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A Higgs! But The Higgs?
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ATLAS-CONF-2013-034

- a Higgs Boson has been observed with mass 125 GeV

» Property measurements ongoing to determine if it is the SM Higgs Boson

- presently seems pretty SM-like (see eg. A. Mehta, Plenary Higgs 1,
and parallel seesion talks)

 Complementary searches for extended Higgs sectors in BSM physics

— discover or constrain new BSM physics scenarios
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Two Higgs Doublet Models

Extends SM Higgs sector to include two complex Higgs doublets,
H. and H,

- one particular example: MSSM Higgs sector
Leads to five physical Higgs states: H*, H, A(CP-odd), H, h (CP-even)
- accommodate observed Higgs boson naturally as h=125 GeV

Additional 2HDM parameters: ratio of doublet vevs tanf3, CP-even
Higgs mixing angle a and m,

Two types considered here:

— Type-I: all fermions couple to H,

- Type-ll: up-type fermions couple to H,, down-type to H.
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2HDM: H—-WW
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ATLAS-CONF-2013-027

 First dedicated 2HDM search at the LHC

« Search for higher mass CP-even H assuming 125 GeV Higgs is
lightest CP-even h of 2HDM

» Preselection based on SM WW analysis: e+u, high MET
o Split into 0-jet and 2-jet channels

« Final discriminant: neural networks trained separately for each
channel at m =150, 180 and 240 GeV
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2HDM: H—-WW
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No significant excess

Exclusion limits set
separately for Type-l and
Type-Il 2HDM in cos(a)-m,,
plane at tan3=1,3,6,20(50)

Large part of cos(a)-m,,

excluded for Type-| 2HDM
IN mass range
130<m, <250 GeV
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MSSM Higgs Sector

MSSM Higgs sector is a constrained
Type-ll 2HDM at tree level

Tree level MSSM Higgs sector
determined by m, and tanf3

Consistent with SM-like h=125 GeV

Couplings to b-quarks and 1-leptons o
enhanced for large tanf Q----- h/H/A

Neutral Higgs searches focusing on 9 OO0 +—» t/b
b-associated and gg-fusion
production with 11 or yJ decays

Charged Higgs searches focusing
on low mass: production in top
decays and decay to Tv or cs
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MSSM H—T11/up
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Categorise by final state

TeTp’ TlepThad’ ThadThad’ IJ“)

and b-tag/veto

1T channels: data driven
T-embedded Z—pp for
Z—1T1 background,
multijet from same-sign
data

Di-tau invariant mass
reconstructed using
likelihood based method
(Missing Mass Calculator)

uu channel: parametrised
background fitted to data
outside of individual
signal mass windows

"W
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MSSM H—T11/up
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No significant excess seen above backgrounds

Set limits on MSSM (m, ™ scenario) in m -tanfs plane and
cross section x branching ratio

Significant proportion of unexcluded phase space still compatible with
interpreting 125 GeV Higgs as one of CP-even MSSM Higgs Bosons
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MSSM H*—T1V
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« Search for H* through lepton universality violation in tt events

- Lepton universality: W decays equally to e/p/T

- Light H* decays mainly to T: violation of lepton universality

 Hence consider ratio of lepton+t__ to dilepton final states in tt events

- allows for cancelation of major systematics

« Orthogonal direct 1+jets search: tau and W decay hadronically

- 24 jets (1 b-jet) + tau, high MET cut + m, mass window
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MSSM H*—T1V
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* No significant excess seen above backgrounds

« Combine limits from ratio method and tau+jets using R.., and
m_(1,MET) as discriminants, respectively

 Upper limit (95% CL) on B(t—bH*): 0.8%-3.4% for 90<m <160 GeV
« Large H* phase space ruled out by direct search
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H*—cs
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BSM Higgs Physics using the ATLAS Detector

« Significant H*—cs BR at low tan
in MSSM

« Search in semi-leptonic tt channel
- 1 e/py and 24 jets (2 b-jet)
- high MET and m_(I,MET)

