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The ATLAS Detector

(2

Multi-purpose detector at LHC
Details in JINST 3 (2008) SO08003

—> Inner tracking system with silicon
pixels, silicon microstrips and
transition radiation detectors,
immersed in a 2T field made by a
solenoid SC magnet.

—>Liquid Argon EM Calorimetry,
projectively segmented in 3 layers
and hermetic in .

- Hadronic Calorimetry
(Scintillating tiles or Larg)

- Muon spectrometer operating in a
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The ATLAS Detector

©,

Multi-purpose detector at LHC
Details in JINST 3 (2008) S08003

=>ATLAS collected 5.2 fb! by the end

of the proton-proton run at vs=7TeV .

—>Inner tracking system with silicon > Average efficiency over 2011 : ~93%

pixels, silicon microstrips and
transition radiation detectors,
immersed in a 2T field madebya @ @~/
solenoid SC magnet.

—>Liquid Argon EM Calorimetry,
projectively segmented in 3 layers
and hermetic in ¢

Total Delivered: 5.57 b’
Total Recorded: 5.21 fb™

- Hadronic Calorimetry
(Scintillating tiles or Larg)

—

Total Integrated Luminosity [fb™]
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- Muon spectrometer operating in a
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The Higgs decays through Diboson channels

O,
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The Higgs decays through Diboson channels

O,

=2 WW are the most abundant
channels for M >~135GeV.
Not all final state particles are
fully measured
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The Higgs decays through Diboson channels

0,

= 10g . 33
2 F Ns=TTev sM
Et — w0
r:;:(] 1E WW — Fvag E g
= WW are the most abundant ° ot \\ E
PN WW — VIV TN
channels for M;>~135GeV. 107 - %\
. . 77 — Iqg .
Not all final state particles are \\\
102E ZZ — [Twy 3
fully measured _ N
10°F _ z}&
=>»7Z smaller rate but advantage VUYL
from the full reconstruction of at . L7 LN L .07 udsod |
100 200 300 400 500
least one on-shell Z. M, [GeV]
Sharp peak for ZZ->41 .
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Signal and background yields
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Signal and background yields

()
t gg->H : NNLO QCD q—»—{wz qg->Hqq (VBF):

L H’
t ___u  NNLL for soft gluon o7 NNLO QCD
t NLO for EW q_'_\‘ NLO for EW
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Signal and background yields
(1)

gg->H : NNLO QCD a——",  0g->Haq (VBF):

ez
t __-u NNLL for soft gluon \j\%;"* NNLO QCD
NLO for EW TN NLO for EW

LHC Higgs Cross-Section Working Group arXiv:1101.0593 [hep-ph]

CROSS-SECTIONS

Lydia Iconomidou-Fayard HCP 2011 16/11/2011




Signal and background yields
(1)
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t ___u NNLL for soft gluon N

LHC Higgs Cross-Section Working Group arXiv:1101.0593 [hep-ph]

gg->H : NNLO QCD q"_’éw,z ~4qg->Hagq (VBF):
“--H. NNLO QCD

NLO for EW q——= W2 NLO for EW

POWHEG —Pythia

BACKGROUNDS

MCFM

HERWIG for parton showerihg and
hadronization

MC@NLO

JIMMY for the underlying event

— Reweight of the H PT spectrum
<Z’: PhoTQOS for FS QED radiative corrections
O TAUOLA

PYTHIA n MC@NLO

ALPGEN H->ZZ->4]1 PROPHECYA4F for BR
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Signal and background yields
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: ___u NNLL for soft gluon

gg->H : NNLO QCD 1wz

NLO for EW U

--- NNLO QCD

gg->Hqq (VBF):

NLO for EW

LHC Higgs Cross-Section Working Group arXiv:1101.0593 [hep-ph]

BACKGROUNDS

MCFM

HERWIG for parton showerihg and
hadronization

MC@NLO

JIMMY for the underlying event

POWHEG —Pythia

— Reweight of the H PT spectrum
<Z’: PhoTQOS for FS QED radiative corrections
O TAUOLA

