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{,9 Production Rates at Hadron Colliders
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SM Higgs Production at LHC
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{T_SM Higgs Decays — Analysis Channels
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= Triple gauge couplings
H—>2Z—->1T1'lT 20-2.3
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b ATLAS Data Taking in 2011
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ATLAS Online Ns=7TeV

Total Efficiency: 94.2%

ATLAS Online Luminosity N\s=7 TeV
[ LHC Delivered
[ ] ATLAS Recorded

LeS

Total Delivered: 3.15 fb”’
Total Recorded: 2.97 fb”’

Recording Efficiency [percent]
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Data taking efficiency: ~ 94%

Good quality data delivered
by the different sub-systems
at 90-100%
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?-Ilgh Luminosity: The Pileup Challenge

-' The new challenge with the 2011 data

x= 50 ns bunch trains for most 2011 dataset
x Significant in-time and out-of-time pileup

ATLAS Online \s=7TeV
[ ] LHC Delivered
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70— ATLAS Online 2011,\s=7 TeV Ldt=2.39 fb'
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Mean Number of Interactions per Crossing

Luminosity weighted distribution

Significant progress made on the understanding of its effects:

® Primary vertex identification
® Missing energy resolution Further work

¢ Jet energy scale in progress
® Lepton isolation
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W, =t W s SR G 5 o
%\‘Stang!é;rd Model Diboson Production

in pp collisions at 7 TeV
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Measure:

L Ohiggs(My = 150 GeV)
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x Isolated prompt photons

‘\
E
]
E

?
3
.
'!
1
1
-
=
.
|
3
3

1
)

|

Test NLO pQCD predictions using
measurements without jets

New Physics:

» Irreducible background to H — yy
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x Extra dimension models
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I%‘ /= . Photon Identification

x Photon identification based on calorimeter segmentation

Y candidate

T1% candidate S3 (“back”)

S2 (“middle”)

S1 (“strips”)

>

x Photon reconstruction
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» Narrow energy cluster |n|
» Small energy leakage into hadronic calorimeter

» Cut on shower shape to discriminate y from jets and n°, q
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ém.ﬁﬁ X Photon Isolation

x Jsolation energy criterion to reduce jet background

 { °

P A p

x Reduces fragmentation component 1 £
x ~30% of inclusive Yy cross section at 15 GeV

x <10% above 35 GeV 9
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x Jsolation variable:
x Sum of transverse energy in AR cone around Yy

LL0C NIHO --

x Exclude energy from central core

[--

x Corrections event-by-event AR= A+ AT < 4
x Remove energy leakage from vy into isolation cone
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x Remove energy from pileup and underlying event :
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(data-MC)/MC

(data-MC)/MC

Two photons:
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-+ measured (stat)
-+ measured (stat @ syst)
s DIPHOX
ResBos

5*’%

\\

\&xﬁ&i\_\i\xﬁm\\ \*\\\

ResBos

—

_+_
A

20 40 60 80 160

m,, [GeV]

180 200 220

x ErV > 16 GeV
x Erisc < 3 GeV

Production Cross Section

iso(part)

pT>16 GeV, ET
M'|<2.37 excluding 1.37<'|<1.52

. DIPHOX
ResBos

| | | L SN B B
Data 2010,\/s=7 TeV, _[ Ldt=
<4 GeV,AR">0.4

-+ measured (stat)
-+ measured (stat @ syst)

37 pb'1

n

DIPHOX

(data-MC)/MC

T\QT&T\_\*\_ \\\m*;;\\_\\it\\\\\ }\\\\\\ N \\?

+

(data-MC)/MC
y
_ +-+—_ _
+
_+_

20 40 60 80 100 120 140 160

o

180 200 220

saerewiino) oeof -- TL0Z NN AD -- SSSIH pue suosoqi(]

Pr., [GeV]

-
N




PETTTT BT AR TTTT MRS T B E RIS TTTT B TATI Ty

v

- €‘TJGj/ertex

.
w W\rky

t-channel s-channel ";

1
!

’

’
=
v
-
-

.

Tevatron

[
@)
S

=t
(@)
N

[
(@)
(=]

Wy/Zy
Cross Section

, .
S - X - o - - - - -

. L

- \/ '\‘ \

(.'vrn.

