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CMS-PAS-HIG-11-008

Charged Higgs boson is predicted by extensions of Standard Model with
two Higgs doublets, such as MSSM.

Production and decay at tree level depends on M, and tanf} = v,/v, (ratio of the
V.e.vs)

Light charged Higgs (M,;,<M,,)) : pp — tt — HEbWFb
Heavy charged Higgs (M, > M) : PP — tH= (tbHT)

Search assumption :
m,, <m, t—H'b, H*—tv, BR(H*—1tv) = 1 (high tanp)

Three channels included
1) Hadronic tau decay, hadronic W decay (t + jets) : = — T, WF — 4g;
2) Hadronic tau decay, leptonic W decay (u + t) : H* — 7p, WF — v

- +
3) Leptonic tau decay, leptonic W decay (e + ) : 2 — 7T — e(p)v, WT — ple)v

A Nayak, 22/07/2011



1.08 fb-1 of data used

s |8
. - . T" Jet
« Main backgrounds: QCD multi-jet, ttbar, W+jets <<r_
\& Vz
o General selection strategy is to suppress : (_q
QCD multi-jet background below ttbar and 9
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> Event Selection : = 10 B Esingiet -]
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«Trigger: Single tau + E;™s trigger § 103 72 MC stat. uns. J
« Require one T jet p;>40 GeV/c, t 102 ;
p;(leading particle)>20 GeV/c 10 -
e E,Mss > 70 GeV 1
o At least 3 jets, p; >30 GeV/c, |n| <2.4 o

o At least one b-jet )
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After all selections except tau isolation
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Summary of event yields

\s = |7Tev 1.08| fb! (|3MS Ilz’relimlinary

after final selection g o m, =120 GeVic? . o ]

Source Nt P 10 BRE-SHB)=02 whi oty 2

6 B W+jets -

HE+HW, myp: = 120GeV/c' BR=02| 12126 (stat) £39 (syst) 10 Lo E

QD mulfiets 75205 at4sys) © W

EWK+tf1 7125 (stat) £16 (syst, 1o* E

EWK+f 1 fakes 35208 (MCstat) £L0(syst) | 10° -

Totalexpected fromthe SM [ 7™ 8245 (stat) 216 (syst) =~ 402 o
Data 4 10

tip Er%s /30[ o Iso,

7 / 23 27p.
ggel‘ Ve’o M Ve{o J Sfs b/ez

The major backgrounds are measured from data

Data agrees well with the SM expectations within the uncertainty
NO excess observed
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» Main backgrounds : tT, W+jets e T<-<Ejet
/g e v
V. T
» Event Selection : )
Isolated single muon trigger (p; > 17 GeV/c) g/q fys Zzl/u
One isolated muon p, >20 GeV/c \s=7TeV, 1.09 fb"' CMS Preliminary
n rrrp T ettt e
_ 2 T . . | RBEAN
At least 2 jets p.>30 GeV/c 9 10* : e
. =z C Bl W+jets
ET miss > 40 GeV m o I ti+jets
- D_Y+jets
One tau p, >20 GeV/c 10° 2 - onde
Opposite-Sign between muon and tau h
At least one b-jet 102
After selections of
one muon and 2 jets 10
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1.09 fb-1 of data used



Summary of event yields

after final selection

v
a,

Source Nevents (£ stat £ syst)
HH+HW, mpy+=120 GeV/c?, BR=0.2 323 £8.7 £ 67
7 fakes 163.0+£9.7 £17.3
tt = WbWb — fvb tvb 152.7 £ 2.8 £35.0
tt — WbWb — lvb lvb 132+£08+35
Z/y* — ee, up 0.7+05+05
Z/y* =11 309 +3.6£6.0
Single top 138+£07 £21
VvV 24402404
Total expected from the SM ,+1*"376.7 £ 10.8 £ 39.7 4.,
Data 361 '

*
4as®

Background measured from data

\s=7TeV, 1.09 fb"' CMS Preliminary
I |

I T
m,. =120 GeVic?, ' - datha "
: b) = === wit| — TV
BR(t > H'b)=0.2 ach

Il W+jets
Il tt+jets

DY +jets
I Single t
Il Diboson

I O T I O N T

Data agrees well with the SM expectations within the uncertainty
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NO excess observed




