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 |Introduction

 SM Higgs Studies
— Analysis in the bosonic decay channels at low mass
— Analysis in the fermionic decay channels
— Measurement of the H125 Higgs boson properties

* Other Higgs Searches
— High mass Higgs boson searches
— Fermiophobic Higgs
— Extended Higgs models

e Summary

For all CMS public results on Higgs searches see:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Measurement of particles in CMS

=
LCSD
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with Muon chambers 1T 55
through CMS :

Global Event Description (GED) - particle flow algorithm
— combines and links signals from the different sub-detectors

— provides the optimal event description in form of a list of particles: electron,
muons, charged hadrons, photons and neutral hadrons

T lepton, jet and MET reconstruction are based on GED
Large improvements obtained w.r.t. simple reconstruction
Helps a lot in high PU environment
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Data: pp collision at 7 and 8 TeV

* Excellent performance of LHC and CMS in 2011 and 2012

« 25fb?IntL pp collisions collected until now at 7 and 8 TeV CM energy

June 24-28, 2013
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Peak luminosity
7.7 x1033 cms?

Data taking
efficiency >90%
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Pileup s
UCSD

* Multiple interactions occur for each bunch crossing (in-time and out-of-time pileup)

* Mean PU ~10 events in 2011 and ~20 events in 2012

* Effects of pileup:

— Slightly deteriorates energy resolution for electrons and photons and jets

* Apply corrections event by event for photons and jets

— Adds energy in isolation cones

* corrected for pileup energy estimated event by event

— PU jets affect central jet veto and VBF jet tagging

* Tryto reject PU jets (wider and with tracks coming from different PV)

Typical jet Typical Pileup jet
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SM Higgs productlon and decay

UCSD
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' Most sensitive search channels at 125 GeV

e 2 channels with excellent mass resolution (1-2%)
— vyyand ZZ -> 4l
— Search for mass peak over the BG (large BG for yy and small for Z2)

e 3 channels with worse mass resolution (10-20%)

— WW ->2l12v, Tt and bb
— Search for excess above estimated BG

e Zy has good mass resolution but less sensitivity

Channel Int Luminosity Mass Expected Observed error

7 + 8 TeV (fb?) resolution sensitivity
5.1+19.6
5.1+19.6
4.9 +19.5
4.9 + 19.6
5.0+ 19.0

YY
ZZ->4|

WW->2[2v
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Bosonic decay channels
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

M,,=125.9 GeV
o/ M=0.9%
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H->vyy analysis strategy

* Search for a small mass peak over large and smooth background
— lrreducible: 2y QCD production
— Reducible:

MC BG not used for deriving results, only for selection optimization
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* Photon Selection

Ingredients of the Analysis

Al

— MVA, based on isolation, shower shape and electron rejection

— Also cut-based optimized in different categories with different BG levels

* Barrel/endcap

* Converted/unconverted identified with shower shape in ECAL

* Primary Vertex Identification .

— Primary Vertex is identified using
tracks from recoiling jets and
underlying event + conversion

— Found correct in ~80% of cases for
pileup in analyzed sample
y cluster

R ECAL
- mistake
&< inny 1.3m
correct vtx - PUvtx <
SRS v

beam spot ~ 6cm

June 24-28, 2013

Mass resolution

Most important aspect of analysis

ECAL response calibrated with m° = vy,
W - ev (E/p), Z 2 ee

Laser corrections measuring
transparency loss are applied

-5__ 4%7 Simulation

Parametric model

CMS Preliminary
Simulation

BDT,, >= 0.91

Events /(0.5 qSV )

—_
a
LI B

G = 1.36 GeV

FWHM = 2.99 GeV

o/M~ 1%

. =‘ O
m,, (GeV)
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H->vyy analysis LCSD

* 4 event classes based on a diphoton Boosted Decision Tree (BDT)
output
* BDT inputs:

— Kinematic information, photon Id classifier, estimated mass resolution

 Additional exclusive classes for VBF and VH

MC 53 DiphotonJets + PhotonJets + DiJets / Data {s =8 TeV L = 19.62 fb’

MC 53 Hgg 125 GeV Is=8TeV L=19.6 fb’
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H->yy exclusive channels

 Add exclusive categories to address specific production
processes:
— VBF -> dijet selection (dijet BDT)
CMS,

iz \

BF candidate

M,, = 121.9 GeV
M, = 1460 GeV

il

CMS Experiment at LHC, CERN

Data recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854

Lumi section: 450

— VH ->lepton and MET tag to address W->lv, Z->ll and Z->vv decays
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8 TeV categories

-
®)
W
)

% 120 L | CI;AS Ip’9|!m'n‘afy‘ - I_“_ Dla'al o ] D 450 E_ I C':AS I”rel‘imin‘aryy o I—OI— [;ala| o _E %)2500 L Cl\‘AS ;arel:min'ary‘ o '—0‘— Dlata| ST
0] F o {s=8TeV,L=19.61t" (MVAy — S+BFit N [©) F V{s=8TeV,L=19610" (Mva]— S*BFit ] O] [ (s=8TeV,L=196fb" (Mva]— S+BFit ]
7o) : l:-I Brg Fit Component ] 7o) 400 F |:, B:<g Fit Component: 7o) L :I B:g Fit Component _|
. 1o : E 1o B - 1o B
T 100 B 20 ] g 350 [ 20 3 2000 & B <20 ]
% 80 ] g ; A\ BDT1 ] g r ]
7] 3004 = L ]
2 ] o E 215001 .
w — W 250 - w L ]
60 ] : E - 1
] 200 E 1000F ]
40 ] 150F E r ]
1 100F = u ]
20 b : E 500 ]
4] 501 POR r J
0 P R B i S b v 1 ] ol v 1]
120 140 160 120 140 160 120 140 160
m,, (GeV) m,, (GeV) m,, (GeV)
—— — — T —— ——
?&000 [ CMS Preliminary —4— Data 4 % 10~ CMS Preliminary —4— Data — % CMS Preliminary —e— Data B
F (s=8TeV,L=19.61t" (MVAy — S+BFit R (O] [ Vs=8TeV,L=1961b" (MVA]— S+BFit 1 O] 60 Vs=8TeV, L=19.61b" (MvAy— S+BFit &
7o) r Bkg Fit Component ] 7o) F T e Bkg Fit Component - o °°F e Bkg Fit Component ]
— CJ+te ] — r [ q — [J+to 7
~40001; [ 20 9 -~ 8__ I 20 7 ~ 50 I <20 E
1] t E i) L Electron Tag i §23 . Loose Dirjet Tag ]
e ] & I ] S 40 ]
— — > T = > -
£P000¢ B o 8 j w ]
r 1 ] 30 3
2000 r ] 4 7] ]
x 1 : 20 3
1000 4 2 a 0 E
] S N I B ol b . ol v b Y
120 140 160 120 140 160 120 140 160
m.. (GeV) GeV m... (GeV)
myy
% L CMS Prel!mlnary I —— Datal | % 20 cowms Prel‘iminary \ —— Dala| — % F Ccms Prel!minary l —— Data|
Eojeo _ . S+B Fit E E _ - " S48 Fit ] . _ 4 S+B Fit
g 8 : (s=8TeV, L=19.616" (MVA] Bl F Component ] (Lg 18 Vs=8TeV.L=1961" (MVAT — B H Componont g 16 - (5=8TeVL=1861" (MVAT v 1t Gomponant
- F [ J+to = - F [J+#o ] — r [J+o
= 7; [ E T 16 B 20 E g a B 20
42 6 ;— Muon Tag —; *g 14 Tight Di-jet Tag —; 42 : Met Tag
g F ] O 4o 4 [
5F E > ] >
w E ] [NN] : ] w
af ; 10 ]
) ] 8 ]
iff 6
2 ] 4 : A l i
15 9{4 Hgleteste e loe]] -2
[ l 2 l ~---..---..--=="E | l | .
oL = L oL his VNG o] mrm——— l L L P ST n
120 140 160 120 140 160 140 160
m,, (GeV) m,, (GeV) m,, (GeV)