Test Triple Gauge Couplings of
Electroweak theory

L Ohiggs(My = 150 GeV)

x Measure WWy vertex in s-channel
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x Probe existence of ZZy and Zyy TGC
» Forbidden in SM at tree level

Background for new physics
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x Less problematic than other
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& Wy/Zv: Event Selection

Wy Zvy
One lepton: pr > 20 GeV Two OS lepton: pr > 20 GeV
Ine|< 2.47; || < 2.4 Ine|< 2.47; |nu| < 2.4
Er™iss > 25 GeV M(1'I) > 40 GeV

Mr(L,v) > 40 GeV

Photon: Et¥ > 15 GeV ; A Ry > 0.7; Et'sc < 5 GeV

s = 7TeV, f Ldt = 35pb”

s = 7TeV, f Ldt = 35pb”
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é; L";i i Wy/Zy: Results

= Dominant uncertainties:
x Photon reconstruction/ID efficiency: ~10%
x Electron reconstruction/ID: ~ 4.5%
x Electromagnetic scale and resolution: ~3-4.5%

_ Experimental measurement | SM prediction

pp — e*vy 5.4+ 0.7+0.9+0.2 47103
pp — pEvy 4.44 0.6 £0.740.2 4.940.3 | olpp—=1Ty) -

- =90p
pp —ete Ty 2.240.640.5+0.1 1.54+0.1 |7 "oV NO

Data 2010 (Vs =7 TeV)

ATLAS

pp — Ty 1.44+0.34+0.3+0.1 1.7+ 0.1

O'[pb] A Electron channel
pp — eTvy 411+57+71+14 36.0 + 2.3
pp — utvy 33.0+46+55+1.1 36.0 + 2.3
pp — vy 36.0 4+ 3.6+ 6.2+ 1.2 36.0 4 2.3 = Combined
pp — 6+6_’7 994+2.7+2.3+0.3 6.9+ 0.5
pp — pwtpuy 56+ 1.4+1.2+0.2 6.9+ 0.5
pp — 1T~ 6.5+ 1.2+ 1.7+ 0.2 6.9+ 0.5

v Muon channel

Fiducial cross section: phase space mimics
selection requirements
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» Fundamental test of Standard Model
x Triple gauge couplings (TGC)
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sased s srund s 3y

! (M - 500 GeV)

1 ™N I 108 =« Higgs hunting
l 10

(TeV) » Similar signature to H - WW
S (1C

= Background to Higgs
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¥ St % . WW Production

ATLAS Preliminary

x Event selection [ Lt 102t =TTV
» Two high-pr OS leptons
= Z mass veto
x» Large Er™iss

pmiss { E%liss X sin (A(bg, j) if A < /2

data/MC

T, Rel — Er}niss if A‘P > 7.[/2 L

Jet multiplicities
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x Jet veto

= Backgrounds: Top, Drell-Yan and
W+jets (~40%)
x Drell-Yan: Z mass veto + missing
Er requirement

x Top and W+tjets: apply jet veto
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Nobserved Noke O measured (pb)

WW 414 170 + 28 48.2+4.0+ 6.4+ 1.8 46 + 3
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= Higgs hunting
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» Similar signatures H — ZZ
x SM ZZ background to Higgs
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Wik I i WZ Production

x Cut based analysis
x Select one Z events, then:
x One lepton + missing Er
x Main backgrounds: Z+jets, ZZ, Top and W/Z+y (15%)

ATLAS Preliminary o pata

CZ7
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10.5+3-0 +3.1 +0.9 +1.2 2

WZ 71 2.2 21'1-2.8 +1.2 0.8 17'2-0.8 1%
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{, X >w3~‘r’ § ZZ Production
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x Cut based analysis
x Very clean signature

x Electron and muon selection relaxed relative to inclusive Z
x Main backgrounds: Z+jets, Top and Zbb (3%)
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ATLAS Preliminary e Data 2011
ZZ

ATLAS Preliminary
e
fL dt=1.02 o

\s=7 TeV —— Data 2011

Predicted Background:
0.3%%7 (stat) = 0.4 (syst)

Events / 25 GeV

fL dt=1.02 fb'\s= 7 TeV

Leading Z Mass [GeV]

Predicted BG in signal region:

0.3%7 (stat) f; (syst)

Signal Region

100 120 140 160 180 200 300 400 500 600 _ 700
Subleading Z Mass [GeV] M= [GeV]
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Nobserved Nbkg O measured (pb) Orro (pb)
1.0 +0.3
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.{,,Q Triple Gauge Couplings

-

= Possible vertices using an effective Lagrangian

% - ’J.r’2 2727, ZZvy Scale dependent
,‘_Lllz(f4z, f4v, 52, £f5¥) = (0,0,0,0)sm form-factors

q (¥ ( e;}) — %
ut - 1 S/

4 " WL ith cutoff scale A

>WW”'J‘; (212, K% }) = (1,1,0)sm HERER R

2

9

\s=7TeV, A=3TeV

ATLAS Preliminary ATLAS, [Lat= 1.0

it CDF,f Ldt=1.9 b

\s=1.96TeV, A=2TeV

s DO,det =41’

