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Introduction

 LHC experiments are currently sensitive to SM Higgs
production

e ATLAS and CMS reported on July 4™ the discovery of a new
particle at ~ 125 GeV, which is SM-Higgs-like

- more work (and more data) is still needed to see whether it is
indeed SM Higgs

* This doesn't make redundant the BSM Higgs searches:

 SM-Higgs-like doesn't necessarily mean that is SM
— still compatible with SUSY models like MSSM (e.g. see
arXiv:1112.3026) or with other models (e.g. models involving
Higgs decaying to light scalar particles)

* Besides it is more fun to look for less predictable physics!
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ATLAS: Detector & Data

All searches shown here use pp collision
data @ 7 TeV from the 2011 run —

ATLAS: LHC multi-purpose
detector with hermetic
calorimetry

A~ 25m, L~46m,

~ 90m underground

I I \ I I I I
10/—ATLAS Online Luminosity
[ = 2010 pp Vs =7 TeV

- w2011 pp \s =7 TeV
— 2012 pp \/s = 8 TeV

=2}

ivered Luminosity [fb A
o

&3
2011: a prolific year for the LHC
— 5.6 fb™" delivered by the LHC i
— 5.3 fb”' recorded by ATLAS o a—— B o
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ATLAS BSM Higgs searches

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

e

MSSM H* — T'v 4.7 fo JHEP 1206 (2012) 039

SM with a 4™ fermion generation  1.0-2.3 fb ATLAS-CONF-2011-135

[ O FE o

Light scalar Higgs 0.039 fb" ATLAS CONF-2011-020

Doubly Charged Higgs 531 .6 fb™ PRD 85 032004 (2012)

Higgs to displaced muon jets 1.9 fb ATLAS-CONF-2012-089

Only studies with a * will be discussed in this presentation
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MSSM

« MSSM: a popular and well-studied extension of the SM
* 5 Higgs bosons: CP-even (h,H), CP-odd (A), charged (H*)

 Mass of h < 135 GeV; Higgs sector depends only on 2
parameters at tree level (e.g. m , tan(3)

0

For large parts of the parameter space H—T11 and U EF
H*—T1*v decays are dominant, WW/WZ decays "h— T %
suppressed o'k
Neutral Higgs produced by gluon fusion or in %10-2;
association with b-quarks b”“ :

g‘alawal: g b g (Jp 10

b """ (I) %—/
g b . q) . b o' e e w0 600
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MSSM

« MSSM: a popular and well-studied extension of the SM
* 5 Higgs bosons: CP-even (h,H), CP-odd (A), charged (H*)

 Mass of h < 135 GeV; Higgs sector depends only on 2
parameters at tree level (e.g. m , tan(3)

o

For large parts of the parameter space H—11 and
H*—T1*v decays are dominant, WW/WZ decays
suppressed

[
o
—

Charged Higgs produced mainly in top decays or in
association with tb, depending on its mass
b

|
(]

Branching Fraction

100 | 2(|}0 3[|)0 | 500
H" mass [GeV]
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Taus

 The main search channels for MSSM Higgs involve tau-leptons
in the final state: H—11, H*—>T'V

* Taus: the only leptons that can decay hadronically

T— LVVV

Leptonic tau
decays (~35%)

“1_prong,, T le
hadronic tau oy T(lEp)
decays (~50%
ity \;_Stto?ﬁ£+v T
].EI
T(had) “3-prong” hadronic

OOy tau decays (~15%)

T onty

Studies with taus are involved:
 neutrinos in the final state: challenging to reconstruct di-tau
iInvariant mass without degrading resolution a lot

e pions in T(had): difficult to separate them from QCD jets
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Taus in ATLAS

e “tau reconstruction” refers to hadronically decaying taus

o “ATLAS tau”: anti-kT clustered calorimeter deposits matched to tracks

* Low track multiplicity and shower shape is used to discriminate against
multi-jet production; efficiency measured in data using Z — ttrand W —

