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Proton-proton running at vs = 7 TeV
e Steadily increasing peak luminosities

e Stepwise increasing number of bunches and
higher bunch charge

e Decrease of B* from 1.5 to 1m in August 2011

2010 2011

Peak luminosity (cm-2s-1) 2.1-103%2 3.65- 1033
iATL.AS recorded integrated 45 pb-1 551
uminosity E
Mean number of interactions ~2 6.3/11.6 i
per bunch crossing (pile-up) ' ' =

w

g
Heavy lon running at Vs, = 2.76 TeV H
e Pb-Pb collisions, 287 TeV on 287 TeV 5

®
e Intotal 158ub recorded, 0.9 pub?in 2010 Q@

r——
ATLAS Online Luminosity Vs=7 Tev
¢ LHC Stable Beams
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Muon Spectrometer: |n|<2.7 EM Calorimeter: |n|<3.2
Air-core toroids with gas based muon chambers Pb-LAr Accordion
o(pr)/pT=2% @ 50GeV to 10% @ 1TeV (ID+MS) o(E)/E =10%/VE ® 0.7%

25m

. forward calorimeters
Pixel detector
7000 t LAr electromagnetic calorimeters
3000 km cables Muon chambers Solenoid magnet | Transition radiation fracker
88 M channels Semiconductor fracker

Inner Detector: |n|<2.5, B=2T Hadronic Calorimeter: |n|<4.9

Si pixels/strips and Trans. Rad. Det. Fe/scintillating Tiles (central), Cu/W LAr (fwd)
o(pr)/pr=0.05% pre 1% O(Ejer)/Ejet = 50% /VE @ 3%




A huge amount of data collected in 2011 :

o Thanks to the LHC teams for this great job

o ATLAS data taking in 2011:
- p-p collision at Vs=7 TeV
- peak luminosity : ~3.65x1033 cm2 s
- O(5) fb-! for analysis
- data taking efficiency : ~93.5%

Pile-up challenge :

o 50 ns bunch train for ~all 2011 data 5
in-and out-of-time pile up : ~
<u>~6 for 2.47 fb-! of the data collected 2
<u>~12 for 2.78 fb-1 of the data collected §

-

o Continuing details performances studies in t%s’

presence of “high” pile-up g

T T T 1T 7T l IIIIIII | IIIIIII I |||||||
7 ATLAS Online Luminosity \s=7TeV

- [ LHC Delivered
- [_] ATLAS Recorded

S Total Delivered: 5.61 b
- | Total Recorded: 5.25 fb™" |

EPS LP
1.20 fb - 2.30 fb

30/04 30/06 30/08 31/10
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I ATLAS Online 2011, \/s=7 TeV J Ldt=5.2 fb '

— B*=10m,<pu>=116
— B*=15m,<p>= 6.3
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Standard Model :

_‘.

E? Terms which grow
o SUCCesSS A~ g '—2 with energy cancel
- prediction (W,Z boson, top quark) in M; - for E >> My
agreement with the experimental results — —
A~ —-go . 1S cancellation
- prtehc;ilor;hmeasurements in agreement :}{ e | reaires My < 800 Gev
wi e theory w' w'
6 a0tz mm=15:26-ev
o limit of the Standard Model 5 WL — oo
- generate by the Higgs mecanism . 4] YR e owcdas
- problem of unitarity g 5
- number of free parameter = .
limits on the m;,, in the Standard Model : —— "ier S
. direct search limits (@95% CL) T— 0
logyo A [GeV
SINDRUM, Barr et al. (1,K decays): ~10-110 Mey et m,,[GeV]
CLEO+CUSB: ~2*mu-5 GeV most likely value : 90 *2° ,, GeV
LEP+Tevatron+ATLAS+CMS: <114.4, 141-476 GeV
80.5 - : : : : | IFebruary|2012 . ",;4 zo 3 d . muemi.
. - OLvmgﬁ;)es;g}s?mgw.mwsdummuWJ 1 18 | 3 4 - ‘
o fit electroweak S soasf e i B -
© [ A ] 13 - H :
Myigqs < 152 GeV@ 95% CL S .k 1 =« | v
. {
o limit of the theory 8035 & :
L A Theory uncertal
Myjigqs < 1 TEV/C2 sosf & Lol
(tf'IVIallty, unltarlty) 155 160 165 170 175 180 185 190 des ol . T =

Top Mass (GeV)
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\s=7TeV

LHC HIGGS XS WG 2010

o Gluon fusion : Gluon fusion o |
-gg — H gﬂd\fj‘ﬁb\d\ $10§
- dominant mechanism N
- channels : Ly e w f L 1
H — WW ,ZZ, vy » T F
gr6ss e
x10 07ER
Vector Boson fusion - -g
» Vector Boson fusion : 'O >
-qq — qqH T
- smaller but distinct '160
- channels :
H— 1t

o Associated Production :
- qq — WH,ZH, ttH
- the smallest
- difficult
- channels :
H — bb

200/ 300 400 580 1000
Associated Production M, [GeV]

9

o 07 JNU\U\UN

Typical uncertainties on total cross-sections

oo 15-20 % | NNLO + NNLL + NLO EW
VBE 5% | NNLO + NLO EW

WH, ZH 5% | NNLO + NLO EW

o 15 % | NNLO




HIGGS BOSON QRQSS-$EQTIQN

CERN- 2011 -002; arX|v 1101 0593

H—zz0):
-ZZ — I :“golden” mode

©

-ZZ — llvv : good for high mass s
-ZZ — llgq : good at high mass =

o H—WW0O
- WW — Ivlv : most sensitive

- WW — Ivqq : important at high mass "

©

H—yy: wow
- rare channel
- best for low mass

o H—1t:
- good s/b
- low mass
- rare

H — bb ;| mes weem

- with associated production
- useful but difficult

[}
\
N

©

Q -

2 - s=7TeV
__I

% 1‘_3 -

X - 3
/2
Rl

107

WW —

SM

Fvaqg

L1 1 ILl
LHC HIGGS XS WG 2011

— .'\\\ ZZ — ITqq
10 -2 = ZZ — I'Tvv E
5l \\ ZZ — 11 ’
107¢ VBFH—tv |=¢e ]
c WH — Fvbp vV = V VwVr ]
ZH— 'Tbb L q-udscb .
-4 |
10100 200 300 400 500
Events expected to be produced with L= 1fb-" IVIH [GeV]
mp, GeV | WW — vy | ZZ — 4l | ~~
120 127 1.5 43
150 390 1.6 16
300 89 3.8 0.04
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STATISTICAL PROCEDURE

— ———

Common parameters of interest is a cross-section scale factor :
u=c/oSM u=0 is the background only model
M=1 correspond to the nominal signal model

Combined probability model is formed by identifying nuisance parameters v associated
to common systematic effects

The profile likelihood [atio Is used as a test statistics :
A(p) = Lsso(pt, )/ Lsto(f2, D)

one-sided variants of the test statistic are used for the upper-limits and discovery
Nuisance parameters are “profiled” based on the data

The distribution of the test statistic is obtained in two way :
- ensemble tests with with Toy Monte Carlo using a fully frequentist procedure
- using asymptotic distribution of likelihood ratio (improved x2 method)

Primary results based on CLs
- more relevant to protect against downward fluctuations
- additional comparison with Bayesian procedure with a uniform prior on y=o/ogSM

Use RooFit/RooStats
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Understanding of the Yellow and Green bands :

o Upper limit on the Standard Model (SM) Higgs Boson production cross section divided by

the Standard Model expectation as a function of my, ..
P Mot observed limit (data)

Eilam Gross
https://indico.cern.ch/conferenceOtherViews.py?view=standard&coniid=14198:
| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 {_,
/\ — G/GSM Higgs production cross section we exclude, divided by N

the expected Higgs cross section in the Standard Model
= “Observed” (example data)

L

p=o/osSM

|
|

-===  Higgs excluded at 95% CL below this line
Expected without Higgs

Expected region at 68% Confidence Level

lllIlIl

[]
]

Expected region at 95% Confidence Level

95% CL Limit on o/og,,
o

this is a 95% limit using
the CLs method

| lIIIlII

<+—Excluded—

1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

1 1

L
600

10 500
expected limit (without Higgs) 200 3OOfH‘ 40[(()5 " 500
mass of Higgs [Ge




Po PLOT AND SIGNAL STRENGTH

o local p, plot :

1 ATLAé Preliminar;l

Local P,

10"
10°
107
104k
10°

10%

" 2011 Data -

Vs=7TeV :

107

(a)

o signal strength plot

400

1
500 600
m, [GeV]

=

I

—— Best fit
[-2InAu) <1

Signal strength

- [\
[T

o
o O,
TTITTTTT]

-0.5F

ATLAS Preliminary

© 2011 Data
Ldt = 4.6-49 fb" —
5=7TeV

(@)

PRI SN SN T S SN TN S Y WA NN TN Y WU S RS ST N -
200 300 400 500 600

m,, [GeV]

The observed local p-value characterize

probabilities for the predicted background

to fluctuate at least as high as the

observed excesses

— probability that the excess is caused by
a background fluctuation

The observed global p-value include the

look-elsewhere effect

— probability for the fluctuation to occur on
the full range

Best fit signal strength y = o/ogy,

— the u value indicates by what factor the
SM Higgs boson cross section would
have to be scaled to best match the
observed data
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GOLDEN CHANNEL »
: W
H—Z2Z 4] : the “golden channel” :

o H—2ZZ0") — 4]
signature

Exp. Obs. Exp. Obs.

