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A word from the Director General:

Global Effort = Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Observation of a new particle consistent with
a Higgs Boson (but which one...?)

Historic Milestone but only the beginning

Global Implications for the future
R-D Heuer ' NS4~
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A word from the Director General:

Global Effort = Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Is it the only one?

Are the couplings
as expected?

Observation of a new particle consistent with
a iHiggs Boson (but which one...?)

Historic Milestone but only the beginning Are there decays
we haven't
Global Implications for the future considered?

R-D Heuer ‘' N4~
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The ATLAS BSM Higgs suite

All analyses based on 7 TeV data

Neutral MSSM h/A/H — pp 4.8
Neutral MSSM h/A/H — 11 4.7
Charged H" — tv 4.6
Doubly-charged H" — ee/uu 4.7
NMSSM H — aa — 4y 4.9
Higgs decays to Hidden Valley pions 1.94
Higgs decays to Muon Jets 1.94

*Topics in light blue covered in this talk.
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The MSSM Higgs sector

Two Higgs doublets generate mass separately for up and down-
type fermions => 5 physical Higgs states (A, H, h, H*).

- Consistent with a SM-like Higgs at 126 GeV."
Described at tree-level by two parameters: m, & tang = v,/v;.

Couplings to down-type fermions 500
enhanced for large tang.
. 300
ATLAS has searched in the 1t and pu =
decay modes, in final states with 200 2
and without a b-jet. 150 g
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1 See e.g. http://arxiv.org/abs/1207.1096
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http://arxiv.org/abs/1207.1096

MSSM Higgs—uu: Selection

m(un) > 70 GeV
MET < 40 GeV

J. Keller (Washington ATLAS BSM Higgs H

At least two opposite-sign muons,
pt > 20, 15 GeV.

Events split by presence or
absence of a b-tagged jet.

Dominant backgrounds: Drell-Yan,
tt (after b-tag).

MC prediction shown for illustration only,
not used in final result

ATLAS-CONF-2012-094
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-094/

MSSM Higgs—puu: Modelling

- Signal window chosen for each point in the m,-tang plane.

Background in the signal region determined by fitting the
sidebands with functions below.

Functional form seen to be robust for many background
components.
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MSSM Higgs—uu: Results
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* No significant deviations observed.

- Upper limits set on tang as function of m,, and on XS*BR of a
generic scalar boson.
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ATLAS-CONF-2012-094

MSSM Higgs—tt:. Selection

Channel 11 — ep 1T — eT, / Uty T — ThTh

Pre- -Opposite-sign e & p  -Opposite-sign I & 1, -Two opposite-sign 7,

selection -m(e,n) > 30 GeV -No additional -No light leptons
-Ag(e,p) > 2.0 leptons -MET > 25 GeV

-m+y(l,MET) < 30 GeV

b-tagged -Exactly 1 b-jet -Leading jet b-tagged -Leading jet b-tagged

-MET+p+(e)+py(wn) -p1(b-jet) < 50 GeV -p1(b-jet) < 50 GeV
<125 GeV

-2cosA@(I,MET) > -0.2
-Zpt(jets) < 100 GeV

no b-tag -No jets with |n| <2.5 -Lead jet fails b-tag -Lead jet fails b-tag
-Visible mass window -MET > 20 GeV -Lead 7}, pt > 60 GeV

J. Keller (Washington) ATLAS BSM Higgs Hunting, 18 July 2012
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ATLAS-CONF-2012-094

MSSM Higgs—tt:. Selection

Channel 11 — ep 1T — eT, / Uty T — ThTh

Pre- -Opposite-sign e & p  -Opposite-sign I & 1, -Two opposite-sign 7,

selection -m(e,n) > 30 GeV -No additional -No light leptons
-Ag(e,p) > 2.0 leptons -MET > 25 GeV

