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“* Short Introduction to the SM Higgs B6S6iill

The SM Higgs has been proposed to provide
an elegant solution for the ElectroWeak
Simmetry Breaking mechanism.

It introduces a scalar field with a non-vanishing
value at zero. The scalar boson appears as an
excitation of the field above its ground state.

Horizontal excitation=> massless mode.
Vertical excitation = massive mode.

W and Z become massive while the
photon remains massless.

The theory does not predict precisely the [ M, cos by = My = lvg ]
mass of the boson - 2

2 2
= 4V2My, G
MH is a free parameter MH2 =2 )\ V2 g \/_ wblFr

g=0.6574; v=246GeV
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~“Additional constrains on the Higgs

“Unitarity”.

M, <700-800 GeV/c’
“Triviality”: Higgs self-coupling
Is not too strong

5 47%v?
o <
3In(A/v)
“Stability” of the vacuum.
4mf

2.2
UV

2
M, >

In(A/v)

A = cut-off scale

My [GeV]

800
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400

200

K. Riesselman, hep-ph/9711456
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% Corrected plan for the'LHCH

2010: first physics run, 7TeV, L>2x10%2cm2s1, (40pb-! delivered)
2011: 7TeV, L>3.5x1033cm2s! (>5.5fb-! delivered)
2012: 8TeV, L= 7x1033cm-2s-1(~21 fb-1 delivered by now)

Since 2010 LHC is running smoothly and with excellent
performance often exceeding the most optimistic expectations.

2013-14: long shutdown to completely repair all the splices
interconnecting the magnets and prepare the machine for 14 TeV.

2014-2015-2016: LHC at 13.5-14TeV and L> 103*cm-2s-1
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Total Integrated Luminosity (fb ')

* The LHC 2012 run at 8 TeV is ongoiidl

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV CMS Integrated Luminosity, pp
Data included from 2012-04-04 22:37 to 2012-11-19 12:30 UTC Data included from 2010-03-30 11:21 to 2012-11-19 12:30 UTC
25 ‘ . ‘ : . ‘ 25 25 ‘ . . . ‘ ‘ ‘ 25
B LHC Delivered: 21.70 b ! 'e = 2010, 7 TeV, 44.2 pb !
[ CMS Recorded: 20.31 fb ! ; m— 2011, 7 TeV, 6.1 b !

207 += 20 1 120
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% The Compact Muon Solenoid (CMS)l

o CONDUCTING eCAL SO 12{!5}5@1& HCAL Plastic scintillator
COIL Crystals |4 | —) copper
T t:}’:,——;; sandwich
Total weight : 12,500 t ‘//,,,{{ | L
Overall diameter : 14.6 m {i

Overall length : 21.6 m
Magnetic field : 3.8 Tesla

IRON YOKE

Silicon Microstrips

Pixels
Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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The CMS Collaboration

Pixel
Tracker

ECAL A
HCAL a1 =
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|
Om 1m 3m
- Muon o(E)/E ~ 3%N(E) [GeV] @0 3%

Electron

Key:

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

®

4T

o(p1)/pP~15% at 1TeV.

Silicon
Tracker

. Electromagnetic
}J! ]' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

D Bamaey, CERN, Febricry 2004

.. Neutrinos "measured”through missing it S e

through CMS transverse energy (E;™¢) in calorimeters.

Fast detectors: 25-50ns bunch crossing o(pr)/p:<1% @ 100GeV
. . . v)

High granularity: 20-40 overlapping complex events a(pr)lpr<10%@1 TeV

High radiation resistance: >10 years of operation
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The challenge of the 2012 run "l

Rho Phi O L ) Lego @ (P

10"

W o

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 5 05:47:32 2012 CEST
Run/Event: 190401 / 12545076

Lumi section: 75

Orbit/Crossing: 19495845 / 1347
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CMS

2 MC Production Capabilities !

MC in 2011/2012: Number of Events per Month - GEN-SIM
900,000,000

« GEN-SIM @
Tier-2’s o GEN-SIM

— Sustain 400M
/Month

(o]

B GEN-SIM Number of Events, total ~6.48 B |

January 2011
February 2011
March 2011
April 2011
May 2011
June 2011
July 2011
August 2011
September 2011
October 2011
November 2011
December 2011
January 2012
February 2012
March 2012
April 2012

MC in 2011/2012: Number of Events per Month - AODSIM
3,000,000,000

[ Il AODSIM Number of Events, total ~13.90 B |

2,625,000,000

* Redigi-Rereco@ .-

1,875,000,00C

Tier-1's

1,125,000,000

— Sustain 1B/month ...

Redigi-Rereco

375,000,000
(0]
— — — — — — — — — — — — o Y] o o
& %8 & & & & & & & & & & & & & ¢
5 g = = g 8 & § & 8 °=
3 = a
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= ECAL calibration, 2012 dataiili

Single electron energy scale (E/p) stability Z—->ee invariant mass distribution for
in barrel measured with W > ev events electrons measured in the barrel
103 CMS 2012 Preliminary, ys= 8 TeV, L = 2.4 b’
5 . E CMS 2012 Preltminary | — with LM correclon 3 f[Mean al - S B BN B
@ 1.02vsi= 8TeV L= 395 fb """"" P ithot LM eortection”™ i RMS 0.0019 |4 NQ 25001 gcAL Barrel
QO[T L LMiCOMEGHOD ..q f[Mean 0.97 | > C
oE ' ."rfz | F\H\M\\mm — & 2000
) 1 o Y- q o M
% 0.99 - B g Electrons with
& 0.98F > 1500 low or no
0.97 § 1000F- Bremsstrahlgng
0.96 N
0.95 ' ' ' ' _E 500~
0.94} - : ' : i ' ' = ] -
093t EB: Prompt Reconstructlon” 5 050 700" T T BT
Uate (Uay7TTiorTt ) Mee [ GGV/CZ]

e W->ev E/p: Stable E scale during 2012 run after light monitoring
(LM) corrections:

— ECAL Barrel (EB): RMS stability after corrections 0.19%

Z—>ee: Good resolution with preliminary energy calibration for 2012:

e Instrumental resolution: 1.0 GeV in ECAL Barrel
SM Higgs boson searches by CMS LHC on the march, Protvino November 2012 16



Reconstruction: key moments 'l

 Particle flow: analyse and combine information from
subdetectors to create “particles”

Multivariate electron identification in 2012:
30% efficiency improvement wrt cut based ID

Particle-based isolation: important in conditions of
high pile-up
Multivariate discriminator for tau ID

Jets identification: analyse shape to reject pile-up jets
and detector noise effects

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012 17



“  Properties of signal and backgroundsSililll
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Cross sections for various physics processes
vary over many orders of magnitude

Higgs (500 GeV/c?) 6 ~1pb @1033 >10-3 Hz
Higgs (150 GeV/c?) o ~10pb@1033>102Hz

tt production:
W— 7 v:
bb inclusive:
Inelastic:

-1 Hz
=100 Hz
->10%6 Hz
- 108 Hz

¢ (nb)

The needed selection (10-1) is feasible but
a fast and efficient Trigger system is a key

Protons collide at 20MHz but we can record
on tape only 300Hz. Trigger selection,

based on electron, muon, tau, jet and missing
energy signatures is crucial for all analyses.

