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The Standard Model

An experimental success

The Standard Model (SM) is a huge success from the experimental point of view
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The Standard Model

One piece of the universe puzzle?

= But it does not accommodate everything we
need to know about nature:
s Dark matter
Dark energy
Neutrino oscillation
Matter-antimatter asymmetry
Fermion mass hierarchy
Gravity

s There must be something more!

s Qur work as scientists is to search for that
something and understand what we have

s |_ots of work to do!



The Standard Model

One piece of the universe puzzle?

= Could new physics be hidden in the Electroweak Symmetry Breaking (EWSB) sector?
s Study the dynamics of the scalar sector of the SM as a whole, considering both the Higgs
boson and the Nambu-Goldstone states could shed light on this question

s Diboson states could serve as swiss army knife in our quest for new physics!
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Before moving forward: my academic path

s Bachelor in physics, ULA, Venezuela (2003-2008)

s HEP Latinamerican-European Network (HELEN) fellowship, LPNHE, Paris (2008-2009)
+ B-physics phenomenology

s Doctoral, postdoctoral & staff experience:
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s Students supervision: 5 PhD (1 co-direction), 3 master students, 6 undergrads



Student supervision and training
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How to search for new physics with dibosons?

1. Produce and reconstruct diboson pairs

2. Compare with the SM predictions

Direct searches: new resonances
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Indirect searches: beyond LHC reach can still
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Our tools

The LHC and ATLAS

= A proton-proton collider of 27 Km
circumference situated at CERN. Currently " B

since2022 [

= Fantastic machines with capabilities
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= ATLAS is a non-specialized detector: | VL BB \ oo enccop ans
s Excellent vertex and tracking systems (|n|<2.5) U .. s 7 N
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Reconstructing boosted bosons: focus on hadronic decays

s Jets: quarks/gluons hadronize in collimated set of / / / /

hadrons / / / /
s Charge hadrons reconstructed as tracks in the Inner

Detector. All hadrons are then absorbed (and / / / /
measured) in the Calorimeters Calorimeters / / / 7

« Steps in jet building: / l/ / / /

= Inputs/constituents: jets are reconstructed from 7
4-vectors inputs representing the hadronic flow, Inner 7
such as tracks, calorimeter clusters, truth detector //// //
particles —~

= Reconstruction: group constituents with a
proper jet algorithm. Apply “grooming” (pile-up 9 g™
mitigation) W q

= Calibration: to correct the jet energy (and also Adapted from P-A Delsart, ICHEP2022
the mass in some cases) scale .—> 4—.

= Tagging: studying its substructure we can
identify which particle is at the origin of the jet, q/A

e.g. is a quark or a gluon? Or rather a vector 5 q
boson? Is it a Higgs or a top quark? \ | 10



Reconstructing boosted bosons: focus on hadronic decays

Increasing p_

Standard algorithms
Small-radius (R) jets
(default R~0.4)

_ s Rule of thumb for angular separation of

decay products

= 2 2 ny 2m
AR = \/Ag? + An? ~ 2T

A W boson with p. ~200 GeV — AR=0.8
Single large-R jets
(R=1.0 in ATLAS)

s From a practical point of view this

. =l - ¢ R R R R LR R AR RREES <
means. = - ATLAS Online, 13 TeV j Ldt=146.9 fb i -
9 500~ 2015: <> = 13.4 | %

s Hadronic decay products merge into > 2 Bigrrm 2. o _ o

a single jet g oop — et Without pile-up
s Leptons close to (or even) inside € a0k s, Toiskiqsmais 5

jets (need to modify lepton isolation 3 ¢ X

criteria) g 200 E .
s Atvery high p_the calorimeter s (00 s " N

granularity is a limitation : il ¢

(AnxA@=0.025+ 7/128 for EM and %
AnxA@=0.1-0.2x0.1 for hadronic)

s Additional proton-proton interactions
(pile-up) are a big challenge

80
Mean Number of Interactions per Crossing
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Reconstructing boosted bosons: focus on hadronic decays

: s Became a very active field around 2010
Large'R jetS s Large number of grooming algorithms and substructure
variables
Large distance parameterto  # Few ATLAS analyses used these techniques at the end

pick up all radcijation from original of Run-1, e.g. diboson resonance searches
ecay

v
V\ d v; vv Grooming ‘;\
\\v \

Tagger: substructure | An example:
G J | S TR
Observables to characterize ot | (@) e =D N b s
the underlying jet substructure, | alie - =
i.e. jet mass, momentum \ \ oy dih T
balance between subjets, track oost [ ]

multiplicity o

s e s P |
150 200 12
Jet mass [GeV]



Run-1: Full hadronic diboson resonance search

Analysis in a nutshell

Final states: s Strategy: Extended Gauge Model W’, spin-1
WW, WZ, ZZ | + Benchmark models are used as a W
guide when designing the search
+ Looking only for hadronic decays due

to large BR

+ Narrow resonance is assumed which Z
—> € will show up only as a deviation in a

small number of bins KK Randall-Sundrum graviton, spin-2
+ Assume a smoothly, steeply falling W/z

background, and dijet mass spectrum

is fitted

dn o +EDa  Da M4

T = Pi(l—a)P2 TPl g = W/z

s Selection: JHEP 12 (2015) 55

+ Two large-R jets C/A algorithm, g esr——r ; QT .
_ " . : S g ATLASSmulaton ___ eguw -wz(m,=18Tev) | » [ ATLASSimulaton v oo (M = 1.8ToV) ]
R=1.2 and split-filtering algorithm 3 °3--stev 15 F-sTev w* ]

g room i n g E‘ 0_25; ......... Pythia QCD dijet —i é 0-2? ......... Pythia QCD dijet i

» Boson tagged jets, cuts on 2 T ERC S R i E
s Subjet momentum balance T T v ot 1 o | [h @emerer -

s Track multiplicity HE L e RN L T E

s Jet mass i L N 2 . N A
0 ~6:1"02 03 04 05 06 07 08 006 1 s S BT 120

Jet |y Jet ungroomed n,

Chris Delitzsch's thesis @Université de Genéve 13



Run-1: Full hadronic diboson resonance search

Many cross-checks performed

JHEP 12 (2015) 55
% r [ rrr rrrro g r Tt
ATLAS —e—Data
Vs=8TeV. 20.3 b —— Background model
’ —1.5TeVEGM W', c =1
20TeVEGM W', c =1
25TeVEGM W', c =1
—— Significance (stat)
I Significance (stat + syst)

WZ Selection

s An excess was observed

e
o
>

T IIIIIII| T HIHI] T TTTT]
1

+ Largest in “WZ” 3.40 local (2.50 global)
* 49% of events shared for “WZ” and “WW”, 43% shared
between “WZ” and “ZZ”

Events / 100 GeV
8(0

| IIIllIII | HIIHII LI

HHI| T |I||II||

s Many cross checks were performed at the time: 1

HHII| IHHHI| lIIIlIIII

+ Events not in a particular region of the detector 1
*+ No dependence on data taking conditions

T |H|l|
4
4

8 3 | ! ol e JI_:
*+ N-1 plots for boosted boson tagging... etc g 3 E
* The choice of jet reconstruction algorithm could not be & AL . . | E

Wl
w :
(6)}

studied, at the time no other algorithm was optimized 1S . = m, [TeV]
. j
and calibrated
JHEP 12 (2015) 55 JHEP 12 (2015) 55
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(0] ATLAS “— No boson tagging - ATLAS o \-6'\,5 .
8 E =8 TeV, 20.3 fb-1 —e— WZ Selection C ‘/g =8TeV X g X ]
g . 5[~ Run: 201489 Event: 75855145 -
@ - —— w/o jet m cut - : |
§ ' = wlo jet \[y, cut Pl % ]
w " w/o jetn  cut : x .
* ) ’ ]
+—o—+7 - L . " ‘ N v o _f
o ::_ " Mo L .
T ety T o : 3
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Run-1: Full hadronic diboson resonance search

A bit of perspective

s \What was being observed in other diboson analyses in ATLAS and on the other side
of the ring at CMS at the end of Run-17?

VV searches with V=Z,W

> D> D> D>

Complementarity:

s |_eptonic modes
covering low p_

s Exploiting different _
S/B across regions  VH searches with V=Z,W and H — bb

and background
composition

> D> > € >
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Run-1: Full hadronic diboson resonance search

A bit of perspective

s \What was being observed in other diboson analyses in ATLAS and on the other side

of the ring at CMS at the end of Run-17? CMS Preliminary 19.7 o (8 TeV)
L I ...... LIVOTLOL . A I ...... L | ...... IO L | ]
faesasansssnsasssasfassscarsersissssssessanaressnsetassses L X R WZ R "Iv (EXO-12-025) :
: X — WV — qqqq (EXO-12-024)
Phys.Lett.B755(2016), p. 285. X — WV — lvgq (EXO-13-009)
3 : T I T T T T T T T T I T T T T | T T T T __I_ — i — X - WZ 5 qq" (EXO'13'009)
2 ,[ ATLAS — — Combined Expected . 0 1% I i X — WH — Ivbb (EX0-14-010) ]
—~ 10°= (s=8Tev Combined Observed = Qo — “ —— X = VH - qqrr (EXO-13-007) -3
g - J' Ldt=203f"' = JJ Expected - — o froees s X — VH — qqbb,6q (EXO-14-009) -
i ' JJ Observed j X [\ = oo = Xwon ep = Xson pp = X)) ]
“T 10 Ivqq Expected E X=X/X",V=W/Z
> = 1vqg Observed - 1\ T . S YRS SO
=" —;\ llgq Expected 7] o 1
m 1 E \ llgq Observed —E o 10 . (o
X = IvIT Expected - ‘Q C
& B IvI'T Observed 7 o =
§ 10—1 E_ v —§ bg RSO WO WL . . SO SO oo, SIS Ssores-r;  FORUONOON A
T ; - NS
& X
S 10%¢ R ki HVT Model B (g, = 3)
© ~  All limits at the 95% CL S 102 %Ré)é&ﬂ%')aﬁ g(&)\év—tgm
10—3 Il 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | — i i | | | i
500 1000 1500 2000 2500 1 15 2 25 3

my, [GeV] Resonance mass [TeV]

s CMS: small excesses observed in some channels, around 1.8-1.9 TeV
s Analysis different from ATLAS: different jets, boson tagger 121, etc

s ATLAS: Not seen in other more sensitive channels
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Run-1: Full hadronic diboson resonance search

A bit of perspective

s Some interest generated in the community, high expectations for Run-2

Regular Article - Theoretical Physics \ Open Access | Published: 18 May 2016

A model for the LHC diboson excess

Manuel Buen-Abad &, Andrew G. Cohen & Martin Schmaltz

3 I‘(lv > hep-ph > arXiv:1512.04357

High Energy Physics - Phenomenology

[Submitted on 14 Dec 2015]

The Diboson Excess: Experimental Situation and Classification of Explanations; A Les
Houches Pre-Proceeding AT X1V > hep-ph > arkiv:1705.07885

Journal of High Energy Physics 2016, Article number: 111 (2016) | Cite this article

High Energy Physics - Phenomenology

a I‘{lv > hep-ph > arXiv:1511.08921

[Submitted on 22 May 2017 (v1), last revised 8 Oct 2017 (this version, v2)]

High Energy Physics - Phenomenology Stealth multiboson signals
[Submitted on 28 Nov 2015 (v1), last revised 8 Jun 2016 (this version, v3)] J. A Aguilar—Saavedra
ATLAS Diboson Excess from StueCkererg MeChanism We introduce the “stealth bosons' S, light boosted particles with a decay § - AA — gggqg into two daughter bosons A,
WJS2013 .
100 = T — 7] Run-2 was coming:
L ratios of LHC parton luminosities: 13 TeV /8 TeV .
L b i
[ i
- fo s Increase of energy — Increase of
I / . qq 8x larger
99 [ at 2TeV reach for new phenomena
o Y] /
R g

3 7 : s | arger parton distribution
' ' ] functions at 13 TeV than at 8 TeV

luminosity ratio
=
|

s Required revisiting our object
reconstruction and analysis
techniques

17




Run-1: W/Z tagger optimization effort

While waiting for Run-2 data...