June 24-28, 2013 Marco Pieri UC San Diego 14



=
LCSD

H->yy combined mass spectrum
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* This plot is not used in the analysis and it is for illustration only, it adds all
event classes together
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H-> vy results: p-values LCSD
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* Largest excess around 125 GeV Consistent results
— Local significance 3.2 o at 125 GeV from cut based:
+0.32
— Expected significance 4.2 o at 125 GeV ~ 9/0s, @t 125 GeV 1.11 5

~ Fitted 0/04 at 125 GeV 0.78" >
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ttH H->vyy

* Channel added more recently

-
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W
)

* Not yet part of the overall combination
* Require b-tagging + large jet multiplicity

CWrs\

CMS Experiment at LHC, CERN
Data recorded: Thu Nov 1 02:13:01 2012 CEST

_\
I
=\\\ \
\

)/ y
o \\

Run/Event: 206446 / 1072391444
Lumi section: 784
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ttH H->vyy
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H > ZZ > 41 (4y, 4e, 2e2y) =

* Clean channel: 2 high mass pairs of * Background
opposite sign isolated electrons or — irreducible: ZZ

muons coming from PV — reducible: Z+jets, Zbb, tt, WZ

* Narrow mass peak * Verysmall BR ~10*at 125 GeV
— Very good mass resolution 1-2 %

o CMS Experiment at LHC, CERN

CMS Data recorded: Tue Oct 4 00:10:13 2011 CEST
M Run/Event: 177782 / 72158025

Sk \ Lumi section: 99

w(z,) p;: 15 GeV

e*(Z,) p; : 28 GeV

WIAY N

w*(Z,) p; : 12 GeV e 4-lepton Mass :

125.8 GeV

e(Z,) p;: 14 GeV
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H 2> ZZ - 4l: candidates UCSD
CMS preliminary
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Use other kinematical variables: K LCSD

MELA: Matrix Element Likelihood Analysis:

uses kinematic inputs for
signal to ZZ background discrimination

{mllmZIe]_IGZIe*Iq)Iq)l}

Prig(ma, ma, 01,00, ®,0%, @1|myy) -
Psig(mla ma, 917 027 (1)7 9*7 (Dllmllf)

M, = 121.5 - 130.5 GeV

MELA = |1+
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H-> ZZ - A4l: fit

 Add a dijet category
 Use a 3D method

— Inclusive: Mass — Ky — Py,

-
®)
W
)

— dijet category: Mass — K,— V, (VBF discriminant)

M,, = 121.5 — 130.5 GeV
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H > ZZ - 4l: results
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* Excess of events at 125.8
GeV

— expected significance: 7.2 ¢
— observed significance: 6.7 o Untagged

: +0.30
— Fitted o/05,, =0.91 7,

Dijet tag

Results from 3D fit,
Consistent results obtained with 1 and 2 D . .
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H>WW->lviv

* Most sensitive channel around 2xM,,
— Also at 125 GeV it gives the smallest error on

-
®)
W
)

* No narrow mass peak (mass resolution ~20%)
* Two high p;isolated leptons + MET

* Main backgrounds H->WW->epvv candidate
— WW (irreducible)
— Z+jets, WZ, ZZ, tt, W + jets
 BG estimation is crucial

— Main BG estimated from data

Scalar Higgs boson +
V-A structure of W decay

favors small opening angle

between the 2 charged

leptons
(tend to have small Ad)
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— WW->Ivlv analysis strategy LCSD

0 Jets 1 Jet 2 Jets Different f
(SHAPE) (SHAPE) (Cuts) ifferent flavour (ep)

0 Jets 1Jet 2 Jets Same flavour (ee, p)

(Cuts) (Cuts) (Cuts) |

e Same flavour has larger BG that is harder to model
(cut based analysis used)

e 2 jet bin corresponds to VBF dijet tag

 0and 1 jet different flavour (most sensitive) use 2D
shape analysis in M, M; variables

M, = \/ 2p5" EF** (1 — cos Adpmissy)
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events / 10 GeV/c?

O-jet bin
combined

events / 10 GeV/c?
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350

300

250

200

150

100

50

250

200

150

100

50

[ T T 17T I T 1T I T 1T I T 1T I T 1T I 1T 1T T
— « data = — my=125GeV CMS Preliminary—
- Il H125 Wijets fs=8TeV,L=19.5fb"
B Top f5=7TeV,L=49f" ]
- 2 ww o :
[ 2\ stat.®syst. O-jetep -
- - I
ol z
C $ ]
o e ]
= + . ]
u R S 1
- it o S N
M, (GeV)
T T I T | I I I I I U I T I I U I I T | I T I L
| - data — m,=125 GeV CMS Preliminary |
— Il H125 Wrjets f5=8TeV,L=19.51b"]
A Top f5=7TeV,L=49f" -
- W 2 ww ' ]
[ W\ stat.®syst. O-jetep _|
N % ’ ]
N + e ]
T — é.....‘:__ )

M; (GeV)

events / 10 GeV/c?

events / 10 GeV/c?