0.98 fb-1 of data used

Nevents (£ stat. £syst) | (&YA _,  t_s”
HH+HW, mp;+=120 GeV/c?, BR=0.2 21947443 T T
tf 1094 £ 6 + 219 a/G t Vi

Z/y =1l 98 +£3 412 W /e
Wijets 18+3+2 @ 10° :\fg =7 TeV, 9|76 pb! CMS IPreliminary _
Single top 0+1+4 N e 2 ?)';"2”32 e PO
vy Mkl | = F =L
Total expected from SM ;.“' 126447 4+219 "+ e = DVejets o
Data oo, 1340 o] : - E Dibgson ]
e .t 10° F— S—

»Tau decays leptonically
»Main background: tt

» Event selection: 10

e-u trigger
one e (p;>20 GeV/c ), one u (p;>20 GeV/c) 1

At least 2 jets (p;>30 GeV/c)

10?

2 leptons M,>12 GeV/c2 > 2 jets

Deficit of total events expected in the
presence of charged Higgs boson,

because e/u from T decay become soft
A Nayak, 22/07/2011
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fully hadronic
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The signal is modelled as the excess (or deficit) of events yields in presence of H*
= N>USY = N>M = Ny 2(1-x)x + Ny x2 + N M ((1-x)2 = 1), x =BR(t—H*b)

excess (deficit) —

11 1 I 11 | I 11 1 I 11 1 I | I |




combination of the fully hadronic, muon + tau and electron + muon channels

Vs=7TeV 1.1fb" CMS Preliminary
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« Standard model extension by a scalar
triplet adding three new particles

o+, O, PO (e.g. Type-|| seesaw model)

 Thetriplet is responsible for neutrino
masses, the couplings being directly
linked to the mass matrix

* Unknown neutrino mass matrix
- unknown branching ratios

« We assume branching ratios to leptons
only

» Six standard searches covered, where BR(®**2>1*I*)
=100%

» Four additional model dependent points to describe
the neutrino sector

A Nayak, 22/07/2011
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Péir-production (NLO)
----------- Pair-production (LO)

Associated production (NLO)
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B Signatures: 3 or 4 leptons in the final state, dilepton made by same sign lepton
EB

ackgrounds:
o 77, WZ, Z+jets, tt+jets, (W+jets, QCD)
B Selection strategy: B Pre-selection:
m dilepton triggers B At least two leptons with pT > 35/ 10 GeV
: . ELoose isolation requirement
m lepton id and charge matCerlg ®Veto of low invariant mass resonances (< 12
m Xp; cuts on leptons GeV)
m tight isolation of leptons
m 7 veto 5 Additional topological cuts on leptons depending
on final states
m cut on A¢ between leptons Three OR four leptons

—

U Events are counted in the mass window

E Control from real data of depending on the Higgs boson mass considered

B the lepton-related efficiencies
F the estimation of background rate

B Inclusive search in order to cover the whole phase
space
B Results provided for integrated lumi = 0.98 fb-1

A Nayak, 22/07/2011 11



CMS Preliminary
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CMS Preliminary
Ns=7TeV L=0.98fb" e
Equal branching ratios: BP4 2

10"

Combined observed limit

Combined expected limit

Pair production observed limit

Pair production expected limit
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CMS Preliminary

BR(®""— e'e")=100%
BR(®"*— e"u*)=100%
BR(®""— u*'u*)=100%
BR(®""— €'1%)=100%

BR(®""— u*1*)=100%

BP1: normal hierarchy

BP2: inverse hierachy

BP3: degenerate masses

BP4: equal branchings
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> H* search :

 The charged Higgs boson in the decay of Top quark is searched
assuming BR(H*—tv) =1

e Upper limit on BR(t—H*b) =0.04 — 0.05 (new world limit)
depending on H* mass

» ®** search :

* A fully inclusive search has been performed with no excess
observed

e CMS now has the best limit by a large margin in most of
channels.