s ATLAS performed a broad study of different grooming techniques for boson-tagging in Run-1
s More than 500 configurations jet reconstruction and grooming tested

sThe optimization of a tagger was based on:

s Sensible JMS (i.e., tagged jet mass close to the W/Z/top mass),

s A narrow jet mass response with an approximate Gaussian lineshape
s Stability with respect to pileup and jet p_

a

Good background rejection at a given signal efficiency

Eur. Phys. J. C 76(3) (2016) 1-47
ATLAS Simulation Jet 4-momentum not calibrated

Vs=8 TeV  m™t<1.2, 350 < pTruth <500 GeV , M Cut

* = Optimal substructure varlable for jet algorithm

CIAR=06 (1=1R =03y, -9%) [ER 1o o\o

CAAR<06 (u=1R, =03y, ~4%) |5 D 2 8 1% 2, ) 60 &
B CAR08 (TR 03y,0% s oY e
5 C/AR=08 (u=1.R, =03y,=9%) 5550 <o: o7 35 205 A% 1% 2% Th 9% 1%L 185 1% :uuﬁ %) o 206 155 205 195 2 1013 ]
=  CAR-08(-1, Rs 5=0-3Y,=4%) |8 06 Y08 100 1% 103 1% &b i’ifs ) 1‘-:‘5 1 3% BB o 5RR 1 IV R WL 1R 1% li’z [
L CAR-08 Gt -0y, -0%) [ 5 144 5 1 T TR AT NI B 2 A B T B 5 o B 50 o
a3 C/AR=12 (u=1.R =03y, =15%) 25 2% % g-i‘n ol | 'Tﬁ 1% 1% 5. 8 l 5% ﬁ;ﬂ 55 135 190 1% (OFS
o) CAR=12(=1, R w=0-3Y,=12%) |54 T TN RA S % 5‘0'4 19U RS g e 0% 206 Tou 15 300 10V B

26 26 165 192 231 188 195 194
 £07 205 205 +03 +04 s 5 R
= = = = 154 148 199 126 183 22 1 ey 188 14 148 nu 139 42 139 2y 122 12 61 ToF
C/AR=1.2 (u=1, R p=0-3Yy,=4%) £02 $02 £02 $03 $04 £03 £03 203 202 :02 £04 +02 402 +02 £04 02 202 &
C/AR=1.2 (u= 1R _03y _0°/) 8 78 14 68 59 6 68 76 76 143 1 72 1468 61, 52, 138 57
gl 1 201 & i

£ 131 162 £3,1 53, S £01 401 401 202 + 181 1oz 38, 195 ¢

C/AR=1.2 (u= 1R =03, =9%) [B6% 255 %%

R
%05 £05 £05 104 104 :0.1

C/AR= OG(R -oAs.z =0
C/AR=08 (R =052 _=0.15)
C/AR=08(R =057 =0.1) [%E
C/AR=10 (R_=052_=0.15)

284 22 215 22
£06 £05 05 205
257 198 202 202
£07 £05 05 05
213 208 214 28

30

20

anti-k, R=0.8 (f_=5%,R, ,=0.2) [EE 22 215
o CIAR-08 (f_-5%R_-02) [B8
£ enikR-100,-5%R-03) (i 82
£ ankR=10(, =5%R =02) [8
=

—

0% 1% 308 I 1% 0

209 106 178
o 20% 1% R RS S 03]

131 ﬂﬂ B

Background rejection @ €

C/AR=1.0 (f =5%,R =0.2)
cut sub

anti-k R=1.2 (f_ =5%.R_,=0.2) [EGL &8 26 n “o:n
C/AR=1.2 (f<u|=5%'Rsub=0' 252 127 28 : 1%31
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Early Run-2: W/Z tagger optimisation effort

Based on Run-1 results

s 4 sets of algorithms studied for Run-2, of which this is the most performant:

= T e Rt L

§ 0_225—‘”AV'II'L[/‘I'S Simulation —
S 0'25_ ;:T?f"::\.lz M\hlllvu]lz:;grllewa:n;vja)—i
3 0.18| 350 < p. " < 500 GeV --- 08T _ 509, =
2 0.16[ mout ! 3
g 0'14; ::tr;:lw:c::f.oj:es:;,n -0.2) E
Z 0.12| E
0.1F Large for 1-prong jet
_ _ - _ _ ook Small for 2-prong jet
= Assuming the signal is indeed dibosons, this new 004}
tagger results in larger bkg rejection wrt Run-1 tagger  *%L.

R H o I W Y Ry Sy
ATLAS-PHYS-PUB-2015-033 @50% efficiency D"

ATLAS Simulation Preliminary
Vs=13TeV x = Optimal grooming + tagging combination

™" < 2.0, 200 < p"" < 350 GeV, M Cut W-jets

T T 60
Sl 30.2 40.8 40.0 ! =
Ru=052,=15%| = 0.3 + 0.5 + 05 5 §
- ‘»
) CIA _R =1.2jets 40 X
Jet collection for ey s
Run-1 full CIAR=12]sts 5
hadronic analysis - e .
Jet collection o, A= 10jos g
rimme:
chosen for early —> fou=5% R,,, =02

Run-2 analyses M+C, M+D, M+, M

s Uncertainties derived by comparing the measured calorimeter jet energy and mass to the same

quantities measured by the tracker in both data and MC, using a double ratio method 19



Early Run-2: Full hadronic diboson resonance search

Changes and improvements

s Main changes wrt the Run-1 analysis:

Run-1 Run-2
* A new way of tagglng boo§ted W/Z Jet algorithm C/A R =12 anti-k R = 1.0
bosons to account for the higher boost  Jet grooming  Split-Filtering: Trimming;
and changes in the pile-up conditions . Roup = 03, Yeur = 0.04, p = 100%  fout = 5%, Ry = 0.2
s A ‘ot definiti bini Jettagging ~ Mass window £13 GeV Mass window +15 GeV
new jet mass definition combining T2 > 0.45 D, pr-dependent cut

tracking and calorimeter information — Mg < 30 e < 30

better mass resolution
+ New theoretical/interpretation models

s Resonance benchmarks you will hear W, G*... W/Z/H
about in this section of the talk
+ Spin 0: 2HDM, additional Higgs-like
scalar singlet
+ Spin-1: Heavy Vector Triplets or HVT
(simplified Lagrangian) W/z/H
s Model A: Stronger constraints from
leptonic searches Model \ D de WW WZ ZZ WH ZH v U
s Model B: Enhanced couplings to H\(;Te S 7 W T W”, 7
dibosons Bulk RS GRs Grs
+ Spin-2: Randram Sundrum G* (RGS)  Scalar Scalar Scalar

* In all signal samples, the bosons are
longitudinally polarized (preferred by the
tagger developed) 20



Early Run-2: Full hadronic diboson resonance search

Changes and improvements

+ A very early version of the analysis using 3.2/fb was performed but was not

s | will present the strategy and results for the analysis using 36/fb of data gﬁ
sensitive enough to exclude the excess of events observed atm  ~2 TeV

Chris Delitzsch's thesis @Université de Genéve o PheltetBrmENST
Eé 1.2:_ gérlg?qgs_rszi/%ula_ﬁ?n - II:r;zselection ]
= How to model the QCD multijet background is A L
the main challenge of this analysis 8 oal" E
s |n additional to the boson tagger, 2 additional 0_4; E
cuts are applied to reduce the overwhelming . E
QCD/multijet background
s Rapidity difference between boson candidates, S
|y1-y2|<1 '2
% 14000F R AR AR RS
s p,asymmetry <0.15 8 The tagger

at work!
s Mass sidebands validation regions are used to ]

test the validity of the parametric shape used . ATLAS E
6000;— _E:I e (=13 TeV, 36.7 6"

s Tagger at work: 4000[ - V-ets My <30 E
. . . . . . . L - Wiets V-+jets VR ]

+ A V+jet validation region is defined to assign an so00l ZHS E

uncertainty on the tagger efficiency

o I it 1'1"1‘5:;3}‘";‘;;3-@, T ST ATes,
50 60 70 80 90 100 110 120 130 140 150
m, [GeV] 21




Early Run-2: Full hadronic diboson resonance search

Tell me what happened with the excess!

4
% 10 T T T I T T T T | T T T T I T T T T
= 3 I
~ 10K (s=13Tev, 367167  =Fit I o i
2 42 Fit + HVT model B m=1.5 TeV E w_ a S E
2 .- Fit + HVT model B m=2.4 TeV V=400 — Observed 95% CL limit
2 10 K -+ Expected 95% CL limit
w Expected limit + 1o

102 ° Expected limit + 20 -
S - HVT model A, g, =1 ]

— HVT model B, g, = 3

Spin 1, HVT '@

WW+WZ SR

o(pp—V'+X) x B(V'>WW+W2) [fb]

102 = x¥/DOF =7.2/9
_ 10
® -
L > 1 SRS B
e r
[\ -
S ot Al e 1L 000000001
LS 1E E
@ = oo e Ny
; 5 2 3 4 5
m,, [TeV] m(V) [TeV]
10? I T e o —
> a T T T l T T T T l T T T T I T
© o3[ ATLAS ¢ Data ;':il ATLAS
- Vs=13TeV, 36.7 fb" — Fit sl o 1 _
S 2 Fit + Bulk RS m=1.5 TeV (x 10) % 10 Vs=13TeV, 36.7 fb E
2 -.- Fit + Bulk RS m=2.4 TeV (x 10) F VV —aqqqq — Observed 95% CL limit ]
$ 10 v - Expected 95% CL limit -
. w S Expected limit = 1o ]
Spl n 2! RS 1 f 102 Expected limit + 20 3
Graviton 08 oo spe >§§ — Bulk RS, k/Mj, = 1
102 & x¥DOF = 4.1/8 g
g
=4
3
c
[
S
5
175) ] 15_ 3
3 3.5 4 4.5 5 E v oo oo il v i 5 I 5 4 5 5 | 5 © 5
2 3 4 5
my, [TeV] m(G,,) [TeV]

= Excess of events observed at m ~2 TeV in the Run-1 analysis excluded

s The dominant sources of uncertainty are related large-R jet energy and mass calibrations

s Can the limits be pushed further? — Next: exploring combinations ’



Early Run-2: Combining VV, VH and dilepton resonances

Two production modes studied: Drell-Yann and Vector Boson Fusion

Exploiting different S/B across regions

Different background composition is the key to constrain background normalisation
through different control regions

Orthogonality between the different channels was a guiding criteria when defining the event

selection Z/|
Phys. Rev. D 98, 052008 (2018)
Channel Diboson state Selection VBEF cat. "
Leptons Emiss  Jets b-tags /v

9999 WW/WZ/ZZ 0 veto 2] - - V/V
vvqq WZ/ZZ 0 yes 1J - yes
lvqq WW/WZ le, 1u yes 2j,1] - yes
llgq Wz/zz 2e,2u - 2,1 - yes
Ll ZZ 2,21 yes - 0 yes V/H
Lvly WWw le+1u yes . 0 yes
vl WZ 3e, 2e+1y, le+2u, 3y yes - 0 yes \
Lebt ZZ de, 2e+2u, 4y — - - yes
qqbb WH/ZH 0 veto 2] 1,2 -
vvbb ZH 0 yes 25,1 1,2 -
Cvbb WH le, 1u yes 25,1 1,2 - Vv
20bb ZH 2e,2u veto 25,1 1,2 = ;-
147 — le, 1u yes = = - "
b — 2e,2u - - — —
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Early Run-2: Combining VV, VH and dilepton resonances

s One-dimensional upper limits on the cross section times branching fraction
s Their combination extend the reach beyond that of the individual search

Phys. Rev. D 98, 052008 (2018)

< T T I T T T T I T T T T I T T T T I T 3‘ L l T T TT I L | TT 1T I L I L I UL l T T 1T l T 1T 17T
© 6 bl B — 0, s i 7
é 10° ATLAS —— Observed 95% CL limit 10tk ‘(A_TLé? N Observed 95% CL limit _|
5 (S = & N = Is= eV,36.1fb7  emma- Expected 95% CL limit 3
g 10°F 1s=13TeV. 361100 ... Expected 95% CL limit N s Eip | -
c 10'r HVT model A T 10k P-14q ]
° X = Exp. vqq E
©) N Exp. Il ]
T 10%. o meea Exp. qqqq E
Q C ]
3 L i
° 10¢ E
1| D N T PPt
10*E DYHVT V' > VW + VH + v + I 107" Gy I—> Zz ([qqqq +1qu +| ligq + Illvv + IIIII) 1 i
o R S T TR T TR R R TR N R R N T R R T D T T B L1 11 L1 L1 L1 L1 TR B AR A R A A
10 1 2 3 4 5 05 1 15 2 25 3 35 4 45 5

m(V’) [TeV] s vvqq: m(GKK) [TeV]
s . ow mass region — bad mass resolution
s High mass region — high statistics

s [lgqg and llll:
s Low mass region — good resolution
s High mass region — statistically limited

“q9qq:
s Low mass — QCD background

s High mass — Jet related uncertainties

s lvqq:
s Good sensitivity in wide mass region

* Two-dimensional limits on the coupling strengths in the context of the HVT model also set! 24



Diboson resonance searches today

Phys. Rev. D 98, 052008 (2018)

< — T [ T Tt T T [ T T T T [ T T T T [ T T T T [ T T

o) 6
810° ATLAS —— Observed 95% CL limit
1S 5 _ -1
£ 10°E Vs=13Tev, 36117  ____, Expected 95% CL limit
4
s HVT model A

Exp. VV + VH

s Diboson resonance searches continue Exp. Iv +1
to be a great candle for the new
physics quest

= Although no significant excess has 10 DY HVTV 5 W s VH v | |
been observed to date, limits have R I B SN
improved in the last years: TLAS. GO DS
s Full Run-2 dataset N AR AR AR RIS SRk Sl M
s New jet collections using tracking and S F E=aTeV, 130w C a1y
calorimeter information ; UF — wwesan
. ... © 1035 L = llslvatv Exp -
102 .
s Still a few corners to exploit in the near ol ]
future! 1? E
g VO

0 1 2 3 4 5 6

m(V’) [TeV]

= Personally, it was time to explore new ways to look for new physics (the
indirect way) and contribute to the understanding of the EWSB mechanism
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LHC is a Higgs factory

s Different coupling strengths can be probed through a wide variety of decays
and production modes

s 7TM Higgs boson produced by LHC during Run-2!

s LHC experiments are making the most of this dataset!

