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Introduction and outline

[ ATLAS new boson discovery paper based on diboson ch annels vyy, ZzZ0), WW(*)]

[6 months ago]

PHY SIS EEREERSLE, Physics Letters B

Volume 716, lssue 1, 17 September 2012, Pages 1-29

8/(S+8) Woighted Events /1.5 GeV.

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

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 fo the experiment

ATLAS Collaboration *
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Introduction and outline

Since then, Higgs to diboson states analyses mostly focused on:

» Refining property measurements (mass, spin/parity, couplings), driven by these channels

= Today: H 2>yy and H->ZZ®"->4l analyses updates with full LHC dataset  [~25 fb-]
» Keeping looking for other possible signals of (beyond SM) Higgs(es)

=» Today: updated high-mass searchin H —>ZZ->4l channel

Outline
/ 1. Updated results in H ->yy channel and property measurements \ New
2. Updated results in H >ZZ®"->4l channel and property measurements New

3. Analysis in H 2>WW0®->lvlv channel with 13 fb -1 of 8 TeV data

4. Firstresults on H ->Zy channel New

\5. High-mass BSM Higgs searches in diboson states / New

Remark: overview of latest SM dibosons cross-sectio n measurements @LHC = S. Hassani’s talk
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SM-Higgs production @ LHC and

deca

associated prod. with tt
gluon fusion vector boson fusion (VBF)  associated prod. with WZ p,,. ] Branching ratios at 125 GeV:
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=>» 3 out of 5 main decay modes exploited at low mass a re to dibosons [y, zz>4l, Ww® Slviv]

= Analyses further optimised for increased sensitivit

y to VBF and VH productions
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LHC & ATLAS detector performance

Experiment design value
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> 20F =
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et o o ot _ |
Month in Year Mean Number of Interactions per Crossing
/ Outstanding LHC and detector performance -\ Price to pay is large pile-up
* Ly UP to 7.7-10% cm2-s1in 2012 at 8 TeV  Pile-up level above design value

50 ns bunch i
*  Lyelivereq ~23 b1 (8 TeV) + 6 fbt (7 TeV) (50 ns bunch crossing)

e ~90% of delivered collisions are used in
ATLAS physics analyses

 Many challenges to mitigate its impact
at all levels: trigger, computing,
j \_ reco/identification of physics objects, S

=» Most analyses shown in this talk use the full 2011+ 2012 statistics
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H->vy : Overview

Main production mode and decay through loops

Background reduction

= Tight pile-up robust
identification associated
with isolation criteria
[Eevent ~40%]

» Reducible y-jet and jet-jet
background reduced
below [~25%] irreducible
yy-continuum [~75%]

= Background extrapolated
from side-bands in data

> 000 — ~ T~ rT T T ju—
CODJ C Selected diphoton sample n
™~ 8000 — . Data 2011+2012 1
- L Sig+Bkg Fit (m =126.8 GeV) ]
,2 O wgy e Bkg (4th order polynomial) 7
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Simple topology: two high-E;
(>40,30 GeV) isolated photons

142681 events in 100<m,, [GeV]<160

ATLAS-CONF-2013-012

- sensitive to t / W couplings and to New Physics

Invariant mass resolution
2 — ;
m?,~=2 E,; E,, (1-cosa)

= Negligible vertex
uncertainty contribution
[<1.5 cm] thanks to

“calorimeter pointing”
[included in a BDT using track
information to reject fake jets from
pile-up in 2-jets/VBF category]

= QOverall mass resolution
~1.7 GeV. Very stable

with time and pile-up.

= S/B~3% in mass window
~125 GeV with 90% signal

Photon energy scale and identification efficiencies (+ systematics) determined from MC and Z->ee, Z->lly data

F. Hubaut (CPPM)
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Main production mode and decay through loops

H->vyy : Overview

ATLAS-CONF-2013-012

-> sensitive to t / W couplings and to New Physics
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H->yy . Categorisation

ATLAS-CONF-2013-012

» To increase signal sensitivity - overall and to specific production processes - 14 exclusive
categories are built - different S/B (1-60%) and resolution (1.4-2.5 GeV)

[ =» re-optimised categorisation  (wrt last public results) to favor coupling measurements ]

[di-photon selection (7 TeV data analysis unchanged)

- l
One-lepton
W(— WM)H, Z(— I)H » None of the categories targeting a
! particular production mode are 100%

ET* significance

VHenriched | | W pure and all have an admixture of
| other production mechanisms
Low-mass two-jet ) )
W(= ji)H, Z(— ji)H » For instance, category targeting VBF
- | production built on a MVA discriminant
igh- WO-j .
VEF enriched | | 0" s e < e = VBF purity ~75%  (was 68% in last
- | public results), 8.1 signal events expected

9 th—n—conversion

ggF enriched

agF

[P+ = p¥¥ perpendicular to yy “thrust” axis]

= Signal extracted by fit to m,, in each category. Background model carefully chosen with MC
to minimize biases > largest bias (0.1-11.4 events / category) as systematics on signal yield
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H->yy : mass and signal strength

ATLAS-CONF-2013-012

105IIII|IIII|IIII|II\Il\ll\ll\ll‘ll\ll\ll\
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e 95% CL '.IE=8 TeV,

Ldt =20.7 fo"'
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Observed local significance of the excess: 7.40 (4.1o expected for SM Higgs)

Best mass fit: 126.8 £ 0.2 (stat) £ 0.7 (syst) GeV —»Systematics fully dominated by y-energy scale

Best fit of signal strength @ this mass u:1.65+_%1;‘:) = 1.65 + 0.24 (stat) fg-ig (syst)

[consistent across various categories]

[ =» 2.30 from SM Higgs + background hypothesis ]

Inclusive fiducial cross-section of observed particle:
[particle level acceptance cuts: |nY|<2.37, E{¥>40/30 GeV]

0.q"BR=56.2 + 12.5 fb

[+10.5(stat) + 6.5(syst) £ 2.0(lumi)]
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H->Vyy : coupling studies

ATLAS-CONF-2013-012
Production mechanisms associated with either Further split of VBF and VH production:
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Spin studies with H>vy

ATLAS-CONF-2012-168

[analysis using 13 fb -1 of 8 TeV data]

O From distribution of polar angle 6* of the photons in the resonance rest frame
=  Compare dN/d|cosB*| for:

-spin-0* | hypothesis: flat before cuts

- spin-2* hypothesis: ~ 1+6c0s26* +cos*6* for G-like gg production [minimal coupling model]
= Signal region: events within £1.5¢0 around the peak (m,=126.5 GeV)
= Normalisation and distribution of dN/d|cos6*| for background from data (side-bands)

Lr) B LI LI L L LN L Y LN LI L ONL L LI LN BB INLINL L BNL I LN ) I LR L \_ -E 3000 [ T T | LI | LI | LB ‘ LI ‘ L | 1T ‘ LI | LI ‘ T T I7
g 80— —dJ"=0"(SM)pdf e Background-subtracted data _ f - JP=0* (SM) hypothesis ATLAS Preliminary -
% E — gg, I = 2}, pdf Background uncertainty E % 2500 :_ — JP2 hypothesis j Ldte13 fb_1 _:
2 oo i £ C observed .
L - . S 2000[- \s=8TeV
401 | . 3 - .
E s s eenllll i $ 15001 .
20 T = 41 S :
e (Y - -
o= | 7 | e 1000:— E
20f T E 500} ‘ =
- ATLAS Preliminary JL dt = 13 fb \/S 8TeV - p=8.6% pP=29% .
AT 11 B 1

0 0.1 02 03 04 05 06 07 08 09 1 910 8 6 4 ) 0 4 6 8 10
|cos®”| -In(L(0)/L(2))

» Spin-2* hypothesis expected exclusion CL , at 93% [for 100% gg spin-2 production]

|

» Observation compatible with spin-0

*, slightly favored over spin-2

|

* hypothesis
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H>77ZO->4| (I=e,u) : Overview

The golden channel, with small cross-section but ve

Signal reconstruction

= Maximise acceptance -
high reco/ID efficiency
down to low-p; 6/7 GeV
e [Eqyeni~40/20% 4/4e]

» FSR y candidate (E;>1 GeV)
added if 66<M, e <89 -
~4% of events

= Mass resolution 1.3/1.9%
for 4u/de @125 GeV
using Z-mass constraint
on leading lepton pair

Events/5 GeV

4

30

60— e Data

50:— - Background Z+jets, ti

o

20 P

101

ATLAS Preliminary

r Back d zz" .
Bl Backgroun H—zZ" -4l

C |:| Signal (mH=1 25 GeV)
- %/ Syst.Unc.

[ Vs=7TeV:|Ldt= 4.6 b
C Vs=8TeV:[Ldt=20.7 fb" ‘

100 150 200

Two pairs of opposite-sign
same-flavor isolated leptons

ATLAS-CONF-2013-013

ry good S/B ratio and fully-reconstructed mass

250
m,, [GeV]

Background control

= Irreducible background:
continuum ZZ® (from MC)

» Reducible bknd @ low
mass: Z+bbl/jets, ttbar

»reduced using isolation
and impact parameter cuts

» measured using various
background-enriched control
regions in data & transfer
factors from MC (+checks)

[Improved selection w.r.t last
results: lepton pairing, tighter
electron ID, relaxed mg, cut]

>

In region 1255 GeV: 32 events

observed [11.1+1.3 expected from
bknd & 15.9+2.1 from SM Higgs]

In region m,>160 GeV: 376
events observed, 348126
expected from bknd (mainly ZZ)

Lepton energy scale & linearity and identification efficiencies (+ systematics) measured on data down to low p;

F. Hubaut (CPPM)
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H>77ZO->4| (I=e,u) : Overview

ATLAS-CONF-2013-013

The golden channel, with small cross-section but ve ry good S/B ratio and fully-reconstructed mass

=
. . @ - ' .
Signal reconstruction @ ©0f ¢ Data ~ ATLAS Preliminary Background control
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H>77ZO->4| (I=e,u) : Results

ATLAS-CONF-2013-013
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» Leading lepton pair: 50<m ,,<106 GeV My2 [GeV] s | 5 | | H | 7
= S e N AL AL L B L 10110 120 130 140 150 160 170 180
=~ S| ATLAS Preliminary 7 my [GeV]

S [ Vs=7TeVv: [Ldt—46fb" H—zz" Sa ]
S L[ Vs=8TeV: [Ldt=2071b" . / - \
B e - = Observed local significance of the excess: 6.60
= Best fit
= - — 58% CL 1 =
> [ L --- 95% CL 7 _
a3 s ] (4.40 expected for SM Higgs)
- e = Best mass fit 124.3 9-6 (stat) *9->(syst) GeV
2 E .05 03 Y
- . [measurement dominated by 44 — 0.2% systematics from p;-scale]
1 g
g | | | o . = Signal strength @ this mass: p=1.7"3>
0322 923 124 125 126 127 128 \ (@ 125.5 GeV: p=1.5+0.4] J
m,, [GeV] : _
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H>77O->4| (I=e,n) : coupling studies

ATLAS-CONF-2013-013

O First analysis with dedicated VBF- and VH-production enriched categories
[gauge coupling in both production and decay]

VBF category

Selection: 2 jets |An;[>3
and m;>350 GeV

For m,>160 GeV: 6 events
observed, 3.8£1.3 expected
from background (mainly ZZ)

In m, region 1255 GeV: 1 event observed
[0.71+£0.10 expected from SM Higgs with
60% VBF purity, with S/B~5]

= 20
o
= Measurement of signal strengths foa
. . x
for production mechanisms s 15
associated with either top (ggF+ttH) ié
or gauge (VBF+VH) couplings 10
[-) Agreement with SM at <2 o level ] 5
= Further coupling interpretations in 0

