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But we know how to do this!

Experimental particle physics is all about

L ey, | | | | colliding particles and observing the result!
Hadron Colliders smaller distances < higher collision energies
e~ Colliders _ _ _
Easier with Hadron Colliders
1TeV |— 5= + . . .
e*e” Colliders better for precision measurements
) TEVATRON
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@ Interactions of constituents of the colliding protons, the so called
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Higgs boson production
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For my = 125 GeV cross-section increases
by ~1.3 when going from 7 to 8 TeV
by ~3.3 when going from 7 to 14 TeV
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Aerial view of CERN site

Geneva
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2012

CERN Timeline: A versatile fundamental research program

CERN was founded

Synchrocyclotron (SC), first accelerator, begins operation
Proton Synchrotron (PS) begins operation

Georges Charpak invents multiwire proportional chamber (Nobel Prize 1992)
Intersecting Storage Rings (ISR) starts operation (first pp collider)
Discovery of Neutral Currents - first confirmation of electroweak theory
(today known as the Standard Model)

Super Proton Synchrotron (SPS) begins operation

=
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Discovery of W and Z particles 7 -
Nobel Prize: C. Rubbia and S. v. der Meer for Wand Z _~~ 2, ALEPH

First ideas on LHC py
Large Electron Positron collider (LEP) begins operation; \ | OPAL
confirms existence of only 3 neutrino families - , et bars cresed
Tim Berners-Lee invents the World Wide Web 10f

Precise results on CP violation; "

difference between matter and antimatter
First observation of antihydrogen
Construction of Large Hadron Collider (LHC) begins
Creation of quark-gluon plasma, new state of matter
First results on antihydrogen atoms

The LHC start-up

The real LHC start-up...

Discovery of a Higgs-like boson

UNIVERSITY©F
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CERN accelerator complex
P —— 44

LEP/LHC
North Area
—
SPS :
80’%06\
West Area - CNGS
AD I to Gran Sasso

East Area

I
s D
Li \
BOOSTER SOLDE ore > =N Leir
e

D p (proton) p» (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
) ion > proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight
D neutron p neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso

Maximizing the return of the investment by exploiting already existing infrastructure as much as possible!
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The Large Hadron Collider

1232 superconducting dipoles with a field of 8.3T
1.9K — the coolest place in the universe!

ATLAS Online Luminosity

e 2010 pp \/5 = 7 TeV
= 2011 pp \s = 7 TeV
m— 2012 pp \s = 8 TeV
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805" ATLAS Online Luminosity
70
[0 Vs=8TeV, [Ldt=6.3 1", <u>=19.5
: 60 0 Vs=7TeV, det =527 <u>= 9.1
Parameter (Design) 50

Recorded Luminosity [pb "70.1]
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Centre-of-mass Energy 718 (14) TeV 40

30

Bunches/Beam 1854/1380(2808 ) 20

Luminosity 3.65-1033/7.7-1033(1-10%4) cm2m-" 10
Bunch Spacing 50 (25) ns % 0

Mean Number of Interactions per Crossing
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Higgs boson decays
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Higgs boson is rather short-lived, decaying through different channels!
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ATLAS and CMS Detectors
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= General purpose detector designed for the harsh LHC environment

25m

N\

i S 4 ‘f‘ : AN ‘ é \ AN A\
| I
Pixel defec’ro

Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker

= Very important to ensure high data-taking efficiency/quality

ATLAS p-p run: April-December 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT  LAr Tile MDT RPC CSC TGC Solenoid Toroid

999 994 998 99.1 99.6 99.6 998 100. 99.6 99.8 99.5

==

AII good for physics: 95. 8%

=

Luminosity weighted relative detector uptlme and 2000 QU Tata o ellvery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6% (in %) — corresponding to 21.6 fb! of recorded data.

Tile calorimeters

forward calorimeters

LAr hadronic end-cap and

Recording Efficiency [percent]

Magnets 2T solenoid, 3 air-core
toroids
Tracking silicon + transition

radiation tracker

EM Calorimetry  sampling LAr technology

Hadron plastic scintillator (barrel)

Calorimetry LAr technology (endcap)

120

110

100

90

Muon independent system
with trigger capabilities

Trigger 3 Level Implementation
from 40 MHz to 400 Hz

T T

ATLAS Onllne \/s =8 TeV

Total Efficiency: 93.5% ‘
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High Energy Physics Particle detectors
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Muons and Electrons
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& 0.121- ATLAS Preliminary ¢ ] - ATLAS Preliminary E
L0 - Simulation - - Simulation -
S o1 e m,=125GeV _' — e my=125GeV -
= i Gaussian fit ] - Gaussian fit -
© - . - =
0.08:_ H—ZZ*—4u (s = 8 TeV) + _ _ H—ZZ*—4e (s = 8 TeV) _
0-06:— m = (124.88 = 0.02) GeV — " m = (123.71+ 0.05) GeV =
- 0=(1.62+0.02) Ge - - 0=(2.40+0.04) GeV .
0.04/|- fraction outside = 26: 16% ] - fr Traction outside = 20- 21% E
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L % . C ]
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Events / 2 GeV

Data/ MC

Jets and Missing Er
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T-leptons and b-jets

CMS Simulation, \s=7 TeV

-y

The 1-lepton is special! > AT e
2 0.9k Z—1tt MC E
Mass of 1.78 GeV and ctr = 87.1 ym, 2 0'8; Gen Iyl <23 ]
. = 08F -
the only lepton that decays in our W07k e £
detector, in various ways... 0.6¢ "MW E
0.5F =
T — lvw ~35% 0ab - E
T — hadrons ~ 65% 032— @ HPS Loose Comb dp _i
02 f— B HPS Med Comb dp _f
0.15— [A HPSMUALoose] =
1_—I 1 1 1| | L 11 1 | L1 11 | L1 11 | L1 11 | L 1 11 | || I | I:I
] . q 0 20 30 40 50 60 70 _80
o« D gentp_(GeV
Dlsp]aced "I,. 4 S 105§| T T | T T | T T 17T | T T | T T T | T T 17T | T TT IE
Tracks m | 5 - ATLAS Preliminary  — vy .
» 42:? 104 ...... JetFitterCombNN _;
"; 5: Secondary q_)‘ * JetFitterCombNNc E
L Vertex T F N NG e IP3D+SV1 -
X\ : j', 1035 e SVO _E
Primary y 1 02 3 E
Vertex o E E
dO = i
/ |\ > 10¢ tt simulation,\'s=7 TeV E
O N g -
\f, ‘\w. i p'e‘>15 GeV, *<2.5 N ]
Prompt tracks o b b b b e 1
d3 04 05 06 07 08 09 1
cT =492 um b-jet efficiency

K. Nikolopoulos Higgs Boson Physics January, 2014 ﬁg* Eﬁ&?ﬁ%‘ﬁﬁi 16



The
H->ZZ—-4l
as an example analysis
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pp—>H—>ZZ—>|.I pjete-

| Invariant mass of the system
“  m2=E2-p?

The idea is to identify eVents with two pairs of same-flavour and
E opposite electric charge, and calculate their invariant mass.
i But the “new” process that we're looking for is not the only one

producing four leptons in the final state.
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H—ZZ™ 4l (I=e,u)

Backgrounds
% EXPERIMENT 77(*)—4] and for ma<2mz
un Number: 182747, Event Number: 63217197 - - — Z+jetS (Z+11ghtjetS/be) and tt

Date: 2011-05-28 13:06:57 CEST

- Tracking and calorimeter isolation g
- Impact Parameter (IP) significance —

‘ Two same-flavor opposite-sign di-leptons (e/n)
pT'234> 20,15, 10, 7 GeV (6 GeV for p) -
Smgle lepton and di-lepton triggers >\

50 GeV <m12 <106 GeV,
Mtnr(Ma1) <M34<115 GeV miunr =12 - 50 GeV
— all same-flavor opposite-sign pairs m;>5 GeV

// — AR(I,I') > 0.10(0.20) for all same(different)-flavor

K. Nikolopoulos Higgs Boson Physics January, 2014 en EM‘%E%‘IEX;Z 19



eepyu candidate with m4 = 123.9 GeV
pt(e,e,u,u)=18.7,76.0,19.6,7.9 GeV, @ATLAS

Mee= 87.9 GeV, myu =19.6 GeV EXPERIMENT
12 reconstructed \___/erti_ces http://atlas.ch

\\ 2 205113
-l / A (] (

Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

P
- '%;
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|.I|.I|J|J candidate with mg4 = 123.5 GeV

rz‘7r‘r= n/'/'rz:r‘ n
= BIRIAEN T

Run Number: 204769
Event Number: 82599793
Date: 2012-06-10, 13:12:52 CET

EtCut>0.4 GeV
PtCut>1.0 GeV

Muon: blue
Cells: Tiles, EMC

pT(puup) 378292103326Gev
Mee= 84.0 GeV, my, =34.2 GeV
15 reconstructed vertices

UNIVERSITY©F
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H—ZZ(*)—4l|: Backgrounds

> i T | T T T T T T I_ i T | T T T | T T T I I_
G100 ATLAS - 100[-ATLAS July 2012 -
I L wulete rptw 1 . utu/e’e + ete 1
£ gol1s=7TeV: JLat= 480" 7 1 golis=7TeV:|Ldt=481" ]
3 [is=8TeV:|Ldt=5.8fb" + 1 fs=8TeV:|Ldt=581" % ]
60 eData B B |
[ mzz" Y ] [ ]
. B Z+jets _ i i
40 - B — — —
20 1 2or -
) . ¢ I 1
60 80 100 60 80 100
my, [GeV] my, [GeV]
> 70 _I T T T I T T T T T T I T T T I T T I_ 70 _I T T T I T T T T T T I T T T I T T I_
S [ ATLAS * Data . - ATLAS ¢ Data ]
Xp) 60 — + 0 /AatA" - .ZZ — 60 — +/ATA" + *) ]
%5 [ Wule'e +up  WZets . - p'u/e’e +e'e _1lzz 1 |
S gof's=7TeV: Jrot= 481" g 1 gop's=7TeV: JLdt=48 1o Bziesi - Background-dominated Control Region
> - : -1 - . : -1 ’ -
o Fis=8TeV:|Ldt=5.8M" wz 1 PHis=8Tev:|Ldt=581"" 1 o |
- 2 SvstU . - 7 SystUnc. 1 | [Remove isolation/impact parameter requirements
40 7OYSLENe 440 7 = .
N ] N ] on sub-leading di-lepton]
30 F 4 30F .
20 4 20 =
10 = 10 3
0 . 0
20 40 60 80 100 20 40 60 80 100
m,, [GeV] m,, [GeV]
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Events/5 GeV

H—ZZ*)—4l|: Results

B | I | I | | I | | | | I | I | [
- ¢ baa ATLAS
_ [ Back 77" *
251 [l Background  hezsa
i -Background Z+jets, tt
0l Signal (m =125 GeV) July 2012

" 77 Syst.Unc.

IllIIllllIllIIlllllIIIl

for ma region with 125£5GeV

2.09+0.30 | 1.12+0.05 0.13+0.04 -
2.29+0.33 | 0.80+0.05 1.27+0.19 -

{5[\s = 7 TeV:|Ldt = 4.8 fo
- . - 0.90+0.14 | 0.44+0.04 1.09+£0.20 -
1s=8TeV:|Ldt=5.81b" !
10_— (e] L | L | L I L | L | L [ ]
. ? c—c:; 102 = —— Obs. combined ATLAS =
B ® O F oo Exp. combined H ) -
- o . ——— Obs. 2011 — /7 '— 4 i
S — 10p - B 20m 's= 7Teijdt—48fb‘—g
- s. 2012 =
- - Exp. 2012 \s=8 TeV:|Ldt =5.8 fb"
oF 1 s _
100 150 200 250 A S
m, [GeV] 107 VAN T
_25 .......... ‘-“"{: frimieie s 2
Significance of excesses 107¢ ’ L, Ju|y 2012 T
e 8 TeV (2012): 2.60 at 125.5 GeV, expected 2.10 10377 -------------------- A S =
« 7 TeV (2011): 2.50 at 125 GeV, expected 1.60 i J .
107 Loy E
* Combined: 3.60 at my=125 GeV, expected 2.70 PR PR S W ST F S 140
~ _ _ 1 5 I 1 1 I | l;l | I ll‘.l l“l I I 1 1 1 l |- Il:l.;l | I I 1 |
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The discovery papers!

Physics Letters B 716 (2012) 1-29

Contents lists available at SciVerse ScienceDirect

PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC*

ATLAS Collaboration*
This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.

ARTICLE INFO ABSTRACT

Article history: A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector at
Received 31 July 2012 the LHC is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb~!
Received in revised form 8 August 2012 collected at /s =7 TeV in 2011 and 5.8 fb~! at /s =8 TeV in 2012. Individual searches in the channels

Accepted 11 August 2012
Available online 14 August 2012
Editor: W.-D. Schlatter

H—>2Z™ - 4¢, H—> yy and H > WW - evuv in the 8 TeV data are combined with previously
published results of searches for H — ZZ™, WW® bb and Tt~ in the 7 TeV data and results from
improved analyses of the H - ZZ™ — 4¢£ and H — yy channels in the 7 TeV data. Clear evidence for
the production of a neutral boson with a measured mass of 126.0£0.4 (stat) +:0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 x 10~9, is compatible with the production and decay of the Standard Model
Higgs boson.

© 2012 CERN. Published by Elsevier B.V. All rights reserved.

Physics Letters B 716 (2012) 30-61

Contents lists available at SciVerse ScienceDirect

PHYSICS LETTERS B

Physics Letters B

E flSl,i\ 'TER www.elsevier.com/locate/physletb

Observation of a new boson at a mass of 125 GeV with the CMS experiment at
the LHC*

CMS Collaboration*

CERN, Switzerland
This paper is dedicated to the memory of our colleagues who worked on CMS but have since passed away. In recognition of their many
contributions to the achievement of this observation.

ARTICLE INFO ABSTRACT

Article history: Results are presented from searches for the standard model Higgs boson in proton-proton collisions
Received 31 July 2012 at /s =7 and 8 TeV in the Compact Muon Solenoid experiment at the LHC, using data samples
R‘“e"’ee‘é in revised r;(‘)ng August 2012 corresponding to integrated luminosities of up to 5.1 fb~! at 7 TeV and 5.3 fb~! at 8 TeV. The search
Accepted 11 August 201 is performed in five decay modes: yy, ZZ, WHW~, T+t ~, and bb. An excess of events is observed above

Available online 18 August 2012

Editor: W.-D. Schlatter the expected background, with a local significance of 5.0 standard deviations, at a mass near 125 GeV,

signalling the production of a new particle. The expected significance for a standard model Higgs boson
of that mass is 5.8 standard deviations. The excess is most significant in the two decay modes with the

Keywords:

™S best mass resolution, ¥y and ZZ; a fit to these signals gives a mass of 125.3 4 0.4(stat.) + 0.5(syst.) GeV.
Physics The decay to two photons indicates that the new particle is a boson with spin different from one.

