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On the 4" of July 2012, ATLAS and CMS announced the discovery of a
new boson with a mass of ~126 GeV in the search for the Higgs

 Using ~5+6 fb! of 2011 (7 TeV) and 2012 (8 TeV) data
e Search sensitivity dominated by vy, ZZ",
* Compatible with the expected Standard Model Higgs

20-22 Nov 2012

Introduction

Phys Lett B 716 (2012) 1-29
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Overview

The effort on the Higgs searches in the Collaboration has been focused on

» Strengthen the evidence and measure the cross section of the new boson
 Include other refined and updated decay channels: H - bb, H — 17t

 Measurement of mass and other properties

e Keep looking for other possible signals of (beyond Standard-Model) Higgs
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Overview

The effort on the Higgs searches in the Collaboration has been focused on
(1) « Strengthen the evidence and measure the cross section of the new boson
(2) » Include other refined and updated decay channels: H —= bb, H — 17

 Measurement of mass and other properties = See C. Schmitt talk

(3) * [Keep looking for other possible signals of (beyond Standard-Model) Higgs
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The Standard Model Higgs boson @ LHC
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e Direct production by gluon fusion (ggF) is the dominant mechanism

* Vector Boson Fusion (VBF) and W/ZH production play an important role

» Decays with sizable branching ratio to numerous final states

e Can further constraint Higgs couplings, if observed
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Theoretical modeling

» Accurate inclusive cross section calculations, typically NNLO QCD, NLO EWK

* Not a dominant uncertainty for most Higgs analyses

e More recently focused on differential distributions
 Important to assess “shape” uncertainties (e.g., p,(H), m(jj) for VBE ...)

e Using NLO event generators when available for both signal and backgrounds
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do/d pt (pb/GeV)

ratio to HqT

0 50 100 150 200 250 300 350 400
(GeV) Handbook of LHC Higgs cross sections:
PT arXiv:1101.0593 and arXiv:1201.3084
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http://arxiv.org/abs/1101.0593
http://arxiv.org/abs/1201.3084

The ATLAS detector at the LHC

Muon Detectors Electromagnetic Calorimeters Calorimeters
Central, EndCap (In| < 3.2)

Forward Calorimeters

rward (3.2 <n| < 4.9)

End Cap Toroid

Muon system (|n| < 2.7)
Strong bending power
(air-core toroid)
Trigger chambers

Tracking system
Inl < 2.5

Si Pixels, Strips,
Transition-Radiation
Tracker

2T magnetic field

Three-level
triggering system
Output rate ~400 Hz

Barrel Toroid Inner Detector J Shielding

Hadronic Calorimeters

ATLAS p-p run: April-Sept. 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets
Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 993 995 970 996 999 998 999 999 99.7 99.2
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Data taking conditions

* Impressive work by LHC colleagues to maximize integrated luminosity

» Updated analyses use up to 13fb'of 8 TeV (2012) data
e Instantaneous luminosity up to L = 0.77 - 10*cm’s’

* Pile-up conditions exceed design — big effort to keep the optimal
performance in object reconstruction (e.g. jets, E’T, w.r)
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(1) Strengthen the evidence and measure the
cross section of the new boson

« H—-»> WWU - lvlv, |=e,u Updated
e H-ZZ" - 4], 1=e,u

° H—)W
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Total L = 13.0 fb*!

o= WWO = vy, ), m——

. . % L L
Update gnaly51s with focus on ggF £14000- ATIAS Preliminary o = S -
production and low m, 012000 1s-8TeV [Lot- 100" Sn  Elsheers ]
10000: H—>WW(*)—>evuv/uvev B Zere EIHBJZSSGeV] ]
Two isolated leptons (e,u) with opposite - - E
charge and flavor (p,>25,15 GeV) - op | -
Bww | -
Reject Drell-Yan and multi-jet requiring E
significant Missing Energy . B
e S G SO

0 2 4 6 8 10

Divide analysis in 0 and 1-jet events

,Vjets

. i B 00 o 4 Dwa % M (o ]
Very different background S [ ATLAS Preliminary &% @i -