-m+y(l,MET) < 30 GeV

b-tagged -Exactly 1 b-jet -Leading jet b-tagged -Leading jet b-tagged

-MET+p+(e)+py(pn) -p1(b-jet) < 50 GeV -p1(b-jet) < 50 GeV
<125 GeV

-2cosA@(I,MET) > -0.2
-2pt(jets) < 100 GeV

no b-tag -No jets with |n| <2.5 -Lead jet fails b-tag -Lead jet fails b-tag
-Visible mass window -MET > 20 GeV -Lead 7}, pt > 60 GeV

Reduce top

J. Keller (Washington)  ATLAS BSM Higgs Hunting, 18 July 2012 : 10
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ATLAS-CONF-2012-094

MSSM Higgs—tt:. Selection

Channel 11 — ep 1T — eT, / Uty T — ThTh

Pre- -Opposite-sign e & p  -Opposite-sign I & 1, -Two opposite-sign 7,

selection -m(e,n) > 30 GeV -No additional -No light leptons
-Ag(e,p) > 2.0 leptons -MET > 25 GeV

-m+y(l,MET) < 30 GeV

b-tagged -Exactly 1 b-jet -Leading jet b-tagged -Leading jet b-tagged

-MET+pt(e)+p1(p) -p1(b-jet) < 50 GeV -p1(b-jet) < 50 GeV
<125 GeV

-2cosA@(I,MET) > -0.2
-Zpt(jets) < 100 GeV

no b-tag -No jets with |n| <2.5 -Lead jet fails b-tag -Lead jet fails b-tag
-Visible mass window -MET > 20 GeV -Lead 7}, pt > 60 GeV

Reduce W + jets

J. Keller (Washington)  ATLAS BSM Higgs Hunting, 18 July 2012 11
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ATLAS-CONF-2012-094

MSSM Higgs—tt:. Selection

Channel 11 — ep 1T — eT, / Uty T — ThTh

Pre- -Opposite-sign e & p  -Opposite-sign I & 1, -Two opposite-sign 7,

selection -m(e,n) > 30 GeV -No additional -No light leptons
-Ag(e,p) > 2.0 leptons -MET > 25 GeV

-m+(l,MET) < 30 GeV

b-tagged -Exactly 1 b-jet -Leading jet b-tagged -Leading jet b-tagged

-MET+p+(e)+py(wn) -p1(b-jet) < 50 GeV -p1(b-jet) < 50 GeV
<125 GeV

-2cosA@(I,MET) > -0.2
-Zpt(jets) < 100 GeV

no b-tag -No jets with |n| <2.5 -Lead jet fails b-tag -Lead jet fails b-tag
-Visible mass window -MET > 20 GeV -Lead 7, pt > 60 GeV

Reduce Multi-jets

J. Keller (Washington)  ATLAS BSM Higgs Hunting, 18 July 2012 12
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MSSM Higgs—trt: Distributions

» /Z—11 estimated from t-embedded Z—pu data.
» Multi-jets taken from (scaled) same-sign events.
- W, tt, Z—ee normalized from data control regions.

Missing Mass Calculator (MMC) used for mass reconstruction.

eu, b-veto channel uses visible mass.
 Details in common with SM analysis; see talk by Jike Wang
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Neutral MSSM: Results
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No significant excess observed.

Limits set as low as tang = 10.
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‘ JHEP 1206 (2012) 039

Charged Higgs: Introduction

- For my. < my, charged Higgs

produced primarily through top-
quark decays.

* H*—1" dominant for tang = 2.