Higgs © 2012 CERN. Published by Elsevier B.V. All rights reserved.
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Higgs boson decays

E‘ 10; | | | | | I I I I ; %
o - \s =8TeV 18
oC i e
m 3
X e phAee WW = TFvaq E %
o - WH /4 Fvbb WW — vy 7

107 2Z - 1qd —

v 7Z — I'Tvw -

I 7Z I

105 =

al ZH — I'Tob\ _

_ V= Ve,V V, ]

- q= udscb \ -

10_4 | 1 l l 1 1 I N | 1 l l l

100 1 50 200 250

MH [GeV]

As many as possible of the potential final states of the newly found particle should be studied!
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e Sensitive for low my (110 - 150 GeV)

e Search for narrow peak in myy
e Background from data
e Categorize wrt S/B and resolution

e Main Backgrounds:

— di-photon > myy resolution

> photon-I1D

n°-y Rejection

— jjand yj
S3 ')/
S2
S1 I
e —

K. Nikolopoulos

Higgs Boson Physics

,
A EXPERIMENT

Run Number: 203779, Event Number: 56662314
Date: 2012-05-23 22:19:29 CEST
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H—vyy: Event Categories

Improve the overall S/B of the analysis, and enhance particular signal contributions for properties studies
8 TeV (90% signal window)

ATLAS Preliminary Vs 8 Tev
Category ocp(GeV) Observed Ng Ng N /Ng
H— VY Unconv. central, low pry 1.50 911 46.6 881 0.05
d|_photon selection Unconv. central, hlgh PTt @ 49 7.1 44 0.16
Unconv. rest, low pry ~ 1.74 4611 C97.1 > 4347  0.02
— Unconv. rest, high pr 1.69 292 144 247 0.06
N Conv. central, low pr, 1.68 722 298 687  0.04
One-lepton Conv. central, high pr,  1.54 39 46 31 015
Conv. rest, low pry 2.01 4865 88.0 4657 0.02
W(— W)H, Z(—= IDH
(= MH, Z ) Conv. rest, high pr 1.87 276 129 266 0.05
Conv. transition 2.52 2554 36.1 2499  0.01
- Y Loose High-mass two-jet 1.71 40 4.8 28 0.17
_ ET"** significance Tight High-mass two-jet 1.64 24 7.3 13 C0.57 >
VH enriched  — Low-mass two-jet ~ 1.62 21 30 21 014
W(= W)H, Z(= vv)H E™Miss significance 1.74 8 1.1 4 0.24
One-lepton 1.75 19 2.6 12 0.20
v L Inclusive 14025 3555 13280
Low-mass two-jet o - - 7 - B 7
W(= ji)H, Z(— iiH — mggF ®mVBF wWH mZzH wmtH
_ATLAS Preliminary (simulation) H— vy
— Inclusi 1
B v fiaht Unconv. centralrll(z)\l/\]/s;l)ve """"""""""""""""""""""""""""""""""" il
. . Ig Unconv. central highp _ [ I
. ngh'maSS tWO-Jet Unconv. rest low th B -
h T -
VBF enriched — Unconv. rest high p_ [T I B
VBF loose Conv. central low p_ [ N
B Conv. central high P, : B B
- I} BDT. mj, i1, Nz, AN, P1o, Ay, Fore 0% 08 P L —
- *=nyy —(Nj1+Nj2)/2 ARminy; ' tl I
9 th'ﬂ'ConVerSDn =Ny ~(nyrN2) Y Conv. transitio; L 1
ggF enriched — Loose high-mass two-jet |
gg F Tight high-mass two-jet
Low-mass two-jet | ] I
L ET™* significance ||
One-lepton | | [
. . IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
14 exclusive categories 0 10 20 30 40 50 60 70 80 90 100

signal composition (%)
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H—vyy: myy, spectra
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H—vyy: Results

(@) 103 T T 1 | 1T T 1 | 1T 1T 1 | 1T 1T 1 | T T 1 | 1T T 1 | 1T 1T 1 | 1T 1T 1 =
= {0? —— Expectedp, ATLAS Preliminary
8 10 — Observed p H%YY
— :|1 ................... \ 7 AT .._.._..___ = 1o
10_2 ,,,,,,,,,,,,,,,,,,,,,, N——— 220
foze N/ Py
1$_55;:"\ == 40
0% o\ Data2011is=7TeV 50
107 E —— Obs. 2011
105 — — Exp. 2011 det_48fb ................. =60
110010 — Obs. 2012 Data 2012 Vs = 8 TeV
10— — Exp. 2012 Ldt=20.7 fb" 70
10'12 llllllllllllllllllllllllllllllllllllllllllll : lllllllllllllllllllllll
13
18 1 | I I | | | I I | | | I I | | 1 1 1 1 | | I I | | | I I | | | I I | | 1 1 1 1 ]
110 115 120 125 130 135 140 145 150
my, [GeV]

Most significant deviation from background only hypothesis at my =126.5 GeV-
 Local significance: 7.40 (with 4.10 expected) @ mnx=126.5 GeV
* Inclusive analysis: 6.10 (with 2.90 expected)
 Mass measurement: 126.8 * 0.2 (stat) * 0.7 (syst) GeV
® Main systematics: y energy scale from Z—ee, material modeling and presampler energy scale — 0.6 GeV

» Rate with respect to Standard Model: 1.65 £ 0.24 (stat)*0-25_¢ g5
e 2.30 deviation from the Standard Model
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H—ZZ(*)—4l: Results of Event Selection

> [ o L | L | L L | L | L | T T
- .. Q. 5 .
(ll!j’ 30— e Data ATLAS Pre“m'nary = 107 — (E)bs 228-?22 ATLAS Preliminary
> ") \ QO LF T Xp (")
% - - Background ZZ _ H%ZZ( )e4| 3 10° — %(Ds 2281111 H— 727" '— 4l .
5 25 B Background Z+iets, tt - Obg Combination =7 TeV:[Ldt =4.6 fb
@ F []Signal (m =125 GeV) 10 - Exp Combination  ys=8 TeV: [Ldt =20.7 b
- - _j ------- N S - 4 |
201~ 777, Syst-Une. (s=7TeV:JLdt=4.6b" 10° i‘% ......... 7 »
N _ . _ -1 ..
: /s = 8 TeV:[Ldt = 20.7 b 107 \ ....... A 30
sb ........ . e '~.:::::.
: 10_5 - \‘ ------ - .::: = 40
10:— 107 : ._,;,- 50
I 1 0-9 __ o 60
5_
! 10™
B ) s /0
O 10'13 L 1 1 1 | L1 1 1 |“-I‘-I L1 | L1 1 1 | L 1 1 I.::.l L1 1 1 | L1 1 1
80 100 120 140 n:lf?GeV] 110 120 130 140 150 160 170 180
for m4 region with 125+5GeV m, [GeV]

Other o . . g ) PVl
(*) | o . —

» Mass: 124.3+0-6 3 5(stat)*0-59.3(syst) GeV I
6.3+0.8 2.8%0.1 0.55%0.15 e Main systematics: electron/muon energy/
3.0¢04 | 14401 | 1.56+0.33
4.010.5 2.1£0.1 0.55+0.17 vt e s

+ + + ~
ool | AU L o S| «1.5%0.4 @ Mu=125.5 GeV
26:0.4 | 12:01 | 1112028 | 6 | ~11 —

momentum scale uncertainties
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* \VH-like events : Events with additional leptons in the final state
» ggF-like events: All remaining events

H—ZZ™*)—4l: Couplings

‘ The coupllngs of the Higgs boson are probed by further Categorlzmg the observe
* \VBF-like events : Events with at least two jets in VBF topology

)

ggF+ttH

/
VBF+VH ©

-2 In A(u
() —i —i —i —i
® . N B OO

o O
» O

II|III|III|III|III+III|III|III|IIIIII

O
N

ATLAS Preliminary
H—2zZ" - 4l

\s=7TeV: fl_dt =4.6fb’
\s=8TeV: fl_dt =20.7 fb’

2.4
/ =0.7"
My BEsvH Mggp+t{|.| -0.3

OCZ

I|I
S5 0 0.

5 1 1

I [ 11 | | 11
D 25 3 3.5
U

K. Nikolopoulos
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IS

/u
VBF+VH ggF+ttH
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gl — All systematics ATLAS Preliminary -
O - W!thout mass scgle uncertainties Hoyy 7
oo Without systematic .
2.5— + Bestfit ]
ol =
1.5 -
Ly \s=7 TeV, _[ Ldt=4.8fb" ]
| — 68% CL i
05: — 95‘IV°CL | | \s—8TeVILdt =207 fo "]
124 125 126 127 128 129 13
my [GeV]
7 .
- ATLAS Combined (stat+sys)
. \s=7TeV[Ldt=46-48fb" - Combined (stat only) ,
- \s=8TeV [Ldt=20.7 fb" — How |
6 — H->ZZ >4l
- |
5__ |
T I 26
3
2F
1_— ——————————————————————————————————————————————————————————————————— 1o
B | I 1 | |

]II]|I]II|[III
?21 122 123 124 125

126 127 128 129 |
my [GeV]

Higgs boson mass

<20III|IIII|IIII|IIII|IIII|II1 <14lll||I|II|I|II|I|I|II|II*II|IIII_
c - ATLAS Preliminary H - zZz" — 4l / c - ATLAS Preliminary H-zz" 54 -
< 18- y = - y ]
N F vs=7Tev: [Ldt=461f0" /1 N 12 \s=7TeV: [Ldt=46fb" /
161 \s_8Tev: [Ldt=207 " E < \s=8TeV: JLdt=20.7 fb" -
14:— —: 10_\\‘ — 4u i =1238 08(stat) "%(sys) GeV ]
- — all systematics . : — e Ry=1262 7 2(sta) *(sys) Gev i
1 2;_ - without MSS(e) and MSS(].l) —: 8:— — 2e2u m =125.0 Og(stat) (sys) GeV —:
10K~ B - = o 2uze M, =122.6 )7 (stat) 7 (sys) GeV,,/' il
LMy = 124370 (stat) T o(sys) GeV ] - ; y
8\ | ’ / - O
6 = PIAN
e e
- ] 2
2 =
O |_"|"-|"|-"|_"|"-| ~|-‘: ---------- '-:l’-|"|"-|-"|"|---|"-|-"|"|-"|_“|"1-"|-"| O| 1 - < |~ ! | o ‘ 1 T |
123 124 125 126 127 122 123 124 125 126 127 128
my, [GeV] m, [GeV]
=S ——— — - — = ]

nggs boson mass measurement using:
e H-yy : 126.8 * 0.2 (stat) £ 0.7 (syst) GeV

e H>ZZ—4l : 124.3*0-6 9 5(stat)*?-.0.3(syst) GeV

Combined mn:125.5 £ 0.2 (stat)*0-5.96 (syst) GeV
e single particle to give as much/more discrepant result 1.5% (2.40)
e by moving £10 the main systematics (calibration, upstream material,
pre-samples energy scale) consistency increases up to 8%
 H—4l consistency leads to -0.80 adjustment of e/y energy scale
e shift -350 MeV for H—-yy mass
CMS mny = 125.7 £ 0. 3 (stat) + 0. 3 (syst) GeV
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H—-ZZ®*)—4l/[H—yy: mu and 't measurement

<7_IIIIIIIIIII|IIII|IIIIlIIIIIIIIlIIIIlIIIIlIIIII_
< © ATLAS —— Combined yy+4/ 7
& 6-_\s=7Tevj|_o|t=4.5fb'1 — Hoyy ]
- \s=8TeV |Ldt=20.31b" H 77" 4 ]
5:_ ------ without systematics _:
4 f— ------------------------------------------------------------------------ —:20
3 =
2 =
1:— ------------------------------------------------------------------------ —:1(5
—I | | I I | | | I | | L1 1 1 1 | | } I 1 1 | | I | | 11 1 |:
0 123 123.5 124 124 5 125 125. 5 126 126.5 127 127.5
m,, [GeV]
Channel Mass measurement [GeV]
H — vy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
H—Z77"—4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 = 0.52
Combined 125.36 + 0.37 (stat) + 0.18 (syst) = 125.36 + 0.41

'H—4I/H—yy compatibility:
e fixing rates to SM expectation —1.60
°y systematlcs as box —>1 80

!

HozZ 4

I
{

20r

< T T 17T l L I 17T 1T T T 1T l 17 TT ] 1T 17T L
c - ATLAS -
~ 18- E
" 16 H—> 22" -4l ]
143_ \s=7TeV:det=4.5fb'1 E
125_ \s=8TeV:J-Ldt=2O.3fb'1 _f

E — Expected, u=1.0, m =125 GeV E

10:_ — Observed .
8 =

6 -
QLR e

O_ I IIII|IIII|IllIIIIII|IIIlr

0 1 2 3 4 3 6 /

I, [GeV]

e Event-by-event (detector response)®(H line-shape)

* [H<2.6 (6.2@SM rate) GeV @ 95% CLs
H—yy

e Non-relativistic Breit-Wigner ® detector resolution

+ T4<5.0 (6.2@SM rate) GeV @ 95% CLs |
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Off-shell prodw‘:&om of Higgs boson
Pravéd&s hdirect constraink ko Iy

gg—H—Z7Z 2 2

U on-shell . _ Kg,on—shell . KV,on-shell
Go—H—77 HMon-shell = I /FSM

T on-shell, SM HIl g
gg—H"—7Z7

T off-shell 2 )

gg—H*—Z7 — Hoff-shell = Kg,off—shell " Ky off-shell

U off-shell, SM

Implemented with H—ZZ with the following assumptions:
— Backgrounds insensitive to new physics modifying off-shell couplings
— Running of couplings similar for on-shell/off-shell region
— Use inclusive selections [where HO corrections available]
— gg—ZZ K-factors in off-shell region unknown
[ for signal known to NNLO, gg—WW at NLO indicates that K-factors
may be of similar magnitude, see later]

Similar assumptions to the one used for the
coupling studies with the k-factor framework

Indirect 'hH measurement: Introduction

— 1 o = T | I | T | T I I | T | T | T I I =
> = 3
8 - ATLAS Simulation Preliminary \s=8TeV - NEW! |
é 10_2 __ 88 —> ZZ — 2e2u i
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£ - [’ N e 99— 2Z (B)
% l A, — - gg—s (H*=) 2Z
S 10° " oo, 7m0 () 2200, =10
:
1045
10°F
10-6.I||.I.||I.|.I.|I|_'—l_
200 400 600 800 1000
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-3

;‘ 0_3??1 Ol I T T | T T T I T T T | T T
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_g 0.1 — —

© —,

S o= T
01 ' .
-0.2 —

Co —gg— H* - ZZ (S)
_0_3:_ - - gg— (H*>) ZZ (Interference) —|
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Indirect 'hH measurement: Analysis

Z7—4]
e Off-peak region [220 GeV, 1TeV]
e Matrix Element Kinematic
Discriminant to separate

gg—H*—>ZZ—4l from qq—ZZ—4l/

- gg—(H*)—ZZ—-4l
e Limit on off-shell rate based on
- fit on MEKD shape
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ME Discriminant
i —_—
Lol

e ETmiss>150 GeV and 76
GeV<mi<106

e Main backgrounds: qg—ZZ and
WZ/WW, Z+jets and top

e Off-peak region m1zz>350 GeV
e Limit on off-shell rate based on

"ERR
.| — L :;-l-i'.."---r-il ]

400 500 600 700
m; [GeV]
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Indirect 'H measurement: Results

< 1 4 i T T l | L I | l L L [ | L [ | (% I 40 B I l L l L l | L l L | | l L L _ NEW'
— - L]
é - - ~ - ATLAS Preliminary £+ - D
Coqol ATLAS Preliminary | ~ 35[ 2i2v+4i441,, ,, combined ~ L—1*20 -
" 2i2v+4i+4l . ., combined i - " Alternative hypothesis: =" Expected limit (CLs) 1
i J c 30T TSV = — 1 —— Observed limit (CLs) -
1015 =8TeV: |Ldt = 20.3 fo" 7 o OVE e -
- 1 = [ \s=8TeV:/Ldt=2031" -
- === expected with syst. F ) | ~
8 BRREEE expected no syst. -] —l E = E
- — observed ] O 20F <\ 1 B
6 . 1 Lk BY
| ¢ ] Lo L 1
i . i o 15 '
Ao e . F
i . i 10
2 __ . u:."&' __ 5 _:
O L L_L‘T“{'—‘l"l 1 1 I I 1 1 I 1 1 l I 1 1 l 1 1 1 1 O | | 1 1 | I 11 1 : 11 | | 1 1 1 | 11 1 | 1 1 | | :
0 2 4 6 8 10 12 14 06 08 1 12 14 16 1.8 2
SM RB _ _Klgg—272)
'y H = RlggolF=>Z72)

——r— — , —

| Results are expressed as a function of the unknown K-factor for theg baro. rl

| Assuming background K-factors same as for signal:
e [1/l'sm < 4.8 (5.8) at 95% CLs with alternative hypothesis RBy=1, 'i/I'sm=1 and Hon-shel=1.51

|
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e Sensitive in wide mass range

e Also very complicated
* N0 Mass peak
e uses all ATLAS components!
e Signature is Il + MET
e Observables: mjand mr
e Backgrounds: WW, top, W/Z+jets
e Separate final states:
e lepton flavors: pe, ey, yM, ee
e jet multiplicities: 0, 1, 22

I -- Data % SM (sys @ stat)
ATLAS Preliminary w8 WZzzwy
\s=8TeV, | Ldt=20.7fb" [  [IJ SingleTop

Bl Z+jets [] WHiets

H—>WW(')—>evpv/uvev B H[125GeV]

“< SM (sys @ stat)
0 Wz/izziwy
[] Single Top

] WHjets

B H[125GeV]

ATLAS Preliminary =
\s=8TeV, | Ldt = 20.7 b
H—>WW(')—>evev/uvpv

K. Nikolopoulos

H-WW®) lviv

/ATLAS

A EXPERIMENT

Run 214680,

Event 271333760
17 Nov 2012 ©07:42:05 CET

’ / 1 W

Higgs Boson Physics

mj; = 1.5 TeV, |Ayjj| = 6.6, m; = 21 GeV, mt = 95 GeV

mr = ((EY +EF™)* | p{f

pTe= 51 GeV, pTpu=15 GeV pTjets= 68,33 GeV, MET=33 GeV

EmlsS| )1/2 with Eff (|P |2+m%£)1/2

January, 2014
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H-WW®) lvlv: Results 2011+2012

