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Standard Model Higgs

So far...

* Discovery of a neutral scalar particle of mass ~125 GeV
confirmed the predicted electroweak symmetry
breaking mechanism of the SM

* Experimental results show consistency with the SM Higgs boson
But the SM is not perfect...
* Hierarchy problem, dark matter, unification of the forces eftc.

Fortunately consistency with SM doesn't exclude Beyond SM scenarios

‘S IS L L L L B
 Extended scalar sector appears in many | 5 100p ATLAS Preliminary - — 0, - 12509V .
. ¢ 7 [ AH—oyy 6 H—ZZ*>4 scale un‘certalnty

eXTenSK)nS of The SM 4 b& 80_— » combined data mm Total uncertainty (scale ® PDFsc) ;

s | | systematic uncertainty L

« They allow for SM-like Higgs 60F SM >

phenomenology with smaller or larger aof '
modification of couplings ;
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Beyond the Standard Model Higgs

General recipe: SM Higgs Doublet + Additional Field = Additional Higgs Bosons
* SM +another Higgs doublet = Two Higgs Doublet Model, 2HDM
* 5 Higgs bosons: h, H, A, H*, H-

* Free parameters: tanp, a and m,

Four variants to couple SM fermions to the 2HDs

Coupling scale factor ‘ Type I Type 11 Lepton-specific Flipped
Ky sin(8 — a)
Ky cos(a)/ sin(f3)
Kd cos(a@)/sin(B) —sin(a)/cos(B)  cos(a)/sin(B)  —sin(a)/ cos(B) 2HDM Type Il ATLAS
K¢ cos(a)/sin(8) —sin(a)/cos(B) —sin(a)/cos(B)  cos(a)/ sin(B) N Eb. f‘f%“ §=7TeV, 4547 b

(s=8TeV,20.3fb"
= === Exp. 95% CL

Table 5: Couplings of the light Higgs boson h to weak vector bosons («y ), up-type quarks (k,), down-type quarks — - sMm

(x4), and charged leptons (k;), expressed as ratios to the corresponding SM predictions in 2HDMs of various types.

e 10k
* Minimal Supersymmetric SM (MSSM) ’ 43(
* “type IT" 2HDM with fixed a 2
* numerous benchmark models: hMSSM, m,mod* etc, 16
* SM Higgs Runl results => strict constraints on 2HDM. 8“31; K
Data prefers alignment limit: cos(p- a)=0 o
* h recovers properties of the SM Higgs RS0 K
* SM +triplet = Higgs triplet models JHEP11(20_115_;.28C;26_0.4_0.2 el
* Double charged Higgs boson + 2ZHDM Higgses
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Strategies using Higgs to find New Physics

Strategies that use Higgs to find new Today:
physics: * Neutral Higgs to fermions
. . *H— JHEP 01 (2018) 055
 Indirectly, by looking for non-standard . bH —frbb ar'Xiv:190(7.027) 49

properties of light Higgs (spin, CP,
couplings, LFV decays etc.)

. — Charged Higgs
* | Directly, by explicit search for BSM o Ht > Tv JHEP 09 (2018) 139

objects *H* > 1b JHEP 11 (2018) 085

*  Additional Higgs bosons (neutral and THES lili ) Eur. Phys. J. C78 (2018) 19
charged, decays to SM particles or to « H= > W*W* Eur. Phys. J. C (2019) 79
Higgs bosons)

* Higgs decays to BSM states (light
scalar resonances, invisible decays,
long lived particles etc.)

Higgs to dihiggs
* see talk by S.Shrestha, C.Amendola

* see talks by L.Truong and Neutral Higgs to bosons
Y.Gershtein * Hyy ATLAS-CONF-2018-025

Disclaimer:
Incomplete set of analysed Higgs channels. Only most recent results shown.
New results with full Run-2 dataset coming
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Heavy neutral Higgs decays to fermions

/
/

/ Dominant production modes

ﬂ,h/H/A in the MSSM:

' * gluon fusion (low tanp)

 b-associated production
(high tanp)

* In the MSSM, the heavy Higgs boson couplings to down-type fermions (7,b) are strongly
enhanced for a large part of the parameter space for large tanp

* increased BRs to T- leptons and b-quarks

* higher cross section for Higgs boson production in association with b-quarks
« Searches for both decays to b-quarks and 1- leptons needed to cover all 2ZHDM Types

