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WHAT IS HGCAL

The High Granularity Calorimeter is a new sampling electronic
and hadronic calorimeter build to replace the current end-caps
of the CMS experiment.

Neutron :
Moderator CMS HGCAL
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WHAT IS THE DQM

The Data Quality
Monitoring is an - —— - a———
interface to supervise I S D N
the functioning of the F | ’I L
detector by displaying _— =
valuessuchasthemean @ “ | 9| ™
ADCvoltage in the

modules.

adc_module_4 adc_module_5
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OVERVIEW OF MY WORK SO FAR

e Creation of geometrical templates
e Implementation of the templates into the DQM "“slow stream”
e Independence of Fast and Slow streams of DQM

e Works on the TPG data unpacking and indexing
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STATUS QUO

JSROQT version

;[‘s.:[}t:}f'ﬂ V0001 HGCAL_R172/7035822.root

| The implementation was hard coded to & DQMData
. . Run 1727035822
visualize the 2024 test beam data. !]g HGCAL
@ Run summary
i Layers
il Modules
il Digis
9 Not scalable: The layout of the DQM did not ., -avert amerinfo
lend itself for a detector of 0(30k) T
modules.
3 Fast stream data (Errors, EconD payloads)
was not implemented or it took structures
created by the slow stream. R
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STATUS QUO

The implementation was hard coded to B rive oevegmene: RGEA (i) ore) (ore) (1t o

hex_avgtot_module_1 hex_avgtot_module_2 hex_avgtot_module
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hex_deltaade_module_0 hex_deltaade_module_1 k laade_module
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lend itself for a detector of O(30k) ‘ | ‘ |

Fast stream data (Errors, EconD payloads) ’ I . I
was not implemented or it took structures
created by the slow stream.
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GEOMETRY TEMPLATES '/

@] isSiPM_0
il plane_1;1
] plane_2;1
il rlane_3;1
il plane_4;1
il plane_5;1
il plane_6;1
il plane_7;1
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@ plane_9 E
iy u_-10; -50—
P : A Implemented a template global

st geometry file that works in
aof tandem with the module locator

: | in order to plot the dataina
?;A,__module bin; 1 : \/ geometrical manner.
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GEOMETRY TEMPLATES ' ®

Layer_ 25

tandem with the module locator
in order to plot the dataina

Implemented a template global
geometrical manner.
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IMPLEMENTATION INTO DQM

Geometry

Using this geometry template now with the help of the module locator |
can plot the data coming from the locator in the correct geometrical
position.

Readability

To improve navigation in this DQM it's structure was redesigned to be
from general to detailed.

9
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=1 DQMData

== Run 172

Laboratoire Leprince Ringuet | 2025

*

¥

+

+

up,llll] all l(l‘l|d]]‘|l' all | clear

?}9[3(3[}’ VO001_HGCAL_R1727035822.root

=] HGCAL
=}-+—) Run summary
j EndCap_Plus

] Layer_1

@ hex_occupancy Layer_1;1

= sette_1
=13 Module_ML_F3WX_IH0018
g hex_awvgadc;l
a6 hex_avgem;l

e hex_avgtoa;l

[~

|~

==

B hex_awgtot;1
& hex_deltaadc;1
& hex_occupancy;l
e hex_stdadc;1
adc;1

)l ademl;1

4t avgadc;1

11;1

iyt avgdeltaadc;l

wt avgade

W deltaadc;1
3 econdQualityModules;1
| OCCupancy:1

W | seedadc;1

o seedadcvstrigtime;1
seedume;1
seedtimevsenergy;l

seedtimevstrigtime; 1

ftoavstrigtime; 1

[ ™Y
B
=3
4| seedtoa;l
e
]
™

| tot;1
+ Module ML F3WX 1H0019
- Module ML_F3WX_IH0020
e econdPayloadCassette_1;1
e econdQualityCassette_1;1
e econdPayloadLayer_1;1
g econdQualityLayerl;1
] Layer_2
) Layer_3
] QuickCollections
1 Digis

4 Workspace®+» 4 Run #"»+

CMS Service «
Online Development: HGCAL . (None)

NAVIGATION

CMS DQM GUI (mtokarev-dgm.cern.ch)
Jun 19, 2025 at 13:03.05 UTC
Host 194.12.156.254, View details

