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Introduction

BGO calorimeter

Beam monitoring Permanent  AE-TOF
drift chamber /magnets detector

N

Silicon strip detectors

\ Target  Silicon pixel
Start counter trackers Scheme obtained with FLAIR [2]

« 2 layers of plastic scintillators, 20+20 bars, 44 x 2 x 0.3 cm3
* Double-side SiPM read-out



Introduction
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e AE-TOF detector: based
o 4 Y
on scintillator bars &m

* AE-TOF detector provides ‘{e(
— Time-Of-Flight of fragments
* TOF=ty, -t =(t+t,)/2 —t,;, 2 velocity B QUESTION
— Energy deposited (from charge-energy calibration)
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— Position of deposit (2D by orthogonal arrangement)
* By determining T, =t-t,
* By ratio of collected energies In(E/E,)



Data acquisition

Four SiPMs at each end

MPPC Hamamatsu,
25 umcell, 3 x 3 mm?

HEHEN

4
Plastic scintillator bar Bias, trigger & DAQ e WD0278
~"EJ200 Eljen Technology, 40 x 2 x 0.3 cm? WaveDAQ (PSI & INFN) ‘
, Wrapping: Aluminum + black tape
T | ] CH1 PC
CHZ2

— SiPM signal amplified and sent to fast digitizer (5 Gsamples/s)
— DAQ system (WaveDAQ: PSI-INFN):
 Based on DRS-ASIC developed at PSI (Stefan Ritt)
e Channels from each bar connected to custom board WaveDREAM (WDB)

* Canreadout 16 (+2 synch )channels (22 bars in one plane, so 44 channels = 88 channels
for 2 planes in FOOT) [So 6 boards needed]

e Switchable gain amplifiers from 0.5 up to 100 in steps

 Can provide power for SiPMs -> Output is binary file
 Connected to trigger board



Data structure
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ation Board User’s Manual

~ C++ macro to decode the signal to

Word Byte 0 Byte 1 Byte 2 Byte 3 Contents
waveforms in root format ’ = = il 2| eheden yer e
1 \pr Ay G o Time Header
2 "B g Board number Board serial number
~ to be copied and adjusted in SHOE G NN T I T [V Sy
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin width in ns for
- - channel | encoded in 4-Byte
floating point format
) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o o o Channel 2 header
#include <stdio.h> hannel 2 header
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 Effective time bin width in ns for
. . cha 21 2 encoded in 4-Byte
#include "TSt ring. h" :1111}!‘{\&1 u_nw.du»d ’m Byte
: n " oating point format
#include "TGraph.h
#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY 3D" R/ Event Header
2054 Event Serial Number Serial number starting with 1
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag[3]; 2056 pay Hour
char version; 2057 o ’
- lnute Seconc
} FHEADER;
2058 Millisecond Range Range center (RC) in mV/
typedef struct { 2059 ‘B’ ‘e Board number Board serial number
char time_header [41; 2060 ‘! ‘i Trigger cell Number of first readout cell
} THEADER; 2061 \c! NOL D) ‘1’ Channel 1 header
2062 Scaler #1 Scaler for channel 1 in Hz
typedef struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
. . . Voltage Bin #2 Voltage Bin #3 hannel | waveform data encoded
unsign ed short boa rd_s eria l—n umber; in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 el *0’ r0’ R0 Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int eVent_Serlal_number; 2577 Voltage Bin #0 Voltage Bin #1
unsigned short year; 2578 , Channel 2 form dat ed
i . & Voltage Bin #2 Voltage Bin #3 hannel 2 waveform data encoded
uns lg ned short month ’ in 2-Byte integers. 0=RC-0.5V and
unsigned short day; 65535=RC+0.5V. RC see header.
unS:!-QHEd short hO.Ur; 3088 Voltage Bin #1022 Voltage Bin #1023
unsigned short minute; -
3089 B VHY D’ R’ Next Event Header
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waveforms in root format e = File header o o
1 e NIr G oG Time Header
2 "B g Board number Board serial number
3 eld ot O’ v, e \ vador
= to be copied and adjusted in SHOE c ; 0" | Coumel v
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin width in ns for
_ - channel | encoded in 4-Byte
floating point format
) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o’ Y o Channel 2 header
#include <stdio.h> nanne’ 2 header
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 Effective time bin width in ns for
: " : n channel 2 encoded in 4-Byte
#}n clude ”Tst ring. !’I] floating point format
#include "TGraph.h
#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY ‘D! R/ Event Header
2054 Event Serial Number Serial number starting with 1
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag[3]; 2056 pay Hour
char version; 2087 - ;
- lnute Seconc
} FHEADER;
2058 Millisecond Range Range center (RC) in mV/
typedef struct { 2059 ‘B’ Yy Board number Board serial number
char time_header [41; 2060 ‘! ‘i Trigger cell Number of first readout cell
} THEADER; 2061 \c! NOL D) ‘1’ Channel 1 header
2062 Scaler #1 Scaler for channel 1 in Hz
typEdEf struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
. . . Voltage Bin #2 Voltage Bin #3 hannel | waveform data encoded
unsign ed short boa rd_s e€ria l_n umber; in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 e ‘0’ ‘0’ 050 Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int eVent_Serlal_nUmber; 2577 Voltage Bin #0 Voltage Bin #1
unsigned short year; 2578 ; Chamnel 2 form dat ed
i . & Voltage Bin #2 Voltage Bin #3 hannel 2 waveform data encoded
uns lg ned short month ’ in 2-Byte integers. 0=RC-0.5V and
unsigned short day; 65535=RC+0.5V. RC see header.
UnS:!.gr]Ed Short hO.Ur; 3088 Voltage Bin #1022 Voltage Bin #1023
unsigned short minute; -
3089 ol ‘HY \p’ R’ Next Event Header