2012 data: cut based analysis at 8 TeV
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WW-Ivilv 2D analysis (0 jet bin)
MC Background Higgs signal at 125 GeV
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CMS Preliminary
\s=7TeV,L=4.9b"
\s=8 TeV, L =19.5 fb™
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Injection mH=1 25 GeV = 10

—_
o

Z7

95% C.L. Limit on o/og,,

—
24
o
I I I ), O

T T T TTT1T

—
Q

IIIIII|

///””"ill””’ i)
\\ " I

P R |\|||\\ IJII|IlII[IIII|IIII|\HI‘IIII|IHI
200 300 400 500 600

m,, [GeV]

 Broad excess around 125
GeV

— expected significance: 5.1 ¢

—
o
o

— observed significance: 4.0 o
— Fitted o/0,,, =0.76 £ 0.21

June 24-28, 2013

H>WW-=Ivilv: results

Channel compatibility plot

signal strength, CMS preliminary, L = 24.4 fb™

Al

SF 1-jet 7 TeV .

SF 0-jet 7 TeV N

DF 1-jet 7 TeV "

DF 0-jet 7 TeV s

SF 1-jet 8 TeV °

SF 0-jet 8 TeV °

DF 1.jet 8 TeV __o B

DF 0jet8 Tev | — | | - | | l_—l.él—l [ 1 I I |- | 1 | 1
-1 0 1 2 3

Best Fit 6/6),

Marco Pieri UC San Diego
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VH: HOWW-2I2v and V-jj

* Similar analysis as dijet WW—>212v with two central
jets with mass consistent with W or Z

CMS PAS HIG-13-017

% - -- median éxpected CMS Pre“mlhary | E % -”_‘_.v median exbected CMS p,;e"mmalry . .

o oot jo5miteneTeV 1 b Wemecsd | gsis=aTy

=~ expected + 26 : B expected + 26 :

b —e— observed —e— observed

cC cC 10 = R —

o o

= =

.g ........................................................................................................ .g .

O sE RN L U 4

&) @) SR TG S SRS S

& o 1

1{0 11'5 12Io 125 130 135 140 120140160180200220240260280 300

Higgs mass (GeV) Higgs mass (GeV)

95% exclusion on p At 125 GeV
Expected 4.7
Observed 6.7
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H>Zy UCSD
e Cross section similar to yy Models exist with
e Use Z->ee and Z->pp (reduce cross section) BR(Zy) >100 x SM

* Large BG from Drell Yan with ISR while BR(yy) is SM-like

Sample || Luminosity num. of events num. of events num. of events
(fb~ 1) 100 < mygg, <180 GeV | 120 < my, <150 GeV | predicted for
my = 125GeV

2011 ee 498 2268 1041 1.2
2011 up 5.05 2739 1223 14
2012 ee 19.62 12482 5534 6.3
2012 pu 19.62 13392 5993 7.0
CMS Preliminary H— Zy Weighted to S/(S+B) 40 S U
- (s=7TeV,L=5.01fb" 2 F " MS Preliminary : - ‘ :
1600 Is=8TeV, L=19.6 fb" R 35E . As=TTeVL=SOfyl o e E
n : s=7TeV L=50fb" . ~
- Electron + muon channels M j 4 .~~~ Median Expected 3
1400 - % : 8TeVL=1961fb" | 3
- —e— Data 5 DR R e ... I Expected = 1o =
= 1200 — Background Model T’_} Electron + muon channel? Expecte ds 2. o 5
8 1000:_ —— Signalm,_ =125 GeV x 100 § o S T USSR SOPUUOPOTN SUO R _:
N - - =10 — :
E 800 :_ . 20 m ............................................................................................................................... _:.
& o 3
Lﬁ 600 :_ § e SN S SR _E.
400: ...................................................... =
000 L T s i :
?O_() 110 12'0 130 ]4'_0 ]5'0 16IO 17'0 ]80 ?— 1 1 1 1 | 1 1 1 1 | 1 1 1 1 [ 1 1 1 1 [ 1 1 1 1 | 1 1 1 1 1
20 125 130 135 140 145 150
m,, (GeV)
my; (GeV)
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e HaTT
e Habb

June 24-28, 2013

Fermionic decay channels

Marco Pieri UC San Diego
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H—> 1t > 00+4v (12%) 0-jet
H—>1t—>/l7,+3v (46%) ®
H-o>mr—> T,T,t 2v (42%) VH (use leptonic decays of V)

Al

H-> 1T analysis
Complicated analysis, many different sub-channels

-
®)
%)
)

Decay Production/signature

1-jet boosted
2-jet VBF

Also split e and p in the analysis -
H
::} <

Z->tt main BG (also W 9
+jets, tt and QCD)

0-jet category only kept i
to fit BG normalization

e VBF Process 9 VH Process

All categories are fitted simultaneously
Also important for MSSM

December 19, 2012 Marco Pieri UC San Diego 32
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H->T1TT mass

-
®)
%)
)

 |nvariant mass calculation
— Use full kinematical fit
— Mass resolution:

15-20%
ViSible mass Fitted mass
CMS Simulation Vs =8 TeV nT CMS Simulation \s =8 TeV ut,
— 0.2 — 0.16
> - > * L
[} C —— H—->1ttm, =125 GeV L - =
Q 0.18[ H 3 C H— 1t m, =125 GeV
=, C = 0.14_—
2 0.16F Zow ‘;‘ - Zo
£ - 0.12F
B 0.14f 2 -
0.12|~ 0.1
0.1 0.08F
0.08}~ 0.06
0.06 C
- 0.04
0.04 C
0.02F- 0.0217
0: | I_| 1 1 1 L | 1 1 L 1 | 0 1 L 1 1 1 1 1 | 1 1 1 —. (S
0 150 200 250 0 50 100 150 200 250
m,, [GeV] m.. [GeV]
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. : X
H->1T: analysis LCSD

ut, VBF ut, 1-jet ut, 0-jet

5.0 CMS Preliminary,{s=7-8 TeV,L=243fb" H> 11 CMS Preliminary,¥s=7-8 TeV,L=243fb" H> 11 CMS Preliminary,¥s=7-8 TeV,L=243fb"  Ho 11
e T LA Vo D IPAINL I S SGH(125GeV)ott > F T e observed 1
8 4.5 :—l‘“:h —e— observed 3 8 —e— observed 8 3000 ._llTh 3 zon 3
- F 2 jet (VBF) i i = O 2o - [ 0 jet B clectroweak ]
= 40F o ] e{lectroweak 4 = ] e{lectroweak hat 5 [y ]
S i 3o R = aco ;2500 - CJaco r
% E EEEEEg bkg. uncertainty 3 .g 3 bkg. uncertainty _g : BZ bkg. uncertainty .
z S3oF ERF- Z 2000 r
T L5k \ E © C ]
1500 - .
20F H - C ]
1sf 1000 |- :
1.0 F ’ 3 [ ]
F ] 500 | 7
05 F o - [ ]
0-0 : L L L ' L L L : 0 - .

