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Outline

MSSM Higgs Searches
* Neutral Higgs

* Charged Higgs
« SM4

Fermiophobic Higgs

Doubly Charged Higgs
Light Scalar Higgs (e.g. NMSSM)
Hidden Higgs Sector (e.g. Higgs to long lived particles)
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Introduction

 LHC experiments are becoming more and more sensitive to
probe Higgs production

 The chances are that with this year's data we will be able to
exclude or provide evidence for the existence of a SM-like Higgs

* Nevertheless, the story won't end here
 Suppose we find the SM Higgs
e |sitreally the SM Higgs? — MSSM Higgs
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Introduction

 LHC experiments are becoming more and more sensitive to
probe Higgs production

 The chances are that with this year's data we will be able to
exclude or provide evidence for the existence of a SM-like Higgs

* Nevertheless, the story won't end here
* Suppose there is no SM Higgs found

« Higgs with different couplings? — MSSM, SM4, fermiophobic

 More complicated Higgs sector? — MSSM, Doubly charged
Higgs

» Light Scalar Higgs? — NMSSM
« Hidden Higgs sector? — Higgs to long lived particles
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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.
mA,tanB) 10“w....|....|....

For large parts of the parameter space H—11 and "h— 1
H*—T1*v decays are dominant, WW/WZ decays 107
suppressed i

11 | L 1 L1l
LHC Higgs XS WG 2011

Neutral Higgs produced mainly by gluon fusion, also £ z 10°
In association with b-quarks K

g b
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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*)

e Mass of h <135 GeV

* Higgs sector depends only on 2 parameters at tree level (e.g.

m, , tanf)

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

Charged Higgs produced mainly in top decays or in
association with tbb, depending on its mass
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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— UVVV
oty
decays (~35%)
“1 _prong”
hadronic tau

—ew T(EP)
decays (~50%)

LAY 20 Y \ Other
oty

T(had)

Leptonic tau

“3-prong” hadronic
tau decays (~15%)

T oty

The presence of neutrinos and pions in the final states of
hadronic tau decays makes it very challenging to suppress
backgrounds from jets faking taus and to reconstruct di-tau
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Taus in ATLAS and CMS

In the experimental jargon “tau reconstruction” refers to
hadronically decaying taus

 ATLAS is using a traditional approach to tau reconstruction

* The "ATLAS tau” is essentially
anti-kT clustered Calorlmeter8 ol i parormance |
deposits matched to tracks ; oy (TLAS Preimnan

— Likelihood

e

102 I ATLAS-CONF-2011-152

10 m

Inverse Background Effici

2011 dijet data [dt L = 130 pb™

[ 1- prong 40 GeV < p < 100 GeV

| | A B
1 0.2 03 0.4 05 06 07 08 0.9

Signal Efficiency
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Taus in ATLAS and CMS

In the experimental jargon “tau reconstruction” refers to
hadronically decaying taus

e« CMSis using 3 “particle flow” CMS Prelliminary| 2010,\E=7Tev,| 36 pb’
technique to make taus by 0 PTOR, Wijot ) :
clustering particles
(photons & pions)

- —-TaNC, W+jet 0
--@-- TaNC, QCDu

—- HPS, W+jet
--0-- HPS, QCDu

—

o
R
|

measured 1 fake rate from jets

103 | CMS PAS TAU-11-001
0.1 0.2 0.3 0.4 0.5 0.6

expected t efficiency
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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 — yu data events:
- semi-data-driven method: <0t

> i | \
select a pure Z—pp event sample & b =" -
. © i —e— Z—1t Embedded
from data and then replacing —_— B 2 Alpgon MG |
the muons with simulated taus s 8 * %IEmb. syst
; i L i Ldt=47f"
- Pile-up, underlying event, o 5 s=7TeV -
kinematics etc directly from data ) ® ATLAS Preiminan |
2} - N _|
Og*emlllfﬁw“
0 50 100 150 200 250 300

MMC mass m_, [GeV]
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Special Techniques used with Taus

« Di-tau invariant mass has poor resolution due to the presence of
neutrinos in the final state

« Simplest options: visible and effective mass (mass of visible objects
or visible objets+MET)

e Collinear approximation: assume neutrinos emitted in the same
direction as the visible products

NIM A654 (2011) 481

ST
%7760 80 100 120 140 160 180 200
M., (GeV/c?)
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* More advanced techniques: 2 01l morere _ -
< U-!%[ Realistic resolution — Z/y -1, M>30 GeVi/c? ]

choose the most probable 3 012 Pt tove pocey T T M9 Geue ]
neutrino direction 5 o1 £