Vector Boson
Gluon fusion (ggF) Fusion (VBF)

00X

g

H/&

H-vyy

W/Z associated Top associated
production (VH) production (ttH)

\W

0=2.2 pb

H- 1T
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Toward the end of Run-2: status

= Major progress in the understanding of the Higgs mechanism after the Higgs
discovery on the ZZ, WW and yy channels in 2012
s Observation of H—trusing 2016 data

s Observation of H—bb decay in 2018
s QObservation of ttH production combining different decay modes
s Evidence of H—uu decay

Analyses at different stages: Analyses trying to provide more
s Precision (e.g. yy, WW, Z2) granular information on the Higgs:
s Most recently observed and entering the

precision era (e.g. bb, 171) s Inclusive measurements:

s Searches (e.g. cc, w, ee, Zy, di-Higgs)

s Cross sections (0)
s Signal strengths (u=0.BR/0.BR

ggH = ggH + gg — Z(qq)H + bbH qqH = VBF + qq — V(qq)H

P [0,200] ] [ I
I I"I]! [200, o0] I | = 0-jet || = 1-jet I
el

o)

- Dj’ml -H | Fﬁ}iﬂﬂ = Coupling strength scale factor relative to
mg; [0,350] [350, o0]
"H pmEl | . = SM (k framework, kK = 1 for SM)
[ LT N Eﬁ%
120 0 25 oo Pt _I—Jsso 730(0 . .
EEES oo - = Differential measurements
= V(leptons)H t
o v [om (e s Or semi-differential: Simplified Template
= 55 Cross Section (STXS) framework
o ] G [Gvm] [om o]

=SB0 o B
STXS regions defined per production mode, optimized for
sensitivity while reducing theory dependence

27



H— bb: motivation and challenges

« H—bb: an interesting challenge matching
some of my previous experience

s Pros:
= Largest BR (~0.58), H—bb controls the Higgs total
width and therefore BRs of all other decays
= Direct probe of the b-quark Yukawa coupling
- Enhanced sensitivity to BSM physics at high p_

s Chall :
allenges A Eine

« Poor kinematic resolution : 'V_'X

= QCD background overwhelms the : :
signal by 7 orders of magnitude :

» VH production mode: :
= Use leptons to reduce QCD bkg
= Dibosons one more time!

Myv1vz Mx> Ernc

Joined the first ATLAS VH, H—bb using
boosted boson techniques ~mid 2018 33




Boosted Higgs bosons

s A R=1.0 trimmed jet from calorimeter inputs Bl

% B IIll”.lll.llllllHIlHIIHIIIHlIHlHII

to gather all decays o OTE e 2 E

?2 0.6 g%;.,zg ;)Ig?gbe-R jets, SR 44 —

< - pY>400GeV VoL &

s Additional muon and kinematic corrections & O s atomton e At E

used to improve mass resolution 0.4F- 5 Muoniniet Correction 7\ E

C o Kinematic Fit ]

0'3;_ GeV] (o, -0 _;

« p.-dependent variable-radius jets build from Y E

tracks are used as proxy for the b-quaks 04F e =
= b-tagging: Combines track- and vertex-based Ofpmeggnegpne@ BBt Ll CEeessienns

physics taggers into high-level discriminants with
multivariate classifiers (MV2c10 used in the
analyses presented today)

m, [GeV]

ATL-PHYS-PUB-2017-010

LI L S S B B SN S S B B S S S R

> I N

e 4LATLAS Simulation 76 GeV < m,, < 146 GeV_]

2 4

= CERAR AR AR RN \\
w ~ JO " OO - \
(@] 08 R L "'“A""'.“:-.-x;-‘-,_,‘ \
= B iy \
2 [ . =30 GeV, R__ =0.02 ] “‘0
S 06'_ P ev, min ] “
o - . —e— R=0.2 Track Jet = \
— = —e— Rpax = 0.2 B /
o) | - max | /
'_g 04_ * —8— Rpax = 0.3 - /
(g : ... — Rmax =04 : E— i/
e 0.2 Yo - - o .

S ™ . Calorimeter
(] OP a1 PP

el s o Mg o o 3 | o 3 2 o L o 3 o o | s 3 3 4
500 1000 1500 2000 2500 3000

Higgs Jet P, [GeV] 29


https://arxiv.org/abs/1907.05120

VH, H—bb: event selection and categorization

Ly

DO € D€ D0
2 leptons (ee/pp) and m ~M, 1 lepton (e/y) + E™ (>50 GeV) High E™*>250 GeV
- Vp, = MET * V p, = p,(l, MET) V=
« Lepton p.imbalance<0.8 e 1AY(V, Hoang)! < 1.4 * Optimised to remove bkg from
el ' jet energy mismeasurements
* Main background: « Main background: : .
Z(I)+jets, ttbar W (Iv)+iet J ttbar * Main ba_ckground.
GRS E il o Z(vv)tjets, ZZ

s Discriminant variable: the large-R jet mass

s Backgrounds treatment:
* Z+jets and W+jets, tt and single top are constrained by control regions
#+ Diboson (WZ, ZZ). final state similar to VH when Z — bb, used to validate the analysis

+ Multijets: suppressed in 0 and 2-leptons and evaluated data-driven method in 1-lepton 10



VH, H—bb: backgrounds

i I Phys. Lett. B 816 (2021) 136204
s Categorize events is key: ys. Lett. B 816 (2021)

g " aras 000 0w

© 140f fa=13TeV, 130" B Dsoacn (1. 2at1)

+ Exploiting different S/B across regions b v omoae G ]
and background composition high&/B .... — oy E

+ Based on #leptons, #additional b-tagged but very stat. limited CUncerainty
track-jets, p_"'(250-400 GeV, >400 GeV): 10 + +_+V"’"*"'”2 E
signal regions and 4 control regions | **iii-#* t ¥

+ Selecting 6-16% of the signal +++ ]

Phys. Lett. 8816(2021)136204 S5 T T
— T T T T T §1:+_+_¢.—¢- +_¢.+—¢-_,_+++'+‘-+-+
ATLAS Boosted VH, H — bb 50-52—‘.,,“‘.,lJ,I,J,,“‘.HJ,I, ,
(s=13 TeV, 139 fb" =Total Stat. Tot. (Stat, Syst.) = 60 80 100 120 140 160 180 200 220 240
T i~ i T T T m, [GeV]
e 080 5% (95 5%) _ L.
o Foeld o7 22 (22 2y | s Main uncertainties:
1L: 250=p"<400 GeV L +0.71 +0.52 +0.48 . . . . .
e H ot S (e %) = Large-R jet calibration in particular mass
k- 4 e S (30 38) : :
" Wil AR - resolution and bkg modelling
2L 250apV<a00Gev [ | RS 004 02 (07 sy
2L:p'2400 GeV | o— " 024 YO e ok ) . . p
N e ey o on (o= ee) | = Obs. (exp.) significance of 2.1(2.7)o for VH
Comb.: 250sp<400 GeV F—— 051 T LS o) and 54(57)0 for VZ
Comb.: p2400 GeV b 4 099 0c vyl g
| 072 +0.39 +0.29 +0.2
Comb. NI PR S '.'_..,_l-', PP 036 28’ '022 . = = =
1 0 1 > 3 4 5 = Measured signal strength compatible with
bb " =
Signal (0 ’ BR)observed MVH SM predlctlons

strength: ~ F (o - BR)expected 31



VH, H—bb: going differential

ATLAS-CONF-2021-051

p— o 1.2
.. - H ATLAS Simulation Preliminar
»'2, ATLAS Prel|m|nary VH, H — bb, V — lep. (resolved + boosted) —s _e-WioW bb’ﬁ=13TeV’1-{ept°nse'e°g°nl P
= — Resolved only
Q A -»- Observed — Expected Theo. unc. s Boosted only
= b c 0.8 — Overla
Eg 103 E 13 TeV, 139 f Boosted (PLB 816 136204) é g
| -»-Resolved (EPJC 81 178) £ °°
1
a o 1 02 I -»- Combined 0.4
E-Q = ' 02
— 1
X — : + 850 300 350 400 450 500 550 600 650 700
__ P! [GeV]
o VE| =p=—— ' - —
T — !
S» - _ _1»_;
o) 1 I —
— 1 =3
- V=W V=2 n
> 2F 4 : _
— l —
B R H * ~+—4—
g 0 B 1 =
. _ , |
7 2 bW 7 2 bt
%0 <pWie SOVp W, T >qp 2 50

: 0
roS2s, ée;'4oo G:VGGV r S 15 Gervx-eso Gre <400 a Gey

= This analysis represented the first STXS VH, H—-bb measurement of pTV > 400 GeV

= Combination with resolved analysis:
s Uncertainties ranging from 30% to 100%

= Most bins dominated by statistical uncertainty
32



VH, H—bb: couplings

s Couplings are a powerful test of nature of Higgs : SM, or subtly different?
s |nterpretations evolving from coupling strength to full coupling structure (EFT)

Phys. Lett. B 816 (2021) 136204
T LB

& ?ms' Proliminary  +Bestfit _
i =13 TeV, 139 fb™ SM ]
s EFT framework: VB ATy *
[ - . [ [ 1—
s One Wilson coefficient c introduced per .
BSM coupling o
s Measured in combination of multiple final pa
i - - ---Li bs.) 68% CL
state_s, targeting CP-even operators Wi oLy
F SM'Ilke — C. = 0 c© ok Linear + quadratic (obs.) 68% CL _
i ‘?SMEFT - gSM i Zﬁ@g)) i Linear + quadratic (obs.) 95% CL ]
gt 02 -045 -0 -0.05 0 005 01 0.5
. (3)
* Notes: 45Phys. Lett. B 816 (2021) 136204 i
A:g . :' JEE N L AN A B A N N |:
: : 5 [ ATLASPreliminary - Baseline (exp.) ]
s Effects of operators differ depending on the S 4 s—13Tev, 130"  — Baseline (obs) 3
. wgm . < — vV < 400 GeV (exp. ]
bin: capability to simultaneously IR Do NP Bpepsv S R
constrain different operators (important in 3 -
global EFT fits) 2.5) ; >®I
2_ _ qL \H
o Energy-d_ependent operators have str.onger HieE {HtiDLH(@E, " v a)
effect at high V pT : high pT bins, while 1 .
less precise, have competitive sensitivity 0.5F c
0" 005 0.1

@ 33



SM Higgs global context

s Latest global ATLAS Higgs combination. The most complete snapshot of Higgs
boson measurements

s The VH, H—Dbb result dominates both the Hbb and VH precision landscape

s CMS and ATLAS have made big progress in the understanding of the Higgs sector
since its discovery

s More analyses and combinations in progress using full Run-2 statistics, while

preparing Run-3 analyses as well Nature 607.7917 (2022), pp. 52-59

s> [T7TT ToTTTTTT T T LR LR R R ]

Nature 607.7917 (2022), pp. 52-59 & |:>’ 1L ATLAS Run 2 .