> 200?"|"'|"'|' [ I|"'|"'|"'|'"|"'|""j Q_o103§ll|lll'|llll|llll|llll|llll|lllI|llll|llll
8 - ATLAS Pre||m|nary —+— Bkg. subtracted Data - C_U 102;ATLAS Pre|iminary \’s=7TeVZdet=4.6 b
= - \s=7TeV,| Ldt =46 fb" H[125 GeV] - S = HoWW! iviv 15 =8 TeVilLdt= 207 b’
~ 150~ | ~ 10 & — Obs
£ - \s=8TeV,| Ldt=20.7 b -
o - HoWwWSiviv + 0/1 jets 7 I b1 0G
W 100 . B o
o o :
S0 + + N 1091 30
- ’ 10
Ofi’ﬁt ++F-H—a=-=' — 105 R 4G
:llllllllllllllllllllIlll-+-llllllllllllllll: 10'6 'lllllllllllllllllllllla
60 80 100 120 140 160 180 200 220 240 260 120 130 140 150 160 170 180 190 200
m [GeV] m, [GeV]
| Local significance at my=140GeV is 4.10
|
. Local significance at mp=125GeV is 3.80
Rate with respect to SM: 1.01 £ 0.31 @ mn=125 GeV
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ATLAS-CONF-2013-079 ATLAS Prelim. [==ct0 Tota| ncertainty
o(theo) = — VZ

e Largest BR but very high background VZ(bb), 7 Tev 07 :
* Exploit associated production with W or Z v Vzmptij:g; [ —
« Final states with leptons, MET and b-jets * 4 VZ tlepton 1, =070:1s08 | o——i] ;
e Backgrounds: W/Z+jets and top \Vlzz’(zb'g;c’:nf,“:()3°8 T
» Final discriminant mop / AAAAAAAAAAAA okgmesled | TR
» Separate final states: | T e ?
e number of leptons: 0, 1, 2 > V2 Zlepions 1, <085 0z |, L epem
* Pr(V) or MET | Comb.VZOE) foz |
* number of jets vz, 0lepon 1, < 25102 | —+
* 26 signal bins in total ) ﬁ;:zﬁzzgz :|_|"
e + 27 control regions b verrevimoarn 0 1 2

H < 5 \s=8TeV [Ldt=20.3 fb" Signal strength [u, ]

observation at 4.80(5.10) of VZ(—bb) production
@ATLAS 7 | @ATLAS

EXPERIMENT /-/ EXPERIMENT
http://atlas.ch % http://atlas.ch

Run: 204763 Run: 207620
Event: 49333326 Event: 101402870
Date: 2012-06-09 S : Date: 2012-07-29
Time: 16:08:25 CEST Time: ©00:05:11 UTC
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H—bb

C B | I | | | I I | | | I | I I I I | | | | I | |
_ o - ATLAS Preliminary :\[/)ﬂt(ib) (bestfi)
ATLAS Prelim. | o(stat) ' ©600 s=7Tev [Lat=471" wvz —
0 a u n Ce al n y ('U B Uncertalnty
m, =125 GeV o(sys) + 16 on i = [ \s=8TeV [Ldt=2031b" VH(bb) (u=1.0) ]
H - 10'(the.°) I _. I '%500:— 0+1+2 lep., 2+3 jets, 2 tags —:
VH(bb =1. SR - « . ]
(bb), 7 TeV_ 14 [£0.9 : PR .
____________________ &:";JAEQ%_ 1 I 1 1 | 554005 .
VH,Olepton K =2770|#18 | mm——jm—m | - | @ o |t :
VH, 1 lepton 1 =-2 5’?8 +1.6 1 : l l | %300‘_ | —
""""""""""""""" 0 R > B ]
VH, 2 leptons 1 =0.6 ' |+3.1 i 1 : n | W o6k -
= +0.5 I R - 5
VH(bb), 8TeV " Loa | & 0 e : :
_____________________ e SN B RO RS | X AN DA 1001 -
- 090 : : ) : ; ; ; ; B ’ Z
VH,Olepton  1=09,,t08 | | : ; i R C /// e, Z
VH, 1lepton 1 =07 11+0.8 R 'l—‘—' o OZ % i gg<s /
________________________________________ N : , Z
VH, 2 |ept0ns },l = ‘O.3i1’5 i—‘| 2 . : . : : IR S N N NS NN T SO SN S (NN ST HY S AN l =
e e I@ e 50 100 150 200 250
Comb. VH(bb)_ 0507 +0.4 EEEEEE R m [GGV]
_____________________ Mo el<0t | b bb
— +0.9 ) X X ) - : X X : 14 T T T 1T T T T T T T T T T T T T T T T T T T T T T T T T
VH, Olepton K 053gi08 S I RO I I & [ 'atLAS Preliminary | LT
VH Tlepton  n=01 ls08 | . - | = . - B 12 VH(D) s-eTev |Lai-203m’ -
VH, 2 leptons 1 =-0.4" 7 |+1.2 o —t § [ — Observed (CLs) _1 i
R —4_._._.-_2_._.__0_._._._._2_‘_‘_._‘1_._._ é 1 0 - Expected (CLS) \s=7TeV J Ldt= 4.7 fb ]
\s=7TeV [Ldt=4.7 fb" S g Ei §
\s =8 TeV [Ldt =20.3 fb" Signal strength [u] 5 f H* ]
X 6F —'
o) - ]
—_— - - o B i
| mr=125 GeV ar E
. 95% CL exclusion limit 1.4 (1.3) x SM oF -
H = 012 i Ol5 (Stat) i Ol4 (SySt) O: I 111 I L1 11 l 1 1 1 I 111 I L1l 11 [ 1 11 l 1 11 I L1 11 I :

110 115 120 125 130 135 140 145 150
m, [GeV]

CMS : significance 2.1(2.1)o for my=125 GeV
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coupling

e Expected to be the first channel to give direct

evidence for coupling to leptons.

e Search in three sub-channels
e Tleptlep BR~12% -> 2lepton

e Tlepthad BR ~46% -> 1lepton

e Thadthad BR~42%->0lepton
e Background

- Z->T1T dominant estimated from data
using the embedding technique
“Fakes”: Multijet, W+jets, top from dta
“Other”: Diboson produciton and H->WW* from MC

g’ 2500—mhad + FLrh d Boostled /l\TLAS Prclaliminary—
9 j Ldt=203fb" |s=8TeV Signal Region ]
- —e— Data

£ 2000~ — H{25)5 -
d>> E Bz 1t

L 1500 B Others N

0 50

100

I Faket

777 Uncert.

150

200

250

MMC [G eV]

e This channel is directly sensitive to the T Yukawa

Run: 214021
Event: 269834309

Py
1

800
600}
400}

200}

%

T | T T T
F T .qThag BOOSted

1000
I det=2o.3fb" |s=8TeV

50

7
;

100

LI B ]
ATLAS Preliminary -

—e— Data |
— H(125)>11 m
ez ]
B Others
U Multijet

72222 Uncert.

150

Signal Region i

200 250
MMC [G eV]

2012-11-05 09:48:46 UTC

- QATLAS

A EXPERIMENT

Analysis performed using Boosted
Decision Tree

Variables, include properties of the
di-tau system, jet topology, and
event activity

Two categories:

VBF : 2 jets with large
pseudorapidity separation
Boosted: events failing the VBF
category, bith with large di-tau pT

K. Nikolopoulos
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LI I | 1T 1T 1 I T 1T 1 I LI | T

—e— Data

D Background (u=1.4)
...... Background (u=0)

- H(125)-1t (u=1.4)
H(125)-1t (u=1)

H

—
o

'

| IIIIIIII_

| IIlIIIIl

f4 Using an MVA observe evidence for Higgs bosy tT-
'leptons, with signficance of 4.10 (3.20 expected)

[ Illlllll
1 lIIlIIIl

e Signal Strength for mH=125GeV: y= 1.43+0.31-0.29(stat) 102L -
+0.41-0.30(syst) - ]
* In agreement with SM expectation 7 % 1

— e 10 ATLAS Preliminary E

- [Lat-2031" ]

- \s=8TeV .

1 : 1 | | I 1 1 1 | | 1 1 | | l 1 | | 1 I [ L | l 1 E

-3 -2 -1 0 1
% - T UL L DL AL L L B

Q) 70:_ATLASPre||m|nary ® Data _: S 6 LI L L L L L L L L I IO IOg(S/B)

= F HotrVBFsBoosted ~ — H(129- Tt (u=t4) 3 o [ RO 1
C . S A X Bestfit
; 60c -1 i E m 5— j Ldt=203fb —— 95% Contour -
2 " F [Ldt=2031 B Otrers - 25 % .
¢ S0F s =8 TeV * o [N Fakes = T - \s=8TevV = :in/" CO:tOU’ ]
N = = % - > - . + prediction -
. 405_ 7222 Uncert. - % 41— ATLAS Preliminary & Backgroundonly
— — - S I~ —
o c - = C ]
D 305 = 3 —
- 20 = N ]
< - . - _
10F 3 of E
0: s . §
% i B ]
(U - - -
()] - B ]
g' O_ _1 11| [ - I L1l l |- I |- I L1 11 l | .| I L1l I L1
S I I S S A I B IR h _
80 80 100 120 140 160 180 200 210 1 2 3 4 5 6 7
mie [GeV] Hoge X BB
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Rates/Couplings

Phys. Lett. B 726 (2013). pp. 88-119
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I

Overview: Rate/Mass measurements

ATLAS Prelim. |—o(statistical)  Total uncertainty lIs=7TeV,L<5.1fb" \s=8TeV,L<19.6 fb'
M. = 125 5 GeV — o(syst.incl.theo.) +1c0onp
H - -

L R CMS Preliminary m, = 125.7 GeV
| Py = 0-69 u=0.80+0.14

H— YY -0.22

+0.24
0.18

w=1.55%% 71

—
—t
—0.28 |_o.12 9

+0.35[Phys. Lett: B 726 (2013) 88

H— 2Z* - 4l ~ozz/ ’ ’ H— bb
e : u=1.15+0.62
NEW! p=1.00.5

+0.40 |- 0.
].L—143 +017 :
03500 G A

+0.20 |Phys.Lett.B726(2013)88

H—-> WW* > Ivlv 021

+0.23
-0.19

-0.28 o.09,,,,1,,,,|...._.'.“|‘... p=1.10i0.41 ;

Combined +g.:2Phys. Lett. B726 (2013)88 : |,
H—yy, ZZ*, WW* r047 |
0.13

u= 1.33"%%1 o1

oreSiel i R H— vy
' . ATEAS-CONF-2013-079 u=0.77£0.27

LT T
i

+0.5

W,ZH— bb

+0.7
o= 0'2—046 <0.1

04| ———

+0.3 |ATLAS- CONF 2013-108

H — t7 (8TeV: 20.3 fb) |-03 : u=0.68+0.20 i

+0.4
0.3

+0.5
Ll—14 +03 f N
el =8 IR B R D [

\s=7TeV [Ldt= 4.6-48 7" ~0.D O 05 1 15 2 Ho ZZ
\s = 8 TeV |Ldt = 20.7/20.3 b Signal strength (u) u=0.92+0.28

——

'
llllllllllllllllllllllll

4 — o 05 1 15 2 25
'Rates in overall agreement with SM expectatlon | Best fit 0'/(5

| Results from the two experiments fluctuating
around the SM expectations.
The ATLAS and CMS

ATLAS : my = 125.5 0.2 (stat)*5.96 (syst) GeV
CMS : my = 125.7 + 0.3 (stat) £ 0.3 (syst) GeV

mass combinations in good agreement
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Signal strength for production mechanisms

- G(stat :
ATLAS 02 )) Total uncertainty
o(sys
m, = 125. \
H 5.5 Ge c(theo) i 10 i 20
+0.4| |
H— vy e B
+0.7 [
~04| :
R -1 1+0 .9 : \ :
8 - -0.5(|+0.2 N
ggF+ttH _ 0.0 [ o :
130 |
HoZZ -4 [ °°
+2.0|
-04 |
HyBE.vH _ +2.4 B : |
u =0.655]. 03\ : : i
ggF+tH P R S N
-0z \\I\4 _Lff//l .19
Ho WW* > iviv %% & A
- 0.7 \ i ; ; :
HyBFavH _ +2.2 N ; :
Fogran — ©°0-10[r05| © |
02 I\f\\ S S L B
: +0.4 : L
Combined - 0.3 |l ; A
* * ; L/
Hoyy, 225, WW* | o % )
MyBravn 0.7 > \ 5 5
H =1 4 5|+ 0.2 \ i : :
ggF+ttH _0'1 ,,,,,,,,,,,,,,,,,,,,, \i S S S i
B o

\s=7TeV |Ldt = 4.6-4.8 b

\s=8TeV |Ldt=20.7fb"

/
H VBF+VH H ggF+ttH

| Overall Higgs boson signal strength measurement

l‘

11 e no information on different production mechanisms
e assuming SM ratio of production cross-section
Separate vector-boson/gluon mediated processes:
e use two signal strengths pver+vH and [ggr+ttH
| © Hver+vH / Hggr+ttn = 1.47040 5(stat)*06.0.4 (sys)
* model independent (no assumption on branching ratios) |
. 3 30 ewdence for VBF nggs boson productlon

-2In A

14
12

10

b L 1

-
-
-
-

IIIIIlllllIlllllllllllllllllllllllll_

ATLAS

\s=7TeV |Ldt=46-48fb"
ls=8TeV |Ldt=20.7 b

|IIIIIII|III|III|IIIIIIL

m, = 125.5 GeV

— Combined H—yy, ZZ*, WW*
---SM expected

I|II‘.I|III|III|IIIII

uVBF/u

ggF+ttH

K. Nikolopoulos
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Effective Lagrangian

J. R. Espinosa et al. Higgs Hunting 2012 (arXiv:1207.1717[hep-ph])

06 Valdd ot EoMy .
Field Coﬂ+evut : SM + Scalasc h (“O estra ngkt s‘\'a:"e.s>

£ = O[N] - (fawiwt—s Sr3z et )[4+ 2a 2 + 000 ]
T cno efal
““‘4%;“"#13. [“C 5t 0| + . RaEhe)
Incorporates SU (LD LV (Vem breaking

o[; - L[}\j — (Hv’;,w‘twr‘+%n;z‘,,z’r“§[i+ 2?1% + o(,hf-)]
T Kv o efal
gk [oee Brod®] 4o v SRED

KF
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Higgs boson couplings

Table 10: Summary of the coupling benchmark models discussed in this paper, where A;; = «;/k;, ki = Kik;i/ky, and the functional dependence
assumptions are: Ky = Ky = Kz, K = k; = Kp = kr (and similarly for the other fermions), kg = k¢ (Kkp, k1), Ky = Ky(Kp, K1, Kz, Kw), and kg = Ky (K;).

