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High-granular Multi-dimensional detectors

AP1: 4D tracking

AP2: 5D calorimetry

Lacker

I_ Scint. / Cherenkov
w»
N

———>

Garutti
AP3: Cross-disciplinary activities
. = Reconstruction algorithms for Md detectors (ML)
Fast timing layers o : )
% Garutti, Paul , Sefkow, Simon
: ™ Scintillating-Fiber-Tracker t ©  High-throughput DAQ
- Highly segmented sensors P Aumann, Paul a Fischer, Paul, Schumann
E Galatyuk, Quadt < <
n Multi-purpose ASIC
o Digital ECAL Y receiver chain
~ Timing layer application o ey, Wi < van Waasen. Bretz
E Garutti, Gregor <
< New Materials
o =
o Brinkmann
<
0 Ultimate time resolution
& Galatyuk, Gregor, Hofmann
4 o SiPM research
= Bretz, Garutti
AP4: Radiation effects
in  CPS response to ions — Simulation and measurements of N CPS, LGAD, SiPM
& Masciocchi, Stachel E Deveaux, Garutti, Stroth
<
:r! Measuring SEE in CPS and Optical transceiver
% Deveaux, Stroth

WOM - LS

Bretz, Lacker, van Waasen,
Fischer, Schumann, Wurm

CheapCal

Lacker, Issever, Brinkmann,

Buscher, Wanke, Paul

SplitCal

Buscher, Wanke
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R&D for a new generation of high-precision detectors with
unprecedented spatial, time, and energy resolution
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Solvent: Linear AlkylBenzene (LAB) Scintillator emission spectrum:
[
e WLS paint: Bis-MSB [420 nm]
) ::: S e ——————
2> i ‘-,‘ PDE of SiPM (S13360-xx50PE)
7\4 ~ zom @400nm e o a0 Wa\sli.ien thyi(?wm) 360 380 400 *é : ‘-__ """‘ QElof.1" PMT(R192=(I)A)
scat 9 g 40 ; n Emission of LAB+PPO [a.u.]
= Sl Emission of MSB [a.u.]

Fluor: 2,5-diphenyl-oxazole (PPO) 30

IIII}IIII|IIII|IIII

3 absorption
% 1:* — emission o
g osf- G
06 .. ; .
5 G i }
T [V ; y 10
B 04 ! :
E-} H : ; -!- il -
0.2; 5 R 0 WA iU ] AT areal o o | (R | e R |||;{1,,,|,J RO Lt
T ~ 1 6n S T ~ SnS o ‘;éo o I“Séb""'wg,b po | 340 360 380 400 420 440 460 48 n \:,sglcé " t5hz?nm]
PPO ) ’ LAB+PPO wavelength [nm]

Photodetector quantum efficiency (QE):

AVa e PMT: e.g. R1924A [350-420 nm]
\/ \/

SH;P e SiPM: e.g.S$13360-xx50PE [400—520 nm]
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Wavelength-Shifting Optical Module

Transparent PMMA tube: IceCube:
60mm @, 200mm length, 3mm wall

e Large effective area (w.r.t. photo sensor)

e Low material budget

WLS paint coating:
Bis-MSB
e UV / blue absorption
e |sotropic visible light emission

> Internal total reflection:
Up to 75% collection efficiency SHiP: WOM tube inside PMMA vessel

surrounded by liquid scintillator

4 B
Instrumentation of large detector volumes PMMAvessel  WOM tube
WLS paint >

» |deal for Cherenkov & scintillation detectors liquid scintillator

SiPM readout: .
Hamamatsu S14160-3050PE s
® 40x 3x3 mm? SiPM on PCB array

WLS molecule air

Insulation from LS: PMMA vessel ~

Jonannes GUTENBERG. -
UNIVERSTAT wanzisy JG|U
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» One common fast OR of all 40 SiPM
» One analog sum of all 40 SiPM

40-SiPM PCB: Frontend: Signal feature extraction hub (GEROLD)
Hamamatsu $14160-3050HS / SENSL J30035
\ ] R%T st | Ssemos|
L l rx| osp cgzﬁgm
eMUSIC readout PCB: 2 configurable ADCs: | | s 3
8x 5 SiPMs combined to one analog output = _ = s
“'@l ' = E

L[
|
T
[ ]

ALDC
= E

| CLETRE E ot

Internal clock

— * Programmable bias
— « Feature extraction
3 preamplifier options:

e eMUSIC: 8 channels (analog) + Wavecatcher

System modeling & simulation

* CITIROC 1A: 32 channels (dlgltal) i ‘ > Time »( 1) TSTMPOUT
> N > Signall\ DgaOUT——MIN < Toe Gl

