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Introduction

Phys.Lett. B716 (2012) 1-29

* Higgs discovered this summer
e Observation in the most sensitive channels Yy, ZZ,WW

* 60 observed, 50 expected.
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What we know today.

It is a non spin | boson (observed in YY);
It couples to both W and Z (needed to explain the EWSB);

It’s production cross section is consistent with the SM ggF process (at least at order 1),
so it most likely couples to top.

Does it couple to other fermions (bb) and leptons? SM lepton sector looks a bit triky,
one single Higgs is just economic, neutrino masses imply several order of magnitude
difference in the couplings

HCP results.

dedicated to search in TT and bb;

mass measurment;

coupling measurement;

first attempt to provide cross section measurements
unfolded from the theoretical error




® Missing from HCP;
® don’t worry, they are still there...

® High statistics is now probing the detector calibration at % level, we need hard work
to understand calibrations without a reference point different than the Higgs itself..

® Possible update in December...
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nggs productlon and decay.
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The search for H = bb is important to
understand if new particle is SM

Most prevalent SM Higgs decay
» At my ~125 GeV: BR(H—bb) ~ 58%
» Direct constraint on coupling to fermions

Input to measuring VH & tH couplings

LHC HIGGS XS WG 2011

55

Higgs BR + Total Uncert
|

Zy

| | | | | | | | | | | |
120 140 160 180 200
M, [GeV]

T ‘ T T T T 3
\'s =8TeV ]

—
o
TTTT

* Very challenging jet backgrounds

» 7-8 orders of magnitude greater WW = Fvad 3

WW — I'viv ]

» Utilise associated production V=W,Z and it _, 22~

o x BR [pb]

LHC HIGGS XS WG 2012
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» Clean leptonic decay signatures for trigger and / 77 = v

offline analysis to reject background events 102k ZZ > ITT

» This talk will focus the new VH results. Recent ttH 3 A—— X
analysis results (7 TeV) are mentioned at the end. ° .
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Analysis selection.

Search in ggF and VBF impossible due to the huge QCD multi-jet background
Associate production allows better background rejection through isolated
leptens and high missing Et (reducing QCD)
« Search for Higgs decaying to pair of b-quarks
» Associated production to reduce backgrounds

* The analysis is divided into three channels
» Two (llbb), one (lvbb) or zero (vvbb),) (I=e,u)

« Cuts common to all channels
» Two or three jets: 15tjet pr > 45 GeV

other jets pr > 20 GeV
» Two b-tags: 70% efficiency per tag (mistag ~1%)

q

Two lepton One lepton Zero lepton

ZH — llbb WH = Ivbb ZH — vvbb
No additional leptons * No additional leptons * No leptons
EMiss < 60 GeV « Emss> 25 GeV « EMss >120 GeV
83 <m, <99 GeV « 40 <MW <120 GeV  E/Miss trigger
Single & di-lepton trigger » Single lepton trigger




Analysis improvements

« Data used: 4.7fb"" Vs = 7 TeV (2011) & 13fb-! Vs = 8 TeV (2012)

e S/B increases with higher pt®®,
e The analysis is catgorised as a function of ptY

* 16 signal categories with cuts optimised for each
» O-lepton: E miss [120-160] [160-200] [>200] GeV x (2 jets or 3 jets)
» 1 & 2 lepton: p;VZ [0-50],[50,100],[100-150],[150-200] [>200] GeV

« Some other improvements
» Muon energy (pr> 4 GeV) added for b-jets (increased resolution)
» Apply ttbar based b-tagging calibration (reduces systematic at high p+)
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Flavour fit

Events with 0, | and 2 b tag jets have different flavour contributions. This allows to fit the
normalisation of the several components.
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Flavours and signal fit

Flavour maximum likelihood fit
» One scale factor applied for each bkg
» Determine V+light and V+c scale factors

Vs=7TeV | s =8TeV
Z+c 1.99 +0.51 | 0.71 £0.23

» Z+c factor changes due to MC treatment Z+light | 091 +0.12 | 0.98 £0.11

 Improved understanding of bkg V pT W+c 1.04+0.23 | 1.04+0.24
: : W+ light | 1.03+0.08 | 1.01 £0.14

* Correction from the pre-tag sample applied to
both top and V+jets pt" distribution.

» W + jets and Z + jets: ~5-10% correction required
» Top background: ~15% correction required

Flavour fit produces excellent MC/data agreement in 12 data regions
2. Binned profile likelihood fit to 16 signal regions & top control regions
» W+b, Z+b and top bkg are floated in fit

» Rescaling factors from the fit m» Vs =T7TeV | vs=8TeV

L(u,0) fit to signal strength u (= a/og,,) Top | 1.10£0.14 | 1.29+0.16

. ¢ . 1.22+0.20 | 1.11 £0.15
» Nuisance parameters 6 for systematics 1194023 | 079 +0.20




Systematics uncertainties

 Main experimental uncertainties
b-tagging and jet energy dominate
» Jets: components (7 JES, 1 p;~ec°, resol.)
» E{Mss — scale and resolution
» bTagging — light, c & 6 pefficiency bins
» Top, W, Z background modelling
» Lepton/ Multijet / diboson / Luminosity
» MC statistics

» Main theoretical uncertainties
» W/Z+jetm,, and V pT
> BR(H—bb) @ mH=125 GeV

» Signal cross-sections include pT-dependent
electroweak correction factors

» Single top/top normalisation
» W+c, Z+C

Uncertainty [%]

0 lepton

I lepton

2 leptons

b-tagging
c-tagging
light tagging

J et/Pile-up/E?iSS
Lepton

Top modelling
W modelling
Z modelling
Diboson
Multijet
Luminosity
Statistical

6.5
7.3
2.1
20
0.0
2.7
1.8
2.8
0.8
0.6
3.6
8.3

6.0
6.4
2.2
7.0
2.1
4.1
54
0.1
0.3
2.6
3.6
3.6

6.9
3.6
2.8
54
1.8
0.5
0.0
4.7
0.5
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3.6
6.6

Total
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Uncertainty [%]

2 leptons

ZH

_ b-tagging

Jet/Pile-up/E!}liss
Lepton

H — bb BR

VH pr-dependence
VH theory PDF
VH theory scale
Statistical
Luminosity

8.6
4.2
1.8
3.3
5.0
3.5
1.6
2.6
3.6

Total

13




mpb distributions 2-leptons
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mpb distributions |-lepton
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mpb distributions O-leptons
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Cut flow in each category.