PYTHIA n MC@NLO

ALPGEN H->ZZ->4]1 PROPHECYA4F for BR
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Higgs>WWwW)

©

Two channels :
2> H — WW® & ¢tpe—v with I=p, e (in 110-300GeV)
(with 1.7 fb! of data ATLAS-CONF-2011-134)

2> H-WW® — lvjj withl=e, u (in 240-600GeV)
(with 1.04fb! of data arXiv:1109.3615v1 [hep-ex])
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Higgs>WWwW)

Two channels :
2> H — WW® & ¢tpe—v with I=p, e (in 110-300GeV)
(with 1.7 fb! of data ATLAS-CONF-2011-134)

2> H-WW® — lvjj withl=e, u (in 240-600GeV)
(with 1.04fb! of data arXiv:1109.3615v1 [hep-ex])

Common feature:
Isolated lepton(s) and
missing transverse momentum
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H->W W *) 5> |vjj : analysis and results

O,

=>»One single lepton P;>30GeV, well
identified and isolated

= ETmiss> 30 GeV

=2 (H+0) or 3 (H+1) jets with one
71<M (jj)<91 GeV
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H->W W *) 5> |vjj : analysis and results

=>»One single lepton P;>30GeV, well
identified and isolated

= ETmiss> 30 GeV

=2 (H+0) or 3 (H+1) jets with one
71<M (jj)<91 GeV

=>»Reconstruct M(lvjj) from P(1),
Etmiss and from the 2 jets, imposing
M(lv)=M,,
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H->W W *) 5> |vjj : analysis and results

©

=»One single lepton P;>30GeV, well
identified and isolated

= ETmiss> 30 GeV

=2 (H+0) or 3 (H+1) jets with one
71<M (jj)<91 GeV

=>»Reconstruct M(lvjj) from P(1),
Etmiss and from the 2 jets, imposing
M(lv)=M,,

Backgrounds :

->W+Jets, Z+Jets and Top
modelled by MC.

—>MultiJets assessed by data
driven methods
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H->W W *) 5> |vjj : analysis and results

- One single lepton P;>30GeV, well %:i Jrasron ?Sigﬁfi‘iaﬂev %
identified and isolated I AT
> ETmiss> 30 GeV ’ 103;++*+:i: e ;
=2 (H+0) or 3 (H+1) jets with one 10°F
71<M (jj)<91 GeV
<> Reconstruct M(lvjj) from PL(l), 206 'ééé"ééb"ééé"Aéé"aiéé"ééé'éso"héﬂc';a'aé%g;z?o
Etmiss and from the 2 jets, imposing
M(Iv)=M,,

Backgrounds :

->W+Jets, Z+Jets and Top
modelled by MC.
—>MultiJets assessed by data
driven methods
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H->W W *) 5> |vjj : analysis and results

: Rl S e A
- One single lepton P;>30GeV, well N R Teiocey
SV E ATLAS ¢ Data
iIdentified and isolated § pof Mo a0t ot E
=» ETmiss> 30 GeV 103E++*'°‘—0-* [ giit::is “
=2 (H+0) or 3 (H+1) jets with one 107 :
71<M (j))<91 GeV 10
=>»Reconstruct M(lvjj) from PL(l), 200 'ééa"5,56"3'5',5"466"4},6"566'5;50"%%3';2;2%;3?0
Etmiss and from the 2 jets, imposing
M(IV):MW % T T T T T T T
Backgrounds : :
>W+Jets, Z+Jets and Top 3
modelled by MC. 8 F e —
—>MultiJets assessed by data [ [ Lorosns =2 1
driven methods E e
BV T R R R R =Y

m [Gel]
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Require

=>» Opposite charge leptons

= Apply Y and Z veto in m(ll)
(m,>15GeV, | M,-M,, |>15GeV)

Lydia Iconomidou-Fayard HCP 2011

H->WW®) S|ty | v :selection
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Data /MC
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H->WW®) S|ty | v :selection

Q,
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102
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H->WW®) S|ty | v :selection

