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‘ LHC Performance " Excellent performance of LHC.

To date, collected luminosity in CMS is ~19fb™
at \s= 8 TeV. Additional (previous) ~5fb" at \s=7
* TeV.

CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:21 to 2012-11-09 09:47 UTC

— 2010, 7 TeV, 44.2 pb !
w— 2011, 7 TeV, 6.1 !
— 2012, 8 TeV, 20.1 b !
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" Efficiency for recording (95%) and for
good physics (94%) (golden data/behaviour
from all subdetectors) in CMS.
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" Main challenge: pile-up (multiple pp

% 15 . . . .
[ interactions in same crossing).
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CMS Timeline in pursuit of Higgs discovery

" Since LHC start, considerable exclusion ranges for m,, were set

EPS 2011 + Lepton-Photon 2011

[ CMS Preliminary,\s=7TeV |+ Observed

| Combined, L_=1.1-1.7 fo” B Expecied+ 1o |
Ty E— RN - S Expecled 2 |
e AN s | 7 LEP excluded .

_ 1 27 Tevatron excluded |-

95% CL limit on c/og,,
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Higgs boson mass (GeV/c?)
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CMS Timeline in pursuit of Higgs discovery

® Since LHC start, considerable exclusion ranges for m,, were set

" Full 2011 dataset (L = 5 fb' Vs= 7 TeV) =» Seminar at CERN in Dec 2011 =

Moriond 2012 (March
( ) Moriond 2012 (full 2011 dataset)

B 10k CMS,\s=7TeV ——Obseved |
= L | —46.48fh" ASNSNNRRISNY Expected (68%) ]
- Bonmnl . ] NN s Expected (95%:) ]
114.4 —1277.0 GEV/CZ & ;f%’/’j LEP excluded -
s ) 777 Tevat luded |-
Allowed my range for | E % oMS oxcuded |
the SM Higgs boson 8 |
1
Small excess at 125 GeV | & &-‘ﬁ """ -
at 2-3 sigmas .
10-1 | 1 1 1 - EAL ] TR T T T T T N O A Y T Y | T N |
100 <=y 200 - 300 400 500 600
1144 - 127,0 GeV/c? Higgs boson mass (GeV)
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CMS Timeline in pursuit of Higgs discovery
July 2012 (ICHEP 2012): L = 5 fb" Vs= 7 TeV and ~ 5 fb" Vs= 8 TeV

® Studies are performed in a blinded way, not looking at signal region in order not to
bias analysis. Once the strategy, selection and methodology is clearly defined, one
looks at the whole picture.

= 10F  cwms preliminary —= Otserved
" Cannot exclude anymore!!.... Road to L vs=7TeV.L=511b] S Expected (66%)
i ' © | \s=8TeV,L=53f" |- Expected (95%)
discovery! c
o
® July 4th 2012 = ATLAS & CMS new boson E ~ 125 GeV
discovery announcement at CERN at m~125 = 4
GeV. O -
>
NB: These are basically the 0 I
results to be shown today :
I
-1 '
" Just approved an update on Higgs results 10 E i
for HCP Conference with L = 12 fb @s= 8 [ i

I L1 | 1 RS R RETET L
TeV =» will also show updated ones. 100 200 300 400 500
Higgs boson mass (GeV)
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proton - (anti)proton cross sections

Higgs production _

| T T UL T — T rrorrr

2
10 5, — 10

m Expected SM Higgs cross section Tevatron LHC

for m, =125 GeV: ms
10
QO ~10-20pb at Vs =7TeV o %
0 25%more at 8 TeV 10’
0 o ,(E;" > Is/20)
% 10' O
b 10’ »
o (E/" > 100 GeV)
10"
10”
10” 5,
10* cs‘."aﬂl';ETjEd > s/4)
10° b Ouge(M,, = 150 GeV)
10° Fg. (M, =500 GeV)
107 b
0.1
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Higgs production

proton - (anti)proton cross sections

T AL f'lr"l
10° 5 —
= Expected SM Higgs cross section o Tevatron LHC
for m, = 125 GeV: 0 —
105 /
QO ~10-20pb at Vs =7 TeV o %
0 25% more at 8 TeV 10’ /
10 5, (. > s/20) ?
Sé: 10' O
b 10° -~ i
o (E'> 100 GeV)
10"
10°
10” 5,
10* o (E;" > Vs/4)
10° b OugsM,, = 150 GeV)
10° Fg. (M, =500 GeV)
107 b =
0.1
Vs
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Not all produced Higgs are detected/measured mi i
m  Phase space (spatial and in particle mb
momentum) =» Acceptance 0
m  Reconstruction Identification, Selection = m: 5
Efficiency 10
= Tipical A*E in these searches : ~10% o |
10 o ,(E;" > Is/20)
0 Mandatory excellent reconstructionof 2= © o
different particle species: o 10 o (£ > 100 GeV)
e-/e+, vy, charged hadrons (1*,K), neutral o' f

hadrons, n°, u, v (Missing ET) , jets (quarks)..... 10

Higgs production

proton - (anti)proton cross sections

,_.
=]

T

o

. . o . j=t [
O Together with precise kinematical reco of 10 o (B, > s/4)
events, allow to resolve (up to certain point 10° koM = 150 GeV)

and statistically) signal from background.

Gy

-7 11l

(M, = 500 GeV)

Tevatron

LHC

0.1

L Powerful statistical tools help also.
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Higgs Production . & o™

\Js=7 TeV

o o
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'Higgs Decay

" fermions (quarks & leptons) «« mg?

 Nature is generous, as at m,, = 125
GeV many decay channels are open

for study
. .
vectorial bosons (W, Z, v, g) o m,* O Establish optimized analysis for each
5 main decay modes: ZZ, WW, yy, bb, 1t final topology combining production
\ Y J | Y } & decay mode.
my, >135 GeV my < 120 GeV
o A 1s t 1t B
= | ek 8 F i 18
o 1e - L 3,
2 : S ww
= 18 = g
g 101 £10-1_ gg ag _?:
@ o ce TT |
5 | j
T N !
102F 102 22 E
/| |
10°
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'Higgs study sensitivity

Given my, sensitivity to measure a signal depends on

Production cross section & decay franching fraction
Signal selection efficiency (including trigger)

Mass resolution (intrinsic & instrumental)

Level of SM background in the same or similar final states

OO0 O

In low mass region:

O H — yyand H — ZZ — 4l play a special role due to complete reconstruction &
excellent photon/lepton reco (Am = 1-2%)

d H—> WW — v v provides high sensitivity but poor mass resolution due to
neutrinos.

d H— ttrand H— bb have reduced sensitivity due to large backgds & poor mass
resolution (jets or v)

In high mass region:

d H—> WW & H — ZZ dominate in sensitivity in various sub-channels

04/12/2012 CMS results on the Higgs boson
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A
CMS Prefiminary ys—7TeV,L=5.1f fs=8TeV.L-1221"
T T 1] L L L LI L] T T

1 | | AR RN

Expected performance

Local p-value
=

—

Q
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O Sensitivity increased from 5.8c to 7.8c (from
July to Nov. 2012)

—

<
ke
o

[ Most sensitive channels in low mass region:

vy, ZZ, WW; then bb and tt, more complicated E E;‘f N

due to background processes. 1020 fl—r-n ]

P : ::zzwl l l l E

110 115 120 125 130 135 140 145
m, (GeV)
Channel M+ range data set Data used M-
[GeV/c? [fb] CMS [fb] resolution

1) H-yy 110-150 5+5/fb 2011+12 1-2%
2) H — tau tau 110-145 5+12/tb 2011+12 15%
3) H—bb 110-135 5+12/tb 2011+12 10%

04/12/2012 CMS results on the Higgs boson 14



‘ H ew Very sensitive channel despite the

small BR ~2x103 (SM Higgs)

»A 0 Search for a narrow mass peak
with 2 isolated, very energetic
photons on a smoothly falling
background

