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The FRAISE (Fragment In- Flight Separator) @INFN-LNS facility
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The FRAISE (Fragment In- Flight Separator) @INFN-LNS facility
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Key Points

E”—_TJ - AP SIS SIS I ) .
J % MAGNEX 2 () - - . : : :
| A </ __. _ tagging device for the Arrays of radiation-hard SiC detectors equipped with
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PRE . ol P ) s . 7 - i
J o i o / CHIMERA beam line optimized fast front-end electronics able to provide:
) Z% : R 3 7Ry,
H J‘ %/// { s A //;-:/ 79 g/ {
| cHmera || T | cATANA
HW ////// A “/;/k{/\/\//\} ? //
o B s eSO U
] e S e Do AW A i istributi -
JPi=gp i AR S s c Spatial distribution of the ions
H%QJE*\L“I \L‘l” \DDPI’AQ(
— 77777777777 77 | |
7 Z AE of ions passing through the
Z Z detection systems e
~ | Laser Room FAN - Identification
/; 4l _» two chambers to house via AE-ToF
Z ~ detector systems ToF between two SiC systems
) ; 1 .
; Room 17 or with respect the CS RF
/ F %
| evaon A System versatile to be used in
cor | TANDEM several facilities
e .
; 'a,--*D-E-*%;m“}Qé% 2 S I
I é 7
g8 p
| 15 g H- | PREINJECTOR
00707

Russo A et al., NIM B 463 (2020) 359 418 — 420
Russotto P. et al., J. Physics: Conf. Ser., 1014 (2018) 012016
Martorana N.S. et al., Frontiers in Physics, 10 (2022)

INEN N.S. Martorana-FATA2025, 08-10-2025




Key Points

= Simulation of spatial distribution of beam components

and AE_T_OF PIOt using a SIC detector placed arter the Primary Beam RIB at the FRS exit Pps at the exit slit | AE on 100 pm SiC
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Key Points

. Arrays of SIC piXG'S of 3 mm x5 mm - 180 HM -=> will = Characterization of SiC prototypes
be covered an area of ® 60x30 mm? - segmentation
able to sustain = 107 pps

Courtesy of C. Guazzoni Courtesy of G. Cardella

A typical issue of fragmentation beams is AE/E =2 %—>
uncertainty for a beam of 50 MeV/A is = 1 MeV/A

in order to provide RIBs with

AE/E = 0.5 % we can use the ToF
measurement between two SiC
arrays => 100 ps for each SiC

| pad

Commercial electronics:

Mesytec MPR-16 preamplifier

CAEN DGT DT5742 16 ch, 1 GHz
Analyses on waveform and applied filter

ToF=150 ns

=~ 10 cm/ns —>

2x2 pixels SiC detector
(100 pm- 1 cm?)

=

= 15-20 m >ﬂ

N.S. Martorana et al., NIMA, under review
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. Arrays of SIC piXG'S of 3 mmx5mm - 180 HM - will = Characterization of SiC prototypes
be covered an area of ® 60x30 mm? - segmentation
able to sustain = 107 pps

1000

- — = SjC waveform s00-
; \! = Signal after the trapezoidal filter = 0
= = = Blue dashed line smoothing to extract the £*°
' £ \\ timing 2_4001
£ L
r —i !! - i I I :
7l I ‘ maximum=> energy information 2001~
Nl start time = a fraction % of the extracted o
maximum T 4ogﬁm;(r;se)<|)o' — 8067600
Courtesy of C. Guazzoni Courtesy of G. Cardella i pu Mam cs00
2500 -
L EI}DU;— - I12|:1
A typical issue of fragmentation beams is AE/E =2 %-> 2000[- =0 ¢ oo
uncertainty for a beam of 50 MeV/A is = 1 MeV/A : 5000}
| 52.83 keV FWHM C
1500 = 4o =80
in order to provide RIBs with [ 50.49 keV FWHM %mnf_ o
AEJE = 0.5 % we can use the ToF I g r |60
_ 1000 240 3500
measurement between two SiC i -
arrays = 100 ps for each SiC i o 40
I pad 500 - 2500
ToF=150 ns " i 51.48 keV FWHM zuunf— _ %0
= i % L [ N - - . : : .
10 cm/ns 073600 4800 5000 5200 5400 5600 5800 ﬁuluu ﬁzlun 54|uu 1500 - '?{ = 'l S ’.!" ' '1|u' ' '1!2' : '1|4' : II!’:‘-I : 'llsl TR
_ Energy (keV) Rise timea (ns)
- Energy spectrum and energy vs rise time plot obtained for one pixel, using %°Pu, ?*1Am,
>ﬁ 244Cm a radioactive source

