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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 ggand H ZZ®) 4] analyses updates with full LHC dataset  [~25 fb1]
Keeping looking for other possible signals of (beyond SM) Higgs(es)

Today: updated high-mass search in H ZZ 4l channel

Outline
/ 1. Updated resultsin H  ggghannel and property measurements \ New
2. Updated resultsin H  ZZ® 4l channel and property measurements New

3. AnalysisinH WWO® Inlnchannel with 13 fb -1 of 8 TeV data

4. Firstresultson H  Zgchannel 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




SM-Higgs production @ LHC and

deca

associated prod. with tt
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3 out of 5 main decay modes exploited at low mass a

Analyses further optimised for increased sensitivit
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LHC & ATLAS detector performance

Experiment design value
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Month in Year Mean Number of Interactions per Crossing
/ Outstanding LHC and detector performance -\ Price to pay is large pile-up
* Lyea U t0 7.7 10% cm2 s1in 2012 at 8 TeV  Pile-up level above design value

50 ns bunch i
*  Lyelivereq ~23 fb1 (8 TeV) + 6 fbt (7 TeV) (50 ns bunch crossing)

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

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

Most analyses shown in this talk use the full 2011+ 2012 statistics




H gg: Overview

Main production mode and decay through loops

Background reduction

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

Reducible gjet and jet-jet
background reduced
below [~25%] irreducible
ggeontinuum [~75%]

Background extrapolated
from side-bands in data

Events / 2 GeV

Events - Fitted bkg

O e L B e
Selected diphoton sample

¢ Data2011+2012
Sig+Bkg Fit (m =126.8 GeV)

------------ Bkg (4th order polynomial)
ATLAS Preliminary
H—yy

8000

6000

4000
fs=7Tev, _[Ldt =48’
2000 J-

Ys=8TeV, |Ldt=20.7 b

500
400
300

Hlllwﬂll‘\ll\‘ll\\|IIH|IHI| T ‘ T ‘ T ‘ T | T T |
—

——
o
-
o
- 4
— -
B A A T o P N JN O AU AU N MO A
(=]

200
EBRERY bt
-100 ! +I$T t
200
100 0 20 T30 40 750
m,., [GeV]

Simple topology: two high-E;
(>40,30 GeV) isolated photons

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

ATLAS-CONF-2013-012

sensitive to t / W couplings and to New Physics

Invariant mass resolution
2 — ;
M5 2 Eg Egp (1-cOs )

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]
Overall mass resolution
~1.7 GeV. Very stable

with time and pile-up.

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

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

ligdata




H gg: Overview

ATLAS-CONF-2013-012

Main production mod
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H gg: 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)

One-lepton
W(— )H, Z(— I)H None of the categories targeting a
—— l__ particular production mode are 100%
. E; " significance e@ .
VHenriched | 2w | W pure and all have an admixture of
| other production mechanisms
Low-mass two-jet ) )
W(= j)H, Z(= ji)H For instance, category targeting VBF
L High_mais __ o production I_ount on a MVA dlscrllmlnant
VeF enriched | e < N\ VBF purity ~75%  (was 68% in last
- | public results), 8.1 signal events expected
9 th—n—conversion
ggF enriched
ggF

[P+ = pr®perpendicular to ggjthrust” axis]

Signal extracted by fit to mg,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




H gg: mass and signal strength

ATLAS-CONF-2013-012
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Observed local significance of the excess: 7.4s  (4.1s expected for SM Higgs)

Best mass fit: 126.8 + 0.2 (stat) + 0.7 (syst) GeV —>»Systematics fully dominated by genergy scale

Best fit of signal strength @ this mass rm1.65+%f§;g = 1.65 + 0.24 (stat) +8ig (syst)
[consistent across various categories] - -

[ 2.3s from SM Higgs + background hypothesis ]

Inclusive fiducial cross-section of observed particle: Sy BR=56.2 +12.5 fb
[particle level acceptance cuts: |h9<2.37, E;%40/30 GeV] [+£10.5(stat) + 6.5(syst) + 2.0(lumi)]




H gg: 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 gg

[analysis using 13 fb -1 of 8 TeV data] ATLAS-CONF-2012-168

From distribution of polar angle * of the photons in the resonance rest frame
Compare dN/d|cos *| for:

-spin-0* | hypothesis: flat before cuts

- spin-2* hypothesis: ~ 1+6cos? * +cos* * for G-like gg production [minimal coupling model]
Signal region: events within £1.5 around the peak (m,=126.5 GeV)

Normalisation and distribution of dN/d|cos *| for background from data (side-bands)
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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