Data structure

LUCE\ Ga”l Stefan tht PAUL SCHERRER INSTITUT
I

ation Board User’s Manual

~ C++ macro to decode the signal to

Word Byte 0 Byte 1 Byte 2 Byte 3 Contents
waveforms in root format : = = == R D
1 e \pr d!m \ ea ercudcr
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= to be copied and adjusted in SHOE c g 0 [ 0| Coamel bt
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin \yidlh in ns for
channel 1 encoded in 4-Byte
floating point format
) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o’ Y o Channel 2 header
#include <stdio.h> nanne’ = eader
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 Effective time bin width in ns for
. n . m channel 2 encoded in 4-Byte
#}nclude ”TSt ring. !’I] floating point format
#include "TGraph.h
#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY ‘D! R/ Event Header
2054 Event Serial Number Serial number starting with 1
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag[3]; 2056 pay Hour
char version; 2087 - .
- lnute Seconc
} FHEADER;
2058 Millisecond Range Range center (RC) in mV/
typedef struct { 2059 B’ Vg Board number Board serial number
char time_header [41; 2060 ‘! ‘i Trigger cell Number of first readout cell
} THEADER; 2061 \c! NOL D) ‘1’ Channel 1 header
2062 Scaler #1 Scaler for channel 1 in Hz
typEdEf struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
1 ] . Voltage Bin #2 Voltage Bin #3 hannel 1 waveform data encoded
unsign ed short boa rd_s e€ria l_n umber; in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 e ‘0’ ‘0’ 050 Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int eVent_Serlal_nUmber; 2577 Voltage Bin #0 Voltage Bin #1
unsigned short year; 2578 ; Chamnel 2 form dat fed
i . & Voltage Bin #2 Voltage Bin #3 hannel 2 waveform data encoded
uns lg ned short month ’ in 2-Byte integers. 0=RC-0.5V and
unsigned short day; 65535=RC+0.5V. RC see header.
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unsigned short minute; -
3089 B VHY D’ R’ Next Event Header
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1 \pr G o Time Header
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4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin \yidlh in ns for
channel 1 encoded in 4-Byte
floating point format
) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o’ Y o Channel 2 header
#include <stdio.h> hannel 2 header
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#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY ‘D! R/ Event Header
2054 Event Serial Number Serial number starting with 1
typedef struct { 2055 Year Month Event date/time 16-bit values
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typEdEf struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
. . . Voltage Bin #2 Voltage Bin #3 hannel | waveform data encoded
unsign ed short boa rd_s e€ria l_n umber; in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 e ‘0’ ‘0’ 050 Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int eVent_Serlal_nUmber; 2577 Voltage Bin #0 Voltage Bin #1
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3089 B VHY D’ R’ Next Event Header
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- C++ macro to deCOde the Signal to Word Byte 0 Byte 1 Byte 2 Byte 3 Contents
waveforms in root format : _ = = R kb

1 \pr Ay G o Time Header
2 "B g Board number Board serial number
. . .
~ to be copied and adjusted in SHOE G NN T I T [V Sy
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin width in ns for

channel 1 encoded in 4-Byte
floating point format

1027 Time Bin Width #1023
#include <string.h> 1028 St S Y, o Channel 2 heade
#include <stdio.h> annel 2 header
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 l‘i}f‘l'ccli‘\]/n;li\mf: lwlitll\?'i<14;]1[;i(111‘15 for
#include "TString.h" . B Eﬁﬁﬂg&ﬁﬁi&ﬁ T

#include "TGraph.h"
#include "TCanvas.h"