>~ Signal and background(

proton - (anti)proton cross sections

-
-
-

T — ——TrTrT —r—3 10

s 10

1ol

Tevatron LHC

o, (E/" > Vs/4)

3 10*
[ O (M, = 150 GeV) 10°
: X o
E Gy (M,, = 500 GeV) \ 10
[ ' lll 1 ' AL L Ll ' L ) LA :lll A ""
10
0.1 1 10

Vs (TeV)
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Gluon-gluon fusion (gg-fusion)
g
N H

g

Vector bosons fusion (VBF)

q q

Associated production with W,

q

& (=5
& =
=
\
\
\
= =
i
e}
N
\
\
\
N =
o5}
o+
N
—
o
N

SM Higgs pro

—_
o

o(pp — H+X) [pb]

(VH) 10"

ductipn at_ﬁ

100 200

300 400 500

Higgs radiation off a top quark
q t g vooooy—— 1t MH [GGV]
R q  lypical size of the uncertainty | 50D e : g?: I ﬁ; | W:if: l tiH l
(there is also a dependance POF + on. {7 R e T E 1A
q t g vTToe—— t on the mass) Mass line shape: (150%) x (%”V)?
SM Higgs boson searches by CMS LHC on the march, Protvino November 2012
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LHC HIGGS XS WG 2010

1000
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. 1 SM Higgs boson W|dtﬂ||-

et

Very narrow resonance at low
mass: ~4MeV at 125GeV/c?

LHC HIGGS XS WG 2010

The width grows rapidly with the
mass.

Around 1TeV the width of the
boson becomes comparable to
its mass i.e the concept of
particle fades away.

100 200 300 500 1000
M, [GeV]

SM Higgs boson width vs mass under
the relativistic Breit-Wigner
assumption
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Higgs couples to mass

g
=
=
| 1 III|

IIIIIII
N
N/

2
Dpyge ~my .
I'hyy~my

LHC HIGGS XS WG 2011

Different decay channels
are used to explore the
low and the high mass 102
region.

Higgs BR + Total Uncert

All available channels are
. . -3 1 | | | ]

com@_ngd to increase the 10 100 200 300 400 500 1000

sensitivity. M, [GeV]
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L WA

> SM H iggs Decay Modes Vsﬂl_
g 1 2 = 10 E
8 g S | Ns= 7TeV S|V| .
© 2 % . ]
2 - < 1= WW — Fvag 3
< 3 o) - ]
C -1 |
g 10 10D WW — VIV S\
S 77 — g0
| 102F ZZ — I'Tw ;
102 E 7 : J
] i H— t*t s A
. 5 7Z — ' )
i} 10 E “x‘ VBF PR Tt | =e, w 3
i - N V =Ve,V,,Vy ]
ZH — IMob| \ .\ q= udscb 1
-3 I ! I ! ] L -4 L
10" 700 200 300 500 1000 19700 200 300 400 500
M, [GeV] M, [GeV]
High mass searches: based on H>WW and Events expected to be produced with L=1 fb!
H->ZZ decay modes reconstructed in several [ m,, GeV | WWINlv | 22941 | vy
channels; i.e H2>WW=lvjj + H>WW-=>Ivlv 120 127 1.5 43
150 390 4.6 16
300 89 3.8 0.04

Low mass searches: H->vyy ; H>bb; H> T,
H->ZZ->4leptons, H>WW->lvlv.

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012 23



> Summary of the channels "'l
Channel Masses | Branch. Ney, Prod. S/B Mass Remark
[GeV] ratio 10 fb~1 modes res.
H — ~v 110 - 150 2 200/400 | inclusive, low 2% max. Sens.
x1073 VBF 0(0.1) at low mass
H — bb 110 - 135 0.7 30/10° VH low 10%
0(0.1)
H— 77 110 - 150 0.08 20/10% | inclusive, low 15%
VBF, VH | O(0.1)
H— WW(*)— | 110 - 700 0.03 60/10° | gg fusion, | medium | - max. sens.
— lvly VBF, VH | O(1) at interm.
H—ZZ(*)— | 110-700 | (3-8) 6/20 inclusive high 2%
— 4l x10~4 >1
H—Z7Z7Z — 200 - 700 0.2 - inclusive 10% | max. sens.
— other at high mass
H—-WW — 170 - 700 0.15 - inclusive
— lvgq

N, estimated for SM Higgs with a mass of 125 GeV at the collision energy 8 TeV

SM Higgs boson searches by CMS

LHC on the march, Protvino
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A Searches for the SM Higgs boson "l
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Expected performance N

ICHEP (old) New
1cms sz 7TeVL 51fb'\s GTeVL 53fb' CMS Preliminary s =7TeV,L=51f" \s=8TeV,L=122%"
S i O 0) T _'_'_‘_IJ_'___‘_'_I__'_'_'_'_J_'_’_i_':%o
g = = — 0
z . g —_ 130
T 0 L NN —4o
N Q407 N
o 107 F _
- - © NG NN 5 50
S N 0 R
10% 3 T N e _:60
[ | 107°F :7
10" NN 41
[ m—H— 22 - =
|| — = WW - -
| =——H-1 A5 8o
10-14-_jl:7?b“l[”“'“H[H”IH“[ 10 ;—Combined
110 115 120 125 130 135 140 145 |~ H— bo
m, (GeV) F|[=—=H-mu
e 102} —Hom
« Statistics increased L W
« Some analyses made more sensitive i —HZ o
 Move towards studies of the discovered 110 115 120 125 130 135 140 145
boson m, (GeV)