H ZZ® 4] (I=e,m : 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 % 60~ « Data ~ ATLAS Preliminary Background control
o E E -Background zz" H—)ZZ(r)—)4|
MaX|m|se acceptance & 50;52%°ﬁ“37;”:‘é§2:\{? Irreducible background:
high reco/ID efficiency w0l 7 Syst.Unc. continuum ZZ® (from MC)
down to low-p; 6/7 GeV K Reducible bknd @ |
nte [%vent ~40/20% 4m‘4€] 30f- 5 =7 ToV: et - 4.6 eaucibie .n @ low
_ [ Vs =8TeV:[Ldt =207 fb” mass: Z+bbljets, ttbar
FSR gcandidate (E;>1 Gev) sol.. duced using isola
. mmm B
added if 66<M;, cevy <89 - - dre uced using Isolation
—1% of events of and impact parameter cuts
Mass resolution 1.3/1.9% B o = L =l nl:easurzd us_lnrg]; \(/jarlous I
for 4n,me @125 Gev T - f t - my, [GeV] aC ground'enrlc e CfOﬂth
using Z-mass constraint e p:;\llrs 0 _op:t)(isldel-s?n ;egmnsfln ata & trarr:s ir
on leading lepton pair same-flavor isolated leptons actors from MC (+checks)
[Improved selection w.r.t last In region 125+5 GeV: 32 events | |n region m,>160 GeV: 376
results: lepton pairing, tighter observed [11.1+1.3 expected from events observed, 348+26
electron ID, relaxed mg, cut] bknd & 15.9+2.1 from SM Higgs] expected from bknd (mainly ZZ)

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




H ZZ® 4] (I=e,m : Overview

ATLAS-CONF-2013-013

The golden channel, with small cross-section but ve ry good S/B ratio and fully-reconstructed mass
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<115 GeV

Subleading lepton pair: 12<m

m,, [GeV]

Signal strength (L)
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4] (I=e,m : Results

ATLAS-CONF-2013-013
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/ Observed local significance of the excess: 6.63
(4.

4s expected for SM Higgs)

Best mass fit 124.3 +8-§ (stat) fg-g’ (syst) GeV

[measurement dominated by 4m- 0.2% systematics from p-scale]

Signal strength @ this mass: rn=r1.7+_8;§1

[@ 125.5 GeV: mE1.5 +0.4]
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H ZZ® 4] (I=e,n) : coupling studies

ATLAS-CONF-2013-013

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

VBF category For m,>160 GeV: 6 events In m, region 1255 GeV: 1 event observed
Selection: 2 jets [Dhy[>3 observed, 3.8+1.3 expected [0.71+0.10 expected from SM Higgs with
and m;>350 GeV from background (mainly ZZ) | | 60% VBF purity, with S/B~5]

= 20 e e
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Measurement of signal strengths @ - > Best Fit H— 22" al |
‘ ducti hani Xy 185 g :ﬁ <§g Vs=7 TeVLdt =4.6 fb"' |
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associated with either top (ggF+ttH) f . :
or gauge (VBF+VH) couplings 10~ —_
[ Agreement with SM at <2 s level ] 5:_ _
Further coupling interpretations in ol N\ N
B. Mansoulié’s talk L Best fit: 1.8+0.8/1.2+38 -
| | Mg e PR N SRR T

-1-050 05 1 15 2 25 3
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4] : 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

A NN LSS AR AR AR 03— %20 rrrrrrrprr e 0.3
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6;_ ......... E ;
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0 01020304 %.5 0.6 0.7 0:8|0.9 .015 10 -5 0 5 10 15 0 01020304 %5 0.6 0.? 0:8.0.9 .015 40 -5 0 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 - at 3 level Expected exclusion of 1* at 3 level
Observation fully compatible with O* Observation fully compatible with 0*
Observed exclusion CL, of 0~ 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

O* state favoured over tested hypotheses 0 -, 1*,1-and 2*




Events / 10 GeV

Local p

100—

80

60

40

20

H Ww0

In'n (I=e,m

ATLAS-CONF-2012-158

Results using different lepton-flavor final states w ith 0/1-jet and 13 fb -1 of 8 TeV data
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Main backgrounds estimated from signal-free\
control regions in data

Observed local significance of the broad excess
@ 125 GeV: 2.6s (1.9s expected for SM Higgs)

Signal strength @ 125GeV nmr1.5+0.6
[dominated by systematic uncertainties] /




H Zg: First results

ATLAS-CONF-2013-009

Decay through loops  BSM particles can affect Br(H ggyand Br(H Zg) in different ways
In SM,s(H Z(I)@~2 fb @125 GeV  expect ~15 events in whole LHC dataset [e,.,.~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 R,0.3. Categories: e‘e” / mhim

