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The High Granularity Timing Detector

® Pixel detector with coarse spatial resolution
but precision timing

Time resolution target
50-70 ps/hit _1
~ to 4 b
%t~ 30-50 ps/tracklJp 0 4000 1
Luminosity measurement
bunch-by-bunch

® Active region

> Positionin ZfromIP: = 3.5 m

» Pseudorapidity coverage: 2.4 <|n|< 4.0
» Radial extension: 12cm <R <64 cm

® 8032 modules with 2 ASICs and 2 sensors
® 6.4m? active area and 3.6M channels

® Upto 2.5 x 10> ng,/cm?, 2 MGy TID
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Demonstrator
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» Represent one slice of
detector

. A prototype system incorporating all
key components of the HGTD project

FELIX

. A Readout system of the ATLAS
experiment

Peripheral Electronic
Board (PEB)

Components: low-power GigaBit
Transmission chip (IpGBT), Versatile
Link + Transceiver (VTRx+), 12V to
1.2V DC-DC converters (bPOL12V),
etc.

» Module

. Consist 2 ALTIROC and 2 LGAD
. Module flex on the top



https://atlas-project-felix.web.cern.ch/atlas-project-felix/
https://atlas-project-felix.web.cern.ch/atlas-project-felix/
https://lpgbt.web.cern.ch/lpgbt/v1/
https://lpgbt.web.cern.ch/lpgbt/v1/
https://lpgbt.web.cern.ch/lpgbt/v1/
https://lpgbt.web.cern.ch/lpgbt/v1/
https://espace.cern.ch/project-Versatile-Link-Plus/SitePages/Home.aspx
https://espace.cern.ch/project-Versatile-Link-Plus/SitePages/Home.aspx
https://espace.cern.ch/project-DCDC-new/_layouts/15/start.aspx#/index/Home.aspx
https://espace.cern.ch/project-DCDC-new/_layouts/15/start.aspx#/index/Home.aspx
https://espace.cern.ch/project-DCDC-new/_layouts/15/start.aspx#/index/Home.aspx

Demonstrator

» Peripheral Electronic

Board (PEB) 1F:

« Connects up to 55 ALTIROC
modules
Interlock v

cable

! » Four Detector Units (DU):

« Several modules make up a
DU
27 ALTIROCZ2 and 27
ALTIROC3 modules
individually

2 DUs with ALTIROC2

—-

(e » Minimum slice of the
detector to have full test
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Demonstrator

* LV module: connect to pre-production HGTD LV
system (BRIC modules from CAEN)

* 4 HV modules connecting to the PEB

» Interlock system has been integrated and tested
| R | Wl successfully

|

 FELIX server used for data taking

SR .= » Detector Control System (DCS) used for controlling
‘ . and monitoring LV, HV and Interlock
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https://cds.cern.ch/record/1562594
https://cds.cern.ch/record/1562594

DCS panel

Main DCS panel Low voltage HV System « Use DCS panel to control
LV, HV and Interlock

Power fail (HV<200 V)

Temperature error (> 70 degrees) Vullage 00V d e m O n Strato r

Current 0.000 UA

Rd ™ W% ' : g Branch Controller: |pranchControllerod ICS Board: [ICS A 4 Module 1 Module 2 Module 3 Module 4 | Module 5
EXK XESEED ®Fa +Q mQ Q11 2
fw.Rel: |22 ICS fw.Rel: |1,0700000524521 —Module2
ST 1CS Module ONOT READY Temperature | 31.67 C
o Trimmer Voltage:  |11.300000190735 =
o] Off
T e G | o s ——
HV System low Voltage Lissy Service Voltage:  |12.800000190735 starus: [RICR
HV Input: . I
T 300 . High Voltage Status V [ ]
| Temp: |21 .
! " ICS_Channel Settings O Cable Status .
€5 Channel: [cHs _ on Off Switch
Voltage: (11.39999961853 v ® o 688 r~Channels ON ALL
SnIRL ) e . channels for
External disable
Temp: (20 Voltage 0oV
< @ unplugged m 2 Channel 1
plots @ Current 0.000 UA
@

ICS_Channel

€S channel: |cHe _ On Off

Voltage: |11.39999961853 v Voltage 00V
current: 0.60000002384186 A Qver current Channel 3 . u
Temp: External disable Current 0.000 UA
; emp: |20 c
Rp==== unplugged L

99.9 V

plots Power fail (HV<200 V)

Channel 4
! Temperature error (> 70 degrees) O INTERLOCK 7.717 UA u L]
100 * [ndividual channel for each
¥ =t Channel 5
F. ‘ Close Fun Status 0.000 UA

