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ATLAS Data Taking in 2011
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A Toroidal LHC ApparatuS (ATLAS)

Solenoid (2T)
Toroidal System (0.5 to 1T)
-

25m

y ] W = 'R B "I \\ Tile calorimeters
1 A 3 - : LAr hadronic end-cap and
O WL\ 1728ty : _ forward calorimeters
aan. Pixel detector ,
---------------- Vs
'c Toroid magnets LAr electromagnetic calorimeters
" Muon chambers Solenoid magnet | Transition radiation fracker

9 Semiconductor tracker
n=—In(tan 5 ) .



SM Higgs boson production at the LHC
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Vector-Boson-Fusion (VBF)
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associated production (W/2)

associated production (ttbar)

\s=7 TeV
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M

Typical uncertainties on total cross-sections

ge 15-20 % | NNLO + NNLL + NLO EW
VBF 5 NNLO + NLO EW

WH. ZH 5 % | NNLO + NLO EW

ttH 5% | NNLO

LHC HIGGS X5 WG 2010




SM Higgs Decay Modes vs Mass at the LHC
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SM Higgs Decay Modes vs Mass at the LHC
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Low mass regime: m, < 140 GeV

o H—Yyy :rare, but the best for this
mass range.

® W/Z+ H — bb : dominant model at
low mass. Higgs to quark couplings

@ H — 1 71:good signal/background
ratio, rare, use VBF signature.
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7Z — Mqqg

Z7Z = '

300 400 500
M, [GeV]

LHC HIGGS X5 WG 2011



SM Higgs Decay Modes vs Mass at the LHC
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Low mass regime: m, <7140 GeV

o H—yy :rare, but the best for this

Mass range.

o W/|Z+H— bb : dominant model at
low mass. Higgs to quark couplings

@ H — 171 :good signal/background

ratio, rare, use VBF signature.
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intermediate&hi

o H— Ww'"

- — lvlv : intermediate range.
- — lvgq: high BR, relevant at high masses.

o H—-7Z"
- — 4] : golden channel

- — [lvv : good for high mass
- — llgq: high mass, but higher background

LHC HIGGS XS WG 2011

h mass regime: m, >140 GeV



SM Higgs Decay Modes vs Mass at the LHC

myg, GeV | WW —lviv | ZZ — 4l | ~~
120 127 1.5 43
150 390 4.6 16
300 89 3.8 0.04

Events expected to be produced with L=1fb"’

rn =

Low mass regime: m, <740 GeV intermediate&high mass regime: m,>140 GeV
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SM Higgs Searches in ATLAS

@ Background :

@ Higgs to 2y :

- Small BR (~2.2x10° — m_= 120 GeV)
BUT

- Clean signature with narrow mass peak.

- Very good mass resolution (~1.7 GeV)

— Need good y reco/identification
— Need proper conversion handling
— Need good y direction measurement

- Irreducible
b
q Y q T
— MW sy ANV wgﬁ-a—ﬁ\‘ﬁ
—— A A AW —— VW
b T q b
- Reducible : one or more jets misidentified as photons
g 9 g 9
TEET L2211

— v AR

q b

- Drell-Yan process: electrons misidentified as photons.

10



SM Higgs Searches in ATLAS

@ Higgs to 2y : @ Background :
Y Y
. f . w - Irreducible
______________ b
q Y q T
—— AN e ANV wgﬁ-a—ﬁ\‘ﬁ
Y Y
— 2990 N
- Small BR (~2.2x10° — m, = 120 GeV) bl MR A
Bl : : - Reducible : one or more jets misidentified as photons
- Clean signature with narrow mass peak.
- Very good mass resolution (~1.7 GeV) d 9 g
TEET LELL]

— Need good y reco/identification
— Need proper conversion handling
— Need good y direction measurement

@ Events selection:
- Photon identification (id) based
both on lateral and longitudinal
segmentation of the EM calo.

- Two high-quality (tight ID) isolated y:
- p;,,>40 GeV; Pr,,>25 GeV

-|n,[<1.37 and 1.52<|n |<2.37

— v AR

q

b

Spring 2010 data

i

- Drell-Yan process: electrons misidentified as photons.

1

sampling 3

sampling 2

sampling 1

(I preshower

11



SM Higgs Searches in ATLAS : H — yy

Tracks with highest 5 p_* (2010)
ction and position of the 2y

Mass reconstruction

m;, =2 EYE}(1—cos,,)

- use y direction measured in
calo (ATLAS) to complement
primary vertex ID.

- use conversions as well

2011)

| ATLAS Preliminary

©
=

\\ — Photon Pointing

o
o

o
T [ T T T

better resolution

Entries / 0.50 [GeV

beamine:,

4 126 128 13
My, [GeV]

910 112 114 116 1
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Events/ 2.0 GeV

SM Higgs Searches in ATLAS : H — yy

Mass reconstruction

- use y direction measured in
calo (ATLAS) to complement
primary vertex ID.