Model | Probed Parameters of Functional assumptions = — — e
couplings interest Kv | Kr | Ke | Ky | Knn 'Higgs boson signal strength measurement
1 Couplings to Ky, KF VIivIiVvIVv]V | _ _ _
2 fermions and bosons Apv, Kyy VIV VIV - | following formalism of arXiv:1209.0040
i Custodial symmetry | — ﬂwi, /lFi’ kzz | - [NV IVIV] - * single resonance of 1?5.5_GeV
: S vp Az ke L - NV - e narrow width approximation |
ertex loops Ko, K =1 | = |-
d S e only modlflcatlons of the coupllng strengths t
ATLAS Total uncertainty — — —
: | Deviations described by overall scales kF (kV) for fermions
: ; V[ | (bosons), respectively, no BSM contribution
KV . . \ /@’ ™ L
. \ | T T T 1 I T 1 1 | T 1 71 I T T 1 l T 1 1 I T | L L L L L :I.“l“.l LU N N B B B B B B
Model: [ e [0 76,1.18] i\ .5'/ ot ~ A ATLAS LiH—=4l i iH— viv
Kys K :/v e [105,1.22], - \s=7TeV]Ldt=4.6481" & H— vy EJCombined
K : : \ B .
Fl \ 3 1s=8TeV|Ldt=20.7 b’ + SM x Best Fit
,,,,,,, T /.. - ‘ \ ]
N\ . // : ‘,“.‘ / - —
Model: \/ § \ /e ol _
Aeys K Mev| : \ / n _
FV? ™V : Apy € [070, 101] \ / - —
Model: \ B e 1= —
Morz Mz ay,=082+015 |/ - .
}\.FZaKZZ [I \ { g 0—_ T
: : \\ /f | - -
Model: okgo= 0 1.04£004 il g 10 ]
Kg Ky Kk = 1202015 | - R
K| ; 1 A o .
: 5 N/ u =
I ! ”. "I" .w | ! L VV. ""' ;\ . ‘!0 1 1 1 1 I | l 111 I,I I - I I I I I | I 11 lll I | - l L1 1=
j -1 0 1 06 0.7 08 09 1 11 12 13 14 15 1.¢
\s=7TeV |Ldt=4.6-4.8 fb" Parameter value I : .
2D tibility with SM is 129
\s =8 TeV [Ldt=20.7 b Combined H — yy, ZZ*, WW* compatibility with SMis 12% Ky
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Spin/CP
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ATLAS Spin/CP studies: The channels

Channel H— ZZ%) - 4 H - WW® = tuby H — v~
Dataset 20.7 fb~! @ 8 TeV 20.7 fb~t @ 8 TeV 20.7 fb~! @ 8 TeV
4.8 b=t @ 7 TeV
Reference | ATLAS-CONF-2013-013 | ATLAS-CONF-2013-031 | ATLAS-CONF-2013-029
Signal JHUSPYTHIA PowHeg/JHU®PYTHIA | PowHeg/JHUGSPYTHIA
Tested Hypotheses
0~ v - -
1t v v -
1~ v v -
2T v v v

'+ Spin Combination
. e ZZ+WWH+yy
e ATLAS-CONF-2013-040
» Phys. Lett. B 726 (2013). pp. 120-144

Production modes

spin-0 : ggF (qgbar annihilation negligible)
spin-1 : ggbar annihilation

spin-2 : ggF & gqgbar annihilation

For the Graviton inspired tensor with minimal couplings to SM,
ggF dominates with qgbar ~4%, but higher order QCD
corrections may significantly modify this — scan fygbar

VBF and VH production modes:

VY : included in the analysis

4| : VBF production does not modify kinematics
Ivlv: negligible contribution

K. Nikolopoulos
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Statistical Treatment

channel szns

@)= 11 1I P (NiglusS ) (6) + Big (6)) x A; (6)

The test statistic is the ratio of profiled likelihoods (LLR) between the two hypotheses,
nuisance parameters profiled separately for each hypothesis

LJP = o+,ﬁo+ Oo+)
L lta,[lJP QJP)

The test statistic distribution for each hypothesis is extracted from ensemble tests
(pseudo-experiments using the profiled values for nuisance parameters) and the CLs is built

q = log

8 T 1T 17T I T T 1T I T T 1T I T T 17 I T T 1T l T T 1T
= 0'5_ ATLAS Prellmlnary —Data
L i H— ZZ — 4] Signal hypothesis ]
0.4 \s=7TeV: [Ldt=461b" (m =125 GeV)
CL ( b ) pO( alt E \s=8TeV: ILdt=20.7 fbo _JPO -0 E
t O(O+) 0.3__ BDT analysis ] ,JP _ot ]
L l ) o - m -
0.2\ R
Note: ysm and uyp profiled independently o1 E

(ie no assumptions on production rates)

_J [ B - 2 bl L—
-015 -10 -5 0 5 10 15
Iog(L(H )/L(H )
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H—vyy : Introduction

|sinh(Ap)| 2P} Y

2
L+ (pl Jmy, )2 "y

|cos&F| =

Discriminating variable: polar angle of the photons with respect
to the z-axis of the Collins-Soper frame (minimize effect of ISR)

— JP =0 (SM) —— Background

Before acceptance requirements: —— =2 (100% gg) &P = 2* (100% qq)

- spin O : isotropic decay
- spin 2 : distribution depends on the qq/gg fractions:

Nt
\®)
N R

Entries (normalised to unity)

0.15 -

dN ]

100% gg : ——— =1 — 6cos® 6* + cos* 6* }

d cos 6* 0.1 N

dN .

100%(](} . W:].—COS49* . i
COS 0.05[~ ATLAS Preliminary S N

- Background : peaking in the forward-backward direction | Data2012,Vs=8TeV, |Ldt=207"  b—o |
0_ Illllllll llllllll lll 11 l 11 1 1 l 11 1 1 l 11 1 IL '''''' ‘Li l-{--—

0 01 0.2 03 04 05 06 0.7 0.8 0.9

—

|coso*|

- Analysis similar to “rate/mass” analysis but optimized selection:
- Pry1>0.35 m,, and p,,>0.25 m,,

[Minimize myy, and cosB8* correlations for background]
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H—vyy : Fit Procedure

H—>yy s a low S/B final state (mcluswe ~3%)
- Simultaneous fit to m,, and |cosB*| in signal region |

- M, in side-bands

10000 = T T T T T T

E - ATLAS _: ;2500_"".l"[')'tl""I""I""I""I""I""I""I""_
N s e  Data2011+2012 ] g " P"‘_a . Hovyy S
; B SM Higgs boson mH=126.8 GeV (fit) _| §2 B J = f ]
c . P LT TTEEEE Bkg (4th order polynomial) ] S 2000— [ Background ]
) > B —— i
Q  e000— — AT B ]
e T L - :
4000 — —] 1500 ]
C (s=7TeV det=4.8fb'1 - T ]
2000 — = u ]
- @=8TerLdt=20.7fb'1 ] 1000 ]
(®)) et et e e e e e e et et P P .-;. : :
S 400 E- = - ATLAS :
I E 0T (s =8 Tev jl. dt=20.7 fo” E
= E = - \S = e = N
ETE ! +++ +H+ v = .
! 05 | T T T N Lo leoay T T e
2 ooy ! AL = 004 02 03 04 05 06 07 08 08 1
S  -200F- —=
i 100 10 120 130 140 150 160 |cos 6%
m,, [GeV]

For 105 GeV < m4 < 160 GeV
14977 candidate events
~14300 background events
~370 SM Higgs boson signal
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Events / 0.1

250 B LI I L I L I LU I L ] LU I L b IIIIIIIIIII
- ATLAS Hoyy —J = 0+ Expected -
200L \s = 8 TeV JL dt=207fo" ® J=0"Data -
- Bkg. syst. uncertainty .
150 —
_ —e— N
100F——_1 e -
50 —
B N
_ —o— N
of ‘F?
;.Hl IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ]
0 0.1 O 2 0. 3 O 4 O 5 O 6 O 7 0. 8 O 9 1

H—vy : Fit results 0* vs 2

;Background subtracted distributions

Fit assuming 0*

|cos 67|

Events / 0.1

Fit assuming 2* (100% gg)

250 B LI I LI ] L I L I L I L I LI L lllllllllll
- ATLAS Hoyy —J-= 2+ Expected .
200 \s =8 TeV JLdt_207fb ° S=2"Data -
- Bkg. syst. uncertainty .
1501 (f _=0%)
B — ]
100 -
N 1T _l__'_+ Z
50 =1 — -
N — Z

_ o |

0 u T %%
111 1 I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ]
0 0.1 O 2 0. 3 O 4 0. 5 0 6 O 7 0. 8 O 9 1

|cos 67|

Data differ slightly, owing to the background being determined separately for each spin hypothesis
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Higgs boson physics with ATLAS

November 18th, 2013

‘Q} UNIVERSITY©F
:>:5 BIRMINGHAM 58



H—yy: LLR 0* vs 2*

K. Nikolopoulos

Higgs boson physics with ATLAS

November 18, 2013 ?ﬁ.ﬁf

b 0_3 __I I T 1 | T T 1 1T 1T 1 T T 1 T 1T 1 | 1T T T] c~ [ I I I | I I I | I [ | I I [ |
T i i 14— ATLAS ~
S - ATLAS —Data 1 CH S yy eData Spin0:
-9025__ H— —JP=O+ ] 121~ ] . . |
YY [ \s=8TeV JLd'[ = 20.7 fo! Signal hypothesis 1o 7
= - g P_ ot - .
D - Vs=8TeV [Ldt=2071b -Jr=2" - 10F [ ]26]
2 - Y : e °_0o" ]
0.2 f =0%) - .
© Y.or qa i
g . i Sl o P_ot ]
(@) B T ] B i
< 0.151 i N E
- M i -
i b i .
01__ IlI | ] ]
- . )
0.05[- I \ -
o R PN ! A i .
-15 -10 -5 0) 5 10 15 0 25 50 75 100
o)
q H—yy qu ( /O)
2" assumed 0" assumed P i P At P A4
fr Exp. o’ = 0% | Exp. po(s? = 2+ || OPS PoU" =0 | Obs. po(" =21 || CLy(I" = 2%)
100% 0.148 0.135 0.798 0.025 0.124 87.6%
75% 0.319 0.305 0.902 0.033 0.337 66.3%
50% 0.198 0.187 0.708 0.076 0.260 74.0%
25% 0.052 0.039 0.609 0.021 0.054 94.6%
0% 0.012 0.005 0.588 0.003 0.007 99.3%
- The 2* hypothesis is disfavored with respect to the 0* hypothesis.
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H—-ZZ—4l: Introduction

|deal channel for spin/CP studies
40~ i g;:: izozg 02:;: ATLAS - Complete reconstruction of the event topology
- o H—ZZ"—4l - Clean (S/B ~1 to 2 depending on final state)

asf MGV I Tev flot= 4.6 - - -

- [] Background Z, ZZ* s=/7'°¢ -2 | -Several observable depending on spin/CP available
N ~_ {s=8TeV [Ldt=20.7 fb

~ [ Background Z+jets, ff

30— 4 7 Syst. Unc.

Events/5 GeV

-~ For 115 GeV < ma4 < 130 GeV
? i 43 candidate events
16 background events
18 SM Higgs boson events expected

\

| ‘Spllt signal region [in GeV] — 6% senS|t|V|ty |mprovement
| l - High S/B [121,127]

A R ” - Low S/B (115,121) v (127,130)
100 150 200 250 * - -

25

20

15

10

o
._‘.}I_L.I|IIII|IIII|IIII|IIII|III
N N

o Two approaches:
- Train BDT separately for each hypothesis
' - Use ME corrected for acceptance and pairing effects
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H—-ZZ—4l: Input Variables

'-020""|""I""I"II

B ] g L I IDII | | | | L I | L I | L I L | L | L | LI 8 20_' T IDI { | L L I 1T 17T I 1T TT I 1T 1TT I | L L l_
N ¢ ¢ Data ATLAS 1 225 ° Daa ATLAS Prellmlnary— = [ °* Dad ATLAS Prellmlnary .
e 18_ [ Background Zz* < £ [ [l Background zz" < 18 Bl Background zZ" -
& 165 I Background Z+jets, f H-ZZ*—4l 1 U - [ Background Z+jets, tt H—zZ" -4 i Wt @ Background Z+ets, tt H—zZ" -4l -
'..E. : o g+ J ] 20 Signal (m =125 GeV) — 16:_ Signal (m =125 GeV) B
|.u14_——JP=°_ \s=7 TeV |Ldt=4.6f" [ —F=0 \s=7 TeV:|Ldt=4.6fo" ] 14 —F=0° \s=7 TeV:[Ldt =46 "' ]
{of =0 \s=8 TeV JLdt=20.7 ib"] o F =0 \s=8 TeV:Ldt = 20.7 fo! b F=0 \s=8 TeV:Ldt = 20.7 fb™ -
: 1 15[ . = E
101~ E : 1 10F s
8;_ _; 10:— ° ! —: 8;— ® —;
6:— ) —: i i 6:— ‘ I ) ) —:
4— -------------------------------------------------------------- — 5— -------------------------------------------------------- — AE T e e —
2_ » S 2ErE - 2 -
0 0 0
-1 -0.5 0 0.5 1 -1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1 -3 -2 -1 0 1 2 3
COs0, cos(0,) )
> L 1T 17T L I 1T T T | 1T 17T | 1T 17T I 1T 1T > Zb T l T I T | T T T I I I + e -
8 ook oy Da . ATLAS Prellmlnary 1 & [ - Daa ATLAS ] For 07/07 : @,01,02, m12, m34
o F Bl Background zZ" 1 o5 [ [ Background zz* . - 4 *
» | [ Background Z+jets, tt H-2zZ" -4l 1 ~oo- I Background Zsjets, f H—->ZZ"—4l For O /other add : (I)l, v,
225 signal (m,_ =125 GeV) 1 871 Pac g+°” +Iets, 1
S =0 \s=7 TeV:|Ldt=46f" | E [ =0 \s=7 TeV JLdt=4.6 " |
oot =0 \s=8 TeV:JLdt=20.7 " J H g I = \s=8 TeV JLdt=20.7 o]
151 = 1 | ]
L i O_ —
10F - i ]
: 1 B .
Sl 7 - ]
0: ---------------- . T | . ]
50 60 70 80 90 100 110 20 40 60
m;, [GeV] m,, [GeV]
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H—-ZZ—4l : Distribution of discriminant

825_| | |.| |D|| | T I | I | I | L I | | [ I-I I.I 1 I | l—
= [ ata ~» ATLAS Preliminary |
+ L [ Background ZZ ) 1
L 50l B Background Z+jets, t  H—>ZZ '—4l 1
- Signal (mH =125 GeV) -

[ —F=0 \s=7 TeV:JLdt = 4.6 fo'

15l =0 \5=8 TeV:Ldt = 20.7 fo" ]
101 ¢ -
S " N

)
-1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1
BDT Discriminant

UNIVERSITY©F
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H—-ZZ—4l : LLR 0™ vs 0-

8 25_[ | I.I IDI I | L l L I L I | L I | | | l L I L
= L ata » ATLAS Preliminary Q T T
= [ [ Background zz" ‘) i 2 -
- o0l Bl Background Z+jets, tt HoZZ =4l - E 0.25- ATLAS Prellmmary —Data -
: Signal (m =125 GeV) 4 i H— ZZ — 4] Signal hypothesis i
| — =0 \s=7 TeV: JLdt 46" 0oL \s=7TeV: [Ldt=4.61b" (m =125 GeV)
{5l =0 |s=8 TeV.JLdt = 20.7fb" ] "I Vs=8TeV: [Ldt=20.7 fb" _ P -0
i i . BDT analysis _ b o
| - : N AL
10 : ] : | | i
| : AR AN
: L 3 : | | :
St LAy e ‘_ 0.05]- i } .
- . : | | i
0— _ | ' | q_ =4~ - 7 Lb—.] Lot | i
1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 -5 -10 -5 0 5 10 15
BDT Discriminant Iog(L(HO)/L(H1))
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H—-ZZ—4l : Results Overview

O~ 10 T T T T T T I T T T I T

- ATLAS ' ' :

gl H—2zz" -4 eData Spin 0

[ \s=7TeV _[Ldt=4.6 fo!  Signal hypothesis [ 1o i

g\s=8TeV Ldt=2071" ¢y _q s 4

: .JP - of ;

Main Systematic: 4 /
- High S/B vs Low S/B regions normalization (~10%) L

owing to the uncertainty on mn

-2
0 25 50 75 100
£ (%)
0~ assumed 0* assumed P At P e P e a9
Channel Exp. po(J” = 0%) | Exp. po(J” = 0°) Obs. po(J© =07) | Obs. po(J" =07) || CL(J" =07)
H — Z7Z* 1.5-1073 3.7-107° 0.31 0.015 0.022 97.8%
1~ assumed 0* assumed Pt P P 1
Channel Exp. po(J¥ = 0%) | Exp. po(J” = 1°) Obs. po(J© =07) | Obs. po(J© =17) || CLy(J" =17) o ) .
H— Z7* 09-1073 3.8-1073 0.15 0.051 0.060 94.0% 7; A” alternatlve hypOtheseS
1* assumed 0* assumed Pt P14 Pt | : :
Channel EXp pO(JP — 0+) EXp pO(JP — 1+) Obs. pO(J =0 ) Obs. pO(‘] =1 ) CLS(J =1 ) are dISfavored Wlth reSpeCt
H— 77" 46-1073 1.6- 1073 0.55 1.0-1073 2.0-1073 99.8% tO the ()+ hypothesis
H— 77" , - ,
2" assumed assumed 0* assumed
7 Obs. po(JF =0%) | Obs. po(J¥ =2%) || CLy(JF =2+

100% 0.102 0.082 0.962 0.001 0.026 ' o

75% 0.117 0.099 0.923 0.003 0.039 96.1%

50% 0.129 0.113 0.943 0.002 0.035 96.5%

25% 0.125 0.107 0.944 0.002 0.036 96.4%

0% 0.099 0.092 0.532 0.079 0.169 83.1%
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H-WW-—-lvilv: Introduction

