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The quest for over 40 years has ended
The Higgs has been finally pinned down!
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The CMS detector

3.8 T superconducting solenoid
envelop:

® Tracker (silicon pixel and
strip detectors) || < 2.5

CMS Detector  “*i

Pixels
Tracker

e ECAL (PbWO, crystals) ||-|C

Solenoid
e HCAL (brass/scintillator

samplers)

Muons

Barrel || < 1.48
Endcap 1.48 < || <3.0

® Muon Chambers - gas

. F HETER (HCAL)
ionization detectors embedded Tt 120 s
R R Overall length 1287 m
in steel return yoke outside the Magnetic field  :38T

solenoid, |n| < 2.4
Drift Tubes, Cathode Strips
and Resistive Plate Chambers
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Physics Object Reconstruction

Particle Flow Technique @ CMS

= Event description in form of mutually exclusive particles

Charged
hadron

—> identification of all stable particles

produced in the event HCAL

deposit

ECAL
deposit
—> combining capabilities of each sub-detector

most precise measurement
of the energy and direction for each particle

Neutral
hadron

= individual measurements combined
by a geometrical linking algorithm,
e.g. extrapolating a charged-particle track into ECAL and HCAL
particle ID on blocks of linked elements
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Higgs in Bosonic Decays
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Pile-up & Vertex Reconstruction

CMS Average Pileup, pp, 2012, .5 = 8 TeV
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Analysis Strategy

MC 53 Hgg 125 GeW fa =8 TeW L= 10,82 1"

[\
o

B Cluon Fusion

— VBF

== viH

. e

[EEEEH 1D Shape Systemaics

Signature: Narrow yy mass peak
very good mass resolution 1 - 2%
Two isolated high E| photons

over large smoothly decreasing background D

# of events/0.04
S

jury
o

10
Small Branching Ratio: ~ 2 x 103 I
5f
O Inclusive MVA Analysis A : : y 1.0
photons selected with an MVA MVA Event catego ries
Variable in the MVA: 90000%— Data CMS preliminary _
. . E Vs=8TeVL=19.6fb "
photon kinematics, 80000 —
photon ID, electron rejection 70000 —
MVA score (shower shape, isolation) 80000
event-by-event m,, resolution 50000}~
40000 —
4 MVA categories with different S/B 30000
20000:
O 3 VH channels (e, p and MET tag) 10000 &
VBF (2 dijet categories) 0
0.2 0.4 0.6 0.8 1

diphoton BDT output
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Results @ 7 +8 TeV

CMS\s=7TeV,L=51fb"\s=8TeV, L=19.61b"
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Results @ 7 +8 TeV

2 MET CMS preliminary
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mass-fit-M VA analysis for combined fit

in mass-fit-MVA analysis, 5 classes @ 7 TeV & 9 classes @ 8 TeV
as fn of SM Higgs boson mass

Observed best-fit signal strength
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Leptons
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The 4-Lepton Analysis

» measured four-lepton mass

» the mass uncertainty

» kinematic discriminants

» information sensitive to the
production mechanism
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» Clean 4€ signal peak at ~ 126 GeV

» Very good control of
17 background

the dominant
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M,, distributions
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Kinematic Discriminant

Matrix Element Likelihood Analysis (MELA)
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MELA = [1 +

Masses of dilepton pairs and five angles fully defining a
four-lepton configuration in their centre-of-mass frame
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Results @ 7 + 8 TeV

p-value Expected: 7.1c6 Combined best-fit

Observed: 6.7c¢ p=0.92 %030
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Bompact Muon Sclancid

H— WW — 202v

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815



Analysis Strategy

e Channel with very high 6 x BR

Vectors from decay of a scalar and
V-A structure of W decay

e No mass reconstruction, event .
=» small opening angle between

counting for signal extraction
leptons

e Clean signature: (especially true for on-shell W)

2 isolated, high p leptons with small
opening angle

High MET

Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)
Different Flavour, Same Flavour lep

e Discriminant Variables:
pr'y My, My, Ag
VBF selections for the 2-jets case

Cut based and 2D shape analysis
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Cut-based analysis

my, (0 jet, DF) M; (0 jet, DF)

