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Overview: Comparison of Sensitivities
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At my ~ 125 GeV: vy ~ WW — Ivly and 77 ~ bb ~ 2Z — 41
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Events /5 GeV

Data/ MC

H— Z2Z — llvy

£ : : : \ \

107 £ ATLAS Preliminany s =7 Tev Da‘aJ' Lat=231"
E HoZZ v —— Total Background

10° . Low pile-up data s TOP

15, e zZWzWwW

z

Other Backgrounds
Signal (mH =200 GeV)
—— Signal (m; = 400 GeV)

d e e
12— =
Oém hd -
50 100 150 200 250 300
ET™ [GeV]

Low pile-up data
Select Z — Il events

Events /5 GeV

Data / MC

ATLAS F'rehminar)‘/\lg S7TeV . D;ta Ldt= ‘2_4 !
H—ZZ - Iivv
igh pile-up data

Total Background
- Toj

P
------ ZZWZWW
------ z
Other Backgrounds
Signal (rnM =200 Ge'
—— Signal (m; = 400 Ge

0.8 . ) ] . . —
0 50 100 150 200 250 300
ET [GeV]

Higher pile-up data

Look at missing energy (really momentum) Eiss
Low my (200 < my < 280 GeV): Main background Z+jets

with fake Emiss

High my (my > 280 GeV): Backgrounds ZZ, WZ, WW, tt
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H— Z2Z — llvy

After cut on Eliss

> 507 ATa5 pramnay 7TV T T
S L HsZZ > lvw 4]
o L . o Data] Ldt=23fb"
2 40F Low pile-up data Tota|'[B c -
) L Top ]
b r 41T 7Z,WZ,WW ]
o 30 s ZW ]
] L B Signal (mH =400 GeV) {
200 | .
1o | . ]

O : S I EET IR B Lo T _+_\ L :

200 300 400 500 600 700

m; [GeV]

Low pile-up data

Use a transverse mass variable

Events / 50 GeV
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[ "aTLAS Prefiminary Js'= 7 Tev
H—>ZZ > lvw
High pile-up data

° Data_[ Ldt
Total BG

e ZW
I Signal (mN =400 GeV,

=24f"

500 600

700
my [GeV]

Higher pile-up data

2
= [\ < B4 + | Ep] 1B+ Ep
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H— Z2Z — llvy

Most shapes from simulation
o Z2Z, WZ , WW, tt

Systematics: scale, PDF, § 4o ATLASPlciminary T Gbsenved
parton shower modeling, § 4| e
missing gg — ZZ % 35? [Lat=a7i" 5=7TeV [, 5 E
Control Regions: 3-lepton ; :
(WZ2), my and b-tag (tt) ¢

o Z+jets
Systematics: Jet energy scale ‘ E
g”d treSIOF'{Ut'Q” | S0 550500350400 450" 560580600

ontrol Region: low m,, [GeV]

Agﬁ(E—}niSS,ﬁpJet) o

o Wi+jets Expected Limit:
Modeling: scaled data (ee), 260 < my < 490 GeV
MC (pp1) Observed Limit:

Control Region: like-sign ee,eu 320 < my < 560 GeV
Systematics: 100% from
like-sign agreement
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Entries / 5 GeV

ZZ — llgq

8000F ATLAS Prefiminary '~ " o 120 ATLAS Prelimitary = e

7000; Ldt=4.7116",\5 =7 TeV E— sa 3 g :, Ldt=4.716",N5 =7 TeV ] 8 E
E —— Signal x100 — 100, —— Signal x10 |

6000 oo (m =300 GeV)— ~ n (m,=300 GeV)
£ ¥ ; Other BG 2 80 Other BG

5000F s E = g

4000 = W o 4

000 ; - ;

2000 4 F ]

10005 ] = 200 ‘ ‘ +
E vl T e =) L I T, - I a
G0 50 100 150 200 250 G0 50 100 150 200 250

m; [GeV] m; [GeV]
Untagged At least one b-tag
e Select Z — Il events

Select a second Z — jj
Sample divided into b-tag and untagged sample
“other bkg™: tt, ZZ, WZ
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Entries / 20 GeV