O-lepton, 2 jet O-lepton, 3 jet I-lepton
EM™ [GeV] 1 [GeV]

Top
W + c,light
W+b
Z + c,light

Diboson




Complex analysis, discriminant power not obvious from the cut
flow, a standard candle is needed to understand if everything is

under control...

WZ & ZZ production with Z—bb similar signature, but 5 times larger cross-section
Perform a separate fit to search for it and to validate the analysis procedure

» Profile likelihood fit performed (with full systematics)

» All backgrounds (except diboson) subtracted

> Uses full p:"4 range, done individually for each channel & year (see backup)
Clear excess is observed in data at expected mass (all lepton channels combined)
Results: o/ogy,=pp= 1.09 £ 0.20 (stat) + 0.22 (syst). The significance is 4.00
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CL; limit results.

/ (,U 9) Poisson term constructed for each category, with a scale factor [ to
9
apply to the MC predicted yield.

g, = 2In(L(u, éAﬂ)/L(ﬂ, 0)) Test statisitics built to evaluate upper limit, using asymptotic approximation.
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95% C.L. limit on o/og,,

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
115 120 125 130 115 120 125 130

my, [GeV] m, [GeV]
* Observed & expected CLg limit on normalised signal strength as
function of Higgs Boson mass (0,1,2 lepton combined)

* Observed (expected) values at m, =125 GeV

» Limits 1.8 (3.3) & 3.4 (2.5) times the Standard Model

> P, values: 0.97 (0.26) & 0.17 (0.20)

» Ology: M = —2.7 £ 1.1(stat.) + 1.1(syst.) & p = 1.0 £ 0.9(stat.) + 1.1(syst.)
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Combined 201 1+2012 results.

B | T T T T | T T T T | T T T T | T T | ] . .
[ ATLAS Preliminary \s=7TeV, f Ldt=47f" 1 ATLAS Preliminary
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Observed (expected) limit at m,; =125 GeV
» 1.8 (1.9) x SM prediction
> 0/agy =M =-0.4 £ 0.7(stat.) + 0.8(syst.)

Observed (expected) p, value: 0.64 (0.15)

Exclusion at m, ~ 110 GeV




95% CL Limit on o/cg,,

ttH analysis.

Very challenging analysis!
» High combinatorial background and small signal
» Important for the measurement of top coupling

Data: 4.7fb-"at Vs = 7 TeV (2011)
9 categories based on jet & b-tag multiplicity
» Signal enriched (25 jets and =3 b-tags)
» Others used for background determination
Main discriminants
» m,, for =26 jets and (=3 b-tag) categories
> H"d (3 pr o) for other samples

Results:
O/Osm
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ATLAS-CONF-2012-135 https://cdsweb.cern.ch/record/1478423




From quarks to leptons

H—TT search




H—TT searches

* Three Higgs production processes are considered in this analysis.
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V = VeVyiVy

q = udscb
, , 10900, 150 200 250
* Separate analysis for three different Tt decay mode. M, [GeV]

ep-lep = ll4v : (ee)+ep+up

ep-had = It 43V : et 4+ KT} .4

nad-had = T, _4T;.gVV : (Th.4Thad)

 Combined all three channels to search for H>tt signature.




Analysis strategy (8 TeV)

Single Lepton + 1,4, | |Two Lepton Two T, 4

oo T~ T T

SenSitiVitV| VBF Selection (high pt 2jets with high An.. and mii

Not VBF @ Not VBF@ Not VB@U

Boost Selection (high pt jets + high Higgs pT)
Not Boost

ot Bococ @ 2 two t,_, Category

@ 4

:Slo-jet >1-jet| |VH selection (m;"m,,,) |ED) >1-jet

4 two-lepton Category

) Quite similar categorization for 2011.
6 Single lepton Category 2011 and 2012 data were treated as separate categ.




Di-tau mass reconstruction.

* mrr can be reconstructed using some approximations (due to the missing neutrino informations).
e for high pt taus we can assume that the neutrino direction is along the visible decay product, it
allows to reconstruct the m+r (collinear approximation)

* better resoultion can be achieved “guessing” the 3D angle between the visibe decay product of the
T and the “sum” of neutrino momenta;

e the AO3p distribution is taken from simulation, and the AO3p comes from a likelihood maximisation
linked to the event topology and the AD3p pdfassuming the T decay kinematic

Event by Event estimator of true di-t mass likelihood.
Full reconstruction of event kinematics.

Missing Mass Calculator(MMC)e [ ke oy -

45<p =50 [GeV] |
ATLAS Simulation —

* Solve T, E;™ in Ad(t,,V) S I T
parameter space using of ] e -
AB;(T,,v) template from =/ '
simulation as PDF.