0 - ]

- “Missing mass calculator” for ATLAS™ *® E
0.06 —

- "SVAfit" for CMS  cMS-HIG-11-029 0.0aF E
o.ozf— L —f
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ATLAS Neutral MSSM Higgs Search

ATLAS-CONF-2011-132
T(lep)1(lep) using ep T(lep)t(had) T(had)t(had)

1 isolated p with pt> 20 GeV exactly one Thad with pt> 20 GeV

Sum of lepton pT and MET <120 MET > 20 GeV, MT<30 GeV MET > 25 GeV
GeV, Ad(e,u)>2
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3 < [ obosen : 5 F 8 2 emb 0559 3 P ,
E 500 QCD mutt-jet - & 300F ) Wejets (0S-SS) = ) 50:_ W) + jets g
AT N ? E:Lsmgle* ] o - Same Sign 3 i oo Gthers ]
400:_ ZZZ Sy _: 2505— 2% stat. E 40;_ i = 22 st _:
L R r i r i1 ]
300E l5=7TeV, J"-"t= 1061 - 200 s =T7TeV, I L=1.06f" 30 |7 =
F ATLAS Prelimi ] 150 3 r V=7 TeV,JLdi =1.06fb
200 reimnay - ATLAS Preliminary 20~ .
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ATLAS Neutral MSSM Higgs Search

 Exclusion Limits: all channels combined

Limit on 0 BR(¢p — 171)

a‘lAII channels
10 g_ —e— Observed gg — ¢ CLs E
- we------ Expected gg — o
- —e— Observed bby CLs
1 --m= Expected bbo E

B Csu X BHI{HSM—)T‘I:] theory E

ATLAS Preliminary

Rt L
LA

et L LT L T L T T T T

s T

S————

95% CL upper limit on 6,x BR(¢— 77) [pb]

P I
200
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IIII|IIII|IIII|IIII|I;III|IIII|IIIL¢_
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CMS Neutral MSSM Higgs Search

T(lep)1(lep) using ep T(lep)1(had)

exactly one Thad with pt> 20 GeV

Topological cuts based on MET and tau/lepton momenta

— CIMIS,I\/I§=7TEV, L=4.6fb’ All channels 20 CMS,\s=7TeV, L= 4.6 fb" All channels
S T ] S S L ROy PO o
ub Tagu Category 8 10° Eliz)bser\(/e‘a ' )-= E 18 + Egbser\(/e‘a -
- = —1T 3 = L. 711
, - = == = 16 ==
b-Tagged” jet with pT>20 GeV £ . o] g 1 } B cioctrowoak
and at most 1 jet with pT>30 GeV z z 2
10 i
13 ” 10 8
no b-Tag” category: 6
No “b-Tagged” jet with pT>20GeV . 4
and at most 1 jet with pT>30 GeV ~ § / ] °
0 100 200 300 400 500 O0 200 400

m,. [GeV] m,. [GeV]
Nikolaos Rompotis 24 May 2012 - 6" LHC Higgs Cross Section Workshop 14



ATLAS

w UNIVERSITY of WASHINGTON 11 EXPERIMENT

CMS Neutral MSSM Higgs Search

CMS event display of a H — 11 candidate from the b-Tag channel

CMS Experiment at LHC, CERN
Data recorded: Mon Oct 3 03:07:23 2011 CEST
Run/Event: 177730/ 2113660794

B Jet 2, pt: 20.9 GeV/

M_ =168 GeV B Jet 1, pt: 20.3 GeV

‘Muon, pt: 27.0 GeV|
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CMS Neutral MSSM Higgs Search

Exclusion Limit

@50

in the mA — tanp space: S 45

» About tanf3 > 10 for 40F
low mass mA (<200 GeV) 35 |

IS excluded

Nikolaos Rompotis
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CMS \F 7TeV L= 46fb

| ’ | |
95°/ CL Excluded

+{ [_] Observed
Expected i :
+20 Expected

[ LEP

208 0 LT

MSSM m'““scenano M, ,=1TeV

00 200 300 400 500

m, [GeV]
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Charged MSSM Higgs

e Search focus on a light charged Higgs produced in top
decays

» Channel topology organized
according to W and Higgs decay

tau(had)+W(—lv):  tt - bbWH — bb (lv) (1 _ V)
tau(had)+W(—jets): tt — bbWH — bb (qq) (1,_V)
tau(lep)+W(—jets): tt — bbWH — bb (qq) (TlepV)
tau(lep)+W(—lv): tt — bbWH — bb (lv) (Tlepv)