(] L] - L
o . 12 B -
> 350| -edsta — m,=125GeV CMS Freliminary—| o [ - dala = — m,=125GeV CMS Preliminary |
[ - B Hi125 Wejals E=8TeV.L=195m" L) 250__- H125 Wajets G=BTeV L= 'IEIﬁl'h"__
< 300—:;.‘;. :,3& E=7Tev.L=d9m' | 2 ::Eﬂi :SSH fs=7Tev.L=a9m" -
Eé E =% slat Ssyst O-jet ep E _g s00- =X stat@syst. D-jet ep |
§ 2%0f 18 -
@ N o B
200~ - 150 |- ]
150 |- -
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100 [ -
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{_Ee tr51 3 ;MW\\N¢*\\N\ R \ E e e gy i \%s 9
= u E .. 3
ot . . . . . ;
B 200 — > 0 50 100 150 200 250
my [GeVic?] m¥ [GeVic?]

* Drell -Yan: Suppressed by M;; and MET cuts
e WhHjets (with one jet faking a lepton): lepton ID important

e Top (tt and single top): b-tag veto (or additional soft muon)
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2-D shape analysis

M, =125 GeV Background
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95% C.L. Limit on o/ag,,

Results @ 7 +8 TeV

CMS PAS HIG-13-003

10% E
- CMS Preliminary =— Observed ]
T \s=7 TeV,L=4.9 fo! - - - Median Expected 4
[et - -1
- \s=BTeV,L=19.5fb [7] Expected = 10 E

. H=WW-2I2v 0/1-jet

|:| Expected = 20

Injection m"=1 25 GeV = 1o

—
o
T

—h

107

PRSI SR T |....I\.J\|.\.\I....‘....qu|m.lm.
100 200 300 400 500 600

m, [GeV]

Large excess at low mass compatible
with expected 125 GeV Higgs signal

0/0g,, signal strength p:  0.76 £ 0.21
Results consistent across all categories

signal strength, CMS preliminary, L = 24.4 fb!
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SF 1-jet 7 Tev i e

SF 0-jet 7 TeV

DF 1-jet 7 TeV

DF 0-jet 7 TeV .

SF 1-jet 8 TeV

SF 0-jet 8 TeV

DF 1-jet 8 TeV » :

DF 0-jet 8 TeV

-1 0 1 2 3
Best Fit /6,




Higgs in Fermionic Decays




CMS Exparimant at LHC, CERNM

Data recorded: Sun Nov 25 00:15:46 2012 CEST

Run/Event. 207898 / 97057018

VBF candidate event for

H=>tr->WuT,

H— Tt

on: p; = 31.9 GeV

T M
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T
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Tau: p; = 44.0 GeV

M. =120.3 GeV




Taus

Based on CMS Particle-Flow Algorithm

Charged Hadrons

 Photons [l -
!

m, it (K, K
n x ¢ Clustering , T (K, KY)

T decay mode
Reconstruction

lDecay Mode, Tau id. observables

single !
Hadron !
]

Tau id.
Discriminators

Cuts
_—

(Cuts based on invariant Mass of
Hadrons + Strips and Energy within
t-Jet not associated to n%, p*, a,)

MVA based hadronic tau
isolation in concentric rings
Based on relative p; of PF
candidates in isolation rings

Fake Rate of jets—1 ~ 2%
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CMS Simulation, 1s=7 TeV
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TT mass reconstruction

Mass of T lepton pair reconstructed via a Likelihood technique, based on:
® T decay kinematics

e Compatibility of reconstructed E™ with neutrino hypotheses

CMS Simulation s = 8 TeV T, CMS Simulation (s = 8 TeV ut,
~ 0.2¢ ~ 016

ﬁ 0.18:— —— H—1tmy=125 GeV ﬁ 014:_ —— H— 1t m, =125 GeV

r 0.16[ I:IZ—>:: E E I:IZ—>‘.‘.
£ F 0.12F
o - 2 T
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m., - Obvious observable : i
. . . 0'1__ DDB_
to discriminate Z boson : -
. . 0.08F g
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Analysis Strategy