- Restricted to “different flavour” (ep) events and no jets £ 24000 T T T T T T T T T e T
- p11>25 GeV and p;,>15 GeV 2 22000E- ATLASIPrelumme:r Al V_Vaw’“‘ WZZ;WY
- p;>25 GeV for |n|<2.5 (py;>30 GeV for 2.5<|n|<4.5) 20000 0 Y Bt Clws
- Rate analysis already exploits spin-0 nature of SM Higgs boson 18000F W o [12s]
- Relax spin-sensitive requirements 16000~
! . . 14000F-
(allow spin study while keeping backgrounds under control) 12000
- EtMissRel > 20 GeV

IIIIII|III|III|III|III|III|III|III|IllIllI|I

-my < 80 GeV 12822
- pmi > 20 GeV 5000
-A@i < 2.8 4000
- m, A@i_ pTi, mT sensitive to spin 2000 .
- Two BDT classifiers are used: N : TE“-‘I'*-:
- BDTo+: SM Higgs signal against the sum of all backgrounds % 1:‘21E:fffﬁ.ﬁffﬁfﬁffﬁfffﬁfff.ﬁfﬁfﬁfffﬁfﬁffﬁfﬁffffffﬁﬁffﬁff.fﬁffffﬁfﬁffﬁfffﬁf.ﬁfﬁﬁfffﬁfffﬁf;fffffffffffﬁffffﬁfﬁffﬁfﬁfffff[fff:;
- BDTye: JP signal against the sum of all backgrounds . S S ——
- Perform 2D-fit in (BDTo+,BDT.p) X e e B e S S S
- pT spectrum uncertainties found to have small effect 6o 1 2 3 4 5 6 7
BDT,e 4 Niets

JP

>
BDTO+ .
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H—-WW-—lvlv: Spin/CP sensitive variables

£ AT A S L ) L T
T [ A4S — P-0" = 0.4 amas g
i 0 3—_ Simulation \s = 8 TeV F=1 ] i | Simulation \s=28TeV - P :
§ r H-o>WW > evpviuvev +0jets o J = ] S 0.3 H->WW'—evuvivev+0jets .. P17
5 | - |
< 02__ — N < 0 ol g _
O e A - o3RS R :
O— | | [ | O_ | | | 1 | 1 1 1 LTI i 1
0 1 2 3 20 40 60 80 100
Ag [rad m, [GeV
%) L ' |
= . ATLAS —p_g
S 0.6  simulation \s=8Tev Pt
= - = _
§ . H—> WW* - evuv/uvev + 0 jets ... JP =1 i
E - ]
2 0.4F -
< L e, _
0.2~ i e -
0 I e Ll . ILTL___;
0 20 40 60 80
P! [GeV]
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H-WW-—-lviv: BDT output

. L L BN LN LN AL B
o ]
S oof ATLAS T
ﬂ O 45 T 1T I LI l T 17T I L I L I LI I LI l T 1T I LI l T I_—' .‘(2 700 J- P %SI§+bk? :
= U. - ATLAS 1 5 - \s=8TeV | Ldt=20.7fb Bl -0 .
g - — Background 1 3 6001 H—-WW*—evuv/uvev + 0 jets ] ww =
> 04__ . . i —] L - HV/p +0] B Z+jets B
= - Simulation s =28TeV — P-0 : 500F- %] Wajets E
= 0.35 Ho ww* / Oiets ..... P_otf o059 - WZIZZIWy 1 - . .
IS F T T T eVHVIREV R IS e 1\ S S After full selection
< 0.3 = O SngeTop ] |
E - 1| 3615 candidate events
0.25F E D = | 3300 exp. background
0.2F = 200 = | 170 exp. SM Higgs boson
0.15p 13 o0 =
O- 1 E_ ._..:"';:.I —E 0 e __:'__;f__ .
O 05—_ . I = a 1.4 | [ [ l...'...!...'_.._I_...'...!..4'..__I...!...!...'...J....'...'....'...J...!.A.'..T.l...!...'....'_;
- E ememmmaen T _I E fé 1 2F- §§§ .......... /! .................. § AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 3
O‘ EPE TS BN BT BTSN BT AT B BT + 1"" ‘// M/ WM%%%"—;
108060402 0 0204 06 08 1 G S
BDT(0+) 8 108060402 0 02 04 06 08 |
- o BDT(o"')"l"'I"'I"'I"'I"'I"'I"'I'
- —@— Data
LI | LI | L LI L LI LI | LI | LI | LI E 1400 : AT&??I Ldt 20 7 ,fb—1 % SIg+bkg
c - \s= e = 20. =0
0.45 ATLAS — Background 5 1200 H->WW*—evuv/uvev + 0 jets E ZW+\;LS

Simulation \s =8 TeV — P-0" [0 Weiets

[ wWzizzwy
C
[ Single Top

: 1000
0.35

Arb|trary units
o
N

H— WW* - evuv/uvev + 0 jets  ..... F=2"f_ =25%
eee 1 800

Illlllllllllllllll

|l[||||| ||||l||||I||||||I||||||||||]|||l]||||
i ) X
1
A UL A ||Iv||||||||||l
N

o
W

0.25
0.2
0.15

Illllllllllllll|III|III|IIIII

ll[lllIllllllllllllllllll
N
o
o
‘ I|II
]
]

0.1 ——
0.05F 1___ ——— 9
Ot.l...n:s&m T i ST BT R B SR ;
-1 080604020020406081 I: E
BDT(2+) 8 08 06 04 05 0 02 04 08 08 1
()]

BDT(2+, 1 _=25%)
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H-WW-—lvlv : Post-fit output

BDT,e 4

JP

|

Visualization of the results in the post-fit background-subtracted plots
Data more consistent with spin-0 with respect to spin-2

The (BDTo,BDTyp) distribution is remapped into an 1D
distribution by ordering the bins by increasing expected signal.
Empty bins (expected content <0.1) are removed.

; (\
BDTo ;, |
o T T T ] T ] 9 T T ] ]
% 100 ATLAS —4— Data - background _ *g‘ 1 00_— ATLAS —4— Data - background _
L _ s=8TeV |[Ldt=207fb P L | \s=8TeV |[Ldt=2071 P oo f —100% -
- H—> WW* - evuv/uvev + 0 jets - - H—- WW* - evuv/uvev + 0 jets -

S0 50 N
0+ t“?ﬁ*“% 1[[ . 0%*++*-+*,+ + e H
i I I ! | + I I ! | I I I L | ! | I L L L | I ! | ! ! L +| | L |

0 10 20 30 0 10 20 30
BDT output BDT output

Data described better by spin-0 with respect to spin-2 (100% qgbar)
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H-o-WW-—-lvilv: LLR 0* vs 1* and 2*

é :l T T T | T T T T [ T 1T 17T T T T T l T 17T | T 1771 I: :';\ :l T T T | T T T T [ T 1T 17T T T T T l T 17T | T 1771 I:
g 0.18~ ATLAS — P o0 — % 0.2F ATLAS — =0 =
9016:— \s=8TerLdt=20.7fb'1 — =1 E 8018:— \s=sTeijdt=2o.7fb" — =1 E
8 . E H— WW*—> evuv/uvev + 0 jets — Data E 8 . - Ho WW*= evuv/uvev + 0 jets — Data .
® 0.14f - » 0.16¢ =
=R 1 8 14F .
€ 0.12[ 4 g0.14p E
o - 1 O ol -
Z 0.1 - £ 0'125 Q\i ]
0.08" 5ot N E
: 1 0.08" N E
0.061 : i F %E\.\ﬁ .
VO N 1 0.06F N =
- \ g - \\\ .
s - - RNy .
0.04¢ R 1 0.04f \§ :
0.02- \§\§ 1 0020 \x§\ -
5 _@\%\\&‘§ ] F RO ]
-QIO -5 0 5 10 15 2 -QIO -5 0 5 10 15 20
q q
?O 16—_ T T | LI I LI L I L | L |_— :;\ [ T T | LI I LI L I L | T 17T T : : : I ; | | | : |
c V-5 ATLAS fq=25% |1 § | ATLAS fq=100% 1 ° o5 ATLAS eData  Spin 0
O 014__ \s=8TeV J.L dt=20.7 b — =0 -4 9 025:— \s=8TeV J.L dt=20.7 b — =0 —: [ H—> WW* - evuv/uvev Signal hypothesis [l 16 ]
= - HoWWosevpv/pvev+ojets =20 | 3 - HoWW' evpv/uvev +0jets  —JT=2" - 20F\s=8TeV [Ldt =207 fb ef-o [2o]
» 0.12— — Data - 0 B — Data . - . -
= L 4 = B e P_o i
@ B 1 = 0.2- g 155 4
E o1 1 E [ | ] § i
CZ) - ’ § 0.15- | __ _
0.08- — T | i
B j - I -
0.061 E 0.1 } =
0.041- . : | :
B 1 0.05- | g .
0.021- . : | \Hﬁ\ :
- I I ! | T ]
0 15 2 %5 0 5 10 15 20 ‘o
q q aq
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H-WW-—-lviv: Results Overview

1" assumed 0" assumed Pt P i P 14
Channel Exp. po(J¥ = 0%) | Exp. po(J¥ = 1) Obs. po(J" =07) | Obs. pg(J" =17) || CLg(J" =17)
H— Ww* 0.11 0.08 0.70 0.02 0.08 92%
1~ assumed 0" assumed P s P 4 P 4
Channel Exp. po(J” = 0+) Exp. po(J¥ = 1) Obs. po(J© =07) | Obs. po(J" =17) || CLy(J" =17)
H— WWwW* 0.06 0.02 0.66 0.006 0.017 98.3%
H—- WW*
2% assumed 0" assumed
- bs. P =0t b P =t CL,(JF =27
qu EXP p()(]P — O+) EXP pO(JP 2+) O S pO(J O ) O S. pO(‘I ) ( )
100% 0.013 3.6-107% 0.541 1.7-107* 3.6-107% ~99.9%
75% 0.028 0.003 0.586 0.001 0.003 99 7%
50% 0.042 0.009 0.616 0.003 0.008 99.2%,
25% 0.048 0.019 0.622 0.008 0.020 98.0%
0% 0.086 0.054 0.731 0.013 0.048 95.2%

All alternative hypotheses are disfavored with respect to the 0* hypothesis.
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Channel H—ZZ%) 5 44 H > WW®™ - fuiy H — vy

Dataset 20.7 fb~1 @ 8 TeV 20.7 fb~1 @ 8 TeV 20.7 fb~1 @ 8 TeV
4.8 fb~1 @ 7 TeV

Reference | ATLAS-CONF-2013-013 | ATLAS-CONF-2013-031 | ATLAS-CONF-2013-029

Signal JHUSPYTHIA PowHeg/JHU®PYTHIA | PowHeg/JHU®PYTHIA
0~ v - -
1 v v -
1~ v v -
2T v v v

A note on systematic uncertainties:
- e/J reconstruction,identification and trigger efficiencies and energy/momentum

resolution uncertainties correlated between H—Z2Z*—4| and H-WW=*—lvlv
- e/y energy scale correlated across all channels
- effect of mass measurement uncertainty negligible

- overall impact (by comparing results w/ and w/o profiling) estimated to be <0.30
- Higgs boson pt spectrum small effect <0.10
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Combination: The case of 0* vs 2*

14-ATLAS

T GRa >

8-

e Data

.JP=O+

o -0t

[ \s=8TeV [Ldt=20.7f" Signal hypothesis

Spin 01
M
[ J2cd

IIIIIIIIIIIIIII

-2
[ R T R L | TR | | . .
° 25 50 75 100
fq (%)
T 7T T T T
25 ATLAS | eData Spin 0
<UW* - ev”@ Signal hypothesis - o ]
20:—\s=8TeVJLdt=20.7 fo! o f_o gzc,_:
: LN ]
15F :
10

5
0
-5
0 25 50 75 100
%)

[ \s=7TeV |Ldt=46fb"

\s=8TeV [Ldt=2071" o jp_ g

.JP=2+

4

L | T T 1 l

eData Spin O_:

Signal hypothesis .16 7

O‘ | | | | | | I |
1oL ATLAS

L H— yy
[ \s=8TeV [Ldt=20.7fb"

30FH - zz* — 4l

| \s=7TeV [Ldt=46fb"
" \s=8TeV [Ldt=20.7fb"

20—H —» WW* - evuv/uvev
[ \s=8TeV [Ldt=207b"

eData  Spin 0-
Signal hypothesis . lo :
D2o ]
®f-0 1

o f-2
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“Rare” nggs boson decays

> IIIIIIIIIIII | L I UL I L I T 17T l T T T
& 350 ATLAS Preliminary E 45 T T T T S T T
— . — serve
) —e— Data 2012 . 46" |s=
g 300 ata . 40 JLdt 46f,1s=7Tev. Expected
L%) Y7o SN & o €Y H-Zy (mH=125 GeV,O'SMx20)_f 35 J Ldt = 20.7 fb™ ,1s=8TeV - + 16
+ 26

-loop induced — sensitive to new physics

-small BR; S/B~0.01

-signature: same-flavour opposite-charge

isolated leptons + photon Tl ST sty T
25 30 35 40 45 50 55 60

-mp=125 GeV: Am [GeV]

ATLAS Preliminary

\s=8TeV, Ldt 20.7 fb Z—)uu
8393 events

95% GL limit on 6(H—Zy)/s,, (H-Zy)
N
(6)]

95% CL upper limit 18.5 (13.5) x SM e

e : 120 125 130 135 140 145 150

,, ‘ my [GeV]
-probe directly the to muons
-small BR; S/B ~ 0.002
-select two opposite-charge muons (pT>25,15 GeV, pT,>15 GeV)

. - P e -
-backgrounds: Z/y*—pp, top, dibosons g = ATLAS Preliminary ' . '+ T
-my=125 GeV: 95% CL upper limit 9.8 (8.2) x SM £ 60F —Observed HRH =

$ oL ATLAS Preliminary *g’l T | %jv“" Itl | . - ---- Bkg. Expected -1 ]
% ° Is=8TeV, | Ldt=2071b" —Palid %ﬂ'l g 50:— --|_—10 Ldt =20.7 fb _:
& o 0 - [+20 \'s=8TeV .
— i , , 8 40— ]
~more channels being looked at: a0f E
| ttH, with H—bb, H—yy, : .
VBF H—bb, etc 20 E
= B .
2 10[ ]
° E é O:I 1 1 }"l'l"l"l"l'1'[‘1‘!"[']"['1"]"{'l'1'|'1'}"I'T'l'1'|’1']’1'F'I'T'I‘T'l"{'l"l‘l"l'{ 1 1 l:
oo 110 115 120 125 130 135 140 145 150
M [GeV] my [GeV]
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“Invisible” Higgs boson decays

L ———

q

| ;'Sig:;nature : Z—ee/pp +f large MET
f‘- Main Backgrounds: ZZ—llvv, WZ—Ivll, WW—l|vlv
. Requwe MET > 90 GeV and optimize selectlon for ZH I|ke events

|

I - T T T T T - T T T T T
. ATLAS Prellmlnary \s =8 TeV e Data de, 13.015"
10" B zH = Isinvisible -

B smHo 220 Ho ww!
...... Signal (SM ZH, m, = 125 GeV)

7 TeV/4.7 fbT

8 TeV/13.0 fb!
—~ . ] o
4 95% CL Upper Limit on the BR(H—>|nV|S|bIe) for | MH= 125 GeV : = :
o]
o] o] ke .6k . . . . .

: - s <65% with <84 Yo expected L I R R R T 500 550 300
- R e s B A . — ET™ [GeV]
® 1F — Observed — > VT T llfll

E E O | ATLAS Prellmlnary \s=8 TeV @ Data L=1301f" i
i Expected ] § b s L -
o B B Top ]
B 7] % B |4 7
el | & 30 -~ Signal (SM ZH, m =125 GeV) ]
ATLAS Preliminary 20— —
i ZH-li(inv) 1 - ]
\'s=7TeV, [ Ldt=4.7fb" 10 -
10° £ \'s=8TeV, [ Ldt=13.0fb" E SN ]
Col b L N e ) -
0 0.2 0.4 0.6 0.8 1 % ~""50 7100 150 200 250 300 B350 400 450
BR(H—inv) EM° [GeV]
" ] ] J!'
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Summary

