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4+ With the discovery of a SM-
like Higgs boson in 2012, the
SM is now complete

4+ The Higgs boson provides
tree level interactions with
fermions and vector bosons
which are also linked to the
generation of their masses

4+ LHC Run1 left a strong legacy of Higgs boson measurements:
mass (125 GeV) known to 0.2%
spin 0 and CP parity
coupling to vector bosons and taus established

measurements driven by leading production modes

j,u So far, no sign of deviation with respect to the Standard Model Higgs boson |
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~ The Higgs boson measurement/search maps

4+ Higgs boson physics represents the newer and fresher playground at LHC Run2 to understand the
consistency of the SM and explore new physics effects

4 indirect searches: 4 direct searches:

+ precise measurement of production and +
decays
+ +

+ + exotics decays
+ rare Higgs boson decays
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4+ An incredibly large amount of material ... concentrating on some key aspects (personal choic
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gluon fu510n vector boson fusion (VBF) associated prod. with W/Z associated prod. with tt

s U [ i g B I [ P Higgs phenomenology
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4+ Extremely rich phenomenology both in production and decay: a lot of handles to test the
consistency of the model and probe for new physics effects

4+ large variety of physics objects involved: need an excellent multipurpose detector

4+ good complementarity: cleanest final state have lower cross section or Br. Channels with higher
cross section usually more challenging experimentally due to background
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ATLAS-CONF-2018-018

H->yy
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The golden channels

ATLAS-CONF-2018-028

H->Z7*->41
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+ <0.2% uncertainty on Higgs boson mass

+ partial Run2 result competitive with final
Run1 LHC combination

Phys. Lett. B 784 (2018) 34
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ttH lep BDT1

ttH lep BDT2
ttH lep BDT3
ttH had BDT1
ttH had BDT2
ttH had BDT3
ttH had BDT4
VH dilep

VH lep High

ERN
ATLAS-CONF-2018-018

ATLAS Simulation Preliminary

H—yy
m,=125.09 GeV
Vs =13 TeV

[ ggF
B VBF
[ WH

The golden channels

H->27Z27"->4]
+ select events with 114 GeV<m4.<130 GeV

+ different categories targeting production modes

ATLAS-CONF-2018-028
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/
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coupling to bosons: H->WW

Phys. Lett. B 789 (2019) 508
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/

| thid generation: ->utau |

+ Exploiting all the di-tau decay modes:

had-had, lep-had, lep-lep

+ 2 main categories, each split into tight and loose part:

VBF: >=2j , m;>400GeV
boosted ggF: IVBF , >=1j and prit>100 GeV

+ sensitivity strongly increases with ptH: most
favourable region above 140 GeV
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11 OBSERVATION of H->tt I!!

Run2 signal significance: 4.4 s.d. obs. , 4.1 s.d. exp.

Run1+Run2 signal significance: 6.4 s.d. obs. , 5.4 s.d. exp.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07/

Phys. Lett. B 786 (2018) 59

D H->bb: VH as key channel oA
->

+ Exploiting leptonic vector boson decay: B 3 WH ’Vbb &Y

background reduction easier to collect events T S e A\

+ Three main channels used on the number of reconstructed
leptons (OL, 1L, 2L):

main sensitivity from V pr>150 GeV
using multivariate techniques for signal extraction

cross check with fit to mep distribution
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-053/

c\{RW H->bb: VH as key pr— Phys. Lett. B 786 (2018) 59

ATLAS-CONF-2018-053
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WH -> lvbb

+ Exploiting leptonic vector boson decay:
background reduction easier to collect events

+ Three main channels used on the number of reconstructed
leptons (OL, 1L, 2L):

main sensitivity from V pr>150 GeV
using multivariate techniques for signal extraction

cross check with fit to mep distribution
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VBF

2 b-jets + 2jets (+photon):

Photon

All Had.