1 1 11111

= Hoyy (4910 e — e WW - haq (47 1b7)

E 1 — T (4.7 1O ceee — N ZZ 0 (481D
H-bb (4647 1) s — ey 225 liQQ (4.7 1

E

mrme m— e WWos Wi (4710 o e B T vy (AT

I L dt - 4.6-4.9 15", {3=7 TeV

4 leptons (e,M)
py1234>20,20,7,7 GeV
low o x BR:
3.1 b (Myy44s=130 GeV)
sensibility between my; . :

95% CL limit on o/c,
=
' D BA | Ill”[
L 11 llllll

—a
LI llll"l
1 11 llllll

110 — 600 GeV ‘
possibility to reconstruct the mass 10" ATLAS 2011 Private ~~ CLslimits
good mass resolution 100 200 300 400 500 600

narrow peak on low background (S/B ~ 1 at low mass) my, [GeV]

(limited by natural H width for my,,,>>200 GeV)

SM Higgs production oSM and BR o
my  o(gg— H) o(gq - Hqq') o(qg¢—WH) o(gg— ZH) BR(H — ZZ™ — 44)

[GeV] [pb] [pb] [pb] [pb] [10—2]
130 14.1727 1.15470-032  0.501 £0.020 0.278 £ 0.014 0.19
150 10.572-2 0.96270°02%  0.300£0.012  0.171 %+ 0.009 0.38
200 52109 0.63770:022  0.103+0.005 0.061 % 0.004 1.15
400 2.0+ 0.3 0.16270:0%9 - — 1.21

0.005
600  0.33+0.06  0.05879:09 - - 1.23




Electron reconstruction and identification in 2011 :

H — 77®)

— 4e

crucial to understand low-p; electrons

use brem refitted track fro electrons (“GSF”)

mass resolution :

g
$0.08

20.07

50.06

(V]
0.05
0.04
0.03
0.02
0.01

2.5 GeV (2 %)
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ATLAS Simulation Preliminary

H—ZZ—4e

o = (2.53+0.06) GeV
fraction outside *+ 26: 0.18

L (LU I L L L L L L LN L B

llllll

m,, = 130 GeV
gaussian fit

llllllllllllllllll

llllll
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Meeee [GEV]

Loose++ identification efficiency

Electron identification efficiency [%)]
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TRON IDENTIFICATION

SR B LR I I IR IR ILELRLE B B
~ ATLAS Preliminary f L dt ~ 4.7fb-1 :
C A A oA ]
- A ?A ¢’j ot o0 @ ]
. ‘F ? ST ]
- i<2.47 |
e DataZT&P O MC ZT&P —
T ® DataJ/w T&P O MC JWw T&P ]
[ A DataWT&P A MC W T&P 1 | .
5 10 15 20 25 30 35 40 45 50
E, [GeV]

:l T l T 17T I T 17T I T 17T l L I T 1T T 17T l T 1T l TTT I T7TT I:
f— ATLAS Preliminary JLL dt=4.7f" —f
o s =
E_ ® 8 85 ® @ ® $ —E
4 A 4 =
- boay, 2 A =
— PO SN -
- 4 ¢ -
R =
: "EaEm .y 2
— w ™ n —
E o =
"o MC Loose++ 4 MC Medium++ 0 MC Tight++
» Data Lposet+ « Data Medium++ = Data Tight++-
2 4 6 8 10 12 14 16 18 20

Number of reconstructed vertices
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Muon reconstruction and identification in 2011 :

o H—2ZZ" — 4y 5 ' ASaS S MMasaaas
crucial to understand low-p; muons s g g
SR b - M + '+' i
mass resolution : <0998 -
2.0 GeV (1.5 %) g . :
30.996_—de:=5.”1; -
2 - 2011 data, chain 1 “MC -
% 0‘994: Z—up tag-and-probe *data -
xr ~ ATLAS Prelimina ]
> LI I L I LR l L I LI I UL | L 0'992 L I L ’y I l I l I
8 i . : . . £1.005) E
< o4 ATLAS Simulation Preliminary | 3 qfee .o
o i ] O9.995E =
= - * my=130GeV - 2 4 6 8 10 12 14 16 18 20
30.08 - gaussian fit 7 Number of reconstructed vertices
= - C T T T T | T T T T | T T T T | T T T T T T T T T T T T ]
- HoZZ-ap 7 % 30000 - ® Spring 2011 alignment 3 A']l'[_As Pre:iminary__
006 __ __ (‘2 E o Summer 2011 alignment Data 2011, \/s = 7 TeV E
i ] 525000 :_ Z > ppMC 1 =
" ©=(1.98+0.03) GeV N 5 1D track j'—dt=0-70 o~ 3
0.04 | fraction outside + 26: 0.15 ] EZOOOO - e 3
- . o - -
i | N 15000 =
0.021- = - .
i i 10000 [ =
i . i - 7
g IR IR AN IM T &.l 1l 5000 — —:
0 90 100 110 120 130 140 150 - :

My [GEV] %0




H — ZZ() — 4l signal and background :

o Signal :
H— ZZ(*) — 4l

production mode : gg,VBF, ZH and WH
4 leptons : p;1%34 > 20,20,7,7 GeV

o Backgrounds:
ZZ(*) (irréductible)

* .
for m,<2*m, :

Zbb, Z+jets and ttbar (reducible)
(leptons venant de b/g-jets—l)

H — 7Z(*) — 4l

Z7(*) — 4l

@—»

£)=X]-)
ﬂ
o>
&

Zbb and Z+jets
)
ED
ﬁ?@ 2
o ®

ttbar j@
®
&V@g@@
& - 9
@ i
®




EVENT SELECTION

%50 TTY‘TTTY‘TTTT‘YYTT[YYY.Y[DTATTYAT[YYY
o ATLAS =%ZI' ht jet
To] |
o N4A0E Zoptulete +un map e
o selection: > e 48 b el
- 4 leptons : p;1%34 > 20,20,7,7 GeV ggz s=7TeV . &stUno.
- two same-flavor/opposite-sign isolated lepton pairs o5

Z,, (my,), the reconstructed Z closer to the PDG 20

Ziy
Z;, (My,) the other Z 15

- lepton pair mass cuts :

5
M4,<115 GeV and Ma,>Mypeanoa(Ma)(15-60 GeV) 75 80 85 0 95 100 105 110
12

> _\\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\.\\D\X-IL\A\‘\\\\\\_ >4O\\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\‘\.\\D\K-IL\A\‘\\\\‘\\:
850 ATLAS mz7 ] & ATLAS =7y ]
o r e W Z+light jets o35 e B Z+light jets
c:n B Z_>M+M le’e +uu -Z_bB ] E Z—utule’e +ee -Z_bE ]
£401  [Ldt=4.8fb" =l ] €307 [Ldi=481" Ey E
S I Wz . S Wz .
o [ Ns=7Tev 7 SystUnc. ] 1125 e \s=7TeV 7 SystUnc. 3
30 . ]
20/ : :
10 - §
. . _ | ]
20 30 40 50 60 70 80 90 100110 20 30 40 50 60 70 80 90 100110

m,, [GeV] m,, [GeV]




ZZ BACKGROUND

o use MC simulation (Pythia) and MCFM shape and cross sectio
L L Z*/Y*
V6.0 MCFM (LO)

—
o
Ll‘l T TTTTTT

T
1

v5.8

IIITIII

‘ L L L L l 1 1 1
100 200 Z* [y*

GeV]
o but ATLAS is also doing a cross section surement :
tot — +2.7 +0.4 .

oy, = 8.575;(stat) Tg3(syst) = 0.3(lumi) pb

NLO prediction (MCFM) : 6-5t8'3 pb.
. -~

o Normalize ZZ production to MC expectation
including both qq/gq — ZZ and gg — ZZ
Theory uncertainty ~15% (arXiv:0906.2500)
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BACKGROUND

. . . > lY[YTYT‘TYTY‘TTYT‘TYTT[YKYTTYTT[TTTT[YTTT[TTTT‘TL
o Normalize top production to MC expectation 8s50F ATLAS mr
verified in control region 2 | zowwee s Eﬁ_;'t—;gh”ets ]
— e*. pair consistent with m, and 5°F Jat=s8i bz
e L = w; Syst.Unc. ]
two additional same-flavor leptons “ ook ]
theory uncertainty 10% - 4p  channel E
soF 2e2u channel b
o Normalize Z+jets production using control regions [ ]
control region : 10