ATLAS Run 2 e Data (Total uncertainty) [ Syst. uncertainty I SM prediction x . )Z/‘, =

T T I — T | 1 T ——— Lk°> 10 | xcisafree parameter W B

tH H.@_I S |‘1>’ S SM prediction P // E
. & HEZH | < F e i

ttH HoH 102 el =

T E = /.T Leptons Quarks E

ggF+bbH . ool A [ve Lv v [ « [N 1
¢ | i B -
VBF E' :// Force carriers Higgs boson ]
| 1L : Fira - v _
:I 111 | 1 1 11 L1l I| 1 1 11 111 I| 1 1 I ] | 1 =
WH . % % }_@_i k> 1.4_-_[II|| T T Illllll T T Illllll T T lllllll —
ZH . —o——o e S 12f =
l | L1 | | | L1 ! | | L 11 > - .
0 1 2 1.2 3 4 0 1 2 1 2 3 0 1 2 01234 1 - } { Q—F
bb ww (13 V4 144 j 08F J | 1 | 3

o x B normalized to SM prediction 107 1 10 10?

Particle mass [GeV]
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Preparing legacy Run-2 boosted H—bb analysis (1/2)

s Continuous improvement in b-tagging ATL-PHYS-PUB-2021-035

VRtrackjets  §016- ATLAS Simulation Preliminary
performance over years: clear b-tagginginfo 3, b F — Mulet
advantage from modern neural werie | (el Fo —{Haea g
network architectures 1IN !

_ — ot QCD T
s Wrt double MV2c10 tagger used inthe | ] op
semileptonic VH analysis, the new aEEmEs ..
Neural Network-based X—bb tagger
increases the QCD (top) rejection at
60% efficiency by 1.4 (2.0) for jets with o

p, > 500 GeV
ALphyspuooioss 2 Potential to improve the VH analysis, even
-1 allowing exploration of new topologies also

I T e e et Bt L A L
10 ATLAS Simulation Preliminary 4 . .
E Vs=13Tev e =025 1 ACCESSING the high o8
g I - 2 VR DL1r )
s B — —— 2 VR MV2 |
9 107 \ 2R=02MV2 3
) - 3
o C ]
B [ ]
S 1oL Preselection: N
= F Inl<20 . - _><>(_
~ ph>500Gev Yajun He's thesis

- 76 <m;/GeV < 146

@LPNHE,
Université Paris
_ 3 Cité. Analysis in
 r——— —— W internal review

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Higgs Efficiency 35

Frrrrrrrrr|rrr o T T o
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w (o)} (Yol o
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https://cds.cern.ch/record/2777811
https://cds.cern.ch/record/2777811

Preparing legacy Run-2 boosted H—bb analysis (1/2)

s Contributed to the signal calibration of this new tagger
(correct difference in efficiency in data and MC), using:

s Z(bb)+y: based on a measurement of the fiducial and
differential jet mass x-sections for Z(bb)+y (Miles Wu's thesis
@University of Chicago, Phys. Lett. B 812 (2020) 135991)

s Z(bb)+jets: explored for the first time in ATLAS in Yajun He's -
thesis @LPNHE, Université Paris Cité, ATL-PHYS-PUB-2021-035

= Main challenges:
s Large backgrounds, difficult to model
s Functional form used to model the background
s Pre-tagged information boostrapped from Z(— Il) events

ATL-PHYS-PUB-2021-035

> _-vr-llrrl]l-vllvl--vl:ll-|r-|r]lv|||v|-||-|r-|--|v— > R T B o o o o o e e e e e Ll_ 4.5:|||||||||||||||||||||||||||l|||||||||IIII|I_
S L oof ATHAS Preliminary  +-oas |1 & 1400 ATLAS Preliminary 4 pata E © | ATLAS Preliminary ]
) [ Vs=13TeV, 139 b — Full model 1 -~ F Vs=13TeV, 139 fb" y ] o 4F -
0 L ’ 5 = C ' — Signal+Backgrounds c - _ -1 n
.‘é? . — y+jets function 5] 1200 [* X Signal . K C ‘/g =13 TeV, 139 fb ]
e peem — s C 1 O - -Ri . b ]
:>_.> 800 |- < ;ﬂfts 3 1000 - .- Backgrounds & & 3.5 - Large-R jet P, < 450 GeV: Z(— bb)y :
C a 1 - 5 - Large-R jet p_> 450 GeV: Z(— bb) + jets
600 — . -+ Other backgrounds 1 800 - < 3 o T . g -
C N . =2 - 60% WP, R=1.0 LCTopo trimmed jets ]
b s 600 — = ]
o n S ol . =
400 = Z(— By calibration F  Z(~ bb)+jets calibration v o 2.5F —+— Stat. uncertainty ]
[0 =60% 00L™ e = 60%, o Qe Q o Il Stat. + syst. uncertainty 7
200~ 500 < pT(Z) <450 GeV 200 i_ Large-R jet p_: 600-1000 GeV _: >T< C 1
0:......-A.A..-A-.4»1».-,-‘-1-,-1-.,-1'::-n-f,-n-.-Lu.,‘.L,L..1.1.4.1..4,: o) NI EEEEE PR P T S PR N S e 1.5 : —:
e e i C .
r . _ . : 1 -
S om— e W s W ] I (] e el e T 3 ] ]
o - ) .
r 0.5 =
-5 :-_ N N N N N N N N N _- _55; 6'0 7‘0 8'0 9‘0 160 11'0 1é0 13'0 140 :50 hI I 1111 | 1111 I 1111 | 1111 | 1111 I 1111 I 111l | 1111 I I—

50 60 70 80 90 100 110 120 130 140 150 _
e ] Pl 200 300 400 500 600 700 800 900 1000

Large-R jet P, [GeV] 36



Outlook: troy horses

More data

N 180:
2 C Run 1 Run 2 Run 3
T ' n un
> 60— MY - |
B = {s=7-8TeV s =13 TeV | g
8 o bbade Vs =13.6 TeV
s |
3 120 Long Long
© E Shutdown 1 Shutdown 2
D 100/
g NN
8’ 80—
£ =
60—
so NN
205 / j
Ok_./ W i il L ! 1 | 1 1 LL LQ:J

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

E.g. extrapolation performed from VH, H — bb results
obtained with the 2015-2017 80/fb datasets show an

improvement [ precision by a factor 2.5-3 (arXiv:
1902.00134)

s For now we are all doing our best to better
understand the new data that is being collected

Normalised to data / 0.12

Data/Pred.

5000

4000

3000

2000

1000

* Run 3 could reach up to 250
fo- tripling the available data
w.r.t. Run 2

s And HL-LHC should be
following (~x10 data)

JETM-2022-007

'ATLAS Preliminary

Vs =13.6 TeV, 790 pb’ ¢ Daa
0S, 76 <m, < 106 GeV Zejets
o0 Bl oirer sm

% Shape unc.

I|IIII|IIII|IIII|IIII|I
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Outlook: troy horses

Improved reconstruction techniques

s Continuous improvements object reconstruction techniques,
s E.g. current state of the art for jet reconstruction is the use of Unified Flow Objects
(UFO): good angular resolution of tracker and good energy resolution from calorimeter

s |In particular for cutting-edge machine learning and artificial intelligence algorithms
s Improved b-tagging algorithms
s Constituents-based boosted particle taggers

Eur. Phys. J. C 81 (2021) 334 ATL-PHYS-PUB-2022-039
c 04T+ 71—+ pf T T T T T D 107 . .
-% F e L Topo Trimming ATLAS Simulation ] ATLAS Simulation Prellmlnary GN2 2500 w8 ATLAS Simulation Preliminary ParticleNet
S 0.35F,....... TCC Trimmin Vs=13TeV, W - qq = gkVSs=13TeV 108~ Vs=13 TeV, Pythia8 PFN —
2 C 9 70GeV<m™ <90GeV 3 L ttiets, £, = 70% x42 anti-k;, R=1.0 UFO SD jets DNN
e E CS+SK UFO Trimming | e < 1.2 2 et £ ° 2000 512 pr>350 GeV, 0| < 2.0, m > 40 GeV hIDNN
@ 03[ ... CS+SKUFOSoftDrop JES+MS B 1075 HeED B
@© [ == CS+SK UFO Recursive SD == | i 4 ResNet50
% 0.25[......... CS+SK UFO Bottom-up SD '__| 18 4of i Run 3 reco 41500 0% B
702 B e = 305_ 103 —
- r 42 1000
0.15F - DL1r 102 -
b b LT e - t  DL1 x1.4
0.1m ERET . 7500 10" -
0.05F = i ! 100 3
- - 0 il g i el 0
¥ R I PR IR P 2017 2018 2019 2020 2021 2022 | 2023
500 1000 1500 2000 25C Year 10_10.0 0:2 0:4 016 0:8 1.0
true Gev )
Py [GeV] DNN DNN DNN Esig
sami GNN :
UFO i bei st RN Deepset 3 of the constituent-based taggers
BDT .
U G ’:n 3;) elr;_g ; 2 (ParticleNet, PFN, DNN) surpass the
¢commissioned as DaseHne 1or Image adapted from V. Dao performance of the high-level-

large-radius jets quantity-based tagger (hIDNN) for

top-jets 38


https://arxiv.org/abs/2009.04986

Outlook: troy horses

New physics analysis strategies

s The BEH mechanism implies the existence of a Higgs boson self-interaction, HHH,
and its interactions with vector bosons, VVH and VVHH

s An improved understanding of the EWSB sector can be achieved in 2 ways:

s Improve the precision of the current measurements, e.g. VH (HVV interactions)
s Access other interactions through gluon fusion di-Higgs and VBF di-Higgs measurements

An alternative
potential

BR HH—xxyy ! o

(mH = 125 GeV)
Standard Model
potential 1 2 3
2 .2, Mg ;3 ;
V =W+ smyh“i+ s5vh"H ...

2 / 2’U 105

Higgs field value Hig_gs boso_n
in our Universe Higgs boson mass: self interaction o4

Current know to 0.2%

experimental
knowledge

- 1; = 246 GeV

SI=

39



Outlook: troy horses

Detector upgrades

L

E 1400-ATLAS Simulation Preliminal E
= Several upgrades planned to the ATLAS = moz_.ruayomél“;’oi on rrelminary E
detector in order to cope with high : C E
luminosity conditions 800L n=20
s Higher event rate soot :
s More pile- up events W =raz; 5
s Higher radiation doses and fluences S A i =30
N e UL A L B e e SR
. Ofﬁlﬁﬁfjp le] \A—Alkl_+ o ! 4? .
* One of then is the Inner Tracker (ITk) b~ 500 1000 1500 2000 2500 3000 Z‘*{f:r:]
upgrade, an all silicon detector composed
. . FIGURE 5.2: A schematic representation of the new internal detector pro-
Of plXG'S and StrIpS posed for the HL-LHC as a function of the distance to the interaction point

along the beam axis (distance z) and the radius in transverse plane (distance

* French interest focuses on the pixels:

 In particular those in the outer barrel (OB)

e ~ 9500 pixel modules

« Commitment from French institutions:
production of O(1000) quad modules for
the OB

 Paris cluster focused on module assembly
and testing

 From 2018 to 2021 | had the opportunity to
contribute to this effort




Outlook: troy horses

Further ahead

*linear et+e-
< circular e+e-
@ circular hh

* 2038 start physics
< . ILC: 250 GeV 500 Ge'/ 1Tev
2 years 20km tunnel 2ab? 4ab? =4-54 ab”
2

31km tunnel 40 km tunnel

.'. 2035 start physics

o
= » CepC: 90/160/240 Gev
6 100km tunnel [RERFAESINE SppC: 75-125 TeV, 10-20 ab™!