2326.00 P ;0;72 :A Channel 6 ALTI ROC mOd U Ie

2326.00 rpm

00000

99.8 V

Channel 7
2247.00 rpm 10.488 UA . n
2280.00 rpm
e0e@ . some cratel: lissy 1 100.0 V u

T Lissy

q |
{ il T21 16CH ouT24 2274.00 rpm 44.270 UA Channel 8
' wsrc[@][®] 222200 Pm
S HHIE==HIE « PEB1F has 6 ALTIROC
wac| @|| @ P : 103.544 UA
1082c| @ || @ Py @
nijc| @ ® o| @ Channel Configuration 100.0 V
=, EEHH = I modules connected to
= 1 wairc| @] @ ° 0.000 UA
| )
ez 00| @ || @ oo voltage T
A | 200c| @|| ® e e . Channel 11 :
amic| @ @ ol @ Current Limit 184.131 UA I n e r OC
y | w00c| @|| @ e e v
| Sem anifc| @ @ e @ . 100.0
‘ k||| @ ® 3 Ramping Up Step 0.155 A Channel 12
i mslc| @|| @ . .
3 - Il = > Ramping Down Step 990V
I \ | @ @ @ - Channel 13
: - - @ 0.680 UA
{ = Threshold T-Hi a0l @ ] n
H Threshold T-ERR: 60 [C @
| 100.0 V'
— = Board tem, 28 )¢ @ .
| - P : - EIE All collected information
B oniox
i . | IR Switch Switch
| O . ON ALL OFF ALL =
<l " 0 saved INtoO database 10r
MonFPGA heartbeat: IEI no active a=.‘wus OPC-UA server status: Running

future reference
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vtheScan_felix.py

ConvertData.py
chargeScan_felix.py

thresScan_felix.py

Sync_felix2lpgbt.py peb.py

To sync the elink config Lurni. Timing MUXE4

« Script template
« Python-based scripts used for temporary tests Ipgbtpy
« Will be replaced by Standard Trigger and Data §
Acquisition (TDAQ) system ,

altiroc.py

0@ \ ATLAS TDAQ SOFTWARE - Partition part_hgtd_cern_demonstrator_hgtd-felix-sw
File Commands Access Control Settings Logqing Level Help
Commit & Reload | Load Panels ~ Totaldead-time (%) [ WA B4 utilities -
RUN CONTROL STATE ~ RUNNING Run Control | Segments & Resources | Dataset Tags
— 7,7—' | E———— 1
Legacy | New | iy ¢ [LJRUNNING'Y] RootController N [ configuratoror
Run Control Commands o " nline Segment : - —

[Csnutbown | [ NITIALIZE .| o 33 Infrastructure @ configuratorol

|

1

F—=F v [INRUBRINGE] HGTD_FELIX SW

l [ unconric | | CONFIG —— .
el SequenceControllerol

|

|

i

STOP | | START _J Up | serialCommunicatorol
| b Ui 4

. AQ software

e sl S v B0 G- up Configuratorol
HOLD TRG | RESUME TRG_| 5
—El P | ProtoDataHandlerol

] - - % ‘

: . | Auto Pilot - ¢ Stable Beams ¢ RaP ) up LpGBTMonKorol |
o I WO r ” I prog reSS — TTCLinkRateMonitor [ §

gs —— 3 v |

Run number 1757681019 [romee Up ] calibrationCtrlol ‘

= . UP | HGTD_Monitoring_IS ‘
|
|

« Use partition to monitor the status of TDAQ system e ——o | e |

| flx-tofIx-flx-01 ‘

« Use web-based Grafana to monitor the status of o
| HLT 0 0 | f

d rTl t t Recorded 0 0 | Tesmesruﬂg_{Ti\A/anced ) i

e OnS ra Or Tinformation | Counlergi?»niﬁs* & fFind: | © Q) _| [IMatch Case v/ Repeats ]

Subscription criteria V] WARNING v ERROR [V] FATAL []INFORMATION []Expression Subsc;t'm'

 SEVERTY | APPUIC

 WARNING ___ RootController_rc

! NAME = MESSAGE

:MasterTrig... Master Trigqer not defined e

No Run Number Server provided: check the “TDAQ_RUN_NUMBER_CONNECT" variable in D
I

the DB. A dummy run number will be provided. )

