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Latest Scalar (H) Boson searches with ATLAS

Searches performend in 12 distinct channels using the full 2011 dataset.

Channel my range Backgrounds L Reference
(GeV) (fo™H)
low-my, good mass resolution
H — vy 110-150 Y, i 4.9 arXiv:1202.1414
H— zZ™ = a0 110-600 7Z™ | Z + jets, tt 48 | arXivi1202.1415
low-my, limited mass resolution
H— WW™ — iy | 110-600 | WW, tt, W/Z + jet 4.7 | CONF-2012-012
H — 77(ll, Ih, hh) 100-150 Z — 7T, tt 4.7 CONF-2012-014
VH,H — bb 110-130 W/Z + jets, tt 4.7 CONF-2012-015
high-mpy
H— 7ZZ — vy 200-600 diboson, tt, Z + jets 4.7 CONF-2012-016
H— ZZ — tjj 200-600 Z + jets, tt, diboson 4.7 CONF-2012-017
H— WW — lvjj 300-600 | W + jets, tt, multijets 4.7 CONF-2012-018

Limit setting:

N

@ Profile likelihood ratio is used to test the hypothesized
signal strength p = 0'/0'5/\/] (Eur.Phys.J.C71:1554,2011).

@ Exclusion limits on p are set at a 95% confidence level
using the CLs method (U. Phys. G 28 (2002) 2693-2704).




Scalar boson production and decays

Cross-sections, br. ratios, theory uncertainies: arxXiVv:1101.0593 & arXiv:1201.3084
associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z "t
W,z
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Typical size of uncertainties (exact values depend on Mpy):
Il 99F | VBF [ WH/ZH | ttH | POWHEG+PYTHIA

QCD scale: o] 1% | £1% =% for ggF ' & VBF;
PDF + as: +8% | +4% +4% +8%

3
Mass line shape: (150%) x (%) PYTHIA for WH/ZH & ttH.




Detector-related systematic uncertainties

Physics object Source Uncertainty Most affected
on signal yield channels
H luminosity 3.9% \ ‘

Photon efficiency 11% Yy

Electron efficiency <3% 44
energy scale <1%
energy resolution <0.5%

Muon efficiency <1% 44
momentum resolution <1%

Jet energy scale up to 12% | 77, bb, ljj, tvjj

resolution up to 20% Lvjj

b-tagging efficiency up to 15% bb

T-jet efficiency up to 8% TT

@ Similar uncertainties also for the simulated backgrounds.
@ Many background contributions are determined directly from data,
by means of signal-free, background-enriched control data samples.

@ Otherwise, event generators used:
e W/Z + jets: ALPGEN (heavy flavor also with POWHEG or SHERPA)
e tt, single top: MCONLO, AcerMC
e Dibosons: MCGNLO, SHERPA, PYTHIA




Searches in the high-my region (200-600 GeV)

H— ZZ — 0y H— ZZ — 0jj H— WW — lujj
@ my = 200 - 600 GeV. @ my = 200 - 600 GeV. @ my = 300 - 600 GeV.
@ 4 sub-channels: @ 2 sub-channels: @ 6 sub-channels:
(ee, i) ® (untag, b-tag) (e, p)®(0-, 1-jet, VBF).

(low-, high-pileup).

@ my,j; distribution
@ my distribution @ myyj; distribution for the limit setting.
for the limit setting. for the limit setting.




H— ZZ — tlvy

Most sensitive channel in the high mass range.
Results based on shape of the transverse mass mr. = Pile-up dependent due to E
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ZZ: simulation (11% norm. uncert.)

WZ: 3-lepton events.

top: simulation.

Verified in ep data & myy sidebands.
W + jet: like-sign ee, epu.

Z + jet: low Ag(BR=, B).

@ Expected exclusion: 260-490 GeV.
@ Observed exclusion: 320-560 GeV.

95% CL limit on o/cg,,
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Z + jets: normalized by mj-sidebands. Shape from the simulation. (1-5% uncertainty)
top quark: normalized by mye-sidebands. Shape from the simulation. (3-4% uncertainty)
Diboson: from the simulation. (11% uncertainty)

Multijets: reverted electron-ID criteria. (50% uncertainty)
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@ Expected exclusion: 360-400 GeV.
@ Observed excl.: 300-310, 360-400GeV.




H— WW — lvjj

@ Invariant mass reconstruction by means of the m(¢v) = m(W) mass constraint.
@ Analysis divided into jet categories: 0, 1, 2(VBF) jets.