H*(—cs)+W(—jets): tt — bbWH — bb (qq) (cs) H— cs

Nikolaos Rompotis 24 May 2012 - 6" LHC Higgs Cross Section Workshop 17
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arxiv:1204.2760 ATLAS H* — 1°Vv search

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

g With pT>20 GeV

MET & Topological cuts MET & Topological cuts vertex 2pT > 100 GeV
>250||IIIII|III|IIIIIIIIIIIIIIII > —II||Illl||||||IIll||||||||ll|||||||||l|: > _llllllllllllll ]
3 ® Data 2011 & goATLAS e Data 2011 1 &40or T+U E
= - LIt bbW' W' N S E T+ets  [Jrrer 18 3505_ y ® Data 2011 _f
T 2001~ mm Others 13 70¢ Bl etoomisid 4 - CJTrue ]
£ [ 3 SM + uncertainty T ol Bl - ¢ misid ERN= 300 Bl Jet—« misid g
L%’ 1500 = m,. =130 GeV 1 3 _ Bl Multi-jets 1 3 o50F- B e misid .
- B(t— bH") =5% 50 222 SM + uncertainty - [l Visid'ed lepton
i : . —m,, =130GeV - inty
100k det =46 ] 40 m, v 4 2000 R SM + uncertainty
. \s=7TeV 302 B(t—bH") = 5% _f 1508 =
[ ATLAS 3 j =461 1 1008 ATLAS E
>0F E \s=7TeV ] J Ldt=4.610" 1
10 ] . -
L 3 \s=7TeV ]
0 .

80 40 60 80 100 120 140 160 180
mt [GeV]

0 50 100 150 200 250 30050 400 150 200 250 300
m; [GeV] ET™° [GeV]
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ATLAS H* — 1"V search

arXiv:1204.2760

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

—— i T I T T TT1 ‘ T T 17T ‘ ' T TT ‘ ' T TT ' T TT1 T TT I T TT1 T I: QGO_I I I U | I I U Ty Uy I I_
+I ] S -  ATLAS 1
N ATLAS L T gl mP \s=TTeV 2
i —— Observed CLs Data 2011 i} ‘4 Data 2011 det _461fb /5
o Expected Se7Toy - = o vd
- \:I i 16 'S = © . 40__ — — = Median expected exclusion A :'__
L J+20 JLd’[ =46 fb-1 ] E :l Observed exclusion 95% CL E
| 30__ ------ Observed +1o theory —
10" = 3 [ e Observed -1o theory ]
10° combined = E B
_| 1 I I 111 ‘ 111 1 ‘ 1 1 1 1 ‘ | | | 1 111 | 1 111 | 1 111 | | |_ | | ] | | :
OI 1+ ¢t ;@ ¢ &+ ;. ;t ¢ @+ ;- ;- ;7 ;7 ©° [ [ 7 1L 1 1

90 100 110 120 130 140 150 160 80 100 110 120 130 140 150 160

m,,. [GeV] m,. [GeV]
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CMS H* — T1fv search cus pas ic-11.019

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

Opposite sign; M(ep)>12 GeV L With pT>20 GeV

MET, topological cuts etc MET and other cuts

* Ns=7 TtlaV 2.2 fb'1I CMS Plreliminarv w _ Ns =7 TeV 2.2 fb'1‘ CMS Preliminary_ ” \s = 7|TeV 2.‘|I fb (I)IVIS Prelliminary_
€ 6 m,,. = 120 GeV/c? + data c : m, = '120 GeVic? . Datl: 1 € 5 m,, =120 GeV/c’ b deta
o 10 BR(t > bH)=0.05 o WithH =<y 4 - BR(t—>bH)=0.05 —— ¥ith meas.) 1 @ 10 BR(t — bH')=0.05 it W' =y
> L :JY_-:‘E“ wl 3 I EWK genuine t &meas J) = B Weets
w 105 et 10 = EWK fake © (MC = W 10° contanm DY ojots
. WHets RO FETSEES 200 stat. uncert. = e B Dib
= gli:?:oL - vvvv. stat. @ syst. uncert. 3 — si n;r:t"
1 04 stat. ® syst. uncert. e - 1 04 = tnf“l)e:r?
7 stat. @ 5yst uncert.
10° 10° 8 = 000
10 107
10 10 10
1 1
[@)] - - o 1 _ om L
S 1.2F 4 £ 12F 1 i 3 5 1.2F =
P T ' ; ] B g t ! S e |
T F ' S r . 8 E —?—ﬁ*—"— &
8 0.8_— = 8 0.8F . 8 0.8:— T =
2 leptons M>12GeV =2jets  0OS T, +23] Em'55>50 >1 btags A¢<160° Tu+>3j ETis >1btag 1t  OS
Step Step Step
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CMS H* — T1*Vv search cms pAs HiG-11-019
Exclusion Limit (Lumi ~ 2/fb)