V4

w=zZ — Ivll
95% C.L.
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ATLAS Prellmlnary

éfl_olt 0035 104fb
\EE_7TeVE

| Thec§>ry _
_m Data 2010 (+35 pbY)
0 Datg 2011
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x .
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The key channel for the low-mass
Higgs

x Small BR (~ 0.002)

= But, clean signature
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SM yv: irreducible background
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I;ig-) vY: Selection and Mass Reconstruction

x Two high-quality isolated high-pt photons
= pr1 > 40 GeV; prz > 25 GeV
x Five event categories:

x Converted/unconverted photons + 1 regions of calorimeter
x Different invariant mass resolution and S/B

x Mass reconstruction m? = 2pip2z(1-cos 0) ~ pip20?
= Energy resolution: Ap ~ 1.3 GeV Am/m = (1/N2)Ap/p ©® A0/0
x Energy scale calibration from Z — ee
x Interaction point spread: RMS(z) ~ 5.5 cm

T ATLAS Proiminary .JJL;t IRIEN Vertex resolution from

- -+ Data 201" el unconverted photons

Y candidate

Entries

o(z) ~ 1.6 cm

- my = 120 GeV
100 -50 0 : ()} (m)~1.7 GeV

AZ12 = Z1-22
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['® H = yYy: Background and Results

N

= Measure the SM backgrounds using control samples

x Consider photon isolation and identification criteria
(loose vs tight) to extract:

= v-v, y-jet and jet-jet background components

Background exp. fit
Bkg + MC signal m_ = 120 GeV, 5xSM -

=

@ o

0 (5=7ToV J  dt = 1.08 i 5063 events pass full selection
a with

E lncus;vecuotg)tj;n;;:wole 100 GeV < myy < 150 GeV

o

>

L

Maximum likelihood fit to
exponential background
and
signal templates
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H = yy: Limits

— Observed CL. limit
Expected CL_ limit

t+ 1o ATLAS H-vyy
+ 206 Data 2011, \s =7 TeV

J.Ldt -1.08fb"

-
O
32
o
(&)
®
=
2
=
o=
T
=
0
0
X
©

125 130 135 140 145 150
my, [GeV]

x 110 <mp < 150 GeV
x Expected upper limit: ~3.3-5.8 X osm

saerewiino) oeof -- TL0Z NN AD -- SSSIH pue suosoqi(]

» Observed upper limit: 2 X osm (mH =123 GeV)
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muy < 130 GeV

\s=7 TeV

{1
=
E.
)
-
]
.
b
=]
o
I

LHCHIGGS X5 WG 2010

W/Z + (H = bb)

=l
Q

Branching ratios

= Dominant decay mode at low mass
x Huge QCD background
» Needs associated production

= Possibility of measuring directly
Higg to quark couplings

wWNH Iaenl |
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[ ** W/Z + (H = bb): Limits

91"'
\;
.“ ‘

sl e N

= Select W or Z (leptonic) events --> trigger event
» Require exactly two b-tagged jets with pr> 25 GeV
» Bump hunting in the mp» spectrum

= Major backgrounds
x Z+jets, W+tjets, top and dibosons

SM

—e— Observed (CLs) P
Expected (CLs) J Ldt=1.04 fb , \s=7 TeV

T + 10
[ ]+2c VH, H— bb

ATLAS Preliminary

W/Z+(H = bb)

455 ATLAS Preliminary e data
B Signal x 20
(mH=115 GeV)
— Total BG
—Z
— Top
Diboson

-y
N
o

(0]
o

>
© B
Q) c
e 310
— =
— £
N -
QJ .
2 0
cC o~
LU 3

(2]
o

i
o

125 130
Higgs mass [GeV]

Exclusion limit: 10-15 X osm
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Improvements expected with boosted b-jet pairs



myg = 110-140 GeV

\s=7 TeV

LHC HIGGS X5 WE 010

LHCHIGGS X5 WG 2010

H = 1t
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=  Higgs produced in association with
jets
x  Gluon fusion at NLO
= VBF at LO
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H = tt: Event Selection

= Three classes of events depending on the
t-decay
x Ithaa3v: lepton and hadronic tau decay
x 1'1'4v: lepton-lepton tau decay
x Selection for 1'1'4v:
x 2 electrons, or 2 muons, or lelu
x pre > 15 GeV, |nc| <2.47
= pt* > 10 GeV, |n"| <2.5
x opposite charge
At least one jet with pr > 40 GeV, |n| <4.5
Er™iss > 30 GeV for 2e and 2u, > 20 for lelu

Reconstruct Tt momentum in collinear
approximation

x Apply dilepton invariant mass and topological
CutS (Ad)ll, mn, m'uj)

