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High Luminosity LHC

e LHC upgrade: higher beam intensity, improved beam

quality and tighter focusing at the collision point
o Instantaneous luminosity will increase by a factor
of ~4, reaching 7.5x10%* cm™s™

e Creates harsher experimental conditions: higher event
pile-up and increased radiation damage

e HL-LHC installation and upgrades of the LHC detectors
during long shutdown 2026-2030

e  Higher pile-up conditions => from <u>=60 up to <u>=200
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. Vertices distributed (Gaussian) with: ,=5 cm & 0,=180 ps

. Tracking detectors provide resolution of primary vertices in
forward region typically >1 mm, which leads to merging of
several collision vertices

Stochastic Hard
pileup jet _ scatter
jet

Vertex merging QCD pileup jet

HS vertex
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Pile-up jets
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[ Cooling plate

> Located between barrel and end cap calorimeters (|z|=3.5 m)
> Two instrumented double-sided layers Inner Ring: Middle Ring: Outer Ring:
. .. . . . . 70% sensor overlap 50% sensor overlap 20% sensor overlap
> provides timing information to tracks in the region of 2.4<|n|<4.0
> Design based on 1.3 x 1.3 mm? silicon pixels, 8032 modules patbus
> 3.6 million channels operating at -30°C (6.4 m? of Si)
> Radiation damage up to 5.1 x 10*° n,, /cm? and 4.7 MGy
> integrated luminosity of 4000 fb™ o N Zso'mm W o W o
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HGTD sensors: Low Gain Avalanche Detectors (LGADs)

Excellent time resolution requires high S/N ratio -> charge multiplication ir
into sensor ->LGADs

n-on-p silicon sensor with additional p+ Gain Layer

Charge multiplication by impact ionization — improved S/N

Sensors from two vendors: IHEP-IME and USTC-IME

High E field in the gain layer allows impact
ionization

8” sensor wafer

20 mm
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-> physical thickness o
silicon 300 um

Avalanche

1mm

T Region
e .o h
Depletion l
Region a
: /1 1LGAD
- X
Gate MOS Capacitor ¢ Charge collection
p-type Bulk controlled SiO, thickness | time resolution ’
diodes monitoring X ’
acceptor removal
""""" k e UDELA I PIN diode
t orlasll Bulk properties,
P Implant resistivity - | dosimetry
— A

1x 2 LGAD
Same + interpad region

Main test structure for QC-IT

* PIN and LGADs have the size of 2.1 mm x 0.65 mm
,' and have the same area (geometric capacitance) as
+ pads on the main sensor




Process Quality Control & Radiation Hardness Monitoring

ATLAS HGTD Work in progress
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HGTD LGAD Radiation Effects
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LGAD performance degrades with radiation exposure due to a loss of gain
o  Recovered by increasing the bias
o  Limitimposed by Single Event Burnout (SEB) effect (local breakdown of
electric field) -> Vmax~550 V for 50 um thickness
o  Carbon-enriched gain layer: lower operating voltage, better radiation
hardness
Collected charge recoverable by increasing bias-> sensors meet 5 fC requirement
up to ~2x10" neq/cm2 (End-of-Lifetime fluence)
"Protons remove acceptors ~2.7x faster than neutrons, validating the mixed-field
damage factor.



Contributions to timing accuracy

e Energy deposition along the particle track fluctuates

randomly (Landau distribution) causing hit-to-hit variations to beam-test charge distributions -> MPV used as the
in signal shape and arrival time

e Collected charge extracted from Landau-Gaussian fits

figure of merit

o mitigated by thin 50 ym active layer and operation e Higher SNR — lower jitter — better timing
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Beam-test Performance of Pre-production LGADs
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represents the sensor-only per-hit time resolution - 4 Wl N /A ‘5%
requirements for unirradiated (irradiated) sensors :
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'ATLAS HGTD Preliminary

1.0—

The ALTIROC readout ASIC

ATLAS LGAD Timing Integrated Read-Out Chip F
225 channels (15x15) matching LGAD sensor pixels -> 1.3x1.3 mm? pad size or
130 nm CMOS from TSMC -> radiation hard to 200 Mrad TID