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

. m LI} I LILL I LILEL I LB I LENLIL I LILEL I LB I LENLIL
Decay final states: p+1, e +71,, p+e, uu, 7,7, £ 30000 -yt e absened
> B h CJz-rr ]
L B clectroweak
25000 [ 1 -
—Jaco

® Select isolated, well-identified leptons, T,

e Trigger 20000
| + T, cross-trigger or lepton trigger or tau/jet trigger 15000

® Lepton / T, Selection (py, M, isolation)

® Opposite Charge Lepton Pair

e Veto Events with additional isolated Leptons

e Topological cuts (based on azimuthal angle info) 0

bkg. uncertainty

0 20 40 60 80 100 120 140 160
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Ys=8TeV,L=19.41fb"
I LI LI III LI III LI

My = 2p%Er(1 — cosA¢p) CMS Preliminary

—8— observed e

30000 - 2 a
B clectroweak

Events

Real 11 W+jets

A\ T
.

it el 7
25000 - C—J QCD : -
E3%2Y bkg. uncertainty ]

take 20000

szis 15000

>

Pf’és = pr1-¢C + pro2-¢
P{: — Pgis + ETTY_I?'.SS_C
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Background Estimation

Z—171 : observed Z—pup

sample and replace p by
simulated T (embedding)

CMS Preliminary, Vs =7-8 TeV,L=24.3fb" H> 11

L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L]
—&— observed

[ zZotr

W + jets : Shape from

simulation, normalization
from my/P_ sideband

Z + jets : OS/SS ratio and
lepton / jet faking hadronic 1
with shape from simulation

QCD : from SS data
with OS/SS ratio

shape from SS data in
relaxed lepton isolation
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Event Categories

N\
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. E 200 E No signal fitted in the O-jet
0 L1 1 1 - 0 ]
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Results @ 7 + 8 TeV

N\

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb"!

- T T T T I T T T -
g [ eu, et ut, 1,5, T :::5 s:\?g:u‘; -
s 1000 [0 Bkg. Uncentainty
ha [ 20
& aook [ Broad excess observed
S ’ over range of my
[+ B i
b — B H(125 GeV)— 11 A N . e
S 40| =S chunec ] O Max local significance
o B 1t i
g : - t\atlectn::.\.n(eak_ : 20936 at 120 GeV
m 200 ] aco - . . s -1
& - i compat1ble with 125 GeV CMS Preliminary, Ys=7-8 TeV, L=24.3 b, H—1t
- - L] I L] : L] I L] L] L] I
olelti I . SM scalar boson m,, = 125 GeV
0 100 200 300 . b
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L 4,0,SMS Preliminary H o :x L=2436" U Observed (expected) . e
S b —e— observed 3 .
“g 3.5 — expected T T Slgnf 2”856 (2’626) ° T
c r [ + 1o expected 7 —
_-S 3.0F :| + 20 expected S S for mH - 125 GeV :
E ; — et,
N | 1 [ Strong affirmation on _ I he,
e, . . . 5
= Higgs-Fermion coupling,
. . . * VH—-11+l
1%t Indication to Leptons j
—— Combined
L I L : L I L L L I
: | |3 0 2 4
000l L L -
110 120 130 140 best fit for 6/c,,

m, [GeV]
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H — bb




Displaced
Tracks

Secondary
Vertex

Jét

Jet

CMS 2011 simulation preliminary, {8 =7 TeV
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b jet efficiency

CMS Preliminary

Separation from udsg and c jets

» Combined Secondary Vertex :

track impact

parameters and secondary vertex properties
within jets in a likelihood discriminant

» Efficiency and fake-rate from top pair

and muon + jets sample

Efficiency of ~70% for a fake-rate of ~2%

b jet efficiency
11.5fb"at (s =8 TeV

-

b-tag Efficiency

Monte Carlo Truth

—=— Measured Value

EY
el b b b b b
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Analysis Strategy

H—bb association with vector bosons

Multivariate technique - Boosted Decision Tree
® Trained with MC to discriminate bkg events

