A\
JEEG/IST 2025

Dedektor Teknolojilerinde
Yeni Trendler

¢>TARLA

Burak Bilki
Kstanbul Beykent | niversitesi
T¢rk Hézl andérécée ve | kKkéném Laboratu

burak.bilki@cern.ch



mailto:burak.bilki@cern.ch

Olculebilirt I Ndel OP 1 f I NJ

oI II | 3I 4I 5| 6|
m m m
Ke)r: m 2m m m

Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
---- Photon

Silicon
Tracker

) Electromagnetic
}:1 I' Calorimeter

Hadron Superconducting
Calorimeter Selenoid

Iron return yoke interspersed
Transverse slice with Muon chambers

through CM5

https://cms.cerMbook/export/html/1618

Dedektore I £ yaPH KELMINEel goreBili I NP

Elektron mton, pion, kaonfoton, proton,nétron

D Barney, CERN, Febrcury 2004

' particle | constituents | Mass [MeV] | Lifetime 7 [s] [ cr
| Electron/Positron  e* 0511 | oo o0
(Anti)Muon s 105.7 22x 1076 659m
(Anti)Tauon T+ 1777 29x 1071 87 pum
Electron-Neutrino v, <3x1076" oo )
Muon-Neutrino v, <0.19* 00 00
Tau-Neutrino 7 <182 00 00
Photon ¥ 0 00 fo's}
Charged Pions w* ud, di 140 26x 1078 7.8m
Charged kaons K* us, SU 494 12x10°°F 37m
Neutral kaons KY, ds, sd 497 5.1 x 1078, 15.5m,
K% 89x 101 27cm
D-Mesons D* cd, de 1869 10x 10712 315 ym
D' | cu,ue 1864 41x10°% | 123um
D | ¢35, sE 1969 49x10°% | 147 ym
B-Mesons B* ub, b 5279 1.7 x 10712 502 ym
B bd, db 5279 1.5x 10712 | 462pum
BY sb, b5 5370 1.5x 10712 | 438 um
B* cb, be ~6400 ~5.0x 1071 | ~150 um
Proton p uud 9383 >10%y o)
Neutron n udd 939.6 885.7s 10® km
Lambda A uds 1116 26x 10710 7.9¢cm
AF ude 2285 20x 10713 60 pm
Ay udb 5624 1.2x 10712 368 ym
Sigma b uus 1189 80 x 10 24cm
- dds 1198 15x10710 44cm
Xi =0 T 1315 29x 10710 8.7cm
=" dss 1321 1.6 x10°1° 4.9cm
=+ use 2466 4410713 132 um
=0 dsc 2472 ~1.0% 107 | ~29 ym
Omega 0 558 1673 g2x 101! 2.5cm
v sscC 2698 6.0x 10" 19 pem

https:// repository.cerrirecords/7e0p4dy 664
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* Detection = particle counting (is there a particle?)
 |dentification = measurement of mass and charge of the particle
(most elementary particle have Ze=%1)
How:
- charged particles are deflected by B fields such that:

P P &P _ }’@;EC p = particle momentum
© B p= 7¢B 7 7 m, = rest mass

pBc = particle velocity

- particle velocity measured with time-of-flight method

1

S b
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Detection = particle counting (is there a particle?)

|dentification = measurement of mass and charge of the particle
(most elementary particle have Ze=11)
How:

- kinetic energy determined via a calorimetric measurement
1

. J1+p°

- for Z=1 the mass is extracted from Ek" and p

- to determine Z (particle charge) a Z-sensitive variable is e.g.
the ionization energy loss