- use conversions as well

m;, =2 EYE}(1—cos,,)

Tracks with highest 2 p_* (2010)

450

Invariant mass spectrum

Dir0e1c2‘tion and position of the 2y (2011)
= U _"'I‘“I"‘\“'I"‘\""‘u\l“‘I"‘\"‘I"‘I_
G [ ATLAS Preliminary | — Photon Pointing
o 0.1 _
o [ (Simulation) |PVI P
w 0.08F N
£ B better resolution
L 0.06 _ (less tails)
) 0.04[- -
ann%%lme% 002 - -
: N ]
P10 112 114 116 118 120 122 124 126 128 13
My, [GeV]

400

350

T | T T T T
{s=7 TeVU Ldt=1.08fb" ‘

Inclusive diphoton sample

Data 2011

300

Background exp. fit
Bkg + MC signal m, = 120 GeV, 5x5M

250

200F

150
= +

‘IOOE >e +4]

S0 ATLAS —
= A N R R B B
oo 110 120 130 140 150 160

m,., [GeV]

Performed analysis classifying data into 5 categories
( |n| regions in EM Calo and unconv/conv photons)

Fit to this spectrum by each category:
- real yy events dominant (data-driven estimations*)
- Falling exponential — Background
- Crystal Ball + Gaussian with wide o0 — Signal

No indication of a significant excess is found

Limits on SM Higgs production cross-section are set.

13
* more information slide 44




SM Higgs Searches in ATLAS : H — yy

= | . .

& 10°F  — Observed CL limit =
° F e Expected CL_limit .
2 i DR ATLAS H— vy -
E + 20 Data 2011, \Js = 7 TeV |
= -1
O Ldt = 1.08 fb
32 10 . i
[9] i
)]

L=y E
rl- 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | T | 1 1 1 1 -lt
11 115 120 125 130 135 140 145 150

m, [GeV]

We exclude ~4 times the SM production cross-section

14



SM Higgs Searches in ATLAS : W/IZ+ H — bb

@ Signature

ZH—11bb, WH—Ivbb IO by ot e ePiorS
Ty = 2X T 4y (+E,mss for WH analysis)

« 2b-jets (E,> 20 GeV)

@ Backgrounds
« W/Z + jets
- * QCD multijets production
proton proton ) ® TOp quark prOdUCtion
' (ZH less affected)
e Dibosons WW, Z2Z, ZW

15



SM Higgs Searches in ATLAS : W/IZ+ H — bb

@ Signature

ZH—11bb, WH—Ivbb IO by ot e ePiorS
Ty = 2X T 4y (+E,mss for WH analysis)

« 2b-jets (E,> 20 GeV)

@ Backgrounds
« W/Z + jets
A . * QCD muiltijets production
proton proton ) ® TOp quark prOdUCtion
' (ZH less affected)
e Dibosons WW, Z2Z, ZW

WH—1vbb ZH —11bb,
> 220F ATLASPreliminary o ga > 45F ATLASPrelminary o gata -
S 200- JLdt=1-04 o’ e s gew) O 4oE JLdt=1.04 b @ Signalx20 3
©  180F — ToliBG - = : (m, =115 GeV) 5
Z 160b + —z E T 35F — TotalBG
7)) - ] 7)) - —7Z 3
S 1400 " oheson £ % — Top E
LICJ 120:— —— Multijet LICJ 25:— Diboson =
‘IOOE— 20F =
o P
40F 10E i
20 , _ st il
0' - 0‘ ] oo b= e oy 16
0 50 100 150 200 250 0 50 100 150 200 250

m, [GeV] m, [GeV]



SM Higgs Searches in ATLAS : W/IZ+ H — bb

51 ,of . —— Observed (CLs) L
B ....... Expected (CLs) I Ldt=1.04 fb ’ \s=7 TeV
5 [ + 10
= ATLAS Preliminary
—i
O 80
N
n
o
60

=
o

N
o

110 115 120 125 130
Higgs mass [GeV]

We exclude ~10-20 times the SM production cross-section

17



SM Higgs Searches InATLAS : H > 1T

> > . o Mai
W7 Eorward Higgs Main Backgrounds
" H tagging Decay *
......... jets e ZIY > 1T
W,Z (irreduc_:ible)
. . n « W/Z + jets
The VBF production offer the advantage of a * D_lbosgng, ot
small background, at the price of a low signal e t7 and single-
Hotr—oll+4y production rate (Not yet used in ATLAS) * QCD multijets

18



SM Higgs Searches InATLAS : H > 1T

H-ott-ll+4v

@ Event Selection:

- N,*N,=2, ¥Q,+Q,=0, m>20 GeV

Forward Higgs
tagging Decay
Jets

n

The VBF production offer the advantage of a
small background, at the price of a low signal
production rate. (Not yet used in ATLAS)

Mass reconstruction

p,°>15 GeV |n |<2.47 My
Mo =
pT,u>10 GeV |I7u|<257 T m

- N, 21 with p*'>40 GeV
- Emss> 30(20) GeV for

where m,;, 1s the visible mass defined as
SF (DF) the invariant mass of the two leptons.