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012 26



= Public results

http://cdsweb.cern.ch

L

Channel Masses Data used, fb—1 | References
(GeV] (7 + 8 TeV) 10 fb=!
H — vy 110 - 150 5.1 + 5.3 HIG-12-15
H — bb 110 - 135 5+ 12.1 HIG-12-44
H— 711 110 - 145 49 4 12.1 HIG-12-43
H— WW(*) —lviv | 110 - 700 4.9 4+ 12.1 HIG-12-42
H— ZZ(*) — 4l 110 - 700 5.1 + 12.2 HIG-12-41
Higgs combination 110 - 700 | 4.9-5.1 + 5.3-12.2 | HIG-12-45
H— Z7Z — 2[2v 200 - 700 5+ 12.2 HIG-12-47
H—WW — lvqq 170 - 700 5+ 12 HIG-12-46

SM Higgs boson searches by CMS

LHC on the march, Protvino
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H% WW%ZIZV the “work horsée”

The SM WW is said to be ”ureduable"

poyes

* ~
O-(H >WW*— tve V) ~0.18 pb However, WW from the scalar Higgs is
(m,=125 GeV) expected to have different kinematics

%W

V- o
/ -~
v e

Main background:

_ _ The spin correlation leads to a smaller
WW, W/Z+jets, tt, ,. average opening angle between the two leptons

e = | (1~ cos M)

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012
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MT distributions

O-jet 1-jet
(\t) 1&) I 1 1 I I 1 1 I I I 1 1 I I I 1 1 I I I 1 I I | - (\t’ : I 1 1 I I 1 1 I I I 1 1 1 I I 1 1 1 I I 1 1 I I ]
L9 - — < — .
% E - data — my=125 GeV CMS Preliminary i % 90 - e data — m,=125 GeV CMS Preliminary
G 40 M H125 [ W+ets {S=8TeV, L=12.1 fo'— O - H125 B Wiets {S=8TeV,L=121fo'
o - W Top . o 80rmv Top -
~ - Il Y Ww - g - W 2y wWwW ]
1) 120 — \\ stat@syst. ] o 70w stat esyst —
c = — c C 3
) u - ) - -
| _] 60 — —
> 1001 1 ® -
80— = 0F 3
C ’ 40— =
60 — — C ]
- N 30F- =
40 2 - \ =
- 5 20~ %+ =
E & ¥, wu;_;:::_— “};t ;
o B *-,‘-' ,_* . *- 0 %\A(’__
O 2.5 3 — 1 r r r rT[r 1 T E O 25 3 1
s 2 _ E s 2F T
1 A 1E \\\\ 0L SRR AN
£\ W aasn s L %*W* e
0 5 . . . Ao 3 0 E . . E
0 1 00 1 50 250 0 1 00 1 50 200 250
m':"f [GeV/c?] miF [GeV/c]
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i Shape analysis for 8 TeV data’ "

i

Higgs boson 125 GeV Background

CMS preliminary L = 12.1 fb” (8TeV) ! CMS preliminary L = 12.1 fb™ (8TeV) '
200

0-jet

100 120 140 160 180 200 220 240 260 280
M, (GeV)

PEENE BT TR

100 120 140 160 180 200 220 240 260 280
M, (GeV)

CMS preliminary L = 12.1 fb! (8TeV)

CMS preliminary L = 12.1 fb" (8TeV)

s 200 ~
(] Q
S 180 S 180

1-jet

100 120 140 160 180 200 220 240 260 280 100 120 140 160 180 200 220 240 260 280

M, (GeV) M, (GeV)
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, 2 Combination of 7 TeV + 8 TeV' I

(% i i = 12 4
© - = observed CMS preliminary{ <3
© 10° F - median éxpected Hp—>WW N 2:;’—: b
- u [] expected + 1o ] 4
S [ expectedt2g L=491" (7TeV)+ 12117 8TeV)]
-~ | __signal injection m =125 GeV + 20 (stat) 3.5
c 10F E 3
i : CMS Preliminary
O - 2.5 (s=8TeV,L=12.1 fb"
en 0+1 jet
%o 1\ ///////// 2 )
E AN | P 1.5
0) : ™, . Iyl u /
: ..'-.. / /o e 'I///II/////// / 1
B ™ 'm'&;/ 05
107E | . foee .
NI NS SRR R REER] IRRRTTTITI ITTTTITIn (o 110 120 130 140 150 160 170 18?"1?ge\2,?0
110 200 300 400 500 600 N
Higgs mass [GeV] 0/0gy=0.74 £ 0.25
Exclusion range Significance of excess at ~125 GeV
expected: 120-550 GeV Expected: 4.1 sigma
observed:128-600 GeV Observed: 3.1 sigma
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Signature: Two pairs of same flavor high pT
oppositely charged isolated leptons. One or both
pairs with invariant mass compatible with the Z.

Extremely clean, high resolution channel (1-2%)
but very low rate (o0~2-5fb).

Kinematics fully available: reconstruction of the
invariant mass of the system.

Main backgrounds: ZZ* (irreducible) for my<2m,,
Zbb, Z+jets, tt

Suppress backgrounds with isolation and impact
parameters cuts on two softest leptons.
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o (pp—H—ZZ*1 - 41) [ib]
O = N W MO1LOO N

[(‘MS
o

One of the best performing channels
in the whole mass range ...

H > ZZ 2>4e, 4, 2e2u

... but extremely demanding channel for
selection, requiring the highest possible

efficiencies (lepton Reco/ID/Isolation).

Production cross sections o pt of the 4 leptons
123" o oz
g - - 12 SR mu = 126 GeV H4 =
- H-T=ew]| = *%°F 7% s [ {2
- 1 = SR ;=---§pT :___: Before the selection
: {S oo0efi %™ 479
- = e E ¢ After the selection 4 —
- = fee E
- 15 0.04f . 4=
- «Q S A E g
T, 13 = ; = pr! E
3 2 o0.02f i ] ?
: . | © i e =
100 126 200 300 400 500600  OF e
i [GeV] 60 80 100
pT[GeV]
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CMS
=]

—

* Irreducible background ZZ 9 4l,,s¢,e,.m.n

Background models]llll-

— Estimated using simulation

— Phenomenological shape models -
— Corrected for data/simulation scale°?

