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Operation mode with slow-extracted beams
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Nowadays, tracking detectors reach resolution of some tens of mm, then the 
velocity resolution is limited by the performance of the time measurement, 
presently of 100 ps (FWHM).

Standard ToF detectors are 
plastic scintillators read-out 
by PMTs. 

S. Nishimura et al., NIM A 510 (2003) 377
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Optimization of scintillation detector for heavy ion beams indicates higher timing
resolution scaling by the pulse height and the number of photoelectrons N
produced at the photocathode ( s t 1 / � N). 
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A. Ebran et al., NIM A 728 (2013) 40
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Threshold characteristics (Aug11): 
cut amplitudes lower than 35mV 

Analog signals, Au beam, HV: 100V
Amplitude; 94 mV

� After 3.04 x 1011 Au ions /mm2 about 5% of signals 
below 35 mV 

� Total absorbed dose : 7.9 Grad (312 MeV / Au ion)
� Amplitude reduction by a factor of 2.7
� Precise CCE measurment needed

Jerzy Pietraszko,ADAMAS 1st Workshop, GSI, Darmstadt,  16-18 December 2012
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M. Pomorski, PhD thesis – Uni Frankfurt (2008)
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A. T. Collins, Physica B, vol. 185, p. 284, 1993

Due to transparency in the Vis range, particle detectors made of high purity 
diamond are solar-blind.

230nm
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� The first documented attempt to grow diamond by Chemical Vapor Deposition 
(CVD) was by G. Eversole of the Union Carbide Corporation (USA) in 1952.

In contrast to the High-Pressure-High-Temperature (HPHT) diamond synthesis 
process, the CVD method allows to grow diamond of reproducible physics 
properties in a high purity environment.  

� In 1982, a group at the National Institute of Research in Inorganic Materials 
(NIRIM), Japan, built the first reactor dedicated to diamond growth (10 mm/h).

� The first high quality ´electron grade´ scCVD diamonds were grown by 
Element Six in 2002 (http://www.e6cvd.com/cvd/page.jsp?pageid=369).

A detailed review of the various methods used for fabricating diamonds can be 
found in P. W. May, Diamond thin films: a 21st-century material, Phil. Trans.
R. Soc. Lond. A, vol. 358, p. 473, 2000.
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r = 3.52 g/cm2 ATIMA calculations

(http://web-docs.gsi.de/~weick/atima/)

C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6

ATIMA code



In order to get a signal from the detector, the free charge carriers generated by ionizing 
particles have to move towards the collecting electrodes. Thus the detector has to be 
metallized from two sides to apply a voltage and create an electric field, to force the 
electrons and holes to drift through the detector. The contacts have to be done in such a 
way that no free charge carriers can enter the diamond from the metal (non-injecting 
contacts) when a bias voltage is applied, but at the same time, excess charge carriers 
must be efficiently extracted from the diamond bulk.

C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6
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(30x30) mm2 ,  360 mm thickness,  9 strips (3 mm each)                                                                                       

C=10 pF/strip

�����	B9	C$))(�����	B"	�+))(

1 ns

1 ns

40 mV

40 mV
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GSI-FRS 
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GSI-FRS



• Increasing signal-to-noise ratio

• Decreasing rise time                             improves time resolution

• Decreasing jitter

It is preferable to preserve the fastest possible rise time and use sufficiently 
broadband readout electronics.
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LED

ToT
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s intr = sToF/� 2 = �  ( (sstart
2 + sstop

2 ) /2)

M. Pomorski, PhD thesis – Uni Frankfurt (2008)
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238U @1GeV/u
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R. Janik et al., NIM A 640 (2011) 54
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CUB
GSI-FRS 
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16

FRagment Separator (FRS)

2 109/spill
48Ca20+

@1GeV/u

ReactionTarget 
C ( 4 g/cm2)
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... in agreement with shell model 
calculations

o o s 1/2

d 3/2

Sn 3.62

N =16

24O

23O states

s -1n = 63±7 mb

24O: 1n removal  reaction @920 MeV/u
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Finnish in-kind contribution to FAIR is fixed to 
32 GEM-TPC detectors for Super-FRS beam 
diagnoses and tracking

GEM-TPC detector R&D is currently ongoing 
at Helsinki / HIP together with GSI, University 
of Jyväskylä and CUB Bratislava.