Prisl.2

collinear approximation

X1,2 =

(p{-‘i.s 1.2 + Pmisl2 )

@ Main Backgrounds

Iy — 1t
(irreducible)
W/Z + jets
Dibosons

¢t ¢ and single-t
QCD multijets

19



SM Higgs Searches iInATLAS : H > TT

- °F "' ATLAS Preliminary e ous E
'8 40;_ L=1.06fb" :'::;p E
2 55b J — I vield
7 C I z—cenusjets .
S 30F W S Total background expectation 47.4+ 3.9
i Z smmm::..va% Observed data 46
20 I g9 — H (120 GeV) 0.44 4 0.05
15E H-ott-ll+4y 3 VBF (120 GeV) 0.38 + 0.02
102_ = 10':'_| L N Y O Y [ O
- 0T C ]
°F Y gop Hom ATLAS Preliminary 3
% 50 100 150 200 """ 400 o F —— Observed CLs .
.. [GeV] 5 80F ... Expected CLs E
m__invariant mass after cuts. The QCD jets, E ?0;_ — ff; _
W + jets, Zly’—>1t estimated form data. Al ; 60F =
other contributions are estimated using & 50E E
simulated event samples. > . Is=7TeV, J Ldt=1.06fb" ]
& 40F 3
a0k
Expected and observed 95% C.L. Exclusion - :
- . 20 =
limits (~10-20 x) for a neutral Higgs boson : :
production in the SM as a function of m,, 101 E
:I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 | | 1 1 1 | I | I:
0 100 110 120 130 140 150

my [GeV] 20



SM Higgs Searches in ATLAS : H > WWU — Iyly

The most sensitive channel for 130 < m, < 200 GeV

Poor mass information due to neutrinos
Main background are: WW and other di-boson (WZ,ZZ,Wy), W+jets,Drell-Yan,top and QCD jets

Event pre-selection (against QCD, W+jets, DY):

Entries / 4 GeV

@ Signal characteristics
» two (opposite sign)
high p. isolated leptons
- Large E™*

9 T r[rrrJrrrf[rrrjJrrrjJrrrrtT T r [ rrrrrrrj [rr
183 Allﬂll'f.}él.‘i‘;I Prelliminelny e Dlata %SM cslys-:astén
WZ/ZZW
107 E-\5=7TeV, J Ldt=170fb" 5 ::W 5 Single TO;
1 05 HeWW—=evey B Z+jets [] W+ets
] H[150 Gev]
10°
10*
e ee
102
10 ’
1 ¥
107 || J
2
10 [P R B S I

0 20 40 60 80 100 120 140 160 180 200

ETrr [GeV]

[l

e—e  f— e — Ji
pr leading  [GeV] 25 25 25
pr subleading [GeV] 20 15 e: 15, p:20
E7**%rel] 40 40 25
Exmiss if A > /2
Efs =( Ems.sinA¢  if Ad < 71/2

A¢ = min(A¢(ERS (), Ap(ERss, j))

" ATLAS Preliminary

\s = ?TeV,J Ldi=1.701
H=WW-—pvuv

“= SM (sys @ stat)
Wl wzzzwy
[ single Top

¢ Data
4 Iww
I

B Z+jets [] W+ets

[JH[150Gev]

ETes [GeV]

T T
e Data == SM (sys @ staf)

 ATLAS Preliminary

s .
1 O - B B ww Il WZZZWy
=TTy J Ldt=170%" ¢ o] sigeTop
10 H—WW—evpy [ Z+jets [ Wrets
] H[150 Gev]

0 20 40 60 80 100 120 140 160 180 200
EmiSS [GeV]

T,rel
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SM Higgs Searches in ATLAS : H > WW' —