—————

Convinced, beyond reasonable doubt, of the observation of a boson with my~125.5 GeV
Production rates in channels involving vector bosons in good agreement with Standard Model expectation.
[Large couplings with W* and Z°, coupling through loops to the photon]
Studies of its spins strongly disfavor the hypothesis of non 0* pure state
The new particle is a Higgs boson
T-leptons coupling direct evidence, b-quarks coupling indications and top-quark coupling indirect evidence
It’'s a Standard Model-like Higgs boson
ATLAS Prelim. |— of(statistical) Total uncertainty
B ATLAS GoV — o(syst.incl.theo.) 4 4500y
2 4 ATLAS YY+ZZ*+WW* combined H e Data my = 125.5 Ge — o(theory) o
£ [ \s=7TeV|Ldt=46-48fb" —— Hoyy \s——;TYeYV [Ldt =207 1" +0.23[Phys. Lett, B 726 (2013) 88
é 350 \s=8TeV [Ldt=207 fb" — ::ivz\;vr,:;[wv = * =20. v CL, expected H— vy Tozo| Yool —t—
‘_3 : Pﬁfi[zfiefb'1 assuming J” =0 =1.559% ore : 1
& 3 ig:i”& \s=8TerLdt=2;).7fb" A1o =19 02 “oiz L 1 T D
2.5:_ ------- 95% CL H = WW* —s evpiv/jivey Hos 72% s al i§:§§ Phys. Lett; B 726 (2013) 88 — :
i \s=8TeV [Ldt=20.7fb" 0,40 Toa . ——
2 S DO IR I =00
E H s WW* s |V|V fgg? Phys.Lett.?726(2013)88 —
RN - —
1 “_"°'28f83<1>g..,Ai.,..|...'__.'..|.
E Combined tg.}iPhys. Lett: B726 (2013)88 : | |
0'5:_ Hov, 22 WW +0.21 013 =
- u=1.33 +0.12
o_lllIIIIIIIIIIIIIIIIllIlIIlIIIIlIIIl _018 *010 L I X ! ) '_._.|I
122 123 124 125 126 127 128 129
M [GeV] _ 05 | ATLAS-CONF-2013-079
; W,Z H— bb o :
10 > S > S ~ 0.7 |F0-4 —_
,, ‘ J'=0" J"=1" J=1_ J=2:n “=O.2_0'6<O'1....i....l....g..‘.l....
| = . . . +0. -CONF- -
| The new particle is a SM-like Higgs boson H—> 1t (8TeV: 203 b) §§ ATLASCONFZ013-108 1L
. [Not the end of the story... just a new window to understand Nature!] =145 +gfg : 1
. Do its properties deviate from SM predictions? At which level? Bead S0 IR I I D [
The only Higgs boson? Does it couple to dark matter? s-7Tev L4648’ 0.0 0 0.5 1 1.5 2
_ Futu[e LHC (Run 2/3, HL) could provide answers! s =8TeV [Ldt = 20.7/203 fb” Signal strength (1)
. . . . UNIVERSITYOF
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o Even further!

| The now-completed Standard Model is not the “final theory”.

- Does not incorporate gravity
- There is no explanation for the Higgs field Vacuum Expectation Value
or the Higgs boson mass
- Why the masses of the fermions are so different?

- What is dark matter composed of? Dark energy?

26.8% Dark
Matter

68.3% Dark
Earos 1.9% Ordinary|

Matter)
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Evolution of the H—»ZZ(*)—4] excess

> 35 —l LI I | L | | I~ 1 | | L | | L L I | L L l | I | L LI I—

) — -1 —

O - Vs =7 TeV Ldt =4.83 fb Nov 3, 2011 u

2 30— I -1 -]

® - Ys=8TeV | Ldt=1250fb Sep 9,2012 -

c - : .

o 29 ATLAS Preliminary =~ —

- H—zz" 4l channel -

20 - [ Signal (m =125 GeV) -

B I Background zZ2"” ]

15— [ Background Z+jets, tt -

B —4— Data _

10/ ‘ } =

s H | -

- w i + .

© n ‘ e

5 10+ -
O
>
4]
(a8}

é -10 —

m PURE TN T RN NN Y SN SN SR NN SN S S S NN S SUN SN S U S S S S S S S S S S SH S S S S S PR

()

50 100 150 200 250 300 350 400 450 500
M, [GeV]
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Future of LHC

$> LHC startup, Vs =900 GeV

\ s=7~8 TeV, L=6x1033 cm™? s°!, bunch spacing 50 ns Run-1
~20-25 b
Go to design energy, nominal luminosity (Phase-0) LS1=Now
\s=13~14 TeV, L~1x103* cm2 s'!, bunch spacing 25 ns Run-2
~75-100fb"
Injector and LHC Phase-1 upgrade to full design luminosity LS2
\ s=14 TeV, L~2x103 cmr?s', bunch spacing 25 ns
+ ~350 fb
HL-LHC Phase-2 upgrade, IR, crab cavities? LS3
7 ””
\ s=14 TeV, L=5x103 cm2s', luminosity leveling HL-LHC
~3000 b

UNIVERSITY©F
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Muons and Electrons

> - S — e 102
8 1:__ Muons __: O:o : T T T | T T T | T T T | T T T | T T T T T T l T T I:
— — b= C ]
0.961 . 5 o6E R A S
- ] c - i ’
0.94— . S oE i E
- j Ldt=2264pb" A S - % 4 =
0'92:_ Zugé 73 2012 data, chain 3 g % E_ Electrons _E
0.9 ata ATLAS Preliminary—: & 90— =
O 1.02’:_ A 4 - —t " 5 " " % " } " P % " e " " ._lE 8 88:_ 2011 2012 _:
s 1.01 o = 5 - . Dataj Ldt~4.7fb" _y_ Data j Ldt~770pb” -
g 1 et®®e®%so . - 86 . wmc —— MC .
0 0995— ? 8 Covooov v v v by v v by v v by e by b 1 7
0.98E — ' NS 45 20 25 30 35 40 45 50
0 5 10 15 20 25 30 35 40 45 50 E
Average Interactions per bunch crossing T:Chistar
> _I T | L | 1T 1T | T T T | 1T 17T | 1T 17T | T 17T T I_ :I T | T 17T | T 17T | 1T 1T | 1T 1T 1T 1T T T T T I:
& 0.121- ATLAS Preliminary ' - - ATLAS Preliminary E
T - Simulation - - Simulation .
S o1 e m,=125GeV _ ~— e m,=125GeV -
= i Gaussian fit ] - Gaussian fit .
o] - . - =
0.08 - - .
- H—>ZZ"—4u (/s =8 TeV) ) - H—=ZZ*—4e (Vs =8 TeV) E
0.06 m = (124.88 = 0.02) GeV - " m = (123.71+ 0.05) GeV =
- o= (1.62=0.02) Ge . ~ 0=(2.40+ 0.04) GeV -
0.04 fraction outside = 25: 16% ] - fr fraction outside = 20" 21% E
0'02__ with Z mass constraint a - with Z mass constraint ¢’ ]
- % - - .
L | : 11| | | | | I:
80 90 100 110 120 130 140 80 90 100 110 120 130 140
m,, [GeV] m,, [GeV]
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—e— Unconverted photons ATLAS Prellmlnary -
~a  Converted photons Data 2012, {s =8 TeV J

—s— Single track conversions
—¥— Double track conversions

TTTT

det=3.3 fo"
L/ﬂ-‘ Stable photon reconstruction vs pile-up (within 1%)
-F.—.‘-.—.-.-—.*-Q—.—.—H—-.—.-—h.—.—.-—.—.-.-_._
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o e e e e e e

- _.—‘——‘—‘——‘—-‘_— Y T ‘——‘—-‘_—‘_—‘——‘—_‘_ Y
"_‘_V_‘“""'—'—'—Hﬂ—F-v—v—v—v—v_v_‘*_'_'_ -

000 0 000
N W D O N © ©

o
—
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10 15 20 25 30

Average interactions per bunch crossing

mO
W

5

1 .005 é T I T I T I I I

1.004 __ ................................... RMS -0 0540/ .......... e . ..... W_)ev E/p ........................ .._

0 O Z—eeinv. mass |
1 003 E e RMS ..... 0.052% . A e ..........................................

1002 E E— E— S—

— : - 10015y T o T
~* Excellent stability of the EM calorimeter response! 15_ #ﬁ_ $+ ........... s .................. .

e Studied with Z,J/y—ee and W—ev events "
. Energy Scale at mz known to ~03% 09992_ ........................................ ........................................... ................................... .............................
e Uniformity ~1% (2.5% for 1.37< |n|<1.8) 0-998¢

Relative energy scale

0.997 __ ........................................ ........................................ ........................................... .........................................
0.996_§ ................................................................................... ........................................... ..........................................

0.9954
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Events / 2 GeV

Data/ MC

Jets and Missing Er

— 14 _I T I T T T | T T T | T T T T T T T I_
} N . . 7 a 0,1_r T LA B B B A T T LA B R B R B L—
8 13E ATLAS Slmulatlon B .% 0.09 - anti-k, A= 0.4, LOW+JES +in situ correction ~ ATLAS Preliminary =
—_ - Pythia Dijet\s=8 TeV —&— uncorrected . ] et - C Data 2012,ys =8 TeV -
& -~ anti-k, LCW R=0.6 —m— f{u), N, ) correction ] Q - E
2 121 < P, < 30 GeV —a— pxA correction = 8 0.08 - n=00 [] Total uncertainty =
cl"" - 25<(u)<35 . = 0 07:_ - Absolute in situ JES =
Parton level LS 1 @ “E =1+ Relalive in situ JES E
EQ'._ - . = 0.06F ==« Flav. composition, inclusive jets -
— 10 . i © - Flav. response, inclusive jets E
UE) : ° .lmprovemefnt S 0.05 -+ Pileup, average 2012 conditions —
- - [ ] ] — - . -
~_ x 9 ¢.,:__ 1 L 1 S 004 Jet Pt scale uncertainty E
Particle Jet Energy depositions 8 A o 4 W =
P in calorimeters - o utorayY ., ¢ o 0.03} ]
7F Paomis ,44 A " =
: *t“ A RUNE 0.02[
u P ]
°F * |Jet p_ resolution ; 0.01
o -ttt | 7 0 - .
>4 2 0 2 4 20 30 40 102 2x10? 10°  2x10°
n Py [GeV]
10° I”III".."]A!TILA!S'PII" s R A L L B
- Lf’;fo\;b reliminary Q30 e Data2012defaul ATLAS Preliminary —
10° s=e e = I\%Jtazzgﬁl = | = Data 2012 Pile-up suppression i
ttbar .5 | o MC default P
10* 5 25" © MC Pile-up suppression _,-{0}—(}{# -
= . i
10 é E P ang E
| @ 20 £ Zoup _]
107 - - #1&385 . \s=8TeV :
' w i ' -
10 a2’ - o ' ILdt:20 b .
E x 15_ _._=Q= 1 ]
t i -* : -
. - _
i »- v = ]
16 : 10 % ...-.—-955##*— _
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T-leptons and b-jets

CMS Simulation, \s=7 TeV

-y

The 1-lepton is special! > AT e
2 0.9k Z—1tt MC E
Mass of 1.78 GeV and ctr = 87.1 ym, 2 0'8; Gen Iyl <23 ]
. = 08F -
the only lepton that decays in our W07k e £
detector, in various ways... 0.6¢ "MW E
0.5F =
T — lvw ~35% 0ab - E
T — hadrons ~ 65% 032— @ HPS Loose Comb dp _i
02 f— B HPS Med Comb dp _f
0.15— [A HPSMUALoose] =
1_—I 1 1 1| | L 11 1 | L1 11 | L1 11 | L1 11 | L 1 11 | || I | I:I
] . q 0 20 30 40 50 60 70 _80
o« D gentp_(GeV
Dlsp]aced "I,. 4 S 105§| T T | T T | T T 17T | T T | T T T | T T 17T | T TT IE
Tracks m | 5 - ATLAS Preliminary  — vy .
» 42:? 104 ...... JetFitterCombNN _;
"; 5: Secondary q_)‘ * JetFitterCombNNc E
L Vertex T F N NG e IP3D+SV1 -
X\ : j', 1035 e SVO _E
Primary y 1 02 3 E
Vertex o E E
dO = i
/ |\ > 10¢ tt simulation,\'s=7 TeV E
O N g -
\f, ‘\w. i p'e‘>15 GeV, *<2.5 N ]
Prompt tracks o b b b b e 1
d3 04 05 06 07 08 09 1
cT =492 um b-jet efficiency
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An analogy

[E— = e e ————

I

| In the SM electromagnetic and weak interactions unified through SU(2).®U(1)y, with massless carriers
| Symmetry spontaneously broken through the non-vanishing vacuum expectation value of the Higgs field.

' Three of the four degrees of freedom of the Higgs field are becoming the longitudinal polarizations of the vector
| bosons, the fourth is the Higgs boson — excitation of the vacuum needs energy, it's a massive particle.

The fermions couple to Higgs boson proportionally to their mass through Yukawa couplings.

The Higgs bosog has been the holy grail of particle physic

———
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H—vyy: Results

QC) 1 Oi LI L I L I LI I LI I LI l L I L
— 10" F—— Obsewvedp, (category) - ATL AS Preliminary —=
——— — Expected P, (category) —
8 102 - — Observed p (inclusive) H—yy —
— - — — Expected P, ° (inclusive) —
1= 1 1o
- —— 20
107 ———— __ “13c
10_4__\\\____‘_ — 40
10° Data 2011, \s=7TeV g
N Ldt=4.8fb" B
1077 . 160
1010 Data 2012, \s=8TeV = _
e Ldt=20.7fb"' 70
10 14 :_I—l ) - I | I I | I | I I | I | S l | I L1l IT
110 115 120 125 130 135 140 145 150
my [GeV]

Most significant deviation from background only hypothesis at my =126.5 GeV:

 Local significance: 7.40 (with 4.10 expected) @ mn=126.5 GeV
* Inclusive analysis: 6.10 (with 2.90 expected)
* Mass measurement: 126.8 + 0.2 (stat) £ 0.7 (syst) GeV

® Main systematics: y energy scale from Z—ee, material modeling and presampler energy scale — 0.6 GeV

» Rate with respect to Standard Model: 1.65 + 0.24 (stat)*9-25_g g5
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H—vyy: Signal Strength

—

R—

| Slgnal strength (u) = (S|gnal rate from data) / (expected SM signal rate at mn

[T T T 1 1T T 1 | 1T T 1 1T T 1 1T T 1 | 1T 1T T ]

w, 1 —Total 4
3 — Stat. el

: i — Syst. §

— B ——H -

“ver  © i H—yy 1
: [Ldt=481"(s=7TeV 3

u — : H-=—H 1 =
ggH+ttH : det =20.7fb", \s=8TeV -
- UATLAS Preliminary

" = Mt 2011-2012 E
B l | | m, = = 126.8 GleV -

0 1 2 3 4 5 6

Signal strength

gnalrteatmy) |

, Best-fit value for mn =126.8 GeV: M= =1.65+0-34 9 5
*230 deV|at|on from the Standard Model

l.

| Fiducial cross-section defined for the kinematic range
EYir> 40 GeV, EY21> 30 GeV, |nY| < 2.37, measured

using 20.7 fb™! of data at Vs = 8 TeV, is
56.2 + 10.5(stat)  6.5(syst) + 2.0(lumi) fb.

o
Y
2 6

T

F 5

g
= 4

3
2

1
0
-1
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—— 68% CL

....... 950/0 CL
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""""""
* e
- ~,
5
‘e
.

