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Experiment Report Form

The double page inside this form is to be filled in by all users or groups of users who have
had access to beam time for measurements at the ESRF.

Once completed, the report should be submitted electronically to the User Office using the
Electronic Report Submission Application:

http://193.49.43.2:8080/smis/servlet/UserUtils ?start

Reports supporting requests for additional beam time

Reports can now be submitted independently of new proposals — it is necessary simply to
indicate the number of the report(s) supporting a new proposal on the proposal form.

The Review Committees reserve the right to reject new proposals from groups who have not
reported on the use of beam time allocated previously.

Reports on experiments relating to long term projects

Proposers awarded beam time for a long term project are required to submit an interim report
at the end of each year, irrespective of the number of shifts of beam time they have used.

Published papers

All users must give proper credit to ESRF staff members and proper mention to ESRF
facilities which were essential for the results described in any ensuing publication. Further,
they are obliged to send to the Joint ESRF/ ILL library the complete reference and the
abstract of all papers appearing in print, and resulting from the use of the ESRF.

Should you wish to make more general comments on the experiment, please note them on the
User Evaluation Form, and send both the Report and the Evaluation Form to the User Office.

Deadlines for submission of Experimental Reports

- Ist March for experiments carried out up until June of the previous year;
- 1st September for experiments carried out up until January of the same year.

Instructions for preparing your Report

* fill in a separate form for each project or series of measurements.

* type your report, in English.

* include the reference number of the proposal to which the report refers.
* make sure that the text, tables and figures fit into the space available.

* if your work is published or is in press, you may prefer to paste in the abstract, and add full
reference details. If the abstract is in a language other than English, please include an English
translation.
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Introduction:

POLAR [1] is a novel compact space-borne Compton polarimeter conceived for a precise measurement of
hard X-ray polarization and optimized for the detection of Gamma-Ray Burst (GRB) photons in the energy
range 50-500 keV. The flight model will consist of 25 modules, each built with an array of 8x8 plastic
scintillator bars, and read-out by one multi-anode photomultiplier (MAPM). We have performed a systematic
calibration of six modular units of POLAR with high energy polarized X-rays over a wide energy range
(122keV-511keV) with a high-energy 100% polarized synchroton radiation source at the beam line ID15 at
ESRF. A custom read-out electronics system allows to trigger independently on all channels and to store data
via [2C/USB on a computer. The setup is an improved and larger version of the setup used in 2009 for the
experiment MI-996 on the same beam line in ESRF [2]. The detector is placed on a tilt stage (allowed
rotations: +45° around the beam axis), fixed on a translating table. The experiment consists of recording all
pairs of bars that show a coincident energy deposition > 5 keV; one is the Compton scattering of the
incoming photon, the other is the interaction by Compton or photoelectric effect of the secondary photon,
usually in another region of the detector. The distribution of the azimuthal scattering angle & is referred to as
modulation curve, which can be described with the following function: Cu(&)= A cos 2({-C)+B. The angle
of polarization (C) and the modulation factor (u=A/B) are obtained from the fit, while the degree of linear
polarization is I1=p/p100, Where L1190 1s the response of the instrument to a fully polarized photon flux.

The experiment:

We have performed in ESRF a characterization and calibration of 6 modular units of POLAR with
synchrotron radiation using the experimental setup shown in figure 1. In order to be able to calibrate the
POLAR detector with unpolarized y-rays from radioactive sources once returned to our home institute, during
the beam test all energy levels (except 200 keV) were chosen in order to reproduce the same energies of
available radioactive sources: 122, 200, 288, 356 and 511 keV. The new read-out electronics system allowed
us to reach a good alignment of the detector on the beam in few minutes (~2 hours in 2009). For each energy



level we performed a complete scan of the detector, where 5,000 triggers were collected in the center of each
bar (20,000 triggers for energies of 356 and 511 keV) for both horizontal and vertical polarization (e.g. 0°
and 90°). The detector was rotated along the beam axis (x axis) in order to achieve both horizontal and
vertical polarization. Each of these scans provides a uniform illumination of the detector with monochromatic
X-rays, reproduced later with Monte Carlo simulations.

Scans at 3 different energies for off-axis beams (4 different angles for each energy) were also performed in
order to study the response of the detector to sources not placed at the zenith of POLAR. This study is
fundamental since statistically the majority of GRBs in space will be located off-axis, and is a validation of
the localization procedure, currently based solely on Monte Carlo simulations [3].

The data taking has proceeded smoothly with shifts over 24 hours for the whole period, and a total of about
11 GB of raw data have been collected, equivalent to more than 50 million triggers.
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Figure 1: The detector is placed on a tilt, atop a large translating table. The experimental setup is shown in a
CAD representation (left) and in a photo taken during the installation of the experiment (right).

Results:

A first analysis of the collected data shows that POLAR has excellent polarimetric capabilities, confirming
the results of the previous experiment with synchrotron radiation at ESRF [2]. Figure 2 shows the modulation
curves for two sample runs during the experiment, where the modulation factor exceeds 50% for the selected
set of analysis parameters. Figure 3 shows the pattern of recorded hits in one module during a run with
uniform illumination of the detector. As expected by geometry, most of the hits are located in the center of
the module. There is good agreement between the experimental data and Monte Carlo simulations, performed
with a GEANT4 package. Furthermore, the new electronics read-out system showed very good performances
during the test.

The work described here will the subject of one or more scientific papers.

Prospects for the future:

In December 2011 the POLAR collaboration received funding from the PRODEX office of the European
Space Agency to build two qualification models and one flight model of POLAR. These three models need to
undergo a campaign of qualification test and one of performance test, including measurements with high-
energy synchrotron radiation. For this reason we applied for a Long Term Project at ESRF in January 2012.

During the next experiments the device under test will be a full detector, consisting of 25 modular units. The
read-out electronics was greately improved in 2011, which allowed to have independent triggers on all
channels. The next version of the electronics, currently under production, will be faster thanks to the LVDS



connection (currently 12C) between the electronics subsystems of POLAR. This will allow a considerable
increase in statistics during future experiments.
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Figure 2: Response of the POLAR detector to a fully polarized photon beam of 356 keV with horizontal (left)
and vertical (right) polarization compared to the orientation of the detector. Both plots are obtained from a
preliminary data analysis and show modulation factors larger than 50% at the chosen energy.

Figure 3: Typical pattern of recorded hit in one of the modules. Each bar in the histogram corresponds to
one read-out channel, and the height of the bar is proportional to the recorded hits in the bar.
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