Comb.

the photon reduces bkgd and ease triggering
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“all hadronic”

ggH

Higgs candidate reconstructed as large R jet (p1>480 GeV):
: relying critically on double b-tagging inside jet



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-052/

_important

ATLAS H—bb s=7TeV,8TeV,and 13 TeV ATLAS VH s=13 TeV, 79.8 fb™
4.7 0, 20.3 fb!, and 24.5-79.8 fb™’ :
— Total Stat. : — Total — Stat.
Tot. ( Stat., Syst.) Tot. ( Stat., Syst.)
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0 1 2 3 4 5 6 7 O 05 1 15 2 25 3 35 4 45 5
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Run1+Run2 significance: 5.4 s.d. obs. , 5.5 s.d. exp. Run2 significance: 5.3 s.d. obs. , 4.8 s.d. exp.

11l OBSERVATION of H->bb !!! 11l OBSERVATION of VH production !!!
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more on third generation: ttH

i} . i S _ N 'f L) 9/ (Z010) U/«
% 351 T +| T DI tl T | T T T T T IAITLIAls T T T T T T E 105 | | | | | D tl | |- tTIlI |
- ata 2 ATLAS ¢ ata :
Q) C - 2] 1
10 303_ -------------- Continuum Background Vs = 13 TeV, 79.8 fb™ H >}/y 5 10t li:th:’i‘tTeV’ 36.11b Egigc/;sqn Elt\fn-prompt
f E - === Total Background m, = 125.09 GeV - . = gaT;S;(:ad I’/:/,IS:lt::zrrtainty
@ o5 — Signal + Background Al categories . 10°F - Pre-Fit Brgd.
.'53 E In(1+S/B) weighted sum E
Q — - 10
=z 20¢ ]
© 15:_ ] 10F
ugn - : A H->WW/22Z/tt
105 —
5:_ | + \ * l l = . 107 . ! ! | !
E + + ? + ¢ I F_F: S5t
_I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] - % 1 /’/-‘(/4/7*////7%///71)///7/&/ 7/ / //é//-////;/;%/ 7%/ TW WM iahdals
110 120 130 140 150 G \1/6 associated prod. with tt - : —
my, [GeV] B — ety s S on Wiy il v Giticy SSury 15, Y Zant Sy 20, OSur,
000000000 X a" ' o
PHYS. kot B.Z84(2018LIT3 .. g T
g Bhys. Bev. D 97 (2018) 072016
8 g 77777 //t R B N UL S A BN
% :I [T T T [T 11 L — .| |D|at; L L ] 0/0/0701010]0]0/0) 4 Sy t ] ATLAS ® [_)ata -tEH
& [ATLAS it ] — Fis=13Tev,36.1fp  LJit+light [tt+=Tc
s . o tH . S 400F Single Lepton Wi:=lb WU+V
1"9 T H—ZZ" — 4]  ggF+bbH N T >96j P [JNon-tt 7 Total unc.
~ ;5 - 13 TeV, 79.8 fb! xﬁF 350F ﬁRTt - - ttH (norm)
%) C | - Post-Fi
I “”‘“ad;‘;‘”y -z H->2Z2Z%*->4] 300}
> — B Z-jets, tt :
L 5 . i Unjc?e?‘tainty . 250 prTTrnr e
4+ - 2. s
: ] 150 H->bb
3 0 7
. . 100
21 ° * o = 50
1 ; L d ’“ L4 Z _f -qo; 1 2;): | | - | | | o : ______________
O Eﬂ‘*‘l‘ _%-;I‘ ) e | ﬁ: n\c; ! f@'@yﬁ: ///// %
100 |150 200 250 300 350 8 o5 e
GeV -1 -08 -06 -04 -02 0 02 04 06 0.8 1
—— . - 4| [ ] vt B L _ Clasifiaio BDT output .
ao Valerio Excited QCD - 30/01/2019 13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-02/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-13/

more on third generation: ttH e e
g B 4 oma
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_'\@ 25:_— Signal + Bacl
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... going dfter the second generation