« Fully reconstruct tt system using
kKinematic fitter

« Dijet invariant mass used as
discriminating variable

- no significant excess seen

« Upper limit (95% CL) on B(t—bH"):
5%-1% for 90<m . <150 GeV
assuming B(H*—cs) = 100%
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Invisible Higgs Decays
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ATLAS-CONF-2013-011

Complementary measurement using

combined Higgs coupling

ZH—ll+invisible: direct search for BSM

enhancement of invisible decays

Select opposite sign lepton pairs with Z

mass constraint, balanced by high MET

No significant excess: set limit
assuming SM ZH production
< 0.65 (95% CL)

BR.

inv,undet

Assume all couplings are SM-like (k=1)

Modify total width BR,
and profile K, and K,

BR  <0.6(95% CL)

inv,undet

inv, undet
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Summary

A Higgs Boson has been observed at the LHC with mass m=125 GeV
and properties currently consistent with SM

Still needs to be determined if this is the only Higgs Boson which is
responsible for EWSB

Many direct searches for extended BSM Higgs sector by ATLAS

- Including some not shown here

However, no evidence found for extended Higgs sector in ATLAS
searches

Further analyses for full LHC run 1 datasets still progressing:

- keep 'em peeled for updates!

For more details and other results see
ATLAS Higgs Public Results page
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Backup
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Backup: References

Combined coupling measurements of the Higgs-like boson with the
ATLAS detector using up to 25 fb-1 of proton-proton collision data
(ATLAS-CONF-2013-034)

Search for Higgs bosons in Two-Higgs-Doublet models in the H - WW
— evuv channel with the ATLAS detector (ATLAS-CONF-2013-027)

Search for the neutral Higgs bosons of the Minimal Supersymmetric
Standard Model in pp collisions at sqrt(s) = 7 TeV with the ATLAS
detector (JHEP02(2013)095)

Search for charged Higgs bosons through the violation of lepton
universality in ttbar events using pp collision data at sqrt(s) = 7 TeV with
the ATLAS experiment (JHEP03(2013)076)

Search for a Light Charged Higgs Boson in the decay channel H+—cs”™
using 4.7 fb—1 of pp collisions at Vs=7~TeV with the ATLAS detector
(arXiv:1302.3694)

Search for invisible decays of a Higgs boson produced in association
with a Z boson in ATLAS (ATLAS-CONF-2013-011)
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The ATLAS Detector

44m JINST 3 (2008) S08003

N

Tile calorimeters

\ : L LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transifion radiation tracker

Semiconductor fracker

« Muon spectrometer |n|<2.4 * EM calorimeter |n|<3.2
(air core toroids + muon chambers)  (Pb/LAr accordion)

« Hadronic Calorimeter |n|<5 * Inner detector |n[<2.5

(Fe+scintillator tiles or LAr+W/Cu) (2 Tesla solenoid, Si pixels,
Si strips + TRT)
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Backup: 2HDM H—-WW

 Selection

e 0O-jet:

o 2-jet:

Exactly two leptons of different
flavour and charge,

P;,>25 GeV, p;,>15 GeV
m >10 GeV, MET _>25 GeV

A <2.4, m <75 GeV

n,xn,<0, m <80 GeYV,

m. (I, MET)<180 GeV

BSM Higgs Physics using the ATLAS Detector

16/05/13
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Backup: 2HDM H—-WW

0 Jet NN @ 180 GeV

E’: 0'3__ATLAS Prehmmary \(_ 8 TeV __
Variables used in the O-jet channel and the 2-jet channel o | H>WW-evpy + 0 jets — 2HDMm,=180 GeV |
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mif,€5) The invariant mass of the dilepton system. g i ]
"E - =
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prifa) The transverse momentum of the second-leading lepton. 2 Jet N N @ 1 80 G eV
priji) The transverse momentum of the leading jet.
m(ji1) The mass of the leading jet. B ATLAS Preliminary L L \r 8 TeV :
cos #(£;,€:) The cosine of the angle between the two charged leptons. S’_ 0.4 H->WW-—evpv + 2 jets — 2HDM m,=180 GeV
m(j1jz2) The invariant mass of the dijet system. g NN @180GeV — 2HDM m,=125 GeV
Py The total transverse momentum, defined as the magnitude of the vector sum of the tr: "8 Tl background
momenta of the two jets, the two leptons and the missing transverse momentum: g
pe* = 17 = Ipf + pF + Py +PF + PP |5
i
02704 06 08 1
NN output
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Backup: High Mass H—-ZZ

