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 Higgs mechanism introduces additional scalar field
in the SM Lagrangian
Generates masses of fundamental particles

Predicts Higgs boson coupling to fermions and bosons
Does not predict Higgs’ mass_

<

e Constraints on Higgs mass
EW fits favor light Higgs

e Direct searches at LEP s ;
my > 114.4 GeV : ........... Theory uncertainty :

20

—— Fitincluding theory errors ]
---- Fit excluding theory errors —

e Tevatron excludes Higgs Rivesememn oo

with masses 158 — 173 GeV “ = M,,[Ga\:]m
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Higgs production @ 7 TeV

. g Gluon Fusion
\s=7TeV 7
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Branching fractions

Branching ratios
o x BR [pb]
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e Low mass my < 135-150 GeV: H = vy, tt, bb
* Intermediate and high mass: H > WW, ZZ
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LLHC Performance

LHC 2011 RUN (3.5 TeV/beam)

1
ATLAS
CMs
LHCb

ALICE
PRELIMINARY

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Sep 19 02:52 UTC)
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— Delivered 3.30 fb™' | :

|| = Recorded 2.97 fb™' | !
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Peak luminosity (10** cm~2s™")

w

My
Month in 2011

(generated 2011-09-10 01:14 including fill 2091)

o LHC performs very well, delivered 3.3 fb'! of data
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Challenges

Pileup >10 interactions < Trigger rates

-- effects understood * Inclusive trigger threshold
and mitigated 1S Increasing

Iecemieemil ol IX N 1)) * Analyses try to design

§| Run/Event: 1604’ZZ-I‘Q12419 \

1| Lumi se 4
" [NQrbit/Crossing: 7|

ik / X4 triggers with multiple
U\ /0 objects

B Single mu

B Single Electron

p; threshold (GeV)

2E+30 2E+31 2E+32 2E+33 S5E+33
Inst. Lumi. (Hz cm?)
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CMS Performance

: .
* Excellent performance > 98.5% Operational

Sl

. . T‘#I §§§
* Object reco. & 1d. well i |00
understood

85

ZZ—-4u candidate event

e Rediscovered SM

[ [
leptonic final state (1 = e,u)
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Results

Low mass Higgs Searches

Intermediate mass Higgs Searches
High mass Higgs Searches
Combination

Higgs beyond the standard model
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Low-mass Higgs
searches
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@ H = yy

£

Clean signature with two energetic ~ 110-140 GeV

photons, but very small
branching fraction (10-%)

Background
Irreducible: diphoton production

e Estimated from sidebands of fit

to data .
Reducible: y+jet, multijet processes * *.'}
jets misidentified as photons s

e Longitudinal and lateral shower
shape consistent of those from photons

 Isolation requirement

22 September 2011




* Considered 8 event classes based on photon shower shape,
pseudorapidity, and p¥Y

Background modeled with 274 order polynomial fit on data

Higgs signal MC 1s corrected for i1d./1so. efficiencies and
resolution using Z—> ee and Z — uuy events in data. Signal
shape 1s from smeared MC

- CMS preliminary —— Data
F\s=7TeVL=1.66f" —__ BkgModel
CMS preliminary e Data - [ ] i;(:;

\Ns=7TeVL=1.66fb" - 2 prompt y : (5 iAII Categories Combined —e— 5xSM mH=120 GeV
:] 1 prompt y 1 fake y -
|:| 2 fake y
:] Drell-Yan

%0 90 100 110 120 130 140 150 160 170 1
m,, (GeV/c
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H - yy Limaits

 Limit is evaluated for each event category
Local p-value = 2.5+0.3x10% = almost 30

Look-elsewhere effect reduces significance to 1.60
CMS PAS HIG-11-021 2

,:_ CMs Pire"minali'y Observed CLs Limit
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£ Interpretation requires look-elsewhere effect correction 46
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Best fit o/c,,
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115 120 125 130 135 140 145 150 P 1 35 140 145 150
m,, (GeV/c?) Higgs boson mass (GeV/c?)