ATLAS-CONF-2018-026 Phys. Rev. Lett. 120 (2018) 211802
H->uu H->cc
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+ Fitting di-muon mass in several analysis regions with
different detector resolution and production modes

Dao Valerio

observed 0*BR/(0*BR)su < 2.1
expected 0*"BR/(0"BR)sm < 2.0

expected az1*"BRcc < 3.9 pb

' Excited QCD - 3001/2019

+ Exploiting ZH->llcc production (similar to VHbb analysis)
+ Fitting di c-jets invariant mass in 2 Z pT categories

observed 0zH*BRcc < 2.7 pb
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o) going even more rare

H->meson+
/ H—>Z,—>lly
+ indirect sensitivity to ¢ and b Yukawa couplings >2000E ff Ao | T TTTTITTTITTTE =
: o) - ATLAS e Data ]
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B(H — 1 (28) 7)[107*] 15.6777 19.8
BZ = Jjvy)[10 7] 11700 53 observed 0*BR/(0*BR)su < 6.6
B(Z = ¢(25) ) [10°"] 6.0737 4.5 expected 0*BR/(0"BR)sm < 5.2
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_ putting it all together (*)

ATLAS-CONF-2018-031

+ Good complementarity and consistence among the various analyses

+ Leading production and decay mode established at more than 5 sigma: no major deviation from SM.

Observed+1ol—~—| > T T T T T T T T ' T
ATLAS Preliminar > - o .
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| 2 107 E —
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F ww — - ) -
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TT I—%Eﬁ 1072 == .',»‘ b —=
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184 ;I—E—' B a
zz | : —— | 10° . =
VBF ww |—EE|—|‘ E x" E
TT —— = ® ]
""""""""""""""" Ty 1074 = —
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Y4 I —— | o 1.2 ]
VH | © 441k 4
bb F%E4 o '1 B # i
-------------------------------------------------------------------- - SR fTNY R, | T s
comb. H=—— 0.9 -
vy F———— 0.8 [ -
V474 — L ]
| 0.7 | 1 M | 1 M | 1 Ll
ttH_l_tH TT b%ﬂ 10—1 1 10 102
bb ——— .
| T R RRREEEEEEEEEEEREEERES Particle mass [GeV]
comap. =

—1—050051152253354 _ _ o
+ reaching very high precision in determination of

o x B normalized to SM value coupling to SM particles

( ) not mcludlng the Iatest Hbb results
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_ putting it all together (*)

ATLAS-CONF-2018-031

+ Good complementarity and consistence among the various analyses

+ Leading production and decay mode established at more than 5 sigma: no major deviation from SM.
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2 L _
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+ reaching very high precision in determination of
coupling to SM particles
(*) not including the latest Hbb results
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+ Large amount of information allow to probe more
general scenarios/assumptions:

independent coupling modifiers for ggH and Hyy loops
(sensitive to BSM patrticles)

allowing Higgs boson to decay to non SM patrticles

+ Clear assumptions: only modification of the
strength of the coupling is considered and not a
change in their structure

October 2018
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Phys. Rev. D92, 092004 (2015)
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ATLAS-CONF-2016-004
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_putting it all together (2)

ATLAS-CONF-2018-031

ATLAS Preliminary 1o interval mem
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results could be used to set limits on new
physics models that predicts modifications
of the couplings

+ example on hMSSM: results complementary

fo direct searches
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beyond coupling modifiers
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also helps reducing theory uncertainties

(similar approach in H->bb and H->tautau)

e

Dao Valerio ‘Excited QCD - 30/01/2019


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-018/

~ H->invisible

+ Direct search for Higgs decaying into “non detectable particles” (dark matter candidates)

__ ATLAS-CONF-2018-054/

N/ S

+ need to rely on associated Higgs production (predictions): missing Et + X final state

