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Motivation

At the HighLuminosity phase of LHC (HLHC)

Instantaneousuminosities up to 1& 7.5<10% cmi 2 s (x5 current L)
Pileup: ‘ = 200interactions per bunclecrossingA 1.5 vertex/mm on average

Vertex reconstructionandphysics objects performance whié significantlyegraded

in the forward region where compared to the central region

LiquidArgon based electromagnetic calorimeter has coarser granularity

Innertracker has poorer momentumesolution

A HighGranularityTimingDetector (HGTD) is proposed in front of the

Liquid Argon enecap calorimeters for pileip mitigation

Improve performance in the forward region by combining

HGTD precise timing

ITk (new ATLAS tracker) position information
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Detector quite constrained by the space available and the harsh environmer
Time resolution better than 3@sper track (50psper hitin a 2 layer geometry’
Recovers electron ID, track & jet reconstruction anetdgging

Low GainAvalanchéD etectors (LGAD) technology has be@hosen
It provides an internadjain good enougtvhile providing a large S/N ratio

Design optimized for <10% occupancy
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HGTD requirements

Pseudorapidity coverage
Thickness in z
Position of active layers in z
Radial extension:
Total
Active area
Time resolution per track
Number of hits per track:
24 < |n| <31
31 < || <40
Pixel size
Number of channels
Active area
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Radiation levels in HGTD

Maximumn,, fluencesand dose for HLLHC

R< 32 cmA 3.7x10" n./cn? and 4.1MGy =10'°
R> 32 cmA 3x10'5 n,/en? and 1.6MGy g
A safety factor of ~2and replacement of inner ring “E
a half life time argaken into account S
:;I
~30% sensors and AS[B< 32 cm) need to be =
=

10'®

replaced at half HHLHC running period because of

radiation damage

Sensors will be operated aB0 °C using a common

CO, cooling system with the inner detectofTk)
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Detection technology: LGAD

Low GainAvalanchéD etectors (LGADS) originally developed by CNM
n-p silicon planar detector + multiplication layer that amplifies the signal
High E field
Moderate internal gain (180)

Typical rise time 0.5ns
Excellent time resolution <3@sbefore irradiation
R&D programmeto deliver thin sensors to provide the required time
resolution (30psper track), fine segmentation, radiation hardness
New doping materials, substrates and new geometries

Prototypes tested from CNM, HPKBNL, FBK
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Contributions to timing

2 2 2
2 2 trise I/1‘5:‘11r‘ TDCb?l'n,
Landau term <2%s Tiot = O Landau T T N\ T ,
S/N S/trise RMS v 12
Reduce for thin sensors: 350 ‘ m
Jitter term <15psand time walk term <1(s e — -
Low noise and fast signals = V § e
Digitization granularity ~ps o T s e
L D .
Clock distribution <10ps J - e
Time Walk
Time walk corrections on beam test data using thenstantFraction Discriminator (CFD)
technique
|
Considering the time at a fraction of 50% of the amplitude e gven by the

CFD 50%. no time
walk
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Readout electronics: ALTIROC ASIC

ATLASLGAD TiminglntegratedReadD ut Chip (ALTIROC)
Minimize noise and power consumption
ProvideTime Of Arrival (TOA) andTime Over Threshold (TOT) measurements
Target time resolution <2%Ps

Developed in various phases

ALTIROCO: singlgixel analog readout (pramplifier + discriminator)

Test bench measurements satisfactory N
a .

. T C : ® voltage pre-amplifier

Beam testsy see next slides B 1w o motmmdmne 3

. . L. . b= L pre-amplifier i

ALTIROCLI: full singkpixel analog readout (analog + digital) kb5arrays > b ]

Ce: ]

Test bench measurements @oing 10;_ . i

.. . . L e -

Irradiation campaigns and beam tests in Q1 2019 c i B v . o ]

. . 5 e generatqr jitter -

ALTIROC?2: final 1815 version - o8 $ :

. . o .
Submission expected end of 2019 o T T

Injected Charge [fC]
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Beam test campaigns

CERN North Area SPS H6A & B beamlines (120 GeV pion beam)

ACONITE telescope in H6A and AIDA telescope in H6B ACONITE telescope (6 MIMOSA planes)
Un-irradiated and irradiated CNM sensors
Un-irradiated ASingle pads and arrays
sensors
Un-irradiated HPK sensors DUTs

SiPMs
Un-irradiated CNM, HPK, BNL

Neutron vs Proton irradiated

ABoron implanted CNM sensors
ACarbon diffused CNM sensors
AGallium implanted CNM sensors
APK sensors

2x2 array sensors with ALTIROCO_v2

Arrays with different intetpad gaps

SLAC beamtestd Se e HGID festb@amat the SLAC beamligeby S. Mazza
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https://indico.cern.ch/event/731649/contributions/3237255/