100 200 300 0 100 200 300 0 100 200 300
m.. [GeV] m.. [GeV] m.. [GeV]

All categories are fitted simultaneously

T mtly

Visible Mass(tt) = 75 GeV

Mass (jj ) = 580 GeV

An (i) = 3.5

June 24-28, 2013 Marco Pieri UC San Diego 34



H->T1T!:

Al

results

-
®)
%)
)

CMS Preliminary, ys=7-8 TeV,L=243fb"  H> 11

observed significance: 2.85 o

’101 i e Excess of events near 125
i = GeV
mf ) — expected significance: 2.62 ¢

10" T -- p-value expected _ . _ +
107 %
10-8 [ T - | I T - -1
110 120 130 140
m, [GeV]
CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™', H-1t CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™", H1r
! I ! E [ I ' ! ! I L] I L] E L] I L] T L] I
m, =125GeV | m,=125GeV |
—» Hu
—e1 1-Jet
*T: o
° Thh
———— 2-Jet (VBF)
. VH- 11+l -—!—- e
* VHo 11+l
—1— Combined
—— Combined
| 1 . 1 | 1 1 1 | ' 1 ' 3 b 1 N N M |
0 2 4 0 2 4
best fit for 6/cg, _ best fit for o/c,,
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H->bb channel

* QCD BG too large for gg fusion, needs additional tag
* Exploit all other production channels

-
®)
%)
)

VH VBF ttH
\\ . o Y
" of\

W->e,l, Z>ee,u, v

e Common features:
— B-tagging
— bb mass reconstruction, use BDT regression (o,,/M = 8-9%)
— MVA based analyses to enhance the sensitivity

June 24-28, 2013 Marco Pieri UC San Diego 36



VH->puubb candidate

Jet 1, pt: 153.78 GeV; CSV: 0.919‘

'MET 0, pt: 45.1 GeV/|

- Jet 2, pt: 48.4 GeV; CSV: 0.996

Muon O, pt: 161.8 GeV

Muon 1, pt: 27.3 GeV




Entries /0.08

Al

H->bb: MVA shape analysis

e Use shape analysis with MVA discriminator with input
variables: jet kinematic variables, b-tag variables, ...

* Also split according to MVAs trained to select different BG
* Like for H->tt carry out simultaneous fit to all channels

c
®)
W
)

Z->vv, low p;°P Z->vv, medium p;°° Z->vv, high p;°°
T T T T T T T T @ FT T T T T e e T e 8 408 I T e
, £ CMS Preliminary — R g 10"k CMS Preliminary N p= CMS Preliminary e
10" = 1s= 8TeV, L=19.0fb" =1 21N =  F 1s=8TeVL=19.01" =1 21N = \s= 8TeV,L=19.0 fb’ =1 24N
= Z(vv)H(bb) == Wsudscg 8 10° E Z(vv)H(bb) f— W sucsco 2 10° = Z(vv)H(bb) = Psudscg
108 =23 = §+ = Z»,E
«_ﬁ € u € +Ul
105 = Sin, w n w in

Data/MC

0.

-1 -08 -06 -04 02 0 02 04 06 08 1

-1 -08 -06 -04 02 0 02 04 06 08 1
BDT output BDT output BDT output

4 sub-regions are enriched in:

tt V+jets VV VH
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Combined plot weighted by S/(S+B) IF_S_[')

s/b weighted mass distribution

BG subtracted (except VV)

1) LI BUL R BL AL L RSN BLEL R R ~
N 500 - CMS Prellmmary‘ é 3,?,'?125 Gev) ]
8 _ \s= T7TeV,L=5.0fb EVV ; - To) LI B B B L R B e AL L N
= ~ is= 8TeV,L=19.0fb’ : . - - PR .
e F op — VH: Hos bb Ea‘::gg 1< 8o CMS Preliminary o pata ]
. W+udscg » _ _ 4
g 400[~ = Single top 49 - \8=7TeV, L =5.01b VH (125 GeV
5 N — VH(125Gev) 1 = - \s= 8TeV,L=19.0fb" - (125 GeV) d
= - - B c L = i
) B ~~ MC uncert. (stat.) _ Q pp - VH, H— bb
= 300 - 5 60 Ll u
- - g I —— Sub. MC stat. uncert. |
200 - — QQ)) - - Visible MC stat. uncert.’
- 1oz 400 7
100/~ — [ ]
N ] 20 . 'y —
0 _ 2_ - = i . i
o 2F wEOTK =0 " IMC uncert. (stat.) E i |
= = =
15 g 0 : |
= 1~_+__"'“—0-4+1-+~- . - e T L ‘ - -
Qo5 E i
" b B | 1 1 1 | 1 1 1 1 [ 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 |
0 50 100 150 200 250 0 50 100 150 200 250
M5 (GoV] M, [GeV]

. Dibosons, mainly ZZ and WZ with Z->bb

. Higgs signal
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VH with H>bb: results

UCSD
s 6T T T \s=7TeV,L=50f" Vs=8TeV,L=19.0fb"
» | CMS Preliminary ) B
T | emrreviaso R B LT
S 5 1s=8TeV,L=19.0f" . ciExpected |
+— | VH(bb), BDT combined M CL,Expected= 10
g i CL¢ Expected = 2 o]
- A0 8 Z(vv)H(bb)
(@) i 1 w=1.04+077
Q
S
Q
£ Z(IT")H(bb)
> n=0.82=0.97
<
3
(o]
o W(Iv)H(bb)
u=111+0.87
4o o by by by by B L L .
110 115 120 125 130 135 2 0 2 4
my, [GeV] Best fit o/oy,,
* Excess of events near 125 GeV
— expected significance: 2.1 ¢ Combined with H->tt
— observed significance: 2.1 0 gives 3.4 o significance
— Fitted 0/0,,=1.0£0.5 of fermionic Higgs decays
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ttH with H>bb

* Use semileptonic and dilepton tt decays
— ttH—2>Ivjjbb and ttH—>Ivlvbb

e Shape analysis using MVA (Neural Network) with
simultaneous fit of different jet and b-tag multiplicities

