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Introduction

£Since the July 2012 Higgs discovery, the LHC\
dataset has more than doubled

* We are now In the precision measurement eral

* More precise mass measurement, reduced
experimental uncertainties

* Event categorization: increase production

mode sensitivity and test couplings B AR AR
2 25 Preliminary 2012, \'s =8 TeV
* First differential cross-section measurement g "~ [ILHC Delivered e 2201
E 20 [T]ATLAS Recorded Physics: 20.3 0"
(y¥ channel) S [ [WGood for Physics
2 15
' i S \s=7TeV
* Will look at latest measurements with 25 fo™' of g F© =™™""
dataat /s =7 &8 TeV g [ e
= 5:_

* H—oyy, H2ZZ"—=4l, and H>WW*—{viv 0

yat ppt W oct gt ppt W oct
K / Month in Year
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http://www.sciencedirect.com/science/article/pii/S037026931200857X

Higgs production and decay modes
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{ggF (87.2%): signature from Higgs decay only \ ﬂ-I*WW*—UZva: high statistics, poor mass \

resolution

* VBF (7.1%): dijet signature
* H->ZZ*—44: golden channel; good mass resolution,

* VH (5.1%): look for vector boson decay in final state but low statistics

* H-yy: distinct, clean signature, but low BR, high

kbackground /

K. Whalen 3

* ttH (0.6%): very rare, but can test top coupling




H—-YyYy: event selection

VBF H - Yy candidate
(CIean, distinct signature: \

* Two high-pr, isolated photons in range
100 GeV < Myy < 160 GeV

* Photon identification based on EM
calorimeter shower shapes: 85-95%
efficiency

* Backgrounds modelled using fits to the data:

* Diphoton continuum (~75%) \ &PL!TA’&&

Run Number: 204769, Event Number: 24947130

\_ *Y¥ +et, dijet, Drell-Yan (~25%) DA

K. Whalen



H—-YyYy: event categorization

/ *Events subdivided into 14 categories

*Based on production mode, mass resolution,
signal / background

\ *|mproved sensitivity to various production mode3/

~

Inclusive

Unconv. central low th
Unconv. central high P,
Unconv. rest low th
Unconv. rest high th
Conv. central low P,
Conv. central high P,
Conv. rest low P,

Conv. rest high P,

Conv. transition
Loose high-mass two-jet
Tight high-mass two-jet

Low-mass two-jet

mi

ET" significance

One-lepton

B ggF

H\VBF
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ttH
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ATLAS Preliminary

H— vy

VH enriched

VBF enriched

ggF enriched

di-photon selection

A 4

One-lepton

W(— W)H, Z(— INH

A 4

ET™* significance

W(— W)H, Z(— vv)H

A 4

Low-mass two-jet

W(—j)H, Z(— jH

A 4

High-mass two-jet

VBF

tight

A 4

loose

9 th-n-conversion

ggF




H—-yy: mass & signal strength

4Diphoton iInvariant mass: )

10000

My, = V2E1Ex(1 — cos(6))

L Data 2011+2012
SM Higgs boson mH=126.8 GeV (fit)

--------- Bkg (4th order polynomial)

8000

* Signal modelled using a Crystal Ball
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mu = 126.8 + 0.2 (stat.) + 0.7 (syst.) GeV 1002
* Signal strength (at mu = 125.5 GeV): m,, [GeV
w=157"%
k -0.28 Y.
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H—-YyYy: differential cross-section

A/Ieasurements are binned in eight observables sensitive to Higgs kinematics, production modes,

QCD corrections, etc.
* Signal yield extracted with unbinned likelihood fit to M,y distribution

*Unfold to particle level using correction factors: ¢; = N particle level / Ni, reco

Q\Io significant deviation from SM expectation
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H—-ZZ*—-4¢: event selection

ﬁo same-flavour, opposite-sign pairs (4e, 4p,\

2e2, 2u2e)

H—-ZZ*—4e candidate event

*|mprovements in 2012 analysis:

*Likelihood-based electron ID: 2x reduction in
background

*FSR photon recovery & Z mass constraint:
improved mass resolution

*Data-driven reducible Z+jets background
estimation (different methods for subleading ee, pp
channels)

*Event categorization: - GATLAS
) ) http://atlas.ch
*\VBF: two widely separated, high-pr jets , [E)Ziif}@fgﬁg

Time: 20:28:11 CEST

*\/H: additional lepton with pr > 8 GeV

kkggF: everything else J

K. Whalen 8




H-ZZ*—-4¢: mass, u, and categories

* Observed excess with local
significance: 6.60 at my = 124.3 GeV

* Categories:

*Best fit mass:
my = 124.3i8:g (stat)igg (syst) GeV
* Signal strength (at my = 125.5 GeV):

u

_ +0.40
= 1 '44-0.35

*1 VBF-like candidate in mass

~

\ window 125 + 5 GeV (0.4 expected)
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H—-ZZ™*—4¢: spin / parity

* Production / decay angles and Z4, Z, masses sensitive to the spin / parity

=+
’

* Test JP =0,17,2° hypotheses using BDT & MELA methods

*Results consistent with 0° hypothesis, in agreement with WW & y y
%0, 1" excluded at 97.8% CL or higher

*1 excluded at 94% CL or higher

*2":81.8% CL
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K. Whalen 10



H-WW® - pvev: event selection

éwo isolated, high-pt leptons with opp@ VBF H—WW?*—evuv candidate event
charge

* Large missing Et

* Events categorized in jet multiplicity &
flavour (evuv, evev/pvuv)

* Njets < 1: ggF-dominated production,
WW-dominated background

* Njets = 2: VBF-dominated production,tt-
dominated background

* Poor mass resolution due to missing Er Y
&\\ A]-LA Run 214680, Event 271333760
*Transverseﬁ maSS: ;%/ EXPERIME& 17 Nov 2012 ©7:42:05 CET

INT:(_(E[[ EmlSS)_ |p Emlssl )1/7
k E”—(Ip & Jrnz[[)l/~ /
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H->WW® —> pvev: transverse mass

*/Excess of events observed in data\

* Maximum local significance: 4.1¢ at
mn = 140 GeV

* Signal strength at my = 125.5 GeV:

_ +0.32
\ =1 '00-0.29 /
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Combined results: mass & signal strength

%Combined mass using H—yy and \

H—»ZZ®—4¢ channels:

my = 125.5 + O.2(stat')f8:(55(sys) GeV

* See J. Saxon’s talk for more combined/

measurements
= - ATLAS —— yy+ZZ* combined
S T \/§=7TeVﬂ_dt=4.6-4.81fb'1 —  H—yy
"J', |
[ - X Best fit
C
> 3 —— 68% CL
@ S 95% CL
2.5
2f-
1.5
t
0.5
07IIII|IIII|IIII|IIII|IIII|IIII|IIII

122 123 124 125 126 127 128 129
m,, [GeV]
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ATLAS-CONF-2014-009
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http://indico.cern.ch/event/294993/session/7/contribution/141

Summary

*\Vith 25 fb! of data collected in 2011-2012, ATLAS can claim discovery of the
Higgs boson in two individual dibosonic decay channels

* A wide variety of property measurements have been performed in the H—yy,
H—ZZ"—4¢, and H=WW®—¢vev channels

*Mass, signal strength, differential cross-sections, spin / parity

*No significant deviation from Standard Model predictions

K. Whalen 14



ATLAS results:

*Discovery paper:

*Observation of a new patrticle in the search for the Standard Model Higgs boson with the ATLAS detector at the LHC (Phys. Lett. B 716

(2012), 1-29)

*Updated diboson decay channel results:

* Measurements of Higgs boson production and couplings in diboson final states with the ATLAS detector at the LHC (Phys. Lett. B 726

(2013), 88-119)

*Couplings:

-1
* Updated coupling measurements of the Higgs boson with the ATLAS detector using up to 25 fb  of proton-proton collision data (ATLAS-
CONF-2014-009)

*H-yy:

-1
*Measurements of the properties of the Higgs-like boson in the two photon decay channel with the ATLAS detector using 25 fb  of proton-
proton collision data (ATLAS-CONF-2013-012)

