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Higgs searches in ATLAS

* We present results for data taken in 2011 at Vs =7
TeV (~4.9 fb!) and 2012 at Vs = 8 TeV (~5.8 fb!)

< Qutline

® The new particle discovery (Phys Lett B 716 (2012), pp. 1-29)

Overview of the SM search channels
Results for high-mass Higgs, H->bb, H->tt

Details of the main discovery channels:
0 H->ZZ™)-54|, H->yy, H->WW®)-slyly

Combined results and properties

® Beyond the SM Higgs Searches
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Delivered luminosity since the beginning
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Big challenge with increasing lumi: pileup

Peak luminosity now ~7 1033
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Peak interactions per crossing

Huge effort to mitigate the effect of pileup for the 2012 data-taking

*Developed pile-up robust fast trigger and of fline algorithms

*Optimized reconstruction and identification of physics objects (e,y,u,1,jet,E:™sS)
=> independent of pileup, similar or better performance as for 2011 data

*Precise modeling of in-time and out-of-time pile-up simulation

*Flexible computing model to handle x2 trigger rate and x2 event size

15/09/12




Higgs analysis approach

* All analysis signal regions are blinded until backgrounds are
understood and agree with MC

*Optimizations are performed before signal unblinding

*Most analyses have re-optimized using 2011 data, then apply
to both the 2011 and 2012 data
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SM Higgs production and decay modes

vector boson fusion

gluon-gluon fusion
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Vector boson fusion (VBF):

*Importance:
*Vector coupling as opposed to the fermion coupling for ggF
*Provides clean signature with forward jets => improved S/B

*Drawback: ~8% of ggF cross section
=Tmpact today is somewhat limited, but will be of increasing
importance in the near future

*Signature:
*Well separated jets: Aln| ~3 -4
*Large invariant: mj; ~ 500 - 700 GeV
*Back-to-back in ¢
‘Little central jet activity (no color exchange via W):
*can apply a central jet veto

* Typical contamination from ggF + 2 jets ~25-30%




Overview of SM Higgs search channels

Channels in the current Higgs combination
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Events / 20 GeV

Data/ MC

High mass searches

Channel

Analysis categories

Discriminate variable

H->WW ->luqq

0,1 jet (g9), 2 jet (VBF)

mluqq WlTh My = Mw

H->ZZ -> liqq

2 b-tag jets and <2 b-tagged jets

Miigg With mii- mz

H->ZZ -> llw

Low and high pileup

Transverse mass (2v)
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Main backgrounds:

W+jets, Z+jets, top, di-bosons, multi-jets

Entries / 20 GeV
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High mass searches:

*No excess in my 200-560 GeV

H->WW -> lvlv and H -> ZZ -> 4] also
important to fully exclude above 200 GeV

95% CL limit on O’/OSM

H->ZZ ->lqq
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Low mass Fermion channels: H->bb

2011 data: 4.7 fb!

*Characteristics:
*Three decay channels studied:
*ZH -> lIbb
«ZH -> vwbb
*WH -> Ibb
*Require exactly 2 b-jets

» Analysis categories: different prtV/Z, Ex™ss

bins

*Backgrounds: W+jets, Z+jets, top, dibosons,

multijets

Sensitivity reaches 3.5 x osmat my = 125 GeV
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Low mass Fermion channels: H->1t

2011 data: 4.7 fb'!

*Characteristics:
*Three decay channels studied:
eH -> TT -> TiepTiep  (Tiep == EVVe OF HVVy)
*H -> 1T -> TiepThad
*H -> Tt -> ThadThad
*Analysis categories: 0,1 jet (g9g), 2-jet - VBF and VH
*Backgrounds:
«Z->t7 (irreducible), estimated from ‘embedding’ Z-> pp

events with simulated t's
-t/leptons fakes - estimated with control regions
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H->Z7Z%*->4 | (4e, 2e2u, 4u2e, 4)

*Ti , but:
e o x BR ~2.5 fb at mu~125 GeV (8 TeV)

*Fully reconstructed final state => clear peak above background!
*Backgrounds:
*Irreducible: pp -> ZZ* -> 4l
*Reducible (at low mass < 2mz): Z+jets, Zbb, 1t
*Suppress with isolation and impact parameter cuts on softest leptons

*Crucial experimental aspects:
*High lepton acceptance, reconstruction and identification down to low pr
*Good lepton energy/momentum resolution
*Good control of reducible backgrounds (Z+jets, Zbb, t1) in low mass region
= Cannot rely on MC alone (theoretical uncertainties, b/ j->| modeling)
= Must validate MC with data enriched control samples

*Improvements in the analysis for both 2011 and 2012 data
*Optimized/relaxed kinematic cuts (e.g. mi2) fo increase sensitivity at low mass

*Increased electron reconstruction and identification efficiency at low pr, increased

pileup robustness with negligible increase in reducible backgrounds
= Gains: 20% (4u) o 30% (4e) in sensitivity compared to previous analysis
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H->4| lepton reconstruction and identification
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Improved electron identification =>
>95% efficiency flat in pile-up

