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W and Z bosons

Triple and quadruple gauge couplings = search for deviations

w= W+ W+ W+
i Z[y w{ : W W{ : >< etc.
W= Z[y Z/v Z[y

W+t and Z= massive bosons of the electroweak interaction
(along with massless y)

Quarks . Leplons . Force particles

Massive vector
bosons

Have a longitudinal
polarisation component

Higgs
mechanism

e Study angular observables to look for new
physics (not only enerqy related searches)

— BSM in some polarisation modes ?
2

VLVL- VLVL

-~
Sn

Indirect study )
of the Higgs
mechanism

Vector boson
scattering



The ATLAS detector

C %\ A multi-purpose detector:

SN From inner layers to outer layers

— Trackers :

2 Tracks of charged particles (electrons, muons,
charged hadrons in jets)

o el b — Calorimeters:
g( D\ | - 2 Measure the energy of particles stopped inside

v &SN 7 & — Muon detector:
‘ ' \ 2 Tracks of muons that went through the
calorimeters

Particle Identification (depending on
which detectors are activated) and
measurement of its parameters

(energy, pT,...)




The Liquid Argon Calorimeter

47 cm | Sandwich of absorber material (Pb) and

- A\ /A Liquid Argon (LAr)

=>Particles ionize LAr : electrical signal linked to
the deposited energy

Divided into ~200 000 cells in 4 subsystems

readout elect_rode

; > Rapidity n = -In(tg6) and @ angle information
outer copper layer _

mnercoppi%%%r va/ E

outer copper layer ~~ | /&

stainless steel —» 7 Detector

p < A
2 LT — i T
e Y
N LAr hadronic . _m ! | =
‘ & end-cap (HEC) el - L
] ‘ : £ P — /77 ; I iz ]
i 85 & 5 ' ‘|
e 7 | LAr eleciromagnetic (] Sssbu,; \ Collision|
Iead / | end-cap (EMEC) -9 / 77 ~ | Point 0. /9
v = < ‘ z : ]
i N — ] u/ ; S T
/ y < H ’ g A
7, 7 o
Z ///

glue

T
e]

LAr forward (FCal)



LHC timeline

Now: Next:

= Long Shut-down 2, — Run 3 : mean number of interaction per
Phase 1Upgrade bunch crossing up to <> = 80

— Phase 2 upgrade during LS3 and later
High-Luminosity LHC: <u>~ 140 - 200

LHC HL-LHC

DD iss

14 TeV
Diodes Consolidation

energy
;rf:r!:llul W R 350fb -1 HII--:_I:I?:: 5 to 7.5 & momdnal L
11 T dipole coll. insia n
mm Civil Eng. P1-P5 <U> ~ 80
140 fb1 ATLAS - CMS
f upgrade phase 1 d;:".'r::.;:: ATLAS - CMS <p>~200
; <p>~30 ool HL upgrade
K nomral Lo ALICE - LHCB I 2 & rameal Lo

upgrade



PHASE 1 UPGRADE OF THE LIQUID ARGON

CALORIMETER IN ATLAS



Trigger Tower

Why a trigger : one bunch crossing (BC) every L1 accept : hardware trigger system

25 ns that is a frequency of 40 MHz 40 MHz—100 kHz = decide in Few ps
=> Record only physically interesting events => Reduced granularity !
Standard Model Production Cross Section Measurements Status: March 2019 Data Stream
g 101 E o ATLAS Preliminary ey 1 event = 1.5 Mb
Sy T AnEeenW No trigger =60 Tb/s
~ 8 105 v . o _
10 ‘ — Tiager Towers With triggers =1 Gb/s
o N Trigger Tower:
. = . —Phase space:
. e - ApxAn ~0.1x0.1
o = | —No longitudinal
o granularity
= >1TT~60cells

7



Goal of the Phase 1 Upgrade

Higher pile-up expected: <py> =80 (Run 3) to 200 (HL-LHC)
=>Improve Trigger discriminating power = Increase granularity
=>Exploit electron/photon shower shape at L1A, not only the energy