Ns=7TeV 22fb" CMS Preliminary Ns=7TeV 22fb" CMS Preliminary

-l.:‘_“\ TTT | TTTT | TTTT | TTTI | TTTT | TTTT | TTTT | TTTT | TTTT | T |_ a 60 _| 1T | T TTT | TTTT | TTTT | T TTT | TTTT | T TTT ‘f | I " | | |_
T 0.14F t>Hb,H > _ = t—>HbH - w L
0 [ t,tets, et ut, and ey final states ] % - T.tiets, e, ut, and ey final states .
I ¥ = ] - [ MSSM m™ b
i 0121 BR(H — )= —8— Observed ] o0r BR(H' _>h»w) =1 i
E'E B --ll-- Expected median i [ u=200 GeV i
0 o1 [ | Expected median t1c _] - ]
S B Expected mediant2 o i i i
e T e i - i
= 0.08— — - 1
E B 1 - -
_10.06 - ! .
@ B i - _
Emg" 0.04:— B —: 2 -8~ Observed E
3 [ e e, - L Observed+1c (th)
0.02 L | 10 N - Expected median -
B i B Expected mediantic |
_| 11 | 1111 | 1111 | L1111 | L 111 | 1111 | 1111 | 1111 | 1111 | ] | |_ _| (| | L 11| | 1 111 | 1111 | 1111 | 1111 | 1111 | 1 111 | | |_

0 80 90 100 110 120 130 140 150 160 20 125 130 135 140 145 150 155 160
m,. (GeV/c?) m, (GeV/c?)
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ATLAS H* — cs

e |mportant at low tanf3:

. Br(H—scs) ~ 40%, tang<1.
mH+ ~130 GeV eosedabpro20Gey

. Only one ATLAS search Atleast4jets, pT>20 GeV; one b-Tagged jet

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

ATLAS-CONF-2011-094

% E L L L L L L L E ‘H 1= I e e e o L e e LA s s —
o 355— ATLAS Preliminary 1% i ng:ig%%ﬁd only 3 ) 0_95— 1 Limits at 95% CL: é
g or [iosmey o Tamn ] 1 as Amaseeimeny [l pem 2
Ha B AU B S B
o0f- E E 0.6F TEIEy ggl; gbserved E
- - 205 e served =
15 E jT: 0.4F —
10F- = 5 03F =
sE- |- T E 5 02 E
OE i T T it He A R - E i\)o 0'1; L E

0 20 40 60 80 100 120 140 160 8 0 30 100 110 120 130
m; [GeV] m,. [GeV]
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SM4

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

ratios
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SM4At7'I'B%YqQ13\/AI/§R(SI\_{)
20— ; 0 ' ' — wWw — |
co : i i/ A
...... gy
g —— o (XIO(]}
10 ¢ _»':: .....................................
B T T TR TR T
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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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

= 10 CMsPrefiminary | |+ Observed |
= Fr T T T [ T T T [ T T T T [ T T T [ T T T Tq o N
. [ ATLAS Preliminary CLs Limits . L F \s=7TeV |EE Expected (68%)|]
B - th . 7 b i I— =4.6-4.8 '[b1 ..... Expected (950’5) i
- - — Observed 4" Generation Model - g ! |
2 10 ---- Expected j i3 —
(e Ldt=1.0-2.3 b "' ] =
% - H+1o | v ] E 1l
\s=7Te i ] .
3 EFL a
- 2
o o ———_ 10
N T 107k
10" =
10 ===—506 300 400 500 600 100 200 300 400 500
m,, [GeV] SM4 Higgs boson mass (GeV)
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Fermiophobic Higgs

* Fermiophobic Higgs models change considerably Higgs
couplings with respect to the SM

—
I (BN

* No couplings to fermions
* Production via VBF and VH
» Decay viayy, ZZ, WW and Zy 5§17,