S C \s-8TeV,[Lat-130f’ i ESmdetop

el,L+O.Jet e;,L+1Je'[ E 300;— HoWwW! Sevaviuvev (0 jets) B Zrjets EHEZ:GQW —;

p.(Il) > 30 GeV No b-jets (¢,~85%) 2 zsof E
A(ILE;) > /2 Im_-m_| > 25 GeV ~ 209F E
150;— —;

Exploit expected spin-0 Higgs, V-A W decay: 1005 E

m(ll) < 50 GeV, Ap(1l) < 1.8
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Background estimation

e Data-driven estimation of fake-lepton background
 Normalize WW, Top and Z—1t using control region in each jet multiplicity

e Correlations from control region composition fully taken into account
Control Region (WW, 0Jet) Slgnal Reglon (O.Jets)

> 250 T T T T T T > ]
G [ ATLAS Preliminary gy oee = 00000 & 100— ATLAS Prellmlnary ;a\}v ﬁfv“g(;;fvis‘a”;
= - \s=8 TeV,J Ldt=13.0fb" [+ (] Single Top . = - \s=8TeV, I Ldt=13.0fb" [ [ Single Top -
~ 200~ ) . B ZHets [] Wiets ] — B ) Bl Z+ets [ Wejets 7
2 _ H>WW' '—evuv/uvev (0 jets) B H25Gey] ] 2 80— H-WW' '—evpv (0 jets) @ Hiscey]
Q B ] [} s i
Lﬁ 150_— + ] Lﬁ B i
: Z - 601 ]
100(— - i ]
50— ] i ]
- ) 201~ ]
050 "f00 150 200 250 300 350 400 450 0_50 100 150 500 550 3_00
my [GeV]
Stat+Syst errors on Signal Region prediction my [GeV]
Scale Factor 0-jetCR 1-jet CR e Final discriminant
WWw 1.13+0.11 0.84+0.42 \/ et | ppmiss Emlss 5
mr =/ ( )’
Top 1.04+0.15 1.03+0.38 T T + T + ‘p + ‘
Z-11T 0.87+£0.13 0.85+0.15

20-22 Nov 2012 S. Pagan Griso - LHC on the March 11



H-WWY-ev v : Results

e Statistical analysis: binned likelihood fit on m,

 Dominant source of uncertainty on signal strength: Statistics, theoretical
uncertainty on WW normalization extrapolation (Control — Signal region)

« Expected p, = 0.03 (1.96) @ m,=125 GeV

 p,=probability that a background fluctuation is more signal-like than the

observed data

2012-only results
p, = 0.003 (2.80) @ m,=125 GeV

uw=o/0,, = 1.5+0.6
2011 (published) results

p, =1.1c @ m,=135 GeV (min p )
u=0.5+0.6
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Local p
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ATLAS Preliminary

H—WW! )—>evuv/uvev (0/1 jets)

Vs =8 TeV: |Ldt = 13 b
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H - 7270 > 41 (I=e,u)

Total L = 10.6 fb!

7 TeV 8TeV

e Two pairs of opposite-sign, same-flavor isolated primary leptons (e,)

 p(=e(w) > 20,15,10,7(6) GeV

* Loose mass cuts to select offshell Z" as well:

« 50GeV <m, < 106 GeV

e m, < 115 GeV, m,, > 17.5-50 GeV(sliding with m(41))

0.1- ATLAS
- Simulation

® m,=130GeV
Gaussian fit

0.08/-

a.u./ 0.5 GeV

" H—=ZZ*—4p (\s=8TeV
0.061- . )
- m=(129.50 = 0.04) GeV
0 04__ o = (2.13+0.04) GeV

] ~ fraction outside + 26: 16%

0.02

- without Z mass constraint
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e Main backgrounds: non-resonant ZZ"/vy,
tt+jets, Z/y*+jets (mostly Z+bb)
e m(4]) resolution: 2.1-2.8 GeV
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H - ZZ® - 4] : Results

e Expected 95% C.L. exclusion of SM Higgs

m,_ 124-164 GeV, 176-500 GeV

* Observed exclusion: 131-162, 170-460 GeV

¢ p,~ 3.60 @m=125 GeV (2.7c expected)

e u=12=0.6
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Events/5 GeV
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25_— - Background zZ"
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Total L =10.7 fb