5+5 fb!
Not yet updated with full statistics

Lepton+Jets and Dilepton CMS \s=7TeV,L=5.0fc";ys=8TeV,L=5.11fb"

c
®)
W
)

20

" —e— QObserved

95% exclusion on u
At 125 GeV
Expected 5.2
Observed 5.8

95% CL limit on 6/c,,

m
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VBF production with H>bb channel LCSD

e Selection based on MVA

* Mass shape analysis with BG fitted from the data
(same method as H->yy analysis)

Most sensitive category

—CMS Preliminary 1o B Yoy Ly

% " H. CAT4 14— b e -
S 200 '[’ e Data — s C CMS Preliminary  —=— CLgObserved .
0 i —— Background-only Fit - E 12— s =8 TeV — - CLg Expected ]
g’ 150EF % E:i ;o E o - L=19.0fb'  ----- g::s :125 Injjct(:d ]
C txco ] - —> bhb xpected+ 10 i
@ . [ Signal (125 GeV) x 10 2 1o VBF H— bb CLy Expected = 20 .
S 100f E - ’
> C - 8 -
- - -
i o - .
(&) B -
= 61— —
o - ]
‘g - ’
i 5 P E
© < - ]
3 s 2 -
wb Y o R s S -

80 100 120 140 160 180 200 220 240 0 115 120 125 130 135
M., (GeV) Higgs Mass (GeV)

Fitted 6/0¢,, = 0.7 + 1.4
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LCSD

H125 Higgs boson properties

 All channels are combined

* Profile likelihood fits are carried out with all
nuisances profiled

* For confidence level estimation asymptotic CLs and
p-values are used

e Combination methods are described in:
— ATL-PHYS-PUB/CMS NOTE 2011-11, 2011/005, (2011)

* Cross sections, BR and recommendations taken
from the LHC cross section WG:
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Combined signal strength

\s=7TeV,L<5.1fb"' \s=8TeV,L<19.6 fb’

Combined CMS Preliminary m, =125.7 GeV

u=080+0.14 Py = 0.65

H— bb
nw=1.15+0.62

. H—o 1t
Comparison of channels =110+ 041

for M ;=125.7 GeV

H— vy
n=0.77+0.27

H—-> WW
w=0.6810.20

H—oZZ
w=0.92+0.28

I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
1 2 2.5

1.5
Best fit cs/csSM

* The fitted p of the excess near 125 GeV is consistent with the SM scalar
boson expectation:

— o/og, = 0.80+0.14

* Signal strengths in different channels are consistent

* Common cross section theoretical errors contribute to all measurements
— dominated by 15% error on gg-fusion where applicable

0
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Mass measurement

-
®)
W
)

* Mass can be measured with higher precision with yy and ZZ

— To reduce model dependence, allow for free cross section in
different channels and fit for the common mass

2D scan 1 vs mass 1D scan: mass
= CMS Prellmmafy ls 7TeY LI §1tb ‘\s‘ S.TeYIT 1|96‘be 1oCMSPeImnary Is=7TeV,L< 51‘f?"‘ \s=sT?VL5196fb'
bco H _) YY + H — 77 + Combined _Cl ‘H— Yy + H — 77 |~ Combined i
© 5 ol + Howy 4 9: M1 (ggHttH), —H=w
al + HozZ N 8f o VeRH) — oz
i 7f
1.5j B 62
1.01 - af
i 3t
0.5[- s 2f
‘ ;
0.0L— ot

1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 Il | 1 1
124 125 126 127
my (GeV)

* M, =125.7 + 0.4(stat.) + 0.4(syst.) GeV

* [,<6.9 (expected 5.9) GeV at 95% CL (From H->yy)
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MggH,ttH VS MveFvH

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV.L<19.6fb"

0T 6 LN B R R I B R B |
i, i + Ho1
0>3 i + H->WW
=. i + H->ZZ
4| H — bb
i H— vy
2 L ———
O —
1 | I 1 | 1 |
-1 0 1 2 3
HggH,ttH

June 24-28, 2013 Marco Pieri UC San Diego
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LCSD

CMS: x,, x; contours
* Vector and fermion couplings are scaled by two scale
factors , k, and K
e Agree withSMat~1lo

CMS Preliminary {s=7TeV,L<51fb' y\s=8TeV,L<19.6fb" CMS Preliminary ys=7TeV,L<51fb' \s=8TeV,L<19.6fb"

20— 7 20—
S Kys Ky | 1< Kys Ky | i
185 s ] 1.8 -
: S\ 5 16fF 2
1.0F { @ ) - : :
- H . 1.4 ) . -
05 A\ E ; SNy
M e | 12_ / \ —

: . i | ]
0.0 - 1.0 | | : e
: ] : o | i §
0.5/ P E I o AN E

-1.0p . - - N~

- ] 0.4j e —
1op E 0.2f 3
Qb 0. Qb
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
Ky Ky
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CMS: x,, x; contours LCSD

* Vector and fermion couplings are scaled by two scale
factors , k, and K
e Agree withSMat~1lo
CMS Preliminary | Vs=7TeV,L<5.1fb" ‘is=8TeV, L<19.6fb" CMS Preliminary ‘ Vs=7TeV,L<5.1fb" ‘fs =8TeV.L<19.61b"
oz L o SM Higgs ® Fermiophobic @ Bkg. only o L o SM Higgs ® Fermiophobic @ Bkg. only
2 e — 2 : SN
1t ] —
0:;_ ........................................... N S 1 i
-1 R 05 R
20 0.5 1 1.5 % 0.5 1.5
Ky Ky
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six-parameter model including
effective loop couplings

(s=7TeV,L<51fb"' ys=8TeV,L<19.6 fb"

CMS Preliminary ¥ 68% CL ,Q_
. == 95% CL g
2 3
; —
Kb |+ (3
KT :+
; 10"
K} j——
Kg —*:—
K - 107
i : P, =0.78
BR T__ [k,<1] p_ =088
BSM v = Pey, .
1111 | | I 1111 I 1111 l 1111 I L4111 I Irl1 11 I 111l

005115225 335445 5
parameter value

CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<19.6fb"
I 1 I L T T T T 1T T T rrrrrrgroommm

Coupling measurements

B | | LA
| |==68% CL ]
|| —95% CL b
| wZA"
: b ]
I 1 1
i | 1 | | ||| 1 1 11 |l|I|||||||||l|||||||:
1 2 345 10 20 100 200

mass (GeV)

BRgsy < 0.64 at 95% C.L. (with k, < 1)

