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Calorimetry

Wealth of different systems (APPEC, NUPECC, EFGA)

Discuss enabling techniques, from a nuclear (structure) physicist
point of view.

Cross fertilization (also into commercial sector) — but the similarities
are within our communities

ldea: typical demands are defined, e.g. in roadmap documents
Go through specific examples where synergies where explored

Calorimetry, is accompanied by different methods in order to clarify
Interaction points and, subsequetly, allow for tracking of interactions
In the absorptive material.

Example to be used: Target Calorimeter for ,high® energy
nuclear physics, where interaction point is key
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Key technologies - Calorimetry

(from the EFCA Detector Roadmap — 2021)

Sl based
calorimeters

Noble liquid
calorimeters

Calorimeters
based on gas
detectors

Scintillating
tiles or strips

Low power

High-precision mechanical structures
High granularity 0.5x0.5 cm? or smaller
Large hﬂmog*aneous array

Improved elm. resolution

Front-end processing

High granularity (1-5 cm?)

Low power

Low noise

Advanced machanics

Em. resolution O{5%/JE)

High granularity {1-10 cm?)

Low hit multiplicity

High rate capability

Scalability

High granularity

Rad-hard photodetectors

Dual readout tiles

DRDT
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6.1.6.2.6.3
6.1.6.2,6.3
6.1.6.2.6.3
6.1.6.2.6.3
6.1.6.2.6.3
6.26.3
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6.26.3
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6.1.6.2.6.3
6.3
6.26.3
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Key technologies - Calorimetry == I
(from the EFCA Detector Roadmap — 2021)

Crystal-based high
resolution ECAL

Fibre based dual
readout

Timing

Radiation
hardness

Excellent EM
energy resolution

High granularity (PF&)
High-precision absorbers
Timing for z position
With C/S readout for DR
Front-end processing
Lateral high granularity
Timing for z position
Front-end processing
100-1000 ps

10100 ps

<10 ps

Up to 1018 r1°q[[:rr12

= 1016 H“.-"BITIE

< 3%/ JE

.- Must happen or main physics goals cannot be met

6.1.6.26.3
6.26.3

6.2.6.3
6.2.6.3 ®

6.16.2,63 o
6.2

6.2
6.2

5.2 o0 o0 ®
616263 @ 7
6.16.2,63 o0
162 @0 @ ® o o ®
6.3 "X )
6.16.2 o

. Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met
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FAIR — The Facility

in view of FAR ===

Nuclear Physics

“
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with high intensity
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apperture and rate capability 5



Super-FRS
workhorse for - CERN Bulletin == —
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Physics Example: Quasi Free Scattering (p,2p) === IL
at relativistic beam energy in inverse kinematics

3
(ko To arrTnd evaporate n,p,d,t R°B

0\‘/
p

Momentum transfer q

de-excite via y radiation

Bound proton

(kyT p Tracking: A, A-1
O \
' 0
T O s Correlated protons
target proton ’62 ) 180 deg in d)
(ky o) b *~90degin®
~ 700 A MeV =» tracking into calorimeter

Physics imposes the scientific requirements

CsI(TI) Efficiency

0 (deg) E, (MeV) range (cm) (%) *Huge dynamic range |
7 686 71.8 15% 100keV y-rays — 700 AMeV charged particles
20 592 59’7 high efficiency, good resolution
40 356 26,4.“ 50% *high granularity - Doppler correction

particle identification
D. Cortina, NN 2015, Catania
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Requirements (from scientific aim)

» Spectroscopic
properties

» Calorimetric properties

NA48/KTeV

However:
Beam momenta are different

Intrinsic photopeak efficiency

Gamma sum energy resolution
D(E,sum)/<(E,sum)>

Calorimeter for high energy
Light charged particles

Gamma energy resolution

. o0z | Light charged particles

40% (up to Ey=15 MeV
projectile frame)

< 10% for 5 y rays of 3 MeV

200-700 MeV in lab system

~5-6% (FWHM at Ey=1 MeV)
~ 3% for very forward angles

~2% (stopped particles)
~ 5% (punch through particl§s)

For 1 to 30 MeV R

E ‘o015 resolution
5 olE)E 0.016
§ 0014 PI’OtOﬂ-y ray separation
T 0.012 |
L e T - 1%

e

1020 3 40 50 60 70 80 30 100

Energy (GeV)

L] 20 4 Gl
Mlomentunal Ge Vi
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NA48 Experiment at CERN and KTeV Experiment at Fermilab,
Homogenous calorimeters with Liquid Krypton (NA48) and Csl (KTeV).
Excellent and very similar resolution.