A Nayak, 22/07/2011 15
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muon+tau e+muon

Vs =7 TeV, 1.09 fb'! CMS Preliminary 1200 \s =7 TeV, 976 pb"' CMS Preliminary
..g N T T T I T T T ' T T T I T T T I T T T i -.9 - T T T I T T T I T T T I T T T . I T - T ] T ]
S L —— (i (WW + WH* + H'H) 1% B :‘I(WW+WH__+%H) .
>1 000 __ ........... WW (T — W‘bw‘E) _,__ Iﬁ1 000 __ ------ th(tt-_) W _bwfs) ;
L [ e WH= (tf — W*bHB) . - o X;:F(“ - WfbH_b_) .
- === HEH* (lf - H‘bH-B) /’ — : (lf — H bH ) :
800~ ) o 800 m,, = 120 GeV/c> —
[ ™My =120 GeVic o . B ey final state 7]
— ut final state - - i ]
600 R — 600— |
400 '.-" - 400 o
2007 200~ 7 e, -
o - . 7 : . I ]
0 IR L B -1’ L : l"”".r I ST N T ) 0 B IR L Rl ) : . -l oo e 1":
0] 0.2 0.4 0.6 0.8 . 1 (0] 0.2 04 0.6 0.8 N 1
BR(t — H'b) BR(t — H'b)

x = BR(t=>bH")

N, (in presence of H*) = Ny, 2(1-x)x + Ny, X% + N>M (1-x)?
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Branching Ratio
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» QCD multi-jet background, measured from data
Method based on factorisation of E;™S + b-tagging from other selections

Apply same selections like signal analysis but in different order.

Factorize ¢(E;™° + b-tagging ) at a selection level where QCD contribution dominates.
e (E;™'ss + b-tagging ) estimated in bin of t p;.

» Non QCD Type | background (genuine taus within p;, n acceptance), measured
from data

Based on tau embedding method

Select events with only one isolated lepton (p; > 40 Gev/c, [n| <2.1) and 3 jets (p; >30 GeV/c, |n| <
2.4). Replace the muon by a fully simulated and reconstructed tau with same momentum.

» Non QCD Type Il background (e/p/jets mis-identified as taus, or genuine taus
outside p;, n acceptance)

Expected to be small, estimated from simulation

A Nayak, 22/07/2011 19



Same selections like in signal analysis, but applied in different order to select from

data sample where QCD multi-jets dominate _

Number of events in signal region estimated with MCexpectation 74+0.3

N N e et | MCexpectation
QcCD i 'Vselected, i presel,i MET+b, i ’ X +
where i is tau p; bin and f fraction of QCD multi-jet events |faskahatibis 7.5%05

(stat.+syst.)

Tau+MET trigger
Tau candidate selection
— Trigger matching, jet pr>40 GeV/c, |n|<2.1, Idg. track p:>20 GeV/c, e/u veto, select exactly one tau cand.
Veto of isolated electrons muons (p;>15 GeV/c) and muons (p;>15 GeV/c)
Jet selection:
— Njets2 3 with Er>30 GeV and |n|<2.4in addition to the tau candidate, AR(t, jet)<0.5

¥ ¥

data ¢ taulD (HPSTightisolation && Nprongs=1
EMET+b-tag,i ( ¢ prongs=1)
* Factorize out MET+ b-

taggingcutsin bins of tau N data
candidate p; (MET>70) selected, i
« Sample purity 60-90 % * Numberof events after taulD

* Sample purity 50-90 %

A Nayak, 22/07/2011 20



Ns=7TeV 1.06fb" CMS Preliminary
lllllllllllllllIllllllll]lll

I [T I
Before * Data .
- . . [1QCD (u enr.), B, > 20
+ isolation mwets
. Il tt+jets
[CIDY+jets
[ Single t
Il Diboson
7/, MC stat. unc.

« Control sample selection

> One muon, p; > 40 GeV/c, |n|<2.1 10°
*Isolation by requiring no HPSTight-quality
PFCandidatesin 0.1 < AR< 0.4

> Veto of isolated electrons and other muons, p; > 15 GeV/c

> At least 3 PF jets, p; >30 GeV/c, |[n| <2.4

10°

10?