X
-0

+ Key requirement: missing Et > 90-120 GeV
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H->invisible
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H->Z4Z(q)
+ Exploiting excellent lepton performance to
look for new resonance in Higgs decay:
dark sector model interpretation

+ Single resonance (ZZ4): closely following SM H->Z2Z*

analysis > 10° g
O -
+ Double resonance (Z4¢Z4): pair OS SF leptons minimising the 2 oL
. )] =
difference between reconstructed masses of the two o F
candidates -
1
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+ Very low mass region (muons only) also interpret in
the context of H->aa searches
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+ Search for decay into pair of spin 0 pan‘/cles
subsequently decaying into SM particles: key
experimental challenge is handling of low pr

objects

+ Assuming SM production; model independent

limits in each decay

+ Comparison of analyses in 2ZHDM+a model:

-
o
[}

Br of a strongly depends no the model parameters

good complementarity of final states in the full

parameter phase space
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Summary and Conclusions

+ This was a partial (and biased) overview of the landscape of Higgs boson analyses at ATLAS

+ First part of LHC Run2 dataset already brought some important milestones:
+ observation of H->bb decay

+ observation of ttH production

+ No significant deviation from SM prediction has been found but ATLAS continues to improve the
precision of the measurements and to provide unexplored opportunities for searches that could be
used to constrain new physics predictions

ATEAR

- ATLAS RECORDED LUMINOSITY - &S

+ much more data
already on tape to be
analysed (and event
more to come, see
Pedrag’s talk)

1111 Stay tuned for
upcoming results 11!
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“would you like to know more?”

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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| Current exper:menta status
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LHC HIGGS XS WG 2014

+ Run1 legacy results: being confirmed by Run2 measuremen §1°2

pp — H (NNLO NNLL QCD + NLO EW)

2012 discovery and precise measurement driven by
gluon fusion production mode [indirect probe of
coupling to quarks] 1

/ pp — aaH (NNLO QCD + NLO EW)
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observation of decay into tau pair confirmed coupling
to fermions (leptons)
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mass measurement now at <3% uncertainty
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~hanomenology

+ production and decay with statement on complete
sophisticated analysesgluon fusion:

overwhelming multi-jet background
only limited to very high pr

+ Vector Boson Fusion: 1/10 of total cross section
forward jets topology helps reducing the background

fully hadronic final state still maintain many
experimental difficulties (trigger)

+ VH production: 1/20 of total cross section

can use leptonic decays of V for triggering/background
reduction

GOLDEN H->bb channel at hadronic machines

+ ttH: 1/100 of total cross section

can rely on leptonic decays of top quarks for triggering/
background reduction

complicated combinatorics: difficult to extract a mass
peak already for the signal
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Coupling parameterisation (2)
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Coupling parameterisation (2)

+ 2HDM: extension of the SM to 5 Higgs bosons ( 2 CP-even, 1 CP-odd, 2 charged)

+ h = lightest CP-even. Can parameterise deviation of couplings as a function of 2 mixing parameters
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~ H->invisible

+ Express production and decay of Higgs boson in terms of simple modifiers of couplings with known
SM particles: assuming that effect of new physics modifies the rate but not the type of interaction

N

. S S e G e ==

ATLAS-CONF-2018-054/
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c [ ATLAS 1 * Introducing new parameter for Higgs-to-invisible
N b Vs=7TeV, 454710 1 branching ratio:
8~ Vs=8Tev, 203" 7
~ Obs: | Br(H->xX)= k2 / k24 * (1-Briny)
5 - —\Vis. &inv. decay channels / N
o Inv. decay channels .
I ----Vis. decay channels ] . . . .
4L Y |+ Simultaneous fit to all Higgs boson production and decay
[ ] measurements can help setting upper limit Briny:
o . Brin<49% @ 95% CL level
U | improving by 10% the limit from direct H->invisible
O B N ‘f‘#‘-'#*'j'-:lj'-lrj;ﬂ-l""1~—|'-l'~|-+~r<}~i-l~1——|——l~|——l— 1 1
o010 01 02 08 04 05 searches .... and making it less model dependent
BF‘linv
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‘Sensitivity might not require extreme Precision” M. Mangano's talk
scale of your
Q 2 analysis

size of ) OQ ~ | X

deviation

NP scale

+ Probing higher scale in the analysis makes you mode sensitive to NP therefore you can afford to
be less precise