Muon reconstruction efficiency ~98%
=> flat in pile-up

*Combined reco/selection efficiency:
*~37% - 4y
«~21% - 2e2y 7 & 8 TeV data
*~18% - 4e
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H->4] mass resolution
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Main discriminant variable:

*Four lepton invariant mass

Resolution:

*1.3% t0 1.9% for mn = 130 GeV with

mass constraint

*Mass constraint improvement ~15%
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Il + pyy: mi2 control region

H -> 4 I bac kg Froun d S *Remove isolation and invert

impact parameter cuts
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H->4| Results

Expected signal/background and observed events in
mH =125 + 5 GeV
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H-—>yy |1106ev<m.<150 eV | |ox BR~50 fb at mu~126 GeV (8 TeV)

Simple topology: Two high pr isolated photons . ¥ .
«Et (y172) > 40, 30 GeV H><[: H»qﬂjg
«Main background: yy continuum (irreducible, smooth) v

To increase sensitivity, events divided into 10 categories based on y rapidity, converted/
unconverted y, pt+ (pt'” perpendicular to yy thrust axis), and 2 jets

*Main improvements in the new analysis:
*2 jet category introduced => selection targeting VBF process
-y identification (NN used for 2011 data) and isolation (improved pile-up treatment)

= Expected gain in sensitivity: +15%

After all selections, expect (10.7 fb!, my ~ 126 GeV, 90% signal in mass window):
+~170 signal events (total signal efficiency ~40%)
*~6340 background events

=S/B: ~3% inclusive (~20% in 2 jet category)

* Crucial experimental aspects:
«Excellent yy mass resolution to see peak above irreducible background

Powerful y identification to suppress yj and jj backgrounds with jet -> n°-> fake y
«(cross sections are 10*-107 larger that the yy background)
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H->yy mass resolution

Stability of EM calorimeter response vs

time (and pile-up) for full 2011 runis < 0.1%
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of the two photons

m2,, = E1E2 (1 -GOSO()5 a is the opening angle
S———

High pile-up: many vertices distributed over LHC beam spot:
Oz ~5‘6 cm

= difficult fo know which one has produced the yy pair

Determine primary vertex from:
*EM calorimeter longitudinal (and lateral) segmentation
*Tracks from the photon conversion

Measured y direction with calo
=> get Z of primary vertex

Z-vertex measured in yy events from "calo-pointing”
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§ 0.16-ATLAS l+ e Data 2011 (B*=1.5m)_7]
= C E Data 2011 (p*=1.0 m) J
] CVs=7TeV, [ Ldt=4.9" ©

£ 0.4 Ve=7Te f

Qo C

£ o012

= I 2 unconverted photons

€ 0.1 nl<1.37

o r

~ 0.08F

7] L

2

c

0.06—

Unconverted y's

— MC () = *Calo-pointing alone reduces the beam-spot

E spread from 5-6 cm to 1.5 cm

= = Enough to make the angular term

oz~ 15 cm contribution fo the mass resolution negligible

*Addition of the track information is needed
to reject fake jets for 2j/VBF
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Photon reconstruction and y/jet separation

*Photons reconstructed from clusters in
calorimeter and conversion vertices in
InnerDetector

*Jet background reduced via shower shape
and isolation cuts

Fraction of converted/unconverted y vs pile-up

stable (<1%) /

*Little migration between categories =>

accurate specific calibration

Data-driven decomposition of selected yy sample
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H->yy results

Total after selection: 590059 events

vents / 2 GeV

*m,, spectrum fit, for each category, with Crystal
Ball + Gaussian for signal plus background
parameterization (e.g. exp, Bernstein polynomials, ...)
*Bkg param chosen from fit to MC model requiring:
*err<10% x S or <20% x VB
Kk Bkg syst uncertainty is max deviation of the
parameterization from the modeled background
over the full mass range (Sherpa, Resbos, Diphox)

Main systematic uncertainties

Signal yield

Theory ~20%
Photon efficiency ~10%
Background model 10-25%

Category migration
Higgs pr modeling
Conv/unconv y

Jet E-scale
Underlying event

up to ~10%

up tfo ~6%

up to 20% (2j/VBF)
up to 30% (2j/VBF)

H->yy mass resolution
Photon E-scale

~14%
~0.6%
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H->WW&) —=> |ply

o X BR ~110 fb for epy at my~125 GeV (8 TeV)

Simple topology: Two opposite charge, high pr isolated leptons with large E+™s

High rate, but limited mass resolution

Backgrounds categorized according to number of jets: | Preselection:

‘H+0j: WW,Z/W + jets
‘H+1j: WW, top
*H2>2j: top

'tight' leptons pt > 15, 25 GeV
Etre™ss > 25 GeV
pret > 25 (30) GeV in [n|<2.5 (2.5-4.5)

Main handles to fight backgrounds:
‘WW:

*SM Higgs spin O => small di-lepton opening

angle and mass
*Top: b-tag

The 2012 data analysis:

*Due to higher pileup, Ex™* resolution is worse and Drell/Yan (Z+jets) increases
=Only the ey channel is evaluated - most sensitive channel
(residual Drell/Yan background is from Z->tt->evv pwv)
*To minimize the impact of mis-measured leptons and jets, Et™Sis projected
transverse to the nearest lepton/jet if closer than /2

= E1 ™S is used for selection

15/09/12
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WW®)->|ply: Data/MC for Et /™S and Nie.

