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B TS — ATLAS ITk RD53A

* RD53A bump-bonded to 150pum n-in-p planar sensor,
» Different punch through bias (PTB)
» Irradiated 3.4x10'°n/cm? =g =

Avg. Efficiency [Fiducial]: 99.7% [99.7%)] Avg. Efficiency [Fiducial]: 98.2% [99.5%)]
=200 1 =200 1
E L E
=P NG
=180 0.98 =180/ 0.98
- - =
160~ 0.96 160/ mm 0.96
140 0.94 1401 “ﬂ 0.94
120 0.92 1201 0.92
100~ 0.9 100} 0.9
80— 0.88 80/ 0.88
- - -
60— 0.86 60/ .5 .* 0.86
40— 0.84 a0 - 0.84
20— 0.82 20(~ 0.82
E P NN = P W | P [ P (PPN (B 0.8 - 0.8
% 20 40 60 80 100 120 140 160 180 200 % 20 a0 60 80 100 120 140 160 180[ 2?0
m X [um

* Modules with and without PTB achieve global efficiency above 97%
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Hit efficiency > 97% for irradiated modules

RD53A FEI4
Quad
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“1m
-5100 1w
3390 >
>80 '
% e 0.98
By :
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5% — ATLAS ITk pixel quad module

Beam telescope

RD53A single-chip card (SCC) as a timing reference
FEI4 single-chip card

RD53A quad modules with n-in-p planar sensors of
150 pum thickness and 50x50 um? pixel size:

® non-irradiated Hamamatsu (HPK) Q8
® non-irradiated Micron Q2
o PT biasing structure

o o
e 2 <
2 o

# entries (normalised)

e irradiated HPK Q4
= — 15 -2
o Fluence:¢_=5x10"n_cm
eq eq
50x50 um? pixels: X dimension Q8: inter-chip region
—e— QB: RMS = (14.78 = 0.02) um § 0.016F —— X:RMS=(14.73 £ 0.12)um
—e— Q2 RMS = (14.73 + 0.02) um ﬁ ——— Y:RMS = (27.68 = 0.22) um
—e— Q4:RMS = (15.22 + 0.03) ym £0.014F
G
=
- 0.012F
o C
S 001
* B
C "' \ 0.008[-
a3 0.006F
3 § g
: $ i 0.004f
- 0.002
L ! b il il L ) G
00-80 -60 -40 -20 0O 20 40 60 80 100 -qOO -80 -60 40 -20 0 20 40 60 80 100

Xigack it [0M] residual width [um]

o, . (50 pm, 100 pm) =14.43 um, 28.87 pm
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Efficiency

1.00
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0.98

0.97

0.96

0.95

0.94

Tracking resolution of 5-10 um.

2% — ATLAS ITK strip

- ATLAS ITk Strips

- Readout 58 Mrad X-rays

Irradiated Short-Strip module 2021
Sensor neutron irrad. 1.05 - 105 1 MeV neq/cm?

0.6 0.8
Threshold [fC]

Noise Occupancy

107

Events

Wire-bonds

DC-DC converter

Wire-bonds

DUT placed in a cold box and operated at -500V bias voltage.

1400

1200

1000

800

600

400

200

EUDAQ?2 used for control and read-out of the telescope and the DUT.

HCCStar Power
i board _ABCStar
Hybrid

y—

Six Mimosa26 planes and an additional FE-I4 timing plane (with USBPix read-out).

[ Readout not irradiated

ATLAS Tk Strips - preliminary
- Irradiated R5 end-cap module 2021 -
Sensor neutron irrad. 7.67 - 104 1 MeV neq/cm?

- ¢ residual R5
= Gauss fit

o0 ~53.16 prad

900 150 —100 =50

0 50 100 150 200
Xtrk — Xnpie [rad]

e Short-Strip modules: S/N 16.9 (>10) efficiency > 99% noise occupancy < 0.1%



18] #8532 — ATLAS HGTD LGAD

* Low-Gain Avalanche Detector (LGAD)
* Radiation-hard + excellent timing resolution
* 41C, <70ps, 2.5x10"n,/cm?
* ALTIROC: ~25ps, 2fC, 225 channels