@ Background modeled directly from the fit to the fvjj mass spectrum.
@ Major systematic uncertainty from
jet energy scale and resolution (10%-20%), as well as pile-up (10%-15%).
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Searches in the low-my region

H— zZ(*) — a¢ H— vy
@ my = 110 - 600 GeV. @ my = 110 - 150 GeV.
@ 4 sub-channels: @ 9 sub-categories:
(de, 2€2u, 2u2e, 4u1) (p¥™st ® 1, ® conversion)
@ myy distribution @ m,, distribution
for the limit setting. for the limit setting.
H— WW® — vty VH, H— bb H— 7
@ my = 110- 600 GeV. @ my = 110 - 130 Gev. @ mMu = 100 - 150 GeV.
@ 9 sub-channels: @ 11 sub-channels: @ 12 sub-channels:
(ee, pp, ep) ® * Lubb: 4 py bins *(04v: (0-, 1-jet, VH, VBF)
(0-,1-jet, VBF ) - .
* ((bb: 4 p% bins *0maa30:. VBF &
* ERERE) (window) * vubb: 3 EP™ bi (e, 1) ® (2x0-jet, 1-jet)
: e x 0-jet, 1-je
for the limit setting VV_ _ T ins M ] J
in 0- & 1-jet (VBF) @ myp distribution K pad Thad 207 > 1-jet
channel. for the limit setting.

@ Mmesr, MMC of m.-

for the limit setting.




H — ZZ™) — 4¢: The Golden

High mass resolution (130 GeV: 1.5-2%). Above 350 GeV natural width dominates.
High lepton reconstruction efficiency down to low pr (7 GeV).

Lepton performance well modeled by the simulation, independent of pileup.

0.2% - 2% uncertainty on the signal yield. 0.6% uncertainty on the m. scale.

Background estimation:

N

@ ZZ™: from simulation. (QCD: 5%, PDF+as: 4-8%, 10% to account for gg — ZZ)

@ 7 + jets: control region without charge, isolation and impact parameter criteria
on the second lepton pair. (40-45% uncertainty)

o tt: ei/ﬂE pair consistent with mz and two additional same-flavor leptons.

T o B0 e e e e
— [o)

B nl 's DATA 'WDATA ]
8501 ATLAS mzz 1] ATLAS m7z E
o I s W Z+light jets - o35 . B Z+light jets 7
S 0 Z-pple’e + puu M 7hb ] 5 Z-utule’e +ee [V ]
£40-  [Ldt=48f0" =, ] = JLdt=4.8 0" =, E
& [ \s=TTev 7 SystUne. | L">Ij \s=7TeV 7 Syst.Unc.
30| 3
Z+ pp 1 Z + ee ]
20-control sample , ] control s. ]
10} 9 f
0 o - .
20 30 40 50 60 70 80 90 100 110 20 30 40 50 60 70 80 90 100110

My, [GeV] my, [GeV]




H — 7Z®) — 4¢: Results

Small excesses observed around 3 mass values.
Local significance:
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H — 7Z®) — 4¢: Results
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H — ~v~: The Beautiful

Run Number: 191190, Event Number: 19448322

Date: 2011-10-16 16:11:14 CEST

@ Er(m) >40 GeV,
E7(y2) >25 GeV

Main backgrounds:
* irreducible vy (30 pb);
* reducible v/ (200 nb);
* reducible jj (500 ub).

@ Powerful v/jet separation
is crucial.

@ Need an excellent
m~y~ mass resolution.

INTRODUCTIO HIGH-my SEAR 4% SEARCH:



H — ~~: Signal and Background

12 20000f 7 Background composition
2 18000~ —+— Datadrivenestimatons 4 tested with control data.
o B S - vy expected E . . . . .
2 T — 1] expected E (inverted photon isolation and ID criteria)
£ E S expected E @ Fraction of true vy events: (7145)%.
2 12000; ------- DY expected 3
10000F - E )
8000 ATLAS Preliminary 3 Total background from fit to m.~ spectrum.
6000E- J- PR @ Simultaneous fit to all 9 categories.
E Ldt=4.9 fb El . )
4000F- 3 @ Exponential function,
zooz? * free slope and normalization.
@ Modeling uncertainty (per category):
" y i oy g y ( gory)

0.1 - 7.9 events.

o
N

Analysis divided in 9 orthogonal categories
with different m,, resolutions

T T T
ATLAS Preliminary
(Simulation)

— Fit

4

(photon n ® conversion status ® p;’ (thrust)y 09> Hopy, m, =120 GeV, +use
<4-6<u<9
Mass reconstruction robust against the pileup. +4-9<u<i2

1/N dN/dm,, / 0.5 GeV
o o
o o
> ®

Signal my, modeling: +u>12
Crystal Ball (core) and Gaussian function (tails). 004
@ ocg = 1.4-2.3 GeV (my=120 GeV)

@ FWHM = 3.3 - 5.9 GeV (my=120 GeV)
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Mass scale uncertainty: 0.7 GeV (my=120 GeV). Pro 112 12 116 118 120 122 124 126 1?3 \1/]30
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H — ~v: Results

Invariant m,~ distribution, Exclusion limit:
summed over all categories: .
G | = Observed CL, limit 1
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Largest excess of events observed at 126.5 GeV. J

@ Local significance: 2.80 (Global: 1.50 for my =110-150 GeV).