» 3 channels considered:

- tt — bbH*W — bb(t,,,0)(qq) : “lepton + jets’
| - tt — bbH*W — bb(t,, v)(lv) : “tau + lepton”
~ tt — bbH*W — bb(z,,v)(qq) : “tau + jets”

“___J. Keller (Washington) ATLAS BSM Higgs Hunting, 18 July 2012 15



http://www.springerlink.com/content/4876m2k082hm4l06/?MUD=MP

Charged Higgs: Selection

(" Tau + Lepton )
(" Lepton + Jets N |- 1eor u, 1 opposite-sign t
| - leorp » 2 or more jets (>1 b-tagged)
* 4 or more jets (2 b-tagged) - 2pq(tracks) > 100 GeV
 MET > 40 GeV - /
- Tighter at small Ap(l,MET) (" Tau + Jets A
. cosf* <-0.6 » Exactly 1 1, no other leptons
* 4 or more jets (>1 b-tagged)
| S m+({,MET) <60 GeV Y
 MET > 65 GeV
cos = — 20 g 2P ~ Tighter at high Zp(tracks)
Tntop — 'I’Tl-ﬁ_- TREGP — ﬂll—i-"'

- 120 < my, < 240 GeV Y

“___J. Keller (Washington) ___ATLAS BSM Higgs Hunting, 18 July 2012.. 16




Charged Higgs: Distributions

Lepton + jets
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B(t— bH")
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J. Keller (Washington)

Charged nggs Results
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No significant excess is observed.

_ Higgs Hunting, 18 July 2012
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Very little room remaining for a light charged Higgs boson!
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Control region for char

Doubly-charged H+ —{++ ()

» Relevant for Little Higgs, Higgs triplet models; many others

- Results interpreted in model-independent manner

» Backgrounds from diboson processes, hadronic jets

- Charge flips negligible for muons, not electrons

* Events selected with same-sign electron or muon pairs

ge mis-ID & conversions

> H > ™13
3 ATLAS Preliminary 4 Data 2011 G 60k ATLAS Preliminary 4 Data 2011 —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-069/

Doubly-charged H+ —[+[+ (lI)

Mass range

95% C.L. upper limit [fb]
expected | observed

expected | observed

U i
M>15GeV [ 4507151 457 | 234755 [ 2911
M>100GeV || 243770 | 256 119755 | 14.6
M >200GeV || 8.8%3; 8.1 4.2%18 6.6
M >300GeV [ 4571% 3.9 23708 2.5
M >400GeV | 2.9 2.3 1672 1.7
ete’ ur
M>15GeV [[ 27371 2338 4757 T 149
M>100GeV || 162757 | 124 8.2731 1.1
M >200GeV || 6.6 6.5 34709 4.2
M >300GeV || 3.57]% 2.9 20708 2.0
M >400GeV | 2470, 1.7 1.570% 1.7
& e JTa]
M>15GeV | 24672 | 29.1 11.9735 18.0
M>100GeV || 127735 | 199 5.8%5 9.8
M >200GeV || 47713 14 2731 43
M >300GeV || 2874 27 14707 1.7
M >400GeV | 1.877 2.2 1.2703 1.1

» No significant excess of
events is observed.

 Limits set on fiducial cross-
section for new physics
processes

- Signal efficiency estimated
using variety of BSM
signatures.

“___J. Keller (Washington) ___ATLAS BSM Higgs Hunting, 18 July 2012.. 20




F
i ATLAS-CONF-2012-079
H — aa — 4v: Introduction
* Many BSM models (e.g. NMSSM) include a light, pseudoscalar
Higgs boson a, produced directly or via heavy Higgs decays.
* If it is heavily boosted, decay products are tightly collimated
- Two photons may appear as one!
* Events can enter standard H—yy analysis, but the selection is
not optimal.
TOwE s
00sf. 11 Separation — meome E
0.05;— of the two y's :izi . é
| ; N : Width in n of an EM
0.04— ATLAS Preliminary — .
£ e ] cluster for typical
o E unconverted photons
0.02?..-.. —:
0.0 e <
0353636 50 60 70 80 0 100
Er(a) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-079/

H — aa — 4y: Results

_ j: = s - Sensitivity decreases with
'[_ T TN TITT higher m.,.

