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% Outline

P2 The ingredients needed to find and study the Higgs
2>Analyses included in the latest combination:

‘2 Hovy

& H-ZZ

& HOWW

2 H-TT

& H—bb
2> Properties of the new particle with the combination results

2> Short look at new Higgs analyses (published for LHCP and LP)
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What has been needed

e Performance of LHC
e CMS detector

¢ Data recording

Total weight 14000 t

Overall diameter 15 m ECAL 76k scintillating
PbWO, crystals
Overall length 28.7m
HCAL Scintillator/brass
Interleaved ~7k ch

| 3.8T Solenoid

Pixel
Tracker Pixels & Tracker
ECAL * Pixels (100x150 ym?)

~1 m?~66M ch
HCAL +Si Strips (80-180 um)
Muons

~200 m2 ~9.6M ch
h MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC)

ECAL
Strips
Pixels
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Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

T T T

w2010, 7 TeV, 44.2 pb '
w2011, 7 TeV, 6.1 fb '
w— 2012, 8 TeV, 23.3 b '

HCP 2012

July 4th
ICHEP 2012
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What has been needed

® Performance of LHC
e CMS detector
¢ Data recording

¢ Physics Object reconstruction

e understand the PU

examples:

= Zup CMNIS preliminary
............................................................ .,'gg =.8Te.v L " 19 b TD
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wriing

® Performance of LHC
e CMS detector
¢ Data recording

¢ Physics Object reconstruction

e understand the PU

e Standard Model measurements

e understand the background

G [pb]
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SM measurements

EW cross section measurements

CM

Lo O
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JHEP01(2012)010 CMS-PAS-SMP-12-005,
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® Performance of LHC

e CMS detector

¢ Data recording

¢ Physics Object reconstruction

e understand the PU

e Standard Model measurements

e understand the background

Higgs(-like) boson

observation

Roberta Volpe

G [pb]

SM measurements

EW cross section measurements
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CMSES -SMP-12-011 (W/Z 8 TeV)

cross section measuremens:

CMS Preliminary

CMS-PAS-SMP-12-005,
007, 013, 014 (WW ZZ)

335
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VBF

gg->H

T T T | T T T | T T T E

\s= 8 TeV

LHC HIGGS XS WG 2012
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o (pb)

.19.52

) Higgs production modes and decays

LHC Higgs Cross Section WG
See yellow reports:

YR1: Inclusive cross sections
YR2: Differential cross sections
YR3: Properties (to appear)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/

CrossSections

1

107

Branching ratios
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

' CMS publications of SM Higgs analyses

H- vy CMS-PAS-HIG-13-001 -
H-ZZ -4l CMS-PAS-HIG-13-002 ;
HoWW—-2l2v, 0/1jet |CMS-PAS-HIG-13-003 %
H-oWW-2l2v, VBF tag | CMS-PAS-HIG-12-042 ‘;:’I_’
HoWW-212v, WH tag | CMS-PAS-HIG-13-009 £
H— 7T, inclusive and VBF CMS-PAS-HIG-13-004 -
H-TT, WHand ZH tag | CMS-PAS-HIG-12-053 g
H—bb, VH tag CMS-PAS-HIG-12-044 %
H—bb, ttH tag arXiv:1303.0763, JHEP | | O
|H-zZy | CMS-PAS-HIG-13-006 I
ttH H— Yy CMS-PAS-HIG-13-015
H—ZZ-2l 2v CMS-PAS-HIG-13-014 NEW
(shown at LHCP2013)
Hobb, VBF tag | CMS-PAS-HIG-13-011
H—bb, VH tag CMS-PAS-HIG-13-012 VERY NEW!

VH, HHWW=Ivlv, V= qq’ | CMS-PAS-HIG-13-017

(shown for the first time
last Monday at LP2013)

H—-YY properties CMS-PAS-HIG-13-016
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Statistical treatment of data

Each analysis as well as the combination uses:

ATL-PHYS-PUB/CMS NOTE 2011.11,2011/005,(2011) '
?o;hfle(:.frequenttls.t ?pp.r(;ach: C:.S t i agreement with ATLAS
ystema |.c uncertainties: frequentist paradigm - summer 2011
Asymptotic formulae

L(obs | b, 6)
L(obs|fi-s+b,0)

Test Statistic: Profile likelihood ratio

qo = —2 In

p-value | po="P(q0 > q5" |D)

local significance Z

signal parameter a:

A £(obs |s(d) +b, &)
L(obs|s(a) +b, )

gla) = —21

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 9




5.1 b' @ 7TeV +
19.6 b’ @ 8TeV

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT ﬂ

Run/Event: 194108 / 564224000

AT

M,,=125.9 GeV
O-M/M=O.9O/O

A - )

e s
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HIG-13-001

Hovy
search for a peak over a smoothly falling bkg shape in myy distribution _'

main mgredlents: MVA Mass Factorized Analysis

?> good invariant mass resolution (better expected expected UL of 15%)

2> photon identification, photon pair selection, event categorization baseline analysis

\ Cut based

m% L il 2Efyl E72 (1 — COS@) cross-check

Good photon energy resolution ' Efficient vertex finding algorithm '

€
£
> T T T T e ++..++‘+_‘_++=++==+
8 9000 = CMS Preliminary EXCE| Ient iw _‘-O-"".'
V] - _ _ 1 £ -
: 8000 \'s=8 TeV, L=19.6 fb N
S - data/MC agreement 08
2 7000 5
o E Both electrons 3 -
Tl 6000F ii<1,R >0.94 —~ ° gL
w - mi<1,R,>0. > CMS Preliminary MC SI nal 0~6+
- 5 . . Simulation i
5000 (q? Simulation L
= o [ gaL! o [ L
s000f s [ BDT,, >= 091 effl cien Cy 04
- ; r Parametric model B
3000[ 2 2 i
- q’ [~ [~
- > -
2000} w Gy = 1.36 GeV 021
- B | CMS Preliminary Simulation Hoyy
1000 1.5 | <PU>=19.9 m,, = 125 GeV
- _ FWHM = 2.99 GeV Gllllll!lll!llllllllll!
0 50 100 150 200 250
% 82 84 86 8 9 92 94 965 98 100 - p;, (GeV)
l\/lee (GeV) 1 e B
B g EZsup CMS preliminar y =
B T 2F S8 TV =196
l— Data/MC ratio ¢ '
O/ L T ey, - »
Gm/m ~ 1 O |- & . 1é o esie ooy o
L 0.9F
Lt . e N USIng Z » IJ I'l -
BT/ ™ 20 125 130 135 740 =

o 50 100 150

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 11




MVA diphoton selection H-YY |

2> photon selection: HIG-13-001 '

2>_photon pt cuts scaled with m,,

MC 53 Hgg 125 GeV Vs =8 TeV L = 19.62 fby”

&> single photon ID BDT: photon/jet discriminator S 25F = uonrusin
(trained on simulated jet+y events) % ] E fE i
input: shower shape and isolation % 20 [ 0 Shave Systemates }
2> choose the ID photon pair with highest sum Er E 15 Rejected I
7> diphoton selection: A single discriminant __—" . I |
(BDT) trained on MC signal and background 108
using | | <L
- photon kinematics E
- photon ID MVA score ok :
- di-photon mass resolution 10 0.5 0.0 05 -0
?> 4 untagged categories are defined on the d"phon BD1
output of the di-photon BDT 90000 —— Data (1960 ) 8
» Validation of the MVA inputs (photonlD, — ::Jw::::";m
energy resolution) done on Z—ee and e - |
ZZ-—*'L]LJ\( 60000

2 Output of the MVA validated using Z—ee s

40000

30000

cut: diphoton BDT > -0.05' 10000

02 04 06 08 1

di-photon BDT output ,I 2

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia




pureness

Roberta Volpe

ek . VBE Wiz
e H (l . .’
g TE 9 i 3ot 9
g VH Wiz
\t (/“ : q (l

Muon ta Electron " IOO?G and
. tag tight
dijet tag
. v

pureness

Hovy |

HIG-13-001 |

4 untagged
classes

gg->H sensifivit differences between
contamination Y cutbased and MVA
Muon tag  (pt(n)>20 GeV) negligible -
no difference
Electron tag (pt(e)>20 GeV) negligible -
Di-Jet tight tag 20% + MVA analysis uses a dijet BDT-
based selection
Di-Jet loose tag 50% + (validated using Z+jets events)
MET tag (MET>70 GeV) 20% . no difference
untagged 0,1 ,2,3 + different categorization

QFTHP 2013, June 23-30, Repin, Russia
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Background composition and estimation H-vy

? Background composition

10000

NN

ENY

8000

6000

Events / 2 GeV

4000

2000

T I 1T 17T I T T
CMS preliminary

{s=8TeVL=19.6fb " [ 2prompty

IIIIIIIIIIIIIII

Data

[ ] 1 prompty 1 fakey
[ ] 2fakey
:] Drell-Yan

[ ] Hovy (125 GeV) x5

|III|II]|I]I|]|II

HIG-13-001 l

in [100,150] GeV

72% of the selected data is constituted of
irreducible bkg (2 prompt photons)

%0 110

120 130 140 150 160 170 1
m,, (GeV

0

~ o LIt |

7 Background modeling

ofit to the data mass spectrum in [100,180] GeV

range

MC not used in the bkg estimation

from 3t to 5t order polynomial

e several fitting function tested

e choice of the functional form and number of degrees
of freedom performed with possible bias study