@,

H > 10: ATLASPreIli'mn o Dmn s MmO
Require | L o ﬂ?n, e
=>» Opposite charge leptons § ¢ ever| | W B
- € 4
= Apply Y and Z veto in m(ll) "o
10?
(m,>15GeV, | M,-M,, |>15GeV) T —
. 10-18 108 ATLASPreIlmlnary ;\E:.r\:v :;&;czs;mstan
> ETmiss>40(25) GeV for 107 g7 \e=7Tev |Lat=1700" 55 meres
. g e % 108 HsWW-oevev B Z+jets % Hw[:sjeew
same /different flavor S 1eE 10
g w
0.t
% 2:_| T T T "|"|"|"'|"'_E
5 150 + { lll 3 4
g 1?. "o, o.'rTY I [ :
e TT{TIIH :

0.5 L M BT |_:
0 20 40 60 80 100 120 140 160 180 200
T (GeV]

Major Backgrounds:
top, W+j, Z+j, SM WW

Estimated from data driven
methods
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H->WW®) S|ty | v :selection

e,

Require 3 % ATLAS gy i
. 0 qg7f NS =TTV, Lq|t=1,=0lb' O --Englf:up
=>» Opposite charge leptons g gy L merE
- E 4
= Apply Y and Z veto in m(ll) o
107
(m,>15GeV, | MM, [>15GeV) R T
i . i 10-103 reliminar . -E:J; ,_ime:stau
| =»ETmiss>40(25) GeV for . wj?_ ‘HTJE;!;‘“:”"“ ééw
. same /different flavor ’ S ek O isooen
i 8 L
Different cuts for H+0, H+1 jet: o
=>0-Jet : P (11 )>30GeV
=>1-Jet : Reject b-jet, P>25GeV, . Lh
(P1 (I1)+ P (12)+P(jet)+Etmiss)<30GeV, = . -
Z->TT veto 8 et it q%l;l W
02040 60 80 100 120 140 160 160200

Major Backgrounds: top, W+j,
Z+j, SM WW

Estimated from data driven
methods

Efr'jjgf‘ [GeV]
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H> W w (%)

Require

=» Opposite charge leptons

= Apply Y and Z veto in m(ll)
I(m“>1SGeV, | M,-M,, |>15GeV)

- >ETmiss>40(25) GeV for
' same /different flavor

Different cuts for H+0, H+1 jet:
=>0-Jet : P (11 )>30GeV
=>1-Jet : Reject b-jet, P:>25GeV,

@

(P1 (11)+ P+ (12)+P+(jet)+Etmiss)<30GeV,

Z->1T1 Veto

Major Backgrounds: top, W+j,
Z+j, SM WW
Estimated from data driven

methods

Lydia Iconomidou-Fayard HCP 2011

> |*v |- v :selection
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H->WW® Sty v :selection (2)

Other cuts M, dependent

Cut on the transverse mass

mr = \X{Ef]:f’ + E%liss;)l _ {]],{_.F + p'[rniss}ﬂ

0.75*M, <M< My for M,<220GeV
0.6*M,<M.<M otherwise

Rejection of top and WW backgrounds:

Cuts on m(ll) and AD (Il)
m (Il) <50 (65) for M, <170 (220)GeV
50<m (I1)<180 for M, >220 GeV
AD (I1)<1.3 (1.8) for M, <170 (220) GeV
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H->WW® Sty v :selection (2)

Other cuts M, dependent

Cut on the transverse mass Rejection of top and WW backgrounds:
mr = JEL + Emiss)2 — (ptl 4 pimiss)2 Cuts on m(ll) and A® (Il
m (Il) <50 (65) for M, <170 (220)GeV
0.75*M,, <M< M,, for M,,<220GeV 50<m (11)<180 for M,, >220 GeV/
0.6*M,<M;<M,, otherwise AD (I1)<1.3 (1.8) for M <170 (220) GeV
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5 1205 H—pWW-—;rvh +0jets | Z+Jelsg S::]sg:\.l:dnvenl_f g 80 Wi + +0jets B Ziets [ Whiets (data drive > 35E HoWWsiviv + 0 jets B Z+ets 8:’[:;0::’] a driven)— ]
-g 1003 _f E 60: 40:: 305_ _g
60 E 40 JeF. 7 E
40 = C E 3
20F - 201"+ 12; + _ E
g 2R A E (EJ 2 T E g 25—'“""'1“'!"‘1"'l"'r“1"'l"'r'_E
i s s Do I TTTR NN B gt LU IS
3 f*f TITT]II t o 151 1 + + I S * o IE t Tt Tl g ;
086100 180 200 250 oSb e 0.5 } -------------- :
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M, [GeV] Ao(ll) [rad] M, [GeV]
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H->WW®) S|+ v :Results

