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Overview

Results af three analyses are presented:

¢ Doubly charged Higgs search
¢ Minimal Supersymmetric Standard Model
(MSSM) Higgs
o« H— T T search
o Charged Higgst— H+b,H"— T v
¢ Interpretation of results

Analyses were performed with up to
1.6 fb''of 2011 data
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Double Charged Higgs
CMS-PAS-HIG-11-007
¢ Minimal seesaw model (type II), explains light
neutrino mass
o Includes scalar triplet: ®*+* P+ PO

¢ ®**Yukawa coupling matrix ~ to neutrino
mass matrix

¢ Test neutrino mass mechanism via @ **
branching fractions



Event Selections and Background

CMS Prelfiminary 71, ¢ 34 lepton final states

B, @130 Cav Muons: P; >5 GeV
After Electrons: P>15 GeV
preselection Taus: P>15 GeV

3 leptons At least two leptons
with 35 and 10 GeV

Events / 20 GeV

Dilepton trigger 17/8
\§=7TeV L=0.98 " [Fawomr| [0 § Backgrounds

CMS Preliminary

BP4, m(®™*)=150 GeV |*®=
ignal

After o Z/W +jets

full selection + top antitop
3 leptons o 12/, WW

10 three-lepton events and 1
Lixal - vfour-lepton event found ¢




SM estimate and Slgll Predlctlons

Background
1.334+0.29
0.754+0.28
0.63 +0.28
0.48 +0.28
0.38 +0.26
0.28 +0.26
0.19 +0.26
0.134+0.26
0.09 +0.26
0.08 +0.26
0.09 +0.26
0.07 £ 0.15
0.07 £ 0.15
0.03 +£0.15
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Double Charged Higgs: Results

- Excluded by Tevatron or LEP
- - -1
CMS Preliminary ¢ CMS\/s=7 TeV | L=0.98 fb

BR(®""— e'e*)=100%
BR(®""— e'u*)=100%
BR(®""— u'u*)=100%
BR(®""— e't*)=100%
BR(®""— u*1*)=100%
BR(®"— 1*1*)=100%
BP1: normal hierarchy
BP2: inverse hierachy
BP3: degenerate masses

BP4: equal branchings L

100 150 200 250 300 350
Lower limit on mass of ®** [GeV]

World’s new limits
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MSSM Higgs

PO ok seenario
+ Minimal Supersymmetric e
Standard Model

+ Branching fraction to
T T 10-15% at low M

+ Enhanced at high tan

vl et b e

. Charged nggS possible 066306 300 400 500 606 706 806 5661600

M, [GeV]
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Tau reconstruction

CMS-PAS-TAU-11-001
¢ Charged hadrons are combined electromagnetic
objects, arranged in strips or single photons

¢

0

¢ Taus are isolated using a dR cone around the
leading charged candidate.

¢ 1 leptons decay to one or more hadrons 64% of the
time. A.Savin - UW Madison 8




Tau reconstruction

Correct decay mode High efficiency of ~50%
reconstruction 1s required at ~1% fake rate from jets

CMS Simulation 2010,\'s=7 TeV CMS Preliminary 2010,\s=7 TeV, 36 pb™
| | | | | |
- O PTDR, W+jet
- © PTDR, QCDu
- —#- TaNC, W+jet
--#- TaNC, QCDu
[ —=- HPS, W+jet
--#- HPS, QCDu
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+ TaulD uncertainty 6% measured with T&P
+ Energy scale uncertainty 3%
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H—T1T Analysis Strategy
CMS-PAS-HIG-11-020

Analysis Channels
L+ Th High statistics, clean
e + Th High statistics, larger background

e+ Low statistics, very clean

Two categories: with and without b-jet
Fit visible mass of all channels and
categories simulteneously
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Event Selection

Channel Trigger Offline

Pr> 15 GeV,
u Pr> 15 GeV My

Pr> 20 GeV,
n <23

Pr > 20 GeV,
n <21

Pr> 20 GeV,
n <23

Pr>20/10 GeV,
n <21

Pr>10/20 GeV,
n <25

U+ T
P, > 15,20 GeV

Pr > 18 GeV

P, > 20 GeV

Pr>8/17 GeV

P, >17/8 GeV
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Event Categorization

