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Higgs Boson in SUSY and Beyond

* SUSY implies the presence of two Higgs doublets leading to the
presence of five observable Higgs bosons:

 H, h (both CP-even), A (CP-odd), H*". In the MSSM (for a large range of tanp):

m =130 GeV: m, >130 GeV:
m ~=m, <m =130 GeV m =130 GeV <m ~m_
- Not finding a Higgs boson with m =130 GeV ED ::’:ﬁ:zﬂ"ﬁ:::
will exclude the MSSM 1. — 9959 (tan =30)
r - —— gg—0 (tan [}=20)
3 —— gg—» Higgs(SM
* Main production mechanisms: gluon-gluon z 'r e
fusion (gg—a), in association with b quarks @ 101} i
(99—0¢bb)
 For tan=20 BR into t leptons is enhanced. " S
10" —Higgs
H/h—1t perfect channel to search for SUSY .“ l“ .{ ]. o
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Searches at CMS being Presented Today

*SUSY implies the presence of two Higgs doublets leading to the
presence of five measurable Higgs bosons:

@-even), A@,the MSSM (for a large range of tan):

Search for Singly Charged Higgs

Search for Neutral Higgs boson boson decays (H™) into T leptons
decays (¢) into t leptons (CMS-HIG-11-008 EPS, 1fb™)

(CMS-HIG-11-020 LP, 1.6fb™)

* In addition we present a search for doubly charged Higgs boson (H*"") decays
into like-sign leptons (including hadronic t decays) (CMS-HIG-11-008, 1fb™)



Object Reconstruction

* Use the Particle Flow algorithm

Make use of all available detector
information for including particle
interpretation to improve performance
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Reconstruction of t Leptons

* Consider several decay classes:
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Search for Neutral Higgs boson decays (¢—1r)

- Search in three decay channels: ey, ut , et

* Require 2 well reconstructed, isolated leptons of opposite sign:

-e p>10(20) GeV, n|<2.5 | *e p>20 GeV, Inj<2.5
& |*1 p,>20(10) GeV, ni<2.1 < |*n p>15GeV, ni<2.1
& T, p.>20 GeV, n|<2.3

 Topological event selection:
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Definition of Event Categories

 Exploit dominant production channels:

—10"
Non B-Tag: B-Tag: g — bb-s0 (tan =30)
-E.-ml = —— bb-— (tan [i=20)
< < T & —— gg-»0 (tan =30)
N (30 Gev)=1 * N (30 Gev)=1 duf o
— o —— gg-—» Higgs(SM)
N, .,,(20 Gev)=0 o N; .,,(20 Gev)21  F
o
0 4oL bb—¢
I
2 b 10? -—
H 10? r—
s cam ot 10° gg—Higgs(SM)
b " ™06 150 200 250 300 350 400 450 500
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erh eu
Process No B-Tag B-Tag No B-Tag B-Tag Process Non B-Tag B-Tag
Di-Boson 426 +150 | 09+£04 102 + 36 294+ 1.0 Di-Boson 18957 | 1.6£05
tE 15.14+2.7 | 249 +42 31.4+5.2 56.7 + 9.1 tt 67 +7 115 + 11
Zi+jet 755 + 157 7.2+ 1.6 458 + 97 44 +1.0 Fakes 422 +127 17+9
ZH 2375 + 452 | 22.0 £ 45 210 + 65 20406 Z =TT 48181+145 | 4723
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QCD 7665 +392 | 104 + 13 4420 4+ 192 129 + 14 Data 5528 201
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Data || 20384 223 25314 408 7




Visible Mass Distributions
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Limits on the Production Cross Section

All channels combined
(expected and observed)
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T identification (6%), T energy scale (3%), jet energy scale (5%), b-jet

(miss-)identification (10%), Z production cross section (3%)



Limits in mA-tanf3 Plane
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Note Bene: Latest Result of the SM search

