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PhD in the ATLAS experiment ATLAS

EXPERIMENT
OUTLOOK

«»» Qualification task —> Become ATLAS author

» Liquid Argon Calorimeter project : Development in the LArgOnline software.

“ Main topic of my PhD

» Search for new physics in the dilepton final state
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Qualification task : ATLAS

- — EXPERIMENT
| - RUN-3 LHC running condition
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» Since 2022, LHC has restarted after 2 years of shutdown, and is now
delivering beams at 6.8 TeV

» The number of protons interacting at 40 MHz has increased since
Run 3 (up to 60 interactions)

» Higher occupancy makes it more difficult to identify interesting
events

» During LS2, a new trigger readout with finer granularity was
installed for the liquid Argon Calorimeter

Event display of a collision event (Run number 450227, Event number 6327489) recorded
by the ATLAS experiment on 21 April 2023, when stable beams of protons at the energy
of 6.8 TeV per beam were delivered to ATLAS by the LHC.
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Qualification task

Il - Development in the LArgOnline software
Il - 1-Phase-1 Upgrade

» Passing from ~7k Trigger Towers to ~34k Super Cells

> Allows to have a better particle identification in trigger Layer-3

- . i
Sub division of 1 Trigger — "' P

tower into 10 Super cells Layer-1 1

ATLAS

EXPERIMENT
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Qualification task

Il - Development in the LArgOnline software

Il - 1-Phase-1 Upgrade

LAr Calorimeter cells
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Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il - 1-Phase-1 Upgrade ERONT-END | BACK-END

Front-Erg Hoprd
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Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il -2 - LArgOnline software

‘ \3 Commit & Reload |_‘j,{,u Load Panels - Total dead-time (%) | N/A | B9 utilities -

» Physicist/engineers at LAPP have been in charge of the ["Run Control | Segments &Resources | Dataset Tags |
. (Legacy | New | -
development of many packages of the LArgOnline software Fun control commands o M cetup EaBED =
T . . . [ sHumoown | [ INmALIZE | ] o #4l HLT [EREBIEE
+ Responsibility of the LAr LAPP group to maintain it ; O ¢l ar [
[ unconric | | CONFIG | 5
3 o @A LArg_Plugins _
[ stor | [ _siaRt | 8 o+ eme [ERaBIed|
: o effici : . © W eec [Eabied
» Software allows to perform the data-taking —> 99/98% efficiency|| o | Leswrme | g g it vrigoer s
. Auto Pilot ~ & Stable Beams @ Rap @ | || X @A LAR DT_BARRIER [@nabled|
d U rl ng Ru n 2/3 ~Run Information & Settings 0 @A LArDTGlobalParamsUploader -
Run number 455180 E @A LArMaskedSCsUploader [@nabled
Run type LArCalibration g 9 * Digital Trigger A - ||
1 1 . Super Master Key @A RestartFelix2HostScriptResourceA -
> DGSlgned N 2004 _ . . . LHC Clock Type BCref % f»:LTDBA_
. 1 Recording Enabled & LDPBA2 -
1 85400 C++ Ilnes Of COde fi 1 Start time 23Jun-2023 08:31:21 9 o.-'LDpBAg-
* 301 OO JAVA ||neS Of Code ; - fi Stop time 234un-2023 08:32:02 o-"LAstnonA il
Total time 0h 0m 4l s BB ars oo T ac + ST =
< Spread Over 54 packages I Information | Counters lSettings ] €
3 ‘g Subscription criteria [v] WARNING [v] ERROR [v|FATAL [ |INFORMATION [ |Expression Subscribe
. TIME SEVERITY APPLICATION i MNAME i MESSAGE (e
> Performs . R R A nHRaO [(CIEETE  INFORMATION IGUI INTERNAL  All done! 1GUI is going to appear... _ _E
| The value "LatomeRuns" for the run tag "CalibType" has been found in IS but not in
H Hr H = H 09:06:54 WARNING [e]H]} INTERNAL the database, the Dataset Tag panel may show inconsistent information
initialization : automatic
. . - . 09: 06:54 INFORMATION 1GUI INTERNAL wWaiting for the "Dataset Tags" panel to initialize... A
09:06:54 INFORMATION IGUI INTERNAL Waiting for the "S ts & R % | to initialize. .. I
configuration : depend on expert inputs AT N onvaoN EETET TERNAL Wb tor the TR onoaf ool ool o nitalze
- - . 09:06:54 INFORMATION 1IGUI INTERNAL Creating panel "Iqui.DSPanel"...
L] 09:06:54 INFORMATION IGUI INTERNAL Creat | "Igui. Si tsR P [
calibration : perform by shifter (expert request) i rommarion T LT
monitoring : implement by expert for shifters (plots, alarms..) 05065 WEATAIEIN 1D INTERNAL Creating o panl instance of s i Flogiia
: 06: Creating the panel instance of class "Igui.ElogDialog"...
g . p y p p ’ T [(EAGECE INFORMATION 1GUI INTERNAL Waiting?‘orthp‘e "MainCommands" pane?to init?a\ize,,?
09:06:54 INFORMATION 1GUI INTERNAL Creating the panel instance of class "Iqui.MainPanel"... —
NO N[ S INFORMATIOR G IRNTERKAL [~ i tn rroate nanale =
[ -
Clear B | Message format Visible rows | 100. Current ERS subscription sev=ERROR or sev=WARNING or sev=FATAL
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Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il - 3 - Updated procedure to configure the LATOME boards