High Luminosity LHC

13.6 Tev 1S 13.6 - 14 TeV LHC HL-LHC (14TeV, 3 ab")
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& e :u FCC hh: 100 Te'
o

er | o [ [[[I] a0
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11kmt |
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» ErEEE EEEEEEEEE EEEEEEEEE SEEEEEEEE EEEEEEEEE SEEEDEEEE EEEElEn
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luminosity gV R+ R
x8
" *
2040 start physics
(S:CC 550 GeV 2TeV
years 8 km tunnel 4 ab.; =4 ab“
RF upgrade
g Muon Co“ider 2045 start physics
=] muC:Stage1 Stage2
13 years 4km & reuse Tevatron ring 3Tev 10TeV;
~10ab" Note: Possibility of

OR 4km+6km km ring 125 GeV or 1 TeV at Stage 1

10km & 16.5 km tunnels

EEEEE SEEEEEEEEE SEEEEEEEE SEESSEEED CEENENEEE SEESEEEEE EEEEEEs
2020 2030 2040 2050 2060 2070 2080
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And an amazing team of people

A'[LAS Hadromc Callbratlon.Workshop
C‘éambrldge 202

&%\‘3‘ (%

--l’ i ‘r‘ 0‘19 VVJJ team (2015)



https://cds.cern.ch/images/CERN-PHOTO-201506-128-8
https://www.google.com/url?sa=i&url=https%3A%2F%2Fhome.cern%2Fnews%2Fnews%2Fcern%2Fthird-run-large-hadron-collider-has-successfully-started&psig=AOvVaw1tM9HYl9yXjrPfTZ-KWUKf&ust=1684509870296000&source=images&cd=vfe&ved=0CBMQjhxqFwoTCJjvlbaW__4CFQAAAAAdAAAAABAh

Thanks Gracias Merci
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ATLAS calorimetry and tracking

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks

o are invisible to
Neutrino

the detector

’
r

Angular resolution = (0.025x0.025)

Electromagnetic
Calorimeter

Solenoid magnet

Transition
Radiation

Tracking Tracker
Pixel/SCT detector

Good resolution to pick apart the large-R jets and look at its substructure 45



ATLAS Calorimeters

EM Accordion
Hadronic Tile Calorimeters
Calorimeter

o Electromagnetic : (in |n|<3.2)
o¢/E = 10%/VE(GeV) @ 0.245/E(GeV) ® 0.7%

2 : .
n= 2.5 (low luminosity)
ngl ‘ S s N
1 C — S Layer Granularity (AnxAg)
< — — w Pre-sampler 0.025 x 0.1
\’ }:f e —— . Strips 0.003 x 0.1
- : | Middle 0.025 x 0.025
\ Forward LAr
: 3 75
Hadronic LAr EndCap Calorimeters \ Back 0.05 x 0.025 >,
Calorimeters
Back o Hadronic : (in |n|<3)
Middle o¢/E = 50%/E(GeV) & 3.0 %
) r~ N
Layer Granularity (AnxAg)
TileO 0.1x01
Tilel 01x01
M \ liled 02x01
n-Strips ‘
Tau06, 9 th Workshop on Tau Lepton Physics F.Tarrade 7
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s Split-filtering: http://arxiv.org/abs/0802.2470

s Pruning: http://arxiv.org/abs/0912.0033

s Trimming: http://arxiv.org/abs/0912.1342

Grooming techniques

Can not cover all tools...but these 3 are widely used

Decluster and discard soft junk
Requiring symmetric splitting

Repeat until find hard structure
Small-radius jet reclustering, keeping
only the three highest p. subjets

Constituents of large-R jet are
reclustered with either C/A or kt
algorithm

In each clustering step, large angle and Initial jet O P2/p2*? > 204 or AR;,j, < Rew Pruned jet
soft clusterings are removed

-----
-
- So

Reclustering of constituents of large-R jet
into small-R jets of size R,

-~ -
.......

Remove su bjet iif pTi<fcut X ijet Initial jet O p"T/pjl'.:l < feut Trimmed jet

Default ATLAs groomer (stable against

PU) arXiv:1306.4945 47


http://arxiv.org/abs/0802.2470
http://arxiv.org/abs/0912.0033
http://arxiv.org/abs/0912.1342

D2 definition

s Energy correlation variables
s Energy correlations functions (ECFs) construct a complete representation of the jet by

combining the p_ and angular separation of all jet constituents (ECF1), all pairs of jet

constituents (ECF2) and triplets (ECF3)
s Ratios of these are powerful in rejecting jets from multi jet processes

®_ 1 o
s = ), PripriRy, G 7
pTJ 1<i<j<ny ‘ Cl CS
1 5 pb
egﬂ) = Z m'iPTjPTkRZRfkR'jk , ons) |

t 3
2 Larkoski et al,arXiV:1409.6298 \

D2: large for 1-prong jet (e.g. QCD bkg.) |-prong (e.g. QCD) 2-prong (e.g. Hbb)

3 < P 2 |
(e2)" S es 5 (e2) Plots from R. Jacobs
small for 2-prong jet (Higgs signal)
O<ez3 K (62)3

3
¥ 1<i<j<k<ny S S
\
| B)
i Déﬂ) €3

48



Track assisted mass

Again...can not cover all! Some of them strongly linear correlated

Track-assisted Mass e ATLAS-EON-20le~08R

= Combined information from calorimeter and tracker — &  [ATLAS Simulation Preliminary ]
Improved mass resolution, especially at high p_due tothe = | gL ISHNEE B
= [ 1.6 TeV<p, <1.8TeV,ml <O0. i
relatively coarse calorimeter angular resolution 2 B T
£ o0.15F —cCalibrated ~ —
= Expected to be small for QCD jets, but closer to the ) 1_ E
bosor\ mace fAar cinnal inte s 1
p%ﬂo - ]
— al track - .
mjy = Wealo X m(} o + Wtrack X (m;ac m) 0'05: |
pT i T, ]
) i O "0 100 150 300
Energy correlation variables (JHEP 05 (2016) 117) Jot mass [GeV]
s Energy correlations functions (ECFs) construct a " et Y3 J. & 7009)
complete representation of the jet by combining the p_and % 0022: el s Wits (n W WD) 3
angular separation of all jet constituents (ECF1), all pairs g 018/ a0y <socev - cgorrson - -
of jet constituents (ECF2) and triplets (ECF3) g 01O O o E
E 014 v =
o F Trimmed (f =5%,R =0.2) 3
: : e .. < 0.12F E
s Ratios of these are powerful in rejecting jets from multi jet O%_;; I Large for 1-prong jet
PIOCESSES oosb [ A4 Smallfor 2-prong jet
3 " oE & P 1
= Ecr1 0.04F [ E
= i G AT - Tl TN AR EEE R AR -
Ecr2 0 05 1 15 2 25 3 35 4 45 5

@50% efficiency Df" 49



+ b-tagging for H>bb and Z->bb

s In addition we tag small-radius (R=0.2) jets made of o  large R=1.0 et
tracks: ‘
= Match tracks directly to PV — pileup insensitive o brjet | .’ R=0.2 track jets
s Smaller radius jets for close-by b-tagging ’ oot G
s Better resolution w.r.t. b-hadron direction than calo | ‘ |

s They are associated to the large-R jet! /

ATL-PHYS-PUB-2014-013

L>J‘ 1.4_' "I""I""I""I""I""I""I""I""—
S - ATLAS Simulation Preliminary i
kS 1.2 [~ ¥ =8TeV,kiM,=1.0 —s— Track Jets (R=0.4) ]
b | anti-k, track jets _
L [ ghost-associated to —#— Track Jets (R=0.3) 7]
1~ ungroomed parent jet Track Jets (R=0.2) ]
|k, calo subjets .
i Calo SubJets (R=0.3) |
0.8 .
0.6 o — .
0.4 .
0.2k -
OI'.........I.........I.........I....;....I........._

0 100 200 300 400 500

b-hadron P, [GeV]
Old plot/old perf. but you can get the idea! Latest performance plots ATLAS-CONF-2016-03950



Information about benchmarks used in the 13 TeV analyses

Table 1: The resonance width (I') and the product of cross-section times branching ratio (BR) for diboson final
states, for different values of the mass pole m of the resonances predicted by the CP-even scalar model (A = 1 TeV,
cg =0.9, ¢35 =1/1672), by model B of the HVT parameterisation (gy = 3), and by the graviton model (k/Mp; = 1).

Scalar HVT W’ and Z’ G*
|14’ 4 ZZ ww wZ ww ZZ
m r o xXBR o xBR r o XBR o XxBR r o xXBR o xBR
[TeV] | [GeV] [fb] [fb] [GeV] [fb] [fb] [GeV] [fb] [fb]
0.8 4.2 730 359 32 682 354 46 301 155
1.6 33 7.8 3.9 51 193 38.5 96 4.4 22
2.4 111 032 0.16 74 10.5 4.87 148 0.28 0.14
Table 2: Generators and PDFs used in the simulation of the various background processes.
Process PDF Generator
W/Z + jets CT10 SHERPA 2.1.1
tt CT10 PowHeG-BOX v2+PyTHIA 6.428
Single top (Wt, s—channel) | CT10 PowHEG-BOX v2+PyTHIA 6.428
Single top (t—channel) CT10 PowHEG-BOX v1+PyTHIA 6.428
Diboson ( WW,WZ, ZZ) CT10 SHERPA 2.1.1
Dijet NNPDF23LO PytHia 8.186

Table 4: Channels, signal regions and mass ranges where the channels contribute to the search.

Channel Signal region oAt EIVAESA Saghs G
mass range [TeV] | mass range [TeV] | mass range [TeV]

WW + ZZ selection 1.2-3.0 - 1.2-3.0

9999 | ww + WZ selection . 15230 -

— W Z selection — 0.5-3.0 —
ZZ selection 0.5-3.0 - 0.5-3.0

b WW + WZ selection - 0.5-3.0 -
WW selection 0.5-3.0 - 0.5-3.0

¢tqq W Z selection — 0.5-3.0 —
ZZ selection 0.5-3.0 — 0.5-3.0
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Information about benchmarks used in the 13 TeV analyses

EO'S_I"""I"'I"I"'L QO'S_I"I"""""I"L
E | === Total Scalar - WW/zz ATLAS Simulation Internal S | === Total Z/W' - WW/WZ ATLAS Simulation Internal ]
[ -==2ZZ—vvqq =_ ] [ W WW/WZ — qqqq o ;
s 0.25: WW — vaq Vs =13 TeV ] § 0.25: WWMWZ — ivag Ys=13 TeV =
1 Eoose WW/ZZ — qqqq . ? - -~ WZ-vvqq |
g 02 =—Z~lq — < 02 =—WZ-liq !
= 0.5 R g 0.15 N
= 15 3 £ A5 .
w =
x I ] % - ]
Q 0.1 — = 0.1 =
g 1 5 "t ~
0.05/ . R 777 X 0.05F e _“----- B ]
A N T T T nnntr | 8 A B
O:I”.-'.,.\.\,.‘\\\\\.ﬁ- OP"\. P S S S S S I S |
500 1000 1500 2000 2500 3000 500 1500 2000 2500 3000
Mgeaier [GEV] Mz [GeV]
(@) ()

N 0.4 T LA = L | T ] T

N - === Total G* - WW/ZZ ATLAS Simulation Internal

g 0'35: WW - Ivqq e E

\s=13TeV ]

e ZZ - vvaq 3

t03F WW/ZZ - qqqq 3

* - ——=2ZZ—llqq E

S o0.25F B

= Z = i

X 02_— —

8 - =

< 0.15F -

0.1’_ -

005: Y N\ AN _‘_E

Ojt"'k‘, T Ll L 1

500 1000 1500 2000 2500 3000
mg- [GeV]

(©)

Figure 1: Signal acceptance times efficiency for the different analyses contributing to the searches for (a) a scalar
decaying to WW and ZZ, (b) HVT decaying to WW and W Z and (c) bulk RS gravitons decaying to WW and ZZ.
The branching ratio of the new resonance to diboson is included in the denominator of the calculation. The error

bands represent statistical and systematic uncertainties. 52



VVJJ: Run-1 and Run-2 taggers

> 10°E T y T T T ™3 > . s
3 E ATLAS Preliminary —e— Data 2015 E & "E CAR=12pts —— Data 2015 o
=3 {s=13Tev, 321" Fit bkg estimation 8 E— BDRS-A (y, = 0.04) Fil bkg estimation _;
2 10°E ; E = E f5=13Tev, 321" Fit axp. stats omor
> - Fit exp. stats emor 3 @ 100 K
+ a 7 [ E‘W—o— |
o . WW selection L% it E‘ e, O WW selection ‘i
& 10f — 3 3 o o E
E _+4+ E T + B
a T 107 - —
1n-'| " A " i r 1 E h
2 S O S S -
E ] ] i ST -
Y S ——— _oF
1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400
m,, [GeV] m,, [GeV]
gy} g
= 10* T T T T T T - T T + - T
3 F ATLAS Preliminary —*— Data 2015 3 & w‘ F CAR= 1.2 jets —e— Data 2015 L
S o ;_ 5=13Tev, 321" Fit bkg estimation 7} g E. ?—D??;ATU\';::OED:::‘ Fit bkg estmation M
2 E o Fit exp. stats emor 3 g S NNy Fit exp. stats error
= & = s - e E
S - ZZ selection . @ 10 \ ZZ selection
5] e 2 - — .
o 1°F : = i E - ) o
s E 3 L
i Py + : o i 3
F " E . 1 3
E . E =3 T L
- 1 - v
0, : . . JH e E i ‘»
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E OF I lﬁ '—J N YN voouern SR— (V] T e B
2k . e . . = _2F . - . . . x
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(S - ATLAS Preliminary —e— Data 2015 3 o 10* S C/AR=12)ets —e— Data 2015 E
8 2L =13Tev.32m" Fit bkg estimation | 8 .f ‘3_’3"5" by, = 0.04) Fit bkg estmation 3
> L — Fit exp. stats emor 3 @ 5 sm 13TV, 328 Fit axp. stats amor 3
E - +“;—f[ WZ selection e 'g:v e WZ selection B
@ 10 Fig E w e E
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FIGURE 3.1: Background-only fit to the invariant dijet mass () distribution

in 3.2/fb /s = 13 TeV data for boson-tagged jets in the three different signal

regions: (top) WW, (middle) ZZ, (bottom) WZ using the Run-1 (left) and Run-
2 (right) boosted boson tagger [104, 170].
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Taggers and polarisation

s The polarisation affects the angular separation and momentum sharing between
the decay products in the W — qq decay and thus affects the boson-tagging
efficiency

s In the case of quark-initiated production, A x ¢ is similar for longitudinally and
transversely polarised W bosons, as the reduction in kinematic acceptance
(differences on the jet |n| of the two leading jets and their rapidity separation) is
approximately compensated by an increase in boson-tagging efficiency