8 20005 AT 'AS Preliminaty  + D < Moo | 3
. . . . e 1800 o ?TeVJLdl j70p" DWW WIS
After preselection, classify events according the # of jets 1600 11 ok e e
1400F , CIHps0Gey
* Events with no jets with 1200 E
1000 —
p,>25 GeV and [n|<2.45 8008 » E
* Events with exactly one jet. o/ e/ E
Apply b-tag veto. p . [ e i E
) i e MW — 0l e e ]
Apply topo/og/ca/ cuts ) in v ﬁ Q 2 BRRERERAARE  BE
Il Il W P spin 1/2 —_ 152_ _f
(m', p.", Ap" < spin correlations) s 15
p E) spin 1 A CD'U 'If - - & 3§ ;
I / C L ]
',-/fspnl 0.5 | L Ll | =
g 0 2 4 6 8 10
v W Njets
’ ﬁ?w'"
> 45E" ATLAS Prellmlnary . IE;atlal;%lérl1 yesay) 3
Reconstruct transverse mass m_ O 40E g J v Wz
= ENs=7TeV, [ Ldt=1.70f" F 5" [ single Top E
(apply m,, dependent cut : 0.75 x m,<m,<m,;) 5 25z wowmemvecis EEegREenaer
g o 1 PR
22;— ), 0-jet E
15 ; 4 =
mr = \/(Eff + EPS) — (pf + PP, 10E- E
.
. . (&) 2_: L L (L LA NI |“ ]
o top , WW, W+jets*, Z+jets background S 4 * T { } L 3
. . “ . ” I T 3
obtained using “data driven” methods. < 4 | RN
[ c { I L I ]_ [ 22
0.5E. !

*full data-driven

T T
80

100 120 140 160 180 200 220 240

M, [GeV]



SM Higgs Searches in ATLAS : H > WWU — Iyly

H— WWU — [vlv exclusion limits

E I T T T [ T L [ 1T T T |
B ATLAS Prellmllnar},r | | Cle lell'[S | |
B 10°E : =
° T E — Observed Howw! 'siviv -+ 3
S T ---- Expected J ldt=17f 1
E i ESE; T -
2 10F []+20 \s =7 TeV =
o n .
o [ ]
m - —

| IIIIIII]
1 IIIIIII]

_1 ||||II|III|III|III|III|III|III|III|III|
10 120 140 160 180 200 220 240 260 280 300

my [GeV]

A SM Higgs boson with 154<m, <186 GeV is excluded at 95% C.L.
- Expected exclusion: 135<m, <196 GeV at 95% C.L

- In the mass range 130-150 GeV, the observed limit is within 20.

23



SM Higgs Searches in ATLAS : H > WW — lvqq

 The channel H - WW — Ivgq has large branching ratio at large Higgs boson masses

« Analysis performed for 240<m_ <600 GeV

2 Selection o Strategy
- Exactly one lepton (e or y) with p_>30 GeV
Require E;™*>30 GeV - Search a peak in the m,..
Events are require to have exactly two - Using the constraint m(lv)=m(W)
or three jets and m(qq)=m(W)
(categories: H + O-jets and H + 1-jets) (this works for m, >2m )

> | T _ — Crrri T TTT T 1T T 1T | T 1T | T 1T | T 1T | T 1T | T 1T | T 71T 1]
©10° g i = 2 [ i
O B J.Ld1 - 1.04 1" E Signal (x 2.7) 3 g 100 Data (bg fit subtracted —
Q. .r : my = 400 GeV ] it —e— Data (bg fit subtracted) i
5 10 ATLAS Preliminary ¢ Data 5 £ - 1 V Slgnal m =400 GeV (x 2.7) 1
= - H— v gqg + 0/1 jet top ] § 501 ]
L0t W/Z+jets = 3 - |
oV E N5 =7 TeV ) = C ATLAS
;01_...__._. Multi-jet 3 L e .
10°E ""‘-—01....._._.* Bl Dibosons = O b e bz 2z Wl s J%%i i
r s JPW - 3 i gl N i
10° E -_-_—__ i tee . = B Ns=7 TeV
E ".1-.1_._,_._. E _501_ i __
ok —— ">y - T Ldt=1.04fb1 -
= --_- 3 - L
B —j 100:_ H+0/1], H—> WW—> v ] B
1 - | | L . | L1 | L | Ly Ly | L | Ly — | L | L | B L1 | 1 11 1 | | I | | L1 11 | 11 11 | | I | | L1 11 | 1 L1
200 250 300 350 400 450 500 550 600 650 700 200550500 50 400 460 500 550 600 ff:'[ e\ﬁ”“

M(lv qa)[GeV]



SM Higgs Searches in ATLAS : H > WW — Ivqq

H — WW — lvqq exclusion limits

g [ | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | 1T 1T 1T 1]

5 T i
2
B

- 10 = =

© - .

E | -

oL _

O | ATLAS Ho lvjj+0/1 jet

S E e Expected 5

N7 Tev B+ 1o :

y + 26 |

jo ) Ldt=1.04% e Observed .