B. Mansoulié’s talk

-1-050 05 1 15 2 25 3

IIIIIIIIIIIIIIIIIIII
ATLAS Preliminary
Fit H— 27" 4l

Vs=7 TeV: Ldt =4.6 fb"

Vs=8 TeV: Ldt =20.7 fb’
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—

S

W W ]
2
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Il
33
A A
DN
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--------

Best fit: 1.8%08 / 1.2+38
| | | 2 LA

W
8]
IN

x B/B
ggF+tiH SM
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H->7ZB->4l : spin -parity studies

ATLAS-CONF-2013-013

» Discriminant combining kinematics of production and decay [5 angles, Z masses], sensitive
to new boson spin/parity = 43 events in region 115 GeV <m,<130 GeV are used
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M0 s-8Tev Lgt=20710 - JF . MELA R0 1] 1 T isq8Tev Ldt=207 10 L JP - MELA B0 ]
12F L ..JP =0 A ] L .JP =T
0.15F h=Y J 10 0.15
10k I i I
8 : X :
g 0.1 0.1
6:_ ------------ : 6 :
SR B i 4 :
4 l 0.05 0.05
oF L 2 -
(b oleseil . [l QL jr: s
0 01020304 %.5 0.6 0.7 0:8|0.9 45 10 -5 5 10 15 0 01020304 %5 0.6 0.? 0:8.0.9 15 10 -5 5 10 15
J"-MELA Discriminant Iog(L(HO)/L(H1)) J"-MELA Discriminant Iog(L(HO)/L(H1))
0*vs O~ Ofvs 1*
Expected exclusion of O~ at 30 level Expected exclusion of 1* at 30 level
Observation fully compatible with O* Observation fully compatible with 0*
Observed exclusion CL, of O~ at 99.6% Observed exclusion CL of 1* at 99.4%

Results for spin-1 ~ hypothesis and gg/qq admixtures for spin-2  * production in backup

=» 0* state favoured over tested hypotheses 0 -, 1*,1-and 2*
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H>WWO->IvI'y (I=e,p)

ATLAS-CONF-2012-158

Results using different lepton-flavor final states w ith 0/1-jet and 13 fb -1 of 8 TeV data

Transverse mass |n Srgnal regron Background subtracted data and srgnal I\/IC
> — ] > C T T — R ]
@ ; 00— ATLAS Prelrmlnary ;5’;‘: ﬁf:gg;ista”_— S 120_— ATLAS Prel|m|nary —+— Bkg. sublracted data
= p eesTevia-tsont Qo B 2 ool te-eTevSLdt=1s0m’ [ Himseon E
2 gol H>WW' —evuv (0 jets) BB H125GeV] | §2] T Howw ) Sevpviuvey (0/1 jets) -
= - ] s 8o -
w - i AT N ]
60~ [0-jet with leading electron] ] 60— + [statistical errors only] .
40~ 4 — 40 + -
20~ — 20~ =
- - O a
0 300 il IR R R S R R
my [GeV] 50 100 150 200 250 300
o 5 — 1 T T T L L my [GeV]
< 10°E ATLAS Prellmlnary
ch 10: H—WW" Sevupv/pvev (0/1 jets) / \
]gz Vs =8 TeV: [Ldt = 13 fo” = Main backgrounds estimated from signal-free
~Obs. E+1c . .
10" --Exp. m, =125 GeV 20 control regions in data

= Observed local significance of the broad excess
@ 125 GeV: 2.60 (1.90 expected for SM Higgs)

[expected from 125 GeV SM Higgs] = Signal strength @ 125GeV p=1.5+0.6

| ! L | L L L L L L ! L L | | | !
100 120 140 160 180 \ [dominated by systematic uncertainties] /
my [GeV]
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H->Zy : First results

Decay through loops = BSM particles can affect Br(H-2>yy) and Br(H->2y) in different ways

ATLAS-CONF-2013-009

In SM, o(H>Z(ll)y)~2 fb @125 GeV = expect ~15 events in whole LHC dataset [g,,,;~30%]

Analysis using full 2011+2012 dataset, with event selection: 2 SF-OS isolated leptons p;>10
GeV and m;>m,-10 GeV - 1 isolated photon E;>15 GeV and AR>0.3. Categories: e*e” / Pl

Main backgrounds: SM Z+y (~82%) and Z+jets (~17%) — obtained from fit in sidebands (similar
to H->yy) of discriminating variable Am=m,,-m, (+ data-driven checks of background composition)

No excess observed [—) limit at m,=125 GeV: 18.2xSM cross section ] (expected 13.5xSM)

Example of Am distribution: muon channel - 8 TeV data Production cross section limits
> :‘ LN L L O L L Y I |: ; L LI 1T T T T T T I|_I L L T T -
& 390 ATLAS Preliminary E ol Lt =46 ", (5= 7 Tov Observed 3
7 = YME o+ e Expected =
E 300 + —e— Data 2012 - UE Ldt=20.7fb", fs=8 TeV B+ 1o E
& E - 3 o + 20 =
L% v & ST HoZy (m =125 GeV, csmxzo)E E E
- . T ATLAS Preliminary
200 4 = T =
E E = 3
150:_ . + A 8 =
- [Background only fit with 1 = 3
C . = -
100 3rd order polynomial] +" 71 =
B ys=8TeV, |Ldt=20.7 fo~", Zoup ] o
50— - =
r 8393 events m g
07l -&-f"f": | ;'"r"*w-l--.t wewen lown o bw o Lann b a adl 0 Al Al s At ettt e A ARl e M Sy M St s e A A Akt At iy Bt S
25 30 3% 40 45 50 55 60 120 125 130 135 140 145 150
Am [GeV] my [GeV]
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High-mass BSM Higgs searches

= Analyses published with full 2011 dataset (4.7 bl @ Vs=7 TeV) > no excess above SM

H>ZZ> v (1=e, ) H->ZZ->lqq (I=e, p) H>WW-Ivlv (1=e, ) H>WW-Ivqq (I=e, p)

=>» Need to be re-interpreted in light of the new boson discovery
= Complement the analyses made with ZZ->4l final state at high-mass

» updated H>ZZ->4l analysis in mass range [200-1000] GeV with full LHC dataset,

assuming signal with SM-like width [Complex-Pole-Scheme]
=>» Upper limits on production cross section x branching ratio

= 10°F ' ' ' E s [ ' ' I ]

E E ATLAS Preliminary —— Obs ggF E E 102 ATLAS Preliminary — Obs VBF+VH _|

o - HsZZ —al Exp ggF . v, F HoZZ — a4 Exp VBF+VH 3

© 1025_ JLdt =20.7 b B+ 10 E © C [Ldt =20.7 fbo ! M+ ]

§ - Vs=8 TeV Elizi BR 3 § __ Vs=8 TeV EI;L_ZC; BR __

:E B SM — :E 1 0 E Sk E

= 10k E — C :

© = E &) - ]

N 5 ] S 1 =

(s3] (o) =

1E = =

: : 10 :
10" [99F production] [VBF+VH production]

20_0 4(.110 6C|IO 8(;0 1000 200 4CIIO 6C|IO 8C|IO 1000

my, [GeV] my, [GeV]
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Conclusions

O Preliminary analyses of the Higgs-like boson in vy and ZZ ->4l channels with
full LHC dataset [20.7th-1 (8 TeV) + 4.7 th-1 (7 TeV)] = refined property measurements

= Observation with a >60 signal significance in both individual channels

= Mass measurement at ~0.5% level in both channels - compatibility and combination
discussed in B. Mansoulié’s talk

= | Signal strengths: = consistency with SM expectations within at most 2.3o0 [H->yy channel].
Analyses reoptimised for increased sensitivity to VBF and VH production modes

= Spin-parity:| SM 0* state favoured over all tested hypotheses in both channels

Q Analysis in H >WW0®->|vlv channel with 13 fb -1 of 8 TeV data

O First analysis on H ->Zydecay channel and high-mass searchesinH —>ZZ->4l

[D 2 other ATLAS ] » Higgs to fermion pairs ->» Victoria Martin’s talk

Higgs talks » Channel combination - Bruno Mansouliés talk
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~2900 authors
(1000 students)
38 countries
174 institutes

Sollabhoration
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The ATLAS detector

L~ 36 m, U ~22 m, 7000 tons Inner Tracker (|n|<2.5, B=2T):
~10° electronic channels Si Pixels, Si strips, Transition
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Radiation detector (straws).

Precise tracking and vertexing,
e/Ttseparation.

Momentum resolution:

o/py ~ 0.04% p; (GeV) 0 1.5%

L5
y
b /
)

~ EM calorimeter: Pb-LAr Accordion.
== elytrigger, identification and measurement
- | Energy resolution: o/E ~ 10%/VE 0 0.7%

-

% [|‘ HAD calorimetry (|n|<5): segmentation, hermeticity.
& B | Fe/scintillator Tiles (central), Cu/W-LAr (forward).
.. | Trigger and measurement of jets and missing E-.
Energy resolution: 6/E ~ 50%/VE O 3%

Toroid Magnets  Solenoid Magnet |SCT Tracker Pixel Detector TRT Tracker 3-level trigger
reducing the rate
Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers. from 40 MHz to
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV ~200 Hz
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Trigger

O Optimization of selections (e.g. object isolation) to maintain low un-prescaled thresholds
(e.g. for inclusive leptons) in spite of higher luminosity and pile-up than in 2011

O Pile-up robust algorithms developed (~flat performance vs pile-up, minimize CPU usage, ...)

- Results from 2012 operation show trigger is coping very well (in terms of rates, efficiencies,
robustness, ..) with harsh conditions while meeting physics requirements

Lowest un-prescaled thresholds (examples)

0 105;" R ltem p; threshold (Gev) | Rate (Hz)
2 N ] 5x1033
T 10%E = |lIncl. e 24 70
M L2 v (o~ 5 kHz S C R Y 24 45
e T Lo ° i
: _ _ {1 |ud 13 5
ol fmermmomme w02 Y
; Starting Luminosity: 6.37 x 10 cm ; YY _ 35’25 10
10 £ Endlng Lum|n03|ty 2. 91 X 10 cm = ETmISS 80 17
31-06h  31:08h  31-10h  31-12h  31-14h 3|1-16 e .
. Managed to keep inclusive un-prescaled lepton
CEST Time threshgolds C\)Nithinp~ 5 GSeV OL\J/erpIasSt?[WO yeaesoin
Note: ~ 500 items in trigger menu spite factor ~ 70 peak lumi increase
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Spin -2 model

Spin 2 model for Xx=>VV:

Godp ., .
AX = VW) = A [291rpv.f“'”“f*2“’”’ + 292ty ]j:;ﬁ.f . i

~

Po gy, S o4 qq . #(2
+g3 A2 fﬂv(.f*lﬁv.f;c% +: f 2#1’]};&) + g4 A2 Ipv.fﬂ’wﬁfaég :

E?ﬂ(}ﬂ' Y k¥ sy &V é.li(‘?'v )

-2 . L sy i * &

A2

Yuly a1 ~x(2) o ; *p
t98— 5 P fop + 99luad” €uvpor€] € q°

*

glﬁr C ‘“?0' = & = *
T a3 (€7 (q8) + & (geN) |,

A2
General interaction of spin-2 particle with gauge bosons pair has 10 independent tensor couplings

= Excluding generic spin-2 model is impossible at this stage
= Start with model with minimal couplings (g1=g5=1)
= Two production modes allowed: gg and ggbar

= Study 5 different gg fractions from 0% to 100%
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Uncertainties on mass

measurements

4| mass measurement
dominated by the 4 channel

H—YY mass systematic uncertainties

Absolute energy scale fromz>ee 0.3%
Uncertainties on upstream material simulation 0.3% Muon momentum scale 0.2%
Pre-sampler energy scale 0.1% Electron energy scale (4e) 0.4%
Non-linearity of EM calo electronics 0.15% Low E electrons 0.1%

Conversion fraction 0.1%

Relative calibration of first and second sampling 0.2% Possible local detector biases checked
event by event
Lateral leakage corrections 0.1%

ID and MS measurements also checked
+other smaller effects separately
Total systematic error is 0.55% (0.7 GeV)
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H->vy

oxBR~50 fb for m~125 GeV

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 27



H->Vy : photon reco / identification

Signal: photon Background

S3

S2
S1

PS

Identification efficiency (unconverted photons) vs pile-up

| A B LA N R B B R B R B

ATLAS Preliminary N\s=7TeV I Ldt = 4.9 15“

o 1P
w

0.9

0.8

Unconverted photons
0.6< | < 1.37

0.7

0.6
Data (matrix method)

L ]
O Nominal MC
/A  Corrected MC

0‘4...I...l...l...!...I...[...I...l...

