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The 2020 dual-readout prototype

Full prototype - 9 towers

4+ In 2020/2021 we built a new capillary-tube-based dual-readout
prototype.

R

 Electromagnetic dimensions of 10x10x100 cm3. 8 : ‘ A single tower

% 9 towers containing 16x20 capillaries
(160 C and 160 S).

< Capillary tube with outer diameter of 2 mm and
inner diameter of 1.1 mm. 1-mm-thick fibers.

4+ Goal: millimetric 2-dimensional shower-shape reconstruction
in dual-readout calorimeters.

Prototype rear end

AW | - -

More on mechanics and construction
at Gabriella Gaudio’s talk at this workshop.
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The 2020 dual-readout prototype readout system

Fiber guiding system _

4+ Superior granularity achieved using a hybrid readout
system:

< 320 SiPMs in the central tower independently
read-out using

% 5 FEE readout boards, operated in self-trigger
mode.

4000 ATE AT

¢ Surrounding 8 towers read-out by two PMTs per
tower providing an independent Cherenkov and

Scintillation light readout.

Readout
Boards

Hamamatsu SiPM: S14160-1315 PS Front end board
CAEN A5202

Cell size: 15 um housing 64 SiPM
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The 2020 dual-readout prototype readout system

4+ Superior granularity achieved using a hybrid readout
system: FERS A5202

< 320 SiPMs in the central tower independently
read-out using

60 mm

% 5 FEE readout boards, operated in self-trigger
mode.

< Surrounding 8 towers read-out by two PMTs per R - CARE .
tower providing an independent Cherenkov and N —— =
Scintillation light readout.

A
v

150 mm

» Two Citiroc1A for reading-out up to 64 SiPMs
* One (20 — 85V) HV power supply with
temperature compensation
» Two 12-bit ADCs to measure the charge in all channels
« Timing measured with 64 TDCs implemented
on FPGA (LSB = 500 ps)
2 High resolution TDCs (LSB = 50 ps)
 Optical link interface for readout (6.25 Gbit/s)
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The 2020 dual-readout prototype readout system

4+ Each SiPM signal split in a Low Gain and a

High Gain (x10) charge integrator. _ _ FERS A5202
This configuration allows to calibrate the signal in R T— | t
p.e. in a wide range (from 1 to 4000 p.e.). 2 st SISO L L AEeed
CITIROC 1A: block diagram % _ - L E O 3
Channel 31 | - - : ; ' o :,. : -
Channel 0 oV Chargemeasuremen t 3 I g Y, e
~I> Mg\_’?zi _ & s zi2 i) :-'_:é,:;: c ' '—'::::; L | SR . ‘i :
reamp low gain e I£I> v
3 ) 150 mm ]
&1 outto « Two Citiroc1A for reading out up to 64 SiPMs
' DAQ * One (20 — 85V) HV power supply with
o temperature compensation
» Two 12-bit ADCs to measure the charge in all channels
5 » Timing measured with 64 TDCs implemented
on FPGA (LSB = 500 ps)
ﬂ? « 2 High resolution TDCs (LSB = 50 ps)
- * Optical link interface for readout (6.25 Gbit/s)
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Two beam tests

4+ At DESY (June 2021)
*» ¢ with energy range 1-6 GeV

% Energy scan both with and without yellow
filters on Scintillating fibers.

s Scan over multiple points at the calo surface
to check the dependency of the response on
the position.

\ f‘"

— |
—— —\

&_. S Calorlmeter —A= =S

‘\

=3 Scmtlllators
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Two beam tests

4+ At DESY (June 2021)
*» ¢ with energy range 1-6 GeV

% Energy scan both with and without yellow
filters on Scintillating fibers.

1
[ -1

< Scan over multiple points at the calo surface - anrimetr =
to check the dependency of the response on féﬁ inf_‘uml“" Af

iB

the position. i TN
+ At CERN-SPS H8 beam line (August 2021)
< e™ with energy range 10-125 GeV

% Energy and position scan.

% eT beams highly affected by 7+
contamination.

< u™ in non-monochromatic beams.
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Two beam tests

4+ At DESY (June 2021)
*» ¢ with energy range 1-6 GeV

% Energy scan both with and without yellow
filters on Scintillating fibers.

7/

s Scan over multiple points at the calo surface
to check the dependency of the response on
the position.