ATLAS Preliminary  *vceeeeveesee™™
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H—ZZ™*)—4l: Couplings

. The coupllngs of the Higgs boson can be probed by further categorlslng the observed events

|
|

* VBF-like events : Events with at least two jets in VBF topologyTwo jets with

* VVH-like events : Events with additional leptons in the final state

» ggF-like events: All remaining events

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
+ SM ATLAS Preliminary
X Best Fit H— zZ"— 4]
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1.6 y ~
] \s=7TeV: [Ldt=4.61fb .
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Higgs boson mass: H-WW*—lvlv and H-TT

N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary H-WW! ' —Ivlv
\s = 7 TeV:|Ldt = 4.6 &'
\s =8 TeV:|Ldt = 20.7 b’

—— 2Ini(y,m)=23

....... -2 Ini(,m ) = 6.0

—o— H->WW S viv (2011+2012)
—%— H-oyy (2011+2012)

—a— H—-ZZ" =11 (2011+2012)

Signal strength ()
w

N

R4

|Il|||IIlI|IIlI|IIII|IIIIlllllllllllllllr

llll|IIII|II‘V'I|IIII|IIII|IIII|IIIIIIL‘L1-1H'|—|-|—I:

15 120 125 130 135 140 145

m, [GeV]

H—-WW*—l|vlv
Very poor sensitivity to the Higgs boson mass

1
150 155

Mass 12097 GeV

40 CMS Preliminary, Ys=7-8 TeV, L=24.3 fb", Ho1t
- 1 | | L] 1 I ] 1 | 1 I ] L] | | | I 1

—e&— observed
—— H(125 GeV) expected

7 + 1o expected
+ 20 expected

A(-nL)

0901 130 140
m, [GeV]

H— 171
Small sensitivity to the Higgs boson mass
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H—->ZZ%*)—4l: Mass Measurement

<20_III|IIII|IIII|IIII|IIII|III <14I_|IIII|IIII|IIII|IIII|IIII|IIII_
c - ATLAS Preliminary H —zz" — 41 ; - - ATLAS Preliminary H—-2zz" -4 1
S 1g- y , s | y :
& Fis=7TeVv: [Ldt=461b" /4 S 120 vs=7Tev: [Ldt=4.61fb /
16;_ \s=8TeV: [Ldt=20.7fb" B < Vs=8TeV: [Ldt=20.7 fb” .
14:— Al svstomatice —: 10_ — 4u _1238+§88(stat) (sys) GeV H
L T y ! ] —  4e My, =126.27Z(stat) +08(sys) GeV ]
12; -~ without MSS(e) and MSS(u) _: 8_— — 262y M =125.07 J(stat) | (sys) GeV .
10_ _ : 2u2e m = 122,67 (stat) +05'(sys) GeV ./ i
- = 124.3 728 (stat) **(sys) GeV - - 7
8‘_ _‘ 6__
6 - 4 L N A A
41 —
- : 2
2 —
O_I N BN 'x|’ N B R A B OJ__._!‘I A ‘ S "' """' 1
123 124 125 126 127 122 123 124 125 126 127 128
m,, [GeV] m,, [GeV]

'« Mass: 124.3%06.0 5(stat) 05 5(syst) GeV

~» Main systematics: electron/muon energy/momentum scale uncertainties

\ |
|{ * Muon and eIectron domlnated flnal states in agreement within the (Iarge) statlstlcal uncertalntles

— — = = == = == = = = =
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H-WW®*) S lviv

1 T T T ] T T T [ T T T [ T T T [T 1T LI L L L LS
> 2007 | | | | | | | | |
() B .. ]
G - ATLAS Preliminary —¢— Bg subtracted Data -
— \s=7TeV, j Ldt = 4.6 fb H[125 GeV]
— 150 —
32 \s=8TeV,ILdt=20.7 fb
C .
0 - HoWW Siviv + 0/1 jets i
> - J |
- -
- -
—o—
- -
2 T T T T S T T T T 3 3 T T T T = v b by s by by s b s by s s v s by by
8 oob ATLAS Preliminary & 0w Zerte - & ATLAS Preliminary &% Zoeesen = § ATLAS Preliminary o Zoweeos ]
 suf s Py o S5 § L AmAs pimney &7 SR} ans oy o S5 60 80 100 120 140 160 180 200 220 240 260
< g ots [ W - Z . PO g ets [ Wejr ]
2 250 HoWW evviuvey + 0 jets M niescen 2 T80 s seveviuvpy + Ojets - Eniscen 2 HoWW evavivey + Tiet g npescen
2 -2 ER ]
. o £ ; my [GeV]
100 150 250 3l 250 300
my [GeV, m-1GeV1 m-[GeV1
3 90T T T T T = > 9 T T T T ER 14 T T
5] ATLAS Preliminary & o 200%™ - & ATLAS Preliminary § & ATLAS Preliminary
2 \s=8TeV,[Ldt=207f" i EdSheeTp - & (s=8TeV,fLdt=207%" 1 & 12 Vs=8TeV, [ Ldt=20.7 fo’
~ - Z+jets Wijets -~ i = ~
2 Howw ' eveviuvpy + 1 jet B zee E’HE“:aew C2 H-WW—evuvivey +2 2 3 2 10 H-WW ' —eveviuviy +2 2
g B Zsueysosay | S 4 Data %% SM(sys @ stay)
i} S o wzzzw, 4 W 8 | ww wZzzwy
B [ single Top. 3 2 o (R [ single Top
= ] Wajets E (A%,%é ' Zujets [] Welets
H VBF E| ) [ ggF [ vBF
E E L
%50 100 150 200 250 3 %0 100 200 250 30( 150 250 300
my [GeV] My [GeV] m; [GeV]
2 T T T T T D= F T T T T 3z T T T T =2 T T T T T 3
& 6O ATLAS Preliminary &0 ZWoslte= & [ ATLAS Preliminary 2% Z00osie 1§ ATLAS Preliminary g vee 2000 - & ATLAS Preliminary & b = 2horo 3
E \s=7TeV, [ Ldt=46fb’ [l  EdsngeTp - 2 [ o\s=7TeV,[Ldt=d6f’ [J& [EsngeTp ] \s=7TeV,[ Ldt=a6f’ [l [EshgeTp — 2 \s=7TeV,[Ldt=46f" [Ji  [ShgeTop ]
% W ey oiet B Zejets [ Wejets i~ oo y ot W Zejets [] Waiets 1% " , et B Z+jets [ Waiets E— oW seve et B Z+ets  [] Wiets El
2 - —evuv/pvev + 0 jets WHiscy - 2 4ol M —eveviuvuy + 0 jets Wuizscy 2 = —evpv/uvev + 1 jel B H[125GeV] e —evev/uvuy + 1 jel B H[125GeV] ]
2 -2 F ] 2 -2 3
i] - 1 o - E
- 3 ! = =
E 20F = - E
e E - E
z £ ] Y . . O: = = 3
250 30 30( 200 250 30 50 00 150 200 250 300
my [GeV] my [GeV] my [GeV] my [GeV]
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H-WW®*) —-evuv +2 jet Event Display

ATLAS Run 214680, Event 271333760

% EXPERIMENT 17 Nov 2012 ©7:42:05 CET

’ / v W

mj = 1.5 TeV, |Ay;| = 6.6, my = 21 GeV, mr = 95 GeV
pTe= 51 GeV, pTu=15 GeV pTjets= 68,33 GeV, MET=33 GeV
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H-WW®) lvlv: Results 2011+2012

% 200'_-1-'lllIllIIlllIIIIIllllllllllllllllllllll-f—_' QO103§|IIIIIIIIIIIIllIIIIIlIIIIIIIlIIIIIIIIlIIII
0] - ATLAS Preliminary —¢— Bkg.subtractedData - ® 492 ATLAS Preliminary Vs =7 TeV:JLdt = 4.6 b’
- — O = * ‘ . 8
= 1501 \s=7TeV,| Ldt=4.6 b H [125 GeV] : S = HoWW! Siviv \s = 8 TeViLdt = 207 b
—~ B ] 10!5——-—0b . =
£ C \s=8TeV.] Lot =207 b - = Exp. m =125 GeV <26 -
0 "~ HoWW! Siviv + 0/1 jets . fE-- ]
L - ] ..
100f- - 167E:
- : 102
S0 + . 10°
i ] 10*
O_ _+-_?__F'0"“_.T'='j 10° 5
:llll1Il|ll|11|11||1|1|11_+_|||||11||||1||11: 10'6 PURNN I TN ST T T S T T T S T T T S T
60 80 100 120 140 160 180 200 220 240 260 120 130 140 150 160 170 180 190 200
m,, [GeV]
my [GeV]
2 — 1 1 1 1 1 l 1 T 1 1 ] 1 T I T I I I I I I I t
o’ 5_ATLAS Preliminary + SM -
o) " \s=7TeVJLdt= 4.6 fb’ + Best fit .
X - Vs =8 TeVLdt = 20.7 fb’ — -2InA(ggf.vbf) <23
T 4 N -2 InA(ggf,vbf) < 6.0
G o N i
_ . ) _ _ m g N
T o ———— > 3 S i
~* Local significance at mp=140GeV is 4.10 = YL -
\ - N _
' » Local significance at my=125GeV is 3.80 o[- -
. Rate with respect to SM: 1 01 £ 0. 31 @ mH—125 GeV : -
— — 1= .
o T -
1 ] | 1 ] 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I | L 1]
0 0.5 1 1.5 BZ/B
X
Mg SM
. [ ] J!'
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HoT1T

number of jets Ty UT, i, W}
* Most promising channel to directly probe Higgs boson < 0-jet, low p 1-jet, low p; 2-jet (VBF)
coupling to leptons = High background, = Enhancementfrom ®* 22jets, nojetin
o . constrains nuisance jet requirement rapidity gap
Observables: M parameters = m(jj) > 500 GeV,
e Backgrounds: Z—TrT, top = No fit for signal |An(jj)| > 3.5
e Separate final states: O-jet, high p, 1-jet, high p;
e T-decays: ye, UM, €Th, MTh, ThTh = High background, = Enhancement from
° jet multiplicities: 1.2 constrains nuisance jet and p;
. ’ . . parameters requirement
» Relatively poor mass resolution due to the neutrinos y = Nofitfor signal
. . Wi 1-jet 7,5, 2-jet (VBF)
CMS Simulation \Ig =8 TeV Mth 1 jet, high pT(H) 2 jets, high pT(H)
S 0.16 requirement requirement, m(jj) >
Q B ——H->1 mH=125 GeV 250 GeV, |Ar)(_|j)| >2.5
O
= 0.14
h{; - Z—->11
§ o.12F
0 13_ e Maximum likelihood method used to
N improve resolution
0.08 < e Using on event-by-event basis the four-
006k = '\2 S | momenta of the visible decay products,
T ade MET, and expected MET resolution
0.04F Effzziﬁf E"F‘ef’t:‘fd i e Integrating over unconstrained d.o.f.
B esolution . .
B e Obtain 15-20% resolution on ms;
0.021
0_ | | | | | | | I | | | — | | |
0 50 100 150 200 250
m,. [GeV]
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H—T1T: Results

CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™, Hott
I I || . | | I || || I I
m,=125GeV |[:

—e—t 1-Jet

. 2-Jet (VBF)

° ' VHo 1T+l

'—-9—' Combined
| | I | | ; | | I | | | | | | I
0 2 4

best fit for o/ Osm

| Local significance at my=120GeV is 2.932.0)
| Local significance at mp=125GeV is 2.850 (2.620)

Consistent picture across different channels
Rate W|th respect to SM 1. 1 + O 4 @ mH 125 GeV

- — e — — — — — — __ _ —————
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> 350F a7 ac prayii L T ] T
8 3005_ ATLAS Preliminary .WZ+ZZ E
o = ILdt=13.0 f6', \s =8 TeV .WH 125GeV E
E 250;_ 0,1,2 lepton e _;
c - —
S 200F " |ZH 125GeV E
- - - Data-Bkgd -
150:— —
100F- =
50 'F

O; | I -+- L1 + 'i

s0f T
-100F- 1 =

Similar to VH but with x5 in cross-section
(W/Z)(Z—bb) observation significance : 4.00
up = 1.09 £ 0.20 (stat) £ 0.22 (syst)
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Overview: Mass measurement

7
- ATLAS Preliminary Combined (stat+sys) CMS Preliminary {s=7TeV,L<51fb' \s=8TeV,L<19.6fb"
 \s=7 TeV:det —46-48f" 00 eeee- Combined (stat only) 1 1 0 AL S YLALL L N = e e e e e I .
s Vs =8TeV:[Ldt=207 b —Howm - 'H—->yy+H—>ZZ |~ Combined :
- — Hosz2" Sa — 9; - (ggHttH) —— H-> vy i
< S — HoZZ ]
- o 8f m (VBFVH) I
5_— I - N
- s E
e 2 of E
- 5 =
| - :
- 41 =
2 3 -
- 21 -
| R SRR R A 1 : .
- 1F -
: D l U | U l | U | U 0 :I NI AN BN AN AN A A B 1:
P 122 123 124 127 128 129 124 126 128
mu = 125.5 + 0.2 (stat)*%-596 (syst) GeV mu = 125.7 + 0.3 (stat) + 0.3 (syst) GeV

Using the high resolution channelsl&/ |
| The ATLAS and CMS mass comblnatlons are |n good agreement
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Overview: Coupling studies

L 4lllIIIlllIllllllllllllllll:l.l_. lllllllll L L L . ]
“ - ATLAS Preliminary .. -H—Dbb :-L--..--'H -
1 CiH=II &5H > viv o
3— ts=7TeV,|Ldt=4.6-48 1t 2%H — vy Elcombined
- 1s=8TeV,|Ldt=13-20.7 b + SM x Best Fit

-
— - == -
. | i
l lll}llllll{llllilX!/lllllllll

6 07 08 09 1 11 12 13 14 15 1.6

Assumptions
- the resonance corresponds to a CP-even boson
- no contributions beyond the Standard Model
- deviations of vector boson couplings to the Higgs described by one overall scaling (kv)
- deviations of fermion couplings to the Higgs described by one overall scaling (kr)
Data compatlble with the Standard Model expectatlon for both experlments
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Overview: Coupling studies

4 CMS Preliminary \s=7TeV,L<51fb’ {s=8TeV.L<19.61b"
I I [ I I I I ] I ] IIIIIIIIIIIIIIIIIIIIIIII | B ' ' '
- ATLAS Preliminary I_ IE 3 ﬁl? L'ﬂ :; fvtlv ] o . SMHiggs @ Fermiophobic [ Bkg. only
1 e )
3— \s=7TeV,|Ldt=4648fb #3H — vy E3combined
- 1s=8TeV,|Ldt=1320.7 b + SM x Best Fit

‘\ .é

|l||lll|ll

L - .
I .ll!Xglllllllllilllli/lllllllll_

06 07 08 09 1 11 12 13 14 15 1.6

Ky

Assuming that:
- the resonance corresponds to a CP-even boson
- no contributions beyond the Standard Model
- deviations of vector boson couplings to the Higgs described by one overall scaling (kv)
- deviations of fermion couplings to the Higgs described by one overall scaling (kr)
Data compatlble with the Standard Model expectatlon for both experlments
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“Invisible” Higgs boson decays

—

q

i;'Sig:;nature : Z—ee/pp +f large MET
'« Main Backgrounds: ZZ—llvv, WZ—IvIl, WW—lviv
. Requwe MET > 90 GeV and optimize selectlon for ZH I|ke events

|

Prellmlnary \s = 8 TeV o Data de, 13.05'
ZH = ll+invisible . -

B smHo 220 Ho ww!
...... Signal (SM ZH, m, = 125 GeV)

7 TeV/4.7 fbT

8 TeV/13.0 fb"

4 95% CL Upper Limit on the BR(H—>|nV|S|bIe) for mH 125 GeV li
s <65% with <84% expected | |

Data / MC

: - 0 50 100 1 200 250 300
— | ] L | L E_Irplss [GeV]
® 1F — Observed — > VT T T T R T ]

- ] O | ATLAS Prellmlnary \s=8 TeV ® Data _[L: 1301”7 i
" Expected o It i
i } © 40+ [ 4 m Wz —
o B W Top ]
i _ % B mZZ ]
107 a & 30 -+ Signal (SM ZH, m =125 GeV)
- ATLAS Preliminary i 20— ]
i ZH-l(inv) | N ]
\'s=7TeV, | Ldt=4.7fb 10 -
10% = \'s=8TeV, | Ldt=13.0fb™ = T B .
Colo 1 N R AN C DR . .

0 0.2 0.4 0.6 0.8 1 50 100 150 200 250 300 350 400 450
BR(H—sinv) EM [GeV]
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An analogy for the Higgs mechanism

- = - — = -

| Ir: the SM the electromagnetic and weak interactions are unified through the m
| where the carriers are massless.

SU2)LeU(1)y,

(
" This symmetry is spontaneously broken through the non-vanishing vacuum expectation value of the Higgs field. |
Three of the four degrees of freedom of the Higgs field are becoming the longitudinal polarizations of the vector

bosons, the fourth is the Higgs boson — excitation of the vacuum needs energy.
The fermions couple to the Higgs boson proportionally to their mass through Yukawa couplings.
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T-leptons and b-jets

The T-lepton is special!