* T- leptons sensitive to IT and Lepton-specific Types

* b-quarks sensitive to IT and Flipped Types

* H/A>t JHERIOL(20183055 « H/A >ttbar ATLAS-CONF-2016-073,
* bH/A-> bbb arXiv:1907.02749 Runl

« H/A >uu arXiv: 1901.08144
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* Mass range 450 - 1400 GeV

* Targets Type IT and Flipped 2HDM at high tang (where H/A

mainly couple to b-quarks)
* Challenging b-jet trigger

* Events classified according to the number of jets and b-jets
* m'y, from diagonalized (m,, PT,;,PT,,) improves S/B

separation

95% CL Limits
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Fully data driven background with bb(anti-b) CR

arXiv:1907.02749
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Charged Higgs searches

H* predicted by 2HDM, Higgs triplets,... (mH+ < mfop) . (mH+ 2 m’rop)
In Type IT 2HDM:
Main production in association with a T —
top quark o 4.
At high mass H* - tb is the dominant
decay mode w
BR(H* - 1v) significant for a large BT
range of masses for high tanp '
t+ predicted by Left-Right Symmetric Models (LRSM), Higgs
= Triplet Model (HTM), Zee-Babu and Georgi-Machacek models
f ol In LRSM and HTM:
4 4 * Dominant production at the LHC: DY pair production
ol ot * Decays: H* >I** or H* 5> W:W*
: v/ e . * BR~ f(m,,, vev of Higgs triplet)
q Y = * Lowm,,, and low vev: H= >ltlt dominates
* H*>w JHEP 09 (2018) 139
« H*> tb JHEP 11 (2018) 085
* H*H">4W  Eur. Phys. J. € (2019) 79 « Ht -> WZ Phys. Lett. B 787 (2019) 68
* H=*H >4 Eur. Phys. J. €78 (2018) 199 * Ht -> cs Eur. Phys. J. C, 73 6 (2013) 2465, Runl
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JHEP 09 (2018) 139

Charged Higgs searches: Hf—1v, tb '_{HEP 11 (2018) 085

*  H* > 1v, mass range 90-2000 GeV

« Final states T,.4*jets, Tqtlep
* Tau polarisation variable used ‘
* BDT trained in different mass bins

+ H* > tb, mass range 200-2000 GeV
 Final state single- and di-lepton

(opposite-s

« SR and CRs according to the number
of jets and b-jets (7 regions)
« BDT trained in each SR and for

ign)

each sngnal mass hypothesis
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Doubly charged Higgs searches: H*H">4W, 4|

H#*H™>4W (THM), mass

range 200-700 GeV

« Signature: 21°°,31,4l light
leptons + missing E+

*  Mass- and channel-
dependent cuts on
discriminating variables

* Final fit based on six bin
counting experiment

H*H™>4| (LRS), mass range

250-1300 GeV

« Signature: isolated 2/°° 3|
(1 pair SS), 4l (2 pairs
SS) light leptons

+ Discrimination: dilepton
invariant mass, for SR
with 4 leptons mean mass
of two SS pairs
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Neutral Higgs decays to bosons: H—yy (low-mass)

- ATLAS- CONF 2018-025

* Generic search for diphoton resonances in mass

range 65-110 GeV

* Three categories depending on how 2 y's candidates

reconstructed (converted or not)

*  Main backgrounds described with analytic functions

validated on data

* Continuum: yy, vj, jj (jets misidentified as y's )
* Z/y*->e*e (Drell-Yan): e's reconstructed as y's

> [ T T T T | T T T T | T T T T | T T T T | T T T T T T T T _]
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NI L MV SR SS | |
Summary

* There is a plethora of searches for BSM physics in the Higgs sector at the LH #

* Only a small selection of results were presented here

* No evidence for any BSM Higgs Boson... yet

1+ Dedicated efforts in the combinations help improve sensitivity hiss

@\ « By now only impressive agreement with SM observed, instead of inspiring surprises |
 But we have not yet finished! Much more Run2 data (140/fb) to analyse! /%

« We will turn every stone © - but for now we need to wait a bit to tell an inspiring
story to stimulate the HL-LHC and future experiments
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Neutral Higgs decays to bosons

* BSM scenarios tested also for decay of neutral Higgs to di-boson final states
- WW, WZ, ZZ, VH, Zy and yy
* Large variety of final states including leptonic and hadronic decays