0.6—

S5
e  Simulation (POWHEG+Pythia) ) o

qq 9 77 9 41: 10%

——re . 20

— 15—

R0

P
200

P
300

«  Simulation (GG2ZZ)
gg — ZZ — 2e2u

—— Shape Model, 2e2u

gg > 77 > 4

200

500 600
m,, [GeV]

s,
400

— Reducible backgrounds estimated from data

— Extrapolation from control samples enriched with misidentified leptons
— Total uncertalnty ~50%

Vs=7TeV,L=5.05fb"

>

Events /10 Ge

CMS Prellmlnary

250 ARRRA AR AR RN ERRRN AR
B 2P+2F Region (PFC)

200 ]2z, zy -
- 4] [ wz

150[ L d ]
- [ z+bb
C I Z+jets

100 e Observed events -
L Landau fi t

501 -

"

900 150 200 250 300 350 400 450 500 550

control sample 1

600

Events /10 GeV

Validation in data

6 CMS Preliminary Vs=7TeV,L=505%b"
I R I I R I I I RN RS
55 Signal Region (WFC)

- 4l [ | irreducible (sim.): 2.6
A I reducible (data): 11.3
3: s+ observed: 12

wrong flavors:
& charges

| !

660
m,, [GeV]

400

900 150 200 250 300 350 200 450 500 550 600
my,, [GeV] m,, [GeV]
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MELA I

Matrix Element Likelihood Analysis:
uses kinematic inputs for

signal to background discrimination
{m,,m,,0,,0,,0%d P}

P})kg(mla ma, 917 927 (D7 9*7 ®1|m4€) !

= |1+ .
Psig(m17m27017027@79 7(D1|m4€)
. ‘ Y B CMS Preliminary 2012 Vs=7TeV, L=5.05b™; Vs=8 TeV, L=5.26 fb™' - ‘ " B
0 1 CMS Preliminary 2012 Vs=7 TeV, L=5.05fb™"; Vs=8 TeV. L=5.26 fb = 0'2 I A A e e e e L LA e 0 1 CMS Preliminary 2012 \s=7 TeV, L=5.05fb™"; Vs=8 TeV, L=5.26 fb
> U g = - 1 > LVl
€ 0.00F 4 50718F 1 Eo.00f .
g TTF SM H(125 GeV) E 2 0.16k 1 SUVEE E
=0.08[ = = 1 90.08F =
©0.077 9922 E EO'M% 1 Bo.orf =
= 2 ®0.12 4 =
< o.oeg 01217 1 'G0.06
€ 0.0 s 01 1 So0.05
2, <0.08 4 e
0.04¢ ) 1 0.04
0.03 0.06 E 0.03
0.02 / 0.04 1 ooz
0.01 / 0.02 g 0.01
_ . o . E o
030 ¢ E 20 30 40 50 60 ' i
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 *1 m [GeV] 0_1 -0.8-0.6-0.4-02 0 0.2 0.4 06 0.8 1
cos 6 z2 cos 0,
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MELA .

2D analySIS using {m41 .MELA } MELA offers powerful discrimination of background

CMS Preliminary Ns=7TeV,L=5051 b';Ns=8TeV,L=526b"

5 T T T g 1

g 0.9 E CMS Preliminary 2012 Vs=7 TeV, L=5.05fb™"; Ys=8 TeV, L=5.26 fb”'
0-8 _g 0-8 > —l TTT I TTTT I TTTT I LU I TTTT I TTTT I LLELEL I TTTT I TTTT I TTT I-
0.7 L =0.141 N
imulation | 2 (- i i
0s mution 4 e S| —— SMH(125 GeV) :
=5 95 E L20.12 =
= 0.4 o4 O - ]
% 03 E N o1 9922 E
02 ez @ ¢ ]
0.1 | E €0.08} =
Q00 110 120 130 140 150 160 170 180 ° Eg i ]
m,, [GeV] 0.06[ -
= 0.04 -
0.8 ;
= 0.02 i

= 0.6
5 0 - 4
oy 0.4 0 0.10.2030405060.70809 1
§ MELA

0.2

e, e, el .
140 150 160 170 180
m,, [GeV]

%0 110 120 130
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wt(Z,) pr: 43 GeV

8 TeV DATA e(Z,) pr: 10 GeV

4-lepton Mass : 126.9 GeV

wi(Z,) pr: 24 GeV

e*(Z,) pr: 21 GeV

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012
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CMS Experiment at LHC, CERN
— Data recorded: Thu Oct 13 03:39:46 2011 CEST

Run/Event: 178421 / 87514902

Lumi section: 86

7 TeV DATA

4u+y Mass : 126.1 GeV

wi(Z,) py: 14 GeV

Y(Z,) E;: 8 GeV

ut(Z,) pr: 67 GeV

wi(Z,) pr: 28 GeV

W' (Z,) pr : 6 GeV

SM Higgs boson searches by CMS
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November 2012
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Events / 10 GeV

CMS preliminary Vs=7TeV.L=5.1b ' Vs=8TeV,L=122f"
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Events / 25 GeV

Results: M(4l) spectrun

CMS preliminary Ns=7TeV.L=5.1b"'\s=8TeV,L=122"
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Events / 3 GeV
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CMS preliminary Ns=7TeV,L=561f"\s=8TeV,L=122"
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Results: M(41) spectrum (2) "N

CMS preliminary {s=7ToV,L=561fb" {s=8TeV,L=122f"
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* With MELA discriminant K,

» Per-event mass uncertainties

» Color: expected for SM 126 GeV Higgs

SM Higgs boson searches by CMS

LHC on the march, Protvino

November 2012 40



-~ Results: M(4l) spectrum and using MEEAJ

CMS preliminary Ys=7TeV,L=561f" ys=8TeV,L=1221" CMS preliminary Ys=7TeV,L=51f" Ys=8TeV,L=1221"
w 7_1_]]1Illlllllll]llllIlllllllll]llllIIIIIIIIIIIIII_I_ > _IlIIIIIIIIIIlIIIllllIlll]llll|||ll|lllIl_
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MELA discriminant K> 0.5

(for the illustration)

BG under peak ~3 time lower
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CMS preliminary fs=7TeV,L=511" {s=8TeV,L=1221b"

% ll!llll!llll!llll!llll!llll!llll!llll
s = Observed
7 10 o annn Expected .
ﬁ | #8588 Expected = 1o |
1 [z Expected =26 | T
5 : i :
L
.|
O
32
n
= 1
¢
T
N
N
T
=
©
10-1llillllillllill H illllillll
110 120 130 140 150 160 170 180
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Expected exclusion at 95% CL :

118-670 GeV
Observed exclusion at 95% CL :
113-116 GeV and 129-720 GeV

Limits and p-values

CMS preliminary  fs=7TeV,L=511" ys=8 TeV,L=12.21b"
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G/GSM

Rate and parity measurements Il

CMS preliminary r 7TeV,L=5.1fb" ys=8TeV,L=12.2fb"

20 N CMS Preliminary Vs=7TeV,L=51f"'\s=8TeV,L=1221b"
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“ The specialist of the Low Mass: H>il

Signal: 2 energetic, isolated y. Excellent resolution: 1-2%

Search for a narrow mass excess over Challenges: vertexing with PU,

a smoothly falling background. calibration of the
electromagnetic calorimeters.