* Objectives reached over 4 testbeam campaigns in 2021 and early 2022:
« SEB studies at DESY in June 2021 and SPS in November 2021 (no telescope)
« SEB + performance studies at SPS in July-Nov 2021 using MALTA telescope
« Sensor performance studies at DESY in March 2022 using DATURA telescope

x450

-__Jx8000

ATLAS HGTD Preliminary Test Beam

¢ FBK-UFSD3.2-W19 (-46 to -26°C, DESY 2022)
4 USTC-IMEv2.1-W17 (-43 10 -29°C, DESY 2022)
- IHEP-IMEv2-W8 (-20°C, CERN SPS 2021)

-t
o
o

SEB probability typically below 10-5

Time resolution [ps]

L] .0. 4
900 |
°

At highest biases, DUTs irradiated up to 2.5E15, have efficiency > 95%,
charge > 4 fC and time resolution < 70 ps. Meet HGTD specifications !

Irradiation = 2.5x10"%ngqcm—2

88&?82;88

200 250 300 350 400 450 500 550
Bias Voltage [V]
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* Monolithic pixel sensor 180nm CMQOS imaging

MODIFIED PROCESS

p-well collection MIP
bias electrode ¥
-

p* substrate 7

p-well
bias

7,

*I 1 substrate bias
¢ 25 um thick epitaxial layer

¢ Low-dose n-implant (optional)
* Extra deep p-well (optional)
¢ n-implant gap (optional)

ay

— FASTPIX

discriminators

PMT| PMT

Trigger Logic Unit

40 MHz clock

oscilloscope

scintillators

(downstream)

* reaches a timing precision of O(150ps)
* spatial resolution 1.0pm -3.8 pm

L — dt_inner
coincidence 0: RMSgg 79, = 134 ps Entries 18458
unit - Mean  0.001022
_ Std Dev 0.1426
i '_ 500—
L = time walk corrected
SPIDR -
readout boards 400"
Caribou C
readout board 300—
2001
PMT 100[-
. o 11 (IR NI PR
particle -2 15 - 05 0 0.5 15 2
beam At [ns]
Unbiased residual in local X
8 [ residualsX
g 100}— Entries 1760
3 Timepix3 planes FASTPIX 3 Timepix3 planes scintillator = T Sibev . 2ove
(DUT) (upstream) B
80— matrix 17
60_—
40_—
20—
By I E P e ha ol
=20 -15 -10 10 15 20

XyackXpy [um]



(8]0 b5 — ATTRACT

« Monolithic SiGe BiCMOS pixel sensor

TELO

DUT 1 DUTO

NPN SiGe HBT Reduced base resistance R,
(depleted regions in light colors) . .
P s Higher current gain
\ \ Charge transport via drift -
Reduced Equivalent Noise Charge (ENC): 5 601 v CERN SPS Testbeam with 180 GeV/c pions
. o e 150 A, V=6,
Si ,_,_A(pp CEOt o [
Emitter SiGe . ENC series Noise X \[kl_ + kZRthzot Ig ] v
Base B 50
Si |
Collector ‘
! 45
l v
~ \ 4
40
1% ) | v
. = 35

" " — il
! {5 e 4 : 4 .
} S i . , —y 5 | now yellow is > 99.9% |

R

* Power 1.8W /cm? ,36ps, efficiency 99.9% PR T e Votage v
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7 — CMS HGCAL

* 5D (imaging) calorimeter using particle flow
* Silicon and scintillator section

~23[m)

~2.2[m]

SiPM-on-Tile

Charged \I}\elzﬂect:ive Foil
particle / rapping
< y Scintillator Tile
{

- TB-Tester
. Power
SiPM power Adapter
LED power
Trigger
Scintillators o
__ Aluminium
l —————————— e_[ec_tyg_n_ e _|:|O|del'
I beam
Beam
Collimator
Tileboard
NIM (TB 2)
logic
Single Photon
Avalanche Diode (SPAD)
A6007 ; :
.g H|For Ch:45 at g&onvGain:12 and Overvoltage:3.9 V InputDAC:31
‘5400:110 of event 1 T ——
w  Hifit maximu 1 (169.85+/-0.29) ADC CMS work
H Chi/NDF =5 1.47 i :
i |
800+ |
1 |
200} : MIP-N
0 L Maximum e
200 400 600 800