+ Developed new code for the configuration of Latome boards (116 in total). T'me stamp IOV
[

0:/LAR/Configuration/SCConfig/BCID

)

Some co nflgu I’atIO N pa ra mete rs are t| me d ependa nt Channelld « Since:[Run|Lumi Block] Until:[Run|Lumi Block]  BClDconstants obiect packing the
0 399640 | 0 403910 | 0 Blob—  ODJectp g
- - 0 403910 | 0 414514 | 0 Blob values of the
s:urceld flberNumber calib parameters fOl' a
BID_ATLAS V236Xt meeeeee> ngﬁggi 2 g 0 414514 | 0 4162200 Blob given IOV
0x411001 2 3443
0x411601 3 3443 0 41622010 418257 |0 Blob
BCID_ATLAS_v22.txt axgusent ¢ s Sto ras le | |
i1l i 0 418257 | 0 424311 1|0 Blob
BCID_ATLAS v21.bxt 2133331 ; ijji — 0 424311 |0 424431 |0 Blob
9x411001 9 3443
BCID_ATLAS_v20.txt Seinl s 0 424431 |0 427083 |0 Blob
0x411001 12 © -
x 0 427083 |0 431177 |0 Blob
T O EE text files databases | | 0
s 0 4311770 438099 | 0 Blob
B i 0 438099 | 0 4384100 Blob
0 438410 |0 2147483647 | 429496... Blob

Databases allow to have a record with a time stamp 10V for the values of each parameters

+ Dedicated package to decode the content of the databases

Added new functionality to read parameters moved from text files to databases IOV : interval of validity
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Qualification task

Il - Development in the LArgOnline software
Il - 4 - Parameters of interest

* Among these parameters, LAPP team worked on :

ATLAS

EXPERIMENT

. . ] = 400_"'|"'|"'|"'|"'|".'.|"'_
» Masking of noisy Super Cells and Energy thresholds : R A ATLAS Preliminary 3
wr - —a— Front layer ¢ =1.91 .
* Super Cells can be noisy and therefore affect the computation of the £ ¢ "™ PO
energy that can trigger with an higher rate uninterested events. £ =0F e+
+ |If the measured energy is above a certain threshold, need to apply a 2001~ " E
: .-'I.I-.I.. .._'..-.. s .
masking 150 e e L TN
L e -
Some are permanently masked (0.2%) and some are masked 50 o POV
on-the-fly during data tacking. 0 o , o “?
0 0.2 0.4 0.6 0.8 1 1.2 1.4

If the noise is not persistent, they can be unmasked. Standard noise level of super cells in 1

transverse energy

> | worked on other parameters which are hardware dependant
» For example the change of optical fibers or LATOME boards
| CUAPP Tom Cavaliere, Laboratoire d’Annecy de physique des particules, CNRS. 8 @



Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il-5-Testing

> Integration of new code :

During data-taking, ATLAS is running ~24/24h
Difficult to find a time slot for testing

-> EMF : Location of Liquid Argon test setup.

-> P1 : Location of the ATLAS Detector

development weeks : short break in data-taking (currently on).

