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'/ Property measurements of the Higgs boson in the
- yyfinal state with the ATLAS detector at the LHC

Higgs production at the LHC ~87% ~7.2% ~5.0% ~0.6% Higgs decay to yy via fermion loop

Dominant production modes g q e BR(H-vyy) =
\/ Gluon-gluon fusion, gg—H . 4 y 0.228%
Vector boson fusion, VBF . * To measure H=yy,
. need detector with
Higgs strahlung, VH g q N H :

precise y E-scale
Top-antitop fusion, ttH gg—H VH WH or ZH and resolution

Higgs in the Standard Model Measuring H—yy at ATLAS % ' '
O]
Leptons Quarks * Higgs boson couples to all * The Higgs Boson g SH Higgs boson m, =126.8 GeV ()
euT u,ct massive, fundamental decays to two photons 2 Bkg (41 order polyomia)
Vor Vo V, d s, b particles 0.23% of the time g
e The Higgs boson can decay Distinct my, resonance peak e

to yy via a loop expected on top of smooth
e Properties to study: background ‘ \’§=7TerLdt=4.8 b
e Production rate and mass Selection: w’§=8TerLdt=20.7fb'1
Photon « Coupling strength to the * Diphoton trigger

other particles ------ * T\r/]vo |sola:1ed photon W:h gocc)id The ATLAS calorimeters are finely segmented

. Spi d parit shower shape (see right) and 5, can effectively distinguish between
pin and parity pr> 40 (30) GeV, |n1<2.37 jspjated photons and backgrounds like mo—>yy
 Kinematic properties™* Backgrounds: S,

: Higgs Boson Diphoton invariant mass distribution.
The resonance peak of the new boson is

observed at my,=126.8 GeV.

Events - Fitted bkg

e Promt diphoton production
*see poster presented by James Saxon * y+jet and dijet (fake photons)

Analysis optimization Observed and expected

o The dataset is split into 14 event categories: different s/b optimizes overall sensitivity; : P p-value vs Higgs boson
selection based on topology optimize the sensitivity to the different production modes window around 10* F-—— Observed p, (category)  ATLAS Preliminary = mass for H—yy using the
H B v , | — — Expected r:)o((cattlagory)) = full 2011 and 2012 ATLAS
eIy S0 ——— Observe inclusive
o R R 10 - — — Expected p_ (inclusive) dataset
- — goF ®WVBF mWH ®ZH 1
One-lepton | ATLAS Preliminary (simulation) 5 b Naata , An excess over
Inclusive ] 56 13.3k 14.0k 10—2 baCkg round Of 7.4
Unconv. central low p_ 6 A q
| Unconv. central highp standard deviations is
significance Unconv. rest low pn Observed fOF a HIggS
mass of 126.8 GeV

VH enriched Unconv. rest high P
The optimized event

W(= MH, Z(= vwH Conv. central low p_,

41; Conv. central high P
category analysis (red)
significantly improve the

Low-mass two-jet Conv. rest low p_,
W j)H, Z(= M Conv. rest high P
results compared to using
4l by by b b b b by H H
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signal composition (%) [l in the fiducial region of:

Naata = observed

Flow-chart of the event categorization. Expected Higgs production mode decomposition in the categorizes. data ——— T pty > 40 (30) GeV and

—— All systematics ATLAS Prellmlnary 7 lny| < 2.37
Without mass scale uncertainties is measured to:

---------- Without systematic
+ Bestfit ofid = 56.2 + 12.5 fb
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Vector boson fusion (VBF)

e Higgs bosons produced via VBF have two associated forward jets e [EfeEs Tees
ur i

(x-axis) versus cross
section ratio to the
Standard Model (y-axis)
with 68% (blue) and 95%
(red) confidence contours

e This distinct topology allows for better discrimination against backgrounds

e A multivariate analysis based on boosted decision trees is used to better measure the VBF Higgs rate
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The BDT assigns a higher response to VBF-like events. Observed and expected local p-value for the VBF Data 2012, Vs = 8 TeV
The loose and tight VVBF categorizes defined from Higgs production. At the measured Higgs mass (blue

__:_ Nominal analysis
0.44 < BDT < 0.7 and BDT > 0.7, respectively. dashed line) a 20 excess is observed. — |

(normalised to umty
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Dedicated event categories optimized to measure different Higgs production modes (gg—H, VBF, VH) - Data 2012 _[Ldt_zo
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ttH & gg—H (VBF & VH) production sensitive to Higgs coupling to top quarks (W/Z bosons)

: : . |cose’| In(L(0)/L(2))
The cross section of each production modes can be measured separately or simultaneously by

introducing individual signal strength parameters that float in the signal extraction fit Measurement of the helicity angle of the yy Test statistics for spin hypothesis tests. Data
decay products of new boson compared with (black line) is less than 1% consistent with the
B R R a m e predictions from spin 0 (blue) and spin 2 (red). gg—H spin 2 hypothesis (red).
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Summary of ATLAS H-yy measurements

Preliminary results using the combined 2011 and 2012 dataset:
e Higgs mass: 126.8 + 0.2(stat) + 0.7(syst) GeV
e Excess over background for this Higgs mass: 7.40 (expected: 4.30)

— Syst.
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JLdt=4.81b", Vs =7 TeV

Hagrtam JLdt =20.7 fb”, Vs = 8 TeV

- e Ratio of observed cross section to SM expected cross section:
ATLAS Preliminary
2011-2012

H = 1.55 + 0.23(stat) +£0.21(syst), significance of deviation: 2.30
i m,, = 126.8 GeV S O A S S SRS S PR . e Couplings to quarks and V bosons: measuring each production mode separately
o b b b e L 1 05 0 05 1 15 2 25 3 35 4
1 2 3 4 5 (L o Hggr+tth = 1.6 £ 0.3(stat) £0.3(syst)
Signal strengt
® LIvBF = 1.7 + 0.8(stat) £0.5(syst), significance of excess: 2.00

ATLAS Preliminary
2011-2012
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Measurements of the ratio of observed Higgs boson Simultaneous rate measurement of production modes
cross section to the Standard Model expectation for sensitive to W/Z-boson couplings (VBF+VH) vs quark ® HvH = 1.8 + 1.5(stat) +£0.3(syst)

various Higgs production modes separately. couplings (ggF+ttH). The SM expectation is also shown. e Spin 2 gg—H production excluded at 99.3% confidence level

Dag Gillberg, for the ATLAS Collaboration
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