Ekin _ (y_l)mOCZ

cClZE o Zi In (a ﬁzyz) a = material-dependent constant
X



t  NlelM&OBE9 101 Af SO A YE SNA

Yiklive notr LI NXel i@ S0t IANIBE B N f B RFP NJ

Elektromanyetikve giicliS G 1 A f Bidstiratie NIt P E NJ € PRPNJ
WYUKIOLIF NXel @& “f, K, Niesyiti (T & 2 V A, IBle@agdtéalylungCerenkouX 0
w-P o PV tebpNiFofdCgmptonetkisi, cift Gretimi)

wb | NP edpitiWBIYS G 1 A)f SOAY

wb | G NR yespitifl NIBB T A SOAY



OlcumTeknikler
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CMS DETECTOR STEEL RETURN YOKE

Total wmgh( : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overalllength  :28.7m Microstrips (80x180 ym) ~200m* ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PEWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

.
Particle High-Momentum
ldentﬁﬁcatlon Particle
Ti Identification
Projection DS Detector
Chamber \ e
Absorber
Dipole Magnet

L3
Magnet

D

Muon Chambers ﬁ

| |
Photon
Inner  Spectrometer

Trackin
Syste

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endeaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

enByler

25m

44m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Solenoid magnet | Transition radiation tracker

Semiconductor fracker

Muon chambers

Muon system
_Electromagnetic calorimeter

_ Hadronic calorimeter

Tracking system
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CLIC

_ Solenoidal Magnet

| Fine-grained
_~"| Calorimeters

| Main Tracking
| Detector

128 m

—__| Forward (b)
Region

ECAL
BPM on outgoing beam  [INY

@ BeamCal
| Return Yoke 3

" Vertex Detector

https:// arxiv.ordpdf/1812.07987.pdf

FCC-he Detector Study

Peter Kostka et al. s All Numbers [cm]

Hadronic Calorimeter

Soenoid
Central g..q

b K = o s

Tracker

racker i I i.i

* Very preliminary FCC detector design: extension of LHeC baseline detector
* Dimensions 20 x 12 m, transverse and longitudinal (fwd) sizes scaled w.r.t. LHeC
* Assumption of similar electron beam steering dipoles as in LHeC baseline design

Note added: LHeC->HE-LHC->FCC-he: 1->1.4->2 scaling the fwd dimension
Alessandro Polini 14.4.

https://indico.cern.clevent/438866/contributions/1085066/attachm
ents/1258651/1859171¢hsumRome.pdf

FCC-hh Reference Detector

4T, 10m solenoid, unshielded
Forward solenoids, unshielded
Silicon tracker

Barrel ECAL LAr

Barrel HCAL Fe/Sci
Endcap HCAL/ECAL LAr
Forward HCAL/ECAL LAr

‘ 50m length, 20m diameter
similar to size of ATLAS

https:// indico.cern.clevent/727555/contributions/3461232/attachments/1
869213/3075082/fcc_hh_detector_brussels_june_2019 riegler.pdf

FCC-ee detector design concept;

a Two designs studied so far

Ultra Light

Innovative

Cost effectivel
2

+ It was demonstrated that detectors satisfying the requirements are feasible
e Physics performance, invasive MDI, beam backgrounds
a More complete studies, with full simulation, needed
+ Towards at least four detector proposals to be made by ~2026
e Light, granular, fast, b and c tagging, lepton ID and resolutions, hadron ID
e Cost effective
e Satisfy constraints from interaction region layout

Patrick Janot FCC-ee workshop: Theory and Experiment

CERN, 7-11 Jan 2019 8

https://indico.cern.clevent/766859/contributions/3252652/attachm
ents/1775501/2887061FCCeeDiscoveryPotential. pdf
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~14m ~12m
> — >

ILC

ILD | SiD
Both optimized for PFA
PFA Performance ~B-RgcaL inner? (tWo-track separation @ ECAL)

B=35T B=5T
RecaLinner = 1.8 m RecaL,inner = 1.27 m
Si + TPC tracking Tracking: Si only

Share interaction point via push-pull

e ) Conceptual Detector Design: i
(Baseline Design) IDEA concept
Magnet Particle Flow Approach 2T Magnet . - (also proposed for FCC-ee)

