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Higgs in the Standard Model

Higgs mechanism explains
electroweak symmetry
breaking in the Standard Model

Fermions and vector bosons acquire
masses by coupling to the Higgs field

Physical consequence: existence of a
scalar Higgs boson

All particles predicted by the Standard
Model have been observed, except for
the Higgs boson

Leptons

Constraints on Higgs mass:
previous collider experiments
(LEP, Tevatron), electroweak
precision measurements
(indirect), theory constraints
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SM Higgs production at the LHC

LHC HIGGS XS WG 2010

* At +/s = 8TeV cross
section 25-30% higher
than at 7 TeV at low
masses

% VBF, VH and ttH have
smaller cross section but
better S/B

1000
M, [GeV]
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Higgs decays

% 5 decay modes studied:

—k
o

\s =7TeV SM

< High masses: ZZ, WW

). Kraus, BSM Quy Nhon

—

WW — Fvag

o x BR [pb]

LHC HIGGS XS WG 2011

< Low masses: bb, TT, YY,
WW, ZZ

WW — ['vIv

7Z — IMqq
* low mass especially challenging due : ZZ — I'Tvw
to huge backgrounds (esp. bb, TT)

77 — [T
l=e,u
. V =Ve,V, Ve
% best mass resolution (1-2%): ZH— ITbb| \ . q = udscb
-4 L . | | |
10100 200 300 400 500

M, [GeV]
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ATLAS data taking

Year J's Luminosity 201 1 data results in all channelsf
recorded §

. presented, 2012 updates in
Al 7TeV 45 pb"! { most sensitive channels,
~00.-072°
201 | 7 TeV 595 fb-! 90-93 A. of recorded data
used (require good detector

2012 8 TeV 6.6 fb! conditions)

Wit hind abtaairs L2 i i

~ Further data
taking until March

2013 planned

J. Kraus, BSM Quy Nhon

40

rrrrrrrrrrrrrt Tty r T rrrttT Tt 17 1T T T T 1T 1T T T 1T T

\Js =7 TeV \Js =7 TeV \s =8 TeV

BEATLAS
30— Online Luminosity t

25

% Increasing pile up with
increasing luminosity extremely
challenging for object
reconstruction/identification
esp. ETmiss

{ " lu iré'ii:'i 2012: ‘
. ~68x103cm?s!

20
15

Peak interactions per crossing
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Current ATLAS results

% Searches performed in 12 channels in the range 110 GeV < my < 600 GeV

Updated with
2012 data

1 10-150 : : 1202.1414
H—>ZZ 1t | 10-600 : 1202.1415

lIvv 200-600 : 1205.6744
llqq 200-600 : 1206.2443
\Viele 300-600 : 1206.6074
VIV 1 10-600 : 1206.0756
14V
| Thad3V 110-150 : 1206.597 |
ThadThad2V
lvbb
lIbb 110-130 : 1207.0210
Vvbb




Outline

* High Higgs mass
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\'s = SM
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H—>ZZ—llvv

WW — Fvag

LHC HIGGS XS WG 2011

o x BR [pb]

§‘

WW — ['vIV

77 — 1140
ZZ — ['Tvv

ZZ — I'I'l

\VBFMh—tt |=¢€
Hel‘vb ., V= VVV

ZH— IMbb| \ =N\ q= udscb
_4 1 .

10700 200 300 400 500
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High mass searches

m Analysis categories Discriminative variable

H--WW-lvqq 0, I jet (gg) and 2 jets (VBF) inv. mass Miyjj with my=mw

H—ZZ—-llqq 2 b-tagged jets and less than 2 b-tags inv. mass my;j with mj=mz

H-oZZ-llvy low and high pile up transverse mass (2 neutrinos)
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- [Ldt=4.71b" ATLAS -

—e— Data
—\s=7TeV #2222 Total bkg (stat @ sys)

H+2j, H-> WW— evjj Wijets
P Z+jets

Dibosons

% Main backgrounds:W+jets, Z+jets, top,
[ Multi-jet . oo
Top dibosons, multijets

[ sMm signal x10
mH =400 GeV

{H=WW=10qq)
i VBF category

- lllllll

T T TTTTT

>
)
Q)
o
(QV
~
(2}
—
e
()
>
L

T IIIIIII|
1 llIlIllI

[ rrrr [ rrr 7

TLAS e Data 2011
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High mass searches: Results

L L L L L L L
Expected r———————,
B+ 1o {H->WW-luqq}
- [ J+2c t all categories }
. obeerved g B0 1SS

—
o
(V)
T 11T

“ No excess observed for my between
200-600 GeV

—_
o

T IIIIIIII

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

PR LA AT A AT Rt S e

.+ Best observed upper limit on cross
' ATLAS

. section: |.9 x Osm .