(possible bias < 0.2 x stat unc.)

another analysis, MVA mass sideband analysis, with different background modeling, has been
performed and gives similar results

(see old publication HIG-12-001 for a description of such analysis)

Roberta Volpe

QFTHP 2013, June 23-30, Repin, Russia
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Nl

MVA mass-factorized

H-YY |

HIG-13-001 |

’ CM fb'\Ns=8TeV,L=19.61b"
(T 1 | I | T T 1 | 1T T 1 | 1T T 1 1] q) EI I L | T T L | T T | L I§
%5000 ~ CMS Preliminary —— Data | - = E\J = T ‘.‘. N ;
Q) [ {s=7TeV,L=5.11f" (MVA) ::BFF_':C t i c;: [~ E
L() | — — A mAvsAyN Tt g rl omponen | 1 _,_' ________
4000 Is=8TeV,L=19.6 fb" (MVA) T Jsto ] 510 = T | N e E
et = -20 SE =S A WL D ]
L i ] O - -
= - : 10% = =
G300 1 41
L ] ] i R
® | ] 103 o
£2000} - z ]
D . | IR .* i
O I~ — - "Q .... ,"
= 1000 |- i 107 3 \‘\ '''''''' — Heyy obs. E
m - - I == === Exp.for SMH —E
+ i ] _ kA B \s=7TeV

L - 5 L o S e ]
g/ O _I | | | | | | | | | | | | | | | | | | | | | | | | | 1 O § CMS prellmlnary (MVA) ----- \/g ~ 8 Tev §
w 1 1 O 1 20 1 30 1 40 1 50 I | | I | I | | I | I A I T I I I I |

Roberta Volpe

m,, (GeV)

my, (GeV)

Local significance:

each event weighted by the
S/(S+B) value of its category

3.2 0 at 125.0 GeV

Expected significance:
4.2 o at 125.0 GeV

QFTHP 2013, June 23-30, Repin, Russia
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gest F|’L G/OSM .
o (@) ] - U‘I I\) (@)}

O
o1

-1.5

10 115

Roberta

YY results

MVA mass-factorized'

CMS prellmlnary

- \s=7TeVL= 51f|o1
C (s = 8TeVL_196fb1

. 68% CL Band

120 125 130 135 140 145

my, (GeV

150

MET
Electron
Muon

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

-10

H-YY

HIG-13-001

13001 |

8TeV

CMS preliminary
Vs=7TeV, L=5.1fb"(MVA)
\Vs=8TeV,L=19.6 fb' (MVA)

—l- Event Class
[ Combined

m,, = 125.0 GeV
O/OSM = 0.78+0.28-0.26

——

-5 0

Fitted signal strength:

O/0Osm= 0.7819-28 ;¢

QFTHP 2013, June 23-30, Repin, Russia

Volpe

5 10
Best Fit o/oSM

consistent with
cut based result:

O/Osm= 1.11%0:32 5
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W YY mass and PyHg

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

CMS Preliminary

<25 10
[42]
o

> 9

2 8

—7

15 —6

0.5

1022 123 124 125 126 127 128
m, (GeV)

Vs=7TeV L=5.1fb"

CMS Preliminary Vs=8TeV L=19.6fb"

m,=125.4 + 0.8

5 "-._ — Stat + Syst

----- Stat Only

Roberta Volpe

H-YY |

HIG-13-001 |

My = 125.4 = 0.5(stat.) = 0.6(syst.) GeV

The systematic uncertainty is
dominated by the overall photon
energy scale uncertainty (0.47%)

H qqH+VBF

quH+VH

U M. are found to be consistent
well within 1 sigma with SM

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

10
uj= Best Fit
4 | E
| S~ —1o
3 20 8

CMS Preliminary

7

MggH+ttH

H ggH+ttH

QFTHP 2013, June 23-30, Repin, Russia

H qqH+ver = 1.48
H ggH+ttH = 0.52
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' Z7Z Introduction HoZ77 |

HIG-13-002|
-® 4 isolated high pT leptons
¢ from the same vertex
¢ from Z decays

> low
background, the

most Is ’
——
irreducible non

resonant ZZ

-®- high resolution: 2-4 GeV

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 18




W Background composition H—77 |
HIG-13-002

HIG-13-002

CMS preliminary
I I I I

4] with I= e,p > | _
. O 30} * Data ls=7TeV:L= 5.1fb" =
(the most sensitive o | ] m, =Z1226 GeV Vs=8TeV: L =19.6 fis"
o ~ i ' |:| ZY*, -
channels, |.\Nl.|| PR = X—-7Z7Z -4l
focus on this in the S | ]
following) @ 2oF |l

ZZ -4}

i

gLl |

CMS preliminary Vs=7TeV,L=5.1 fb! \/§=8TeV,L=19.3fb'1 1 1
2I2T % 16-}_""|""|""|""|""|""|""|""|"': 400 800
O - ¢ Data - '
@ 14 ) z+x B My [GeV.
2 120 9 [zz ] .
g o measn Gev reducible
i ‘; background
F 7]
n E (estimated from data)
2t -
R
900 200 300 400 500 600 700 800 900 1000

m,,,. (GeV)

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 19




Kp discriminant

Matrix Element Likelihood Analysis:
uses kinematic inputs to build a

- . kinematic discriminant (KD) for signal
Construct a likelihood ratio discriminator to background discrimination using

based on kinematical quantities {m1,m2,01,02,0*,0,01}

~25 events in signal region, not enough
full angular analysis

iy ’ ,9,9,(1),9*,(13 4¢ !
MELA — 1+73|>k&,(m1 ma, 01, 02 1|mae)

P\'i;_{(ml$ ma, 017 927 (1)7 6*1 ®1|m41f)

SIGNAL BACKGROUN
CMS preliminary Vs=7TeV,L=5.1fb" Vs=8TeV,L=19.6fb" CMS preliminary Vs=7TeV,L=5.1fb" Vs=8TeV,L=19.6fb"
Q Q
X % 1
0.9
0.8
0.8
0.7
0.6 0.6
0.5
0.4 0.4
0.3
0.2 0.2
0.1
__ EaE
SI)OO 110 120 130 140 150 160 170 180 00 110 120 130 140 150 160 170 180
m,, (GeV) m,, (GeV)

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 20




Event Categorization H—77

HI1G-13-002 '
Split events by number of jets and use different variables to separate contributions
cut on
121.5 < mg1<130.5 GeV

CMS preliminary Vs =7TeV, L=5.1fo" (s=8TeV, L=19.6 fb™ CMS preliminary s =7TeV,L=5.1" (s=8TeV,L =196 "
7 T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T \_+ 6 T I T I T I T I T I T I T I T I_
C ] - ® Data

C ® Data ] E I:lZZvZYH
6:_ Eee E B [ z+x ]
C B zx ] . . . B ggHHtH (126 GeV)
Do ] USE A discriminant Vp, : Csmanczosen

B ootV (126 Gev) ] [ o+ VH (126 Gev) :
1 based on my and |Any|

—_—
P(m41)xP(Kp)x(Vp)

> 2 jets:
“VBF-tagged”

Events / 3.0 GeV

10 120 130 140 150 160 02 04 06 08 1 12 74716
m,, (GeV)

CIS preliminary ~ \S =7 1€V, L=5.i 0 VS =8 TeV, L=
-1 -1 L I LI I L I LI L LI L T 1 T
CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.61b |

16 ® paa
:|:|zz,2y'
14-_-Z+X -

12:_E]99H+ttH(1zeeeV> ] use pT/m4|

"
- [ coH+vH (125 Gev) i |:| ggHHH (126 GeV) |
é [ ]

. qqH+VH (126 GeV) |

0/1 jets:
NOT-“VBF-tagged”

Events / 3.0 GeV

P(ma41)xP(Kp)xP(p1/ma) i —Ll

i ]
130 140 150 160 02 04 06 08 1 12 14 16
m, (GeV)

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia
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Results

CMS preliminary L=5.1and19.6fo"at Vs =7 and 8 TeV
| ' | '

> | T | T |
o 20F ¢ Data 7
G B z+X
™ | O zy+, zz i
-~ ] m,=126 GeV
(V)]
)
C
()]
>
L
»—’-.o-'—- O+ v 2e2u  (7TeV, 8TeV)
79 rO1 HeH 4w (7TeV, 8TeV)
[~ o1+ 4e  (7TeV, 8TeV)
("ideogram"
100 120 140 160 180
m,, [GeV]
s=7TeV,L=5.1f" {s=8TeV,L=19.6 b
CMS Preliminary m, =125.8 GeV
Untagged ——
Dijet tag =
1 I 1 1 1 1 I 1 1 1 1 I 1 1

0 1 2
Best fit G/O'SM

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia

H= 0.85+0.32 -0.26

U= 1.22+0.84 -0.57
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H—// |

HIG-1 3-002'
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4 Npe
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1}
!
"
)

1}

CMS Preliminary |
H—ZZ— 4l

C \s=7TeV,L=5.110"
Vs=8TeV,L=19.61" ]

1
\" 1 .
‘ Y | | H |
A L] "
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- e i

p-value:

Expected:
Observed:

710
6.70

M= 0.92+0.30 .0.24
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110 120 130 140 150 160 170 180
GeV]
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% Properties: mass and couplings H—ZZ |
O CMS Premneny 1= - L8 1 s BT Loiso HIG-13-002 '

— - —— Combined H
= oF —— H > ZZ > 4e i CMS Preliminary Vs=7TeV,L=5.1 fo! Vs=8TeV, L=19.6fb"
< E _H_>ZZ_)4“ E > 12_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
o 8E — H 77221 | = - ]
7 E 10E [MeswcL -
6L - 8:— 95% CL _:
5 E 6:— ® best fit e
4 & i + SM E
3 E . -
oF s 20 =
1F o N
SR Lo N L iiii | B |
922 124 126 128 130 132 i, .
m,, (GeV) . :
CMS preliminary \s=7TeV,L=5.1fb"\Vs=8TeV, L=19.6fb" -4_— —
1 10r : H | N _
c 9_ ------ m,, & m, KD (no syst.) _6—_ =
g : i —— m,,dm, KD (with syst.) - : ]
' 8:_ : : 8 IIII|IIII|IIII|III!|IIII|IIII|IIII|IIII|IIII|IIII_
7t -1-050 05 115 2 25 3 35 4
6f He
4
0: .........

