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The Standard Model (SM)
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* Currently the most experimentally validated
theory, it fails to explain some observations,
suggesting that a more fundamental theory
exists

» 12 fermions (6 quarks 6 leptons) : elementary
constituents of matter

« 4 gauge bosons: mediators of fundamental
interactions(g,y, Z%, W)

« Higgs boson (2012):
Brout-Englert-Higgs mechanism (1964) that
gives mass to elementary particles
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The Experimental Framework
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The LHC (Large Hadron Collider) at CERN
World's largest accelerator
Proton-proton collider

100 m

27 km in circumference
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

The detector (almost 47 coverage) of the
ATLAS experiment
Trackers and Calorimeters:
designed to measure trajectory and energy
of emitted particles



Why are we studying the Higgs pair production ? ..

W

Search for new particles decaying to a pair of Higgs bosons with the ATLAS experiment

: SM

D:BSM

H

H

Resonant Production mode: X is a scalar particle
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Higgs mechanism gives mass to particles so we can
probe the potential existence of a new massive X
scalar boson through its interaction with the Higgs
boson

Possibility to discover a new particle or set limits on
the production of a new scalar boson through this
analysis and to characterize the Higgs boson self-
coupling (k)

Internship supervised by Louis D'Eramo



: PCi
Production and Decay HH M/\\l:/;_\-

* Gluon-Gluon Fusion (ggF) : Most studied channels :
90% of HH production E—
° P (. HH— bbbh )
g 0999999900990 ~ H
- t/b/c I .
ogy = 3102 fb * HH — bbt'1~
t/b/c A ~ g~ <
N \" HH — bbyy )
t/blc .
g 2999999999990 ~ H BR(HH — XXYY) (gluons, ¢, muon not shown)
bb Ww TT z7 YY
‘ bb
WW 25% | 46%
opt = 1.72 fb o 73% | 27% | 039%
zz 3.1 %
q Yy 0.26 %

» Vector Boson Fusion (VBF) HH (V = W or Z)
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Production and Decay HH e E

Expected + 26 f 103 _

e Cross-section for the single Higgs Boson VBF
VBF _

| HIIHI

q q —
. SM HH — bbyy
g BSM « H — bb : High Branching Ratio (57%)
VBF _ Vo ] kg, -7 « H — yy : photons allows to trigger events at a
O-HH —_ 1 72 fb - N . .
vV lower energy and to obtain a good resolution for
H my, and my thanks to the electromagnetic
calorimeter (Lar)
q q
Vector Boson Fusion (VBF) HH (V = W or Z) ,5;10_ Camas —omenetimiosec)  |of ATAS ]
Resonant : X iS a Spin_o particle T [ \s=13TeV,126f" ... Exectedlimit@%Cl) 3 | ;j: [1)3Tev,125_1391b4 - Sfﬁiﬂﬁi'.ﬁl‘ﬁ:&fﬂ
) T HH— bbbb - 410tk == Expected limit +10 _:
;? 10 . Expected + 1o = F ) 3 Expected limit +20 E
1 Spin-0 narrow resonance 3 r )

102

production which is a rare process is around oy

102;— i
3.78 pb (2000 times the di-Higgs one) : J ol .
10 2N E E
g e 10 == =
* Detection only of signatures (final states) because the BT o e
. [ . . — my [GeV]
lifetime of the Higgs is too low (10722 s) ResonantVBF ™Y Resonant ggF
Nicolas Cartalade 30/09/2024 arXiv:2001.05178v5 7
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https://arxiv.org/abs/2001.05178v5

Objective : Final Fit w_\-

[ffinal (x) = fsignal (x) + fbckg (x)]

where f;gnqi(x) denotes the fitted function for the signal (smallest x?%), while fpckg (%) represents all
the background, modeled by a function for the continuous background, and includes single H and double
Higgs production, both described by the same function as the one of the signal.

Signal (peak)

e Perform the FIT adding the fitted pdf of the signal and the

one of the background (smallest spurious signal) to know if
the BDT used in SM HH production is adapted to the VBF

Resonant HH data.

Number of events

Background

« Establish an upper limit (exclusion zone for new models) on
the cross-section oygr(X = HH).

.
T ——— -
’

>
125 myy(GeV)
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Selection

\.