Calibration constants derived
from Z->ee data.

N - CMS preliminary
[&) _ . .
S 6 - simuation . Simulation
(] - .
(@) 5[ — Parametric Model All Categories
/ o) - Combined
s @ - 0,4 = 1.94 GeV/c?
— o 41
| _ESe — B
i ~ "
2] - FWHM =3.5 GeV/c? |
c 3r
(0] L
T -
21
1
.':::::.'::.:::::::::':::::.‘:""'1””::;::r L L | 3 ;::":.:—5:3' e s e
) 110 120 130

m,, (GeV/c?)

Background: Large and mostly irreducible QCD di-photons.
Measured from M,, sidebands in data Phys. Lett. B 710 (2012) 403-425
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spectacular events

J

Clean

45

November 2012

LHC on the march, Protvino
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= H — yy Overview N

* Main analysis is a Multi-Variate-Analysis (MVA)

— MVAs for photon ID and event classification

* Fit mass distribution in 4 event classes based on a diphoton MVA
output + 2 di-jet categories

— Improvement in expected limit ~15% over cut-based analysis
— Cross-checked with an alternative background model

extraction:

- Fit output of a 2" MVA combining diphoton MVA and m,, using data in
mass sidebands to construct the background model

Also cross-checked with a cut based analysis

— Simple and robust

« Cut based photon ID and event classification

— Fit data mass distribution in 2 rapidity x 2 shower shape =4 categories with
different Signal over Background (S/B) + 2 di-jet categories

— Published for 2011 data
* Phys.Lett. B710 (2012) 403-425 arXiv:1202.1487
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% Search for a narrow mass peak with tWoll

iIsolated high Et photons

i:‘:\
v

analysis

« Background MC only
used for analysis
optimization, Z->ee
also to measure
photon efficiencies
and resolution with
data

[ | Hoyy (125 GeV) x5

2012 8 TeV
> —_II T T | T T T T | T T T T | T T T T T T T T I I T T T | T T T T T T T—
& o0 CMS preliminary *_Data « Blind analysis in 2012
~ %/ s=8TeVL=53fb"' [ 2prompty y
~ 200054 [ t prompt v 1 fake y * Re-reco 2011 data
‘.(L) "‘? [ ]2fakey :
e 7 — iInto unchanged 2011
3 -
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9b0 110 120 130 140 150 160 170 180
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CMS

Events / 1 GeV

.

e Photon Energy Scale and Resolttichll

ECAL cluster energies corrected using a MC trained multivariate regression

— Improves resolution and restores flat response of energy scale versus pileup

— Inputs: Raw cluster energies and positions, lateral and longitudinal shower shape variables,
local shower positions w.r.t. crystal geometry, pileup estimators

Regression also used to provide a per photon energy resolution estimate
To measure the Energy Scale and resolution: use Z—e*e-

x10°
120~ ~ T
~ CMS Preliminary 2011, 7TeV
100 L = 4.98 fb"
80—
~ ECAL barrel
60
40—

- Effect of the
20— regression on the
C Z->ee peak

0 60 T 80 100 ] 120 |
M, (GeV/c?)

Events/0.2 GeV

— L | T T T
[ CMS Preliminary

1400 = s=8 TeV

[ L=53fb"

| T T T T T

MC 7
—— MC smeared
—e— data
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II|III|III|II\|III|III|I

II|III|III|III|III|III|

200

s 80 85 90 95 100 105
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SM Higgs boson searches by CMS

LHC on the march, Protvino

November 2012 48



Photon 1D I

 Photon pre-selection:
E+,/m>3, E1,/m, >4

— Photon Id a bit tighter than trigger selection and MC EM enrichment filters
 Efficiency measured using tag and probe with Z—ee

— Electron veto: Efficiency measured using tag and probe with Z—uuy
« MVA based photon ID discriminates photons from fakes:
— Inputs: isolation, shower shape, per event energy density, pseudorapidity

70000/~ 20000
~ CMS preliminary - CMS preliminary
C ys=8TeVL=53fb" 18000~ ys=8TeVL=5.3fb"
60000 :
- _ 16000~ :
- —e— Data (electron veto inverted) ) ~ —e— Data (electron veto inverted) |
50000 — J C '
- . Drell-Yan MC 14600 - . Drell-Yan MC
- 12000
40000~ % Drell-Yan MC +0.01 N Drell-Yan MC +0.01 . . .
. 100005 Validation with
30000~ 80001 /—ee
I s000F- (inverted
- u electron veto
- 4000F
10000 — N
- 2000
0 C 1 I 1 1 1 : \ 0 : 1 I 1 1 | d
-04 -0.2 0.2 0.4 -04 -0.2 0 0.2 0.4

photon ID MVA output (barrel)

0[0,10, Ci o,

photon ID MVA output (endcaps)




CMS
e

» Mass reconstruction
— Depends on the correct position of the primary vertex

conversions
— correct in ~83% of cases for pileup in 2011 sample.
— correct in ~80% of cases for pileup in 2012 sample.