» The masking of super cells and the energy thresholds were implemented by
the LAPP team few months ago
» | am working of the final implementation of the remaining parameters.
» Tests at EMF were successful

» The tests at P1 are underway
EMEF : LAr Electronics Maintenance Facility
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Physics Analysis ATLAS

EXPERIMENT

Il - Search for new physics

Standard Model is working very well
But... some questions remain... D
dark matter, dark energy, gravity...

68.3% Dark
Energy

Need to look beyond !

/\

Direct searches Indirect searches
New resonances Precision measurements of SM
g soooof_%ii.f;sT:vr?:‘igngiT:g ‘ l e ' . pI’OCESSES

e.g.: EFT approach

My Interest is final state with two leptons

£ e 1 ‘ 3
g o T 0 0 10160
m, [GeV]
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Physics Analysis ATLAS

EXPERIMENT

Il - Search for new physics
Il - 1 - dilepton final state + MET with RUN 2 dataset

Inclusive search : pp -> €8
no sign for new phenomena in the Run 2 data was found by ATLAS and

CMS.
My focus : Exclusive search : pp -> €€ + X Electron channel:
» Extra selections allow to reduce the SM backgrounds and have 2 Fiiciea - coecedimt
el & 1Eys-13Tev, 139" [ Expected + 1o
better SenS|t|V|ty T Light Vector (LDS), SRs combinad [ ] Expected t 26
. . . ™ . 41| Electron channel, 95% CL -~ -Theory, g =0.
> Following channels are investigated at LAPP LR i i
. P --- Theory, g =0.1
> X =dark matter particles H v
1103 S —

" ‘7"“'-'-'-5-..&'__4 -
B LT T Ao = L —— LT ve—
it T TR T » |

T L T N T L
200 300 400 500 600 700 800 900 1000

my. [GeV]

Unblinded results presented last wednesday.
| done statistical interpretation of the results v —_—> Public results should be released soon !!
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Physics Analysis ATLAS

EXPERIMENT

Il - Search for new physics
Il - 1 - dilepton final state + MET with RUN 2 dataset

Inclusive search : pp -> €8
no sign for new phenomena in the Run 2 data was found by ATLAS and

CMS.

My focus : Exclusive search : pp > €€ + X
» Extra selections allow to reduce the SM backgrounds and have
better sensitivity
» Following channels are investigated at LAPP
» X=dark matter particles
» Vector boson fusion production X = 2 back-to-back jets q

Started contributed to this channel since few months
Aim to have it in the final paper together with the Il + MET channel

My responsibility is statistical interpretation of the results

q
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Physics Analysis

IV - Future plans

< Summer 2023 : Finilization of my Qualification Task
“ End 2023 - Start 2024 : Publish Z'+X searches paper

“ 2024-2025 : Work on High Mass Drell-Yan with bjets Run 2
measurement

ATLAS

EXPERIMENT

| CLUAPP Tom Cavaliere, Laboratoire d’Annecy de physique des particules, CNRS.
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Additional task ATLAS

EXPERIMENT

Timeline overview

Mid-October Mid-December

l l

| I

March September June
2022 October 2023

| __C;?APP Tom Cavaliere, Laboratoire d’Annecy de physique des particules, CNRS. 14 @ |

ey On Py s Pt



Additional task ATLAS

EXPERIMENT

Timeline overview

Followed daily operation meeting, monitoring

GER implementation for shifters, QT work

Mid-October Mid-December

l l

| I

March September June
2022 October 2023
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Additional task ATLAS

EXPERIMENT

Timeline overview

Followed daily operation meeting, monitoring

GER implementation for shifters, QT work

Mid-October Mid-December

l l

| I

March September June
2022 October 2023

Shift at Calo/Forward detectors desk in the ACR
6x3jx8h (+training)
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Additional task ATLAS

EXPERIMENT

Timeline overview

Followed daily operation meeting, monitoring

GER implementation for shifters, QT work

Mid-October Mid-December

l l

| I

March September June
2022 October 2023
Shift at Calo/Forward detectors desk in the ACR |:| LAr week
6x3jx8h (+training)
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Additional task ATLAS

EXPERIMENT

Timeline overview

Followed daily operation meeting, monitoring

GER implementation for shifters, QT work

Mid-October Mid-December

l l

| I

March September June
2022 October 2023
Shift at Calo/Forward detectors desk in the ACR |:| LAr week
6x3jx8h (+training)