» Exactly 2 b-jets
» < 6 central jets

Pre-selection

» Exactly 2 high-quality photons
* No lepton (t - bW — bf™v,)

\

 Identification of 2 high-quality photons
»  with transverse momentum p’T’ > 35 GeV and |n¥| < 2.5 (n, the pseudo-rapidity, is an angle that describe the
direction of a particle in the detector with respect to the beam pipe)

» 1solated to reduce background contamination (the energy within a certain area around the photon’s energy
deposit must remain below a defined threshold)

* The invariant mass of the two selected photons must be in the range 105 <m,,,, < 160 GeV

* B-jet selection: Each b-tagged jet must have a transverse momentum p; > 30 GeV and |n| < 2.5

Nicolas Cartalade 30/09/2024
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Selection CutFlow : Signal all my

Reconstruct the CutFlow applying cuts
after cuts in order to select signal-like
events which correspond to the final state

bb vyy.

CutFlow renormalised divided into two
parts, the H—yy cuts (selecting good data
taking conditions and 2 good photons) and
the HH — bbyy (b-jet selection) ones.

Development of an automatic algorithm
that scan all the cuts efficiency (number
of events after a cut / number of events
before this cut) and select the ones that
remove the most data to plots them in
function of my (backup).
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ATLAS

|

Simulation Internal

Vs=13TeV, mci6a,d, e

Normalized CutFlow VBF SM — HH — bbyy

SM
my = 260
my = 280
my = 300
my = 325
my = 350
my = 400

Proportion of events that passed each cuts

my = 450
my = 500
my = 550
my = 600
m, = 700
my = 800
my = 900
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Efficiency

Selection : Signal and Background M/_\\E\:_\'

e Until now, we have only talked about the
=T 1 T T 1 T T T T T T T T T T T T T T T T T 5 study of the signal so let's see how the
~ ATLAS simulation Internal —— — background reacts to this selection.
10° = _ —————— m=350 =
= Vs=13TeV, mciéad,e L = e For that I decide to work with only the SM
% Proportion of events that passed each cuts % X
- - background.
l= =
— ’  E— L —
107 = i i—g o As we were expecting the cuts are removing
— | - the background much more than the signal
102 = : —= .
= 5 = and my 7 = Efficiency // (more boosted
F : = objects so better identification).
107 = | =
- i = e Plot the Significance which is the Signal
] e T Ty
107 o . S
Mracp NO‘V"ODA%"EH o d“PfchR{ Fassy Dere%rotgpv foase%:amb@f-;igs QMD waﬁon CUrssGeV Noxe%n gc%rreffe"”au ffe’ 7ot ey, éifiirsﬂassed over the square root Of the baCkground (ﬁ)
" %0 Ggy, . . . .
Significance increasing cuts after cuts and
my 7 = Significance /.
Nicolas Cartalade 30/09/2024 11




Selection : Significance
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1] T T T T T T T 1 T T T T T 1
%)
s ATLAS simulation Internal Signal Bokg SM ]
8 10 : — Signal/{Beckg m, = 350 ]
g —  Vs=13TeV, mci6ade Skl B3 m, = 00 —~
@ —  Normalized CutFlow VBF SM —s HH — bbyy Sanal VB m = 00 =
107% — —
I
10°° Y Y T I S . N S e
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bbyy Selection : Mass categories
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10°

10

107
1072
107
107
107

1078

[m;;l;w = Myp,, — (mbl; — 125) — (mw — 125) (Gev)\

To reduce the width of the m, byy Peak
High mass if m, byy = 350 Gev (sensitive to SM signal k; = 1)
Low mass if my;,, < 350 Gev (sensitive to BSM signal k; = 10)

\ (backup) j

=+ 1 1111171 71111111 1 17T 1T 1T T 1T 1T T T T 1T T35
= ATLAS Simulation Internal sm =
— m,, = 350 E
;_ \/E= 13TeV, mciéa,d, e . m, = 600 —_
= . m, = 900 =
. Normalized CutFlow VBF SM — HH — bbyy Diphoton kg ]
—  Eventsthat passed cuts for different M{X} values —
S ; =
— T |
= ! =
E i —_— E
g i :I.:. =
— . —
E l =
— : —
= 1 —
= 1 =
— 1 j—
[ 1 —
= : W_u =
I s s N s O |

