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@ Introduction %

* The are ordinary and standard searches

e —

» Today we cover
two of them:

— MSSM H* in top pairs

— Doubly charged Higgs (cI)+)



* Assuming H* decays 100% to tv thls would show up as excess inT

Charged Higgs (H*)

CMS-PAS-HIG-11-002

If the H* is lighter than top, then we could witness anomalous top

decays

channel £
Channel Signature BR 0
Dilepton ee, uu, eu + 2b-jets 4/81 o
Single lepton e, u + jets + 2b-jets 24/81
All-hadronic jets + 2b-jets 36/81
Tau+lepton et, ut + 2b-jets 4/81
Tau+tjets T + jets + 2b-jets 12/81 B

The dominant background is
from W+3jets and ¢z where
one of the jets fakes a t (t-fakes)

In addition contributions come &
from Z>tt+jets, single top
and di-boson
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Nevents

_ CMS
Event selection

N I I I I !

111

- - HPS loose iso . : :
CMS Preliminary g Similar to CMS top pair cross section
- - ata . .
L= 36pb = measurement in lepton+jets channel
\s=7TeV o~ HW, M =120 GeV/

(CMS-PAS-TOP-10-002)
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-Trigger selection: single lepton triggers
-1 hard and isolated e or u with E->30
GeV (p>20 GeV/c for )

-2 hard jets, p; > 30 GeV/c: no b-tag
‘MET > 40 GeV

-1 T with p; > 20 GeV/c ( HPS loose
isolation)

-The lepton and t have to be of opposite
sign
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No significant excess of events in
data is found with respect to

S7, 1. 2. Mew 3. 1
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Standard Model expectations




Background from jets faking t %

1

g 'E —
. . . 5 E CMS Prel:mlnary Data wPU
Dominated by W+jets and ttbar — | + jets ¢ [ L=36pb i
= L \E=T7TeV O Data woPU
('S

P, > 20 GeVic, |n| < 2.4

 Data driven background estimation : 1
—Select jets in events with :

T T lll"ll

1 lepton + MET + =3 jets 3 o o, -
—Apply to every jet the ; o T

“jet—tau probability”

T T ll”"]

Systematic Uncertainty 0

» Jet — 1 probability evaluated from QCD multi-jets
(gluon dominated) and W+jet type events (quark
dominated)

 Jets in lepton+MET+ = 3jets events have a gluon/
quark composition between the two samples

{(woPU - wPU)wPU

» Take average between W+jet and QCD values and u jetp_[GeVic]

assign half the difference between the two Probability that a jet fakes a tau-jet as obtained from
as the systematic uncertainty the QCD multi-jet events taken during runs with and
without pileup.
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Source Er—fakes E€t—ID Ermis—ID EJES+JER+MET Eeueff Eo(th) ELumi
(%) (%) (%) (%) (%) (%) (%)
HH, M+ =120 GeV/c* -~ 8 - 9 3 7 4
HW, My +=120 GeV/c? - 8 - 6 3 7 4
T fakes 26 - - — - - -
tt — WbWb — fvb tvb — 8 —~ 6 3 7 4
tt - WbWb — fvb fvb - - 15 13 3 7 4
Z/y* = 1T - 8 — 16 3 4 4
Single top — 8 - 10 3 8 4
WWWZ,ZZ — 8 — 12 3 4 4
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CMS
Evaluation of exclusion limits Z

A Bayesian method with flat signal strength prior is used to obtain the upper limits

The background and signal uncertainties modeled with lognormal pdf's,
correlations taken into account.

Upper limit on excess of events on top of the SM backgrounds (N,,;), which
is then translated to the limit on branching ratio

Source Nevents

HH, Mp+=120 GeV/c* 66.5+ 1.8 +9.7
HW, My+=120 GeV/c* 68.1 1.9 £9.1
T fakes 21.3 £25+£5.6

tt - WbWb — fvbtvb 107 £ 02+ 1.4
tt - WbWb — fvbévb 1.6 +£0.1+£0.3
Z/v* — ee, up 03+0.1+02
Z/y* = 1T 3.0£03+0.6
Single top 1.0£0.0+£0.2
WWWZ,727 0.5£0.0=£0.1
Expected from SM 383 +25£58