— without charge, isolation and impact parameter criteria o Bl o e
on the second lepton pair : Z(—Il) + py/ee 20 30 40 50 60 70 80 90m10?G1;\9]

separate different components *
eventually extrapolate to signal region = 40 ;
uncertainties 40-45 % 3 ATLAS mor
o 935 Zwrle’e + e =Z+Iight jets
(2] E I 3 = I B MY P 50 U RAAE BAAAE AR RS T ~ - D ]
*§ F ATLAS § _ArLASprenminary (simulation ] 2aop [Ldtea8 1" 5 20b ;
m 107 —Dataallu 3 Z+x all g 7 \s=7TeV y//\évzst Unc. 1
j: eDataQ—u | £ 195 70 on quarks q w35 7EYERENE
10? ;;//'/;'\S"}gt‘?u—n’g_ R E 2 heawy quarks f 00 4e channel E
o'k ] L 1 R u2e channel), E
0 : 1 10 o ;
10°¢ : 104 - :
| JLdt=4810" St : | > E
105" s=7Tev 3 i g E L . .
] ﬂ ............ R 20 30 40 50 60 70 80 90 100110

L ! ! AR
T 1 2 41 0203 04 05 06 07 08 09 1 1.1 m,, [GeV]
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SYSTEMATIC UNCERTAINTIES

o Experimental systematic uncertainties

Systematic uncertainties

cut efficiency for electrons low-E; electrons

luminosity 39 % ) i
. — overall systematic uncertainty (5% for E;<15 GeV)
muon efficiency 0.16-0.22 %
electron efficiency 1.6-8.0 %
electron energy scale 0.3-0.6 %

o For background estimated with data-driven, systematic uncertainties are uncorrelated

Systematic uncertainties statistical uncertainty

Z+jet
Zbb

o Careful treatment of theory uncertainties (ATLAS-CMS LHC combination working group)

_process | QCD Scale (depend of m,)

9gF
VBF

WH/ZH
ttbar
ZZ (SM)

FABIEN TARRADE

45 % +shape  in the control sample and the MC-based extrapolation to the signal region

40 % +shape  in the control sample and the MC-based extrapolation to the signal region

+12/-7 % +8 % +20/-15 % Mjggs= 300

1% 4 % 5% Myjiggs= 400 GeV
1% +4 % 5% Myjiggs= 000 GeV
4 % 4 % +10 % Myiggs= 600 GeV

5% +10% (gg > ZZ) + shape 4% +12 %

STANDARD MODEL HIGGS SEARCHES WITH ATLAS MARCH 12™ 2012

line shape (150%) x (my;;...(TeV))?

4 %

+10 %
+19 %
32 %

21



- KINEMATICS

Some kinematic distribution after the full analysis :

2 45
0]
© 40
2
835
o
330
25
20
15
10
5

TITTT[TTT[TTT[TTT[TTT[TTT[TTT[TTT[TTT

ATLAS
[Ldt=4.8 fb!
\s=7TeV

e DATA
mzz

B Z+jets, tt
7, Syst.Unc.

20 40 60 80 100 120140 160 180 200

P, [GeV]

N [T 1T ‘ T T T T ‘ T T T 7T ‘ T T T T ‘ T T T T ‘ T 1]
5 401 -
S AT’-ASf ) *DATA |
o [ Ns=7TeV BZ+jets,tt ]
-1 30 7 Syst.Unc.
20F =
15-
10 =

2 40F
(O]

(o]
§35
(2}

530
i

25
20

15

VVVVVVV N T T T T [ T T T T

ATLAS

- B Z+jets, tt
t % Syst.Unc.

H—zZ"' -4
fLdt=4.8 fo!
\s=7TeV

70 80 90 100 110

Events/10 GeV
o

N
o

—_
[6)]

10

w
o
T

my, [GeV]

[ S e S s e L L L B B B B B

T B Z+jets, tt
" %% Syst.Unc.

H-zZz"'—al
fLdt=4.8 fb!
\s=7TeV

20 40 60 80 100 120
m,, [GeV]




MASS SPECTRUM

o Mass distribution after the full selection

E | S ATL,Iqs | - over all good agreement data/MC
o 12 e DATA - 71 candidates (data) :
=L =§%°nka r?m“”d1 90 GeV) 62 + 9 expected events (MC)
=10~ @ Signal (m _360 GeV) _
o | @ Signal (m H-520 GeV) A : :
o r ° o Syst.Unc. - - in details

- 770 - cazrfifjtes (data) :

l ~ expected events (MC)

i i 18.6 £ 2.8 4p

. _ 29.7 £ 4.5 2e2y

P i 13.4 £ 2.0 4e.

200 400 600
my, [GeV]

HIGGS SEARCHES WITHATLAS ~ MARCH12™2012 23



o Mass distribution after the full selection

e DATA |
B Background
3 Signal (m =125 GeV)

3 Signal (m =150 GeV)
@ Signal (m =190 GeV)

w1 Syst. Unc.”

-
o

0¢]

Events/5 GeV

H—zZ"—4]
[Ldt=4.8 fb
\s=7TeV

100 150

| T T T T
ATLAS

LOW MASS SPECTRUM

In the region m,, < 140 GeV
3 events are observed:
- two 2e2u events
m,=123.6 GeV
m,=124.3 GeV

- one 4 event
m,=124.6 GeV




EVENT DISPLAY

m,= 124.6 GeV m,,= 89.7 GeV, m,,= 24.6 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST

FABIEN TARRADE STANDARD MODEL HIGGS SEARCHES WITH ATLAS MARCH 12™ 2012



EVENT DISPLAY

my= 124.3 GeV m,,= 76.8 GeV, m;,= 45.7 GeV




EVENT DISPLAY

m,= 123.6 GeV m,,= 89.3 GeV, m,;,= 30.0 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

FABIEN TARRADE

STANDARD MODEL HIGGS SEARCHES WITH ATLAS

Run: 186877
Event: 84622334
2011-08-05
15:03:21 CEST

MARCH 12™ 2012
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XCLUSION LIMITS

Exclusion limits with H — ZZ() — 4] -

o Standard Model Higgs Boson excluded at 95% CL :

134-156 GeV
182-233 GeV (137-157 GeV) some “excess” that leads to
256-265 GeV weaker-than-expected limit

268-415 GeV (184-400 GeV)

2102_| T T T | T T T T | T T T T | T T T T | T T T T
P F . zoom at low mass
\g - ATLAS — Observed CL; -
S H—>ZZ(*)—>4| ------ ExpectedCLs— b% ”HllllIllHlllllllllllllllllllllf
o | -1 . . 3 ATLAS — Observed CL; -
£ [Ldt = 4.8 fb E_ 1o : Ho 7705 4] Expected CL,
: 108 \/§=7 TeV +20 — ..E. \ fl_dt 48 fb-1 -i 10
L\g - \'s=7 TeV [ lx20
0 O 10 =
2 R 5
& . i
1 B B — - T
I 1 1 N T a
10-1|||||||||||||||||||||||| _....I....I....I....I....I....I...._
110 200 300 400 500 600 110 120 130 140 150 160 170 180
my [GeV my, [GeV]




P,-VALUE

o Local pO-value express compatibility to no signal hypothesis
A

excluded by the LHC combination (ATLAS+CMS) Nov 2011
o zoom at low mass

o 1;\\\\‘ ‘\\\\‘\\\\‘\\\\‘\\\\‘\ ‘ ‘\\\

p-values do not
include the trials

1 factor arising from
3 the look-elsewhere
1.,  effect (LEE)

LR R e T e D s oL L e

o

10°E E
- ATLAS ]
10*E — Observed H—>2ZZ"—~4l - I
E oo Expected det =4.8fb" ] e — CE)bser\t/edd det 18 fo 210
- = : Eooe xpecte =4. ] )
10_5157Tev ; P 7 oV 3 events in
Sl Lo b b b B B i H
110 200 300 400 52,]0 [Ge\%)o 10110 120 130 140 150 160 170 180 190 200 1 GeV bin
H m,, [GeV]
o Global p0 include Look Elsewhere Effect
(probability for the fluctuation to occur on the full range) hypothesis of a
M0 (GEV) Global p, Expected from SM Standard Model
i Higgs boson
125 210 0(50%) 130 production
signal
244 220 0(50%) 300

0(50%) 150




SUMMARY

o A search for the Standard Model Higgs boson in the decay channel H —ZZ*)—4|
has been performed using the ~4.8 b~ of pp collisions at Vs = 7 TeV

The background yields have been studied with looser event selections, demonstrating
good agreement of the background modeling with the observation

©

o 71 candidates fulfilling all the selection criteria have been identified

o We can exclude the following mass range using only H —-ZZ®*—4] :
134-156 GeV
182-233 GeV
256-265 GeV
268-415 GeV