Entries / 50 GeV

ZZ — /qu

2408 ATLAS Prélimimary L
220;’ Ldt=4.71f6",Ns = 7 TeV [ Signalx5 E!
200 (m, =400 GeV)
180 — Total BG -
160 — Z+jets E
E — Top E
1 ;g E —— Diboson 3
100 E
80 E
60; 3
40- 3
20 E

G: | L L -

200 300 400 500 600 700 800

my;  [GeV]

Untagged: < 1b-tag

ATLAS Preliminary "' ‘ ]
. e data -
Ldt=4.71f6',Ns =7 TeV [ Signal |
(m =400 GeV)
== Total BG

—— Z+jets

— Top
—— Diboson

¥

O o N W A OO N

200 300 400 500 600 700 800
my;  [GeV]
Two b-tags

< 10 ATLAS Prellmlnary —— Observed -
FUsT7 M e Expected b
c L H->ZZ-llqq i
S [ +t1c ]
£ gL JLat=471" (s=7TeV 126 ]
3 r ]
(&} L i
L 6 .
3 r ]
[} L -
ar .
2f .

) N S RS B R
200 300 400 500 600

my [GeV]
High mass region has additional
pr® > 45 GeV, A¢y < 7/2, and
Ag¢j < m/2 requirements

Expected Limit:
360 < my < 400 GeV

Observed Limit:
300 < my < 310, 360 < my < 400 GeV

7/30



WW — Ivqq

o - > T T T T T T
E 1 [La-azwr AfLAf Preliminary 8 103?[Ldt=4.7 o ATLAS Preliminary3
EVs=7TeV o Daa F 3
5 ;Hi 1, :H evaq T et oas Q F Is=7TeV —e— Datain m Sidebands
3 L hy [ H+0j,H>evaq ——— Background fit
g 1oE foany § 1P x?/dof = 40.3/35 (24.8%) _|
E 4 kS E 3
[ ] F
105 7 :
i?'l 10F
1 H
;200 300 400 500 600 700 800 200 1000 14
: i
5 PP NP IO OO WAL MO 1 (1 1 A AT A
§ . Wﬂ‘ et #@Hﬁ Hﬂl“lﬂﬂ 200 300 400 500 600 700 800 900 1000
200 300 400 500 600 700 800 900
My [GEV my; [GeV]
MC simulation Analytic fit used in limit setting

Select W — Iv: lepton + EMss

Select a second W — jj

Use W mass constraint on /v to reconstruct m,;
Use analytic shape to fit background
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95% C.L. limit on 6/c(SM

S O T T I T VY S ENV ANV SOV N WO W |
10300 350 400 450 500 550 _ 600

WW — Ilvqq

g g
£ - Expected 3
[ E 1o ]
F [ J+2c q
i —° Observed

E Vs=7TeV o
5§ f Ldt=4.7 fo" ]
[ H+0/1j, Ho> WWos Iy jj ATLAS Preliminary

my, [GeV]

0 & 1-jet

H+2j, Ho> WW—s Iy jj

o,
)
T

95% C.L. limit on 6/c(SM)
=

Lo

Fovee Expected
1E [+ 1o \5=7TeV
F [+2c J-Ldt=4.7fb" ]
- — Observed ATLAS Preliminary |
AL L b e b e b b L
10300 350 400 450 500 550 _ 600
m, [GeV]

2-jet with Veector Boson Fusion
tagging
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Higgs to ZZ*) — 4]

Production:
e gg — H dominant + order 10% VBF

¢ No selection for or against VBF
Z Decays:
e Z — I~ twice ... very rare

Backgrounds

q z . a 4 =
“Irreducible”: “Reducible™
qq — ZZ% or gg — ZZ™) 99 — qq, qg — bb
Challenges: e Very low rate — need high efficiency

e Low my — low pr leptons o3



Higgs to ZZ*) — 4]

Lepton Reconstruction and Identification

Need to separate Z+jets from ZZ(*)
Z+jets with Z — Il is ~ 30000 times larger than ZZ*) — 4]
Lepton Selection:
e pr > 7 GeV with at least two with pr > 20 GeV (trigger)

Electrons: |n| < 2.47, region with good tracking

Muons: |n| < 2.7, includes region with stand-alone muons and no
tracking coverage