10

llllll 1 IlIIllI[ 11 Illllll Il IIlIIIlI Il lll[llI[I

Number of muons / 10 GeV/c

« Tau embedding at PF level

: : y

Simulate and reconstruct tau with same momentum as muon 10750000 150 200 250" 300 350 200
. . Muon P, (GeV/c)

« Normalisation \s=7TeV 1.06fb" CMS Preliminary
1T IIIIIIII|IIIIIIII

T | T 1T | 1T I T I
After ® Data

. . []QCD (n enr.), 5T >20

isolation  mwsjets

> Tau trigger efficiency with weighting by efficiency

> MET trigger efficiency with 10° Eloviets
[ Single t
"vector sum caloMETnoHF” > 60 GeV M Diboson

7/, MC stat. unc.

10
> Muon trigger and ID efficiency with Tag and Probe

10

IIIIIII| | IIIIIII| 1 IIIIIIII L1111l

Result: 71 £ 5 (stat) £ 15 (syst)
MC expectation: 78 + 7 (stat)

Number of muons / 10 GeV/c

-1
10750 100 150 200 250 300 350 400
A Nayak, 22/07/2011 Muon P, (GeV/ic) 11



Table 1: The systematic uncertainties (in %) for the backgrounds and the signal from t#f —
H*bH¥b (HH) and tf —+ W*bHTb (WH) processes at m+=80-160 GeV/c?.

HH WH | QCD | non QCD non QCD Type 2

Type 1 tt | tW | Wjets | Z+jets | VV
T — pT'™ trigger 24-26 | 24-25 9.6 22 | 22 22 24 23
T-jetid 7.0 7.0 7.0
jet, £ — T mis-id 15 | 15 15 15 15
JES+]JER+MET 13-17 | 14-19 18 17 | 25 14 19 22
lepton veto 0.2-0.3 | 0.3-0.4 1.5 | 0.6 0.6 0.6 0.7
b-jet tagging 12-15 | 14-16 16 | 17
jet—b mis-id 13 10 11
QCD stat.+syst. 7.1
Non QCD Type 1 stat. 6.8
f Wot—=u 0.7
muon selections 0.6
MC stat 4.1-7.0 | 4.8-7.2 16.3 | 56 100 100 90
cross-section 20 20 20 8 5 4 4
luminosity 6.0 6.0

A Nayak, 22/07/2011 22



Main background from_ “fake”

maijor contribution : W+jets, 1 — 7 + jets

Data driven background estimation :

- Select jets in events with :
1 lepton + MET + =3 jets
+ > 1 b-tagged jet

- Apply to every jet a
“jet— T probability (pt,eta,jet width )”
Jet width =V(0,, > + 0y%)

Jet — 1 probability measured from data

from different type of samples
(QCD dijets, W + 21 jets )

A Nayak, 22/07/2011

Fake Rates as functlon ofjet pt
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mu+tau channel

" HH | WH | flg | Hee | 7 fakes | Single top | VV | DY(xz) | DY(T7) |

T-jet id 7.0 7.0 7.0 7.0 7.0 7.0
jet, £ — T mis-id 15.0 15.0
JES+JER+MET | 60 | 40 | 30 | 3.0 8.0 80 | 710 14.0
b-jet tagging 6.0 | 6.0 | 50 | 50 8.0
jet—b mis-id 8.0 9.0 9.0
muon selections | 1.0 1.0 | 1.0 | 1.0 1.0 1.0 1.0 1.0
T fakes (stat) 6.0
T fakes (syst) 11.0
cross-section 20.0 8.0 4.0 4.0
MC stats 3.0 | 30 | 20 | 60 5.0 80 | 71.0 | 120
luminosity 6
e-mu channel
HH | WH | ff | DY(I) | Wijets | Single top | VV
JES+]JER+MET 28 | 28 | 28 7.0 6.0 49 4.8
dilepton selection | 2.5 | 2.5 | 25 25 2.5 2.5 2.5
cross section 20.0 | 20.0 | 20.0 4.0 5.0 8.0 4.0
MC stats 7.5 34 | 0.5 3.2 16.0 2.5 27
luminosity 6