. . - t=

- expected limit: .6 x Osm B i Dindit iadld T DO

T 300 350 400 450 500 550 600
M.IGeV]
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ATLAS 2011 —— QObserved
Expected

R
JLdt=4.71b", \s=7TeV [ 1 55

Vs=7 TeV
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| - Expected exclusion: 280-497 GeV
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LHC HIGGS XS WG 2011

WW — Fvqgg

o x BR [pb]

.‘

% Low Higgs mass, limited resolution WW — Tl

—
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7Z — qq

.' Tvv
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“\VBF o tv |=e
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HoWW-=-IvViv

¥ Characteristics

High BR, but low mass
resolution

Two opposite sign
electrons/muons &
ETmiss

analysis categories: 0, |

‘ and 2 jets (VBF)

EXPERIMENT
e angular correlation

| a leptons (small Ay and
N mi if from spin-0 Higgs)

H—WW — e candidate used to discriminate

% Backgrounds o c———————— against WWY

< mainly WWY, ttbar, W+jets

< shape from simulation, normalized/validated in data
control regions (e.g. inverted b-tag veto, high m
region)

12



H-o-WW-=-Ilvlv

R B o o e LA e
C —4— Data %% SM (sys @ stat)
_—ATLAS B ww [l wzzzwy
Fis=7TeV, [ Ldt=47" [(J& [ Single Top

C o B Z+jets [] W+ets
C HWW' 'Siviv + 1 jet 125 Gev]

L B o L e e 0 N
- —4— Data %% SM (sys @ stat)
—ATLAS B ww [ wzzzwy
[\s=7TeV,[Ldt=4.7" (O [ Single Top

L . Bl Z+jets [] W+jets
L HoWWiviv + 0 jets D H25Gey)

Events / 10 GeV
Events /10 GeV

—
o
(S

rsnTier
j Ldt=4.7fb"
\s=7TeV

III|III|III|III|III|IIII
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

III|IIII|IIII|IIII|IIII|II

IIIIIIIlIIIlIIIlI
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50 80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240
MT [Gev] MT [Gev]

% Discriminating variable

T IIIIIIII
| Illlllll

95% CL Limit on c/oSM
=

< transverse mass mr

T IIIIIII|

| lllllIII

F all categories }

ol

2= Evll_I_Emiss2 —'ll_l_-'mlss2 Ell -'ll +m2 CEL v b e e 1
m; = T T Pr+ Pr I 300 400 500 600

m, [GeV]

% Result

IIIIII lllllllllllllllllllllllll(‘*]IIIIIII‘I

ATLAS HoWW! Siviv

—— Obs. -1
- Exp. J Ldt =4.7 fb

Eféz - \s_7TeV

T TTTTTT]

“ No observable excess for my between
| 10-600 GeV

aII categories, }
. low mass

T IIIIIIII

1 llIIIIIl

95% CL Limit on G/GSM

" Observed exclusion: 130-261 GeV,
expected exclusion: 127-233 GeV

T llllllll

2 S SN Dottty o sy FRoEn
~ = _~ Y L~

Slmllar result from anaIyS|s usmg MVA T I T

method my, [GeV]
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ATLAS 2011-10-24 01:59:15 CEST source: JiveXML_191517 7860174 run:191517 Atlantis

¥ Characteristics

Three decay channels studied:

ZH—1lbb
ZH—V0VLbb
WH—Iubb

exactly 2 b-tagged jets

0 N 70

analysis categories: different
PTW/Z, ETmiss bins

WH— pubb candidate ‘;?

% Backgrounds

“ WHjet, Z+jets, top, dibosons, multijets derived from data control regions




H—bb

“» ZH—vvbb $
RS R # T — T T T T T
B ATLAS e Data 2011

- £L dt=4.6 fb",\‘s =7TeV B Signalx5

— m =125 GeV
H —> vibb m, )
Emiss > 120 GeV &Q( Total BG
T =xaa TOP

— Z+jets
W+jets
=== Diboson

T T T I T T T
e Data 2011

a1 B Signal x5

_[Ldt:4.7fb ,Ns=7TeV (m =120 GeV

% Discriminating
ZH - I'Tbb X Total BG

variable

— Z+jets
== [iboson

Events / 10 GeV
Events / 10 GeV

% invariant
mass Mpb

%
Illllllllllllllr’lllll
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m [GeV]

: all VH(bb) channels §
LA I R B B B B B X s oo b T, ,v T T
® Data 2011
B Signal x5
Ldt=4.7f",\s=7TeV (m, =120 GeV)
WH — IVbB *& Total BG

ATLAS
—e— Observed
Expected (CLs)  vH(pb), combined

L1 1

(CLs) \s=7TeV, _[ Ldt = 4.6-4.7 fo"

Z+jets

Wijets
=== Diboson

Multijet

>
)
O
o
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~~
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—
C
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L

95% C.L. limit on /Gy,

-

[}

‘.."'M..‘
""---....

Jl:l II|IIII|IIII|IIIIIIIIIlIIIIlIIIIIIIIIlIII
T T T Il T T | LI I T T I| T 1T | T
IlIIIllIIIIIlIll Illl

IIII|IIII|IIII|IIII|IIIIIIIIIIIIII|IIII|IIII

"""""‘5;‘1"'-—-'1! .....

50 100 150 200 250
m; [GeV]

(@)

¥ Result

% No observable excess for my between | 10-130 GeV

“ Observed limit: 2.7 - 5.3 x osm, expected limit: 2.6 - 5.1 x

~ ~ ~ ~
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“ JATLAS
//// 3-prong T \\

’ .&_EXPERIMENT o
- Run 190878,Event 2721965 ¥ Characteristics

% Time 2011-10-12, 12:09 CEST

Three decay channels
studied:

N # 1-prong T,

H—=T1T—llLLLVL

H—=TT—IThqLLUL

( ssoro > oy H_’TT_’ThadThadUU

Pr(Thag” 0 0) = €
1, Pon9) = 45 GeV — ' . : .