> T T I T T I T T T T I T T T T I T T T T I T T T T
) 6 P
10 - Data %% BG (sys @ stat)
g ATLAS B ww [ Wzizziwy
< 10°E Vs§8TeV,[Ldt=58f" [Ja [ SingeTop
[} 1 * B Z+jets [] W+ets
c 40 HRWW "—evuv/uvev CJ H125Gev
o 10 '
L
10°

DY/Z+jets

10?
10

10

2
10%, ; 50 100 150 200 250
cut — i
ETe [GeV]

Etre™sS and Njets distributions for data and MC
*MC is normalized by WW and top data control
regions

Jets are reconstructed with anti-Kt algorithm
with >60% of tracks coming from the same
vertex (JVF)

Good reco stability vs pileup as seen in

Z-> pp + ljet / Z-> py ratio

Events

(Z—uu + 1jet)/(Z—uup)

6000

5000

0.24

0.22
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0.1

T I T T T I T T T I T T T I
- Data

L
ATLAS

% BG (sys @ stat) ]

B ww B wz/izz/wy -

Vs=8TeV,[Ldt=5.8fb" [J&  [OSingleTop
) B Z+jets [] W+ets —
H—-WW' '—evuv/uvev CJH25Gev

Backgrounds vs Njet
(after preselection)
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WW®)->lply: further selection per Nj, category

0-jet:
*Dilepton p7' > 30 GeV for Drell/Yan
1-jet:
*B-tag veto for top
*Total fransverse momentum < 30 GeV to remove top with extra jets below threshold
| M - mz| > 25 GeV for Drell/Yan
2-jet: (in addition to 1-jet selection)
*VBF selection:
*| Ayj;| > 3.8 - rapidity gap
Veto central jet with prt> 25 GeV

200

pr’ 1-jet

‘ij > 500 GeV
All categories: spin O correlation for di-leptons
*Api <18
*mj < 50 (80) GeV for the O, 1 (2) jets case
o 800 A T se ys s B 00 T T T T T e s6 sy
(g - ATLAIS W ww [ wzzzwy (O] C ATLAF m \[/)v?/‘va = WZ/Z;NV«/
= 700 Vs=8TY,[Ldt=581fb" (I [ Single Top e C Vs=8TaV,[Ldt=581fb" K [ single Top
~ E ) . B Z+jets [ W+ets ~ 400? (|) I Z+ets [] Wiets
-tUE) 600j H_)WV\z —>evuv/|wev+01ets DH[125 GeV] ..g L H—>WW|—>G'VMV/MV9V+1jet DH[125GeV]
[0) - % L
O 500% %/ " L?>j 300~
% -

Drell/
Yan

10044

80 100 120 140 160

P [GeV]

20 4 40 20 1« 40
1

1

:—> cut cut <

140
PP [GeV]
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Events /10 GeV

WW®)->[uly: backgrounds

* Background estimation:
*WW, top: normalize MC to data in bkg-enriched control regions
*W+jets fully evaluated from data
*Small bkg from Drell-Yan and di-boson other than WW is estimated from MC

Several control regions to evaluate the backgrounds,
and validation regions to check the estimations

4Q T T T T e I T 400 e e
- ATLAS =0 @ | 8 T amas no @i | & ool amas 0 @
1200 fo=sTevjLat=sst’ L AT 4 R 1001 =gy fLat=58 1" Dy | Eomwete 7 5 gof (=8TevfLdt=58" LI  Esmer
TR N ; 1 C . . +iets +ets 1 Z E . Z4 Wi
100F- H—-WW"'—evuv/uvev + 0 jets CJ HI25Gev] 1 2 s H—-WW" —evuv/uvev + 1 jet OHisee ] » 25: H_)WW()_)GVMV/PWGV+0jetS- jets %H[:Z?GeV]
L 1 o — c - P
L i > o [ C
80— - W C f g i r .
- O-iet | sol- vl mr 1-jet 200 Same sign
60| mr U-Je = - e - - idati
- ] M: ) ] 15t validation
401 g - ] 100
20; { 20— . C
50 100 50 400 45 L= %
m; [GeV] m; [GeV] Ag, [rad]
Ag))
. - Il miss\2 Il miss |2
15/09/12 Transverse mass: mr = V (Ev! + Ex™ss)2 - |py! + Emiss|
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Events / 10 GeV

WWE)—

>lvly: Results 2012 data

Expected signal and background, and

observed events for my = 125 GeV

(with additional cut: 0.75 * mp < mt < my
- not used in final result)

0-jet 1-jet 2-jet

Signal \ 204 5+2 0.34+0.07
ww 101+ 13 1245 0.10+£0.14
Wz®/zz/wy® 12+3 1.9+ 1.1 0.10£0.10
tt 8+2 6+2 0.15+0.10
tW /tb/tqb 34415 3.7+1.6 -