Yoke + Muon (RPC or p-RWELL) Preshower (1-RWELL)
-

Si Pixel Vertex

PFAHCAL
Partially Yoke

Magnet (3T/2T)

FST concept

L PID (DC+ToF)
(Full Silicon Tracker)

Crystal ECAL
(Transverse bar)
9

Silicon Tracker

05/24/2021

Magnetic coil 3.57 T\_ -

AN $ . g W
“\"{.‘ _"“‘it,‘~t‘,'k\” e

Calorimeter detector -

Nozzle - = — — — o MuCol
Vertexand « = = = = = \ =m=

tracking detector |
|

Calorimeter detector

Detector located 1.5 kilometers
underground at Sanford Lab

Detector electronics ——— >

DUNE

o
\,\i\\""s‘ oty
e b“\\\\\“

Each module will be filled with 17,000 tons
of argon and cooled to minus 184°C
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. Jcws  [AmAs  JAUCE  JLHCb

TTIGAI Poef I NJSilikon Silikon+Suruklenme Silikon+Zaman Silikon+Suruklenme
Tupler(DT)+TRT Projeksiyorh RI ar tpleri(DT)
(TPC)
Elektromanyetik PbWQ kristal P/ LArakordiyon Pb-sintilator Pb-sintilator shashlik
Kalorimetre shashlik
HadronKalorimetresi Brassscintillator Fescintillatortile Fescintillatortile
- Barrel tile
HadronKalorimetresi Brassscintillator CulAr
- Forward tile
Fequartzfiber  CuWLAr W-quartz fiber
Muon Sistemi Suriuklenmeipleri  Siriklenmetiipleri (DTs) Katotd S BIR G f | CRtelli 2 NI gaydelarP
(DTs) (CSCs) (MWPCs)
Katotd S RIR @i {CSCEP
Katotd S BIRG £ | NP Direnclilevha Gazelektrone2 1 f € POPT
(CSCs) Direnclilevhaz R I {RPGEP 2 R | {RPCEP (GEMSs)
Direnclilevha Thin Gap Chambers (TGCs

2 R {RPGEP
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é ™ p+-Si

®' e n-Si

M. Krammey F. Hartman

https://indico.cern.cfevent/124392/contributions/13
39904/attachments/74582/10697@htroSilicon.pdf

SilikonSensorler

Gecen yikli LI NXel, @R 10fl HokMjesinde (depletion

region)(standartdedektor] I f Py & P E BYWR|t) e-

h+ ciftleri 2 £ dz0.BdzNideNdlektrotlara R 2 € dNifiklenir

Suriklenme (F 1 P Yher & S NJAOR & birP amplifikator

G F NI TS | Sy Styalidh tf oY @iceyeliNg N G

sinyallerdengecenLdl NJelkahEh&iBeifilenir

Standartn-Si6 S Bkksbriinde

A ptno | € INFI PvuPy by F Qe iy OY e
acceptor; d: donor)

A nSii”  BmemE | | f Bog#nP |

A4l f BBRYKI20@VP
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Support Frame
carbon fiber / graphite)

Silicon strip sensors
512 strips (2x10cm length)

readout ASIC ‘

M. Krammey F. Hartman

https://indico.cern.clevent/124392/contributions/13
39904/attachments/74582/10697htroSilicon.pdf

- bias voltage (back) + filters
- temperature sensor

14



Hybrid pixel detectors
» Target applications: CLIC vertex detector, track-timing layers
» Separate interconnected sensor and readout ASIC layers
-> Factorise R&D on sensors and readout ASICs

Silikon SensorlerdeYeni Teknolojiler - |

AHibrit Silikon Dedektorler
Hybrid pixel detectors

Hybrid pixel detector W

High Voltage

Develop new sensor concepts, e.g.:

» Thin sensors (50 um) with large fill factor (active edge)
» Active / passive CMOS sensors
« Sensors with enhanced lateral drift (ELAD) for optimal position resolution