Phys. Lett. B 777 (2017) 91

Model / process Acceptance X efficiency
m=2TeV m=3TeV
Heavy scalar 7.3% 7.2%
HVT model A, gy =1 13.8% 13.9%
Bulk RS, k/Mp, = 1 12.7% 13.6%
gg — Ggx — WW (longitudinally polarised W) 12.3% 13.4%
gg — Ggx — WW (transversally polarised W) 1.8% 1.9%
qq — Gxx — WW (longitudinally polarised W) 5.4% 5.4%
qq — Ggx — WW (transversally polarised W) 5.2% 5.8%
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Early Run-2: Combining VV, VH and dilepton resonances

s Two-dimensional limits on the coupling strengths of heavy resonances to SM
particles in the context of the HVT model

Phys. Rev. D 98, 052008 (2018)

5 1 T e e e - 1 T L I il =
g 0.8 ;—%Tf‘::_rev ]' : : { Observed_i §: |r l{ Observed_f
S 0653611 | \ 4 2 | i i =
8 o04FEV oW | \ 4 3 | i i ks
S 0.2 i—a ————— i ::._STeV\ T ———— —f 8 _/] \k : _E
g 0; .......................................................... g 'E :::;::T:::—:::?:?:;:::::" T — G S s— — el
TR S I [ Ny 3
E N\ 4 3 3
04E \ [ E F
-0.6 — : — - = —_—
08 [h>5% : : f = E (gf gf gQ)
| S —— |
Higgs and vector boson coupling g Higgs and vector boson coupling g,
----- ATLAS 3 TeV — - ATLAS 4 TeV —— ATLAS 5 TeV
- amslE UL _BR S .
()] C =]
. > 0.8 - ATLAS Observed ..
= \/V/VH constraint are S o6 18=13TeV 4 = Improved limits from the
. 2 c 36.1fb - o
better at large couplings 8 *Bviewavmavar = 5 best precision EW |
for g, and g,,, but become g T ~—~—_______ 2 measurements at the time,
O
weak as the couplings ~ £-o2f = 7 exceptatlow|g |
approach zero o« S —
oE 1 = Constrains were set also
] S S SN T S onthe{gl,gq}plane(see

Higgs and vector boson coupling g backu p)
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Early Run-2: Combining VV, VH and dilepton resonances

s Two-dimensional limits on the coupling strengths of heavy resonances to SM

particles in the context of the HVT model

=-0.56,where the latter

predicted in the HVT
model A benchmark

B Ll S L (oL L U [ ARLU R FL AR LU [IL J [RL L o) 1:""""""I 7
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Q o L % : [ - QBT
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VH = libb/Ivbb/vvbb: Selection and backgrounds

s Selection: similar to the un-tagged (VV) analyses on leptonic side

= Use H — bb boosted tagger on the hadronic side __
s 1 and 2 b-tag categories -

s Main backgrounds —
s Top and W/Z+heavy flavour
s Estimated with simulation and checked in control regions

s Models: HVT, 2HDM -

s Main uncertainties: jet related and b-tagging

10°

% T ) liata ' % I S ® ldata ' % ' I I " e data '
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VH - llbb/Ivbb/vvbb: Limits results

'5‘10[||IIIIIIIIIIIIIIIIIII||III|III|‘IIII|IIIYE 310IIIIIIIII[||IIIIII||II||III|IIII||I|||II||
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(a) Pure gluon—gluon fusion production (b) Pure b-quark associated production 58



Search for VH, V— qq and H—bb

s Complementary to semi-leptonic

VH searches at high masses

s Main backgrounds: data driven

multijet QCD and tt

s Only boosted regime

s No significant deviation found
+ Largest deviation at 3 TeV

(2.10 global significance)

2 1CE i '
8 i ATLAS { Data
2 10 (s=13TeV 36.1fb" [ | HVT Model BZ' (2 TeV) x 50
= o 2.tag ZH [ Multijet
%’ [ other Backgrounds
S By 0] e Pre-fit
w 7/, Uncertainty
|
-Hn_‘_\—\_\_L
o 2E" g y %
g 1'51 ok JY lr. r
~ 0.5 [] { /)‘
0 L 1
§ 1000 2000 3000 4000
m,, [GeV]
10 | I]l ||1||1|||||
— Observed limit
ATLAS

o(pp — Z' — ZH) x B(H — bb+c%t) [pb]
=)

IIIII T Illlllll T TP

{s=13TeV 36.1 fb"

HVT Z'— ZH

— = Expected limit
[ ] Expected +1 ¢

l:] Expected +2 o
~— HVT Model B, gv=3
===~ HVT Model A, gv=1

1 llllllll L1

|

L1iill

T e — — —

(L EETTT

NN T
1500 2000

ETE ETI
3500
m, [GeV]

A
2500 3000

ATLAS

T T T T T T

>
0]
b S ¢ Data
3 'UFE {s=13TeV 36.1fb" [__]HVT Model BW' (2 TeV)x 50
~ 100 540 g WH [ Muttijet
g e [ Other Backgrounds
D E"™e, I | eeeees Pre-fit
> 02 , )
u 1 LLV//A Uncertainty
10 o
10" M,
102 -T‘—L
L n M n n n H "

. 2 T -
8 ”_;? s | J I Ar'-uﬂ A‘.A\ é
& osE g Lot

0 E L 1
‘3 1000 2000 3000 4000
= m,, [GeV]
10 T I T T T T I T T T T I T T T T I T T T ¢ l  § T
ATLAS —— Observed limit
— = Expected limit

o(pp — W' — WH) x B(H — bb+cg) [pb]
=)

[ Expected +1 0
I:I Expected +2 o

Ty

- === HVT Model A, gv=1_§

HVT W'— WH

lIIIlllI Lo

x
s
=
3
[~ %
o
w
w
| |

ll 1 | lllllll

S i

P
3500
m,, [GeV]

L
1500

59



Particle Flow

Particle Flow Jets Paper 2017

T
o
»

ATLAS Anti-k, R =0.4
Vs =13TeV, 44 fo" 0250 <07

EM+JES in situ

0.35

Particle Flow Jets

EM+JES total uncertainty
~——— PFlow+JES in situ
I PFlow+JES total uncertainty | =

Jet energy resolution, a(pT) /p

Combine Calo+Tracks w/o double counting
» Associate Tracks with > 1 Topoclusters R P U T T DU
2 y 20 30 107 2x10° 10° 2x10°
» Subtract calo energy deposits matching a track. pE [GeV]
Xemove PU tracks at the end using Charged Hadron Subtraction (CHS)

» Better performance/resolution at low p,
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=T [ EMb2 —— ! EmB
padeg S s | pond
ol il (¢) ) ' [T
(o) |} E v
S ! bt & >
= 1 e | A
......... "EMB3 ™ - EMB3 "1 i
Selected Ts
Track ["Match Track |—»- < p ,,
elect Ti | Compute E/p |3 . /
il fo Cluster |- > ' Ji — 2 Track /
T Match Split || /
i Clust b { p y
_ AR T S L........ 3 Modified
ﬁus?ers T YT > | Add Clusters = Compute E’p - Clusters ~
Clusters { Clusters G ¢/
{ 3 ~Unchanged
"""" Unmatched 7 Clusters ~
o o Clusters
5/14/2023 Holly Pacey, University of Oxford 12

Particle Flow (PFlow) algorithm: tracks with good momentum resolution extrapolated to
calorimeter, cell-by-cell subtraction of their deposited energy. At high p_ tracks are ignored
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Track-Calo Clusters

Track Calo Clusters

ATLAS Simulation Preliminary
0.5; 1813 ToV

Re1.0, WZ - qa9q

05 "\' 2.0, p, »200 GeV

Jet D, resolution

TCCs Improve angular resolution @ high p; ~ °* o AlITCC fomee 3

- armt

= =72 LC Topo (trimmed + colibrated + m )

0. 12 == All TCCs (trimmed + not calibrated)

* Reconstructing boosted t/W/Z/H decays - bavradtiniraburartd wharira
500 1000 1500 2000 2500
* How? Truth jet p, [GeV]

Match tracks to topoclusters
Build 4-vector from matched objects: tracker (n,¢) + calo (pr,m)
* Use track p; to determine sharing fraction of calo energy

TCCq = (p7. 70", 0", m' = 0) w1 \
q r 8", Tl —N.
/ Y \
TCCq = n“‘iﬂ'; n", ¢" m'»‘i”{'j ,(,}) ’/:.: ===
' Cprlpt+ptl” T T prlpept]  feEe - O HeA \
// \® X of | )
® /o@ @
() ) @‘ ® %
y ‘ ; SOLENOID ¥,
\
\/ INNER DETECTOR
Track -

Track-calo cluster (TCC) algorithm: effectively uses tracks to split up large clusters at high P

get energy from clusters but angles from tracks. At low p_ clusters-only are used
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Unified Flow Objects (UFO)

Charged
PFO?

Inner-detector
tracks

CS+SK

A4

Primary
vertex?

Eur. Phys. J. C 81, 334 (2021)

TCC cluster

Neutral PFOs splitting on neutral
Particle-flow < PFOs twnt:l Pr:(m«z(ry- Unified
objects (PFOs) Dense vertex tracks Flow
Charged PFOs environment? charged PFOs. Objects
i (UFOs)

A 4

CHS

Current state of the art is combination of TCC and PFlow
Unified Flow Objects (UFO): good angular resolution of tracker and good energy

resolution from calorimeter
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Small-R jets or VR track jets

b-tagging overview
b-jet c-jet * VR track jets:

Inputs
| Hadronic jets
Tracks 9
SV &

¢ Small-R jets: R=0.4

R Reys(pr) = ,p = 30 GeV
Riaz = 0.4, Rppin = 0.02

Low level

IP based algorithms /
SV finding algorithm /
Multi-vertex finding algorithm

Y

High level

Boosted Decision Tree

Nmm." Primary Vertex (PV) Primary vertex
b-jets Output
B Measurable Secondary Vertex (SV). -
W High decay product multiplicit b-tagging
; ve PHELY. 4 discriminant

j algorithm (MV2) /

i‘ (- Neural Network algorithm

(DL1/DL1r)

’The b-tagging info is necessa

ry to identify H—>bb ‘

Small-R jets or VR track jets

58

b-tagging performance and calibration

g ‘0’ ATLAS Simulation -w N;,agSEd
2o =TV e Choose cuts on the b-tagging efficiency: ¢, = :
é 100 . ummeuws | discriminant from high N[t)ota
& 100 T 11 level algorithms P
10° 1 1 . —_— Nc lgg
i ¢, I-jet mistag rate: €., = Nioral
cl
10°
W0 6 4 2 0 2 4 6 8 10 12
By
W Taggers developed/measured using specific (nominal) Monte-Carlo (MC) simulations
. . . €ait. MC
o May have a different performance from MCs used in physic analyses. — MC-to-MC scale factors ———
€nom. MC
. €data
o Not able to fully describe data. — Data-to-MC scale factors ————
€nom. MC

b-jet tagging efficiency/calibrations measured using 2L t7

c-jet mis-tag rate/calibrations measured using 1L t7
I-jet mis-tag rate/calibrations measured using Z+jets event
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Boosted VH, H->bb categories

Categories
Channel 250 < p¥ < 400 GeV pY > 400 GeV
0 add. b-track-jets > 1 add. 0 add. b-track-jets > 1 add.
0 add. > 1add. |b-track-jets| 0 add. > 1add. |b-track-jets
small-R jets|small-R jets small-R jets|small-R jets
O-lepton| HP SR LP SR CR HP SR LP SR CR
1-lepton| HP SR LP SR CR HP SR LP SR CR

2-lepton SR SR

Table 2: Event selection requirements for the boosted VH, H — bb analysis channels and sub-channels.