 Excluded 1.3 — 8 x SM Higgs cross sections
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@ H - Tt

£

e Branching fraction 5-10% for masses 110 - 140 GeV

Production via gluon fusion suffers from
large multijet and Drell-Yan backgrounds

Production via vector-boson fusion is
promising

e Considered signatures with
t+lepton (e,u), e+u, utu

Backgrounds from Z+jets, QCD, W+ijets, Me+had
top, diboson processes e+mu

 Reduced by t/lep. Id. & iso., topological cuts sl
Two categories: 2 | o Hete

+ VBF: two forward jets, M, >250 GeV, An > 3.5, m;m, < 0
 No-VBF: < ljet, or jets failing VBF
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* Using information from all sub-detectors to
reconstruct sea of particles Ty hearons

Particles create composite objects jets
taus, missing transverse energy

Efficiency measured in Z—=>tt—=>1tUH events See J. Swanson’s talk

CMS Preliminary 2010,\/s=7 TeV, 36 pb™

CMS Preliminary 2010,\/s=7 TeV, 36 pb

[ T T T T ] :: 0.8

- [ PTDR, W+jet T ] ® Data

- O PTDR, QCDu i BZ -+t

- —m- TaNC, W+jet 0 B W+jets

| e TaNC, QCDy 1 O M ti/ewk
-#- HPS, W+jet maco

- HPS, QCDu

-
o
[

measured T fake rate from jets

1007 02 03 04 05 06 0
t mo(s} Ut

expected- efficlency reconstructed Tt decay mode
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H- Tt

@A000

In di-tau events 433500:— . Observed

neutrinos expected @ | [Jz—<x
collinear with 3000;_ it
visible products 25001 [l Electroweak

- [_]acp

2000F
M, =75 GeV 150OE_CMS Preliminary
MJ-J- = 580 GeV - 1.1fb"\s=7TeV

1000F

500

riment at LHC, CERN

Ra aée’éo?dfgﬁggﬁaaysé?zt)o1s.;g 36 2011 CEST '?40‘1 20‘1 OO '80 '60 '40 '20 O_ 20 40
et ’ P.-1.5 PZ'S[GeV]

W+jets — extrapolated from side-band, QCD is estimated
from data using events with lepton and tau of same charges

Z+jets and top backgrounds are estimated from simulation
using CMS measured cross sections
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H — tt Limits

e Perform maximum likelithood fit of visible mass
Systematic uncertainties enter as nuisance parameters

e Log-normal prior for normalization uncertainties
: : CMS PAS HIG-11-020
e (Gaussian prior for shape unc. e
g CMS Prelimina

o) C

~ 40 - 1.6 fb " \'s=7 TeV

2 35 95%.CL Limits

— o C —e— Observed
: C_JI 30 - - EAPUUtUdI 16

—— Expected = 2

No VBF VBF

S —— ———————
CMS Preliminary CMS Preliminary
1.6 fb™ \s=7 TeV 1.6 fb™ \/s=7 TeV

tuTh

(10x) H—>tt m, =120
—e— QObserved

1 Z—tt
@

I Electroweak

1 acb

100
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(10x) H—>tt m, =120 ]

—e— Observed
C1z-tw
@+

I Electroweak
3 Qcb

o -

20f
15
10f
5

e R T T =
m,, [GeV]
Excluded 7.9x SM cross

section at my = 120 GeV
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@ VH - Vbb

LA

e Important for determination Higgs properties #
Small production cross section
e Possible to control backgrounds

Largest decay branching fraction
for masses 110 - 135 GeV

o
0
Ul LA

o
~
TTTTTTITTITT [ 1T

 Signatures with leptons (e,w),

b-jets, MET
WH - Ivbb
ZH - llbb, ZH — vvbb

TCHEL b-tag Efficiency €
=] o
0N o)

o o
A O
LN BB

— O [0 Simutstion PiRel
- + [

o
w

e Backgrounds
V+jets controlled by tight b-tagging R e Y
e V+bb additionally reduced by Aq(V,H), p(bb) SRS
Additional lepton and jet veto against top and diboson processes

o
N
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@ H — bb Limuats

~7_
e Using multivariate technique BDT
Improves analysis by ~10% over cut-based approach

CMS PAS HIG-11-012

B
o

L L L L B
- :CMS Preliminary : , , ,
e s=7TeV,L=1.1fb'1 ........
\VH(bb), combined | 5
—e— CL Observed

------- CL Expected

pm CLg Expected + 10

4 Ll I I I | I .I I. | I I I | I I I | I I I | I I I |;
10" E CMS Preliminary eData [JJaco 3
F\s=7TeV,L=1.11fb" —VH(115) [JZ+udscg -
E Z(vv)H(bb) Cvw  [zeop 2
B B P w+udsge -
'§_ °0 [st [w+bb E

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

1 1 i 1 1 1 i 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
115 125 130 135
Higgs Mass [GeV]

o 'oE Upper limit on 8.3xSM

BDT Output  crogs section @ my; = 115 GeV

R BT e N
-04 -0.2
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Intermediate mass
Higgs searches
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H-> WW - Ivlv

e The most sensitive channel for masses 130-200 GeV
Clean signature with two leptons and large MET
Major backgrounds
« QCD, W+jets
Two leptons well identified and 1solated

e Drell-Yan
Large missing ET & Z veto

\Muon 0, pt: 32.7 GeV/| |Electron 0, pt: 33.6 GeV
ey

e Top production » .