All channels combined Individual contributions
(expected and observed) (expected limit)
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* Main systematics:
T identification (6%), T energy scale (3%), jet energy scale (5%), b-jet
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Search for Singly Charged Higgs Boson Decay (H™)

elfm, < m, . H*" can be produced via top quarks (t—H"b)

» Under the assumption BR(H*—1"v)=1 limits can be derived on BR(t—>H"b)
* Current upper limits by CDF/DO lie around BR(t—H"b)=0.2

» Search in three decay channels:

* Consider single (tt—W*"H"*bb) and double (tt—H""H"*bb) H*" production

» Use typical selection for top quark pairs

e |[solated e/y, jets, b-jets, MET
 Expect H"" signal as deviation from SM expectation for tt

12



Event Selection

*e-e, e, U
e p;>20 GeV, n[<2.5
*u p.>20 GeV, n|<2.4
N (30 GeV)z2
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I
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Event Selection

°*e-e, e, UL: * The major contribution to the event yield
‘e p,>20 GeV, n|<2.5 comes from tt—euX

*u p.>20 GeV, n|<2.4

.N_(30 GeV)22 - The signal has a softer p_(e/l) spectrum wrt.

prompt e/u from tt decays due to the t—lvv

decay
105 NS =7 TeV, 976 pb' CMS Preliminary _ . . ]
a3  Therefore a larger contribution of signal would
e — I lead to a lower yield of reconstructed events
104 B ti+jet = y
103;
10° Source Neventst stat. & syst.
§ HH+HW, ;=120 GeV/c?, BR=0.2 219 +7 + 43
t 1094 £ 6 £ 219
Z/y" =1 98 +£34+12
2 leptons M>12 GeVic? >2jets w+jet5 18 :l: 3 :|: 2
Single top 40+£1+4
stat. _syst. vV 147 £04+1
Exp: 1264+ 7 +219 Total expected from SM 1264 +7 £ 219
Obs: 1340 Data 1340 14




Limits on BR(t—H"b) and tan3-m(H") Plane

Limit on BR(t—H"b) Limit in m, -tanf3 plane
(all channels combined)
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* Main systematics: .
T (miss-)identification (7-15%), jet energy scale (5%), b-jet (miss-)tagging (10%$



Doubly Charges Higgs Boson (H™")

* Minimal seasaw models of type Il, introduced to explain non-zero
v masses are realized with a triplet scalar field which introduces a
doubly charged H**""~ state:

Cross section [pb]

—
<
[ %]

10° *

Pair Production:

Q|

Associated Production:

: 7
w <
T q)- ....... /I;(

G(SM, m =120 GeV) = 19.0 pb

Pair-production (NLO)
Pair-production (LO)

Associated production (NLO)
Associated production (LO) :

'150' — '200'

250 300 350

Mass of & [GeV]
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Event Selection

« Search for 3 or 4 isolated leptons in mass dependent like-sign(!) resonance

mass windows (search in 2-channels)

* Allow for lepton flavour violation (i.e. combine all kinds of flavours, include t leptons)
 Exotic signature - basically free of SM backgrounds

Events [ 20 GeV

Three Leptons:
2p_(3I's)>m(9)+80GeV

m(Il) [m _(flav), m(¢)+1 0GeV]
221 CMS Preliminary %::i_soson
20 NS =7TeV L=0.98 b |gamwses
18- BP4, m(&™)=150 GeV |+
16— = Signal
14
12
100

8F

6 8evts| | 2evts
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2F i ]E

0E s==I0 [

50 100 150 200 250 300 350 400 450 500

m(F
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Four Leptons:
2p_(4I's)>m(9)+80GeV

m(ll) [m__(flav), m(¢)+10GeV]

< 500
B 450

—400

E 350
300
250
200
150
100

50

- CMS Preliminary t1

= \Ns=7TeV L=0.98 fb” Di-Boson

E = - ZIW+jets

- ;i — Signal

3 Example for |, o

- - - - - -signal region

Eo p(one evt with [315 GeV, 40 GeV]
= - - - - =l ‘doesn't fall in mass window
5 Ll .