June 24-28, 2013 Marco Pieri UC San Diego
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Spin-parity analysis UCSD

* Spin and parity can be probed using angular distributions
* Best channel is H->ZZ where all angles are measured

— Using discriminators similar to K, we can distinguish between scalar
and pseudo-scalar and different spin hypotheses

CMS preliminary \s=7TeV,L=5.1fb"\s=8TeV,L=19.6 b’
T

B A o RN AR AR RAARY RARLY RARAY RARR RAR RAAES
qC; re d?ta 1
O e Gev -
sp CDzzzy’ =
- B Z+x ]
af .
o
0:.“,1':'.':""' P oy Tiows o .
0 0.10.20.3 0.4 050607 0.8 0'330-1 From ZZ using the full dataset
production comment expect (u=1) | obs. 07 | obs. J¥
| g¢—X pseudoscalar 260 (280) | 05¢ 3.30
gg —+ X | higher dim operators | 1.7¢ (1.80) 0.0c 17c
2| 88— X minimal couplings 1.8¢ (1.90) 0.80 270
g7 — X minimal couplings 170 (1.90) 1.8c 4.00
g9 — X exotic vector 2.8c (3.10) 14c >4.00
g9 —+ X exotic pseudovector | 2.3¢ (2.60) 17c¢ >4.00

June 24-28, 2013
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Spin 2 analysis

UCSD
* Not a model independent analysis but hypothesis testing
* Consider graviton-like hypothesis 2}
* Production can be gg fusion or qg annihilation
Combination of WW and ZZ _ .
Dominated by 2Z Hgg Spin analysis
Excludes 27, 100% gg-fusion hypothesis at Sen5|t(|’V|ty still rat.her low _
99.4 % CL No 95% CL exclusions from this channel
CMISIpr:eIilmilnalryl I1.'I§I=TTle\|/,|l_=|5I.1|fn|"lv.'§=t3Tev. LI=1€?.6I fb"I CMS Preliminary \s=8TeV, L =19.6 fb
% 0.1—— . — 5 65 —=— X—yy O
q::) L 12,(99) <I+E 5 [ = 1o expected
° - — CMS daia Y F + 20 expected
2 008 - —— Xy 2,
o) - — - —e— Observed
3 Jd 3E
e -
o 0.06_— = 2
i 1
0.04]- - 0
! AE
0.02_— - =
0 3 90 20 30 40 50 60 70 80 go 100
2xIn g g o) CMS PAS HIG-13-016
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BSM Higgs studies

* High mass Higgs
— BSM even if SM like, given H125 observation
— Interpretation as additional Higgs singlet
* Modified SM
— Fermiophobic Higgs
e MSSM/2HDM
— neutral Higgs bosons - decays into pp, ttand bb

-
®)
%)
)

— charged Higgs bosons — decays into tv

— double Higgs in H->yy
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High mass searches LCSD

* High mass: WW and ZZ decays

— add WW-=lvqq, ZZ->212v, ZZ->2I12q, ... EPJC 73 (2013) 2469.
Expected and observed combined Observed in different channels
, CMS \s=7 TeV, L<5.1fb" \s=8 TeV, L< 5.3 fb CMS \s=7TeV, L=< 5.1 fb" \s=8 TeV, L< 5.3 fb
210 Y SAAARARELD LARERREREY U N N L B B B
O"’ - |— Observed ] b?ﬂ 02 23 | lObserved l | E
B I Expected = - H—2z~22 :
0 —— H->WW-lqq
Cc) - | Expected + 1o c —— H->WW—2l2y
—_ 10 | Expected + 20 = S —— H->ZZ->212
é E B é 10 —— H->Z2Z-41+212c =
= = - Combined
— —
@) @)
I R
Ty)
3 &
101 H— WW/ZZ] -

200 400 600 800 1000 200 400 600 800 1000
_ m,, (GeV) m,, (GeV)
e Published results

— SM Higgs boson excluded at 95% CL in the mass range 127 — 710 GeV
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High mass: H>ZZ->lvv channel =~

* Most sensitive channel for high mass search
— BR 6 times larger than ZZ—> 4l

e Missing neutrinos implies mass resolution 7%

* Only accessible for high mass (M,, > 200 GeV):
— the two Z bosons are boosted

— large MET due to invisible decay H->ZZ->llvv candidate
* Main backgrounds
— ZZ (irreducible) g 5

— Z+jets, tt, WZ

]

s
7

CMS Experiment at LHC, CERN
Data recorded: Thu Apr 28 23:14:53 2011 CEST

Run/lEvenlt: 163659 / 21497971 Muon, pt: 205.6 GeV
Lumi section: 28

Muon, pt: 89.6 GeV

Higgs Candidate:

pt: 20.7 GeV

Z, pt: 282.2 GeV transverse mass: 599.6 GeV
mass: 88.7 GeV
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H>ZZ->llvv results

-

102 CMS preliminary, Vs=7 TeV [ L= 5.0fb™, Vs=8 TeV [ L= 19.6fb™
e -
o} o —— theory
~ N
X L — combined
o]
bc’ i —— =0 jets
!‘ i =1 jets
10
e
1 0-1 | L l | l l ‘ l l | l l |
200 400 600 800 1000

Higgs boson mass [GeV]
* No signal observed
* Excluded at 95% CL mass range 248 — 930 GeV
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Interpretation as additional EW singlet

H(125) and h’ have couplings scaled by C and C’
Ct+C?%=1
W =C2x(1-BR )

Width for h”is =C"2l/(1-BR,) From p(H125) = 0.80+0.14
Assuming BR_.,,=0 we set limits on p” and C’ C'2<0.446 at 95% CL

CMS preliminary, s=7 TeV [L=5.0 b, Vs=8 TeV JL=19.6 b

Observed @95% CL
— SM
—C'=1.0

C'=0.8

102 1CMS preliminary, ys=7 TeV|[L= 5.0fb”, ys=8 Tll j L= 19.6fb™"

TT

=
o)
~

95%

T T T 17

@) — C'=0.6
I — C'=0.4
s C'=0.2

10

AR

CMS-PAS-AIG-13-005

T IIII\II!