Isolation: to suppress Z+jets and tt
e ) prtracksin a cone of AR < 0.2 less than 15% of lepton pr

e > Et calorimeter cells in a cone of AR < 0.2 less than 30% of

lepton pr

e Corrected for pile-up and all the contributions from signal leptons

11/30



Higgs to ZZ%) — 4/

> Y > [ e
S o ATLAS Sao- s ATLAS | ]
3350 Wl Z+jets. = 2 | Bz
?@ E % Syst.Unc. 9 gzsl’//%Syst.Unc. |
S 30F E e T .
G,.f HozZ"s4 E a_r HozZ'-4
B [Ldt=4810" E 200 [Ldt=4810" E
20; \s=7TeV 3 150 \s=7TeV 3
150 E g
£ 10 3
1o E g
5t = o B
ot : o :
70 80 90 100 110 20 4 60 8 100 120
my, [GeV] my, [GeV]
my2 = Dilepton pair closest to Z ms4 =Other dilepton pair
Dilepton Mass Requirements: Fake leptons
e My — mz| <15 GeV important at low
e For my > 180: |ms3q — mz| < 15 GeV Mas = low my

e For my < 180: Mpmin < may < 115 GeV where

my (GeV) 120 130 140 150 160 165 180 190 > 200
Mpmin (GeV) 15 20 25 30 30 35 40 50 60
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Higgs to ZZ™) — 4]

> e > F S
©40F * DATA B © [ * DATA ]
O w0 ATLAS 4 S30- 2" ATLAS E
Q350 Ml zsjets i E = [ Elzdest 1
%30; W Syst.Unc. p é g 25 W Syst.Unc. ,:
S.F HozzO-al 1 i 20 HozZ" a1 B
2 [Lat=481" E [Ldt = 4.8 10" ]
200 Vs=7TeV E 15 \s=7TeV E
150 2 E ]
E E 10 3
10 = ]
o l, E 5 E
C ; | 0 |
70 80 90 100 110 20 40 60 80 100 120
m;; [GeV] My, [GeV]
my = Dilepton pair closest to Z ms4 =Other dilepton pair
Composition of 4-lepton sample:
prp et ptp—ete” ete"ete”
Low-my, High-my, Low-my; High-my, Low-my; High-my,
2z 21+03 16.3 + 2.4 28+ 0.6 252 +38 12+03 104415
Zjets + 0164006 0024001 14405 017+£008 1.6+07 0184008
Total Bkg 22403 163+24  431+08 254438  28+08 106+ 1.5
Data 3 21 3 27 2 15
My = 130 GeV  1.00 £ 0.17 T22 £ 021 0.43 £ 0.08
my = 200 GeV 49407 77 £1.0 31404
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Higgs to ZZ*) — 4/: Modeling backgrounds

Continuum ZZ®): PYTHIA normalized to MCFM QCD NLO
cross-section + gg — ZZ®)
tt: MC@NLO, cross-checked in data with ey events
Z + pu: dominated by Z + bb:

e Data-driven model from events with no isolation or impact
parameter cuts on the second two leptons

Z + pp Gontrol
Region

A RRREREE
ATLAS
Z-ptple'e +up
JLdt = 4.8 fo”
\s=7TeV

7

80 85 90 95

AR RAARE AR
* DATA
zz

mmZ+light jets
V4
= Zbb

Z
7 Syst.Unc.

100 105 110
m;, [GeV]

Events/10 GeV

[T e
501 ATLAS mo A
L b M Z+light jets q

[ Zop'uwle'e +up M 7bb ]
40 [Ldt=48fb" =i, b
\s=7TeV 7 SystUnc. ]

30F .
20 —
10 .

0 b
20 30 40 50 60 70 80 90 100110
my, [GeV]
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Higgs to ZZ*) — 4/: Modeling backgrounds

Continuum ZZ®): PYTHIA normalized to MCFM QCD NLO
cross-section + gg — ZZ®)
tt: MC@NLO, cross-checked in data with ey events
Z + p: dominated by Z + bb:
e Data-driven model from events with no isolation or impact
parameter cuts on the second two leptons
Z + ee: dominated by Z+light jets:
e MC (ALPGEN) normalized to a control region no isolation
or impact parameter cuts on the second two leptons