0 Excellent resolution measuring
photon energy =» 1% precision in
m, (in barrel)

0 Key element driving the design of
CMS electromagnetic calorimeter

Same analysis as July 2012, no update in Nov. 2012

04/12/2012 CMS results on the Higgs boson 15



d Background mainly from

> 2500 -
@ - CMS preliminary +  Data s . e
O 5 Bo8TeVL=53f" [ 2sromety - QCD processes giving 2
~ o000be ] toromptyttaker - photons in final state.
@ E ] 2takey -
E [ ] oren-van ]
3 1500 [ tmamemss U Also,1(2) fake photons from
m,=125 GeV . misidentification of jet
1000 Signal X 5 . fragments.
500 _f d Background modelled:
. Wpolinomial fits of the m,,

W cross-cheked with
oo 110 120 130 140 150 160 170 180 .
m,, (Gev) |alternative backgd model

extraction (sidebands)

04/12/2012 CMS results on the Higgs boson 16



70000 20000
L CMS preliminary o F CMS preliminary
' F
i

[ 's=8TeVL=531" 18000 Ys=gTevL=5.3f"
60000~ E

16000

D Photon reconstruction 500005_ __Data(electmnvaninve-ted) '»‘ 140005_ —Dala(elecwcnwminvened 4
C DDreII-YanMC ., gl C [lDrEII-YanMC
40000:— Drell-Yan MC £0.01 12000 :_ Drell-Yan MC $0.01
B n[<2.4, pT>2GeV = .
B Same clustering process as electrons ™ wof
10000;— :zz;:
D PhOton ID of 7 E— (Il e a 7 ok B E— - T 04
. . photon |ID MVA output (barrel) photon ID MVA output (endcaps)
B Multivariate: shower shape, preshower,
isolation,energy density, n N ——
. . . . O 1400 CNIS Preliminary : MC 7]
B Discriminate prompt photons/ o from jets g " e —— MICsmeared
E 1200~ —
& C ]
] 1000~ -
(d Scale and resolution - ]
800— —

B Energy corrected using a MC trained multivariate ok ]
regression (n, ¢, shower-shape, local cluster) -> better 4001 E
resolution and flat response of energy scale versus Pile-up = 0" E

B Run dependent energy scale and MC smearing e T e T

M., (GeV/c?)

B Scale, resolution and efficiencies measured with Z->ee events .
Both electrons in barrel

04/12/2012 CMS results on the Higgs boson 17



Progress in ECAL calibration

Single electron energy scale (E/p)
stability in the ECAL barrel
measured using W 2ev events

12/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06

o...

.50. -

FWHM/2.35 =
1.80 GeV (1.50%)

Essential ECAL
calibration and photon
energy resolution

Do foe g
§ 1.01 — Parametre Model m\"
go.s’_ 240 Gevie®

;50.6:- FWHM » 4 23 GaVie’ |

fou

Zee data

0'? M0 120 130

m,, (GeVic?)

1.03 —
% 3 CBIIIS 2012 Prel[mmary l —et L with LM correchon = NMean I1
Q 1.02vsi=8 Tev L 3 95 fb e withoUl LM corfection S RMS 0.0019 |4
(YRR, | | AU SURUOURRS SOUPURITE NPT OSRON ... TR0/ LMicorrection ... f[Mean 0.97 |
o F : : “', A : : E RMS 0.0063
) S e L R 2.0 2 wvﬂm ﬁ‘-’*’r‘; [ TTTTTITTTT—
= 5 ¢ : : : 3 p
B 099 mrp e P S pr =
B 0.98 E g b o /48 ' =

R S S S L " Sttt St - i

T T e e A L L = = |Ii -----

e S e e St o -

0.94 -EGAL: Ba‘nel Prompt-Recg i R 3

0.93 E i i i i i i = 1 :lcl)ol .

FWHM/2.35 =
1.40 GeV (1.17%)

‘ CMS prearmnary
—§~Siutaton Smuaton
— Paramete Moot Al Gategores Gomres

smearing
with 2011
Zee data

n

FWHM/2.35 =
1.35 GeV (1.13%)

CMS pralenmary
Smulation

AX Calagnnos Continsd

FWHM = 3.18 Gevic®

smearing
with 2011
Zee data

N w e o o -~
v T B TV 1
L)

100

120

o PR
10

m,, (GeVic?)

d Iy 012 (ICHEP)

O

100 10 126"'"' 130
m,,(GeV’c)

For the golden categories, both photons in the barrel and no conversions:
FWHM/2.35=1.04GeV (0.87%) approaching the nominal value.

04/12/2012
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'H->yy analysis

2 type of events:

4 Inclusive 2 photon evts (no jets)

04/12/2012

CMS results on the Higgs boson
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'H->yy analysis

i1 f

L i
i

,‘?"I(J /l

& S;Experiment at LHC, CERN

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

Lumi section: 450

q

vector-boson fusion

2 type of events:

4 Inclusive 2 photon evts (no jets)
1 those produced accompanied by 2
jets (VBF process)

Analysis optimized dividing selected
events in categories according to
signal purity and mass resolution

' using multi-variate technique

d 6 categories (2 VBF)

O expected 15% better sensitivity
than cut-based (independent)
analysis, used as cross-check.

04/12/2012
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Efficiency to identify

'H->yy analysis

correct vertex

roce | TLE
—

o
w0

Analysis selection (MultiVariate Analysis MVA)
O Vertex ID (mW resol depends on correct choice)

M Input variables: Xp;?(tracks), p; balance wrt vy,
conversions information

m  True vertex eff.

. Aveage vertex prob. E

Fr=ticon| = —== _| =1 m

o
[

o o
o)) ~
\III*'\\Illl\\lllllll\\llll\\l

CMS Preliminary Simulation

4 ID photons: p>m., /3, pr,>m,, /4 <PU> =19
05 .7 Ty
MVA diphoton discriminant =» categories Y e
. x10*
4 ngh score > oo 3 SMS Preliminary b Rade
. . ] ~ Vs =8TeV, L=5.3fb? S Cret-Yar + Wy
B signal like events S =R —
B good m,, resolution S ek B8 Framph From
i vy ) > M N~=C
L Designed to be m, independent = 148 = lulsls
d Trained on signal & backgd MC * 12 O 10!0IG

O Input variables: b
B kinematic variables: p;,/m, ., cos(¢,9,)
® photonID
M per event mass resolution for correct and incorrect
choice of vertex

« O — . =" .“
e 20 M oe's 1§ o AR i WY et n

.0 0.5 0.0 0.5 1.0
di-photon MVA output

LN 03
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'H->yy analys

S

L O preiminary $ 12 4 smn Smion
8 6; — Parametric Model 0 10j_ — Parametric Model Al Gategeries Gorfin
0 . All Categories Combined o L
g B[ oy=176GevE g o L o =200GeV !
= L 2 2011 g 2012
Expected number of @ p o rwHmesissoue | S of  rwm-arcay |
events of SM Higgs signal  § | o
2F i
(m, =125 GeV) and | o
background at same mass o N
value 100 70 720 130 100 o 120 130
my, (GeV/c?) m,, (GeV)
SM Higgs boson expected signal (my=125 GeV Background
Event classes 88 P g1 Uef(f H FWI—IM) 7235]| :g125 GeV
Total | ggH VBF VH ¢ttH | (GeV) (GeV) (ev./GeV)
7 | Untagged 0 32 | 61% 17% 19% 3% | 1.21 1.14 33 +04
€ | Untagged1 || 163 | 88% 6% 6% 1% | 1.26 1.08 375 +1.3
5 | Untagged2 || 215 | 91% 4% 4% - | 159 1.32 748 +1.9
E Untagged3 || 328 | 91% 4% 4% - | 247 2.07 193.6 +3.0
D~ Dijet tag 29 | 27% 73% 1% - 1.73 1.37 1.7 +£02
_. | Untagged 0 6.1 | 68% 12% 16% 4% | 1.38 1.23 74 +06
o | Untagged1 | 21.0 | 88% 6% 6% 1% | 153 1.31 547 +15
@ | Untagged2 || 30.2 | 92% 4% 3% - 1.94 1.55 1152 +£23
> | Untagged3 || 40.0 | 92% 4% 4% - | 286 2.35 256.5 =+ 3.4
= | Dijettight | 26(23% 77% - -| 206 1.57 13 +02
Dijet loose 30| 53% 45% 2% - 1.95 1.48 37 x£04 | __
04/12/2012 CMS results on the Higgs boson 22



