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Introdu
tion
◮ A 125 GeV Higgs boson was observed by ATLAS and CMS.

◮ This observed Higgs boson 
an easily �t into BSM Higgsmodels.
◮ Question: Is it really the Standard Model (SM) Higgs boson?

◮ Many models beyond the Standard Model (SM) introdu
e ase
ond Higgs doublet (Two Higgs Doublets Model (2HDM)).
◮ �ve physi
al Higgs states: H±, H0, h0, A (CP-Odd).Higgs sear
hes in ATLAS:

◮ Charged Higgs
◮ Neutral BSM Higgs
◮ NMSSM sear
hes
◮ Higgs 
oupling interpretation Detailed informations:ATLAS publi
 results:https://twiki.
ern.
h/twiki/bin/view/AtlasPubli
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Constraints on new phenomena from Higgs 
oupling
◮ Higgs mass dependen
e of 
oupling to parti
les is probed andinterpreted in the 
ontext of di�erent extensions to the SM.
◮ Constraints are set on:

◮ Minimum Higgs 
ompositeness models
◮ Additional ele
troweak singlet
◮ Two-Higgs-doublet models (I,II,III,IV)
◮ Simpli�ed MSSM (top right)
◮ Higgs portal to dark matter (bottomright)

◮ No eviden
e for physi
s beyond the SM isobserved.
◮ The mass dependen
e of the 
oupling is
onsistent with the predi
tions of the SMHiggs.Results 
an be found inATLAS-CONF-2014-010

 [GeV]Am
200 300 400 500 600 700 800 900 1000

β
ta

n 

0

1

2

3

4

5

6

7

8

9

10

 PreliminaryATLAS
-1 Ldt = 4.6-4.8 fb∫= 7 TeV, s

-1 Ldt = 20.3 fb∫= 8 TeV, s

b, bττ, ZZ*, WW*, γγ →Combined h 

]dκ, uκ, VκSimplified MSSM [

Exp. 95% CL Obs. 95% CL

 [GeV]χm
1 10 210 310

]2
 [c

m
-Nχσ

-5710

-5510

-5310

-5110

-4910

-4710

-4510

-4310

-4110

-3910

DAMA/LIBRA (99.7% CL)
CRESST (95% CL)
CDMS (95% CL)
CoGeNT (90% CL)
XENON10 (90% CL)
XENON100 (90% CL)
LUX (95% CL)

Scalar WIMP
Majorana WIMP
Vector WIMP

ATLAS Preliminary

Higgs portal model:
ATLAS (95% CL) in

-1dt = 4.6-4.8 fbL∫ = 7 TeV,  s
-1dt = 20.3 fbL∫ = 8 TeV,  s

,νlνl→WW*→4l, h→ZZ*→, hγγ→h
miss

T
ll+E→bb, Zh→, hττ→hDaniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 3



Neutral Higgs sear
hes
Neutral Higgs Sear
hes
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Invisible de
ay Higgs sear
h: Analysis OverviewSear
h for invisible de
ay of a Higgs boson produ
ed inasso
iation with a Z boson de
aying into two leptons
◮ Invisible de
aying Higgs boson.

◮ Allowed by some extensions ofthe SM: SUSY, extradimension, Higgs portal darkmatter.
◮ Dominant Ba
kground: SM ZZand WZ produ
tion (MC).
◮ Other ba
kgrounds:

◮ WW , tt̄, Wt, Z → ττ :using �avor symmetry.
◮ Z produ
tion: ABCD Method.
◮ Multijet: Matrix Method.

◮ EmissT is used as dis
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E

ve
nt

s 
/ 3

0 
G

eV

1

10

210

310 ATLAS
-1 L dt = 20.3 fb∫ = 8 TeV, s

ZH → ℓℓ + inv.

Data

ZZ → ℓℓνν (incl. τ)

WZ → ℓνℓℓ (incl. τ)

WW, dilep. ��̄, W�, Z → ττ

 µµee,  → Z 

W + jets, multijet, semilep. top

ZH → ℓℓ + inv., BR(H → inv.) = 1

 [GeV]miss
TE

100 150 200 250 300 350 400 450D
at

a 
/ E

xp
ec

te
d

0.5
1

1.5
2Results 
an be found in CERN-PH-EP-2013-210Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 5



Invisible de
ay Higgs sear
h: Results
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Higgs-portal Model

◮ Limits are set on the σZH × BR(H → inv .) in the mass range110 < mH < 400 GeV.
◮ For the 
urrently observed Higgs an upper limit of 75% at 95%CL is set (SM produ
tion rate).

◮ Limits are interpreted in the 
ontext of the Higgs-portal darkmatter s
enario.
◮ Limits on the dark-matter-nu
leon s
attering CS are derived.Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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Multi-Higgs-boson 
as
ade in W+W−bb̄: Analysis Overview
◮ Sear
h for BSM Higgs de
ay 
hain in
luding a heavy Higgs(H0), intermediate 
harged Higgs (H±) and light Higgs (h0).

◮ The light neutral Higgs (h0) is assumed to have the mass ofthe 
urrently observed Higgs mh0 = 125GeV .
◮ Final state: W±W∓bb̄

◮ Require one hadroni
allyde
aying W ,
◮ one leptoni
ally de
aying W .