 Vertex identification with a BDT

2 The yy Vertex Choice

o

» Interaction vertex is identified using tracks from recoiling jets and underlying event plus

— Input variables: Zp/?, Zp, projected onto the yy transverse direction, p, asymmetry and conversions

» Correct vertex finding probability also estimated using a BDT

—o— DATA Z—pup

—— MC Z—-pu

e 1.1 ﬂ
e i i
B i S -
- > © T
S ] ©0.8
g . S
20-9— —_ o .
= i tS -
._g F B True vertex eff. ] 9 06 @
[&] r — —— . @
£ o8 g .
- . Aveage vertex . - e
i Efficiency to 0.4+
0.7 . . e
i identify :
B CMS Preliminary Simulation 0.2
0.6 correct I
= <PU> =19 -
C vertex oL
L 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 —l
05 50 100 150 200 250 0
p.(v ) (GeV)

50 100

150 _ 200 250

pT(Z) (GeV/c)

Data-MC
efficiency
for Z->pp
After
removing the
u tracks
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independent of m,,

Diphoton MVA

» Diphoton MVA trained on signal and background MC with input variables largely

— Kinematics: p; and n of each photon, and cosA¢ between the 2 photons
— Photon ID MVA output for each photon
— per-event mass resolution and vertex probability

 Encode all relevant information on signal vs background discrimination (aside from m,,
itself) into a single di-photon MVA output to first order independent of m,,

—— MC Background

o

.

N
1

= wzh 124GeV
I tth 124GeV

o
o
®

fraction of events/0.04
o o
o —_
(o)) (@]

0'0-01 .0 -0.5 0.0

B ogh 124GeV CMS Preliminary
—— vbf 124GeV Simulation

20}
18}
16[
14}
12}

# of events/0.04

O N A O ®

0.5 1.0

di-photon MVA output

» Residual data-MC disagreement
= For BG only make analysis sub-optimal

= For signal would cause some category migration included in the systematic errors

.0 -0.5

—4— Data
|

e 4-:-‘::‘"

AT T B . ...

0.0 0.5

B Drell-Yan + Wy
B Fake-Fake
— Prompt-Fake
== Prompt-Prompt

1.0

di-photon MVA output

A
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Di-jet Tagging

« Exclusive selection of di-photon
events with VBF-like topology:

— Two high pT jets with large pseudo
-rapidity difference and invariant

Mass

. High S/B

« ~80%-pure VBF events for large

di-jet invariant masses

CMS,.

I

Di-jet event with:
* diphoton mass 121.9 GeV
* dijet mass 1460 GeV
* jet p: 288.8 and 189.1 GeV
*jetm: -2.022 and 1.860

CMS Experiment at LHC, CERN
Data recorded: Mon Sep 26 20:18:07 2011 CEST

Run/Event: 177201 / 625786854

Lumi section: 450

SM Higgs boson searches by CMS
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Di-jet Tagging: selection

1

» Split di-jet tagged events in two categories based on M; and jet p;
— ~15% improvement in sensitivity for dijet category
— better sensitivity to separate different Higgs production modes

— Based on the jet shape variables, tracks in jet and vertexing
— Cross-checked using Z+jet and y+jet events

Dijet selection cuts

Variable 2011 2012
Loose Tight
pr(J1) > 30 GeV
pr(j2) > 20 GeV > 30 GeV
An(j1,J2) > 3.5 > 3.0
My — %("73’1 + 152)| <25
Ad(57,77) > 2.6
M > 350 GeV || > 250 GeV | > 500 GeV

SM Higgs boson searches by CMS

LHC on the march, Protvino

November 2012
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=% 7 TeV Mass Distribution in Catedl_

; 20 CcMS Preliminary —¢— Data ; 120 [- CMS Preliminary —e— Data ; 250 cms Preliminary —4— Data
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— [J+1e ~— B [ J+ic . [ . . .
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300F ' ' .. th
: Untagged 3 ) ijet tag tod deg_ree) _
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m,, (GeV) m,, (GeV) fit function.
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Events/ (1 GeV)

Events/ (1 GeV)

8 TeV Mass Distribution in Categﬁ(m_
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% S/B Weighted Mass Distributionlllllll

e

« Sum of mass distributions for each event class, weighted by S/B
— B is integral of background model over a constant signal fraction interval

>2000( cwis preliminary —4— S/B Weighted Data

® .

- _ -1 S+B Fit
(51 800 :_ \J‘S : ; $ex’ t : 2; 11:21 ------ Bkg Fit Component
L s = eV, = O. :l 1o

16001 =

I | | | |
120 140
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s 95% CL Exclusion for SM Higgs

E — Observed (Asymptotic) CMS Prellmmary
3-5 . aeeussas Median Expected (Asymptotic) Vs=7TeV,L=5.1 fb
[ * 10 Expected (s=8 TeV,L=5.3 b

; [ ] t2 Expected

1><($$,\,I

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

« Expected 95% CL exclusion 0.76 times SM at 125 GeV
« Large range with expected exclusion below oy,
_lLargest excess at 125 GeV

SM Higgs boson searches by CMS LHC on the march, Protvino November 2012
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7 P-Values |

CMS Preliminary
Vs=7TeV,L=5.1fb"
's=z8TeV,L=>53fb"

Interpretation Requires LEE

2

1 0-2 """""""""" ;';"" """ -‘- """""""""""""""""""""""""
1 0_3 — Observed (Asymptotic) - 36
E 1x SM Higgs Expected (Asimov)
10% — 7 TeV Observed (Asymptotic)
f _ : 8 TeV Observed (Asymptotic) N 46
10—5lIllillllillllillllllllllllllllllllllll
110 115 120 125 130 135 140 145 150
m,, (GeV)

* Minimum local p-value at 125 GeV with a local significance of 4.1 o
» Similar excess in 2011 and 2012

* Independent cross check analyses give similar results

» Global significance in the full search range (110-150 GeV) 3.2 0
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2 - CMS limi i reliminar
\bm 3 :_ {s = 7P-II‘-2\III,TIII-I'I:;\{1 fb'1§' .................. .................. ......... . 68% CLBand | Di-jet loose ::sM is7pTe|v, L= o1 b
o : : : Di-jet tight \s=8TeV,L=53fb
i ~ \s=8TeV,L=53fb" : B Event Ginss
17 E E ; Untagged 3 [ Combined
[0)) m,, = 125.0 GeV
a Untagged 2 /Gy = 1.56+0.43)
Untagged 1
Untagged 0
Di-jet e T
Untagged 3
Untagged 2
Untagged 1
||||il|||i||||i||||i||||i||||i||||i|||| unlaggedﬂ||||||||II T T |
110 115 120 125 130 135 140 145 150 -4 -2 0 2 4 6 8 10
my (GeV) Best Fit 6/c,,
Combined best fit signal Best fit signal strength
strength consistent between different

consistent with SM.
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gg% H-> bb and VBF are dominant
production modes but overwhelmed

by enormous QCD di-jet background

Best option: qq-> VH; H > bb

— Major backgrounds are V+jets, VV, ttbar
Use

— VH topology : A®(V,H) >3

— P+(V)> 100-160 GeV (boosted W/Z)