Events /(1 GeV)

Events /(1 GeV)

'H->yy:m, in 6 categories for 8 TeV

:_CMS Preliminary —&— Data
350 - S4B Fit
[ ys=8TeV,L=5.3fb" +e
A Bkg Fit Component
30p o
i [ +26
25 L BDT >=0.88
20} B 0
est cat(0)
15
10F
5-
E P
?OO 120 140 160 180
m,, (GeV)
g CMS Preliminary —&— Data
800 s=8TeV,L=53fb" S«BFit
E T e Bkg Fit Component
[EES T
700 B 20
600 -0.05 <= BDT < 0.50
5001
4001 Cat 3
300F
200F
100F
: 1 1 1 | 1 1 I L 1 1 I 1 L 1
900 120 140 160 180
m,, (GeV)

04/12/2012

Events /(1 GeV)

Events/ (1 GeV)

[ CMS Preliminary

160 s _gTev,L=53 1"

140
120
100
80
60
40

0.71<=BDT < 0.88

—e— Data

S+B Fit

==+=== Bkg Fit Component
[ J+1c

[ +20

T60 180
m,, (GeV)

900

CMS results on the Higgs boson

E CMS Preliminary
—Vs=8TeV,L=531fb"

120

BDT >=-0.05 Tight Di-jet Tag

VBF tight

140

Bckgd: Simultaneous polinomial fits of m

—— Data

S+B Fit

...... Bkg Fit Component
[ J+1e

I +20

160 180
m,, (GeV)

(a4

Events/ (1 GeV)

Events /(1 GeV)

400
350

IFEN R REE R

300

250
200
150
100

50

CMS Preliminary
Vs=8TeV,L=531fb"

—— Data

S+B Fit

------ Bkg Fit Component
[ J+ie

[ +26

0.50 <= BDT < 0.71

f

Ll
120

P
160 180

ol
140

in all categories

00
_ m,, (GeV)
20 CMS Preliminary —4— Data
1gfts=8TeV.L=53" T kg it Componert
160 =
141 BDT >= -0.05 Loose Di-jet Tag
12}
10 VBF loose
8
6
4
2
P00 20 140 166 - 180
m,, (GeV)
23



‘H%'y'y : S/(S+B) weighted m_, for7 + 8 TeV

All 5+6 categories together

CMS Vs=7TeV,L=51fb"Vs=8TeV,L=531b" - i
% 1 UL LN ] % - CMS Preliminary BB s/ Weighted Data Residuals
O : (O] - Is=7TeV,L=5.1fb" Fitted Signal
2 - M~ 150 Is=8TeV,L=5.3fb" [ ] #1osuamse
:1 500 T 1(8 i +2 ¢ Stat+Bkg
& ] =~ 100
3 % @
> : c
1000 0 50
©
o L
- O
S ' 2 9
Qo ¢ Data iy -
< 900 _— SfB Fit -%
— .----- B Fit C t
? I:l o omponen ; _50
) B +20 | 0
z 0 co o b by oy Ly CD 100 |
n 110 120 130 140 150 ) 120 140
my, (GeV) m,, (GeV
Each event is weighted by Data — Background distribution

S/(S+B) value of its category
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‘H%yy Results (July 2012)

-
o

-
(24}
T

= 4¢
T— o
— 35
T L
= 3
e F

S250-
=
T =
=

[ =]

-

o
o

PRI

Observed (Asymptotic)
-------- Median Expected (Asymptotic)

[ +1cExpected

[ ] +2cExpected

q10‘ -
Largest excess @125 GeV
Exp. 95% CL exclusion 0.76xSM

115 120 125 130

Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1

Untagged 0

CMS preliminary
Vs=7TeV,L=511b"
Vs=8TeV,L=531"
-l Event Class
[EE combi
m, = 125.0 GeV
/Gy, = 1.5610.43]

Q E g L
CMS Preliminary % - Interpretation Requnes LEE CMS Preliminary 4
(s=7TeV L =51 fb" g Vs=7TeV,L=511b
E-BTeV,L—S-3fb'1 a 1k : - . {5z8TeV,L=53fb" :
B e ® = : N
g _KF: Ti\ A\\Y Y 1
3 10—1 _ \\ /y K J . -.““-."g"”““.“"- :
- I ——we=="" |20
10—2 _E .................................. , -.-. .n-‘-" ................
10_3 ;_ Observed (Asymptotic) - 3o
............................ % 1 SM Higgs Expected (Askmov)
10* S 7 TeV Observed (Asymptotic)
T<Ogy 5 4G
o : 8 TeV Observed (Asymptotic) N
10—5||\|E|\|\i\|\|i|||l\||||||||!|||||||||
: : : 110 115 120 125 130 135 140 145 150
i 1 L L L | 1 1 Il Il | 1 1 Il Il mH (Gev)
135 140 145 150
m, (GeV)

Local p-value significance @ 125 GeV: 4.10

Global significance in full search range
(110-150 GeV): 3.20
Expected significance: 2.8 o

Combined best fit signal strength @125 GeV
G/Ggy = 1.56 £0.43
Consistent among different categories

C

6 3 10
Best Fit G/GSM
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| H% ZZ* => llll : golden channel (I= €1

Clean experimental signature:

m 4 energetic and isolated leptons (e / )

= Coming from the same primary interaction vertex and consistent from originating
from 2 Z bosons.

= Narrow peak (resolution 2-3 GeV/c?) in m, mass distribution.
= Low background level
= Very demanding for selection and lepton id efficiencies

04/12/2012 CMS results on the Higgs boson 26



H> 7Z* = llll : golden channel (I=e,p)

¢




H-> ZZ* - 4l : Electrons

= Multivariate e identification in 2012
0 ECAL, tracker, ECAL-tracker-HCAL CMS Prliminry  F-$TeV, L=5.1 VS Prliminary NG~ 8TV 151 "
¢ 35000 810000~
. . = r c L
matching and impact parameter (IP) : 7 ee g [ 2 ee
observables : 7 « Z(—> eeluu) + 1 fake 8000l « Z(—> eelpy) + 1 fake
m  Background from data samples 26000 ECAL I Tracker
o Wi+jet for training 20000; ) variable 60001 variable
0 Z+jet for testing g Onn in ECAL [ forem in ECAL
= Performance 15000 Barrel (EB) 40001 Endcap (EE)
. . . . : I 1< 20 GeV
o 30% efficiency improvement in 100001 pr<20 GeV I P .
H—ZZ — 4e wrt cut based ID so00l- ' 20001 '
L bt iy, P
o Via tag—and—probe at the Z—ee peak G5 8:805 0.01 0.015 0.02 0.0%5 0.03 0:035 0.0 92 o0 02 04 06 08 1
Gmin fbrem
‘ CMS Preliminary 2012: \j§= 7 Tev | CMS preliminary a 1 LI LR T \‘I T T I'\ T T \"\ T T I:\ T UL T T 1T
>\ 1: T T 7T ‘ T T 7171 | T T T T I T T T T I T T T T [ T 7T Lg C —— - -
5: 15_‘ ‘ ‘ T = ‘é 0 9:_ ] 9 B
m E H->ZZ > 4e E N E ® E é 0.8 * |
L1l ——— W+ 1fake Training (DATA 2011) || - é 0.8 4 fw -
[ ——=—— Z + 1fake Testing (DATA 2011) 10w 0 7:_ = Q 7
107 Bz E el ]
c 3 © F - -
g nl > 1.479 1R 5 06 E ﬁ °e -
L i (7) 0 5:_ [ E D CMS Preliminary i
r 7 : E pr>10GeV: — BDT e 2011 3 oM Probe nEB.D < | < 14442 -
10-2; E 0.4;— pr<10 GeV: — BDT @ 2011 — 04 ]
C ] [ — —— T
i ] 03¢ Cut Based vs MVA E 2012 DATA .
r 1 0.2k — 0.2 I
10° - ID . i
g E 0.1 = i
N £ T P RS NN [ N R B B .
Lo 1 1 1 1 1 . ) i -25 0-3
05 0 .
04/12/2012 BDTG ¢Ris résults paieUigEsdRase p. [GevA]