WARNING RootController rc::RunNumber

Application "LpGBTMonitor0l® on host ‘pc-k\qld-dgq:li;-oi;\q(u" died while extingon |
qQ:a1: o% : signal 15. Logs are :
14:41:09 WARNING HGTD_FELIX_SW rc::Application... */logs/part_hgtd_cern_demonstrator_hgtd-felo-sw/LpGBTMonitordl_pc-hgtd-dag-f«-01.h|
_qtd 1757680858.0ut/err”, 1 . Uik Sy ) |
Application “Configurator01* on host “pc-hgtd-daq-cmp-02.hgtd* died while exiting on

A : 8 = Siiiue signal 15. Logs are
14:a1:09 WARNING HGTD_FELIX SW rc::Application... “flogs/pant_hqgtd_cern_demonstrator_hgtd-feli-sw/ConfiguratorQl_pc-hgtd-dag-cmp-02.
hqtd 1757680858.out/err”, ~ _
Application "SenalCommunicator0l1* on host "pc-hgtd-daq-cmp-02.hgtd® died while
AR i o exting on signal 15, Logs are
19:41:09 PARN NG HGTD_FELDC SW rc::Application... *flogs/part_hgtd_cern_demonstrator_hgtd-fele-sw/SerialCommunicater0l_pc-hgtd-dagq-
cmp-02.hqtd 1757620859.out/err". |

Application *CalibrationCtrl01* on host “pc-hgtd-daq-cmp-02.hgtd” died while exting on |
e - 5 e 1EabE signal 15. Logs are

14:41:09 WARMING\ HGTD_FELIX SW rc::application... 3008 “3. LR 88 o strator. hotdfelacew/CalibrationCtriod_pc-hgtd-daq<mp-0

2.hqtd 1757680858 out/err” hd

Clear 3 Message format =] [« visible rows 1 Current ERS subscription Sev=ERROR or sev=WARNING or sev=FATAL

6
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Temperature measurement

 Temperature on the whole demonstrator measured via NTCs sensors or internal sensors
ATLAS HGTD Preliminary
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o Left side: VIRx+ and bPOL12V, some bPOLs cannot be monitored due to Iimit_e% number

of read-out channels — higher temperature due to self heating
* Right side: NTC on each module flex, some of them are broken
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Comprehensive tests on modules

« A full chain for testing modules on demonstrator:

2025/10/8

|12C test

Vth scan

Vthc scan

Charge scan

Delay/Width scan

[ Make sure ASIC is working }

Find an average value for Voltage threshold
(can be used for bump connection check)

|

Find specific Voltage threshold for each pixel with a
dedicated value of charge injected

J

|

Measure hit efficiency, TOAand TOT

|

{ Measure TOA/TOT LSB J




Results — 12C connection

 101/108 ALTIROCs pass 12C connection test
 The best DU (in green circle) has all ALTIROC3s working and produces good results
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" " " ATLAS HGTD Preliminary
Hit efficiency of one ALTIROC '
> Hit efficiency plot: go_ﬁ
* Measured at -30°C on module Row3M8CO0 without HV 54
« Data transfer speed: 320Mbps
» Using Vthc value produced with Injected Q=9.6fC 0.2
* Pixels found a threshold at Q = 9.58 fC

0.0

« With expected median value and low RMS, this
ALTIROC shows a good hit efficiency |

g HV C FPC connec tor
R or C 9.7
. B I |
Module Flex o 9.6 d U

LGAD Sensor

I —— Median: 9.58 RMS: 0.08

0 50 100 150 200
Pixel Number

10
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Hit efficiency of several modules PR

Q[fC]
w

> Hit efficiency for multiple modules :

* Measured at -30°C on Row3 without HV | | | | | | |
 Data transfer speed: 320Mbps A A S
 Most ASICs have a median value around 9.6fC

» Still slightly differ from one to one  ATLAS HGTD Preliminary =
» Stacked histogram shows 9.6fC still the central
value, with acceptable RMS | T e
§ E Overall:
: mean = 9.6 fC
: RMS = 0.1 fC
11
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TOALSB Delay scan

» Time of Arrival (TOA) histogram:

v

R3M8CO (p=1405.7ps, RMS=75.9ps)

3071 ATLAS HGTD Preliminary R3MBC1 (1=1368.4ps, RMS=83.5ps)

 Measured at -30°C on Row3M8 without HV

« Data transfer speed: 320Mbps Overall

» TOA LSB measured via DelayScan is e oacs (83 pey.
around 20 ps

 Two ALTIROCSs on the module show good
agreement in TOA distribution, with an

acceptable mean value at 1387ps

Pixelss

15 1

104

5_

0 T T T T
1000 1200 1400 1600 1800 2000

¢ 82 pS R M S 50 60 70 —= 80 90 100
Skew of clock distribution system AR
« Skew of used calibration pulse which is distributed to
all the pixels through a clock tree (+75 ps by design)