95% CL limit on o x BR [fb]

C D Signal (mH=125 GeV)
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H—ZZ(*)—4l search
reaches up to m=1 TeV

4e, 2e2, 2u2e and 4
channels

VBF (An >3, m >350 GeV),

VH (additional light lepton),
and ggH exclusive
channels

Consider m_>200 GeV

Assume SM-like width for
high masses using
Complex Pole Scheme

19W
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Backup: MMC

6'8 UnknOWHS When El“m — Pmis; sin Hmisl COs quisl + Pmis, sin HmiSQ COS émis;
reCOHStrU Ct'ﬂg Mass Of dl'tau Efy = pmisl sin Hmisl sin qsmisl + pmi32 sin gmisz sin qsmiSQ
Invarlant mass SpeCtrum, M’El — mfnisl + m?risl + 2 pxzxisl + mxzrisl \/prznisl + m?l’liSl

depending on tau decays
(depending on number of
neutrinos in final state)
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Four constraints: METX,
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) 0 B |
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calculate di-tau invariant I
mass at each point and 0.01-
weight by tau decay :
likelihood distribution

, — Probability function —

0.005—

Most probable value of mass

used as estimator for di-tau N T . e
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Backup: MSSM H—-T11/up
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Backup: MSSM H—-T11/upu

Pre-selection

b-tagged

b-veto

T — ey

OSeandp

m(e,d) > 30 GeV
Ag(e,u) > 2.0
MET+pT(e)+pT(u)
<125 GeV
2.cosA@(I,MET) > -0.2

Exactly 1 b-jet
2pT(jets) < 100 GeV

0 b-tagged jets

T — eth / uth

OS land Th
-No additional leptons
-mT(I,MET) < 30 GeV

Leading jet b-tagged
pT(b-jet) < 50 GeV

Lead jet fails b-tag

T — ThTth

Two OS Th
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pT(b-jet) < 50 GeV
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Backup: H* Ratio Method

Selection

(p>25 GeV)

Single electron/muon trigger

One trigger matched lepton

One additional e/p/T (p,>25 GeV)

with no additional lepton

At least 2 jets (p,> 25 GeV) with

at least 2 b-tags T
- MET > 40 GeV ;_E
Event yield ratios
Re= ) =
Ratio R, R,
SM value 0.105 + 0.012 0.166 + 0.017

Measured value

BSM Higgs Physics using the ATLAS Detector

0.115 + 0.010 (stat)

0.165 + 0.015 (stat)

16/05/13
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Backup: H*—cs

Selection

- One trigger matched e(),
p.>25(20) GeV

- Atleast four jets p.>25 GeV with

at least two b-tags

- MET>20(30) GeV e(u) channel

- m>30 GeV (e channel)

- (MET+m_)>60 GeV (u channel)

Kinematic fit to jjbbl final state

1,fit 7, meaS)

Z (pp — T
i=£,4jets 7’
SEJ fit SEJ,meaS)Q

+Z pj

=z R
2
(my — my)
+ Z 2
k=3jjb,blv Z
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Backup: Invisible Higgs

Events / 30 GeV

ZH—ll+invisible: direct search for BSM 3
enhancement of invisible decays "
Selection:
- oppositely charged e/u pair with
76<m <106 GeV
- Jet veto
- MET>90 GeV
<
- AQ(MET, p,miss)<0.2, Ap(Z, MET)>2.6"
- Ag<1.7, IMET-p;,|/p;,<0.2
S B B I B S I B R > 50_"--\-"-|'"'|-"-\--"|""\"H|""|""_
EATLAS Preliminary Vs=7 TeV ® Data IL=4-7fb" . é - ATLAS Prenmmaryr 8 TeV ® Data _[L=13.afb" .
15; ‘__+ . SignaI(SMZH,mH=1ZSGeV)€ L% 30} .- Signal (SM ZH, mH=1ZSGeV)é
10; ﬁ —: 205— ]
- . E :
i | .. ; E o e, E
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