TV events
>\ LI ‘ L T T T | T 17T ‘ LI % : l R l e | vt l ret -|1 vt I tt I:
~ : - = Cuts tau performance | 8 - After tight BDT ID j dt L = 800 pb -
v o 10°F —BDT ATLAS Preliminary 3 L 250 [\ \s=7TeV -
AT - — Likelihood ] £ N WS ATLAS Preliminary 7
-— - 2 200 n . —e— Data 2011 ]
g % 0 Lﬁ ” + [ ] Z—t (truth-matched) ]
N o 1 02 - — B Il Z<: (non-truth-matched)
T3 : 150 I Wony =
r4 c% - B B Muttiet .
8 2 i g 100F- - -
o 10 = u ]
N qé - - n ’
< ~ 2011 dijet data [dt L = 130 pb" S0 E
I:]- [ 1- prong 4OGeV<p <1OOGeV R . 80 g = .
< L o F S o oy Sy O RO %0 *30" 40 60 80 100 120 140 160 180 200
Signal Efficiency my(u.7 ) [GeV]

Nikolaos Rompotis 13 July 2012 — Implications of LHC results on TeV scale physics 8



YA UNIVERSITY of WASHINGTON

Special Techniques used with Taus
« Di-tau invariant mass has poor resolution due to the presence of
neutrinos in the final state

« Simplest option: visible mass (mass of visible objects)
 More advanced techniques like Missing Mass Calculator

(MMC) (7] L L L L L L L L BN BN LN O

"E 0-14_— Realistic resolution — Z/y —1T, M, >30 GeV/c? ]

. ~ had-had channel _ —

MMC concept: > 012 prstocovie potocey T FTMtIsGoVE -
constrain the neutrino momenta £ 0.1 . B
using tau decay kinematics to 2 008" E
Improve resolution : _ -
0.06] i -

0.043— -

NIM A654 (2011) 481 - " .

0.02_— f= . ]

- r-'r-'.'.-:"lu-| L -“"'u_._ [ .

0 l l 160 180 20

| 1 1 | | | |
40 60 80 100 120 140 g
M,. (GeV/c?)
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Special Techniques used with Taus

Z—TT1 Is the most important background source for di-tau final
states

 “T-embedded” Z — pu data events:

s
- semi-data-driven method: > f<'1§h;d'+'m' AR BARRARARLARAS
select an adequately pure o 100, meaed
Z—u event sample PR Bl 2+t Alpgen MG ]
from data and then replacing & e 7 Fmosst
the muons with simulated taus =~ . LL_dt;T:\'/”b -
- Pile-up, underlying event, : % aTLAS Preiminar -
kinematics etc directly from data ~ * ‘-
2~ ) -
Embedding techniques can also be : "
used with W or ttbar events R IR R g

MMC mass m_, [GeV]
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MSSMH —-> 11/

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): 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 T1(e)1(pM) final state

Opposite sign; Ad(e,u)>2; m(e,n)>30 GeV

FTTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T 14 T T T T T T T T T T T T T T T T T T
> AR RRRRN AR RRRRN : > 5000E " | | | T
© 80 ep, b-tagged selection - o ey, jet-vetoed selection .
0] - eu g9 7 0]

QS 705 ® Data 2011 i © 1 800;_ ® Data 2011 B
g ~ - m,=150 GeV, tanp=20 - 9 1600 :\‘ ma,=150 GeV, tanp=20 |
() 2 60 Bz 3 c -k B 7z e ]
C\Il GCJ - Bass 77 Other electroweak | q>) 1400 K XY Di-boson —
- Lﬁ 50 §§§§§§§3 O\ . L C e 7777} Other electroweak .
o - S Single top - 1200 i Y Top E
AN C RS P Multi-jet ] E KX P Multi-jet -
1 40 SN . J , - 1000 § Bk J , -
LL » S W Bkg. Uncertainty 7 s MWW Bkg. uncertainty .
CZ) 30 555 ATLAS Preliminary E s ATLAS Preliminary .
O o0l J.L dt=4.7 10" = :: J-L dt=47fb" .
(<,E) B < \\E ] o E
3 10 BN\ 5 E o E
I— C \\\‘:\\\\\\ NN NN _ ,,:,;?{2{{0‘2\0}2&?&:_203‘203.0:?.01 E
e SRR SN N S T S I W TR B O