Mu= 125.8 £ 0.5(stat) = 0.2(syst) GeV
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Properties: J*

the kinematic of the new particle decaying to 27

is sensible to its spin and other properties

CMS preliminary
T T

H—//

Ho77 |

HIG-13-002

HIG-13-002

example 0% vs 0

Vs=7TeV,L=5.1f0" {s=8TeV,L=19.6 o'

fully reconstructed final state E’ o1r ’
g 0.08|- —omsdata
e use a kinematic discriminant %
e probability ratio between 2 signal hypotheses g 008 _.
0.04[ -
. —1 [ 1
Dy — Pon . P]p(71zzl,711zz,(3|7114g) sl 1
Py + P]p Popg(m1z,, mz,, O|myy) ..
% 20 10 0 10 20 30
2xIn(L, /Ly)
¥ production comment /V expect (u=1) | obs. 07 | obs. J" | CL,
0~ gg — X pseudoscalar 2.60 (2.80) 0.5¢0 330 | 0.16%
0, ¢¢ — X | higher dim operators | 1.7¢ (1.8¢0) | 0.0c 17¢ | 81%
2mee | 88— X minimal couplings | 1.80 (1.90) 0.8¢ 270 | 1.5%
20 | 99— X minimal couplings | 1.7¢ (1.90) 1.80 400 | <0.1%
1- g9 —+ X exotic vector 2.80 (3.10) l4c >4.00 | <0.1%
1" g7 — X exotic pseudovector | 2.3c (2.60) 170 >4.00 | <0.1%

Roberta Volpe

QFTHP 2013, June 23-30, Repin, Russia
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B WW Introduction H—>WW|
-

HIG-13-003

=) opposite charged leptons (leptons only e, p)

=2 neutrinos — missing transverse energy (MET)

-®-No Higgs mass peak

-®-Basically a counting analysis
-®-Selection optimization for each mass point

Vel
@ @
L e
G{' small opening angle

‘/\r between leptons

Analysis on the full data set for WW+0 jets and +1 jets categories
(The W+2jets (VBF) channel is in progress)

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 25
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Selection, bkg estimation H—WW

After the only WW selection  HIG-13-003 |

o
o
— - — —
500 [ -*- data — m,=125 GeV CMS Preliminary 1000 [— - data — m,=125 GeV CMS Preliminary —
same flﬂVOl' Channels: ?9 r M H125 Wiets (s=8TeV,L=195f" ] E - M Hi2s W Wiets (s=8TeV,L=195f" |
§ i = \ZIX 1\,-3\‘,)\, 1s=7TeV,L=491" 1 § L = \Z/X J\c/)\?v f$=7TeV,L=4915" |
C ut based ana I ys i S © 400\ stat@syst. 1jeten ] © 8001\ stat@syst. ojoten |

600

selection on the variables:

200 R

4007
7, max 7, min - - i
my | py = mee | Ay mr oo .
0 0 %
25 F 2.5
v = .2 1 2.z
different flavor channels: S AU 1 AU
3 05 F E 3 05 F
[ ] [ ] [ ] [ ] 0 E L L L 3 0 E I L L
bi-dimensional analysis 0 2 o 0 w0 o
my and my
o L L I B BN BN ) 5 \ IR \ BRRRE
% | - data — my=125 GeV CMS Preliminary _| %, 700 [ -e data — my=125 GeV CMS Preliminary
G 1000 M H125 [ W+ets {s=8TeV, L=19.5f"— O] C Bl H125 [ W+ets {s=8TeV,L=19.5f" ]
e i = \Z/X x\r/)v V§=7TeV,L=491" | = 600;: ;X( 1\1—\7\% (5=7TeV,L=491" |
% 800 [ W staf.@syst. Ojeten | % 500 ; W stat®syst. T4et e j
2 - 2 -
(] B (0] L
° - 400~ —
Analysis challenge - : f
i 300 N —
Understand backgrounds: soof . s 8 F
. [ ] : N :
WW, Wijets, top, DY 1 o e J
- i - . L ) ) ]
. . ol Ttregee, 0: o —fz"ﬁmm
Determined from control regions o | | 7 O | | 7
g 2f 3 Q 2 E
= 2 E = g E
?g 1.? 7 )‘wwm«m;mw;\_\;; 4\\\}?; E 151’ awm»m«\fwx»x\w\fy\*\;\g
S o5 F E S o5} E
0 0 160 260 300 0 0 160 260 300
m, [GeV/c?] m, [GeV/c?]
excess of events over the bkg observed
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0 Jet-bin

Data - Background
CMS preliminary L= 19.5 fo'' (8TeV)

Different flavor 2-D analysis

H—=>WW

HIG-13-003 |

mp VS my
1 Jet-bin

Data - Background
CMS preliminary L = 19.5 fb™ (8TeV)

25
= 100 : ~ 100 -
[ n [ =
S g0 S 90k 73 3.6
E= E E= E + 8.7 + 11.1
80— 80—
70 70 1.7
- - +7.0
60 60
- 3.7
40 17.8 40 -4.7
+ 15.9 - +7.2
30 30F
2.9 1.9 11.1 - 55 8.3 3.7 10
20F-.132 =170 =164 20 .76 .74 82 .74 + 6.
| | | | | | | | | | | | | | B | | | | | | | | | | | | | | | | | | |
60 70 80 90 100 110 120 60 70 80 90 100 110 120
M. (GeV) M. (GeV)
Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia 27




wriing

—

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

10"

30

25

significance

Results

CMS Preliminary
\s=7TeV,L=4.9fb"’
\s=8 TeV, L =19.5 fb™
H—-WW—2I2v 0/1-jet

m—— QObserved

- - Median Expected

- Expected + 10
I: Expected = 20

——— Injection mH=1 25 GeV = 10

10f

200 300 400 500 600

my, [GeV]

[ CMS Preliminary

L \s=7TeV,L=4.91b"
- \s=8 TeV, L =19.5fb™
 H-WW-—2I2v 0/1-jet

Roberta Volpe

----- Expected

—e— Observed

Injection m =125 GeV _|

- Injection = 1o
|:] Injection = 20

400 500 600

m,, [GeV]
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H—=>WW
HIG-13-003|

Exclusion at 95% in the
mass range 128-600 GeV
Large excess in the low
mass region

Confidence intervals for g vs my

O/GSM

20
£
.. 18 «
CMS Preliminary

N
2.5 ls=7TeV, L=4.9fb" 16

\s=8TeV, L=19.5fb"’
eu 0+1 jet

m|-|=1 25 GeV

expected 15
significance:
o for a Higgs of ]
‘Ithat mass L
o for a Higgs with | |

110 120 130 140 150 160 170 180 190 200
m,, (GeV)




Properties: study of J* H—WW
HIG-13-003|

sensitivity to distinguish SM and spin-2 resonance with minimal couplings to bosons

performed only with the different flavor channels

SM. 0 SM 0 with signal strength
* M, =125Gev * M, =125Gev .
CMS prelim|i-|naryL=19(.95 fo (8TeV) CMS prelim|i-|naryL=19?5 fo (8TeV) from flt to data:

0.76 for 0
0.83 for 2+,

100

©

M, (GeV)

S
Q
20 S
=
80
70
60

50 CMS Preliminary ys=7TeV,L=4.9fb";/s=8TeV,L=19.5fb"

o - N w ) a N ~

—8
40 —16 k2] -
C -
30 I4 £400
20 2 5 L 1
1 120 ° e 70 01 11 12 ‘%200_— =
60 70 80 90 00 M (Gev)o 60 80 90 00 oMr (Gev)o % - HII o4
(125 GeV) 2" (125 GeV) £000 - — CMSdata !
CMS prellmlnary L=19.51" (8TeV) CMS prellmlnary L=19.5fb" (8TeV) O i [
800~
600} !
400 i
5 1
200~ AL
L ud L Li
B HH-Hay e
% l L1 L | l H I H‘M’I “—"H_L I Ill_LfﬂJ_l L1 l
-30 20 -10 0 10 2><InL /LOS)

1 1 I 1 1 1 1
110
M; (GeV)

2*m is disfavored with CLs of 14%
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3 high pt leptons (e, p)

divide in categories:
® Opposite Sign Same Flavor (OSSF)
e Same Sign Same Flavor (SSSF)

main background contributions

WZ — 30v
Z+ 7
7 — 4¢
tribosons
ARy+p- is used as discriminant
810 a2z | cMspeimnay] & fedama | 02z | oMS prelminay
< f— m=125 W top & V+jets | _ o cpor ] o 10 [— m=125 [ top & V+jets | _ g5 p1 |
Wz SSSFVs=8TeV 1 Wz OSSF\S=8TeV 3
A OSSF:
]
107
0 1 2 3 4
AR()

