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Introduction

Phys. Lett. B 716 (2012) 1-29
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fermionic decays, spin, precise coupling measurements, ...

« But note that many BSM physics scenarios predict a SM-like
Higgs boson, but with a more complicated Higgs sector

BSM Higgs searches:
— complementary to the new resonance studies
— necessary for understanding of the Higgs sector details and the nature of

the electroweak symmetry breaking
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http://www.sciencedirect.com/science/article/pii/S037026931200857X
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ATLAS: LHC multi-purpose
detector with hermetic
calorimetry

A~ 25m, L~46m,

~ 90m underground

2011: a prolific year for the LHC
— 5.6 fb™ delivered by the LHC A
— 5.3 fb™ recorded by ATLAS Jon e W o

Month in Year
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ATLAS BSM Higgs searches

A quick overview of the latest public ATLAS results in BSM Higgs searches

I R A
H* — 1'v 4.6 fb™ JHEP 1206 (2012) 039
I N
SM with a 4™ fermion generation 1.0-2.3 fb™ ATLAS-CONF-2011-135
I N
Light scalar Higgs (a — up) 0.039 fb™ ATLAS-CONF-2011-020
I N
Doubly Charged Higgs 1.6 fb’ PRD 85, 032004 (2012)
Hogstolongiivedparies  19®'  PRL1BQOEZSIEN
Higgs to displaced muon jets 1.9 fb”’ ATLAS-CONF-2012-089
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ATLAS BSM Higgs searches

* Only a few searches will be described here due to the time
restrictions

 SUSY (but not olny) inspired searches:

- H— 11/ Yy search
- Charged Higgs search: H* — 1*v
 Examples of more exotic signatures

- Higgs to light scalar particles
- Higgs to long-lived particles (lepton jets & T )
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Grandma's recipe for a successful search

» (Good old tricks that may do the job!

— Try to find a simple extension to what C\

you have already
N
coo\%é

folo)
— Keep also in mind that if you have many g
parameters it is difficult to interpret your data:
c.f. SM Higgs search: only one parameter

— Choose a theory which is highly
motivated from a physics point of view
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Grandma's recipe for a successful search

» (Good old tricks that may do the job!

— Try to find a simple extension to what
you have already ( \

SM “Custodial symmetry” restricts our option: 2 Higgs
doublet models (2HDM) is a very simple extension

— Choose a theory which is highly
motivated from a physics point of view

— Keep also in mind that if you have many
parameters it is difficult to interpret your data:
c.f. SM Higgs search: only one parameter
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Grandma's recipe for a successful search

» (Good old tricks that may do the job!

— Try to find a simple extension to what
you have already ( \

SM “Custodial symmetry” restricts our option: 2 Higgs
doublet models (2HDM) is a very simple extension

— Choose a theory which is highly
motivated from a physics point of view

SUSY can solve many problems: coupling
unification, Higgs mass corrections, dark matter, ...

— Keep also in mind that if you have many
parameters it is difficult to interpret your data:
c.f. SM Higgs search: only one parameter
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Grandma's recipe for a successful search

A not-so-frequent
case where all these
points are satisfied!

— Try to find a simple extension to what C\

» (Good old tricks that may do the job!

you have already

SM “Custodial symmetry” restricts our option: 2 Higgs
doublet models (2HDM) is a very simple extension (

— Choose a theory which is highly
N

motivated from a physics point of view

SUSY can solve many problems: coupling
unification, Higgs mass corrections, dark matter, ...

— Keep also in mind that if you have many
parameters it is difficult to interpret your data:
c.f. SM Higgs search: only one parameter

MSSM (Minimal supersymmetric Standard Model) has a Higgs sector that

depends only on 2 parameters at tree level!
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MSSM

e MSSM (Minimal Supersymmetric Standard Model):
a popular and well-studied extension of the SM
» A specific case of a “type || 2HDM”
- One Higgs doublet couples to up-quarks, one other to down-quarks
e Higgs sector:

- 2 Higgs doublets, 5 Higgs bosons:
CP-even (h, H), CP-odd (A), charged (H%)

