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Electroweak Symmetry Breaking

An experimentalists conception
Consider the Electromagnetic and the Weak Forces
Coupling at low energy: EM: ~a, Weak: ~a/(M,, 7)?

» Fundamental difference in the coupling strengths at low energy, but
apparently governed by the same dimensionless constant
» Difference due to the massive nature of the W and Z bosons
SM postulates a mechanism of electroweak symmetry
breaking via the Higgs mechanism
» Results in massive vector bosons and mass terms for the fermions

» Directly testable by searching for the Higgs boson

A primary goal of the Tevatron and LHC

M. Herndon, Collider Physics May 2009
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Electroweak Constraints

s Higgs couples strongly to massive particles

» [ntroduces corrections to W and top masses - sensitivity to Higgs mass
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Electroweak Constraints

s Higgs couples strongly to massive particles

» [ntroduces corrections to W and top masses - sensitivity to Higgs mass
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Colliders and Experiments

s Tevatron: 2TeV pp collider with two general purpose

d eteCtO rS' C D F, D@ Collider Run Il Integrated Luminosity
» Excellent lepton Id J
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» Good to excellent
calorimeters for jet and
MET reconstruction
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Given a SM Higgs
Tevatron: Higgs mass exclusions or evidence
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Given a SM Higgs
Tevatron: Higgs mass exclusions or evidence

LHC: Observation over full mass range. Study Higgs properties
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4 Extract handful of Higgs events from a H

background 11 orders of magnitudes larger -q°°
s Higgs couples, decays to heavy particles W, 7 v
. . 7
s Primary triggers: High p; e and u - E - & R I
» Jet+MET triggers: modes with no W s v
charged leptons, supplement lepton  ; _Cross Sections at1.96 TeV
= Total inelastic -
triggers for gaps in coverage £ 2 <,
'% - mb
» Dedicated = triggers: % 10° bb -
track+MET+Cal Energy S0 b .
s [epton Id i Z 00
> Optimize lepton Id on large samples of i 1
W, Z bosons 10"4&\
. . . . 14| Hi s —10.03-0
Maximizing Higgs acceptance 0¥ 1998 9938bs -+ i | 5

100 120 140 160 180 200
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Tools: b quark |ets

SecVtx Tag Efficiency for Top b-Jets

Tight SecVix
Loose SecVix

o
o

efficiency
(-]
o
TT I TrT

s b jet tagging :

> CDF: Secondary Vertex tagger, jet prob&(j_ugl
tagger, NN flavor separators ... CDF SV tagger

- Top MC scaled to match data
C Only b-jets with E;>15 GeV

Py by o by o by J I 1
12 14 16 18 2

= D@: NN tagger with multiple operating poinol‘-é''°-2m°"‘l“"-6 08 et

0.1

NN tagger soon +10% efficiency

40-70% Efficient with 0.3-5% mistag rate < |
§ 70-
5
Jet .
5 ool
Displaced tracks 5 :
/ sof 7.
Decay Iifeil:i:;e/ //%econdary vertex | -
emaryveriex =/ ” aof- Y D@ NN tagger
- o B-tag” = ;
Prompt tracks Identlfy 2nd 30; s B — )
vertex : 0 08 TE 2 s s 35 4 -:;5)‘
aKke ale ©

s Improvements in jet energy(dijet mass) resolution
> Jet energy measurement combining calorimeter and tracking information

> NN based jet energy corrections, constrained kinematic fits

M. Herndon, Collider Physics May 2009




o Tools: Backgrounds

s SM processes create a variety backgrounds to Higgs detection
s Discovery analyses: WW, WZ, ZZ, single top, and from run 1 - top pairs
s Total and differential cross section measurements

> QCD dijets, W+c, W+b, Z+b Vertex Mass Fit
. . Ng _ CDF Run Il Preliminary - 1.9/fb
“ Crltlcal to nggs E ;bD;ttzmcontr'b tion
- —— charm contribution
» Some backgrounds cannot be predic 7 T Foonuton
®e0— . T mme

b= 71.3+ 4.7(stat) = 6.4(syst) %
c= 15.9 + 5.5(stat) %
LF = 12.6 = 3.5(stat) %

using MC. QCD with fake lepton signatu

» Constrain background predictions

» Testing ground for tools and techniques

> Control regions

0.5 1 1.5 2 25 3 35 4 4.5

5
M, (GeV/c?)

Higgs search built on a foundation of
the entire collider physics program

M. Herndon, Collider Physics May 2009 7




SM nggs Productlon and Decay
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s High mass: H-WW-—lvlv decay available =~ '™ ™ n, Gevied
» Take advantage of large gg—H production cross section, ZZ in progress
s Low Mass: H—bb, QCD bb background overwhelming