From Trigger Tower to SuperCells: Electron with
E.=70GeV

Super Cells

Trigger Towers
60
AnxA® = 0.1x0.1
40
)]

0

1

9 0

7

— Granularity: 1 TT=10SC=1+4+4+1SC
2 From 5248 TT to 34 049 SC

— Digitization (improved precision) and better pile-up subtraction (baseline correction) g




What is changed

Shaper

Layer Sum Board (LSB) : sum
LAr cells in SuperCells

A

Baseplane : new cabling for the N
higher granularity signal ‘

b

LAr Trigger Digitizer Board
(LTDB) : Digitize analogical
signals (and re-sum for the legacy
trigger system)

Lar Digital Processing system S e
(LDPS) : Compute energy per = "H‘;J;_; o
SuperCells and assign it to a N BN WP; - IDFEDANE
Bunch Crossing L] ‘ GMDE - s

o I e | [FHE)| 2 |

AtLAPP! — o
On detector Off detector 9



From detector to back-end electronics

Detector pulse lasts around 400 ns, that is R | ATLAS

around 20 bunch crossings ! i: 1 _‘r 'i
— Shaper : cancel out this out-of-time pile-up <o i
=> Negative part » pedestal
— Digitization : at 40 MHz (bunch crossing os b |] i}
_ %

frequency), encoded on 12 bits

yeo)
Input data in LDPS : One sample (12 bit K
integer) per bunch crossing a0,
(04
— Compute energy ? %, %,
S
— Associate to correct bunch crossing ? %/@O

pedestal

— Saturated pulse ?

Pl P I T T N T Ml M P T A
00 200 300 400 500 600

Time (ns)
10

—
o
—_—

— Out-of-time pile-up ?

BCO
BC1
BC2
BC3
BC18



Zooming in : LDPB and LATOME board

LDPSystem = 3 ATCA crates holding 30 LDPBlades each made of :

—4 LATOME : card built around a FPGA providing memory and logic (~200,000 registers)
to compute E; for each SC and assign Bunch Crossing ID

—1 LAr Carrier: Hold the LATOME and do the interface with the ATCA crate

LATOME

Developed built and tested at LAPP

1



UserCode : Energy computation

FPGA Firmware of the LATOME made of several blocks

TDAQ/Monitoring

IPBus controller

1GhE 4= Avalon Memory Mapped interfaces
Avalon ST interfaces

LTDB
Configurable
remapping
Output
summing
FEX

4 Input stage

<

From Nicolas C.

UserCode does:
—Energy E, computation (FIR Filter)
—Bunch crossing identification
—Baseline correction (out of time pile-up)
—Saturation detection

Peak

Summation )
ADC FIR Fifter Detector

E; candidate
ADC-Baseline

Baseline Selection Er

correction Block
ADC-Baseline

E; candidate Xt

ADC Shape Saturation
Checker detection

22 clocks—~ 3 clocks—

— 48 fibers from LTDB send digitized ADC samples as input

— 48 fibers send computed energy to L1 trigger
=> Energy computation happens in the UserCode

Quality E; & Saturation

Check

User Code main path
User Code sub path

Read only from IPBus

2 clocks—~




SuperCell specific parameters

Pedestal : ADC counts are integer — signed output of sampled signal is |S; = ADC - ped = « E; + noise

Optimal Filtering coefFficient:

— Define random variables u and v with lists of parameters (a). and (b).
U= Za;—SI—, v = Zbisi-

— Choose (a).and (b); such that <u> = E;and <v> = E; T with minimal variance (constraint)
=>» With 4 consecutive ADC samples and calibrated (a);and (b); for a given SuperCell:

N-1

ET(HI) = Z daj - (ADCm+:' - pede)
i=0

N-1

E(m) = T(m) - Ex(m) = )" bi - (ADCysj — pedimyi)
i=0

Saturation selection: 6 thresholds on E;and §allow to detect saturated pulses

=> 16 parameters per SuperCell
=> 7936 registers to load per LATOME, 116 LATOMES
=>544 784 parameters in total

13




The COOL database

Goal: Load these parameters in the correct register of the correct LATOME at
configuration stage

1. Create a dummy database holding these parameters

— Prototyped a condition database on SQLite back-end for SuperCells for Run 3

=> Possibility to store a database for each LHC run conditions : every minute !
(lumi blocks)

— Developed a package to integrate it into the LarOnline code

Folder-tag LARElecCalibPedestal-UPD4-00
|Channe| 2|

The COOL condition .

database : Folder-tag LARElecCalibPedestal-UPD4-01 FE—

e |

:

B R I
Time

14



PrepareUserCodeCoefficient

2. Read mapping files of the LATOME
— Map a SuperCell to the registers holding its parameters

=> Issue with IDs : from SuperCell name to numerical identifier in database
— Write all register with values from the database

3. Integrate the database and new code into the LArOnline code
=> Validated on test (EMF) and production LATOME (installed at Point 1)

RUN CONTROL STATE NONE Run Control Segments & Resources | Dataset Tags LAr
Run Contrel Cormmands | H/W Control | Online Monitor | Shifter | Crates | Calibrati
INITIALIZE |
? ‘ EMF_Phasel
PR
/ PARAMS_GLOBAL
o | ]‘I C_EMF _Crate
o HFEC_EMBAL_01R
Auto Pilot ~ Stable Beams R4P —]. - -
Run Information & Settings ? _]‘ LDPB_Crate
Run number 22248 ¢ Fj LAFC-008
Run type Pleysics , PARAMS._LArC-008
Super Master Key F
o i TTC_EMF_Crate
LHC Clock Type ==
Recording Disabled

TDAQ Graphical User Interface 15



Validation

Goal : Use what has been developed to test the UserCode as a whole !
=> Idea: Send data to a LATOME — Record its outputs

— Choose OFC configuration wisely !
a=b=(1;0;0;0),(0;1;0;0),(0;0;1;0),(0;0;0;1),(2;0;0;0), etc.

— Choose sent dataset : sample sent = bunch crossing ID

Samples: | i |i+1 i+2‘i+3‘i+4
>
i+1 i+2 i+3 i+4 BCID Level 1 Accept :
What will be the
»  computed energy ?
N-1
Er(m)= ) a;-(ADCp+i — p&dm+i) | <> Example : Output = Input for a;=(1:0:0:0)
=0
Setto 0

16



WZ POLARISATION STUDIES

17



Inclusive WZ channel

Look for eventsat LHCof thetype: pp — /¢ 0/ vp + X
=> Main diagrams = resonant Wand Z

vV, H
Z '
q W+ ot /v +any other
Ve combination of .
J 7/~ u= q W muons and P
electrons / b
,u—#— q et Rest frame of the W - i
Measure kinematic parameters of Wand Zboson / ;o
— Specifically cos©* : distribution directly linked to polarisation v !
1 do _3 . 2 s 0k . 2 n* % . 2 * ,’/?’/ \/
gy el {fg(l + cos” 0" + 2Cw cos6%) + fr(1 + cos™ 0" — 2Cw cos 6°) + 2, (1 — cos“ 0 )] I 7
‘ e ' Rest frame of the Z

=> Polarisation retrieved from generated Truth level data
through Fits

18



Template Fit

E : T T T T I T T T T I T I T
= E ATLAS Simulation
o 4.5F

o

r Whoson e Total phase space x 0.5
4F W*Z events —— Fiducial phase space -
. . . 7 . www Fiducial longitudinal polarisation 3
How to measure polarisation fraction on data - BSF b e Fucial tansvere U poarisaion
e == Fiducial transverse R polarisation E

— Done through template fit of the data

=> Need templates for each polarisation O, L ,R of a
boson!