L10T NY 3D -- S831H pue suosoqi(]
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x Major backgrounds:
x Z—1l+ jets
x Z — 11 *+ jets
= mostly irreducible
x ttbar, single top, QCD jets

x fake lepton backgrounds,
and Z --> 1t estimated from
data; others from MC

x Systematic uncertainties

x Dominated by JES
« Background: +7.0%, -9.8%

= Higgs (120 GeV): +4.1%,
-7.8%
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H = t1: Results

eetuuten
ATLAS Preliminary —@- oan

diboson

J L= 106 fb -:'1:;letc:)
- tt— v v +jets

Z—ee jup+jets

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

Signal:
100 < m.; <150 GeV
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H = 11: EXclusion limits

l |
H-1t ATLAS Preliminary

—— QObserved CLs
Expected ClLs

—e— Observed Il only
Expected Il only

—e— Observed |h only
Expected |h only

I [
H-tt ATLAS Preliminary
—— Observed CLs

Expected CLs

+t20

*10

SM
H
SM
H

95% CL. limitonoc /o

©

©

c

O
E
—
O
X
L
)

\s =7 TeV, JLdt: 1.06 fb"

l

t J b | 1
100 110 120 130 140 150 100 110 120 130 140 150
m,, [GeV] m, [GeV]
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Exclusion limit: 7-15 X osm
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my = 130-200 GeV

\s=7 TeV

—
LHC HIGGS X5 WE 010

=k

o(pp — H+X) [pb]

—
Q

LHCHIGGS X5 WG 2010

H=->WW = lvlv

The most sensitive at intermediate
Higgs masses

=  SM WW: Large irreducible
background

Analysis similar to SM WW +
topological cuts

Reconstruction of invariant mass not
possible
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[ H = WW = lvlv: Event Selection

" Event selection similar to SM WW:
» Two high-pt leptons and large missing energy

(GeV) e-e w-u e-u

pr leading 25 25

pr subleading 240, 15
Ermiss rel 40 40

ATLAS Preliminary ® Data % SM(sys @ stat)
mww [l Wzzzwy
\s = 7TeVJLdt 1707 i [ single Top
H->WW-—evpuy B Z+jets [] W+jets
[CJ H[150 GeV]

10 ATLAS Prellmlnary ® Data %% SM (sys @ stat)

1 0 , Bl ww [l WZizzwy
107 \s=7TeV, | Ldt=1.70 fb [t [ single Top

H->WW-—pvuv +jets [] W+jets
10 : [J H[150 GeV]
10°

ATLAS Preliminary e Data #= SM(sys @ stay
, [ ww [l WZzzwy
\s=7TeV,| Ldt=1701b" O [ Single Top
H->WW-—evev B Z+ets [ Wejets
[CJH[150 GeV]

Entries / 4 GeV
Entries / 4 GeV
Entries / 4 GeV

Data/ MC

©) ©)
= =
o o
© ©
()] ()]

0.5 0.5 0.5
0O 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200
ET [GeV] ETer [GeV] ETe [GeV]

tWitb/tgb  WZ/ZZ/Wy Total Bkg.
nm155 » 10 GeV 1380 £ 100 970000 + 70000 6200 + 600 630 + 70 1200 = 100 970000 + 70000 997813
e
lmyz — mgee| > 15 GeV 1220 + 80 91000 + 7000 5500 + 600 560 + 60 92 +9 98000 + 7000 104253

ErTmrSeSi 660 = 50 300 £ 200 2700 £300  310+40 28+4 4000 = 500 4051

saerewiino) oeof -- TL0Z NMAD -- SSSIH pue suosoqi(]
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1. Events with exactly one jet

e pr>25GeV, ]| <4.5
e apply b-tag veto
2. Events with no such jets

Then....

e Apply topological cuts
¢ mju, Adu and pr(ll)
¢ Reconstruct transverse mass

e Apply cut:
¢ 0.75 X mu < mr < mpy

O
=
o
©
(]

ATLAS Preliminary e Daa %% SM(sys @ stay

\E:?Tev,j

L B ww [ WzZ/zzwy
Ldt=170" ¢ [ single
tt Ingle Iop
B Z+jets[] W-iets (data driven)
[] H[150 GeV]
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I

Dilepton azimuthal
angle (Adu)

ATLAS Preliminary e Data 2 SM(sys @stay
L Eww [ wWzZzzwy
\s=7TeV,j Ldt=1.70fb" O+ [ Single Top
HoWWosiviv + 0 jets B Zvjets [ Wejets
[CJHI[150]