*Differential cross sections of the Higgs boson measured in the diphoton decay channel using 8 TeV pp collisions (ATLAS-CONF-2013-072)

*H-ZZ"—4¢8:

-1
*Measurements of the properties of the Higgs-like boson in the four lepton decay channel with the ATLAS detector using 25 fb  of proton-
proton collision data (ATLAS-CONF-2013-013)

*H-WW*—Lviv:

-1
*Measurements of the properties of the Higgs-like boson in the WW*— £vev decay channel with the ATLAS detector using 25 fb  of proton-
proton collision data (ATLAS-CONF-2013-030)

*All ATLAS public results:

xhttps://twiki.cern.ch/twiki/bin/view/AtlasPublic

K. Whalen
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http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://www.sciencedirect.com/science/article/pii/S0370269313006369
https://cds.cern.ch/record/1670012
http://cds.cern.ch/record/1523698
http://cds.cern.ch/record/1562925
http://cds.cern.ch/record/1523699
https://cds.cern.ch/record/1527126
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Backup slides
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Systematic uncertainties: diboson channels

Source (experimental)
Luminosity
Electron efficiency

Jet energy scale
Jet energy resolution

Source (theory)
QCD scale
PDFs + a;

Uncertainty (%)

+1.8 (2011), £3.6 (2012)
+2-5

+1-5

+2-40

Uncertainty (%)
+8 (ggF). =1 (VBF. VH), *3 (ttH)
+8 (ggF. ttH). +4 (VBF. VH)

K. Whalen
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H—YY

Systematic uncertainties

Source Uncertainty (%)
On signal yield

Photon identification +2.4

Trigger +0.5

Isolation +1.0

Photon energy scale +0.25

geF (theory), tight high-mass two-jet cat. +48

ggF (theory), loose high-mass two-jet cat. +28

geF (theory), low-mass two-jet cat. +30

Impact of background modelling

On category population (migration)
Material modelling
pt modelling

Adyy.jj. n* modelling in ggF
Jet energy scale and resolution

Underlying event two-jet cat.

miss
ET

On mass scale and resolution
Mass measurement
Signal mass resolution

+(2-14), cat.-dependent

—4 (unconv), +3.5 (conv)
+1 (low-pre).

F(9-12) (high-pr. jets),
+(2-4) (lepton, E*)
+(9-12), =(6-8)
+(7-12) (jets).

F(0-1) (others)

+4 (high-mass tight).
+8 (high-mass loose),
+12 (low-mass)

+4 (Ef™S category)

+0.6, cat.-dependent
+(14-23), cat-dependent

K. Whalen
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H—YY

For the H — yy analysis of the /s =8 TeV data, the numbers of events observed in the data (Np), the numbers of background events (Ng) estimated from fits to the data,
and the expected SM Higgs boson signal (Ns) for my = 126.8 GeV, split by category. All numbers are given in a mass window centred at my = 126.8 GeV and containing
90% of the expected signal (the size of this window changes from category to category and for the inclusive sample). The predicted numbers of signal events in each of the
ggF, VBF, WH, ZH and ttH processes are also given.

Category Np Ng Ns ggF VBF WH ZH ttH
Untagged 14248 13582 350 320 19 7.0 4.2 1.0
Loose high-mass two-jet 41 28 5.0 23 2.7 < 0.1 < 0.1 < 0.1
Tight high-mass two-jet 23 13 1.7 1.8 59 < 0.1 <0.1 <0.1
Low-mass two-jet 19 21 3.1 1.5 < 0.1 0.92 0.54 <0.1
E'T“iss significance 8 4 1.2 <0.1 <0.1 0.43 0.57 0.14
Lepton 20 12 2.7 < 0.1 <0.1 1.7 0.41 0.50
All categories (inclusive) 13931 13205 370 330 27 10 5.8 1.7

Nes PY 7| |cosé’| pf  A¢; pp”
POWHEG 054 055 038 069 079 042 050
MINLO 0.4 - - 067 073 045 049

HRes 1.0 - 039 044 - - - -

Table 2: Displayed are the probabilities from y? tests for the agreement between the unfolded observa-
tion and the theoretical predictions, calculated with the full covariance between bins of the observables.
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H-ZZ"—4¢

For the H — ZZ* — 4¢ inclusive analysis, the number of expected signal (my =
125 GeV) and background events, together with the number of events observed in
the data, in a window of size +5 GeV around my4s = 125 GeV, for the combined
Js=7TeV and /s =8 TeV data.