Roberta Volpe

H—’WW'

HIG-1 3-009'

> 2 L I L L L L
& e data 7z CMS preliminary |
o r— my=125 [ top & V+jets L=oadfy! |
Y] I = c4a. _
= 10° 1 wz V5=7+8TeV 3
o i
® good
data/MC
agreement
0 50 100 150 200
m,.; [GeV]
2 llIl|IIII|IIII|IIIl|IIII|IIII|IIII|IIII|IIIIJ
%) .
o == observed CMS preliminary
© 102 - --- median expected VH — 3I3v (cut-based)_z
g [ | expectedt 1o L=49fb" (7 TeV) + 195" (8 TeV)]
— i expected + 26 i
E | _
-l
O 10E =
o) |
o)) |
l: :
IlIIIIIllllllllllllIIIIIIIIIIIIIIIIIIIIIIIII

110 120 130 140 150 160 170 180 190 200
Higgs mass [GeV]
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H—=TT |

‘HIG-13-004

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 25 00:15:46 2012 CEST
Run/Event: 207898 / 97057018

each lepton flavor
channel is splitted in H>rr->ur,

VBF candidate event for

1 forward and
1 background jets

high pr(T) . o
use a kinematic fit to construct

~  low pr(7) the my from the visible m

ggH with invariant mass of all the decay
a h|gh pT iet product of the taus: e,u,n,YY
CMS Preliminary, /s=7-8 1eV, L= 24.310, H— 11 CMS Preliminary,\s=7-81eV,L=24.3M,Ho 1t
a4 )
; N T T T T I T T ._l.l_ Ibl Ied| T T ; [ T T T T I T T _l.l_ Ibl T dl T T
S 3000 - e 1 & [ €T, oz )
g C 0 jet I clectroweak 1 = 10000 jet B 7 ce ]
— C - (i 7 et B I clectroweak ]
éﬁ 2500 [ acb — éﬁ . s ]
h S - Dkg. uncertainty 5 800 E g)'?D tinty n
° ° = 2000 F > E==59 bkg. uncertain
the 0 jet category Is 2 20f 2 ol

1500 |

used to constraint >

: 400
the background o :
s00 200 -

00: 100 200 300 00_ 100 200 300

- m.. [GeV] m.. [GeVl
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W H-TT, background estimation

ITT
Normalization
from Z— up
data
(Syst: 5%)

EW
Shape from
simulation
Normalization from

control region
Syst: 10-20%

QCD
SS data, corrected
for SS/OS ratio
SYStZ 10%

ﬁ

Roberta Volpe

dN/dm [1/GeV]

TT

1000

800

600

200

()

Combine the sensitive categories of
all channels with a S/B weight

CMS Prellmlnary, \s 7 8TeV, L=24.31b"

- - - - 40
e-11,@~T =T ;T ~Tp

AR

-@- Data - Background

D Bkg. Uncertainty
~~— SM Higgs (125 GeV)

—8— (bserved
- SM Higgs (125 GeV)

l:l Z—1t
C—+

B clectroweak '
/] Qcp _

0 100

200

300

m_ [GeV]
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H—TT |

HIG-1 3-004'

ttbar
(important
for ep
channel)
simulation
rescaled to
yield from
control
sample

SYStI 10%
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S HIG-12-053 |

— CMS Preliminary — CMS Preliminary —
Q I_IlIllllllllllllllllllllllllllllllllllll_l Q 24 - Q :lllllllllIlllllllllllllllllllllllllllll:
> L 00T, Bl zz ] > i = 2001, T, Wz 3
o 2F []Reduciblebkg. 7 (5 [JReduciblebkg. 3 (5 gk [_] Reducible bkg. 3
g E :Iwz 25 g 18 Iwz —§ ; 16:— :’WZ B
% 2 ||| —- my= 125 GeV/c'- % b | T my= 125 GeV/c” 3 % - —4— - my = 125 GeV/c* 3
B 7] =3 = 14 =
£ [ %11 —4 Observed . T 14 { —4— Observed 3 c —4— Observed .
Q 5 T . _y o S=7TeV [L=50f" o 12p /E=7TeV [L=50f" 3
= 7t /8=7TeV [L=50f" = 12 /S=8TeV [L=105f" 3 > JoF B e @t
L N /§=8T9v."l.=19.5ﬂ)-1: w 10 _f L E —— J§=8TOVJL=19.5fb E
i ] 3 8 -]
101 7 8 e : ]
C L[] ] 6 3 6_ —E
St . 4 3 4 E
’ ) 2 = 2':l_ ‘ _l:
0 - 0 s o) = e i P P SRR I
0 20 40 60 80 100 12 0 20 40 60 80100120140 160180 200220 0 50 100 150 200 250 300 350 400

m’s [GeV/c] m’s [GeV/c]
CMS Preliminary

o .bl % I-l | I bl ledl 1 I 1 1 1 1 I 1 1 g)
visiolie Mt . . ©° 14~ = obsen §=TTeV [L= sons‘—
. . L: e,y ,Th © [ —— expected /5=8ToV [L=1058" ©
invariant mass of all S 4of I+ o expected 18
= [ [J*2cexpected 1=
the decay product of E o iVH Ver . qE
the taus: e, 4, n,YY 3 F 173
o\o 8_ S I— - 0
S 1%
main systematics: :

PDF
non-prompt bkg estimation
WZ and ZZ cross section
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Results

Compatibility test with SM Higgs production

M

95% CL limit on 0/0S

CMS Preliminary, Vs=7-8 TeV, L=24.3 fb", H—>w
— — T

CMS Preliminary, Vs=7-8 TeV, L=24.3 fb"!, H—>tt
— —— T

best fit for G/O'SM

Upper limit

iy
(=)

©
3]

3.0

CMS Preliminary, 's=7-8 TeV,L=24.3 fb', H—t<

—e— Observed

. —— expected

[ ] = 1o expected

[ ] = 20 expected

Roberta Volpe

130

140
m,, [GeV]

best fit for O'/O'SM

Local p-value
CMS Preliminary, \s=7-8 TeV,L=24.3fb" ' H—> 11

1T T T —
Y e S —— T — — "

-
-
-
S POPPPPPPPP SRR ) oo oS N

-

—r
Q
N

- -
----.______ : =t
e ————TT

Local p-value

108

110 130 140

m,, [GeV]

120

QFTHP 2013, June 23-30, Repin, Russia

H—=TT |

HIG-1 3-004'

m,, = 125 GeV = :m m,, = 125 GeV I }7 — 1.1 - 0.4
_._,_ eu —’—** 1-Jet
* ' ——-— 2-Jet (VBF)
1 . | o combination also
. VH->tr4 with WWW HIG-1 2-053'
—H Combined _H Combined
B T S I
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CSV: likelihood discriminant based on track impact parameters and
secondary vertices

Roberta Volpe

C M// ﬁ
=
b,
CSV(b,) ~0.92
- CSV(b,) ~0.99
—H
MVA regression to/estimate the pT(b-jets)
MVA to separate signal from background,
the output is used in the limit settings
5 © ' CMS Preliminary ]
b flamiimm o cimnoe
— Vs= LL=12. -—-e- CL. Expected -
;_3 _  VH(bb), combined -Ct Ex::tedﬂo i
= - CLg Expected+2c
=4 4+
o 4
o r
e .F _
s 7
st~ .
E v
2k T
R
wn
m —
1 1 1 1 1 1 1 1 I 1 I 1 1 1 1 I 1 1 1 l.:*
110 115 125 130 135

m, [GeV]
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Local p-value

—
<

CMS Prellminary

{s=7TeV,L=5fb"
(s=8TeV.L=121fb"

VH(bb), comblined

—&— Observed

---8--- Expected from SM Higgs

120 125 130
m, [GeV]

H—bb l
HIG-12-044|

2 leptons

medium MET/

Z(IT)H(bby

Z(vV)H(bbj

W(Iv)H(bb)

/ tight btag

large MET \

N

js=7TeV,L=50 fo! E:BTBV, L=12.1fb"

loose btag

tight btag

loose btag

CMS Preliminary my =125 GeV

-4 11

o 0 2 4

Best fit o/o,,
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ttH, with H—bb

{s=8TeV.L=511b"
Lepton + >4 jets + >2 b-tags

CMS

different categories ¢
b according to the &
number of jets and
v number of tags

102

i+

8 a 10
Number of jets

Lepton + 5 jets + 24 b-tags

s=8TeV.L=5.11b"

Lepton + >4 jets + 22 b-tags |

arXiv:1303.0763 '
Dt

- Single t
% Bkg. Unc.

signal has
large number
of jets and tag

4 5
Number of tags

different ANNs % 12 __bmo Le;z:: ;:;;;: ':_;)g; _ LeplonsJels and Diepion _ CMS {§=7TeV, L =50 S =8 TV, L=5.1 1"
for each & 10:_ E 20; " —— Observed *
- o — i
X = 18 s
category : E F Pegectedt 1o
- g 16 S : ]
C | T 1T 2 , F -—- Expected+2¢
sl - o 14 SNV SN W
° u vy / — H
example' 4/ 7 ——»12_—
] _ 10
2 | | combinationf
2 of all the &£
:, categories
= 2 S NN R ——
e ' ! * ! X ! . . 1 1 | | I 1 | | | I 1 | | | I 1 | | | I 1 | | 1 l | | | |
01 02 03 04 05 06 0.7 0.8 09 05 o =5 e s o 7
ANN output .