A Nayak, 22/07/2011
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. Only pair-
-1 -1
Model point m CMS @ 36 pb CMS @ 0.98 fb SR

BR(D*+->ee)=100%
BR(P**->eu)=100%
BR(®**->uu)=100%
BR(D**->et)=100%
BR(D+*->ut)=100%

BP1

BP2

BP3

BP4
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>
» Four additional model dependent points to describe the neutrino sector
>

BP1 describes the neutrino sector with normal mass hierarchy and a massless
lightest neutrino, m; =0 eV,

» BP2 describes the same but with the inverse mass hierarchy
» BP3 represents a degenerate neutrino mass spectrum with m, = 0.2 eV

> BP4 represents the degenerate case in which all ®++ branching fractions are eaual.

[ Normal hierarchy (BP1) | [Jee [ Inverse hierarchy (BP2) | [Jee [_Degenerate v-masses (BP3) | [Jee [ Equal branching ratios (BP4) | [ee
Qe Qe Qe Qe
Qe- Qe Oe- Qe-
Buu [ o0 [ [ [ [
O O s O
O O O O
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L
B Pre-selection:

B At least two leptons with pT > 35/ 10 GeV

B Loose isolation requirement

B\Veto of low invariant mass resonances (< 12 GeV)

Label Selection
B Three lepton Pre-selection Correct topology (++- or - -+)
: ] Scalar sum of pt Y pr > m(P) +80GeV
final state: Relative isolati;:)n %rel Iso(lep,?on < 0.1
Veto of events containing a Z boson min|m(¢T£7) —mz| > 6 GeV
Opening angle between same-sign leptons ¢(£*4*) < 1.8rad
Counting of events in a mass window m(£E4%) € (Mygyer, m(D)+10 GeV)

B Four lepton final state:

Label Selection
Pre-selection Correct topology (++- - or - -++) + optional extra leptons
Relative isolation Y. rellsojepton < 0.125
Scalar sum of pr Y. pr > m(P) +80GeV
Counting of events in a mass window m(£TLt) € (mypyer, m(P)+10 GeV)
m(£=47) € (Myper, m(P)+10 GeV)

The backgrounds have been measured from data extrapolating from sidebands
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* Background is driven from data using the sidebands method

e Control region is the 1D or 2D (depending if it” s 3- or 4-lepton analysis) region
in the invariant mass distribution outside search mass window after the tight
isolation requirements

Ngg = o (NggP2@+1)
ANgg = 1/sqrt(NcgP2@+1)

* |If not enough statistics available in SR
or CR the MC statistical uncertainty
is used and a 100% error is attached

0 20 40 60 80 100 120 140 160 180 200 220 240
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_ sowee Uncertainty

Lepton ID+RECO+Isolation+k-factors (e and u unified) 2%
Tau jet ID+RECO+Isolation 8%
Trigger + primary vertex finding 1.5%
Signal cross section 10%
Luminosity 6%
iJCr;cl::rtainty on o, comes from PDF, QCD scale and lepton energy 5% / 100%"
Statistical uncertainty of signal MC 1-7%
Statistical uncertainty on observed events in control region 5-100%""

" If not enough statistics in MC are available and statistical uncertainty is used, then
100% is used as the uncertainty on the ratio
™ Varies by channel, background topology and search mass

Limits are calculated with the CLs method in five categories based on lepton count and

number of tau jets in the final state

A Nayak, 22/07/2011 31



Pious|o uonyy 1o+ W

e

Combined observed limit
imi

Combined expected |

98 fb’

0

observed limit

Pair production expected limit

Pair p

observed limit

d limit

P

s 1o band

20 band

LEP exclusion
Tevatron exclusion
T

R
1

R

R
T

S SIS

200

iminary

RRRRS
RIS,
RIS
IR
KGR
LK
G
KK

7TeV L

2L
%
RIS
RRRRIKS
2%

o%

KKK
RRRRIES
ooRetetetetet
R

9%

IR
IR
R
RR

<X
2%
XX
SE0RRRKKS
IS
Ssesese

35
o
o093
S
S

<5
o
o
’0
X
o)
2R
3
o
09398

5
0% %
o9 %
o9 %
o8%
XK
9%
K K5
K
K
5

35
%S

S

S

3
25
RS
35
KR
09598
295959

S

XX

BR(®""— pu*u*) = 100%

CMS Prel

S

55

RS
X 0’