— Tight b-tagging & MET quality

— Backgrounds estimated from control data

5 sub channels

Phys. Lett. B 710 (2012) 284-306, arXiv:1202.4195

Z(=21); H>bb, I=u,e
W(-2>1lv); H>bb, u,e
Z(>vv); H>bb

Low mass: H>bb HI[I]_

bJet1 p — g view b:

p41514, m 104.78

n 0.814, Pt 225.93

@ 2.299 Acp (bb,MET)
bjet2

Pr47-3, MET

n1.783, e;197.6

@ 2.189 @ -0.78

(e}

—e— CL Observed
--e-- CLg H125 injected
--e-- CLg Expected
[ CLg Expected+ 1o
CLg Expectedt20

B I CIMSI Plrelfmilnalry o

- Vs=7TeV,L=5fb"
Vs=8TeV,L=12.1fb"
VH(bb), combined

L1111

| L l LI | L I 1

e
oI
e

95% Asymptotic CL Limit on o/cg,,

L L il L L L L L I L L L L I L L L L I L L L L
110 115 120 125 130 135
my [GeV]
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H->bb o

(s=7TeV.L=50fb"{s=8TeV.L=12.1 fb™

o g7 1 1 1§
c_:u E ] CMS Preliminary m, =125 GeV
2> e |
a 10 3 \/\ _______________ E
© s e o
O -2 e -\-A%_’\.,,/,:_
g1 E T Z(I'T)H(bby
10°E -+
E CMS Preliminary 3
- {s=7TeV,L=5fb" . o
104k (s=8TeV,L=1211b" Z(vV)H(bb)
= VH(bb), combined 3
10_5 __ —e— Observed __
% ---9--- Expected from SM Higgs g W(lV)H(bB)
10‘6—1 | | | I | | | | | | | | | | | | | | I | | | | i- L L L | L L L | \ L | | l | L |
110 115 120 125 130 135 -4 -2 0 2 4 6
m,, [GeV] Best fit 6/0,,

Excess compatible with SM starts to build up, 2.2 sigma
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Events / 15.0

> H->bb |

BG subtracted:

Data/MC

e e L A R A
: CMS Pleliminary . D‘a : O. | I 1 1 I 1 1 I 1 I I I 1 1 1 1 I 1 I I 1 T I l_
— 2 ——— VH(125 GeV) — " i e Data _
300 fB-7TeL-Sow" - 1 2 gL CMS Preliminary Sub. stat. uncert. |
e B VH(125 GoV) 1 ~ Y[ (s=7TeV,L=5.0fc" MEEVH(125GeV) |
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- [ Z +udscg 4 < _ o - #2222 MC uncert. (stat.) |
200— I W + udscg 4 O
- [ Single top - N i
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— ] 401~ ' ]
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CMS

H>T1T

A

Improvements: MVA PF missing E+; VBF selection optimized

VBF with a muon

CMS Preliminary, (s=7-8 TeV, L=17 fb" T, Ty,

VBF with an electron
CMS Preliminary, /s =7-8 TeV, L =17 fb' TeT},

40 | B B B | T 1 1 1 T 1 1 1 T 1 = 20 LI L. .
S - B H(125) >t = = H(125) e ;
o C —e— observed 8 18 —e— observed —
Q 35F — ~  I— 2 .
e C I clcctroweak 16 B 7 ee —
v 30F — tCT)C 5 e i I clectioweak _
_g - bkg. uncertainty 'CES . — t(t)CD ]
E 2.5 - E 12 bkg. uncertainty
© 20 E— © 1.0
15F 08
[ 0.6
10
- '+' 04
05 :_ ._. 0.2
- ——
0.0 L 0.0
0 100 200 300 0 100 200 300
m,, [GeV] m,, [GeV]
In other categories S/B is much lower
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M

95% CL limit on (5/(5S

Signal injected:
CMS, Preliminary, H— tt, L=17 fb™

CMS, Preliminary, H— t1, L =17 fb™

5.0 — | T | T T z 5-0 | -
E —e— observed o” _F —e— observed :
45F ___ expected B 49F —— signal injected ;
4.0 [ + 1o expected S 4.0F M + 1o injected :
"~ F [+ 20 expected <  F [ *2cinjected 2
3.5E E 3.5 =
3.0F o 3.0F
25 § 25F
20L 20
1.5 1.5 §
1.0 ; 1.0 f
0.5¢ 3 0.5k f
0.0 - 1 1 1 1 L 1 1 1 1 1 1 1 1 l: 0.0 C 1 1 1 1 : : : : . . : : . .:
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Combined excess slightly above 1 sigma
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b Combination of the results "
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Combination

CMS Preliminary ys=7TeV,L=51fb" {s=8TeV,L=1221"
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\s=7TeV,L= 51fb' \s=8TeV,L=122fb'
CMS Preliminary m, = 125.8 GeV

1.5 2 2.5
Best fit O'/O'SM

Expected significance: 7.8 0 Observed 6.9 o
Signal strength: 0.88 £ 0.21

SM Higgs boson searches by CMS

LHC on the march, Protvino

November 2012 66



-2AInL

Mass measurementsIIINEEN

CMS Preliminary {s=7TeV,L=5.1fb" {s= 8TeVL 122fb
10_IIII l\ll‘]lll]lllll llllllll x L1
H—>'Y'Y + H—)ZZ —Comblned :
9:— — H-yy | M, =125.8 £0.4 (stat) + 0.4 (syst)
- —_—H s ZZ i
8 .
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6F =
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4L -
3k =
21 =
1k -
0:1111111111111111%_‘_‘_5
122 124 128

my (GeV)
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K (scaling of fermion couplings)
3}

/‘

=

o Couplings
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a Conclusion ][Nll_

* New results consistent with publications

» Particle behaves even more like SM Higgs
compared to ICHEP

* More data by winter conferences
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= Backup  NNNNN
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» Constraints on the mass of the SMHiIggS)

Unitarity constraints: the exchange of a Higgs boson would allow to regulate the
scattering amplitudes at high energies

w

To avoid unitarity violation (o=~s) )

un-physical (>1) scattering probability
of longitudinally polarized W bosons
w

L

R G.E’ E’
A(W,W, %ZLZL)=8\/§n (1_E2—m§,)