Most powerful discriminant -
dijet invariant mass M(jj)

— Combine M(jj) and other discriminating
variables into one single discriminant

® pr of the jets and the dijet system

e CSV of the jets

e Angular information

— Correlations between variables encapsulated

® Such as M(jj) and ARj)

e V + jets — V + heavy flavor jets largest bkg
after b-tagging (irreducible)

e V + light flavor jets — reducible - Falls more
rapidly than signal with high boost

® top pair, single top

o VV

— Best discriminated by invariant mass

e - QCD fake leptons or jet energy
mis-measurements

b-jet identification substantially reduces
multijet background

Requires higher boost and VH back-to-back
topology to enhance S/B
— Signal decreases more slowly than bkg
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weighted entries / 15
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Results @ 7+ 8 TeV

Di-jet Invariant Mass

in bins of similar expected S/B ratio,
given by output of BDT discriminant
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VH & VBF results

% 6 _l 1 1 1 1 I I- 1 j T T ‘ 1 1 1 T | 1 T T T ‘ 1 1 T T L
o CMS Preliminary CL Observed
B [ Vs=7TeV,L=50 o’ _:_ CL: H125 injected |
S 51 Vs=8TeV,L=19.0fb" . ci Expected e T
— [ VH(bb), BDT combined CL, Expected = 10 | K2 - CMS Preliminary —s— CL; Observed .
E B CL Expected = 20 ~ 12— Is=8TeV — - CL Expected -]
7 4 B ] o} B L=19.0fb"'  ----- CLg H125 Injected i
1 = - S 10 - VBF H— bb CL Expected= 10 ]
O i ] = - CL Expected+ 2 7
o | | £ s .
s 3 i — 8 ]
o i O - N
i . S - ’
S 1 . - .
n 2 _ 3 =4 L |
< ¢ Al ] E 4L ]
N D § > - -
L0 o T 1 < C 7
& i L ol .
: ----- : 8 : ............................................................................................................................................. :
54+ vy o o ey 07 '11|5' - L '12|0' Ja— ‘12‘5‘ — '13‘0‘ L L |1:|35. |
110 115 120 125 130 135 .
m, [GeV] Higgs Mass (GeV)
Observed (expected) limit 2.5 (1.2) x SM
at 125 GeV bb event + > 2 non-b jets at large An
Observed (expected) signf 2.26 (2.16) for
my=125 GeV At 125 GeV the upper limit on
Mild excess observed in data compatible 6 x BR = 3.6 x SM (3.0 exp)

with 125 GeV Higgs boson
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Results @ 7 +8 TeV

Combined results of the VBF and VH processes for H—bb

M
9]

..... CLg Expected (VH only)

|
| - . — T T T T ‘ T T T T | T T T T T T T T T ‘E
i CPMS Preliminary § —e— CL, Observed . 1 - CMS Preliminary 3
- Vs=7TeV,L=5.0fb" .. CL H125 injected | - __a_ ]
5| (s=8TeV,L=19.0fb" - e ] i I°

| VH(bb) + VBFH(bb) combined CL, Expected= 1a

B CL5 Expected+ 2 ¢

Local p-value
2
A

EU’J

©

C

o

€ 1

=S oAl i e N

-l - — R B -

=4 1 107 e 3

®) B ] i..::'--_‘.'.'.'-.- -------- .

9 - ] - Bo

g 3 4 0% :

e - js=7TeV,L=50f" |

> 4l (s=8TeV,L=19.0fb" |

[/} 2 10 g . E

< - VH(bb) + VBFH(bb) combined

°\° : —@— Observed :

g 1 - 10_5 E_ ==+ Expected from SM Higgs _E
:l | | | | | | | | | | 1 1 1 1 ‘ 1 | | | ‘ | | | | L: 10-6 ] | 1 | | ‘ 1 | | | | | | | 1 ‘ 1 | 1 | ‘ | 1 1 | [

110 115 120 125 130 135 110 115 120 125 130 135
my, [GeV] my, [GeV]