Entries / 0.31 rad

Data / MC

ATLAS Preliminary e Data %= SM(sys @stay
L Bl ww [ wzzzwy
\s=7TeV, J- Ldt=1.70fb" O [ Single Top
HoWWoiviv + 1 jet Bl Zvjets [ Weiets
[] H[150 GeV]

e
©
—

-~

®

o

~
[2]

Q0
-

—
c

L

1-jet

Data / MC

25 3
Ao(Il) [rad]

Entries / 10 GeV

Data/ MC

Entries / 10 GeV

Data/ MC

Transverse mass

ATLAS Preliminary e Data %% SM(sys @ stat)
4 B ww [l WZZzZ/wWy
\s=7TeV, J Ldt=170f0" & [ single Top
H-WW=liviv + 0 jets B Z+jets[] W-+jets (data driven)
[ H[150 GeV]

5
60 80 100 120 140 160 180 200 220 240

M, [GeV]

ATLAS Preliminary e Data %% SM(sys @ stat)
4 B ww [l WZ/ZZ/wWy
\s=7TeV, J Ldt=170f0" & [ single Top
H—-WW-=lvlv + 1 jet ] Z+jets|:| W-+jets (data driven)
[ H[150 GeV]

5
60 80 100 120 140 160 180 200 220 240

M, [GeV]

Final event yield for

muy = 150 GeV

WW | ttbar Total | Data
SM
back.

O-jet 436 2.2+¥1.4 5319

1-jet 10+2 6.9%1.9 23%4

Higgs
m,=150

(W+jets only estimated with

data driven method)

w
(0]

(= H -> WW = lvlv: Event Selection
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(' "H = WW = Ivlv: Background

Rk
b T2

x The two largest backgrounds, SM WW and top production, are
normalized to data

x Measure background in control region enriched in WW or top

events
x Extrapolate the C.R. measurement to the signal region using g
MC shapes 2
=
S.R. C.R. @
Nda,ta :aXNdata,7 %
=
%
x W+tjets background entirely determined from data L
= Other (smaller backgrounds) are taken from Monte Carlo %
= Apply scale factor to Drell-Yan MC for potential Er™iss S
mismodelling 2
)
S
0
=
WW 0-jet 250450 5
WW 1-jet 139+18 2
Top 1-jet 350+100 39




b H = WW = lvlv: Exclusion limit

H+0 jet and H+1 jet channels

'ATLAS Preliminary ~ CLs Limits
e Obgsrved H—>WW' ' Siviy

---- Expected

m- J~Ldt=1.7fb‘1
- 10
(+26 \s =7 TeV

-
0‘ \
0' !
'O
- Ve ool o © 0000000000000
q
| 1
L -4
|
1
|

| ]
Change in selection

Improvements since EPS

Additional data
Optimization for My > 220 GeV 3
New b-tagging algoritm

‘
-1

-

«

{

|

<

\

T

j

a—d

-

o

]

-

--- ‘
“

J

«

120 140 160 180 200 220 240 260 280 300
m, [GeV]

= A SM Higgs boson with 154 < mH < 186 GeV is excluded at 95% CL
x Expected exclusion mass range is 135 < mu < 196 GeV

» The observed limit is within 20 the expected one in the mass
range 130-150 GeV
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my = 240-600 GeV g

\s=7 TeV

LHC HIGGS X5 WE 010

LHCHIGGS X5 WG 2010

H = WW = lvqq
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= Sensitive only to high-mass Higgs

= Large QCD background at lower
masses

saerewrino) oeof -- TL0Z NMAD -- SSSIH pue suosoqi(]
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{9 H=>WW = lvqq: Event Selection

S
x Selection:

x Exactly one lepton (e or u) with pr > 30 GeV

x ETniss > 30 GeV

x Two high-pr jets (pr > 25 GeV) associated with a W

x Reconstruct the Higgs mass: M(lvjj)
x Search for a peak over continuous background

[] Signal (x 100)
m,, = 400 GeV/c?
e Data
top
W/Z+jets
Multi-jet
I Dibosons

H— v qq + O jet

ATLAS Preliminary
[Ldt=1.04 fo
Ns=7TeV

f00 200 300 400 500 600 700
M(lv jj) [GeV]

2j+3j Nobserved
W —1lv qq 41687

42611 + 1223

[] Signal (x 100)
m,, = 400 GeV/c?
e Data
top
W/Z+jets
Multi-jet
I Dibosons

H— v qq + 1 jet

ATLAS Preliminary
[ Ldt=1.04 fo
\s=7TeV

00 200 300 400 500 600 700

M(lv jj) [GeV]

Nsignal
58 + 15
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H=> WW = lvqq: Limit

ATLAS Preliminary

Expected

L+ 10
]+ 20

—— Observed

250 300 350 400 450 500 550 60
M, [GeV]