Without Higgs > SMlimited to E < 1.2-1.4 TeV
With Higgs the SM is OK but ——> My, <7-800 GeV/c?
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LZ The Large Hadron Collider: design paramﬂ_

N, = number of proton per bunch
n, = number of bunches

f.., = rotation frequency (~ 11Hz)
F = crossing angle factor

Rms transverse beam size =VeB/y
= renorm. transverse emittance
B* = optics at beam crossing (m)
Y, = relativistic factor

Cost 3 G€

Nominal settings

Beam energy (TeV) 7.0
Number of particles per bunch 1.15 10™
Number of bunches per beam 2808
Crossing angle (urad) 285
Norm transverse emittance (um rad) 3.75
Bunch length (cm) 7.55

Beta function at IP 1, 2, 5, 8 (m) 0.55,10,0.55,10

3.2x 104 p '
/beam

25 ns between

crossing
Derived parameters
Luminosity inIP 1 & 5 (cm2 s-1) 1034
Luminosity inIP 2 & 8 (cm2 s*1)* ~5 1032
Transverse beam size atIP 1 & 5 (um) 16.7
Transverse beam size at IP 2 & 8 (um) 70.9
Stored energy per beam (MJ) 362

SM Higgs boson searches by CMS

LHC on the march, Protvino
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Last Autumn

— CMS Preparations for 8 TeV and high PU in zﬂlﬂl

— cpu time for high PU >40 sec/event

— Memory usage well above 2 GB. 60
« Means we cannot use all the cores!

— Even 200 Hz looked hard!
Task force started December

— Major success!

Improvements
— A factor 2.5 in speed

» Under ~15” per event on average
— Much reduced memory use

 Well under 2 GB

Physics performance unchanged

— Kept our AAA rating:

« E.g. no explicit p; threshold on tracks

Prompt Reco (Hz)
w N
o o

(%

20 30 40 50 60 70

Time Per Event (s)

Prompt Reconstruction at Tier-0:

use cases

Limit on our data-taking rate versus event
processing time for low and high memory

SM Higgs boson searches by CMS
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Higgs hunting basics: n and CESI

Understandlng the yellow and green bands.

u is the ratio between the measured
cross section at a given mass

] S [T I g
assuming the presence of a SM P [ R el e e v | -
Higgs signal and the expected cross|S [ || — ‘ovseed exampie da) ]

- @) B - Higgs excluded at 95% CL below this line 7]

section at that mass. E ol || < Evectauinoutiss il

= § - Expected region at 68% Confidence Level ;

l-'l' — Omeas Cl) F |:| Expected region at 95% Confidence Level 1
a?M(mH) §

CLs measures the compatibility of the
data with the signal hypothesis.

If CLs<8% the signal hypothesis is oo N . . R . . .
excluded at the 95% CL. 200 300 400 500 600
mass of Higgs [GeV]

| IIIIIII‘

uyp is the signal strength for which CLs=5%. If, for a given mass hypothesis, m,,
wyp <1 then o,,.,.<ogy and my is excluded at 95% CL.
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CMS

95% CL limit on o/0,,

—

-
o

10"

Limits and p-values/

CMS pre”mifnary ——— Observed Asym. CLs

H—o ZZ — 4L S IR Expected Asym. CLs |- =

{s=7TeV,L=5.05f""| HEus Expected+ 1 .

ys=8TeV,L=526f" ... Expected + 2¢

-

i’

11 I I | N | I I | I I I | I | I I ) N |

110 120 130 140 150 160 170 180
m,, [GeV]

Expected exclusion at 95% CL :

q) 1 El T | T T 1 T | T 1 1T 7T | T T T T | L | T 1T 71 T | L | L E
> = 3
< S \"—jh /} A 9 AV \Y \
> - . 4 /\ 1
|Q_ 101 - \\t__\/v U X_ 1o
< - -
Q - = 20
102 E
B —— 2D Fit 7TeV 4]
1 0-3 - | y — 2D Fit8TeV = %
= | — 2D Fit 7+8TeV =
C P - - - Expected 3
i CMS Preliminary _
10° =
= (s=7TeV,L=5.05" | =
N (s=8TeV,L=5.26fb" ] 740
1 0'5 11 I 1 | - I | - ‘f I L1 L1 I | I I | - 1 " | I I | I

110 120 130 140 150 160 170 180
m,, [GeV]

Expected significance at 125.5 GeV :

121-550 GeV 380
Observed exclusion at 95% CL : Observed significance at 125.5 GeV:
131-162 GeV and 172-530 GeV 320
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The most sensitive channel
in the high mass region.

The presence of neutrinos
Implies a mass resolution
of about 7%.

Main backgrounds:

ZZ irreducible, Z+jets, tt, WZ:

The channel is accessible only for high mass
(>250GeV) with the two Z bosons selected to be
highly boosted and large ME; present in the event.
Discriminating variable for shape analysis, the

transverse mass

Muon, pt: 89.6 GeV'

ent at LHC, CERN
d: Thu'Apr.28 23:14:53 2011 CEST
63659 121497971

pfMet, pt: 290.9 GeV'

Higgs Candidate:
pt: 20.7 GeV
transverse mass: 599.6 GeV

Mr? = (\/PTz2 + Mz* + \/MET2 + Mz?)? — (Prz + MET)?

95%CL exclusion limits for a SM Higgs boson in
range 270-440 GeV arXiv: 1202.3478

J. High Energy Phys. 03 (2012) 040

95% CL Limit on o/cg,

2
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o
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% CMS High Mass Higgs: H 9ZM|-

CMS Prel m nary \f_ 7TeV 4 6 fb |
T
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| IR B Lvv v v Py Lo v v b v Py

45F —— Higgs (4006 V) —Z
E y+Jets (Data) E
40 =
~ = Top/WW (Data) 3
g 35F . vz =
Q 39k I - B
(D E —e— Dilepton events (Data) | ]
Q 25k =
~ E
»n 20
-
]
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400 4
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CMS Preliminary
El T T T I T 1T | L | L | LI | LU | E
C SM HZZ — 212v, 4.6fb™ 2
- 95% CL exclusion: mean n
- W 95% CL exclusion: 68% band .
95% CL exclusion: 95% band
— 95% CL exclusion: observed
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