Soft muon & b-jet veto . @ /VG )
e WW production P

v

Kinematic cuts on Agp(l,,1,), my
e WZ,27
Veto third lepton

IMET 0, pt: 46.9 GeV/|
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H-> WW - Ivlv

A e e ey
CMS preliminary |
I — my=160 top L=155f" -
ww [l wzzz

[ Wiiets

a0

F ‘ T T T T ‘ T T T T ‘ T T T T
| e daa [l Zdes  CMS preliminary |
— m,=160 top L=155fb"

Foww [l wzzz n

B vivs 7 Considering 0-jet, 1-jet,
% , and 2-jet categories

r R
| e data B Z+ets

entries / 5 GeV/c?
entries / 5 GeV/c?

1-Jet

CMS\Ns=7TeV,L_ =155fb’

e data
CJH(160) — WW

0

= "h% || e 1

: . ++_‘ . %ﬁ*’* i Ejﬂ.iﬁ_ﬁfﬁm% i Wijets
0 50 100 150 200 — ‘5‘0‘ ‘ 1(‘)0‘ — ‘15‘0‘ e M di-boson
m, [GeV/c?|

200 top
M Z+jets
TTWW

B T T T ‘ T T T T ‘ T T T T ‘ T T |
| o daa [l Zdes  CMS preliminary |
- — my=160 top L=155f" 7
ww [l wzizz

S ] Jet

o

— 7
- o daa [l Zdets  CMS preliminary 1
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ww [l wzizz

mwee - (0-Jet

|
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. | | | | | | | | L
FEME) Misg, Jey dngy [y PE E
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H-> WW- Ivlv

* Projected missing ET 1s used against DY 1t

background Dmin = min(Ap(fr, EF™), Mg (l2, EF™))
Ag angle between MET {

Errrmss if A()')min > %;

rojected EMiss — :
and closest lepton P T EMiS Sin(Ayin)  if Appuin < 2

N
o
o

1 1 | 1 ! T 1 | 1 T 1 ! I T 1 I T}
[ edaa [l Z%es  CMS preliminary |
| — m,=160 top L=155M" |
ww [ wzzz

M Wiiets OF=eu, SF=ee,uu

L
4

entries / 5 GeV
o
o

0-Jet | Total Bkg. 44.0+6.2 40.6x7.0 17.8£3.5 12.6x3.7 5.3%t1.7
| H140GeV  19.1+43 16.1£3.6 7.7£2.6 5.3t1.8 2.5%0.3

I ﬂ;& 1 Data 46 41 23 23 7
0_. il L e [l oty |

0 50 100 200
Min(proj. ErT'"ss, proj. track-E’T"iss) [GeV]
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H—-> WW - lvlv Limits

CMS PAS HIG'I 1'014 H— WW — 212v + 0/1/2 jets (CLs)

M
-
o

95% CL exclusion: median
I 95% CL exclusion: 68% band

95% CL exclusion: 95% band
—s— observed

T \IIFH’ T TTTI
]

T IIIFHI

I IIIrFII

95% CL Limit onc/os

CMS Private, \s =7 TeV, H — WW, LW =15fb"

L S R B

Interpretation requires look-elsewhere effect correction =,

[ T T FIII‘HI

f-N

[.110 from fit |

9
8
7
6
5
4
3
2

Best fit o/og,,

o

—t
TTTTITTTT

900 120 140 160 ‘ 18 220 240 260 280 300
Higgs mass, m, [GeV/c?] 200 300 400 500 600

Higgs boson mass (GeV/c?)

 Excluded Higgs boson with masses 147 — 194 GeV
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e (Golden channel with two
pairs of same flavor
oppositely charged leptons

One pair from on-shell Z boson
decays, another pair from off-shell
Z boson decays for my; < 2m,

* low p; threshold on 4™ lepton

Backgrounds
e Top and Zbb productions

Isolation and impact parameter

o ZZ process irreducible

22 September 2011




@ H->Z7Z - 4l

Lo

|:| tt
I Z+jets

I zbb/ce

/.7 background estimated by
normalizing to measured Z : B
. . . - [l Single top
inclusive cross section -

Bzz

Events/4 GeV/c?