Selection 0 lepton channel 1 lepton channel 2 leptons channel
e sub-channel | u sub-channel | e sub-channel u sub-channel
Trigger E,‘llnjss Single electron E%‘iss Single electron E,'ll‘liss
Leptons 0 baseline leptons 1 signal lepton 2 baseline leptons among which
prt > 27 GeV | pT > 25 GeV > 1 signal lepton, pt > 27 GeV
no second baseline lepton both leptons of the same flavour
- | opposite sign muons
pmiss > 250 GeV >50Gev | - -
p,‘r/ p¥ > 250 GeV
Large-R jets at least one large-R jet, pt > 250 GeV, || < 2.0
Track-jets at least two track-jets, pt > 10 GeV, || < 2.5, matched to the leading large-R jet
b-tagged jets leading two track-jets matched to the leading large-R must be b-tagged (MV2c10, 70%)
my > 50 GeV
min[A¢(EDISS, small-R jets)] > 30°
AG(ETSS, Heang) > 120°
Ag (ET'S, EXNSS) <90°
Ay(V, Heang) - |Ay(V, Heand)| < 1.4
mee - 66 GeV< mgp < 116 GeV
Lepton pt imbalance - (pfl:’ - pf;?)/p% <0.8
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Boosted VH, H>bb samples

Process ME generator ME PDF PS and UE model Cross-section
Hadronisation tune order
Signal (mpg = 125 GeV and bb branching fraction set to 58%)
qq > WH — ¢ vbb Powneg-Box v2 [41] + NNPDF3.0NLO™*) [37] PyTHiA 8.212 [42] AZNLO [30] NNLO(QCD)+
GoSam [43] + MINLO [44, 45] NLO(EW) [46-52]
qq — ZH — vvbb/ttbb  Pownec-Box v2 + NNPDF3.0NLO™*) PyTHiA 8.212 AZNLO NNLO(QCD) ™) +
GoSam + MINLO NLO(EW)
gg —» ZH — vvbb/ttbb  Pownec-Box v2 NNPDF3.0NLO™*) PyTHiA 8.212 AZNLO NLO+
NLL [53-57]
Top quark (m; = 172.5 GeV)
tt PowneG-Box v2 [41, 58] NNPDF3.0NLO PyTHiA 8.230 Al4 [31] NNLO+NNLL [59]
s-channel Powneg-Box v2 [41, 60] NNPDF3.0NLO PyTHiA 8.230 Al4 NLO [61]
t-channel PownEeg-Box v2 [41, 60] NNPDF3.0NLO PyTHiA 8.230 Al4 NLO [62]
Wt PownEeg-Box v2 [41, 63] NNPDF3.0NLO PyTHiA 8.230 Al4 Approximate NNLO [64]
Vector boson + jets
W — €y SHERPA 2.2.1 [32-35] NNPDF3.0NNLO SHErPA 2.2.1 [65, 66] Default NNLO [67]
Z[|y* — €t SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO
Z > vy SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO
Diboson
qq > WW SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO
qq > W2 SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO
qq —> ZZ SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO
gg—->VV SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 Default NLO
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Boosted VH, H=>bb: STXS

+ Simplified template cross section:
truth template defined only with global VH kinematics (W VS Z, V p7)
no dependance on Higgs decay: allow combination across decay modes

one step closer to a proper fiducial / differential cross section measurements ...

Stage 1.1 VH = V(— leptons)H
]

|
+ What theorists would Py
0 ’ r x ; 7

like us to measure ’ v v l : .
-3 — : = - I

150 I | :
I I | I
250 _L -
400 -—-—--}-----{ ------
0-jet ] 1-jet ‘2 2-jet 0-jet ] 1-jet .2 2-jet 0-jet . 1-jet .2 2-jet
Stage 1.1 VH = V(— leptons)H

in VHbb exploiting
analysis categorisation:

+ What we can measure
|

extract signal strength in
analysis regions 150

C ]
correct from truth-recon 250 g
migrations 400 E :i %@%
o0

Taken from V Da0 O-jet 1-jet > 2-jet O-jet  1-et > 2-jet O-jet 1-jet > 2-jet 66

Il ]
| ]
&

|




Boosted VH, H->bb: EFT

Coeflicient Operator
CHO (H'H)o(H'H)
CHDD (H'D*H)*(H'D,H)
CdH (H'H)(q,d,H)
CHW HTHW'LINWI#V
CHB H'HB,,B*”
CHW B H't'HW], B*”
cio) H'iD ,H(,y"1,)
c% HTi(B)LH(ZpTI’y”l,-)
(1) T-(_) > M
Cirs H'iD ,H(epy"e,)
(1) H'i'D ,H(G, "
CHg i D ,H(q,v"qr)
c® H'iDLHG Iy q,)
— -
CHu H'iD uH(upyHu,)
CHa H'iD ,H(d,y"d,)
C;l (lp7plr)(ls7”lt)

in addition to the operator which affects the H—bb decay

= The scale of new physics A is a free parameter set to 1
TeV

s Dimension d = 6 operators is used, taking into account
only the lepton- and baryon-number-conserving ones

= Only considers the CP-even terms respecting a U(3)5
flavour symmetry

s Takes into account the linear terms originating from the
interference between SM and non-SM amplitudes as well as
the quadratic ones from the squared non-SM amplitudes.
The former are of order 1/A2 and the latter of order 1/A\4

s Given that the current parameterisation takes neither next-
to-leading-order effects nor the interference between SM
and dimension-8 operators into account, the 1/A4 terms are
incomplete

= The impact of the Wilson coefficients on the experimental
analysis acceptance is not accounted for in this study. It
was, however, verified that the impact was less than 20% of
the SMEFT parameterization in the kinematic range
considered in this study

s Due to the limited number of STXS bins, not all Wilson
coefficients can be measured simultaneously
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3)
ch

[x 10.0]
Cy, [x5.0]
Cyw [x2.0]

Conp [x 0.5]

Cyy [x 0.05]

Boosted VH, H->bb: EFT

ATLAS Vs=13TeV, 139 fb™
- 68% CL ---95% CL Boosted VH, H — bb
| Linear (obs.) i =iey
Linear + quadratic (obs.)
L Best-fit (obs.)
- - ——- - 4
[ ]
R e 1
[ ]
-------- ° SEEEEEEEE!
[ ]
be---- e—— - - e 1
[ ]
----------------------------------- e [ RECEEEEEEEEEEE
1 1 I 1 l 1 1 I 1 1 L 1 I 1 1 1 1 ! l. 1 L 1 | 1 1 1 1 l 1 1 1 1
-3 -2 -1 0 1 2 3
Parameter value

Clyy [x 10.0]
C,, [x5.0]

Cuw [x2.0]

(3)
Ciiq [x 10.0]
C,, [x5.0]

Cuw [x2.0]

ATLAS Preliminary Vs =13 TeV, 139 fb™
—68%CL ---95%CL VH,H—=bb, A=1TeV
* Best-fit, observed

m Resolved (EPJC 81 178)

Boosted (PLB 816 136204)
m Combination

Linear parameterisation

lllllillllllllllLlllllllllllll

-3 -2 -1 0 1 2 3

Parameter value
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H->bb: full snapshot

process | experiment lumi (fb-') exp. sig. obs. sig. signal strength

6.7 s.d. 6.7 s.d. 1.02 £ 0.18
o 5.2 s.d. 3.3 s.d. 0.58 +0.18
3.0 s.d. 3.0 s.d. 0.99 + 0.34
2.9 s.d. 2.5 s.d. 0.92 + 0.42
2.7 s.d. 1.0 s.d. 0.35 +0.35
3.5 s.d. 3.9 s.d. 1.15 + 0.31
= = 0.8 £3.2
ot i - 3.7x15
7.7 s.d. 7.0 s.d. 0.91x+0.14 |
— — 1.05 £ 0.22 l

(*): ttH result only from 2016, no VBF
(**): prelim
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SM Higgs global context

Nature 607.7917 (2022), pp. 52-59 Nature 607 (2022) 60
CMS 138 fo™! (13 TeV)
Kz ® Observed | |+18D (stat)
Ky ATLAS Run 2 m= .1 SD (stat @ syst) +1 SD (syst)
B . — +2 SDs (stat @ syst)
Kt L-T._-ﬁ Leptons Quarks — : Stat Syst
L Vo [ Vu | Ve |l U | © ‘n - Kw —n— 1.02:008 2005 =005
A 0. - Ean: -
B Force carriers Higgs boson ]| KZ _é_ 1.04:007 005 2005
| == pilam -
L - KY -.@- 1.10:008 :0.06 =0.05
K,U |-= —————————— r —.—' ————————— I : — E
i _R . 7] K g 0.92:008 005 =+0.06
Kg r--l--:‘ +Binv._BU-_0 ’ :
--&- B, free, B, 20, x, <1 B :
~ . T +0.11
i ——— SM prediction Ky —@— 1.01,, =007 =008
Y e Parameter value not allowed —
B ] ' +0.17 +0.12
K ® Kp == 0.997),; =012 5y
Z}’ | h—————————l ————— —l——l ————————— | - | !
........ | I PR B S ATa FETEET A SRR PSR PR |
0.8 1 1.2 14 1.6 K —— 0.92:008 006 +0.06
68% CL interval — '
I B Ky —— - 112102 0% 000
Binv. """""""""""""" 1 — -
i . e +034 4031 +0.14
> R 1 KZY | 1'6’5-0.37 -0.35 -0.09
u' l I I | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1l I L1l
0 0.05 0.1 0.15 02 0O 05 1 16 2 25 3 35 4
95% CL limit Parameter value
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Xbb calibration

Methodology

B Why calibration?
e Simulation VS data.

B Why Z — bb events?

e Z — bb similar to H — bb topology.

e Enriched statistics at high p,.
Bl p-dependent calibration:

® 200-450 GeV || Zy

® 450-500 GeV

® 500-600 GeV § |Z + jets

¢ 600-1000 GeV
[l Data collected during 2015-2018, 139 fb-1.

M How to do it? — scale factor (SF)

Npwies  Npasea
qpo £ _ M _ MG, T
CeMC T ONMC, T NEs T pre-tag
Nt Nioia

W 797198 Fit the large-R jet mass distribution.