The largest deviations from the background expectation are observed for
my = 125 GeV with a p,-value of 2.1 o
my = 244 GeV with a p,-value of 2.2 o
my = 500 GeV with a p,-value of 2.1 o

©

These p,-values increase substantially once the “look-elsewhere” effect is considered
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CHANNELS INCLUDED

o Low mass searches : my,. < 140 GeV
W/ZH with H — bb, H = tt , H — vy

o Intermediate mass searches : 120 GeV < my,, < 180 GeV
H— WW0O — [vlv

o Higgs mass searches : 180 GeV < my ., < 600 GeV
H—-WW —Ivqq,H = ZZ") = lll,H - ZZ — llvv, H - ZZ — liqq

H— vy 110-150 YV, Vi, i

H — bb (WH,ZH)  100- 130 W/Z +jets, ttbar 47 NEW

H— 1t 100 - 150 Z->tT, ttbar 4.7 NEW

|H—>WWO® —Ivlv 110 - 600 WW, ttbar, W/Z +jet 47 NEW |

H—- WW — Ivqq 200 - 600 W + jets, ttbar, multijets 4.7 NEW
H—ZzZZ0 — Il 110 - 600 ZZ(*), Z +jets, ttbar 4.8

H—Z2Z — llvv 200 - 600 diboson, ttbar, Z + jets 4.7 l!gw
H—ZZ — liqq 300 - 600 Z + jets, ttbar, diboson 4.7 !E_W
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o H—yy (4.9 ")

95% CL limit on olog,,

my : 110-150 GeV

9 categories
E:12(y4,Y2)>40,25 GeV

good mass resolution (1.7%)
m,, shape and unbinned

bkg : vy, vi, jj (from side band)

exclusion limit : 113-115, 134.5-136 GeV

local significance : 2.8 0 at 126 GeV

gIobaI S|gn|f|ance 1 5 o (for mH —110 150 GeV)

Local p

Events / GeV

W MASS CHANNEL

‘Key points of the énalysis :

10— Observed p, Data 2011, \Ns =7 TeV

III|,|_|,| L1l ]

...... SM H — yy expected p 4
] * fuat=4sm

5 \ ~
_J,.g_._.._.-.-.-.-.-.-.-._.- e .1.'.'.'.'.'.-.‘_
110 S S WY Sy ]
2 R WY (S
10-2E ATLAS -
:§g _____________________________________________________________________ ]
10°E E
f «---o---- Observed P, (with energy scale uncertainty) E
|

10990 18 120 125 180 135 140 145 150
my [GeV]
combined H—yy search

900

rrr~r +rrr~+r 1 " 1
Selected diphoton sample
o Data 2011
Background model
......... SM Higgs boson m =120 GeV (MC)

800

700
600
500 s=7TeV, f Ldt=4.9fb"

400

: — Observed CL I|m|t | | é
7 — Expected CLglimit  H—syy =
- 1o ATLAS .
6 . %G Data 2011, \'s = 7 TeV E
5 f Ldt = 4.9 b f
af- ;
3F
2
] S = ... . = = -
4 1 1 1 | I 111 1 I 111 | I 1111 I 1111 I 11 1 1 I 1111 I 111 1 {'
110 115 120 125 130 135 140 145 150
my [GeV]

Data - Bkg

100E-  ATLAS =
:. e .:

E+' * =T + L B N R
50 + =
3

Oi '% "+|-+ H7¥ 4t g r 7+ «r AR f++“£
ok g TﬁH ++ ++ +++++ LA A=
000 10 120 130 140 150 160
m,., [GeV]

Y



Key

points of the anaIyS|s

m,, : 100-150 GeV

12 category (0-jet, 1-jet, 2-jet VH, 2-jet VBF)

E,Mad>15,20 GeV

mass resolution (=10 %)
m_, shape

bkg : ZIy*— 11 +jets, ttbar

NEW

No significant excess is observed in
the mass range : 100 - 150 GeV

250

200

>
[
O}
o
Y
~
2
c
o
>
L

150

100

50

%

TTTT‘TTTT{TTTT{TTTT{TTTT{TTTT{TTTT{TTTT
L ee+eu+uu H+1-jet
Z —e— Data
Z 10 x H(120)—tt
Bl 7t

Z—ee,uun
Il it+single-top
WW/WZ/Z2Z
Fake leptons

777 Bkg. uncert.
fL dt=4.7 o'

Vs=7TeV
ATLAS Preliminary_

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

Events / 40 GeV

140

120

100

80

60

40

20

0

LOW MASS CHONNEL

comblned H—T1r search

IIIIL

(@)

5 —‘ ]
% . How ATLAS Preliminary |
8 20; —e— Observed CL p 7
= - —— Expected CL, f Ldt~4.7 fo .
£ i i
- [ L =2 ls=7TeV :
Cl) 15 + 1o —
< Observed limit : 2.5-11.9x0,
To) i
? 10p i
5- .
07 ) I N | l ) I N | l ) I N | l ) I N | l - |
100 110 120 130 140 150
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ— _IIIIIIIIIII|||IIIIIIIIIIIIIIIIIIIIIIIII_
ee + eu + pu H+2-jet VH ] [ ee+eu+uu H+2-jet VBF ]
—+— Data J 2 —+— Data B
ffffff T ] B W - 5X H(120)>Tt ]
_ 20 : ! Bl Z-1e _
] - Z—ee,uu ]
Bl tt+single-top 1 - Il tt+single-top 1
WW/WZ/ZZ i 15+ WW/WZ/z2Z _
° Fake leptons ] i ; Fake leptons ]
,,,,,,, 77 Bkg. uncert. ] C 727 Bkg. uncert. .
frat=47" 1 10p fra=azw’ -
Vs=7TeV ] C »w B (s=7TeV ]
ATLAS Preliminary 5 ATLAS Preliminary |
] O: —o— | = ._
50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Collinear mass m,, [GeV]

Collinear mass m,, [GeV]




- LOWMASS CHANNEL

comblned H—>bb search

= N T

\g 14__ ATLAS Prellmlnary 1ov (L o ]

- - e Observed (CLs) '5=7 TeV, [ Ldt=46-4.7 10"

o H—bb (4.7 fb) NEW § 120 T Expoctod (OLs)  VH(bb), combined s

my : 110-130 GeV AEAA E b E;" -

11 category (p1, E;™ss, Ivbb, llbb,vvbb) 3 8'9bserved limit : 2.7-5.3x0og,

Epiet>45 25 GeV S _:

mass resolution (~10 %) ® 6 -

m,,, shape af 7

bkg : W/Z+(b)jets, ttbar oF E

No significant excess is observed in O™ Hs 1 1% 130

the mass range : 110-130 GeV my, [GeV]
— — — — —— F’ L =
> 1207 ATLABProlmifary |« paazori 1 B 20F AT ’-Aspre"m'”afy — 222011 3
= . f Ldt=4.7 6", Ns =7 TeV mmSignaix5 1 © 400F f dt=4.7 fb",\'s =7 TeV (M 120 GeV) —
o 100 H - IIbB ’ (m =120 GeVY] © 3505 WH — Ivbb 8555 Total BG E
g - %% Total BG 1 0 - Zagets :
£ 8- Top 4 2 300 Wiets
c - — Z+jets 1 5 - — Dit -
o L - o iboson ]
3 eob —Diboson 1 g 2°0F <o Mulet
- . 200F =
40F s 150 e =
20-_ ““ 1005_ R "..":...- —:
B B 2 50:— aan :
0_ .............................. = ._.-r'.:;--.l--"_g_-f-_i; ............ T T =




TERMEDIATE MASS CHANNELS

Key pomts of the analysis :

3 120F" > T T T
1 8 ATLAS Prellmlnary +3,aﬁ %vaz(zzﬁ“) 1 8 = ATLAS Prellmlnary *am‘, o v 3
o H g WW IVIV (47 fb ) g 100% Vs= 7TerLdt 4.7 b Eﬂ_ =s ngeTop ] e 35; Vs =7Tev, [Lat=4.7 10" Eﬂl =sm9|eTop ]
mH . 110'600 GeV 2 r H=>WW '~y + 0 jets e Ell:v:?sseev] . % 30? HWW =iy + 1 jet o e E::’EIZ':GeV] E
. . 2 80 2 F 3
9 category (0-jet,1-jet, VBF) ¢ | e ZZ E
E/112>20,15 GeV
mass resolution (~20 %) “ : E
m; shape : O0-jet,1-jet or ] e . ] 5 E
Cutting and Counting - VBF 80 80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240
bkg : WW,W+jets, Z+jets, ttbar mriGeV] mr [GeV]
observed exclusion : 130 < m;,, < 260 GeV
102No significant excess is observed no significant
2 = T T T T T T T T T T T T T T T T T T T T T I T |:
G F ATLAS Prelminary ~ H-WW-—hv 1 excess  zoom atlow mass
g : e Observed Ldt 4 7 fb : SIQE T T T T T L R R L B E
= - ---- Expected 9 ATLAS Prellmlnary H—>WW—lvly ]
€ B +1 ° — Observed i
Eor . O Vs =7TeV s 5 S det 471" ]
—i - ] E oL =10 Vs=7TeV -
) - — 3 10 20 E
s I i 3 F ;
o | } ° t -
(o)) N - E
LI W <5 3 & L o) |
- combined -
_ H—>WW- viv search | NEW | -
RAF=AA B 7
1[0 i R B A A S - 107 B L L L =
100 200 300 400 500 600 110 115 120 125 130 135 140 145 150
m, [GeV] m,, [GeV]