Pr(Thas ETmisz oo ooy -. analysis categories: 0,1 jet

p(jet) = 107 GeV | (g2), 2 jet VH and VBF
Coll. mass = 121 GeV : --

‘H— TT— Thad ThadUU candidate }

% Backgrounds

Z—TT (irreducible), estimated from Z— U data, where Us are replaced by simulated
Ts and their decay products

R/

< T/lepton fakes, data control regions




} Thad Thad ¢

~ ThadThad H+1 jet liet
—e— Data

5x H(120)—>1t

el Zo1r
Multi-jet

Others
///// Bkg. uncert.

J.Ldt_4.7fb1

\s=7TeV
ATLAS

_IIII|IIII]IIII[I|IIIIIII|II‘

- ee+ el +uu H+2-jet VH

—e—Data
30 x H(120)—>1t

7ot

T Zoeepp

Il fi+single-top
WW/Wz/Z2Z

~ Fake leptons

//// Bkg. uncert.

[Ldt=a7 10"

\s=7TeV

% Discriminating variable

“ invariant mass mrt from T
decay products and Ey™ss
(collinear
approximation/
Missing mass
Calculator)

Events / 10 GeV
Events / 40 GeV

J. Kraus, BSM Quy Nhon

T T T l T T T I T T T | T T T I T T T
T I T T | LI I 1T | LI I 1T | T
L1 1 | L1 1 | 11 1 | 111 | L1 1 | L1 1 |

50 100 150 200 250 300 “50 100 150 200250 300 350 400
Collinear mass m_, [GeV] Collinear mass m_, [GeV]

||||||||||||||||||||||||||||: TIePThad ‘
Ohaq + Ty, Hi2-jet VBF 2JetVBF Pz 0T T

— e Data ATLAS
5x H(120)—>1t
P Z—11 (0OS-SS)
“7 7 Others (OS-SS)
(] W+jets (OS-SS)

¥ Result

T
T
l
=

—e— Observed CL,
— — Expected CL, Ldt~ 4.7 fb”

[ J+2

- ey No observable excess for mny
+1c -

between | 10-150 GeV

Events / 20 GeV

95% CL Limit on 6/6"

1_ aII H—>TT channels

J Ldt=4.71fb"
\s=7TeV

Observed limit: 2.9-11.7x0Osm

Expected limit: 3.4-8.2x0sm

IIlllIIllIIIlllIIIIIIIIIIIIIIIIIIIIII_

Illllllllllllllllllll|I|||III||I]|
[IIIl]|llI|llIIlllllllllllllllllllllll—

100 150 200 250 300350 400 100 110 120 130 140 150
MMC mass m,, [GeV]
my [GeV]
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Outline
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LHC HIGGS XS WG 2011

WW — Fvqgg

o x BR [pb]

RO

WW — ['vIV

7Z — qq

.' Tvv
‘\ — ZZ — Tl

ZZ — I'lT

" \VBF ho 1t |=e
H—>I-vb . V= vvv

ZH— ITbb| \ .\ ' q= udscb
() ° ° -4 RN

% Low Higgs mass, high resolution 10700 200 300 400 500

M, [GeV]
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further details in talk
of Ruggero Turra

% Characteristics \/ o g— R ON o SOATLAS

EXPERIMENT

’:’ TWO i S O I a-te d P h Oto n S ’ / “\ / » f““‘\\‘ j’ < Date: 2012-05-11 00:03:43 CEST
ET1 >40 GeV, ET; > 30 GeV 7 % ' "

\/
%

|0 analysis categories:
converted/
unconverted, detector
region, pr thrust, 2 jets
(VBF)

< crucial aspects: good mass
resolution, good jet rejection

% Backgrounds

YY (irreducible, 3 orders of magnitude higher), v, jj

< validate composition in data control regions (inverted
photon ID and isolation), true Yy ~75-80%

pT thrust: orthogonal component
of total pT of the system with

9 respect to thrust axis




H-YY

[ L LN L ELL N L B I BN LR B
—e— u<10 ATLAS Simulation -
—— 10<p<15 Preliminary
—— 15<1 <20

99— H— vy
my = 125 GeV

\s=8TeV

T

Combined 201 1+2012 dataset
used (4.8+5.9 fb'!)

|

N
o
A
=

III|III|II

1/N dN/dm,. / 0.5 GeV

{ mass for different } % Fit of myy spectrum in each category,
. amounts of pile up j . . .
Mmool combined signal (Crystal Ball plus wide
Gaussian) and background (various analytic
functions)

|II|III|III|III|II|

1 | I | 11 1 | 11 1 | ) I | 11 1
116 118 120 122 124 126 128 130 132 134
§ combined categories }
~ ¥Myy spectrum with fit §

% Discriminating variable

Selected diphoton sample™**
L Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

4th order polynomial

Events / GeV

< invariant mass myy,

mWZ — 2 EI*Ez*( I _Cosa) \(§=7TeV,det=4.8 fb-1
s=8TeV, f Ldt=5.9fb"

