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THE HIGH GRANULARITY 
TIMING DETECTOR
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CONTEXT: HGTD & MODULE

The HL-LHC Program
Å Up to ςππ simultaneous collisions
Å υͯ time the current pile- up
 OMultiplied by 6 the collected data

`ÙÎÙĚĚíġĴ ġĆ ÀÓÓ À ġíÿíĀç
ÓíÿÙĀĚíĆĀ

35/22/2025 |                              13th Beam Telescopes and Test Beams Workshop                                 |                LPCA - CLERMONT-FERRAND



LHC PILE-UP 
zĆĥĖÎÙ
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https://cds.cern.ch/images/ATLAS-PHO-Event-2016-003-4


zĆĥĖÎÙ

HL-LHC PILE-UP 
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https://cds.cern.ch/record/2846411


CONTEXT: HGTD & MODULE

The HL-LHC Program
Å Up to ςππ simultaneous collisions
Å υͯ time the current pile- up
 OMultiplied by 6 the collected data

High Granularity Timing 
Detector

Å New ATLAS sub- detector
Å ςͯπσπ (Run 4)
Å 8032 modules (ASIC+sensor)
Å 2.4 < | |́ < 4

`ÙÎÙĚĚíġĴ ġĆ ÀÓÓ À ġíÿíĀç
ÓíÿÙĀĚíĆĀ

zēÀġíÀú ÎĆĀĚġĖÀíĀġ ÀĀÓ ëíçë
ÙĳēĆĚĥĖÙ ġĆ ĖÀÓíÀġíĆĀ
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TRACK SEPARATION

With HGTD

With ITk

75/22/2025 |                              13th Beam Telescopes and Test Beams Workshop                                 |                LPCA - CLERMONT-FERRAND



CONTEXT: HGTD & MODULE

The HL-LHC Program
Å Up to ςππ simultaneous collisions
Å υͯ time the current pile- up
 OMultiplied by 6 the collected data

High Granularity Timing 
Detector

Å New ATLAS sub- detector
Å ςͯπσπ (Run 4)
Å 8 032 modules (2 ASIC+sensor)
Å 2.4 < | |́ < 4

Module

Å ASIC + LGAD (sensor) ς
Å 225 pixels
ÅρȢσ ρȢσ άά

`ÙÎÙĚĚíġĴ ġĆ ÀÓÓ À ġíÿíĀç
ÓíÿÙĀĚíĆĀ

zēÀġíÀú ÎĆĀĚġĖÀíĀġ ÀĀÓ ëíçë
ÙĳēĆĚĥĖÙ ġĆ ĖÀÓíÀġíĆĀ

sĖÙÎíĚíĆĀ̢́ ēɹĚēÙĖ ëíġ
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More details given in the talk of Theodoros Manoussos
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https://indico.cern.ch/event/1469148/contributions/6460347/attachments/3072244/5435376/ATL-COM-HGTD-2025-014.pdf


MEASURING THE 
RESOLUTION
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TESTBEAM SETUP

Beam

ALTIROC
&
LGAD

MCP
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STEP I: ACQUISITION

Particles

Cooling box

FPGA Digitizer

═╢╘╒

╛╖═╓
╜╒╟

╣▄■▄▼╬▫▬▄ 
▬■╪▪▄▼
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STEP II: EXTRACT TIMING
Digitizer Side

-ĆĀĚġÀĀġ EĖÀÎġíĆĀ 2íĚÎĖíÿíĀÀġĆĖ ġĆ ÓÙġÙĖÿíĀÙ
ġëÙ ġíÿíĀç Ćæ ġëÙ ëíġĚ

ALTIROC Side

ÅTOA & TOT IN DAC UNIT

ÅTOA Range ͯςȢυ ὲί

ÅTOT Range ͯρπ ὲί

ÅPB" -s«®ªsf¯®s~| «r~¯zi fk pz^®Ò
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MCP-PMT