Top and Zbb/Zcc backgrounds

90 100 110 120
Ns=7TeV L=1.661fb"
T T N T TTﬂ'l}‘(‘( T

DATA
P z+iets
Bz

. m,=350 GeV/czj
[ m,=200 Gevrc? -

Total Bkg | H 200 GeV ; Mo cove

4.54+0.27 1.20 : ]
m 6.1240.40 1.71 10 k ]
2e2u 10.52+0.67 2.80 6 o eV

M, [GeV/c?]

estimated by inverting impact
parameter significance and
relaxing 1solation

Events/10 GeV/c?
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H = ZZ - 41 Limits

CMS preliminary 2011 1.66 b at\'s =7 TeV
! !

—_
(%)}

CLg Observed Limit
CLg Expected Limit

- CL Expected = 1o
|:| CLg Expected = 20

—_
o

=

%)
2
o)
c
@)
=
£
—
O
Py
O
(0))

J

CMS PAS HIG-11-015 |

Qoo 200300400 500 600
. : M, [GeV/c?]
e Limits set using both mass shapes and counting approach

Already reaching exclusion of SM cross sections in mass range
2my; — 300 GeV
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H- Z7Z - lltt

 Complementary to 41 channel See J. Swanson’s talb

Signatures with T, 47,4 and T, 4

e Smaller efficiencies CMS PAS HIG-11-013

CMS Preliminary,\/s=7 TeV, 1.1 fb” CMS Preliminary,\/s=7 TeV, 1.1 fb”
g BRARES EEEES RRRRE

H—>2ZZ > 212t
[ H200 - 2z 2120 | - —— Expected CLs Limit
- I = 10
E [J=z20

——— Observed CLs Limit

- ed
- N s

©
>

©
O
10
N
&

c

2
L

© o o
A OO @

o
N

foo 200 300 400 500 600 200 250 300 350 400 450 500 550 600
M,,. (GeV/c?) m,, (GeV/c")
Excluding ~10xSM cross sections
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High mass Higgs
searches
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contamination in high mass region

* Z+jets background -- m;; mass constraint

* Non-genuine Z backgrounds,
e.g. top production -- m; mass constraint

ary 2011, 1.6 fb™

CMS Preliminary 2011, 1.6 fb™' Ns=7TeV CMS Prelimin
l A BRAREERRTS ‘ ‘ ERARARZaEERERES

T T T ’8'\ - ,
« Data _E 8 1600 :— ¢ Data _:

[1Z+ Jets 5 [ Z + Jets ]

[ zzwzww 21400~ B zzwzww

moew - * Consider 0,1,25 mew
| beiet cat . w2000 — w0 <100 | Discriminant
: -Je. ca. egories .- o anoular
. * Likelihood . | using angu

1 information of
1 decay products

Ns=7TeV

—— H(400) x 100

| discriminant 600}
to separate 400}
gluon-quark jets =200

0 0 ]
Gluontag Ob-tag 1b-tag 2b-tag 0 010203040506 070809 1

Angular Likelihood Discriminant
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H —= ZZ - llqq Limits

o, CMS Preliminary 2011, 1.6 ft' \s=7TeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

—— Sideband Extrapolated Fit

e 2 b-tag 212q data

- Z + Jets
B waw

] zzwzww
[ ] 400 GeV SM Higgsx3

20

Events / 20 GeV

CMS preliminary 2011 1.6 fb™

2b-jet

—s=— CL, Observed

CL Expected
- CLg Expected + 10

— — CLgExpected = 20 . 200 300 400 500 600 700
MZIZJ 580 GeV C s m,, [GeV]

CMS PAS HIG-11-017

200 250 300 350 400 450 500 550 600
M, [GeV]
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* Backgrounds
Z+jets

 Fake MET modeled by y+jet
sample

Non-resonant top, WW, W+jets
productions

e Using e+u control sample and
obtaining correction factor
from sidebands

Z.Z. and W Z processes
e Estimated from simulation

22 September 2011 31

Events / 10 GeV

preliminary,\s=7TeV, 1.6 fb™'

UL B L T = Higgs (300 GeV)

[ Top
I ww
. vz
oz
——— Z+Jets (Data)