=
2)
5
=~
5
c
@
=
]
@
N
LO
o

f L dt=1.04 o’

= myg = 400 GeV

x Expected upper limit: ~5 times the SM cross section
x Observed upper limit: 2.5 times the SM cross section
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mu = 200-600 GeV y

\s=7 TeV

LHC HIGGS X5 WE 010

LHCHIGGS X5 WG 2010

H = ZZ - llqq
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= Useful for Higgs with mug > 2 X mz

= Acceptable signal/background ratio

saerewrino) oeof -- TL0Z NMAD -- SSSIH pue suosoqi(]
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1 H = ZZ - liqq

- =

x Selection:

x Same flavor pair of isolated leptons (pr > 30 GeV)
x 76 <myu < 106 GeV
x Third lepton veto, Er™iss < 50 GeV
x Two high-pr jets (pr > 25 GeV, |n| < 2.5)
x 70 < mj;; < 105 GeV
x Reconstruct the Higgs mass: M(lljj) -- with m;; scaled to mz
» Main background: QCD Z+ jets

| S | Ty Ty Y'TYI'YT"{Y’YYTYY'7I'TY"IY-’T
140" AT AS

° [ld11 L.ft‘

120 -81411-10

(m, =400 GeV) ,
— Total background
T01 1l background

100 cenes 24 jels
Top

80 Diboson

60 1 +UU GeV

LU

40
201

-47;4-ALLJAL-JfL_JJfLJAL‘AL;JAL-HLLlJ%;A r:

0

saerewiino) oeof -- TL0Z NN AD -- SSSIH pue suosoqi(]
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‘“H - ZZ - llqq: Exclusion limit

ATLAS H— ZZ — llqq

—— Observed (CL_) _ -1
Cvpoctod (OL) j L dt=1.04 fb

t16 \s=7TeV
+20

=

)
©
S~
©
-
O
£
—
O
PN
LO
»

200 250 300 350 600
my, [GeV]

L10T NY 3D -- S831H pue suosoqi(]

= my = 360 GeV
x Expected upper limit: ~2.7 X o sm

x Observed upper limit: 1.7 X o sm
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mu = 200-600 GeV y

\s=7 TeV

LHC HIGGS X5 WE 010

H=ZZ = llvv

LHCHIGGS X5 WG 2010
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» Most sensitive channel in the high-
mass region

»x Large branching fraction
= Good separation from backgrounds
= Main backgrounds:

x Top and dibosons (irreducible)

saerewrino) oeof -- TL0Z NMAD -- SSSIH pue suosoqi(]
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x Selection:
x Same flavor OS pair of isolated leptons (pr > 30 GeV)

x 76 <mu < 106 GeV (orthogonal to H— WW — lv 1v)
x Third lepton veto, b-jet veto

Events / 5 GeV

Data/ MC

x Eqmiss > 66 (82) GeV -- depending on low- (high-) mass analysis
= Topological cuts to suppress W/Z+jets QCD background

= [\/mz + |p ££|2 + \/mz + |p mlss|2]2 - [_,ee 4+ qulss]Z

e
106EATLAS \'s=7TeV
H— ZZ — livy

—
o
N
"IIII|T||| Id.lll;!]rmﬂﬂll IIIII|Tf| lllllml TTTTH

LA B T T
o DataLLdt =1.04fb"
Total Background

ZZWZ,WW

""""""" Top
Other Backgrounds
— Signal (mH =400 GeV)

ﬂﬂﬂﬂﬂﬂ

Il lIIlllIIl IIlIIllll IlIIII.Ill lIIIllIll IIllII.l.ll IIIIIIJll_I_i

e

250 300
ET*° [GeV]

200

T150

Events / 50 GeV

H=ZZ = llvyv

=

v

Q

9 p)

Q

=

»n

3

-

Q.

=

Q9

Tllllll II""l""|'lll|l—|:
3 ATLAS o datadet=1.04 fio ERN
§ \s=7TeV Total Background g 91
C HZZ vy Top E 5
= ZZWZ,WW =
- - ZW - =
- B Signal (m =380 GeV) - ]
. 1 -
3 20 1 B
:_ OU GeV _: o
= 1 e
- 1B
E o ; =
e e I N N }_"1_"_1' N (R D T B s '_‘_.*_I , - E‘:
200 300 400 500 600 700 o
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Expected
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H—ZZ-llvv R ES
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—
N

JLdt=1 046", Vs=7TeV

95% CL limit on /6,
-

= A SM Higgs boson is excluded at 95% CL in the mass range:
x 340 GeV < mpu < 450 GeV
x Lowest expected limit (1.1 X osm) at mu ~ 380 GeV
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my = 110-600 GeV

