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Particle identification @ SFRS FAIR
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Si detectors for TOF ==

Si detectors typically used for energy measurements and
tracking only — slow??

Matter of proper detector topology and electronics

Proposal to use Si strip detectors for TOF stations MF4,
MF7, MF11

lon rate <10° s per station

Time resolution < 50 ps

Position resolution — 0.1 — 1 mm

Fast trigger for the rest of the diagnostic system
Feasibility needs to be demonstrated
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First test experiment at FRS

/ ' E}{! ; l .g/ L ‘.\‘-.\“‘"n

Beam — °7Au at 750 MeV/u
S2 focal point of the FRS
8 Si detectors

Size — 25 mm?, matched to capacity to a typical size and capacity of
one strip of large strip detector

Readout directly from the detectors with a fast oscilloscope 50

(4 GHz bandwidth, 8 bit, 10 GS/s)
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Example of the digitized signals ==

No amplification!

Ty

p 1 . ™ 5 £
2 ] | | .Ir:||ii'.’".li.-g""-.-hf-f-'ﬁ...-.mﬂll,.I,l-'|.q!.ﬁ'\.‘-'l".'."-.'l"'-...-.-.ﬂ';
d Sl k &

Waveforms saved and analysed offline
Waveform analysis software developed specially for the project 50
Amplitude, charge, rise time, time and charge correlations extracted
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Rise time vs bias, detector #8 ==
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Thickness 300 um, type #2

850 |-
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A A Sj detector 8 (300 um, type #2)

0 50 100 150 200 250 300 350 400 450 500 550
Bias, V

Time resolution in first order directly
proportional to the slope of the signal
and inverse proportional to the noise

So — fast and strong signals are
important

Rotated to 30° with respect to beam axis O
Good resolution (20 ps) start from 150 V 5
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Time jitter with pulse-shape analysis -
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Time jitter obtained using leading-edge discriminator
with amplitude correction

Using CFD might provide even better timing
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PADI amplifier/discriminator + FPGA TDC

I T T T T T

100 - PADIS #1 _ | ]
" VTHR=-124mV Signal attenuation:
—_— 20 |- 2 & 2l
g I X —u—-10dB :
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Fig. 19. Measured time resolution for different channel combinations on one
chip (channel 1 against the others 7). The test pulse (0.25 V amplitude and 3 ns
width) is attenuated by the specified values.

GSI DL and ExEI

ASIC developed at for extremely fast signals and best possible time resolution

4/8 channels per chip — current amplifier (x100) and leading-edge 0
discriminator, Time-over-Threshold, LVDS output YEARS

VFTX2 FPGA TDC - 28 channels with 7 ps time resolution (GSI development)
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PADI8 ASIC

== 1
UMC 180 nm I
QIN (fC)
8 channels o0f ;
One threshold per channel £ sosf 4
. o “r 8
Time and ToT g 16
_ € 000 —«=32
Bandwidth 400 MHz 5 64
_ _ = .- 128 i
Peaking time 1 ns A R v
_ _ E i - 512)
Equivalent noise 1145e- F 010k . 4004
Power consumption YT SE— ~
17 mW/ch B R R R
Time (s)
GSI DL and ExEI
M. Ciobanu et al., IEEE Transaction on Nuclear Science, BQRS
V61, N2 (2014) 1015
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Detectors for the beam tests at JINR, Dubna
===

Coolin
Detectors &

T

» December 2013 — January 2014
2ONe, E =53 MeV/A, 10°s?, dE = 68 MeV (in 300 um Si)
118, E=35MeV/A, 10%s, dE = 24 MeV (in 300 um Si)
» Several detectors in stack, size — up to 64 x 64 mm 50
» Cooling up to -30°, in vacuum chamber GSl

GSI Helmholtzzentrum fir Schwerionenforschung GmbH



Test experiment Aug. 2014 @ FRS GSI
Detector scheme sa0[ 7

strjps
Big SSD
64 x 64 mm
D ’
SV ELe2
,,'LP-1 3x3 mm Non-segmented and strip
@ detectors tested

o L
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Cooled detectors in a vacuum chamber
=5 1l

C
* Cooling of the detectors is reducing dark current and noise 50

* Vacuum about 104 mbar
* Diamond detectors in the same vacuum chamber
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4 different versions of DAQ
=1

* Fast oscilloscope with 2 GHz analog bandwidth
* PADI preamplifier/discriminator + VFTX2 TDC
 CAEN FADC DT5742, sampling up to 5 Gs/s

* CAEN FADC DT5743, sampling up to 3.2 Gs/s, beta-test
of the device and the software (special deal with CAEN)