Roberta Volpe
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Combination combination |
"HIG-1 3-005'

high resolution channels

Analyses No. of M Lumi (fb~1)
H decay Prod. tag | Exclusive final states channels resolution 7TeV 8TeV
untagged | 7y (4 diphoton classes) 4+4 1-2% 5.1 19.6
TY VBF-tag | 7y + (jj)ver (two dijet classes for 8 TeV) 1+2 <1.5% 5.1 19.6
VH-tag | 7y + (e, u, MET) 3 <1.5% 19.6
| Niet < 2 3+3
: jet =29
77 — 4l Nt > 2 de, 4, 2e2u 343 1-2% 5.1 19.6
0/1-jets | (DF or SF dileptons) x (0 or 1 jets) 4+4 20% 49 19.5
WW — fvlv | VBF-tag | fvfv + (jj)ygr (DF or SF dileptons for 8 TeV) 1+2 20% 49 12.1
WH-tag | 3/3v (same-sign SF and otherwise) 2+2 49 19.5
0/1-jet | (e, uty, ep, ppu)x (low or high p1) 16 + 16
1-jet Ty Ty 1+1 15% 49 19.6
TT VBF-tag | (ew, utmy, ey, uu, vth) + (jj)vBr 5+5
ZH-tag | (ee, uu) x (thw, ew, puth, eu) 8+8 50 195
WH-tag | myup, e, e, Hth 4+4 ' '
VH-tag | (vv, ee, uu, ev, yv with 2 b-jets) x (low or high pr(V) or loose b-tag) | 10+ 13 10% 50 121
bb HHLt (£ with 4, 5 or >6 jets) x (3 or >4 b-tags); 6+6 5.0 51
a8 (£ with 6 jets with 2 b-tags); (££ with 2 or >3 b-tagged jets) 3+3 ' '
Decay mode | Expected (¢) | Observed (o)
3.9 3.0 mass measurement
Ty ' ‘ and
WW 5.3 3.9 compatibility tests
bb 22 2.0 for several properties
TT 2.6 2.8
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mass meas. with: yy and ZZ combination |

: : "HIG-13-005
use the high resolution channel SN Preimnary is =7 Tev. L5 fp-ﬂ@:g@y,gs‘@p.u_'
to measure the mass £ ofH—vy+H—Zzz |7 sombne ;
< E MZZ, MYY(ggH’ttH)’ T H — YZYZ ;
e relative signal strength between yy and N 8t n, (VBRVH) !
Z7 constrained to the SM value A= E
¢ Overall signal strength as free parameter 65 .
CMS Preliminary {s=7TeV,L<5.1f0"' V/s=8TeV,L<19.6fb" 55 §
2 T T | T T T T | T T T I I I I A — :— _:
£>CI) " H—yy+H—=2ZZ 4+ Combined 4:_ 3909 CL
) > oL + H-—vy F -
0 + H->27Z 3 E
l : 2F T e
 sf - : | 68% CL
: : OEI | I I I | I I I | I I N I A | | | IE
10l B 124 126 128
T : M (GeV)
0.5[- - I
; | mx = 125.7+ 0.4 GeV
0 O_' Y A T by scanning the test statistics the statistical
' 124 125 126 127 uncertainty is evaluated to be 0.3
m, (GeV)

‘mx = 125.7+ 0.3 (stat) = 0.3 (syst) GeV '

68% CL contour
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Signal strength combination |
'HIG-1 3-005'

Vs=7TeV,L<51fb" {s=8TeV,L<19.6 b’

COTE%%%:O.M CMS Preliminary m, =125.7 GeV at mX —_ 125.7 Gev
H— bb (VH tag pgy = 0-94
= 0.80=+0.14

)
H — bb (itH tag)
)
)

H— vy (untagged
H— vy (VBF tag
H—yy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H — tt (0/1 jet)
H — tt (VBF tag)
H — 1t (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

8 CMS Preliminary ys=7TeV,L<5.1f0" \s=8TeV,L=<19.6fb"
[ [ [ | | | | | | | I I I I I I I I I
%+ H-—n1r

H— WW
+ H—>ZZ
H — bb
H—yy

MVBF,VH
+

Best fit G/OSM 4 L

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

Combined CMS Preliminary m, =125.7 GeV
w=080+0.14 | Pg,=0.52

Untagged
u=0.78+0.16

VBF tagged
w=1.02=+0.34

VH tagged
w=1.02=0.49

ttH tagged
w=-0.15+ 2.86

4 2 0 2
Best fit 0/0S

4
M
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combination '

HIG-13-005 |
I'iot = ) 1ii + I'psm

Mass is fixed to 125.7 GeV

-@-Test of custodial symmetry Awz = xw/xz|

CMSP Imnry r 7TVL 51fb \F 8TVL 196fb

_| 5.0 T
< 45 vz 2 K‘ — ovenes i CMS Preliminary js=7TeV,L<5.1f" (s=8TeV,L=19.6 b
:1' a0k ,‘ ----E'xp.forSMH E — - : :

" 350 i E < | 4 SMHiggs @ Fermiophobic @ Bkg.only

3.0F - D | -

2.5F ‘-. -
2.0/ é
150 - -
1.0 —— :
0.5F i - 1
0-0:\\\\\\\\\‘\\\\\\ ‘\\{I\\\\\\\\‘\\\\\\\\\7

0 0.5 1 1.5 2
A

Wz

in the following tests, we assume oL+
Awz = 1' ]

-® Test of couplings -1
to fermions |
and bosons -

: -2
assumptions: I'gsm =0 O 0.5 1 1.5
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BSM particles and coupling to fermions combination |
HIG-13-005 |

->presence of BSM particles 5.OQISTamey (oI T LS 1B (s se g o QWS Py (57 TohLo 511 S8 TowL < e
& p p E 4‘5; Ky Ko BRBSM — Observed é ~ E Ky, K‘g, BF{BS,\‘/I | ::,-' | E
H —}YY decay and gg—’H :} 4_0? II—---Exp. for SMH | 2_5? 7
production are sensitive to 22 E 20 A
the presence to new particles 25 : .
which couple with H 20- :
1.5 =

1.0F - -
v v o , ]
0.5F E
t v E ’\’\’\’\’\,\‘\HH\H‘HH\\H‘ \\\\\\\\\ FEEEEEEEE E
—_ — - ho==- t h === w 0'00 0.2 04 0.6 0.8 1
t w BRBSM

Y Y

-»-test for asymmetries in the couplings to fermions

Adu = Kg/ Ky Aig = Ko/ Kq)

(k,,kg) = (0.97,0.83

in models with 2 Higgs | sofTImR AT R, g o0t e ey
£ 450 Vgt TV :.'—Observed E c 3 du? KL{, Ky — Observed E
dOUbletS <2HDM) fl 4§ ‘-.‘ :.‘ ----Exp.for SMH | cﬁ ji \“ ---- Exp. for SMH Z
the coupling of the neutral boson a5l | : 1 as £
to fermions can be different w.r.t. Zz : / ERS : : |
. . OF : E 2.5 =
the Yukawa couplings in the SM 200 1\ 1 20 -
1.0F : 1.0F —— ;
051 E 0.5F E
e . B i R -
)\’Iq }\'dL
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->-test of model with 6 independent couplings

CMSPrehmmary F 7TeV L551fb \F 8TeV,L=19.6fb"
T

5.0¢

CMS Preliminary {s=7TeV,L<5.1f0o" Vs=8TeV,L=<19.6fo"

42 Kgs Ky Kp, Kgy Ky

450
4.0

— Observed

-- Exp. for SM H :

-2AInL

3.5
3.0
2.5
2.0F
150

1.0F
0.5
0.0t

CMS Preliminary s = 7TeV L<511b"

Vs = 8TeV L<19.6fb"

4.5
4.0

-2AInL

_ Observed

-- Exp. for SM H

3.5
3.0
2.5
2.0
1.5
1.0

0.5F

o
—
N

-® constraints on gsm
assuming Kv< 1

Roberta Volpe

-2AInL

-2AInL

5 0 T T T | T T T ,T [ T T \:
4 S;K o KV’ Kb’ Kf’ Kt — Observed E
40§ - Exp.for SMH |]
3.5 =
3.0 =
2,50 -
2.0 E
1.5F =
1.0F
0.5F -
0 0: I \\"4 o L1 ol by ]
0 1 2 3

Kp

CMS Preliminary |s = 7TeV Ls 51fb Vs=8TeV,L<19.6fb"
5_07 \\\\\\\\ Ty rrrrrrT [T 2T ]
4 57'( g K}/’ Kp» KT’ Kt |— Observed E
405 l -- Exp. for SM H E
3.5F =
3.0F =
2,50 =
2.0f- 3
1.5F =
1.0 ]
0.51 =
0.0: \\\\\\\\\ Lol | r/\ \\\\\\ I Lo ]

0 0.5 1 1.5 2 2.5
Kg
r 5OCMSPreIImmary F 7Te\/L 51fb F 8Te\/L 196fb

£y 5 Ky» Kgr KVS‘I —Observed E

: 40; Koy Ko Ky BR SM ----Exp. for SM H E

3.5 =

3.0 , =

2.00 ' =

155 =

1.0F ] -

os- A7 E

S =CU I N TRTTTRRTTY R Lo, ]

0'00 0.2 0.4 0.6 0.8 1

BRBSM

Independent couplings

-2AInL

-2AInL

5.0

assuming

I'Bsm

CMSPrehmmaryF 7TeV,L<51f0" ys=8TeV,L=19.6b"

4.5
4.0

g!