> 50 AR AT AL > 50 pree T
Bas ATLAS mzz Bas ATLAS mz7

Lol W Z+light jets e} B Z+light jets
Q40F Zop'ule’e +ee M zhb Q40E  Zopule'e +ee M zhh

2 Ldt= 481b' = £ JLdt = 48fb‘ =

=35 | wz £35

[ \s=7TeV %  Syst.Unc. Q \s=7TeV % w Syst.Unc.
w3 w30

Z + ee Control 2
Region

%5 80 85 90 95 100 105 110
M2 [G4¥l/ 30

Q
75 80 85 90 95 100 105 110
my, [GeV]



Higgs to ZZ™) — 4]

4/ invariant mass to differentiate continuum ZZ®*) from H — ZzZ(*)

Need good and well modeled mass resolution

>0, 08F T T
3 L ATLAS Simulation > [T T T
00.07F g 0.1 ATLAS Simulation ; ]
< £ 4 L
~ E =130 GeV e r
2006 _* gaus;iaa% "t > o m,=130GeV ]
% F 'EO 08— Gaussian fit |
30'05; Ho22" 540 5 [ N ]
I £ > [ Hez2"sa
So.04F §0.061 ]
e F B
© [ c=253+0.06 GeV e} r
0-035 fraction outside * 26: 18% ] m0_04; :’:1-9310-23 GZV o B
002} { | fraction outside + 2c: /o ]
0.01- #f 0.02- 7
0: ] [
80 90 100 110 120 130 140 150 il | N

ok
80 90 100 110 120 130 140 150
My [GeV]

meeee [GeV]

4 electron resolution

Use “Guassian Sum Filter”
account for radiation

4 muon resolution
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Higgs to ZZ*) — 4]

Efficiency and Resolution Modeling Validation

> 1600 Wm‘HH_‘\‘F‘_kuu_mw_‘L e O

[ ATLAS Data 2010, \s=7 TeV, [Ldt=40 pb’ E g F )

O 1400 ata s=rie I P - § E ATLAS Preliminary _[L dt=4.71"
% 1200 Csea=18820.08 GeV m<247 7 g 100 e e T
o [ oy =1.60£0.02 GeV —eData 5 oob a ?A L E
1000 - ] g % % Dp A :
800 [CJz—eemc gk |
E ] 3 E
600E- E PR 4
400 = g Inl < 2.47 q
E 1 3 go- e Dataz-ee O MC Z-> ee |
200F 3 [ mDataJy—ee O MC Jiy— ee ]
E 7 0 F, A DaaWsev A MC W ey ) ) 3
% 75 80 85 80 95 100 105 110 5 10 15 20 25 30 35 40 45 50
m,, [GeV] E; [GeV]

Electron Resolution in Z peak Electron Efficiency

Efficiencies important for modeling expected signal and
background yields

Difficult to get a clean sample of prompt leptons as low in pr as
the expected signal
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Events/10 GeV

Higgs to ZZ*) — 4]

4/ invariant mass to differentiate ZZ(*) from H — zz(*)

—
ATLAS
DATA
- Background
mm Signal (m =190 GeV)
mm Signal (m =360 GeV)
mm Signal (m =520 GeV)
my Syst. Unc!
H-zz" -4l
[Ldt =481t
\s=7TeV

200 400

600
m,, [GeV]

Full Mass Range

-
o

Events/5 GeV

£ [e2] o]

n

i EATA

acl
— Slgnaﬁ (m, - 125 GeV)
== Signal (m =150 GeV)
mm Signal (m"'=190 GeV)
m Syst.Unc.

H—-2zZ" 4l

[Ldt = 4.8 b
\s=7TeV

150 200

Low my Zoom

— T
ATLAS

250
m, [GeV]
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Higgs to ZZ™)

31025‘ I R B
s ATLAS

s Ho 22" 41

z [Ldt = 4.8 o

= 10 \s=7 TeV

(@]

32

Yol

(o2}

R T
— Observed CL; ]
- Expected CLg
H+1o 1

[+206 -

v b ey
110 200 300

500 600
my, [GeV]

400

Full Mass Range
Local significance

Mass Local Significance
125 GeV 21 0
244 GeV 220
500 GeV 210

95% CL limit on o/cg,,

102 g
ATLAS — Observed CL; 1
H— zZ"—>4l - Expected CL; |
[Ldt=48f" Mo
\s=7 TeV [+20c
10F