Z/y* +jets 1.9+1.3 0.10+£0.10 -

W + jets 15+7 2+1 -

Total background 142 + 16 26+ 6 0.35+0.18
Observed 185 38 0

Transverse mass distributions for O-jet, 1-jet and with background subtracted

1 20 e I A R B B R I B R B R B R N
r - Data %% BG (sys®stat)
B ATLAS B ww [ wWzizzwy ]
100~ Vs=8TeV,[Ldt=5.8fb" [Jt& [ SingeTop  —
B &) . B Z+jets [] WH+ets 7
T H=WW '—evuv/uvev + 0 jets CHi2scev
80 + ]
oF 4 mt O-jet |7
L %zy ]
L - ; ]
401~ 7 8- ]
201 ]

100

150

15/09/12
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- Data %% BG (sys®stat) %
mw mwzzzwy - O 60
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CHuzsGev) | %
1 2 40
] i
0 B 30
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| ] 20
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i 1 | | :
200 250 30C
my [GeV]

T
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T
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| I

T
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T

T

mt 0/1-jet

+ + ——
+
it
60 80 100 120 140 160 180 200 220 240
my [GeV]
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Combined results: statistical procedure

*Statistical procedure:

-Global signal strength factor p: scale factor for number of predicted SM events
p = 0 is background only
‘p = 1is SM Higgs boson + background

-Test statistic: A(n) - profile likelihood ratio
*Likelihood includes systematic uncertainties and correlations

*Exclusion limits based on CLs prescription
«SM Higgs at my is excluded when CLs < 5% for p = 1

- Significance of an excess is quantified by the po:
*Probability of background fluctuating to > excess number of events seen
*Can also be given in number of standard deviations
*Provides a “local significance"”
*For a "global significance" one includes a "look-elsewhere” effect which
depends on the mass window

15/09/12
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Combined results: channels used

i

For both 2011 data at 7 TeV (4.7-4.8 fb!) and
2012 "ICHEP" data at 8 TeV (5.8-5.9 fb!)

Higgs Boson | Subsequent ] mpy Range JLat
Decay Decay Sub-Channels [GeV] [fb'] Rel.
2011 +/s =7 TeV
at {de, 2e2p1, 212¢, 4y1) 110-600 48 [87]
H — 72Z® tlvv {ee, pu} ® {low, high pile-up} 200-280-600 4.7 [125]
¢tqq {b-tagged, untagged) 200-300-600 47  [126]
H - vyy - 10 categories {p1; ® 1, ® conversion} & {2-jet} 110-150 48 [127]
J— Evey (ee, ept/ e, py) ® {0-jet, 1-jet, 2-jet) ® (low, high pile-up)  110-200-300-600 4.7 [106]
tvaq (e, 1} ® {0-jet, 1-jet, 2-jet} 300-600 47  [128]
{e,u} ® {O-jet} ® {ET™ < 20 GeV, EX™® > 20 GeV} [129]
H T . T, .
T | TlepThad ® {e,1) ® (1-jet) ® (€} ® (2-jet) H0-130 +7
Thad Thad {1-jet} 110-150 4.7
Z - vy E%“SS € {120 - 160, 160 — 200, > 200 GeV} 110-130 4.6
VH — Vbb W — €y p¥ € (< 50,50 - 100, 100 — 200, > 200 GeV} 110-130 4.7 [130]
Z -t pET € {< 50,50 - 100, 100 - 200, > 200 GeV} 110-130 4.7
2012 s =8 TeV
H — ZZ® ac {de, 2¢2, 22, 411) 110-600 58  [87]
H - vyy - 10 categories {pt: ® 17, ® conversion} @ {2-jet} 110-150 59 [127]
H— WW® evuy {eu, pe} ® {0-jet, 1-jet, 2-jet} 110-200 5.8 [131]
Note that the analyses have been improved for
the 7 TeV data for H -> ZZ *) -> 4] and H->yy
15/09/12
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Combined search results: excluded mass

95% CL exclusion:

*Expected - 110 GeV to 582 GeV

*Observed - 111-122 GeV and 131-559 GeV
99% CL exclusion:

*Expected - 113 GeV to 532 GeV

*Observed - 113-114, 117-121, and 132-527 GeV

S 10 o L T
s  ATLAS 2011-2012 E=10 -
E - Vs=7TeV: [Ldt=4.6-4.8 b [ J=20 i
5 | Vs=8Tev:fLdt=58-59fp" — Observed g
N N Bkg. Expected
O -------------------------- .
F O N S 7 Wttt <A
O\ —
S _
@ —
107 CL, Limits
110 150 200 300 400 500
15/09/12 m,, [GeV]



Combined search results: observed excess

Excess of events see near 126 GeV inthe | | Local Po

H->ZZ *)->4] and H->yy for both the 2011

and 2012 data
High mass resolution channels

3.60 0bs/2.70 exp
at my = 125 GeV

4.50 obs/2.5a0 exp
at my = 125 GeV

H->ZZ ™) -> 4

Local p

H->yy

Excess is confirmed by H->WW®) -5 [uly
Highly sensitive, but poor resolution

2.80 obs/2.30 exp
at my = 125 GeV

15/09/12

H->WW(*) -> lvlv

107

s=7TeV: [Ldt=481f" ™ . 47
\s=8TeV: [Ldt=5.81b" NS

{s=7TeV: [Ldt=4.8fb"
{s=8TeV: [Ldt=5.9fb"

©) H—wWw" = iviv

-- 2011 Exp. ----

— 2011 Obs.