Arbitrary uni




Selection TiepTiep

2-jet VBF

Boosted

2-jet VH

Pre-selection: exactly two leptons with opposite charges

30 GeV < mee < 75 GeV (30 GeV < Mmee < 100 G@V)
for same-flavor (different-flavor) leptons, and pr¢1 + pr.e2 > 35 GeV

At least one jet with p7 > 40 GeV (|JV Fie| > 0.5 1f [njee| < 2.4)

EIT‘fliSS > 40 GeV (EIT’rliSS > 20 GeV) for same-flavor (different-flavor) leptons

Hfrniss > 40 GeV for same-flavor leptons

0.1 < X12 < 1

0.5 < A¢g( <25

PT.j2 > 25 GeV (JVF)

excluding 2-jet VBF

pr,ji2 > 25 GeV (JVF)

excluding 2-jet VBFE,
Boosted and 2-jet VH

Anjj > 3.0

pree > 100 GeV

excluding Boosted

Mo > 225 GeV

m;;j > 400 GeV

b-tagged jet veto

Anjj <2.0

b-tagged jet veto

D-tagged jet veto

Lepton centrality and CJV

30 GeV < m;; < 160 GeV

b-tagged jet veto

0-jet (7 TeV only)

Pre-selection: exactly two leptons with opposite charges

Different-flavor leptons with 30 GeV < myp < 100 GeV and pr 1 + pr.e2o > 35 GeV

Aper > 2.5

b-tagged jet veto




Selection TiepThad

7 TeV

8 TeV

VBF Category

Boosted Category

VBF Category

Boosted Category

> pr Thadvis >30 GeV

> ERSS >20 GeV

> > 2 jets

> DT jl,pT 72 > 40 GeV
> Al]jj > 3.0

>m;j; > 500 GeV

> centrality req.

> 11 X112 <0

> pr o8l < 40 GeV

> TS >20 GeV
> p¥ > 100 GeV
>0<x <1
>02<x<1.2
> Fails VBF

> pr hadvis >3(0 GeV
> B2 >20 GeV
> > 2 jets

> pr/l > 40, pr /2 >30 GeV

> AT]]'J' > 3.0

> 1 > 500 GeV

> centrality req.

> 11 X 1j2 <0

> pr % < 30 GeV
> pr ¢ >26 GeV

> pr Thadvis 30 GeV
> EMSS 20 GeV

> p¥ > 100 GeV
>0<x <1
>02<x<1.2

> Fails VBF

® Mt <50 GeV
e A(AR) < 0.8
e > Ap <35

® Mt <50 GeV
e A(AR) < 0.8
e >Ap <16

& Mmr <50 GeV

e A(AR) < 0.8

e > Ap <28

e b-tagged jet veto

o mt <50 GeV
e A(AR) < 0.8

e b-tagged jet veto

1 Jet Category

0 Jet Category

1 Jet Category

0 Jet Category

> > 1 jet, pr >25 GeV
> TS >20 GeV
> Fails VBF, Boosted

>0 jets pt >25 GeV
> TS >20 GeV
> Fails Boosted

> > 1 jet, pr >30 GeV
> TS >20 GeV
> Fails VBF, Boosted

>0 jets pt >30 GeV
> TS >20 GeV
> Fails Boosted

& Mmr <50 GeV
e A(AR) < 0.6
e > Ap <35

o mt <30 GeV
e A(AR) < 0.5
e > Ap <35
° pf} - p7r <0

& Mmr <50 GeV
e A(AR) < 0.6
e > Ap <35

e mt <30 GeV
e A(AR) < 0.5
e > Ap <35
o pf} - pr <0

A2 =

|pvisl,2|

| leptonic visible momentum fraction in the collinear approx.

[(Pvis12 + Pmist2)]
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Selection ThadThad

Cut Description
Preselection | No muons or electrons in the event
Exactly 2 medium 1y,,4 candidates matched with the trigger objects
At least 1 of the 1,9 candidates identified as tight
Both 11,9 candidates are from the same primary vertex
Leading Thad.vis pr > 40 GeV and sub-leading thagvis pr > 25 GeV, |n| < 2.5
Thad Ccandidates have opposite charge and 1- or 3-tracks
0.8 < AR(Tl,Tz) < 2.8
An(t,7) < 1.5
if Efrniss vector is not pointing in between the two taus, min {Agb(ErTniss, T1), Aqb(ErTniSS, Tz)} <0.2m

At least two tagging jets, ji, j2, leading tagging jet with pt > 50 GeV
nj1 Xnjp <0,An;; > 2.6 and invariant mass m;; > 350 GeV

minn i, n2) < 11, M2 < Max(n;i,1;2)

EZ™ > 20 GeV

Boosted Fails VBF

At least one tagging jet with pt > 70(50) GeV in the 8(7) TeV dataset
AR(Tl,Tz) <19

EMSS > 20 GeV

if E?iss vector is not pointing in between the two taus, min {Agb(E%ﬁSS, T1), A(p(E?iSS, Tz)} < 0.1x.
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Background estimation.

* Opposite sign tau decay products are required.
* High Missing ET and low MT cuts are added.

Z-> 1t estimated by embedding+MC

-
-- used Z-> upu data and replace p by full simulated T, §
so that all the objects except tau decay product are =
obtained by real data.

-- Used high statistics MC for VBF channel with
correction by data.

Z-2>ee/uu + jets, Top, di-boson Estimated by M
with correction.

500

| LI | I- UL —
o HH1-jet 7
—— Daia i
—— 10 x H(125)—1t ]
B Z—11 (0S-55)
Il Others (0S-SS)
Same Sign Data -
%7 BKg. uncert.
|Ldt=46m"
(s=7TeV —
ATLAS Preliminary S

LI
ut,

QCD and W+lJets — Estimated from Same Sign events(lephad)

00 150 200 250 200 350 400
MMC mass m_. [GeV/]

-- Template fit by loose selection (lep-lep,hadhad)




Z—TT validation

I | I I 1 1 | I 1 1 I | I I 1
8T, + T,y Preselection

Higgs Signal is on the right hand side tail of Z.
Need carful varidation of the Z->tt shape.