0 2 4 6 8 10 12 14 16 18 20

0.5

Fraction of photon candidates

Fraction of converted photons vs pile-up

—— Unconverted photons ATLAS Preliminary I

g Converted photons Data 2012, {s =8 TeV 3
—i— Single track conversions J' _ R
—*— Double track conversions Lat=331

. AT e e,
B e e S Tole Sa W¥a e S¥a Wi e Lhs MCHN Hs Wa ke ch o Hiotieg

o, o e B B A E
Trk—m—ar—r—m-—r—k-&-—n——k-‘"‘ A=
i

O 0000 o000
N WA DN ®©

""""""""

o
—

10 15 20 25 30

Average interactions per bunch crossing

[#8] \Illl\ll\|IIII|IIII|IIII|IIII|III\|I\II‘I

o
(4]

5

F. Hubaut (CPPM)

Latest ATLAS studies on Higgs to diboson states 28



H->vyy : background rejection

3 - Data-driven background decomposition

)
a [ TOT
e > _— L A S I R
8"k e d 3 - ATLAS Preliminary —e— yy+DY Data ]
>wﬂ< ?; 2500k Data 2012 —a— vj Data —
10" SN, £ * \s=8TeV, [Ldt=13.0f6" . jData Z
: ii 2 _ +++ —}— Stat. uncertainty
Wy . ~ 500 Ub L 20007 ++++’ 5 Total uncertainty |
) o104 1ok e, ]
- ~10% 1800 b =
wh | R q7:7 C *ases - Y-y~ 74% N
Iﬂ'; g*o'fﬁ" q B “”“ ]
Fl 1000~ | i~ 2206 ety o e =
10k ~ 200 nb e, m.“,.“';
500F " ®==""asss, sus —
1" - = aaTEmaE ag ]
R , ) - I-.I.-II....I.-.“-.-“ - _
i XE[ . T U v
: , ; ) 1 130 140 150 160
l'l'.l" I...
A ~ m,., [GeV]
wb | W 30 pb vy
Y :
i =» Reducible background and largely below
Wl H oy irreducible background y-y
] ~50fb
10§
otk » Remark 1: this decomposition is not directly used in the Higgs

search: the background is extrapolated from data sidebands
» Remark 2: Drell-Yan ~negligible for m,,>100 GeV (~1%)
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Background decomposition

2D sidebands extension

L’L’ sample, leading candidate

Control Control region
region
=
&
| C D
c
S
‘5 s
o
c
2
®
2
= Signal Control region
5 region
=
[
| A B
s
e b L b o by b e e by U e Ly g
0 10 15 20 25 30 35

E%[GeV]

A sample, sub-leading candidate

T i T o i o P T e T o T T T T T T
Control Control region
region

=
&
O] ’ )
| C D
c
S

B o

o

c

2

©

2

s Signal Control region

5 region

=

b
)
5| A B
(=
S G ) ESRTE U] Lo [ I ] I 1 S | S Y A 1V S T i B

5 0 5 10 15 20 25 30 35
E2[GeV]

Extend the 2D sidebands method to the case of 2
photon candidates :

preselect events with 2 candidates passing a loose
photon definition.

As for the inclusive analysis the number of signal
candidates in region A of the first matrix is

N . ATSIE

J'T\'TD —EG1ED i\r;lg

ATSIE ] ATSig
;\'TA = J-TVA — (JT\ITB = Cli\'A )

For events with the leading candidates in A region a
second 2D matrix is used for the second candidate

After a bit of algebra (a has to be taken from MC

while the other parameters from data)

¢ (ozf’Njfg + (v — 1)NASig)
(a1 +af

TITI __
Nw _
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H->yy : background modelling

O Choice of analytical functional form to describe ba ckground per category
= Based on high-stat MC samples - Signal+background fit to background m,, spectrum

= Accept model if fitted number of signal events is <10% of expected signal or <20% of the
background statistical uncertainty

=  Among model left, choose the one with smallest number of degrees of freedom
= Normalisation and parameter sets left free in final fit to m,, distribution

= Systematic uncertainty on background model = largest absolute signal component fitted
anywhere in full mass range 100-150 GeV

Table 4: Systematic uncertainty on the number of fitted signal events due to the background model for
the /s = 7 TeV (10 categories) and +/s = 8 TeV (14 categories) analyses. Three different background
models are used depending on the category: an exponential function. a fourth order polynomial and the
exponential of a second order polynomial.

Category Parametrisation Uncertainty [Ngy]

Vs =7 TeV Vs = 8 TeV
Inclusive 4th order pol. 5 12.0
Unconverted central, low p1y Exp. of 2nd order pol. 2.1 4.6
Unconverted central, high p1y, Exponential 0.2 0.8
Unconverted rest, low pry 4th order pol. 22 11.4
Unconverted rest, high pry Exponential 0.5 2.0
Converted central, low p1y Exp. of 2nd order pol. 1.6 2.4
Converted central, high pT Exponential 0.3 0.8
Converted rest, low pry 4th order pol. 4.6 8.0
Converted rest, high pr Exponential 0.5 1 B |
Converted transition Exp. of 2nd order pol. 3.2 9.1
Loose high-mass two-jet Exponential 0.4 1.1
Tight high-mass two-jet Exponential - 0.3
Low-mass two-jet Exponential - 0.6
E'{Jiss significance Exponential ~ Q.

- 0.3 31
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Calorimeter pointing

Use 2 layers from calo to reconstruct y direction

R 4 barrel R 4 end-cap

back

presampler

back

front

Rmiddle |

7/middle Ruiaaq -

front /

Rfront

presampler iRﬁom - /
| Nmiddle _
4 v T]ﬁoént
> i | T]TI . >
Z, O Zgon Ziadie Z z, O Zgone Zpige Z
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H->Vyy . mass resolution

m2,=2E, E, (1-

O Precise location of di-photon primary vertex necess ary

= For invariant mass reconstruction and computation of track-based quantities (e.g.
isolation, jet selection for VBF category to associate jets from hard scattering)

= Calo pointing alone allows to reduce uncertainty on vertex position to 1.5 cm and makes
angle contribution to mass resolution negligible. It is pile-up robust

= NN-based diphoton vertex select|on combining photon pointing, position of conversion
vertex (if any), Zp;?, Zp+, ACD(ZpT, YY)

Z(vertex) measurement with

Efficiency to select PV within

calo pomtlng for \m4 events |Az|<0.2 mm from truth
5 ) .

2 o.16] ATLAS Preliminar o Data 2011 (=1.5m) o L I

% 0.18F p— fby ++ O Data 2011 (p*=1.0m) ] % o o MC signal (Gluon fusion + VBF)

E 014" ef =49 — MCyy) E S F T e \s=8TeV, m =125GeV 1

e C . W 0.8 T, oo —

£ 012k B L - oo oo™

= I 2 unconverted photons B "'+..._._ ]

E 01 Iyl<1.37 3 0.6l . E
2 - 1 - Rl SRS
p- 0.08|- - B ]
0] r ] — —
£ 0.06 ] 04F 5
LICJ: L ] - |
0.041— = L ]
- ] 02~ , PV with max X p? i
e Z 0.02- - - o PV from likelihood ATLAS simulation 1

-- - - - - - — TR FRE T i, — ] (o) S Ly b b b by
85600 B0 0 50 100 150 0 ° o520 0

Number of reconstructed primary vertices
A Zg,i0pointing (MM

Z(y1)-2(y2) [mm]

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 33



H->yy . categorisation

14 exclusive categories:

di-photon selection

Y

One-lepton — 3 + lisolated muon/electron p:>10/15 GeV
* !(84<m, <94 GeV) (Z>eeybknd)

W(— I)H, Z(— I)H

¥

_ . N Emiss
ET™ significance —> « Missing E; significance T -5

VH iched — .
enriche Wi )H, Z(s wH \§e~ﬂ 0 67><ZET

A 4

Low-mass two-jet ¢ 60<m;<110 GeV and |An;|<3.5
W(= i)H, Z(— ji)H *  pr>70 GeV and |n,,-n;|<1

\ya“" —_—  See next to
next slide

VBF enriched —

High-mass two-jet <

VBF

9 pﬂ—n—conversion _
ggF enriched  — - —3> See next slide
ag
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H->yy . categorisation

Both unconverted:

» Central

At least one converted:

« Central
» Transition

& = 20T

P

T

Z unconverted:

Variable p; is strongly correlated with diphoton p;
but has better detector resolution and retains a
monotically falling invariant mass for background

n(y2) 4
0.75 .
0.75 n(y1)
'l
MMMMMMM T thrust axis
=p¥-p,¥2

>=1 converted:

n(y2) 4

175 I Resolution:

1.3 Good

0.75 Foor

=
0.75 1.31.75 n(yl)
’; T I L
'§ 1 = vy+Yyj Background E
Je) 15.' /] Bkgd. Uncertainty .
g 10 E " + aggF mH=125 GeV _EI
= £ L abaas SV ]
g r "—.," S tee. —f— VBF+VHtH m =125 GeV ]
E 10 g_ u,/,./’ ‘o-,m.“ —§|
3 100l T e, :
o o /%///'/':“ " ' i
C o _ 7 * .t

; 4_ \s=7TeV {/////////*’Mﬁfff ¥
2 10*E ATLAS Simulation /;;,//; 1 ﬂﬁﬂ'
< £ Preliminary 7 ﬁt
Ll C 7 7 Z

105 = .\H‘.l.”m.f.?‘/%.//ﬂm...

0 50 100 150 200 250 300
P, [GeV]
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H->vy : VBF category

O BDT using following 8 variables O (VBF) ~_,7%
= 2 jets with p;>25-30 GeV, |n|<4.5 and [IVF|'>0.25 (for |ni<2.4) ! !

— Leading jet eta, sub-leading jet eta, |An;|, m; ,diphoton p+, I H
2 Ap(yyijj), n* = |ny—(np*+n;2)/2| = diphoton n in frame of tagging j{ 4 q

- ARmin: minimal AR between leading/subleading photon and leading/subleading jet

= BDT trained to optimise separation between signal (VBF) and background (yy, vj, ji) — YY
from SHERPA MC and yj+jj from data with one or both photon(s) not isolated

= 2 categories defined from BDT output, maximising VBF signal significance

= Check of BDT output with data sidebands and with high statistics Z->ee+jet sample
= Check that no correlation with m,, = mass spectrum steeply falling after BDT cuts
= Main systematics from ggF+2 jets QCD scale uncertainty (48%/28%)

" Jet-vertex fraction: sum of the p; carried by tracks in
Q Previous analysis was cut-based the jet and associated to selected vertex divided by the

total p; carried by all tracks associated to the jet
|An;|>2.8, m;>400 GeV and Ag(yy;}j)>2.6

ot
Dok pT(tracki{e L PV;))

JVF(jet., PV;) =
(et PV) >, 3 pr(track)” PV,)
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H->vy . VBF

category

g 025;||| \II||\I|III \Illl\|||II‘III|.\II|III; g 025_ . . ]
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H->yy . categorisation

Table 1: Number of events in the data (Np) and expected number of SM Higgs signal events (Ng) for
myg = 126.5 GeV from the H — yy analysis, for each category in the mass range 100-160 GeV at
Vs = 8 TeV. Numbers for the 7 TeV analysis can be found in Ref. [4]. The statistical uncertainties in Ng
are less than 1%. The fractions of expected signal events from the gg — H., VBE. WH. ZH. ttH processes
are detailed.