4+ At CERN-SPS H8 beam line (August 2021)

Prellmlnary

E beam Acquwed P05|tron |
GeV events |events P

225k 108k 48%

o ot with 10125 GeV/ 20 250k 55Kk 22%
e with energy range 10- e

gy rang 30 370k 22k 6%

% Energy and position scan. 40 1.65M 100k 6%

. (0]

< e beams highly affected by 7™ 60 300k ok &
contamination. 80 350k 2.5k 0.7%

. . 100 500k 0 0

< 47 in non-monochromatic beams.
125 500k 0 0

CE’RW
\
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& master -~ ¥ 2branches © 3 tags Go to file Add file ~ Code ~

B8 DREMTubes

I h e 2 O 2 1 b e a m te St S W (3) lopezzot Merge pull request #26 from lopezzot/dev |- ac76899 13 days ago @‘153 commits
tin

BB DreamDaq
T
+ The 2021 dual-readout calorimeter software is located in a new R
GitHub repo: °

[ README.md Update README.md

< [qithub]

DREMTubes
4+ Divided into four sub-repos:

< DREAMDaq/

Repository for Dual-Readout Calorimetry 2021 beam tests using the 2020 DR EM-sized Tubes prototype. It
includes the Geant4 simulation, the DAQ code, the test-beam-data conversion tools and monitoring, and the
physics analysis code.

> | Test beam data acquisition code
Contact: Roberto Ferrari

< TBDataPreparation/ > Converters from raw data to analysis ntuples
and raw data monitoring

Contacts: Lorenzo Pezzotti, lacopo Vivarelli, Andrea Negri

Edoardo Proserpio and Romualdo Santoro

2 _ Macros for high-level-objects analysis
TBDataAnalysis/ » |Contacts: Lorenzo Pezzotti, lacopo Vivarelli,

Edoardo Proserpio and Romualdo Santoro

<% DREMTubes/ > Geant4 test-beam simulatiqn
Contact: Lorenzo Pezzotti
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https://github.com/lopezzot/DREMTubes

Raw data handling and workflow

l'I_'l\(NotLr]dependent DAQ systems (SiPMS + (PMT & auxiliaries)) used, therefore the data conversion flow looks
ike this

Raw Data Handling Data Merging Calibration and
High-Level Abstraction
Raw ASCI| Data as DAQ Output
fgr PMTs and auxiliaries

v

Rootified raw data output

for PMTs and auxiliaries Stored events from the Calibration constants are
two DAQs are synchronized applied for
by taking into account —  ADC to GeV conversion,
Rootified raw data output for SiPMs the random pedestal events final information is saved in a
and stored in a de_dlcated high-level-object (class)
T root merged file. ready for analysis.
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SiPM calibration

4+ Preliminary studies performed to check the possibility of exploiting both the SiPMs High-Gain and Low-Gain configuration.

6 GeV ¢ - Desy beams Multi-photon spectra of scintillating signal
Adc high gain Adc low gain
0 2 4 6 8 1012 14 0 2 4 6 8 10 12 14 5 5
() Z‘()()() Efg () 7y()() Eé; 10 T T T T 10 T T T T
< < ADC high gain /ADC low gain

600 | Ing ‘\ 9

5 3000 5 “ \‘
500 ‘
400 g

10 2000 10 |
300 102 H 102 \“\\

15 1000 15 200 \W
100 m o W ol

i i
0 0 ‘ MR Y 1 ‘ “I‘ Dl 111

Signal saturation in the Not possible to measure
region with highest tracks signals at the shower tails.
density already at 6 GeV.
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SiPM calibration

4+ Preliminary studies performed to check the possibility of exploiting both the SiPMs High-Gain and Low-Gain configuration.

6 GeV ¢ - Desy beams Multi-photon spectra of scintillating signal
Adc high gain Adc low gain
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 . .
0 4000 8 O 700 8 10 T T T T 10 T T T T
< < ADC high gain /ADC low gain

5 3000 5 000 i gl
500

10 2000 10 400 w | \\x
300 ; . ‘

w 10 ;RawData

15 1000 15 200 | —— Baseline

100 o ! ‘ " | Multi-ph
/ W%Iq'w ol I
° ° T | <ot I
Signal saturation in the Not possible to measure  With the high gain ADC } |
region with highest tracks signals at the shower tails. it is possible to extract the \‘w,u/a)\‘,%,},.\w;ww
density already at 6 GeV. pedestal and the dpp, - . vr
. . ) ‘ I ‘ ‘ | m "N',Jk{\v'l‘m M/‘Ml "
i.e. obtain and monitorthe | iy oo 0w W e
ADC to p.e. calibration. ADC
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SiPM calibration

4+ Low Gain calibration (ADC/p.e.) obtained with a correlation plot Reconstructed energy deposits for

between LG ADC and measured HG p.e.

400

Cherenkov [=— mevcure] |

350 -

LG in adc
n
o
o

150 -

NP 1 1 1 1 1 1
-10 0 10 20 30 40 50 60 70
HG in ph-e

Possible to extract and monitor
the low gain ADC/p.e. calibration
for each run and each SiPM.

C\E/RW 8/11/2021

every SiPM obtained by combining
the HG and LG signals.

Energy
6 8

400

T T

~ Scintillation

300 -

0 2 4

35 10 12 14

o

0

250 -
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N
8

Sl 1 1 1 1 1 1 1
-20 0 20 40 60 80 100 120 140 160
HG in ph-e

Clearly visible how the high gain
saturation can be recovered.
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SiPM linearity studies

4+ By exploiting the HG and LG signals and their cross-calibration, preliminary results were obtained for the
response of the SiPM-readout tower.

