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I\/Ieasurement of the Higc
== |« " ° Higgs potential : will define the

shape of the Mexican hat ¥

V(H) =p2 "¢ + A (@"¢)?

* Trilinear coupling :

ﬂmi —.~ with A,=M, 2/2v and M, 2=2 \*v2
g " ™0  where vis the vacuum
expected value (246 GeV)

All this leads to| A,= A*V
Measuring the trilinear coupling will lead to
constrain the Higgs potential
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Current knowledge of the tri

* The production of Higgs pair with the trilinear coupling is 1000
times lower than the cross section of one Higgs.
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C ! 3 |~~~ Exp. 95% CL limits

* The theoretical value is, for

1 |7 Obs. 95% CL limits

-
~ o~

6, (PP — HH) [pb]

now, 10 times lower than the e S el | | s
experimental limit - we need f ~ =
more data, the theoretical Sl 1 | coms
value will be reached with the ey ] e
help of the HL-LHC (High- e el S
lumisity LHC) o [ T - N 0

https://arxiv.org/pdf/1906.02025.pdf «,

« For now we can only put constraint on the value of A,

(-8.2 < A/AM< 13.2) with A>being the value predicted by the
Standard Model
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Motivation of the

* Huge program of search for a new spin O particle In
ATLAS, covering many decay channels

“000) . ,/H
A --.:
o 6 0 Septeber 2019 MR 3 8
S 40 = 000, . SH
- PP 5 mee © Many theories predict
20 ------------ 1 T :g:at?ev, 36.110" h . f
’ the existence or a

JHEP 11 (2018) 085
[ Hb — bbb
Vs=13TeV,27.8 " . I
arXiv:1907.02749 [hep-ex] h e aV artl C | e d e C a I n
[/ H> ZZ- 4llivy
Vs =13TeV,36.1fb"

=z Into a pair of Higgs

5 | Preliminary JHEP 03 (2018) 174 .
4 F PSS, 85% CL i B3 12 0= boson. Models with two
3 e Observed T - IE.iur. Pr:\t):s. Jj4(.:)78 (2018) 24 -
e l— hh— 4b, -
. higgs doublets (MSSM,

arXiv:1 90.6.02025 [hep-ex] » L]
1 \ —ammsy twin Higgs models and
200.., 1300 & 400 | 500 . 600 | 700 Composite Higg S

tan(B) = v /v, models) could explain
such particle.
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Creation and de

* Proton-proton collision inthe g
LHC "

* Last publication was made
with a luminosity (N= o*L) of
36fbt. We will use all the *
140fb* available now for the =~ ™ ™ s el
hew paper. s com chwiibinhlew/AlaSPUBIELuminosiy PublcResUtSRL2

b
— —
D
o o

- . Delivered: 156 fb”'
- [JLHC Delivered  Regorged: 14710

- [ ]ATLAS Recorded

—_— b
[= B \®)
(=)

_ Previous paper
- New paper

Total Integrated Luminosity [f
[00]
o

e \We will use the data
collected by the ATLAS
detector
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Decay channel X->HH->yybb }7

Decay of one Higgs boson " "i
Into a b-quark pair : best :
branching ratio

0
S 1 - BB o WW _55 I 102
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- 3 lvaq 0.17
- ] — 107
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103 "7—_ . T N, N 10
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M, [GeV] 107

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR2010
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Compare M__ and Mg,

Decay channel X->HH->yybb } ,<

Events /(0.6 )

+
R e S NI TR +
byt ERRREE +;H+++
s e+

+
++ Rty

F
B

| | | | | | | | I 1 _.M**"TJ | | | 1 ‘|++h*'~L.. A L
100 110 120 130 140
M, [GeV]

Decay of the other Higgs boson into a photon pair :
best resolution and reconstruction efficiency
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Background

Single Higgs ttH Contlnuuqm diphoton Single Higgs W,Z H

g
¥
————hAnnnnn
q Y
(a)
q ¥ q Y
BT - ———— NN

* Presence of background with a higher cross section than our signal.
The signal is hidden behind the background, we need to apply selection in order
to reduce the ratio background/signal.