* Measure particle trigger time with ~0.8 ns resolution

0

- Reconstructed Amplitudes [ADC]
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* 1t- energy reconstruction in HGCAL using Graph Neural Networks (GNNs)

CE-H
CE-E
Beam ‘
?' ection

A\

AHCAL Point cloud representation Graph representation

]

A sampling layer of CE-E

Graph
Construction

[

A sampling layer of CE-H g
CE-E - CMS+CALICE preliminary
¥ & 03— z ;
oGV B ; 5 mt g Simulation :
— N S 025 B = & DRN (Exy.2)
o - El.m | i DRN (E, 2)
: : L i DRN (E)
« GNN method substantially improves the S L) Ry, ) ol |
energy resolution compared to SImCIole energy = SR Tme
I 2 - i B e T
reconstruction based on X metho pAf ool e .
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« AHCal: Analogue Hadronic Calorimeter
« Plastic scintillator tiles, SiPM readout

« Hadronic calorimetry few % resolution AirGap - 3mm

N4 :

Ethernet uplink,
clock, control

_ Cassette

= 8c et — CALICE AHCal test beams

4

Glue dots

HBU

Optical Trench
(TiO2 + Glu y |
o
D

E

& ~ No dead area!
& Easier assembly.

Spatial correlations

HCAL Base Unit
(HBU2)

'L'LQO‘Q

70 "5 I ; DAQ interface boards
; DIF, CALIB, POWER

___KLauS + MT

X Comaation of AHCAL Layer 0 and AHCAL Layar 1

AR L 1 X
I i

&£

~"" SPIROC layer-

* Good space and time correlations observed.

Y Comalation of AHCAL Layer 0 and AHCAL Layar 1

-----
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Irradiation Facility: Why ?

2 Radiation damage studies on:
© materials used around accelerators/experiments
© structural material, glues, pipes, insulations, thermal materials, ...
O electronic components
O transistors, memories, COTS, ASIC, ...

© semiconductor and calorimetry devices
© silicon diodes, detector structures, scintillating crystals ...
© equipment sitting in the inner/middle layers of HEP experiments

2 Test and development of prototypes / final assemblies /
electronics equipment before installation:

O performance degradation after long exposure/ageing (TID, NIEL, ...)
© functional degradation of electronics (SEU, latch-up, ...)

2 Test and calibration of components:
© dosimeters, radiation monitoring / measurement devices
© detector performance in presence of high background

13



CERF

2008 (27 km)

(mixed

field)
CALLAB
(irradiation HiRadMat ATLAS

sources)

AD  ELENA
[ 2016 G1 m | ISOLDE

BOOSTER
(1972 (157m) »

RIBs
— - — |IRRAD/CHARM | | (protons)
- ) CHARM
' L —eea (mixed field)
LEIR VESPER ¥ - bdg
LINAC 3 s 1 =
lons (electronS) ,-‘;:‘l_ -l g . ; gy ’ § 4 E ,‘“ L Ly,
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IRRAD Beam Commissioning and User Run

s = | 70 MeV/u

T08 BEAM
PROFILES
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- EREWIESLLS

- (MERFE 3 pm
BRERE  <2%
LA =2 H-

se=SehH | ={EZE100MeV
BRFITECR - 1kHz E
REBATHECER - 100Hz UL+

s MAREFIERMEFNIHTF K -
« EFI : 10x10cm?
« THEE © TkHzZUR

¢ AR
TUSEETRE  -40°C ~ 100°C
o BEIHIRES - ~1.5T
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Backup
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M 2 A

Jﬁ?
FEF
R
R
s a

24 GeV
400 GeV

S
o<

0.45GeV ~ 6.3GeV 10k

120 GeV
1766 GeV
200 MeV

1k~900k

99%
9 m/year

CERN/SPS
CERN/PS
DESY
FNAL
FNAL
FNAL
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CERN has a test beam complex

e Fast Area
* Momentum : 0.5 GeV/c - 15 GeV/c

 North Area
* Momentum: 10 GeV/c — 400 GeV/c

* Capable to provide
* Protons
* Electrons
 Hadrons
* Pure pions
* Muons
* Tagged photons