N Nowa e, Vo Pasg 1Dotep,Mas py= 00 EF anm, g Okt S0, ® o 105 ""0.' Eracy At High pLo y Loy, 5 Loy y Lo
A0p A Clenye O’u'o?',% S b rec! s pv O0sg -Dhimb 9199,. f.'d Btioy, P, \ Cupy Gel/ 5‘3(’0 E‘cent ce,ma’b Ier 3b, JorCtl, 3 guf Hlighy Mag’sh Feégﬁ-hed’é‘s:?es?;“’as?é”as?é”ess4

ISG‘G -
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The analysis follows the selection methodology
from a previously published study on non-
resonant HH — bbyy (JHEP 01 2024 066)

Worked with a BDT (Boosted Decision Tree)
algorithm and the mass categories created thanks
to BDT score € [0, 1] (signal purity indicator).

3 High Mass categories and 4 Low Mass ones
defined to optimize the significance considering
the various possible k; values and designed to
improve the selection of events

13



Selection : Mass categories’ Significance L"

W—-\

_ 2
S:S‘w,ff’}"otal Stot = z Si ol =1 fb : arbitrarily set
T ERATLEE [ € mass categories

125(SM)  8.44 x 104

% rtr Tt 1+ r+ " 1+ + 1 1+ 11t 1- 17 1 1T 1T 1T 1T 1T T 1T T ]
260 0.00143 2 10 — ATLAS Ssimulation Internal ————— signal/Bkgsm =
280 000165 § s Vs=13TeV, mc16a,d,e o sfgnamrmmﬁm | -
300 0.00183 ‘% - Normalized CutFlow VBF SM — HH — bbyy o ::E:z: -
350 0.00157 - -
400 0.00262 10— _
450 0.00338 - N -
500 0.00402 - — L -
550 0.00459 - — N
600 0.00508 107 = f =
700 0.00595 = — — -
800 0.00665 — qﬁ i
900 0.00729 0 ﬁ—,—m B Y Y Y I |

N Noyy Al e, No Py Has o2 to0e & am Higo. o el , 105 y No B Al M ou » Lo
40D A Svens %?R{ s rilecr raev e ® Ohogaoguly’ m h”d%ﬁ b, cunGet_ et 2 ey "‘ef?rrarf’er Sdots My 2 §Lfs Q”Maé’}hf”aégshﬁs@’as?’ Mase, e“ass Mass

\'yaGGe
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Number of events

Resolution o(GeV)

Modeling Resonant signal
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0008 [ T T ‘ ‘ T T ‘ T T T T T T 1
— ATLAS Simulation Internal — om e myema0 J
0.007 — B —————— m,=260 my = 500 -]
— /s=13TeV, mc16a R m, =550 -
— ———————  my=300 my = 600 ]
0.006 —— VBF ResonantX — HH — bbyy T M3 m=700
—————————  my=350 my = 800
[ ——————  my=400 m, =900 _
0.005 — —]
0.004 — —
0.003|— —]
0.002— —
— i _
— I A —
0.001— Al —]
— gyl -
9‘_” .......... <ot o
1 122 124

8 (GeV)
2.1 %7 o —— Resolution RMS é
= —«— Resolution fit with a G =
19 E_ /—-\ \‘\ —— Resolution fit errors _i
175 p— T =
165 . _ . =5
15 - T =
14 =— \\ —
13- T =

100 200 300 400 500 600 700 800 900,
my(GeV)
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On the upper plot we can see that when my 7/ =
Number of events 7 (more boosted objects so
better identification)

Code to plot the m,, branch applying pre-selection

and weights for different Monte-Carlo generated root
files with my € [260,900] GeV

Graphs of resolution o of gaussian which fit the data
but this function 1s not optimal as we can see for the
peak and the tails — Double Sided Crystal Ball
function and applied to both a y? test to compare
them

15



Number of events

Goodness of fit

T ‘ T T T ‘ T T T ‘ T T T
ATLAS simulation Internal
\/s=13TeV,mc16a

VBF Resonant X — HH — bbyy m, =125

“ .y - I il i 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 ) ‘

1 o
118 120 122 124 126 128 130 132 m

=

(o]
i
o
S5

e Fit the data with a DoubleSidedCrystalBall (DSCB)
function instead of fit it with a gaussian to compare
their goodness of fit (ChiSquare/ndof)

e As we can see in this table the goodness of fit of the
DSCB function is quite better than the gaussian one,
thanks to the adaptable tails of the DSCB function