Main backgrounds: SM Z+@(~82%) and Z+jets (~17%) — obtained from fit in sidebands (similar
toH ggof discriminating variable Dm=m;zm, (+ data-driven checks of background composition)

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

Example of Dm distribution: muon channel - 8 TeV data Production cross section limits
> :‘ LN L L O L L Y I |: ; LI L 1T T T 17 7T T I|_I L T T T T -
8 350 ATLAS Preliminary = r;qr Ldt=4.6f", f5=7 TeV Observed =
7 = YME o+ e Expected =
E 300 + —e— Data 2012 - UE Ldt=207f", fs=8 TeV B+ 1o E
5 c - 3 © * 20 3
L% v & ST HoZy (m =125 GeV, csmxzo)E E E
E 4 T ATLAS Preliminary J
200— —] E =
E - = 3
150:_ . + A 1= =
= [Background only fit with ] 2 3
C . = -
100F-3rd order polynomial] + 7 =
B ys=8TeV, |Ldt=20.7 fo~", Zoup ] o
50— - =
E iy 8393 events ] @
07l J--L--l'-f"r--:"-l ol v resemedeg g n s Lo bow g boa o a Lo u 0Tl 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]




High-mass BSM Higgs searches

Analyses published with full 2011 dataset (4.7 fbl @ s=7 TeV) no excess above SM

H ZZ llmm(l=e,mn H ZZ llgq (I=e, mh H WW Inin(l=e,mn H WW Inqq (I=e, mh

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 ]

o - ATLAS Preliminary —— Obs ggF 3 o 102k ATLAS Preliminary —— Obs VBF+VH _|

o - Hs2ZZ —a Exp ggF . v, 2 HsZzZ —a 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 SM E

— 10 E — C ]

© = E o N ]

N C ] > 1 =

(s3] (3] =

1E E .

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

20_0 4(;0 6C|lO 800 1000 200 4CIlO 6C|IO 8C|lO 1000
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Conclusions

Preliminary analyses of the Higgs-like boson in agand ZZ®) 4l channels with
full LHC dataset [20.7th-1(8TeV)+4.7th1(7Tev)] refined property measurements

Observation |with a >6s 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 2.3s [H ggghannel].
Analyses reoptimised for increased sensitivity to VBF and VH production modes

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

AnalysisinH  WWO® [nlnchannel with 13 fb -1 of 8 TeV data

First analysison H  Zgdecay channel and high-mass searches in H ZZ Al

[ 2 other ATLAS } Higgs to fermion pairs Victoria Martin’s talk

Higgs talks Channel combination Bruno Mansouliés talk




SPARES




~2900 authors
(1000 students)
38 countries
174 institutes

Sollabhoration




The ATLAS detector

L~ 36 m, /&~ 22 m, 7000 tons Inner Tracker (Jh|<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/p separation.

Momentum resolution:

s/p; ~ 0.04% p; (GeV) A 1.5%

L5
y
b /
)

~ EM calorimeter: Pb-LAr Accordion.
== e/gtrigger, identification and measurement
| Energy resolution: S/E ~ 10%/CE A 0.7%

-

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

Toroid Magnets  Solenoid Magnet |SCT Tracker Pixel Detector TRT Tracker 3-level trigger
reducing the rate
Muon Spectrometer (|h|<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




Trigger

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

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)

¥ 105?" 7% | Item p; threshold (Gev) | Rate (Hz)
3 - : 5x103%3
=10 = |lIncl. e 24 70
i W‘—‘— Incl. 24 45
1035—w 31 |ee 12 8
; _ _ : 13 5
CE (o ri 2000 Moy, 81 2017 29,20 12
Starting Luminosity: 6.37 x 10 cm2 | 35,25 10
10 £ Endlng Lum|n03|ty 2. 91 X 10 cm E E'rmISS 80 17
31:06h  31-08h  31-10h  31-12h  31-1ah 3|1-16

Managed to keep inclusive un-prescaled lepton
_ _ _ thresholds within ~ 5 GeV over last two years in
Note: ~ 500 items In trigger menu spite factor ~ 70 peak lumi increase

CEST Time




Spin -2 model

Spin 2 model for X VV:

qap . T
AX = VW) = A [291rpv.f“'”“f*2“’”’ + 292ty ]j:;ﬁ.f . i

~

#a L

1% ey px2 2w e TG a1ap
+93 5 Ip (Y i + 7 fa) + g4t f P g

af

*y o) E?ﬂ‘:}{r Y &Y Y BV n'“i(?v * &

: ¥
+m%, (2951‘#‘,61”

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

Qlﬂrp{r&a
A2

*

Evprqd’G° (€"(q6) + & (g€l )| »

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 qqgbar

Study 5 different gg fractions from 0% to 100%




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)