◮ Boosted de
ision trees toseparate signal fromba
kground.
◮ Main ba
kground tt̄. b

b̄

W
Wg

g
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h0Results 
an be found in Phys. Rev. D 89, 032002 (2014)Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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Multi-Higgs-boson 
as
ade in W+W−bb̄: Re
onstru
tion
◮ Higgs Boson 
as
ade event re
onstru
tion:

◮ Identify leptoni
 W .
◮ Re
onstru
t the light Higgs h0 from two b-jets.
◮ Constru
t H± from h0 and W whi
h giveslargest mH± .
◮ Constru
t H0 from bb̄WW . b

b̄

W
Wg

g

H0
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Multi-Higgs-boson 
as
ade in W+W−bb̄: Results
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◮ No signi�
ant deviation from theSM was found.
◮ 95 % CL upper limits are set inthe H0 − H± plane.Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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Charged Higgs sear
hes
Charged Higgs Sear
hes

Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 10



H+ → τ
+
ν+jets: Analysis Overview

◮ Charged Higgs bosons (H+) are predi
ted by many modelswith an extended Higgs se
tor.
◮ First limit on heavy 
harged Higgs bosons sear
hes.
◮ Sear
h Strategy:

◮ light H+ (m+H < mtop)
◮ heavy H+ (asso
iated produ
tion tH+)

◮ Sear
h range: 90 GeV - 160 GeV and 180 GeV - 600 GeV.
◮ Interpret in the 
ontext of B(H+ → τν) = 1, and hadroni
de
aying τ .Results 
an be found in ATLAS-CONF-2013-090Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 11



H+ → τ
+
ν+jets: Final State
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◮ Signal sele
tion
◮ Fully hadroni
 state:

◮ W → jets
◮ hadroni
 τ

◮ 4 (3) jets for light (heavy) H+,at least one b-tagged jet.
◮ Veto on other leptons.
◮ EmissT > 65(80) GeV

◮ Dis
riminating Variable:
◮ mT =

√2pτTEmissT (1− 
os(∆φτ,miss))tt̄ → [H+b][W−b̄] → [(τ+ + ντ )b][qq̄b̄] (1)gb̄ → [t̄][H+] → [qq̄b̄][τ+ + ντ ] (2)gg → [t̄b][H+] → [(qq̄b̄)b][τ+ + ντ ] (3)Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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H+ → τ
+
ν+jets: Ba
kground

◮ Ba
kgrounds: tt̄, single top, W+jets, Z+jets, diboson andmulti-jet.
◮ Ba
kgrounds 
an be 
ategorized a

ording to the origin of thehadroni
ally de
aying τ 
andidate.

◮ Ele
tron, muon, true τ re
onstru
ted as τ 
andidate
→ taken from simulation.

◮ Misidenti�ed jets as τ 
andidates → data-driven methodthat applies weights 
al
ulated from identi�
ation andmisidenti�
ation e�
ien
ies in data events (Matrix Method).
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H+ → τ
+
ν+jets: Results
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◮ 95% CL upper limits for light 
harged Higgs (left) and heavy
harged Higgs (right).
◮ (Left) Bran
hing ratio of top to 
harged Higgs.
◮ (Right) Produ
tion 
ross se
tion × B(H+ → τν).
◮ Upper limits:

◮ Light H+: 90 GeV - 160 GeV, 0.24 - 2.1% on B(t → H+b).
◮ Heavy H+: 180 GeV - 600 GeV, 0.017 - 0.90 pb on theprodu
tion CS (σ(pp → t(b)H+)).

◮ ⇒ No eviden
e for the existen
e of a 
harged Higgsboson.Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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H+ → τ
+
ν+jets: ResultsInterpretation:
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◮ In the mmaxh s
enario of the MSSM:
◮ Ex
lusion of tanβ > 1 between 100 GeV - 140 GeV.
◮ Ex
lusion of tanβ 47 - 63 in the range 200 - 300 GeV.Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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Con
lusion
◮ Di�erent analyses and interpretations have been presented:

◮ Constraints on new phenomena from Higgs 
oupling.
◮ Invisible de
ay Higgs sear
h.
◮ Multi-Higgs-boson 
as
ade in W+W−bb̄.
◮ H+ → τ+ν+jets.

◮ Limits on di�erent models have been set.
◮ No eviden
e for physi
s beyond the Standard Model have beenobserved.Outlook:
◮ With the LHC Run II next year more data at higher energieswill be 
olle
ted.

◮ This will probe the 
urrently observed Higgs boson further.
◮ Higher mass ranges will be probed.

◮ Further improvements on the limits are expe
ted.Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 16



Ba
kup
Ba
kup
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Invisible Higgs sear
h: Events
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Invisible Higgs sear
h: Event sele
tion
◮ two leptons with pT > 20 GeV
◮ jets with pT > 20 GeV
◮ Overlap removal between overlapping obje
ts
◮ Z window: 76 < mll < 106 GeV
◮ EmissT > 90 GeV
◮ mis-re
onstru
ted energy suppression: ∆φ(EmissT , pmissT ) < 0.2
◮ momentum balan
e Z − H: ∆φ(pllT ,EmissT ) > 2.6
◮ ∆Φ(l , l) < 1.7
◮ |EmissT − pllT |/pllT < 0.2
◮ no re
onstru
t jets with pT > 25 GeVDaniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
s 19



Multi-Higgs-boson 
as
ade in W+W−bb̄: Events

◮ SPR: Signal pre regionDaniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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Multi-Higgs-boson 
as
ade in W+W−bb̄: Events sele
tion
◮ one triggered ele
tron or muon with pT > 25 GeV
◮ At least 4 jets with pT > 25 GeV

◮ at least 2 must be b-tagged
◮ MET and MTW requirement
Daniel Pelikan Uppsala University Beyond-the-Standard Model Higgs Physi
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H+ → τ
+
ν+jets: Event Sele
tion
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H+ → τ
+
ν+jets: Event Sele
tion
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H+ → τ
+
ν+jets: Systemati
 Un
.
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H+ → τ
+
ν+jets: Limit
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