(backup)
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Gaussian y/ndof | DSCB x?/ndof

125 (SM)
260
280
300
325
350
400
450
500
550
600
700
800
900

55,7
76,3
94,7
84,9
102,5
105,7
95,2
101,6
113,2
104,3
110
133,7
113,9
127,9

7,22
441
4,94
5,14
4,95
5,18
5,02
6,05
5,88
7,23
6,82
7,61
8,04
7,99
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Background Modeling
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Different types of background

Continuum diphoton production with jets (yy + jets)

» ttyy production, where top quark pairs are
produced alongside two photons

Single and pair Higgs boson production through :
ggF, VBF, ttH, bbH

Nicolas Cartalade 30/09/2024

Fit functions of the continuous background

* Decreasing Exponential Function

fhckg(x) = Ae™B*
where A and B determined by fitting the background data
in regions outside of the signal window € [120,130] Gev
(blinding the signal region)

* Polynomial Function

foekg(®) = ag + ajx + azx? + - + a,x™
where the coefficients aq, a4, a,, . . . , a, determined
through the fitting process. The choice of polynomial
degree n 1s balanced to ensure sufficient flexibility
without overfitting

17



Signal + Bckg over Bckg
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2 0.1 T T ‘ | T T T T | \l T T L
g’ . ATLAS simulation Internal i
g 008; Vs =13TeV, mc16a
g I VBF ResonantX — HH — bbyy m,, - 124
g L
5 L
Z 006}
0.04—
s - ™\
0.02 L mﬁuﬁ_ —
L]
0 L L ‘ L L L L | L L L 1 | L L | L 1 1 1 | L 1 1 1 B
110 120 130 140 150 mw(GeV)160
_SQ 0_1 T T | T ‘ T T ‘ | T T T ‘ \» . T |
§ — ATLAS Simulation Internal o :w.:aLF‘M o
g 008_— /s=13TeV, mc16a
g " VBFResonantX — HH — bbyym, =125
g L
5 L
Z 006 —
0.04—
— L '—'m‘ﬂ
0.02 | _E{i—l_‘m "
- L]
0 L L | L L 1 L ‘ 1 L L 1 ‘ L L L | L L L
110 120 130 140
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Number of events

Number of events

0.1

0.08

0.06

0.04

0.02

0.1

0.08

0.06

0.04

0.02F=

T T T T T T T T T T T T T —

_ ATLAS

| y/s=13TeV,mcl16a

————e———  Exponential Fit
Simulation Internal e PolynomialFit

—————— signal Background Fit

—  VBF ResonantX — HH — bbyy #y,= 125.5

1 ‘ Il 1 ‘ Il
110 120

= T ‘ ‘ ‘ ‘ T T T ‘ T T T [—

- ———s————  Exponential Fit

. ATLAS Ssimulation Internal

| y/s=13TeV,mc16a

————+———  Polynomial Fit

———+———  Signal Background Fit

— VBFResonantX — HH — bbyym,, =126




Scaling factor Ny,

Spurious Signal

0.185

0.18

0.175

0.17

0.165

0.16

0.155

0.15

0.145

0.14

120
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m,, € [120,130] Gev as a free
parameter

Spurious signal ( Njg.p )

Maximum of ‘fakesignal’
find out when fitting signal
+background function onto
the background only sample.

Nuisance parameter so we
want to find the function
fitting the background with
the lower spurious signal
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Data continuum background fit D i
“' ATLAS Work in Progress | =i oo cL
- ® Data
20 i my = 350 Gev 1
* Finally using the decreasing exponential Low Mass 1
: . > | 7
function to fit the continuous background s .l ! i
component (often preferred for smoothly 3 ¢
falling distributions) S |~
c

=
(=]
]
_._
_..,_
|

s | |
* As an example, we have on the right the e = 00260 “
background fit of the data for my = o S —
350 Gev and for the Low Mass 1. 5 } ' T o ' | O
SR 1A
o } AR '.T"T"‘L"Jr‘*_

110 120 “‘]‘:.3‘::'r [GeV] 140 150 160
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Final Fit : signal strength

Performed a blinded Asimov (data equal to
expected value) fit using only sideband data
to avoid bias from potential real signals.