< 0 50 100 150 200 250 300 350 400 450 40 60 80 100 120 140

mMMC [GeV] Mg, [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

% _II|||||||||||||||||||||||||||IIII_ %2500_||IIIIII|||||||||||||||||||||IIII_
0] i [ eTgthT, , b-tagged selection ] 0] - OThgthT,, , D-vetoed selection .

o — — o \
& 120r ® Data 2011 i B . \ ® Data 2011 i
g 7 . ma=150 GeV, tanf=20 | 2000~ m,=150 GeV, tanf=20  __
o % 100+ B 7>t — g . Bz i
~ o L ; S 2 el ] =0 S 2 el ]
~— - A 777 Other electroweak . 1500 o gguw 777 Other electroweak ]
Q 801 XY Top g i N Top ]
C\'l - (53 P Multi-jet - = \,E§§§§§3 P Multi-jet -
LL 60__ §§::‘ W Bkg. Uncertainty a i a«t‘}: ’§§§: W Bkg. Uncertainty i
CZ) i ATLAS Preliminary i 10001~ ATLAS Preliminary
40F B - i B ]
O i R J.L dt=4.7fo" . i 55 J-L dt=4.7fo" ]
1 N :AAA/‘.A‘ =4, ] - XXX =4, -
N - (((((\\\é%ﬁ i o500 SRS ~
< 20 8- - i 55 i
- 0‘ 3 S il o L ¢ [ o®® Y 0000 000 N
< 0O 50 100 150 200 250 300 350 50 100 150 200 250 300 350

mMMC [GeV] mMMC [GeV]
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MSSM H — 1(had) T(had)

HUECUED))
“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_| LI | L | T T | L | L T T T I_ % 350_| T T I L | T T T | T T T | T T T T T T T I_
0} 16:— TadThae 0-120gEd selection B 0] E Tyadhag 0-VEtoed selection .
® - ® Data 2011 | & 300¢ ® Data 2011 E
g o 14F ma=150 GeV, tan =20 — 7 C ma=150 GeV, tanp=20
o < I Multi-jet c o5k P Multi-jet 7
C\Il c|>_> 12 e A - q>_) B Bz 1t ]
— '“ - \ W v i L - W v ]
o 10 \ \ Other electroweak - 2001 Other electroweak -
N - &w Top . C Top ]
LL 8 AN \§ W Bkg. uncertainty - 150 WA Bkg. uncertainty ]
Z 6. | WNpg . ATLASPrelminary - - ATLAS Preliminary N
S : - : 1001 =
O - A : : . :
- 4 \\\ \det 471" - : J-L dt=4.7 fb ]
2 o . 50 -
— AR AR AN \\\ \ , _ y
= ot \ SUNNEE AL T N 0| 90 _ .
< 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

>108?||||II|IIII|||I||IIII|IIII||I|||III||I|IJ§ >108 IIIIIIlII|||IIII|I||I|II|I|IIII|IIII|IIIJ§
8 . E u*W, b-tagged selection ATLAS Preliminary 3 8 . W, b-vetoed selection ATLAS Preliminary 3
o 10 Data 2011 E o 10 Data 2011 E
~ 6 m,=150 GeV, tan =40 - ~ 6 m,=150 GeV, tanf=40 7
< £ 10 S Z> E 210 S Z > 3
o GC) B Z— 1t 3 GCJ B Z— 1t ]
S > ww = > 10°¢ ww =
1 L Other electroweak 3 L \ Other electroweak 3
C‘E - _Il\flol:)Iti-jet - 10%E . - !\r/IOL;)Iti-jet .
8 AW Bkg. uncertainty E 10°k AW Bkg. uncertainty E
1 = B 3
L _ 4] - ~ -
L [Lat=481 ] 102 5 [Lat=4s8b ]
O 3 N &Y ‘\'(\..‘..l q E; 1 0 E\ N\ ay 7‘; N \ i
OI \ W\ ‘ & = E 5 Jju ;
5 101 ;\\\\k&\;; NN &\;;;;s. ;;‘k IR
|<—( 100 150 200 2 400 450 50 100 150 200 250 300 350 400 450 500
mw [GGV] muu [GeV]