#include "Getline.h" 2053 \E' | ‘H'F‘Ierft Heade Event Header

n

32 o

= T T O ST v p—
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag[3]; 2056 pay Hour
char version; 2057 Minute Second
} FHEADER;
2058 Millisecond Range Range center (RC) in mV/
typedef struct { 2059 B’ Vg Board number Board serial number
char time_header [41; 2060 ‘! ‘i Trigger cell Number of first readout cell
} THEADER; 2061 \c! NOL D) ‘1’ Channel 1 header
2062 Scaler #1 Scaler for channel 1 in Hz
typig:ﬁ struct { bn[z] . 2063 Voltage Bin #0 Voltage Bin #1
’
. . . 2064 Voltage Bin #2 Voltage Bin #3 Channel 1 waveform data encoded
unSlgnEd short boa rd_se ria l_number, in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header.
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 ‘cr ‘0’ ‘0’ 2! Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int event_serlal_number; 2577 Voltage Bin #0 Voltage Bin #1

unsigned short year;

i . 2578 Voltage Bin #2 Voltage Bin #3 Channel 2 waveform data encoded
uns;gned short month' in 2-Byte integers. 0=RC-0.5V and
unsigned short day; - - - 65535=RC+0.5V. RC see header
unSignEd short hOUr; 3088 Voltage Bin #1022 Voltage Bin #1023

unsigned short minute;
9 ! 3089 ol ‘HY \p’ R’ Next Event Header
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waveforms in root format : _ = = R kb

1 \pr Ay G o Time Header
2 "B g Board number Board serial number
. . .
~ to be copied and adjusted in SHOE G NN T I T [V Sy
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin width in ns for

channel 1 encoded in 4-Byte
floating point format

) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o’ o Vo0 Channel 2 header
#include <stdio.h> hannel 2 header
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 li}l'l'ccli\]/n;limc hlinl\ivid;huin ns for
. n : " channel 2 encoded in 4-Byte
#}nclude ”Tst ring. !’I] floating point format
#include "TGraph.h
#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY 3D" R/ Event Header
i S CTTT TTOTTOCT SCATOE W T
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag [3] ; 2056 pay Hour
char version; 2057 o X
- lnute Seconc
} FHEADER;
2058 Mill isecomEv 1Y nt i nf;o Range center (RC) in mV
typedef struct { 2059 ‘B’ A Board number Board serial number
char time_header[4]; 2060 o (.boardin&eaderwboa;a,m el
} THEADER; 2061 \c! ‘o’ o'y ‘17 | Changel 1 header
2062 aaIai Lcn n ne‘ nlIO hannel | in Hz
typEdef struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
1 ] . Voltage Bin #2 Voltage Bin #3 hannel 1 waveform data encoded
unsig ned short boa rd_se ria l—numbe ry in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
Voltage Bin #1022 Voltage Bin #1023
typedef struct { (el ‘0’ ‘0’ 070 Channel 2 header
char event_header [4]; Scaler #2 Scaler for channel 2 in Hz
uns:!'gnEd int eVent_Serlal_nUmber; Voltage Bin #0 Voltage Bin #1
unsigned short year; , Channel 2 form dat "
i . Voltage Bin #2 Voltage Bin #3 hannel 2 waveform data encoded
uns lg ned short month ’ in 2-Byte integers. 0=RC-0.5V and
unsigned short day; 65535=RC+0.5V. RC see header.
unsigned short hour; L o S o oo
unsigned short minute; -
3089 B VHY D’ R’ Next Event Header
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waveforms in root format ’ = = il 2| eheden yer e
1 \pr Ay G o Time Header
2 "B g Board number Board serial number
= to be copied and adjusted in SHOE SO I I T I T
4 Time Bin Width #0
5 Time Bin Width #1 Effective time bin \yidlh in ns for
channel 1 encoded in 4-Byte
floating point format
) ) 1027 Time Bin Width #1023
#include <string.h> 1028 o o’ Y o Channel 2 header
#include <stdio.h> nanne’ = eader
#include "TFile.h" 1029 Time Bin Width #0
#include "TTree.h" 1030 Time Bin Width #1 Effective time bin width in ns for
: " : n channel 2 encoded in 4-Byte
#}nclude ”TSt ring. !’I] floating point format
#include "TGraph.h
#include "TCanvas.h" 2052 Time Bin Width #1023
#include "Getline.h" 2053 \afs ‘HY ‘D! R/ Event Header
2054 Event Serial Number Serial number starting with 1
typedef struct { 2055 Year Month Event date/time 16-bit values
char tag[3]; 2056 pay Hour
char version; 2087 - .
- lnute Seconc
} FHEADER;
2058 Millisecond Range Range center (RC) in mV/
typedef struct { 2059 B’ Vg Board number Board serial number
char time_header [41; 2060 ‘! ‘i Trigger cell Number of first readout cell
} THEADER; 2061 \c! NOL D) ‘1’ Channel 1 header
2062 Scaler #1 Scaler for channel 1 in Hz
typEdEf struct { 2063 Voltage Bin #0 Voltage Bin #1
char bn[Z]; 2064 Ct 11 fi lat led
. . . Voltage Bin #2 Voltage Bin #3 hannel | waveform data encoded
unsign ed short boa rd_s e€ria l_n umber; in 2-Byte integers. 0=RC-0.5V and
} BHEADER; 65535=RC+0.5V. RC see header,
2574 Voltage Bin #1022 Voltage Bin #1023
typedef struct { 2575 e ‘0’ ‘0’ 050 Channel 2 header
char event_header [4]; 2576 Scaler #2 Scaler for channel 2 in Hz
unSlgnEd int eVent_Serlal_nUmber; 2577 Voltage Bin #0 Voltage Bin #1
unsigned short year; 2578 ; Chamnel 2 form dat fed
i . & Voltage Bin #2 Voltage Bin #3 hannel 2 waveform data encoded
uns lg ned short month ’ in 2-Byte integers. 0=RC-0.5V and
unsigned short day; 65535=RC+0.5V. RC see header.
unS:!-gnEd short hO.Ur; 3088 Voltage Bin #1022 Voltage Bin #1023
unsigned short minute; -
Next Event Header




