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o Higgs is neccesary
@ Cross-sections and branching ratios
@ ATLAS detector and integrated luminosity

@ Production and couplings
o H— vy
o H— ZZ — 4l
o H—- WW — Iviv
@ Spin-parity determination
o Searches for H — bb, 777,y ™
@ Search for Ht — ¢5

@ Summary and outlook
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Higgs is neccesary

What makes the Higgs special...

Without a Higgs, the states W., Z. spoil the nice
calculability power of gauge theories
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Do not allow for precision calculations
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Higgs is neccesary

With the Higgs calculability is recovered:
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Back to the prediction era!

Fernando Barreiro SM Higgs with ATLAS 4/42



Higgs is neccesary

To do this job, the Higgs couplings
must take a particular value:

W,Z
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The couplings must be exactly these ones
(at tree-level) to make the SM a consistent theory

Otherwise this is NOT a Higgs = “Impostor”
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Higgs is neccesary

Without a Higgs With a Higgs

(100 GeV <mh<170 GeV)
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Higgs is neccesary

Although consistent, we think (and hope)
the SM is not the full story

\ Not understandable

the origin of sucha
small EW scale
as compared to the
Planck scale
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Higgs is neccesary

Possibilities that theorists envisage
to tackle this problem:

) Keep the Higgs elementary, but protect it by
symmetries: Supersymmetry

2) The Higgs is not elementary: Composite Higgs

w Both imply changes in the Higgs sector

SM Higgs with ATLAS



Higgs is neccesary

Supersymmetry = MSSM

For consistency, an extra Higgs (doublet) is
needed, sharing the “duties” of the SM Higgs
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Higgs cross-sections
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Higgs branching ratios
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Higgs cross-sections

Cross section (pb) Branching ratio

at \s=8 (7) TeV (relative uncertainty)

ggF 19.52(15.32) | H-> WW*= vty 0.01 (£ 5%)

VBF 158(122) | H-vyy 2281073 (+ 5%)
WH 070057 |H-Z7Z' -4 125x107 (+ 5%)
ZH 0.39(0.31)

1itH 0.13(0.09)

Total 22.32(1751)
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Integrated luminosity
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Systematic uncertainties and MC simulation

Table 1: Main sources of experimental uncertainty, and of theoretical Table 2: Event generators used to model the signal and the main
uncertainty on the signal yield, common to the three channels con- background processes. “PYTHIA” indicates that PYTHIAG [31] and
sidered in this study. Theoretical uncertainties are given for a SM PYTHIAS [32) are used for the simulations of 7TeV and 8 TeV data,
Higgs boson of mass my = 125 GeV and are taken from Refs. [14- fespectively

16]. “QCD scale” indicates (here and throughout this paper) QCD

alisation and factorisati ales and “PDFs” indicates pa Process Generator
reno‘rmdylsduon and factorisation scales and “P D indicates parton VI POWHEG [ SiFPYTHIA
distribution functions. The ranges for the experimental uncertainties WH. ZH. il PYTHIA
cover the variations with pr and 7. Ho 2240 decay  PROPHECY4 (35, 36]
Wrjets, Z/y +iets ALPGEN [37]+HERWIG [38],
Ny imentz certainty (% POWHEG+PYTHIA, SHERPA [39]
Source (experimental)  Uncertainty (%) P MCENLO [0}-HERWIG
Luminosity +1.8(2011),£3.6 (2012) g AcerMC [411+PYTHIAG
Electron efficiency ~ +2-5 - WW POWHEG+PYTHIAG
Jet energy scale +1-5 88> WW 222WW [42, 43]+HERWIG
©. G~ 27 POWHEG [44]+PYTHIA
Jet energy resolution  +2-40 PEY/A 22277 [43,45]+HERWIG
Source (theory) Uncertainty (%) ::‘ \‘Eﬂggﬂ‘ m;\&g’ "YTHIAS, HERWIG
. Vy+jets Al +HERW
QCD scale +8 (ggF), 1(VBF, VH), '3 (ttH) WJ MadGraph [48]+PYTHIAG for m,. < 7 GeV
PDFs + o, +8 (ggF, ttH), 4 (VBE, VH) POWHEGH+PYTHIA for m,. > 7 GeV
qi/sg = vy SHERPA
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Higgs — v~
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Higgs — v~

This channel is particularly sensitive to physics BSM

Di-photon trigger with ET threshold above 20 GeV at 7 TeV — ¢ > 99%
Event selection: two high pt isolated photons with 100 < m, < 160 GeV—
event categories. Shows first evidence for VBF contribution