—=s— Dielectron events (Data

50 100 150 200 250 300 3_50
MET [GeV]
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CMS preliminary,\s=7TeV, 1.6 fb™'
LAY LN L Y N L L AL
- Higgs (250 GeV)

B wz

B z
Top/WW (Data)
Z+Jets (Data)

—e— Dimuon events (Data) ||

w
o
TT T
-
<

T |IIIIII]

SM HZZ — 2I2v, 1.6fb™

------ 95% CL exclusion: mean

W 95% CL exclusion: 68% band
95% CL exclusion: 95% band

— 95% CL exclusion: DATA

[ |

N
%))

N
o
TTT T T

| IIIIIII]

—_
o

|
95% CL Limit on o/oyg,,

-—
(8)]

| IR W § TTTT
L

o™
L
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)
O
o
<t
—
w
-—
=
)
>
L

—_—
T T1aT T
= s mmm=

(&)
T T

- : L L+L - I+' . J: Lvovv v b bvv v v P v v v by gy |
200 300 400 500 600 300 350 400 450 500 550 6%0
M, [GeV/c?] Higgs mass, m_[GeV/c’]

 The standard model Higgs 1s excluded in the mass
range 340 — 375 GeV
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Combination of SM
Higgs searches
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The Method

e 8 channels are combined, each characterized by its

channel mass range | luminosity number of type

Signal stren gth (GeV/c?) (fb~1) sub-channels of analysis

H— vy 110-150 1.7 mass shape (unbinned)

=0 / O H— 1T 110-140 i1 | mass shape (binned)
M sm H — bb 110-135 11 cut&count

. H— WW — 282y 110-600 15 cut&count
Mass resolution H—ZZ—4¢ | 110-600 17 mass shape (unbinned)
H— ZZ — 2827 180-600 14 mass shape (unbinned)
S /B H— ZZ — 202y 250-600 1.6 cut&count
H—ZZ — 2029 226-600 1.6 mass shape (unbinned)
27 for low my
24 for high my

TOTAL (8) 110-600 11-1.7

 Modified frequentist method 1s used

Systematic unc. taken as fully correlated or uncorrelated
The CLs method

P (g > g% | us(6%) + b(62%°) )
P (au > 43 |b(65"))

CLs =

* 95% CL 1s such u such that CLs=0.05
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Limaits from all channels

|. |. T T T T | T T T T T T I T T T T T T°T I.I I T T
reI|m|nary, \E =7 TeV m— Combined

—h
o
V)

%‘1
—_— H—>ZZ—>4I E
H— ZZ — 2l 21 (s

- H—ZZ — 2| 2q

1
1
1
1
1
1

—
o

=

w
2
o)
c
S
=
£
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O
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To)
)

200 300 400 500 600
Higgs boson mass (GeV/c?)
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CMS PAS HIG-11-022

Combined Limit

s Combined, L

CMS Preliminary,\'s=7TeV | —=— Observed

L =1.1-1.71" B Expected = 1o
Expected = 20

-
o

V7] LEP excluded

/] Tevatron excluded |

95% CL limit on o/ogy,

—

100

at 95%

200 300 400 500 60

Higgs boson mass (GeV/c?)

Exclude masses [145-216], [226-288], [310-400] GeV

CL

Local p-value
ALUHAL

—_

—
Q
n

I \HHH‘ I

—_
Q
[

—
Q
IS
‘ \HHH‘ I \HHH‘

= Interpretation requires look-elsewhere effect correction
4 4 4 4 4 4 4 4 4 I

CMS Preliminary, \'s = 7 TeV, Combined, I_Int =1.1-171fb"

Best fit o/og,,
- S

©
o

100

Expected exclusion 130 — 440 GeV

B o |

300 400 500 600
Higgs boson mass (GeV/c?)

e Smallest p-value observed around 120 GeV
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Higgs Beyond the
Standard Model




MSSM

e Two higgs doublets exist

Five higgs bosons
e H, h, A —neutral T

Gluon-gluon fusion and associated
production with b-quarks

[ mh '
e H* -- charged 7 TeV

Two free parameters m, and

tanf = v,/ v,

 Cross section enhances as tan’3
e Br(®—7t) = 5-10% @ large tanf

e Consider categories 0- and

at least 1 -bJ et Q00 200 300 400 500 600 700 800 9001000
M, [GeV]
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b -1t

Dilepton events with at least one b-jet

CMS Preliminary
1.1 b \s=7 TeV

G—>TT (m,=120, tan=20)
—e— (Observed
[C1Z-tt
[

B Electroweak
[ Fakes

100 200 300 400 500
m,;, [GeV]