@

E LI T LI | LI | LI | LI | LI LI B LI

¢ ATLAS Preliminary ~ CLs Limits

c : — Observed H->WW! iviv -
2 N ---- Expected ST
= T Ldt=1.7f"
= ERE

d 105 |:|i2c \s=7TeV =
L f .
o[ §
m — -

—1 L1 I L1 [ 11 | I L1l | | L1 1 | L1 | Ll 1 1 Ll 1 I 1 1 | L1 1 I
1077920 140 160 180 200 220 240 260 280 300
my, [GeV]
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H->WW®) S|+ v :Results

E LI T LI | LI | LI | LI | LI LI B LI

¢ ATLAS Preliminary ~ CLs Limits

c : — Observed H->WW! iviv -
2 N ---- Expected ST
= T Ldt=1.7f"
= ERE

d 105 |:|i2c \s=7TeV =
X r .
o[ §
m — -

—1 1 L I 1 1 1 r 1 1 1 I Il 1 1 | 1 1 L | L L Il |
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H->WW®) S|+ v :Results

Largest deviation from

expectation : ~2¢0

E LI LI | LN | LI ] L | LU ] LI LI LI LN |

¢ ATLAS Preliminary ~ CLs Limits |
c : — Observed H->WW! iviv -
2 N ---- Expected ST
e [ Ldt=1.7f" ]
= N EREY
d 105 |:|i20 \s =7 TeV =
Qo .
n - _
m — =

T i\ el T E

10—1 L1 I L1 I 11 | I L1l | | L1 1 | L1 |
120 140 160 180 200 220

RE0 280 300

Selection changes

Excluded : 154GeV<M, <186GeV
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H->WW®) S|+ v :Results

Largest deviation from pO value= probability for the

expectation : ~2¢ background to fluctuate

~ ATLAS Prelminary ~ CLsLimits

=
o)
o, - ° L B AL L L B AL L L VL R R B
+ 10° . — ATLAS Preliminar )
e E  —Observed HoWw siviv -+ 3 ! L . Y HOWW vy
2 - ---- Expected 1 - Y, A o
[ Ldt=1.7 fo 1 AL
% B I EREe; .[ 7 10 - 3
d 10E [(J+2c \s=7TeV — RTTUPOTL SRV Bt | R SRS 20
2 F - 102 : —Observed 3
Q - - . / ---- Expected :
? i i 10 I S frosernenn s p """""" 30—:
T T\ YT = = 1 E
- E ¥ I Ldt=1.7fo"
C - 104E -7TeV 3
[ i R U R ‘T 407
10—1 L L I 1 1 1 I 1 L 1 I 11 1 | 1 1 L | L1 1 | 10_5 i I 1 L L L | :l : L 1 | L 'l 1 1 I L 1 1 1 | L ]
120 140 160 180 200 220 260 280 300 100 150 200 250 300
o [GeV] my [GeV]

Selection changes

Excluded : 154GeV<M, <186GeV
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Higgs—>zz*

@

Three channels:
= H->ZZ->I'lFvw with =y, e (200-600 GeV)

(with 2.05fb™! of data ATLAS-CONF-2011-148)
= H->ZZ->1'lqq withl=pu, e (200-600 GeV)
(with 2.05fb! of data ATLAS-CONF-2011-150)

=2 H->7Z*) 5> 41 with with I=p, e (120-600 GeV)
(with 2.1 fb -* LP result Phys. Lett. B 705 (2011) 435-451
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Higgs—>zz*)