> ]
S 77* D 4] - > |
H ZZ 4I ) Muons :8100f —
b= i
@ 4
= Muons are “clean” particles = 098¢ E
. e . Q- 0.96| -
= PF Muon Id in 2012: exploit info from all : ]
subdetectors . ]
. . . o ° 0.92F e Data, ]
= High efficiency > 96% for p;~5 <GeV, > 99% for ; B omaaton | ]
pr>10 GeV e VT Mialiiiv e
5 ) )
m Efficiency controlled in data with J/y and Z T&P Number of vertices
g 1_ T :_I -' -' ] ? E"'""""'‘"|""\""l""l""l""\"'E
D | 1 2 1.00[- o g0
_ _ @ 0.8 : Zoup 4 @g0sl N
Tighter quality o [ F¥oup i - 127 .
. . . LL 1 1a - .
Frlterla applied O 0.6f : - B0.96 Zsup ]
in some analyses i ! i - o i
to further suppress 0.4 1 0% B
© ; PP I Ml <1.2 ] i p.>20GeV | _
reducible backgrounds ! e Data,2012 | | 0.92| —e-Data, 2012 ||
021 B simulation | - i I sSimulation ]
i CMS Preliminary, \s =8 TeV | 0.90— CMS Preliminary, ys=8TeV
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05 678 10 20 30 40 10( -2.0-1.5-1.0-050.0 0.5 1.0 1.5 2.0
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H-> 2Z* 2 4l (I= e,u) Backgrounds

y202

B [rredirreducible background: ZZ

o Estimated using simulation (theory)

o Phenomenological shape models

o Corrected for data/simulation scale

® Reducible bekgd: Z+jets, Zbb, ttbar, Wz

o Estimated from data

Measure probabilities for
lepton misidentification

Events / 10 GeV

Extrapolate from control samples

0.8

rtS e Simulation (GG2zZ)
L ] g9 > 2Z - 2e2m
0.6 i - 15 L Shape Model, 2e2m
0.4 108 2424 2> 727 - 4l
0.2 - s ]
I R B o e o - ol | . 4
900 200 300 400 500 600 200 400 600
m, [GeV] m,, [GeV]
CMS Preliminary W 7 TeV L 5 05 fb CMS Preliminary \Ns=7TeV,L=5.05f"
250 P e e T — > N R L LR Aa
r T o 90 -
r 2P+2F Region (PFC) 1 O £ ® Data
L 1 o E
oo 41 e 4 g, 4€ D
C O wz 1 2 [ z+ight jets
c i
r m ww 1 g Moo 3
150 [ ] TTbar - Mwz
L [ zbb ] [zz E
I Dvoets 4 Z+ same*
e Observed events ]
Lomto fit ] flavor same :
] & charge pa|r
i ool ;

enriched with mis-identified leptons

o Validation in data using
“wrong flavors & charges” events

o Total uncertainty ~50%

y202

V5 =7Tev

’ . ’
900 150 200 250 300 350 400 450 500 550 600

m,, [GeV]
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MS Preliminary

Vs=7TeV,L=505fb"

41

Signal Region (WFC)

[ | irreducible (sim.): 2.6
[ reducible (data): 11.3

Events /10 GeV
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Wrong Flavors 7
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H-> ZZ* - 4l (I=e,u): Improvements in 2012

CMS Preliminary fs=7TeV,L=5.05fh";yfs=8TeV,L=526f"

> 25_'I""L""|""I""I""I""I""I_

= New lepton selection. 3 * Data ]
= Recovery of photons from final state g 20l E;}Xzz N
radiation. g2 | DmH; 126 Gev -

= Exploit angular information to L% s | [Jm,=350 GeV -
discriminate signal from irreducible i i

ZZ backgd. Mo 14 July 2012 ]

= ~20% gain in sensitivity with respect 105' i 1 R
to 2011 analysis. i .

= Optimization done without looking o[ g
data at signal region. I[ l

| | L | L

0100 200 300 400 500 ©00 700 800
m,, [GeV]
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‘ H-> 2Z* - 4l (I=e,u): Angular Analysis

Matrix Element Likelihood Analysis:
uses kinematic inputs for
signal to background discrimination
{m,m,,0.,6,,6* 0,0}

-1
MELA — |1 + Prg (M1, ma, 01, 02, @, 0%, ®1]myy)
Piig(ma, ma, 01,09, @, 6%, ®1|myy)

CMS Preliminar y 2012 Vs=7 TeV, L=5.05fb™; ys=8 TeV, L=5.26 b CMS Preliminary 2012 \5=7 TeV, L=5.05 fb™"; {58 TeV, L=5.26 o™ CMS Preliminan y 2012 V5=7 TeV, L=5.051b™"; Y5=8 TeV, L=5.26 b
g0-15”'\"'\"w"‘|"'|"'|"'\"‘|'H|H' 3,0-2_"w"'w"‘w""w"‘\'_ _3-.0-1:"'|"'\‘"|"'|"'\‘"|"'|"'\"'\"'_
c r = = u b = d E
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D007 qqZZ I - 1 Bk |
go.o7§ - ﬁo.m% 1 goo7} ;
80.087 A '@0.12f 1 To0.06% 7
%0-05 : 7 £ 0.1/ 1 Eoosn . 7 /
€ 0.04 g 0.08 / 7%, 3 /'//‘ _-‘-?/////////

0.03 : / : /’ %

: 0.06¢ & 7

0.02} 0.044/ , :

- _ :

0.01 - 002 / 1. %
o A ) e i i
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H-> 2Z* - 4l (I=e,u): Angular Analysis

2D analysis using {m,,MELA}

MELA offers powerful discrimination

CMS Preliminary Ne=7TeV,L=5051 b'Ns=8TeV,L=526 1"
< 1 :r | L ofbackground
w 0.9
= 0.8 | | 08 CMS Preliminary 2012 Vs=7 TeV, L=5.05fb™"; {==B TeV, L=5.26 fb'
0-7 :< . 3 -IIIIIIIII|IIllIIllllIIIIlIIIlllllllllllllllllllll_
_ 0.6 = = 0.14 =
5 - o6 57T —— SMH(125 GeV) :
2 oa i 20.12F .
: | 0.4 o - ]
0.3 ] Q | ZZ _
0.2 ' 0.2 g 0 1_— qq __
© B ]
0.1 | _
] 1, € 0.08[ .
?00 110 120 130 140 150 160 170 180 B B ]
m,, [GeV] - i ]
CMS Preliminary Ws=TTeV,L=50511b"Ws=8TeV,L=5261b" 006 _— —_
| i
LU |
= 0.04 .
2 08 ]
3 0.02 —
o 0.6 '
vy 0 %
_r;é 0.4 0 0102030405060.70809 1
MELA
- I 0.2

technique applicable Tor signal hypothesis testing

Q0 110 120 130 140 150 160 170 180 33
m,, [GeV] 33




H-> ZZ* - 4l (I=e,n): Candidate Events
C

u(Z,) pr: 43 GeV

e(Z,) p;:10 GeV

8 TeV DATA

4-lepton Mass : 126.9
GeV

p‘(Z,) Pr: 24 GeV

e*(Z,) p;:21GeV

CMS Experiment at LHC, CERN

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

Lumi section: 115
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H-> ZZ* - 4l (I=e,u): Candidate Events

CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

2 (Z,) E;: 8 GeV w(Z,) p;:28 GeV

7 TeV DATA
4u+y Mass : 126.1 GeV A
u'(Z,) pr: 6 GeV
w(Z,) pr:14 GeV
04/12/2012 CMS results oH*i(%DhEgs:tﬁJZcﬁev
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H-> ZZ* - 4l (I=e,n): Candidate Events

CMS Experiment at LHC, CERN w(z,) p;: 15 GeV
C Data recorded: Tue Oct 4 00:10:13 2011 CEST
—— Run/Event: 177782 / 72158025

