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H— WW Overview

Dominant decay
g for m >135GeV I

isH—->WW

2 opposite charge
high p_leptons

(electrons, muons)

e N

Missing E_

Dominant production mode

at the Tevatron is gluon fusion -

Consider all final states with 2 high p_ leptons and missing E:
Di-lepton + missing E_search

q H q H q
>?< >\‘/Z\/\<
W g Z q

q

Associated production
and Vector Boson Fusion

# add ~35% more signal

Y

Most sensitive Higgs search channel at the Tevatron
Both experiments are approaching SM sensitivity
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H — WW Channels

* Opposite charge dileptons in the final state:
% @ - Gluon Fusion: gg —» H - WW* — ['vl'v
D @ - Associated Production: VH — VWW* — ['VIv+X
o @ - Vector Boson Fusion: qqH — qqWW — ['vIv+X

@ . Low dilepton invariant mass search region
 Same charge dileptons in the final state:
o @® - VH_VWW L IFvIFv+X
e CDF: 4.8fb™
« DJ: 3.6 -5.4fb"
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Analysis Overview

Event signature:
- Two isolated high pT leptons with opposite charge

- Large missing E_ . mﬂ;gnﬂs Preliminary L:-:m
3 120 M, = 160 GeV/c® =:‘:*‘f
Backgrounds: £ .- Signal x 10 z
- Diboson (mainly WW) - oww
- Drell-Yan o ++ Dwa
_ Top, W+Jets, W-+y, Multijet cof- T
40—

Take advantage of spin correlations: | 4
- Di-lepton pairs from signal more aligned .,5... e -'.*;'E;_I
- Di-lepton pairs from SM backgrounds Poes T Ts R RS E A A A

more back-to-back
- Main discriminant against irreducible

background from non-resonant W pair

production
Signal and background cross sections are on— e
normalized with the highest order cross <

v

section available (NLO or better)
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CDF: Event Selection

To maximize sensitivity, event samples
are split by jet multiplicity:

— 0O-jet bin

— 1-jet bin

— >2-jet bin

To increase signal acceptance, events
with low dilepton invariant mass (M <16GeV)

are considered separately

~30 Higgs events -
o igs eve _ %-
final selection 1) !

R ————

Low M, 0.75+0.12
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CDF: Data Modeling

CDF Run Il Preliminary J L=4.81b" CDF Run Il Preliminary IL:-HHI:"
g - 0S 0 Jets Wijets :'; aof OS 1 Jets Wijsts
~ 1401 . = 160 GeV/c? Wy O Em, =160 GeVic? Wy
2 LI S 70 L
& 120 + wz T wz
LI:: E -Ei g 60 miz
100— Cww 2 -
n | —Hwwx 1o | I SOF
8o ++ T %Data .WE_
60— :,_I_r + -
B ] 30
Mf ww :
40— _‘ 20
— e C
20— — == 10
0 | 1 | 1 Tt é|_|_ u:
0 0.5 1 15 2 2.5 3 0 20 40 60 B0 140 160 180 200
A(ll) E(L) (GeV)
S CDF Aun Il Preliminary J L=4.81b" CDF Run Il PI'E'"I'I'I'I'IET}" IL=4£ P
3 [ OS 2+ Jets . -wﬂlﬂ*‘é 3 [ OSLow M(ll) Wejets
agk MH = 160 GeV/c -E‘-l' (L] 3sf M, = 160 GeV/e Wy
N F W7 - i
-~ F - F e wz
E 25 L& n 30 . iz
s s F H ] Dy
W 20 i 25:_ — HWW x 10
- m:_ - Data
15F- g
u 15
10— -
- 10
5 -
- SE
uu' S00 600 uu:'--2 "1:I:I'”1I2"'1I4”'E
Hy (GeV) E Significance (NGeV)
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Using a Neural Network to separate a
potential Higgs signal from background

Using additional Matrix Element input

for the O-jet Neural Network

Split 0-jet and 1-jet samples further into
loose & tight lepton ID (Low & High S/B)

CDF Run Il Preliminary [L-s8m"
L ==
8 “F0S 1 Jet, High S/B -
o e
© _ M, =160 Gevic? mi
30— Wz
2 [~ zz
= = oY
Lt O
- Cuaia

-
[+ ]

-
=]

: 8
|||||-|—|—|—+—1:|II LI L I|:I

-0.8 -0.6 -04 -0.2

0.2 04 05 OB 1
NN Output

Events / 0.05

Events /0.05

CDF: Multivariate Discriminant

CDF Run Il Preliminary jl.:-uz. !
Tr.l 0S 0 Jets, High S/B ';ﬂf

[ M, = 160 GeVic® i
60 :‘:

