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Abstract

FIRST (Fragmentation of Ions Relevant for Space and Therapy) is an experiment devoted to a precise measurement of ion fragmen-
tation for space radiation protection and hadron therapy applications. A first run dedicated to the fragmentation of fully stripped
12C ions on a thin graphite target has been already performed during August 2011 at GSI. The experiment is composed of already
existing detectors complemented by a newly designed interaction region, including the so - called Upstream Detectors: a Start
Counter and a Beam Monitor. The Start Counter is used to trigger the beam and to give a precise time reference for time of flight
measurements, while the Beam Monitor is needed to track ions before their interaction in the target. In this paper we present their
description and the results of the tests performed on different beams to validate their performances before the installation at GSI.
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1. Introduction

Carbon ions are used in hadron therapy because of their high biological effectiveness and better spatial selectivity
in dose deposition with respect to protons ([1] and [2]). Unlike protons, carbon ions may undergo fragmentation as
a consequence of interaction with matter. The produced fragments have a higher range and a different direction with
respect to the primary ion and therefore release a consistent fraction of the dose beyond the nominal Bragg peak. A
precise knowledge of the fragmentation processes is therefore desirable for the optimization of the treatment planning.

The FIRST (Fragmentation of Ions Relevant for Space and Therapy) experiment is devoted to measure ion frag-
mentation on selected targets measuring type, energy and direction of the fragments. A first run has been already
performed for 400 AMeV '2C fully stripped ions on a thin (5 mm) graphite target at SIS accelerator of GSI labora-
tory in Darmstadt. Future runs dedicated to fragmentation studies of interest for hadron therapy and space radiation
protection applications will be considered.

A simplified scheme of the experiment is sketched in figure 1.

The Start Counter is a 250 um thick plastic scintillator used for trigger and timing purposes, while the Beam
Monitor is a drift chamber for tracking beam ions before the target. They constitute the Upstream Detectors.
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Figure 1. Simplified scheme of the FIRST experiment at GSI. Not to scale.

The vertex detector is composed by four Si pixel layers at a distance of 3 mm one from the other along the beam
direction. Each layer is made of two MIMOSA26 [3] pixel sensors for a total sensitive area of 2 x 2 cm? and a pitch
of 18.4 um. The angular acceptance of the vertex detector is 40°.

Forward emitted (< 5°) fragments enter the ALADIN dipole magnet and are detected by the MUSIC IV TPC [4]
and by the scintillator TOFWALL. The fragment mass is determined by combining the deflection inside the magnetic
field, the time of flight between the TOFWALL and the Start Counter, the ionization measured in the TPC and the
light yield in the TOFWALL.

A scintillator VETO counter, of area 6 x 6 cm?, is placed beyond the TOFWALL along the path of the carbon ions
not interacting in the target.

The Large Area Neutron Detector (LAND?2) [5] is designed for neutron detection. It has an active area of (2x2 m?)
and is made of alternated iron and plastic scintillator layers.

Fragments emitted at high angles (protons and He nuclei) are detected by the proton tagger. The detector has a
cylindrical shape and it is made of plastic scintillator modules for measuring the arrival time and sampling the light
yield. At high polar angles (> 407) the proton tagger is complemented by scintillating fibers bent to form circles
orthogonal to the beam direction.

The experiment is designed to obtain a fragment mass resolution AM/M < 20% and it is composed by detectors
already exisiting at GSI (the ALADIN dipole magnet, the MUSIC IV TPC, the TOFWALL and LAND?2) comple-
mented by a newly designed Interaction Region. A detailed description of each single detector is beyond the aim of
this paper, dedicated to the upstream detectors and to the results of the tests performed to validate their performances.

2. The Beam Monitor

As beam monitor we employ a drift chamber with 12 consecutive layers made of alternated horizontal and vertical
wire planes. Each layer is composed by three drift cells, for a total of 36 sense wires. In each view two consecutive
layers are staggered by half a cell to avoid ambiguities in track reconstruction. A scheme and a picture of the Beam
Monitor are shown in figure 2. The dimensions of a single drift cell is 1.6 x 1.0 cm?, designed to contain the GSI
beam (~ 5 mm wide) inside one half of the cell in order to minimize beam interactions with the wires. Front - End
boards, designed by the LNF electronics workshop (SEA), are embedded in the detector, amplifying the signals by a
factor of 10.
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Figure 2. Beam Monitor wire scheme and picture.