Lumi section: 99

* 7 TeV DATA

4-lepton Mass : 125.8 GeV

e*(Z,) py: 28 GeV

wt(Z,) py: 12 GeV

THRRE

e(Z,) p;:14 GeV
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H-> ZZ* - 41 (I=e,u): Results

>
. Q
Localized excess of events g
at ~126 GeV ~
2]
e
c
)
>
L
Channel de 4y 2e2u
ZZ background | 29.27 +3.43 | 49.01 =5.08 | 75.45 +-8.02
2.70 +1.56 +3.96
Z+X 3.001 4] 22073 5.0075 0%
All backgrounds | 3227 757 | 5121755, | 8045 .72
my =126GeV | 1.51 048 | 2.99 +0.60 | 3.81 £0.89
my =200GeV | 8.34+2.01 | 13.25+2.68 | 21.63 +-4.54
my =350GeV | 479 +1.22 | 746 +1.63 | 12.65 +2.85
my =500GeV | 1.68+0.79 | 258 41.16 | 4.39 +2.00
Observed 32 47 93

12

10

CMS Preliminary \'s=7TeV,L=5.05f";Ns=8TeV,L=526fb"

- ~-Data 113 nn
§ M July 2012 I z+x
§ 7g*,.2Z
n 1 m, =126 GeV
[ ]
[ 1

i , o . ,he:‘é'::: P A

80 100 120 140 160 180

m,, [GeV]
Event-by-event errors
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| H> ZZ* > 41 (I=e,u): MELA

O Analysis performed using a 2D fit of
the MELA likelihood discriminant and
the 4-lepton mass

O Data points shown with per-event
mass uncertainties

MELA projection in m(4l) slice: 121-131 GeV

Events / 0.033

2
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14
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1
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0.6
0.4
0.2

:II TT || TT |||| TT || TTT ‘I |||| TTTT ‘ TTTT |\ TT \l TTTT ||| I\:
C ¢ Data =
- [ |z+x E
g vz ]
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0:..”.\.....\.‘..,—.—.—rf,__‘,,l,ﬂ_,,4 | |E
0 010203040506 0.70809 1
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<
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Data wir.t 126 GeV Higgs Expectation

CMS Preliminary 2012 \§=7 TeV, L=5.05 fb™ \5=8 TeV, L=5.26 fb”'

110
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Data w.r.t. background expectation

‘ N | I'_rh ‘ I
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m,, [GeV]
CMS Preliminary 2012 \5=7 TeV, L=5.05 fb; V5=8 TeV, L=5.26 fb”!
| -I-2eému 1851

-+ 4e ;
- 4mu I 0.8

-
J1—0.6
- =04

—e— .
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— = 0.2
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* _ %,0.14;ffﬁ77"ﬁ'777ffff.."f?ﬁfﬁf’"ﬂ"ﬁﬁffff?v,‘fs,ff?“é
H-> 2Z* 2 4l (I=e,p): MELA B e
E 0.1f— ——q94Z —
Eo.oaf— —
80.06; -
m  Choosing a signal-like region in the angular ]
0.02 n
diSCl‘iminatOl’ (M ELA>O.5) % 0102030405060708 0_9/1
MELA
CMS Preliminary Y¥s=7TeV,L=505fb";{s=8TeV,L=526fb"
% 8 :I T | T'TTT | T T | F'TTT | F'TTT | T I. I Ialté I | ' TTT |:
0 - MELA>0.5 .
@ TF Wzx -
CMS Preliminary 2012 \s=7 TeV, L=5.05 fb™ \/s=8 TeV, L=5.26 fb™ = - . a
< 1 82 - Zy ZZ -
o 0.9 S or ] ]
Z s o, s [ |m,=126 GeV-
0.7 B ]
0.6 06 4 :_ _E
05 C N
04 3 . N
0.3 - .
0.2 0.2 20 * 1
N 1_— F W - . ! - s o
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H-> ZZ* - 4l (I=e,u): p-values

local p-value

[ TTTTIH
[ AN

e L T 1 Y S G L T T R L TR LT EL LT TEL Y SEPCEEETTRRLLEY EEELTLEERELL e \\__
- 3
- — 2DFit7TeV. [ ¢ L _____________________________ E
= —— 2D Fit 8TeV i =
- —— 2D Fit 7+8TeV o -
CMS Preliminary

S O H—>ZZ—> 4L FE =
- (s=7TeV,L=5.05f" i -
B . (s=8TeV,L=526f"" 7
1 1 | | | I 1 1 ‘P | | ‘f I\‘I | | | 1 1 I:'Il f | | 1 1 1

2s

3s

4s

110 120 130 140 150 160 170 180

my, [GeV]

July 2012

Observed significance at
126 GeV: 3.20

Expected significance
at 126 GeV: 3.8 0
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'H-> ZZ* > 4l (I=e,p): Update Nov 20

CMS Preliminary Ys=7TeV,L=5051";f5=8TeV,L=1221 %"

> ARARE | | | TR T

¢ 12

w L [ z+x

o 10— [ 7y 27 -

[~ Bz ]

= L m =126 GeV

W 8- D : 1]
o ] | N

110 120 130 140 150 160 170 180
m,, [GeV]
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= Define new kinematic discriminants (MELA, m

H-> ZZ* - 41 (I=e,n): Spin & parity

Am,) which “distinguish”

40
O+, O-, 2+
E. 0'1 Frrprert ||I||||||||III|IIII|IIIIIIIII||||IIIE
5009 zz,zy E
© 0.08 [ ] JP=0" (SM Higgs) 3
5 Poqy =
® 0.07 L] reo £
006 LS E
£ |
G 0.05 3
< i
0.04 =
0.03 =
0.02

0.01 i
0 0102030405068070809 1
KD

04/12/2012 CMS results on the Higgs boson
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H>WW-Ivlv or lvqq’

= Semileptonic (Ilvgq) recently addressed
(m,> 170 GeV)

m Better sensitivity from 2l2v.

= 2 high p;isolated leptons + momentun
imbalance (large missing E;) u P

= Not possible full reconstruction of 32 Gé
Higgs decay (missing v) =» no mass
peak.

= Main backgrounds: WW (non-resonant
top production, also W+jet, Z/y*, WZ,
ZZ, Wy .

04/12/2012 CMS results on the Higgs boson 43



H>WW->Ivlv

Experimentally analysis is optimized for different categories, according to final states,
backgd composition and S/B

O final state lepton flavour: same flav.-SF (ee,up) or different flav.-DF (e, pe)
O Jet multiplicity: 0,1 jet (inclusive) or 2 jets (VBF process)

P

[ Trigger 1 or 2 leptons > 97 %
p, > 20,10 GeV, iso, ID, from PV
Projected mET > 20 GeV

» Anti-top + p;' > 45 GeV
* 3rdleptonveto
- Zveto and mE; cuts

_* Mass dependant: p;, my, A, m;

First analysis on 2011+part of 2012 data based on Cut&Count; now, shape analysis,
exploiting kinematics of signal and backgrounds:

W- H wt
" Spin correlations = 9 ‘ 9 ' ’
® Scalar boson decay to vector boson and V-A ) - S
structure of W coupling Ve : Ve et
" Small di-lepton A¢ and m, if SM Higgs

momentum dll’Q(UOfl ﬁ
inpular momentum drection  we————-
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H>WW->Ivlv

Main backgrounds estimated from
data, in control regions

Non-resonant WW
normal. in m(I)>100 GeV control
region

Wi+jets
Fake rate measured in QCD
enriched data sample

Z[y*
Normalised in Z mass

Top
b-tagging efficiency measured in
top control region in data + soft
p; lepton.

Wz, 2Z, Wy
from simulation.

entries / 10 GeV/c?