W ,77¢7198; Measured from the Z — [*]™ channel.
dat: MC

N~ = Nokg i

MC
NZ—»H

data _ pyMC | | pre—tag — pyMC
N7Zow = Ny H =Nz 0

From Yajun He's thesis defense 20227



Xbb calibration

Measurement of 7257798

Event Selection

- o > T T T ™ T T T ]
Z — bb Jets 214000 Xbb 60%WP 450 < p_<500 GeV 2o 65 -
gt Z-qa(q=b)
. 2 12000— W aq 3
. C i ]
:4‘1: t - l. 10000:‘ +d02tea‘s -
= ¥ 1 I "’_ MC Stat. unc. 1
8000~ o .
E e ]
6000:— '.."-.-. =
W Single large-R jet triggers used. M Subleading prlarge-R jet. wooob- Bt E
M Leading plarge-R jet. .p% > 200 GeV. - T,
1 o L 1 1 1 1 1 1.7
Mp. > 450 GeVand m; > 50 GeV. m|7n| <20. g oF — =
. +Hit;
m|7| <2.0. s s raeeaaenestapit Ty
M At least two associated VR track jets. m 211~ P12 <0.15. L L L L | .
- . z o Pr.1tPr2 . -
Passing the X — bb tagger at the 60% The dijets simulation can not be
efficiency WP. m[Ay | <12 trusted. A data-driven method is
used to model dijets.
5
Results
B Unbinned fit the large-R jet mass distribution from 50-150 GeV for three p; bins separately.
450 < pr < 500 GeV . 500 < pr < 600 GeV 600 < pr < 1000 GeV
3 z;g: ATLAS P;slimiynary‘ e 3 3 2000F- 4'7u§ P‘velim:ynavy] MU 3 1400 @M§ PLshmE‘nary' S0 ML
. . T daf MrsTeven — Signal+Backgrounds § T 1goo f. 'S 13TeV. 1301 — Signal+Backgrounds T G RelaTe, 10 0 — Signal+Backgrounds J
. a Exp. systematic uncertainties 8 o Signal E -, Signal 3 2 R signal
Z+]et$ Double Sided (Lar o-Riet luminosk ) 2 te00f -+ Backgrounds i 2 wwf -+ Backgrounds 3 2 roof -+ Backgrounds E
— | Crystal Ball (DscB) | —» B iy o E I IS
W+ jets . Theo. systematic uncertainties 000 E N T E wol-
functlons . . 800 [ Z(~ bb)+jets calibration G| aook 2(~» bb)+jets calibration Z(~> bb)+jets calibration
(Cross-sections, MC modelling ...) o A E O e ooy, 005 ae ey,
? 400F Large-Rietp 450500 GV E “OF Large-Rjetp,: 500600 GeV E 200 Large-Retp; £00-1000 GeV 3
H H 2 L 1 1 L A 1 1 1 E = 1 L 1 1 I 1 1 1 E L I 1 1 1 1 1
MC distributions Likelihood —» | ppost-tag oF E oF e oF 3
model T o i s o 1 s . E
Data side-band ; W W ;
ata side-bands

ge:] rOROTBRET SN CRONC DUUOY SUPOTIONIT JOUY JOPOTINE ] oSBT SODNCYND: SUOET SOUD VUNOL JUDON SOUET ORI DO0-s O IRORP SRR COUBISUPE. SN SONDT DUTET SUNOT IR
T 5 60 70 80 90 100 110 120 130 140 1 5( 60 70 80 90 100 110 120 130 140 1 5 60 70 80 90 100 110 120 130 140 150
Large-R jet mass [GeV] Large-R jet mass [GeV] Large-R jet mass [GeV]

Data

Background modelling B Good agreement between data and the fit model.

Multijet —» s
uncertainties

Functional form

M Leading systematic uncertainties from jet mass resolution.
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Xbb calibration

Measurement of ;P8

Event Selection

W How to avoid bias?
¢ Same simulation setups.

e Similar energy scale
between the leptonic and
hadronic channel for

pZ<1TeV.

l+

&«

-

W Lepton triggers used.

W Two same flavour leptons with

pr > 27(5) GeV for u(e).

W (p —pP)pt < 08.

B66 < m! < 116 GeV.
%> 450 GeV .

.P¥ > p;f:ad.jet.

Measurement of ;77¢~"48

) V JHT‘.

m Leading prlarge-R jet
mp; > 200 GeV
m|n| <20

lead. jet

w P —Pr
p 'll“l + p_lread. jet
B Ay eqa;l < 1.2.

<0.15,

Results
450 < p;y < 500 GeV
> A AR AR AAALS AAALS RARAS RRARS RARDS RADAS MasRs <!
& [ ATLAS  Preliminary Zujets ]
N goo - Vs=13TeV, 139" 2z =
g F 2(~ bb)+jets calibration  4- wz ]
& 500 [ Z= I')ets selection +2."? 1
F % at. unc. ]
F Py{l): 450-500 Gev Stat.+syst. unc.
wof- + E
300 [ # -3
200~ + =
g * |
bl = *. E
(,: re *N?r".v s Preegd 'Wm—é
2 oF
% 15 + _+_+
o - IO et
@ 05 + +
5 075 75 80 8 60 8 100 105 1i0 1

m, [GeV]

Events/ 2 GeV

(Data-Bkg)/Z+jets

500 < py < 600 GeV

W Good agreement between data and MC.

B Simple counting method to derive pu”"¢ "%,

T T T T T T T T T n >
[ ATLAS  Preliminary Zsjets ] 3
F Vs=13TeV, 139 0" 2z ] o 400
F Z(~ bb)+jets calibration wz E £ a0
[ Z(— I*I)+jets selection 4= g‘ﬂ? = 3
E ; at. unc. 3]
[ 0,(:600:000 GV Stat.+syst. unc. 300
F 1 250
3 N = 200
F + E
] 150
r " E
3] 100
L % -+ g
F - -, ] 50
-~ 3]
e e ' ' “"?‘* N 0
Tt T{
¥
&
++ L " ++ 8 e
05F
o .
70 75 80 85 80 95 100 105 110 11 g 0
m, [GeV] =
”pre—tag —

600 < pr < 1000 GeV

"
E ATLAS Prellmlnary Zﬂets E
E Vs=13TeV, 139" 7z |
F_Z(— bb)+jets calibration wz E
E 2Z(— r'l)+jets selection - Data £
E : Stat. unc. E
- Pr{h: 6001000 GeV | Stat. +syst. unc.
E + E
3 + E
E e e E
E + E
F + -, 3
E oot a0 ' E
Jr ++++-¢+~«+ ++++++

70 75 80 85 90 95 100 105 110 I!
m, [Gev]

data
N N bkg,ll

MC
NZ—> )/
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+ Di-Higgs production is unique direct probe for Higgs self-interaction

9 2090999900009

4

9 0000009090909

A

+ Negative interference of two diagrams:

SM cross section = 30 fb

1000 smaller than single Higgs cross
section

strong dependence on x;: x 2.3 larger
XS if no self interaction

signal kinematics strongly depends on k;

K= —h
202
g 099999999900
\\ K
A - (%
/ H \
g 9900999999999~
)
F10°F
10°E
SM |
p et wis T IPTEL TR
-10 -5 0 5 10 15
K, o
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+ Most sensitive channels all require at least one Higgs boson to decay into bb

'E : I 1 1 1 l 1 1 1 1 | I 1 1 1 I 1 I 1 I I 1 1 I I : 1
o, i A TLAS = Observed limit (95% CL) ]
— Expected limit (95% CL
I - Vs=13 :reV, 126—1_39 fbo-1 o - (;5:: 0 h;:)nc;}tfegis) b BR_ I1-|2|;|G_:/xxyy 107
5 104 HH-bbt* T~ + bbyy + bbbb 1 Expected limit +10 B (M = eV)
o - [ Expected limit +20 ]
> B B8 Theory prediction ]
,_t Y% SM prediction
8 |00
o 10
2 -
10°E bbyy =
bbt*t- |
bbbb 7
: Combined |
1 TR T TR W [ NN N SN SN M W [ T NN TR NN NN NN SN N
1015 °5 0 5 10 5

KA

+ Full Run 2 results:

( k,=1: 0/osu< 2.4 (2.9) @ 95% CL obs. (exp) )

-0.6 <k;<6.6 @ 95% CL
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Di-Higgs projections

'E 7 | T I T T Ll T I T T T T l T T T I T T T T ] T ] E 12 E‘ T B LI ‘I l LB I UL I L I LI I LI I LI Fasl
s [ ATLAS Preliminary . ] g 1E y ATLAS Preliminary
S 6F vs=14Tev iy - S 10F =i Y8=14 TeV, 3000 1
- . _ . _ —e— Baseline B — s . N ~ o
:"(E) - HH-bbyy +bbt *T” +bbbb Theoretical unc. halved i ‘g : w: HH - bbyy + bbt " T +bbbb ]
§> 5 Projection from Run 2 data Run 2 syst. unc. - K= 95 : Projection from Run 2 data E
@ "I Asimov data (ka=1) ] »n fo] = . Asimov data (k) =
[ ] = | —+— No syst. unc. 3
4r- ] e | —— Baseline ~
- ] 6 : Theoretical unc. halved 3
3 /// — 5 g_ : Run 2 syst. unc. _;
- 1 4 =
2~ = - E
- ] 3 :" ”””””””””””””” —:
iF : 2 | i
- : R
B 1 1 i —
B 1 l 1 L l 1 L l 1 L 1 l L 1 1 l 1 ] E E
O 1000 1500 2000 2500 3000 0_ Ll l— L1l L1l 4 Ll L1 é L1l é L1l 4|. L1l é Ll Ll é L1l ; L1l 8
Integrated Luminosity [fo~'] K

Predictions suggest we
will find first direct
evidence of Di-Higgs
production by both ATLAS
and CMS during HL-LHC
operations, with less than
3000 fb-1

:T ’_‘IIIIIIIIII'III1IIIII_Illllllllllllll IIIIVI—
E ool ATLAS Preliminary a
- ! Vs =14 TeV, 3000 fb-" )
N HH - bbyy + bbt* T~ + bbbb 1
16_r Projection from Run 2 data _

L Asimov data (k) = 1) R

K —+— No syst. unc. T

12; —e— Baseline ]

| Theoretical unc. halved |

- Run 2 syst. unc. o

8._ —

p| S VLR T SRR . A A 95%;

I 68%)]

P I AT > N -2 T T T P I

-2 -1 1 2 3 4 5 6 8

Ka
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Analysis strategy

Get the objects:
s |dentify particles

s Calibrate them if needed

Y

Built distributions of interesting

variables

\/

Search phase:

Compare data and background
Do you see any deviation?

No

Yes

\

Limit setting phase:

Constrain new physics models
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Looking into the future

ATLAS Run-3 boosted objects trigger development

s Hadronic decays of high p_bosons and fermions is a
vital part of the ATLAS physics program

s ATLAS is planning major detector updates in Run-3,

like Level-1 trigger (calorimeter) system

s gFEX is a single board that will have access to the
information from the whole calorimeter!

s Will identify events with large-radius jets
s Improving acceptance for boosted objects
s Jet-level pile-up substraction

s Will calculate also global event variables like
missing transverse energy

s Implemented in a highly parallelized structure (3 large
Xilinx Ultrascale FPGAs and Zync System-On-Chip)

Event Efficiency
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The big picture

A new level 1 calorimeter trigger system for Run 3 (~2020)

Barrel |
Muon MuCTPi
Endcap ‘

L1Calo TOBs
. (@)
supercells 'E:|eeactt{f:2 .oeND T Q
Q. Extractor T 8 L1Topo —] L1CTP I— L1A
Jet Jets, T 2E E™ )
. 0 .|Optical 0| Feg =10 o
DPS | R ,Eﬂﬁ%; TTN
LAr LTDB (0 A Global Large Jets, E,™ . "
TBB Feature = 8 S o
Extractor T|x
0.1x0.1 Jet = ™ to DAQ Hit Counts
(n>9) Ene'-gy
) | Processor MX
nMCM
I
TileCal ‘ \ ot o
‘ ” 01x01  Processor
(n>@) oy, 1

* Entire calorimeter in one single board:
e Jet substructure in Run 3 and beyond: fat jet reconstruction and jet-level pile-up
corrections
« Global event variables, e.g: ETmiSS and centrality

* Physics algorithms run within 5 bunch crossings (125 ns), not including data input/output
More on algorithms in Walter's talk! 7°
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The big picture

A new level 1 calorimeter trigger system for Run 3 (~2020)

* One single module with several FPGAs : e 08 (et 6
o Calorimeter '”.— 48 DDR (including CLK) %’". Ca_lgrimetg_r_
for data processing T rean [ o TR =
L]._To;;qo T [+ e /;/"2;% %0°§<,’\ /&‘v/—u o LlMTo;;o
‘99*/’ se® w\)c
* Inter-communication to avoid environments \ "f»}» Hybrid FPGA </ /
a
1E Sg
* Hybrid FPGA (FPGA+CPU system-on- 213 NG
. o , & | @ 8§
ship or Zynq) for control and monitoring Viive 59
* Process the event data from processor FPGAs Calorimet g FPGA-C T
" " . alorimeter==:83MGT: = F 12M01 ==&
* Algorithms to quickly detect calorimeter o o)
issues @nene TTC transmission (GPIO)
<~ -~ -> |Pbus communications (GPIO)
* Emulate the feature identification algorithms = <—> Monitoring & Controls(MGT)
. . . . < === External Sources (Input & Output) (MGT)
* Histograms interesting quantities <= Inter-FPGA Communications (MGT)
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Zynq in gFEX

Data processing: algorithms run

Digitized signals on FPGAs
transmitted optically to 4
the FEXS - rEETETETS Real-Time Data Path

=»| Jet Finder
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>
7 B (s Processor FPGAs can
= N s send data to Hybrid
! FPGA (Zynq) for further
Zynq provides configuration, analysis upon request or
slow control, monitoring and predefined error "

playback for gFEX condition



gFEX: area based PU subtraction

ATLAS Prellmlnary
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Global Feature EXtractor (gFEX)

Successful Link Speed Test @CERN

Unfortunately not all the people that worked hard in the project are in this picture (taken
during LAr-gFEX test)
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