JHEP 03 (2018) 009, JHEP 03 (2018) 042, THEP 03 (2018) 174, Phys. Lett.B 783 (2018) 392,
Phys. Lett.B 775 (2017) 105, Phys. Lett.B 777 (2018) 91, Phys. Rev. D 98 (2018) 032015, Eur.
Phys. J. C78 (2018) 24, Phys. Lett. B 793 (2019) 320
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Neutral Higgs searches: H/A—TT | THEP 01 (2018) 055
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Neutral Higgs searches: H/A—T1t | THEP 01(2018) 055
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arXiv:1907.02749
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In order to isolate events with small FSR and good mg resolution, a principal component analysis (PCA) is
performed on the three dimensional distribution of the variables mpp, pt1, and pt2 using events drawn from
the signal MC sample with the bbb classification following pre-selection. Separate PCA’s are performed
for each of the fifteen simulated values of my and for each of the three n-jet regions. Upon diagonalization
of the covariance matrix for mpp, pr1. and pro, the first, second and third principal components define the
variables mj , , py,, and py,, respectively. The point (m},, p;,» P1,) = (0,0,0) corresponds to the vector of
mean values for mpp, pr1, and pra. Two-dimensional distributions of pf, versus my, and of pr., versus
my, are shown in Figure 4. )19



H* decay modes

* For my, < my,, the decay H* - v usually dominates in a type-IT 2HDM

» For my.>m,,, the dominant decay is H* - b, however the branching
fraction of H* >71v can reach 10-15% at large values of tanp in a type-IT
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Ht>T1v: Selection

Thaatjets: pp>bbWH:=>bb(jj)(T,.4V) Thoatlepton: pp>bbWH:>bb(Iv)(T),4v)

Sensitive at large m,;, Sensitive at low/intermediate m,,
« E{™ss trigger | « Single lepton trigger
| « Select events witha T1,,4and a |+ Select events witha 1,4 and a
hadronic top-quark decay: ; lep’ronlc top-quark decay:
* 1T1,,40bject with p;>40 GeV, 1 T,,4 Object with pr > 30 GeV,
« 3 jetswith pr>25 6GeV, including 1 b-tag | * 1lepton with pr> 30 GeV
» Electron and muon veto | «  Two opposite sigh channels: e+T,4
« EpMiss > 150 GeV i Uy '
* my>506eV 1 * At least 1 b-tagged jet with pr> 25 GeV

mry = \/2pTE MiSS(] = €0S Adr-miss) { « EMiss> 50 GeV

—— - b - YT — e —~——

Dominant backgrounds: SM ttbar production, misidentified jets as fake T4

Backgrounds with a true 1,4 : MC
Backgrounds with e, u faking 1.4+ MC + data-driven corrections
Backgrounds with jets faking 1,,4: data-driven fake-factor method
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Ht>Tv: AnC(IYSiS Strategy

Multivariate discriminant:

* FastBDTs trained in 5 H* mass bins

 Separate training for 1,.4+jets and
Thoa*lepton final states

* Polarisation variable used for 1-prong T4

objects when my, < 500 GeV

- discrimination between H*—1v (signal)

and W*—1v (top background)

* increase of sensitivity for low H* masses

T =

E{_ri . E17_r0 p_?-track

~ 2 —g

Ef

| « No statistically significant deviation from the

SM predictions

« Exclusion limits obtained from a fit of the BDT

distributions

Systematic uncertainties:
: fake factors method

« dominant at low my,
« dominant at high m, :

pr

signal modelling
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H*>71v: Fake Factors method

",Vr—id
A'V‘m(i T—id

7T ranti—7
Alltl\ \llk > X FF

« Define an anti-tau region, which is similar to the signal FF =
region but where a tau candidate fails the ID-tau
requirement, instead of fullfiling it.