—4— 751t Embedded
‘ii —— 711 Alpgen MC
. 77 Emb. syst.
' | Ldt= 130"

G /s =8TeV
o ATLAS Preliminary

Arbitrary Units

o
-4

500 AL

|||||||||I-III

ut,_, H+1jet
—+— Data
—— 10 x H(125)—11
B Z—11 (0S-55)
I Others (0S-SS)

400

MMC distribution
embedding vs MC

Events / 10 GeV

o
&
=
G
w
=
=
]
1A
i
1

300 iz Bkg. uncert.

j Ldt=46f"
{s=7 TeV
ATLAS Preliminary

N B B SR B
50 100 150 200 250
MMC mass m_. [GeV]

200

100 16 1T, Preselection

—+— Data

— 5 x H(125)—11
B £t (0OS-5S)
Il Cihers (OS-S8) A
I Same Sign Data —
#77: Stat. uncert. ]

ILdt=13.ﬂfb“

fs=8TeV
ATLAS Preliminary -

14

GD 50 100 150 200 250 300 350 400 . . .
MMC mass m.. [GeV] MET distribution.

Non-VBF channel : Embedding estimation vs dat
- Checked with MC sample °
= Assigned systematics by varying condition. °
VBF channel : High statistics MC 4
2
0

12

Events/ 2 GeV

10

Q

= Jet kinematics are validated by Zee/pu data.

= Reweighted kinematics for MC mismodeling. 010 20 30 40 50 60 70 80 90 100
TISS [GEU]




ggF categories.

* Boost category is the best sensitivity in non-VBF category.
* 0/1 jet non-boost events also used for limit calculation.

Events / 10 GeV

leple

4505

400
350
300
250
200
150
100

50

=

50

‘e + ey +uy Boosted
—4+— Data
—2x H{125)—1
| Y
£ —eeuu
Bl (7+single-top

WWWZ/ZZ
I Fake leptons

7z Bkg. uncert.
J Ldt=13.01f5'
"I'E = 8 TeV
B ATLAS Preliminary

I|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIr

300
MMC m.. [GeV]

—h
na
-]
=

Events / 20 GeV

ephad

|
WT, .+ 8Ty, Boosted

—— Data
— 5x H{12E8)— 11

B Z— 1t (0OS-55)
Il Cthers (OS5-SS)
B Same Sign Data

w2 Bkg. uncert.
J Ldt=13.0 b’
(s=8TeV
ATLAS Preliminary_

100 150 200
MMC mass m_, [GeV]
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Events / 8 GeV

hadhad

GE

I 1 1 1 1 I LI I 1 | 1 1 1 1 I_
Thadlhag F1+1-j0t BOOSted
—— Data

— bx H{125)—1t
B =

B Multi-jet

H Cthers

“#z7 BKg. uncert.

J" Ldt=13.0f"
fs=8TeV

I
=
I
Ly
i
©
3
5
g

100 150 200 250
MMC mass m_. [GeV]




VBF categories.

* Highest sensitivity channels are VBF category.
* Limited statistics but Good S/B ratio.

2XSM signal 1xSM signal 5xSM signal
leplep / lephad ! ha.dh?.d. | |

1 1 I 1 1 1 1 I
TT [T TT[TTT TT T T[T T T T [T T T T[T TTT] [T T 1T Ill|llll|llll_—
30 | | e +IE'|.J.+:.J.|.J. H—lE-}E’["L"EF_ nt J + er,., H+2-jet VBF 5 1"
i - . —4— Data -
— BX H{125)—t ]

B 7=

B Mulii-jet
Hl Cthers

¢z Bkg. uncert.

Jﬂ Ldt=13.0f" ]

fs=8TeV .
#TL ASPreliminanyg|

Data
H{1258)—1t
L1t

C . —4— Data .
251 — 2x H(125)—=11
- Bl 71t
Hl 7 eeu Others
Bl fi:single-top - - Fake t
- WWWZZZ i u 27 Bkg. uncert.
15: I Fake leptons : - ) _[Ldt= 13.0 15"
- 7z Bkg. uncert. - 5 8TeV

-1 T u 3
J Ldt=130%" : ATLAS Preliminary
s=8TeV ] ~
ATLAS Preliminary -

Events / 16 GeV

=
©
]
=
o
P
€
o©
>
Ll

Eventis / £U aev

20F

ﬂﬂ

DD_ 5[} 100 150 200 250 300 350 46[} 50 100 150 200 250 300 100 150 200 25C
MMC m., [GeV] MMC mass m_, [GeV] MMC mass m_. [GeV]
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Systematic uncertainties

» Systematic uncertainties for Z>1tt background and Signal.

* Dominant systematics are Embedding, Tau Energy Scale
and Jet Energy Scale. Both Shape and Normalization
variation are taken into account.