H g9

s xBR~50 fb for m,~125 GeV




H gg: photon reco / identification

Signal: photon Background
L
S3
S2
S1 -strips
PS
Identification efficiency (unconverted photons) vs pile-up Fraction of converted photons vs pile-up
g 1I'l|'I,l"'I".l"‘l"'!"'l"""ll'l, :\II\|I\II‘II\I'\IAITL\ASI\Plll‘II\I:
@ - 3 =t = —— Unconverted photons reliminary J
" ATLAS Preliminary N\s=7TeV ,J. Ldt=4.9 15 E ..o~ Converted photons Data 2012, ys = 8 TeV

—i— Single track conversions
—*— Double track conversions

I Ldt=33f"
0.8

i e e A am an o o B I

Unconverted photons
B e e S Tole Sa W¥a e S¥a Wi e Lhs MCHN Hs Wa ke ch o Hiotieg

0.6<n < 1.37

0.7

Fraction of photon candidates

O 0000 o000
N WA DN ®©

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

0.6
@® Data (matrix method) R = o e g atgieiiesieiieifeliepeiiee e
0.5 O Nominaamc 3 Ve
/A Corrected MC 0.1
04lllllllllllllll!lllllll[l'll'l'llll - 0\ll\ll\ll‘ll\ll\l|\||\||‘||\|
0 2 4 6 8 10 12 14 16 18 20 5 10 15 20 25 30 5

Py Average interactions per bunch crossing




H gg: background rejection

3 " Data-driven background decomposition

)
a [ TOT
e > _— L A S I R
Sk y ‘ 3 - ATLAS Preliminary —e_ y7+DY Data .
>wﬂ< ?; 2500k Data 2012 —a— vj Data —
10" SN, £ * \s=8TeV, [Ldt=13.0f6" . jData Z
' 2 - bty —— Stat. uncertainty
' ~500 b L 20007 +‘|’++’ 3 Total uncertainty |
) 10 1ok e, ]
- ~10% 1800 b =
wi| R qj,\.—v B *asee - g~ 74% .
Iﬂ'; g*o'fﬁ" q B “”“ ]
] 1000~ @j ~ 2204 *oe "0.’. . g
10'k ~ 200 nb b5 s
500F " ®==""asss, sus =
o' — T aamn e 7]
R , ) - I-.I.-II....I.-.“-.-“ - _
i :H e P T v
: , ; ) 1 130 140 150 160
10 F re
A ~ m,., [GeV]
wb | W 30 pb vy
Y :
" Reducible background and largely below
o't irreducible background g
~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 mge100 GeV (~1%)




Identification cut

non-TIGHT

TIGHT

Identification cut

Background decomposition

2D sidebands extension

L’L’ sample, leading candidate

Control region

Control region

PRI R
30 35
E%[GeV]

10 15 20 25

A sample, sub-leading candidate

non-TIGHT
Q

o T e T T o T o T T
Control region

TIGHT
>

Control region

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
Nc — caN§®

_ bkg
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)

TITI __
Nw _

5 0 5 10 15 20 25 30 35
Ef2[GeV]

(a— 1) +af’




H gg: background modelling

Choice of analytical functional form to describe ba ckground per category
Based on high-stat MC samples  Signal+background fit to background mg,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 mgdistribution

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]
wfn= TIeN 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.
One-lepton Exponential = 0.3




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 -

Rfront """ / _ / front I /

&7 /—_ presampler Rpont |
|  \"lmiddle ' _
4 Ntront | v T]ﬁoim
Ny \ - | n?l | >
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H gg: mass resolution

m2 =2E, E, (1-

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 selectlon combining photon pointing, position of conversion
vertex (if any), Sp.?, Sp, DF(SpT, go

Z(vertex) measurement with Efficiency to select PV within
calo pomtlng for 99 events |Dz|<0.2 mm from truth
e A '

2 o.16] ATLAS Preliminar o Data 2011 (=1.5m) o S L A LI
% 0.18F 5 y ++ O Data 2011 (p*=1.0m) ] % o o MC signal (Gluon fusion + VBF)
E 014" e fLat=a91’ — MC ) E < P e, \s=8TeV, m ~125GeV -
e C . o o8- T, oo —

£ 012k B L - oo oo™
= I 2 unconverted photons B "'+..._._ ]
E o1 Iyl<1.37 . 0.6 e - _
2 - 1 - Rl SRS
~ 0.08 - B ]
® - 1 0.4/ -
£ 0.06 = S 5
LICJ: L ] - |
0.041— - - ]
- . 02~ , PV with mapr?r i
q Z 0.02- - C © PV from likelihood ATLAS simulation 1