:l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |:

250 300 350 400 450 200 250 600

m [GeV]
The upper limit at m =400 GeV is 2.7 times the SM cross-section
- Expected limit for m ;=400 GeV is ~5 times the SM cross-section
25



SM Higgs Searches in ATLAS : H — ZZ0) — 4i

* The “golden channel” for SM Higgs searches

» To search for a narrow resonance peak over the continuum 4/ mass distribution

- Exploring the m, range between 130-600 GeV

 Background
* Irreducible ZZ0
« Reducible:

Z+jets , ttbar — 2I12v2b, Z+bb
(removed by cuts in the lepton
isolation and impact parameter)

26



SM Higgs Searches in ATLAS : H — ZZ0) — 4i

* The “golden channel” for SM Higgs searches

» To search for a narrow resonance peak over the continuum 4/ mass distribution

- Exploring the m, range between 130-600 GeV

 Background
* Irreducible ZZ0
« Reducible:

Z+jets , ttbar — 2[2v2b, Z+bb
(removed by cuts in the lepton
isolation and impact parameter)

Event selection

» Trigger: inclusive high-pt e or u

» Two isolated same-flavor lepton pairs
with opposite charge

« One lepton pair close to M, mass

window
- m, dependent cuts on the second pair

* A¢"> 0.1 for all leptons

CATLAS @8 Y Vi Wi

2 EXPERIMENT |

Run Number: 182747, Event Number: 63217197 \
Date: 2011-05-28 13:06:57 CEST




SM Higgs Searches in ATLAS : H — ZZ0) — 4i

> F ; 'D[A_ILA' AR L L L E20_' T T T T T [ T T T T [ T T T T [ T T T T]
Q C .« 3 7] 7]
o ATLAS Preliminary 1 o I - 5

T g [ Signal (m'=220 GeV) E H— zZ"— 41 =
2 L [ Signal (m =480 GeV)x 2 : 2 16:- [Ldt = 1.96-2.28 b E
> 75_ (*) _E £ 14 \s=7 TeV —
e H-ZZ -4 2= 0 2
: [Ldt=1.96-228f" 7 © 124 — Observed CL ¢ /

5_— \jg - 7 Tev ] ‘6\?_ 1T 0 EXpeCted CL e .
45_ . _E g 1 OE [l+10 —:

3;— 4 ] _ ]
2- 4l 1T G E
15_ -|® o 9 o (3 ) -u 4 :— _:

E e Y Bl Yl Y e el |_7_TT1_rTrﬁm5 2 — —

‘POO 200 300 400 500 600 - .

m4| [GeV] O AN S T N N R N T TN NN TN TN T IS S SO T N T T B

200 300 400 500 600
my [GeV]

Very close the SM cross-section
Some Higgs mass values already
excluded around m_ =200 GeV

- A total of 27 events are selected by
analysis algorithm :
six 4e, nine 2e2u and twelve 4u

28



SM Higgs Searches in ATLAS : H —» ZZ — liqq

Mass range 200-600 GeV

Signature: Z — Il + 2 jets fin

Main Background QCD Z + jets

Event selection:

Same flavor pair of isolated leptons

(muon opposite sign)
p,>20 GeV and 76<m <106 GeV

E.m* <50 GeV

> 2 jets with 70<m <105 GeV

Form, 2 360 GeV:
- Jetp. > 50 GeV
-AQ" <7/2 and AV < /2

Evenis/ 25 GeV

Events / 25 GeV

140
120
100

-t AT rrrrprrrrrrrr T T T T T Ly
N ATLAS . dataJ Let=1.04 5" ]
- B Signal < 10 ]
[ (m =400 GeV) 7]
- b-untagged — Tombackgond
. s ]
— Diboson ]
L PR o S I I ]
100 200 300 400 500 600 700 800 900

my [GeV]
n L L I I B IR
E ATLAS o dataJ Ldt=1.04 7" 3
= I Signal (m, =400 GeV)
—  b-tagged o ;mj'f -
N Top =
E Diboson E
2 3 E
3 [ :
:I Pl derl' | TI_I'_._T L O R Y '_f

700 200 300 400 500 800 700 800 900
My [GeV]



SM Higgs Searches in ATLAS : H —» ZZ — liqq

H — ZZ — liqq exclusion limits

E 25 _l T | T T | T 1T | T T | T 11 | T 1T | L | | L | | L | T |_
B ~ ATLAS H - 2Z - llqq ]
o 201 —— Observed (CL_) J B E il
: L emmmsses Expected (CL:) Ldt=1.04fb -
= B e t1o S = 7 TeV .
= 15— +t20 7
— N i
Q B i
X 10 —
Iﬂ B —]
m B —]

51~ -
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Good sensitivity in a wide mass range

- Expected limit between 2.7 — 9 x SM cross-section
- Observed 1.7 x SM cross-section for m_, = 360 GeV 30