Vs 8 TeV

Category Np Ns gg— H[%] VBF[%] WH %] ZH|[%] ttH [%]
Unconv. central, low pr 10900 | 51.8 03.7 4.0 1.4 0.8 0.2
Unconv. central, high p1y 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high pry 2558 16.0 78.1 13.3 4.7 2.8 1.1
Conv. central, low pr¢ 7109 33.1 93.6 4.0 1.3 0.9 0.2
Conv. central, high py 363 5.1 78.9 12.6 43 2.7 1.5
Conv. rest, low pry 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest. high pr 2360 | 144 2 008 13.0 52 3.0 1.1
Conv. transition 14864 | 40.1 90.7 3.5 22 1.3 0.2
Loose high-mass two-jet 276 3.3 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 23.8 76.0 0.1 0.1 0.0
Low-mass two-jet 210 33 48.1 3.0 29.7 17.2 9
ETT'“iSS significance 49 1.3 4.1 0.5 35.7 47.6 121
One-lepton 123 2.9 2.2 0.6 63.2 15.4 18.6
All categories (inclusive) | 118893 | 395.0 88.0 73 27 1.5 0.5
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H->yy . categorisation

Table 2: Signal mass resolution (ocg). number of observed events, number of expected signal events
(Ng), number of expected background events (Ng) and signal to background ratio (Ng/Ng) in a mass
window around mgy = 126.5 GeV containing 90% of the expected signal for each of the 14 categories of
the 8 TeV data analysis. The numbers of background events are obtained from the background + signal
fit to the m,,, data distribution.

Vs 8 TeV

Category ocp( GeV) Observed Ny Ng Ng/Ng
Unconv. central, low pry 1.50 911 46.6 881 0.05
Unconv. central, high pty 1.40 49 i 44 0.16
Unconv. rest, low pty 1.74 4611 97.1 4347 0.02
Unconv. rest, high pty 1.69 292 14.4 247 0.06
Conv. central. low pTy 1.68 722 29.8 687 0.04
Conv. central, high p1, 1.54 39 4.6 31 0:15
Conv. rest, low py 2.01 4865 88.0 4657 0.02
Conv. rest, high pry 1.87 276 12.9 266 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
EX™S significance 1.74 8 1.1 4 0.24
One-lepton 173 19 2.6 12 0.20
Inclusive 77 14025 355.5 13280  0.03
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H->yy : categorisation

— iggF mVBF WH mZH ttH
ATLAS Preliminary (simulation) H— vy
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H->Vyy . Results
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H->Vyy . Results
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H->Vyy . Results
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H->vy : sighal strengths

F Pttt T T T T
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H->yy . systematics

; ; ; ; . Theory (PDF, scales, as) ~12% (overall), up to 50% (2-
Main systematics on signal yield: iets)
y-efficiency 2.4%
Background model ~3%
Luminosity 3.6%

Table 5: Summary of the impact of systematic uncertainties on the signal yields for the analysis of the

8 TeV data.

Systematic uncertainties Value(%) Constraint

Luminosity +3.6

Trigger +0.5
Photon Identification +2.4 Log-normal

Isolation +1.0

Photon Energy Scale +0.25
Branching ratio +5.9% — £2.1% (my = 110 - 150 GeV) Asymmetric
Log-normal
Scale geb: 412 VBF: 92 WH: %02 Asymmetric

. +16 . +338 E

ZH: 713 tH: 753 Log-normal
Pdf+a, goF: “_Lg:g VBF: j%:? WH: £3.5  Asymmetric
ZH: +3.6 ttH: 7.8 Log-normal
Theory cross section on ggF  Tight high-mass two-jet:  +48 Log-normal

Loose high-mass two-jet:  +28
Low-mass two-jet: ~ +30
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Main systematics on categories

migration:

Higgs pTt modelling
Jet energy scale
Underlying event

Material mismodelling

H->yy . systematics

Table &: Systematic uncertainties on the signal assignment o caegories (migration) for the anzly=is of

the 8 T data.

Systematic unceriainties Category Value( %) Consiraint
Undetying Event Taght high-mass two-jet zeF: =88 YBE =20 WH, tH: 8.8 Log-mormal
Loose high-mass bao-jek ggF: 128 VHF: 3.3 WH.iH: =128
Lamw-mnss bwo-jet zeF: 212 YBF 3.9 WH, nH: =12
et Enengy Scale Lo gy ooF: -] YHF: Dithers —101L1 Craussian
High pn zeEF: 0.7 YHRE: hers -+0.43
Up to 10% Tight high-mass two-jet geF: +11.8 VHE: +6.7 Others: +2002
Loose high-mass owvo-jot geF: +10L7 WHFE: +4.0 Dhers +57T
Low-minss bao-jet apF: +4.7 YBF: +2.6 Others: 1.4
Up to 20% ET* significance peF: 0.0 VBF: 0.0 Others; 0.0
one -le plon pokF: 0.0 YHF: LD rhers —0.1
Up to 13% Jet Energy Resolution I.f_rw flos g_gl_'-': L Oihers: L0 Craussian
High pny opF: —h2 Dithers: 0.6
Tight high-mass bwo-jet eek: 3.8 Dihers: 7.0
,_4% Loose high-mass bao-jet poF: 3.4 Others: 1.2
Laww-mass two-jet poF: 0.5 vthers — 1.3
ET = significance goF: 0.0 Others: 0.0
one-le phom ook 0.9 Dithers —101L1
7" modaling Tight high-mass bavo-jet: +7.6 GGanssian
Loose high-mass bwo-jet: +6.2
Dijet angular modelling Tight high-meass owo-jer +12.1 Ganssian
Loose high-mass two-pei +E.5
Higzs pr Low s +1.3 LEETEEE IR |
High gy — 102
Tight high-mass bwvo-jer — 1004
Loose high-mass two-jek —E.5
Loww-mass bwo-jor — 125
ET=significance: —2.0
one-lepton 1 —4.0
Miate rnial Mismodalling Uncomyv: —40 Conv: +3.5 CFaussEan
IWVEF Lioose High-mass bwo-jot opF: —1.2 YBF —-0.3 thers — 1.2 Gramssian
Laww-mass bwo-jot ook —2.3 YBF:. —2.4 Orthers —2.5
o E'I’.“-""H:gniﬁcarv:\s: geF: +66.4 YWBE: +30.7 WH. uH: +1.2 Craussian
& reco and idemtifcation one-lepron: < 1 LEETEETH |
& Escale and resolotiomn one-lepton: = 1 Cramssian
o moo, 1 resolution one-lepton: = 1 Cramssian
jr spectrome ter resolution one-lepton: O CFaussian
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H->vyy : fiducial cross -section

O Inclusive fiducial cross-section measurement of the observed state
Nsigrnaf
O fid X BR =
* CH X L.im‘

= Computed from the inclusive 2012 sample (analysis without categories)

= Nsignal - number of signal events (748) extracted from a signal-plus-background fit on the
inclusive m,, distribution - uncertainties: stat 18.5% and syst 11.2%(resolution, bknd model)

= |, . integrated luminosity (3.6% uncertainty in 2012)

= C, : correction factor for detector effects for events falling within the acceptance
—> uncertainty 2.7% (trigger, photon reconstruction, identification, isolation, theory)

—> compatible within a few % for each production mode, except ttH (photons less isolated)
= Model independent (at first order): extrapolation to full phase space not needed
= Particle level acceptance cuts: |[nY|<2.37, E{¥>40/30 GeV

Gﬁd'BR:56.2 + 125 fb
[£10.5(stat) + 6.5(syst) £ 2.0(lumi)]
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H->Vy : Spin studies

Simulations, after analysis selection cuts Fit to data for SM signal + background hypothesis
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Event displays

Candidate H>yy, m,,=126.6 GeV Candidate H>4e, m

L ATLAS

2 EXPERIMENT

=124.6 GeV

eeee

[ EM calorimeter energy deposits ]
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H>ZZ0>4 (I=e,u)

oxBR~2.5 fb for m~125 GeV
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H->770O->4| (I=e,u) : Background

0 Background composition depends on flavor of sub-le ading leptons = ll+pup

= Main reducible backgrounds: tt and Z+jets (Zbb and 17K in-flight decays) - ~20% of total bknd

= Control region: no isolation cut on sub-leading pair + fail IP significance cut (to remove ZZ2)
-> bb contribution enhanced: tt and Z+jets estimated simultaneously through fit to m,,

= Extrapolation to signal region through MC transfer factor (IP cut and isolation efficiencies
with bb MC) — systematics from comparison of transfer factor with data-driven Z+u

= Various checks of background estimates with other control regions (e.g. fail track isolation,
ey+uu, SS pair, ...) = all yield compatible results

3 4s[ ATLAS Preliminary o
- - } 2e2n
Y 40 Vs=8TeV: |Ldt=20.7 fb"
o 35/
|_|>J - e Data _
30 — Z+jets and tt fit
I ] ) I . . 253_ -tztzﬂt
Example: tt & Z+jets control region In o mmZijets
- I+
2e2u channel 3 L
10k
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H->770O->4| (I=e,u) : Background

U Background composition depends on flavor of sub-le ading leptons - ll+ee

= Main reducible backgrounds: tt and Z+jets (hadrons mis-identified as electrons, electrons from
photon conversions and non-prompt electrons from heavy flavor decay) 2 ~25% of total bknd

Control region: relaxed identification criteria on sub-leading electrons - sum of tt and Z+jets

Use detector strengths (e.g. transition radiation, b-layer, shower shapes) to constrain composition

Extrapolation to signal region through MC transfer factor

Various checks of background estimates with other control regions (e.g. Same-Sign sub-
leading di-electron pair) - all yield compatible results
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H->770O->4| (I=e,u) : Background

Table 3: Summary of the estimated numbers of Z + jets and 7 background events for the 20.7 ! of
Vs = 8TeV data and for the 4.6 fb! of V5 = 7TeV data for the full mass range of the analysis after
the kinematic selections described in the text. Except for the sub-leading same sign full analysis events
are given only for mgy < 160GeV to avoid contamination from the irreducible Z7Z®" background with
an incorrect charge measurement. Approximately 80% of the reducible background has mg4, < 160 GeV.
The “1” symbol indicates the estimates used for the background normalisation, the others being cross-
checks. The first uncertainty is statistical. the second is systematic.

method estimate at 4/s = 8 TeV  estimate at /s = 7TeV

du

4u

m2 fit: Z + jets contribution
mj2 fit: {f contribution
tf from ey + pu

24+0.5+0.6"
0.14 £ 0.03 £ 0.037
0.10 £ 0.05 + 0.004

0.22 + 0.07 + 0.027
0.03+0.01 £0.017

2e2u

2e2u

my2 fit: Z + jets contribution
myz fit: tf contribution
it from ey + pu

25+0.5+0.6F
0.10 £ 0.02 + 0.02°
0.12 + 0.07 + 0.005

0.19 £ 0.06 £ 0.027
0.03+0.01 £0.017

2u2e Ai2e

(€ + e*e™ relaxed cuts 52+04+05" 1.8+03+04
{l + e=e™ inverted cuts 3904 +0.6 -

3{ + { (same-sign) 43+06+05 2.8+04+05"
sub-leading same sign full analysis events 4 0
e 4e