CMS Slmulatlon vs-7 TeV

- >. 11_ 1 T | LIl | LI 1 | LI I | L | T
hadron hadron+strip 3 hadrons o 7 et MC i
Mass of 1.78 GeV and ct = 87.1 um, & 99 Genlyi<23 ;
V,/ = 0.8) =
n / - ]
the only lepton that decays in our W o7t eaarhd Ay
//' : m
. . /y 0.6 M# N
detector, in various ways... _ / o & E
~1E0 _ , 0.4 *® E
T— Ivw ~35% dominant hadronic decay modes 03k o HPSLooseCombas ]
o Decay mode Resonance | Mass (MeV/c?) | Branching fraction (%) B ]
T— hadrons ~65% |7 7w 11.6% 0.2 n HPsMedcambey
T h:rcOVTO P 770 26.0% 01C A HPS MVA l_msﬂ] e
T~ = h mmve a, 1200 9.5% : | | | | | | 3
— — + — — [e) L1 1 L1 11 1111 | Ll 11 L1 11 - 11
T h_h+h_vT0 aj 1200 9.80/0 qO 50 30 40 50 60 70 80
T~ —h " h"h v 4.8% gent pT (GeV)
et D
—
D ! 5 -
lsplaced p\ 8 1 O E T T T | T T T | T T | T T | 1T 1T | T 17T T T E
Tracks = - ATLAS Preliminary —_— Vi ]
0 , 1 5 L B R B A S L R R A LR LR IR R B
G_J‘ 4 JetFitterCombNN | 2 [ . . pTrel+systems (stat.+syst.) ]
S 1 O 3 8 1 -6 '__ ATLAS Prellmlnary [ ] TagCount SL (stat.+syst) :
':' Secondary -.G_S = JetFitterCombNNc E L - 1 [ ] Eggc:uglt- Dk (lstat.e-fysl) |
; L | o - [Laear Wi 7% A meme ]
L s Vertex NG O mINL e IP3D+SV1 4 8 1.4 ®  KinFit SL (stat +syst) ]
X)/.' : [=)) 10%k - 2 — \s=7TeV .
A - E = SV0 E 12 — 1 —
Primar}l nY 2 = = 1 .:_ ? i i i # 1 4 —:
Vertex 1 10 - . B ? ? % : 1 ]
;’/ c' 10 = 3 -
Vol /= - tt simulation,\'s=7 TeV s 06— ] | | | l e
b\ C p'>15 GeV, <25 . 50 100 150 200 250 300
Pl’OITIpt tracks d oo e b b b b 1 Jet pT [GeV]

3 04 05 06 07 08 09 1
b-jet efficiency

CcT =492 um
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Vs =7 TeV j Ldt=0.02fb ' Apr 18,2011

4500

4000

Events / GeV

3500 ATLAS Preliminary

H—yy channel

4
S
ey

3000
— Background-only
2500
2000
1500
1000

500

200

Data - Fit

-200 N

100 110 120 130 140 150 160
M., [GeV]
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Relative energy scale

| e Excellent stability of tHe EM calorimeter response!

|

1

1.005
1.004
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1.002E-
1.001
1
0.999F
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H—yy: myy resolution
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Data 2011 \I§—7 TeV, JLdt =49fb”

ﬁ

m2W—2E1 E2(1 cosa)

.....

0'9962 ATLAS Prellmlnary g g
0.995t l : !

01/03 01/05 01/07 31/08

Date (Day/Month)

31710

———

n<10

0.12

T
o
IA

-
A
—
(6]}

—— 15<1 <20

e Studied with Z,J/y—ee and W—ev events
e Energy scale at mz known to ~0.3%
e Uniformity ~1% (2.5% for 1.37< |n|<1.8)
e Resolution of inclusive sample ~1.6 GeV
e ~90% of events within £20

‘» Mass resolution immune to pile-up

!

0.1

—— 20

0.08

0.06

1/N dN/dm.,. / 0.5 GeV

0.04

0.02

III|III|III|III|II

I I L I LI | l LI I UL

| I I | I | I I | I | I | I

L I LI

ATLAS Slmulatlon _

my = 125 GeV

LI | L LI | 1

g9 — H— vy

\s =8 TeV

IIIIIIIIIIIlIIIlIII'III

116

118 120 122 124 126 128 130 132 134

my, [GeV]

K. Nikolopoulos

Higgs Boson Physics

January, 2014

‘Q}. UNIVERSITY©F
ER- BIRMINGHAM1 05



H—yy: myy resolution

e LHC beam spot 0,~5-6 cm and O(20) vertices — identify “primary” vertex challenging
Use the strengths of the detector!
e Build likelihood to identify the primary vertex using

e longitudinal/lateral segmentation of EM calorimeter (photon pointing) — 02.~1.5 cm
e use beam-spot constraint/converted photon tracks
e reconstructed vertex X(pT)?

e pile-up robust

Z
e contribution of angular term to myy resolution negligioe — ========pe===-

co) N I L L L > B L D DL B B B
o 0.16 - ATLAS e Data 2011 (B*=1.5m)_] 8 - —e— True vertex ATLAS Simulation -
= - \s—7TeV_[Ldt—49fb'1 o Data20tt(p=tom 3 5 0127 —— Max2pf .
€ 014 7 o — MC (vy) 1 o - —— Likelihood 99—>H-—vyy
Q n - .. 0.1 —=— Calo pointing my=125GeV -
= 0.12 -1 £ N \s =8 TeV i
- — 2 unconverted photons - 5S) L -
A ni<1.87 3 = 0.08- -
o N . © B i
= C - < - -
Q - - | -
'..E 0.06[— —] R -
L — ] 004_— —
0.04— — B _

> Ol " O T A | ! | [ 1 L A e = : : gt | L1 L1 IR B R PO :

-950 -100 -50 50 100 150 0 116 118 120 122 124 126 128 130 132 134

A ZCanPoin’(ing [mm]

my, [GeV]
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Statistics Treatment

Statistics Treatment:

'« profile likelihood ratio [Eur.Phys.J.C71:1554,2011]
— nuisance parameters for systematic uncertainties

e exclusion limits using CLg [J. Phys. G 28 (2002) 2693-2704]
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H—vyy: Event Categories

8 TeV (90% signal window)

Vs 8 TeV
Category ocp(GeV) Observed Ng Ng N /Ng
Unconv. central, low pry 1.50 911 46.6 881 0.05
Unconv. central, high pmy 1.40 . 49 7.1 44 0.16
Unconv. rest, low py 1.74 4611 97.1 4347 0.02
pY . Unconv. rest, high pr 1.69 292 144 247 0.06
T thrust axis Conv. central, low pr 1.68 722 298 687 0.04
Conv. central, high pmy 1.54 39 4.6 31 0.15
Conv. rest, low pty 2.01 4865 88.0 4657 0.02
Conv. rest, high pry 1.87 276 129 266 0.05
Conv. transition 2.52 2554 36.1 2499 0.01
Loose High-mass two-jet 1.71 40 4.8 28 0.17
Tight High-mass two-jet 1.64 24 7.3 13 0.57
Low-mass two-jet 1.62 21 3.0 21 0.14
EXss significance 1.74 8 1.1 4 0.24
One-lepton 1.75 19 2.6 12 0.20
> 1 L Inclusive 1.77 \14025 355.5 13280 0.03
= vY+Y] Background = -
3 . : > B LI I LI | UL | LI I | L I L l LI | L ]
e » /| Bkgd. Uncertainty - 8 - ATLAS Simul i
5 AL : — - imulation —
3 107" =, ggF m =125 GeV = o 0.12F ® Unconverted central —
_c__“ E’“"‘::’“ﬂom.m I H 5 o B hlgh th ]
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H—vyy: BDT Response

BDT: mj, nj1, N2, AN, PTt, AQ@yy;ji, N*=Nyy —(Nj1+N;2)/2 ARMiny;

g — 1 1 I 1 1 1 l I 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l ; 1 1 I 1 1 I I 1 1 LI g O 25—_ 1 I I 1 I 1 l 1 1 1 I 1 1 1 l I 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I'I I 1 l I 1 I——
5 - \s=8Tev ILdt 20.7 fo™ m ggF(m F125GeY) ] o -+ el v ]
"_6‘ 02—_ 15 =25 16V, - |:|'Y‘Y+'YJ+1‘Y+” ] % 0-2:_ — Cdvi+iv+) —:
() Tk — i 5 - ) B i
N B H— ] N - -
T : w N = 0.15F ., ATLAS Preliminary B
g 0151 ] % - \s=8TeV, det =207 b .
£ - . 2 o0if ]
@ : ] @ i :
g 0.1_— ] % 0.05 -]
i B 7 0 n _I_|—|_|_ * —— e
: . > O+l e e T

B e o e :

B d 1HF=---- P e o T SCTITS Giae ma cubld G Y7 CLULEITTLLEELLE —

B g 0.8H + —+ —+_+-++—+—+__

[ 1 1 I 1 1 1 | 1 1 1 I 1 1 I 1 I I—

°7"-08 -06 04 02 0 02 04 06 08 1 1 -08 -06 04 -0.2 0 02 o.4 0.6 0.8 1

BDT Response BDT Response

K. Nikolopoulos Higgs Boson Physics January, 2014 ﬁg* Hi‘l&?ﬁéﬁm 09



> 450 L L B B =
3 = ATLAS Preliminary —e— Data -
©  400F {s=8TeV,|Ldt= 00f’  EEE WwW =
@ 350F H-WW'— evuv with 0/1 jet B WZ/ZZ/Wy =
- = tt -
L% 300 ;— Single Top —;
250 B Z+jets -~
- Wijets =
200 B H[125GeV] =
150F 06.04.2012 E
100f- =
50F- =
AEL P B R R
‘g 50—+t L L L L L L L LT
3 40
S B0F
§ S0
s 0
& T0F
p— -20 I | | | ] l | | ] 1 I | I ] 1 I | 1 1 | I ] 1 | |
g 50 100 150 200 250 300
m; [GeV]
K. Nikolopoulos Higgs Boson Physics January, 2014 ?f;;&i gy&?ﬁ%ﬁﬁiﬂo




H—-ZZ*)—4l: Mass resolution
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H—ZZ*) -4l Background Estimates: Control Regions
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H-WW®*) lviv: Event Selection

Table 2: Selection listing for 8 TeV data. The criteria specific to ey + ue and ee + uu are noted as such;
otherwise, they apply to both. Pre-selection applies to all Njer modes. The rapidity gap is the y range
spanned by the two leading jets. The my, split is at 30 GeV. The modifications for the 7 TeV analysis
are given in Section 6 and are not listed here. Energies, masses, and momenta are in units of GeV.

Category

]Vjet:()

]\',jet:1

Nie > 2

Pre-selection

Two isolated leptons (£ = e, u) with opposite charge
Leptons with pi¥*d > 25 and pStPead > 15

T

eu + ue: mep> 10

ee+ uu: mep> 12, |mpp —mz | > 15

Missing transverse
momentum and
hadronic recoil

ey + ue: E?lrisl >25
ee + uu: E?lrsesl > 45

ee + Uu: p%“risl >45

ee + U frecoil < 0.05

ey + ue: E%“risl > 25
ee + uu: E?lrsesi >45
ee + uu: p%“rsgl >45

ee + UL frecoit <0.2

ey + ue: E?iss > 20
ee + uu: E?iss > 45
ee + Uu: ErTmSS%VF > 35

- Nb—jet =0 Nb—jet =0
General selection | Ao mer | > 70/2 - pyi <45
p{;‘] > 30 eu+pue: Z/y* - trveto eu+ue: Z/y* — vt veto
- - m;; > 500
- - | Ay” | >2.8
VB topology ; i No jets (pr > 20) in rapidity gap
- - Require both ¢ in rapidity gap
Mmep < 50 Mep < 50 Mmep < 60
H— WW® - fyty | Adppr | < 1.8 | Adppr | < 1.8 | Adppr | < 1.8
topology ep + ue: split myp eu + ue: split myep -
Fit mr Fit mr Fit mr
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H—bb: Event Selection

Object 0-lepton 1-lepton 2-lepton
Leptons 0 loose leptons I tight lepton | 1 medium lepton
+ 0 loose leptons| + 1 loose lepton
2 b-tags 2 b-tags 2 b-tags
Jets pr > 45 GeV pr.>45GeV | pr>45GeV
p% > 20 GeV p?r > 20 GeV p% > 20 GeV
+ < 1 extra jets + 0 extra jets :
E™SS > 120 GeV - E™S < 60 GeV
Ssi T T
Missing E7 PSS > 30 GeV
A¢(Efrniss,p$iss) < 71./2
Min[A¢(EL™, jet)] > 1.5
AG(ET™S, bb) > 2.8
Vector Boson - my <120 GeV (83 < mgy < 99 GeV

0-lepton channel
EM™S (GeV)| 120-160 160-200  |>200
AR(b,b) | 0.7-1.9 0.7-1.7  |<1.5

I-lepton channel
p?’ (GeV) |0-50[50-100/100-150{150-200|>200

AR(b, b) >0.7 0.7-1.6 |<1.4
E™S (GeV) > 25 > 50
my (GeV) > 40 -

2-lepton channel
p%(GeV) 0-50{50-100{100-150{150-200|>200
AR(b, b) >()."7 0.7-1.8 |<1.6
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H—T1T: Event Display VBF-like candidate

PTu=31.9GeV

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

UTh candidate
mm = 120.3GeV

...........

PTj=80.5,36.3GeV
m;j = 1.2TeV

....

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

L
1,[ Muon: p; = 31.9 GeV

Jet: p- = 80.5 GeV AR -
o jwﬂ. AN F Jet: p; = 36.3 GeV

Tau: p; = 44.0 GeV

oy

PTth=44.0GeV

M., =120.3 GeV

UNIVERSITY©F

BIRMINGHAM445

'm:

K. Nikolopoulos Higgs Boson Physics January, 2014



A small deviation: The World Wide Web

The World Wide Web, invented in 1989 and
implemented in 1990, by Tim Berners-Lee, was an
effort to facilitate the communication of physicists.

Today, as we all know, it's way beyond that!

The first web-page to come on-line:
http://info.cern.ch/

A screen shot on the NeXT screen,the computer of Tim Berners-Lee
with HyperText application used to browse the WWW in 1990.

World\WideWeb jm| File Vie
Welcome to the Universe of HyperText

Access fo this information is provided as par of the WorldWide'Web
project. The YWWW project does nottake responsability for the accuracy
ofinformation provided by others

How to proceed

References to other information are represented like this . Double-click
Page layout.. on itto jump to related information
Windows

Services General CERN Information sources

MNow choose an area in which you would like to start browsing. The
system currently has access to three sources of information. With the
indexes, you should use the kayword search option on your browser,
CERN Information A general keyword index of information made
avallable by the computer centre, including
CERN, Cray and IEM help files, "Writeups®,
and the Computer Newsletter (CNL). (This is
the same data on CERNVM which is also
available on CERNVM with the VM EIND
command)

Yellow Pages A keyword indexto the CERN telephone

book by function

‘You can access the internet news scheme
i i Version 1.0 (Seeinformation for new users ). News
HyperMedla Browser/Editor Alpha only articles are distributed typically CERN-wide

An excercise in global orworldwide, and have afinite lifetime

information availability _ ay be of general interest at CERN include
by Tim Berners-Lee

11990,91, CERN. Distribution restricted: ask for terms. TEST VERSION ONLY

s
axt: Textwhich is not constrained to be linear. e Technology Interest Group) news
edia: Information which is not constrained linear... or to be text.

7is 15 the first version of the NextStep WorldWideWeb application
ith the libWWW library. Bug reports to vaww-bug@info.cern.ch
heck the list of known bugs in the web too

machine, see also the following topics

onthis WorldWide'eb anolication

s was the original prototype for the World-Wide Web. Many
‘owers for other platforms now exist. Read the web for details.

ou should configure the newsreader code in this application to kinow
here your local news (NNTP) srever is. Type in a terminal window

K. Nikolopoulos
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http://info.cern.ch/
http://info.cern.ch/

'R LN Tile calorimeters
- ’ LAr hadronic end-cap and
I . forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

= General purpose detector designed for the harsh LHC environment

Magnets 2T solenoid, 3 air-core toroids
Tracking silicon + transition radiation tracker
EM Calorimetry sampling LAr technology
Hadron Calorimetry plastic scintillator (barrel)
LAr technology (endcap)
Muon independent system

with trigger capabilities

UNIVERSITY©F
BIRMINGHAM1 17
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Results per final state
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Signal Efficiency
for mp=125 GeV (8 TeV)
4u ~36%
2e2/2u2e ~22%
4e ~20%
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Higgs Boson Width

S 15
S
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The limits presented in this search assume cross sections based on on-shell Higgs boson production and decay
and use Monte Carlo generators with an ad-hoc Breit-Wigner Higgs line shape. Recently potentially important
effects related to off-shell Higgs boson production and interference effects between the Higgs boson signal and
backgrounds have been discussed [arXiv:1107.0683]. The inclusion of such effect may affect limits at very high
Higgs masses (mn > 400 GeV).
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Effective Lagrangian

J. R. Espinosa et al. Higgs Hunting 2012 (arXiv:1207.1717[hep-ph])

05 Valid ot EoMy .
Field Con+eu't : SM + 3calac h (no esltca (‘:ﬁkt s*“i—es}

£ = O[N] - (Mawiwt s Sr3zaat)[4+ 2a 2 + 00N ]
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