110 115 120 125 130 135 140 145 150

“___J. Keller (Washington) ___ATLAS BSM Higgs Hunting, 18 July 2012.. 22

~ 2000 e
. @ 3_ —+—Data2011uE=7Tev) det:4_gfb"_I |
- Selection as in H—vyy, except: R s v, ) )
g 1600; sinauMHjmseev, MAnjqueV) E
- Some shower-shape variables “ °F f e
removed from phOton ID 1222_ J . ATLAS Preliminary E
- No event categorization applied s
4001
» Background fit to exponential 2000 L e
| 100 110 120 130 140 150 160
= m,, [GeV]
2 n.si—l """"""""""" L —i
§ oE  ATLAS Preliminary  Ma=200 MeV 2+ No excess seen for these
T L Observed Limit . . .
L oosf .. ExpectedLinkt 3 selection criteria.
5 0.5 Eizg _ o _
& F 2 - Limit on 0"BR set as a function
o : of my,.




Phys.Rev.Lett. 108 (2012) 251801

ATLAS-CONF-2012-089

Hidden Valley Higgs decays ()

Benchmark scenario: Higgs serves as communicator to weakly-

coupled sector (the “Hidden Valley”).

Hidden sector particles (w, or v4) may have decay length similar

to the detector size.

Missed by standard ATLAS reconstruction: dedicated trigger,
tracking, vertexing algorithms needed.

B EXPERTMENT
http://atlas.ch

Simulation

1 EXPERIMENT
http://atlas.ch

Simulation

J. Keller (Washington) ATLAS BSM Higgs Hunting, 18 July 2012
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(

Hidden Valley Higgs decays (ll)

» Two signatures considered: vertices in the muon spectrometer
(from n,—bb) and displaced Muon Jets (from y;—pup).

» No events observed (expected backgrounds: 0.03 and 0.06).

- Limits set on Higgs cross-section as function of =, or y, decay
length (from ~1 mm to 30 m).
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Summary

* Observation of a peak at 126 GeV makes BSM Higgs
searches all the more interesting.

* ATLAS is working hard to determine the nature of the excess,
and what is accompanying it (if anything).

» Exciting times are ahead of us: Stay tuned!

- . . T T T T 1]
107 ATLAS Preliminary 2011 + 2012 Data -
o O \s=7TeV: |Ldt=4.6-4.8f"

---- Exp. \s=8TeV: |Ldt=5.8-59fb" |

Local Significance

100 200 300 400 500 600
my [GeV]
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( arXiv:1205.0701

Fermiophobic H—vyy: Introduction

* Benchmark scenario: Higgs couplings to fermions set to 0.

- Production exclusively through VH, VBF processes.

» Selection identical to 2011
SM H—yy analysis:

- 2 photons (40/25 GeV)

- 9 categories based on:
* v pseudorapidity

10°F 17— -
\s =7TeV Fermiophobic

WW (SM)

o % BR [pb]

I e 7y conversions
-+ v py (transverse _ _
momentum relative to A T e T T
diphoton thrust axis) M, [GeV]
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= —
Fermiophobic H—yy: Results

» FP Higgs excluded in range 110 - 118 and 119.5 — 121 GeV

- Excess observed of 3.10 at m,, = 125.5 GeV

~ —Observed CL_ fimit
— Expected CL_ limit
I +1c ATLAS Preliminary

+ 20

95% CL limit on o/c,
o
I TTT ‘

Data 2011, \s=7 TeV
_[Ldt 4.9 b
Fermlophoblc H —> Y’Y

1 \ | | \ |
10'110 115 120 125 130 135 140 145 150

my [GeV]
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ATLAS-CONF-2011-135

Higgs in 4"-generation models

» 4" generation fermions enhance gluon-fusion loop.

CLs Limits
4™ Generation Model

| 1 11T

j Ldt = 1.0-2.3 fb"
\s =7 TeV

= S SR L
& E  ATLAS Preliminary
e
s B —— Observed
— 10 3 ---- Expected
% n O+1c
3 IE-X
2 TE} e
Lo C
o)) C
107
-2 P S T TR N N TR N TN N S
10 200 300

1 ‘ 1 1 Il 1 ‘ l 1 1 1
400 500 600
m, [GeV]

» Early 2011 data sufficient to exclude most parameter space
(including m,, = 125 GeV).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-135/

( NMSSM

scalar decaying to muons.