(Compilation W.Riegler/CERN)




GEM TPC for high rate tracking (Super-FRS) === IL
- Anything in common with the panda EMC ?

Beam Particle ID
- Bp-AE-TOF method:
Requirements

4 O
Bp:A/Z-B-y 7A/Z,P

TOF=L/B Q
AE~Z2/32 = 2

- /

1% GEM-TPC 2™ GEM-TPC

Electric Field

plai4 2113293

Pos res. o<1mm
dnkiacs - Timing res. o: 50 ps
e P AE resolution o: 1-2 %
ERG";‘;E;GNS;; E%g;ﬁﬂ&%ﬁi?38113)’ S o507 p...U: large dynamic range
Rate capability some MHz = Timestamped readout

high rate also required for calorimetry with gas detectors
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



GEM TPC for high rate tracking
- Anything in common with the panda EMC ?

PANDA — EMC: Barrel Readout Electronics

APFEL ASIC 1.5 overview:

4 I Analog doet:
=il T BIZ  , Each resdout channel coneiet of

l I§ ~’¥:>'H‘ ' : D’ >§ » charge sensitive preamplifier

el » third order shaper stage
» differential output driver
P » Two outputs per charnel with different
- ampliicationto cover the dynamic range
» Two equivalent channels per chip
Digital Part:

» Serlal interface on chip Tor the auocalibration to detect

vi |

-
; :;

S {l; 34
. — ——
ey Feee [BEsne] [BAscie
> 1) o

the right DC wltages for a given temmper ature to cover
the whole dynamic range

» Optional charpge injection
» Read andwrite of the DAC settings

K. Brinkmann/U. Thoma — ASIC: ] SR A R e EOT e
P. Wieczorek and H. Flemming, IEEE Nucl. SCI Sym & Med. Imag. Conf. (2010) 1319

APFEL ASIC (0,35um AMS): 2 outputs with different GAIN

Digital interface for configuration

Rate/ch. ~350kHz =>» Similar Demands for GEM-TPC
Power <=50 mW/ch (22k Ch.)
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DATA_I
SELECT
CLK
RESET

GEM TPC for high rate tracking

- Competition of solutions

AWAGS ASIC

CSA INPUT SEIDIF

> oUT+

H ouT-

C0=330{F
Cl=4xC0
C2=38xC0
C3=32xC0
C4= 128xC0

L

RI=50k0
R2=50kQ
Ri=50kQ
Ri=50k 0

Vref=0..18V
CF1 =100 {F
CF2=100F

{0 pATA_O

P. Wieczorek, H. Deppe, H. Flemming,

Low noise amplifier with adaptive gain setting (AWAGS),
accepted from JINST as TWEPP2021 proceeding.

ASIC with adaptive gain;

- very large dynamic ra

- AWAGS |
build. blck.
for panda
trans, rec.
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VMM 3 block diagram

SETT SETB 4 .
R ———————— G —————— . ]or] Direct
i 64 channels

logic
T e

shaper peak

ﬁ-

mux Normal
trim
[_pulser H bias H DAC Htemp |HGray count|{ registers ———
[rompt}{ o8
*= sDI, SDO
a > CUStOm — 1.2V CMOS :: SCI{, cs

bi-dir LVDS

VMM3a: ,Swiss army knife® ASIC (HEP)
ATLAS small wheel (ULMEGAS)
Perfect fit for GEM readout ?

Availability of building blocks allows
for optomized solutions.