Uncertainty H — TiepTiep H — TiepThad H — ThadThad

Z— 1T
Embedding 1-4% (S) 2-4% (S) 1-4% (S)
Tau Energy Scale — 4-15% (S) 3—8% (S)
Tau Identification — 4-5% 1-2%
Trigger Efficiency 2—4% 2-5% 2—4%
Normalisation 5% 4% (non-VBF), 16% (VBF) 9-10%
Signal
Jet Energy Scale 1-5% (S) 3-9% (S) 2—4% (S)
Tau Energy Scale — 2-9% (S) 4—-6% (S)
Tau Identification — 4-5% 10%
Theory 18-23% 3-20%
Trigger Efficiency small 5%




95% CL Limit on G/GSM

H- 1., T, ATLAS Preliminary -
—e—Observed CL, | Ldt=4.6f"{s=7TeV —
--- Expected CL, [ Ldt=13.0fo", {s=8TeV -
[ ]+2
RER

100 110 120 130 140 150
my [GeV]

(a) Combined H — TiepTiep

95% CL Limit on G/GSM

Per channel CL;

—
A}

—
o

0¢)

H - T Thag ATLAS Preliminary |
—e—Observed CL, | Ldt=4.65", (s=7TeV -
--- Expected CL, | Ldt=13.0f6", (s =8TeV |
[ ]+2
RER

100 110 120 130 140 150
m,, [GeV]

(b) Combined H — TiepThad

—
\Y)

—
o

95% CL Limit on o/cg,,

T | T 171 | T T T T | L | L | T 171 | T
H > T4 Thag ATLAS Preliminary |
—e—Observed CL, | Ldt=4.6f0",Vs=7TeV -
--- Expected CL_ | Ldt=13.0 fo", (s =8 TeV _

[ ]+2c
RER

100 110 120 130 140 150
my [GeV]

(c) Combined H — ThadThad
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95% CL Limit on o/cy,,
oo

Production mode categories CL;

I | T T 1 | 1T T 1 | 1T T 1 | 1T 1T 1 | 1T 1T 1 | I
. H— 1t (VBF) ATLAS Preliminary |
- _e-ObservedCL, [Ldt=4.61fb"(s=7TeV -

.- Expected CL_ | Ldt=13.0 fo", (s =8 TeV

100 110 120 130 140 150
my [GeV]

(a) VBF categories

—_
N

—
o

95% CL Limit on /oy,
oo

I | I T I | T T 1 I | I T T 1 | T T 1 I | T T | I
. H—> 11 (non-VBF) ATLAS Preliminary |
- —e-ObservedCL, [Ldt=4.61f"(s=7TeV -
.- Expected CL_ | Ldt=13.0 0", (s =8 TeV |

[ ]+2c
[+t 1o

100 110 120 130 140 150
my [GeV]

(b) Non-VBF categories




Combined Results

* Calculated limit and significance using MMC distribution as the discriminant.
e To extract signal, Profile likelihood was used.

—_
[\
—_
[\

T | L | T 1771 | T T | T T | T T 17T | T
 H— 1t ATLAS Preliminary |
- —e—Observed CL, | Ldt=4.61" {s=7TeV A
 --- Expected CL, n

- [J*2
R NES

T | T T T T | T T T T | T T T T | T T T T | T T T T | T
T ATLAS Preliminary |
- —e— Observed CL_ f Ldt=13.0fb", {s=8TeV -
| --- Expected CL, n

- [J+2
- [+ 1o

_\ | T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T |i
- How ATLAS Preliminary ]

- —e—Observed CL, | Ldt=4.61f5",(s=7TeV -
~ --- Expected CL, | Ldt=13.0fb", (s =8 TeV -
— \:|+2(5

E M+ 1c

—

o
T

—

o
T

95% CL Limit on G/GSM
95% CL Limit on G/GSM

s
wn
Y
o)
c
)
I=
=5 8
—
@)
2
Lo
o

(©))
T T T T

:\l 1 1 1| I I | 1| \\l;

i ] - ] 100 110 120 130 140 150

100 110 120 130 140 150 100 110 120 130 140 150 my; [GeV]
m,, [GeV] my [GeV] (c) Combined 2011 plus 2012

Expez:teoc)i :1.2xSM Observed:1.9xSM Exr()ected :1.76 Observed:1.1c
=
Best fit value of Signal Strength (pn) is 0.7 =0.7
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po and process dependence

ATLAS Preliminary | Ldt=4.6b", Vs =7 TeV
| Ldt=13.0 b, (s =8 TeV

ATLAS ﬁrehmina#y | |
J K Dbest fit
J‘L 46" Vs=7TeV X best fit (1>0)

=13.0 fb -8Tey —— 95% Contour

X B/BSN|

— Observed H — 11

68% Contour
4= SM prediction
op Background only

-- Expected for SM Higgs Boson

Expected for SM Higgs Boson at mH=125 GeV

HVBF+VH

m,, = 125 GeV

0 110 120 130 140 150
my, [GeV]

'[IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII]’

3
N
8

Still not enough sensitive to probe SM prediction, but it provides good constraint in VBF and ggF plane




R—=WW



H—=WW

—i
o

\s =8TeV

H— WW — 2v8vis one of the
more abundant Higgs final states
at 125 GeV

WW — Iivqﬁ'
WW — ['vIv

c x BR [pb]

LHC HIGGS XS WG 2012

EVBF HA 1t

Provides best current probe of

HWW coupling 22> 1q

—h
<

ZZ — I'Tvv

ZZ — I''TT

n July: 2.8 o evidence for signal ,
using 7 and 8 TeV data (expected 2.30) 19

Today: an updated measurement - ZH s ITbb
of the H — WW production rate Jmen
with 13 fb* of 8 TeV data q= uecis‘é:’tf

| | I150I

10




H—->WW —IVIV Search

» Signature: 2F_

— Major backgrounds are continuum WW, top production, W+jets
with a fake lepton, Z/y* + fake E_, Wy™

* We use only the “different flavor” channel evpuv to avoid the
contamination of Z/y* — ee, yu
— Pileup — bad E_resolution for Z/y” rejection
* Higgs decays kinematically different from backgrounds,
allows definition of signal-rich and control regions

— Most signal-rich region blinded until control regions understood

- HiggS Mass proxy: transverse mass variable blind region of
93.75<m._<125GeV

after all other cuts
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Event selection.