-- 2012 Exp.
—— 2012 Obs.

__________________________________________

2011-2012 Exp.
— 2011-2012 Obs.

__________________________________________

s=7TeV: fLdt=47" . ¢
B 8 TeV: det 58fb1

110 115 120



Combined search results Iocal/global Po

o A [ AS 2011 - 2012
S =
. g . S 107K
Largest significance is 5.90 at 102 | 55
107 | ""“{ """"""""""""""""""""""""""""""" T
126.5 GeV (4.90 expected) w0E 1| Vs=7Tev:fiot=a648" 8o
10—: ' [ Ns=8TeV: [Ldt=5.8-5.9 b 40
100 8 R A _
10_2 % --- Sig. Expected S0
L j 10_9 “ s/ — Observed
For 2012 data alone significance is 4.90 | 10 e X ST 5o
(3.80 expected) 100 Nis0 200 300 200 500
H->ZZ™)->4|, H->yy and H->WW®)-s|ylu
o ATLAS 2011 - 2012
3 Vs=7TeV: [Ldt=4.6-4.8 1"
Vs=8TeV: [Ldt=5.8-59fb"
1
Global significance (‘look-elsewhere' effect) is o,
5.10 in mass range 110-600 GeV o
Increases to 5.3¢0 in the mass range 110-150 GeV | 7.
(~mass not excluded at 99% CL) e
i
10™

110 115 120 125 130 135 140 145 150



Signal strength and mass estimate

r[frrrrrrrrprrrrj

e 2_52 ATLAS 2011 + 2012 Data ]

A "cS» - — Bestfit \s=7TeV: [Ldt=4.6-4.8f0" -

The best fit signal strengthuis 1.4 £0.3,| $ 2 Eenw<r  ©=8TeV JLa=58591" |
consistent with a SM Higgs boson g 150 -
hypothesis p = 1 O S . E

Mass compatibility:

*The mass is estimated in each channel ORI ]

. _ . . 3 -0 57 11111111111111111111111111111111 ]
WlTh a 2 d IlkellhOOd flT To R Clnd mH 110 115 120 125 130 135 140 145G 1/50
*Probability of a separation greater Mk [GeV]
than seen with H->41 and H->yy is 8% S Famas  20m-2012

D O {s=7Tev: [Ldt=4.7-481" + Best it 7]

o - Vs=8TeV: [Ldt=5.8-591b" —68%CL ]

. — L ---195% CL i

Mass measurement: o4 e -
-Estimated my with a profile likelihood |2 © . —hezed ]
ratio for H->ZZ(*)->4| and H->yy allowing - ]
p to vary 2r E
*Main systematic from energy scale 1= -
O;' -------------------- bropeepeopeae- Jogoegenpenp-- boopoqeoqoqe- l:-

mn = 126.0 + 0.4 (stat) + 0.4 (syst) GeV 120 145




Consistency with SM Higgs

Signal strengths of individual
channels (SM: p = 1)

IATL'ASI 201I - 2612

W,ZH — bb

I I
m, = 126.0 GeV

Vs =7 TeV: [Ldt =47 f”
H— 1t

Vs =7TeV: [Ldt= 4647fb1

H—wWw" = Iviv
Vs=7TeV: [Ldt=4.71b"
Vs=8TeV: [Ldt=581b"
He

\s = 7TeV Ldt=4.81b"

\s= 8TerLdt 5.9 b
H— 27" — 4
Vs=7TeV: [Ldt=481b"
Vs=8TeV: [Ldt=581b"

compatible with 1

Combined signal strength

Ho>ZzZ(*)->4| 12:06
H-> yy 1.8+ 05
HoWW(*)-lvlv | 1.3+05

Combined

Vs =7TeV: [Ldt=4.6-4.8 tb] u= 1.4+0.3
Vs =8TeV: f[Ldt=58-591b
I I I I

1

15/09/12
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Signal strength (u)

34



Coupling property measurement scale factors

Can further explore the couplings of the Higgs sector with
following assumptions:

*One single resonance

*SM spin/CP (0*)

Negligible width: i.e. o x BR (ii -> H -> ff) = gii * T'¢s / T

Introduce coupling scale factors x; for SM deviations:
e.g. for gg -> H -> yy:

(0 x BR)(gg -> H -> yy) = asm(gg -> H) x BRsm(H -> ry) X x¢° k)% / kii°

I.e. gi/osm="Tii/ sy = ki

So we have scale factors: kw, kz, kt, kb, k=, kKg(kt, kb, MH) , Ky(kwW, Kt,

Kb, Kz, MH)
= Due to loops kyand k, are "effective” scale factors

Use 1-d and 2-d profile likelihoods for scale factor estimates
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Coupling property measurements

mH is set to 126 GeV

Couplings to Fermions and Vector Gauge Bosons:
assume: kv = kw = Kz, and kF = Kt = kb = K¢

xr = [-1.0,-0.7] or [0.7, 1.3] 68% CL

kv = [0.9,10]or [1.1,1.3] 68%CL

W and Z coupling:
W and Z scale factors are required to be
~same by SU(2)v and the LEP p parameter

Awz = kw/kz = 1.07 *93° 4 57

Theory and expt uncertainties have small effect in ratio

Probing non-SM contributions:
New particles can enter into loops for gg -> Hand H -> yy

All scale factors of known particles are set to 1
Allow invisible or undetected decays to enter info the BR:

BRinvis/undeT < 068 for' 68% CL (084 fOf‘ 95% CL)

w
2

-21n A()»WZ)

|nv.,undet.)

-21n A(BR

I

O a N W »h O O N ©
TTTT T T T[T T [TT T T T T I T[TTTT T

L O B B LB BB

 ATLAS Preliminary + SM

r X Best fit ;

[ Vs=7TeV,[Ldt=4.81b" —2InA(x k) <23 4

F i5=8TeV, flot=58691" - 2INAlK K <60 7

e S Kv VS KF

:\ | \--\_-\-—\“-\-_\ P R | | \:

4 06 08 1 12 14 16 1.8
Ky

N R L B A B BN L

= ATLAS Preliminary —2hAQ ) T

E Vs=7TeV,[Ldt=481b" wz'

F Vs=8TeV, JLdt=5.8-5.9fb"

E ' 68% CL: 95%:CL E

- Awz = kw/kz

i

A Al e
06 08 1 12 14 16 18 2 22 24 26

)\'WZ

Vs =7TeV, [Ldt = 4.8 fb
(s = 8TeV, [Ldt = 5.8-5.

-1

TTT T T T T T T T T T L LA L L I

T T
E ATLAS Preliminary —2InABR
inv.,unt

9fb’

68% CL

BRinvis/unde‘r

e TN TR AT I SR T
01 02 03 04 05 06 0.7 08 0.9

BRinv.,undet. 3 6




Coupling property measurements

mH is set to 126 GeV

Couplings to Fermions and Vector Gauge Bosons:
assume: kv = kw = Kz, and kF = Kt = kb = K¢

xr = [-1.0,-0.7] or [0.7, 1.3] 68% CL

kv = [0.9,10]or [1.1,1.3] 68%CL

W and Z coupling:

W and Z scal
~same by SU

Awz = kw/Kkz

Theory and exp;

‘hﬁ+nnﬁ Val Vol .VoVal NN VII,A +A L\h

w
2

-21n A()»WZ)

T 1 T T T T
 ATLAS Preliminary
 Vs=7TeV, fLdt= 4.8 fo"

I Vs=8TeV, [Ldt=5.8591b"

+ SM

X Best fit 7
—-2In A(KV,KF) <23 A
21In A(KV,KF) <6.0 A

o

F (s=8TeV, [Ldt=58-5.9 "

F e ‘ KV VS KF
_ :‘ L 1 ‘-_\_-‘-—‘-“‘-_\ PRI BT 1 L | |
64 06 08 1 12 14 16 18
Ky
Tt T g
8j ATLAS Preliminary —2hAQ ) T
JE Vs=TTeV, JLdt=4.8 10" wz' 4

No deviation fr'om SM :

has been seen!

QR . / E

Probing non-S

contributions:

New particles can enter into loops for gg -> Hand H -> yy

All scale factors of known particles are set to 1
Allow invisible or undetected decays to enter info the BR:

BRinvis/undeT < 068 for' 68% CL (084 fOI" 95% CL)

-21n A(BR

FE Vs=7TeV,[Ldt=4.8fb"
F (s=8TeV, [Ldt=5.85091fb"

68% CL

BRinvis/unde‘r

- N w » )] [22) ~
TTT T LTI ITTT[TT

o
TTT

e TN TR AT I SR T
01 02 03 04 05 06 0.7 08 0.9

— -2 INA(BR.
inv.,un

0

BRinv.,undet
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Coupling property measurements

Understanding the couplings to Fermions and Vector Gauge Bosons:
assume: kv = kw = Kz, and kKfF = K+ = Kb = K¢

The relation of xvand xr to the overall signal strengths can be seen via the

two equations:

gg->top loop-> H

H ->top loop-> yy

H ->W loop-> yy || interference

\

/ o

(gg -> H -> yy) 2\1([:2 X (O.*].K'Fz + 1.61:v2 - O.7K\‘/{F) /
(O.7KF2 + O.3Kv2) X

A

\

\ 1
=> A yy signal strength > 1 translates into kv greater than 1

N\

(99 > H>WW) = ke x k?/(0.7xF2 + 0.3x)