Already done for a single boson polarisation::

— Generate templates at truth level (Monte- F T T e T ]
Carlo generated)
— Process these templates up to reconstructed @ W U w
level T ] :: [ — :

Fo . WpoprsaoninWZ ] Fo ., ZpolaatoninWZ ]
— Fittodata! S St e s d s 1,

Polarisation fractions measurement for one boson at a time
https;//arxiv.org/pdf/1902.05759.pdf 19


https://arxiv.org/pdf/1902.05759.pdf

Goal of the WZ analysis

Measure for the first time both polarisation fractions of

massive vector bosons
—fo~25% >f,, ~ 5%
=> 36 fb-t > 139 fb-1 (full Run 2 data) = measurable !

How to get these templates ?

— Direct generation of polarised Monte-Carlo
2 Challenging at NLO

— Reweighting of unpolarised Monte-Carlo
2 Need both polarisation fractions estimation at generated level,
polarisation dependences,...
=> Main systematic uncertainty probably from these
templates

—
(2]
(=)

- ATLAS
— Preliminary

-y
B
o

- [FILHC Delivered
- DATLAS Recorded

—
a 0 o N
o o o o

Last paper

B
o

[ |Good for Physics

Vs =13 TeV

Delivered: 156 fb”’
Recorded: 147 fo'
Physics: 139 fb™

Total Integrated Luminosity [fo]

N
o

éao"‘e’ 30\-‘\6580-\6 5\)\'\6‘330'\1 VT bar\”‘% e

Month in Year

Luminosity recorded by ATLAS during Run 2

20



CONCLUSION

Work on ATLAS LAr calorimeter:
— Challenging work in interaction with many LAr experts
— Work regularly presented during LAr Weeks
=> ATLAS qualification task completed
Work on WZ polarisation analysis :
— Developed different methods to obtain polarisation fractions of both bosons
— Developed a method to reweight unpolarised Monte Carlo samples of WZ events

Teaching at IUT d’Annecy :
=> 24 h of TP in physics (half less than planed due to Covid)

PREFIT school in Hambourg (01/03/2020 - 13/03/2020) :

=>Effective field theory and precision physics
(deemed last in-person physics event of the year ?)

21



PROSPECTS

LAr calorimeter:

=> Continue the commissioning of the
UserCode

WZ polarisation analysis :
— Finalize the reweighting

— Look at directly generated templates
in interaction with theoreticians

=> Finalize the inclusive analysis

— Study polarisation in W.Z Vector |
Bosonﬁsatte.-ing LAr Phase 1 upgrade team at LAPP

QUESTIONS ?

22



BACKUP SLIDES
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1% step : Load values from the database

All values will be stored in a condition New package to read such databases::
database (COOL). OnlineLatomeDB

Chanme —Create a condDB object and connect
- ——|cm= to the database

e —Load all required data as blobs in
attribute of the condDB object

iy

Folder-tag LARElecCalibPedestal-UPD4-01
Channel 1

L]
. Channel 2

Channel 2

-«

Time
| developed a dummy database on a SQLite backend for SuperCells

Name Description

/LARSC/ElecCalibFlat

/LARSC/Identifier

/LARSC/Selection

Name Description Count Size
d /LARSC/ElecCalibFlat

Name Description

Name Description Count Size

/LARSC/ElecCalibFlat/OFC OFC a and b

/LARSC/ElecCalibFlat/Pedestal Pedestal
>>> more /LARSC/ElecCalibFlat/0OFC
[0,0] - [2147483647,4294967295) (@) [OFCa (BlobléM) : size=544800,chk=-474351604], [OFCb (Blobl6M) : size=544800,chk=-1327606476],
[nSamples (UInt32) : 4], [HardpointOFCa (UInt32) : 8], [HardpointOFCb (UInt32) : 6], [version (UInt32) : 0]




2" step : Read mapping file

Mapping file of the LATOME :