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 0 BR(¢p — 171)

—h
(@)
™o

|IIIIIIIIIIIIIIII|IIII|IIII|IIII|IIII

—e— Observed bb— ¢ CLs
== Expected bb— ¢
—e— QObserved gg— ¢ CLs
-= Expected gg— ¢
+ 1o bb— ¢
+ 26 bb— ¢

|

—_
(@)

T IIIIIIII
| IIIIIII|

—h

T IIIIIIII
IIIIII|

—
Q

T IIIIIIII

O—up

\s=7TeV, J Ldt=4.7-4.81fb"

1 IIIIIIII

95% CL upper limit on 6, x BR(¢—tt/up) [pb]

tan 3

‘m -tanB” space limit m ™

60_|IIII|IIII|II|||I|II|IIIIII|I||III
- ATLAS Preliminary

50 - MSSM combination

[ J Ldt=4.7 - 4.8 "

401 vs=7Tev
[ mp®, u>0
301
20'_ .’

+ 1o

- —— Observed CLs
s, Lo ---- Expected CLs

III|IIII|IIII|IIII|II]I|~I~.I

1 O + 20
LEP
e e A e e

m, [GeV]

102 ATLAS Preliminary —
100 150 200 250 300 350 400 450 300 100 150 200 250 300 350 400 450 500
m, [GeV]
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Charged (MSSM) Higgs
e
 Search focus: light charged %,
Higgs produced in top decays %,
ggs p P y 6\%’0606
Channel topology organized 6666
: (
according to W and tau decay g
H_ TV BR(Top01—> bH")vs tanB
+:I|-__- é_ | \Al Eg
tau(lep)*W(—lv):  tt — bbWH — bb (Iv) (T_v) Do omHees E
tau(had)+W(—lv):  tt —bbWH — bb (Iv) (1_v) )| & oo7- CPsupert
tau(had)+W(—jets): tt — bbWH — bb (qq) (1_v) g'ggg :
tau(lep)+W(—jets): tt — bbWH — bb (qq) (1,_V) 0.045 E
' 0.03- E
0.02F :
0.01- meer /
Channels studied with full 2011 data 05 1'0'“”"%5'“7"—?36' e
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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

- — m,. =130 GeV
1501 .
- B(t— bH") = 5%

3 JLdt = 4.6fb"
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)

Need to use kinematic fit to associate b-jets to the top 8530 50 80 700 120 140 160 180

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

* 2 %l 2 . N2
cos O] = — 7~ — 1 (mH)? = (\/mf*op (' +pi® + pi™=)? —p%) — (' + =)

Miop — My
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JHEP 1206 (2012) 039

Tau(had) + W( — Iv)

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

> [ T T T | T 1T | L I |||||||||||| ]
o 400 -
8 350F ® Data 2011 -
> C JTrue z ]
£ 300F Bl Jet— ¢ misid e
) - .
Lﬁ 250F - e—7 misid A
- [ Misid’ed lepton ]

200 22%-SM + uncertainty

: — m, =130GeV ]

150 =
100 ATLAS E

_[ Ldt = 4.6 fo'
\s=7TeV

150 200 250
E™™ [GeV]

100

Nikolaos Rompotis

300

Events / 20 GeV

H* — 1"V search

Jet — tau fakes
estimated from data

100

® Data 2011 R

[JTruer

Bl Jet— 1 misid ]
B o> misid =
[ Visided lepton
32 SM + uncertainty
—m, = 130 GeV