RIS

R0,0.9, 202
SRS SRS S 5555252528
st eSS
m&aaa.uﬁ.a S IANIS2525052 R tetetet it L,

|epow

<
S o059508
535 Sssssetatetetetel
< oSsetatateseratetatetetotatetesesots’
oS atatatesstotatetetetotateserotetatetesed
R RIRILRIIKLRES

(Seseietels
SRRRR § R
teddddddddiidddddd S tdddddd dedddddddd titdddddddddde

a8,

< dosatatetedy ¥t
R R IR R KSR
R R KR .wmu
6%, %

o%

%%
A%
5o
s

4

Sotototetel
RSKKKLS
9% ’0‘0’0’0’:

XXX

000000{
RIS
KRR

o<

A NN

300 350
Mass of ®** [GeV]

250

150

100

Combined observed limit

Combine:

.98 fb!

0

d expected |

Pair prod

Pair production expected limit

observed limit

p

20 band
LEP exclusion

[ 10 band
SRR

350
** [GeV]

300

Tevatron exclusion
T
250

NN

R

200

%

iminary

7 TeV L

s
BR(®""— e*e’) = 100%

CMS Prel

0
& et etetetetetedetedete!
KRR
RIS
02 MNQMONOOOQOOOQOOOQO
R IIH IR IIH RN iSetes
S I R I I I IR IIRARN

lepow

% 298
e 1%
At S RS SRS SN RS SRR SSRGS, T3
R %

BB RS02

i,

< <3 P 8el, ISR KRN % 0as,
Sifeideldddiddddd ddddtdddddddddddddddddddteddddd s

R S0SS

XS
LR
ooo%%uooo«o»

o

o
detatetele,
SRS

150

100

Mass of ©

32

A Nayak, 22/07/2011



Plousjog uony 1o N

350
[GeV]

300

observed limit

observed limit

250

[+]

Combined observed limit
Combined expected limit
Pair production expected limit

Pair

<
2
[
2
T 8
23
2 o
w
54

.98 fb™

BR(®""— n*t*) = 100%

W Tevatron exclusion
200

0

iminary

7TeV L

150

<

o%o%
RRRRS
o204
R
Q%
0%

&
09

o%

255
3RS
LR
LS
O’O"”Q““‘
RIS

%5
RRRRRLLRL
ool
s
38

o0

%5

S
LS
RS
RRR
RS
295058

R
35
RS
%3
0K
25

'
09093
S
3R
00:0:0
ozozv
b9%e%
K

909098
3RS
0955858
0K

bototets

<
5
oo
&
,00:
o2
%S
oTOeTe
RS
<KX
KK
3%
X
9%
0.0.
%
2K
25

<5
RS
RS

9998
S950%es
30K
XS
S

o%

CRIRK
oZelelelelels

dedetetetetelel
RIS
XS
:: <R
o2

093
%%,
RS
&R
o
‘O‘QA‘

e eSS0 2000

oo tatata%n! 199%0%090000404959530305)

S L i
Sefeteteletelteleteteteteteleteletel beteletetetetetetateletes

RARRRRRS % %

rrfﬁ?rr‘

CMS Prel

\'s

o
2RRL
2R
X
L%
%
3
XS

00

0

KD 4
a8, P (1050 KRR RNRHNN
Sefeleddedeleleled el el uteleliteleteletedede o iddddddds

1

0-1

Jepow

350
[GeV]

= o=
EE
T3 (=}
T S
EEo
== a8 o™
ni.md.m u
kS EE:
g 338851 i
- Mebx H
3 2500 32 21
. o o (3 [
e Ag88 353 s s
k R g B 1=
° T 3 39
Q QT T - In|5
£ELS88TRLS
F R £ 53 sUON
EEsifiisgs
@ @
< coeca<e&Y e
e 1 -
4= H B e
. . 1 P
Q P SR
» o El e
P He
. H H 2] %