Data 40

Nup = Nwp -2(1 — x) - x + Ngp - x°+
6 /
(Ng& T Ngw T NS?\?I o) (1— x)z_

0T 00 lqq’
(NSM tt -+ NSM tt + NSM tt)'

x = BR(t — bH™)
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CMS

Branching ratio exclusion limits

Expected 1t events

N,,

T T 171 | | L | 1T 171 | L | | | -1-
o0 ... tt with H™ included - SM (i H
| == QObserved 95% CL Limit i
40 [ — Expected Limits (mean with 16 band) ) "
| CMS Preliminary P i
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CMS
Branching ratio exclusion limits %

Beginning to get interesting!
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CMS
@ H* summary Z

« Search for charged Higgs boson in Top quark events
was performed using 36 pb*

« Data is consistent with standard model expectation
« The largest background contributions come from
a) the irreducible ttbar t dilepton channel

b) from t-fakes where one jet fakes the t

« Limits almost competitive with Tevatron ones, additional
luminosity already on the way




Doubly charged Higgs (®**) ‘CMS
CMS-PAS-HIG-11-001 Z

Standard model extension by a
scalar triplet adding three new
particles

_ ¢++, ¢+’ (I)O

The triplet is responsible for
neutrino masses, the couplings

being directly linked to the mass g(/q") IL(/v)
matrlx -g- : : : Pair-production (NLO) |
- Mlj =k YIJ E 1 -------- Pair-production (LO)

.. : .. : : Associated production (NLO)
Unknown neutrino mass matrix |- ...... ) ...................... ---------- Associated production (LO)
- unknown branching ratios e

10"

below a mass of 160 GeV (2My,)
only leptons

1 : 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
100 120 140 160 180 200
Mass of ®** in GeV



Model points

« Six standard searches, where BR(®**=2>1*1")=100% | Normal hiera;chy (BP1)
 100% BR scenarios only cover 6 / 21 final states

« Four additional model dependent points that try to
describe best the neutrino sector

* To cover the whole phase space we perform an
inclusive search

« Cuts are optimized for inclusive results, not
separately for each model point

Equal branching ratios (BP4)

Inverse hierarchy (BP2) Degenerate v-masses (BP3)




@ Experimental signature

We consider both pair-production

and associated production to

enhance sensitivity

— Three or four prompt isolated leptons
in the final state

The di-lepton combination is that

of same charge

Due to flavor non-conservation the
final states can be combinations
of all possible leptons

The dominant backgrounds are
di-boson, 1t and Z+jets, all of
which are reducible

2 | CMS Preliminary 2010 — tt+jets
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Event selection %

Trigger: single lepton triggers
Lepton ID:

— Electrons: pT>15 GeV, |n|<2.5 and strong charge check with three different methods to
reduce charge mis-identification to negligible levels

— Muons: pT>5 GeV, |n|<2.5
— Tau jets: pt>15 GeV, |n|<2.1, HPS Loose selection

1-jets overlapping with an e or nin a CLV‘S

cone of 0.1 are vetoed W av l

i L J

To suppress low mass resonances any
pair with mass less than 12 GeV is
removed

At least three leptons are required
and the workflow is separated to
three and four or more lepton final
states



N/15 GeV

Three lepton final state

« Leptons are required to be isolated

o Zveto: |m(I*)-91.18 GeV| > 10 GeV

« Opening angle between same sign leptons less than 2.5
* py cuts on the three leptons as a function of search mass

-~ CMS Preliminary 2010 U Ewk E ~  CMS Preliminary 2010 .EWK
- . — -1
\Ns=7TeV L=2360pb’ B it+iets e 10 g \s=7 Tey L =36 pb .miets
102 Normal hierarchy: BP1 Qacp Z E Normal hierarchy: BP1 B
- B> @130 Gev z .‘I’" @ 130 Ge
S SN 1
10 10!
107
1
10°
20 40 60 80 100 120 140 160 180 200 220 240 20 40 60 80 100 120 140 160 180 200 220 240

Same sign dilepton mass in GeV Same sign dilepton mass in GeV



* Loose isolation required

« Z veto required

* Negligible background
-> no kinematic cuts

CMS Preliminary 2010
\s=7TeV L=36pb’

CMS Preliminary 2010

. tt+jets

Ns=7TeV L=236pb’

Four lepton final state

Model point shown: BP4

Il tt+jets
[ Ewk
QCD

Tl o @ 130 GeV]
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T

Background estimation

Background is driven from data using the sidebands method

Mass window: (m(®)/2; m(P)+10)