LS # Event #
(None) . (None) .
Run started, UTC time

(Not recorded)

Size: Medium v Play ResetWorkspace Describe Customise Layouts (Top)/HGCAL
&4 EndCap_Minus &l FED & Layouts

& Trigger

4 Workspace®+ “4Run #P+~

CMS Service »
. Online Development: HGCAL . (None)

Online

Size: Medium v Play ResetWorkspace @ Describe Customise Layouts (Top)/HGCAL /EndCap_Minus

& Layer 25

JSROOT mode JSON data |, Link-Me

&4 QuickCollections & TimeStamp

LS # Event # CMS DQM GUI (mtokarev-dgm.cern.ch)

(None) . (None) . lun 19, 2025 2 13.04 44 UTC

Host 194.12.156.254, View details

Run started, UTC time

(Not recorded)

JSROOT mode JSON data |, Link-Me




Laboratoire Leprince Ringuet | 2025

Service »

4 Workspace ¥ ~

NAVIGATION

dRun # P~ LS # Event #

Run started, UTC time

Online Development: HGCAL . (None) . (None) . (None) . (Not recorded)

Online

Size: Medium v | Play ResetWorkspace Describe Customise Layouts (Top)/HGCAL / EndCap Minus / Layer 25

&8 Casseite_1

econdPayloadLayer_25

Py

module_avgadc layer 25
Layer_25

module_n_vacant_channels_layer_25
Layer_25

. 4
E | H
* I -1
[ | 3
I i
30"
[ "
]
- %

-F
o

Ltghes Lipet Ligrs Ligta b spt Lo Lty 1

x{am|

econdQualityLayer25
fu——r
Tk
| ot e ®
module_avgcm_layer 25
Layer_25
E | _.'1-1?_.
E
‘.IZ 05
?-1 400
: -
50
-
v e
k)

module_occupancy_layer_25

Layer_25
5 [ ':-D’
&
[ =
[ P
sl
| 1800
20[
[ 1800
“,l:
L 1400
o
1200

hex_avgPayloadLayer_25 hex_econdQualityLayer_25

Layer_25 Layer_25
5 [ "
= .08
L :\r,‘i
300
- 0o
E 0o
a0y
E'JE .
.- O 04
.'.i' 008
140 =]
T ®W W 80 B0 1M i W T# W W ® o vm e
module _avgtoa layer 25 module_avgtot layer 25
Layer_25 Layer_25
: D O
0f
% 0o
:- 0 o7
0L
,.J-_ o2
L o
of s acs
0,08 a0
T2 a6 8 89 10 M e ‘20 &b 60 #6100 M e o

module_stdadc_layer 25

Layer_25
5 [ ¥
30
r id
20
S 18
!"; 14

hex_stdPayloadLayer 25

Layer_25

CMS DAM GUI (mtokarev-dgm.cern.ch)
Jun 19, 2025 at 13:05.03 UTC
Host 194.12.156.254, View deta

JSROOT mode JSON data i, Link-Me

| wf
t i
sof "
wof i
! 12
&
module deltaadc layer 25
Layer_25
; 3
® | &
! ad
[ ~ ‘ 202
of 5
; -
2 a8 & 80 100 10 'ul_:'c_‘_



Laboratoire Leprince Ringuet | 2025

4 Workspace®+ 4Run #P~ LS #

Online
Size: Medium v Play ResetWorkspace Describe Customise Layouts (Top)/HGCAL / EndCap Minus / Layer 25/ Cassette 1
& Module_MH_F2W_CNTO0063
&3 Module_MH_F2W_CNTO0068
& Module_ML_F3W_CIH0194