0

iminary

7TeV L

150

BR(®""— e*1*) = 100%

CMS Prel

\'s

OO O O O OO OO OO b PO O O OO i 0% ') R IR SR
S s @
0NN RNt X RSS! C

SRR Lol
sisaddlsidodaiddaddadaddaiddad B daia i DIID] wum
Sddddddddddiiddddd Sddddddddd St dddiddd So e e e Sdddddddds

o -
-—

|epow

/0 uo pwij Jaddn 79 9%G6

Mass of ®**

Mass of ®**

33

A Nayak, 22/07/2011



2
2
5
8
<
5
S
=
A

tonoc/o,, 4
-—
o
w

—_
(=
N

imi

10

95% CL upper |

A Nayak, 22/07/2011

CMS Preliminary

Ns=7TeV L=0.98 b

BR(®""— t't*) = 100%

-
.
.
Py

-----
-----

NN NN

A AAAAAAAA]
BREEEEBY

Combined observed limit

Combined expected limit

Pair production observed limit

Pair production expected limit
Associated production observed limit
Associated production expected limit
10 band

20 band

LEP exclusion

Tevatron exclusion

L | ———

1
150 200

250 300

350

Mass of @ [GeV]

34



-
o

T IIlIIII

=N

T TTTTT

s
©
o
£

2

5
c
o
=
E
=
@
Q
o
=

_

o

N

wn

o

A Nayak,

-
e

CMS Preliminary
Normal hierarchy: BP1

s=7TeV L=0.98 fb™

ar’
.

-7

Combined observed limit

Combined expected limit

Pair production observed limit

Pair production expected limit
Associated production observed limit
Associated production expected limit
1o band

26 band

| |
100 150

200

22/07/2011

250 300

35

Mass of @ [GeV]

95% CL upper limit onc/c, .,

-
o

I IIIIIII

-—

T TTTIT

-
o
N

1072

CMS Preliminary

\Ns=7TeV L=0.98 fb"
Inverse hierarchy: BP2

ol
o

-
ooV

Combined observed limit
Combined expected limit
Pair production observed limit
Pair production expected limit

A iated production observed limit
............ A iated production expected limit
[ 1o band

26 band

100 150 200

250 300 350
Mass of &' [GeV]

35



-
o

T Illlllll

—

CMS Preliminary
\Ns=7TeV L=0.98fb"
Degenerate v-masses: BP3

."..

T TTTTTT

3
o
£
L
©
c
o
=
E
p
Q
Q.
S 10
3107,
o
32
T2l
(=}]

1072

Combined observed limit

Combined expected limit

Pair production observed limit

Pair production expected limit
Associated production observed limit
Associated production expected limit
1o band

26 band

I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 [ [l 1 1 1 1 1 1 1 [l

100

A Nayak, 22/07/2011

150

200

250 300 350
Mass of @ [GeV]

-
o

N

95% CL upper limit onocl/c,_ .,
o

— CMS Preliminary
Ns=7TeV L=0.98fb"
Equal branching ratios: BP4 i

oen 5

Combined observed limit
Combined expected limit

Pair production observed limit

Pair production expected limit
Associated production observed limit
Associated production expected limit
10 band

20 band

100

150

200

250 300 350

Mass of ®** [GeV]

36



CMS Preliminary [JEWK
22 \s=7TeV L=982 pb” Wii
20 lW+jets|
18 T []Z+jets
16 [Jacbp

| | h
100 200 250

50 150 300
Same-sign di-lepton mass in GeV
4~ E =
3
2 ] —— N
NS 4 ]
50 100 150 200 250 300

Reversed Z veto after isolation +
2p

A Nayak, 22/07/2011

N/5.0

16

14

12

10

CMS Preliminary
\s=7TeV L=982 pb”

IIIII]lIII|III|

80 100 120

[JEWK

Otz
Bw+je

[Z+jets

[laco

ts|

140

Same-sign di-lepton mass in GeV

_ | e
—

— e a4 LT

RS SRIEIES855 5% SR SR Ha a% == "B BN . .

0 40 60 80 100 120 140

Preselection, Z veto, reversed
isolation + Zp+, opening angle

37



38

A Nayak, 22/07/2011