H 11 Low Pass Filter . Comparator Time-to-Digital Converter
* Trl roc 1A: 64 C h a n n e | S (d Ig I ta | ) Cut-Off Frequency: 500MHz Threshold: 5mV Cut-Off Frequency: 500MHz

7 \ Y V s - 3 = 3 g ’.‘7 _—— sonannes GUTENBERG ™ .
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nes. & Test Beam Measurements

etector Protot;

Large 1-cell prototype 1:
e 300l cell: Stainless steel

e LHS prototype
e LAB+PPO(2.0g/l)

e 4 WOMs (SiPM readout)
e 4x 8-channel miniMUSIC

2018 CERN PS: e*/ '/ '

Proof-of-principle: [2019 JINST 14 P03021] s ot

60l cell: Black ABS plastic, Tyvek lining
LAB + PPO (1.5 g/I)

3 WOMs with light guide (PMT / SiPM readout)
1x 8-channel MUSICboard

'99.95*0:02

7r\ 100 *690
WRCACE
iPM |

2017 CERN SPS: e/ u'/ n'

Large 1-cell prototype 2:
e 240l cell: Corten steel
e BaSO4 reflective coating
e LHS prototype
e |Improved mechanical
& optical coupling
e LAB+PPO (2.0g/l)

. i
4] WOM +

7. SiPM arrays f 2
¢ “wwinl

2019 DESY: ¢ LSRR e 2 WOMs (SiPM readout)
t by * 2x 8-channel eMUSIC
> >99 % efficiency for m.i.p.
1 > 2022 DESY: e

- fVOM-LS @DESY
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Large 1-cell prototype 2: 120cm x 80cm x 25cm,
upper / lower surface at slight angle

e Corten steel with BaSOa reflective coating

e 240l LS: Purified LAB + PPO (2.0 g/I)
+ Liquid Handling System

e 2WOMs
+ SiPMs with 2x 8-channel eMUSIC readout

e Rotation platform
& improved mechanical integration

Collimator & Shutter

Dipole Magnet_ €5 \
Converter Target ‘(‘_’3‘_ o

B2

L7}

Fiber
Target ] =bs

I T
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etector Prtype :

LAB purification:
* Al203 column

e 250l LAB purified
(batches of 5x 5I)

e ~65gAl03/|LAB

» Transparency

increase:
14] ¥LAB
 LAB AL203 best
# LAB AL203 average
124 3
E 10 : et
g § LAB AL203 +PPO T '
g g _ H Y i
E . l.[- __I' HI‘
5 o -;;11-{{.-- | {
g I;113--"' e
< L, Ii‘- .;.,I! iii
ili ,il! -
2 -..1_1 -
0 nantingill " . . ‘
300 320 340 360 380 400 420

Light Yield Optimisation-

Relative Reflectivity

Lo
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e
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L

L
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L
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o
=)

Reflectivity increase:
50-75%

Relative diffuse reflection compared to PTFE

- ll..li!l!i.

i  baso4_diff
i steel_diff

rl!li!;il.]!!!iil]l}i! i}}-fi;}}i;};i;};{}}

300 400 500 600 700 800

Wavelength [nm]

* Fluor concentration

* Coating speed
& immersion time

» Light yield increase:

up to 50-100 %

Light yields measured with different WOMs

02 4 —
o standard paint >
06 ——
5 091 concentrated paint e o
Qo
€ 101 ——
E
= 11 IEEESEET
S L
1
12 double coated
13 1 —_
15 1 double coated + shorter immersion —t—
164 = mean of 3 runs w/ SD as errorbar
0 100 200 300 400 500

mean MPV [mVxns]

sonannes GUTENBERG
UNIVERSITAT MANZ

a JG|U




DESY TB 2022__»- e o

Detector Prototype: |

Improved, ultrasound-welded PMMA vessels Rotation platform:
Safe rotation of whole detector wrt. Beam

Mounting, alignment & coupling of
e PMMA vessel — detector cell
e WOM -PMMA vessel
e SiPMPCB-WOM
e eMUSICPCB-SiPM PCM

® Realisation of angles 0° —+90° [15° steps]

» Precursor to 4-cell detector holding structure

e Readout cable relief

» Prevention of light leaks

sonannes GUTENBERG. ™ .
UNIVERSITAT MANZS JGU
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-lest E

DESY II TB 22: 2022-10-17 - 2022-10-23

600
550 A

* Old data num:13
| *  New data with high priority num:2
500 < New data with sec priority num:6

e energles [GeV] 1.4 / 2.4 / 3.4 / 4.4 / 5.4 450 - * New data with low priority num:5