— CY

[ Ovivi
ok oan

8

- II|III|II

-t
o

|:|I_|I

NM Output

CDF Run Il Preliminary I L=4.81f"
r 0S5 2+ Jets w)
25~ . Wy
. M, =160 GeV/e W
Wz
Iz
20 Quw
— HW
I-I - Caba

-
L+ ]

-
-]

"'—1—LI|IIII|I|I||III|||I

—— 1

08 -0& 04 -0.2 0 02 04 06 08 1
NN Output
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Search for Higgs signal in sample
with same sign dileptons to further

Increase sensitivity both in the
intermediate (~130GeV) and
high (~160GeV) mass regions

VH — VWW where V (W or Z) and

Events / 6 GeV

one of the Ws from H decay leptonically:

VH - VW'W' S IF'vIFFv+X

Largely reduced SM background
due to like sign

Instrumental backgrounds:
Charge flips and fake leptons

Events / 0.05

CDF: VH-VW'W S Pvltv+X DO

CDF Run Il Preliminary jL:-LB "
251 55 1+ Jets Wejets
- M, = 160 GeV/c? Wy
- i
20 WZ
7
C DY
L COww
15 — HWW = 10
L - Data
10— +
i3 -.f#
Uhﬁm
o 20 40 60 80 100 120 140
Er (GeV)
CDF Run Il Preliminary IL:-ILB i’
18 - SS 1+ Jets .wJ
= Wy
[ M, = 160 GeV/c? =
16 Wz
ZZ
14 o
Oww
12 e HWWA
-#Daia
10
8
61—
o +
n: | | i-& S 8 e 72 £ i s WP
-1 -0.8 -06 -04 -0.2 0 0.2 0.4 0.6 o.e 1
NN Output
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DJ: Event Selection

To maximize sensitivity, event samples are split by lepton flavor:

— e|, ee, B sub-channels e Do, 547 3 |+ 0w
. % 104 Preliminary _% Dzﬂ_em
Preselection: ?w =
Two high p_, isolated, oppositely charged leptons ° " EL
. 10 = Multijet
Invariant mass > 15GeV d | —
10 = _Top
Final selection: 'E 8 | Wososon
A® between leptons < 2 e — Signal x 10
|\/||SS|ng ET > 20 GeV (25 for l_,lu) 0 20 40 60 80 100 120 140 1B(IM.1E[1([_lie\2{i)ﬂ
Scaled missing ET > 6 GeV (ee and ep only) 3 T e
Minimum transverse mass > 20 GeV o Preliminary oo
] jets
% lW+jets
|:|Multijet
: |:|Diboson
ee 7.21+0.01 424 +3.6 | |—sional (x10)

i H
L
T N T I T T T T T T T N T T [ B
0 200 40 60 80 100 120 140 160 130

200

M, and missing E_ after pre-selection
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DJ: Data Modelin

(After final selection)
% _I T |-'! |-| T | 17T | 17T | UL | 17T | T T | 17T | LI | | T ] E [T T T T | T T T T | T T T T | T T T T | iI I: ]
o [ ¢¢ DT, 5.4t 7| Daa g I D7 54 efu” |- paa
3 T Preliminary - |7, S Preliminary —_
..E i h z+_lets E 102 — = :+]E't5-
: — g F 3=
v W+sts * r 2 WHjets
10 = — e B i W
] 7 | i +7, 1 (=
N _ Multijet 10 -5 — Muliijet
- . Top . Top
1 E_ 1 _E Diboson 1 — Dibosan
B 7 == Signal (x 10) E E = Signal {x 10)
C |...|...|..._ I | | - |
0 20 40 60 S0 100 120 140 160 4180 200 0 0.5 1 1.5 2 2.5
PEGeV] A dle, p)
E 1 I B L E _"'1|-"_'|"'|I I|"'|"'|"'|"'|lll|1ll': )
g ' D, 5.4 fb' | O 6 [ HH D&, 54" J|° P
T L Preliminary 3 \—_.. 5 Preliminary 7 \—_
= == o= 3 jets =gy i — ]
. — efn” 3 (L g 10°E 5 |-
- 1= z E 3 | =
— 1 - Wjets B N Wijets
10 - [ — - 4| —
= 3 Multijet 10 _ Multijet
— 4 Top E . i Tep
15 ‘ = | _ - Wl __
E E Diboson 1 . Diboson
B | |—signal (x 10 - — Signal (x 1
1D-1 11 I 1111 I 1111 I 1111 I 1111 L1l L1 I L1 I 111 I 11 I I 1 I Ll I L1l I L1 J L L
0 1 2 3 4 5 6 7 8 q 10 0 20 40 60 80 100 120 140 160 4180 200
Jet Multiplicity ET™® (GeV)
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Using a Neural Network to separate a
potential Higgs signal from background

events/0.025

Uses 12 kinematic and topological input
variables (including jet multiplicity)