H - YY 7TeV | 8TeV

 Two isolated photons, p.(y) > 40 GeV, p.(y) > 30 GeV (|n| < 2.37)

e di-photon trigger

» Split into categories to o ) ¢ A‘“.AS

enhance sensitivity and : i,EXPEklMENT
favor different productions: | \ < o

+ VBF: >=2 jets
|An, | > 2.8, m >400GeV [
AO(yy,JJ) > 2.6

* 9 more categories based
on conversion-p.-1

of di-photon candidates

e Main background from
non-resonant Yy (75-80%),
v+jet, di-jets

A
i, A
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Photon ID and mass resolution

e Photon ID based on EM calorimeter shower shapes
e Cut-based approach (2012) or combined with a Neural Network (2011)
« Stable performance against fast raising pile-up
* Energy scale determined from Z — ee events and simulation, well controlled
 Mass resolution dominated by energy term m = Eq F> - sin(A0)
* Expected resolution (FWHM) ranging 3.2-6.1 GeV (average: 3.9 GeV)
> L L L L B L LN BLRLNL > I L L L L B N LA BLERAE B
© N _ _ ] © [ e u<10 ATLAS Simulation
o 0.12F ATLAS Simulation ® Unconverted central — © 0'12*—-— L110Su <15 mETen =
g T high p ] o [ —— 15<p<20 g9—>H-oyy ]
= - Tt ] ~ 01— 20<y my =125 GeV —
£ 0.1 Hoyy FWHM = 3.2 GeV - . - . -
_g - O Converted rest ] _g B \s=8TeV ]
Z 0.08 m,= 125GeV low p,, - > 008 E
; L -8 TeV FWHM = 4.4 GeV : ; - .
= 0.06/ 4 £ 006 -
0.043— — 0.04 —
0.02- = 0.02|— -
: S :::.:-.::2::'::::::-!-::-'.=‘J=’==""‘!"'!"‘-‘ 5 ‘%“!"‘"!-!"_'-:':--:‘:“.' oot bl = - | | | \ :
fo5 "5 120 125 130 135 140 145 076 118 120 122 124 126 128 130 132 134

m,, [GeV] m,, [GeV]
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H — +vy. Results

e Fit m(yy) with analytic models for signal and background

e Shape validation on simulation

 Dominant uncertainties: energy resolution,

background modeling,

e p,~4.50,m =126.5GeV,u =18 *= 0.5

G 3500 ATLAS ¢ Data
(aV}
N — Sig+Bkg Fit (m =126.5 GeV
@ 3000 kg Pt (7, )
O 0 ey . Bkg (4th order polynomial)
2 2500

2000 VA
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107k
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J12c

3c

¥ weights/ 2 GeV Events - Bkg
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S I PP 340
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107 E o observedp_ 201142012 (with Ess)}, = = = . Expected p 2011+2012 =

— 0 " Observed P, 2011 =

[~ (O Observed p_2011 (with ESS) - - - . Epected p 2011 .

1 0—6 L 0 ) Observed p 2012 _l
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1
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Y weights - Bkg

my [GeV]
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[s=7 TeV, de1=4.8fb"

/s=8 TeV, [Ldt=5.9fb"
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(2) Include other refined and
updated decay channels

c Ho>1tt (T, ® 17 @ T11) Updated
« H-bb
e Associated production with W,Z Updated

e ttH production NEW

S. Pagan Griso - LHC on the March
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Total L = 17.6fb?

H = 1T (T, 1%, T,T) Trev| BV

Trigger on single/di-lepton, lepton+7, and di-t, Fully re-optimized analysis

* Re-analysis of 2011 data
» Improved 7t identification

« VBF — 2-jet events with An, m, requirements  ° Re-optimize S/B categories

Divide each search in different S/B categories

« Boosted — select high p (H) events (mainly ggF Higgs production)

