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HGTD Calibration
Overview
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Motivation
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https://cds.cern.ch/record/2719855/files/ATLAS-TDR-031.pdf
https://arxiv.org/ftp/arxiv/papers/1704/1704.08666.pdf

introduction to High Granularity Timing Detector

« 2 double sided layers at z=+3500 mm,
covering 2.4<|n|<4.0

* Operating temperature -30 °C

* Time resolution: 35 ps (start) — 70 ps (end)

* Low Gain Avalanche Detector technology is used ‘ W
+ 15x15 pads RRSNENS
» Pad size: 1.3 mmx1.3 mm
Thickness: 775 uym (physical)/50 um (active)
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Calibration

Lhit

2 _ 2 2 2 2 2
Ototal — 9Landau + OTimewalk + O-]itter + OTDC + OClock

1704.08666

* OTimewalk. the ttoa WIill depends on the signal
amplitude if constant threshold triggering is used,
can be corrected using ttot

* orpc. relates to TDC binning and non-linearity,

expected to be > 20 ps/V12
* Oclock. relates to the jitter of the 40MHz clock,
expected to be < 15 ps after calibration

Calibration of Fast Timing System

t 0 thit

Lo

* Correspond to the bunch crossing time. The
different HGTD hits in one event should give
the same t,, which must be calibrated
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https://arxiv.org/ftp/arxiv/papers/1704/1704.08666.pdf

Time Walk Calibration

At [ps]

 When thte ctonstant threshold is
used to determine TOA, the TOA
will vary according to the pulse
height

« The TOT also correlates with the
pulse height, and can be used to
correct the time walk effect

Calibration of Fast Timing System

I February 2025, B110/IHEP-IME sensor
300 HV: 128 V, T°: 18 °C, Threshold: 7.2 fC
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1L February 2025, B110/IHEP-IME sensor
1 HV:128 V, T°: 18 °C, Threshold: 7.2 fC
11 After time-walk correction
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The time walk effect is largely reduced after the correction
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDTestBeamALTIROCA

TDC Bin Calibration

2 5ns Measurement Window 2 Sns Time-to- Dlgrtal Converter (TDC)
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F il (Bin3=1]
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S Bin128 = 0

Quantization error corresponds to the TDC
quantization step size (or LSB, Least Significant Bit)
Despite the nominal 20 ps LSB, non-linearity has

been observed over the 128 TDC bins

The LSB also depends on the temperature, and
possibly the stability of power supply, and has to be

calibrated
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Pixel

Calibration:

Internal charge
injection in ASIC
Data-driven
calibration using
testbeam data
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDTestBeamALTIROCA
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https://cds.cern.ch/record/2913376/files/ATL-DAQ-SLIDE-2024-456.pdf
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calib (= tg) = thits — Calibration Constant = tyjcs — (thit)

m Calib. per ring
constants calibration
IS computed per
ring, inner and outer.

m Calib. per circl
constants

alibration per layer
and circles define
by dR=40.

mCalib. per row :

constants computed per

ATLAS Simulation Preliminary
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first time reading out data using
the HGTD online software through the
Peripheral Electronics Board (PEB)

and FELIX card
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Calibration on HGTD Online Software

Detector Monitorin Frontend Inter-fill Online
startup 9 Configuration Calibration Calibration
R Bt L ---------------- Physics
’ Monitoring
Timing
DataHandler | Most of the calibrations
Dataflow _
HV LV IPGBT/VTRX+ Dat::::dler will happen here
OPCUA || OPCUA OPCUA
Lumi ’ : :
P Aggregator oLC COOL (?) Start to involve in
gateway online software
felix-star || felix-star Legend: . e\_/elopme nt for
- - — calibration
DAQ LUMI TC Alti
FELIX FELIX Controller (TDAQ) SW
On-Detector
Electronics HGTD SW
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Calibration on FPGA

Detector Monitorin Frontend Inter-fill Online
startup 9 Configuration Calibration Calibration
S R L ---------------- Physics
: Monitoring
Timing
DataHandler
' Dataflow
Lumi
HV LV IPGBT/VTRX+
OPCUA || oPcuA OPCUA DataHandler
Lumi
2
felix- Aggregator oLc COOL ()
gateway
felix-star || felix-star Legend:
DAQ LUMI e Alti Hardware
FELIX FELIX Controller (TDAQ) SW
On-Detector
Electronics HGTD SW

The calibration could also
be done here, for R&D
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Plan

* Having a proper HGTD DAQ setup at Nijmegen to measure clock and timing,
possibly also a beta source setup

* Analyse testbeam data to have better understanding of the module performance and
the corresponding calibrations

 Involve in online software development and discover the feasibility of implementing
the different calibration algorithms

* Once the calibration algorithms on the online software are in good shape, consider
the possibility of implementing them using FELIX
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Thank you
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Backup
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WR2RF boards

P4/RF i
HW‘“’\ WR Switches

RF_Rx  RF_Tx

23

CCR &

Proof of

Concept System

WR2RF module

-F TTC backbone BST & GMT networks

RF_RX RE2TTC TTCFanout

~
H TTC off-detector ,
o N on-detector - -
., i A = S S

snsssss=d WR high Precision Switch

WRforTTC backbone

- RF Crab Cavities
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