& & P d ’
_e0ee  §ee’e”

b [u];I@ mm(?o @4.. @ S o’f:'f‘mff 6‘ E

DT5743

T
- =

PEPLLEIP 6 2P P F PSS
OBOAOBEA O BEOGEEES

m...@q @ @ <4 :"f:fwif

DT5742
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Optimum bias for all detectors found in this way
In order to get good timing, the detectors need to be overbiased

(and have low dark current) 50
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Time resolution with FADC and PADI/VFTX

= =

CAEN WavecCatcher, built-in CFD method
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Results of this test

=1
big SSD and S80 17 15
big SSD and S20 16 60

The results obtained with PADI + VFTX2 (sigma ~ 17 ps) look
more stable for all combination of the detectors. This testifies the
perspectives of use of the radiation hard silicon strip detectors
for the beam diagnostics in the RIBs experiments.

There is the difference of time resolution for different detector
pairs in case of DT5743 analysis. The low sampling frequency
(bin 312.5 ps) or specific algorithm of smoothing procedure??

50
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Test experiment June 2016, Cave C GSI

Detectors:
« 4 5x5 mm 300 um non-segmented detectors

« 64x64 mm 300 um strip-detector with different strip size
(2, 1.5 and 1 mm)

¢« 64x64 mm 300 pm strip-detector with 1 mm strips
Readout systems:

« PADI + VFTX2

« 32 ch Mesytec QDC
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Time resolution, test experiment June 2016
I=5= 1L

« Xe beam 600 MeV/u

a‘T\meMeazurementHistugram ’_?_“E”E
Time distance between: and
Mean {ns) RMS {ps) Fitted Mean {ns) Sigma {ps) FWHM {ps)
1194 lg352 After gaussian fit: 1.185 1250 2328
Save Histo ins inTime Histo 3 00 ries 353
\ Time difference between quadrant 1 and SSDA3 | e ;m:’mwo;di;bm% e
1400 [—
1200 —
1000 [— ]
00 lan fit
- sigma ~ 17.8 ps
600 — g P i
a00— =
200:—
D: b [ 17 1 1 1
—400 —350 —150 ~100 0
[V. Eremin et al. JINST 12 C030001 2017]
 Time resolution for C beam 600 MeV/u ~100 ps
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Simulation of current response/timing
iI=5= 1L

0.35 et

0.30

0.25

0.20

0.15

Voltage (V)

0.10

0.05

0.00

time (ns)
T,~ 20 ps
Rise time of the real signal from the detector 200-1000 ps,
defined by the RC and bandwidth of the amplifier/digitizer

V. Eremin, O. Kiselev et al., NIM A796 (2015) 158 5ms
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Simulation of the signals produced by the heavy ions

Simulated current pulses at different

trapping time

Rising
197Au,

I=5= 1L
edge of current pulses

E =920 MeV/u

Detector thickness - 300 um
Voltage range 20-300V
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Amplitude of the peak current |,

|, at 1e*? ions/cm? =1 - Tr/Ttr = 1 - 1ns/5ns = 0.8 (1ns — time of reaching maximum5YEARS

GSI Helmholtzzentrum fir Schwerionenforschung GmbH



Radiation damage — introduction rate

= 5= 1L
@
protons 40Ar ions
3x10* : . - . . 2x1013 : - :
® experiment ® experiment
| = = linear approximation o = = linear approximation
l 7’ ; ,.
| o ! 7
2x10MF - - 1x10%2 | . |
S d B ¢
E ’ - E P 7
9, ’ 3 = |
2 | " | > s ‘
1X1014 = / ra Gp = 1.3 cm'l o 7X1012 = , ‘ GAI.' - 16-3 Cm'l T
| 2 ‘
’ ’ > 4
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’ 3 ‘ 7 ‘
O [ 4 x 1 " i X O _', N 1 " 1 "
0.0 7.0xln™ 1.4x10'*  2.1x10" 0.0 4.0x10"! 8.0x10"! 1 il
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D. Mitina et al., 33 RD5S0 Workshop, CERN, Geneva, Nov 26-28, 2018
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TOF detectors at SFRS (FHF1) e u