Kys Kpy Koy Ky

— Observed

--Exp. for SM H

3.5
3.0
2.5
2.0
1.5

1.0
0.5

0.0

o

5.0p

4.5-

4.0
3.5
3.0
2.5
20
1.5

1.0F

0.5

0.05

CMS Preliminary s =

7TeV,L<511f" (s=8TeV,L<19.6fb"

K

\\\\\\\\\ YT T T T T T T T[T T T T T T T T T[T T T T T T T[T T TTTT1T7TT1]

g; KV1 Kb; K'IZ! Kt

— Observed

-- Exp. for SM H ;

combination '
"HIG-13-005 '

(s=7TeV,L<51f" {s=8TeV,L<19.6b"

CMS Preliminary W 68% CL
==095% CL
—*—
—:*—
——
_I*_
j;_.: pSM=0_52
III|IIIIII!IIlI\IIlIIIIlIIII
05 1 15 2 25 3

parameter value

(s=7TeV,L<51f" (s=8TeV,L=<19.6"

CMS Preliminary W 68% CL
: ==95% CL
il
_-'-— Py =037
—-.-;_ Poy = 041
—;—'——pw_o.sg
—;_.__psM—OAQ
+ P, = 0.23
| | FFSM=O'41
051152 2.5

parameter value

everything is compatible with the SM
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wriing

J¥ = 0" and 2} (gg) signal hypotheses

Spin: combination of ZZ and WW

Probability density

q
CL:**™ = P(q > ¢° | 23(g8) )/P(q = g°*> [ 0*)
exp.
CLP =P(q >4, |25(88) ) /0.5
test performed with:
¢ SM signal strength
e measured signal strength
Pre-fit model (y; = 1) 27 — 40 | WW — fvlv | Combined
Separation 81.6% 87.1% 92.4%
P(g < qzﬁp 10T) 1.80 1.90 2.60
P(g > g, |2+ (gg)) 1.80 2.50 3.00
1 — CL*P 93.2% 98.6% 99.8%
Post-fit model (y; profiled) | ZZ — 4¢ | WW — fvfv | Combined
Separation 80.7% 80.9% 88.8%
P(g < qgﬁp N 0t+) 1.60 1.60 2.30
P(gq > g, |2+ (gg)) 1.80 1.70 2.50
1 — CLS 93.1% 91.9% 98.8%
P(g <g°s|0™) -0.900 0.440 -0.34¢0
P(gq > g°® |2t (gg)) 2810 1.320 2.840
1 — CL°* 98.6% 86.0% 99.4%

Roberta Volpe

QFTHP 2013, June 23-30, Repin, Russia

combination '
HIG-13-005 '

— —211’1(62;1( )+bk _/£O++bkg.)

CMS preliminary Vs=7TeV,L=5.1f6" ys=8TeV,L=19.6fb"

0.1~ —
i m(99) ]
0.08 —CMS data ]
0.06 —~
0.04 ! —
0.02 -
O L . Vi |.l|""'r--+.._|. |

30 20 -10 O 10 20 30
-2 x In(L /L.
( 2n(ge) O )
2..(88) is disfavored by the data with a CLs= 0.60%
43




H—Zy

"HIG-13-006
CMS Preliminary H—-Z y(Weighted to S/(S+B))
- Is =7 TeV, C=50T0" 7
For some models the 1600~ (s=8TeV,L=19.6fb" with S
BR(H Z ) d BR 1400:_ Electron + muon channels  from|S
- an u —0— Data
H N Y t s 1200;_ —— Background Model
( YY) are nO 8 1000:_ _SignaImH=125Ger100
correlated, so a T w0k —1 #
combined analysis of S b
w n
the two decay modes s00f
can give information 200 expected signal x 100
on new thSiCS foo~""Ti0 120 130 140 150 160 170 180

main systematics (apart the theo sys):

event class migration 40
? . 5 . ,_% _l—: CMS Prelimin:!slry I . O!bserved ! é
P signal scale and resolution e 5= T Te VoL 5.0 , ]

[ala} : s i i 6 ity - = = Median Expected E
X oV = O MM Expectedz1o S
g‘ — Elec;tron + mu(?n channel$ Expected = 2 G .
SJEY.1 U VN SO S N T =
at my=125 GeV\ o
= 20
expected | 619 x SM | 12 x SM 2
x N
observed | 3+31 x SM 9 x SM =
5_ ...................................................................
r

1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
920 125 130 135 140 145 150
my; (GeV)
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wriing

HIG-13-011
VBF

CMS Preliminary \s=8TeV L=19.0fb"
: L] ] L L] L l L] L] L] l L] L] L] l L] L L] I L] L] L] I L] L]

Events /2.5 GeV

Roberta Volpe

R

" + CAT4 ]

200 e Data -

F Background-only Fit -

- [OFits 1o =

150+ [ JFits20 :

E [ Signal (125 GeV) x 10 ]

100

50 ¢ ™

i 2 3
8
©

() 3

-50 -

95% Asymptotic CL Limit ono / o,

| | | L+

14

12

10

A
240

1 PRSI SEFTRI RS L L L1
80 100 120 140 160..180 200 220
M,, (GeV)

CMS Preliminary  —=— CLg Observed

L s =8 TeV — - CL Expected —
B L=19.0fb?' = - CLg H125 Injected -
- VBF H— bb W CLg Expected=+ 1o ]
- CL4 Expected= 20 =
B L M M T B

115 120 125 130 135
Higgs Mass (GeV)

VH

Local p-value

QFTHP 2013, June 23-30, Repin, Russia

95% Asymptotic CL Limit on /o
wW

H—bb

2 6 I I I I | I. I. I 1 ' I | I I l I I I I l I I I I |—
CMS Preliminary )
1 —e— CL Observed

ls=7TeV,L=5.0fb" . CL H125injected |
5/ Vs=8TeV,L=19.0fb"  --- Oy Expected =~ |
..... CL Expected (VH only) _

VH(bb) + VBFH(bb) combined guy ci_expected: 10

CLs Expected+ 26

-
e
-
7

P>
.
e*’
-
-
-
s
.
.
-
-
.

N -b
IIIIIIIIIIIIlIIIIIIlII_

-
----------
| camm==

i i
:I | | | | | 1 | | | | ! | | | | l 1 | l | l 1 | | I:
110 115 120 125 130 135
my [GeV]
1 g I I I I | I I I I I I I I I I I I | I I I I -E
1 0-1 é_//.\\‘\ _;0
E T 520
10 =TT — E
10°F =5
g CMS Preliminary 3
- 's=7 TeV, L=5.0 fb" .
104k ls=8TeV,L=19.0fb" _
E VH(bb), combined E
5 __ —@— Observed __
1 O g ---@--- Expected from SM Higgs %
10‘6 ] Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il |_
110 115 120 125 130 135
m,, [GeV]
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' Combination of VH and VBF

z 6 I I 1 I I I I I 1 I 1 I I I I | I I ] I I I | I

w - CMS Preliminary . q) 3 I 1 | I . I -I | I | 1 | 1 I | I | I | | I —E
© B CL¢ Observed 7 - CMS Prelimina =
B i \s=7TeV,L=5.0 fb! + CL, H125 injected i C_:U; C /.I\ nary u

S 5| (s=8TeV,L=19.0fb" - et > 10— o
+ | VH(bb) + VBFH(bb) combined ggy ci_Expected:1c - Q g :
= B CL Expected+26 ]| © - 4
O 41 — Q2L e T |
- T _ OC 107 il 5
O | ] = P ]

9 : : -3 B Bo
S 3 - 107¢ E
g. - - /s=7TeV, L =5.0 fb" -
= s B ls=8TeV,L=19.0fb" _
2 2 - VH(bb) + VBFH(bb) combined -
O\Lro) e B —@— Observed 7]
m 1 i i E ==+ Expected from SM Higgs (VH Only) g
EI I I | | IE ] | | | | | | | | | I | | | | I | | | | | 1 | | | |_

110‘ — 115 — 120 — 125 — 130 — '135 110 115 120 125 130 135
. m,, [GeV
my [GeV] : '

95% CL limit observed (expected) at 125 GeV: 1.79 (0.89)
Significance observed (expected) at 125 GeV : 2.10 (2.20)
Signal strength at 125 GeV: p=0.97+0.48