110 120 130 140 150 160 170 180
my, [GeV]

Low Mass Zoom

No globally
significant excess
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Higgs to WW%™) — [uly

Production:
99 - H+ WH/ZH
+ VBF

gg—- H - WW - ['Tw

Ll

Decay:

102 gg"H"yy
H— WW

Cross-section x BR [pb]

T
RIS W |

W Decays:
W — I~ twice

10°

T
Lol

99— H - ZZ - I'TI'T

110 120 130 140 150 160 170 180 190 200

Higgs Mass [GeV]
But...neutrinos mean we can’t measure a mass peak
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Higgs to WW®™) — [uly

o P
210° = ATLAS Preliminary
ket F 35pb?
o [ -1
g T . IL dt=0.035:47 1
4 35ph?
10 \s=7TeV
- Theory
103 = ® Datai2010
E o Data:2011
: o
107 10 z
= -3
- 0.7 fo*
- 4.71b? 3
| "
10 S 1.0fb s
- 4.7 ot
r [ ]
X,
w z q t ww wz 7z
H— WW at

All of these are backgrounds! + W~y + Wy*  my =125 GeV
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Higgs to WW®™) — [uly

=) z
210° = ATLAS Preliminary
K| F 35pb?
e [ " ILdt:0.035 47 o
35pb™*
10 \5=7TeV
E Theory
108 = Data2010
B o Data2011
10 100! Z
F k-1
: 0.7 fb* L
| 4.7 fb z
10 = 1.0 bt s
7 — e
\\
w z & t ww wz 7z
:_epl)to'n IdentlflcatlorJV ar)d H —s WW at
solation suppress +jets my =125 GeV
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R RABARRRAEEEES
L —~+- Data % SM (sys @ stat)
ATLAS Preliminary g v @ wzzzw,
V5=7TeV,[Ldt=47f'0d O SingleTop
B Z+jets[] W+jets
[ H[125GeV]

Higgs to WW®™) — [uly

HAWW("auvuv

Events / 4 GeV

ElOs =
E E 35pp?
o [ R
s 35 pb
10 - —
10° ; -1 il
g 10020 40 60 80 100120140160180200
B Emiss GeV
102 ? Lot i Trel [ e ]
F 0.7 fot =
C 4.71b* B
10 = 1.0t =
E / 4717
C / _\
w z ﬁ t ww wz 7z
. : miss
Z — Il removed by Missing Energy E} H — WW at
and |my — mz| > 15 GeV veto my = 125 GeV
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Higgs to WW®) — |1

0-jet and 1-jet for gg — H
Most of the sensitivity is 0-j

77—
e —+- Data %% SM(sys@stat) —
ATLAS Preliminary B EE Wz
6-7TeV,[Lat-47f" i  ESngeTop
“ I Z+jets [ Weets
H->WW 'Siviv [J H[125 GeV] x 10

210° S 2-jet for E
8 - 35pb ]
£ F - VBF-only ]
104 _ 35 pb *:
103;f :
- . Ness
10° E 1.0t i
= 07 4.7nfb'1
- : : g
10 1.0 b "
E / \ 4.7 fot
w z L% T T ww Y wz |z
tt and single top controlled by H — WW at
using jet bins my = 125 GeV
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Higgs to WW — Iviv

Do analysis in 0, 1, and 2 jet bins

e Common pre-selection: Selects WW
e Two e or i leptons: one pr > 25 GeV, one pr > 15 GeV
e my; > 12 GeV (10 for eu) suppress resonances
e |my — mz| > 15 GeV for ee and . suppress Z+jets
o EP% > 45 GeV (25 GeV for ey) suppress Z/~*+jets
miss _ { Ep™ if Ap > 7/2
Tel = E%‘iss -sinA¢ if Ap <7/2°

¢ Jet bin specific cuts: see following slides ¢

¢ “Topological” selectionm, differentiates
H — WW from WW: (cuts given for low my)

e my <50 GeV

e Apy< 18 ¢
e Fit my distribution (definition later...)
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Higgs to WW — Iviv