ATLAS

j Ldt = 4.6 fo
\s=7TeV

150 200 250 300
E™™ [GeV]
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JHEP 1206 (2012) 039 H* — 1%V search

Tau(had) + W( — jets)

> SEEERRRRN RN RN RN RN RN R
& 30 FATLAS ® Data 2011
8 g T+jetS [ JTruer
At least 4 jets (pT>20 GeV) with at least 1 b-tagged PAY: Bl Jet— 7 misid
% 608 B e misid
b < B Multi-jets .
50 <@ SM + uncertainty
40% — m,. =130GeV
Most sensitive channel 30F Blo0H) =8% ]
o0k det —461fb"
Absence of a light lepton makes triggering on : ls=7TeV ]
these events less trivial: tau + MET trigger . TN ]
0 50 100 150 200 250 300 350 400
“true tau” background component estimated my [GeV]

with an p-embedded sample
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H* — 1"V search

JHEP 1206 (2012) 039

Low mass H* allowed phase space in the MSSM scenario is heavily
constrained now

— i T I T 1T ‘ T TTT ‘ T 1T | T 1T T T T T | I I: QGO_I T I L | rrr I L rrr L rrr
T ] S [ ATLAS
5 ATLAS L E L e e Tev
N —— CE)bserved CLs Data 2011 i 4 Data 2011 JLdt _ 461 ,i.-"
[FAJ Y —— xpected \s=7TeV - A
- i 1o B . 40__ — — = Median expected exclusion -
—t20 JLd’[ =4.6 ﬂi)-1 - E :l Observed exclusion 95% CL E
1 30_— ------ Observed +1o theory ]
10™ = E I XY Observed -10 theory ]
10°5 combined o & E -
_| v b b b b b L g 1 |_ | | | | | :
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]
Nikolaos Rompotis 13 July 2012 — Implications of LHC results on TeV scale physics 21



W UNIVERSITY of WASHINGTON QEEXPERIMENT
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

o 1: ||||||||||||||||||||||||||||||||||| E| — L L L L L
<~ %— g 3 % — Observed CL_ limit
(@) § . ] c b e Expected CL_limit
IC\) 107 = 2 ok M+io ATLAS
- ] = - +2
= L AO ey b _ - C ©
L() 102k g Fermiophobic H — yy — (;3
E N i L3 S
a - S 44 2011 data _[Ldt=4.9 fo! 3 &
i L TR : (7 ol
T = ;' Observed P, (all categories) E Data 2011 , \s=7TeV
> Obs. P, (with energy scale uncertainty) -
- — J e Obs. p, (High p_, categories) 7 JLdt 491"
>< 10 ! — —. Obs.p,(Lowp_ + Conv. transition) E|
a E . Expected p, with signal (all categories) 3 Fermiophobic H — vy
L1 1 | 11 1 1 L.I 11 1 I 11 1 1 I I I L1 1 | I 11 1 1 | 11 1 | I 11 1 1 I 11 '1 I 11 1 1 ‘ Il 11 1 | L1 L1 | 11 1 | | 11 1 1 ‘ ) - | 1 L1 | I L1 1 1 |
© 110 115 120 125 130 135 140 145 150 10910 115 120 125 130 135 140 145 150
my, [GeV] m, [GeV]
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H—aa — VY * VY  aras.coNF2012-079

* |n some SM extensions 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;

< 007 YY opening angle in1 (m,_ = 125 Gev) -
YY angle very small: Sodl- SR E
Yy-pair is reconstructed 0'053 om0 ey :
as a single photon F o ]
Y Y 0.04 ATLAS Preliminary —;
Y 0.035 Simulation B
0.02 —
£ £ :
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 i as.cONF-2012-079