240 __I | | | | LI | | | LI | L I__
- —» data — m,=125 GeV CMS Preliminary A
220 - I WHijets [l Z+jets (s=8TeV,L = 51" J
200 = %Y Top Data Driven Normalization
180 F WW X stat.@syst. 3
160 *  0-jet at preselection -
140 : -
100 : Control region 7
80 '\\+. 3
60 =
40F a + :E
= - : S
20F- : Fiee, o :
D - Ll | PRI N T TN S S N Bl m

0 50 100 150 200 250 300

2-lepton invariant mass  m, [GeV/c?]

Normalisation of WW background:
Use m(ll) > 100 GeV for low m,, search

04/12/2012 CMS results on the Higgs boson
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H>WW=>Ivlv

DF (e,u), 0 Jets most sensitive category

I bp WZ - 27
"y . . Tog W+ jet Weyl®s all bkg, data
Ho L owew SWIW | 22y i A = ' B
_ _ (-pert cadiprony e final state _ _
10 R M| 1625 =154 54405 Hé - 20 MO0+ 148 | 33788 | MF A4 22T | JHS
125 5F6 L 105 2031 =191 6.6 = 0.6 110 =25 4405 £ 164 2362495 207 £ 270 44
130 A3+ 184 LAY =112 K= 122 = 2B o171 201 £ 10 | J18.9 £ 290 aty
160 | 2375510 | 1252=115 3704 131 =31 59+27 26115 1603 +12 197
21 45,1 = 21.1 2036 = 194 a3 =06 B4 = a4 v - K 13209 ol ESy i) C 7]
401 39.6 £+ 17 1329 = 148 f.2 + 0.7 449.6 = 10.7 T 5421 1996 + 187 158
B h.b+ 23 422 —48 25+0.3 165 =3k LK PeagrX ) 2418 e sl s i |
h - LENLEN B ¥ T T T T h 180 = T ] ﬂm 1m T T T T T T LU | T ¥ T
E 20 o dma  — m,=125GaY CMS Praliminary | E & dma — m,=125Gav CMS Pralininary = - dma  — m,=125GaY CMS Praliminary
16— M Hi25 B Wt =8 ToY, L= 121 157 ] 140 H Hi2s W Wiiets =8 TaV, L=121 I} 4 W Hi2s B et =8 TaY, L= 121 1t
e " mw Tag 1 o Timw fag 1 & ol mw Ton ]
T o) W =z -z g (Wb
[ shal Syl 120 et phak - 1] ™
E paf- ]
m b
My A aof
+ 1 i
4+, : - !
S o o
% 1; ++ " T T : % t T % 1; A
P R A Pk s etacgpppgoiitilid 8 1 etegpho Tl \\*\k‘%
S 05 F + + < S 05 F R 1
i} i}

0 100

100 150

200
my B [Gewic]

250
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150+

HOYOWW-lvly

'E = data W Dtjets Cwms preliminar = data W O'+jets Caas preliminar H H
S D e el MultiVariate shape
ww o w2z W W wzizz s _ . .
ol W Weiets dof W Weers 1 analysis in the ep final
- state inthe o and 1jet
o _ | categories: Cut-based
:ﬁﬁq- b variables + AR, m (2,
L bl | Ad(Il, MET), Ad(ll, jet1)
-1 -0.5 0 0.5 1 1
BDT Output
E -
I o OMSProliminary
E E ::Ei::gi ;g L=aafhl (7 Tew)+ 5.1 fal (8 Tev)
@ m H — 125 Gev ..E 10} — signal injection m_ =125 GeV £ 1o
Exp. significance 2.5 ¢ =
Obs. significance 2.2 ¢ R O O T
: . 107
Slgna[ Strength' 0'821 0'38 ':r I [N N N N A | | IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIII
110 200 _300 400 EDD\j
FPC 217 - KIAS - Now =th Hl ags mass [GE
04/12/2012 CMS results on the Higgs boson
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What about the fermions?

04/12/2012

CMS results on the Higgs boson
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V H H 9 bb proton - (anti)proton cross sections
’ ]-[]q II"|II T T r|11r|'| T T IrII"|II T T T

I
= |f SM Higgs =» bb has the highest BR  '© 5
= Butvery high levels of backgrounds ~105°giference ing  Tevatron LHC
looking for b-pairs alone. ‘ —
. . . 10N
= Look for Associated Production with d 6
10
a Vector Boson (W,Z)
10°
Z21(l=¢e,p,v) 5 different 0 o, (" N5/20) ?
W= 1lv (I=e, ) final states 3 : '
o _
b 10° . i
o (E;" > 100 GeV)
10"
10°
10 5,
10* o (E " > Is/4)
10° | OugeM, = 150 GeV)
10° Fg. (M, =500 GeV)
107 b

0.1

04/12/2012 CMS results on the Higgs boson

3
1

1 2
107 cm

events/sec for L
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| '
|27 = 3078 G
Fa oLl Y

‘ VH He bb My, = 128 GeV, p(bb)= 181 GeV
, , — \ [ “

Associated Production
=> final states with |

leptons, MET and b-jets
- Boosted vector bosons:

4 large p{(V), |
a2 b-tagged jEtS / ‘\\ ZH— ppbb
(H—)bb) / ‘ candidate

O Back-to-back V and H,
b~ | reconstruct my,

Reducible Backgrounds: QCD, top, W/Z+ light jets Less reducible:
Estimated from data in control regions V+bb, ZZ(bb), WZ(bb)

q' q




'VH, H bb :Jets

m Jet energy corrections & uncertainties

1OCMS pfellmlnary, L=1. 6 lb‘ is=8TeV 1 GCMS prellmlnaryl L 1 6 fb‘ 's 8 TeV
— — T I
X F ®Total uncertainty | 3% ' Total uncertainty
. 9f Absolute scale > 9 Absolute scale
€ gf -~ Relative scale c g ~ Relative scale
o f ~ Extrapolation @© - Extrapolation
% 7 « Pile-up, NPV=12 7 = Pile-up, NPV=12
8 6t « Jet flavor 8 6 ~ Jet flavor
=3 : + Time stability 35 + Time stability
8 5_: Anti-k, R=0.5 PF 8 % Anti-k, R=0.5 PF
4 Inml=0 — 4
3k 3
2f 2
if _ 1
0: g 4 : S0 ITTTTIT™
100 200 1000
P, (GeV) Nt
® the contribution of different uncertainty sources depends on pt and n
® total uncertainty of the jet energy scale is close to 1% for || < 2.4
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VH, H-> bb : Analyses

= Analysis with Boosted Decision Tree (BDT) based on multiple variables:
M7, p(ii), P+(i) Pr(V), b-tag value, [A¢(V,H)|, [An (ij)], AR(j1,j2)
a Improvements of ~ 50% in sensitivity:
a Two Pt(V) bins: “low” and “high”
o Fit the shape of the BDT output distribution (vs Cut&Count)
a Improved b-jet eonergy resolutlon [ MVA regression]

T ‘ T T ‘ ‘ T T T
- CMS Slmulatlon :NR%rg gglso

L Vs=7TeV,L=50fb"

- Z(I"H(bb) (m = 125 GeV)

o
N
20.251
(]
> B
(1] B
0.2}
0.15}
0.1-

0.05}

lllllllllllllllllllll - N
60 80 100 120 140 160 180 200
M [GeV]




Events /0.2

Events/ 0.1

'VH, H-> bb : Analvsis

E CMS Prellmlnary L 3;’3}825 cov) | j § 10* E CMS Prellmlnary o 2 itios) ;
10" {s=7TeV,L=5.01b" . VH(125 GeV) a E \s=8TeV,L=5 SV oo 3
- UeeHED) =210 1§ [wered  W(uv)H(bb) =i 3
].03 E 5 tStinglelop = L 103 =E 8 Tev I:ISmg\e Togp E:
E Z(QE)H(bb) @\l\% ncert. (stat.) E E %gcuncerl (stat.) E
10° 7 TeV = 10° 3
o ke M 4 1ol 7 O Examples of final
i : - & BDT distributions
e _'_’_, e E
0 | - 10" - -
SE c2 = 1,058 KS=_0.”£ ‘ ‘ ‘ ‘ ‘ Q 35_ E
g 15F £ 2p =
3 E o [a} o .
= 1? ”””””” e aaians 1 =
Qo5 g ]
108 06 04 02 0 02 04 06 08 1 -1 08 06 04 02 0 02 04 06
BDT output BDT output
Fcus preliminary | eom. ] e Data
10° E\E:STev, L=50" %&V:Bgscg - _ .
e ZOH(bb)  Brel ——¥Hbh) O Channels dominated by
- 8 Tev |:|S_ing|e Top — —
10° ="CD - VH(bb
E = oy 3 ] 2 background processes, but
[ i Z+bb .
10" E C] shapes well described.
g E Z + udscg
PE E [ lw+bb
. 1 I W + udscg O July 2012: Data compatible
i i either with backgd or signal
10 |
| = Single top 1
g 2 [l MC uncert. (stat.) [} MC uncert. (slat+sys) _% B from a 125 Gev nggs
% 15 E I:l vv
D 7: — oo
0.; _ : MC uncert. (stat.)
1 08 06 04 02 0 0.2 53
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VH, H-> bb : Results (July 2012)