0-jet: Dominates sensitivity, main background continuum WW

e pry > 45 GeV (30 GeV for eu) suppress Z/v*+jets

800
700

.
ATLAS Preliminary g oee 2 o0omn
e=7TeV,[Lat=47p" I [ sngeTop

600 Howw ' iviv + 0 jets B e % :V[:i:l:(}e\/]
500
400
300
200
100

stat)

Events / 10 GeV

oo oo o b b b 4

0 20 40 60 80 100 120 140 160 180 200

P [GeV]
Pt

Events / 10 GeV

800
700
600
500
400
300
200
100

I R T T T B A A

imi 4 Data %% SM (sys @ stat)

ATLAS Preliminary g W @ wzzzw

s=7TeV,[Ldt=47f" ¢ [ sndetop
“ K I Z+jets [ Wets

H->WW' 'Siviv + 0 jets ] H[125GeV]

%
%
Z
Z.,

50 100 150 200 250
m, [GeV]

my (o pr y cut)
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Higgs to WW — Iviv

0-jet: Dominates sensitivity, main background continuum WW
e pry > 45 GeV (30 GeV for eu) suppress Z/v*+jets

S GO0 Il e - e e
@ imi + Data %% SM(sys@stay 2 FATLA e Data % SM(sys@stay ]
g 700 ATLAS Preliminary g W @ woozwr 3 g 120F S o D E
- Vs =7Te'V,JLdt=4.7fb" Eg‘je(s %jﬂ;‘fjp E = [Vs=7TeV, | Ldt=205b" Wl Zvets {7iH[150GeV] ]
£ 600 Howw iy + 0 jets Dnscey 2 1005, Wi + 0 ets 3 Weiets (data driven) B
9 3 [ L . ]
@ E & 8oF Warning old plot, ]
3 r Higgs mass different 1

20 40 60 80 100 120 140 160 180 200 200
prlGev] my[GeV]

pT.1I my (W/ pr i cut)
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Higgs to WW — Iviv

0-jet: Dominates sensitivity, main background continuum WW
o pry > 45 GeV (30 GeV for en) suppress Z/~*+jets

T T T T T T
imi - Data %% SM (sys @ stat)
ATLAS Preliminary o &' wzzow,
s=7TeV,[Lot=47tb" It [ SngeTop
© . Il Z+jets [ Weijets
HoWWSiviv + 0 jets ] H 125 Gev]

e

+ Data %% SM (sys @ stat)
ATLAS PreIlmmary vy B ooy
(s= 7TeVJ-Ld1 471" i [ SingeTop

: [ Zsiets [ Wriets
Howw' L)Ivlv +0 jets [J H[125 GeV]

120[F

100

D
o
=1

80

Events / 10 GeV

60

Events / 0.130833 rad
~
o
o

S O
o o
S o
T[T TTT [ IO [T T T ITT T

300 40
200

2
100 0

omr

. 60 80 100 120 140 160 180
49, [rad]

A¢y (no pr cut)) My

my = /(Ef' + Ef™)2 — (p + PP™)?
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Higgs to WW — Iviv

0-jet: Dominates sensitivity, main background continuum WW
o pry > 45 GeV (30 GeV for eu) suppress Z/v*+jets

) C T T T T 72 PR T B N R A RS R A
p s Dat %4 SM (sys @ stat) 4 [} N P 4 ]
S 120 ATLAS I Dioson [ Top e - & | ATLAS Preliminary mo o]
g *\F 7TeV, [ Ldt=2.05f" W Z+jets i1 H[150GeV] ~ 100 |{§=7Tev.de1=4.7fb" Etz‘| %a‘;‘u‘lﬂop -
i 2 ~ E o +jets +jets -
L% 100:H~)WW~>|V|V +0jets [ Wsiets (data drven)/ » % F HoWW Sivy + 0jets Oiniseen
r . & L 1
so-Warning old plot, g 5 ]
soF Higgs mass different 601 3
E 401 =
201~ ]

60 80 100 120 140 160 180 200
A9, [rad] my [GeV]

Ay (W/ pr cut) My

mr = /(E' + EP™)? — (pf + pE™)?
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Higgs to WW — Ivlv

1-jet: Main backgrounds continuum WW and tt
e b-jet veto, suppresses top
o P < 30 GeV where p' = p! + p% + pl. + pis,
suppresses top
e Z — 771 veto using partial mass reconstruction