MSSM(No b-tag) MSSM (b-tag)

+ Require less than two jets + Require less than 2 jets
with P,>30 GeV with P,>30 GeV

+ Require no b-taggedjets  + Require at least one b-
with P> 20 GeV tagged jet with P.>20 GeV

CMS Preliminary CMS Preliminary

1.6fb Vs =7TeV 1.6fb "' \s =7 TeV
TeT, TeTy

-8~ Observed -8~ Observed

D Z1t D Z-1T
O« O«
. Electroweak . Electroweak

D Fakes D Fakes

3 4
number of b-jets




Visible mass

no b—tag b-tag

background 25376+1132  387+31

data 25314 408

CMS Preliminary CMS Preliminary

1.6 fb' \'s=7 TeV il 1.6 fb' \'s=7 TeV

T, T i T, T

$¢—>TT (m,=120, tan=20) $—>TT (m, =120, tanB=20)

—e— Observed : —e— Observed

CJZ-
i Ot
B Electroweak B Electroweak
CJQcD ¥ CJaQcD




Visible mass

no b—tag b-tag

background 196461640 244118

data 20384 223

CMS Preliminary CMS Preliminary
1.6 fb™' \'s=7 TeV i 1.6 fb' \'s=7 TeV
$—>TT (m, =120, tanB=20) ; ¢—>TT (m, =120, tanp=20)

—e— Observed : —e— Observed

CJZ-r
t [
B Electroweak al 14 B Electroweak
g CJQcb

100 200 300 400
m,;s [GeV]




Visible mass
no b-tag b-tag

background 54961201 181+14

data 5523 201

CMS Preliminary CMS Preliminary
1.6 fb" \'s=7 TeV 1.6 fb™' \'s=7 TeV

$—>TT (m, =120, tanp=20) $—>TT (m, =120, tan=20)
—e— Observed —e— Observed
[CJZ-t
O+
B Electroweak : B Electroweak
[ Fakes (] Fakes




Systematic Uncertainties

/ — T T and TTbar : irreducible T EE— ree—
estimated from CMS o0 (Z) / 0

(ttba
Data driven estimation for QCD and

WHjets (OS/SS+W sideband for otwan
1+ 7 ; ake rate for e+ 1)
Fit: background and systematic
uncertainties as nuisance parameter [f NS
Fit: shapes from data(QCD) or MC,

QCD Scale 4-12%
checked in sideband regions
Luminosity 4.5%

Fit: MC shapes allowed to vary
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CLc Limit
+ No significant excess , CLg limits seton 0 x BR(® — T 7)

+ The limit is not model independent, MSSM specific:

+ bbH/ggH cross section ratio constrained to the ratio in MSSM
- tan B =30

CMS Preliminary
1.6 fb! \'s=7 Tev
—0— Observied
—— Expected
W 1-6 Band

- Changes with M ,
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Interpretation in MSSM

MSSM mostly excluded at M ,< 120 (CMS-LEP)

Opening new regime at high M

Huge improvement wrt 2010 result: b-tagging /tau ID

efficiency
CMS Preliminary 2011 1.6 fb™

More data coming]!

Lot 95% CL excluded regions

“" [ cMS observed
+10 theory
CMS expected

N Do 7.3 b

U0 LEP

m.x —
MSSM m, ™ scenario, Msusy =1TeV

200 250 300 350 400 450 500

m, [GeV]




Ht—=T1" v Analysis Strategy
CMS-PAS-HIG-T11-008

Three channels analyzed
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Charged Higgs Event Selection

Offline/
jets MET

At least 3 jets,
1 b-tag,
MET>70 GeV

Channel Trigger Oftline/leptons

L Pt > 35 GeV Pr > 40 GeV,

At least 2 jets
Pr>20 GeV, : ‘
Pr >17 GeV n <21 1 b-jet,

u + T MET>40 GeV

Pr> 20 GeV,
n <24

Pr > 20 GeV, At least 2 jets,
n <24 1 bjet,

Pr> 20 GeV,
n <24
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Event Selection and Background

s = . ) imi \s=7TeV, 1.09 fb' CMS Preliminary

m,.=120 GeV/c? ® Data —m,;. = 120 GeV/c?, -_:datt:Ht
BR(t—> H'b)=0.2 with H = &= v * BR(t > H'b)=0.2 gCD oW
e aco RO Il W+jets
B Weiets I ti+jets
B tt+jets DY+jets
DY+jets I Single t
I single t Il Diboson

[ Diboson
U//]] MC stat. unc.