11



Enabling technologies
- from Space to medical applications

i; Detectors in Vacuum
low power (1)

Box geometry

. CH2 target

https://ams02.space/
detector/silicon-tracker

. Physics Reports 894 (2021)
1-116

v
e et

|

Silicon Micro
- Strip Detect

FOOT Experiment st

Photonics)

o
¢ )

.—i',‘

(W8

I Magnet l

Beam
monitor

Cocotier LH2 target with

FOOT Si-trackers

as subsystem of the

CALIFA calorimeter (a)

IDE1140 (ASIC)
for the readout

IDE1140
K. Kanxheri et al 2022 JINST 17 C03035 (b)
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https://www.sciencedirect.com/journal/physics-reports
https://www.sciencedirect.com/journal/physics-reports/vol/894/suppl/C

Enabling technologies
- ALICE Alpide

M. Mager | ITS3 | TREDI 2020 | 18.02.2020 | Test system at GSI

« Geometry adaptation to the limit (,surrounding the target’)

* Pixel detectors
- suppression of delta rays
- noise environment / noise reduction & selective trigger/selection schemes
- option for inner tracker in front of Calorimeter

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Elements shrunk for clarity

Enabling technologies

- close geometry / magnetic field / mechanics

APD readout:
- Hamamatsu / CMS - APD S8664-55

- Hamamatsu / panda - APD S8664-1010 PbWO,

- Characterized to be suitable

for Califa Csl readout > APD-S8664- SPClOlO (2CH)

CMS Ecal - CMS NOTE 2000/048

Alveolar - main FEA models

Flange member (honzontal)

Web member
(ver\nca\l)4

. Inserts (solid elements)

0
y .
Outer wall thickness e/2
X Inner wall thickness e
Single xtal cell

Fig. 1 - illustration of FEA Model of alveolar (with inserts)
- shows UDL load and model axes
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Carbn fiber
Alveoli (panda)

\‘—-' . == .

Carbon fibefalveoli
T APD readout

_____‘L————‘



CALIFA S ]

BARREL 38.9%

- External structure 3.5 x4 m
- Detector volume ~ 1.3 m3

- Detector weight ~ 2.5 t

- 2528 detection units

Beam energy: 700A MeV

Scintillator CsI(TU) LaBr/LaCl
B 241 i > Geom. 11 16 6
- " Crys. Len (cm) BEE¥i 22 4/7
1130 mm

Polar cov. 7-20° 20-43° 43-140°
Read-out LAAPD LAAPD PM/SiPM
Dete.chan. 1952 480 96
Elec. chan. 1952 960 96 x2
Weight (Kg) ~ 1500 | ~ 550 ~ 50
Ve s e 285.000 | 90.000 11.000

R’B
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D. Cortina-Gil et al. Nuclear Data Sheet 120(2014) 99-101



Enabling technologies

- Phoswitch/IPHOS (Dual Readout) == N

0, - CEPA: 4x 4cm LaBr;(Ce) + 6cm LaCl;(Ce)
g soo :-W mixed

Z\ml
QL[channel]

PARIS White Book — 03/2021 (oo ros boret detostion) GAGG:Ce
= 900:—|PHOS S AR

goof=Csl(Tl) light at |

3U platform

Available Payload volume: ..., ., <. co.-
97 x 97 x 150 mm

Available Mass: A e aer
05t015kg

Data rate in the air: BROTALLY SRMILATORE
up to 150 Mbps

o
o
o
>
wv
~
w
Ul
=
(%2}

—_—

arXiv:2101.03945v1

l"”[””l””l””ll'”I‘”

GAGG:Ce (Cerium-
doped Gadolinium
Aluminium Gallium e e cosesir )
Garnet)

ansejaul

1000 1500 2000 2500 3000 3500 4000

12C(p.p’) 12C* @ 21 MeV MLL @)
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Enabling technologies
- Precision timing (few...100 ps)

SPACAL Pb - Time Resolution - DESY

o gh?3configf:1ur:atiorlwls pedrform.sigwlilarly %Dn;: - Direct contact
. nly part of the cell read out in direct g —«_ Fibres bundle
contact due to 1.8x1.8 cm? PMT active g 0oL, .Ib es v

o = —e— Light guide
area E 007 l
o Loss of performance 006

Tim

s optimisation needed PRELIMINARY |

0047

e resolution 26 ps at 5 GeV o2

om
LHCb R&D "
Beam Energy [GeV]

Time distribution systems

- e.g. Based on WR network (... KM3NeT)

- https://white-rabbit.web.cern.ch/

- CAMPUS wide (e,g, ToF: Separator — Exp.)