- HIGH MASS CHANNELS

different selections for m <280 GeV

>
o H—>2Z—llvy (4.7 fo") NEW and m,, 2280 GeV
m;; : 200-600 GeV 1A= AA 3 ool ATLAS Bty LAy T T
i i Q) - H>ZZ —lvv 4
4 category (low/high pile up) ©  Low e duta . oaafLat=23m" ]
Etl1,I2>20 15 GeV ® 80 Total BG N
’ ) P I Top i
mass resolution (~20 %) S [ g 2z :
hape o 60r mm Sional (m_ =200 GeV) -
m;s B ]
bkg : bkg : ZZ, WZ, WW, ttbar 40F- low-pileup dataset -
. g . 20:_ <u>-~6 _:
No significant excess is observed S 4 )
E T L L T I. T I. T 1T 17T I 1T 1T I 1T 17T I T 1T 17T I 1T 1T IE I ,,,,,,,,,,,, m‘ —+ | —
S 4 HezZew T E’:pe"ted E m, [GeV]
— C == (0] =
E 351 (Ldt=4.7fb", (s=7TeV =
S Jt [ =20 E > CTATLAS Preimialy e STy T T ]
O - : combined ] © 350F A 22 = lvv . DatafLat=241" 3
X oL : = ®  300F High pile-up data TotaBG =
S = . H>ZZ— llvv search ] > - Top :
2 : — £ 250k _+_ ------ 77, WZ,WW -
C ] [ o R CE ZW ]
1.5 3 o 200 [ Signal (m, = 200 GeV)
1= = 150~ high-pileup dataset -
o.5f— —f 100F —— <u>~12 E
1 I 111 I 111 I 111 I 111 I | I - I | I - I 111 I | I - I 1 E : E
200 250 300 350 400 450 500 550 600 S0F R E
P i A WY oy === [ B
_ m,, [GeV] 50" 200 250 300 350 400 450
observed exclusion : 320 < m;,,.< 560 GeV m. [GeV]




95% CL limit on o/oy,,

]

HIGH MASS CHANNELS

different selections for m <300 GeV

H — ZZ — liqg/bb (4.7 fb1)
my : 200-600 GeV

2 category (untag, 2 b-tag)
Ej>25 GeV

mass resolution (~20 %)
Myj00 ShaAPE

bkg : Z+jets, ttbar

No significant excess is observed

I T T T T I T T T T I T T T T I T T T T
10— ATLAS Preliminary —— Observed —
[ H-ZzZ-llqg Expected .
B El+10 ]
gl JLdt=4.7f0", Vs=7TeV [Jx20 N
s combined ]
. H—ZZ-> liqgg/bb search ]
A 5 B
o .
0_ I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I ]
200 300 400 500 600
m,, [GeV]

Entries / 10 GeV

Entries / 20 GeV

and m, =300 GeV
o A'T'LAs'Prénrh.n'éry -

50: f L dt=4.71 f6",\Ns =7 TeV é ds?;ﬁm *;
N (mH=200 GeV)
40 —— Total BG -
N —— Z +jets ]
C — Top ]
30 Diboson —
- | b-tag ]
201 ow mass -
10F A | -
O: | E+:_'_!_—!7 i T e s Y
1 60 180 200 220 240 260 280 300 320
my  [GeV]
240 ATLAS Preliminary = 'd;t'a S
220E ('L dt=4.71 15" Ns = 7 Tev xS E
200k f = (rﬂrﬁoo GeV)
180F —— Total BG =
160 ? —_— $ + jets 7;
; — lop ]
_1| gg £ Diboson E
60F high mass -
40F E
20F =

My

observed exclusion : 300 < my;,, < 310 GeV and 360 < m;,,.< 400 Ge
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‘Key points of the ahalysis :

o H—=WW —Ivqq (4.7 fb1)
my : 110-600 GeV NEW
6 category (0-jet,1-jet, VBF) UEAM
E/12>20,15 GeV
mass resolution (~20 %)
m,,q Shape
bkg : W+jets, ttbar
No significant excess is observed
§1025|""|""|""|""|""|""§
@o’ SRTERTE Expected combined ]
< - I+ 10 s ]
R H—-WW-— Ivqq search
% 10 —e— Observed
= . Observed limit : 2-10xo°"
o I
e 1 Vs=7 TeV _
f Ldt=4.7 b ]
T H— WW—Iv i ATLAS Preliminary 7
107300 350 400 450 500 550 600
m,, [GeV]

iH MASS CHA
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Entries / 20 GeV
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NNELS

[Lat—47m'  ATLAS Preliminary |

_ —e— Data
Vs =7 Tev %2222 Total bkg (stat @ sys)
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MARY OF THE CHANNELS

Summary of the individual channels (Moriond 2012) : NEW
RAF=AA
& - Exp. Obs. ' Exp. Obs. ' ' =
g - e —Hyy (4.9 b H-> WW - vgq (4.710) |
5 v — et (47 1 mees — HZZ- Il (48107 a
c H—bb (46477 e — H ZZ-llqq (47107
o — --es = HoWW- Wi (471b7) Se e Ha ZZ- vy (4.7 1) -
'E 10 = H—=yy ILdt~4.6-4.9 5", V8=7 Tev _
a4 F =
o - PAgE—-
X T \ - AE T
wn - Srgren ) - - -
m . . N » - 'T_ : .‘._‘- »
- o o e g e . .. —
= : H—>ZZ")— Il o 3
] H—>WWO)—lvly H—>ZZ—ltvv
10" ATLAS 2011 Private CLslimits  —
100 200 300 400 500 600
o Expected limit : sausss My [GeV]

o Observed limit ; m—




SYSTEMATIC UNCERTAINTIES

)

HCP, Nov 2011
systematic values

o Correlated systematic uncertainties (Jet Energy Scale, Luminosity, ..
Hot1 [ N> ww® H — 720
e T+ jerl |7V 0P tviv e vy llgg
Luminosity +3.7 +3.7 +3.7 : +3.7 +3.7 +£3.7 £3.7 £3.7
e/y eff. +3.5 29 Hog 1 £23 +2.2 +33 +1.2 +1.1
e/y E. scale 0 0 - e +0.1 8
e/y res. - +3.7 - 2l +0.1 - - -
W eff. +1.0 20 - iy +0.6 £12 08 106
0.4
U res. - e - | #58 +1.6 - - -
Jet/t/MET E. scale | T} = - i +6.1 - =
JER - +2.0 - +2.5 T3 - -
44 I 55 6.6
MET B f5.3 B I ir6.1 B +0.6 J—r4.2 B
b-tag eff. - - - 1 fgg +0.1 - fizi -

o For background estimated with data-driven, systematic uncertainties are uncorrelated

o Careful treatment of theory uncertainties (ATLAS-CMS LHC combination working group)

Production Mode | QCD ScaIe

VBF
WH/ZH

+12/-7 %
1%
1%
4 %

8 %
4 %
4 %
8 %

5%
5%
12 %

+20/-15 % \

change with my;,.

_-‘mmamsusgwrmaw MARCH 12™ 2012 4



SM Higgs Comblnatlon at ATLAS W|th 2010 and 2011 data (HCP 2011)

= o
bcD r ATLA ] 1 0 —3 Observed s=7 TeV —
B - ---- Expected A
< B R J = CL, Limits R N
2 10 = R (201 N B
E = =
-l i —
— - _
O — _
R b _
LO LL

T A e e e =
E% \ SN -
_5 -

& 4+ —— Observed O+ 1o

ATLAS J(tpdt281:';) B e Expected [ J+2c
107 = 2011 Prellm L, Limis —
100 200 300 400 500 600
o Expected limit exclusion : =s==s» 131 - 450 GeV m, [GeV]

o Observed limit exclusion :

146 - 230 GeV and 256 - 282 GeV and 296 - 459 GeV



GGS COMBINATION AT ATLAS

SM Higgs Combination at ATLAS with all 2011 data (Moriond 2012) :

= 1 0 - 1 ) L D N s
& [ ATLAS Preliminary 2011 Data | NEW
B B —~— Obs . 1A AA
= i Exp.. I Ldt = 4.6-4.9 fo'' I
E E+1c s=7TeV .
—J
—
O 1 —
2 - :
m [ -
m [ o
10 _ —
- CLs Limits Moriond, March 2012 -
PR AU S S TR [N T SN SN TR NN ST TR SO SO NN TR U ST S N S ST SR S N S
100 200 300 400 500 600
o Expected limit exclusion : ssssss 120-- 555 GeV m,, [GeV

o Observed limit exclusion ; e 110.0-117.5 GeV and 118.5-122.5 GeV and 129-529 GeV