12
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Towards the future

Outer-Ring dummy assembly/
final segments ready for installation

» Second generation box:

Internal moderator
similar to final design

* New cooling box, new PEB and ALTIROCA DUs
* Expect to be in place by the end of this year

PEHD snde walls, not
existing in the real life
Hermetic vessel BabyDemo » Module-O0:

(from FDR+PRR) (external CO, distribution)

Internal CO, distribution™

* A quarter of back side of HGTD wheel

 Demonstrate that HGTD individual items are
ready to pass to the production phase

* Integrate and test 3% of the HGTD active
components

Hermetic Vessel
front cover

LARG Cryostat
dummy front wall

Assembly tools (from FDR+PRR) 1 3

2025/10/8



Summary

* A comprehensive full-power testing has been carried out on HGTD demonstrator
* The full read-out chain has been tested successfully
 DCS also successfully used to monitor and control demonstrator operation

* A brand-new ATLAS standard DAQ is in progress and already in good shape and will
replace the current python scripts

* Various measurements have been carried out on demonstrator
 Temperatures on the whole demonstrator are reasonable

« ALTIROCSs show hit efficiency and noise as expected
 ALTIROCSs show expected TOA distribution and RMS within one module

14
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Thank you!
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Software — HGTD FELIX SW

» Software: still work in progress

» Use partition to monitor the status of TDAQ system
« Shows different component of this software

 Use web-based Grafana to monitor the status of

demonstrator
* Monitoring VDDA, VDDD and GND for each ALTIR
as well as all the temperature information

2025/10/8

@ \| ATLAS TDAQ SOFTWARE - Partition part_hgtd_cern_demonstrator_hgtd-felix-sw

File Commands Access Control Settings Logging Level Help

Commit & Reload |%p Load Panels - Total dead-time (%) f &4 utilities -

Run number 1757681019 up CalibrationCtrlol

| % . —
| Lumi Block 0 ? ‘ﬂuumﬂqj FELDX_SW

RUN CONTROL STATE [_:Rf”'qm“q’] Run Control | Segments & Resources | Dataset Tags

Legacy | New | ¢ [LJRUNNING 1| RootController $ [ Configuratorol
Run Control Comy: o " Online Segment

[ shutDown | INITIALI ] 33 Infrastructure @8 configuratorol

— : . ¢ [IIRUNNING ] HGTD_FELIX SW
e ) L= ) E;UP SequenceControllerol
[ stop ] START up SerialCommunicatorol
Ty = ] giﬁ ) '—Vl,ll{__ ConfiguratoroOl
LD T Lo [F770p ] protopataHandlerol
Auto Pilot - &) Stable Beams @) RaP ) [ UaT ] LpGBTMOnitorol
up TTCLinkRateMonitor

“Run Information & Sstung
—— —— up HGTD_Monitoring_IS

Number Rate up fix-tohost-fix-01
up flx-tofix-flx-01

Level 1 0 0
| HLT 0 0
Recorded 0 0 | TestResults | Advanced
[information | Counters [“Settings A & Find: 2 J Match Case v Repeats ]
Subscription criteria v WARNING v ERROR [v] FATAL []INFORMATION []Expression Subscribe
~ TME | SEVERITY | apPucaTION NAME:. Sila s a0 = ME : |~
14:43:39  WARNING  RootController rc:MasterTrig... Master Trigger not defined — _[:‘
A % ee No Run Number Server provided: check the *“TDAQ_RUN_NUMBER_CONNECT" variable in |=|
14:43:39 wfI\RiN?ING RootController rc::RunNumber the DB. A dummy run number will be provided. _ ~__ B
Application "LpGBTMonitor01* on host "pc-hgtd-daq-fix-01.hgtd" died while exiting on
ATAY = % 0 : signal 15. Logs are
1%:A1:09 WARNING HGTD_FELDC.SW rc::Application... *flogs/part_hgtd_cern_demonstrator_hgtd-fel-sw/LpGBTMonitor0l_pc-hgtd-daq-fix-01.h|
| qtd 1757680858.out/err”, ) o ) |
Application "Configurator0l* on host “pc-hgtd-daq-cmp-02.hgtd* died while exting on
o ; 3 = §iisoy signal 15, Logs are
14:41:09 YARNING HGTD_FELIX_SW. rc::Application... *flogs/part_hgtd_cern_demenstrator_hgtd-feli-sw/ConfiguratorQl_pc-hgtd-dag-cmp-02.
hqtd 1757680858.out/err",
Application *SenalCommunicator0l* on host *pc-hgtd-daq-cmp-02.hgtd" died while
P S . - teat exiting on signal 15, Logs are |
13:42;00 IARNING HGTD_FELDC SW_re::Application... “flogs/part_hgtd_cern_demonstrator_hgtd-felix-sw/SerialCommunicater0l_pc-hgtd-daq-
cmp-02.hqtd 1757680859.out/err” i — i
Application “CalibrationCtrl01® on host “pc-hgtd-daq-cmp-02.hgtd® died while exting on
Yo ; " » AR signal 15. Logs are |
14:42:00 WARNING HGTD_FELIX_SW rc::Application... *flogs/part_hgtd_cern_demonstrator_hgtd-feloc-sw/CalibrationCtri0l_pc-hgtd-dag-cmp-0
2.hqtd 1757680858 .out/err* hd
Clear B Message format [w=] d| visible rows 0 : Current ERS subscription $ev=ERROR or sev=WARNING or sev=FATAL