Events / 10 GeV

Data / MC

SM Higgs Searches in ATLAS : H —» ZZ — lilvy

Mass range 200-600 GeV. Much BR higher than the 4-lepton channel

Signature: Z — Il + large E_™ss
significant contribution H - WW — Ivlv (no overlapping due to orthogonal selection)

Background. (irreducible) Diboson, (reducible): QCD, W/Z+jets, top

One pair of high p_isolated lepton
b-jet veto, 3™ lepton and additional topological cuts against reducible background (A¢ ")

) C . g 2 " el E
Looking for m, distribution: |2 _ [ \/m% + B2 + \/m% I P?“”I?} 5 [P}r % PT”“:|
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SM Higgs Searches in ATLAS : H — ZZ — llvy

H— ZZ — [lvv exclusion limits

E 14jL| T 1T | T T | T T 1 | T 171 | T 1T | T T T | T 171 | T 171 1 ]
2 - —e— Observed ATLAS Preliminary -
@) — —]
c 120 e Expected . -
S - f Ldt=1.04b" \s=7TeV  ~
E oL EH=lo -
= - + 20 H—ZZ—llvv -
— - _|
O 8- ]
oo N 5
& 6 -

4+ -
21— -
O:I | | I I | | I I | | | I I | | L1 1 1 | | I I | | I I | | L1 1 1 | L1 1 1 | I:

200 250 300 350 400 450 500 550 600
m,, [GeV]

- Expected limit between 1.7 — 7 x SM cross-section

- Exclusion SM Higgs boson mass between 360 — 420 GeV
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ATLAS SM Higgs Combinations

The expected (dashed) and observed (solid) cross-sections limits
for individual channels, as functions of the Higgs boson mass

DE E E-xp o H (1.08 fb"] -E-xfl-- o H— ZZ— I (1.96-2.28 lb'1j E H
E I ey H::?J.rw'_;- Wi (1707 srmveeen H:: zz::nqq ['1.04 Ifb"] ] M
g T T HET?:[?.:E?§1][1qu ') H— ZZ— vy (1.04 b7 B
E oL H =
1 = = W/Z + A — 00
;g = a H— 77
> i | H— WW' = llvy
H— ZZ — ligq
TE E H— ZZ — llvy
- N . H— ZZ" — il
[ ATLAS Preliminary | Lt~ 1.0-231"s=7Tev CLs limits _
100 200 300 400 500 600

my [GeV]

Correlated uncertainties detector-related (energy scales, reco efficiency,
luminosity, etc...) are taking into account.

In other cases (background from data) uncertainties are uncorrelated.

Theory uncertainties: Higgs boson cross-section, PDF uncertainties 100%

correlated among different channels. 33



ATLAS SM Higgs Combinations

The combined upper limit on the Standard Model Higgs boson production cross-section as
functions of the Higgs boson mass. This is a 95% CL limit using the CLs method in the
entire mass range.

E T T T T T T T T T T T T T T T T T T T T
P [ ATLAS Preliminary  CLs Limits g
® _ i
= ] — Observed ]
- ---- Expected J 1
E 10 W+ io Ldt_1.0-2.3fb_:
d - |:|i‘ 26 Vs =7 TeV a
50
Ip]

(o)}
TERN g s = E
10-1 Cocoo e e by e e oy oy e by g |
200 300 400 500 600
m, [GeV]
146<m, <232 GeV

SM Higgs boson CL is above 99% in the regi
gion
mass excluded 256<m, <282 GeV between 160-220 GeV and exceeds

at 95% C.L: 296<m, <466 GeV 99% between 300-420 GeV 34



ATLAS SM Higgs Combinations

The combined upper limit on the Standard Model Higgs boson production cross-section as
functions of the Higgs boson mass. This is a 95% CL limit using the CLs method in the
entire mass range.

SM Higgs
boson mass
excluded at 95%

95% CL Limit on G;’GSM

- ATLAS Preliminary  CLsLimits -
] — Observed |
---- Expected J' y
= W-1o Ldt_1.0-2.3fb_:
- [l+26 \s =7 TeV .
L R e E
.ID-'I|||||||||||||||||||||||||
200 300 400 500 600
m, [GeV]
146<m <232 GeV
256<m <282 GeV CL is above 99% in the region
H between 160-220 GeV and exceeds
296<m, <466 GeV 99% between 300-420 GeV 35



OUTLINE

» The ATLAS detector data-taking in 2011
» SM Higgs boson production and decay
» SM Higgs searches

» SM Higgs Combination

» MSSM Higgs searches

» Summary
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MSSM Higgs searches: H/A/h — tt

* Minimal SuperSymmetric Standard Model (2 Higgs doublets Model are required)
— h/H/A,H* (with CP-even h, H and the CP-odd A electrically neutral)