(o)

VH(bb), combined
—e— CL Observed

--e-- CL. Expected

95% CL Limit on s/sg,,
NN

Ll Ll Ll Ll | Ll Ll Ll Ll
CMS Preliminary
(s=7+8TeV,L=50+ 51fb*

S
[ CLg Expected £ 1s
CLg Expected+2s

| | | | I | |
110 115

I B
120

| | I | | | | I | | | |
125 130 135

Higgs boson mass [GeV]

O Data compatible either with backgd or
signal from a 125 GeV Higgs

- CMS Prelimimany:
| Enmvinam
o= 'y - a
W H e HI B} Cempati bty
ZIH g
ZwwH =
-:1.* s] 2 4 é
best fit ofa,,,
o 1
2 F
= E
=
A 10 |
i |
3 i oo =
i i
1 e 3
F CMS Preliminary
e TR L5045 R
E WH[bb), combined i
‘II:I'5 3 —— e -_!
; el - Grpaimsiivor i bogn ?
| M | ) ) P
L Tt T

Higgs boson mass [GeV]
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‘H%’C’c

Combination of 3 production mechanisms
Search perfomed in ut,, et,, ey, U1 decay modes

g q( 0} q( U

.L.+
llll-|l L] <
T

Gluon Fusion Process q

-l

VH Process

Characteristics
o High o*BR at low mass jets with p_ > 30 GeV

2 Sensitive to all production Q e, i, T, used to reconstruct a tau

modes . O-jets, low p.. | | 1-jets, low p_
o Probes coupling to VBF
leptons

o Enhanced o x BRin MSSM O-jets, high p;| |1-jets, high p;  categories enhance sensitivity
o Challenging large bckgds:

B DY—1T. W+lets CD Just used to fit
' ‘ Q background
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' HO 1T Components

Z—-1T!

* Embedding: in
Z—uu, replace n by
sim. T decay.

* Normalized from
Z—up events.

QCD:

*» Normalization &
shape taken from
LS/OS or fakerate.

dN/dm.. [1/GeV]

| ttbar:

= From madgraph.
= Normalization from
sideband.

04/12/2012

LA S AN SN (N BN N BN S JENNLANEE DN S AR (LA
—e— observed
800 —
Bl Z- ee
700 Bl clectroweak
o K
600 Claco
777 bkg. uncertai
500
400
300
200
100
0
0 100 200 300
m,. [GeV]

» Select isolated leptons.
» Restrict E_ (supp. W+jets, ttbar).

 Discriminate signal from
background based on m .

CMS results on the Higgs boson

Z—ee(/up):
» From powheg.

» Corrected for jet—r,
e/iu—t fakerate.

Diboson/W+jets:

* From madgraph.

* Normalization from
sideband.

150
M, {1 MET) [GeV]
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\ H-> 11: 0-jet Category

Summary

CMS Preliminary, yS=7-8 TeV, L=17 " T, %),

—8— phserved

— most events go here ¢ =m B
1800 %%GD —E

— minimal signal
— background fit only

— constrains o
background for all 500
categories 200

bhg. wncerizinty

dN/dm_ [1/GeV]
g

0 100 200 300
m,, [GeV]

CMS Preliminary, V&= 7-8 TeV, L=17 " Ty 5y
T T T . T T Li T

T T r T T T

45000

== eectmwessk
 — R
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Fo] B, wncartainly
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g
lll.llll'lll
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—— e 3
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a0 Coaco e
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400 S
300 =
200 3
100 -
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CMS Preliminary, Vs =7-8 TeV, L=17 " TeTy
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H-> 11: 1-jet High p; Category

Summary
— enhanced gluon

fusion production

— Improved mass
resolution

dN/dm,_ [1/GeV]

dN/dm,_, [1/GeV]

CM3 Preliminary, ys = 7-8 TeV, L = 17 f6" T T,
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|

| — Tl
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‘H%tt

CMS, Preliminary, H— tt, L= 17 fb”
= L] Ll L] Ll I L] L] L] L] L] L] L]

CMS, Preliminary, H— 11, L = 17 fb”
= L] L] L] Ll I L] L] L] L] L] Ll L]

= 5.0 1 T 14 = 5.0 71 T T3
= F  —— observed : ] 2 F —e— observed : ]
® 45F expected E © 45F expected i
c 4.0F I * o expected - c 4.0F I * o expected
S F [+ 20 expected ] 2 F [+ 20 expected

E 3.5 . E 35E ;
= F All but VH : = "F Including VH

3.0E : - 3.0E :

Q - 3 ] -
a8 : &~ 2 :
ul u
=] =]

u.n 1 1L 1 1L 1 1 1 1 1 1L 1 1 1 L u.n 1 1L 1 1L I 1 1 1 1 I 1 1L 1 1 I 1 I:
110 120 130 140 110 120 130 140

m,, [GeV] m,, [GeV]

Summary
— analysis made dramatic improvement — not just added data
— sensitivity ~1 times SM... very mild excess is building at 1.3 std
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\Combined Results

e T T
3 CMS Preliminary Dpecs i
L] Vs=7TeV,L=51M" oo
(o] Vs=8TeV L=53f" o
5 o
= — H— W
£ 10 o
—
O
a
3"
L[]
a1

«1 1 |
1r:|11l} 115 120 125 130 135 140 145

Higgs boson mass (GeV)

Decay

Prod. Topology

Luminosity

»bb
»bb
» TT
» TT
*YY
» WW
» WW
» 17

ERREC RN L BEEEEEE L L

WH, 7H

ttH

Inclusive + VBF
WH, ZH
Inclusive + VBF
o/1jet + VBF
WH, 7ZH

Inclusive

5+5 fb' at 7+8 TeV
5 at fb'at 7 TeV
5+5 th™' at 7+8 TeV
5 at fb'at 7 TeV
5+5 fh' at 7+8 TeV
5+5 fh' at 7+8 TeV
5 at fb™ at 7 TeV
5+5 th™' at 7+8 TeV

* Most analyses using 5+5 fb”, many improved w.r.t. 2011

* Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!
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\Combined Results

Local p-value
=]
5]

o
i

-
]
&

1u-1'| E

10

| [Erpacied p-wlues
— T e

| — e I

| [ — e

— 7T

H bb

10

115 120 125 130 135 140 145

m,, (GeV)

Decay

Prod. Topology

Luminosity

H
H
H
H
H
H
H
H

rbb
+bb
» TT
» TT
" YY
» WW
» WW
» 17

WH, ZH

ttH

Inclusive + VBF
WH, ZH
Inclusive + VBF
o/1jet + VBF
WH, 7ZH

Inclusive

5+5 fb'at 7+8 TeV
5 at fb'at 7 TeV
5+5 fb™'at 7+8 TeV
5 at fb'at 7 TeV
5+5 fb'at 7+8 TeV
5+5 fb'at 7+8 TeV
5 at fb™at 7 TeV
5+5 fb'at 7+8 TeV

* Most analyses using 5+5 b, many improved w.r.t. 2011

Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!
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\Combined Results ZZ + yy

In high mass resolution channels, observe an excess with
local significance of 5.00 (expected from SM H: 4.70)