Waveform processing

e A C++ macro (“readbinary.cc) will give as
output a root file with

— N (N__=88+11) time arrays: vector[1024]

— N (N, ,,=88+11) amplitudes (voltages):
vector[1024]

- Max 44*2=88 waveforms (firmware based
zero suppression for channels without hits) : HAMAMATSU waveform

* Charge and times from WEM processing (next) o . /ﬂd
* Position from oob /

max

0.5

w3]

. . _ 02 /,/
— time difference t=t|q-tr,,, ot

— Charge ratio

— Bar crossing (orthogonal planes)

0=, Lo v o 1 Ix10°




Waveform processing

* Charge obtained by

pedestal
— Determining pedestal ® Lo /
04— 3 )
— Integrate waveform (surface) t
— Calibrate to MC/NIST deposited o N\4
value with Birks law = get energy : |
O.1j
SR S S £
16000 - k= 0.011 +£0.001 MeV1! : \
(i B (; — 0.(IJS‘ — IOI.1‘ l 0.45‘ — I0.12 x10°
<DE t3)
S Carbon
0 (115-400 MeV/u)
L 8000} ]
£ pedestal
4000+ sl /
o # Proton (60-220 MeV) W oaaaases manay 2 T

0 ) () 3 () o] Qe e 6.0
Deposited energy (MeV)

 Time obtained by performing linear fit

around crossing point
* Position: see previous slide

70
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Current detector and reco status

Stand alone DAQ software for the WDAQ

readout developed and working!
June 2018: test-beam at CNAO with 2 bars (4

channels)

Binary output decoded as before to obtain:

v Energy
v' TOF
Performances analyzed

— 30

% DATA

= 25 —— Bethe-Bloch H
u: 20 Bethe-Bloch He

IIIIIIIIIIIIIIIIIIIIIIIII

i

O v de Ty s by b S by I

" BAR1

.\'\-‘f
e o T [

0 0102 03 04 05

0.6

# Entries

L=TOF*c* %

_"
-
-
-
-
-
-
-
-
-
-
- e

Summary of

performance and

fragment identification

results see

* Paper NIMA

* Presentation by E.
Carriocchi at IEEE

(nov 2018)
E e Bl DATA
- S BAR 1

.

2.5 3

1.5 2
Atomic Number Z



Simulation status

v Fragmentation in bars studied in
simulations studied for various

. myZprec at 8.3°: DATA-MC myZprec at 8.3°: DATA-MC
fragments as function of 1200 1200
v r ! —MC i ] —MC
Energy 1000:— _DATA 1000:— _DATA
v" Thickness of bar :

v’ Z of fragments
v" Comparison performed with
experimental data

600~

400~

* Energy deposit K&

* Beta e 3 e HEEr S

. TOF

°
z dEvsB:8.3° BAR 1 dEvs B:8.3° BAR 2

o« . a0 — — 5 o T we

* Work ongoing to understand S b . DATA A S S

e |sot ?-). - - | — Bethe-Bloch 'H ?‘f ., |7 Bethe-Bloch ™

sotopes ur Nlj%ethe-Bloch“He wr 20f ~Bethe-Bloch ‘He

* Energy deposits

e Various aspects not fully
understood and under control

« How to account for loss in bars s
(relevant for low beta) b

- ! T oy
0O 01 02 03 04 05 06 07 08 0.9 1 01 02 03 04 05 06 07 08 09 1

B B




Status SHOE software implementation

v" Few attemps to install SHOE on pc = abandoned
v Got account on Bologna TIER 3
 Tried to compile but fails...



Conclusions

* Data structure defined and working (for prototype)
* Some help needed to run SHOE