- depends only on 2 parameters at tree level: e.g. (m, , tanf3), where
tanf is the ratio of the Higgs doublet v.e.v.s

« MSSM is compatible with the existence of a SM-like Higgs
boson at ~126 GeV
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MSSM: Neutral Higgs

Neutral MSSM Higgs Production & Decay

—  \4

Production through gluon-gluon fusion or in

association with b quarks, with the latter CETTL LT T E
being more and more important at high tan[3 "h— T %

b 10“E
g RN i

m,"", tanp =10
= BR(h >bb) ||
BR(h=>cc) | |
= BR(h->17) |3
BR(h>pp) |
e BR(h->WW) | ]
BR(h->77) | |
= BRMh-=>7) [
BR(h>Zy) |7
= BR(h>gg) ||
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MSSM: Charged Higgs

Charged MSSM Higgs
Production & Decay

Heavy Charged Higgs

+ +
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Taus

« “Golden” MSSM Higgs search channels: H—11, H*>T1%V

* Taus: the only leptons that can decay hadronically

+

Leptonic tau

1 decays (~35%)
“1-prong” e T(le
hadronic tau - (e}
decays (~50%)

Ny . Other

oty

“3-prong” hadronic
tau decays (~15%)

T oninty

Tontnttny

T(had)

Tt nnOnty
Studies with taus are involved:

 neutrinos in the final state: degraded di-tau mass resolution
e pions in T1(had): large fake rates from multi-jet production
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Special Techniques used with Taus

* Di-tau mass resolution: very poordue « 7 _, 171: very important
to the presence of neutrinos in the background source
final state

x10°
. e . > L BN B
* Visible mass (mass of visible objects) R ,
P ; o 10° —¢— Z->tt Embedded |
e “Missing Mass Calculator” (MMC): o | B 7>+ Alpgen MC |
. . . o 8- * 7/ Emb. syst.
Constrain unknown neutrino momenta using g 1 . ///JLd:f_;fb.1
T decay kinematics NIM A654 (2011) 481 6 s, s=7TV
g014i.R|.r.t..|.‘I.t.‘...|...|...|.'..|...|."zt i ATLASPrehmmary:
§ - - had-had channel __ ﬂ;ﬁ:&ﬁg%ﬁi}? . 4 B
> 0.12— p°>10 GeVic, E>10 GeV | | Hostt, M, =130 GeV/c? — i . 1
& o . ol - .
= 01— 2 — L - i
| . I . ]
< 0'08__ ] Oleeee® .| ®esssslesosslesses
- . 0 50 100 150 200 250 300
0.06 - MMC mass m,, [GeV]
0.04:— ‘-: —: “ "
- ] T-embedded” Z — pu data events:
g e E select Z—pp events from data and
%% 60 80 100 120 140 160 180 200 replace u with a simulated 1
M., (GeV/c)
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(MSSM)H — 11/ pu
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(MSSM)H - 11/ pp

H — 17: the most promising channel to look for neutral MSSM Higgs

* Final states considered here: 1(e)1(M): BR ~ 6%
1(e)r(had)+1(M)T(had): BR ~46%
1(had)t(had): BR ~ 42%

e H— pu: small BR (~0.04% c.f. ~10% for 171) but very clean signature
and good mass resolution

* Production mode (gg fusion, “b-associated”) motivates sample
splitting using the presence or absence of b-tagged jets
(jet p. > 20 GeV)

» Use of data-driven methods to control all important backgrounds:
(Z — 11, WHjets, multi-jet events, top)
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MSSM H — 1(lep) 1(lep

T(lep)t(lep) using 1(e)1(pM) final state

Opposite sign; Ad(e,u)>2; m(e,n)>30 GeV
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MSSM H — 1(lep) T(had)
isolated e / p with pr>25/20 GeV; Taawith pr>20Gev;

Opposite sign; M_< 30 GeV

> _IIlIIllII|IIII|IIII|IIII|IIIIIIII_ >2500IIII|IIII|IIII|IIII|IIII|IIIIIIII
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MSSM H — 1(had) T(had)