We have tested the Beam Monitor with 500 MeV electrons at the LNF (INFN Frascati National Laboratories)
BTF (Beam Test Facility) in order to study its performances with different gas mixtures (Ar/CO, and Ar/CHy, also
known as P10). A scheme of the experimental set - up is depicted in figure 3. The trigger was given by the accelerator
radiofrequency and single electron events were selected by means of a lead glass calorimeter used as a beam dump
and as a time reference for the drift chamber under test.

The layer efficiency has been estimated by considering events with three consecutive fired wires in even (odd)
layers and then looking for the presence of hits in the odd (even) ones. The measured efficiency values are then
averaged. In figure 4 the efficiencies are shown for the tested gas mixtures. Unless stated otherwise, signals have been
discriminated at 15 mV.

Comparing the measured efficiency values for Ar/CO, mixtures, operating voltages are lower for decreasing CO,
quantities: a 250 V difference is observed between 10% and 20% CO, concentration. Using P10, the operating voltage
is 50 V lower than with Ar/C0O,=90/10.

In figure 5 the corresponding space resolutions are also shown. For all the considered mixtures a resolution better
than 100 um is obtained; the same is true also for P10 at 45 mV threshold.

At the LNS (INFN Southern National Laboratories in Catania) facility we have verified the performances on 80
AMeV protons and '>C ions, respectively less and more ionizing than the 400 AMeV '2C ions at GSI. The experi-
mental set-up is also sketched in figure 3. The trigger was given by the plastic scintillator beam dump. The FIRST
vertex detector was also present in the test. The measured efficiencies and space resolutions are reported in figures 6
and 7 respectively.

The operating voltages for protons are similar to those observed for electrons, while on >C ions the chamber
is operated 300 V lower. For 12 jon beam, as well as for the electron one, a 300 V shift is observed between the
operating voltages with P10 and Ar/CO,=80/20. Single layer space resolutions better than 100 um at full efficiency
are obtained on electrons and protons. On '>C ions space resolutions get worse for increasing voltages and with
Ar/C0O,=80/20 values around 300 um are measured at full efficiency. Better space resolutions are obtained with P10.

3. The Start Counter

The Start Counter is a 250 um thick scintillator (EJ - 228, pilot U) disc of 4.6 cm diameter. The light is collected
through radial optical fibers, as shown in figure 8. The fibers are collected into 4 bundles, each connected to a
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Figure 3. Experimental set-up schemes of Frascati (top) and Catania (bottom) test beam facilities.
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Figure 4. Single layer efficiencies measured on the electron beam at the BTF facility.
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Figure 5. Single layer space resolutions measured on the electron beam at the BTF facility.
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Figure 6. Single layer efficiencies measured at the LNS facility on proton and '>C ion beams.
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Figure 7. Single layer space resolutions measured at the LNS facility on proton and '>C ion beams.

photomultiplier (Hamamatsu UBA H10721 - 201). The photomultipliers output signals are amplified by a factor of
20 with custom boards designed by the LNF electronics workshop and embedded in the detector.

The Start Counter has been tested at the LNS facilities with 80 AMeV protons and '?C ions. The efficiency is
defined as the fraction of events with at least three fired photomultipliers out of four. The time resolution is estimated
by means of a gaussian fit on the distribution of the time difference between the first fired photomultiplier and the
beam dump time (for a description of the set-up see figure 3). In figure 9 efficiencies and time resolutions are shown
for different thresholds.

Efficiency and time resolution on protons are dependent on the applied threshold: at 15 mV the efficiency is ~ 97%
and the time resolution is ~ 275 ps. For '>C ions, given the high amplitude signals, the results are almost threshold
independent, with efficiency ~ 100% and time resolution ~ 130 (100) ps without (with) time slewing correction at 60
mV threshold.

4. Conclusions

FIRST is an experiment devoted to ion fragmentation studies for hadron therapy and space radiation protection
applications. The first run has been performed during August 2011 at GSI and it was dedicated to the study of '>C
fragmentation on a thin graphite target. In this paper we present the description of the upstream detectors used to
trigger and to track the incoming ion beam as well as their performances on test beams. They consist of a thin
scintillator, the Start Counter, showing high efficiency and time resolution ~ 100 ps on low energy carbon ions and
of a drift chamber, the Beam Monitor, with a single layer space resolution between 100 um and 300 um. These
performances fulfill the requirements of our experiment.
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Figure 8. The Start Counter. In the left picture the optical fibers connected to the scintillator disc are shown. The picture at right shows the
assembled detector.
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Figure 9. Start Counter test beam results: efficiencies (upper plot) and time resolutions (lower plot).