X/

< excellent mass resolution 0 = 1.6-3.1 GeV,

» good calorimeter energy measurement
(scale uncertainty on signal yield ~0.3%)

|II III|III| II|IIIIIIIIIII|III|III|III|III|IIII._

-+ 4
1111

» identifying primary vertex via photon
pointing (0z ~ 1.5 cm), stable against pile

11:10' - l1510l - ‘1_60
up m,, [GeV]




H-YY

o 10lllllllll]lllllllllllllllllN'""'
ATLAS Preliminary

Observed CL; limit Dt 2011, Vs=7 TerL dt=4.81f5" ]

——— Expected CL limit _ 1—
. Data 2012, \(_-8TerLdt 5.9 fb

[ J=2
ATLAS Preliminary

Al categories }

95% CL limit on G/OSM

Data 2011, Vs= 7 TeV, [ Ldt = 4.8 b5

lllll

Data 2012, ys= 8 TeV, [ Ldt = 5.9 fb ]

”Iml I I”"“]
fol ™)

LRALL
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Observed p 201142012

O Observed p_2011+2012 (with ESS)§, - = =« Expected p, 2011+2012
0 Observed P, 2011
O Observed p 2011 (with ESS) \J - = = . Epected p 2011

Observed p 2012
- = =« EXxpected p 2012

I IIIIm]

O Observed po 2012 (with ESS)

50

IIIIIII|||||||||||||||||||||||||||||||| -« 4 llllll Ll Ll L
10 115 120 125 130 135 140 145 150 @ FEffectof 0.6 % | 125 130 135 140 145 150

m, [GeV] photon energy scale ‘f.f my [GeV]
* Result | uncertalnty (~0 IO')

<« Observed exclusion: 112 -122.5 GeV, 132 -141] GeV, expected: | |0 - 139.5 GeV

¢ Excess observed conS|stentIy in 201 1/2012 data
Maum xcessobserved at: -
! Local significance (with ESS): 4.50
. Probability of background up fluctuation: 2x 10-¢
. Expected significance from SM Higgs at my = 126.5 GeV: 2.40

;‘} Global significance including Look Elsewhere effect (LEE), probalility to observe
excess anywhere in mass range I IO I50 GeV 3. 60’

252 PRI,
S . . . _ e S T
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further details in talk
HoZZ- Il

of Giacomo Artoni

QAILAS ¥ Characteristics

http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18

Time: 20:28:11 CEST / V Sma” I"ate, but PU re
/N , (S/B~1)

Four isolated leptons,
pt'#34>20,15,10,7/6
GeV for e/

analysis categories:
lepton flavours

crucial aspects: good
mass resolution,
{177 4e candidate) reconstruction/
R cusramanis s siasearnns? identification efficiency

% Backgrounds of leptons

« ZZ (irreducible) from Monte Carlo simulation

< /Z+jets, ttbar, measured and fitted in data control regions (inverted |ID/isolation and
impact parameter requirements for softest leptons)

22




% Discriminating variable

< invariant mass my

* excellent mass resolution G = B Backgrouna 220 ATEAS Pr(e*)"m'”ary
[ Background Z+jets, i
1.8-2.5 GeV (4p/4ee), — Signal (m ~i25 Gev) Sl 2
-
-

Signal (m =150 GeV) £ mass spectrum
. ) Signal (mH=190 GeV) & I F
** very gOOd E/H reconstruction %y Syst.Unc.

efficiency esp.in low pT region (M s=7TeV: [Ldt = 4.8 fb
reco ~97% for pr>6 GeV, e reco s=8TeV:|Ldt=5.8 fb"
~98%, e ID ~95%), robust against pile-

up

). Kraus, BSM Quy Nhon

o
—h

—lIII||III|IIII|IIII|IIIIIIIIII|

- ATLAS Preliminar

. ® m,=130GeV 1 My, [GeV]

Gaussian fit

a.u./ 0.5 GeV

T HoZZ' 262 (1s =8 TeV) ] % Events in region |25+5 GeV

- m=(129.16 + 0.04) GeV -

| fraction outside * 26: 22%

- Expected background 5.1 £0.8
sy, With Z mass constraint | E Expected Signal my = 125 GeV 5.3 + 0‘8

{ 'mass resolution }
\nlOn 220 S

|
30 100 110 120 130 140 150 Observed in data 13
my, [GeV]
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C ATLAS Preliminary __ Observed CL_ ] = —— Obs. combined ATLAS Preliminary

- " . u Exp. combined *

- . +1 - ;
\s=7 TeV, [Ldt =4.8 fo” EI e o Exp. 2011 \s=7 TeV:[Ldt =4.8 fo
L 15=8 TeV, [ Lot 2584000 s e ] - ' -

o AR e et E 2012 o . : )
2l categories xp \s=8 TeV:|Ldt =5.8 fb :

k. low mass f

M
—
o
N
]
—
o
N

T | T T T T I T T T T I T T T T I T T T T B
L ATLAS Preliminary — Observed CL,
L v 27205 al Expected CL,
" \s=7 TeV, [Ldt =4.8 b E * ;"

+
| \s=8 TeV, [Ldt =5.8 b i

95% CL limit on 6/
o

95% CL limit on o/cg,,
T IIIllr | IIIlIII| qu.~

E all categories }

T IIIIIII| T II
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% Result 110 120 130 140 150 160 170 180
my [GeV]

<+ Observed exclusion: [31-162 GeV, 170-460 GeV, expected: 124-164 GeV, 176-500 GeV