3GS COMBINATION AT Thas

SM Higgs Comblnatlon at ATLAS with 2011 data :

-h
o

g 'ATLAS Prehmmary 2011 Data |
» Standard Model Higgs Boson excluded at 95% CL “2= [u-asesn | NEEW

s=7Te IAE=AA
110.0 < My e < 117.5 GeV a7y

118.5 < myyq < 122.5 GeV
129 <mMyygqes < 439 GeV
(expected : 120 < myges < 555 GeV )

o Still some “excess” that leads to weaker- / l
than-expected limit

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

95% CL Limit 6n olo, "

E‘% i ATLAS Prellmmary 2011 Data i
o Some “hole” in the exclusion range g 10~ — Obs. 6.5 GeV .
due to some “excess” inaround S | - E:(P- _[ Ldt=4.6-49fb 1
‘= N 1o -
Myjiges 110.0 -117.5 GeV E - (s=7TeV i
Miggs 118.5 -122.5 GeV =5 [ 2o _
0
O e KN ke =
o Interesting region now : - -
mnggS 118.5 = 122-5 GeV B 7
more channels
but difficult one

SRS SRS RS S S I S N N S I
1074907915720 125 130 135 140 145 150
m, [GeV]




GS COMBINATION AT ATLAS

SM Higgs Combination at ATLAS with 2011 data (Moriond 2012) :

wn = vhp ettt g
o ’ :r ATLAS Prellmlnary 2011 Data
BT O I Ldt = 4.6-4.9 6" ] NEW
o'y M --Bxp. J o T 3 95% IAEAA
8 \s=7TeV .
10-25.. ........................................................... - 99%
10-3;— 1 9 F T L e R D AR R RS SRA AR i
- 10 1 i TLAS Prellmlnary 2011 Dat h
104E - i E
= 7] AL TR —
105E . 10 B— R a— S
E IRNT. 1 SRR N 000, VAR N VA — ] 99%
10°c i e - —Obs. ]
10 200 300 400 500 600 10%L - Exp. R
m,, [GeV]
04L det=4.6-4.9 o' N
- (5=7TeV .
109 5V 4
110 115 120 125 130 135 140 145 150

m,, [GeV]

o Observed limit exclusion ; = ~115 GeV and 130-486 GeV at 99%




OCAL P-VALUES

Local p-value of the SM nggs combination at ATLAS (Moriond 2012):
o The observed local p-value characterize probabilities for the predicted backgroundNEW

to fluctuate at least as high as the observed excesses 1A AA
o — T R H—ZZ
- 1 ATLAS Preliminary 2011 Data
O ‘—o\/\\_.
o
Y it L' S H=SZZO=s I 1o

-

. e”
. e”

- -

........................................................ 20’
-
-
-
-
-
-
-

M .
. g
. -
1 _3 ....... =" ""cececcccccccccccc e e e e P
. -
O ' g
. .
' .
v
. - ”,

~2.50
10*

p-values do not include 107
the trials factor arising

from the look-elsewhere {6
effect (LEE)

_ Vs =7 TeV
-7 1 L PR I T T TR TN T

10" —100 500 600

m,, [GeV]

hypothesis of a Standard Model
Higgs boson production signal
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.OCAL P-VALUES

Local p-value of the SM nggs combination at ATLAS (Moriond 2012) :
o The observed local p-value characterize probabilities for the predicted background NEW
to fluctuate at least as high as the observed excesses IAEAA

- ATLAS Preliminary 2011 Data -

o Excess of 2.5 o is observed for 126 GeV

..............................................................

o Fora SM Higgs at 126 GeV : 2.9 o expected - . ............... :

.....................................................................

ILdt 46491
Vs =7TeV

....................................................................

(a)

p-values do not include
the trials factor arising
from the look-elsewhere
effect (LEE)

hypothesis of a Standard Model
Higgs boson production signal

130 135 140 145 150
m,, [GeV]



Best fit signal stregth M =0olog, : - NEW

o The u value indicates by what factor the SM Higgs boson cross section would have A= AR

to be scaled to best match the observed data 25 ATLASPreiminay 2011 Data

£ of  —Bestfi ILdt=4.s-4.9fb"—;

. A S5 IS §=7Tev -

o Best-fit signal strength at 126 GeV: p = 0.9*%4 3 E

o.sz— —

o 3

08 3

£ N LN SR LA LR I IR R LN L 3 A =

25 ATLAS Prellmmary ' 2011 Data = " 3

@ . 4 3 100 200 300 400 500 _ 600

£ 2 Best fit det=4.6-4.9 fo' " m, (Gev]
= []-2InA(u) <1 .
ZI =
0.5 =
0 :
0.5 -
i _z
1.5 =

110 115 120 125 130 135 140 145 150




MY OF AN OBSERVED EXCESS

Observed excess :
o Excess is mainly observed in two high-resolution channels: NEW
H—vyyand H— ZZ(*) - 4 : 3.4 o local significance (combined) 1A AA

o No such excess in :
H -WW(*) —lvlv, H —11, H —bb
All channels combined: 2.50 local significance

o Global probability of such a background fluctuation anywhere in the full explored
mass range (110-600 GeV) : 30%
mass range (110-146 GeV) :10%

o Frryrrrrrrrrrrrrrrrr[rrrr[rrrryrrrrrr et = 2 frrryyvyrryUrryrrTrTrTTYITYIICTITYIYTIPCTITYIYCTITTITIEYTTITIYRTTITIEYEY
:% ' 2011 Data 5 e [ ATLAS Prellmlnary ' 2011 Data
(&) = B —‘-ObS
b B - TSR TR S — NF e s 10F det= 46-49f0" - Exp. E
E os E . 5i1 c -
B 1 20 £ = - +2 0 e
1< & p =TTV —0bs. MvTrsth
= = Exp. Wiv+tt+bb :
SR SR 43 O | s * —-—Obs yy+4i !
Y R S \
JLdt—4649'fb§ S 1 OGP sy ~
"""""""""""""" ECTTe ] 3 SN S
-5 = - .
10 E - Exp. W+4I+Ivlv \ E - .
10—6 B _‘_Obs \\ ?— i -
FEXP\ .............. 1 56 i 1
I A AN TN TN T Nl ] L. CLslimits
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95% CL limit on o/og,,

ION AT ATLAS VS

MS with 2011 data :

CMS Preliminary
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NEW

IAEAA

CMS :

127.5- 600 GeV
(at 95% CL)
129 - 525 GeV
(at 99% CL)

some excess :
125 GeV

local 2.80

global 0.80 (110-600 GeV)
global 2.10 (110-145 GeV)




SM Higgs Combination at ATLAS, CMS and Tevatron, January 2011 :
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NEW TEVATRON RESULTS

Tevatron Run Il Preliminary, L < 10 fb™ NEW
S [T e T T T As o
g % ——  Obi Tevatron Exclusion
g 10 ~.§ § . [:] i;g z:x:z +ATLAS+,¢MS. 1 Tevatron :
— w8 § ; Exclusion 1 147 -179 GeV
EI) B 5 < : : ‘ 1 (at 95% CL)
L lg & °
o it .
o s = some excess .
NE s ‘ : 115_ 135 Gev
...Eo“‘. 2.7 0] (2.2 0)
1 L 2, — el
e Mt TN B s
. N [
- m————— - N ..Q-...O { ........
% ATLAS+CMS E
2 Exclusion February 27, 2012
100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c®)
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What we can expectin 2012 :

o Exclusion or evidence at 5 o with 15-20 fb-"
whole mass range between 110-600

ATLAS Higgs combination Moriond 2012 Pile-up in 2011 data
& | ATLASPrelminay = 2011Daa | < )
% . | —Obs 2 =~ ATLAS Online 2011, \'s=7 TeV JLdt=5.2fb
s 10F . Exp. ILdt=4.6-4.9fb'1 E . i
P - mtio : g — B*=10m,<pu>=116
E | Do Is=7TeV 1 £ — B*=15m,<pu>= 6.3
2 | 1
o 5 3
N 3
n o
[¢)] — —
h: 3
- &
1 CLslelts 1 .
1077910115 120 125 130 135 140 145 150 0 2 4 6 8 10 12 14 16 18 20 22 24

m;, [GeV] Mean Number of Interactions per Crossing

o challenges for 2012 :
\s=8 TeV of p-p collisions
pic luminosity : ~6.2-6.8x1033 cm? s' (2 x maximum pic in 2011 data)
<u>: ~31-35 (3 x maximum average value in 2011 data
0O(15-20) fb-' 1(3-4 x 2011 data




CONCLUSION

o Thanks to the excellent LHC operations, ATLAS has collected more than 5 fb-! of data
(p-p collision at 7 TeV)