@

Three channels:
= H->ZZ-> I'vw with =y, e (200-600 GeV)

(with 2.05fb! of data ATLAS-CONF-2011-148)
> H>ZZ->Pqq  withl=p, e (200-600 GeV)
(with 2.05fb™! of data ATLAS-CONF-2011-150)

=2 H->Zz%) > 41 with with I=y, e (120-600 GeV)
(with 2.1 fb -* LP result Phys. Lett. B 705 (2011) 435-451
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H—ZZ— I"I-qq (I=e or p) selection

=>Z77Z->llqq , both Zs on shell

Two leptons with P>20GeV,well
Identified , with isolated tracks
and M, e [M, = 15] GeV

=>»Z->(Qq: jets reconstructed

using anti-Kt algorithm with
P>25 GeV and Mjj € [70,105]GeV
= Etmiss<60GeV

©,

16/11/2011
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H—ZZ— I"I-qq (I=e or p) selection

TATLASPreliminadry | by [t eame 3

o dais | Ldi-zosi' 3

glectrdn channel — Total Background
— 7

=2 jbis z 5

— Top E

—p 4+— —— Diboson .
Multijet

—— Signal (m ~300 GeV] g

W 3

=>Z77Z->llqq , both Zs on shell
Two leptons with P>20GeV,well
iIdentified , with isolated tracks

Events /3 GeaV
=

and M, € [M, + 15] GeV . 10 %‘i‘%@;
= Z->qq: jets reconstructed of T T s
using anti-Kt algorithm with éfj"':«'u“]- 'a'd"g'd'lTEm' T 156140 150
P,>25 GeV and Mijj € [70,105]GeV e (5
> Etmiss<50GeV 8 oo ATHASPrEIMRaY L i

@ 3500 e

Othar Backgrouna

200 250
m,, [GeV]
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H—ZZ— I"I-qq (I=e or p) selection

©,

322->1lgq, both 25 on shel y T
Two leptons with Pr>20GeV,well FR SRt S A e
identified , with isolated tracks g 1o ;Iﬂ_LLI_\ :gz':";‘wm?
and M, € [M, = 15] GeV 10 %ﬁ‘%‘%@:
> Z->qq: jets reconstructed of T T s
using anti-Kt algorithm with éfj"':«'o“J 'a'd"g'd'lTEm' T 156140 150
P->25 GeV and Mijj ¢ [70,105]GeV e 5]
> Etmiss<50GeV § fooor ATLASPIRITINa -, sl o

% 3500
= 20% of signal contain 2 b-jets. 2 22$

Divide sample into Z+2 b-tagged
jets and into Z+<2 tagged jets
=»tagging: 70% efficiency for a
light jet rejection of 100

T 200 250

m,, [GeV]
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H—ZZ— I"lI-qq (I=e or n) background

>Main backgrounds : Z+jets and tt
—> Assessed with data-driven studies
using Mjj or M,, sidebands respectively
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H—ZZ— I"lI-qq (I=e or n) background

_ATLASPreliminary ' " L[ seosr

rrrer

data | Ld-2os 6" |
— TotalBackground 3
—7Z
—  Tm

F =2 btagged jets

—* *— —— Diboson

>Main backgrounds : Z+jets and tt
—> Assessed with data-driven studies ol — Domo
E —— Signal {m_~300 GeV 3

using Mjj or M,, sidebands respectively T "

I

[ A A | N v bl Lo lvamsd v
8070 80 00 100 110 120 130 140 150

Events / 5 GeV

my [GeV]

E[} L T T T T T T T—TT T T T T T T
E ATLaSPrelimibary " (s lo0s
Iy —— Total Background _:

— Top N
Other Background

T
=T,

Top control

region

i 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
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my,, [GeV]
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H—ZZ— I"lI-qq (I=e or n) background

>Main backgrounds : Z+jets and tt
—> Assessed with data-driven studies ol — oo :
using Mjj or M, sidebands respectively - W

3 4 ]
10;[ %ﬁﬁ
—->For M,>300GeV, angular kinematical § ﬁ —L__r‘ :

cuts allow better rejection against Z+jets

(%]