Excess observed consistently in 201 1/2012 data
(Vi excons oot =135 Gev)
Local significance: 3.40 |
Probability of background up fluctuation: 3 x 104

. Expected significance from SM Higgs at my = 125 GeV:  2.60
Global significance (including LEE):2.50 (in 110-141 GeV)
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Outline
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o

\'s = SM

H—>ZZ—llvv

J. Kraus, BSM Quy Nhon

LHC HIGGS XS WG 2011

WW — Fvqgg

o x BR [pb]
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WW — ['vIV

—
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7Z — qq
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ZZ — I'I'l

“\VBF ke ttv |=e
Hel‘vb ., V= VVV

ZH— Tbb| \ "~ N\! q= udscb
_4 1 LN

10700 200 300 400 500
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107°¢
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Combined results: Exclusion limits

ATLAS Preliminary

—— Obs.
---- EXp.

—_
o

2011 + 2012 Data
\s=7TeV: [Ldt=4.6-4.8 "
\s=8TeV: [Ldt=5.8-5.9 fb"

—

95% CL Limit on o/og,,

Cl+10
[ ]+20

CLs Limits

I | |

—
o

95% CL Limit on o/og,,

Llllll

—— QObs.
---- Exp.

Cl+10
[ ]x20

CLs Limits

ATLAS Preliminary

IIIIIIIII

lllllllllll

2011 + 2012 Data

\s=7TeV: [Ldt=4.6-4.8 "

's=8TeV: [Ldt=5.8-5.9 fb"
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.

lllIIllll

100

300

400 500 600
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= N T B R i B R
10340 115 120

125

¥ Excluded at 95% CL.:

¥ Excluded at 99% CL:

| 10-122.6 GeV, 129.7-558 GeV

111.7-121.7 GeV, 130.7-523 GeV

130

135

% Expected exclusion at 95% CL (no signal): |10-582 GeV

140

145

150

m, [GeV]

J. Kraus, BSM Quy Nhon

July 19th,2012 SM Higgs Boson Searches at ATLAS



Combined results: Exclusion limits
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o
—_

J. Kraus, BSM Quy Nhon

—

95% CL Limit on o/oSM
95% CL Limit on o/og,,

—
Q
I

—
(@) TTTT

¥ Excluded at 95% CL: 110-122.6 GeV, 129.7-558 GeV
¥ Excluded at 99% CL: | 11.7-121.7 GeV, 130.7-523 GeV

% Expected exclusion at 95% CL (no signal): | 10-582 GeV
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Background only expectation and significance

ATLAS Preliminary 2011 + 2012 Data

—— Obs. s=7TeV: |Ldt=4.6-4.8 b
Vs =8TeV: |Ldt=5.8-5.9 fb"

J. Kraus, BSM Quy Nhon

300 400 500 600
m,, [GeV]
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Background only expectation and significance

ATLAS Preliminary 2011 + 2012 Data

—— Obs. s=7TeV: |Ldt=4.6-4.8 b
(s=8TeV: [Ldt=5.85.9"

J. Kraus, BSM Quy Nhon

300 400 500 600
m, [GeV]
% Excellent consistency of data with background only hypothesis

(less than 20) over full mass spectrum
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Background only expectation and significance

ATLAS Preliminary 2011 + 2012 Data
s=7TeV: |Ldt=4.6-4.8 b
s=8TeV: |Ldt=585.91fb"

J. Kraus, BSM Quy Nhon

300 400 500 600
m, [GeV]
% Excellent consistency of data with background only hypothesis

(less than 20) over full mass spectrum

% excess in one region
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Background only expectation and significance

1 I

10 IIIIIIIIIIII.II'IIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Preliminary 2011 + 2012 Data

—— Obs. \s=7TeV: [Ldt=4.6-48 1"
---- Exp. \s=8TeV: [Ldt=5.859fb"

2011 + 2012 Data
s=7TeV: |Ldt=4.6-4.8 b
(s=8TeV: |Ldt=5.8-5.91b"

ATLAS Preliminary

8

Local Significance

J. Kraus, BSM Quy Nhon

. L L . ‘2T'—I'I'T'l"l"l"l'l"1"1"1'."l"."l'T'.".".'T'n"1'1'?'!".'1'?'."["1'T'."l"i'T'."n'._T
300 400 500 600 110 115 120 125 130 135 140 145 150
m, [GeV] m,, [GeV]

% Excellent consistency of data with background only hypothesis
(less than 20) over full mass spectrum

% excess in one region
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Background only expectation and significance

]IIIIll I

ATLAS Preliminary 2011 + 2012 Data 10

s=7TeV: |Ldt=4.6-4.8 b
Vs =8TeV: |Ldt=5.8-5.9 fb"

LI I LI 1 I LI I LI LI LI L I 1 LI
ATLAS Preliminary 2011 + 2012 Data
—— Obs. \s=7TeV: |Ldt=4.6-481"

8 ---- Exp. \s=8TeV: [Ldt=5.859fb"

Illllllll'[

Local Significance

J. Kraus, BSM Quy Nhon

. . . . '2T—n'n'T'l"l"l'T'f'1"1"1'1"1":'1'1"."1".'T'n"n"l'n"l"n"l'T'l"I"n'T'."1'1'?'."1'|
300 400 500 600 110 115 120 125 130 135 140 145 150
m, [GeV] m, [GeV]