Roberta Volpe
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wriing

= ttH with H—vyy H-vy

[ HIG-13-015

background estimated from selected data

CMS Preliminary Vs = 8TeV L = 19.6fb . CMS Preliminary Vs = 8TeV L = 19.6fb b
% 85— ttH(—7y) hadronic channel —4 Data %4.5§ ttH(—77y) leptonic channel —4 Data
8 E —— Bkg Model ::_’ C ——— Bkg Model
Pik(a R 5 F -
S o [ 535 e
o 6: [ ] 1xsmm, =125 Gev o E [ ] 1xsmm,=125Gev
u 3
5— C
C 250
4 -
C 2
3F c
C 1.5
2 r 1 ; (] . [ [
d d . 1 ----- " | II I 0.5 :_
u n e rsta n l n g L L ] | 1 1 | 1 1 1 1 ] i 1 O o N S S S S S—— 1_! ——
100 120 140 160 180 100 120 140 160 180
the bkg by using GOV

a control sample

CMS Preliminary, \(§=8TeV s 30 |C|M|S| I:|)r|e|||rr|"r|]a|ry| v|§|=|8 |Te|\{ I|_=|1|9'|6|ft|)-1| [T T T T 1 T T T 1
:14000 |_| | T 1T T 1T ‘ UL | T 1T | LI [ LI | |_| ?"D : H H :
=z B ttH Hadronic Channel - = C — Observed 7
812000 - _ b :IT: ogl| _
E‘ ! e Data sidebands ! 5 B - Expected = 1o i
% 10000 - Control Sample - . I S Expected = 20 -
: l:' ttH (125) : Comblne Ag‘; 20__ ..... . . e
8000 |- ] . . = .
: semileptonic P
- . I
6000 | . . =
: : and fully hadronic =
4000 - . 10—
: : ttbar decays —
2000 |- -
: ] 5
0_|J|111111111J11,.é.,1|$1|w
S N arars e s s s mwwwn
Number of Jets 10 115 120 125 130 135 140 145 150

m,, (GeV)
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ttH, H — bb/
5 w:

CMS Preliminary Vs =7 TeV,L=5.0fb™; Vs =8 TeV, L =5.1-19.6 fb™’

—
o
|

95% CL limit on of Ogu
™
| T

—e— Observed

. Expected + 1o

----- Expected + 20

..........................................................................................

P10

115

120 125 130 135 140
m,, (GeV)

Expected
Higgs Mass | Observed | Median 68% C.L. Range 95% C.L. Range
110 GeV/c? o 2.4 [27;3:5] [1:4,5.1]
115 GeV/c? 2.8 2.6 [1.9,3.9] [1.5,5.6]
120 GeV/c? 4.9 2.9 [2.1,4.3] [1.7,6.4]
125 GeV/c? 3.3 3.1 [2.2,4.6] [1.8,6.9]
130 GeV/c? 3.5 3.6 [2.6,5.4] [2.0,8.1]
135 GeV/c? 4.7 4.3 [3.1,6.6] [2.4,9.9]
140 GeV/c? 6.8 4.9 [3.6,7.5] [2.9,11.5]

Roberta Volpe
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Spin with H=Yyy VERY | Hovyy |
Eapz1 — E1pz NEW 1161301 6|

cos(05) = 2 X

> before cuts after cuts
iy Yy Hl + pT CMS Presminary CMS Preliminary
YY Ay Tor sy T T T e L A RBARI RARAS e
o +2':'(99) -

categories
CMS preliminary: Vs=8TeV, L=19.5/f0 —+— R9yuy 2094, Il <1.5
E 2.0 :l LI I LI LI I LI I LI I rhTl —e— Rgm < O-M, mlmx< 1-5
)] - ' | —— R9,,, 2094, >15
o) 180 gg — X(QZ,) : N R9:<0.94, ml_ >15
‘6’ 1.6 : . CMS Expected {s=8TeV,L=19.6 fb"
= ..F ; £ B[ .
T 14F 8 - > F XY e
u : : | = . o8 5 + 1o expecte
= 1.2 : _+_+ S c E + 20 expected
w - | M u>—:::+ c = X a4 —— X—yy 2°
x 1.0p==+ 4;_‘%" =8 E 3 YR . Obsgrve"a
< o6 uniform ratio | ijé’*” = of-
- 5 + =T 2 -
0.4 ; ; 7
0of. (ACE X E)IACC X €) sm -2l
-l | | I L1l i | | I || : I I || I 1 Iil | I L1l I 1 I.I | I L1111 I L1l IE
080 01 f/ 0.5 ,0.6_0.7 038 1.0

4 x5 categories

The present YY data does not have the
power for a significant hypothesis test

Barrel-endcap and
converted/unconverted
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wriing

2HDM

high resolution of yy

search for 2 near-

degenerate states
My, = my + Am
relative strength

of the 2 signals:

x: fraction of the signal in

the lower state
rx, r(1-x)

mH and r are profiled

5

Am (Ge

Am (GeV)

0.4

0.1 0.2 0.3

Roberta Volpe

CMS Preliminary EX

0.5

125 GeV state is considered
as a background

3 0 . 1 5 T T 1T | T T 1T | | T 1TTT | T 1TTT | ||||||||
2 s s . :
3 CMS Preliminary : || —— Observed
b Vs=7TeV L=5.1 fbi'
= 1s=8TeV L=19.6 fby - Expected = 1o
- : :
(U A = I e Expected = 20
5 01 ....... —
o
m
x
©
0.05 Fowrrdmie e B\ _

o R B Iillllillllillllillll
25 130

12

10 115 135 140 145 150
m,, (GeV)
YO=7 1€V L=0.11U
nected {s=8TeV L=19.6fb" 5.0
- 3 3

7§ 8 45
1S
<

3.5

3.0

25

2.0

1.5
1.0

0.5

0 0'8.0 0.1

0.6
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CMS Preliminary

0.2

NEW!

"Upper limit to the natural width

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

CMS Preliminary

-
= C
< -
Q L
5 =—7+8TeV (observed)
C = =7+8 TeV (expected)
- — FC 95% Upper Limit (observed)
= == FC 95% Upper Limit (expected)
3
2 __ P b d
- xpected observe
I; :
: ‘o"’ Y : 4
O ---- 1 1 I 1 1 1 I 1 1 1 ‘l{ 1 1 I 1 1 1 I 1
0 2 4 6

8 10
Higgs Decay Width (GeV)

95% CL

width <5.9 6.9

&

Reinterpretation of H—yy results| VERY H=YY |

'HIG-13-01 6|

Vs=7TeV L=5.1fb™

Observed

0.3
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35

95% CL limitono / Og

Roberta Volpe

HIG-1 3-017'

[ -2 WW analysis lepton cuts
v -2 jets:
® |jetn|<2.5

vV q ® 65<Mijj<105 GeV 7 TeV: cut and count
‘/L‘< ® Anjj<1.5 8 TeV: shape analysis

30F -

o5 ERE,
208 N\ B
pE b N
of,  igEsREh,

_l___l__I___l___l__l___l___l___l_l__I_V_I'__I‘_.I TTTTTTTTTTTIITTTTTT

---- median expected CMS preliminary
W expectedis  L=49+195f7 | .
expected + 20 ﬁ':'?‘fS'Te\/sf """"""""""" _

R R R ————

95% CL limitono / Ogu

|l|ll|ll|l|

—
—y
ol

S S S ———
115 120 125 130 135 140 120 140 160 180 200 220 240 260 280 300
Higgs mass (GeV) Higgs mass (GeV)

QFTHP 2013, June 23-30, Repin, Russia 51




@

H-Z77 |-
HIG-13-014 =

H-oZZ-212v

H—77
HIG-13-002

Ho7z7 |

HIG-13-002

H—-Z7Z-4l

95% CL limit on o/ayg,,

Roberta Volpe

X
&10

CMS preliminary, s=7 TeV (L= 5.0fb™, /s=8 TeV [ L= 19.6fb"

| T T T I T T T | T T T | T T T I

—— theory

—— median expected
expected = 1o
expected = 20

—e— observed

IIIII|
lIllll

T
|

T
1

T T T T1TTIT
| I N N |

1
10-1 1 | 1 1 | 1 1 |

600 800 1000

Higgs boson mass [GeV]

1 | 1
400
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v H— ZZ — 4L + 212¢ | -+ Expected -
I, Vs=7TeV,L=5.1fo"i- - Expected +10 , ...... i
Vs=8TeV,L=19.61": | Expected + 20

—
T
1

—
o
™

-y
o

T IIIIIIII

—

T T T TTTIT

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

—
Qe

IIII]II

Searches for high mass Higgs

E CMS Preliminary —— Observed g
T \s=7TeV,L=4.9 fb'11 - == Median Expected - H _’ WW
| \s=8TeV,L=19.5fb" .
| H>WW—2i2v 0/1-jet [ Expected - 10 i
[ ] Expected =20

Injection m"=125 GeV = 10

HIG-1 3-003'

VH
H->WW-2I2v

1 IIIIIII|

111111[11|1|1|11|111|

Illllllllllllll vulon

—
o
o

95% CL limit on o/og,,

—_
o

400 500 600

m, [GeV]

200 300

CMS Preliminary, 19.3 fb' at (s =8 TeV, e+u

©

[oo]

IIIIIIIIlIII[IIIIIIIIIIIIIIlIIIIlIIII

IIIIII IIIII[IIII|IIII|IIII|IIII|IIIIJ

—— 95% C.L.Observed Limit

------- 95% C.L.Expected Limit : H _} WW
HIG-13-008 |

- +10 Expected Limit
WW-=lvqq’

‘:' +2 o Expected Limit

——— SM Expected

IIlIIII|IIIl|

800

650 700 750 800 850 900 950 1000
Higgs boson mass (GeV/c?)

no other SM-like Higgs, with SM couplings with mass <~ 1 TeV
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[l 68% CL band
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Civvnlos
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FP Higgs boson mass (GeV)

Fermlophoblc nggs

nggs in fourth generatlon models:

VH q.»»\» u't,ztvrzi"" '

W, Zsrablng:  Sounounod
)I
7 H
VBF ¢

WW, ZZ fusion:

- =

£ oqopoMs T op
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model with a singlet scalar where a heavy boson couples with

the 125 GeV state

h: SM Higgs with m~125 GeV, with coupling C
h’: new EW singlet state, with coupling C’

unitariety =C2+C"2=1
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Conclusions

The paSt: itegrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25

w2010, 7 TeV, 44.2 pb '
w2011, 7 TeV, 6.1 b '
w— 2012, 8 TeV, 23.3 b '

> full phase-1 dataset, properties studied, it is a “Higgs”

20 20

15

&
It looks like a Higgs-like particle CERN press offce wa«,\\ A

i | i | et | e | comae

10+ 110

N indicate that particle discovered at CERN

f a particle with m~ 125 GeV

Total Integrated Luminosity (b ')

(deca y S tO bosonS) Gen:\rra, 14 March 2013. At the Moriond Conference today, the ATLAS and CMS
collaborations at CERN *’s Large Hadron Collider (LHC) presented preliminary new
0 . ! 0 results that further elucidate the particle discovered last year. Having analysed two and a
I N P AP T LR e nt he el ki more and more ke Higs Bk, he i ket
Date (UTC) The future: e o
The present: N A
s 10 fh 2V
12;—
%;’Sh(; rr(l)a‘sg (();f t\l/1e new particle is measured to be: 5 CMS-NOTE-2012-006 '
./ XU, (S 0.8}
ool
° oge ° 0.5 L Fa— ) — PR — PR —
&> Several compatibility tests performed on properties, UL W
no discrepancy to SM observed s
5 1
1.10
2> First sign of decays to fermions, TT and bb I
2> Keeping on looking for deviation from SM, by using W
the phase-1 dataset with new analyses, and plan Tl
strategies to be ready to use the next LHC run dataset A
Thank ’yOU 0.8 0.9 10 "
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CMS Projection
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ECAL performance HoYY |

Both electrons in ECAL Barrel with low bremsstrahlung HIG-13-001 l

m2 . =2E., E. (1— cosd)

> Lrrrprrrprrrprr e T T [ I
Wiy N 8 9000| cMS Preliminary : e Data
&N 8ooo|NS=8TeV
Good photon energy resolution 2 7000
0 :
. ]  6000F—
Z—ee mass resolution better than 1.2% -
for electrons with low bremsstrahlung in 2000
the barrel. 4000 —
3000
. 2000
Z—ee lineshape: good :
agreement between data/MC 1000
sz -

M., (GeV/c?)

Stable performance already using promptly reconstructed data

< 2F | | | |
i = oF
Z maSS resol utlon aS a \ET\J 19 :_ ...................... AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAA ECALBarreI AAAAAAAAAAAAAAAA Uncorrected
. . - : : : : Mean = 1.64
function of time after ~ :j St Ao = 003
application of analysis A Mean Error = 0.02
level corrections i corrected
1.4 Mean = 1.63
13 Std. dev. = 0.02
1.2 Mean Error = 0.02
1.1 E_ ...................... ........................................... .................................. A Corrected
N | | |
02/05 01/07 31/08 31/10
date (day/month) @ Uncorrected
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mq/l Y2

Vertex finding

=2E. E., (1 —cosl)

Efficient vertex finding algorithm

7 Higgs production vertex is selected using a Boosted Decision Tree (BDT)
e Inputs: 2pt? of vertex tracks, vertex recoil wrt diphoton system, pointing from converted photons
2> An additional BDT is used to estimate the vertex probability in the MVA analysis.

7 Control samples: Z=pp for unconverted photons, y+jets for converted photons

MC signal
efficiency

Data/MC ratio
using Z—Up

e(data)/e(MC)
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2> photon pt cuts scaled with myy

2 cut-based photon identification

e Photon identification data/MC efficiency scale factors computed from Z—ee and

Z— Y.

Cut based diphoton selection

H-YY |

r N
Cut based HIG-13-001

P choose the ID photon pair with highest sum Er

?> 4 categories are defined according to the photon characteristics

e Barrel-endcap and converted/unconverted from shower shape

e Different mass resolution and S/B among the 4 categories

converted photons discriminated by

Ro= 2 E(3x3)/Esc

Cat O | Both photons in barrel Both photons Ry > 0.94
Cat 1 | Both photons in barrel At least one photon with Ry < 0.94
Cat 2 | At least one photon in endcaps Both photons Ry > 0.94
Cat 3 | At least one photon in endcaps At least one photon with Ry < 0.94

Roberta Volpe
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MVA mass-factorized
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Results: fitted signal strenght Hoyy |
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' compatibility between the two analyses H=YY |

how much the MVA and Cut Based results are compatible?

the two results are correlated because of common events,
we need to take into account the correlation

72 We estimate the correlation between the two analyses
using the resampling jackknife technique

(Quenouille M (1949), Tukey JW (1958))

%The correlation coefficient between the two
measurements is found to be r=0.76

Compatibility
(including correlation)
MVA vs CUT BASED 1 5
in full dataset N0

y within 2 (Il
MVA vs CUT BASED 1 8 o

only in 2012 dataset

2 A large number of tests have been performed. No
source of systematic error was found. Differences
appear to be of a statistical nature.
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Mass spectrum for each category

plots shown are for 8 TeV
Best fit with a floating signal strenght
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Compact Muon Soleecid

Roberta Volpe

/N

ttH, H— vy

semi leptonic

CMS Experiment at LHC, CERN

Data recorded: Thu Nov 1 02:13:01 2012 CEST
Run/Event: 206446 / 1072391444

Lumi section: 784
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fully hadronic

CMS Experiment at LHC, CERN

Data recorded: Sat Nov 24 19:16:36 2012 CEST
Run/Event: 207889 / 771018991

Lumi section: 783
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WW, 0 jet bin
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CMS Preliminary, (s =8 TeV, L = 19.4 fb™

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
30000 ut —e— observed
o h CJZ-m
L B clectroweak
25000 [* ]
C_Jaco

%] bkg. uncertainty

20000

15000

10000

5000

0 e e -
100 120 140 160

m; [GeV]

Roberta Volpe

Selection

CMS Preliminary, /s =8 TeV, L = 19.4 fb™

U) _I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_
"c 70000 [ —e— observed -
0 3 Z-w ]
L1 60000 [ f{lectroweak 3
| 3 aco ]

50000 B2 bkg. uncertainty -
40000 -
30000 -
20000 —
10000 B | .

Number of b-Tagged Jets

QFTHP 2013, June 23-30, Repin, Russia

H-TT |

HIG-1 3-004'

CMS Preliminary, s = 8 TeV, L = 19.4 fb™

-9 — 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 T L=
c | —e— observed e ]
2 30000 F E 2 -
L - B clectroweak o .
g B .
25000 |- C—J QCD 3
L B bkg. uncertainty ]
20000 [ -
15000 |- -
10000 |- -
5000 [ -
0 - §
-150 -100 -50 0 50
D, [GeV]
CMS Preliminary, /s =8 TeV, L = 19.4 fb™
U) B I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
T o —e— observed
© 50000 [-°H Cz-w
T ' B clectroweak
— T
C_JQcb

B2 bkg. uncertainty

30000

20000

10000

0 2 4 6

Number of Jets

100

69




CMS preliminary \s=7(8) TeV,L=5.1(19.6) fb"
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Object isolation H—-Zy
. HIG-13-006 '

A

neutral |
hadron !

c. 4 . .
R oon Pile Up correction

applied to both leptons
and photon PF isolation

charged
\ hadrons
Lepton Isolation: example for electrons:
cone AR<0.4 CMS Preliminary, Vs = 8 TeV, f Ldt=196fb"
<20 =
ZpT(PFcand) + ZET<PFcand) <04 S :oFI;F isolation o
Pt (l GP) . . % “*PF isolation, PU-correctegO
Y ) with medium = o
energy per Vor 7
Photon isolation: y unit area (p) - o
subtracted B .
cone AR<0.3 101 o 20<mhl<22,p_>20GeV
Barrel, EndCap ! - o
S (Chad) < 15,1 VAR
Zp (NeuHad) < 1,1.5 isolation variables
T .
’ independent -
ZPT(PhOt0n8)<O.771 Oantx IIIE|_>IIII1|OIIII1I5|III2IOIIII2|SIIIISO

-

# vertices

Roberta Volpe QFTHP 2013, June 23-30, Repin, Russia /1




' combination

Model parameters

combination '

"HIG-1 3-005'

Assessed scaling factors
(68% and 95% CL intervals)

/\wz, K7 /\WZ :0.75,1.13: :0.60,1.40:
sz, K7, K¢ /\WZ 073,100 062,119
Kv, Kf Kv 0.81,0.97] [0.73,1.05]
K¢ 0.71,1.11] [0.55,1.31]

Ky, Kg Koy 0.79,1.14] [0.59,1.30
Kg 0.73,0.94] [0.63,1.05]

B(H — BSM), k4, kg B(H — BSM) [0.00,0.24] [0.00,0.52
Adus KV, Ky Ady 1.00,1.60] [0.74,1.95]
Atg, KV, Kq Agq 0.89,1.62] [0.57,2.05]
Kv 0.84,1.23] [0.60,1.39]

Kp, 0.61,1.69] [0.00,2.63

KV, Kb, K1, Kt, Kg, Ky Kt 0.82,1.45] [0.53,1.81]
K¢ 0.00,2.03] [0.00,4.20

Kg 0.65,1.15] [0.49,1.77]

0.77,1.27] [0.55,1.55]

as above + B(H — BSM), butxy < 1
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