— SC arrive to the LATOME in 48 streams (input Fiber) of 8 SC per BC (25 ns)
— After configurable remapping step, 62 streams of 6 SuperCells

— Need for a mapping of a specific SuperCell to a position in a stream

SC1 SC2 SC3
W PUL B 1A P1 (7:5/7) B 2A P1 (7:2/6) B 1C
EE PU2 B 1A F1 (11:5/7) B 2A F1 (11:1/3) B 1C
S PU3 B 1A F2 (11:4/6) B 2A F2 (11:8/2) B 1C
EE PU4 B 1A F3 (11:7/5) B 2A F3 (11:3/8) B 1C
C;; PUS B 1A F4 (11:6/4) B 2A F4 (11:2/1) B 1C
Problem:

— SuperCell identified in the
mapping file with a name

— SuperCell identified in the COOL
database with an OnlinelD hash
(parameters stored in blobs)

P1
F1
F2
F3
Fa

SC4 SC5 SCé6
(31:7/7) B 2C P1 (31:3/86) B 7A P1 (7:1/1) B 8A P1
(35:6/7) B_2C_F1 (35:2/3) B_7A F1 (18:8/0) B 8A F1
(35:7/6) B_2C_F2 (35:1/2) B 7A FZ (18:3/1) B 8A F2
(35:4/5) B 2C F3 (35:9/8) B 7A F3 (18:2/2) B 8A F3
(35:5/4) B 2C F4 (35:3/1) B 7A F4 (18:1/3) E BA F4

SC name = B 1A M2

Detector Type :

- B =EMB (EM Barrel)

- E=EMEC (EM EndCap) Trigger Tower
- H = HEC (Hadronic EndCap) N index,d index

Per side (A or C) and quadrant!

(7:0/8)

(10:4/4)
(18:5/5)
(18:6/7)
(18:7/6)

Layer of the calorimeter
(only for EMB and EMEC)
— P = Presampler (only 1)
- F =Front (1,2,30r4)

- M =Middle (1,2,3 or 4)

- B=Back (only 1)

25




From SC _name to onlinelD _hash

Conversion needed : SC_name —» offlinelD — onlinelD_hash

Will never change, Mapping stored in [PUL]

done with Athena COOL database (can 9x2d800001
tools chanae ) 0x2d8ee201
g 0x2d800005
/ 0x2d800205
0x2d800ch1
0x2d800e01
[PU2]
0x2dateoenl
0x2dafesol
0x2dafeees
0x2dabfe8gons
0x2daf3001
0x2da03801
[PU3]
0x2dafn201
0x2dafeanl
0x2dafn205
0x2daf0afs
0x2da03201
0x2daf3afl

1

A small SQLite database (800K) allows for the
conversion (full) SC_name — OfflinelD

list ofFlD.ini

A python script reads the txt mapping Files, does
the conversion and writes an .ini File then used
by the code.

pu_
for Latome EMB,




3" step : Retrieve and write all parameters

Convert OfflinelD to OnlinelD_hash with the condition DB
— hash_id is the index in all retrieved blobs of the conditionDB object

Registers are vectors with 8 slots (only 6 used) to hold parameters in the order
of the stream

—Pedestal, saturation selection thresholds : 1 vector
—OFC : same, but with 1 vector per OFC (with N = 4 of them)

m = stream number

latome.user.stream_<m>.fir.pedestal[<0>] o = position of the SuperCellin the
stream (and block number in the

latome.user.stream_<m>.fir.tap_<n>[<0>] register)

n = For OFCs, from O to 3 thus coding the

4 of them
27



Extracting polarisation fractions

Goal: Create templates of fully polarised dibosons events at reconstructed level
=>First, get templates at truth level from Monte Carlo samples

Using the cosB* distribution of both =
bosons : 3 methods to get the polarisation
Fraction of 1 boson

—Fit with 3 parameters

1 d
;F:Q* = g[]‘g(l + cos® 0 + 20w cos0*) + fr(1 4 cos® 8* — 20w cos 8*) + 2, (1 — cos? 9*) ]

—Fit with 2 parameters (using f, + f, + fr=1)
—Moments’ method

Problem : Are the polarisations of the
two bosons independent ?