\s=7 TeV

LHCHIGGS X5 WG 2010

H = ZZ - 1111
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x The Golden channel

= Very clean but small rates

= Usable in the full mass range
= Analysis similar to SM ZZ

= Lower lepton momenta

saerewrino) oeof -- TL0Z NMAD -- SSSIH pue suosoqi(]
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1 H - ZZ = 1111: Event Selection

30-ATLAS Prellmlnary
H—zz"' -4l
25| Ldt = 1.96-2.28 fb

\Js=7 TeV
* DATA

[zz"

x Event Selection

x Two same flavor OS pair of isolated
leptons

Events/5 GeV

x Invariant mass cuts
x |miz-mz|< 15 GeV
= m34 <115 GeV and veto low mass
pairs

x For m4l < 190 GeV: 5 80 85 90 95 100 105 110 115
m,, [GeV]

= Jlepton impact parameter small

x Backgrounds [Ldt 1.96-2.28 fb

\s=7 TeV

x ZZ and top from MC prediction
x Uncertainty: 10-15%

x Z+jets normalized to data using control
regions

= (no isolation/impact parameter)
» Uncertainty: 20-40% o eev)
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[ ** H - ZZ - 11lI: Lim

N
o

DATA
- Background ATLAS Preliminary

[ Signal (mH=150 GeV)
@ Signal (mH=220 GeV)
[ Signal (mH=480 GeV) x 2

ATLAS Preliminary
H— 2z 4l
|Ldt = 1.96-2.28 fb”

\/s=7 TeV
— Observed CL |
Expected CL ]

C+10
[ 1+20

- -
o O

>
)
©
o
A
S~
72}
-+
C
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>
L

9
8
7
6
3}
4
3
2
1

H-zZ" -4
[ Ldt=1.96-2.28 fb”
Ns =7 TeV

—
N

95% CL limit on G/GSM
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o

300 400 500 600
m,, [GeV]

Selected: 27 events (6ee, 9eu, 12un) 400 500 600

my, [GeV]

» Limit very close to the SM cross section for a wide range of Higgs
masses

= Small region for Mg ~ 210 GeV excluded at 95% C.L.

it
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ombination

4001

Data 2011,\8 =« 7 TeV, [L:.ﬂ 1.08 1 4 S0~ Data 2011,\5 = 7 TeV | Lat=1041b ] 4 I Data 2011 A5 =7 TeV l Ldt = 1.04 10" 3 Data 2011,\s = 7 TeV, I Lot = 1,060

_"i
+++

3:.«::)& ATLAS Preliminary —— Dat s [ ATLAS Prelminary 4 O : ATLAS Prefiminary ATLAS Preliminary

+- om
b+
-+ WH, Hbb

+t
+‘"-§- 4.
J ety ]
- ’0.”."&M e

200 250 E ') X 250 0 50 X 150 200 250 300 350 400

v, [GeV] m., [GeV]

10; -

Data 2011,\8 « 7 TeV lw 1.061b ] O 40f Daa2011,\8« 7 TeV, [L:::x 1.7 o 201178 dt=170M" < of- Data2011\5=7TeV, l Ldt = 1.96-2.281b

ATLAS Preliminary - 3 ATLAS Prelminary = Data '_ sal Data : d ATLAS Prelminary

- m =150 GoV, 1xSM s - m =150 GoV, 1xSM

Total background . Total background

6|
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{ot n ;
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7 TeV, [L'Z“ 1040 © 45F Data2011,\s=7ToV, | Lot = 1.04 fo ¢ F Data2011,\s=7 ToV, l Lot = 1.04 fo

Data 2011.\s
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2 ATLAS SM Higgs Combination

N

4(.-

8

I T L L4 L LS ] L4 | LS

Hoyy (1.08 1) H»ZZ -1l (1.96-2.281b ")
H— WW— Iviv (1.7016°") H—ZZ—llqq (1.041b")
W/ZH,H—-bb (1.041b") H—ZZ— vy (1.041b")
H—1t (1.061b7)

—
-

RN

|

95% CL limit on G/O'SM

|

| Illlll

| llllll

|

_ATLAS Preliminary j L dt ~ 1.0-2.3fb \s=7 TeV CLs limits _

100 200 300 400 500 600

»x  Correlated uncertainties taken into account

= Jet energy scale, luminosity, PDF, etc

» Uncorrelated uncertainties:
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x Backgrounds estimated by data driven methods