15/09/12

/

AN

7 N
gg->top loop->H || H ->WW
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Evolution of the signal significance with time

o T T 1 L T 11 T T 1 T T 1 T 11 T 11 T T 1
o ATlLAS | | | \s = 7|TeV (2011') fLdt = 4|8 fo!
© 1 Is =8 TeV (2012), [Ldt="5.9 fb
O B~ N
O
—l
-5 [_12/11 CERN Prel.
1 O — Observed -
1 0-6 ------ Expected
-7 L_Spring 2012 PRD
10 = Observed 3
1 0'8 e e Expected “E
.9 F 04/12 CERN Prel. ‘ PLB 07/12 -
10 E — Observed ., —— Observed F
10 10fF - | Expecteld | | | \'I ----- Ex;l)ected =
EIII||||||||||||||||||||~~|||||||§
110 115 120 125 130 135 140 145 150
my, [GeV]
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Beyond Standard Model Higgs

Non-minimal Higgs sectors have additional Higgs doublets/singlets:
*MSSM is a 2HDM and has 2 CP-even neutral Higgs bosons (h, H),
charged Higgs bosons, and CP-odd neutral Higgs boson A
«MSSM is parameterized by tang = vy/v4 and ma at tree level

*In general, coupling to vector bosons suppressed, and
b, T (down-type fermion) coupling is enhanced for large tang

Is what we see "just” the SM Higgs, or one of several BSM Higgses?
= Can be seen by deviations in the production or decay of the particle
we have found, or by the observation of additional Higgs particles.

Note that in the “decoupling limit” (ma 2 2mz), mn couplings becomes SM-like
*Other scalers may be too heavy fo see
*my = 125 GeV also implies heavy squarks and/or large stop mixing

We present the most recent neutral and charged Higgs search results
with 2011 data which provide constraints in the tang vs ma plane

15/09/12

40



MSSM neutral Higgs search - 2011 4.7 fb™!

Search for h,H,A->tt (BR~10%), pp (BR~0.04%)

with (bb associated prod) or without (gg fusion)
b-tag jets

> 108 §LT I TTTT { TTTT { TTTT { TTTT { TTTT { TTTT { TTTT { TTT J?
8 . F u'w, b-tagged selection ATLAS Preliminary 3
w0 10 = * Data 2011 E
~ ma=150 GeV, tan =40

2 Z— E
S B Z > €
U>J Ww =

Other electroweak 3

Multi-jet -
Y Top 3
W\ Bkg. uncertainty

det 481" ,

R

\

%

m,, [GeV]

Results interpreted using the my"** scenario:
«Stringent tanp bounds in the non-decoupling

region (ma < 150 GeV)

15/09/12
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MSSM charged Higgs search - 2011 4.6 fb™!

Q6OVT T 1T ‘ T 1T 17T ‘ T 1T 17T ‘ T T 1T T T 17T LI T TT T7

Search for H*->t*v produced in t1 events: § [ ATLAS /
) ) 50} ,nrlyax \/§=7 TeV H

*3 final states are considered: - R f Ldt=4.6 fo o
.bb(qq)(Tlepu) 40; — — = Median expected exclusion '/.:,"?

- |:| Observed exclusion 95% CL /' ]

° b b(QQ)(TIepU) 30 ------ Observed +10 theory .’;" N
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Conclusions

Discovery of new boson consistent with the SM Higgs
~60 significance coming from the three most sensitive channels:

«3.60 H->ZZ (*)->4l, 450 H->yy, 2.80 H->WW(*)->lvlv

 Awaiting updates with 2012 data for measurements with
direct coupling to fermions: H->bb and H->71

* An important next step is to measure its spin/parity
*An exciting new period is opening up to measure in detail the

properties of this new boson to first determine whether it is
the SM Higgs and test for physics Beyond the Standard Model
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High mass exclusion: WW->lvlv and H4l|
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High mass exclusion: individual channels

High mass exclusion comes primarily from:
«WW-slvlv (<270 GeV) ZZ->4| (180-400 Gev) and ZZ->llvw (325-560 GeV)
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H->Z77*->4 | : Multilepton identification
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H->ZZ*)->4 | : Selection

» Single and di-lepton triggers

* At least two pairs of opposite-charge same-flavor leptons (e/p)

* Pt thresholds: 7/6, 10, 15, 20 GeV (e/y)

* B0 < mi2 < 106 GeV, mgi-dependent cut on mzs: 17.5 < m34 < 115 GeV
*  All same-flavor, opposite-sign pairs m;>5 GeV (J/Psi veto)

* AR <0.1(0.2) for all same (different)-flavor

* Tracking and calorimeter isolation:

® Ptcone20/pt < 0.15, Etcone20/Et< 0.3 (0.15 for muons outside the
acceptance of the tracker)

|do/a(do)| < 3.5 (6.5) for p(e)

13 12
5/09/ 50



H->7ZZ%*->4 |: full mass range

> T
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H->ZZ*->4l: Signal & background estimates vs data for

full mass range (7 & 8 TeV data)