95% CL limit observed (expected): 1.79 (0.89)
Significance observed (expected): 2.16 (2.206)
Signal strength: n=0.97+ 0.48
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Combination & Properties
of the Higgs Boson

Decay Expected Observed

77 7.10 6.70
Y 3.90 3.20
WW 5.30 3.90
bb 2.20 2.10
TT 2.6 0 2.80

for Higgs mass my = 125.7 GeV

Combined Signal strength p= 0.80 + 0.14
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Mass & Coupling

L(data | u,0,)
L(data|f,0)

g, = —2AInL=-21In

CMS Prellr‘nnar\ {_ 7 TE'“' |_-: 5 ﬂ; r 3 'I'e‘-' |_ <1 g E‘| ﬂg

Op — —

H_:"Y‘Y + H - ZZ —_— Combmed < CMSPrehmmary 5= 7Tev (LSt s BTeV‘L<196fb‘
9: b, b (GgHAtH) — Hoyy i ng o 5h H—>W+H—>ZZ E
8l !.L_:__:_(IVBF.VH) — oo
7E . 2.0 - 7
° 3 1 s :.-""// -\\ b
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35_ _E : ' \\ /}

: ; 0.5/ Rt E
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1: ] 0.0l b e i b
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0:| 1 L1 | ||XA‘M/|| L1 L1 i |: mX(GeV)

124 126 128
m, (GeV)
ass = . I . stat.) T . Syst. €
M 125.7 + 0.3 (stat.) = 0.3 (syst.) GeV

1D test statistics q(my;) scan vs hypothesized
Higgs boson mass for combination of high
resolution channels

Somnath Choudhury ( DESY )

Test of Fermion & Vector
Boson Couplings : 2D test
statistics q(Ky, Kg) scan

Consistent with SM Higgs
boson expectation
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Spin - Parity

CMS preliminary Ws=7TeV,L=51f"'ys=8TeV,L=19.6fb"
_IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

CMS preliminary Y5=7TeV,L=51f"'Ys=8TeV,L=196f"

m ]
'E 24:_ B ZETT T T T T T O T T CMS preliminary ys=7TeV, L=51fb" {s=8TeV, L= 19.6 1"
g 22:_ L ] data _: - e data . E 01__||||||||||||||||||'_|_‘l|L||||||||__l_
D Hgf — 0, m =126 GeV 3 gL —0°,m =126 GeV . E 0T vs 0 ]
gt [zzizy q | o IO m =126 Gev 1% I = ]
- [ z+x 1 sp Cdzzizy 7 2 008 —CMSdata - _
16 F = - [ z+x 18 i ]
C ] - 1 O L i
g 4 :
8E C H _rﬁ ] L i
6F 2 ot e i ]
E 3 C o Ml 3 0.021 -
4B 1 1F e 1 3 i ]
2 E SR = -
0 AR IS W = e e e 0'.”1’.137‘-_*[ 5 % 20 -10 o0 10 20 30
0 0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 059 17 "0 010203040506 0.7 0809 1 2xIn(L /L)
bkg Do'
, = Kinematic discriminant describe
P P & (mz,,mz,, (Y|myy) . . .
Dpe = SM___ — |1+ _ kinematics of production and
Pou+P TP Poy(mz,, mz,, Q|miyy) decay of different Higgs J* state
Statistically equivalent to the 2D analysis of m, and Kj, More JP hypotheses have been tested
_ . ~ in a similar way
Dokg = Pgig/ (Pgig + Pyyg)

Consistency with the SM scalar boson
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Consistency with SM hypothesis

2-dimensional view: test production modes
CMS Preliminary Vs=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"

in various decays o F . N
. ¢ SMHiggs @ Fermiophobic @ Bkg. only
2 R ; e
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>_ | + H—1t L L é 951/:__.
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M oH.tH Results within 16 of SM prediction
Fermion
Couplings
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Summary & Outlook

Time for celebration: Discovery of new boson
around 125 GeV !