Previously, three prototypes have been 
completed and successfully tested at GSI / 
FRS beam line.

Currently, GEMEX board- based on n–XYTER 
chip- is being designed and tested, and  a new 
twin GEM-TPC prototype, i.e. GEM-TPC 
detector with two field cages in one housing 
box, is being constructed. 

HB3 (Helsinki-Bratislava-#3) 
GEM-TPC prototype with GEMEX 
readout cards incl. nXYTER chip

C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6



F. Sauli, NIM A 386 (1997) 531

Gas Electron Multiplier
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at the Super-FRS the drift will
be 80 mm !
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fragment trajectory
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i.e. practically dead time free for the envisaged 1-10 MHz particle rate !
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too small !
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0.15 mm0.15 mm

GEM foils +
delay lines

First GEM beam 
test at the FRS !

HIP
CUB 
GSI
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Twin design 

•  TPC

•  GEM-TPC

Simulations
� ���44�� ?��

? 2#	 m�
� ��� ,�*��4 ������ 6"1)	A�3

Area (380 x 80) mm2

•  Twin GEM-TPC
proposed solution
at high ion rates

C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6
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A suitable DE detector needs to have

- good energy resolution
- high counting rate capability 
- robustness against beam bombardment

Gas ionization chambers are 

- extremely stable if equipped with gas flow system
- can provide energy resolution as good as that of 

semiconductor detectors
- large-scale detector easy to fabricate

Multi Sampling Ionization Chamber (MUSIC)

C. Nociforo, IDPASC School – Siena – 2013 Oct 4-6
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8 anode strips with 50 mm active length

http://www-w2k.gsi.de/frs/technical/FRSsetup/detectors/music.asp

80 mm

Tested successfully for particle rates of up to 200 kHz, 
thanks to a 10th order shaper which returns very fast 
to zero line and an overall DC-coupling is used, which 
avoids rate dependent baseline drift.
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8 charge sensitive preamplifiers

Three sets of preamplifiers are supplied to cover the 
complete dynamic range of the charge signal from 
Z=92 to Z=3 (variation by a factor 103).
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Thin float glass D263 (DESAG),
210 � m tick, with integrated field 
homogenization.
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The field homogenization consists of 
Al strips (thickness 1 � m) deposited 
on the float glass by photolithography 
and a voltage divider with resistors 
glued directly onto the glass plate.



... but they are not fast enough to resolve the signals of individual beam 
particles at intensity > 30-40 kHz.
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Z=28 Z=28
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Pile-up in the MUSIC shaper output  
gives wrong Z identification.
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GSI-EE 

Not only pile-up rejection ...
correct for pile-up effect is needed ! �&'&��
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TEGIC

K. Kimura et al., NIM A 538 (2005) 608
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A/Z=2

K. Kimura et al., NIM A 538 (2005) 608
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M. Pomorski, PhD thesis – Uni Frankfurt (2008)

Be  + 238Xe  @1GeV/u
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2 Scintillators : 5 mm BC-400

Stopper : (150 x 150) mm2 Al
thickness 4.2 mm

HPGe: mechanical cooling system,
mounted in a movable holder,
shielded with 50 mm Pb

E
ne

rg
y 

(k
eV

)

Time Sc41-Ge (ns) 
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1

2

3

1
2 3

90Mo online PID

F. Farinon et al., GSI report 2009 
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Energy (keV)



223Th 221Ac

a ��44��	��
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Si active stopper : DSSSD by Microns,
16 x-strips, y-strips,
(50 x 50) mm2,
1 mm thickness

223Th
221Ac

M. P. Reiter et al., GSI report 2012 

107 238U/spill @1 GeV/u + Be
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T1/2 measurements:
- by implantation-decay technique  @FRS-F4
- highly charged a-emitters  at @FRS-ESR
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C. Nociforo et al. Phys. Scr. T150 (2012) 014028
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