ATLASPreliminaty ' ol [ geos e

data | Ldi-z.os o
— TotalBackground 3
—Z
— Top

107E
- = 2D tagged jets

Events / & GeV

B 070" B0 60 100 110 120 130140 150
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H—ZZ— I"I-qq (I=e or pn): Results

€,

Final discriminant M (lljj)
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H—ZZ— I"I-qq (I=e or pn): Results

Final discriminant M (lljj)
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No SM exclusion yet
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H—ZZ— I"I'vv (I=e or pn): Selection

=>»Require isolated leptons with P>20GeV
2>M, € [M, £ 15]

=>ETmiss

=> If jets require to be far from ETmiss

16/11/2011
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H—ZZ— I"I'vv (I=e or pn): Selection
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H—ZZ— I"I'vv (I=e or pn): Selection

= Require isolated leptons with P;>20GeV 3 L o
o]
>M, € [M, = 15] - T
=>ETmiss e
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H—ZZ— I"I-vv (I=e or pn): Backgrounds

=>High M, hypothesis (>280GeV):
Etmiss>82GeV
AD(I)<2.25
A® (Etmiss, P, (lI)) >1

=>Low M, hypothesis (<280GeV):
Etmiss>66GeV and
1<AD(I)<2.64
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H—ZZ— I"I-vv (I=e or pn): Backgrounds
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H—ZZ— I"I-'vv (I=e or pn): Results

= =
e aj— A AS I'E-lII'I"IIr'IElI'}-' —— Observed —
IS e .
¢ TE ILdI 205" fs=7Tey "~ EXpected - 3
= eSS :
E E_ H—ZZ—llvv 20 _E
- - _
Q o 3
:_":'E C :
8 4 E
3 -
o =
1 E
D:|||||||||||||||||||||||||||||||||||||||||||_
200 250 300 350 400 450 500 550 600

my [GeV]

Exclusion:
310 -470GeV at 95%CL
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H—ZZ*—4l (I=e or n): selection

= The “GOLDEN” channel

=>Allows M reconstruction with
fwhm~5(35)GeV at M,=130(400)GeV
=>» Allows to probe low M, through Z*
(performances at low P crucial!).
=>All leptons P;>7 GeV well identified
and isolated .

=>» Require one M, e [M,£15GeV]

=» Constraints on impact parameter

Lydia Iconomidou-Fayard HCP 2011
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H—ZZ*—4l (I=e or n): selection

=> The “GOLDEN” channel

=>Allows M reconstruction with
fwhm~5(35)GeV at M,=130(400)GeV
=>» Allows to probe low M, through Z*
(performances at low P crucial!).
=>All leptons P;>7 GeV well identified
and isolated .

=>» Require one M, e [M,£15GeV]

=» Constraints on impact parameter

Main background: irreducible ZZ. From
MC normalized to the luminosity.
Other reducible: Z+light jets, tt, Z+bb,
from data driven methods .
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H—ZZ*—4l (I=e or n): selection
= The “GOLDEN?” channel BILATLAS E
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Final discriminant: M (4l)
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Conclusions and Prospects

©,

=>ATLAS collaboration has provided updated exclusion limits for SM
Higgs decays in diboson channels. No excess has been observed.

Other results:
=» Searches at low M, : see talk by Michael Duehrssen-Debling
= Combined ATLAS result : see talk by Fabien Tarrade.
=>» Next milestones:
=» December: Higgs channels with full statistics.

= Winter conferences : Update with optimised object performances
and analyses.
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Conclusions and Prospects

®

=>ATLAS collaboration has provided updated exclusion limits for SM
Higgs decays in diboson channels. No excess has been observed.

Other results:
=» Searches at low M, : see talk by Michael Duehrssen-Debling
= Combined ATLAS result : see talk by Fabien Tarrade.
=>» Next milestones:
=» December: Higgs channels with full statistics

= Winter conferences : Update with optimised object performances
and analyses.