 Lower S/B" categories to maximize acceptance

Main background from Z/y — 1l (mostly tt), Fakes, To

> AR I B R I [roorprrr T T T _ > FrorrprrrrpTTTT [TTTT T T T prTTT]
Reconstruct m(tt) & 30F corantiy izl VBE | g S Wiyay + Cpag BoOSted
o : . & I —+— Data Q 500F —+— Data .
exploiting kinematic ~ 25- —2xH(12)o 4 S T — 10x H(125)>7r |
) 2 - Bl Zo £ B B 71 (0S-SS) ]
correlation of E S Lol W Zoeemn | G 400 B Others (0S-59)
L ! L i o w;};‘v%lg/g’ T - I Same Sign Data -
and visible decays o o zzz 3001 /////ﬁkgé un:zr:b_1 -
N 77 BKg. uncert. ] L =

products from T o [Lat-1301" - ool s =7 TeV :
- \s =8 TeV 1 - ATLAS Preliminary

e MMC method of ATLAS Preliminary -
- ) E 100 -

. C — '"__ i
’ 13_20% reSOIUtIO 0(; 50 100 15200 2530 350 460 0ok :

MMC m.. [GeV] 0 50 100 150 200 250 300 350 400

MMC mass m_, [GeV]
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T_reconstruction and energy calibration

e Reconstruct 1/3-prong hadronic T using tracking+calorimeter information

> L] L e B B B BN AN
 Identify with Boosted Decision Tree § 0.9F- ATLAS Preliminary Simulation =
. = 0.8F . . =
* Enhanced pile-up robustness 0.7 Multi-prong, Medium 4 E
. . . . 0.6 —_— -+ 3
* Higher purity than likelihood-based & _ = “‘*“mii E
o o 0.4§— e —%
e Measure efficiency/ lepton fake rate 03E o Ln E
. el = ile- =
using W and Z events. 0.2f 2011 d'?'!e up E
b BDT conditions E
0.08 : : ‘ . : : — 0E e e by ey by by by by b \.E
E - ATLAS Preliminary 2011 Data + ISimulation 0 2 4 6 8 1012 14 16 18
£ 0.07F ys=7TeV Number of Vertices
8 E 1 prong decay O Single particle resp. ¢ Material modeling .
g 0.06[ 1 prong decays — . .
> 17103 X Underyingevent A Non-closure 7 » Need ad-hoc energy calibration
c 0.05— — o o .
-% - Y Pile-Up auncetamy 4 t0 @account for specific mixture of
o 0.04— —] .
= - 1 charged and neutral pions
0.03 — .
= : e 3-5% total uncertainty
0.02 @ — . .
- ° o o ¢ 5 8% e Very important systematic for
01— A P & & P A =
Ey  x % x x ¥ 7 ¥4 H-1t searches
0 20 30 40 50 60 7080 100 200
PZ [GeV]
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H — 1t results

e Use binned likelihood fit to reconstructed Tt mass
» Sensitivity approaching Standard Model

« Expected limit ~1.2 6" @ m, =125 GeV, Observed 1.9 ¢*

« Local significance p, = 1.16 (1.70 expected), u=o/06, = 0.7+0.7
» Also fit separately u(ggF) vs u(VBF+VH)

95% CL Limit on G/GSM

87 | T T T T | T T T T | T T T T ‘ T T T T | T T T T 1] m% 5 J:_ | A ILAIS ﬁrelllrlr.”rlla'ry | | ‘ | | ) ‘ | | | _:|
" How ATLAS I?rfellmlnary E D 4- JL_4.6fb Ns=7TeV i - (150) -
72— —e—Observed CL, | Ldt=4.6fb"\s=7TeV X - J L_13.0f6" \s=8TeV 95% Contour ]
~ .- Expected CL, | Ldt=13.01b", \s=8TeV | T g Y 68% Contour -
6 |:| + 2c ] 0 - %= SM prediction ]
C I+ 1o ] i@ o - <> Backgroundonly
5i_ _i g m, =125 GeV g
B ] 1 . —
4__ ] - ]
3 1 OF E
2 s 3 E
1t 1 20 E
0:\ Lo v v v e b b i | ; '31__ el e I I ! 1 —_‘
100 110 120 130 140 150 -2 0 2 4 6 8
m, [GeV] Mo X B/B,,
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Total L = 17.6fb?