{{ + e*e™ relaxed cuts 3.2+05+04" 14+03+04
{f + e*e™ inverted cuts 3.6x06+0.6 -

30 + ¢ (same-sign) 42+05+05 25+03+05"
sub-leading same sign full analysis events 3 2
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H->770O->4| (I=e,u) : Background

Control regions with no isolation nor IP cuts on so ftest lentons Imuons (left) and electrons (right)]
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H->7Z0O->4l (I=e,p) : single

resonance

Q Single resonance pp —2>Z->4l
= Cuts relaxed wrt standard analysis to improve acceptance
= 20 GeV<m,,<106 GeV, 1 GeV<m,,<115 GeV, p;(softest muon)>4 GeV

HE T ]

= [ ATLAS Preliminary ¢ Data ]

5250 - | y_1 mzz" -
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H->770->4| (I=e,p) : electrons
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H>77ZO->4| (I=e,n) : signal
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H>77Z0O->4| (I=e,p) : results

10

= = =
.. 50— ..
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w o F ' - -
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201 7/ SystUnc. Vs =7 TeV:|Ldt = 4.6 fb” - W, Syst.Unc.
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H>77Z0O->4| (I=e,p) : results

71— BT

> [ ] > C
T imi N ¢ T ATLAS Preliminary
g 16 :_ATLAS(‘I}:’rellmmary - g 16 o y -
q b A2l ol R is=7TeV:|Ldt= 4.6 -
42 - Is=7TeV: det =4.6fb" - = - WZ:jets, ff /s =8 TeV:det =20.7 fb .
O 12 ys=8TeV:|Ldt=20.7 b - Q 12[-| Signal (m =125 GeV) -
Wt . W %Syst.Unc. .
10 eData - 10 -
C Z7 ] - ]
oF :Z jets, tt E 8- E
C +jets, tt ° ] - ]
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4 - %Syst.Unc. B 4;, _f
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H>77Z0O->4| (I=e,p) : results

Table 6: The observed numbers of events and the final estimates for the expected backgrounds, separated
into “low mass™ (100 < mypy < 160GeV) and “high mass™ (my; > 160GeV) regions. The expected

numbers of signal events are also shown for various Higgs boson mass hypotheses. For the signal and
background estimates the corresponding total uncertainties are given.

4u 2ule/2e2u de

low mass

high mass

low mass

high mass

low mass

high mass

Vs =8TeV integrated luminosity 20.7 fb~!

ZZ\™ 124+06 926+67 14709 144 +11 541205 559+45
Z.Zbb.and tt 1.9+06 05+02 61215 L¥t04 251406 06£02
total background 143 +£08 93.1+6.7 208+18 145+11 80+08 565+45
data 27 93 28 169 13 35
my=123GeV 44 +£0.6 54+08 22+04
mp = 125 GeV 5.8 £0.7 10+0.9 29+04
my = 127 GeV 6.7+ 0.9 8§4+12 3405
Vs=7TeV integrated luminosity 4.6 fb™!
ZZ® 22401 168+12 25+02 266+20 08+01 94+038
Z, Zbb,andtr  02+0.1 005+002 24+05 06+01 20+05 048+0.1
total background 2.4 + 0.1 169+12 49+06 271+20 28+05 98+0.8
data 8 23 3 23 ). 13
my=123GeV ~ 0.7+0.1 0.8+0.1 0.3 +0.1
mpy = 125 GeV 1.0+ 0.1 .1 4:0.2 0.4 +0.1
my = 127 GeV 1.0+ 0.2 1:2:4:0.2 04+0.1
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H>77Z0O->4| (I=e,p) : results

Table 7: The numbers of expected signal events for the my=125 GeV hypothesis and background events
together with the numbers of observed events, in a window of +5 GeV around 125 GeV for 20.7 fb~! at
Vs = 8TeV and 4.6 fb~! at +/s = 7 TeV as well as for their combination.

Vs = 8 TeV
total signal signal ZZ™ Z +jets. 11 S/B expected observed
full mass range
dpe 58+0.7 5307 2301 050013 | 1.9 8.1x09 11
2u2e 3.0+ 0.4 26404 1201 101+021 1.2 48+07 4
2e2u 4.0x05 34 +04 1.7+01 05146016 | 1.5 536£07 6
de 29+04 25403 1.0+01 062+016| 14 3.9+06 6
total 15:7 2.0 13.7+1.8 62+04 262+034| 1.6 225+29 29
Vs =TTeV
du 1.0+0.1 0.97 £0.13 0.49+0.02 0.05+£002 | 1.8 1.5+02 2
2ule 0.4 +£0.1 0.3940.05 0.21 £0.02 0.55+0.12 | 05 1.24+41 1
2e2u 0.7 + 0.1 0.57 £ 0.08 0.33 £0.02 0.04 £0.01 | 1.5 09 0.1 2
4e 0.4 +0.1 0.29 £ 0.04 0.15+£0.01 049 +£0.12 | 0.5 09 0.1 0
total 25+04 22203 107007 1.1220.17 | 1.0 4.5%05 5
Vs =8TeV and /s = 7TeV
4pe 6.8 £ 0.8 6308 28«0.1 055=015| 1.9 96=10 13
2u2e 34+0.5 3004 14+0.1 156+033| 1.0 60+0.8 5
2e2u 47 + 0.6 40+05 21401 055+0.17 | 1.5 6.6+0.8 8
de 3.3:440.5 26+04 12401 1.11+028 1.1 49+0.8 6
total 18.2+24 159+21 74+04 374+093| 1.4 27.1+34 32

Reminder: HCP analysis, 18 events observed [8.3+0.6 expected from bknd & 9.9+1.3 from SM higgs]
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H>77Z0O->4| (I=e,p) : results
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H>77Z0O->4| (I=e,p) : results
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H>ZZO>4] (I=e,u) : FSR

L e o o e e L e e e IR
- ATLAS Preliminary

mass calculation for leading-Z->uu events -5000:

O Include soft FSR photons in Higgs invariant

3GeV

Vs = 8 Tev: _[Ldt = 13"

[ u A Zopuy, no FSR corr. Data _;
O Photon selection for E;>1 GeV, using AR,,, Sa000[ o I EShcorpaa E
. . . Lﬁ [ [ Z->upn, no FSRA, MG 7]
and the fraction of energy deposited in the 2000 E
first calorimeter sampling (f;=Egyips /Eciuster ) i ]
2000( =
For 1<E;<3.5 GeV: f;>0.2 and AR, <0.08 i .
For E;>3.5 GeV: f;>0.1 and AR, <0.15 1000}~ -
O Apply correction if 66<M,, [GeV]<89 and O s~ B 50 55 5o
M,y <100 GeV M. [GeV]
0 Recovers 70% of FSR photons in selected — pagf T e -
fiducial region, with a 85% purity S ool N oot red SR i 3
QO Observe 3.5% affected events, in agreement 2189 Famy o E
. . - - FSR v + MZ Constraint | =
with MC expectations 140/ ! E
120F —
O 1 event affected in signal region 1255 GeV 100} . =
o ATEAS Creiminary
Remark: Z-mass constraint is applied after FSR o E
correction - Improvement in Higgs mass resolution: 20 T e B
20% (12%) for 4|J. (46) channel 30 95 100105110 115120 125 1!':7310E 3é¢?0
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H->770O->4| (I=e,u) : categorisation

. jet )
Q VBF-enriched category IVF(jet;, PV;) = 2z Prtrady PV))
. . >on 2oy pr(track; 1, PV,)
= 2 jets with pr>25-30 GeV, |n|<4.5 and |[JVF|>0.5 (for |n|<2.4)
= Cuts on |An;[>3 and m;>350 GeV * Jet-vertex fraction: sum of the p; carried by tracks in

the jet and associated to selected vertex divided by the
total p; carried by all tracks associated to the jet

4 VH-renriched category
= Additional isolated lepton p>8 GeV

Table 2: The expected numbers of events in each category (ggF-like, VBF-like, VH-like), after all anal-
ysis criteria are applied, for each signal production mechanism (ggF/ttH, VBF, VH) at my =125 GeV
and the ZZ™ background. for 20.7 fb~! at /s = 8 TeV and 4.6 fb~! at /s = 7 TeV. The requirement
myre > 100 GeV is applied.

category gg — H.qg/g9 — ttH qq' — Hqq qq — W/ZH ZZ%

Vs = 8TeV
goF-like 13.5 0.79 0.65 320.4
VBF-like 0.28 0.43 0.01 3.58
: VH-like 0.06 - 0.14 0.69 ,
VBF purity : TV VH purity
~60% ooF-like 2.20 0.14 0.11 575 ~70%
VBF-like 0.03 0.06 - 0.44
VH-like 0.01 - 0.03 0.25
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H>770O->4| (I=e,u) : Event display

Candidate H>2e2u (VBF category) m,

euu:123'5 GeV, m,=94 GeV, m,,=27 GeV, m;~900 GeV, An(j,j)=3.4

CATLAS

Run Number: 209109, Event Number: 76170653
Date: 2012-08-24 09:31:00 CEST

D: (€1,€,,M;,M,.j1,j,)=180/12/22/19/140/110 GeV  n(e;,e,,M;,M.,j;.j,)=0.6/1.2/0.8/1.0/-2.2/1.2
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H>77ZO->4| (I=e,u) : Spin -Parity
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H>77ZO->4l (I=e,p) : Spin -Parity

Table 9: For an assumed 07 hypothesis Hy, the values for the expected and observed pgy-values of the
different tested spin and parity hypotheses H; for the BDT and J°-MELA analyses. The results are given
combining the /s = 8 TeV and +/s = 7 TeVdata sets. Also given is the observed pg-value where 0% is the
test hypothesis and the other spins states are the assumed hypothesis (observed®). These two observed
po-values are combined to provide the CLg confidence level for each test hypothesis (i.e. observed po-
value/(1 - observed® pg-value)). The production mode is assumed to be 100% ggF.

BDT analysis JF-MELA analysis
tested J* for tested 0™ for tested J* for tested 0™ for
an assumed 07 an assumed J¥ | CLg an assumed 0F an assumed J¥ | Clg
expected | observed observed”® expected | observed observed®
0= | po | 0.0037 0.015 0.31 0.022 | 0.0011 0.0022 0.40 0.004
17| po | 0.0016 0.001 0.55 0.002 | 0.0031 0.0028 .31 0.006
1= | po | 0.0038 0.051 0.15 0.060 | 0.0010 0.027 Ll 0.031
251 po 0.092 0.079 (.53 0.168 0.064 0.11 0.38 0.182
27| po | 0.0053 0.25 0.034 0.258 | 0.0032 0.11 0.08 0.116
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H>77ZO->4| (I=e,u) : Spin -Parity

Little variationin 0 */ 2 * discrimination as a function of qqgbar fraction

= 10: ATLASI Preliminarly | ] T 1OZ ATLAS IPn.n,liminar)} | ]
J  glH-2zz" >4 *Data  Spin07 T g Hozz0-4l ® Data  Spin0
ID i Vs =7 TeV: _[Ldt —46f" Signal hypothesis - 1o i IC‘ i '|i5 =7 TeV: det —46f" Signal hypothesis . 15 ]
= gl ‘s=8TeV: [Ldt =207 f” oJi =0’ [20 4 = 6l \s=8TeV:[Ldt=20.71b" e J =0 2o ]
(@)] N _ (@))] N ’ 4
o - BDT analysis . ‘JE1 -2 : e - JP-MELA analysis o Ja =2 .