Thank you !
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Systematics of Z- 1l qq

®

Source of Uncertainty

Treatment in analysis

Jet Energy Scale (JES)

Jet Pile-up Uncertainty
b-quark Energy Scale

Jet Energy Resolution
Electron Selection Efficiency
Electron Reconstruction Efficiency
Electron Energy Scale
Electron Energy Resolution
Muon Selection Efficiency
Muon Trigger Efficiency
Muon Momentum Scale
Muon Momentum Resolution
b-tagging Efficiency
b-tagging Mis-tag Rate
Missing Transverse Energy

2 — 7% as a function of p7 and 7

3 — 7% as a function of p and 7

2.5%

1-4%

0.7 — 3% as a function of p7, 0.4 — 6% as a function of

0.7 — 1.8% as a function of 7

0.1-6% as a function of i, pileup, material effects etc.

Sampling term 20%, a small constant term has a large variation with n
0.2-3% as a function of pr

< 1%

2-16% 1 dependent systematic on scale

p1 and 1 dependent resolution smearing functions, systematic < 1%
5-15% as a function of p7

10-22% as a function of p7 and 7

Propagate object uncertainties to E]"-“iss
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Number of events in H>ZZ->llgq (2.05fb1)

Untagged Tagoed
Low-mpy High-mp Low-mpy High-mpy
Z+jets 0672£1104£310 858 £20 £61 126 +£1 +26 T6+£02+16
Wjets 204 4+ 10 08+ 05+ 04 < (.1 <01
Top B+ 2+ 11 bd+ 05+ 1.1 24 +1 £ 5 22404405
Multijet 8T+ 3+ 87 A1+ 05+ 21 014014 01 <01
L7 4+ T+ W 1724+ 18+ 28 140415+ 38 1L7+05+£05
Wz 220+ 6+ 56 M £2 £6 06103+ 0.3 <01
Total background 21369 +110+£332 919 +£20 +62 165 +2 +27 11.6+06+18
Data 21032 851 145 i
Signal

my = 200 GeV 6+ 1+ 12 14£04% 11
my = 300 GeV 140+ 051 2.9 12£0.1£03
my = 400 GeV 2.1+ 05% 38 2102206
my = 500 GeV 1156+ 02+ 21 13£0.1£04
my = 600 GeV 54+ 01% 1.0 0.5£0.0£02
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Event yields for H->zZZ->llvv (2.05fb™t)

O,

Source

low my search

high my search

Z + jets
W + jets
top
Multijet
7
Wz
Ww
Total BG
Data
my [GeV]

40.5£4.1£3.1
17417
40=1=x12
1.20.7x£0.6
35.1£0.7£4.1
324+1.0£38
25.4£0.7£3.1
192+ 6135
175

99L£2.1£3.6

6.1 =1.7+6.1

209=1.0L£06.2
04=+04x0.2

2960.63.5
232+£08L2.7
94+04x1.1
100£3=17

89

Signal expectation

s/b

200
300
400
500
600

99+02+1.8

Lydia Iconomidou-Fayard HCP 2011

1990335
1960334
8.8x0.1+1.5
3.60.0£0.6

8%
24%
57%
60%
60%
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Experimental systematics in H>WW*->Ivlv

Table 2: Experimental sources of systematic uncertainty per object or event.

Source of Uncertainty

Treatment in the analysis

Jet Energy Resolution (JER)
Jet Energy Scale (JES)

Electron Selection Efficiency

Electron Energy Scale
Electron Energy Resolution
Muon Selection Efficiency
Muon Momentum Scale
Muon Momentum Resolution
b-tagging Efficiency
b-tagging Mis-tag Rate
Missing Transverse Energy

Luminosity

~ 14%, see Ref. [69]

Takes into account close-by jets effect, jet flavor composition uncertainty
and event pile-up uncertainty in addition to global JES uncertainty
Global JES < 10% for py > 15 GeV and || < 4.5, see Ref. [70]

Pile-up uncertainty 2-3% for || < 2.1 and 3-7% for 2.1 < || < 4.5
These are summed in quadrature before application.