Events / 20 GeV
3, 3,

-
o

T T I T T T T I T T
CMS Preliminary
1.1 fb' \s=7 TeV
ruru-channel

—e— Observed
o—>TT (m =120, tanf=20)
[ el
CZ-w
@+

200 300 400
m,;; [GeV]

e Same decay channels considered as in SM Higgs

search
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® — vt Limits

CMS PAS HIG-11-020

CMS Preliminary
1.6 fb™! \s=7 TeV

95% CL L|m|ts

+ Observed
_ Expected

- 1 oBand

+"'95% CL excluded regions

‘ ] cMS observed
+10 theory
CMS expected

I Do 7.3 fb™

N LEP
MSSM m;" scenario, M_ =1 TeV
SusY

—

100 150 200 250 300 350 400 450 500

m, [GeV]

o)
2
—
j
=
N
C
m
X
o)
c
o
=
£
3
_
O
3
Yo}
o

101 I L L L L I L L L L I L L L L I L L L L

100 200 300 400 5(
m, [GeV]

Already touching LEP exclusion region
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Charged Higgs

o If m(H*) < m,decay t=>H*b
allowed within MSSM

For large tanff, H* = tv

e Search for H* in top events \B=TTEY, oo Qs ereiminesy_

I tTT(WW + WH" + H'H)

£
4 + + + ®1000 WW (i — W'bWB)
tt - H_bW_b, tt - H_bH_b LU i WH* (1T - W*bH"b)
- --- H'HE (tf > H'bHD)
Three final states with b-jets OO e

- oMt final state

and missing ET 600

° ute Expected number of 400}
tt events from SM
* utT and SUSY

* T+jets
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= -1 P
Ns=7TeV 1.1fb" CMS Preliminary
_III|||||J||||||||||[|||||!|||||||||||||||||||I_
- t—H'D, H v =&~ Observed
- Hadr.+prh+e}1 final states ‘
" BR(H'>tv) =1 +<ll- Expected median

- D Expected median +1 &

|:’ Expected median 12 ¢

Expected median

IIIIJIII]IJIIlJIIIlIIII

- hadr. + “Th + eyt final states . Tevatron exclusion

- MSSM m™, u= +200 GeV

- BR(H'->tv)=1

_JllllllllllllllllllllllllllJlllllllllllllllLLll 9_|||l|||l|]|||||IIII|IIII|II
80 90 100110120130140150160 00 10 120 130 140 150

IIIIIIIII|IIII[I]II|]III|III

m,, (GeV/c?) My (GeV/cg;30
o Upper limit on Br(t=>H?*b) is 4-5% for H* with
masses 80 — 160 GeV

CMS PAS HIG-11-008
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Predicted by Left-Right °
symmetric model, little
Higgs, minimal seesaw
model

Higgs triplets ®**, ®*, PV

e Responsible for neutrino
masses

Signatures with multiple
leptons with random flavor

one or two tau leptons

Boosted leptons 1n final state
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Events / 20 GeV

Assuming:
d** & O* degenerate in mass
Ot >WIW suppressed

CMS Preliminary
\Ns=7TeV L=0.98 b’

Preselection

50 100 150 200 250 300 350 400 450 500
m(II*) [GeV]
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Double Charged Higgs

CMS PAS H]:G"1 1'007 I Excluded by Tevatron or LEP

CMS Preliminary —ti ,.,| CMS Preliminary R CMS\E=7Teva=o.98fb"

\s=7TeV L=0.98 fb" Di-Boso
. — Z/W+jets

o — Signal BR(®*— e*u*)=100%

BR(®"*— e*e*)=100%

L4 Data qu((1)++_> M+M+)=1 00%

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

BP3: degenerate masses|

C.
=
C.
H=
[
C
-
Ca
il

N L N T BP4: equal branchings

¢
50 100 150 200 250 300 350 400 450 500 00150 200 250 300 . 350
m(l I ) [GeV] Lower limit on mass of ®** [GeV]

« O*" 15 excluded in mass ranges significantly beyond
those set by LEP and Tevatron

22 September 2011




Prospects
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Higgs Projections for 2011
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e Observed limit follows closely to 2010 projections

e With 5fb! @ 7TeV exclusions 110-600 GeV mass range; Evidence
of 30 or more possible for all but lowest and highest masses
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Conclusion

« CMS has already made a significant contribution in
hunting for the SM Higgs boson