FPGA TDCs down to 7ps resolution

Precise position measurement

Amplitude information via time over threshold

E.g. ToF Wall based on plastic scintillator
c=14ps, o/E=1%

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Light coupling
Materials
Geometry

The 10-ps Wave Union TDC:
Improving FPGA TDC Resolution

beyond Its Cell Delay

Jinyuan Wu and Zonghan Shi
IEEE Nucl. Sci. Symp. Conf. Rec. (2008)

180

160
L
_ 120 |
0
] T
g i
3
60 |
g
20
5
0 16 32 48 64
(a) bin
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https://white-rabbit.web.cern.ch/

Enabling technologies

- Fully digital electronics = 5 I

662 kev X=10mm, Y=20mm, Z=30mm
779 keV (Bulk of seg B3) .
Residual Analog SIPM

HIT LEFT RIGHT TOP BOTTOM (

\

L i [ Analog Silicon Photomultiplier Detector
= R Vbias

— Readout ASIC

Time

Energy

B. De Canditiis
AGATA Week — 2021

\ SiPM

Gamma Tracking Array Concept Digital Photon Counter
Fo-------- T~~~ e N .
| - -
! [ | Event building @ ] 3 | — =
I Highly segmented I time-stamped data - * 4 _ | @ S yS t em — =
: HPGe detectors | Global level %l 3: level Y
| L] I Local level Y | e e 4
I I Energies, times, n |
| interaction points Recenstruction of | Digital Silicon Photomultiplier Detector \
" y-rays from the hits | v v
| - I I | = - Detector + Readout ‘
! Synchronized digital | Pulse Shape Analysis Sh, e : m:‘ _ MT‘
| electronics to digitize I T A |y 9.« 0 5@ o T Recane : AR T
1 (14 bit, 100 MS/s) and — o | Network
| Pprocess the 37 signals I ’: : — | o Energy
| generated by crystals i s Y ] | m— |
| o oo I —_————
| i . o™ — 1
[ I ok -\ e Analysis & | G. Gaudio - ECFA Detector R&D Roadmap Symposium
I Readout Raw Data | [EIEAANINEG correlation with :
: 110 kRievticrystal) : : other detectors | P.Reiter @ sensor I evel

_ _NHARDWARE e et SOFTWARE : = = = = = = = = = —
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Ultimately 5D readout: x,y,z,t,E

Space, time, and energy information
contribute to the overall picture.

* Novel algorithms needed.

Pileup is not noise, just physics we're not
interested in

= Getting the most information about the interesting
process requires identifying all three components.

- Opportunities for mare processing on-detector,
beyond noise rejection,
Calibration also a processing algorithm

= Rates and data formats crucial.

= Streaming skips reprocessing, saves offline
computing.

10210587 ECFA TFE Readwst of Colarimeter Systen :|

A. David (CERN)

EFCATF-6 2021

RT parameter extraction
A

i AD conversion > \ Al - %
: reduced :
full BW (softcore) CPU BW
complex

algorithm,

=

;.1; I—../'.\_L/'- = __.IV__..__, —— -L/'-Vf R P " "L/-—I

Ces L p 1 shaping: 0.25ps |

:a;._ |I T, E

. 105 = =
L :

T
ull
P 3 ...shaping: 1.00ps
2 .
107 o=
corr , .
[sTs) 1000 1500
snergy [ke']

2'x2" Nal, 1¥'Cs, ca. 1MBq M. Vencelj — GSI/JSUKVI/INCAS®

Online pile up correction in

FPGA (deconvolution, 2010)
Use: t - information

e Key: Online processing of incoming channel data

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Summary (form a nuclear physicists perspective) ER =P

« Enabling technologies presented
« Hardware focus
« Common needs can be easily identified

* Nuclear physics applications require often large dynamic range
- requirements resemble calorimetric

« Processing in frontends is possible
- software methods can be later (partially) implemented
- Machine learning results to a certain extend also

« The avallablility of sample systems for testing are key for common
applications = open access, documentation and awareness

« Example: WR time distribution system (open hard & software)
- e.g. used at german stock market
- ... and KM3Net
- ... replaced ,home made” BuTiS in our lab.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Summary === 1

« Similarly: Detector samples (with or w/o readout sysytem) for testing
- for external collaboration key

« Alot of processing in frontends is technologically possible
- software methods can be later (partially) implemented
- Machine learning results to a certain extend also
- Quality monitor/Many channels

Thank you for your attention ! I{BB

Special thanks:
Martin Aleksa, David Barney, Roberto Ferrari, Thomas Peitzmann, Frank Simon, Ulrike Thoma
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