Clock

TOTTOA



STEP III: CONVERT TOA IN ▬▼

ÅDetermine the LSB: ASIC calibration
ÅLSB (Least Significant Bit) = quantized step 

of Time-to-Digital (TDC) converter

ÅNominal design: LSB ςͯπ ὴί

ÅIn the reality : LSB is varying for each TOA bin

 ODifferential Non Linearity (DNL)

ÅA different story for test beams
ÅUsing data- drive method for LSB calibration

ÅNon flatness caused by DNL

MĀ ġÙĚġ ÌÙĀÎë ġëÙ ¢f ÓíĚġĖíÌĥġíĆĀ íĚ
ÀúÿĆĚġ æúÀġᴼúĆĲ 2`Z
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STEP III: DETERMINE THE LSBs

ÅCompute 4 LSBs
ÅTOA TDC is divided in 4 cycles
Åτ σς cells in delay line

 

ÅThe LSBs tuning
ÅDependence of external factors (Temperature, High/Low Voltages)

ʴlʷʵ ʷʶl̋ ʷ ʺʸl̔ ʹ ʽʺlɻ ʶʻ

source
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https://www.researchgate.net/figure/Schematic-of-a-time-to-digital-converter-TDC-based-on-a-Vernier-delay-line_fig1_312076946


STEP IV: REMOVE NOISE

ÅSmall beam spot
Å 9ͯ pixels (ͯ υ άά )

ÅHits occurring in the full ASIC
ÅNoise

ÅMulti -particles scattering

ÅDegradation of the resolution

¢ĖÀÎ÷íĀç ġĆ ĖÙÿĆıÙ ĀĆíĚÙ
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STEP IV: REMOVE NOISE
ÅCorryvreckan for tracking reconstruction and more

1) DUT Alignment with MIMOSA planes

ÅDUT boarder through occupancy map

2) Tracking reconstruction 

ÅIterative …  minimization

Å 1 hit in 2 nearest planes

Å 5 total hits  

3) Synchronization between telescope and digitizer

4) Extrapolate track to ALTIROC

ÅAssociate TOA to hit in MCP
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¢ëíĚĚġÙē ĲÀĚ ĀĆġēÙĖæĆĖÿÙÓ íĀ ġëÙ æĆúúĆĲíĀç ĖÙĚĥúġĚ
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STEP V: TOA & TIME-WALK

Time-Walk : variation in the 

timing of a signal's rising edge 

(TOA) as a function of its 

amplitude

TOA: Time Of Arrival

TOT: Time Over Threshold

Definitions

THRESHOLD

Time

Larger amplitude  Olarger TOT

Smaller amplitude  OSmaller TOT

TOA

TOT
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STEP V: COMPUTE RESOLUTION

ÅDefinition

ÅDSCB fit on ◄
Å„ taken as the resolution

Ἴ ἸἻ ╣╞═╓═╒ ╛╢║▬▼ ◄╜╒╟▬▼ ◄╬■▫╬▓▬▼

Reference
 OObtained from Digitizer

◄╜╒╟ triggered w.r.t clock
 OObtained from Digitizer

Time Measured by ALTIROC
 OIn DAC unit

Resolution of TOA TDC
 OTo convert in ps
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DECORRELATING THE 
EFFECTS
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CONTRIBUTIONS TO THE RESOLUTION

ÅTheoretical resolution
ÅTime-Walk effect

ÅDependence of the time at which a signal crosses a 
given threshold depends on its amplitude

ÅJitter

ÅCaused by the noise in the electronics

ÅLandau

ÅStemming from fluctuations in energy loss as a 
charged particle passes through the sensor

ÅClock

ÅTiming precision of the system clock that distributes 
timing signals to different parts

ÅTDC

ÅArises from the finite resolution of the TDC used to 
digitize and Non-linearities in bins

Ɑ╜╞╓╤╛╔Ɑ◄░□▄◌╪■▓

          Ɑ▒░◄◄▄►

 Ɑ╛╪▪▀╪◊

               Ɑ╬■▫╬▓

 Ɑ╣╓╒

 ἸἻ

 ἸἻ

 ἸἻ
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ÅStarting point
ÅInjection based calibration using delay scan
ÅMoving the phase shifter

