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Motivation Super-FRS at FAIR

FAIR — Facility for Antiproton and lon

At the FAIR facility, currently under construction at GSI Research The GSI is currently designing planar detectors consisting
(Darmstadt), a 1.5 AGeV uranium beam with intensities up to -8

intensity 2.5x10 238U/spill will impinge on a graphite target at
the entrance of the Superconducting Fragment Separator
(Super-FRS) for the production of a wide range of rare

of scintillating fibers (SciFib) 0.2 mm thick. Each one
provides the x and y positions of the ions via two
perpendicularly arranged layers of fibers with a maximum
active area of 570 cm?. They are planned to be installed at

Isotopes by projectile fission and fragmentation. The next _ :
seven locations in the Super-FRS tunnel at Q1-Q2 2026.

generation in-flight magnetic separator Super-FRS [1] existing
operated up to a magnetic rigidity of 20 Tm with a large facility
angular acceptance (A6 = 40 mrad, A¢ = x20mrad) and

momentum acceptance (Ap/p = x2.5%) requires a new

generation of tracking detectors with a position resolution of

0.2 mm (o,) over large detector areas of about 300 cm?.

Scintillating Fibers

Magnetic rigidity 2-20Tm
SCSF-78 scintillation fibers manufactured by Cladding Emittance & = &= 40 ® mm mrad X MxF
: 2 > ) - - _ FHF1 _ MF?2
Kuraray have a square cross section of S = e Angular acceptance 6 = + 40 mrad, ¢ = = 20 mrad Bp = Bp, (1 — ) + ABp
0.2 mm thickness with a pOIyStylene (PS) jT Momentum acceptance + 2504 D
core _and pOIYmethylmetha_Crylate (PMMA) 1st order resolution (s,=1mm, 5,=2mm) | 750 (1% stage), 1500 (2" stage) D~6cm/% , Ax<1mm — Ap/p~ 10+ momentum res. (1t order)
cladding. They are characterised by blue light . /
emission with a peak at 450 nm, a decay time o L 2
f 2.8 ns and a long attenuation length of ﬁﬁﬁ?ﬂé?ﬁ';é?ﬁﬁz; NAZ0.55 I '
0 ) Trapping Efficiency : 4.2% EXp erl m ent an d reS u ItS
more than 4.0 m [2].
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Focal plane setup at the FRS [6] on June 2022: the r
prototype was placed between two reference TPC

detectors [4]; a 1 mm thick plastic scintillator acted as a
trigger; the x-slit in front were used to select the 1°7Au’°*
beam with energy E=850 MeV/n.
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SciFib detector prototype placed in front
of TPC2 at FRS. l \
~ARRE sl E N x-slit TPC1  plastic scintillating TPC2
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Left: optical inspection of the fibers ribbon with a microscope at the .
GSI Detector Laboratory [5]. ToT fberwith e Method 1 (max ToT) Au ions hitting the SciFib detector
max To etho I
Right: one layer detector consisting of 128 fibers with an active " (centr ofgraviy) produce a large amount of light
area of 25.6x100 mm? coupled to MPPC and read by the MPPC (Ej05s~300 MeV). Pulses are produced
ROB [5]. I also by ions traversing the matter in
I m B I I - - I = front, contributing to the production of
] \ N J O-rays. As a result, 8 strips fired on
I cluster average for each single (trigger)
ReadOUt Fiber Id event recorded, represented by a
. . : cluster.
Spatial resolution can be defined as the
| = 30K/spill standard deviation o, of The x position of the ions was
g F —— Inerpolatedposr AX = Xinterp = XsciFib determined with two methods:
L i Eff = 1 —— Max ToT . .
socol oot With Xep the interpolated position * Method 1 - by selecting the strip
ﬁ obtained from the measurements at the (ch) with the highest ToT
oo two TPC detectors and Xege, the * Method 2 - by calculating the
o] reconstructed position at the SciFib center of gravity.
detector.
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Up to a rate of 10k/spill, the position
- MPPC (Multi-Pixel Photon Counter) 8 x 8 array S13361-1350AE- = 6.8kspill : O<x<4mm  *Method I (max ToT) diztribution at the ScFi)Fib detFe)ctor is
08 by Hamamatsu with breakdown voltage Vg = 53 V [3]. % sl e [ A Method 2 (center of gravity) equivalent to the position distribution
- 128ch MPPC ROB (ReadOut Board) designed at GSI with Y o Eff=1 — vacTer ma measured by the TPC detectors.
multihit FPGA TDC able to provide time over treshold (ToT) T et o + This result indicates that the use of
measurement (o= 200 ps). 1500: = % fiber d_ete_ctqrs |sf51;‘|talgle dUFII:nF\Q)]S’[he
Region with ToT ca}li_bration of 197AL_‘ lons selected for o ? H % RY CQOgrr](gnfzS(l)OZnGm\,%hgntthee pﬁﬁgry beax
position reconstruction ELNNNA is steered at low intensity.
_ . Reconstructed position [mm] 0,50 r i
ﬁ 50000—_ . é é : =0.4 mm, angular straggling
E B e I co_ntr_ibution from the plastic o
— = ToT results scintillator TPC efflc:lency
40000_—:. :- I 5 50000 o 0 10(;00 20600 300Ioo 40CI)00 +0 o
. [ - ¢TPC1
B . - - O<x<4mm : .
200001 L . soco | | Intensity [count?':,/.splll] o wl %o ATPC2
= At higher rates the position distribution at O\?
20000 = T 40000 the SciFib prototype differs much from the = M
. E ++ + + one measured by the reference detectors. § o WA
= so00 | Further investigations are needed in order = A *
10000 to understand under which conditions the o | A
40000 | | | | fiber detector can be used also as a 4
o . a1 0 10000 20000 30000 40000 tracking detector of fragment beams 95 . . . .
20 40 120 Intensity [counts/spill] produced at higher rates during the 0 10000 20000 30000 40000
Fiber Id experiments at FAIR. Intensity [counts/spill]
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