VH - bb+X search (V=W,Z) T

o Three searches: bb + (0, 1, 2) leptons (e, W) in bins of p.(V)
e Re-analysis of 2011 dataset as well, re-optimized selections
E, trigger for O-lepton, single/di-lepton triggered 1,2-leptons samples
« Exactly 2 jets (p, > 45,20 GeV) b-tagged @ 70% efficiency
e Main backgrounds: W/Z+jets, Top(, Multi-jet) = mostly b,c-hadrons

* Use sidebands of m(bb) and control regions to normalize W/Z+jets and Top

600

200

tt, single top =

200 100

1-lepton , __2-leptons_ N
o 1s00~ ATLASF Prel|m|nary oy Sazotz - ATLASF Prellmlnary -¢- Data 2012 7
O - — Mgltijet ] 600f— Bl Signal —
O 1400 | Ldt=13.0f7,\s=8Tev (3 Dicozon - - Ldt=13.0fb",\s =8 TeV [ Multijet 3
— = t - — i .
. I - - w ¢ - il @ Diboson -
. Z+ b C I Ig ht 2 1200 1 Lepton, 2 Tags, 2 Jets, p> 0 — = 500 - 2 Leptons, 2 Tags, >=2 Jets -l ]
) ) % _ [ W+l _ L Clt -
7 1000F- o - 400~ Iz —
. o 3z - = -
BT W+b,c light =t — =i -
,C, g = — 3 300f— —

Q % "2
3 150 1 s
§ + PPN SO S 'S | +. TSNS t +
gyt - ++H++k 1+- e abAh o L PERWP R SR & +++ -
**T 50 100 150 200 550 %5 Bg 100 150 500 550
m; [GeV] m s [GeV]

20-22 Nov 2012 S. Pagan Griso - LHC on the March 22



« Jets with heavy flavor (b,c) hadrons
tagged using multivariate technique

Heavy-flavor |

» Exploit secondary vertices, high

transverse impact parameter tracks

» Greatly reduced efficiency uncertainty osfg
thanks to calibration in tt events

Q 2 -~~~ ettt
w B . T
> 1gf ATLAS Preliminary _®_ DataKinSelSL(stay 4
S T stat.+syst. unc. .
E 1.6 J Ldt=4.7 b —&— Simulation -
S 14F Ns=7TeV =
c L
% 1.2 ]
|— - .
& 1= —

0.8F

0'4? MV1 70% u+e combined
L 1 Il I 1 1 1 1 I 1 1 1 1 ‘ Il 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 |_

0.2 50 100 150 200 250 300

Jet P, [GeV]

 Fit control regions with 0,1,2 b-jets to extract W/Z+jets flavor composition

e The fit is performed simultaneously in all channels

Data/MC Vs=T7TeV | \/s=8TeV
Z+c 1.99 £ 0.51 | 0.71 £0.23
Z+ light | 091 +0.12 | 098 £0.11
W+c .04 £0.23 | 1.04 +£0.24
W+ light | 1.03+0.08 | 1.01 £0.14

20-22 Nov 2012

W/Z+b and Top from final fit

Data/MC| Vs =T7TeV | ys =8 TeV
Top .10+ 0.14 | 1.29+£0.16
Z+b .22+ 020 | 1.11 £0.15

W+b | 1.19+0.23

0.79 £ 0.20

S. Pagan Griso - LHC on the March
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H — bb results

Fit m(bb) distribution

Main systematic uncertainties:
b-jet efficiency, jet energy scale

Measure WZ/7Z7Z — bb+X as

validation of analysis techniques

o W = 1.09+0.30 (4.00)