Compute at the end the signal strength :

obs 1 (upper limit)

Ugp = HH
Oth

Peak (350 GeV) could be explained from the
choice of discrimination variable (ngw)

and the transition between Low and High
Mass categories, redistributing signal events
across more categories and reducing total
significance for my ~ 350 Gev

Nicolas Cartalade 07/25/2024
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ATLAS Work in Progress
i Vs =13TeV, £ =140 b1
VBF - HH- bbyy

v T T T

N I
+20
+lo ]
Median 4

| 1
300 400 500

my [GEV]

!
600
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Upper limit : Cross-section

ATLAS Ssimulation Internal

\/s=13TeV, mc16a

—
L
||||||I‘ [ TTTI

VBF Resonant X — HH — bbyy or bbbb

~TTIT

[

Q
[pv]
|

95% CL Upper Limit on Cross-Section (fb)
=

—_
o

---------- Expected (bbyy)

[_1 1o (bbyy)
[_1+2c (bbyy)

[ ] +1o (bbbb)
[ ] +26 (bbbb)

Expected (bbbb)

| | | | | | | | | | | |
300 400 500 600
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| | |
700

| | |
800

| | | |
900 m,(GeV)
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Upper limit cross-section
for resonant HH model
improved for my below 600
GeV thanks to this study
focused on bbyy final state

Combining bbyy and bbbb
channels enhances the upper
limit and 1is crucial for

constraining the resonant
HH VBF process
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- This internship represent the first Resonant HH VBF into bbyy analysis
« Used Double-Sided Crystal Ball (DSCB) for signal, exponential for background with
the study of the spurious signal and the y? function to optimize the fits

* Applied and study Selection and Categorization in order to optimize the Significance

* Improved upper limit on cross-section (for masses my < 600 GeV) of VBF Resonant
HH process thanks to the bbyy final state

Nicolas Cartalade 30/09/2024 23
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Next steps A E

Current and following steps for the PhD :

[ Selection ]

« Adapt the BDT’s structure and the definition of the mass categories to the resonant signal to
improve cuts’ efficiency and significance

- Explore neural networks for enhanced mass categorization and better signal-background
separation

| Modeling]

* Future analyses should incorporate systematic uncertainties to provide more comprehensive
and realistic results. While these had minimal impact in the non-resonant analysis due to
limited data, they will become crucial for improving fit accuracy as datasets grow

Nicolas Cartalade 30/09/2024 24
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Thank you for your attention
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CutFlow : Cuts efficiency e Eee®
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CutFlow : Cuts efficiency e Eee®
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CutFlow : Cuts efficiency \,,_A/\\E\:_\.

N T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T =
3) — —
o 0875 . -
O — —
4= — '] —
W 0874 — . ; .. —]
a : .- ;| —
S 0873 — ; —
5 — : . ]
O 0872 ; . T
— i .‘ -
0.871— —
- i : =
0.87 :— ‘.. ________ . —:
0.869 — ; -
: ,I “. :
I e * ]
0868 _— : e —_
0.867 — b —]
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ‘ | | | | ‘ | | | | ‘ | | I:

100 200 300 400 500 600 700 800 900
M, [GeV]

Nicolas Cartalade 30/09/2024 29



CutFlow : Cuts efficiency \,,_A/\\E\:_\.
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CutFlow : Cuts efficiency
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CutFlow : Cuts efficiency
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Fraction of events / 5 GeV

: PC>
CutFlow : BDT mass categorlew%@rms
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https://arxiv.org/abs/2112.11876
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DSCB Fit vs Gaussian Fit M/\\l:/:_\-
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Gaussian function :

1 (m—,u)2

kf(fﬂ) =t

J

(

Exponential function :
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1
exp (__
f(”";"'n(])o)aL:”La aR:nR) =3