= 15-20 m

N.S. Martorana et al., NIMA, under review
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= Arrays of SIiC pixels of 3 mm x 5 mm - 180 um -> will
be covered an area of ® 60x30 mm? - segmentation
able to sustain = 107 pps

Courtesy of C. Guazzoni Courtesy of G. Cardella

A typical issue of fragmentation beams is AE/E =2 %—>
uncertainty for a beam of 50 MeV/A is = 1 MeV/A

in order to provide RIBs with

AE/E = 0.5 % we can use the ToF
measurement between two SiC
arrays => 100 ps for each SiC

I pad
ToF=150 ns :

=~ 10 cm/ns —>

=

(

= 15-20 m
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CATANIA

» Characterization of SiC prototypes

= SiC waveform

= Signal after the trapezoidal filter

= Blue dashed line=> smoothing to extract the
timing

maximum=> energy information
start time - a fraction % of the extracted
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Energy spectrum and energy vs rise time plot obtained for one pixel, using %°Pu, ?*1Am,

244Cm a radioactive source

N.S. Martorana et al., NIMA, under review
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Test performed at INFN-LNS using a MCP as start signal and 2x2 SiC as stop signal over a base flight of = 11 cm

MCP detector SiC detector
a source Start Stop & AE

1000l (@)
000 O350,=199 £ 5 ps

O350,=201 = 4 ps
Og50,=212 £ 3 ps
035o/°=282 i 7 pS

5001
(b)
600+
|
0O 5 10 15

Time difference (ns) 400r

= Standard mixed a source = I ycpisic = 200 ps 2001~
= 148Gd a source — oycpisic = 300 ps

N.S. Martorana et al., NIMA, under review N Ju N i |
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To obtain the information on the timing performance of a single SiC pixel-> data analysis looking at the sharing of the signals; namely signals in
events in which two adjacent pixels are in coincidence

Mixed a source-> a particle impinges on the interpixel 5000w 3 500
region-> signals detected by two adjacent pixels ; (b)
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v’ Start/crossing time has been evaluated at the 10% of the extracted

maximum

v Time difference: difference between the start/crossing time signals of
two adjacent pixels in coincidence events

Time difference = Startg;c, — S tartg;cy

v' Time difference in coincidence events with energy cuts-> o = 800 ps

Waveforms in a coincidence event

N.S. Martorana et al., NIMA, under review
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To obtain the information on the timing performance of a single SiC pixel-> data analysis looking at the sharing of the signals; namely signals in
events in which two adjacent pixels are in coincidence

Mixed a source-> a particle impinges on the interpixel
region-> signals detected by two adjacent pixels
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N.S. Martorana et al., NIMA, under review
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v’ Start/crossing time has been evaluated at the 10% of the extracted
maximum

v Time difference: difference between the start/crossing time signals of
two adjacent pixels in coincidence events

Time difference = Startg;c, — Startg;c,
v' Time difference in coincidence events with energy cuts-> o = 800 ps

v' Analysis on the crossing time to optimize the sigma value-> 35%
crossing time minimize the sigma value
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To obtain the information on the timing performance of a single SiC pixel-> data analysis looking at the sharing of the signals; namely signals in
events in which two adjacent pixels are in coincidence