0.1F
- — Expected* 26 % Expected D Observed
| c v ooy oy 1

| 1 | 1 | 1 | 1 | 1 | 1 | 1 1 1 1 1 |
200 400 600 800 1000 0 200 400 600 800 1000

Higgs boson mass [GeV] Higgs boson mass [GeV]

10
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Search for a Fermiophobic Higgs boson E

* Fermiophobic (FP)
: VBF
Higgs boson only VH
couples to vector
bosons

e gg-fusion and tt-
fusion not allowed at
tree level

* No bb and tt decays.
WW, ZZ and yy BR
enhanced at low
mass

e Exclusive VBF
searches and VH
searches, same as in
SM analysis

Q

—
Q

Branching Ratios

—
Q
N
TTT
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FP results

-

* Excluded in a pure FP model
— At 95% CL 110-194 GeV from combination of 2011 data
— At 95% CL 110-147 GeV from yy alone

2011 7 TeV data: combined channels 7+8 TeV data: yy channel
& E """"" T ‘_‘ C(;mb'ne'd (;bs' 1 ] T LA L L L L L L L L LB L
\D E CMS, Ns=7 IeV ------ Comb:ned exp. E & 10 cmMs Expected —
o |[Li4oslh e e ey 1 X U §=7TeV,L=5.11p" |—Observed | 3
c . =y G B - ; + 10 Expected|
() — H—>WW (4.9 fb) c - (s=8TeV,L=5.3fb + 20 Expected -
-"E 10 —H-2z Gon) |5 O .
= NN B e 1 E /
Q_I) SR SRR VAR N : 1 o — 3
- ey — O E ........... E
(%% R A T Y A
S 1 . B S Y A= :
o)) - ST > I
C 17 s -
I ] 1071 ™ E
107F E i :
E E Ll 1l I L1 1 I L1l I I - | Ll I Ll 1 1 I Ll 1l ] Ll 11 |
100' — '150' — '260' — IZéOI — '30 110 115 120 125 130 135 140 145 150

0 FP Higgs boson mass (GeV)

p —

m,, (GeV
JHEP 09(2012) 111 arXiv:1302.1764

accepted by PLB
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MSSM Higgs bosons: ® (h,H,A), ®>171,bb,up ?

* In MSSM @ can be produced by gg fusion or bb annihilation

b g Toooo——— b
& Often at least one
-~ b jet
EELLIP i D h/H/A - et h/H/A produced in the
o central detector
b g TrsTTe—<—— b
e @-2>ttis the 50 CMS, V5 =7 TeV, L= 4.6 fb”
& = 1 1 1 L) I L) L} L] L] L) Ll L} 1 L 1 L
g ® c e
© i | 95% CL Excluded:
most sensitive B o f[ecimeue |
. oo g Expected
* No significant 40 E| mum =10 Expected i
g +20 Expected
excess observed sElmmin
30 E i M
05 Fovctces ol ... Excluded region
: at large tan
20 : .................................................... g B

Phys. Lett. B 713 (2012) 68

0
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June 24-28, 2013 Marco Pieri UC San Diego 59



=
LCSD

H: = TV

 Charged Higgs are
searched for in top (s=7TeV : ey, erwHets 2214w 4.9 fo”

. - B L L L L L
decays for M.+ in the ?0.14_—t—>_|-tl*b,H+—>w L OuSPreiminary
range 80-160 GeV P 1ol B T e onewd E
(|V|H+ < Mtop) E’ ' E B Expected median = 1o E
— S HOWB b-, § o1 e Expected median=20  —

tt = H*Hbb™ Eo.08F .

e Search for Hf>tv do.oa} _:

(favoured for large tanf3) §004:_ :

* No signal observed S R :
* 95% CL limit on 0.02%=

BR(t—=2>bH*) of 2-4% T PR P T P ST P

assuming BR (H+9TV) -1 0O 90 100 110 120 130 #{O (1(5309\})60
H+
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e H125 used as additional BG

5015 R A RS SN Ra
vg’ CMS Preliminary ) —— Observed
';g :::g'i II::?E;(;?D - Expected = 1o
%/ 01 ------ .Expected +20 |
@ econd Higgs
M, =136. °
H 3f6 5 _ roduced as SM
Local significance 2.90 . R
Global significance <20

910 115 120 125 130 135 140 145 150
m,, (GeV)

' Two nearly degenerate mass states

CMS Preliminary
5

Vs=7TeV L=5.1fb"
s=8TeV L=19.6fb"

n (GeV)

MH MH+dm

x*mu  (1-x)*mu

H->vyy - double Higgs

2A)

CMS PAS HIG-13-016

o
—
o

LA L L L L

= Observed

- Expected + 10

------ Expected = 20

Second Higg
produced in ggfus only

CMS Preliminary :
\s=7TeV L=5.1 fbi'
\s=8TeV L=19.6 f

o
—

oxBR(H=vv) . (Pb)

U4
wn

0.05£

m,, (GeV)

Vs=7TeV L=5.1fb"
~ {s=8TeV L=19.6fb"

CMS Preliminary

0.1 0.2 0.3 0.4 0.5 0.6 07 0.8

Allows to exclude parameters in the 2HDM when two Higgs boson interpreted as h,H or h,A
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LHC performed extremely well during the last 3 years and the full data set has
been analyzed

Summary and outlook

After the discovery of the H125 Higgs boson we started to measure its properties

— Branching ratios and couplings are found to be in general agreement with the
SM

— Angular distributions are consistent with the J® 0* hypothesis

No evidence of BSM Higgs bosons, improved limits are obtained in different

scenarios
 Entered two years of LHC shutdown to prepare the higher energy and resume
data taking in 2015 at 13/14 TeV: CMS Projection
I | I 1 | I | I I 1 | | I I I I | I I I I
— Expect with 300 fb! a precision of e bason Snal Stongth s i E
. 300 fb'at §5 = 14 TeV wio theory unc.
O(10%) on couplings and BRs
Hovyy
H-oZZ
H—-> WW
Ho1trt
H—bb |
B - (R I -S—Y
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Level1 and High Level Trigger in CMS

40MHz o 2_level trigger system

b * Design input: 40 MHz (currently 20
MHz)
100 KHz
 Levell output 100 KHz
- * High Level Trigger output ~300 Hz
= (saved for physics analysis)
~300 Hz

 The HLT has access to the full event information and runs the
offline reconstruction only optimized for speed
e ~500 HLT paths select events for all analyses
— Single object triggers: e, y, 4, MET, ...
— Multi object triggers: ee, yy, Uy, e+MET, ...