I ANIMMA conference in Lucca in ltalie -> Poster presentation
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Poster for ANIMMA conference in Lucca (12.06 -> 16.06) ATLAS

EXPERIMENT

2023 ANIMMA Conference

(X o
( 4) ATLAS Liquid Argon Calorimeter
Q-‘ ¥/ Commissioning for LHC Run 3

2 - Motivations

ATLAS Liquid Argon Calorimeter
commissioning for LHC run-3

= Licskill: Killing an the fly of naisy Super Cells

Liesaup: Super Cells Rate Wizualisation

.\:}‘1
XATLAS
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Additional task ATLAS

EXPERIMENT

Timeline overview

Followed daily operation meeting, monitoring
implementation for shifters, QT work

CERN

Mid-October Mid-December

l l

| I

March September June
2022 October 2023
Shift at Calo/Forward detectors desk in the ACR |:| LAr week
6x3jx8h (+training)

Teaching at IUT (TP outils mathématique

I ANIMMA conference in Lucca in Italie -> Poster presentation I 15h & Physique 6h)
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Additional task

ADUM Formation

« Group theory courses
(January->june)

 ANIMMA CONF (June)

« GIF SCHOOL (September)

* JRJC (October)

* Tribulations Savantes

« MOOC “Intégrité scientifique dans les
métiers de la recherche”

« Other MOOC

Goal : 40h for each category

25

20

Scientifigte Transversal Professionel
B Hours ®

Teaching (2022-2023)
Teaching (2023-2024)

ATLAS

EXPERIMENT
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END

Thank you for your attention !

ATLAS

EXPERIMENT
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Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il - 1-Phase-1 Upgrade

SuperCeHs
Trigger Towers
AnxA® = 0.1x0.1
7

An electron (with 70GeV of transverse energy) as seen by the existing Level-1 Calorimeter
trigger electronics and by the proposed upgraded trigger electronics .

Layer 3
AnxA® = 0.1x0.1

Layer 2
AnxA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1

Layer 0O
AnxA® = 0.1x0.1
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ATLAS Experiment

0 - ATLAS detector

“ General purpose detector located at one
of the collision point of the LHC

“ probes the standard model of particle
physics and search for new physics

*» Made of several sub-detectors (Tracker,
Calorimeters, muon spectrometer), working
together to identify and measured the
properties of particles created during
collisions.

ATLAS

EXPERIMENT

EXPERIMENT
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Qualification task : ATLAS

EXPERIMENT

| - Development in the LArgOnline software

| -1-Liquid Argon Calorimeter \aill 2.8 4
<+ ~182k (!) readout channels il i ¢
n : pseudorapidity 2 !
< Divided into 4 regions : A Y
> EMB: |n] <1.5 e e = [N <y
> EMEC 1.4<[7[<32 et | A 1 iy ctecromenete J
> HEC:1.5< |T1| <32 LS IU 20 end-cap (EMEC)

> FCal:3.1<|n| <4.9

n=2.70 LAr electromagnetic
barrel (EMB)

= ‘ LAr forward (FCal)
» Used mainly to measure energy and posmon of electromagnetic objects (photon, electron, p05|trons)

electromagnetic shower s s 5 s E ATLAS
produced in liquid argon et / &
inner n:oppira Igo%r ./ / 4 o8
pp outer copper layer : : ‘ -
” . stainless steel 0.2
collision glue
lead 0 [-od

o0 200 500 . 400 500 600
Time (ns)
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Qualification task ATLAS

EXPERIMENT

| - Development in the LArgOnline software

l-3-a-New Hardware FRONT-END | __BACK-END

= [ N
Mo 1
Mie! iz

11

g
[arn

LAr Calorimeter cells / i 4

124 LAr Trigger Digitizer Boards (LTDBs)
« Digitize Super Cell signals at 40 MHz.
« Transmit signals to the back-end digital processors




Qualification task ATLAS

EXPERIMENT

Il - Development in the LArgOnline software
Il - 3 - Parameters of interest

* Among these parameters, | worked on :
» LVDS links: Low Voltage Differential Signaling

Carry the TTC signals coming from the FELIX board and formatted by the carrier board
Need to be calibrated

» BCID : Bunch Crossing IDentifier
> IS : Input Stage

Incoming data are not in time one another due to the differences in time of flight and of fibre lengths.

However, the data corresponding to one bunch crossing have to be aligned since we need all the data
corresponding to a BCID when we want to process them.
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