§ 14l Backround continuum
g [ Background Single Higgs
S t2fh Signal
! Sum of all
Before the  7205.07 229734 5.3 2.27e-05 FTITHHILL
selection "] et
Afterthe  0.98 31.88 3.51 0.11 M
selection 02
o:||\\\\‘ll\»l\\|1|||\\‘\\||
110 120 130 140 150 160
m,, (GeV)
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Fit of the background &

* Once the selections are applied we search
functions that fit the expected shape of the
background and the signal

Selections :

(7)) T | T T T T | I T T T T T T T | T T T T |

- ask!ng for two _|dent_|f_|ed photons 5 SIRL T R I e
- asking fot two identified b-jets @ [ 2btag looseselecton . m, = 300 GeV -
- kinematic selection on the photons and the 2 %%° solidiine indicates that my =m, ... m, - 360 Gev
diphoton invariant mass g oo e
- kinematic selection on the jets and the e '
dijets invariant mass dich B
E : :
' < 01 E
B Lo E e
R W < 0.051 = -
iy e o :
. - ) - " T
’ %. y 250 300 350 400 450

r

https://arxiv.org/pdf/1807.04873.pdf ~ M,,; [GeV]
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How to do a search like

% 2400 r— Y 1rrrrYYrr T T T T T T T T T
EE 2200 = dipi;:t:r;:?:"::: 2012
P ol We search for in bump in the data compared to

a0 A [ERETS the bakground only hyphothesis.
i emsov[Laeson’ Once we find one we search the best

IIIII|lllllIIIIlIIIIIIIIIlIl]lIII[III

background+ signal Hypothesis that fit the Data

ATLAS Preliminary

llllllll

.............................

-
1

Data - Bkg
o

1 1 1 1 1
100 10 120 130 140 150 160

https://arxiv.org/pdf/1207.7214.pdf ™"

Example of the Higgs boson discovery by ATLAS g 16 T T T s simaton 3
w0 0.14F \s=8TeV =

Dash line : ~ 042f B
. . E Central - high n
Fit of the data with the background only S ot o |g I =
hypotheS|S z 0-08;_ Forward - low p_ =
i 0'06;_ ‘“ i i mgdel =

Full line : 004F 4o g
Fit of the data with the background+signal 0.02- \\ =
hypothesis e (M 1 ST B - B g
m,, [GeV]
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Previous re

Events / 10 GeV

* Result of the 2016 analysis :

No huge differences between the data and the
background only hypothesis (No bump). Our fits
are limited by the low number of events In the tail.
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* We then reinterpret our result as limit in the cross

section
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Cross section of a Ko
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Limit on the cross section (

Limit over the time

Limit of the cross
section
Limit after tasting it

Due to the tastiness and
the fatness (lots of butter) it
Is likely that the cross
section will just reduced to
almost O !l

TAKE CARE ! YOUR CROSS SECTION
MAY INCREASE !l
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Limit over the cross

e Limit at 95% confidence level of the cross
section of the X - HH decay.

E‘-B'l"'l J RLERE LT REE ELREN R
£ 16 E ATLAS E
: : vVs=13TeV,36.1fb~" 1
x 14 | —e— Observed limit =
Everything that is & ! ~—=- Expected limit E
over this line is x 12 i pam Expected imit+1o
excluded at 95% 10 | Epeciediimkuzo -
~ no signal with a i :
Cross section over 08 I
this line exist 0.6 '

0.4

0.2

1
1
1
I-I IIIF-IIIIIIII!lIIIIIII
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my [GeV]

0.0
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Events / 10 GeV

Data-Bkg

leltatlon of this 1

10

e Presence of a kinematic “turn-
on” make It hard to fit
i specifically at low mass

e But it's at low mass that the

j‘%ﬁev 36.1 o' + g:;a-anly fit |
a | 2 b-tag, loose selection :
1l -
iy
41 /RS L !
A
;:_ﬂ_:uum T
300 500" 500