— Prescaled triggers used for control samples and to measure
efficiencies, including trigger efficiency
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Events / 3 GeV

=

H> 2z > 4 =

CMS Preliminary fs=7TeV,L=51fb";ys=8TeV,L=19.6 " CMS Preliminary fs=7TeV,L=5.1fb"";{s=8TeV,L=19.61fb" CMS preliminary Vs=7TeV,L=5.1fb" Vs=8TeV,L=19.6fb"
20 _l TTT I TTTT | TTTT l TTTT | TTTT l TTTT TTTT | TTTT |_ > 20 _I TTT l TTTT l TTTT | TTTT l TTTT | TTTT TTTT I TTTT |_ > 7 [ N B | T 17T | L I T T T 7T I T T 7T I LI \_'.
E e Data i [O) C ¢ Data (0] C a1
18 C ] ) 18 C Q) C ® Data 7
- [ z+x 1 o F [ z+x o 6F ez -
16 — I:I 7 . 77 -] ; 16 — D 7 . 77 - i) E » &Y E
14 :_ I T _: IS 14 :_ T - © 5 __ - 2 ]
- [Jme126Gevi € '°F [Jm=126Gev: T °F [ J oottt (128 Gev)
12;— —; w 12;— ‘ = Lﬁ 4i_ B caH+VH (126 Gev) E
10 . 10 = ¥ ]
of : aF 3F ? -
6 . 6 oH .
4 e 4t - ]
] C 1re _
2 — 21 1 C ]
0 : obmmie 3 08 :
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 18 110 120 130 140 150 160
m, [GeV] m, [GeV. m,, (GeV)
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Projections at 14 TeV LCSD

CMS Projection

T I T T T T l T T T T l T T T T | T T T T
Expected uncertainties on 101" at f5=7and 8 Tev —
Higgs boson signal strength p 300 b7 at 5= 14 Tev —

300fb"at f5= 14 TeV wio theory unc.  |—]
Hovyy : - |
H—2ZZ '. H——H :
H— WW f H H i
Hott | H H :
H—bb | f } i

1 I 1 1 1 1 I 1 Il 1 1 1 1 Il 1 | 1 1 1 1
0.0 0.5 1.0 15 2.0

CMS Projection

L L L CMS Projection 300 fb' at ¥s =14 TeV
Expected uncertainties on 10foat f5=7and 8 Tev — S 1o e
Higgs boson couplings 3001 at /5 =14 Tev — =
300 fb"at 5 = 14 TeV wlo theory unc. ——] 1.10 -
1.05 -
C'Y f i # i E
Cv = T | 1.00
Cg : H H | 0.95F
Cq | i H | -
0.90-
Cl : —— | n
[ L | L L L L | L ! L L |
| Il | Il | | Il Il | Il Il | Il 0.85 0_9 1_0 1_1
0.5 1.0 1.5 Cv
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WH->WWW->3I3v

e Similar to WW analysis

-
®)
%)
)

e Cut and count analysis with mass independent selection

* Main backgrounds estimated from data
CMS PAS HIG-13-009

lllllllllllllllllll llllllllllllllllllllllll

SM

- observed CMS preliminary
-- median expected VH — 3I3v (shape-based) 3

expected+ 16 L =4.91b" (7 TeV) + 19.51b" (8 TeV)
expected + 2 E

—
o
\V)

T IIIIIII

95% CL limit on o/oc
o

L
L L1l

llllllllllllllllllllllllllllllllllllllllllll

110 120 130 140 150 160 170 180 190 200
Higgs mass [GeV
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4 fermion generations model

* A 4th generation of
fermions mainly
increases the gg-fusion

cross section " oms |— combinedobs. |

. | s5=7TeV.L=511" | Combined exp. | |

* Assume: 10F Vs=8TeV,L=531fb" C Hew !
— |V|D4=|V||_4=600 GeV — H->WwW i
—H->2Z il

— Mys-Mp,=[1+
1/5*In(M,/115) ] * 50
GeV
* Reinterpretation of SM
Higgs searches

* Excluded at 95% CL M,

in [120-600] GeV 10500200 500 400 500
SM4 Higgs boson mass (GeV)

95% CL limit on /o, ,
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NMSSM: a, 2 p*p-

* MSSM + one additional scalar singlet HIG-12-004
* One more scalar and one more pseudo-scalar:  Dimuon mass spectrum

. ~ 1000F
a;=apssmC0s(0,)+as sin(0,) (could be at low mass) ' - S
- Barrel Vs=7TeV E
. . = soob t P
e Search in the dimuon mass spectrum around < * ; etamt
£ o + :
the Y 2 600?{»{'{'{&%}{.{?}{, P =
s00. %HH*%;, b 3
imi = 44
o x BR upper limits (pb) 400 AT
'E. 14 — 300;— E
= - | —— Observed CMS preliminary,\'s = 7 TeV ] E 7
2 12 |- |# Expectedt 1o Ly =13 fb™ - 200 E
T, E_ ---------- Expected + 26 _E 100 E
g.: s E O T e e e
E 6 a w [G€
= 4 u ~ 1000¢
% s f_ = % F CMS preliminary
E 0 . 1 R S S R S 8 9005_ Endcap % \s=7TeV
- 55 6 6.5 7 7.5 8 MN‘ ?éev] % 800? + L, =13 b E
g‘ “E [~ observed CMS preliminary,\'s = 7 TeV g ;Zz; ++{' f :
2 b | Expectedt 2 L =13 5" ?ﬁﬂﬂ%ﬁﬁﬁ#wﬂ Wk E
T - = 500 s Pig '}W#\‘{?‘}ﬁ*ﬂﬁ?
L sf 400 B
R = 300 -
=] - F J
- 200F =
s . 5 :
g‘ 1 1 1 1 2 100:— _:
=) %5 12 12.5 13 135 14 ol Lo b b b b b L
M, [GeV] 6 7 8 9 10 11 12 13 14
M,, [GeV]
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Doubly charged Higgs

UCSD
* Minimal Type Il See-Saw Models with an additional triplet predict
additional Higgs particles: @+, O+, OO0
* Possible explanation for neutrino masses
e Search for pair production or associated production with Q++O-
e O+%, O+ are assumed to be degenerate in mass
* Signatureis 3 or 4 charged leptons
e Search for resonant same sign leptons from @z in all possible
flavours
q ] 7 TeV CMS 95% lower limit : , 1.0, 4.6/fb
2, 0<p Qs = |
............... .- e oo [
q N == oo [ HIG-12-005
P+ < Tt = 100% _
W= 00
........... T, / I;( BP2: inverse hierachy_ I:CCMJSP:!?:;Z';E; ‘:T;’Ypb l
b T BN CMS Preliminary [ £=1.0fo !
VO o oo [ I | = =7 |
q VL & Tevatron
BP4: equal branchings_ A ATLAS [L=16fb"!
100 200 300 4()() 500 600

95% CL limit on mass of ** [GeV]
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