0 25 50 75 100
qq Fraction (%) qq Fraction (%)
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H>WWO->Ivl'y (I=e,p)

oxBR~200 fb for my~125 GeV
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H>WW®O->Ivl'y (I=e,l) : Overview

ATLAS-CONF-2012-158

Signal reconstruction

= Broad signal due to
undetected neutrinos

= Challenge for missing E;
resolution in harsh pile-up
conditions = substantial
Drell-Yan background in
same-flavor final states

-> analysis focused on different
flavor final states for now

L | L IR
-4 Data == SM{(sys @ stat)
Www [ wzzzwy
O Single Top
B Z+ets [] Wejets

O HI125Ge]

e
ATLAS Preliminary
\s=8TeV, | Ldt=13.0b"

H—;WW("—)evpv,’pvev

Events / 5 GeV

[preselection level]

ETe [GeV]

Events /10 GeV

100

80

60

40

20

Signal region (0-jet with leading electron)
L L L L

I
- ATLAS Preliminary 2w = oioeoa
- \s=8TeV,| Ldt=13.0f6" [J& [ SngeTop -
:_ H—>WW(')—>evuv (0 jets) B zets E :Vﬁztsseew _:
r ol ]
50 250 300
my [GeV]

= Two isolated opposite-sign

leptons [p,>25/15 Gev] and
large missing E;

Exploit signal topology, e.g.
from spin-0: low m;;, low A®,

Use transverse mass as
discriminant in final fit

) — &L Tmissy2 £t miss |2
mr = \/(ET + ET"%) IpT + ET™S

Background control

= Rate/composition largely
depends on jet multiplicity

» H+(0-jet): WW, Z/W+jets

» H+(1-jet): WW, top

» H+(=22-jets): top

T

R A v i |

Hoe] - Data == SM(sys@stat)

ATLAS Preliminary g mwzzzw,
I \s=8TeV,| Ldt=13.0f6" [  [DShgeTp 7
TUip- fo= %12 3 B Zoiets [ Waiets -
[CJH[125Gev] o

14000F

Events

& H—»WW“Jaevpv/pvev
100001~ iz

[preselection level]

2 4 6 8 10

N

jets

- Main backnds estimated from
signal-free control regions in data

= Analysis in 4 categories:
0/1 jet and leading we
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H>WW®O->Ivl'v (I=e,p) : background

estimates

= Complex mixture of large backgrounds - sensitivity dominated by uncertainties on bknds

= Main backgrounds estimated from signal-free control regions in data
» WW, top: MC normalised to data in control regions - extrapolation to signal regions
» WH+jets fully estimated from data (including extrapolation factor to signal region)

» Dibosons (except WW) from MC (validation with W+jets in same-charge region)

Top control region -1 jet (before rescaling) WW co ntrol region -0 jet (before rescaling)

>400:"""""""""/"""' > 250FF T T

G 450 ATLAS Preliminary g e 5 o™ 5 - ATLAS Preliminary g oee = 00oer=

9 F \s=8 TeV, _[ Ldt = 13.0 fb” (IR ) = Single Top 9 B —8TeV I Ldt =1 ! I [ Single Top ]

>~ 300E “ ) I Z+ets [ W+iets — 200 \s=8 e. ’ t=13.0 B Z+iets [ Weets ]

2 Tp oW meniver ey . iz cen 2 [ HoWW sevuviuvev (0jets) W izscey

> 250k / - o C ]

w 2005_ Reversed b-jet ve! n;oc\;letz & 150 + No A®, cut and large m ;7]
150;— 100:_ _:
100F - .

50 50 1
0: Lo} L B 2 _7”
50 100 150 200 250 G 3;)0 050 100 150 200 250 300 350 400 450
my [Ge
my [GeV]
= MC/data normalisation factor extracted. Good shape agreement.
—>Total uncertainty on top in SR: 14%/37% 0/1 jet —>Total uncertainty on WW in SR: 13%/54% 0/1 jet
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H>WWO->Ivl'v (I=e,n) : Results

ATLAS-CONF-2012-158

Background-subtracted data and Broad excess due to poor mass resolution
S|gnal I\/IC (125 GeV) o '
> T = ATLAS Prellmlnary
8 120— ATLAS Pre“m'nary —+— Bkg. subtracted data ] § H_>WW I—)GVI.LV/LLVSV (0/1 JetS)
=) C 1 ] Vs=8TeV:|Ldt=13fb"
= 1ooL ‘s= 8TeVILdt=13.ofb [ Huescev) B "
% E Howw' aevpv/uvev (01 jets) E .. E))t(): m, = 125 GeV 1o
E 802_ [statistical errors only] _Z
601~ + -
401 + —
20:_ _: [expected from 125 GeV SM Higgs]
p + . 107, 0
0 JES AR A e 100 120 140 160 g0
[ TR T T NN T T S NN AU SR S AN ST SR ST S T SR S S T
50 100 150 200 250 300 My [GeV]
my [GeV] L
For illustration: -/ Observed local significance of the broad exces}
observed [448+45 expected from bknd & = Signal strength @ 125GeV ~ p=1.5+0.6
63+15 from SM higgs@125 GeV — S/B~0.15] [dominated by systematic uncertainties]
[excess consistent across all categories] K p = 148703 (sta) 35 (systtheor) 5% (systexp) = 0.05 Uumi)/

a(pp > H)-BH = WW)y, =125 gev = 7.0 +] 6 (stat)‘L:Z(syst theor) lg(syst exp) =+ 0.3 (lumi) pb
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H>WW®O->Ivl'v (I=e,n) : backgrounds

ATLAS-CONF-2012-158

O WH+jets estimation and same-charge validation region

= Control sample: one lepton fails identification or isolation criteria - fraction of W+jets
~90% (80%) in electron (muon) channel

= Extrapolation in signal region through “fake factor”, measured in data (dijet sample)
= Uncertainty on W+jets background, dominated by systematics on fake factor: ~50%

= Shape and normalisation of W+jets & non-WW diboson backgrounds checked in same-
charge di-lepton validation region - very good data/MC agreement

= Uncertainty on non-WW diboson backgrounds: 16% (23%) for H+0-jet (H+1-jet)

> g T T T T T T T N
[0} n A 2 1 © F . 2 7
S | ATLAS Preliminary g @z, o~ as- ATLAS Preliminary 0 ZSi6eos -
= 5o \s=8TeV,[ Ldt=130f' [Jt  [OSngeTop S F \s=8TeV,| Ldt=130f" [t [ singeTop ~ J
~ o R . B Z+jets [ WHets b g 30 © . B Z+jets [] W+ets —]
2 [ HoWW' ' Sevuv/uvey (0 jets) W Hiscey] @ E HoWW —evpviuvev (0 jets) W H25Gey]
C n c F ]
Q 401 . o 25 =
w n . & B 3
0 . 201 E
n ] 15 3
20— - E [Tk 3
C ] 103 -
10— - ]
- : s

250 300 _
m; [GeV] A¢, [rad]
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H>WW®O->Ivl'v (I=e,n) : backgrounds

ATLAS-CONF-2012-158

O Top control sample and normalisation
= A major background for channels with >0 jet multiplicicy
= |n H+1-jet: control sample = b-jet veto reverted and m,, A®, cuts removed
= Small contribution from other backgrounds subtracted (e.g. data-driven for W+jets)
= Normalisation factor applied on MC to match data yield = 1.03+0.02 (stat)
= Uncertainty on top backgrounds in signal region: 14% (37%) for H+0-jet (H+1-jet)

Top control region (1 jet) , before rescaling Top control region (1 jet) , after rescaling
% 400 T T T T T T T T T '+'| T I,;I;;Isrvll(lclal)l_ > 40T T T T T T T T T T T T T T T T T T T T T T
o P Data %= sys ®stat) o) o A Z2 SM (sys ® stat) ]
S asof ATLAS Preliminary & W& & wooowr - o - ATLAS Preliminary 2ooe 2 005n =
— E \s=8TeV,| Lat=13.0f" [ [ Single Top ] © 350 \s=8TeV, | Ldt= 130" [ [ Single Top e
; 300 Howw! y 1 iet Bl Z+jets  [] Wijets ] ~ o ) ) B Z+jets [ Wets m
2 - He —evuv/uvev (1 jet) W H25GeY] % 300:— H-WW' 'Sevuv/uvev (1 jet) B (125G
2 250F - o g E
w o ] o 250 E
200p- E 200( =
150F E 150F =
100} = 100F- =
50F 2 50F- :

L - P — = Lo} L
0 50 100 150 200 250 300 0 50 100 150 200 250 300

my [GeV] my [GeV]
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H>WW®O->Ivl'v (I=e,n) : backgrounds

ATLAS-CONF-2012-158

0 WW control sample and normalisation
= control sample = A®, cut removed and large m, = 70% (40%) WW events in O-jet (1-jet)
= Contribution from other backgrounds derived as for signal region
= Large normalisation factor = 1.13+£0.04 (stat) for H+0-jet and 0.84+0.08 (stat) for H+1-jet
= But good agreement in kinematic variable shapes my, m;, A®,

= Uncertainty on WW backgrounds in signal region: 13% (54%) for H+0-jet (H+1-jet)

WW control region (O jet), before rescaling WW control region (1 jet), before rescaling

> 250_|_|||||||||||||||||||||||||||||||||.|...._ % 160__|IIIl|llll|lll|||ll||||||||||/|||||||||||__
L . P i » Lo <D “4 SM (sys @ stat) —]
& [ ATLAS Preliminary g owe = ohoene o o Ot ATLAS Preliminary g W' mwozzw, |
2 Vs=8TeV,| Ldt=13.0f" [J& [ SngeTop - 2 140 \s-8TeV,[Ldt-130f" [ [ SingeTop  —
— 200 ) Bl Z+tiets [] WH+iets 1 ~ C * . B Z+jets [] W+ets b
g L H->WW' —evuv/uvev (0 jets) [ BIEE *g 120~ H-WW —evuv/uvev (1 jet) Bl H[125GeV]
o C ] o u ]
@ 150 1 . @ 100 .
: z :
100:— _: 60 -
501 - 0E E
- . § 20F- : =
I - = e e e, =a E e oty e |

050 100 150 200 250 300 350 400 450 0 150 200 250 300 350 400 450

mr [GeV] mr [GeV]
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H>WW®O->Ivl'v (I=e,p) : signal

ATLAS-CONF-2012-158

> 240 -_ | T T T T | T T T T I T T T T I T T T T | T T T T __
m — . - % -
G 200f ATLAS Preliminary g oee = hoebe
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12 14 16 1.8 2 22

A¢, [rad]
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H>WW®O->Ivl'v (I=e,p) : signal

|
re . I I I ATLAS-CONF-2012-158

Number of events in individual channels after full selection
- excess consistent across channels

Signal region yield for eu and pe channels separately

0-jet eu 0-jet pe I-jet e I-jet ne

Total bkg. | 392+7 382+6 202+6 184 +£5

Signal 41.8+0.6 33.8+£0.5 189+04 16.0+0.4
Observed 469 448 226 207

In window 0.75m_ <m_<m

Signal WWw WZ|ZZ| Wy tt tWith/tgh Z/y" +jets W + jets  Total Bkg. Obs.
H+0O-jet | 45+9 242432 264 16+£2 11x2 4+3 34+17 334+28 423
H+ 1-jet | 186  40+22 102 37+13 137 2+1 11+6 114+ 18 141