15/09/12

du 2e2uf2u2e de
Low mass Highmass Low mass High mass Low mass High mass
Vs =8 TeV
Int. Luminosity 58! 58 b 59!
zz™ 63203 275219 3.7x02 417230 29203 17.7x1.4
Z + jets, and 11 04202 0.1520.07 3.9x09 1.420.3 2.9+0.8 1.0£0.3
Total Background  6.7+0.3  27.621.9 7.6x1.0 43.1230 57208 18.8+1.4
Data 4 34 11 61 7 25
my = 125 GeV 1.420.2 1.70.2 0.8+0.1
my = 150 GeV 4.520.6 59208 2.7+0.4
my = 190 GeV 8.2x1.0 12.5+1.7 5.3+0.8
my = 400 GeV 3.9x0.5 6.6x0.9 29+0.4
Vs =7 TeV
Int. Luminosity 4.8 b 48 b 4.9 fb~!
zz" 49202 18.1=1.3  3.1202 273220 1.6+0.2 10.2+0.8
Z + jets, and 17 02x0.1 0072003 21205 0.720.2 2.3+0.6 0.820.2
Total Background  5.1x0.2 18.2+1.3 51205  28.0x20 39206 11.0£0.8
Data 8 25 5 28 4 18
my = 125 GeV 1.020.1 1.020.1 0.37+0.05
my = 150 GeV 3.020.4 3.4205 1.4+0.2
my = 190 GeV 5.120.6 7.421.0 2.8+0.4
my = 400 GeV 23203 3.820.5 1.6+0.2
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H->ZZ*->41:
Signal & background estimates vs observed events for
mu = 125 GeV

Vs =8 TeV Vs =7 TeV Vs =8 TeVand s =7 TeV
du
my exp. signal exp. bkg obs exp. signal exp. bkg obs exp. signal exp. bkg obs
120 0.6820.09 0.61£0.04 2 048x0.06 0.46=0.03 2 1.16+0.15 1.07+0.07 4
125 1.2520.17 0.7420.05 4 0.84x0.11 0.56=0.03 2( 2.09£0.28 1.30+ 0.08 6 )
130 1.8820.25 081005 2 1.38x0.18 0.63=0.03 1 3.26+0.43 1.44+ 008 3
2e2uf2u2e
my exp. signal exp. bkg obs exp. signal exp. bkg obs exp. signal exp. bkg obs
120 0.8120.12 1.1520.17 2 0.48x0.07 0.780.10 1 1.29+0.19 1.93+0.18 3
125 1.4520.20 1.30£0.19 3 0.83z0.11 0.89+=0.11 2(2.28;t 0.31 2,19+ 021 5 )
130 2242032 134+ 020 2 1.2720.17 094=0.11 1 351+049 228+ 021 3
4e
my cxp. signal exp. bkg obs exp. signal exp. bkg obs exp. signal exp. bkg obs
120 0.3520.05 0.7920.15 1 0.1520.02 0.60+0.12 1 0.50+0.07 1.39+0.19 2
125 0.6120.09 0.9020.17 2 0.2820.04 0.69+0.13 0( 0.8920.13 1.5920.22 2_)
130 0.9120.15 09620.17 | 042:0.06 0.74x0.14 0 1.332021 1.70x0.22 |
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H->yy: background from Z->ee estimate

Events / GeV
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H->yy: Pt' separation of ggF and VBF
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Events / 2 GeV

Data - Bkg

H->yy: background-only fits
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H->yy: signal strength
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H->yy: signal strength for individual categories
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H->yy: weighted significance per category

Significance contribution [o]
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Photon isolation requirement is ET < 4 GeV inside a cone AR < 0.4 around the y direction

Pile-up contribution is subtracted using an "ambient energy density” event-by-event

If subtraction is not perfect, residual
dependence of the isolation energy on
the bunch position in the train is
observed, due to the impact of the out-
of-time pile-up from neighboring
bunches convolved with the EM

Calorimeter
bipolar pulse
shape: average
pile-up is zero
over ~600 ns
(~12 bunches)

calorimeter pulse shape

Beginning of the train: no cancellation
from previous bunches
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Characterization of excess for H->ZZ (*)->4l,
H->yy and H->WW(*) -> lvlv

Search channel Dataset | m., [GeV] Z;[o] E(Z) o] | plmy = 126 GeV) | Expected exclusion [GeV] Observed exclusion [GeV)
TTeV 125.0 2.5 1.6 1.7+ 1.1
H = ZZ'" — 4¢ 8TeV 125.5 2.6 2.1 1.3£08
7 & 8TeV 125.0 3.6 2.7 1.4+06 124-164, 176-500 131-162, 170-460
TTeV 126.0 34 1.6 2207
H-yy 8TeV 127.0 3.2 1.9 1.5£06
7 & 8TeV 126.5 4.5 2.5 1.8+05 110-140 112-123, 132-143
TTeV 135.0 1.1 34 05+£06
H— WW'" < Evéy 8TeV 120.0 33 1.0 1.9+0.7
7 & 8TeV 125.0 2.8 23 1.3£05 124-233 137-261
TTeV 126.5 3.6 3.2 1.2+04
Combined 8TeV 126.5 49 38 1.5£04 Lo.s82 122, 13155
TG I 1265 60 49 1403 113-532 (%) 113-114, 117-121, 132-527 (*)
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