Separate systematics for electron identification,

reconstruction and isolation, added in quadrature

Total uncertainty of 2-5% depending on 57 and E7

Uncertainty smaller than 1%, depending on 7 and Er

Energy varied within its uncertainty, 0.6% of the energy at most

0.3-1% as a function of 5 and pr

n dependent scale offset in p, up to ~ 0.13%

pr and 1 dependent resolution smearing functions, < 5%

pr dependent scale factor uncertainties, 5.6-15%, see Ref. [68]

up to 21% as a function of pr, see Ref. [68]

13.2% uncertainty on topological cluster energy

Electron and muon pt changes from smearing propagated to MET
Effect of out-of-time pileup: MET smeared by 5 GeV in 1/3 of MC events
3.7% [25]

Lydia Iconomidou-Fayard HCP 2011
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Number of events of H+0 jet>WW*->lvlv (1.7fb1)

Signal WW  W+jets  Z/y +els it tWitbjigh  WZ/ZZ/Wy  Total Bkg. | Observed

Jet Veto 82+17 430+40 70+40 160+150 37+13 2847 [1+3  740+160 | 738
|P¥|:»30Ge‘s’ 1917 390+40 60+30  28+11 35112 2547 10+3 540+ 80 514
mgr < 0 GeV 6+12  98+13 1727 1247 6£3  48:15 12+04 13920 175
Adyr < 1.3 48+11  T6£10 9z4 §+6 5£2  48z15 1103 105:16 131
0.75my <mr<my | 347  43:6 5z 2:+4  22:14 12:08 07203 3319 10
ee 5212 62:09 09:04 08:14 0303 0£03 007005 82z17 9

el 1T+4 2243 28413 0«13 L1105 08+06 031+019 27+4 32
p 11+2  14£2 1006 1£3 0811 04204 031£009  18+) 29
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Event yields for H->zz*->4l (2.1fb™!)

o eefifl eeee
Low mass  High mass  Low mass  High mass  Low mass  High mass
Integrated Luminosity 2.98 fh! 1.06 fh~! 1.08 fb~!
ZZ* 1.02£0.15 7712 0.00£0.16 0.6+1.4 039000  3.6£05
Z, Zbb, tt 0.06£0.01 001001 029£011  0.15£0.06  023£0.00  0.12£0.05
Total Background 1LO8£0.15 T.7£12 1.2840.19 0.8+1.4 0.62+0.13 3.7£0.5
Data 1 11 1 8 1 5
my = 130 GeV (.42 £ 0.07 0.40 £ 0.06 0.14 £ 0.03
my = 150 GeV (.98 £ 0.15 097 £ 0.15 (.34 £ 0.06
my = 200 GeV 226 £ 033 2.64 £ 0.38 0.08 £ 0.14
my = 240 GeV 1.74 £ 0.25 224 £0.32 (.88 £ 0.13
my = 300 GeV LI18 £ 0.17 1.64 £0.23 0.64 £ 0.00
my = 400 GeV 0.86 £ 0.13 1.23 £ 0.18 0.52 + 0.08
my = 600 GeV 0.15 £ 0.02 0.23 £ 0.04 0.10 £ 0.02
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HOWW*SIvj j

Hevj) 4 o)+ Hejj+] Hpwjth) H+Gol Em; e ity
W24t U153 R (11 (11 I 3 i 22 Sons, m 000V (27 -
Wl m ome s wn mw ] e
p S VD 1 Y S 1 1 R Y | TTmepd !
Dibsons Wimo W48 640 WEA] N0LW T T < W
Expected Background DO+ W0+ WOLM KW z68) 42600 £ 100 o + o NeTTe 1
lia T ; J Lot
Epected Snal (my =0 GeV)| W36 12l B2 ULdf) Bzl Auof} HeO], Fo Wi v
2 m, . [GeV]

TABLE IL: Expected and observed mumbers of events for an integrated luminosity of 1.04 o™ after all selection cuts (except
for the requirement that m(fv) = m(W) has a real solution) for the signal and the mam backgrounds. For the W /Z+)ets
and MJ backgrounds, the uncertainties are taken from the fit to the £, distnbution used to normalize these backgrounds.
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