 ATLAS and CMS search focuses
on yy — searches very similar to
SM Higgs — yy search

ching Ratios

Br

10°°F

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

° ATLAS search arXiv:1205.0701

2 photons pT > 40/ 25 GeV

Signal modelled with “crystal ball’+gaussian; bkg with exponential

Q_O 1 E| IE a— _I L ! L ! L ! L .‘ I.I T |
= S 3 3.;, - — Observed CL limit i
9 B io : i et I Expected CL_limit |
. U (el Wl Wl o
R = = = W+ 1o ATLAS
S E E 10 o6
-2 i _ - -
2L . | o B
10°E B i 5 0 B
- R W 103 T I
C ; Y 2011data | Ldt=49fb I o
ol e e . Lo )
= .." Observed P, (all categories) 3 Data 2011, \s =7 TeV 1
- ' Obs. Py (with energy scale uncertainty) . ’ 7
" ™ . Obs. p, (High p_, categories) 7 JLdt =49 fb_1 .
10 =5 — — . Obs. Py (Low Py + Conv. transition) E |
- D e Expected p, with signal (all categories) 3 Fermiophobic H — vy
B 1 1 I 11 1 1 L:I 11 | I 11 1 1 | 11 1 1 I 111 1 I 11 1 1 I 11 1 1 I L1 1 1 I L1 N '1 I L1 1 | | L1 1 1 | I I L1 1 1 ‘ L1 1 1 | I | Ll 1 1 I L1 1 I
110 115 120 125 130 135 140 145 150 10110 115 120 125 130 135 140 145 150
my [GeV] my [GeV]
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e CMS search

Fermiophobic Higgs Search

CMS PAS HIG-12-002
CMS PAS HIG-12-008

2 photons pT > 40/ 25 GeV

Signal modelled with “crystal ball’+gaussian; bkg with exponential, polynomial or
modified power law depending on the category

Local p-value
5. 3
no L

—
<
w

104

10‘5;

1§II||II||\III

R

77 <

A\ /\\7“

-----
..

| Global significance 1.1c
E in range 110-300 GeV |

-6

CMS Preliminary

Ns=7TeV
L 4648fb1

Ll

==+ Exp. for FP Higgs

Combined obs.

Comb. ensemble
H-yy (4817
H— WW (4.6

—l L1l

H-ZZ (4?fb)

20

36

4c

110 115 120 125 130 135 140 145
FP Higgs boson mass (GeV)
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95% CL limit on c/csFF,

" CMS Preliminary, Ns =7 TeV
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—
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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

H — yu (NMSSM)

fe===  Expected limit

Multivariate technique to reject muons not
coming from the decay of a single particle
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Light Scalar Field (NMSSM)

CMS PAS HIG-12-004

Nikolaos Rompotis
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H™ Search

e Doubly charged Higgs is predicted by many models

 “little Higgs” and “seesaw type II” models include triplet
(HO’H+,H++)

* Possible observation of H™ in LHC could provide more
insight into neutrino masses

E ATLAS + Data2011 3
. - : 0 -+ []Non-pro mptu
* ATLAS: a generic same sign g = R
di-muon spectrum search E E
+ + o+ _;
£ EE E
IIIIIIIIIIIIIIII l_“TI‘ A
I L
Phys. Rev. D 85, 032004 (2012) % 50 100 _*1_50 S0 556300 3%0
m(uu*) [GeV]
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H** Search

+ ATLAS Exclusion limits

- Observed 95% C.L. limit

m— Expected 95% C.L. limit

. - I Expected limit + 1o

Phys. Rev. D 85, 032004 (2012)
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++
H* Search CMS PAS HIG-12-005

e CMS search: search tailored on 2 mechanisms:

3 EXPERIMENT

Look for 3-lepton and 4-lepton final states CMS Preliminary /3 — 7 TeV, [ £=4.6 fo-!
assuming different lepton flavour combinatior . | .

" 3 leptons |= 0
H* — pu/ee/eu/pur/er =,
> —— Signal (350 GeV
_ 8 102 { J
E 10!
3-lepton channel 4-lepton channel 3
— Z-veto — Similar to 3-lepton 2 10°
— Scalar lepton sum pT, channel but less
MET etc depending on the Constraints, since bkgs 10

assumed higgs mass

Nikolaos Rompotis
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++
H* Search CMS PAS HIG-12-005

e CMS search: Results

Data interpreted in both “model-independent” (i.e. cross section limits) way and in
4 benchmark points of see-saw type |l mechanism (Phys. Rev. D77(2008) 115023)

BR(O*E — ppt) = 100% BR(O*= — pfut) = 100%
CMS Preliminary \/s=7TeV, [ L=4.6fo"! CMS Preliminary /s =7TeV, [ L =4.6fb"!