—» LGAD; Low Gain Avalanche Diodes

» Sensors with charge amplification (LGAD) for picosecond timing

Profit from advanced industry technologies for highest ASIC performance (rate, timing)
Profit from synergy with (HL)-LHC developments, medical imaging, gaseous detector r/o (GridPix)

Refine and develop new interconnect technologies
Challenges: material budget, interconnect: cost, minimum pitch

Hybrid strip detectors

Hybrid strip detectors:
» Baseline for ILC trackers (also suitable for CLIC outer layers)
» Well-established technology (e.g. HL-LHC)

low material + power (sparse readout)

large and fast signals (dE/dx)

high spatial resolution (charge interpolation) in R/phi direction
Advanced sensor concepts (e.g. stitched passive CMOS strip sensors)
Challenges: not for high occupancy regions; complex interconnect

Routing Layer

<50pszamancel T Ny N NI

to b d
VIO BUNIE fe) PolySi-R

>
-
k I
1 . T -
b i D

Couplir{g Layer

https://indico.cern.clevent/1232761/contribution
s/5338927/attachments/2629874/4548397/silicon
sensoftechnologiesfuture-ee- 15
colliders_ BTTB11 17Apr2023.pdf



Silikon SensorlerdeYeni Teknolojiler - I

ASOIc Siliconon Insulator

Silicon-On-Insulator (SOI): r/o electronics on thin low-resistivity electronics wafer,
separated from high-resistivity sensor wafer by buried insulation oxide layer

Thin + fast (fully depleted) "monolithic” sensors
Challenge: specialized + complex production process (wafer bonding)
Various developments targeting LC vertex and tracking detectors, e.g.:
« SOFIST V1in 200 nm LAPIS SOI
20x20 pm?2 pitch, 200 um thickness = ogp~1.4 um

-

SOl pixel detector

readout electronic

ANE

* Cracow SOl test chip in 200 nm LAPIS SOI process

30x30 pym?2 pitch, 500 uym thickness < ogp~1.5 um
* CPV4 SOI-3D LAPIS SOltest chip (IHEP)

BOX (insulator)

» |PHC LAPIS SOl test chip (with KEK)
* 3D developments @ IPHC (with TJ, T-Micro)
Precision timing not yet demonstrated

FEf

https://indico.cern.clevent/1232761/contribution

NS

SEN50rs

high resistive wafer

Wi

s/5338927/attachments/2629874/4548397/silicon
sensortechnologiesfuture-ee-
colliders_ BTTB11 17Apr2023.pdf

GHV

16



Silikon SensorlerdeYeni Teknolojiler -
AMAPSc Monolithic Active Pixel Sensors

Significantly lower material budget: sensors and readout electronics are
Integrated on the same chip

"TO9fAYAYIGS 0UKS YSSR F2NJ odzYL) 02y RAY 3
" Smaller pixel size, not limited by bump bonding
" Lower costs : implemented in standard commercial CMOS processes

Collection

-6V node -6V
P-well L ) ;J l P-well

P-type epitaxial layer
https:// indico.fnal.govevent/22303/contributions/245974/atta
chments/157387/20586MAPS. pdf

P* substrate

Backside voltage



MAPSUy gul amas é
ALICE ITS

The Inner Tracking System (ITS) is the innermost detector of the ALICE central barrel. It consists of seven
cylindrical layers all equipped with Monolithic Active Pixel Sensors (MAPS) named ALRIEFEXeIDEtecto).

The new detector consists of 7 layers, making it possible
to reconstruct tracks based on ITS information alone. With
an active area of 10 m?, segmented in 12.5 billion pixels, it
represents the largest scale application of MAPS in a
high -energy physics experiment . Each ALPIDE chip
covers an area of 15x30 mm? and contains more than half
a million pixels. The performances achieved for power
consumption (<40 mW/cm?) and spatial resolution (~5
micrometer).