Split samples according to lepton flavor

* Data

Z+jets

Wi+jels

Sultijat

LU LIS ™ L LU BLSLELELE BB L B BN LN UL -y I -
E_ 10 E E‘jl:ll.l+ | | | | | DI@ 5:4_ fhll =" Data g 10° :_ .u+.u DE‘ 5 4 ﬂ] _§ * Data
- Preliminary 3 | 2 F Preliminary 4
‘5 ] Z+jets % B 110 Z+jets
? 1“ _Il.'l'n"+ja'.5 1{]2 g_ _g || I:"I_'EE
[ ] i ; + : _Mul'i et
Wultijet [ | iy
1E — 10 T Hool=
E Top - Top
‘"]'15_ _3ibc5c"| 15_ || Dibason
E — Signal {x 10) E — Signal
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 0.4 05 06 0.7 08 09 1
NN Output NN Output
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DJ: VH - VW'W S FvIFv+X

D@ Run Il Preliminary (2.50 fli')

Requires 2 like sign isolated leptons £ asE wn. rww iex, m - 160 Gove ~dwa
. — ee ETore track quality cuts charge T
(electrons or muons) with pT>1SGeV 2 b e
Y— — WZ—l
o - WY
- o 5 *F [Joranal x20
Use likelihood based discriminantto € zu%
separate signal from backgrounds = sf +
1ﬂf—
Largely reduced SM background 5- i
due to like sign requirement b
% 20 40 60 80 100
MET [GeV]
Main baC.kgroundS: g 70 :__ﬁﬂ"PrEﬁ‘;:"i"a = Observed Limit
Charge flips and fake leptons = g LTPEMIRul) ... Expected Limit
T - WH - W W'W — FIF+X
o . = 50N
Adds 10% of sensitivity to high mass @ n: \ P
" — ~ \
Higgs search - E N AN //
I& 301 \ e
A4 T 20F A S o .
+ = F SR T T :
H° " E A0
- = Standard Model 1.0
) W 1ﬂ1ﬂ 120 130 140 15ﬂ 1Eﬂ 1?'{] 1Bﬂ 1Elﬂ EIZIIZI 210

my, (GeV)
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Systematics

Sample of systematics considered:

= ©) " Zijes
Relative E 10°E DO 5.4 i %{Z}]ﬁ]psﬁu
uncertainties [%] S F Emi’ﬁﬁr
< O Top
Systematic Uncertainty Type Value s Oy
Jet Energy Scale Shape & Norm | 3-17 10%g s
Jet ID Efficiency Shape & Norm | 6-18
Jet Resolution Shape & Norm | 2 10F
Cross Sections Flat Norm 6-10 l}ﬂllﬂlzﬂls i]'|4 ﬂliﬂﬁ 0.70809 1
= NN Output
Multijet Background Flat Norm 2-20 — s,
Parton Distribution Function Flat Norm 8 = 40 . i;i';m
£ 30F =
Lepton ID Flat Norm 2.9-4 < 125. Bf“kg-iil >
Lepton Momentum Scale Shape & Norm | 2-8 = 135 ] |
p, of WW/H/Z Shape & Norm | 1-5 10F '
-20E
ILuminosity I Flat Norm 6.1 30f
-40F
00103 0304050.6050805™
NN Output
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Exclusion Limits

No significant excess of signal-like events is observed
NN outputs used to set exclusion limits at 95% CL
E_ sub-channels

. R =B CDF Run Il Preliminary [ ;
S LR L=481b
- Dileptoi + MET —— O bderved Linit _ _ _ | |
.. 1 102 — i h b == High Mass Expected
o TG DI‘E11TT111‘1 b T.=25. 4 46 ensinne. Exrisntad it e : .
ﬁ e T T N R LLLLL l.l.-.r [ == ol J_l_ﬂ\l_. e L d T yTITITN I .
= Noverber 12009 Txpected £1-G
3 Explected 42-6 S SSOTOOTO PSRN NN NOTSTRNO SOPRRRRNTL SUTTOOON S
] : E
R b
o
S B
s . —d
:\_ -
: QO 10 0 OO OOt SO SO SO SO OO SO
.\E .......
o
Ty
(o))

Stapdard Model = 1.