» Use associated production with W or Z for background discrimination
> WH-—Ivbb, ZH—vvbb (MET+bb), ZH—IllIbb
» Also: VBF Production, VH—qqgbb, H—tt(with 2jets), H—yy, VH->VWW, ttH

M. Herndon, Collider Physics May 2009 8




4 eZHewbb, WH—IvbDb(l not detected) - signature: MET and b jets *»

> Primary Bkg: QCD b jets and mistagged light quark jets with false MET

» Key issue: Building a model of the QCD background
Shape from 0 and 1 b tagged data samples with tag and mistag rates applied

* Innovations: o -
AN Output, Signal Region, STST Use of track missing p; to define control

35p CDF Run Il Preliminary, 2.1 fb” regions and suppress backgrounds

—&— Dala

_ — Uses of H1 Jet Algorithm combining
30r — - tracking and calorimeter information(CDF)

Dibozon

W voe 3 jet events including W—tu acceptance(CDF)

Z+H.F.

7 et D@ also performs a dedicated W—tu

= YH115x5

of M Results at mH = 115GeV: 95%CL Limits/SM

25

150 T I Analysis Lum | Higgs | Exp. | Obs.
- (fo'') | Events | Limit | Limi
t

2.1 7.6 5.6 6.9

e T 2.1 3.7 8.4 7.5
Neural Network Output
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SM Higgs: VH—METDbb

4 eZHewbb, WH—Ilvbb(l not detected) - signature: MET and b jets
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SM Higgs: WH—Ivbb /Nw‘"\

4 WHerbb signature: high pT lepton, MET and b jets
Backgrounds: W+bb, W+qq(mistagged), single top, Non W(QCD)

Single top: yesterday’s discovery is today’s background

Key issue: estimating W+bb background
Shape from MC with normalization from data control regions - compare MCs for sys

Innovations: 20% acceptance from isolated tracks(CDF)
- L=271fb" W + 2jets / 2b-tag Combination of NN and ME+BDT(CDF), ME+NN(DY)

D@ Preliminary ® Data

EWT-j-ets Results at mH = 115GeV: 95%CL Limits/SM
multijet
E:/tvﬁo Analysis Lum | Higgs | Exp. | Obs.

M other (fo'!) | Events | Limit | Limi
OwH x 10 t

CDF NN+ME+BDT | 2.7 8.4 4.8 5.8

D@ ME+NN new 2.7 13.3 6.7 6.4

02 0 02 04 06 08 1 1.2
2 b-tag NN output




2./ SM Higgs: WH—Ivbb M

4 WHerbb signature: high pT lepton, MET and b jets
Backgrounds: W+bb, W+qq(mistagged), single top, Non W(QCD)

Single top: yesterday’s discovery is today’s background

Key issue: estimating W+bb background
+ Shape from MC with normalization from data control regions - compare MCs for sys

Innovations: 20% acceptance from isolated tracks(CDF)
- L=271fb" W + 2jets / 2b-tag Combination of NN and ME+BDT(CDF), ME+NN(DY)

| D@ Preliminary ® Data
EWT_J'?‘S Results at mH = 115GeV: 95%CL Limits/SM

multijet

E:,t\,bg, Analysis Lum Higgs Exp. | Obs.

M other (fo'!) | Events | Limit | Limi
OwH x 10 t

CDF NN+ME+BDT | 2.7 8.4 4.8 5.8

DO ME+NN new 2.7 13.3 6.7 6.4

Worlds most sensitive low mass Higgs
2 b-tag NN output search - Still a long way to go!

02 0 02 04 06 08 1 12




Low Mass Higgs Searches

D@ Run Il Preliminary (2.50 fb')

[-*-data WH, HHWW (11+X), M = 160 GeV/c?
charge flip uu (after track quality cuts)

Il multijet
wz-li

L ZZ-lilivy

[l_|Signal x20

7
6
5
a- 4
3
2
1
0

s \We gain our full sensitivity by searching for the
Higgs in every viable production and decay mode

Number of Events

Analysis Lum (fb'!) | Higgs Exp. Obs.
Events | Limit Limit

! | |
4

bt b I

CDF NN: ZH_>11bb new 27 22 99 ’71 0 o0.1 2 03 04 05 06 0.7 g.SEF({)fF"p.I

DO BDT new 4.2 3.1 8.0 9.1 Analysis: Limits @ | Exp. | obs.

CDF NN: VH—>METbb 71 76 56 6.9 160/115 GeV Limit | Limit

DO BDT 2.1 37 8.4 75 DO WH—WWW 10 18

CDFComb: WH—1vbb 2.7 8.4 4.8 5.8 CDF WH—-WWW | 19 24

D@ ME+NN new 2.7 13.3 6.7 6.4 DO H—yy 18

CDF H— 25
@ Sensitivity to 38 Higgs events i

DO inclusive t© 28

= A new round of analysis, 2x data and 1.5x

. I . CDF VH—>qgbb 37
improvements will bring us to SM sensitivity. .