% Excellent consistency of data with background only hypothesis

(less than 20) over full mass spectrum

% excess in one region

{ Maximum excess observed at: mu = 126.5 GeV |
¢ Local significance: 50

! Probability of background up fluctuation: 3x 107 |
. Expected significance from SM Higgs at my = 126.5 GeV: 4.60
¢ Signal strength P at my = 126.5 GeV: 1.2+03 |
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Excess in different channels and over time

—— Obs. H— ZZ* - 1lll —— Obs. H— bb
Exp. H—> WW* — Ivlv Exp.H— 1t

~— Obs.H—->yy ~——— Obs.H->WW*->sklv —— Obs.H— 11

J. Kraus, BSM Quy Nhon

G0

1

~~‘ ‘Q
| | | [NAN | T

T B
145 150
my [GeV]

Lo o b v by b v by L
110 115 120 125 130 135 140

% EXxcess consistent in YY
and llll decay

% Low resolution channels
(lvlv, TT, bb) not yet as
sensitive but will be important
for measurement of
properties of sighal
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Excess in different channels and over time

- ATLAS Prellmmary 2011 + 2012 Data
" [Ldt~46-48f6"\s=7TeV [Ldt~5.8591f5" 1s=8TeV

----- Exp. Comb. Exp. H— ZZ* - Il Exp. H— bb

—— Obs. Comb. —— Obs.H—ZZ* > llll —— Obs. H— bb
Exp. H—> WW* — Ivlv Exp.H— 1t

——— Obs.H—>yy —— Obs.H— WW* 5 Nlv —— Obs.H— 1t * Steady increase in excess
over time

T

I

). Kraus, BSM Quy Nhon

N

G0

o] o]

(1
1

v b e b by by bty B Ly o . . ~ ~ 4
115 120 125 130 135 140 145 150 g;;\‘;ggg’) ﬁi:ifg
my [GeV] '

—

% EXxcess consistent in YY
and llll decay £PS July 2011

— Observed
---- Expected

III|T|| I IIII|T|'|

% Low resolution channels
CERN Seminar 12/2011
(Ivlv, TT, bb) not yet as —— Observed
.. . . Expected
sensitive but will be important e,
uly .
for measurement of : Observed \ —— Observed "

Expected

° o E||||||||||||||||||I|]|JIIIIIIIII~~I~~|
properties of signal 110 115 120 125 130 135 140 145 150

my [GeV]
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Conclusion

¥ Search for the SM Higgs Boson in |10 < my < 600 GeV in |12 decay channels

< Full results obtained from 20| | data (\/s =7TeV,~4.7 fb!)

< Updated results added from 2012 data (\/s = 8TeV, ~5.9 fb’!) for H—YY and
H—>ZZ—lllI

#* At 95% CL mass ranges |10-122.6 GeV and 129.7-558 GeV have been excluded

% Excess observed in data at my = 126.5 GeV with local significance 50
consistent with SM Higgs boson (expected significance 4.60)

< Consistently seen in combination and individual Yy (4.50) and 4l (3.40)

% Exciting times lie ahead:

< Update all low mass channels to check compatibilty and add new data
to learn more about this excess




Teaser: HWW-=Ilvlv update

e

e A e -
2011+2012 dataset used (4.7+5.8 |
¢ fb-!), published this week!

B ww [ wzizzwy

\s=8TeV,| Ldt=58f" [t Single Top
(,) B Z+jets [] W+jets
H->WW" '—evuv/uvev + 0 jets ] H 125 GeV]

+

Events / 10 GeV
J. Kraus, BSM Quy Nhon

% Basically same analysis as in
201 1, slight changes in event
e e S . . .
100 150 200 250 selection for higher pile up
stability

lIlIIIIIIllIlIlIIlIllI

3
[}
)
=

T T T l T T T T l T T T T I T T T T I T T T T
. - Data %4 BG (sys @ stat)
ATLAS Preliminary W [ wzzzwey
\s=8TeV,[ Ldt=5.8f" [J& [ SigleTop
* ) B Z+jets [] W+jets
H->WW' '—evuv/uvev + 1 jet [CJ HI125 Gev]

* reduction to e+ channel

Dataset  Ojec  ljet

Expected background 339+ 6
Expected signal my = 125 GeV  33.6 + 0.4 8.

Observed in data 407

Events / 10 GeV

llllIllllllllllllllllIIIIIIl
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Teaser: HWW-=Ilvlv update

L LA AL BN AL INLENLANLBNLE INLENLINLL "SSP
ATLAS Preliminary H-WW' "‘—>lviv
\s =7 TeV: |Ldt = 4.7 fb"

\s=8TeV: |Ldt=58fb"

— -2 N X(u,mH) =23

L | L I L L I L | L L | LI | IA- L I L

ATLAS Preliminary HoWW' Siviv
—— Obs. \s=7TeV: [Ldt=4.7fb"
---- Exp. \s=8TeV: [Ldt=5.81b"

(&)

Signal strength (u)

..... -2InA(u,m ) =6.0

—@— H->WW! 5iviv (2011+2012)
—¥— Hoyy (201142012)

= H-Z2Z" 1 (201142012)

l|IIIIIIlllllllllIllIIllIlIllL?‘:

Lbcl po‘

10”7 .