—  yybb Is the most important

https //arX|v org/pdf/1807 04873. pdf Myyj [GeV]

10

o(pp = S - HH) [pb]

10*

10"5

| A=) {s=13TeV, 27.5-36.1 fb" " limits limits

E‘\ i \ W spm_o e W+W’W+W’ =t W+w'YY
1E ~ —bbW'W = bbbb
- — bt — bbyy

Comb. #lo

== Comb. (0obs.) . (exp.)

g f;c)’(’;*)’ =0 BulkAS

3><'1o2 ' — '103 2><%o3 3x10° .
mcevy  https://arxiv.org/pdf/1906.02025.pdf
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New methc

)

my
mbbyy

Myy - 2m,

More data help to develop more advance technique

First change : from a fit on M, with a cut on M to a fit
on M, with acuton M,

Technique used by CMS

diphoton continuum

=5 160; - diphoton continuum
| - Entries 3178
! - o= Mean x 383.5 035
150 - - :_ Mean y 126.8
| Std Devx 144.8 0.3
= StdDevy 15.06
| - - .
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— - 02
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- - : 0.15
|
120 Ll 0.1
- .
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m
yy

-New cut In m_.

Std Devy 2.071

|
| | | | |
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signal
signal
I Entries 11272
| Mean x 2618
- Mean y 1254
= StdDevx  12.03
[ StdDevy 2495
-
-
7I\‘\\\I‘\\I\‘\\\I‘\\I\‘\\\I‘\\I\‘\\\I‘\\I\‘\\\I
300 400 500 600 700 800 900 1000 1100 1200
MHH
SingleHiggs
. - SingleHiggs
- - Entries 2
s - - Mean x 410 0.06
- - O Mean y 125.1
= :- = = | StdDevx 1522
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Events/(0.35)

Improvement could be made using the fact that the

Compare Signal and Single Higgs

| ?Signal
2~ Single Higgs |

i
ty

+

125

0.061-
< B

Using 2D

Second change : froma 1D fiton M to a 2D fiton M *M,

Compare Signal and Single Higgs

0.051-

0.04]

0.03[

—

\

J*

i

shape of the SingleHiggs background peak differ as

function of the decay channel

The 2D method could also be used for the SM measurement

Signal
Single Higgs ttH
SingleHiggs ZH

105

10015715120125130135140145150155160

m,, (GeV)
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| =
~ ATLAS Work |n Progress
.~ (s=13TeV, 140 fo

bbyy channel

- Ex p ecte dlmt(95/ CL) YY
mt(95/ CL) HH

YY : using the 1D fit on M,
HH : using the 1D fiton M,
(method of the previous paper)

ITI

xpected |
Expected £
Expected £

95% CL Upper Limit on 6*Br |

For limit result : the lower
the better

|IIII|IIH||III|IIII|HH‘HH|III\‘HH‘

El | 1 1 | | | | 1 | | 1 1 1 1 | | 1 ] 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | 1 | 1
200 300 400 500 600 700 800 900 1000
M, [GeV]

* We already see an improvement using the YY fit
method comparing to the first method.
This improvement is more present for low mass
where this channel is the most important

_tEd e
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| R R e L Rk T T T
ATLAS \Work in Progress
ls=13TeV, 140 fo
bbyy channel
e EXpecCted limit (95% CL) YY
------------------- Expected limit (95% CL) 2D

[ Expectedt 1o
[ 1 Expectedt2c

95% CL Upper Limit on ¢*Br |

H\\‘IIII||||\‘HH‘HH‘IIII| III‘HH‘HIIIHII

My ongoing res

YY : using the 1D fit on M,
2D : using the 2D fit on M,,*M,,

For limit result : the lower
the better

H\\‘IIII|III\‘\H\‘HH‘IIII|IIII‘\\H‘HII\[III

| ‘ SRS S Sl 11
0 . 300 400

N
o

1| | | R SR | ‘ S A S ‘ | I -
500 600 700 800

7900 1000

M, [GeV]