The LHC dominates the SM Higgs with 5 fb-"

©

o ATLAS has performed a Higgs Boson search corresponding to and integrated luminosity
between 4.6 and 4.9 fb-! using several channels

o Modest excesses observed of 2.5 0 (2.9 0) is found (expected) at 126 GeV

o Exclusion limits at 95% C.L are set for a SM-like Higgs boson in the mass region :
110.0 < Myygqs < 117.5 GeV
118.5 < Myygqs < 122.5 GeV
129 <Myyges < 439 GeV

o In the low-mass region no exclusion was possible due to a moderate excess of observed
events compared to the expectation

The excess is most compatible with the Standard Model Higgs boson hypothesis with m,
around 126 GeV. Statistical significance not large enough to distinguish signal from the
background fluctuations (yet)

©
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OUTLOOK

Possibility to have LHC and/or LHC+Tevatron SM Higgs combination before the summer

©

©

Prepare 2012 analysis:
- by optimizing the object performances (e, u, 1, ...)
- by reducing the systematic and optimizing the selections

By the end of 2012 with O(15-20 fb-') a conclusive answer on the Standard Model Higgs will
be obtained

©

o If 126 GeV persists and becomes significant:
- measurement of mass
- 1T, bb, WW, ZZ decays all accessible for measurements
- consequences for BSM...

o If not:
- go down in the couplings
- don’t forget high mass
- other signatures (e.g. invisible)

STAY TUNED

- ey B A B 2 Pl iy
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Very exiting times ahead ...

©



roystoncartoons.com

“Run! I've discovered the Higgs bison.”

\
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JMENTATIONS

ATLAS Public Documents :

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

ATLAS Luminosity and pile-up
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResults

LHC Higgs Cross-section working group
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

Handbook of LHC Higgs Cross Sections: 1. Inclusive Observables
CERN-2011-002, arXiv:1101.0593
http://cdsweb.cern.ch/record/1318996

Search for the Standard Model Higgs boson in the diphoton decay channel with 4.9 fb—1 of ATLAS data at sqrt(s) =7 TeV
arXiv:1202.1408
http://arxiv.org/abs/1202.1408

Search for the Standard Model Higgs boson produced in association with a vector boson and decaying to a b-quark pair
using up to 4.7 fb—1 of pp collision data at sqrt(s) = 7 TeV with the ATLAS detector at the LHC

ATLAS-CONF-2012-015

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-015

Search for the Standard Model Higgs boson in the H-> tau+ tau”- decay mode with 4.7 fb*-1 of ATLAS data at 7 TeV

ATLAS-CONF-2012-014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-014




OCUMENTATIONS

o Search for the Standard Model Higgs boson in the H->WW->Ivlv decay mode with 4.7 fb—1 of ATLAS data at sqrt(s) =7
TeV
ATLAS-CONF-2012-012
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-012

ATLAS Public Documents

o Search for the Standard Model Higgs boson in the decay channel H -> ZZ -> 4] with 4.8 fb—1 of ATLAS data at sqrt(s) =7
TeV
arXiv:1202.1415
http://arxiv.org/abs/1202.1415

o Search for a Standard Model Higgs in the H->ZZ->llvv decay channel with 4.7 fb-1 with the ATLAS detector
ATLAS-CONF-2012-016
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-016

o Search for a Standard Model Higgs boson in the mass range 200--600 GeV in the H->ZZ->llqq decay channel with the
ATLAS detector
ATLAS-CONF-2012-017
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-017

o Search for the Higgs boson in the H->WW->lvjj decay channel using 4.7 fb-1 of pp collisions at sqrt{s} = 7 TeV with the
ATLAS detector
ATLAS-CONF-2012-018
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-018




ATLAS Public Documents :

o Combined search for the Standard Model Higgs boson using up to 4.9 fb—1 of pp collisions at sqrt(s) = 7 TeV with the
ATLAS detector at the LHC
arXiv:1202.1408
http://arxiv.org/abs/1202.1408

o An update to the combined search for the Standard Model Higgs boson with the ATLAS detector at the LHC using up to
4.9 fb—1 of pp collision data at sqgrt(s) = 7 Tev

ATLAS-CONF-2012-019
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-019




Data and MC expectations :

The expected numbers of background events, with their systematic uncertainty,
separated into “Low-m4l” (m4l < 180 GeV) and “High-m41” (m4l = 180 GeV)
regions, compared to the observed numbers of events.

[ T pe—

N P S

pruptp ete ptp ete"ete
Low-ms High—mu Low-myy High—mu Low-mys High—m4¢

Int. Luminosity 4.8 fb~! 4.8 fb~! 4.9 fb~!
ZZ™) 21 =03 163 =24 28+06 25.2+38| 1.2+03 10415

Z + jets and tt

0.16 = 0.06 0.02 £ 0.0]

1.4+0.5 0.17 = 0.08

1.6 £ 0.7 0.18 = 0.08

my = 130 GeV 1.00 = 0.17 1.22 = 0.21 0.43 = 0.08
my = 150 GeV 21104 29 =04 1.12 £ 0.18
my = 200 GeV 4.9 = 0.7 7.7+ 1.0 3.1 =04

my =400 GeV 20=x=0.3 3.3 =05 1.49 £ 0.21
my =600 GeV 0.34 = 0.04 0.62 = 0.10 0.30 £ 0.06




IMON LHC SYSTEMATICS

Theoretical Systematics

PDF+co; uncertainties

nuisance groups of physics processes

pdf_gg g9 — H, ttH, VQQ, tt, tW, tb (s-channel), gg — VV
pdf_qgbar VBF H,VH, V, VV ~vy

pdf_qg tbg (t-channel), v+jets

QCD scale uncertainties

nuisance groups of physics processes
QCDscale_ggH total inclusive gg — H
QCDscale_ggH1in inclusive gg/qg — H+ > 1 jets
QCDscale_ggH2in inclusive gg/qg — H+ > 2 jets
QCDscale_qqH VBF H

QCDscale_.VH associate VH

QCDscale_ttH ttH

QCDscale .V W and Z

QCDscale_ VV WW, WZ, and ZZ up to NLO
QCDscale_ggVV g9 = WW and g9 - ZZ
QCDscale_ ZQQ 7 with heavy flavor gg-pair
QCDscale WQQ W with heavy flavor gg-pair
QCDscale_ttbar tt, single top productions are lumped here for simplicity

Phenomenological uncertainties
nuisance groups of physics processes
UEPS all processes sensitive to modeling of UE and PS

Acceptance uncertainties
nuisance comments

QCDscale WW _EXTRAP | extrap. factor « for deriving WW bkgd in HWW analysis
QCDscale_ttbar EXTRAP | extrap. factor a for deriving ¢f bkgd in HWW analysis
Instrumental Systematics

Instrumental uncertainties
nuisance comments

lumi uncertainties in luminosities




Instrumental Systematics

IENTAL SYSTEMATICS

Physics object Source Uncertainty Most affected
on signal yield channels
luminosity 3.9%
Photon efficiency 11% Yy
Electron efficiency <3% 4/
energy scale <1%
energy resolution <0.5%
Muon efficiency <1% 4/
momentum resolution <1%
Jet energy scale up to 12% | 77, bb, b4jj, lvjj
resolution up to 20% lvjj
b-tagging efficiency up to 15% bb
T-jet efficiency up to 8% TT




- MASS STEPS

Higgs Decay Wldth and Mass Resolution :
o Prepared for the LHC combination (ATLAS+CMS)

Higgs boson half-width, detetctior resolution,

and chosen mass steps (GeV/c?)

100

RN
o

—_—

o
—_—

= = four-muon mass resolution (1%)
*** di-photon mass resolution (0.5%)
— Higgs boson half-width

= chosen steps in Higgs boson mass

100 150 200 250 300 350 400 450 500

Higgs boson mass m, (GeV/c?)