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 (NgP2@+1)

ANgg = 1/sqrt(N gP22+1)

>
)
(O]
£

=
£ 200

£

240
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40
20

0 20 40 60 80 100 120 140 160 180 200 220 240
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Systematic uncertainties %
and limit calculation

Uncertainty

Lepton (e and u unified) ID+isolation 2%
Tau jet 24%
Trigger + primary vertex finding 1.5%
Signal cross section 10%
Luminosity 4%
Uncertainty on o, comes from PDF, QCD scale and lepton 5,
energy scale

Statistical uncertainty of signal MC 1-7%
Statistical uncertainty on observed events in control region 10-100%

We use Bayesian method with a flat prior
Limits are calculated in five different topologies (3| Otj, 2| 1tj, 41 Ovj, 3l 17j, 2| 27))

For each scenario the corresponding control region is used to estimate

background
18



CMS Preliminary 2010

Results

- Excluded by Tevatron or LEP
¢ CMS\s=7Tev f L=36 pb”

BR(®"— e*e*)=100%
BR(®™— e*u*)=100%
BR(®™— u*u*)=100%
BR(®**— e*1*)=100%
BR(®™— u*t*)=100%
BR(®™— t*1%)=100%
BP1: normal hierarchy
BP2: inverse hierachy
BP3: degenerate masses

BP4: equal branchings

¢

) 80 1

1 | 1 1 I 1
140 160
Mass of ™ in GeV 19

| | | | | |
100 120



@ d* summary %

« Afully inclusive search has been performed with no
excess observed

* The inclusion of singly charged component has
significantly boosted sensitivity

« This is the first FULLY inclusive search and the first time
both production mechanisms have been considered

 New world limits have been set in seven out of ten
considered model points with just 36 pb-

20
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CMS

Introduction (I1)

region of interest

N

---------------------------
-

.BR (t =H"b ) could be large...

&
[ou

-H*—>1"v enhanced if tanf large
tanp > 10 = BR (H"—1t"v) ~ 1

(tan B : ratio of vaccum expectation value)

CDF Collaboration
Phys.Rev.D62:012004,2000
hep-ex/9912013

Branching Ratio

= 2 3
10 1 10 10 10
Taus in Top decays : tan B
in SM BR for tau dilepton = BR dilepton channel
Channel Signature BR =number of tau dilepton events

Dilepton(e/u) | ee.weu + 2b-jets | 4/81 can potentially be large

Single lepton e,u + jets + 2b-jets | 24/81

All-hadronic jets + 2b-jets 36/81 Goa!: its/ .
Tau dilepton ot, 1t +2 bels 4/81 set limits/observe Higgs boson
Tau+tjets T + jets + 2b-jets 12/81

22



_ CMS Preliminary -
B L=36pb’ ——— HW, M_=120 GeV/c* —|
NS =7 TeV [ -

- Z+jets
- Wijets
- single top
I

- dibosons
-

10*

| | II[III[| | IIIIIII| |

103

102

Selection :
isolated lepton + 22 jets

23

B CMS Preliminary E data

1 04 E_ 5;—_3:1[’:’\-; ——— HW, M_=120 GeVic*
~ — —aco
- e

0 wejots

B singte op

M =
_ | dibosons

Covnnl

O 10 20 30 40 50 60 70 80
MET [GeV]

Selection :
+ MET>40 GeV



Entries

Ratio

Inclusive Jet p; distribution In
lepton+MET+=3jets events

10°

107
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24

Jets that can fake taus in events with :

1 isolated lepton
E.>30GeV for electrons and
p:>20 GeV/c for muons

« At least 2 jets with p>30 GeV/c
+ at least one jet with p.>20GeV/c

« MET > 40 GeV

Fake background is
estimated using data




CMS

Data driven t-fake background

g f'_";"':'f'“‘“‘"’ | Data wPU
£ [ \,‘i-rrov © Data woPU
= jo L Pr>20GeVic, Inj <24
Dominated by W+jets and ttbar — | + jets
107 o TV
« Data driven background estimation : - e e
L . : S L S—
—Select jets in events with : oL
1 lepton + MET + =3 jets - &

—Apply to every jet the
“jet—tau probability”

{(woPU - wPU)/wPU

0

jet P, [GeVic)