SM Higgs analysis in bosonic decay channels
leads to the discovery

Broad excess observed in Tt decay mode
consistent with the new boson

Di-Tau final state — First Indication of Higgs
coupling to Leptons

Mild excess observed in Higgs decay to b-jets,
significance > 36 combining Tt + bb channels

Mass, Coupling and Spin-Parity properties
measured show consistency with SM

spin/parity is compatible with O+ state,
not with pseudoscalar or graviton states

the present value of Higgs mass measured by
CMS is 125.7 £ 0.4 GeV

Starting 2015, a robust Higgs Physics program

CMS Projection

| L 1 I 1
Expected uncertainties on
Higgs boson signal strength p

10107 at §&
00" al B 14 Tey
300"l fE = 14 Tel wio theary unc.
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Hovy f I

H— ZZ

H— WW : =

Ho1tt [

H—bb |

—
i
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H—vyy cut-based
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H—vyy cut-based
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Di-Photon BDT
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Di-photon MVA score for the
background MC in the region
100 <m,, < 180 GeV and data
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S/(S+B) Weighted Events / 1.5 GeV

background subtracted diphoton invariant
mass distribution with each event weighted
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Mass (H—vyy)
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Leptons

0.2% for electrons
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Mass & Coupling (H—-ZZ—41)

Mass 125.8 +/- 0.5(stat.) +/- 0.2(syst.) GeV
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Coupling (to vector bosons and fermions)
measurement in the 4-lepton channel
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Kinematic Discriminant ( H—ZZ—4l)

Matrix Element Likelihood Analysis
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(my, ma, 01,05, @, 0%, Oy|myy)

Masses of dilepton pairs and five angles fully defining a
four-lepton configuration in their centre-of-mass frame
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H—ZZ—41 (J?)

CMS preliminary Ws=7TeV,L=51f"ys=8TeV,L= 196" CMS preliminary W=7 TeV,L=5.11b"y5=8TeV, L= 196 fb"
ﬂ 14_III||||||||||||||||||||||||||||||||||||||||||||||_ ﬂ ?:L||||||||||||||||II|IIII|IIII|II||||||||||||||||—‘:
c B - c ]
) - * data ] o - @ data .
0 128 — ', m =126 GeV B 2 6L — 0", m. =126 GeV E
[ J°=0, m,=126 GeV ] SRS JP=0', m =126 GeV .
- 1 ZZ"Z'Y, b : ] ZZJZ"(' ]
1O B 2+ ) °F @ 2+ E
8f- . af- .
- ’ . - .
6 t . 3F IS s
i ] - il 1
4r § oF o | i o | -
C ] - . . .
- ‘ B Cl b L ]
2 ] 1= — g Rt -I—L__'
0 Luees : - r:li: bt T
0 010203040506070809 1 0+
D, 0 010203040506070809 1

D,

D;p without (left) and with (right) a requirement Dy, > 0.5

Somnath Choudhury ( DESY )




H—1t

Event Categorization

number of jets et UT, el, i
: >
0-jet, low p, 1-jet, low p; 2-jet (VBF)
= High background, = Enhancement from = >2jets, no jetin
constrains nuisance jet requirement rapidity gap
parameters = m(jj) > 500 GeV,
= No fit for signal |An(jj)| > 3.5
Y 0-jet, high p; 1-jet, high p;
- = High background, = Enhancement from
constrains nuisance jet and p-
parameters requirement
= No fit for signal
W bl
Whih  1-jet T,T, 2-jet (VBF)
1 jet, high p;(H) 2 jets, high p-(H)
requirement requirement, m(jj) >

250 GeV, |An(jj)| > 2.5
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Excess in H—1tt
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Significance

95% CL upper limits on SM Higgs production
in different channels and its combination
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Mass measurement ( H—t71)

CMS Preliminary, ¥s=7-8 TeV, L=24.3 ib”, H-1t CMS Preliminary, {s=7-8 TeV, L=24.3 fb, Hott
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observed result gives a best fit
for the SM Higgs boson of
my = 120 *9_, (stat + syst) GeV
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VH with H-1t
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H—bb backgrounds

o V + jets
- High cross section, non-resonant background

Use variation of cuts to determine

[ Preselection ] uncertainty of 5Fs
k - =
]