H— WW® — ¢uiy

Most sensitive channel in a broad mass range my ~ 120-180 GeV.

No mass reconstruction possible due to 2v = my = \/(Eﬁ + E?”ss — |B% + ﬁ’”’55|
Selection criteria H Background suppression [
Two isolated opposite-sign leptons (pr > 25,15 GeV) W + jets, QCD
Large missing transverse energy (E7T*); Z veto Drell-Yan, Z + jets
Jet multiplicity (0/1/2vsr jets), b-jet veto tt
Topological cuts (mee, Ader) ww
Additional jet-bin-dependent cuts (p¥, gt Z/DY, soft jets

Background estimation:
@ WW: control sample
(no A¢y cut, modified mg, cut)
For my >300 GeV only fromsimulation.

——
H— —4- Data %% SM (sys @ stat)
ATLAS Preliminary g " w77y
\s=7TeV,J.Ldt=4.7fb" ¢ [ SigeTop
Howw ! Ssiviv

Events

B Z+jets [] W+ets
[ H[125 GeV] x 10

@ top: control samples (i) no tagging
requirements, (ii) b-jet tag requirement.

@ Z+ jets: control s. |mge — mz| <15 GeV,
correcting for mismodeling of ET**
tails.

@ W + jets: control sample with inverted
lepton ID passing loose criteria.

©
oF




H — WW® — ¢uly: Results
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H — WW® — ¢uly: Results
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(W/Z)H — (¢, v, vv)bb

Selection requires exactly two b-tagged jets: E2* >45 GeV, E2 >25 GeV.

W/Z and H boson recoil away with significant pr:

@ 4 p?—categories in WH — fvbb: <50, [50,100), [100,200), >200 GeV
° 4 p%—‘categories in ZH — ¢¢bb: <50, [50,100), [100,200), >200 GeV
@ 3 Ef*™-categories in ZH — vvbb: [120,160), [160,200), >200 GeV

Major backgrounds:

@ W/Z + jets: shape from simulation; 3 L L B B
. . . . L 14 ATLAS Preliminary ]
normalization from W /Z4-2jet with 5 e Observed (Cls) \s=7TeV,.[Ldt:4.6—4A7fb ]
0/1 b-tags, and from mpp sidebands. S 12 Expected (CLs)  VH(bb), combined E

£ [ El:to ]

@ top: shape from simulation, E 100 iz ]
normalization from mpp sidebands and o gb 4
control data (3-jet bin, my, sidebands) 3\2 r ]

3 6F J

@ diboson: from simulation. F ]
.. 4- -

@ multijets: templates from reversed F ]
lepton ID fitted to control data; 2; E
For vvbb channel: ) Y U E U BRI B
110 115 120 125 130

DG(EF™, 7'™) & DG(EF™, b jet)

m, [GeV]




H — 77 — (LlAv, (Thag3V, ThadThad2V)

Mass reconstruction possible due to the collinearity of 7 decay products.
Sub-channels separated into different jet categories (0-, 1-jet, 2-jet VH, 2-jet VBF).

E cor e N m H‘w2-jetrVBF ‘ ! E 451 erhlm +ur le-m ver T E 100 zmz,:m, H&I-j‘e( -
2 25¢ —+— Data ] Q  40- —— Data E ° —+— Data
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s Z—eep s Others (0S-5S) 1 & Multi-jet
fir I tt+single-top o %0 Wijets (OS-SS) I Others
15 WZ/ZZ 25 Same Sign 60 Bkg.uncert. |
Fake leptons Bkg. uncert. [Lai-arm'
Bkg. uncert. 20, Ldt=471"
\s=7TeV ATLAS Preliminary
50 ATLAS Preliminary | 10 El 20 B
o A y
. Jhi L T @
%50 100 150 200 250 300 350 400 %50 100 150 200 250 300 350 400 %50 100 150 200 250 300
Collinear mass m,, [GeV] MMC mass m,, [GeV] Collinear mass m,, [GeV]
g 2T T
Major backgrounds: g [ How ATLAS Preliminary
S o0l Observed CL, .
@ Z — 77: normalization from theory, £ I —— Expected CL, j“ﬂ“-”b 1
shape from Z — uu data by replacing p 3 Eiz" s=7TeV
. R tio
with simulated 7 decay (10% uncert.). S 1
3 [ ]
. Yol L 4
@ Fake leptons and T — jets: ST
* ¢l4v: reversed lepton isolation (30-40%); i 1
* {Thag3v: same-sign charge (20%); 5 ]
* ThadThad 2V tracks multiplicity [ ]
i 0, LI | A | L [
from two 7 candidates (20%). 0468110 120 130 140 g0

my [GeV]