95% C.L. limit on o/c,,

6 L | T T T T I T T T T | T T T T I T T T | ]
—  ATLAS Preliminary \s=7TeV, j Ldt=4.7fo" ]
5 —e— Observed (CLs) _‘ 4
T - Expected (CLS) \s=8 TeV, Ldt=13.0fb ]
N ER VH(bb), combined ]
4 [J+20 -
3 -
2 -
1= -
0: Lo b b .
110 115 120 125 130

my, [GeV]
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Events/10 GeV
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400

h

L dt=13. Ofb Is=8TeV

300 J
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+

200

100

0

LAS Prel|m|nary o

_+_
.+_

B wz.zz

B WH 125Gev

" ZH 125GeV
-o- Data - Bkgd
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6 "(WW/WZ) ~ 5-c(Higgs)

1 1 1 1 |
50 100

1 ‘ 1 1 I
200

250

m s [GeV]

On the Higgs search, data shows no excess
on top of expected backgrounds

 Expected limit 1.9 6/6, @ m,=125 GeV

Observed limit 1.8 6/0,,

S. Pagan Griso - LHC on the March

p, = 0.64 (0.15 expected), u=-0.4+1.1
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ttH — bb + X search

Total L = 4.7fb?

|
7 TeV 8TeV

e Exploit production mechanism to reduce backgrounds

 High-p, isolated e/u + E, + 4-6 jets (0-4 b-tagged), S/B" up to 0.25

« Use kinematic fit to assign jets and m(bb) (most sensitive categories) or
use Xp,(jets) as discriminating variable

» Main backgrounds: tt+jets (simulation), Multi-jet (data-driven)

3 [ ATLAS Preliminary e+ >6 jets, > 4 b tags
(CD) B J.Ldt=4_7fb'1 —&— Data (\s =7 TeV)
« C B itH (125)
w12 C_Jtt
€ B 3 tiv
2 - ] Weets
L 10— 1 Z+jets ad
- [ Diboson
8l— [ Single top
L H Multijet
B 22 Tot bkg unc.
6
4
2~
o
S 15f
E 1 :;: S S S
8 0'5§ | | | | |
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m, ; [GeV]
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ATLAS Preliminary
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(3) Keep looking for other possible signals of
(beyond Standard-Model) Higgs

* High-mass Higgs searches

MSSM Higgs

Fermiophobic Higgs

NMSSM searches (photons, muons)

20-22 Nov 2012 S. Pagan Griso - LHC on the March
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Total L = 4.7fb?

High-mass Higgs searches T oov

- Presented searches look for Higgs-like bosons with m, as high as 600 GeV

 Some final state are particularly sensitive to the region m, > 200 GeV

H- Z27Z - ||+ET (I=e,u) H - Z2Z - lljj (I=e,un) H—*WW—>|+ET+jj (I=e,p)
. h|gh ET’ veto b-jets ® Sp“t IN <2Z ==2 b-tagS ° AR(JJ) fo mltlgate W+jets
 A¢(ll) based on Z vymdow in m(ll), low &, « Restrict n(j) to reduce
expected Z boost * Main backgrounds: Jet Energy scale syst.
 Main background: Drell-Yan, Top ) « Main Background: W+jets
ZZIWW/WZ, Top * Fully reconstructed m(lly) . Data-driven+MC, fit E_
« Look at mT(II,ET | Z2) « Fit to m(Ivjj)
= R L B L B L R B L R L R LA B T T T T ] ol e e e T
Qw 450 ATLAS Preliminary —— Observed —i% 10~ ATLAS Preliminary —-—(E)bserveé:l — % E e Expected
g 4i Hozz—lvw 777 Expected =5 - HoZ22> llgq ;+>§p:Cte ] % - Ezto
’é 35§ f DERE £ 4L [Ldt=47" \s=7TeV 126 1 ¢ t [J+2¢
551 [Ldt=4.7fb", \s=7TeV -£ 7 1 2 —e— Observe
g 35 s=7Te [ J+26 _Etlz E 10; Ob d
5 25 -k s I
7 E 2 d
15; = o 1 = s=7 TeV_E
1t - - JLdt=4.7fb'1
0.5% | L | ‘ | | ‘ |_i ] T Ho WWs v jj ATLAS Preliminary
2I06”2‘56‘IS‘O(I)‘IéS(I)I‘406“456H5‘06H5‘56Hé06 02(I)0I II I3(|)0I II I4(|)()I I5(|)0I ‘6(|)0 10-13(|)d - ééd - ‘4(‘)OI - “l-éol - I5(I)0‘ - ISE‘-)O‘ - 600
my, [GeV. my, [GeV] m,, [GeV]
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Tota|L=4.7fb-1 _llIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII
- ATLAS Preliminary