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 78



Leading systematics on event yield

Source (0-jet) Signal (%) Bkg. (%)
Inclusive ggF signal ren./fact. scale 13 -
I-jet incl. ggF signal ren./fact. scale 10 -
PDF model (signal only) 8 -
QCD scale (acceptance) 4 -
Jet energy scale and resolution 4 2
W-jets fake factor - 9
WW theoretical model - 5

Source (1-jet)

Signal (%)

Bke. (%)

I-jet incl. ggF signal ren./fact. scale
2-jetincl. ggF signal ren./fact. scale
Parton shower/ U.E. model (signal only)
b-tagging efficiency

PDF model (signal only)

QCD scale (acceptance)

Jet energy scale and resolution

W+jets fake factor

WW theoretical model

26
15
10

—_— e =1

1

e
o

ST UL O

H>WWO->Ivl'y (I=e,[) : systematics

ATLAS-CONF-2012-158

F. Hubaut (CPPM)

Latest ATLAS studies on Higgs to diboson states

79



H>WW®O->Ivl'v (I=e,p) : signal

strenqth

L L L L B L B
61— ATLAS Preliminary
HoWw! )—>evuv/p.wev (0/1 jets)
\s=8TeV: [Ldt = 13 fb"
—— Obs. best fit

4 Cd-2InA(y) <1
—— Exp. best fit m, = 125 GeV

Signal strength ()
(6}

3 — 2k <1 _ = 1.48fg:§§ (stat)fgzgé (syst theor) fg:g? (systexp) £ 0.05 (lumi)

Increase of fitted signal strength at low m,,
due to decrease of expected o-Br for signal

AT IR SR AT PRIV B P
115 120 125 130 135 140 145 150
m,, [GeV]
Table 7: Dominant contributions to the relative uncertainty on the measured signal strength for mpy =

125 GeV. The total relative uncertainty is also given. The large uncertainty on the signal strength from
WW normalisation is due to the significant size of this background in comparison with the signal.

Source Upward uncertainty (%) Downward uncertainty (%)

Statistical uncertainty +23 22

——>  Signal yield (- 8) +14 -9

Systematics on Signal acceptance =) -6
—>  WW normalisation. theory +20 =20

Signal Strength Other backgrounds, theory +9 -9
W+ijets fake rate +11 -12

—>  Experimental + bkg subtraction +14 -11

MC statistics +8 -8

Total uncertainty +41 -38
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Missing ET reconstruction vs pile -up

» Pileup dependence from soft activity in calorimeter
* |ncluding tracking information helps to mitigate effects from pileup interactions

= Missing E; resolution in Z->up events w/wo soft-term vertex fraction (STVF) correction:

;‘ 26 : T T 7 ‘ T T | T T 7 ‘ L ‘ 1T | L ‘ 1T | T ) T |. LI | :
8 o4f © MC12defau ATLAS Preliminary = -
= r 0O MC12 Pile-up suppression STVF _i ]
@ ooF ® Data 2012 default > I.IH+O JEt ]
E > - = Data 2012 Pile-up suppression STVF .
w0, =
© E — U 3
181— Vs =8TeV _+_ =
- I | ~ .
16— |Ldt=1.7fb —— ]
- 0 jets p. >20 GeV o -
14— Ojets p >20 Ge - ]
- ' o g
12 s E
0- L E
le L1 ‘ L1l | | - ‘ | - ‘ L1 | | - ‘ L1 | L1 | 11 | 1 \:

0 2 4 6 8§ 10 12 14 16 18

Npv

= Missing E; soft term scaled (event by event) by STVF: ratio of the sum of p; of tracks
associated to the primary vertex and all tracks not associated to reconstructed objects

STVF = ™ |3 P8 )t

objects
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WH>WWWO->1vlvlv (I=e,p)

ATLAS-CONF-2012-078

= Dedicated analysis with full 2011 dataset - high sensitivity to H to WW coupling (both
production and decay)

= ==3 isolated leptons and large Etmiss. Other cuts: at most 1 jet (without b-tag), small
AR(<2) between oppositely charged leptons. Events from dilepton H>WW analysis
vetoed. 2 categories: “Z enriched” (with SFOS leptons) and “Z depleted” (without)

= Main backgrounds: WZ, Z+jets, top — normalisation and shapes OK in control regions

= Limit at m,=125 GeV: ~7*SM cross-section — best limit at m;=165 GeV: 2.7*SM

Production cross-section limits
|| WH - WW) ZH—>WW) V(H-—1r) H-ZZ | Observed  Total Bkg.

Pre-selection || 1.78£0.15 356:030  0.66:006 _ 0.97+0.08 | 2077 22401260 b% \ TTTTTTTTT T T A|TLAS| P ;,' T
Z enriched 136:0.11 3502028 0542005  0.0720.08 | 2056 22202260 v 10F T gbse""e: reliminary
: Eoe Xpecte =
Atmost 1 jet, 5 - P Ldt=4.7 b, (s=7TeV ]
not b-tagged 1.24£0.12 222:021 048005  0.80£0.07 | 1801 1960240 = - I t1o T 1
Er= > 40 GeV 0.6120.05 0542005  0.10:001 _ 0.01=001 | 114 115210 E C [ +2 1
Z mass velo 0.47+0.05 0.04+0.01 0.04+0.01 —— 13 9.9+2.2 N 102 =<0 WH—-WWW-=lviviv
All cuts 0.34=0.06 0.030.01 002001  — 3 3709 | G g
Z depleted 0432006 0062001 0122002  — 70 1249107 2 -
At most 1 jet, &
not h-tagged 0.40+0.06 0.04+0.01 0.11+0.02 — 7 4.9+09
ETS > 25 GeV 0.2620.03 0.02:0.01__0.04:001____—— 1 1.22:0.24 10 E
[ All cuts 0.18=0.04 001001 003001  — 0 025:0.15 . 3
Background fully dominated by WZ | | | |

e by e b b b by b by
120 140 160 180 200 220 240 260 280 300
my [GeV]
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ATLAS-CONF-2013-009

% 0_2:_ B R LR IERLRLE T | = % 0.22:_TI'ETII1I'1[l‘!lr|1r-|tj-||r|[r|rr-|rr|-rl—|,1,_:
©  0.18F ATLAS Preliminary - 9 02f ATLAS Preliminary =
- 0.16 Simulation G = Oie = — 0.18¢ Simulation FWEM=326e¥ 3
‘z%‘ 0'145— H-Zy,Z —ee E 5 2'125_ H-Zy, Z —= pp E
5 012 m,=125GeV 94 % . F m,=125GeV .
Z o4 Vs=8Tev 4z 912F s_gTev E
0.08- 5 T BB =
= 3 0.08 —
0.06— — - =
= . 0.06:— =
0.045— E 0.08 £
0,025— L a | Ill!lll—z 0.02;_ | | _;
105 10 115 120 125 130 135 140 145 108 "0 T5 120 125 180 i3 140" 145
my, [GeV] m,, [GeV]
my Z-—=ee;1TeN | Z—>pp,l1TeV | Z5ee, 8TV | £ pu, 8TeV
[GeV] | € [%] S | €[%] S £ [%] S e [%] S
120 17.1 06 | 225 0.7 213 40 | 258 4.9 o ke W
125 204 09 | 265 1.1 246 59 | 297 7.2 W %ﬁ: _H <, L Qq:
130 23.0 1.1 29.9 1.5 273, 79 | 328 9.3 ' N— "
135 25.1 1.3 | 324 17 294 9.0 | 351 10.7 ' '
140 26.6 1.4 | 34.1 1.8 309 95 | 366 11.3
145 27.5 1.4 | 35.0 1.8 31T 92 | 313 10.8
150 27.9 1.2 | 35.1 1.5 320 8.1 37.2 9.4

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 84



1/N dN/dAm / 1.0 GeV

1/N dN/dAm / 1.0 GeV

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

T

1II|TIIiIiIlI!IlllI|HI|[II|III|III|IH|I

| RSN ALL LI B O B o B I B

ATLAS Preliminary

Simulation Ogg = 1.59 GeV
H—Zy, Z — ee Koy = 33.6 GeV
m, =125 GeV

Vs=7TeV

FWHM = 4.0 GeV

\III\IIIIIIIIIIlHIlHIlLIIlIIIlIlIlIHl

Lo PR W S N A toled i Lol L
15 20 25 30 35 40 45 50
Am [GeV]
HIIIII\|llIIIIlllIIlllllIIVilllfllllIl*
ATLAS Preliminary
Simulation Ogg = 157 GeV
H—=2y, Z — pu Uop = 33.6 GeV
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ATLAS-CONF-2013-009

> B ] > r T T T T T T T ‘ T | T T T ]
® I . _ L - -
@ 1000 ATLAS Preliminary & 12000 ATLAS Preliminary —
< B . 3 C .
% 8007 HoZy,Z— ee - % 1000_ H—Zy, Z—-pup -
c L ] r _Z
Gi - ILm=2&7m4 ] % - ILm=2OJfH1 .
00k -Z+7 7 800— Bl Z+y -

B = Z+jets i C Bl Z+jets i

- gt+wz ] C B - wz -

4001 FXY bkg uncertainty T 6001 bkg uncertainty 7

- ——ys=8TeVData C —— ys=8TeVData -

B - 400~ -

200 n C .

. ] 200~ .

0 100 150 200 250 300 o-

100 150 200 250 300
my, [GeV]

my, [GeV]

U Data-driven background decomposition

= Small backgrounds from ttbar and WZ evaluated from Monte Carlo

Z+y | Z+jets contributions estimated in situ from 2D sideband technique [photon ID vs isolation]

Fractions of backgrounds estimated: 82%/17%/1% for Z+y/Z+jets/others

Good agreement data/MC - good understanding of backgrounds

Decomposition not directly used in Higgs search - bknd extrapolated from data sidebands
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ATLAS-CONF-2013-009

> _I\\lll\lll\II\II\III‘III‘III‘III‘\II'\II_ % :Ill\l“ll‘IIIIII“Ill‘lll“lll“lll‘lll_:
& 12000 N ATLAS Preliminary — g 16001« ATLAS Preliminary 7
@ - HoZy,Z—ee - % 1400: H—2Zy, Z—upn .
5 1000 — ] @ - ]
Nt B ILdt =20.7 fo" . & 1200 5 det =20.7 b ]
800 W Z+y - 1000 . Z+y =
C Bl Z+jets — - B Z+jets T
600~ B w2z 4 800 w2 =
O Y bkg uncertainty 7 C bkg uncertainty .
- —+— ys = 8 TeV Data n 600 —— ¥s = 8 TeV Data g
400~ ] C ]
C i 400— 3
200 E 2001 3

00 20 40 60 80 100 120 140 160 180 200 220 00 20 40 60 80 100 120 140 160 180 200 220
Am [GeV] Am [GeV]

U Data-driven background decomposition

= Small backgrounds from ttbar and WZ evaluated from Monte Carlo

Z+y | Z+jets contributions estimated in situ from 2D sideband technique [photon ID vs isolation]

Fractions of backgrounds estimated: 82%/17%/1% for Z+y/Z+jets/others

Good agreement data/MC - good understanding of backgrounds

Decomposition not directly used in Higgs search = bknd extrapolated from data sidebands
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ATLAS-CONF-2013-009

Table 3: Summary of the systematic uncertainties on the signal yield and invariant mass distribution for
my = 125 GeV, at /s = 8(7) TeV.