140

120

100

80

60

40

20

0

10"

— ATLAS Internal

llll

T

= 3 parameters fit
—— 2 parameters fit
®- f0 (0.25)
- fL (0.52)
® R (0.23)

EREEEEEE. RN EEREEEREEEEEE

A T IR L e il B
-1 08 06 04

02

0

IIJJJI
0.2 0

4 06 08 1

cos O *

CosO@* of W+, total phase space at Truth level
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Fractions of diboson polarisation configuration

Get both bosons polarisations (taking into account dependencies) : 2D Fit !

ool W

{f}i(l + cos? 0" + 2Cy cos 0"+ fu(l+ cos? 6% — 2Cy cos ") +2f (l — cos? 9*) ] X g{fﬁ(l + cos? 0% + 2Cyw cos ") + fo(l + cos? 6% — 2Cy cos ") +2fp (l — cos? 9’“) ]

W boson Z boson

=> 9 parameters: fy,, Fo, Fors Flor -

1

—
0.8 ternal
0.6

1 L L L L Y L L L B L LU A ) I B

< 08 Internal
S 0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8

»
cos 0,

1 PRI U E I IIRI NI
-1 -08 -06 -04 -02 0 . ! 0.6 0.8
cos 6,,”

PRI RS IS BT B
-1 -08 06 04-02 0 02 04 06 08 1

2D histogram 2D fit function =%
W+Z, total phase space at Truth level

1
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Reweighting

Idea: Apply to each event a weight = probability (from its kinematic variables) that
the event had a given polarisation configuration.

=>» For one boson, probability it has polarisation h, knowing its cos6* : Bayes Formula !

o (|| cos By ||}IP(COS 0*|ho,|| cos Oy ||)
> fu(| cos Oy |)P(cos 6*|h, || cos Oy |

h=0,L,R

IP(hg| cos 0*,|| cos Oy |

—
|

Warning : a variable (here, cosB,) needs to be in the conditional part to have its
reweighted distribution correctly modified!

=> Compute fractions in bins of this variable'!

£
5
=z

6000F
5000[-
4000}
3000}
2000[

10001

0

A e D T T B = ]
-1 -08 06 -04 -02 0 02 04 06 08 1

L I L B B B BRI
F ATLAS Internal

stell
srane
8

cosB,€[0.0; 0.276*

5
Z 8000

7000F
60007
5000F
4000
3000
2000
1000F

Bl U T S
Q1 -08 06 04 -02 0 02 04 06 08 1

A e A e S -
F ATLAS Internal 3 parameters it |
E parameters fit |

cosf,€[0.2; 0.40176*

5 6000 T
= [ ATLAS Internal

5000
4000:
3ooof
2ooof

1000}

oy

P et PPN AN PPN R P ]
-08 06 04 02 0 02 04 06 08 1

cosB,€[0.4; 05]
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Reweighting results

For the validation of the reweighting, used a MadGraph Monte Carlo generated
already with polarised bosons (at Leading Order only, few statistics)

Z, Z, Z, Z,

F T T q & F T T Bl 52 [ T T T T 3 2 S0 T T T T
5[ ATLAS Intemal Iy — ] 5p ATLAS Intemal o Rovegnes ] S0F ATLAS Intemal o Rovegrad [ ATLAS Intemal E—

Work still going on

MG sampleissues:

— buggy
— few statistics

Parameters to optimise:
— Conditional variable ?

— Its binning ?

— Fractions accuracy

oF . . . E ok . . ] E
1. 1. 1
w e
3 3 3
= = E]
- S - £
I £ 5 !
S S ool &
=
085 5 o o 0

0.5 il 0 05
cosThetaW_HE_Total cosThetaW HE_Total

cos@*of the W 31
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