T(had)Tt(had)
“b-tagged” sample: leading jet is a b-jet “b-vetoed” sample: leading jet is a b-jet
Leading (b-)jet pt< 50 GeV Leading tau pt > 60 GeV
% 18_| T T | T T T | T 1771 | T T T | L T 1T I_ % 350_| T T | T T T | T T | T T T | T T T T T T T I_
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® - ® Data 2011 . & 300 ® Data 2011 .
g »  14F ma=150 GeV, tan =20 — @ C ma=150 GeV, tanp=20
o < I Multi-jet c o5k I Multi-jet ]
C\Il c|>_> 12 e A - q>_) B Bz 1t ]
— L - Q W tv . = L W tv ]
o 10— \ \ Other electroweak - 200 Other electroweak 7
N - &w Top . C Top ]
LL 8 AN \§ WWW Bkg. uncertainty — 150 W Bkg. uncertainty =
CZ) 6:— “ g \ ATLAS Preliminary E C ATLAS Preliminary ]
S 5 \ : 100F ; -
- 4 \\\ \det 4.7 fo” - : J-L dt=4.7fb ]
(<,E) 2:_ o N B 50F =
1 AN RN NN \\\ \ . i
— ot \ SUWWE AL -0 OO _ .
< 0 100 200 300 400 500 600 200 400 600 800 1000 1200

mMMC [GeV] mMMC [GeV]
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“b-tagged” sample: at least one b-jet “b-vetoed” sample: no b-jet

Signal model: (Breit-Wigner) O (Gaussian resolution)+Landau

IIIIIIlIIII|IIII|IIII|IIII|IlIIlIIIIlIIIJé

%1OBELI|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIJ§ >108
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< £10°¢ A Z- E £10 S Z- pu E
- B 7 — 1t ] B Z— 1t ]
g 2 10°F ww - 2 10°k ww E
C\Il L . & Other electroweak 3 L . NN Other electroweak 3
10% & [ Multi-jet - 10% & [ Multi-jet -
g 2 Top 3 : Top 3
8 1 03 W Bkg. uncertainty E: 1 03 X AW Bkg. uncertainty —;.
1 = 3 B J 3
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E! = QI PSm\\SN NG
\ N '
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Simulated backgrounds are shown here only for demonstration: not used in the final result
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MSSM H — 11/ search

ATLAS-CONF-2012-094

Exclusion Limits: all channels combined

Limit on o BR(¢p — T171) ‘m -tanB” space limit m ™

60_|IIII|IIII|II|||I|II|IIIIII|I||IIIIIII
- ATLAS Preliminary
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|IIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII
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Charged Higgs
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Charged Higgs Search

* |In “type Il 2ZHDM” (and in MSSM): in large parts of the
parameter space light charged Higgs

IS produced primarily through “,
top decays; %, g
BR(H* — 1*V) is sizeable Sggfmw
S
Channel topology organized g(66

according to W and tau decay

tau(lep)+W(—lv): tt — bbWH — bb (Iv) (1_v)

tau(had)+W(—lv):  tt —bbWH — bb (Iv) (1_v) BR~14%
( ° Channels studied
(

— : — — ~ 46% |-
had)+W(—jets): tt — bbWH — bb (qq) (1 _v) BR ~46% with full 2011 data
tau(lep)+W(—jets): tt — bbWH — bb (qq) (Tlenv) BR ~25%)
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JHEP 1206 (2012) 039 H* — 1%V search

[\V)
ul
o

IIIIIII|III|III|IIIIIIIIIIIII
. e Data 2011

L L it — bW W' N
Il Others

- = SM + uncertainty

150F )
" B(t - bH") = 5%

- JLdt = 4610
1005 s =7 Tev

Tau(lep) + W( — jets)

Events / 10 GeV
N
o
o

At least 4 jets (p.>20 GeV) with exactly 2 b-tagged

Very challenging to separate signal from
tt — bbWW — bb+jj+lv (main background)

ST i
80 40 60 80 100 120 140 160 180

Need to use kinematic fit to associate b-jets to the top

GeV
candidates and define discrimination variables like the b-jet+ m [GeV]
charged lepton invariant mass and the Higgs transverse mass

* 2 %l i ? iss | 2
cost) = — = il (mi)? = (\/ Mo, + (P + p1° + pr™%)2 — p%) - (ﬁ‘ - p?rm) .