-- - - - - - — NIRRTt s, — ] (o) S Ly b b b by
856 00 B0 0 50 100 150 0 ° oo 15200 2% 30

Number of reconstructed primary vertices

Z(Q)-Z(m) [mm] A zCE|OPninling [mm]




H gg: categorisation

14 exclusive categories:

VH enriched

VBF enriched

ggF enriched

di-photon selection

Y

One-lepton

W(= IV)H, Z(= I)H

¥

ET"™* significance

W(= V)H, Z(= vw)H

A 4

Low-mass two-jet
W(= jjhH, Z(— ji)H

h 4

High-mass two-jet
VBF

<

v

9 pﬂ—n—conversion

ggF

*0

R\
S
N

1 isolated muon/electron p;>10/15 GeV
«  (84<m,<94 GeV) (Z eegbknd)

miss
Er

Missing E significance -5
0.67 X XE;

¢ 60<m;<110 GeV and |Dh;|<3.5

—_—  See next to
next slide

—_—3  See next slide




H gg: categorisation

Both unconverted: Z unconverted: >=1 converted:
n(y2) 4 n(y2) 4
« Central
s Rest 175 I Resolution:
At least one converted: 1.3 Good
« Central 0.75 0.75 Poor
» Transition . o "
* Rest 0.75 (! 0.75 1.31.75 n(yl)

T e o e e e e e L N D B
vy+yj Background

/] Bkgd. Uncertainty

1 <

107 E . + ggF m =125 GeV

“o, "**tee,, —f— VBF+VHuttH m =125 GeV

[ .ll‘illlllll
L]
|,|,| | IIIIIII|
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i

T
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1 10 E ",/” "'om _EI
p = Pme, e 3
T thrust axis . e, Cer, | -
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_ E A + 4t 4
8 =p%-p;% E \s=7TeV Ty, 7/"'?++’+,++++ ; T
10*E ATLAS Simulation 77, 7 imﬁﬂ'
£ Preliminary Z

Entries / 5 GeV (normalized to unity)

T
ENNNNAN

Variable p; is strongly correlated with diphoton p; /2 % g/ ﬁf
but ha§ better gleteptor resolution and retains a 105205150 ‘200/ S 300
monotically falling invariant mass for background p,, [GeV]

o




H gg: VBF category

BDT using following 8 variables O (VBF) ~_,7%
2 jets with p;>25-30 GeV, |h|<4.5 and |JVF|>0.25 (for |n|<2.4) ! !
Leading jet eta, sub-leading jet eta, |[Dh;|, m; ,diphoton p- I H
(amy), *=1| g( 1t 2)/2] = diphoton h in frame of tagging j{ 4 q

Rmin: minimal R between leading/subleading photon and leading/subleading jet

BDT trained to optimise separation between signal (VBF) and background (gqgy |, jj) — 98
from SHERPA MC and g@+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 mg,,  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
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
|Dh;|>2.8, m;>400 GeV and  (g@y)>2.6

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

JVF(jet., PV;) =
(jety, PV}) >, ) pr(track) ™ PV,




H gg: VBF category
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H gg: 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 93.7 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




H gg: 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 .0 12 0.20

2
Inclusive 177 14025 355. 13280  0.03

h




H gg: categorisation

Inclusive
Unconv. central low p

Unconv. central high p .
Unconv. rest low p
Unconv. rest high p .
Conv. central low p_.
Conv. central high P,
Conv. rest low p_,
Conv. rest high P,

Conv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET™ significance
One-lepton

ogF ®WVBF WH mZzH
ATLAS Preliminary (simulation)

ttH
H— vy
]

0

10 20 30 40 50 60 70 80 90 100
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H gg: Results
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H gg: Results

———~ Expected p °" (Cut-based)
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H gg: signal strengths

R
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H gg: systematics

; ; ; ; . Theory (PDF, scales, as) ~12% (overall), up to 50% (2-
Main systematics on signal yield: iets)
gefficiency 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




Main systematics on categories

migration:

Higgs pTt modelling
Jet energy scale
Underlying event

Material mismodelling

H gg: systematics

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

the 8 T2V 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
Laww-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 hers +0.4
Up to 10% Tight high-mass two-jet geF: +11.8 Others: +2002
Loose high-mass owvo-jot geF: +10L7 Dhers +57T
Low-minss bao-jet apF: +4.7 Others: 1.4
Up to 20% £ significance goF: 0.0 Others; LD
one -le plon pokF: 0.0 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
~A0, Loose high-mass bao-jet poF: 3.4 Others: 1.2
4%
Laww-mnss bwo-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
Lo -mass bwo-jot ook —2.3 YBF:. —2.4 Orthers —2.5
o E'I‘Z“'-".ti:gniﬁca noe 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
Gaussian

jr spectrome ter resolution

one-lepton: O




H gqg: fiducial cross -section

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 mg,distribution - uncertainties: stat 18.5% and syst 11.2%(resolution, bknd model)