Jitter < 25 ps at 10 fC (< 65 ps at 4 fC), threshold < 2 fC, power <4.5 mW/channel

Efficiency

T ASIC+LGAD 1,V =2161C,T=-40°C  Noise = 0.27 {C, Nuosymers: 1 |

S-curve threshold
scan: all 225 pixels
reach > 95%

T EENETE AVENETE STRTETE SR

Measures TOA w.r.t. 40 MHz LHC clock + TOT for time-walk correction efficiency at 2 fC
threshold
3 ] 5 )
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Provides Time-Of-Arrival (TOA) and Time-Over-Threshold (TOT) information
Final version: ALTIROC-A (under test)
Radiation hard up to 200 Mrad

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDPublicPlots

Mean jitter across all channels as function of
charge with a threshold of ~5 fC for different
chips of ALTIROC3




= —_ ATLAS HGTD Prellmlnary Testbeam
Hybrid test beam results BT L
e Time resolution extracted from TOA residuals w.r.t. MCP-PMT *E )
reference Eh

o improved significantly by data-driven LSB and time-walk
calibration accounting for TDC non-linearity

o Best achieved: 49 ps at room temperature (full calibration)
At operating temperature (-38°C): 54 ps -> meets HGTD .2|0.-'. .'-4|0. . :"éo'. . .'-80-.' .".10-0. ,.1*2:01
irradiated requirement TOA [DACU]

TOA measured by ALTIROC3 vs MCP-PMT reference — strong linear
correlation confirms correct TDC functionality (DESY testbeam,
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Module-occupancy in test beam

M d ATLAS HGTD Test Beam Preliminar
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Summary
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BACKUP
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B-°Sr Timing/Collected charge Irradiation Tests

> CV-IV does not directly measure MIP charge and time resolution
e  Sr90is a pure 3 emitter — laboratory MIP source

o  deposit 10 % more MPV charge than MIPs

o  multiple scattering in material (10 % more charge)

o  bias due to noise in waveforms ~ 1 fC
> Setup with two LGADs (HPK time reference and Device Under Test (DUT))
DUT cooled to -27°C
> Coincidence trigger on PMT + reference LGAD -> DUT doesn’t take part in trigger!

\J
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23
MBq

collimator

4o UCSC board ref. det. i - >
W
thermallgnclosure 2. stage amp.

50 mm
34mm
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Peltier
element

HGTD week in Morocco, 18-23 May 2026
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Estimated HGTD performance over the lifetime (3000 fb™)
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* HGTD performance simulation using particle composition at HL-LHC
¢ Significant dependence on charged hadron damage factor c,/c,

« The 3000 fb™! scenario (including safety factor 1.5) is evaluated assuming the default replacement plan: 1
replacement for the middle ring and 3 replacements for the inner ring.
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1/CA2 [1€22 FA-2]

= B62e14 pcm2 5-10 PIN
== B6 2e14 pcm2 5-48 PIN
= B6 2e14 pcm2 6-48 PIN
= B6 2e14 pcm2 8-48 PIN
= B6 5e13 pcm2 2-10 PIN
=== B6 5e13 pcm2 4-10 PIN
== B7 1e14 pcm2 1-48 PIN
== B7 1e14 pcm2 2-48 PIN
=== B7 1e14 pcm2 3-10 PIN
= B7 1e14 pcm2 548 PIN
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= B7 4e14 pcm2 3-48 PIN
== B7 4e14 pcm2 4-10 PIN
== B7 4e14 pcm2 5-10 PIN
== B7 8e14 pcm2 548 PIN
== B7 8e14 pcm2 6-10_before annelling PIN
= B78e14 pcm2 7-10 PIN
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UoB 24 MeV p irradiation PIN-only
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Current [uA] (log scale)

B6 2e14 pcm2 5-10 LGAD
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UoB 24 MeV p irradiation IV-curves
for PIN and LGAD
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