Mixed a source-> a particle impinges on the interpixel 000 (@) I3 100 (b)
region-> signals detected by two adjacent pixels o5 S0l
< 40001 045 = 291 30 ps
g -2 O, = 325 £ 19 ps
< 3000F [ 60 _rrm_:: 384 + 19 ps
5 —1.5
% 40
@ 2000 -1
-
L
0.5 20
1000
| ] I l 0 0 | ]
1000 2000 3000 4000 5000 -10 0 10
Energypimm (keV) Time difference (ns)
s000}- (C) (d)
4001 N
To obtain the energy dependence of the time resolution, more = 40000 300
strict conditions were included in the analysis: £
> 200} = ||z
o = |z
) arise-time < 7.5 ns to remove edge effect £ 2000~
ii) a constraint upon the sum of the two pixels energies 100
i) a cut on the energies of two adjacent pixel T ¥\
% O 4000 5000 6000
Having the pixels, in this region, the same energy range, one o
can assume that the pixels response is the same > Rise time,, , (ns) Energy sum (keV)

Same method applied also for the Gd a source

— 2 2 - 9
g = \/apixelz + apixelB > Opixel = V2
N.S. Martorana et al., NIMA, under review
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To obtain the information on the timing performance of a single SiC pixel-> data analysis looking at the sharing of the signals; namely signals in
events in which two adjacent pixels are in coincidence

Timing response using the sharing method with 2 MeV a beams

5
1500 I4.5 (b) Ga50,=1710 + 75 ps
14 100
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= 1000 9
2 I2.5
> 1 501
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Ll
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500 1000 1500 —40 -20 0 20 40
100 pm SiC detector at Energ}.rrpimIE (keV) Time difference (ns)
0=150° in the laboratory
frame, and inside a 2000 - 3
vacuum chamber (c) :
= carbon target with an —2.5
evaporated Au layer = 20 > 1500 : 100
pg/cm2was used 3 2
e
21000- I1.5
= =
= 1, 50
L .
w5001
0.5
G 10 20 30 40 © 00 1000 1500 2000 2500
Measurement conducted at Dipartimento di Fisica e Astronomia «Ettore Rise “mepixelz (ns) Energy sum (keV)
Majorana» using the Singletron accelerator with low energy a and proton )
boa J g 9 P Same method applied for the 1 MeV proton beams

N.S. Martorana et al., NIMA, under review

CATANIA N.S. Martoran a'FATA2025, 08'10'2025




To obtain the information on the timing performance of a single
events in which two adjacent pixels are in coincidence

Black point:

v experimental data: mixed a source; Gd source, low energy
proton and a beams

Red point:

v Pulser data sent to the Mesytec preamplifier

SiC pixel-> data analysis looking at the sharing of the signals; namely signals in
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N.S. Martorana et al., NIMA, under review
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To obtain the information on the timing performance of a single SiC pixel-> data analysis looking at the sharing of the signals; namely signals in

events in which two adjacent pixels are in coincidence

Black point:

v experimental data: mixed a source; Gd source, low energy
proton and a beams

Red point:

v Pulser data sent to the Mesytec preamplifier

Pictures of a 2x2 SiC array mounted on a PCB and 4-channels
preamplifier developed at INFN and Politecnico di Milano for 1 cm?
detector carrier in full transmission mode (courtesy of C. Guazzoni)
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T-INSIDE experiment-> June 2025

12C + 12C (0.1 mg/cm?) @73 MeV

Detector arrangement:

ICARE chamber placing two SIiC 2x2 detectors at
different angles In_order to extract the time
resolution as a function of fragments energy
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T-INSIDE experiment-> June 2025
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Conclusions and future plans

Development of SIiC arrays

Results obtained with a sources (AE/E < 1%)

Results obtained with sources (sharing and ToF methods) show a ¢,<300 ps
at 5 MeV

Preliminary results with carbon coincidence shows a o; =125 ps at 34 MeV
Further data analysis and simulations are ongoing

Further steps will concern the production of SIiC arrays and commissioning of

the whole setup
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