Miop — My
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JHEP 1206 (2012) 039 H* — 1%V search

Tau(had) + W( — Iv) Tau(had) + W( — jets)

At least 4 jets (pT>20 GeV) with at least 1 b-tagged
At least 2 jets (p.>20 GeV), with at

least 1 b-tagged

> F
S 80:_ATLAS ® Data 2011
........................ i < THets  [Jtwer "
ga0of T Bt S 70f B.cocmsa | Mostsensitive
S 350 ] ® Data 2011 = T ool Bl ¢ misid E channel, but the
2 3000 L e - ‘ g ok Ewies 1 absence of a light
g 3005_ Bl Jetc misid ; 50 323 SM + uncertainty lepton makes
- 250;_ = ;Z;'Z];S::pton E 40_ — m,. =130 GeV 1 p .
200F A SM + uncertainty - B(t—bH") = 5% 1 triggering on these
. — =130 GeV : 7 events not trivial:
100y ATLAS : 200 Juamesn' Z oy MET trigger
J-Ldt—46fb'1 ] 10: ls=7TeV 2
>0  \s=7TeV _ 0 =gy N ]
O 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400
ET™° [GeV] my; [GeV]
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H* — 1"V search

HEP 1206 (2012
J 06 (2012) 039 Search result interpretation in the MSSM: low mass

H* allowed phase space is heavily constrained

— i T I T 1T ‘ T TTT ‘ T T T T T T T 1T T TT I I: Q 60_‘ T I L | P I L L L FrT
T ] S [ ATLAS
5 ATLAS C e vee7 TV
I —— Observed CLs Data 2011 i 4 Data 2011 JLdt _46fb" /i
— 4L Expected . - - i
m — —_ . I fr
- i 1o 's=7TeV . 40__ — — = Median expected exclusion -
L J+2 JLd’[ =4.6 fb-1 : E :l Observed exclusion 95% CL E
] 1 30_— ------ Observed +1o theory ]
10_1 = BR(Hi — Tiv) = 100% E IS Observed -1o theory ]
10°5 combined o & E -
_| o b b b b b b by |_ | | | | | :
OI N N N N NN N N N I N N N N N N N I N N N -
90 100 110 120 130 140 150 160 90 100 110 120 130 140 150 160

m,,. [GeV] m,. [GeV]
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Higgs to light scalar particles
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H—aa — VY * VY a1 as.coNF-2012-079

* |n some SM extensions (e.g. NMSSM) Higgs is allowed to

decay to light (pseudo)scalar particles, a, which consequently
decay to yy without contradicting any current result

e.g. see PRD63(2001)075003, PRD66(2002) 075006
* aislight~100 MeV;

< 0.07- TY opening angle inn (m =125 GeV) —E
Yy angle very small: sodl gl E
Yy-pair is reconstructed 0'053 om0 by ]
as a single photon F o ]
Y Y 0.041 ATLAS Preliminary
Y : Simulation 1
0.03f~ =
0.02 =
z Z ]
0.01
Y
Y Y 00 30 40 50 60 70 80 90 100
SM Higgs — vy vs this search Er(a) [GeV]
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H—aa — VY * VY a1 as.coNF-2012-079