@ Module_MH_F2W_CNT0064 @l Module_MH_F2W_CNTO0065

&2 Module_ML_F3W_CIH0190 & Module_ML_F3W_CIH0191

& Module_ML_F3W_CIH0196 & Module_ML_F3W_CIH0197

econdPayloadCassette_1 econdQualityCassette_1 hex_avgadc_layer_25
L.'_":""""';J Layer_25
< a0 '::_: : g
F o G
]‘.-Z-'_f-
3 i)
'I-'I:lE
2ot 200
20k 150
-e-:-E_ %0
'1?5 40
sof
E Yot 120
of Ll , Beiderd T8 . b
T P R R R 7 . R PSSR R RS R,
hex_avgtot layer 25 hex_deltaadc layer 25 hex_n_vacant channels layer 25
Layer_25 Layer_25
= = o1z
= — a ' o o8
£ E oof
2l 3l
S E 0 Db
:- E- 00
20 20]
F F B
f F 002
-_ '_ 004
f.E f {-0 0
:— - —-00
b oa o e ot aal g by galaaad) Jay 00 BElaaalaaadaasleaalagalagad e o180 Blagaalaeadiaalaaa Lo g bagad oyl a8

NAVIGATION

Event # Run started, UTC time

CMS Service »
- Online Development: HGCAL . (None) . (None) . (None) . (Not recorded)

& Module_MH_F2W_CNTO0066
@ Module_ML_F3W_CIH0192
& Module ML_F3W_CIH0198

hex_avgcm_layer_25

Layer_25
] 0%
= k-4
30[ 50
f
[
2ok
E -
E
b
F
[
[ ki)
F
I»
E
E
E g
| I P TN PN T i

hex_occupancy layer 25
Layer_25

=

| - SR S U B S S S

CMS DQM GUI (mtokarev-dgm.cern.ch)
Jun 19, 2025 at 13:
Host 194.12.156.254, V

JSROOT mode JSON data i, Link-Me

&l Module_MH_F2W_CNT0067
& Module_ML_F3W_CIH0193

hex_avgtoa_layer_25
Layer_25
= 0y
£ [ a8
L "
E 0.06
30
! 004
E 002
200
‘!I: N e
I —-004
1-0.08
E {-0.08
Elaaaloaad o bl ol anlaanldl Jgy
F-] 40 &0 80 100 120 Nf:l.““
hex_stdadc layer 25
Layer_25
T . X

3




Laboratoire Leprince Ringuet | 2025

NAVIGATION

I ' - o - RN
rvice = 4 dRun # P~ LS # Event # Run started, UTC time S DQM GUI (mt
.
Online Development: HGCAL . (None) . (None) . (None) . (Not recorded)
Online
Size: Medium v | Play | Reset Workspace Describe Customise Layouts  (Top)/ HGCAL / EndCap Minus / Layer 25/ Caseette 1/ Meodule_ML_F3W_CIH0190 JSROOT mode JSOM data [ Link-Me
adc adem avgadc avgadem1 avgdeltaadec avgtoa avgtot
ML_FIW_CIH0190 [ ] ML_FIW_CIHO190 [ossmt ] ML_FIW_CIH0150 [ ] ML_FIW_CIHO190 ML_FIW_CIHO190 [ ML_FIW_CIH0190 [omds ] ML_FIW_CIHO190 -
7 maf o o8 — . A b - s e " I M "
¥ ™ s 3 P B ' m— s T wey 8 B —y
1 t . T | B 1 T - o 1 G " ~ o "
L o | sy _am) mis=y 8] [ Imiz=y 3]
i § aeoll [
s i aaf . o
- | L o af
! wel “r i [ [
o ] w00 (] ) 0 E N %5 w0 #00 o0 : % 00 1] b L 56 00 B . g B NN R I I R I o g
ADE DG [ Eharrmt Crannel Ehannel Ehannel
deltaadc hex_avgadc_module 0 hex_avgem_module 0 hex_avgtoa_module_0 hex_avgtot_module_0 hex_deltaadc_module_0 hex_occupancy_module_0
ML_FIW_CIH0190 [ ML_FIW_CIHO190 ML_F3W_CIHO190 ML_FIW_CIHO130 ML_F3W_CIHO190 ML_FIW_CIH0190 ML_FIW_CIH0190
i | E | T 4 I M T | e 1 I i
: voo! “k . -‘“ﬂi o} B T} wa S - pot; © . - S i |
0 ' - b F - -
L sf ’ s o8 pos =
E. ol . - . [ T [ ™ o) t 202
¢ . of s o - @ : F :
= : 0 0 [ : I 3 : =0 : :
= " = 5 =" 5000
I f : oy s E - 3 : 3
wf 1w ! 10
r ) F o a8
[ 4 . i g e |
b L] . - o
J - o - g8 : o - [ 18800
PRI TPPATPPPTE oLy : ; - gLy . WUUTURE L W 5 w—— o " . e i ST . + e PR ; (
hex_stdadc_module_0 occupancy seedadc seedadcvstrigtime seedtime seedtimevsenergy seedtimevstrigtime
ML_FIW_CIH0190 ML_FIW_CIH0190 Z' W"wmi ML_FIW_CIH0190 :‘ ---n-«_ml ML_FIW_CIH0180 ML_F3W_CIHO190 :. seediime q: ML_FIW_CIH0190 l:—«mm-;i ML_FIW_CIH0190 '.‘—'----—vi
i 1 bt B ma Il el & [ # f M n §
. § vooot T |mame T ™ N —any o b e .
- ‘-" 8 é. r T | B o L] i | S e [ ]
a* - [ [ | 5o D sl St Do |
= .-‘-. " n'r)': r-: :
- [ o f :
5 . : [ |
' ; t [ - [ :
. " - Bdf !
> ) | : f :
e Py o (¥ :
o [ 50 I
g gt " PP NP WP I v giliggelipodup bl BB, oyl . : i
s ‘Erane WO o kel with man <ADCADG T A %0 Bl Erawgy [ADC]
seedtoa seedtoavstrigtime sums toa tot
ML_FIW_CIH0190 [Ceedica ] ML_FIW_CIH0190 [sesdsmimms]  ML_F3IW_CIMO190 ML_FIW_CIH0190 [ ] ML_F3W_CHO190 —
trares Rt ey 430 - [ [ [y []
g [ e . il ' ¥ — E 7 e ' § v "
§ asonf toa Dex N [ o L™ s o ¥ OF (e e ¥ L Lot b 2
3 {8 e w . w = . 3 3 |
sasy | e | 8 3 T
Taa L - % 3 gal
s || = it |l
300 L= s [ r:_
2000 - r
g o 8 ol
(|| == :
I s . r
50 £ [
“EE B0 b0 130 . 0 222 444 665 828 1 158 . I I I L'y 5 550 P00 2S00 3000 3500 Abo0