Systematic Uncertainty H —Z(ee)y(%) H —Z(up)y(%)
Signal Yield

Luminosity 3.6(1.8) 3.6 (1.8)
Trigger efficiency 0.4 (0.2) 0.8 (0.7)
Acceptance of kinematic selection 4.0 (4.0) 4.0 (4.0)
¥ identification efficiency 2.9(2.9) 2.9 (2.9)
electron reconstruction and identification efficiency 2.7 (3.0)

u reconstruction and identification efficiency 0.6 (0.7)
e/y energy scale 1.4 (0.3) 0.3 (0.2)
e/y isolation 0.4 (0.3) 0.4 (0.2)
e/ energy resolution 0.2 (0.2) 0.0 (0.0)
@ momentum scale 0.1 (0.1)
U momentum resolution 0.0 (0.1)

Signal Am resolution

e/yenergy resolution 5.0 (5.0) 24 (24)
¢ momentum resolution 0.0 (1.5)

Signal Am peak position

e/y energy scale
1 momentum scale

0.2 (0.2) GeV

negligible

0.2 (0.2) GeV

F. Hubaut (CPPM)

Latest ATLAS studies on Higgs to diboson states

88



ATLAS-CONF-2013-009

Am=m,,-m, distributions and background-only fit [fit with 3rd order polynomials]
> E‘ L ‘ L ‘ L ‘ L ‘ L ‘ T T T | L L \: > _‘ T T L LI ‘ L ‘ T T ‘ L ‘ L L
& 90 ATLAS Preliminary = & 120§ ATLAS Preliminary 7
S  80% + —e— Data 2011 E % 100 . —e— Data 2011 R
— ™= = E L |
g 70; ......... H—2Zy (m, =125 GeV, g, x20H] E e S — HoZy (m =125 GeV, 04,<20)-|
B60F —] 80_— —
50— = - ]
E = 60— ]
40 = - ]
30 = 40 -
208 Vs=7TeV, [Ldt=4.6To", Zbe ' 20/ 5=7TeV, [Ldt=46" Zospu
1oF ey 949 events E B 1330 events 1
oV S I S OV BN ERTI B oY PRUPRR U i T WY OGN S A RUIOVORIN O RV YO0 NUURAY WY L

25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
Am [GeV] Am [GeV]
> :l L ‘ L L ‘ L ‘ L ‘ T T 1T ‘ LI TT I: > :l L L | T 1T ‘ 1 T T | T 1T ‘ 1 T T | L T T I:
8 100 ATLAS Preliminary E & 350 ATLAS Preliminary E
E - —s— Data 2012 ] 3 300 - —e— Data 2012 _f
§ 2°0 j+ H—>2y (m =125 GeV, 5g,x20)_ 5 c =
Lﬁ T L —Zy (m = eV, Ggyx ): Ii 2500 PN, T H—Zy (m, =125 GeV, GSMXZU)_:
200} - - ]
B ] 200 3
150" { z $ :
. ] 150 -
1001~ B 1
- = 100F + 4
50:_ fs=8 TeV, J-Ldt =207 fb‘1, Zaee_: 50 ; W =8 TeV, j-Ldt =207 ﬂ:)'1l Zﬁuuj
C T 7195 events ] - 8393 events .
0_1 TR . N I i TR DOV OV OV TN VOUS Or CRO W OSSOl 0:_|. ;..A..z--t"f"‘\"-: L i"ﬁlw"'r"v---;-l..t. [NV O ST SO SO U O S S ST l:

25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 89



ATLAS-CONF-2013-009

(o] 10 T T T T | T T T T | T T T T T T T T T T | T T T T _— 45 T T T T | T T T T I T T T T T T T T I T T T T | T T T T ]
o = . - S ) — Observed -
- J.Ldt =461 5=7Tev — Observed p_ 7 1 40 Ldt=4.6f", fs=7 TeV =
e Expectedp. 1 T  SE + e Expected 3
B _..Ldt =207 ys=8TeV 0 = 35 Ldt=20.7fb", fs=8TeV M+ 1o =
i ATLAS Preliminary e + 2% 3
1 - ‘Ni 30 =
- 1 1 ATLAS Preliminary 3
1z ® E
i 1 | 2 20 =
""""""""""""""""""""""""""""""""""""""""""""""""""""""" o .
s _| P -
10 s E g 15 =
] - 10
20 - c';
......................................................................................................... "a\“‘
o 3 A 5
[#)]
10-2 e v v v b v b b O il ekt Snbiriit inbiriek s S e Al i S it niiertinbiaiie Aot fniint Tak it ki Ak
120 125 130 135 140 145 150 120 125 130 135 140 145 150
my, [GeV] my, [GeV]

" pyat m,=125 GeV: 0.188 (0.90) (expected p,: 0.043)
= [imit at m,=125 GeV: 18.2xSM cross-section (expected 13.5xSM)
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H>Zy

In addition to H—2Zy followed by Z—lIl, H—Ily may receive contributions from internal
conversions in H—yy and from FSR in H—l

arXiv:1211.6058

1E-T
------- Tree
/ ! Tota
' E-8 {1
e [
o <\\ ] b {0y
i %
v "
- S L
H___'___{ )—H T
- e
}‘I A e . 2
VA 1E-10
L
1E-11 : : : T ; 1E11 /]-/'J] <
0 20 40 60 80 100 120 1

m",“{GeV‘J : ‘/]'/l/ =

» H>wW*: <1% of the H->Zy signal after cuts (e.g. mil cut)
= H->[I*: | and soft y tend to be collinear = suppressed by p;Y¥ and AR(l,y) cuts

= H->II* peaks in m;, at m, but not in Am - Am chosen as final discriminant
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High-mass searches
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High-mass searches In dibosons

0 High-mass SM Higgs searches
= Analyses published with full 2011 dataset (4.7 fb'l @ Vs=7 TeV) > [no excess above SM ]

= Complement the analyses made with ZZ->41 and WW->Ivlv final states at high-mass

H>ZZ> 1w (I=e, ) H>ZZ>llqq (I=e, W) H>WW-lvgq (=€, p)
= L B L S B LA IR I I = R L L T %102:|""l""\""I""I""\""t:
g sC ATLAS 2011 —— Observed = % 10-_ ATLAS —-—gbser¥83 - % F ennem Expected =
S [ Hozzow T Expected 1 5§ [ sy - 1 s (Mt
= a- 4 RS ] b= 8’_[Ldt=4.7fb'1,\s=7TeV CJ+2¢ ] o - [ J+2
E | JLdt=47i As=TTeV [ o 1 = - 1 E oL — Observed
o I 4 F
o 0

o
= ==
E Vs=7 TeV
[ - | ATLAS 4
P T T TR S I SN P e ol i R S M R | i +0"1"2lj'H—’W\lN”9lvjjl i LdtTZL?fb i
Y S Al ANV LPL./ SR BRI
200 250 300 350 400 450 500 550 600 200 300 400 500 600 10300 350 200 450 500 550 600
my, [GeV] M, [GeV]

m,, [GeV]

[ = Need to be re-interpreted in light of X(125) discov  ery ]

= Remark: ZOZ->llgqg final state also used for a low mass Higgs search analysis

ATLAS-CONF-2012-163

F. Hubaut (CPPM) Latest ATLAS studies on Higgs to diboson states 93




PLB 717 (2012) 29

H>ZZ->llvv (I=e,n)

= Analysis published with full 2011 dataset
= 2 isolated OS leptons (third lepton veto), |m,-m,|<15 GeV, b-tag veto — Etmiss and A,
cuts in 2 mass regions (mass-dependent kinematics — boost of Zs increases with m,)
= Main backgrounds: inclusive Z production, dibosons, top
= SM Higgs exclusion limits at 95% CL: 319-558 GeV (expected: 280-497 GeV)
= Need to be re-interpreted in light of X(125) discovery
m distributions in low (left) and high (right) mass s ignal region
2 e Production cross-section limits
= [y + B+ + 5P| -+
S 3505 Hi hgile-up data . :::IJB LI 4 ok High pile-up data . :::;Lédt:z"”b 4 & p femiw I+ E
_‘\(g 300;— k\ ;oZpWZWW - E 505_ ;ozpwzww E % : _[Ldt=4.7fb"1, \s=7TeV I:]i'ZG 1
L%) 250;_ \2 -g;g\éal ;m =200 GeV)_E LTEJJ 405— -gig\rlml ;m =400 GeV)—E :;z E_ _E
200F " = g " 1 8 ]
150F- £ o E o E
100 | S I 3 E : :
E — = 10F oy S . C ]
P50 " 200 250 300 350 400  45C 200 300 400 500 600 700 306250300350 400456500 250 606
my [GeV] my [GeV] m, [GeV]
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H>ZZ>Nlgq (I=e ) s

Analysis published with full 2011 dataset for high mass region [200-600] GeV (CONF note
ATLAS-CONF-2012-163 for search in low mass range [120-180] GeV)

2 isolated OS leptons (third lepton veto), 83<m;<99 GeV, Etmiss<50 GeV. 2 jets with
70<m;<105 GeV. 2 categories (<2 or =2 b-tags). 2 mass regions (mass-dependent
kinematics — boost of Zs increases with m,)

Main backgrounds: Z+jets, top — normalisations from control regions (m; & m; sidebands)
SM Higgs exclusion limits at 95% CL: 300-322 & 353-410 GeV (expected: 251-404 GeV)

Need to be re-interpreted in light of X(125) discovery

m,; distributions in untagged (left) and

tagged (right) high mass signal region Production cross-section limits

> e e U I e e L B L I 2 L L B A R I B
8 2503_ ATLAS . » Data 2011 E 8 = ATLAS . ¢ Data 2011 € 10 ATLAS —— Observed ~
P . Ldt=4.7fb",Ns =7 TeV -S|gn3‘!0><05G R = g Ldt=4.7fb",\Ns =7 TeV B Signal & [ HoZZ-slgq Expected i
o - untagged channel _ (mg=400GeY) 3 15 7F tagged channel __ (m =400 GeV) 2  [Ldt=4.71", 1527 TeV E; 1o ]
o 200 === Total BG 94 & =3 === Total BG E 8 : J t20 -
R C woTop o} 6 _

=) E e Z+jets 1 = R R O i

uCJ 150 — Diboson - UCJ 55_ —— Diboson 2 6

o af 3 i

50F T | = s

- ] 1E =, 2r

S heac e e ] : -

200 300 400 500 60 700 80 200 300 400 500 600 0

my;  [GeV] My, [GeV]
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HOWW-Ivgq (1=e,p) s

= Analysis published with full 2011 dataset
= At high my, W is highly boosted and produces jets with higher p; than background W+jets
= Categories H+0/1/2-jets. 1 high-p; lepton (second lepton veto), large Etmiss, 2 jets (b-tag
veto) with 71<m;<91 GeV - Invariant mass reconstruction using m;,=m,,, mass contraint
= Main backgrounds: W+jets (+top & Z+jets)
= Best sensitivity for m,=400 GeV: 1.9*SM cross-section (expected 1.6)
= Need to be re-interpreted in light of X(125) discovery
Examples of m ; distributions in O-jet (left) and 1-jet (right) sig nal region Production cross-section limits
8 [lra el T, ATLAST 8 flaget T, Ak O e T
S FH40j, Hes WW—> puvij :;Vjiett sl E"w_ E 1), Hos WW— evij :2?“,‘ pesons 2 C I+ 1o ]
5 | s I — oy 2 [ Otz .
= w "’2? «‘m«‘,a (:l%isma:m E E 10| —= Observed
10:— 2;' %ﬂ - S -
:iq’ L % * =
12 e E
zu/o 06406 506 506300 3 7 1” E Vs=7 TeV E
& N 200 300 400 500 600 700 800 900 1000 : ATLAS F :
= ! = ]‘ # t H+0/1/2j, H— WW=s v jj JLdf=4-7 fo
o -»+A+_‘#+L¢+,“ :‘5‘51{"-“; Hu#ll* £ ot L L N e LS e
S P e ren ™ S e RSl E 300 350 400 450 500 550 600
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Grand picture (July paper)
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