e Search uses events with a yy pair
2 photons pT > 40/ 25 GeV

_ Cross section limits for m_: 100-400 MeV

Signal modelled with “crystal ball” (= gaussian assuming zero decay length for a
core+power law low-end tail)+gaussian; bkg with
exponential
> 2000_' ‘ ; ) I : . ; . : ; . ‘ [ , : ; ; | . ‘ i ; I ‘ : ; l_ Ta 0-81| T I TTT || |||||||| Illl\l |||||||||||||||||| E
8 13002— —} Data 2011 /5= T Tev) JLdt:z;_gfb'*_i E - J
= - —— Background Model ((%/n,,,=60.2/60) * 0.7 ATLAS Preliminary m, =100 MeV e
% 1600 --- Signal (M =125 GeV, M, =100 MeV)  —_ T = =ssms Observed Limit
g 5 ignal (M = . 1 o8 0 e Expected Limit 7
> _ _ . Signal (M =125 GeV, M_ =200 MeV) - ]
o 1400 . * = e - -1 10 ]
1200i ;,\“::‘ ,,,,,,,, Signal (=125 GeV, M, =400 MeV) é : 0-5;_ 49fb — _;
1000: i 1_ ATLAS Preliminary E 0'4:_ E
o \ = - ]
800} 3 03 =
- = = =
600} 3 02 =
400 B =
iy T P Mé_l | | | | . | | |_g
100 110 120 130 140 150 160 O L Bt £

m,, [GeV] my, [GeV]
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Higgs to long lived particles
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Higgs decaying to long-lived particles

- Higgs decaying to invisible, long-lived "hidden valley” pions 1T,

which decay to jets in the outer calorimeter and are detected in
the muon system PRL 108 (2012) 251801
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Higgs decaying to long-lived particles

« h—m m; m — bblcc/T PRL 108 (2012) 251801

“hidden valley” model used as benchmark
assuming a Higgs produced as in SM, but
witha BR (h — m m ) =100%

Dedicated trigger development
to collect candidate events

a 0.6_ TT | T TTT | T TTT TTTT | TTTT | T TT | T TTT T TTT TTTT 1T |_
-E E ATLAS _‘ | E E 3_ :li T T | T T | T T T T | T T | T T T T T |_
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Higgs decaying to long-lived particles

e Higgs decaying to invisible, long-lived particles, which
finally produce particles decaying to lepton-jets

ATLAS-CONF-2012-089
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Higgs decaying to long-lived particles

* Higgs to muon jets: results ATLAS-CONF-2012-089
Selecting events using a 3-muon trigger with Muon-System-only muons

“hidden valley” model used as benchmark

Signal region assuming BR (h — y y_ +X) =100%

% 100_ 'I""I""I""I""I""I_ §_25— E T T T T T T 5 ]
Q | |Vs=7 TeV ATLAS Preliminary ] X Ll exmectedizostatasyst) '
'_'a:j 80 -_ (ImpaCt par. CUt) - ;’ I expected + 1o (stat.+syst.)
= o 20 —
L ‘ mH=.I 40 Gev % : """" expected limit
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DR < 0.4 around the lepton-jet direction
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Conclusion
* The effort to understand whether the recently discovered boson
is indeed the long sought SM Higgs boson has started

* Direct searches for BSM Higgs bosons are an important part of
this procedure

 ATLAS searches are inspired by a variety of BSM physics
scenarios and focus on many different signatures, e.qg.

e Ho 11, H > 1TV, H—>aa— yy+yvy, H—-mm — jets
H — vy, — lepton jets ,...

* No hints for a BSM Higgs is found yet: continue to restrict the
parameter space of many BSM physics scenarios

Many thanks for your attention!!!
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MSSM & SM-like Higgs @ 126 GeV

« MSSM is compatible with a SM-like Higgs boson at ~126 GeV

arXiv:1112 3026v3 thep-phi
EXCI Uded Heinemeyer et al.

m ", m(H) ~ 126 GeV  (LHC, Tevatron) w rax, m(h) ~ 126 GeV
20 D h
18

90 100 110 120 130 140 1 =3 100 150 200 250 300 350 400 450 500
M 4 (GEV) Ma (GGV)

Excluded (LEP)
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Missing Mass Calculator

* An extension of the collinear mass approximation

 Collinear mass: assume that neutrinos are emitted in the
same direction as the visible decay products

E, =P, -cos(6) cos(g,)+ P,, - cos(6,) cos(p,)
E, =P, -cos(6)-sin(g,) + P,, - cos(6,) - sin(@,)

RV

* Missing mass calculator:

— Write the full equation system: more unknowns than ~ E:"" = Pumis, sin émis, cos dmis, + Pmis, $in émis, €05 dmis,
equations T EJ™ = puis, Sinfmis, Sin @mis, + Pmis, Sin fmis, Sin Gmis,