* opposite sign ep candidates, M(22) > 10 GeV

rel : .
« B ®>25GeVtoremoveZ — Tt r = Ersinmin(A¢n, m/2)

A¢m = min A¢(€ Or ja ET)
* <1jettoremove top quark background /

clean up Et™* from object mis-reconstruction

I I I I | I I I | I
. —4- Data %4 SM (sys @ stat)
ATLAS Preliminary o ' & wzzzwy
\s=8TeV,| Ldt=13.0f" [Ja [ SingleTop
*) B Z+jets [[] WH+jets
H->WW' '—evuv/uvev [] H[125 GeV]

1 I I I I 1 I I I I 1 1 I I I 1 1 I I I I 1 I I
_ 4 Data 4% SM (sys @ sta) 14000
ATLAS Preliminary g w1 wzzzwy
\s=8TeV, [ Ldt=13.0fo" [Ja [ SingleTop 12000
*) B Z+jets [[] WHjets
H—I>WW —evuv/uveyv [] H[125 GeV]
|

10000

Events / 5 GeV

8000

6000}z

4000

150 200
ETRS [GeV]




Higgs candidate selection O jet

1 | 1 1 I | I 1 I I 1 1 1 | I
-6- Data %% SM (sys @ stat)
B ww [ Wz/zzwy
\s=8TeV,| Ldt=13.0fo" [J& [ SingleTop

. B Z+jets [ ] W+jets
HoWwW!' )—>evuv/uvev (0 jets) B H (125 GeV]

900
800
700
600
- high total momentum, small 500E 4

azimuthal separation, small 400

. . 300
Invariant mass ,
200

>
= -
B
(D_
o -
c
3
>
Q
<

» Expect leptons to preferentially
have small separation

Events / 5 GeV

- Require E_in opposite hemisphere _
120 140 160

from dilepton system Pl [GeV]

I I I | I I I | I I I I I I I I I | I I I I | I I I I I
L %z SM

ATLAS Preliminary 2 oue = 050

\s=8TeV,| Ldt=13.0f" [ [ SingleTop

. B Z+jets [] W+jets
HoWw' )—>evuv/uvev (0 jets) B H [125 GeV]

| 1 1 1 | | | I 1 1
_ ATLAS Preliminary ;5;‘;: ﬁ;ﬁg;ﬁ“a“

- \s=8 TeV,I Ldt = 13.0 fb Cl+ [ Single Top
L *) ) B Z+jets [] W+iets
— H->WW' "—evuv/uvev (0 jets) B H (125 GeV]

WW normalised in

my > 80 GeV region

Events / 10 GeV
Events / 0.13 rad
I|IIII|IIII|IIII|IIII|

m [GeV]




| jet selection

* jet cannot be b-tagged
» Z— 1t Vveto using collinear approximation

* Require small m(22) and Ad(2,2) asin o jet bin

after b veto, Z — tt veto + m(28) < 5o GeV

1 1 I | 1 1 1 1
ATLAS Preliminary ;VDVa\jj ﬁjv“;/‘zszyfvffa”

\s=8TeV,[ Ldt=13.0f6" [Jua [ SgleTop
*) . B Z+jets [[] W+jets
H->WW" ' —evuv/uvev (1 jet) B H (125 GeV]

I I |
ATLAS Preliminary & e =020 1

\s=8TeV,| Ldt=13.0fb" [J& [ SingleTop
*) _ B Z+jets [ ] W+jets
H—-WW %GVMV/HVGV (1 jet) - H [125 GeV]

Events/ 10 GeV
Events / 0.13 rad

|
N
N\




Top Control Region.
Reverse b-jet veto in 1 jet bin. Nice agreement out of the box.

400 T—————T

ATLAS Preliminary 2 b ”fé\?\,“;,‘z‘f’;’;\i“a”

\s=8TeV, | Ldt=13.0 fo' T Single Top
*) . ] Z+jets W+jets
H-WW" '—evuv/uvev (1 jet) B H (125 GeV]
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WWV normalisation.

* Normalization differences to MC evident, taken into
account in the signal yield fit

— Top contribution normalized via top CR

worse absolute normalisation with Powheg+Pytha8 than MC@NLO+Herwig (ICHEP)
but better description of m; and A variables used for extrapolaton

1601 ATLAS Prellmlnary 3 Dala 2 O e s
140

\s=8TeV, [ Ldt=13.0fo" [J# [ SingleTop
120

2504|[||||||||""|""|""|"'I|IIII|||||

- ATLAS Preliminary ;Evav‘va ﬁjv“;g;swistat)
- \s=8TeV,| Ldt=13.0fb" [t [ Single Top

B Z+jets [ ] W+jets

200 )
H—-WW"'—evuv/uvev (0 jets) B H (125 GeV]

. B Z+jets [ ] W+jets
Howw! )—>evuv/uvev (1 jet) B H (125 GeV]

Events /10 GeV
Events/ 10 GeV

150 100
80
60
40
20

o 0

R=1.125+0.040 = 0.840 + 0.078

100

50

III|III|III|II||III|III||II|I

4 m____I__-_-ﬁ_— ——

100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
mr [GeV] mr [GeV]
Nominal WW MC: Powheg+Pythia 8
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Same sign validation.