§ L1 1 | | I I L1 1 1 I |“‘ Ll | | I | L1 1 | | I I |.': L1
Lo b o eT1Tm 11111 "= 9=q=d=n=neqenqadananeg=q= denqmququne
110 120 130 140 150 160 170 rr'l]HS[OGe‘\l/?O 1290 125 130 135 140 145 150

m, [GeV]

% Broad excess not consistent with background hypothesis observed

Maximum excess observed at: muy = 125 GeV ‘
. Local significance: 2.80 |
¢ Probability of background up fluctuation: 3x 103

Expected significance from SM Higgs at my = 125 GeV: 2.30
. Signal strengthat my=125Gev: 1.4+ 0.5 ;

% Result consistent with H—-yy and H—ZZ - il
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Combined results: Fitted sighal strenght

T TT lIIIIIIIIIIIIIII]]II[]]IIII]III[I]IIIIIIIII_

— ATLAS Preliminary 2011 + 2012 Data —

—— Best fit s=7TeV: [Ldt=4.6-481b" 1
[]-2InAGw <1 /s=8TeV: |Ldt=5.8591f"

g
o

Signal strength (u)
TS

O
[

' |
ATLAS Preliminary 2011 + 2012 Data

\s=7TeV: [Ldt=4.8 b + Bestfit

\s =8 TeV: |Ldt = 5.8-5.9 fb" -2InA(u,m) < 2.3
..... -21n k(u,m ) <6.0

J. Kraus, BSM Quy Nhon

IllllIlllllllllllllllllllllll

110 115120 125 130 135 140 145 150
m, [GeV]

— H-yy
—H-zZ" =

Signal strength (u)

-2InA(u)<1 Intervals 2011 +2012 Data
T T T T T T T 1 T T 1
ATLAS Preliminary :

W,ZH — bb

\s=7TeV: |Ldt=4.64.7 "

H— 1t
\s =7 TeV: [Ldt = 47fb‘

H—>WW —>Iv|v

\s=7TeV: [Ldt= 4.7 b

IIIIIIIIIIIIIIIIIIIIIIII'IIII|IIIIIIIII|IIII|IIII
IlIIIIIII|IIIIIIIIIIIIIIllIlI|IIII|IIII|IIII|IIII

H_)'YY E | | ! ! |
\s=8TeV: |Ldt=5.91b" : 120 122
\s =7 TeV: Ldt 481" ;

H—zz" -

\s=8TeV: [Ldt=5.8 1"
\s=7TeV: |Ldt= 481"

Combined
\s=8TeV: [Ldt=5.8-5.91b"
\s=7TeV: [Ldt=46-48fb"
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95% CL Limit on O'/O'SM
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Excess in 2011 data

I
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"~ ATLAS 20 2011 Data
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E+i1c
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CIJLs Limits
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ATLAS 2011 [Ldt~4.6-49f6" Vs=7TeV
Exp. Comb. Exp. H— ZZ - il Exp. H— bb

—— Obs. Comb. —— Obs.H— ZZ - |lll —— Obs. H— bb
Exp. H—-> WW — Ivlv

~—— Obs.H—>yy —— Obs.H—-»WW - Ivvn—— Obs.H— 11

T TTTT
|
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| llllllll
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| llllllll

S IS IR SIS R B '.".C'i"'l"'i'"."'\"i‘l'i"l"'i"i"'i""u":l"'{"i"'.""."'l"'."'i"'."'i"'l" 30
110 115 120 125 130 135 140 145 150

my [GeV]

J. Kraus, BSM Quy Nhon

July 19th, 2012 SM Higgs Boson Searches at ATLAS




Events /10 GeV

H--WW-Ivi

V update

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

- ATLAS Preliminary —+— Bkg.subtracted Data
\s=7TeV, | Ldt= 4.7 fb" H [125 GeV]
\s=8TeV,| Ldt=5.8fb

HoWW Siviv + 0/1 jets

+
+

\

lllllllllllllllllllll
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1
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Systematics

H-ovYy

Systematic uncertaintics

Vs = 7 TeV [%) Vs = 8 TeV [%)

Signal event yield
Photon identification
Effect of pileup on photon rec/ID
Photon energy scale
Photon Isolation
Trigger
Higgs boson cross section (perturbative)

Higgs boson cross section (PDF+ayg)

Higgs boson branching ratio
Higgs boson pr modeling
Underlying Eveat (2-jets)

Luminosity

1484 +10.8
24
+0.3
204 +0.5
+1
gg — H: " VBF: 203,  gg — H: '} VBF: 102,
WH: ‘|3, ZH: '[4 uH: ') WH: ‘)7 ZH: 15 uH:
gg — H + 2 jets: 225
9g — H: =5, VBF: 133, gg — H: *}, VBF: 3%,
VH: £3.5, ttH: 29 VH: 3.5, ttH: 48
45
low pre 211, high pree #12.5, 2-jets: 59
VBF: +6, Others: £30
+1.8 +3.6

H-WW-=-Ilviv

Source (0-jet)

Signal (%) Bkg. (%)