* There Is an even better improvement using the
2D fit comparing the the YY fit.
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Conclusio

* Already some improvement have been shown
using new methodology In this analysis

* There are some work to be done to compute
the uncertainties and some parametrization (to
get the limit between the mass point)

e The result that will be published in 2020 will be
the reference until the end of the run-3 in 2024
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Even for those who are not in this picture :)

| with the data collected by the ATLAS detector, talk for the JRJC,
N Raphaél
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CLs Methoc

* HO: backround only hypothesis

H1: background+signal hypothesis

* S :value measured

* a: accepting H1 whereas HO is true (highlightling at 3 o and 5 o)

3: accepting HO whereas H1 is true (treshold : 3 <0.05 this value
will fix the value for our limit)

L RS R LR R I RS
ATLAS 5
Vs=13TeV,36.1 107"
—e— Observed limit

-==- Expected limit

mm  Expected limit 10
Expected limit +20

oy x B(X — HH) [pb]

900 1000
my [GeV]

https://arxiv.org/pdf/1807.04873.pdf
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Redefinition if the diHIggs |

* We want to use correction on the diHiggs invariant mass to
reduce the spread of the signal

_.260CeV_ . 300GeV  _ 325GeV_  __ 350GeV Old = bb.M + yy.M

Cnstrnd =bb__ .M +yy.M (the one used for now)
with bb = bb/bb.M *125

cnstrnd

Tilde = yybb.M — yy.M — bb.M +250

.. old, default
— new, default
--- old, enstrnd

o — new, cnstrnd

i3, . old, tilde

e HE ~— new, tilde

d by the ATLAS detector, talk for the JRIC,

24



* There are some parameter used to characterize
each type of particle then we use an MVA to
discriminate the type of the particle.

* We can choose the MVA cut depending on how
clean we want our signal to be.
(tighter discriminant — cleaner signal)
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Backup non-resona
K, = A /A SM

o(gg — HH) [pb]

4.n I'|'llrIIllrlllIIIIrIlrIrIIIIIIIrIIIII

35 ATLAS —— Observed limit

: - _y =-=-=-- Expected limit
vs=13TeV,36.1 b c Bkt 2ic

3.0 Expected limit +20

BN Theory
2.5
2.0

1.5

1.0

0.5

-] J. - | I L1 I | I L LI | — LI 1 1 I L1 1 1 I Ll 1 |
00045 -0 5 o0 5 10 15 20
https://arxiv.org/pdf/1807.04873.pdf K
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Possible new physi

Possible Higgs pair final

Model Higos Spectrum states from resonant
production
RXSM “dark phase’: H_SM, DM DM DM

SM+real singlet

“broken phase: H.SM, S

H SM H SM, SS

“dark phase”: H_SM,S,DM

H SM H_SM, SS, DM DM

CxsM N P
, brokew phase”: H_SM,HL, H_SM H_SM, H1 H1L, H2H2,
5M+campL&){ stnglet
H2 H1L H2, H . SM HL
2HDM ,
) CP-consernving: H SM,H,A H SM H_SM, HH
2 Higgs dowblets
MSSM , H_SM H_SM
, CP-conserving: H SM, H, A B - .
2 Higgs doublets, SUsSY! wo HH (due to constratnts)
C2HDM cP-violating: H SM,H1L, H SMH SM, H1L H1, H2 H2
2 Higgses mix H2 HL H2, H SM HL
N2HDM H_ SM H_SM, H1 H1, H2 H2

2 doublets, 1 real singlet

NMSSM SUSY!
2 doublets +
Leomplex singlet

H SM H1L H2, A

H SM, H1,H2 ALLA2

H_ SMHL, H1 H2

H SsSM H . SM, H1L H1,
HSMHL H . SM AL
Al HL (wo HL H2, A1 H2
due to conststraints)
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