* Checks W+jets and non-WW diboson processes (in
particular Wy®)

Same sign events, o jet bin, p_(£2) > 30 GeV

ATLAS Preliminary 2y oue = 0 omr s

\s=8TeV,| Ldt=13.0fo" [t Single Top

. B Z+jets [[] W+jets
HoWw' )eevuv/uvev (0 jets) B H (125 GeV]

_I I I 1 1 I 1 I I 1 I I I 1 I I I | 1 1 I I
= s A -6~ Data %% SM(sys ® stat)
- ATLAS Preliminary B oww B wzzzwy
\s=8TeV,| Ldt=13.0f" [t Single Top

. B Z+jets [[] W+jets
HowWw! )—>evuv/uvev (0 jets) B H (125 GeV]
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NN\

IIII|IIII|IIII|IIII|IIII|IIII|IIIT
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my [GeV]




Fit model

- Fit the m_spectrum of the signal region and the

normalizations of (blue) control regions

— systematics included as nuisance parameters

WW o jet CR
any Ap, m(22) > 8o

MC scale factors:
Top o jet
Zly" — 1T

WZ[ZZ|Wy®

W+jets CR
+ @ fake rates

top1jet CR
any Ad and m(29),
b-tagged jet

WW 1 jet CR
any Ad, m(£2)> 8o

Signal region o jet Signal region 1 jet
AP <1.8, m(RR) < 5o AP <1.8, m(RR) < 5o

Nuisance params:
systematics and constraints




Events /10 GeV

Events /10 GeV

Signal region plots

e has higher p_

- ATLAS Preliminary e = o

\s=8TeV,| Ldt=13.0f" [J& [ Single Top

*) ) B Z+jets [] W+jets
H->WW" '—evuv (0 jets) B H (125 GeV]
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Q)

0 I

5 8 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII
o
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A picture to the signal.

ATLAS Preliminary & o ﬁ%gﬁm
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. B Z+jets [ ] W+jets
HosWW! )—>evuv/uvev (O jets) B H (125 GeV]

PP - L@-L@-. [
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Results

@125 signal significance 2.60 (expected 1.90)

signal strength (ratioto SMrate) = 1.53+0.6

backgrounds &
assumes SM ratio of production mechanisms signal acceptance

o(pp = H) - Br(H - WW) = 7.0117 (stat) T 6 " (theory)™ 1'3 (exp) £ 0.3 (lum) pb

SM expectation: o(pp — H) - Br(H — WW) =4.77 £ 0.64 (xsec) = 0.2 (BR) pb

LHC Higgs XS WG

4_-""""I""I""I""I""""j E T 777 r T
o ATLAS Preliminary = 10i ATLAS Preliminary

H-WW" —evuv/uvev (0/1 jets) 1 10° H—-WW" —evuv/uvev (0/1 jets)

Vs =8 TeV: [Ldt = 13 fb! - 10°E (s _gTev: JLdt 13 i

—— Obs. best fit ] 102

C-2InA(u) < 1 1 10
—— Exp. best fit m_ =125 GeV 7

— 2InAp) <1 . 1k
to 2.8 O v : 107}

C ] 1072
10
10
10°
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corresponding

=
SN—"
e
—
(@)
c
()
=
(%)
‘©
c
oy
wn

(R

L1 R B E | L L Y L. L, | TE
140 145 160 180 200
m,, [GeV] m,, [GeV]

NOT COMBINED WITH 2011 RESULTS

s it time to stop the Y saga and give a measurement? do/dmy = -0.25 pb/GeV

(much more stable than Y, Y still usefull for 201 1+2012 combination and channel combinations)
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Systematics

Systematic uncertainty on the
signal and background yield. Systematic uncertainty on M.

Source (0-jet) Signal (%) Bkg. (%)

Inclusive ggF signal ren./fact. scale 13 - Source Upward uncertainty (%) Downward uncertainty (%)

I-jet incl. ggF signal ren./fact. scale 10 — :
PDF model (signal only) 2 Statistical uncertainty +23

QCD scale (acceptance) - Signal yield (o - B) +14
Jet energy scale and resolution Signal acceptance +9
Wjets fake factor WW normalisation, theory +20
WW theoretical model - Other backgrounds, theory +9
W-+jets fake rate +11

1-jet incl. ggF signal ren./fact. scale 26 - Experimental + bkg subtraction
2-jet incl. ggF signal ren./fact. scale 15 - .

Parton shower/ U.E. model (signal only) 10 - MC StatlstICS- +8
b_tagging efﬁciency - TOtal uncertalnty
PDF model (signal only)

QCD scale (acceptance)

Jet energy scale and resolution
W+jets fake factor

WW theoretical model

Source (1-jet) Signal (%)

WW background extrapolation uncertainties
Scale | PDFs | PS/UE | Modelling
D 125% | 3% | 4.5% | 3.5%

a"l)VW
ayw | 4% | 29% | 4.5% 3.5%

The result is systematically dominated, we need to change
strategy for Moriond...
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mu-l correlation.

—25 T NV
80 ATLAS Preliminary
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60
-2InA(Lm ) =2.3
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——  H—yy (2011+2012,4.8+5.9fb )
H—ZZ"-IIll (2011+2012,4.8+5.8fb

ATLAS Preliminary
H—>WW(*)—>evuv/uvev

20
\s=8TeV:|Ldt=13 b

-21n X(u,mH) =23
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Why we don’t combine with
201 17

|. We discovered it, why should we combine? :-)

2. We changed the WW modeling, this affects H2012 by ~ 0.50ys
(reanalysis 201 | with the same modelling)

. We realised that the high statistics in the CR was constraining
systematics (this is a not desired effect of the profiling, 2012 analysis
has been corrected by reducing the numbers of CR, we need to do
the same for 201 1)

. The profiling doesn’t impact so much M (0.01 effect in 2012) but
artificially reduces the systematics, also when combining with 201 |.




Combination




ATLAS combination.