Multivariate selection to reject

b J. Keller (Washington) ATLAS BSM

Direct production of light pseudo-
Search for mass bump inthe T

sidebands (6-9 and 11-12 GeV).

Background modelled with 4" order
polynomail + 3 double-gaussians

ATLAS-CONF-2011-020

s L R RN S RN IR
8 14TLAS Preliminary JLLdt=39 pb'1
m104__\s=7TeV —
s F v2/d.0f.:1.7

3

2

=

L

_________
-----

anm®
1

6 65 7 75 8 85 9 95 10 105 11

muons from hadronic decays. My [GeV]

T T T T W T T T T I T T T I_
I Ldt=39pb"

Ogg - a,— [pb]

—— Observed limit

=8 Expected limit
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;

Events / 5 GeV

I —— . F T ST

—_—— — S — —_ e

ATLAS-CONF-2011-094

Charged Higgs — cs

Significant decay mode for tang < 1 (BR ~40%).
Events selected with a semi-leptonic tt decay topology.

Search for strange shape in the m; system

- Jets assigned to H* using kinematic fit.

—TTT
ATLAS Preliminary

I L=35pb’

® Data 2010
== Background only
2z~ Uncertainty

— Signal + Background
===m,=130GCe

BR(t — H'b) = 17%

No departure from SM expectation is observed.

1

—_

95% CL on B(t — H'b) with B(H™— cs)
o O O O
N W A~ O,
IHI|\III|IIII|IIII|\\H|HI\‘I\II‘I\II‘I\\I‘IHI
-II\I|\III|IIII|IIII|\\H|HI\‘I\II‘I\II‘IHI‘IHI

1T T T
Limits at 95% CL:

ATLAS Preliminary J L=35 pb'1 """ Expected Limit
I Expected * 1o
Expected + 20
=—@==Observed Limit
""" CDF Observed
"""""" DO Observed

..........
Teia
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The Missing Mass Calculator

* 4 constraints on mass of di-
system, but 6-8 unknowns mE = md bl +2pR e PR

- Depending on # of
neutrinos in final state

wn T T
= 1-prong t decay
= i
= _ 45<p <50 [GeV]
So.015(- ATLAS Simulation
5 _
< +— Z—1t Simulation
0.01— — Probability function —

0.005

miss : :
t gx Pmiss; S10 Opiss; COS Griss; + Prmissy S1N Oyigs, COS ¢'m®
miss : ; : ;
au Ey = Pmiss; S1I1 tE}mis:\i] $11 ‘;t'missl + Dmiss, SII1 emiiﬁg S1n Q”miss;a

T missg

_zp»islpmisql Co8 ﬁevml .

D 2 - .
\mf = \-’152 +2 \,‘pws; \"152 Pmissy »

—2Pviss Pmissy €08 Afym, /

» Ambiguity resolved by scanning the
parameter space, calculating the
mass for each point, weighting
the solution by the likelihood to
come from a tau decay.

» Final MMC mass is the peak of the
resulting distribution.

% 005 01 015 02
AB,, [rad]

A.Elagin, P.Murat, A.Pranko, A.Safonov
arXiv:1012.4686 ; NIM A654 (2011) 481
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’ Signal Modelling in MSSM

Signal model different for each point in the m,-tang plane:
impractical to simulate signal sample for each point.

Instead signal is parametrized by Breit-Wigner convoluted with
a gaussian, plus a Landau for the asymmetric tail.

Intermediate signal models obtained by interpolating the fit
parameters from simulated points.