Double Sided Crystal Ball function : \
([ Ar - (Br — m;L

)"z, for

< —aj,

), form;—;n"gﬂ

2
exp(—%-[m_mo] , for =™ < ap

OR

| Ar- (Br+ =) "%, otherwise,
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Signal and Bckg over Bckg M/\\E/\:_\-
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125 (SM) 0.08867 0.01151 0.00775 0.04049 0.00269 0.00230 0.00291 0.01076
260 0.08384 747%x 107> 1.60x 107> 1.86x 107° 0.01373 0.01097 0.01256 0.03752
280 0.08872 1,31 x107* 519x10™> 3.28x107° 0.01202 0.01087 0.01355 0.04345
300 0.09271 2,36 x107*  6.60 x 107> 523 x107° 0.01100 0.01028 0.01402 0.04873
350 0.10674 0.00916 0.00617 0.01884 0.00677 0.00659 0.00971 0.03715
400 0.09920 0.01846 0.01449 0.07197 6.59 x 107* 3.26x107* 3.41x10™* 4.50x107*
450 0.13597 0.01593 0.01309 0.09423 1.88x 107 6.24x 107> 5.07x107> 4.80x 107°
500 0.15060 0.01486 0.01218 0.11257 1.27x107* 250x 107> 197x10™> 1.52x107°
550 0.16489 0.01420 0.01155 0.12877 7.73x107°> 158 x 107> 1.36x107> 1.72x107°
600 0.17644 0.01327 0.01141 0.14253 3.53x 107> 116 x10™°> 4.96x107% 3.08 x 10°°
700 0.19796 0.01209 0.01030 0.16749 2.39 x 107° 0 239x107° 5.67x107°
800 0.21402 0.01071 0.00904 0.18737 2.04 x 107° 0 0 0
900 0.22720 0.00886 0.00705 0.20541 7.28 X 107 0 4.05x107% 8.07x10°°

Background 1.87x10™* 290x107® 525x1077 548x1077 1.03x10™°> 233x107® 1.12x10°® 510x107°
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Significance

125 (SM) 939%x10™°> 9.79x107°
260 1.61 x107% 1.15x10°°
280 1.70x 10°%* 2.01 x10°°
300 1.78 x107%* 3.63 x10°°
350 2.05x107* 141x107*
400 232%x107% 284x107%
450 261 x107% 246 x 1074
500 288x107% 2290x10°%
550 316 X 1074 2.19x 1074
600 3.38x 1074  2.04x107*
700 3.80x 1074 1.86x 107*
800 410%x107% 1.65x 1074
900 436 x107% 137x107*
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1.55 x 10~*
5.81 x 107
1.88 x 107°
2.39 x107°
223 x 1074
5.25x107*
4.74 x 10~*
4.41 x 1074
4.18 x 107*
4.13 x 107*
3.73 x 10~*
3.27 x 107*
2.55x 107

7.93 x 107*
6.62 x 1077
1.16 x 107°
1.86 x 107°
6.68 x 10~*
0.00255
0.00334
0.00399
0.00456
0.00505
0.00594
0.00664
0.00728

1.21 x 1075
1.12x107*
9.81 x 107°
8.98 x 107>
5.52 x 107°
5.38 x 107
1.54 x 107°
1.04 x 107°
6.31 X 1077
2.88 x 1077
1.95 x 1077
1.67 x 1077
594 x 10°8

2.18 x 1075
1.89 x 10~*
1.87 x 10~*
1.77 x 10~*
1.13 x 107
5.60 x 107°
1.07 x 107°
431 x 1077
2.71 x 1077
2.00 x 1077

0

0

0

3.98 x 107>
3.11 x 107*
3.35x107%
3.47 x 10~*
2.40 x 1074
8.45 x 107°
1.26 x 107°
4.88 x 1077
3.38 x 1077
1.23 x 1077
592 x 1078
0
1.00 x 1077

2.19x107*

0.00138
0.00160
0.00179
0.00137

1.65 x 107>
1.76 x 10~°
5.58 x 1077
6.35 X 1077
1.13 x 1077
2.08 x 1077

0

2.97 x 1077
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Opportunities

Internship Work: R PhD work: PhD Work:
RUN 2 RUN 3 HL-LHC and Upgrades

2015 2018 2022 2025 2040
Instrumentation on the High Granularity Time
Fusion Gluon-Gluon (ggF) : Detector (HGTD) :
90% de la production HH . ‘
g 9909090099900 ~ H []:sMm
t/b/c .7 ; [J: BsM

od9F =31.02 fb )
t/blc A o <! oyBF = 1.72 fb

t/b/c N
g 9990990000000 ~ 17l

q
Fusion de Bosons Vecteurs HH (V = W or Z)

First study of VBF Resonant signals HH — bE\_(y_
Complementarity and combinations of results HH — bbbb

VBF quarks forward, to differentiate them from b
quarks from H — bb : HGTD

Particle identification and differentiation using
detection time with a temporal resolution < 50 ps
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