Qd H->bb, 1t and WW* Best—fit Higgs mass m, :

126.0 * 0.4 (stat) = 0.4 (syst) GeV
analyses have been updated 4istat) 1 O
using 13fb-! data collected |,c\'r[_,c\ls Prlelimir{ary | !mH=12(|3 Gev
at 8 TeV 1n 2012. W.Z H — bb :

Vs=7TeV: |Ldt= 47fb

D nggs decays to Yy, ZZ>!< Vs =8TeV: JLdt=13 b

H— 1t
and WW#* are established, | i {tii

. H WW — vl
bUt H 9 bb, TT Stlll laCk Of Vs ?rev JLdt= 13" B
statistics to draw definitive | H— vy

Vs=7TeV: |Ldt=48fb"

. Vs =8 TeV: ILdt 59fp
conclusion. H o270 4

Vs=7TeV: |Ldt=48fb"
Vs=8TeV: | Ldt=58fb"

Best-fit signal strength: Combined W=13+03

= : —AA_ -1 '
\s 7TeV.det 46-481b '——

— 1. i O. v,‘§=8TeV:J.Ldt=5.8-13fb'1 ;
M 3 3 | | | | |

-1 0 +1
Signal strength (u)




VBF/ggF prod mode.

d Model independent coupling 7 "

B L L Y
- ATLAS Preliminary 2011 + 2012 Data

studies which are directly related % = 8 w-7melo-srm oo

{s=8TeV: |Ldt=5.85.09fb"

6 B + Standard Model

to experimental observables. : < Besti

— 68% CL
----95% CL

2D contour: Wygp.yy V8. Hegrem
d H->ZZ*->4] has low statistics
and uses 1nclusive analy51s

BN RN EEEEEEREEE
ATLAS Preliminary 2011 + 2012 Data

s=7TeV: |Ldt=47-48fb"
Vs=8TeV: [Ldt=5.8509fb

—H-yyand H— WW" = viv
—_—H— 7y
—H-ww S viv

MggF+ttH X B/BSM

=» The signal strength ratios
cancel the branching ratios
of different channels so that
the results can be compared
directly.
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Measuremet of Higgs couplings

d Assumptions (LHC HXSWG, arXiv:1209.0040):

—The signal observed in different channels originate from
a single narrow resonance with mass near 125 GeV.

—The width of the assumed Higgs boson near 125 GeV 1s
neglected, hence the signal cross section can be
decomposed 1n the following for all channels:

oii - Lg
I'n

(c-BR) (it - H— ff) =

—Only modifications of couplings strengths are taken into
account, while the tensor structure of the couplings 1s
assumed to be same as 1in the SM prediction (CP-even
scalar). [ATLAS-CONF-2012-127]
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Higgs coupling structure

Depending on the benchmark model, ,, k, and «y; are either
functions of other couplings or independent parameters.

[ Notation for gg2>H-2>vyy

Zero Width Approximation
— =
(6 -BR)(gg - H — vv) = OgoT




Higgs couplings..

+ SM
x Best fit
's = 7TeV, |Ldt = 4.8 fo —-21In Ak k)

Is = 8TeV, [Ldt = 5.8-5.9 fb

T I I | 1 I I I I I
ATLAS Preliminary

No BSM particle contributions to  *
go—>H, H=2>vy and the total width.

Two coupling scale factors kg for

o N
o w

fermions and «,, for bosons,

' Compatibility-
21%  :

68% CL intervals
kg € [—1.0,—-0.7]U]0.7,1.3]
ky € [0.9,1.0]U][l.1,1.3]

Ly | L
1.4 1.6 1.8

4

n

A L B L
ATLAS Preliminary + SM
is = 7TeV, |Ldt = 4.8 fb” x Best fit

(s=8TeV, [Ldt=5.8-59 " — 2 MAMK,Ary) <23
e 2N A A)
vy’ FV

w

JSame as above, but without the
assumption on the total width

AV

—_—

Aeyv=Ke/ Ky, Kyy=Ky Ky/Ky
68% CL intervals
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Probing custodial symmetry.

4 Similar to previous benchmark model, but k,, 2 K, and k,
so there are three free parameters ky, , K, and k. Identical
couplings scale factors for the W and Z are required within
tight bounds by SU(2) custodial symmetry and p parameter.

d The VBF process is parametrized with «, and k, according

to the Standard Model.

KW
AWy = —
Kz

1.0770 57
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Probing potential BSM contrbutions

 For H>vyy and gg—>H vertices, effective scale factors x, and

i, are introduced (two free parameters). Non-SM particles can

contribute to H->yy and gg—>H loops or in new final states.

assuming only SM contributions to total width no assumption on total widih, but
and x; = 1 for all SM particles x; = 1 for all SM particles

1 T 1 T 1 LI | L | T 1 | T 1 T 1 LI
ATLAS F’rellmlnaryr + SM
5=7TeV,|Ldt= 4.8 b’ x Best fit

—-2InA(x kg) < 2.3
1 v Y
/S=8TeV, |Ldt=5859f" ~ In Al kg) < 6.0

)

ATLAS PI’E|II‘HII‘IEI’}' —-2InABR
7TeV, |Ldt = 4.8 fb

(s =
is=8TeV,|Ldt = 58591 Compatibility
35%

inv.:undet.}

inv.,undet.

-2 In A(BR

Compatibility
18%

l l+]-1r

+Cl '%
Ky 1.27

BRim-'..undet. 0.68

:l:lIII'IIII|IIII|IIII'IIII|IIII|IIII|III—

04 05 UE O? 08 09

7

BHlm.,undeL

68% CL ° ;; D o
. : — BRinv.,undet :'




Conclusions...
Stay tuned for ZZ and YY

Moriond we will hopefully see something in the
fermionic channels

The combination of 201 1+2012 WWY, plus

reorganisation of the analysis (we need to reduce
the impact of the systematics)

The search time has gone, now we are in the
measurement phase... (plus VBF and fermionic
channel observation)