Home > Dashboards N fwd

MON VDDA
200 mvV

1w 1V
Dashboards i 150

750 mV.
100 mv

500 mV

250 mV

== TO_Modulel == TO_|
= TO_Module_4 == TO_M

TO_M == TO_Module_7
== TO_Module._

v Temperatures

PEB NTC Module Flex NTC Temperature BPOL Temperature

TO_Mod

= TO_Mod TO_Mod
50:00 15:50:30 d = T0_Module_5 LO_PB_D1 «
)_PEB_NTC_O TO_PEB_N = LO_PBD




Results — bump connection

ASIC bump connection plot produced with demonstrator cooled down to -30° C. High voltage is applied. ASIC number Row1Module1ASIC1. The
method used to check the bump connection relies on the difference between the voltage threshold value for two different injected charges (in this
example 36 DACU=15 fC and 12 DACU=5 fC). Pixels with disconnected bumps are expected to have a higher difference due to the lower input
capacitance. The number in the pixels map and the histograms represents this difference. To be noted that pixel (0,0) is not connected by design
and it can be used as reference. This example shows that, in addition to pixel (0,0) , pixel (0,11) and (0,12) are clearly disconnected while pixel
(5,14) and (0,14) might be (and should be cross-checked with a different method).

ATLAS HGTD Preliminary Q=36 ATLAS HGTD Prelimi ,
- ° ol reliminary |
ASIC1 - Vth(Q36)-Vth(Q12) [DACU] 600 ; minary |-
—— Q=12 R
14 ] | |
13 90.0 950 88.0 90.0 350
—_
12{91.0 91.0 96.0 87.0 87.0 0 930 89.0 90.0 90.0 99.0 94.0 %r_)
A 500 -
11497.0 930 87.0 90.0 910 90.0 90.0 920 96.0 92.0 89.0 87.0 90.0 89.0 86.0 S
104 91.0 86.0 93.0 94.0 95.0.89.0 98.0 89.0 94.0.91.0 92.0- _g
§ 450 -
9]950 99.0 91.0 920 940 920 860 97.0 93.0 91.0 950 860 89.0 92.0 £
l_
8950 940 91.0.86.0 860 90.0 94.0 960 930 920 980 98.0
400 -
5 7]950 87.0 900 910 860 92.0.37.0 920 90.0 89.0 99.0.
6]920 91.0 930 900 90.0 880 930 930 90.0 90.0 90.0 88.0 89.0 100.0
350 1
54870 98.0 87.0 93.0 91.0 86.0 91.0 92.0 d 94.0 109.0
1 1 1 1 1
4489.0 92.0 93.0 B7.0 98.0 86.0 87.0 86.0 88.0 0 50 100 150 200
3800 91.0 940 910 89.0 880 87.0 101.0
100 -
2{90.0 800 e10 87.0 920 89.0 91.0 .
=
1 91.0 89.0 88.0 89.0 93.0 )]
0 112.0 115.0 950 109.0 0 -
11 12 13 14 . ' : : :
Column 0 50 100 150 200

18
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TOA LSB

ATLAS HGTD Preliminary

||||||||||||||||||||||||||||||||||

ASIC + LGAD1,T=-40"C

Average TOA [DAC Units]
> © o ~ &
== ) o o o o
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49)00 ~ 5000 600 7000 8000 9000 10000 11000

Delay [ps]

Average Time Of Arrival (TOA) measured with the TDC as a function of the programmable
delay using direct injection of a digital discriminator pulse at the input of the TDCs. Each
curve belong to one single channel of the matrix. The TOA bin (LSB) is extracted from the
linear fit

19
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