Main background: ~~ continuum, plus smaller v + jet and di-jet production

R Ea R e
ATLAS —4— Data 2012 (sidebands)
0251 (55 Tey ILdt:zo.? ! CJnedird
VBF =125 GeV
-+ H_)W [TA 99F mH=TZSGeV

Events (normalised to unity)

BDT response
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Higgs — v
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8 ATLAS 1
[ o Data 201142012 -
5 n ——— SMHiggs boson m =126.8 GeV (f) ]
£ r +esseuee+ Bkg (4th order polynomial) b
9 e —
& n ]
Category No  No| Ns gF VBF WH ZH iH r Homy 1
Untagged T8 12|30 30 19 70 42 10 4000(— -
Loosehighmasstwojet 41 2850 23 27 <01 <01 <01 C . 3]
Tighthighmasstwojet 23 1377 18 59 <01 <01 <01 [ \s:'/TerLdl:dElb ]
Low-mass two-jet 19 20|31 15 <01 092 034 <01 2000— N -
EP significance 8 4112 <01 <01 043 057 014 C \S=BTerLd(=20v7'b ]
Lepton 0 12|27 <01 <01 17 041 050 r . . N N X E
Al categories (inclusive) 13931 13205 [ 370 330 27 10 58 17 2 o =
8 400E- " E
T 300E- =
L wmE + } E
£ owe t ‘ ISURETT I
TR T L A A ML
o 2ME =
4
w 1 10 120 130 140

my = 126.8 £ 0.2(stat) + 0.7(syst) GeV (1)
Significance of observed peak is 7.40 with 4.30 expected from SM
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Higgs — ZZ — 4/

Small branching ratio but large signal to background ratio — coupling to Z
bosons. Select two pairs of same-flavour opposite-charge, isolated leptons
Main backgrounds: ZZ* continuum, tf and Z + bb production

Three categories: VBF, VH and ggF

>
8 40 o Data2011+2012 ATLAS
[ [l SM Higgs Boson x
e HoZZ* 41
£ asf- B’""i'z“fivz‘;? \s=7TeV JLdt=4.61b"
i F EB:ZK::Z:::JZ;@'S.I{ 15=8TeV [Lat=207 10"
30:* WY Syst.Unc.
Signal  ZZ'  Z+jets,ii  Observed 252—
4u 6.3+08 28+0.1 0.55:0.15 13 20;
2euq2e  70£0.6 35+0.1 2.11+037 13 £
4e 26+04 12+0.1 1.11:028 6 15[
10f
st
o ]
100 150 200 mo el
my = 124.3 4+ 0.6(stat) + 0.5(syst) GeV (2)

Significance of observed peak is 6.60 with 4.40 expected from SM
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Higgs - WW — Ivlv
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Higgs — WW — Ivlv : dilepton mass, my, distribution

This decay mode is sensitive to Higgs coupling to W bosons. Large rate but no
mass peak reconstruction is possible. Requires two opposite-charge isolated
leptons + missing Et. Dominant backgrounds are: WW, tt, Wt, Drell-Yan.
Events are classified according to associated jet multiplicity thus allowing
background control and extraction of ggF and VBF strengths
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No precise mass determination is possible.
Observed significance for my = 125.5GeV is 3.80 with 3.80 expected in SM
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Combined analysis Higgs — v, 41, WW

Hypothesis testing and confidence intervals based on the profile likelihood ratio
AN a).

The latter depends on parameters of interest, «, such as : my, production
strengths relative to SM p, coupling strengths «, ratios of coupling strengths ),
as well as on nuisance parameters denoted by 6.

A — Lex02)
L(&,0)

Likelihood functions are built using sums of signal and background probability

density functions in the discriminating variables: m.~, ms;, mt.

Single circumflex: unconditional maximum likelihood estimate of a parameter

Double circumflex: conditional maximum likelihood estimate for given fixed

values of the parameter of interest

Systematic uncertainties and their correlations are modelled by introducing

nuisance parameters

(3)
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Combined analysis Higgs — v, 41, WW

Combined mass : my = 125.5 + 0.2(stat) £ 0.6(syst) GeV 4
Production strength : p = 1.33 £ 0.14(stat) & 0.15(syst) GeV (5)

VBF
—HVBE 1.4 4 0.4(stat) + 0.5(syst) GeV (6)
HggF+ttH
ATLAS ——otab  Total uncertainty ATLAS ——oGtab  Total uncertainty
m, = 125.5 GeV B +1c onp m, = 125.5 GeV pnin + 1o + 26
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Coupling measurements

Assumptions:

@ Signals observed in various channels originate from a single resonance

ail's

TH

@ Only modifications of coupling strengths are considered without changing
SM Lagrangian

e Width of Higgs boson is narrow : oB(i — H — j) =

kF:[0.76,1.18]  ky : [1.05,1.22] (7)
¢ T = o
4 ATLAS LiH=4l T H- W
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Constraints on production and decay loops