= =g ——
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Collider ILC CLIC FCC-ee CEPC
Detector SiD ILD CLICdet CLD FCC-ee Noble CEPC CEPC
Concept IDEA LAr/LKr baseline IDEA
B-field [T] 5 4 4 2 2 2 3 2
Vertex inner 14 14 31 17 17 17 16 16
radius [mm] -2 12 -2 12 2> 12
Tracker out. 1.25 1.8 1.5 2.2 2.0 2.0 1.81 2.05
radius [m]
Vertex Si-pixel  Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel Si-pixel
Tracker Si-strips / Si-pixel  Si-pixel DC/ DC/Si-strips /Si-strips DC/
Si-strips Si-strips  or Si-pixel or Si-strips Si-strips

https://indico.cern.clevent/1232761/contributions/5338927/
attachments/2629874/4548397/silicesensortechnologies
future-ee-colliders BTTB11 17Apr2023.pdf
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L
-Up o ‘ Amp Primary ionization
Particle . ~ p = charge particle traversing the gas
X+p—= X' +p+e X =gas atom
R | e = delta-electron (8)
Drifting charges Secondary ionization if E, is high enough (E,>E,
] 57 =i
Gas due to electric field Xie — X' 1o 1o
e r——
Relevant Parameters Differences
— for gas detectors Elue to &-electrons
® 0 lonization energy B np) = L-(4E),
'8 Q Average energy/ion pair WS "=,
- > -8 Average number of primary ion pairs percm] : nNp [about 2-6 times ng)
— . . . [L: layer thickness)
© Anode % Average number of ion pairs [per cm] SNy
(&) e :
.g. wire or plane]
Typical values: E,~30eV
n; ~ 100 pairs / 3 keV incident particle
e Primary lonization
® Secondary lonization (due to &-electrons)
(Ei = ]o) : ; e ! ! l Geiger-Maller
lonization mode: 1_counter
p (glcm3) dE/dx 1 1 full charge collection . :
Gas (STP) lo(eV) | Wi(eV) (MeVg'cm?) np (cm) | A (cm™) no multiplication; gain = 1 10" |- g;%’g; ,g’ngj[;’y"‘“\ A V]
: s Recombination ] 1
H, 838-105 | 154 37 4.03 5.2 9.2 Froportional mode: o | tetoe cotecon , :
multiplication of ionization @ || fonization  Proportional ! | |
He 1.66- 10" 246 41 1.94 59 78 signal proportional to ionization S 107 [ chamber,  counter L Y
measurement of dE/dx 5 : : i Discharge
N, 1.17-10° 15.5 35 1.68 (10) 56 secondary avalanches need quenching; e ' o .’ region }
Ne 8.39 - 10+ 216 36 1.68 12 39 , A S i : T
Limited proportional mode: o Y :
Ar 1.66 - 10_3 15.8 26 1.47 29.4 94 [saturated, streamer] g | '
403 strong photoemission E 4ot - ! 2
Kr 349-10 14.0 24 1.32 (22) 192 requires strong quenchers or pulsed HV; 2 ! : !
Xe 5.49-10° 121 22 1.23 44 307 gain ~ 10'° i :
co, 1.86-103 13.7 33 1.62 (34) 91 Geiger mo:'e: 10° : | -
massive photoemission; ' | '
CH, 6.70 - 104 131 28 2.21 16 53 full length of the anode wire affected; M g H &
disch topped by HV cut i 3
CHo | 242-10° | 108 23 1.86 (46) 195 B B e e : e ' '
0 250 500 750 110§0

Quelle: K. Kleinknecht, Detektoren fiir Teichenstrahlung, B.G. Teubner, 1992 Voltage (V)
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(. incident
particle

cathode

e\@
Ve
1. ionisation

LA\

o\@
|

Fick-up pads | Resistive layer
e
[ - i O] (Hv)

— .