- V + heavy flavor jets largest bkg A " Z window 1> {2t )
after b-tagging (irreducible) ) — - - ;
Invert b-tag |€— 2 b-tag Remove
. . . ! /N ! J addJets,
o V + light flavor jets - reducible ( VR : VHDphi
. . . Invert boost Boost \
— Falls more rapidly than signal with \ ! . )
high boost Invertmass |  vuDphi |
. L 2
® top pair, single top { Z bb (13%) ] (" Mass window
o VV
- Smaller.cross se.ct10n, very similar b-jet identification substantially reduces
to VH (irreducible)

R . . multijet background
— Best discriminated by invariant mass

Requires higher boost and VH back-to-back
topology to enhance S/B
— Signal decreases more slowly than bkg

® Other reducible background:
- QCD fake leptons or jet energy

mis-measurements

Somnath Choudhury ( DESY )




M,,, Invariant Mass

Excess around 125 GeV Di-jet Invariant Mass
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M,,, resolution
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M,,, resolution improves - applying regression
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95% CL limit on o/o,,,

ttH production
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0 2 4 6
Best fit o/og,, at m,; = 125 GeV




ttH production

CMS Preliminary Vs=7TeV.L=50f";ys=8TeV,L=195f"
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Statistics

find the values of the nuisance parameter that best fit the experimental data for the background-only
and signal+background hypothesis

use these values to generate toy MC pseudo-data for
background-only and signal+background to construct test

statistic p.d.f. ’for a signal with strength p and background ngz EI | Icmiifglliifrﬁl N _g::ﬂx | -
only hypothesis: AL A (& 4648 Hsbb @710 |]
Sl 037°)  f(4,10,65™) S f BN i
E ‘ —— H—+WW 461" |7
from the p.d.f.s the p-values for background-only and = ol — Hozz @7 ||
signal+background hypothesis are found and the CLg as the & 5\‘3-2:/'\\\ =
ratio of the two p-values 2 N ]
n [ e v S
. AL AT fo)) = -
P (qﬁ > qff’” | Jus((;lflbb) -+ b(@ff’b))
CLQ(JH) - obs Nobs
P (% > {3 | b(65 ))
To set exclusion limits on a Higgs boson hypothesis: e
~ ~ 110 115 120 125 130 135 140 145
e = —2In L(data|p-s(6,) +b(0,)) "< Higgs boson mass (GeV)
g L(data|p-s(@) +b(0))
To quantify the statistical significance of an excess o = —2 L(data|b(6)) ) =0
over the background-only expectation: L(data | f1-s(8) + b(0) ) #=
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Statistical Combination

L(obs | b, 8p)
L(obs|fi-s+b,8)

Quantify the presence of an excess
over expected background

Probability to obtain a value q, at least as large as pg = Plgg > qﬂm 'b)
the observation

2 In ﬁ{ﬂbﬁ | 5{1?} T b.r f}
L(obs|s(a)+ b, #)

Scan of the profile likelihood ratio

qla) = —

parameters that maximize the likelihood - best fit set

Decay mode | Expected (¢) | Observed ()
77 7.1 6.7
VY 3.9 3.2
WW 5.3 3.9
bb 2.2 2.0
TT 2.6 2.8
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Custodial Symmetry Test

Modify the SM Higgs boson couplings to the W and Z bosons introducing two
scaling factors x,, and k, and perform two combinations to assess that

Mz = Kp/kz =1 for my = 125.7 GeV
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< - ----Exp.for SMH |- L 1
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95% CL interval for Ay, : [0.62,1.19]
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Couplings Test

Summary of the fits for deviations in the couplings

for a generic five parameter
model (no eff. loop couplings)

{s=7TeV,L<51f" \s=8TeV,L<19.6fb"
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for a LHC SX WG benchmark
model (arXiv:1209.0040)
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Couplings Test

A or (g/2v)'"

Summary of the Couplings Test
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Fermions: fitted yukawa couplings

Vector bosons: square-root of the
coupling for hVV vertex divided by
twice the vev