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

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

= 1T T L e £ 6000 T l S
% - S T 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
S & siibation m, =100 MeV 7 "q::: [ (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 5 C : : ]
‘% 3000~ Simulation s
: :
W02 2000[ -
1000[ -
10'3 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

Nikolaos Rompotis 13 July 2012 — Implications of LHC results on TeV scale physics 24



YA UNIVERSITY of WASHINGTON 13 EXPERIMENT

H—aa — VY * VY i 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 and Higgs mass : 110-150 GeV
core+power law low-end tail)+gaussian; bkg with assuming that zero decay length for a
exponential

2000 T T T T [ T T T T T T T T [ T T T T | T T T T I T

D - 3 2 osf .
8 1800:— —}— Data 2011 (/5= 7 TeV) det:4_gfb'1 E = g .
';; - —— Background Model (¢?/n,,,~60.2/60) ? 0.7 - ATLAS Preliminary m, = 100 MeV =
= 1600 --. Signal (M =125 GeV, M, =100 MeV) T s Observed Limit 7
) - ; — - " ]
> o - - . Signal (M =125 GeV, M_ =200 MeV) | r o¢p~ == Expected Limit T
1400 . H Ao - .
- - , Y o Signal (M =126 GeV., M, =400 MeV) . § C Bl 10 =
1200} i " = o 05 [J+20 -
pe % — - =
i % B o E .
1000 Fut — - C .
: /% ATLAS Preliminary - £ 040 E
800 I E = j = _
g 2 o 03 =
600 — ‘fg o =
- ] o 0.2 —
4001 - - .
200 = I | | | RS R S R 0.1 ;_ _;
100 110 120 130 140 150 160 O_I 11 I | | | L1 1 1 | | I | I 11 1 1 I 11 1 1 I L1 1 1 | L1 1 1 | L1 1 1 I 11 I_

110 115 120 125 130 135 140 145 150

m,, [GeV] my, [GeV]
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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
[ ommmmem= Expected 95% C.L. upper limit
T I Expected limit+ 1o
| Expected limit + 2c
| B8 o(pp— H™ H_), BR(H "—p'n')=100%
S olpp > H Hy), BR(H —pu)=100%
10-1|\\|‘||\|‘\|\||||| ol
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M) [GeV] H™ mass [GeV]
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Higgs decaying to long lived particles

* A number of models include higgs decaying to long lived
particles, e.g. “hidden valley model”:

 SM weakly coupled to a hidden sector by some communicator
particle (Higgs, h) which decays to long lived particles 1

h— LIV LI bb/cc/TT
PRL 108 (2012) 251801

z 06 ARERESEERESS
§ [ ATLAS ey | f
ATLAS has assumed that 11 s decay in  § %9 Simuiatin b E
Vv E [ —a— m= 12EIGVm =20 GeV T. -
the outer calorimeter system and can - o oo |% E
. — .
be detected in the muon chambers 030 ™ oG, 406 £ =
. . 020 -
Dedicated trigger has to be developed - | :
for such a study 0.1 M ? :

- y +:F
" L1l | L1 I L1 | | I L1 h | |
00 !H 2 g 4 5 6 7 8 9 10

Radial decay position of long lived particle "™
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Higgs decaying to long lived particles

* "Hidden valley” model is used as a benchmark

* Alight Higgs (120-140 GeV) is assumed to be produced as in
SM; decay h — m 1 _is assumed with BR = 100%

e Signature: two vertices reconstructed in the muon system
compatible with the decay of 2 back-to-back particles

3 I LI B L I L

: 85% CL Limit: m, =120 GeV, m =20 GeV
.......... 85% CL Limit: m, =120 GeV, m_=40 GeV
95% CL Limit: m, =140 GeV, m_=20 GeV
.......... 85% CL Limit: m, =140 GeV, m_=40 GeV

ATLAS

Fa i)

N

%)

T T T 1T
spzhozze:

A

PRL 108 (2012) 251801

ol

—
*)
| S N O I |
P S I

95% CL Limit on o/cg,,
)
I

IIII|IIIIEIIII|“I‘LII|IIII|III

mpo (GeV) my, (GeV) Excluded Region J.Ldt=1_94fb'1
120 20 0.50 < c7 < 20.65 m il = 7 Tev
120 40 1.60 < ¢ < 24.60 m Al
140 20 0.45 < cr < 15.8 m E Pt
140 40 1.10 < c7 < 26.75 m L AT

1 1 L L L 1 L L L L 1 L L L | 1 1 L L | L L 1 L | L L L L
5 10 15 20 25 30 35
T, proper decay length [m]
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Conclusion

 ATLAS supports a very active BSM Higgs search
programme

 LHC is pushing the constraints further than previous
searches

* The recent Higgs-like particle discovery provides further
motivation to look for BSM Higgs

* There is a good chance that the Higgs is not a SM Higgs, so
stay tuned: many unexpected discoveries may be ahead

Many thanks for your attention!!!
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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 T i ' WW ——

....................... 55—

& e (% 100)
LN S T
100 200 300 400 5151)1_[0 [G:\(’)]O 700 800 900 1000 0. 1100 : 2[;0 3[;0 4[;0 5[;0 600
1"'.{“ [GPV’]

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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SM4

 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 -

- 10 =
ATLAS-CONF-2011-135 = 10¢ Expected j Ldt=1.0-23 "

=5 ERE; | -

d [(]+26 \s=7TeV

L 1E

n F

o

107 &

1 0-2 PR SR T N TR SO SN TN NN SN Y SO NN SO SRR S S AN SO SO S W
200 300 400 500 600
m, [GeV]
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Light Scalar Field (NMSSM)

 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

e Important at low tanf3:

P BHes) e bt
mH* ~130 GeV tt — bW bH b (e/mu)v bcs

» Search using

At least 4 jets, pT>20 GeV; one b-Tagged jet

with 35 pb” METIMT cuts: MT>25 GeV (e); MT+MET>60GeV

ATLAS-CONF-2011-094

% : T I T T T I T T T I T L) T I T T T I T T T I T T T I T T T I : ‘H 1_I : I . . : : ‘ : : . . ‘ . : . . | . . : . I . -
(5 35 - ® Data 2010 —] =~ = - o . =
- - ATLAS Preliminary 1% > Background only ] in 0.9F- 1 leltsEat 95t /: LCLt =
@ - -1 Z=~ Uncertainty - T = ATLAS Preliminar I L=35pb === xpected Limi 3
-'g 30 - _[ L =35pb b —— Signal + Background T 0.8 y P I Expected £ 1o =
o 25:_ ==, = 130+Ge 3 B 076 Expected + 26 =
L = BR(t > H'b)=17% 3 £ F == Observed Limit =
20F- = s 0.6 -\=:+" CDF Observed =
g g g 0.5;_ """""" DO Observed _;
°E E T 045 E
10 - o 0.3F =
- - 5 = =
5 — S 92 E
- ! YRR PP TR ™ 7 O 0.1 =
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ATLAS H* — cs

* |mportant at low tanf3:
 Br(H—cs) ~40%, tanf<1, mH+ ~130 GeV

e But difficult channel... ATLAS-CONF-2011-094

Use of kinematic fits to improve the separation against W — jj background

> : T ‘ T T T ‘ T T T I T T T T T T T T T ‘ T T T I T T T | T T T : > 22_—l T ‘ T T T | T T T T T T I T T T T T T | T T T I T T T ‘ T T T J—_
[ o 3 [ o =
O 20 . - = O 20 : - —
¥ 4gF — SMtt ATLAS Preliminary - <+ E —— SMtt ATLAS Preliminary 3
-~ - . . = ~ 18 . . —
g 16 — m, =130GeV Simulation = g = Simulation E
g E E g 16: =
w14 = W 14 —
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6 = 6 -
41 — 4= =
2 — 2 —
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H—aa — VY * VY i as.cONF-2012-079

e Limits for other m_masses
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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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