Resistive plaes
Cathode: strips or wires (x)

b »}} Anode wires (v)

P

> a

field cage

“

(™

2. drift

~

v

()

N

V ~ 304600 V
E ~ 6600 KV/cm

segmented
anode (pads)

o

W
3. registration
¢

DT
TPC
TRT
RPC
CSC
GEM
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Secondary Schematic of a hybrid RPC Signal pads
electron —_—
. . 1
emission layer  ; 5mm gas gap (v
1.1mm glass
Resistive paint .
Mylar _
Aluminum foil r—¥
= 00
90 : ;;i‘&;ﬁﬁwtﬂ,
ol s 20 ool
80 G i
70 # ‘:'
£ 6o e,
:g S0 - + - 2-glass
£« LA
30 e TIO, V3
=- 1-glass
20 TiOv1 :
TiO,v2
10p e
0 5 ER 0

7
HV (kV)



G a zDedektorlerde Yeni Teknolojiler - I
A(PICOSEC) Micromegas

A
. W™
PICOSEC detection concept P rcosec
Precise tming with Micromegas Micromega
PICOSEC: Charged particle timing at sub-25 picosecond precision with a Micromegas based detector
J. Bortfeldt et. al. (RD51-PICOSEC collaboration), NIM A (903), 2018, https://doi.org/10.1016/j.nima.2018.04.033
: Charged
| Particle
Cherenkov radiator
(3 mm MgF2) I
Light to charge conversion —»
Photocathode (Csl) : £
Drift ga - <4— Preamplification o =
gap : oamp o ®
(200 pum) | Drift gap 8 9
............................................................. 4 ) "_:
ApTIcHion g ! <«—— Amplification 2
(128 pm) | : £
_ Micromegas ©
' » Induced signal readout

Gas mixture: 80% Ne + 10% C2Hs + 10% CF4
at ambient pressure

Florian M. Brunbauer, IEEE 2024
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ARPWELL, THGENRWELL

RPWELL

- Drift Electrode

Eq

Csl-coated, FR4-made,

W =
s— ) w— O — == single-sided THGEM
| 7 l_____,---Resistive Plate (RP)
' Z ' —Conductive tapel/glue
] Cu readout pads
THGEM

\\ Segmented WELL
=— (single-faced THGEM)
= =g 4\;‘— Resistive layer

\ ““‘\\—\- Readout pads

>RWELL

Cathode PCB
Copper 5 pym

kapton

DLC layer (<0.1 pym)
p~10+100 MO/~

Pre-preg /

Rigid PCB /

electrode

SumCu

e

50 um Kapton®

0.5-0.7 um DLC
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“20y81-1 200y S1-2 . J207 S§2-1 200y §2-2
() ;| First Measurement of _Tl | ;|
3 3 Light in Hybrid RPC-Il | | 1.1] |
1l 3| [V . 1
s I B Very pl'e|lmlnal’y, i W e R PRI
S1-3 ’ S1-4 considered as qualitative S2-3 S2-4
g é i i
: : ; i
i - 8|7|6/5/43|2|1 o aa e L )
S15 S1-6 825 . S26
L] LI L S1 S2 I A g
— T The effect of the field of view . E—— T
S1-7 S1-8 s visible (which are different | S2-7 S2-8
i | £ | for the two SiPMs); double i
“'- peak structure needs to be |
AN . studied further. sy B X —
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Inorganic Crystals

%) Inorganic scintillators in HEP conduction band
iy : Materials: =
6580 Csl:Tl crystals:Babar @SLAC, 1999 s 10752 BGO: L3 calorimeter @LEP 1989 — S
: : g Sodium iodide (Nal) band [¢]
f BaBar Cesium iodide (Csl) v N
f ssrdmnd Barium fluoride (BaF2) s mpurities s £ “V traps
| “ [activation centers] § .(:;
y )J_,_l‘ it 3
i Mechanism: b i
e
Energy deposition by ionization [Igg:ig;;ca;;gg} Y—e—0 hole
Energy transfer to impurities valence band