Signal category migration
Material
Effect of pileup on photon rec/ID

Jet energy scale

Jet-vertex-fraction
Primary vertex selection

Uncoav: 24, Coav: #3.5
Unconv: +3, Conv: %2, Unconv: 2, Conv: ¥2,
2-jets: 22 2-jets: 212
low pr:
gg — H: 20.1, VBF: 2.6, gg — H: 20.1, VBF: 2.3,
Others: +0.1 Others: +0.1
high pry,
gg — H: 20,1, VBF: 24,  gg — H: 20.1, VBF: 24,
Others: +0.1 Others: 20.1
2-jets
gg — H: 19, VBF: +8, gg — H: #18, VBF: 9,
Others: 15 Others: 13
2-jets: x13, Others: ¥03
negligible

Inclusive ggF signal ren./fact. scale
I1-jet incl. ggF signal ren./fact. scale
Parton distribution functions

Jet energy scale

WW modelling and shape

QCD scale acceptance
WW normalisation

W+jets fake factor
Lepton isolation

AR S S S B S

3

Source (1-jet)

Signal (%)

Signal mass resolution
Calorimeter eaergy resolution
Electron to photon extrapolation
Effect of pileup on energy resolution
Primary vertex sclection

+12

26

24
negligible

I1-jet incl. ggF signal ren./fact. scale
2-jet incl. ggF signal ren./fact. scale
WW normalisation

b-tagging efficiency

Top normalisation

Pile-up

28
16
0

Signal mass position
Photon energy scale

20.6

Background modeling

see Table 3

J. Kraus, BSM Quy Nhon
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HWW-=-Ilvqq

% Characteristics

Isolated electron/muon &
Et™iss & 2 non b-jets

< analysis categories:
0, | jet (gg) and 2 jets (VBF)

% Backgrounds

“ Wrjets, Z+jets, top, dibosons

QATLAS

.LEXPERIMENT

Run: 191933 Event: 26715056
Date: 2011-10-30 14:20:42 CET
H- WW- u*vj7+17 candidate
in 7 TeV collisions.

H—WW — lUjj candidate

< estimated from fit to mass spectrum (composition estimated by MC/data

driven methods)




H—-WW-=-Ilvqq

-t
o
N

| | | | | I | | | [ | | I | | I I | I I | I | | I I
Expected e ——,

I+ 1o : all categories }

—t20 Mmoo’

—— Observed

% Discriminating variable

7/

*  Mass Miyjj

—_
o

O

“* constraint: miuy = mw

J. Kraus, BSM Quy Nhon

95% C.L. limit on 6/cg,,

_]]]Ill|l|||l[llllll[|||I||||]][l|l|||ll|]l|l—.
- [Ldt=4.71b" ATLAS -

—e&— Data

= Vs =7 TeV #s~ Total bkg (stat ® sys)
C H+2j, H> WW— evijj Wajets
B P Z+jets

Dibosons
[ Multi-jet

Top
[C_—] sMm signal x10

m,, = 400 GeV

Vs=7 TeV

[ IIIIIII
| IIIIIII

ATLAS

-1
H+0/1/2), Ho WW— v jj | L dt|=4-7 fo 1
10'1 1 | l 1 1 1 1 1 1 1 1 1 1 1 | 1 l 1 1 1 l 1 1 1
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electron

¥ Result

== = NN
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AR
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“* No excess observed for my between
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- % Upper limit on cross section is 2.6 pb
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H—-ZZ—-llqq

ATLAS'

J- e Data 2011 e Data 2011
un

L dt=4. 7fb \s=7TeV [ ] Signal
m, =400 GeV)

Ldt=4.7f6",\s =7 TeV B Signal x 5

(m, =400 GeV)
== Total BG
SIRTTE Top

¥ Characteristics

tagged channel agged channel (m

Entries / 20 GeV
Entries / 50 GeV

—— Diboson

Two isolated electrons/
muons & 2 jets

I|IIII|IIII|IIIl|lIIIIlIII

#b-tags <2 }

III|IlIlllllllllllll]llll{—

lllllIIIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

analysis categories:
200 300 400 500 600 700 800 exactly 2 b-tagged

ool Moo 15T jets and less than 2
% Discriminating variable b-tagged jets

OO o N W M OO N 0 ©

J. Kraus, BSM Quy Nhon

200 300 400 500 600 700 800

My

/7

“* MmMass myjj

_ ATLAS —— Observed

[ H— ZZ- llqq - Eﬁpéected

" Ldt=471"\s=7TeV [ 426

K/

“ constraint: mj = mz

¥ Result

95% CL limit on O'/O‘SM
(0]

No excess observed for my between

200 600 GeV

+ all categories %

Observed exclusmn' 300 323 GeV

300 400
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H-oZZ-llvv

¥ Characteristics ¥ Result

/7

< Two opposite sign electrons/muons & % No excess observed for my between
Emiss 200-600 GeV

RY

“ analysis categories: low and high
pile-up (dependence due to Er™s) Expected exclusion: 280-497 GeV v,f;

~

J. Kraus, BSM Quy Nhon

L L L [ L B
ATLAS 2011 —— QObserved
Expected

ERS

JLdt=4.76", \s=7TeV [ 4 o5

% Discriminating variable

o . H—ZZ-llv
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¥ BDT method used for

H--WW-=-Ilviv MVA

signal selection (better
use of correlations)

#* 0,1 and 2 jet categories

¥ Result
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Performance
better than cut-
based analysis at
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ATLAS Detector

J. Kraus, BSM Quy Nhon

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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