Measurement points > 40 400

320 @
Box rotation =+ [°] 0/15/30/45/60/75/90 3007

250 ~
Steel plate +/- 2001
150 A
100 A
50 4

Further variations / measurements: _;zg
~150 1+ T o x *
e Fixing of light leaks ~200 1 0 7
~250 < -

-300 ~ C

—350 ~ T V *®* V T

e Optical coupling: Gel pads vs. optical gel

—400 -

e Electronics settings: Digitiser impedance, SiPM HV :‘5‘22:

e SiPM boards: SENSL J30035 vs. Hamamatsu $14160-3050HS - pal * AN

—600

»

-400
-350
-300
—-250 4
=200
-150
-100
=50
100
150
200
250
300
350
400

e Dark count measurement

“RvonrLs ot
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Large 4-cell prototype (AP 2.1):

e Support structure & Liquid handling system
e Improve mechanical integration

* Optimise cell reflective coating

 Update readout & DAQ

* Multi-dimensional particle reconstruction: o
Light yield, energy deposition, =
spatial information, incidence angle... e

Std Dev x 2994
600, StdDevy 3749

> CERN test beam: 2023-Q4

Readout: LAB quality:
e Direct coupling of SiPMs to coaxial cables? e Switch of manufacturers (SASOL - CEPSA)
» 1FE chip for 4 WOMs » No need for purification?

» Mechanical integration & signal quality

Small 1-cell prototypes (AP 2.2 + AP 2.3):

Primer & cell reflective coating: e Different cell inner surface / coating
* Chemical compatibility with corten steel e New WOM geometries & WLS coatings
* Improve coating procedure » Cosmics & test beams

sorannes GUTENBERG -
UNIVERSITAT ANz 2 JGU
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-LS: Institutes & Wdrk‘Packag '

AP 2.1
Multi-dimensional particle reconstruction using a WOM-based liquid scintillator detector
jGlu : RWTH 9 JULICH
- - Forschungszentrum
Se

AP 2.2

AP 2.3

Jonannes GUTENBERG. -
UNIVEREIH'%'!\‘Z,,: JGIU
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AP 2.1: Multi-dimensional particle reconstruction using a WOM-based liquid scintillator detector

WOM tube inside PMMA vessel

WOM-LS detector with SiPM readout: B
PMMA vessel WOM tube K m/ O‘/\

WLS paint

e Liquid Scintillator

liquid scintillator

e WOM & WLS

S

e SiPM readout

WLS molecule

e DAQ & frontend electronics

- Proof-of-principle: (2019 JINST 14 P03021) -

spacer

3‘2 ‘ womwee  4-Cell WOM-LS prototype detector:
\ gzizh;et ~/ e PMMA vessel & WOM / PCB integration

N e MMA vessel ® Support structure & LS filling system

e CERN test beam exposure

flange & sealing

» Multi-dimensional particle reconstruction

. JG|U

sonannes GUTENBERG
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® Increase detector granularity: 8 WOM rods in circular array

* Individual readout: 6x6 mm?’ SiPM
» Improved directional information: Resolving left-right ambiguities
» Improved time resolution (?)

> Installation in small 1-cell LS prototypes, measurement of cosmic p

AP2.3: Separation of Cherenkov and scintillation light via wavelength selection
e Employing the WOM rod array of 2.2:

e Alternating rod coating with different WLS (e.g. BPEA)
> Sensitivity to Cherenkov light OR scintillation light

» Adjustment of LS fluors necessary: Blue - green

> Installation in small 1-cell LS prototypes, measurement of cosmic p

“RvonrLs ot
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Search for Hidden Particles (SHiP): General-Purpose Fixed-Target Facility e Timing Detector:

ckgrou suppress
neutrino interactiol combinatorial

background
Tau Neutrino Detector: Decay volume

e Part of the CERN Physics Beyond Colliders initiative o Tl -r-%‘fn”‘\" from muons

e SPS NorthArea: 400 GeV protons

PID:
suppress

background and
distinguish signal
final states

> Search for weakly interacting particles (m < 10 GeV/c?):
HNL, dark v, light scalars, SUSY, axion-like particles...

Active Muon Shield:

reduce muon flux by six

' . . . orders of magnitude L S 'S B T

» v physics, lepton flavour-violation, direct Dark Matter search...
T

Liquid Scintillator-Surrounding Background Tagger (LS-SBT):

* Tagging of u- and v-induced BG:

» High efficiency: 99.9% for m.i.p.

11000

» Good time resolution: 9(1 ns)

e Segments £(2000): Filled with ~200 m? LS (LAB + PPO)

e Instrumentation with WOMs ©(4000) & SiPM readout

D) : SL—< S = 7 : —— = " ’.‘7 _—— sonannes GUTENBERG
- ESY e > e | - eim— i 7 - 5 . — : UNIVERSITAT MANZZ
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