« Two control region with different jet compositions are used in order to determine the
rate of the fake tau object
* Multi-jet CR (dominated by gluon-initiated jets)
« W+jet CR (dominated by quark-initiated jets)
* In the anti-tau regions, the fractions of quark- and gluon-initiated jets misidentified
as tau candidates are measured using a template-fit approach, based on variables that
are sensitive to the difference in quark- and gluon-fractions between these two types

of jets
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Ht>tb: Selection

* At least one leptonic top-quark decay
* single-lepton triggers
« Considers 200 GeV < my, < 2000 GeV
+ Single- and di-lepton (OS) channels
« Z-veto in ee and uu channels; ‘
« Event categorisation in Signal and Control Regions
| according to the number of jets and b-jets
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§ 10° T T T T T T Dat.ln T T " l(200 ) T
- + aEEEm
g ATLAS i [ C ezt
@ E=13TeV.361 % -ﬁ+21b Di«-x
‘g 10° pre-fit [ Nontt ZH Uncertanty
10°
10*
10°
10°
10
= 14
REL
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CRe. . SRicn  CRe SR, SR, CRey;  SRe,.  SRe. CRe. SRe. SR
CE R, -, X - &, A -, " &> > &> &> &> i’
Iz, . 3, 24jop 2z 29 > Tets 52 Tots 5., Tets sféqbe's > Gjebfets 263 Jets

Single-lepton: CR 5j2b, SR 5j3b, SR 5j4b, CR 6j2b, SR 6j3b, SR 6j4b

Di-lepton: CR 3j2b, CR/SR 3j3b, CR 4j2b, SR 4j3b, SR 4j4b
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Hf>tb: Analysis Strategy

« The dominating background: ttbar +jets
« Model = Powheg+Pythia8
« Categorised according to the flavour of additional jets (b/c/light)
* Prompt leptons modelled with MC
|« Non-prompt leptons in €€ modelled with MC and normalised with data in CR
| » Non-prompt leptons in 2+jets modelled with a data-driven matrix method
| « Use sample with enhanced non-prompt leptons (use loose selection)
,i « Weight events by efficiencies for prompt and non-prompt leptons to pass default tight
| selection

- T ——— T —— YA P P Ty T Y 7 W WY T AT W R S ~ >

| « Separate BDT trained in each SR and for
each signal mass hypothesis :

E ' ' in si | S o8 S 9
| Trained against all backgrounds in single | < ATLAS Simulation ] sec @07 200 Gey 3
» I_?pT.On §h0nr.\e| + 1-1-b . d | + h I | g 0.7 c+jets, 5> 3b w—eeme H* (BOT 200 GeV) T;
|+ _Trained against ttbar in di-lepton charnel | § o =
. . . . . . . ! - ANS, |ssi=s W‘BDT &X)G V) E

*  No statistically significant deviation from the g 09 e 3
SM predictions ‘ g oan 1] 3

« Exclusion limits obtained from a fit of the 0.3 £ 3
BDT distributions in SRs and a single bin in | 0.0k P13
CRs \ BR S

0.1 ;': YA e : E

‘ DominanT SYSTemC(ﬂC 0 o o O O P 1. -
uncertainties: | -1 08060402 0 02 04 06 08 1

| BDT output

-« Jeft flavour tagging

-« Background modelling
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£ +]ets channel

pr) ] Leading Jet transverse momentum
m(b-pa.erRmm ) Invariant mass of pair of b-tagged jets with smallest AR
prs) Transverse momentum of fifth jet
H> ) Second Fox-Wolfram moment [128] calculated using all jets and leptons
AR™2(b-pair) ) Average AR between all b-tagged jet pairs in the event
AR(¢, b-pahA_Rmm) AR between the lepton and the b-tagged jet pair with smallest AR
m(_u-p@urAR e ) Invariant mass of the non-b-tagged jet-pair with minimum AR
H#' s Scalar sum of all jets transverse momenta
max
m(b-pa.lrp T ) Invariant mass of the b-tagged jet pair with maximum transverse momentum
m™3* (b-pair) Largest invariant mass of any two b-tagged jets

m™ (jtripler)
D

Largest invariant mass of any three jets
Kinematic discriminant based on mass templates (for mp;+ < 300GeV)

££ channel, m < 600 GeV 33b  =43b  >4j=4b
m((j, b)" 'I;'m) Inv. mass of the jet and b-tagged jet with largest pt '

AE(j3, &) Energy difference between the third jet and the subleading lepton '

E(j3) Energy of third jet '

Am(jy + jo, i + 3 + & + EFS) Inv. mass difference between j) + j and jy + jz + & + EMIS v

AR(ja, ji + & + E™) Angular difference between subleading jet and j + &, + Ef™ v

pr(by) pr of leading b-tagged et v

pr((t, I))A""jm ) P of the pair of lepton and b-tagged et with largest A v

m((¢, bYA*™™) Inv. mass of the pair of lepton and b-tagged jet with smallest Agp v