+ One example:

3% uncertainty for pr>150GeV : probes scales

Hi ducti I
up t0 890 GeV/ | |ggs Pro uction a?t [all'ge PT

108 . o
1, l |
10% uncertainty for pr>600GeV : probes scales N=0(Pra>Prmin) x 3 ab
up to 1800 TeV :
6 * ]
an analysis 3 times less precise has twice the T 4
sensitivity HL-LHC
104 — —
+ High pT VH analysis could become competitive NE all rates 1O
with inclusive H->WW measurement Solid.
olid: gg—>H
102 | Dashes: ttH N
. i | Short dasky
+ As Higgs pr increases, VH becomes more and /

more competitive with ggF as dominate Higgs 1
production mode /

500 1000 1500 2000
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Hpp as a tool for BSM searches

+ Direct searches:
new physics signature include SM Higgs boson or SM Higgs-boson-like particles in final states:

consider simplified models as a prototype for a large variety of models: heavy vector triplets,
vector-like quarks, Higgs+invisible, SUSY EWK decay chains, di-Higgs resonances

+ Indirect searches:

modified interaction of Higgs boson can be revealed through deviations of production/decays with
respect to SM

often interpreted in the context of effective field theory (EFT)

L= Lo+ Y 900/’

energy scale of LHC

indirect searches | direct searches
differential measurements specific analysis
Tgﬁﬂsuremte.tl.vt > [including upper limit in regions < for a given model
O quanttes more granular with small signal] less model
measurements dependent
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+ VH production very sensitive to anomalous /7 /89 dim 6 operators

Higgs-Vector boson interactions

Operator | Expression HEL coefficient | Vertices
2
O, |H >G5, G cG = ";—‘;ag Hgg
5
o, |H|?B,,, B* cA= %G Hyy,HZZ
+ “Sensitivity” VS “Precision” balance: 0. yulH|%@Hug+ h.c. cu = v2¢, Hif
FEE NN NS EE NN NN NN NS NN NN NS NN NN NS NN ENEEEEEEEEEN 'Z. ------------------------- d
oy : ; F _ my .
effects are small on quantities we can :Onw | {(DRH) o (D"H) Wy, | W = =Sepw | HWW, HZZ
. ] . m - .
measure very precisely :Opp | i(D"H) (DH)B,, | cHB="éyp | HZZ :
M 2 M
, , 10 | (H'0“DHH) D"W@ o = 2W.é HWW,HZZ :
effects are much larger in tails where the W A T" ) D" Wi, 8 :
. s : p . ; 7z v — Mw =
precision of the measurements in less high : O i (' D"H) 5" By cB=rcp | HZZ
c% = T T I I I T T T %Lﬂ 4EATLASSimuIation Preliminary ]
o ===-¢G =0.00003 cHW =0.04 ATLAS Preliminary e 35 :_ — &, = 0.004 _:
810~ —CA=00003 | ---:cHB=015 | o Vs=13TeV, 36.1 fb" — B [ —8,=0023 g
§ - - cu=0.25 -+= cWW - cB=0.06 : : e ; = X 3 —&,-c,=0.008 —
< - ... ! I : ' . a 0 - ]
s or : ! : : S I 5o E
= i ! I I ! I _ - ]
T - I L. .. I i i H 2 -]
n i I i e ! | | - .
i P - N : i' """" 1.5 =
-',-_-'.-__-'.-__-'.l. . _!_ cmim o ' Sroraa) N f E
1 ;—_':ﬁ- S— e R = - 1 j _
— | | | | | 1 R 1 . 0 55 WH—Nbb ZH—(ll,vv)bb ]
B(H:w) 99F %~ Haq %~ Hag qq—ingq qqr;th % Haq S v I I fiH . 750 oW 5 750 B2
B(H— 4I) pi<25 GeV = 25 GeV VH-lik | pl>200 Gev  low p! high p} low pZ high p? <prw<25 Or C:jio GGVVOTZ? 150 Ge;'OTZ‘?SOTsto Gel/

