution of the Compton scattered photorth wéspect to the pixel where the scat-
tering events took place (0,0). The incident radiation isiag from the K-REC into X&" and exhibits a
linear polarization of nearly 100 9%]. a) Compton events with all polar scattering angleare displayed.
b) Taking into account only the Compton events with= 90° + 15° leads to a higher contrast and thus an

improved polarization sensitivity. ¢) At low and high seaithg angles the azimuthal scatter distribution is
more isotropic.

algorithm works on an event-by-event basis where all ewgitklsexactly two inelastic interactions
inside the detector are considered as potential Comptanteaad several conditions are applied

to discriminate the true events from random coincidencesmesresults of this procedure are
displayed in figure8 and4.

Figure3a) shows the energy distribution of scattered photons arall rdectrons of the iden-
tified Compton events. Note, that energy signals below 7 ke\hat taken into account because of
electronic noise. Therefore, scattering events with tedectron energies below that threshold can
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Figure 5. Experimental data for the polarimeter efficiency of theLBifletector. About 50% of the re-
constructed Compton events show polar scattering ariglesar 90 providing the maximum polariza-
tion sensitivity.

not be reconstructed. FiguB®) shows the incident photon energy of the reconstructed giam
events which is given by the sum energy of the recoil elecammahthe scattered photon. The good
agreement between this spectrum and the one in figimdicates the proper functioning of the
reconstruction routine.

The polarization properties of the different radiationdgpare currently subject of detailed
analysis. Preliminary results already show a high polidmasensitivity of the Si(Li) detector
due to its high granularity. A further improvement is acleéigwvhen using the kinematic event
selection to restrict the scatter distribution to eventh\wcattering angle8 near 90. The latter is
demonstrated in figuréwhere the scatter distribution of highly polarized radiatfrom REC into
the K-shell (K-REC) of X&*" is shown with and without restrictions on the an§leNote, that at
least one pixel distance between the recoil electron anddhtered photon position is required as
Compton scattering in neighboring pixels can not be disiistged from charge splitting.

For the planning of future experiments the efficiency of tidapmeter system is a crucial
point. The percentage of reconstructed Compton eventsasbect to the total number of incident
photons can be determined by normalizing the reconstru@tedpton peak intensity in figuib)
to the corresponding peak intensity in fig@eThe latter is dominated by photoionization where
the absolut cross sections are tabulated and, therefarealtbolute detection efficiency can be
estimated easily. The polarimeter efficiency yielded bg firiocedure is displayed in figube As
seen, in the low energy region up to 100 keV about 0.5 % of thielémt photons can be used for
polarization measurements. Taking into account the lactjeeaarea of the detector, the efficiency
of the Si(Li) polarimeter is well suited for polarizationusiies of x-ray radiation from highly-
charged, high-Z ions at electron beam ion traps (EBITs) &mdge ring facilities.



4 Summary

Owing to recent progress in the development of highly sedetesolid state detectors novel-
type energy, time and position sensitive x-ray detectove li@come available. First experiments
demonstrate that these detector systems, applied as Copgarimeters, allow efficient and pre-
cise polarization studies of x-rays in the energy regiomfr@ughly 70 to a few hundred keV.

In this work a two-dimensional position sensitive Si(Liteletor dedicated to polarization studies
of x-ray radiation arising from highly-charged ions wasgameted and the polarimeter efficiency
was estimated using data obtained in ion-atom collisioreerpents at the ESR storage ring. The
polarization properties of the different radiation types eurrently subject of detailed analysis.
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