L, : 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: |h9<2.37, E;240/30 GeV

s;qy BR=56.2 +12.5fb
[£10.5(stat) £ 6.5(syst) £ 2.0(lumi)]




H gg: Spin studies

Fit to data for SM signal + background hypothesis

Simulations, after analysis selection cuts
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Event displays

Candidate H ggmg5126.6 GeV Candidate H 4e, m
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H zz® 4l (=e,m

sxBR~2.5 fb for my~125 GeV




H zz® A4l (I=e,n) : Background

Background composition depends on flavor of sub-le ading leptons |1+ M

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

Control region: no isolation cut on sub-leading pair + fail IP significance cut (to remove ZZ)
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+mm

Various checks of background estimates with other control regions (e.g. fail track isolation,
emrmmmsS pair, ...)  all yield compatible results

T T T T I T T T T I T T T T I T T T T T | T T
45 ATLAS Preliminary

B 2e2
- \s=8TeV: [Ldt=20.7 fb" H

Events/4 GeV
N
(@]

= e Data _
30 — Z+jets and tt fit
; . . S it fit
Example: tt & Z+jets control region in 25t wm gz

 Z+jets
2e2mchannel .

wz




H zz® A4l (I=e,n) : Background

Background composition depends on flavor of sub-le ading leptons lI+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) ~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




H zz0)

4] (I=e,m : 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 /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+£05+0.67

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
6 + e*e™ relaxed cuts 52+04+05" 1.8+03+04
{f + 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
4de de
{{ + e*e™ relaxed cuts 3.2+05+047 14+03+04
{( + e*e™ inverted cuts 3.6x06+0.6 -
30 + ¢ (same-sign) 42+05+05 25+03+05"
3 2

sub-leading same sign full analysis events




H zz® A4l (I=e,n) : Background

Control regions with no isolation nor IP cuts on so ftest lentons Imuons (left) and electrons (right)]
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H zzZ® 4] (I=e,n) : single

resonance

Single resonancepp 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 ZZ® 4] (I=e,m : electrons
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H zz0)

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.

4] (I=e,m : results

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




H ZZ® 4] (I=e,m : 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 2.0 137 +1.8 62404 2624+034 | 1.6 225 +2.9 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 055015 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 zz® 4l (=e,n:FSR

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

mass calculation for leading-Z nmmevents -5000:

Include soft FSR photons in Higgs invariant

3GeV

Vs = 8 Tev: _[Ldt = 13"

[ n A Z—ppy, no FSR corr. Data ]
. . -|(£ B Z—ppy, no FSA corr. MO 1
Photon selection for E;>1 GeV, using R Sa4000[ _° ZoriSmeormibam =
. . . Lﬁ [ [ Z->upn, no FSRA, MG b
and the fraction of energy deposited in the 2000 E
first calorimeter sampling (f;=Egyips /Eciuster ) : 1
20001 -
For 1<E;<3.5 GeV: f;>0.2and R <0.08 - 1
For E;>3.5 GeV:f;>0.1and R <0.15 1000} .
Apply correction if 66<M,, [GeV]<89 and O e 85556 B0
M <100 GeV M. [GeV]
Recovers 70% of FSR photons in selected — pagf T . -
H H H H 0 H 8220;Events w/ recovered FSR vy | | =
fiducial region, with a 85% purity S v Y E
. [= - - M; Constrain =
Observe 3.5% affected events, in agreement g1s0p Lz ronstEint
. . 160F . FSR y + M, Constraint _ | E
with MC expectations 140/ E
120F —
1 event affected in signal region 1255 GeV 100} . =
- ATLAS Preliminary E
80;_Simulatior'n =
Remark: Z-mass constraint is applied after FSR 0 T E
correction  Improvement in Higgs mass resolution: 20fF B Lk =
Cova o | Lo tar P Tl s PR e aa1 ]
20% (12%) for 4m(4e) channel 30 95 100105110 115120125130 135140

my, [

1| eV]




H ZZ® 4] (I=e,m : categorisation

. jet )
VBF-enriched category IVF(jet;, PV;) = 2z Prtrady PV))
. . >on 2oy pr(track; 1, PV,)
2 jets with p;>25-30 GeV, |h|<4.5 and |[JVF|™>0.5 (for |h|<2.4)
Cuts on |Dh;|>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

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




H 7zZ® 4] (I=e,m : Event display

Candidate H 2e2m(VBF category) m .mml23.5 GeV, m.=94 GeV, m,,527 GeV, m;~900 GeV, Dh(,j)=3.4