AE(by, &) + EFIS) Energy difference b the leading b-tagged jet and £ + EIS$ v

Am(js +j3, jy + & + &) Inv. mass difference between jp + j3 and jy + &) + & '

Am(6y +j3 + EP™, ji + o + &) Inv. mass difference between €1 + j3 + ET and jy + jo + & v

Apr(j1s j3) pr difference between leading and third jet v v
m™0(b_pair) Smallest invariant mass of any b-tagged jet pair v v
m™n(¢, b) Smallest invariant mass of any pair of lepton and b-tagged jet v v
pr(b2+l‘,+{2+E{_'““) p,-ofb2+(|+(2+ET"“"5 v
AR(, jo + j3 + &) + EF') Angular difference between &3 and j + j3 + &) + Ef' v
H%“ Scalar sum of all jets and leptons transverse energy v
£€ channel, m > 600 GeV 3j3b >4)3b >4)>4b
pr((e, h)A'lmm) P of the pair of lepton and b-tagged jet with smallest Ap v

Apt(jr, j3) ) pr difference between leading and third jets v v
Am(jr + &) + gi;.“'*‘,j. +j3+6) Inv. mass difference between j2 + €1 + Ef" and ji + j3 + €1 v

pr((€, BAR™™) P of the pair of lepton and b-tagged fet with smallest AR v

m(j-paer"mm ) Inv. mass of the jet pair with smallest Anp ) v

Apr(r, o + EF™) pr difference between leading jet and j, + Ef™* v
pri+j2+j3+6) profji+j2+j3+6) ) v

AE(& + ET'S, jy + ja) Energy difference between £; + ET" and j) + j, v

E ‘g‘&) Energy of the leading jet v '

Py (j-pair) ) Maximum py of any jet pair ) v v

m(by + by + & + & + ET'S) Inv. mass of by + by + £y + & + ET™S v

pr((t, b)A"mm) pr of the lepton-b-jet pair with smallest separation in 7 v
Apr(br,uy + by + ET"“'“) pr difference between subleading lepton and u; + by + EMISS v

Apr(ty, uy + by + ET') pr difference between subleading lkepton and u; + by + EJM™ v

Apr(ty, € + ET™) pr difference between subleading lepton and £; + ET' v
Apr(1s jz + & + ET™) pr difference between leading Jet and j3 + &) + ET'* v

AE(ty, jo + ET™) Energy difference between leading lepton and j, + ET™ v
m™"(b-pair) Smallest invariant mass of any b-tagged jet pair v v
H3 Scalar sum of all jets and leptons transverse momenta v
pr(ja+6) profjz+& v
App(ba, by + &) pr difference between subleading b-tagged jet and by + & v
Apr(jp, j3 + & + EFss) pr difference between subleading jet and j3 + £ + EMSS v
AE(ja, 2+ b+ 62+ ET™) ) Energy difference between third jetand j2 + &) + &2 + ETSs ) v
Am(jp + & + ET™, jy + & + ET™)  Inv. mass difference between j, + & + E" and j) + & + ET v

The BDT variables include various
kinematic quantities with the
optimal discrimination against the
ttbar + >=1b background.

For H+ masses above 400 GeV the
most important variables are the
scalar sum of the pT of all jets
and the leading jet pT.

For a mass at or below 300 GeV, a
kinematic discriminant, D is used
as an input variable for the BDT.
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Kinematic Discriminant D

D= Py (x)/ (P (x) + Ps(x))
@ Py (x) and Pg(x) are probability density functions for x under signal and
background hypotheses

@ Xis E'TT.‘iss and four-momentum of e, u, and jets
@ Py (x) defined as the product of probability density functions for:

o the mass of the semileptonically decaying top quark, Mp, ¢,

o the mass of the hadronically decaying W boson, mq, g,

o the difference between the masses of the hadronically decaying top quark and the
hadronically decaying W boson, Mbpq1qp — Mayas

o the difference between the mass of the charged Higgs boson and the mass of the
leptonically or hadronically decaying top quark, Mp,, byev — Mbyes, OF
Mb, .\ byayay — Mbyayay depending on whether or not the top quark from the charged
Higgs boson decays leptonically or hadronically

@ Where:

e g1 and o are quarks from the hadronic W decay

e £ and v are from the leptonic W decay

o by is the b-quark from the hadronic top quark decay
e b, is the b quark from the leptonic top quark decay
o by is the b-quark from the H* decay

courtesy of B. Burghgrave
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*t; Production and Decays