BSM scenarios predict new heavy particles with potential contributions to loop
induced processes such as gg — H and H — v~. Efective scale factors kg and
K~ are fitted to be:

kg =1.04£0.14 £k, =12040.15 (8)
o o . . - ATLAS Total uncertainty
P o ATLAS .M E m,, = 125.5 GeV ) + 1o + 26
b =TTV la-spann’  xBest ] “ 1
E \s=8TeV [Lot=2071b" iy ] Model: S S SRR | A
1 Ky K
18E Combined Hoyy, 22, WW* 95% CL 3 .
16 4 I L
14 3 ok, el \ \ |
1.2 4 Model:
1 i Rz Pz
E E rz K2z i
08F E .
06F 3 Model: L ! _— :
a1 I 1 i hd A J
08 09 1 11 12 13 14 15 16 17 e
X, Vs =7 ToV [Ldt = 4.6-4.8 1b" Parameter value
\s =8 TeV [Ldt = 207 b Combined H — vy, ZZ*, WW*
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Higgs is JF =01 : H — vy

Measure polar angle, 6%, distribution of the photons in the resonance rest frame
Large background whose distributions in |cosf*| lies between J© = 0" and

JP =2% from gg — vy

Likelihood fits to m,~ and |cos8*| with 105 < m,~ < 160GeV

SR: 122 < m,, < 130GeV with 14977 events see figure below

CR: 105 < myy < 122GeV and 130 < m,, < 160GeV with 14300 events

Expected SM Higgs boson signal: 370 events
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Higgs is JP

0: H— vy

Polar angle distribution in the signal region
compared to J© =0t 2F
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Higgs is JF =0t : H— ZZ* — 4/

Select events with 115GeV < my; < 130GeV and measure miz, mzs and five
angles as illustrated below: 43 events with expected background of 16.
Variables are fed into a BDT algorithm designed to distinguish between
JP=0"and JF =0",17,17,27,2".
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Higgs is J* =01 : H — ZZ* — 4/

T > 25— —T ——T ™

ATLAS & [ - Daam ATLAS ]
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Higgs is J* =01 : H — ZZ* — 4/
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cH— 277 — 4]

JP =07 excluded at 97.8% CL
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Higgs is J° =0t: H - WW — Ivly

Select dilepton events with my < 80GeV, p't > 20GeV and Adj < 2.8 with no
additional jets above pr = 30GeV: 3615 events with 170 (3300) expected from
SM Higgs (resp. Background processes)

These variables together with transverse mass,mt, of the dilepton and the
missing momentum system, are fed into a BDT algorithm to distinguish
between J¥ = 0" and alternative hypothesis.

Events:/ 0.14 rad
Events / § GaV

3385882 ¢%

Bm

Datalsig. +bhg.)
Datalsig. +b4g.)
on ==
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Higgs is J° =0t: H - WW — Ivly

BDT outputs after background subtraction

L —+ Data- background:
L is=8Tev Jde: 2071

C [ reo
= H— WW*— evuviuvev + 0 jets

T
- —— Data - background

L \s:gTevJLm:zom‘ ] =21, too
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50

T 30
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JE
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4/, WW and summa

JP = 2% excluded at above 95% CL

ATLAS
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Higgs — bb in association with a V=Z,W

With V = Z — vu, Il (O-lepton, 2-lepton mode) or V = W — [v 1-lepton
mode
Signal strength fitted to be : u = 0.2 4+ 0.5(stat.) £ 0.4(syst.).

< —— — e ATLAS Prelim. [~ gg;“s‘)) Total uncertainty
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95% CL Limit on o/cg,,
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Charged Higgs searches

3 12000 ‘ ‘ > 160077 T s
& 12001 ATLAS Simulation | 8 F ATLAS Simulation
0 [ Before kinematc fit 0 14001 After kinematic fit ]
;2) 1000; \s=7TeV é 1200; \s=7TeV
> r > r —sm
w800~ 41000 e 110 GeV
600]- 800} E
r 600F- .
400~ [
r 4001~ -
200~ 200i E
O’ 1 Il Il Il Il | Il -\ o C: [ Il Il Il Il Il 1 Il ]
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200
Dijet mass [GeV] Dijet mass [GeV]

ando Barreiro SM Higgs with ATLAS



arged Higgs

SM Higgs with ATLAS




Summary and Outlook

Production and coupling strengths in agreement with SM expectations
o JP = 0" favoured

@ No signs of HT

o Looking forward to running at 13 TeV, H — 7, bb?
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