ATLAS-CONF-2012-019




Combined exclusion limit
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Expected exclusion at 95% CL: 120-555 GeV

2011 Data
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Observed exclusion at 95% CL: 110-117.5, 118.5-122.5, 129-539 GeV

Observed exclusion at 99% CL: 130-486 GeV




Combined exclusion limit

Zoom in:

= URI R S UL UL UL I I R IR
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Expected exclusion at 95% CL: 120-555 GeV

Observed exclusion at 95% CL: 110-117.5, 118.5-122.5, 129-539 GeV

Observed exclusion at 99% CL: 130-486 GeV




Breakdown of an observed excess

Probability that the excess

is caused by a background fluctuation: Best fit signal strength p = o /osm:
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Probability that the excess

is caused by a background fluctuation:

Best fit signal strength p = o/osm:

Breakdown of an observed excess

o

Local p
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Observed local significance 2.50 (expected 2.90).
Best-fit signal strength at 126 GeV:

Global probability of such a background fluctation
anywhere in the full explored mass range (110-600 GeV): 30%;

in the mass range (110- 146 GeV): 10%
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Excess in individual channels
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Local p
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@ Excess is mainly observed in two high-resolution channels:
= H — ~y and H — ZZ®*) — 4¢ combined: 3.4¢ local significance.
@ No such excess (yet?) in H — Www) — iy, H— 77, H — bb.
= All channels combined: 2.5¢0 local significance.




(Not) The end

2011 has been a fantastic year.

ATLAS is deeply grateful to the machine team for
the outstanding performance of the LHC.

@ Excellent ATLAS performance, from detector to physics
(116 papers submitted or published).

@ Scalar Boson searches in 12 distinct channels, using full 2011 dataset.

@ Allowed Scalar Boson mass has been squeezed into a tiny region:
117.5-118.5 GeV | or | 122.5-129 GeV |

@ In the low-mass region no exclusion was possible due to an
excess of observed events compared to the expectation.

@ The excess is most compatible with the Standard Model Scalar Boson hypothesis
with my around 126 GeV.
Statistical significance not large enough (yet) to draw definite conclusions.

This year may reveal the truth.







Combination: Individual channels
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Combination: pO and limits
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Combination: i
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H — ~vy: m,, in 9 categories

unconverted central, low pr, unconverted central, high pr; unconverted rest, low pr;
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H — ~v~: Excess at 126.5 GeV

@ Local significance: 2.90 without ESS; 2.80 with ESS
@ Global significance: 1.50
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H — ~v: Background modeling
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H — ~~: Signal reconstruction under pileup
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H — ZZ™) — 4¢: Mass distributions
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H — zz7®) — 4¢: Background compatibility
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H — WW® — ¢ulv: Background compatibility
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EMss; VVBF channel
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H — WW®) — ¢uvlv: Control samples
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(W/Z)H,H — bb: (vbb, ¢lbb, vvbb
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H — ZZ — lyy: EMs
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H— ZZ — ¢lvr: Control regions
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H — ZZ — Uljj: mj-sidebands
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H — WW — lvjj: my,q, muon channel
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H — WW — flujj: limits

glogww‘””‘””HHHHHHE glozéwwHHHHHH‘HH‘HHE
[ S Expected E [ H+2j, H— WW= vjj
T L m:w ] 50 ]
= i |
= [ serve =
EE E E o
_i u _ C |
O 7 O N T
< 1 S [ e Expected b
3 1 \5=7 Tev 4 8 1 W+1o
F Ldt=4.7 o ] F[J+20 ]
[ H+0j, He W b ATLAS Preliminary 7 - — Observed ATLAS Preliminary 7
o | N cooc b v b e b b 1 e b b b b b 1
10555350 400 450 500 550 600 10300 350 400 450 500 550 600
m, [GeV] m, [GeV]
1P T T T T
E v Expected ]
[ 10 1
[J+20

—— Observed

95% C.L. limit on o/c(SM)
=
o

i

Ho WWo v jj ATLAS Preliminary

Vs=7 TeV |

I Ldt=4.7 fo* ]

Il e b
10300

350 400 450 500 550 600

m, [GeV]



	Introduction /
	High-mH search: , jj, jj /
	Low-mH search:
	4,  
	, bb,   /
	Combination /
	End?