E T | T T T T | T T T T I T T T T | T T T T :J
- b-associated production ATLAS Simulation -

Preliminary
¢ m,=150 GeV, tan f=40 _§

10

|
[x2 = M2 + M2

—— Signal model for A —» p*u~ 3

Events / GeV

—— Signal model for h — p*u i

® ﬁ]m;ss(r- ) + 'iwaandmf(_x- M. S)

Signal model for H — pu _|

3

|t

—

101 I r I Ldt=4.8fb" —;
Comparison of simulated signal (black 102
points) with the model obtained from g

interpolation (blue line) 10° =150~ 180200 250 300

m,, [GeV]
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Charged Higgs, individual exclusion |

T :L I 1 I 1 | I 1 I I 1 I 1 I I ]:

5 - ATLAS .

- Data 2011 7

T -  Exp Obs .
> lepton+jets \s=7TeV

anl 1 E e T+lepton =

SRR THets det -46fb' 3
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11 | | 11 1 | | | 11 1 I 1 1 1 1 I 11
130 140 150 160
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2011 SM, inclusive
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Comparison of the inclusive yy mass spectrum from standard

ATLAS photon ID, and the modified photon ID used in the

aa—4y analysis
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Photon - i Comparison

Corrected isolation: 178 MeV Corrected isolation: 6.2 GeV
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HV trigger & vertex reconstruction

» Vertexing efficiency defined for ROI's which pass the trigger.

a 0.6_| T TT | LI | LI LI | LI | T 1T | LI LI T T TT T 1T a\ 0.6_| T TT | T TTT | LI LI LI LI LI LI LI T TT I_
@ | ATLAS e § [ ATLAS -
& 0.5 Simulation +:¢:' I g £ 0.5 Simulation ZF E
(T} C - - | T} C - ]
- [ —e— m=120GeV,m =20 GeV | - |y - | _i- 4 7
8, 0.4F —=— m=120GeV, mz:ato GeV T- Tﬁ | T é 04— - i '#‘— — + 3£ ]
= C —a— m=140 GeV, m, =20 GeV -+ " i 3 S : N -+- : =i -
[ 0-32 —¥— m,=140 GeV, m, =40 GeV -4 B g 0-33_ i _f
C 3 C ]
B . o} - _ _ - ]
0.2 - -+ = g 02 —— m,=120 GeV, m_ =20 GeV | =
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01— - o B 2 4L —s— m,=140 GeV, m, =20 GeV E
- " :E ] - —¥— m=140 GeV, m, =40 GeV .
O :._‘_._‘_*‘_._‘_.w.l*l L | | | | Ll 1 | | | | Ll *h | Ll I_ O _I Ll | | N | | | N | | ] | | Ll 1 | | Ll 1 | | N | | L Ll | Ll 1 | | Ll I_

I 0 2 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
r[m] r[m]
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More on Muon Jets

Muon Jets formed by counting additional muons in a cone of
0.2 around a high pr muon.

> [T rrrrrrrr ] > M B A B B L 3
Z044F " TTTTTTTTITTTY [rrrrprrrrprrrrprrrrprTT % 120 \s=7 TeV ATLAS Preliminary E 9 120 1s= 7 TeV ATLAS Preliminary
s - L = | 2 (2 MJ cut) - % (isolation cut) .
< ATLAS Preliminary i 100 Bm.=140 GeV EI BIm,=140 GeV E
X 0.12- . . = 8053 +data E 808 ®data E
(a) - i ]
S Simulation N 3 L E
o ]
~ O 1_ ] f% _:
o = ]
= — m,=100GeV oy
© 0.08[ =
s I mH=14OGeV
§e
——
Q . B ]
E 0 06 % 120 T T T T T l_‘ % 100 T T T T T ]
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0 04__ | 2 100 (A¢ cut) -] 2 g (impact par. cut)
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0 0.050.10.150.20.250.30.350.4
ARHU Zp? (GeV) Zp? (GeV)

MJ's must be isolated from calorimeter activity, separated in
phi, and (loosely) associated to the primary vertex.

Finally a cut on 3 GeV on the p; of nearby ID tracks is applied.
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Dark photon reconstruction
efficiency
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