1 LSB CALIBRATION Ȧ SOFTWARE 
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ʹʼːʹɹːēɻĚ



ÅConsidering 1 LSB
ÅLSB is assumed to be constant 

across the full TOA range 

 OCase where non DNL negligible

ÅData calibration
ÅProcedure
ÅFor each TOA range we are varying the 

LSB to find ÍÉÎὙὓὛɝÔ

1 LSB CALIBRATION Ȧ DATA 
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ʹʺːʴɹːēɻĚ



1 LSB CALIBRATION Ȧ DATA 
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ʹʶːʺɹːēɻĚ

ÅConsidering 1 LSB
ÅLSB is assumed to be constant 

across the full TOA range 

 OCase where non DNL negligible

ÅData calibration
ÅProcedure
ÅFor each TOA range we are varying the 

LSB to find ÍÉÎὙὓὛɝÔ

ÅAnd time-walk correction
ÅResolution is uniform across pixels
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ÅConsidering the DNL of TDC
ÅArchitecture based on 32 TDC bins

 O4 LSB are been determined per pixel

ÅConsistent values across ranges/pixels
ÅNo dependency to the position of the pixel

ÅDifferent internal behavior in terms of 
LSB calibration
ÅDifference of ~7 ps between internal calibration for 

LSB and data-driven calibration 

4 LSB CALIBRATION Ȧ DATA 
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ʸʼːʽɹːēɻĚ
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The measurements leading to these results have been performed at 
the Test Beam Facility at DESY Hamburg (Germany), a member of 

the Helmholtz Association (HGF).



RESOLUTION 
PERFORMANCE
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ÅSub 40 ps reached for hybrids ( ASIC+sensor)
ÅFor ~16 different pixels

HYBRIDS RESULTS
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8ĳÎÙúúÙĀġ ēÙĖæĆĖÿÀĀÎÙ ĲÙúú ÌÙúĆĲ ġëÙ ʹʴēĚĖÙĕĥíĖÙÿÙĀġ
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ÅGood performance obtained with modules (1 module = 2 hybrids)
ÅAdditional characterizations are ongoing

ÅSub 50 ps have been reached
ÅBad clock jitter of about 20 ps

ÅThe expected 40 MHz clock is assumed to have negligible contribution

MODULES RESULTS
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̤ ēyĚġĆ ĖÙÿĆıÙ ĆĀ ġëĆĚÙ ıÀúĥÙĚ

ʹʶːʶɹː ʸ ēĚ
τ ὴί ὸέ ὦὩ ίόὦίὸὶὥὧὸὩὨ



CONCLUSION

ÁSub 40 ps was reached for hybrids

ÁSub 50 ps resolution obtained on modules

ÁSome effects are investigated to improve further the performance
ÁDifferential non- linearity of TOA TDCs

ÁOngoing efforts
ÁImproving the data acquisition: Acquiring more and more data 
Á1st setup with 3 chips during last TB campaign
ÁComplete readout with the nominal DAQ (Felix)
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BACKUP

29



DAQ SETUP
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From X. Yang
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INNER DETECTORS POSITION
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LGAD SENSOR
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STEP V: TIME-WALK CORRECTION

ææÙÎġ ġëÙ ÀÎÎĥĖÀÎĴ Ćæ ¢f ÀĀÓ ÿĥĚġ ÌÙ ÎĆĖĖÙÎġÙÓ
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THE HIGH LUMINOSITY ERA

ÅIncreasing by 6 the amount of data

ÅIncreasing overall the pile -up

ATL-UPGRADE-PUB-2025-001

HGTD TDR

34

https://cds.cern.ch/record/2928798/files/ATL-UPGRADE-PUB-2025-001.pdf
https://cds.cern.ch/record/2719855


ÅBoth are generally compatible
ÅGaussian not model well the tails

 Obetter …  with DSCB

ÅDistribution should be symmetrized 
using tracking

ÅDifference of ￼  ▬▼ 

DSCB vs GAUSSIAN FIT
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