CATLAS

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

D: (€,,€,,M;,M,.j1.j,)=180/12/22/19/140/110 GeV  h(e;,e,,m;,M.,j;,j,)=0.6/1.2/0.8/1.0/-2.2/1.2




ZZ 4l (I=e,n) : Spin -Parity




H zz0)

4] (I=e,m : 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
1* | po | 0.0016 0.001 0.55 0.002 | 0.0031 0.0028 0.51 0.006
1= | po | 0.0038 0.051 0.15 0.060 | 0.0010 0.027 M) 0.031
251 po 0.092 0.079 0.3 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




H zzZ® A4l (I=e,n) : Spin -Parity

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

?" 1 0: ATLAS Plrelilmilnarly o | o ] ?" 1OZ ATLAS IP;eIim}nélr)} S ]
E g[-H— 77" > 4l ¢Data  Spin 0+ E gl H-zz"al ® Data Spin0 ]
ID i Vs =7 TeV: _[Ldt — 46" Signal hypothesis - 1o ] IC‘ - '|i5 7 TeV: det —46fb" Signal hypothesis . 15 ]
=] gl Vs=28TeV: [Lat=207%" o Jp =0 Hze =] 6l \s=8TeV:[Ldt=20.71b" e J =0 BELH
D I ] D I ° i
o - BDT analysis . ‘JE1 -2 : e - JP-MELA analysis o Ja =2 .

0 25 50 75 100
qq Fraction (%) qg Fraction (%)




H WWO® InlI'n(I=e,m

sxBR~200 fb for my~125 GeV




H WwO

Events / 5 GeV

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

107 R S I
-4 Data == SM{(sys @ stat)
W ww [ wzzzwy
O Single Top
B Z+ets [] Wejets

O HI125Ge]

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

H—;WW("—)evpv,’pvev

10°

[preselection level]

ETe [GeV]

Events /10 GeV

Inl'n (I=e,m : Overview
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Signal region (0-jet with leading electron)
L L L L

I
- Data %% SM (sys @ stat)

- ATLAS Preliminary

mww [ wzzzwy

- \s=8TeV,|Ldt=13.0fc" [ [ SngeTop -

i o) . B Zjets [ Weiets 1

| H->WW' —evuv (0 jets) W Hiscey |

L =~ 7
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 DF,

Use transverse mass as
discriminant in final fit

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

ATLAS-CONF-2012-158

Background control

Rate/composition largely
depends on jet multiplicity

H+(0-jet): WW, Z/W+jets
H+(1-jet): WW, top
H+( 2-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 -‘ZfJets ] Weiets -
[CJH[125Gev] o

14000F

Events

& H—»WW“Jaevpv/pvev
100001~ iz

[preselection level]

co
o
o
o
T
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Njets

Main backnds estimated from
signal-free control regions in data

Analysis in 4 categories:
0/1 jet and leading nife




H WW® Inl'n (I=e,n) : 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
W+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)

> 40T T[T [rrrr[rrr—™— e T
F P > 250—!- I I T T T T =
) C H -4 Data %% SM (sys @ stat) ]
O 50 ATLAS Preliminary g ' g wazow, & | ATLAS Prel|m|nary o D el s
- \s=8TeV,[ Ldt=13.0f6" [t [ Single Top = L \s-8 TeV, I Ldt=13.0fb' [ [ Single Top ]
~ - . B Z+ets [ W+ets — 200 j j ]
1) 300 H—)WW( )_>ev v/uvev (1 et) B ® . B Z+jets [] W+ets ]
= Hvip J B H (125 GeV] 2 T HoWW' 'Sevuv/uvev (O jets) W56y |
S 250 / o ¥ 4 7
w150~ No DF, cut and large m ;]
200 C y ]
150 100~ -
100 C ]
50 50— -
f = E ] z

50 100 150 200 250 300 -
050 900 150 200 250 300 350 400 450

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

my [GeV]




H Ww0

Inl'n (I=e,m : Results

ATLAS-CONF-2012-158

Background-subtracted data and
S|gnal MC (125 GeV)

T | T T T
120_ ATLAS Prel|m|nary —+— Bkg. subtracted data
100- \s= 8TeVILdt=13.0fb‘ [ Huescev)

Howw" aevpv/uvev (071 jets)
80

Events /10 GeV

[statistical errors only]
60

40

III|III|III|III|III|
—
4+7
III|III|III|III|III‘II\II

20
+
I T T T B S S| ._“_. P H I S T T B S R
50 100 150 200 250 300

my [GeV]
For illustration:

In window 0.75m,_ <m<m: 564 events

observed [448+45 expected from bknd &
6315 from SM higgs@125 GeV — S/B~0.15]

[excess consistent across all categories]

Broad excess due to poor mass resolution

ATLAS Prellmlnary
HoWW' —>evuv/uvev (0/1 jets)
Is=8TeV:|Ldt = 13 fb"

~Obs.
--Exp. m, = 125 GeV

Local p

E+1c

[expected from 125 GeV SM Higgs]

107, |

Il 1 Il I 1
100 120 140 160 180
m,, [GeV]

4 )

Observed local significance of the broad excess
@ 125 GeV: 2.6s (1.9s expected for SM Higgs).