T 3
+ Da(a # SM sys&)stat) |

80 T T

K >
IS4

= + Data é% SM 1sys®s(al) [0}

S 70 ATLAS Prellmlnary Eww o B wzzzwy S 350 ATLAS Prellmlnary &= ey

= =77V [Lat=47i!  Clu O St 2 F Vs=7TeV,[Lat=471" B B seors

2 “ B Zefets [ Wejets ~  30C o ) B Zeiets [ Waiets E
= 6 HoWW 'Siviv + 1 jet ] H[125Gev] % E HoWW' 'Siviv + 1 jet OHiseen  J
o S E

g ° &

c

o

>

i

=]
HH‘HH‘HH‘HH‘HH‘HHL

60 80100 120 140 160 180 200 220 240
4¢, Irad] my [GeV]

A¢y (no my cut) my (all cuts)

22/30



2-jet: Vector Boson Fusion specific selection

Events / 0.130833 rad

Higgs to WW — Iviv

e Central Jet Veto

e Nojets pr >25 GeV and | < 3.2
e Two widely separated jets on opposite

sides of the detector

e 1y x 12 <0, An; >3.2, m; >500 GeV
e Same b-jet veto and Z — 77 veto as 1-jet

e
5 Lo
ATLAS Preliminary
5=7TeV,[Ldt=471"
HoWW ' Siviy + > 2 jets

N w S
[TT T T [ T T T[T T T T [TTTT ]

O
ofl5e |
(5] N

T
4 Data %% SM (sys @ stat)
B ww I wzzzwy
O [ Single Top

[ Z+jets [ Weiets
[ H[125Gev]

Events / 10 GeV

o
T

[ =77V, [Ldt=47m0"
E Howw " Siviv +> 2 jets

N B L I
' ATLAS Preliminary

4 Data %% SM(sys@stat) ]

B ww I wzzzwy

O [ single Top
B Z+jets [ Wjets
[J H[125 GeV]

50 100 TS0 B350 500 5E0 450450

mr (no my cut)

my [GeV]
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Higgs to WW — Iviv
Signals and Backgrounds for a 125 GeV Higgs with my cuts

0-jet 1-jet 2-jet
ww 110+12 18+3 0.3+0.2
Wz/zZ®) W~ 1243 6+3  negl
tt 742 7+2 0.24+0.1
tW/tb/tqb 5+2 4+2  negl.
Z/v* + jets 13+8 6+1 0.0+0.1
W + jets 27+16 5+£3 negl.
Total Bkg. 173+22 45+7 054+0.2
Signal (my=125 GeV) | 25+7 6+2 04+0.2
Obs. 174 56 0

Limits use fits to my distributions...

e Separate ee, eu, and uu

e 0-jet 5 bins in my, 1-jet 3 bins in my
e Only one 2-jet bin with my cut
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Higgs to WW — Iviv

Control Regions for WW, tt

Example for low mass search

WW:

|my| > 106(ee, 1), 80(eu) GeV
e Separate 0-jet and 1-jet bins
e Use directly in yield fit
e Large cancellation in jet
modeling (theoretical and

detector)
Plots don'’t have the pr

Events / 10 GeV

Events / 10 GeV

B L o e
E i 4 Datla %% SM(sys@sta)
700E- ATLAS Preliminary g oW mweorws ]
E\s=7TeV,[Lat=47b" Ou  Esmerop
E " Z+jets Wiets
600E Howw 'Siviv + 0 jets e %H[I‘Z;Gev]
500 7 E
E El
400F
300F
2007
1005
50 100 150 200 250
O-jet m [GeV]
140
ATLAS Preliminary & w2 0 omles
G=7TeV, [Lat=47f" O EsndeTop
© X B Z+iets [T Weiets 1]
100 H>WW 'Siviv + 1 jet [ HI125GeV] —
Z 1

m [GeV]
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Higgs to WW — Iviv

Control Regions for WW, tt

Example for low mass search 0-jet top estimate:
WW: i T
" Ngata “
|my| > 106(ee, uu),80(epn) GeV N = ﬁ Niom mc
—jet,b—tag
e Separate 0-jet and 1-jet bins Nl b—tag

e Use directly in yield fit

L 1-jet top control region:
e Large cancellation in jet J P 9

3 1007 T e
modeling (theoretical and 2 I ﬁrﬁfjﬁf"f."f?f” = mey
~ 80 Zijets Wejets -
detector) é E HoWW ) Sivi + 1 jet = %Hmssev] ]
- 4 eo + ]
tt r + . ]
40 P i) E
e 0-jet: jet loss probability from o A
b-jet + no other jets
. . . 50 - 100 150 200 250 300 350 400 450
e 1-jet: invert b-jet veto iy [GeV]
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Higgs to WW — Iviv