CMS

ISOLDE

j REX/HIE
2001/2015

T AWAKE

SPS : protons/ions @ 400 GeV/c/Z
PS: protons /ions @ 24 GeV/clZ

* Diverse instrumentation for various purposes

20



DESY |l Test Beam

» Facility parasitically fed by DESY Il synchrotron (PETRA 1 mJector)
* 1 bunch per fill
* 1 MHz circulation frequency ey L
* Energy ramps sinusoidal @ 12.5 Hz, 0.45 ~ 6.3 GeV ;
* Very high availability (~99% uptime)

vvvvv

 Test beam generation
* 3 primary carbon fiber targets generate bremsstrahlung photons

» Conversion at secondary target to e+/e- up to 6 GeV
* Energy selected with dipole / collimator | 57

21



Beamline Details

» 4 second beam spill every 60
seconds, available 24/7

 ~1000 to 900,000 particles per spill
 MrTest
— 120 GeV primary protons
— 1-66 GeV secondary beam
— ~2cm spot size
— 1-4 week runs
« MCenter
— Secondary beam

— Two tertiary beamlines down to
200 MeV

— longer term experiments

Fermilab Test Beam Facility (FTBF) — Supports a wide program of research and detector

R&D

— 2 Beamlines (MTest and MCenter) — can provide particles from 120 GeV protons to secondaries of
~200 MeV

22
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-
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Rise Time (10%-90%), Single Pixel 3D(20V, -20°C)

a=14.95mm

A 1'.'.1717[l'TIYYYIIVY"YYT]T
L Gauss Fit
" Entires: 4711

[ Moan: 1.7527686-010 4/ 6.12; 13
F 037083370011 +- 3.9206930-0

GonorAl GO OAWR PCB thickmess &= 1.5mm

ATLAS IBL Type oo = 2B — B

AAll

. Goodness : 22218.896765% :
v Double sided n-on-p process . : _

. . y A . 2 2 2
g o @ v’ Pixel Size 55 x 55 |J.m2 Otot = Otimewalk T Ojitter + Gonversion t  IClock

o] v' Active thickness 230 um v v v v

v High Resistivity (> 2 kQm x cm) Fz silicon

| A I

TR FTETE PR SRUNE ARR T FRUNI AR |

2 2 2

: Lrise TDCpin Fixed Term
L Opist. T OLandau S/N Ji2 57

’.— ~ )=/ /)‘\'()('
% * Extremely fast rising edge (< 180 psec)

E * Linear stable behavior with CFD, good SNR control (oput) crpy; = J (0Fo0)crpy; = (ORe) cpp,

r t

o
©

I YT W S T T W P e e |

-04 -02 0 0.2 0.4 0. 6 0.8
Rise Time [sec]
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£ A28 5% — CALICE SiPM-on-Tile

» Scintillator telescope with two coincidence triggers (Ch A+G)
* Two additional scintillator tiles (Ch C+E ) to determine time resolution

—— Fit: oymp = (0.5775+/-0.0006) ns
| aa ¢ BC408 30x30 Test Beam
Electron SR g
B eam | ‘\ ::t AIHICIO ATU. >
----------- T ~ T ™ D = '-’ l“‘ | \2’0.6-
1 | | I Channels C+E: ¢
R | Timing s ..
Scintillator . Measurement S
Tiles G |E| |C @
‘ i= 0.2
0.0

05 10 15 20 25 30 35 40
Hit energy (MIP)

* Tile size 20x20 with time resolution ~380ps
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CERN Proton Irradiation Facility (IRRAD)

cern.cn/ps-irrad
RRAD Tables

24 GeVi/c, 400 msec 5e11 p/spills, 12x12 mm? FWHM

I
-._-:- m \\\
wuth LHe 1.9K

‘«—-l
il detectors
| ws \ ‘ Electronlcslfull
k‘ l detectors stems

\* 2 \

Beam Profile |
Monitors (BPM
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Ultra Thin Beam Position Monitors

Support the development of nano-BPM
for AD Al/Parylene (10/100nm) for keV
range

LEBOW
COMPANY

o

B
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IRRAD Beam Profile Monitors

Innovative Beam Profile Monitors:

o new mini-BPM Al/Kapton (0.3/25um) produced, tested in IRRAD, now operational

o large pattern micro-BPM Al/Kapton (0.2/25um): first prototype tested, new production
ongoing

LN, a0 Fondation
AN Campus
Tl Biotech
campus Sl

40channel micro-BPM device
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