Probability that a jet fakes a tau-jet as obtained from
the QCD multi-jet events taken during runs with and
25 without pileup.



up

M,. = 120 GeV/c’

CMS

g_ 0 — 1 1T 1 1 I L ' L ' L ' L L -1-|
Z S | tt with H™ included - SM (i Ny = Nwn -2(1 —x)-x+ Nyy - x2+

| == Observed 95% CL Limit (N o+ Ny + NP ) (1= x)2—
i imi i ¢ et £qq’

40 B Expected Limits (mean with il(:band)'/ (Nopsse + Nopp o + Nsﬁ )
i CMS Preliminary 22
- L=36 pb-] ’o'

30 | Ns=T7TeV ',"

HPS (Loose)

—IIIIIIIIIlIIIIlIlI

E o Bayesian
1o
0 _'01"1 [T R TR N RN TN N N T A B A A O
0 10 20 30 40 50 60

BR(t — bH") [%)]
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Mass window choice

Branching fractions unknown, optimized for common case

Window is same for purely leptonic and lepton+tau final states to accept tau

leptonic decays
— can contribute up to 40% of total signal yield (e.g. 100% branching to ut final state)

Choice of mass window: from half of search mass to search mass + 10 GeV

N/3 GeV

10"

1072

10

T TTT

—d*>ee

¢++_>uu

::::

.....

CMS Preliminary 2010
Vs=7TeV L=36pb”

l ltlli T 1

80 100 120
Mass of &= in GeV

-
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T T TTTT T T TTTTI T TTTTI T T TTTT T T TTTTIT
I | l I | |

N/3 GeV

—

10"

102
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104

CMS Preliminary 2010
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P | I TR ENVER 0 -1

" 40
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Event yields (3 lepton final state) L(Z

mm-mm

045 0.19 149 <0.02 0.09 223+0.35 3.24+0.43+0.16
110 0.29 0.13 0.75 <0.02 <0.03 1.17+0.20 1.39+0.18 +0.07
130 0.17 0.09 0.33 0.07 <0.03 0.65+0.12 0.66 +£0.08 + 0.03
150 0.07 0.06 0.20 0.07 <0.03 0.39+0.09 0.38+0.05+0.02

1
1
1
170 0.02 0.04 015 <0.02 <0.03 0.21+0.09 0.25+0.03 +0.001 1

mn-u---mmm

10.9 153 14.8 0.52 10.1
110 5.7 7.5 2.7 7.7 3.4 0.23 3.7 5.1 4.8 4.8
130 3.4 4.2 1.5 4.0 1.9 0.14 2.0 2.9 2.7 2.6
150 2.0 2.4 0.9 2.4 1.1 0.07 1.2 1.7 1.6 1.6
170 1.3 1.5 0.6 1.5 0.7 0.05 0.7 1.1 1.0 1.0

28



Event yields (4 lepton final state) LCMéS

0.00+£0.06 0.22+0.17 £0.01
110 0.00+0.06 040+030+0.02 O 1.9 3.0 0.61 3.3 0.78
130 0.00+0.06 0.32+0.24+0.02 O 1.2 1.8 0.32 1.9 0.48
150 0.00+0.06 0.25+0.19 % 0.01 0 0.8 1.1 0.23 1.2 0.27
170 0.00+0.06 0.22+0.16 +0.01 0 0.5 0.7 017 0.7 0.17

1.87 3.12 3.32 2.84
110 1.04 1.72 1.79 1.54
130 0.61 1.02 1.02 0.90
150 0.37 0.62 0.63 0.55

170 0.23 0.40 0.39 0.35

29
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Limit calculation

We use Bayesian method with a flat prior
Results were cross-checked between L&S

and RooStats

Limits are calcu
topologies:

lated in five different

— three leptons with no tau jets
— three leptons including one tau jet

— four leptons wit
— four leptons inc
— four leptons inc

N no tau jets
uding one tau jet

uding two tau jets

For each scenario the corresponding control
region is used to estimate background

2




Summary of results

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

BP1

BP2

BP3

BP4

133 GeV
115 GeV
150 GeV
112 GeV
114 GeV

CMS

144 GeV

154 GeV

156 GeV

106 GeV

106 GeV

116 GeV

131 GeV

130 GeV

127 GeV

‘CMS?
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model

Ratio o/0

Limits
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model

Ratio o/o

Limits
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model

Ratio o/0

Limits <7
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