Signal strength @ 125GeV  m1.5+0.6

[dominated by systematic uncertainties]

K g = 1 48+g :2 (stat)+g gé (syst theor) J_rg Eg (systexp) = 0.03 (_lumi)/

1.3

a(pp > H)-BH = WW)y, =125 gev = 7.0 +] 6 (stat)‘L:Z(syst theor) © T3 (systexp) + 0.3 (lumi) pb




H WW® InlI'n (I=e,n : backgrounds

ATLAS-CONF-2012-158

W+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)




H WW® InlI'n (I=e,n : backgrounds

ATLAS-CONF-2012-158

Top control sample and normalisation
A major background for channels with >0 jet multiplicicy
In H+1-jet: control sample = b-jet veto reverted and m,, DF, 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




H WW® InlI'n (I=e,n : backgrounds

ATLAS-CONF-2012-158

WW control sample and normalisation
control sample = DF,, 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 m;, m,, DF,

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




H WW® Inl'n (I=e,n) : signal

regions




WW®  Inl'n (I=e,n) : signal

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

Number of events in individual channels after full selection

excess consistent across channels

In window 0.75m_ <m<m




H WWO® [nlI'n (I=e,n) : systematics

AAAAAAAAAA -2012-158

Leading systematics on event yield




H WW® Inl'n (I=e,n) : signal

strenqgth

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

Systematics on
signal strength




Missing ET reconstruction vs pile -up

Pileup dependence from soft activity in calorimeter
Including tracking information helps to mitigate effects from pileup interactions

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

Z mmo-jet

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




WH WWW® Inlnin (I=e,m

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
DR(<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

Background fully dominated by WZ







ATLAS-CONF-2013-009




ATLAS-CONF-2013-009




ATLAS-CONF-2013-009

Data-driven background decomposition
Small backgrounds from ttbar and WZ evaluated from Monte Carlo
Z+@/ Z+jets contributions estimated in situ from 2D sideband technique [photon ID vs isolation]
Fractions of backgrounds estimated: 82%/17%/1% for Z+gZ+jets/others
Good agreement data/MC  good understanding of backgrounds

Decomposition not directly used in Higgs search  bknd extrapolated from data sidebands




ATLAS-CONF-2013-009

Data-driven background decomposition
Small backgrounds from ttbar and WZ evaluated from Monte Carlo
Z+@/ Z+jets contributions estimated in situ from 2D sideband technique [photon ID vs isolation]
Fractions of backgrounds estimated: 82%/17%/1% for Z+gZ+jets/others
Good agreement data/MC  good understanding of backgrounds

Decomposition not directly used in Higgs search  bknd extrapolated from data sidebands




ATLAS-CONF-2013-009




ATLAS-CONF-2013-009

Dm=m, gm, distributions and background-only fit [fit with 3rd order polynomials]




ATLAS-CONF-2013-009

po at m,=125 GeV: 0.188 (0.9s) (expected p,: 0.043)
limit at m,=125 GeV: 18.2xSM cross-section (expected 13.5xSM)




H Zg

In additiontoH Z followed by Z I, H Il may receive contributions from internal
conversions in H and from FSRinH I

arXiv:1211.6058

H gy <1% of the H Zgsignal after cuts (e.g. mll cut)
H II*: 1 and soft gtend to be collinear  suppressed by p;%and R(l,g) cuts

H II* peaks in mygat my, but notin m m chosen as final discriminant




High-mass searches




High-mass searches In dibosons

High-mass SM Higgs searches

Analyses published with full 2011 dataset (4.7 fo'l @ s=7 TeV) [no excess above SM ]

Complement the analyses made with ZZ 4l and WW InInfinal states at high-mass

H ZZ linm(l=e,mh H ZZ llgq (I=e, mh H WW Inqq (I=e, mh

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

Remark: Z"Z llqq final state also used for a low mass Higgs search analysis

ATLAS-CONF-2012-163




H ZZ lInn(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 Df
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
Production cross-section limits




H ZZ llgq (I=e,n) 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 : ) L
tagged (right) high mass signal region Production cross-section limits




H WW  Ingq (I=e,n) 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




Grand picture (July paper)