- _pgrameterlse the 3D angle between.V|S|bI<? and M2 =m2, +ml +2\/p3i51 2 JPﬁﬁs. em2
invisible tau decay products from MC simulation, d@

. . _2Pvis|Pmisl Cos ﬂgum.
— solve the equation on a grid of the extra unknowns

. . 2 _ 2 2 2 2 2
and calculate the most probable choice using the do Mz, = myg, +2 \/pwsz s, \/ Prais, T Mmis,
distribution —2Pvis, Pmis, €0S Abyn,
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H* - TV
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SM4

 An additional 4" generation of fermions modifies the gg
fusion production mode and the higgs decay branching

ratios
arXiv:1201.3084
BR(SM4) /BR(SM)
20w 0 ' WW ——
77 -
________ i
........................ ~ (XlOﬂ}
e £ e 1
i . P
T e e e e Y il S
M, [GeV] 100 200 300 400 500 600
My [GeV]
NLO EW correction to the ggF Higgs Ratio of BR in SM4/SM calculated with
production in SM4 Prophecy4f and HDECAY

mD4 = mL4 = 600 GeV and mu4 — mp4 = (50 + 10 In(mH/115)) GeV
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* The enhanced cross section relative to the SM allows an
exclusion of large parts of the parameter space

* Higgs mass range 119-600 GeV excluded

=

& [ ATLAS Preliminary  CLsLimits
g —  Observed 4™ Generation Model -
S 10 .. .
ATLAS-CONF-2011-135 = 10 Expected det 1023
=5 ERE; | -
d [(]+26 \s=7TeV
L 1E
e -
o>
107E
-10-2l\\\lll\\|||\\|||||||||||
200 300 400 500 600

m, [GeV]
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Light Scalar Field

 Light scalar Higgs boson: NMSSM allows a ~10 GeV CP-
odd Higgs with a sizeable BR to a di-muon pair

e Search for it in the Y sidebands
-

T T T T T T | T T T
.[ Ldt=39pb’

X

=
Ggg - a,— [pb]

ettt
600— ATLAS Preliminary
n \s=7TeV

ATLAS-CONF-2011-020

—— Observed limit

fe===  Expected limit

a — Ju (NMSSM)

Multivariate technique to reject muons not
coming from the decay of a single particle

1 I10I 1 1 1

m,, [GeV]
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H* — cs

. Important at low tanp:
e oce) ~ 40%. tanp<1, (MMM

+
mH" ~130 GeV At least 4 jets, pT>20 GeV; one b-Tagged jet
. -1
» Search using 35 pb MET/MT cuts: MT>25 GeV (e); MT+MET>60GeV
ATLAS-CONF-2011-094
% E L N L e IE ‘H  P— 7T T -
S 35 ATLAS Preliminary _ . ggg;(g?m dony 3 @ 09 Limits at 95% CL: E
~ :_ - ' 2=~ Uncertaint _: = ATLAS Prelimi I L =35 b-1 ------ Expected Limit 3
-'g 30 C I L =35 pb1 2% — Si;%il?—lrl]?:gck round Jf;:r 0.8 reiminaty P I Expected £ 1o =
4 - - ==-m, =130 Ge = @ 075 Expected + 26 =
w 25:_ BR(t > H'b)=17% £ == Observed Limit =
- = s 0.6 - .=+ CDF Observed =
20 - = T 05 me e DO Observed =
u = T TE =
"°F E T 045 E
10 = o 0.3k =
- = S ooF 3
5 — 9 0= 3
S T e I ] S OE E
% ~"20 40 60 80 100 120 140 160 Dbl S
o 90 100 110 120 130
m; [GeV] m,. [GeV]
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Fermiophobic Higgs

g
s
: : -
* No couplings to fermions 2
e
[ ] [ ] O - —]
« Production via VBF and VH S 107, '
(a)

 Decay viayvyy, ZZ, WW and Zy

ATLAS search focuses on vyy; 102
WW and ZZ also an option :

10-3 1 | I 1 I 1 ‘ I I 1 I ‘ \ I \ I
100 150 200 250
M, [GeV]
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Fermiophobic Higgs Search