pTW>150 pr4>150
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gg—H (0-jet)

gg—H (1-jet, p*r’ <60 GeV)

g99—H
(1-jet, 60 < p’;’ <120 GeV)

g99—H

L L L B B B B
ATLAS Preliminary
{s=13TeV, 36.1 fb”

H—yy and H—ZZ*—4l

m;, =125.09 GeV, ly |<2.5

| B, /B

(1-jet, 120 < p’; <200 GeV)

or VBF-like)

gg—H (= 1-jet, p’; =200 GeV)
+ qq—Hqq (p’T > 200 GeV)

qq—Hqq (p’T <200 GeV)

1 144 41

0.20.40.60.8 1 1.21.4
! | Ratio normalized to SM

Measurement lof

Stat. uncertainty

9g—H (= 2-jet, p!! <200 GeV .
|
||

gg9/qq — Hil/Hlv I d

Syst. uncertainty |:|
SM prediction I

99/qq—ttH —te—
4 0

2 3 4 5 6
O, X B, normalized to SM

...g § ATLAS Preliminary VH, H—bb, V—leptons cross sections: §
a _ {s=13 TeV, 79.8 fb™ ® Observed ==tot. unc ==stat. unc _
>LQ 103 L . ==Expected [[]theo. unc. _
o S : E
X - V=W : V=2 :
s [ L n
m 107 ! t =
x E T L :
o} = o E -
10 & * : T =
- 4 | —i—:
- | ; | .
B o A T 4
21 — ! _
g r T . * T * ]
I S S ﬂ
£ 0- =X : = -
150 Jel(8 75, 150 P2
<oW =250 <P< 7 o< r=250
r~250 Gey, Gely 75750 Gey/ r~250 Gey, Gel
A; 3 B T T T T I': T T T | T T T T | T T T T | T T T T | T T T T E T T T T H
o [ ATLA‘E! Preliminary (s=13 TeV, 79.8 ftf'1 5
§|25:_ —obs. -= eXP. _:
< ¢ : ; .
21— 2 6
150 )
. Ho-
0.5 :_ -': 1 0_:
B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 f‘J P .. 1 1 | 1 1 1 1 ]
—CP.025 -0.02 -0.015 -0.01 -0.005 0 0.005 0.01
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Observed HEL constraints with H— ZZ* and H — yy

| T |
. ATLAS Preliminary
-4 : :
cG[107] .  Vs=13TeV, 36.1 fb"
cu
cHW[10"]
cHB[10"]
cWW-cB[10"] : -
| | |
> 0 ) R
Parameter value 44
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S TX S ATL-PHYS-PUB-2017-018

- VH (H + leptonic V)

¢ | | VBF : \ ¢
e [ (| > 2t | | > 2det pi 2500 | qg—> VH | [ 99> 2H |

[ ~ 2j | [
|
d |W—>eu | | zouter |

Com] R

pY. (150,250 py [150, 250

= 0-jet = 0-jet

(+) (+)
> 1-jet

| pY¥ [250, o0] | pY [250, c0]

> 1-jet

_ (EWgqH incl. VH — qqH)

| BSM —
[ pil0,200 | - bbH tH

| ! }
v (SRR -

.