IDEA Dual-Readout Preliminary Center of SiPM tower 800 IDEA Dual-Readout Preliminary Center of SiPM tower
@ 5000 ' ' ' ' ' I Yt ' ' ' ' ' ' a0 -
o - (O] r ] -k Scintillating light (mean = 204, std = 7)
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yellow filters used over scintillating fibers,
neutral filters used over clear fibers.
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PMT/SiPM synchronization

4+ The PMTs and SiPMs signals can be used to extract the shower barycenter position per event.
Information useful to validate the data synchronization.

y (arb. unit)
= = Residual barycenter coordinates
3 3500 : 3500 .
R ... Mean=0.245 «. Mean=0.274
,,,,,, Sig=0.25 Sig=0.25
2 2000 | 2000
1 0 — 0 e .
I x-residuals (a.u.) y-residuals (a.u.)
. Possible to synchronize and merge PMTs and
1 2 3 x (arb. unit)

SiPMs data for every further analysis.
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Events selection

4+ High z* contamination in e beams at the CERN-SPS.

4+ Ongoing studies to effectively identify e in the SPS beams combining two Cherenkov counters (C1, C2)
and the preshower (PS).

i h S 1 + Example of PMTs scintillation signal, for 10 GeV
Preliminary :g::ggg;:;;fem . Z.:an sores beams, as a function of the selecting cuts:
10° - gz:g 22::: E:Z'Il\'niggltl:m SidDev 9847 % No cuts
= Calo Scint EleTight2 | | Underflow 0
- ——— Calo Scint Pions Overflow 0
i <% e identification:
10 % Cherenkov only: C1 || C2
- % Cherenkov only: C1 && C2
10 % Cherenkov + Preshower: (C1 || C2) && PS
- % Cherenkov + Preshower: (C1 && C2) && PS
s \ <+ x' identification:
0200 700 600 800 1000 < Cherenkov only: |(C1 || C2)
ADC counts
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Events selection

4+ High signal dependence over the preshower selecting cuts.

Example: SiPM scintillation signal distribution for 20 GeV e™ as a function of the preshower selection.

Preliminary - MIP ID with preshower Preliminary - SiPM Scin Signal vs. MIP humber
1000 i i i i i i i i Calorimeter Scintillator Signal for different PreShower Bins (incl. C1 cut)
/R R A ool — o1mp
IR — o3P
1 E T T 1 05 MIP
8001 | I 250 1 07 MIP
IR A R A 1 09 MIP
1 | 1 11 MIP
3 °0] RN O R R T 8200 1 13 MIP
5 I > o — 15mp
5 s 5 150) 17 e
4001 IR R 19 MIP
1B | | T 100. 21 MIP
2001 L
I 50
05 T s00 1_10'60 1500 2000 0% } :
PreShower Signal / ADC counts SiPM Scintillator Signal (GeV)
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Events select

4+ High signal dependence over the preshower selecting cuts.

4+ Partially possible to recover some missing energy from tracks impinging the PMTs surrounding towers.
Example: mean scintillation signal for 20 GeV e¢™ as a function of the preshower selection.

Preliminary - Scintillation signal

Preliminary - MIP ID with preshower
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Events select

4+ High signal dependence over the preshower selecting cuts.

4+ Partially possible to recover some missing energy from tracks impinging the PMTs surrounding towers.
Example: mean Cherenkov signal for 20 GeV e as a function of the preshower selection.

Preliminary - Cherenkov signal

Preliminary - MIP ID with preshower

—4— All Towers
—4— Central Tower

1500 2000

1000
PreShower Signal (ADC counts)

8
61
4
2

— — —

(A2D) |eubis Aoxualay) ojed

A

1500 2000

PreShower Signal / ADC counts

1000

500

Lo
o o o o o o
S S S S S
S © o < ~

SalIua

(2]
——
0
()
-+
S
®
()
o]
~
AN
o
AN
—
Q
-+—
()
£
—
o
)
(&)
-
>
(©]
©
®
()
T
®
>
©
c
o
T
o
(o
()
x
.-.m
(@]
N
N
()
o
(@]
N
c
()
—_
(@]
-

8/11/2021




ﬂ Take home & conclusions

4+ A new dual-readout prototype based on the capillary tubes
technique was built in 2020 and tested with beams in 2021.

4+ We collected:

% 1-6 GeV e events @ DESY
first dual-readout calorimeter ever tested at DESY

< 10-125 GeV e™ events @ CERN-SPS

? s000 ' ' ' ]

L p
4000(— &

4+ At present, several studies are ongoing in order to:

< Extract e events in the SPS data. _
< Check the two DAQs synchronization. ’
< Calibrate the detector and evaluate its performance. ,, _
< Reproduce results with Geant4. -

2 e
4 s e-ose-—o-= TSI
——e--0-"
——————

Beam energy [GeV]
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