MSSM Neutral HIggs Sy sy

[ _[ Ldt=4.7-4.8fb"

e Probe Higgs coupling to leptons: 40L 5=7Tev
(I) - T‘I‘fc_, (I) - !vl‘-l-u_ [ My 0

30}
* ¢ produced by gluon fusion or in association
to b-quarks

20

—e— Observed CLs |
== Expected CLs

10 R _f
e Split searches in events with at least T 1
. /M/MWW/%M/M/MM/MW

one jet b-tagged or not 100 150 200 250 300 350 400 450 500

m, [GeV]

L I B B A
—— Observed bb— ¢ CLs
------- Expected bb— ¢
—e— Observed gg— ¢ CLs
....... Expected gg— ¢

q)%fcfc - +1c bb—}¢
+ 20 bb— ¢

E d—Up
: s=7TeV
i JLdt—47 48fb"
} ; ATLAS Prellmlnary

Lo b b b |
‘IOO 150 200 250 300 350 400 450 500
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 H - pu: use local sideband fit in m(uu) to
estimate background (mostly Z/y->uu)

-
o
N

—_
o
TTTTT

« H — 11: use both leptonic

and hadronic: TT, 1T, TT

—_
I\IH‘ T T

e Analysis technique similar to SM search

-
o

* Interpret results as generic scalar resonance
decay and in MSSM model (m™ scenario)

N
o
N

95% CL upper limit on 6, x BR(¢—1t/up) [pb]



Charged Higgs searches

Total L = 4.6fb!

7 TeV 8TeV

MSSM Charged Higgs mainly decays to ¢s (tanf<1), tv (tanp>3), Wbb

Search for for m(H*) < m(top) focus on top decay to charged Higgs

H* = cs: reconstruct top kinematic, use di-jet
mass as discriminating variable

H* — tv: divide analysis in three channels

. tt - bbjj (e/w) E,
. tt - bb it E
e tt = bb (e/p) t E

20-22 Nov 2012
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Conclusions

More information available on the newly discovered boson
« H-ZZ,vyyand WW' entering the era of precision measurements
Presented the first results on 2012 dataset of searches for H = bb and H - 1
« Sensitivity close to SM expectation, no excess yet = need full 2012 data!
Keep looking for beyond-SM Higgs (particularly SUSY extensions)

e Make limits easy to be interpreted in other models as well

Exciting times of measurements (and new discoveries?) are ahead,

e LHC will deliver > 20fb! in 2012
— significantly increasing the available dataset

* Those data will certainly tell us more about the nature of the newly
discovered boson!
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Data taking conditions

e Impressive work by LHC colleagues
to maximize integrated luminosity

e Last updated analyses use up
to 13fb'of 8 TeV (2012) data

* Pile-up conditions exceed design
— big effort to keep the optimal
performance in object

reconstruction (e.g. jets, E, ...)
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L(u,0) ~ | | P(Obs|Exp(p, 0 HN

u=o"/0o", 6 =nuisance parameters (Iog normal)
Auxiliary measurement in control regions: WW, Top

L(p,0,)

, use CL, method with q,
L(f1,0)

¢, = —21In
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Events / 10 GeV

Events /10 GeV

H - WW control regions
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H - WW signal regions and uncertainties on u
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o i o - % SM (sys @ stat) | o B _— y .
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Experimental + bkg subtraction +14 -11
MC statistics +8 -8
Total uncertainty +41 -38
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H - WW signal regions and uncertainties on u
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HZZ: Background estimation and control

e Main backgrounds: non-resonant ZZ"/y, tt+jets, Z/y*+jets (mostly Z+bb)