(+) = Constructed from figures in
arXiv:1610.07922
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&N _ Di-Higgs combination

A
=g i s o oL S LTSS e O Sl

Ultimate goal is the measurement of Higgs boson self coupling:

SM process ( cv#=33fb ) way out of reach for current analyses also due to e h
negative interference with “non resonant” production h ,7
Run1 result: 611<690 fb A B ‘*\
N\
N\
*h

Still many new physics models (2HDM, graviton) predict resonant and
non resonant enhancement of di-Higgs production:

SM Higgs boson as extra handle to assess presence of new physics - = 'h

sensitivity to anomalous triboson coupling: A

bb 1
WwW R QQO ---h
g9 102 Given the extremely
- "1 d 102 low cross section:
— need to rely to at
o ~ least one high .h
ZZ statistic decay mode .7
Yy A _X_.’
Zy T \
‘h

| | |
bb WW 99 TT CC ZZ Yy Zy MU
>

lower background




Di-Higgs combination

> 107 E T T T T T T T T T T T T T T T T T T T T T T .; .E LI L L L L L L Y L L L I |D| t| LI N I N L B L B L % L I o I L I T I L I L B
e = imi ¢ Data 3 @ F ATLAS Preliminary _*_ na o o s 20— ATLAS Data ]
0] = reliminary - 10 ) NR HH «,=-5 .
o 108 _ 4 [ Multijet i} {s=13TeV, 36.1 fo° === NRHH x,=1 Lo} - Vs=13TeV,36.1 fb~ ——— Bkg-only fit
B . L= B L SLT 2 b-t jet — 1. fak 32] —
2 10" Resolved Signal Region, 2015+2016 [ Semi-leptonic & — JE e 208 e e o) = 15 §
2 = N\ Stat+Syst Uncertainty 5 10 [ | glt\;l]?-: o 7]
19gs 1
10* E = NRHH«,=-5(x95) 5 10* @ Uncer’(g}a?nty B
= ~=- NRHH ;=1 (x 1291) 3 = ena. e, awes Pre-fit backg:glt_md IIIII 10 ]
10°e - - - NRHHx,=10 (x98) ~5 1P e ttnen o -
o - 102 S n
10 = 10 -
E E 1 0 _{ } { } 1T I T I T T I T T I LI { ]
1 1 ()] 5 1 ]
:g - E: 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 é { } .
m . FTr 1T 1T L L 1T L L 1T 1T LI
> 0.02— [~ _—~T] NR HH normalized to oxBR — S 12 ! ‘ ‘ ! ! ! ! ! ! ;g 0F-1-- +* — #_4 - # * - *4#*;
_ X - SN N \\\\\\\ \\\\\\\ AN \\\ \\ \\\ ; m ]
001 | A, __L—-_I_______ | ] % 0;;_’ Creeten g ey + ‘F E o - 4 .
__E:'Lrll__,_,—n--"""-l':'=ﬂ.l-—?". "—"—‘-"-':'-"-'é'ﬂ-.'-_"lnl'-lu'\-—.-.l_-_ © Evooav v b b b by ‘ L1 ‘ AN BN B i —5—1_1 I | | I L1 I | T - I | I I | I | B
000 200 600 800 1000 1200 1400 O 1 -08-06-04-02 0 02 04 06 08 110 120 130 140 150 160
Reconstructed m_, [GeV] BDT myy [GeV]
I I I I I T I I
ATLAS Preliminary  —*— gbsef‘t’e:
~ o mmeee- xpecte
(s=13TeV, 27.5-36.11b W Expected =10
GSS’,': (pp — HH) =33.4 fb Expected = 20
Obs. Exp. Exp. stat. |
HH— bbbb 129 20.7 185
HH— bE‘l7+17- 126 14.6 11.9
HH— bbyy 204 263  25.1
Combined 6.7 104 9.2
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0 10 20 30 40 50 60 70 80
95% CL upper limit on OggF (pp — HH) normalized to oz‘g"F
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B <0.24 ATLAS Prelim.

All limits at 90% CL  Vs=7TeV, 4.7 fb”
\s=8TeV, 20.3 b

Vs =13 TeV, 36.1 fb™

Higgs portals
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