550

600

]




GS COMBINATION AT ATLAS

SM Higgs Combination at ATLAS with 2011 data (Moriond 2012) :

% - Exp. Obs. Exp. Obs. E
% Tl e — Ky (4.9 b me Ho WW - ivag (477
I T — Hott (471 mmme — HZZ I (4.8 1) N
c [ % H-bb (464717 oo ——— H-2Z-llqq (47 b))
o — - — W WWo i (4.7 Tb7) s e W ZZ vy (4.7 1b7) n
—
€ 10 I L dt - 4.6-4.9 16", {S=7 TeV .
J - =
o | —
2 — _
S i _
(o))

1E —
10'=ATLAS 2011 Private CLslimits  —

100 200 300 400 500 600
m,, [GeV]




IGGS COMBINATION AT ATLAS

SM Higgs Comblnatlon at ATLAS with all 2011 data (Moriond 2012) :

2 T 1 LANLL L LI L LA L LB L L L LI
s [ ATLAS Prellmlnary | 2011 Data )
® | —Obs. i
s 10 Exp. _[Ldt=4.6-4.9fb' 5
= - Oti1o ’
E [ O s=7TeV |
o | Moriond, March 2012
P
0
o {1 -
CLslelts
10-1 FETERT PSS N A UE TSN A SN ST TN AU ST TN BN AT AT AT AR TS AT RN TN AT AN A
110 115 120 125 130 135 140 145 150
o Expected limit exclusion: 120 - 555 GeV m, [Ger

o Observed limit exclusion : 110.0-117.5 GeV and 118.5-122.5 GeV and 129-529 GeV




SM Higgs Combination at ATLAS W|th 2011 data (Moriond 2012) :

Higgs Decay Sulb)s:clt;ent Additional Sub-Channels R':t:ige L [fb~!]
H—vyy - 9 sub-channels (pf™* ® 1), ® conversion) 110-150 4.9
wee {de,2e2, 212,411} 110-600 48
H—ZZ v {ee,uu} ® {low pile-up, high pile-up} 200-280-600 4.7
72y {b-tagged, untagged} 200-300-600 4.7
o ww tvev {ee,ept, up} ® {O-jet, 1-jet, VBF} 110-300-600 4.7
évqq' {e,u} ® {0-jet, 1-jet} 300-600 4.7
24y {en} ® {0-jet} © {1-jet, VBF, VH} 110-150 47

e {e,u} ® {0-jet} @ {EFss =20 GeV}

H—=1t71 £Tag3V & {e,u} ® {1-jet, VBF} 110-150 4.7
Thad Thad 2V {l-_]et} 110-150 4.7
Z—vv  EMs e {[120,160),[160,200),> 200 GeV} 110-130 4.6
VH—bb | Wotv p¥ e {<50,50—100,100—200,>200 GeV}  110-130 47
Z8  pe{<50,50—100,100—200,> 200 GeV}  110-130 47




GS COMBINATION AT ATLAS

SM Higgs Combination at ATLAS with 2011 data (Moriond 2012) :
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BINATION AT ATLAS

SM Higgs Combination at ATLAS with 2011 data (Moriond 2012) :

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

“eme-y .-‘.23....: ----------------------------------------
- -

.......
-
-~

..................................................................

- Qos- e Lot = 4648 fo
Xp. yy+4l 4o
""-':-"05§'y'y;am;~ww"'""""" Gty
-- EXp. yy+4l+iviv
——13bs.
...::::.'.5.’.‘.9.- ..................................................... 56

110 115 120 125 130 135 140 145 150
m, [GeV]




SM Higgs Combination at ATLAS with 2011 data (Moriond 2012) :

& [ ATLAS Preliminary 2011 Data -
° | ,  —Obs. 3
s 10F j Ldt=4.6-4.9 fb - EXp. :
P . 52 o .
- _ + o -
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2 N
wn
O | O ey oo -
CLs lelts
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SM Higgs Combination at ATLAS with 2011 data (Morlond 2012)
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Signal strength

ATLAS Preliminary H-ZZ-5l ‘:g‘n
- 3

— Best fit I Ldt=4.7-49f0" %
-2InAfu) <1 =
(s=7TeV S

7]

110 115 120 125 130 135 140 145 150
m,, [GeV]

N W s~ 00

.

-2

LENL BN

- ' Ll LA L2 Ll ‘I. L3 .‘ ' - r Ll Ll ] L. Ll - l’ Ll
ATLAS brellmmary H-ZZ

— Best fit I Ldt=47481"
C]-2Inku) <1
Vs=7TeV

2 0% 2+ 2 2 0l 2 2 2 2 bl a2 bl a2 bl
100 200 300 400 500 600
m,, [GeV]




* ATLAS Preliminary
— Best fit

I Ldt=4647fb"
-2 InAfyw) < 1
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TION AT ATLAS VS CMS

SM Higgs Comblnatlon at ATLAS vs CMS with 2011 data (Moriond 2012)

—— - 10F T =
05 | CMSPreliminary, \s =7TeV [+ Observed i : - ATLAS brellmmary | 2011 Data -
= Combined, L _ = 4.6-4.7 fb” ) : ’
o) 555 Expected + 1o (o) — Obs. i
8 10 o ] Expected + 20 E & i -- Exp. _[ Lot = 4.6-4.9 o i
E 1 E -+1 ° (5=7TeV |
= -
o CERIS E
0 X - ]
B 8 | :
& : :
107 E
107 , , - CLs Limits o]
100° 200 300 400 500 500 700 200 500 400 500 600
Higgs boson mass (GeV/c?) © m,, [GeV]
- - a
my; range Lumi sub- My Teso-
Channes (GeV/c2)  (fb~!) channels lution
H — vy 110 — 150 4.7 4 1-3%
H— 1T 110 — 145 4.6 9 20%
H — bb 110 —-135 4.7 5 10%
H— WW — fviv 110 — 600 4.6 5 20%
H—ZZ — 4¢ 110 — 600 4.7 3 1-2%
H— ZZ — 2027 190 — 600 4.7 8 10-15%
H— ZZ — 282v 250 — 600 4.6 2 7%
130 — 164 o
H— ZZ — 282q { 200 — 600 4.6 6 3%




YY FQURTH GENERATION

ATLAS SM Higgs Combination with the addition of a 4" generation of fermions :

o Expected exclusion : 116 - 600 GeV

o Observed exclusion : 119 - 593 GeV
o F ATLAS Prellmlnary ‘CLs Limits :
g i — Observed 4" Generation Model -
— 10 ----E ted 13
E E 7peeie J Ldt = 1.0-2.3 fb" 5
i T ERT | -
1 \s =7 TeV |
@)
SO TER
[Q]
o))

Standard Model with the addition of a

heavy fourth generation of fermions
1 0'2 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1

[ |IIIII|
11 IlIIIII

200 300 400 500 600
m, [GeV]




A fermiophobic benchmark model, in which
the Higgs field couplings to all fermions are
set to zero while the couplings to bosons
are kept at their SM values

\s = 7TeV Fermiophobic ]
WW (SM)

LNE WGGS X5 WG 2011

10°500 T80 200 250
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_ e ——————— N —
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S . — Expected CL_ limit i ® 7t — Expected CL,J limit  H-—>yy e
2 ok W+1c ATLAS Preliminary & 6:_ L PR ATLAS E
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& 5 aF
@ -
] - af
Dat32011 r 7TeV .
ILdt=4.9fb : 2
FerrmophobccH—»w i 1; SO == =11
1l s sl i s ssl s sl sslaasalasssblassalia H 0 Baasaada s daaaa b s b o sl s ol e s s L s
101110 115 120 125 130 135 140 145 150 110 "5 120 125 130 135 140 145 150
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MBINATION AT ATLAS

SM Higgs Combination at ATLAS with 2011 data (LP 2011) :
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Profile likelihood ratio: CLs and pUPy; :

+ % | ATLAS + CMS Preliminary, \s = 7 TeV
M Lol '6 < 'L, = 1.0-2.3 fb /experiment
T t/‘ = —.Zln ——/‘—f‘)' % —s— Observed 500
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\ =0.05 95%
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: i
[ \ q c—') L |
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LOOK-ELSEWHERE EFFECT (LEE)

We need to calculate the chance of observing a statistical fluctuation as large as or
larger than that in our data, in this larger class of searches.
This is the Look Elsewhere Effect (LEE)

Qo

5

A

q(m)

A 3 crossings
f/\ A\

e

0O 80
m

q.; =2 1og(L(m)

100

120

global __ _ local ~ (o5t =Grer 2
Py =Py T <N(qref)> C

o Note: Approximation best above 30

Example:
- Qo= 4.5 (2.10)
- 3 crossings at 0.50

- Local significance of 2.10 reduced to global significance of about 0.30

- trials factor py9iobal /p, local =22
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SIGNAL AND BACKGROUND

Signal @ Irreducible bkg @@
=

)
®@§ & @g@@

Reducible bkg: Z + jets @@@ @g@
@@ °©
@
& @
@ Reducible bkg:tt
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o Impulsion resolution :
o(p)/p =0.05 % p (GeV) @ 1% for n|<2.5

inner detector :

pixels detector
SCT (Semi-Conductor Tracker) —

1]
Central Solenoi(g 2T




{ADRON COLLIDERLHC

o Energy resolution (GeV) :
electromagnetic : 6(E)/E = 10%/NE ® 0.3/E ® 0.7% for |n|<3.2
hadronic :o6(E)/E = 50%/\VE ® 3% for [n|<3
: 6(E)/E = 100%/NE ® 5% for 3<[n|<5

v

A

Calorimeters :

electromagnetic

hadronic




o Impulsion resolution :
o(pp)/pr <3% for 10<p<250 GeV and for n|<2.7
o(pp)/pr =10 % atl TeV

Muon spectrometer :
MDT (Monitored Drift Tubes)
CSC (Cathode Strips Chambers)
barrel toroid: 8 seiparate coils  RPC (Resistive Plate Chambers)

and 2 end-cap t8roids ‘ TGC (Thin Gap Chambers )