) ATLAS Higgs Combination Result

D‘% ATLAS Preliminary CLs Limits
IS
S — QObserved
£ 10 - Expected Ldt=1.0-23 0"
] »)
S 1
(@)) 0
-
(o
E
QQ
%R
A
=
300 400 500 600 Z
m,, [GeV] S
o
» Exclusion limits at 95% C.L. » Exclusion at ~99% C.L. g
x 146 < mu < 232 GeV x 160 < mp < 220 GeV 2
» 256 < mpu < 282 GeV x Exclusion > 99% C.L. 5
x 296 < mu < 466 GeV x 300 < mu < 420 GeV o
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Improvements with Time

ATLAS 2010 —— Observed
---- Expected
det ~ 39 pb CL, Limits
(2010 Data)

—i
o

95% CL Limit on o/og,,

A

I IIIIIIII

f Ldt~1.0-2.3 5 gfsga’:g
(LP 2011) P

e 2011 Prellmlnary CL, Limits
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e Conclusions

x ATLAS has analyzed up to 2.3 fb'! of data to perform
Higgs searches and study Standard Model diboson
production

» Excellent agreement with Standard Model predictions has been
observed in all cross section measurements

= vy, Wy,Zy, WW, WZ and ZZ

x Data already allows for stringent constraints on the
Standard Model Higgs boson production

x Exclusion limits at 95% C.L.
x 146 < mpy < 232 GeV
x 256 < mpu < 282 GeV
x 296 < mu < 466 GeV

L10T NY 3D -- S831H pue suosoqi(]

x No significant excess observed
x Largest excess of the order of 2.10

2 saerewrino) oeof --



é,a':xpected improvements and prospects

x More data:
» ~4 fb'! by end of 2011 and ~10 fb! by end of 2012

x Refine understanding of detector response:
= Alignment, calibration, comparison with simulation

x Better performance, smaller systematic uncertainties and higher
efficiency for rare channels

= More precise measurements of SM processes
= Additional contraints on MC generators
x More sophisticated analyses:
x Multivariant techniques
x Additional discriminating variables (pr, angular distributions)

x Exclusive channels (e.g. H — 1t (VBF) )

Expectations: ATLAS + CMS

(luminosity numbers per experiment)

4 fb': may exclude full region up to mu ~600 GeV (95% CL)
10 fb'': 50 discovery potential for mu > 117 GeV (may reach 114 GeV)
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[‘ 9 Analyses Covered in this Talk

R
Higgs < Documentation  Dibosons <L Documentation
(fb-1) (fb™!
H->WW—>I'vlv 17  ATLAS-CONF-2011-134 3 e X 11070581
H — WW — lvqq 1.04 arXiv: 1109.3615

Wy /Zy 0.035 arXiv: 1106.1592v2

H—-2Z—-TT1T 20-23 5 WW — I'vlv 1.02  ATLAS CONF 2011 110

H—ZZ — 1'l" vv 1.04 arXiv:1109.3357
WZ — lllv 1.02  ATLAS_CONF _2011_099

H—2ZZ — 11 qq 1.04 arXiv:1108.5064
ZZ — 1'1'T'1" 1.02  ATLAS_CONF_2011_107

H — vy 1.08 arXiv: 1108.5895

H — 1t — 1Thad3V 1.06  ATLAS-CONF-2011-132

H — 1t — I'l'4v 1.06 ATLAS-CONF-2011-133
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W/Z+ (H—->bb) 1.04 ATLAS-CONF-2011-103
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Z—11 and W—1v Cross Section

ATLAS Preliminary

: ATLAS Preliminary
ATLASW — 1 v, |

36pb™

Z — eelun
33-36pb™
e Data2010 Ns =7 TeV)

— Stat uncertainty
Sys @ Stat

—— Sys ® Stat ® Lumi
Prediction (NNLO)
Theory uncertainty

ATLASW — e v,

— Stat
Syst ® Stat

— Syst @ Stat ® Lumi
Theory (NNLO)

11 12 13 14 15 16
(W — |v)) [nb]

1.2 1.4 1.6
o(Z — Il 66<m <116 GeV) [nb]

Excellent tau identification at ATLAS
x Z—TT Cross section

x W—1v cross section

Good prospects for new physics searches
with taus
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Z—11 and W—1v Cross Section
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36pb““ h— 4 ATLAS Prellmlnary ATLAS Preliminary
: ATLASW — 1 v, :

Z — eelun
33-36pb’’

e Data2010 Ns =7 TeV)
— Stat uncertainty
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— Stat Theory uncertainty
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B Mutiijet

B Z—up

Excellent tau identification at ATLAS
x Z—TT Cross section

Events / 5 GeV

x W—1v cross section
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Good prospects for new physics searches
with taus
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“H = 1t = 11+4v: Exclusion limit
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I% H - WW = lvlv: Exclusion limits

O-jet channel 1-jet channel

ATLAS Preliminary CLs Limits
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