1 Slan;:iard M%ndel ; : i
120 130 140 150 160 170 180 190 200 B T T T Iy T T e~ T T

my (GeV/c?) Higgs Mass (GeV)
m_=165GeV: Exp 1.36xSM, Obs 1.55xSM m =165GeV: Exp 1.21xSM, Obs 1.23xSM

(w/o same-sign analysis)
With additional luminosity and improvements expect single experiment
exclusion around m_= 165 GeV in the near future
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Tevatron Combination

Combination of 36 (54) orthogonal final states for CDF (DQ)
to maximize sensitivity

q W

W
180

Use different statistical methodologies (Bayesian, modified frequentist)
— Results agree within 5%
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Improvements Since Last Combination

Tevatron Run Il Preliminary, L=2.0-5.4 b

* More luminosity ——— prerm
LEP Exclusion

* Increased signal acceptance

---- MNovember 2009 Expected

. BN MNovember 2009 10 Expected

| November 2009 +20 Expected
sssss  Moriond 2009 Expected

» Added more channels

« Improved b-tagging

95% CL Limit/SM
=

» Improved dijet mass resolution

 More efficient use of multivariate
techniques 1

November &, 2000

* Improved background modeling 100 110 120 130 140 150 160 170 180 190 200

2
« Better control of systematics my(GeV/c)

 High Mass: expected exclusion for 159 to 168 GeV
 Low Mass (m ,=115GeV): 1.8xSM

» Better than 2.2xSM sensitivity for all mass points below 185 GeV
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Combined Tevatron Limits

Tevatron Run Il Preliminary, L=2.0-5.4 fb™
P, BRI RR

uE) ___________________ I.EE’___Ex;:Iusmn L. Tevatron. ... ]
= & o Exclusion
£ e E’é‘;i‘ﬁli% R R
510} At m =165GeV:
o Exp 0.89xSM, Obs 0.94xSM
32
0 At m, =115GeV:
Exp 1.8xSM, Obs 2.7xSM
1
IIIIIIII i....i....i....i....é élchTmberE@OQ
100 110 120 130 140 150 160 170 180 190 200

H(GeV!c )
We exclude at the 95% CL the Expected limit excludes
production of a SM Higgs boson 159 <m_ <168 GeV

in the mass range of 163 to 166 GeV
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Tevatron Higgs Sensitivity Projection D&

« Universal support by Fermilab and DOE for 2011 running
» Expect to have ~10fb™ for analysis by the end of Runl|

e 2X more than used in current Tevatron combination

« With additional improvements will have sensitivity over the entire
range preferred by EW fits

Luminosity projection curves for Run |l

Extrapolation assuming analysis improvements underway 12

FY11 start

Tevatron Run Il Projection
1 .

¥ T - 11
2 oo RS | »
= W B iy FY10 start
= 5] — -1
=2 0.8 o ‘ . a 9 . | 10.0 fb
= — Analyzed L=10 fb™/Exp. =
@ 07 fo8 - =
= — Analyzed L=5 i /Exp. P
o 'DrE i 1 = Real data for FY02-FY09 _ . r B Highesi Inf. Lum

E T
S 05} s ° / .
=
= 04 g
- — E
5 03 g
3]
o o2} =’
E 2
s 0.4 fousl ] 1
o Eill ad : e
100 110 120 130 140 150 160 170 180 190 200 0 . . . .
With Projected Improvemeants GeV/ 2 P b B B o e il ol g P a® ®
mH( e c ] B R AL Ll CLLa N L N L L N L i L LV L L T L U \ﬁ)'."'rl

time since FY04
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Summary

 Tevatron continues to rapidly improve Higgs search sensitivity

* Presented updated Tevatron results for high mass SM Higgs
boson searches

 In the high mass region both collaborations are expected to
reach single experiment exclusion soon

» Both expected and observed limits now exclude SM Higgs
production around m = 165 GeV:

"'ium mei 2006

Exwected lens 5 — erer ?.ﬂﬂs
e Smmet 2008

e — Wmtcr 2{}09 g

Expected limits exclude
159 <m <168 GeV

95% CL Limit / SM

 Observed limits exclude
163 < m, < 166 GeV

Standard Mudel 1

|

100 11[! 12[1 13() 140 15D Iﬁﬂ 170 18() ]9[?! 2[!(]
my, (GeVic?)

By the end of Run Il we expect to be sensitive over this entire mass range
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