Only using data collected in 7 months three mass regions
are excluded [145-216], [226-288], [310-400] GeV

e Considered various (30) channels
Well established methods to deal with challenges from data
Improvements in analysis techniques are also on-going

e 4-5 fb! of luminosity is expected by the end of 2011

If Higgs does not exist we will know quite soon ©

If Higgs exist we will have lots of fun next year ©©
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BACKUP
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Vertex selection 1n H—=>vyy

y cluster

L

e Vertex determination based
Kinematics of photon pair

pr balance of photon pair and tracks from vertex

Conversion tracks beam apot ~ B6m

e Energy scale & resolution from Z—ee events in dsta

4500 T[T rrrrrr [ rrr T[T

T [
CMS Preliminary sl = MC 8F ) ) % CMS preliminary
id C ﬁ%% Simulation £

4000 — MC smeared Simulation

\/s=7 TeV L=1.65 fb™ . e data

>
[
(C]
=
=
0
2
g
>
w

- 1] .
[ —— Parametric Model All Categories
- T Combined

Oy = 2.45 GeV/c®

3500

3000

\HIII\IlIIIIlHIIl

2500

- 2
2000 FWHM = 4.35 GeV/c®

1500

1000

\II|HH|IIII|IIII‘H\I|1

500

S I‘IOO =5 . :’;:::‘:‘:::‘::‘::::::*'J'f?fmﬁﬁ;::‘::sE:i‘ L L
M,, (GeVic?) 110

22 Septenter 2011




Systematics in H—>vyy

Systematics on single photon
Source Uncertainty

Photon identification efficiency . .
harral 1.0% Systematics on di-photon

endcap 2.5% Source Uncertainty
Ry >0.94 efficiency Integrated luminosity 4.5%

(results in class migration)  barrel 4% Trigger efficiency
endcap 6.5% both photons in barrel 1.0%

Rg > 0.94 | Ry < 0.94 one or more photon in endcap 1.0%
Energy resolution (Ao /Epmc) Vertex finding efficiency 0.5%
barrel 0.2% 0.4% pr >40GeV/c in gluon fusion (class migration) 6%

endcap 0.5% 0.4%

Energy scale ((Edata - EMC)/EMC)
barrel 0.1% 0.4%

endcap 0.3% 0.4%

Systematics on cross sections

Source

Standard Model gg cross section (scale)

gg cross section (PDF)
fermiophobic model | VBF cross section (scale)

WH cross section (scale)

ZH cross section (scale)

VBF + VH cross section (PDF)
fermiophobic H — 97y BR
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@ Systematics in H-=>tt

rd

Source Uncertainty

Luminosity 4.5%
Jet energy scale 5%

Z production cross section 3%

Lepton id & iso. 1% SM Higgs cross section
ggH — 12%

Trigger 1% qqH — 3.5%
Tau 1d. Efficiency 6%
Energy scale u/e/t 1%/2%/3%

B-tagging efficiency 10%
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Cross Section in MSSM

\s=7 TeV

MSTW2008 4FS — Scale uncertainties only

1 1 1 1
LHC HIGGS XS WG 2010

u=(2m_+M,)/4 ] S5FS — Scale and PDF uncertainties
8 66— A (NNLO) | “Santander” matching scheme is used
b [ g bbA (NLO) 3 to average 4FS and 5FS

Erpp s m el ¢ o 5 s ) o oo
100 200 300 400 500
M, [GeV]

R lization/£ At 1 o(bbA): Theoretical Uncertainties
enormalization/tactorization scale 4FS calculation 5FS calculation

uncertainty and PDF uncertainty on ~(GeV) | scale | PDE+a, | M, (GeV) | scale | PDF+x,
bbA cross section in the 4-flavor 100 24% - 100 5% 3%
NLO QCD and 5-flavor NNLO 300 24% - 300 2% 6%

QCD calculation 500 26% - 500 2% 8%
1000 30% - 1000 1% 2%
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Modified frequentist approach

o Test statistics -- likelihood ratio 1, C(datalp ) <= fx, vary 0,
. . g = =2l - Wt
Maximize both numerator and denominze , Eldatajg,0) 4= varyfland?
Find values of 6,and 8 tha best describe data for background-only and
signal+background hypothesis

Use these values to in pseudo-exp CLs = CL,,,/CL, =
Calculate CL,

P (qu> g us(B) + b(&))
P (g > g2 |b(6"))

| CMS Preliminary Vs=7 TeV L, =0.2-0.9 !
Higgs Combination at m, = 250 GeV

L __1(q ) for signal+bkgd pseudo-data (j=2)
_1(q:) for bkgd-only pseudo-data (ju=2)