ZZ vs yy decay mode 7 TeV data vs 8 TeV data
3 jll = 3 1o 5 _11|!_ — ;'1(1'
5 0] :\\\:‘\\ /o 8 uf LN /7;?
‘im.a% _______ \ :35 ‘im.s'% _______ // .
T 107 F e, \\7/ E = 107 F e, \ / E
Q 44 % O Tee
o107 F e 41 0O 10°%F e, =rh
! 10%¢ N\ | 0%k . ]
10° Jreee d5s 10%E e, 5o
107 107
10“-"'F 4 10°F
10-9 . CMS Preliminary —-:'3"5F 1|';'_|'EI 2 _ CMS Preliminary o
1070 oo B et HoZZeyr 10Ok o e s H—2Z4yy
11E.| = Hoyy 1s=7TeV.L=511" P ) vs=7TeV.L=51 1"
10 — 2z Ns=8TeV.L-53 ' 3 10 e Ns=8TeV,L=531'
1012 : e o2k _J7e
116 118 120 122 124 126 128 130 116 118 120 122 124 126 128 130
Higgs boson mass (GeV) Higgs boson mass (GeV)
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'Combined Results all channels

CMS rs TTeV L=51f" ye=8TeV L=53 "
© 1= I : I
= :
o
>
(=R
g
-
10°® || = Combined obs .
Exp e SMH | Tteaa,
ol |l —Hazz 1
1070 = T =
1 DI-IE _=- 1 — T‘m 1 1 ] i % ]
110 115 120 125 130 135 140
my, (GeV)
Decay mode/combination | Expected (¢) | Observed (o)
T 2.8 4.1
27 3.6 3.1
TT + bb 2.4 0.4
TY + £L 47 5.0
Y7+ 2L+ WW 5.2 5.1
vr+ 2L+ WW + 1T+ bb 5.8 5.0

« Local significance of

excess: 4.9 0
Expected for SM Higgs

“ signal:5.8 ¢

Global significance > 40

We interpret this excess
as the observation of a
new boson with mass
around 125 GeV.
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'Combined Results all channels

Best fit /o,

0.5

i5=7TeV L5111 ya=8TeV,L=5310"
1 1 1 1 I 1 1 1 i 1 I 1 1

| F i
| B 68% CLband | ]

10

ca bl
s 120

|:12.5II

L | P A S N B L]
130 135 140 145
m, (GeV)

Best fit signal strength
at mass 125 GeV:

(0.87 £ 0.23) X O

Compatible with the
expectations from a
SM Higgs boson signal!
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| Mass of observed particle

O/Cgm

2f

1 1 I | 1 I T
[ CMS Preliminary

H— ZZ +vy

[ 1s=7TeV.L=511b"

- ¥s=8TeV,L=53fb'

a"! —_+
/o
'- +

+ Combined
+ H-—= 77 [untagged)
+ H-—yy (VBFtag) |
+ H77 I

/ _"\ :
/ f '
f K
/ \

\
i
!
I
|
!
P
/

s

\‘1-..& ”4

———

— N

_

11 1 | 1 1 1 1 I|II
?23 124 125 126 127 128 129

Mass (GeV)

Likelihood scan for
mass and signal
strength in three high
mass resolution
channels:

— 77 4l

— Yy untagged

— yy with di-jet tag
Results are compatible
within the uncertainties




| Mass of observed particle

+Performafitorthe g Y oRmn =
mass with freely 3 o by S
floating signal strength 7} o
for the three final ;i E
states, to minimize ol i
model dependence. A
M =125.3%0.6 *
* Ultimate precision: i ;
Gy, <100 MeV f22 124 126 128 = o | vt syt
Systematical Mass (GeV) | gf poimuioste RO
uncertainty on the U3 | E
mass driven by energy °l
scale uncertainty in yy: °F E
now conservative ‘;;
estimate ~0.5%, will 2: |
improve in the future. i
M=1253 *o0.4 (stat.) e T
* 0.5 (syst.) Mass (GeV)
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Is it the SM Higgs boson?

* Observed signal stength ,

\ m, = 125 GeV CMS Prelimina
in the analzyed decay | (5-7ToV,L-51 b

1 \s=8TeV,L=531fb’
modes and production
H . H - bb (VH lag)
topologies compatible i }\ {1
With d SM Higgs H— Tt (0/1 jel)

H - tt (VBF tag)

, » 1t (VH
* However, with the H >y (ariagoe)

H— vy (VBF lag)
present data sample o

only few modes have  H-ww s iag)
H - WW (VH tag)

sensitivity to a signal Hozz| %
of SM strength. T Bestiitels,

8
H




Is it the SM Higgs boson?

* Test of custodial symmetry: compare the signal
strength observed in WW and ZZ modes.

* Fit the the ZZ and WW (0/1 jet) data assuming:

0xBR, ,,; = Mzz X [ 0%BRy_ 77 Jsm Higgs
UKBRH—IWW = RW‘!Z X [J'ZZ
X [ OXBRy_ww ]SM Higgs 1

-2AInL

- K W AR O H =~ DD D

* Result compatible with SM
within the large uncertainties
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Is it the SM Higgs boson?

Test compatibility wrt. to SM predictions by introducing 2 parameters
(Cy, Cp), couplings to v. bosons & fermions, and fit to observed results

* CMS data compatible

* » . O .
Wlth SM PI"EdICtIOI‘I | CMS Preliminary _
. ys=7TeV,L=5.11{5"
at 95% C.L. gl Vs=8TeV, L=5315

* Best fit ¢, driven to low
values by VBF yy excess
and Tt deficit.

* More data needed
to draw any definite
conclusion.

* LHC Cross Section WG
also converging on an
improved models for .

these kinds of fits. . solid contour:  68% CL CV.
dashed contour: g5% CL




| Projections for JP¢ measurements

H— 77 — 4] H— WW — 2l2v
CMS Simulation L=30fb™,Vs =8 TeV JHU Generator level L=10fb™, Vs = 8 TeV
2 900F e -
E 800k ‘ ‘ SM.0s 1 Ew“m ~3q ) > Hyp1: 0+
i = - Hyp2; 2+
S 700} g A ®
e i
uJEDDL [} PS, 0- @ [ 4
o
% 5001 rH-‘| 5000 o J
© ool = Fole | 9 ]
S 400F =" Fo%r
& 300} SRy
200} 4 S
- | Dhmmﬂ? ﬂ; )b}n‘lom{.:.‘ht- 5 &
100} 1 i - 40 20 0 2|
_ ;rr; il ! nl{LJLE}
L et s Expect ~30 separation between

2040 60 80
=-2xIn(L /L)
Expect ~30 separation between

scalar and pseudoscalarin 2012

L'I -60 -40 ED L'I
spin 0,2 with 10 fb™ but assuming

no systematics and WW as only
background
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‘Anything else anywhere?

= 10f T T eeved
= - CMS Prelimina v i . .
o | oa7ToV L5t | Expected (58%)f + Stringent exclusion
s=8TeV. L=53f'" [|== Expected (95%) .
g oo B lenLoeah = limits for any heavy
E nggs—.llke.boson
o decaying into WW and
Q N
2 ZZ bosons:
ly] .
% WYy _ * e.g. 0~0.3%X0¢yylS
o excluded in most of
107 .
: the 140-500 GeV range.
[ 1 [ 'NENNE S SNRRTETIN NS N
100 200 300 400 500
Higgs boson mass (GeV)
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| CONCLUSIONS

O LHC, CMS (and ATLAS) are performing extremely well in their 3rd of
running, with a major battle with pile-up.

d A new particle (boson) has been observed, with a significance of 5.0
standard deviations, dominantly in the yy and ZZ(4l) final state.

d Mass of the particle: my =125.3 £ 0.6 GeV

[ Within the precision of these data, the observation is compatible with
predictions for the SM Higgs boson signal, despite

= |arge excessinyy channel
= deficitin bb and tt modes

New results are to be presented by the end of this week in HCP Conference!!!

Next update foreseen for Moriond 2013 (March), followed by ~2 years
LHC stop to increase collider energy (~14 TeV).
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