E'I'.__|‘T'\|| |'?|'?||:F||E\I|:|'_\|r ;\;||\:|||\T|:\:|'T\|||\||T

50 100 150 200 250 300 350 400 450 500
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Exclusion

 Absence of events allows to set limits:
World best limits

BR(®""— e'e")=100%

BR(®"— e'n*)=100%

BR(®""— u'1u*)=100%
BR(®""— e"1*)=100%
BR(®""— pn'1*)=100%
BR(®""— 1"1")=100%
BP1: normal hierarchy

BP2: inverse hierachy

BP3: degenerate masses

BP4: equal branchings

~1fb”

Tevatron

R
@O
1

MS Preliminary
s=7TeV L=0098fb"
R(@"— e'u*) = 100%

etetod

1

RS
R

-
2
N

95% CL upper limit onc/c, .,

¢

4
102
R W ’
AR S S N S TR T T NN S O TN SO AN N T N S N N |’| R R R
100 150 200 250 300 350

Main uncertainties:

T identification (8%), signal cross section (10%), stat. limitations in
sidebands for background determination (10-100%)

Lower limit on mass of & [GeV]
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Summary and Outlook

* New world records shown in sensitivity and limits on BSM Higgs

models.

Pt 95'.95 CL excluded regions

~" [] CMS observed
...... +1c theory
........... CMS expected
I Do 7.3 fb™
0 LEP

MSSM m™* scenario, M =1TeV
SUSsY

m, [GeV]

* [n additional improvements to the
analysis

* Expect MSSM H/h to be excluded up

to ~150 GeV with full 2011 dataset
* To be published by the end of the
year
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The Compact Muon Solenoid Detector (CMS)

 Muon System:

—10% uptoa1 =1
TeV Muon (inp |
system only)

107

e Full system

= Muon system only
©lnner Tracker only

10-3 I\IIII‘ | \JIJJIJ‘ 1 1 \IHH{
10 102

10°
plGeVic]

« HCAL (Brass,Scintillator, 101 ):
oF 100 %

= ©4.5%.
E  \/E[GeV] i
» Track Detector (Pixel/Strips): —10% for a single 100 GeV "
% ~ (15 - pr[TeV] & 0.5)%
— 0.5% for a 10 GeV Track « ECAL (PbwoO,, 28X ):
of a charged particle cE  (28403)%  0.124GeV
= @ 0.3%.
E E[GeV] E

—1% for a 30 GeV ely



Estimate of 1-ID Efficiency from Tag & Probe

* Use Tag & Probe Method with Z—ut

events

» Detemine true number of t leptons from
template fit to visible mass

Passed Fail
(7] L I I O I B E __'""'"'|"'|"'|"'|"'|"'"'_
£ 70F A E 2120] . o
g - e . B Bz o ]
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o 60F C1Qco ©100- D Qco ~
5 _f W + jets ] ° EWtjets
v 90 Wzy -yt = aob W 2Zly —»u'p
e B T + jets . -2t BT + jets
= i

g 3 60
c = -

40

20}

%040 60 80 100 120 140 160 180 200 30 40 60 80 100 120 140 160 180 200
. . . . 2
ut visible mass (GeWcz) p::jet visible mass (GeV/c”)
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Control Distributions for ¢—1tt

Events
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Control Distribution for t—H™b

Vs=7TeV, 1.09 fb' CMS Preliminary
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20

m,. = 120 GeV/c,

40

s  BR(t > H'b)=02
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120 140
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Event Composition as a function of BR(t—H"b)
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Limits on H™" in the tt Final State

.~ CMS Preliminary

BR(®""— 1'1*) = 100%

tonolo,, 4.

imi
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1 0 S50
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Combined observed limit
Combined expected limit
Pair preduction observed limit

Pair preduction expected limit
Associated production observed limit
Associated production expected limit
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Z—1t—ut at CMS

CMS Experiment at LHC, CERN

Data recorded: Tue Jun 29 13:34:19 2010 CEST
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