Fully hadronic . U+T

QCD multijet from data . QCD estimated by

EWK/tt with real taus tau fake rate method
estimated with embedding Other backgrounds

on muon events from simulation

EWK/tt fake taus from MC |, .. . [/ vadicon

m,. = 120 GeV/c?, .
BR(t — H'b) = 0.2 Dg‘g“)”"“’

I W+jets
I tt+jets
[ DY+jets
[ Single t
I Diboson

2 leptons M,>12 GeV/c? >2jets

et U

Ttbar background
dominant

Estimated from
simulation




Charged Higgs Results

Fully hadronic P+T ute

\s=7TeV, 1.09 fb"' CMS Prelimina

\s = 7 TeV, 976 b" CMS Preliminary
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Charged Higgs Results
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+-l- Expected median
|:| Expected median 1 &
I:l Expected median 2 &

Combined

90 100110120130140150160
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Excluding
BR(t — bH) ~5%
80 <mH* <160 GeV/c2
Assuming Br(H" — 7 v )=1
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Conclusions

+ An inclusive search for @ ** has been

perfo

rmed, no excess is observed, new limits

are set

+ Resul
searc,

ts have been presented on MSSM Higgs
hes with taus using 1.6 fb™ of CMS data

+ Resul

ts set new stringent limits in MSSM
parameter space
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Backu

Pair-production (NLO)
=====: Pair-production (LO)

Associated production (NLO)

Associated production (LO)

Cross section [pb]

Mass of &** [GeV]

Table 4: Source of systematic uncertainties and impact on the full selection efficiency
Lepton (e or u) ID and isolation 2%
T-jet ID and isolation 8%
Trigger and primary vertex finding 1.5%
Signal cross section 10%
Luminosity (for signal only) 6%
Ratio used in background estimation 5%
Statistical uncertainty of observed data events in sideband | 10-100%
Statistical uncertainty of signal samples 1-7%




Topological requirements

+ Neutrinos from taus tend to be collinear to the visible
part
+ Not the case for W+jets and TTBar

o Define P, variables(introduced in CDF)

+ Project visible di-tau transverse momentum vector and
MET in the bisector axis of the visible products

+ Request collinearity between visible and missing E.
part A.Savin - UW Madison 57




CMS Preliminary

1.6fb ' \s=7Tev
TeTy

-8~ Observed

. Electroweak

|:| Fakes

-

[ I
e _

410
yc -0.85 P, [GeV]
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Table 1: The systematic uncertainties (in %) for the backgrounds and the signal from tf —
H*bHTb (HH) and t — W*bH¥b (WH) processes at m j==80-160 GeV/c?.

HH WH | QCD | EWK+tf EWK+tf T fakes

T tt | tW | W+jets | Z+jets | VV

T — pre trigger 9.6 22 | 22 22 24 23
T-jet id . : 7.0
jet, £ — T mis-id 15 | 15 15 15 15
JES+JER+MET 18 17 | 25 14 19 22
lepton veto 1.5 | 0.6 0.6 0.6 | 0.7
b-jet tagging 16 | 17
jet—b mis-id 13 10 11
QCD stat.+syst.
EWK+tf 7 stat.

f W—ot—pu
muon selections

MC stat

cross-section
luminosity
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Event categorization

CMS Preliminary CMS Preliminary CMS Preliminary
1.6fb"\s=7Tev 16fb"\s=7TeV 1.6fb" Vs =7 TeV
TeT, TeTy TeTy

-8~ Observed -8~ Observed -8~ Observed
D Z>tT D Z>tt B D Z st

O« O« O«

. Electroweak . Electroweak . Electroweak

D Fakes D Fakes |:| Fakes

10 15
b-tag discr.
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