FHF 1DK 1 FHF1DK2
28 x 28
i Py 2 + 0 .
25z & A5 FHF1 concept design
B | TOF | |od e
RO 1 GRIY
| i ——Da el 1R
<<= - =0 m _T <<
R3B & S-FRS scenarios g
=
are easy to be changed 5
=)
= 3998 mm 5000 mm| 1567 mm
'] <
7070 mm ! wall
L 10565 mm
] 2114 unl
1594 thun 1 I=
i o
H B =N I IE z 8800 mm =12
= %’ g E g S ;i 2 Tubes % =
=3 [=3] 5 il et + (=]
21 23l | 2 | 260 1 260 mih Elw Ia a CF+CE a L)
o Det. | Beam Y o e Ef3 [ oo %
—_ v | s lit Valve Valve o l& - -
[ 3 i bello bellow i ]
7 3736 7 T —-
Cryostat 107 107 107 390 I 107 Crv
o 2 CF mm CF X CF 2 Tyostat
ange il flange Tube+ flange slits flange 2 000 mm ~flange
2 FLAT = all
< EV
2022 mm +FLAT =
Chamber HF1b =
Chamber HF 1a E
E
(3

Limited space, vacuum, active cooling
Mounting on a movable ladder
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I
TOF detectors at SFRS - rad. dose

NLDI1: NMOS 0.24/1.80
FHF1 (1 GeV/u U-238 with Se8 p/s) Gy/h 0.390 T T T T T T T T T T T T T T I T T T T

letGe

= All data 2N
= Fit

11111 0.380

11111

0.370

le+04 0.360 i B
UMC 180 nm (IBM)
E 0.340 |
. > 0330 —
008 0320 —
1330 :::om 0.310 _—
1310 1:,% 0_300_— T I I .
1e-07 0.290; I I iE E I 1 J‘ il l J;
4630 4650 4670 4690 4710 4730 4750 4770 4790 4810 4830 4650 4870 4890 4910 4930 o 0'2800 — 5(|]D — liij:l)()I — 15|[]0I — 20|00‘ — I25[]'0
L 165 X . . e .81 i 5t S S— Dosis [krad(5i0,)]
100 Rad/h at the position of g'ifgfefém gggzsggsvouage shift of a single NMOS transistor (0.24/1.80) for
FEE = Mrad/month (worse ) ' ,
case) S. Léchner, Proceedings of European Conference on
Radiation and Its Effects on Components and Systems
II\:/IEEdslhou:d be rad. hard at (RADECS), IEEE, 2009
raa ieve
; Published data - 130 nm BiCMOS and 0
Location of FEE — better 10-20 ! i
CMOS are rad. hard up to several MRad

cm from the beam if possible
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Detectors EXPERT at different locations
I=5= Il

Super-FRS Experiment Collaboration

EXPERT locations
at Super-FRS

FMF2 FRF1

Si TOF detectors
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Vacuum chamber for the EXPERT detectors .
=5 1L

5 YEAR
GSl
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New TDC for Si TOF detectors

PicoTDC: Pico-second TDC
Based on the design of HPTDC/CERN

Non-triggered or trigger with configurable
latency and length, overlap possible gy o

3 ps or 12 ps binning

32 or 64 channels per ASIC

100 ps full range

25 bit leading edge measurement
Time-over-Threshold measurement

Jorgen Christiansen, Moritz Horstmann, et al. (CERN)
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New TDC for Si TOF detectors

Bl = | |

40MHz SOMHz — | Trigger <K ;:555;
Ext ref. o 1.28GHz  40MHz interface Couitiol >
1 ontrol,
1.28GHz “Trigger Programming, 12C
: baffer—=513 120MHz Monitoring _¢
1 B [ﬁ ¢
- -anY‘ Yrew oY = Readp x8
X = TDC channel " _D:
X s Wﬁf& i Trigger ] J
512 matchin
T' Bl 16
x16
- :& Readout
x64 => 2
fesilirig x16 Data rate
Trailing :> e
10T -10Gbps
(4MHit/s
per channel)
x16 [ l'q.
4& W  TDC channel 8Bt
D Hit register ffer: Trigger L7 ‘0,80,3.50}320“
12 ‘ matching II‘
X

TDC Architecture (Change: separate trigger FIFO per group)

Low power consumption — 1 W @ 3 ps/64 ch at event rate — up to 320 MHz/ch
TSMC 65 nm production technology — rad. hard up to 100 Mrad

Cost — 1-2 CHF/ch

Limited production — 2018; testing of fist chips by the users — Q2-Q3 2019
Possible synergy with the other projects

YEARS
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Conclusions Y

Si detectors are rather universal — can measure energy,
coordinates and time

Detecors can work in different environment — vacuum
(including UHV), air, room and low temperature

As any of solid state detectors, Si detectors are sensitive
to the radiation but this is measurable and predictable

TOF resolution for the heavy ions can be as low as 15-
20 ps (o)

Timing of the Si planar detectors can be explained and
calculated — predicted

Feasibility is demonstrated, large-size system can be

made 50
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