* Data-driven ll+jets and tt+jets estimation 185 ATLAS Preliminary | 1
165 15 =8 TeV: [Ldt=5.8 b E
. 141 E
(and inverted d /o(d) cut for one lepton) & b « Data

- —Z+jetsand it

« e.g. fit m, (up) with relaxed p selections

Events/4 GeV

- Estimate tt+jets and Z+jets normalization %

B Z+jets MC E

e Check modeling in various Control Regions W MC

« Relaxing/i 1nvert1ng isolation/ do/ c (d )
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15E WZ E E +]etS,tt ]
£ % Syst.Unc. ] 15 %,Syst.Unc. E
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0 L .
60 80 100 O™ 60 80 100

20-22 Nov 2012 S. Pagan Griso - LHC on the March 38



20-22 Nov 2012

95% CL Limit on o/0y,,

e e = G S
0o O N b~ O

= N \S I N ©))

H - 11

LA L L L S L N
- Ho1, 1, ATLAS Preliminary -
[ —e— Observed CL_ det=4.6fb'1, is=7TeV
- --- Expected CL, [Ldt=13.0fb",\s=8 TeV -
- [ J]+2o ]
L [+ 10 _
ol b e e ey
100 110 120 130 140 150

my, [GeV]

S. Pagan Griso - LHC on the March

95% CL Limit on G/(SSM

95% CL Limit on G/GSM

—
o

(98]

—_
o

12_\ | T T T T | T T T T | T T T T ‘ T T T T | T T T T | l
[ H—> T, T ATLAS Preliminary |
- —e—Observed CL, [Ldt=4.6fb"\s=7TeV -
-~ ExpectedCL_ [ Ldt=13.0fb",{s=8TeV |
- [+20 ]
- [+ 1o _|

0_\ | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | T
100 110 120 130 140 150
my [GeV]
12_\ | T T T T | T T T T | T T T T ‘ T T T T | T T T T | l
L H— 1, T ATLAS Preliminary |
- —e—Observed CL_ | Ldt=4.61f"1s=7TeV -
- Expected CL_ | Ldt=13.0f6",\s=8TeV |
- [Jx2s i
g E+1o |
6 .
ar 1
2r .
0_\ | 1 1 1 | | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | T
100 110 120 130 140 150
my [GeV]
39



Z — 1t background

« Use mix of simulation and data-driven background estimations

e Most important background from Z — 7,
use embedding technique

e Representative data sample of Z ->uu

Arbitrary Units

e Substitute muon with simulated T

e Accounts for pile-up effects,

underlying event, ...

 Extensive validation in data and simulation

 (ritical a good resolution on 1t invariant mass
* Exploit kinematic correlation of missing
energy and visible decays product

expected from T decays

e Accounts for Missing Energy resolution

« >99% efficiency, 13-20% resolution on m(tt)

20-22 Nov 2012

S. Pagan Griso - LHC on the March

0.16
0.14f
0.12f

0.08
0.06/
0.04;
0.02]

0.1f

OM

50

s [Lat-130" -
i \s=8TeV B
s ATLAS Preliminary 7

T | T T T T | T T T T | T T T ]
€T, 4 + T, 4 Preselection ]

—¢— Z—tt Embedded
éﬂﬁ —e— Z—1tAlpgen MC
7/ Emb. syst.

T T \"‘MM
100 150 200 250

MMC mass m,, [GeV]

40



20-22 Nov 2012

Events/ 10 GeV

Data/MC

80

70

60

50

40

30

20

10

H — bb

T T T T T B I B T T T T I T T T
—@— Data 2012
ATLAS Preliminary ik
. [ Multijet
j Ldt=13.0f6" ,\s =8 TeV [ Diboson
% tt
t
0 Lepton, 2 Tags, 3 Jets, E, > 120 GeV = wai
3 W+cl
B W+cc
I W-+bb
1 zu
@ Z+c
I Z+b

S. Pagan Griso - LHC on the March

41



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