 Neutral Higgs(es) to tau-lepton pairs strongly
enhanced for large regions of the parameter space

- m, = mass CP-odd Higgs

- tanB = ratio of the 'vev' of 2 Higgs doubles T~ WHA

» Studies the final states:
o eudv

° eThad3v’ uThad3v ; ThadThadZV

» Background : Z, W+jets, Diboson, top, QCD jets
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MSSM Higgs searches: H/A/h — tt

* Minimal SuperSymmetric Standard Model (2 Higgs doublets Model are required)
— h/H/A,H* (with CP-even h, H and the CP-odd A electrically neutral)

 Neutral Higgs(es) to tau-lepton pairs strongly
enhanced for large regions of the parameter space

- m, = mass CP-odd Higgs

- tanB = ratio of the 'veVv' of 2 Higgs doubles

» Studies the final states:
o eudv

© €T Vs MT 3V s Ty ThaglV

» Background : Z, W+jets, Diboson, top, QCD jets

* Events selection:
« High-p_ isolated lepton,

good quality high-p. hadronic taus.

« e/uvetointhet .t  2vfinal channel

effective

me. = \/(Pﬁ t Pt Pmiss)z-

- m mass reconstruction

T

considering the angle between
visible decay product and
neutrinos as PDF
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MSSM Higgs searches: H/A/h — tt

€Thag + MT, , Channels

—— Data 2011
A(120)/H/h—11, tanp=20
T 4T (1) emb.(05-55)
Others(05-55)
Wijets (0S-SS)
Same Sign
= stat.
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ATLAS Preliminary
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- Expected and observed limits in the m,- tang plane
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e proton — proton collision data provided by the LHC during the 2011 allows the
first constraint on the Standard Model Higgs boson production at the LHC

« With a data sample corresponding to an integrated luminosity between 1 and
more than 2 fb' first LHC exclusion limits on SM Higgs searches in the mass
range between 110-600 GeV have been set.

 Exclusions at 95% C.L. :
- 146<m <232 GeV, 256<m <282 GeV, 296<m <466 GeV

e 10 - ! 3

o = : -0-1mb‘v§q1bv : -

. i L Q Qi L i TR e

 More integrated luminosity is e R -
_ S .- '
essential to understand our RSN VLl O S— N
data, improve the analysis and IR/ D m—

to increase our sensitivity to a 3L """"""""""""
2:_ ............................... .......... =
wider mass interval P . ATLAS Preliminary (Simulation) 3

? ? i i i -
900 120 150 200 300 400 500
my, [GeV]
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A Toroidal LHC ApparatuS (ATLAS)

Solenoid (2T)
Toroidal System (0.5 to 1T)
-

EM calorimeter :

L Lead-LAr sampling calo. with accordion geometry
o 10%
Inner detector : = x — @0.7%, |n| < 3.2
Pixel detector + SCT + TRT E  VE

PT 0 0
—— = 0.05%p1 £ 1%, |n| < 2.5
PT

25m

Tile calorimeters

e
LAr hadronic end-cap and
forward calorimeters

Hadronic calorimeter : Pixel detecto

Steel and scintillating tiles in the barrel, copper

ignets LAr electromagnetic calorimeters
and liquid argen in end-caps
o 50% »olenoid | .
— = @ 3%, |n| < 3.2 Muon spectrometer :
E 100?';\'!? S superconducting air-core toroid magnets, gaz based muon chambers
a o
: = V’Fn & 10%, 3.1 < |n| < 4.9 _PT 5 2% at 50GeV to 10% at 1TeV, |n| < 2.7

PT




OUTLINE

Summary of final states with their background estimation techniques

M, [@ev]
Channel btag Jets MET Shape Mass R.nnge Main backgrounds
(veta) (GeV) (GeVic?)
Ty M,, 110-150 vy (from sidebands)
WH v 2 M, 110-130 Top (3 - high M,,) and Wjets (low M)
ZH v ) M, 110-130 Z+jets (low M,y)
WW 0-jet 0 =30 110-240 WW (control region My)
(Ivlv) 1-jet veto 1 >30 110-240 Top (from reverse btag) and WW (M, CR)
WW 0-jet 0 =30 My 200-600 Wjets (sidebands)
(lvaq) 1-jet veto 1 =30 | Myy 200-600 W-Hets (sidebands)
ZZ (Ilvv) v =30 M, 200-600 VV(from MC) and top (MC and checks)
ZZ (llgq) v 2 <50 Mjjq 200-600 Z+jets (from MC) and top (from MC)
ZZ (4]) IP M,, 110-600 ZZ (from MC), Z-+ets (MC) and top (CR)
Kyle Crammer at EPS 2011
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Higgs decaying into two photons at the LHC (systematics)

@ Background estimation:
a 2x2D sidebands method.