Signal ZZ* Z + jets, tt Observed
4 6.3+0.8 2.8+0.1 0.55+0.15 13
2e2u/2u2e 7.0+0.6 3.5+0.1 2.11 +0.37 13
4e 26+04 1.2 +0.1 1.11 +0.28 6

Systematic uncertainties

Source Uncertainty (%)

Signal yield 4 2u2e  2e2u  4de
Muon reconstruction and identification +0.8 +0.4 +0.4 -
Electron reconstruction and identification - +8.7 +2.4 +9.4

Reducible background (inclusive analysis) +24 +10 +23 +13

Migration between categories

ggF/VBF/VH contributions to VBF-like cat. +32/11/11
ZZ* contribution to VBF-like cat. +36
ggF/VBF/VH contributions to VH-like cat. +15/5/6
ZZ* contribution to VH-like cat. +30
Mass measurement 4u 2u2e  2e2u 4e
Lepton energy and momentum scale +0.2 +0.2 +0.3 +0.4

K. Whalen



H-ZZ("—4¢
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5000

N
o
o
o

3000

2000

1000

ATLAS Preliminary

(s =
A Z—=uuy,
Z—upy,
® Z—uuy,
Z—uuy,

[ ] Z=un

8 TeV: f Ldt = 13fb”
no FSR corr. Data
no FSR corr. MC
FSR corr. Data
FSR corr. MC
no FSR, MC

=240
5220
5200
3180
W160
140
120
100
80

60

40

20

Ll b L T
/0 75 80 85 90 95 100 0
90
ALY [GeV]

K. Whalen

-&-

Events w/ recovered FSR y
—No Correction
------ M, Constraint

--FSR y
~FSRy + MZ Constraint

TLAS Preliminary
imulation

O

...... Mf .

95 100105110115120125130135140
m, [GeV]

v
—
J

21



H-WW® - gvev

For the H - WW* — fvfv analysis of the 8 TeV data, the numbers of events ob-
served in the data and expected from signal (my = 125.5 GeV) and backgrounds
inside the transverse mass regions 0.75my < mt <mpy for Njer < 1 and my < 1.2my
for Njer 2 2. All lepton flavours are combined. The total background as well as its
main components are shown. The quoted uncertainties include the statistical and
systematic contributions, and account for anticorrelations between the background

predictions.
Njee =0 Njee =1 Nja>2
Observed 831 309 55
Signal 100 = 21 41 £ 14 109 =14
Total background 739 £ 39 261 £ 28 36 +4
ww 551 £ 41 108 £+ 40 41 £ 15
Other W 58 £ 8 27 £ 6 19 +04
Top-quark 39+5 95 + 28 54 + 21
Z+jets 3010 126 22+3
W +jets 61 £+ 21 205 0.7 £ 0.2
Systematic uncertainties
Source Nm:O Njet=1 Nﬁ(>2
Theoretical uncertainties on total signal yield (%)
QCD scale for ggF, Nyt 22 0 +13 - -
QCD scale for ggF, Nyt 2 1 +10 -27 -
QCD scale for ggF. Nier =2 - —-15 +4
QCD scale for ggF, Ny 2 3 - - +4
Parton shower and underlying event +3 -10 +5
QCD scale (acceptance) +4 +4 +3

Experimental uncertainties on total signal yield (% )
Jet energy scale and resolution 5 2 6

Uncertainties on total background yield (%)

Jet energy scale and resolution 2 3 7
W W transfer factors (theory) +1 +2 +4
b-tagging efficiency - +7 +2
frecon efficiency +4 +2 -

K. Whalen
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