* Fermiophobic Higgs models modify SM Higgs couplings and

affect Higgs production & decay

ATLAS search follows the _
SM H — yy search;

: Signal modelled with “crystal ball” (=
Only Slgnal model Changes gaussian core+power law low-end tail)

+gaussian; bkg with exponential

) 1g - . .
<~ %— g % — Observed CL_ limit
(@) Q C c L Expected CL_limit
— -9 ’ O
N 107 2 ok M+io ATLAS
o ; = - + 20
{@] 102k . Fermiophobic H — yy (;3 -
= W 3 S I 7
o - d 2011data | Ldt=49f" 3 3 - 1
N A ] R |
T = ;' Observed p, (all categories) 3 = Data 2011, \s=7 TeV 4
> . Obs. P, (with energy scale uncertainty) - B ’
u — 4 J mmmian Obs. p, (High p, categories) JLdt 49 fb’1
>< 10 — — . Obs. p, (Low p_ + Conv. transition) IE
o :-' ......... Expected p with signal (all categories) 3 Ferm|ophob|c H ﬁ f\{fy
o by By by s b by by by by g by 1l | | |
© 110 115 120 125 130 135 140 145 150 1031015 120 125 130 185 140 145 150
my [GeV] my, [GeV]
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H—aa — VY * VY a1 as.coNF-2012-079

* Dedicated photon ID tuning is needed since a yy-pair
reconstructed as a single photon is different from a single v:
remove affected shower shape variables from photon ID

» Also other properties are affected (e.g. photon pointing)

= 1T T AL L LA B £ 6000 T T S
% E = . my=125GeV
= m,, =125 GeV = 50000 (m_=100 MeV), 6 = 54 mm ks
£ ATLAS Preliminary SMH—yy b E - (m_=200 MeV),0 =83 mm
2 Simulation m, =100 MeV "GC: L (m_=400 MeV), g = 126 mm
~ 10 -e-m, =200 MeV__ > 4000 (SMH—77),0=43mm ) -
S ~e-m, =400 MeV 3 = - ATLAS Preliminary J
o g n : : ]
‘% 3000~ Simulation =
: :
W 102 2000f
1000[
‘]O'S e T—— e e ; OP ’ : : = .
02 0.4 0.6 0.8 1 -400 -200 0 200 400
I:side A Zvertex [mm]
Electromagnetic shower width measure Photon pointing to vertex: z resolution
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H—aa — VY * VY a1 as.coNF-2012-079

e Limits for other m_masses

E :I LI I LI I | I L | L I LI I I LN | I L | I LI I | LI I LI} I: E‘ :I LI LI I L LI I LI I LI B I LI I | LI I LI} I:
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= - _ 0= - o _ =
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g s B 10 18 s B 10 ]
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S 02f 48 02F =
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** Search

Phys. Rev. D 85, 032004 (2012)

 Doubly charged Higgs is predicted by many models
* e.g. “little Higgs”, “seesaw type II” include triplet (HO,H*,H**)
 ATLAS: a generic same sign di-muon spectrum search

Limit deriyation assuming

qq = ZIy* > H"H™ — p'p" py

(N T I T T T T I T T T T I T T T T J
B e — = ATLAS 1
8 E ATLAS ~+ Data 2011 o
o F 4+ [[_]Non-prompt u Ldt=1.6fb
l 30: Ldt=1.6fb ] Prompt
o F \s=7TeV P 10§ \'s=7TeV E
g_ 25:— :
c E N
o —_
> = 1
= i

o(pp — H™ H x BR(H™ — p* p?) [fb]

E Observed 95% C.L. upper limit

[o==mmem- Expected 95% C.L. upper limit

C I Expected limit+ 1o

| Expected limit + 2c

| 3888808 ofpp— H: HL)' BR(Hiﬁp.ﬁfﬂ:‘IOO%
B o(pp— HR Hg), BR(H;%;E;F):‘I 00%

10-1 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

s : 3 100 150 200 250 350 400

250 300 350

M) [GeV] H™ mass [GeV]
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