H+ predicted by variety of BSM models: q ,
« Left-Right Symmetric Models (LRSM) -. %
 addition of two triplets, L and R ‘ //
* Higgs Triplet Model (HTM) ~
- addition of one triplet, L | /AN
« Zee-Babu models, Georgi-Machacek models 7 R e
Motivations
* Restoring parity symmetry in weak interactions at ' Production at the LHC:
higher energy (LRSM) ' pair-produced H** via
« Explain light neutrino masses through Type IT See-  +he Drell-Yan process
Saw mechanism | (dominant in LRSM and HTM)

= v r——

1.0

Most unique feature of such models: H**
* left and right-handed in LRSM or left-handed only 08
in HTM

— |epton decay
— W=W= decay

Branching ratio

Decays: H S [* or HE: S>WWH*
« BR~ f(my.., vev of Higgs triplet)
* Low my,, and low vev: H** >[** dominates o

x107* 2x107* sx10™ 0001 0.002

Triplet vev in GeV
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H*->I**: Selection and Backgrounds

Considered decays: H* - e*e*, e*p?*, p*p* o+
* no preference for decays into tfaus - coupling not q
proportional fo my,; like for the SM Higgs a .
Masses studied: 250 - 1300 GeV | o HTL
Search for isolated, same sign lepton pairs ’ Pt
Discrimination observable - [V NHT -
« dilepton invariant mass distribution in all CRs and SRs '-q <
« For SR with 4 leptons M=m**+m—))2 T ‘-
—— — —. o
: £ [ATLAS " -
Backgrounds: §§ 50/ s=13 TeV, 36.1 b SRIP2L (e 4)50 sy
' * real prompt leptons Y E D 4 Total SM feu’) oo 8080 80%
« estimated with MC | 40:_2%2050” EEFakes ) 650 Gev =
. . . | - T Be') = 50%, B(X) = 50%
oppositely charged leptons with charge — m(eH“) sotey
mis-ID 1 + B(e*?) = 50%, B(X) = 50%
« estimated with MC but with data- ' ' . =
driven correction factors E
non-prompt

« estimated from data < o —
° rleal eor( fr-om non_pr-omp-l- decays' \% 1.51__ ............................... + .................... . Wiliiiiii i ]
e.g. from heavy flavouried meSons ‘g 085_ ....................................................................... ,.. . .......................... ............

 jets mis-reconstructed as electrons 300 400 500 1000 2000
- . ‘ m(e“y) [GeV]
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H=>[*|* :Signal and Control Regions

* SRs with 2-, 3-, and 4-leptons and flavour categories

 Validation Regions (VRs) to check background model against data

 Control Regions (CRs) to constrain background parameters in the statistical analysis

* Regions defined by m(I*I¥) > 200 GeV in SRs and below 200 GeV in most CRs and VRs

I
Region r Control Regions Validation Regions gna.

Reglons

. Channel

OCCR DBCR 4L.CR l SCVR

3LVR 4LVR 1P2L 1P3L 2P4L
| Electron channel
et otet
LK _ =+, pF
Mixed channel etu*et oo et u o T T
Muon channel - pEptp® pEtpt ptput
&.B T v v T T T ] T T ™
= 10° ATLAS ¢ Data 44 Total SM
2 10 Ys=13 TeV, 36.1 b Drel-Yan [ Diboson
[ Fakes I Top
10°
10°
=
:
(1]
-]

Higgs Hunting 2019



H**>|#|*: Results

(depending on BR

« No significant excesses observed
* Lower limit evaluated as a function of the branching into electrons and muons
« Separate limits for H and H*,
« Limits on H*_ vary from 770 GeV to 870 GeV, and 660 GeV to 760 GeV for H*,

composition)

| | |

3‘ 103IIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII§
= ?_TLAS _,—— Observed 95% CL limit 3
I ,[ V8= 13 IeV, 86.11b7 Expected 95% CL limit |
£ 10 B(e€)=30%  mmm Expected limit+ 16 3

%) =40% P N .
1 g(e+u+)_ 7 [ Expected limit +26
S 1o (W*)=30% o{pp-> H*H) .

o(pp— H;*H'F")

| Loy

10—21I|lllllllllllll
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1 I 1111 I 11 T~ 111
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m(H™) [GeV]