Control Regions for Z, W+jets
Z/~y™):
e Use Z-peak as control

e Propagate to signal region
using observed my
distribution at moderate

miss
T,rel

W+jets

e Use a sample of W+jets
from data

e Scale by rate of jet to
lepton from multi-jet QCD

ee,1 Jet

TLAS Prefjminary
o NE=7TeV
J.'th =471 "

' o

Data Events
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Higgs to WW — Iviv

Limits

10 e ey R —
&'~ E ATLAS Preliminary | HoWWiviv | 3 O T A8 Praiminary | FoWWoky
2 E 3 F 1
c - — Observed J- _ - 4 F — Observed -1 R
2 r ---- Expected Ldt=4.7fo 1 F ---- Expected Ldt=4.71o B
£ Eilo _ Eiio .
E m+io V5=7TeV = f5=7Tev
—
(@]
2
n
o

95% C.L. Limit on o/cg,,
>

e N E e 3
1075 | | | | | 10‘7”‘\””\””\MHH\HH\HHHHmmmi
100 200 300 400 500 m ?ggV] 110 115 120 125 130 135 140 145 1[595 Vi
Full Mass Range Low Mass Zoom"
%) 120,\ T T \ " T T T ,\ T B
& [ ATLAS Preliminary o= Ziomrs® ]
. . . 2 100~ E=7T(i?l,J.Ldt=4.7fb‘ Egﬂm E@jﬁz‘zmv 3
Most sensitivity from 0-jet bin = B ok Dnzseen ]
" ;
Important systematics: ao &
W+jets, Z/7™)+jets 200 ]
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Summary |

Comparison of Sensitivities

This plots summarized all ATLAS Higgs Searches

N
i TI‘E’/ Osm

N
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L limit
o

...... H— WW — lvqq Exp. (4.7 fb™)
------ H-s ZZ— Illl Exp. (4.8 fb™)
............ H- ZZ llqq Exp. (4.7 fb")
H- ZZ- Iivv Exp.(4.7 fb)
...... Combination Exp. (4.6-4.9 fb™)

I L dt ~ 4.6-4.9 f6", {s=7 TeV

H—yy Exp. (4.9 fb™)
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H— WW— Iviv Exp. (4.7 fb")

1111l

1

2
3

'
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-
o ]
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Many different possible channels
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Summary |

Comparison of Sensitivities

This plots summarized all ATLAS Higgs Searches

=
%) = Exp. Obs. Exp. Obs.
L oy e Hory (49 1b7) .- Ho> WW - vgq (47 fb)
(*) (o) I TR Hott (4.7 b7) --—- H- ZZ— 1l (4.8 fb™)
Z Z = [ b e Hobb (4.6-471b" e Ho 2Z- llqq (4.7 b
r—SA— R —bbnﬁ WWS v (4.7 o) Ho 225 livy (4.7 fb™) *
—
4/ = L dt ~ 4.6-4.9 6", (s=7 TeV
E 10 A J r
_

R

— ATLAS 2011 Preliminary CLslimits ]
100 200 300 400 500 600
m, [GeV]

10
WWwW — Iviv

Many different possible channels
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Summary |

Comparison of Sensitivities

o S I L L L B L L L
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Summary |

Comparison of Sensitivities

oo E T e 5 O ATLAS Prefiminary T HOWW i
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Summary I
Outlook

e At 8 TeV
e gg — H grows by ~ 30%
e qQq backgrounds grow by ~ 20%
e WW — Ivlv:
e Increasingly challenging with higher pile-up
¢ Requires detailed modeling of backgrounds, extensive use
of MC

o ZZ — 4l

¢ low background means expected significance will grow
faster than vy or WW
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