642 Nal (TI): Crystal Ball @SLAC, 1979

Charmonium spectra
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Front. Phys.
11:1223183doi:

Radiation of scintillation photons Energy bands in

impurity activated crystal

showing excitation, luminescence,
quenching and trapping

Time constants:

Fast: recombination from activation centers [ns us]
Slow: recombination due to trapping [ms

Crystals Used in 'HEP Calorimeters

l O . 3 38 9/1: p h y. 2 0 2 3 . Light Yield®< (photons/MeV)

1223183

5/24/2024

Crystal Nal:Tl Csl:Tl Csl BaF, BGO LYSO:Ce PWO PbF,
Density (g/cm?) 3.67 4.51 4.51 4.89 713 7.40 8.3 7.77
Melting Point (°C) 651 621 621 1280 1050 2050 1123 824
Radiation Length (cm) 2.59 1.86 1.86 2.03 1.12 1.14 0.89 0.93
Moliére Radius (cm) 4.13 3.57 3.57 3.10 2.23 2.07 2.00 2.21
Interaction Length (cm) 42.9 39.3 39.3 30.7 228 209 20.7 21.0
Refractive Index? 1.85 1.79 1.95 1.50 215 1.82 220 1.82
Hygroscopicity Yes Slight Slight No No No No No
Luminescence® (nm) (at peak) 410 550 420 300 480 402 425 -
310 220 420
Decay Time® (ns) 245 1220 30 650 300 40 30 -
6 0.9 10
38,000 63,000 1,400 13,680 8,000 32,000 114 -
420 1,560 40
d(LY)/dT® (%!/ °C) -0.2 0.4 -1.4 -1.9 -0.9 -0.2 -2.5 -
0.1
Experiment Crystal Ball BaBar KTeV TAPS L3 COMET CcMS Ad
BELLE Mu2e MuZ2e-Il BELLE CMS BTL ALICE G-2
BES Ill PIONEER PANDA
ePIC

a. at emission peak; b. up/low row: slow/fast component; c. with QE of readout device taken out.
Presented by Ren-Yuan Zhu, Caltech, in the Calor 2024 Conference, Tsukuba, Japan
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Scintillation in Liquid Nobel Gases

Decay time constants:

M ate ri 8.| S . skShort radiation length

skHigh resolution

Helium : T4 =.02 MS, T2 = 3 US skModest price

Helium (He) Argon :T1<.02 s siHligh radioactivity

Liquid Argon (LAr)

Liquid Xenon (LXe) — Homogeneous calorimeter

De—exqitation and
dissociation Experiment Type

molecules y Uv - Samoin
Excitation \/\I\,—/"/ 197 nm pling
/ | ' ‘ LAr : ¥36nm— H1 Sampling

r: 150 nm

Excited

[(\?vf':t)r!“ostlhot;gas atoms] LXe: 175 nm Semping
Homogeneous
Ionlzatlon‘ . Homogeneous
lonized /‘
molecules Recombination Homogeneous
e . Homogeneous

s%Long radiation length
sLow boiling temperature (< LN2)
+kShort scintillation wavelength (<90 nm)

Noble liquids

skLow price
skLow radioactivity

— Sampling calorimeter EM/Hadronic

skVery short radiation length
skVery high resolution
skVery expensive (~10 times higher

than Kr)

Material Signal
LAr lonization
LAr lonization
LAr lonization
LKr lonization
LKr lonization
LXe lonization
LXe Scintillation

—+ Homogeneous/scintillation calorimeter

Resolution (%)
16/E @ 0.3 ® 0.3/E
12WE @1
10/VE ® 0.4 ® 0.3/E
3.2WE @ 0.42 ® 0.09/E

3@1.8GeV

1.78/JE ® 1.86

combined resolution with Csl

1.7 @ 50 MeV
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Molecular states:

Singlet states
Triplet states

Fluorescence in

UV range
[~ 320 nm]

wp» usage of
wavelength shifters

* %

Absorption
in 3-4 eV range =
— - | |
= |l
li internal S N P e———
}| degradation |
1] | !
jim !
I
§ i fluoresecence
1;' — triplet states

singlet states

our nanocomposite samples

produced @ UniMiB

Fluorescence
Phosphorescence

S1 > So <1089
To > So > 10*s]

A

Energy deposit in base
material > excitation

Solvent

Primary fluorescent B
- Good light yield ...
- Absorption spectrum

Ty

S1

A

AR

<

Excitations

Soa

iy

matched to excited

states in base ﬁecondar); C
material ... uorescen
Wave length
shifter
Primary Fluor
Secondary
A
I & = Fluor

e

Sos So

PVT/DVB,,,,, * PTP_+ Y*ICSPbBI'ap + perylene dyada'r
a B v 5 zggﬁ:‘l rf:ﬂa;tums
Blank_0 0 0 0 transparent,
Blank_1 1.5% 0 0 transparent,
Blank_2 0 0 >0 transparent,
Blank_3 1.5% 0 >0 transparent,
NC23_2 1.5% 1.5% Yb 0 a bit opaque, green
NC23_4 1.5% 1.5% Yb >0 a bit opaque,
NC24_0 0 15% F 0 opaque, green
NC24_1 0 2.5% F 0 very opaque, green
NC24_2 1.5% 1.5% F 0 opaque, green
NC24_3 0 1.5% E >0 very opaque,
NC24_4 1.5% 1.5% F >0 very opaque,

CALOR 2024 W ElERTILEDT] 10

O surface passivation to allow
use of perovskite in thermally
polymerised matrix

: Divinylbenzen:

Nanocrystabased
scintillators

https://indico.cern.clevent/1339557/contributions/5898478/attac
hments/2860074/5003725/24 05 21 calor_nanocal_soldani.pdf

[SU Gd Katkili PS’lerin Dogrusalligs

Eo .| [ Gd katkli PS Srnekleri iyi
S . ror e bir dogrusaliga sahip. https://indico.globatevent
e o Strel gl clam 5200 /1464/contributions/28326
< e - [ bis-MSB en yiksek goreli /attachments/14427/2245
o " , f ik cikas Sa’éhyor_ 8 3/DetectorArge_Sertac_20
e 0 R = Reseaoo X Vet oo/ Ver,e1-am 24.pdf
M ey (V)
Samples 22Na 3Cs 54Mn 60Co 2ZNa Rel. LY @ 80%
EJ-200 100 100 100 100 100 100
bis-MSB 67.63 66.86 67.33 67.03 66.84 67.14 £ 0.14
POPOP 83.77 63.06 63.14 63.35 62.84 63.23 £ 0.14
DAP 57.00 56.29 56.51 56.72 55.88 56.48 £ 0.17 28

Sertac Ozturk
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SuperKamiokande

The RICHsystemhasthe taskof
identifying charged particles
over the momentum range 1-
150 GeVk, within an angular
acceptance of 10-300
milliradians(mrad).

Thesystemconsistof an upstreamdetector (RICHL) with silica
aerogeland G,F, gasradiators, positioneddirectly behind the
SuperKamiokandeA & (G KS 62 NI RQa f I NE®.and g dajvdsieam qetsaes (RIEHRIwith a Ch gas
detector. It consists of a stainlesteel tank, 39.3m diameter radiator,locatedbehindthe magnetandthe trackingsystem
and 41.4m tall, filled with 50,000 tons of water. About 13,006:Fi0: perfluorobutane
photo-multipliers are installed on the tank wall. The detectof5& - carbontetrafluoride

located at 1,000 meter underground in tK@miokamine,
Hidacity, Gifu, Japan.