() | - T T

T T T T
i - = Expected limit (associated production)
;| = Observed limit (associated production) ||
— Associated production cross section

o« BR? [pb]
9

150 200 250 300 350 400 450 500 i i |

T T T
1071 i |-~ Expected limit (pair-production) ||
| — Observed limit (pair-production)

95% CL upper limit on o /0041

-Q& -2 Pal‘r P’Od”d'(:’”cmss Séd'on 1072 RSt SR
o 10 ........................................................... it
] [ +2¢ band i
? 109 |0 ATLAS exclusion (1.6fb)
- |mmm Tevatron exclusion
° -3 - - Expected limit (combined)
1074 ........................................................... 107 — Observed limit (combined) [
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H** Search

CMS PAS HIG-12-005
e CMS search: Results

Data interpreted in both “model-independent” (i.e. cross section limits) way and in
4 benchmark points of see-saw type |l mechanism (Phys. Rev. D77(2008) 115023)

etet = 100%
etut =100%

ot = 100%

i'

etrt = 100%
uiri = 100%

Tt = 100%

BP1: normal hierarchy

CMS Preliminary /s = 7 TeV
[0 CMS Preliminary [ £ =36 pb ' |
Bl CMS Preliminary [£=1.0fb!
Il CMS Preliminary [ £ =4.6fb ! [

¢ Tevatron
A ATLAS [£=16T"

300 400 500 600
95% CL limit on mass of ¢+ [GeV]

BP2: inverse hierachy
BP3: degenerate masses

BP4: equal branchings

—
=
=
o
=}
<
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Higgs decaying to long lived particles

* A number of models include higgs decaying to long lived
particles

e e.g. "hidden valley model™:

 SM weakly coupled to a hidden sector by some
communicator particle

* here higgs is the communicator and can decay to long

lived particles, which in their turn decay predominantly to bb,
Cc, TT pairs
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Higgs decaying to long lived particles

 These searches require the development of special techniques

ATLAS dedicated trigger for long lived Lepton Reconstruction at high
particles decaying in the outer parts of the transverse impact parameter at CMS
detector
CMS Preliminary\/s=7 TeV MC
9 0'6;"'4;"’_;3‘""' 'l" L > [T T I T T
o C by - ] 5 1h €€ |
é 0.5F Simulation ij:; | 3 S 1‘5# |
w ~ —e— m=120GeV, m =20GeV Ly  _ 7 o | Isolated elect i
@ C =120 GeV, m_=40 GeV T-T- x ] 0.8 solated electrons 1
Boe il "y : %, winpT =50 Gev
= 035+%:140Gev,m&=40(39\f -—; _: 0.6 $ Bl
02 N + : MM :
0.1 * ——% - 02 Hq# .
ow:;""_’*h': ||| :
0 2 4 5 6 7 8 9 [ 1]0 %10 20 30 40 50 60 70 80 90 100
rym

dﬂ [cml

Track transverse impact parameter (cm)
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Higgs decaying to long lived particles

e ATLAS Search arXiv:1203.1303

» Looking for a light higgs in the “hidden valey” context with the
long lived particles decaying the hadronic calorimeter and their
decay products are detected in the muon system

98]

T T T T T [T T 11
85% CL Limit: m, =120 GeV, m, =20 GeV

.......... 85% CL Limit: m, =120 GeV, m_=40 GeV
85% CL Limit: m, =140 GeV, m_=20 GeV
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Higgs decaying to long lived particles

e CMS search CMS PAS EX0-11-004

* Generic search for the process H — XX and each X — ee or uy;
each X may decay far from interaction point but well before the
first layer of the inner tracking detector; focus on a heavy Higgs

CMS Preliminary Vs=7 TeV L=1.1 fb™ CMS Preliminary [s=7 TeV L=1.2 fb"
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Conclusion
 ATLAS and CMS support a very active BSM Higgs search
programme

 LHC has already pushed the constraints further than
previous searches

 BSM Higgs searches will continue to be relevant even if a
SM(-like) Higgs is observed later this year

* The audience Iin this workshop can argue much better than
me that the Higgs is probably not the SM Higgs

* | wish they are right!

Many thanks for your attention!!!
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ATLAS H* — cs

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

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

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