—q, observed (u=2)
V\Uh\\“”. 1R

10 5 10 15 20
Test Statistic q, Test Statistic q,

S

CMS Preliminary Vs=7 TeV L _=0.2-09fb"
Higgs Combination at m_= 250 GeV
e f(qo) for bkgd-only pseudo-data

\ — %? with ndof=1
_qo observed

3
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p-value and significance

e Probability that background will fluctuate up to observed
local significance

q°*, is observed g, in |
background-only scenario p= % [1 - ( ngs /2)]

e Significance Z from p-value
E.g. p=2% would give Z~20

exp(—x%/2) dx.

“° 1
7=
* Look-elsewhere effect (LLE) propagates into global p-
value from local significance Z and local p-value

Reduces significance
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Bayesian method

. . . H95%
* Bayesian with flat prior [ p(u|data) du = 055

(| data) = & [ p(data| us(0) +b(6)) po(6) (k) d6
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Key:
Muon
Electron
Charged Hadron (e.g. Pion)
— = — - Neutral Hadron (e.g. Neutron)

Silicon

Electromagnetic
8 )}llll Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS

D Bamay, CERN, Febriasry 2004
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H = WW Systematics

Table 3: Summary of all systematic uncertainties (relative). This is just an indicative table, since
the precise values depend on the final state and jet-bin.

H— 99 — g¢ — | non-Z resonant W+jets | V(W/Z)
WTW~ | WTW~ | WTW— WZ/ZZ +
Luminosity 45 — — 4.5 4.5
Trigger efficiencies 1.5 1.5 15 1.5 1.5
Muon efficiency 15 15 1.5 13 LS
Electron id efficiency 25 13 2% 25 25
Momentum scale 1.5 15 1.5 15 15
EMSS resolution 2.0 2.0 2.0 2.0 . . 1.0
Jet counting 7-20 — 5.5 5.5 5.5
Higgs cross section — —
WZ/ZZ cross section — 3.0
g9 — WW norm.

29 — WW norm.

W + jets norm.

top norm.

Z/vy* = £T¢ norm.
Monte Carlo statistics

Source
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Table 4: Summary of the magnitude of systematic uncertainties in percent. The uncertainties
assigned for the lepton reconstruction, identification and isolation apply to the event yields.
The uncertainty assigned to the electron energy scale is further propagated through the shape
of the expected signal and background reconstructed mass distributions.

Luminosity 4.5
Trigger efficiency 15
Higgs cross section | 17-20
Higgs B.R. 2
Lepton reco/ID eff. | 2-3
Lepton isolation eff. 2
Electron energy scale | 3
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H - Z7Z — 212v Systematics

Table 5: Systematic uncertainties on the final event yields for both electron and muon final
states. Ranges indicate different uncertainty values for different processes — for example QCD
Scale uncertainties differ from one Higgs mass point to another.

22 Septemben 2011

Uncertainty

value, %

Luminosity

45

pdf, gluon-gluon initial state

6-11

pdf, quark-quark initial state

3376

- QCD scale, gluon-gluon initial state (ggH)
QCD scale, quark-quark initial state (VBF)

7.6-11
0.2-2

QCD scale, gluon-gluon initial state (ggZ7)

20

QCD scale, quark-quark initial state (gqVV)

5.8-8.5

Anti b-tagging

1-1.2

Lepton ID+Isolation

2

' Lepton momentum scale
Jet energy scale

5 (for 2e), 2 (for 2u) |
1-1.5

PU effects

1-3

Trigger

1 (for 2e), 2 (for 2u)

non-resonant backgrounds estimation from data

7% (a)

- Z + jets estimation from data

19-57%




Sl

H = Z7Z - 212q Systematics

Table 3: Summary of systematic uncertainties on signal normalization. Most sources give mul-
tiplicative errors on the cross-section measurement, except for the expected Higgs boson pro-
duction cross section, which is relevant for the measurement of the ratio to the SM expectation.

22 Septemben 2011

| source

_Ob-tagl Ib-tag]

2 b-tag

|

muon reco

2.7%

electron reco

4.5%

jet reco

pileup

1-5%
2%

b-tagging

3% +13%/ — 18%

gluon-tagging

Er
acceptance (PDF)

3%

3%

acceptance (HQT)

I

acceptance (WBF)

1-2%

luminosity
Higgs cross section
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