ot




15
INDEPENDENCE OF FAST AND SLOW

STREAMS

While | was working on the Slow stream data visualization, there was a
development of the Fast stream DQM, which collects the overview data for
each module without having to process each channel of the detector.
Therefore a merge was done ensuring that it could run independently as
this Fast stream is the precursor to the Online DQM.
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ERROR MONITORING PROPAGATION IN DQM

During this merger, a
data propagation

system was being I o
developed for the fast =1
stream, so that we cout : 4 ©

. N

LLLLLLL

summarize the lower i;

level module plots into
the cassette and the
layer plots.
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TRIGGER PRIMITIVES GENERATORS

As the data volume of the LHC experiments is too large,
trigger systems are used to only save the physics-ly
interesting events, the first step of this trigger being
the trigger primitive, which in HGCal, gives a quick
summary of the energy deposited in each module and
it's location.
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TRIGGER PRIMITIVES DQM

More recently we move into the DQM system
for the HGCal TPG, because, as with the DAQ,

this system is hard coded in many places to
accept the data from the 2024 beam tests.

Laboratoire Leprince Ringuet | 2025



Laboratoire Leprince Ringuet | 2025

The first step to unwrap the
Trigger Primitive Generation
(TPG) datais to create a module
mapper which will read a set of
configuration files and give and
index to each module and
channel in the system.

FIRST STEPS TOWARDS TPG DQM

19

Cell Mapper

Takes a Cell Map with the cells of
each module type and generates
an index for each cell.

Module Indexer

Takes a module locator with the
electronic and geometric
coordinated of the modules in
the setup and generates an index
for each module and cell.



TO BE DONE

© Finish and test the © Use the unpacked data

g TPG modulelndexer with the indexer to

8 generate DQM files for
E} TPG data

'% © Edit theunpackingas @ Generate wafer

: to make use of the template files for the

indexer Trigger Channels.

20



Laboratoire
Leprince-Ringuet

Laboratoire Leprince Ringuet | 2025

THANKYOU

Presented By : Mijail Tokarev