@ Electron photon fake rate from Z — ee

[solated 1  Non-Isolated 1 —!

C D Non-
Tight 1 100
M- . 5
a | € D
Tight 2 + B | Tight! 50

dN/dm,, [GeV)
8

Tight2 | A? B®

I v
=02 Won-lso 2

&

110

T
”  ATLASPreliminary

C | Data 201135 = 7TeV, | Lot = 1.08 1

gy,

Sigy

120 130

—s— [ata

[ ]vr+DW
Cvi+ir

i

—|— Statistical ermor

== Total error

Lf}

140 150

—
=1}
[

Uncertainties on the signal yield

Total +12%

Reconstruction and identification efficiency

Isolation cut efficiency

Trigger efficiency

Luminosity

Effect of p? modelling on the kinematical cut acceptance

+11%
+3%

+1%

3.7%

1%

Uncertainties on the invariant mass resolution

Total +14%

Constant term of the cluster energy resolution

Photon calibration from extrapolation of energy scale calibration of electrons
Contribution of pileup fluctuations to the cluster energy measurement
Photon angle measurements

+12%

+6%

< 3%
1%
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W/Z + H — bb production

my a(WH) a(LH) Branching Ratios
(GeV) (pb) (pb) H — bb
110 0.875 0.472 0.745

115 0.755 0.360 0.705

120 0.656 0.316 0.649

125 0.573 0.278 0.578

130 0.501 0.245 0.494
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H—> WWU — Ivly . Background estimate

* Background estimate from data m counting experiment 1s essential

* In the current version of this analysis we estimate from data the
two largest backgrounds, namely those from WW and top

— Approach:

* Define control regions rich in WW or top backgrounds and measure this
backgrounds in data

» Extrapolate this measurement to the signal region(s) using MC shapes
W+ jets entirely determined from data

 Remaming backgrounds (smaller) are taken from MC
— Apply scale factor to Drell-Yan for potential E;™$ mis-modelling

Control MC Observed
N 1‘?{ R. Region expectation

data Q= _,\r}_ R WWO-et 250450 237
MO WW 1-jet 139418 144
Top 1-jet 350+100 316

" R.

NSR — o % N

data
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SM Higgs Searches in ATLAS : H — ZZ0) — 4i

«ZZ") from MC predictions
- Theory uncertainty 15%

* Top from MC predictions
- Yield validated in control region
- Theory uncertainty 10%

«/+jets normalized to data using ctrl-regions
- inversion of isolation and IP parameter
cuts.

- Uncertainty: 20-40% (dominated b
statics in ctrl-region and extrapolation t

signal region)

Events/10 GeV

111I|[[[[|IIII|IIII|IIII]]]]II[I[[|IIII|IIII|IIII

& DATA
Background
3 Signal (mH=150 GeV)
B Signal (mH=220 GeV)
[ Signal [mH=480 GeV) x 2

I[ITII[ITTT[IITT

ATLAS Preliminary

H—zZ") 4

[ Ldt =1.96-2.28 b
\s=7TeV

b b b b b b

F -
el e B Ml Tl B el _| | __l__lhhl_-I_'l-'—l_r‘l__lq_Hﬂ——'—n— .
00 200 300 500 600

m, [GeV]




4™ generation

J E ATLASPreliminary  CLsLimits -
o F —— Observed 4™ Generation Model -
5
— 10 =
T OE Expected J Ldt=1.0-23"]
. - -i1l‘3 B ]
O [(J+20 \s=7TeV
HQ“E 15 -------------------------------------------------------
L0 -
(@) C
107 —
102+ Lo o L e L b
200 300 400 500 600
m, [GeV]

Figure 7: The combined upper limit on the Higgs boson production cross section in the framework of a
Standard Model with the addition of a heavy fourth generation of fermions divided by its expectation as
a function of my is indicated by the solid line. This is a 95% CL limit using the CL, method. The dotted
line shows the median expected limit in the absence of a signal and the green and yellow bands reflect
the corresponding 68% and 95% expected regions.

48



ATLAS SM Higgs Combinations 2010-2011 Evolution

—— Observed —— Observe \s=7 TeV
---= Expected --== Expected CL, Limits

‘ Ldt~35pb" Lat~10121f0"

------

95% CL Limit on GKGSM
o

—
[T IIIIIIi

[ IIIIII1

— Observed [+ 1o

ATLAS -1
Ldt~1.0-2.2fb
10 Preliminary J t ~--- Expected - []+20 |
100 200 300 400 500 600
my [GeV]

The expected (dashed) and observed (solid) cross-sections limits
for individual channels, as functions of the Higgs boson mass
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