~700 800

2 100 ATLAS

N o 656 (s=13 TeV, 36.1 fb
= B(H*— FF)=100%
ENE:0] 656 654 653 R

ﬂTm 653 651 650 648

L

Q

8] 653 651 650 649 648 649 650 651 653 656 66C
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665

exp. 95% CL m(H,) limit -1 [GeV]

100
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Systematic uncertainties: fake factor method, statistical uncertainty,
theory description
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H*=>W=*W*: Selection and Backgrounds

« Signature: 2L55,3L 4L light leptons + missing E+
* Masses studied: 200-700 GeV
* Dominant backgrounds: dibosons, Z+jets, ttbar
« Prompt sources estimated from MC
* Fake estimation: data-driven fake factor

method

» Charge misID: data-driven method

Mass-dependent and channel-
' dependent cuts on
' discriminating variables:

® C a1 A —e-Data AL S
<200 - @TLAS e EOMD g % CATLAS S eleon | |+ My, of all leptons in the event:
a0 |5 B T Govmreama | 18 [ iimocayeis Qoneromat | |+ AR(el)
§F B £ o S * M4 only in the 2L channel
u>J 100 2 i Unoertainty 5 B ° p_:eésading jet
5 10 o Ag(l#l%, E{Miss) in the 2L channel
""" . « AR(l, jet) any lepton and its
= = 2f closest jet in the 3L channel
s 1 g p b .1 |+ S5, usedin2LSS channel, describes
a . : 2 2% 0 200 400 800 1000 the event topology in the
S [rad] m ,[GeV] transverse plane, defined using
' the spread of the ¢ angles of
the leptons, Ex™ss and jets
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_ heowweRens

g 15 [ ATLAS Emowo Final fit based on six bin counting
] [ (s=13TeV 36.11" [ FekoLoptons | .
[ Signal regionsform,,=200Gev DIV PP ] exper'lmen'l'
- Cwverome -
or m | | g T
_ _ I'_' B A TLAS —e— observed 95% CL upper limit _
° N | ~ I? 100__ Vs=13 TeV 36.1fb" - - - - expected 95% CL upper limit "
n = i [ ] expected limit (:20) ]
% 4 E % 80-_ [ expected limit (:10) ]
8 2 - i st :
8 . . . .! T 60_ H™ theory (NLO QCD) N
wus u= 2% X % A - .
et ey @ SFOS 0 SFOS 12 gl: B -
T 40 —
§isLATLAS Lo ]
O C (5=13TeV 36.1 " (] Fiake Loptons a 20+ —
[ signalregions form,, =500Gev T 0 Provt Q - .
- =V Prompt - i
10 N ;m:.v >b< 0—1 PR TN S ST SN N ST S SR S SN SO S " M BT 1—
B ] 200 300 400 500 600 700
g ‘L _ | | Dominating uncertainties: statistics, data-
s . e driven fakes and charge mis-ID

u= u= u= 3¢ ¥ &
et &yt # SFOS 0 SFOS 12
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Neutral Higgs searches: H/A—ttbar

ATLAS-CONF-2016-073
8 TeV results

* ttbar lepton+jets channel (one W to

hadrons, one to leptons)
* re-interpretation for the ttbar resonance

search (JHEP 08 (2015) 148)

25

20

Events / 40 GeV

15

10

Data/Bkg

* For a neutral pseudoscalar A (scalar H) with a
mass of 500 GeV, the parameter values tanp < 0.85
(< 0.45) are excluded in the type-IT 2HDM at 95%

od-

x10°,

— L
- ATLAS Preliminary
\s=8TeV, [Ldt=20.31b"

_e'Data 2012
— ASH(S+1)<7
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= Uncertaint
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confidence level

* No tanp values can be excluded for the higher

m:f

mass point at 750 GeV

b L L L Ly Ly
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b i

* interference between the signal and ttbar background
production modes taken into account for the first time
* the MadGraph code is modified to remove the SM
ttbar matrix element to yield the pure signal +
interference contribution on an event-by-event basis.

= 10°E
F  1s=8TeV, JLdt =20.3fb" ATLAS Preliminary
| gg—A-tt, m, =500 GeV
10°
E  sin(B-a)=1, Type Il 2HDM
10
e
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10 E_ - Exp. £ 1o uncertainty
F |:] Exp. + 26 uncertainty
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Neutral Higgs searches: H/A—mu mu arXiv: 1901.08144
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