DO ttH 45

M. Herndon, Collider Physics May 2009 1"




SM Higgs: H-WW .3

Re(4)

s H-=WW-—lvlv - signature: Two high p; leptons ana |§/||:|

» Primary backgrounds: WW and top in di-lepton decay channel
» Key issue: Maximizing lepton acceptance

» |nnovations: Inclusion of acceptance from VH and VBF

Combination of ME and NN approaches(CDF), same sign leptons

CDF Run Il Preliminary JL:s.s b’ &

g 100] OS 0 Jets e W+ oA
2 __MH=1GOGeV/c2 =&Z /Q/f .
E F 4 W )
60— IE‘I—TVVnyw - & vV
: -»-Data e_
w0 £
- .
-l . Spin correlation: Charged leptons
° S s go in the same direction

M. Herndon, Collider Physics May 2009 12




“Example: CDF: Inclusive H—=WW analysis: IVivMET - signature

s Optimize in jet bins & lepton charge configuration(CDF), Lepton type(DJ)

Control regions

= Low MET: Understand DY, lepton Id efficiencies
» Large MET aligned along jet of lepton: Understand false MET
s SS: Understand false leptons
»  High WW ME likelihood: measure WW cross section
B tagged jets, understand top dilepton

Herndon, Collider Physics May 2009
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¥ Example CDF: Inclusive H—=WW analysis: IVivMET - signature

s QOptimize in jet bins & lepton charge configuration(CDF), Lepton type(DJ)

CDF Run Il Preliminary jL: 361b’

Channel Signal Primary Primary r 450

lc  [0So0Jets
background discriminants g 40°| M= 160 Gevic’
0 Jets go—H WW, DY AG/RMETME [ -
1 Jet go—H, VH, VBF | WW, DY AQ/RMET,myy, | =
2+ Jets gg—H, VH, VBF | Top dilepton | MET,HT,m; | oo
1+ Jets SS | VH WJets Good lepton ID, 005.. s
lepton MET

s Control regions

Low MET: Understand DY, lepton Id efficiencies

Large MET aligned along jet of lepton: Understand false MET
SS: Understand false leptons

High WW ME likelihood: measure WW cross section

B tagged jets, understand top dilepton

M. Herndon, Collider Physics May 2009



¥ Example CDF: Inclusive H—=WW analysis: IVivMET - signature

s QOptimize in jet bins & lepton charge configuration(CDF), Lepton type(DJ)

CDF Run Il Preliminary jL: 361b’

Channel Signal Primary Primary r 450

lc  [0So0Jets
background discriminants g 40°| M= 160 Gevic’
0 Jets go—H WW, DY AG/RMETME [ -
1 Jet go—H, VH, VBF | WW, DY AQ/RMET,myy, | =
2+ Jets gg—H, VH, VBF | Top dilepton | MET,HT,m; | oo
1+ Jets SS | VH WJets Good lepton ID, 005.. s
lepton MET

s Control regions G0t e
F 1 Jets
© M, = 160 GeV/c?

/8 GeV/e*

Low MET: Understand DY, lepton Id efficiencies

Large MET aligned along jet of lepton: Understand false N
SS: Understand false leptons

High WW ME likelihood: measure WW cross section

B tagged jets, understand top dilepton

ents

Ev

300 350 40
M. Herndon, Collider Physics May 2009 M (IIE;) (GeV/c")




¥ Example CDF: Inclusive H—=WW analysis: IVivMET - signature
s QOptimize in jet bins & lepton charge configuration(CDF), Lepton type(DJ)

o o o CDF Run Il Preliminary jL: 361b’
Channel Signal Primary Primary = “® o5 0 Jets

background discriminants [ 4°°F M. =160 Gevic*

c
@ 350
>

0 Jets go—H WW, DY AG/RMETME | *

250

1 Jet gg—H, VH, VBF | WW, DY AG/RMET,m; | 2o

150

2+ Jets gg—H, VH, VBF | Top dilepton | MET,HT,m4 100

50

1+ Jets SS | VH W-HJets Good lepton 1D, o

V] 0 1 0.2 0.3 0.4 D. 5 D. 6 0.7 08 D.! 9
lepton LR(HWW)

_lllllIlllll{lllll||||I||“IH]IIII TTT

ﬂ

L ContrOI reg |OnS CDF Run Il Preliminary =361b" CDF Run Il Preliminary JL:s.aib"

[ OS 2+ Jets
L M, = 160 GeV/c?

FOS 1 Jets
E M, = 160 GeV/c?

Low MET: Understand
Large MET aligned alois
SS: Understand false I¢
High WW ME likelihooc f
B tagged jets, understa s

nts / 20 GeV

Ev:
Events / 8 GeV/c“

UD_"“ B a— y 00 150 250 300 350 40
M. Herndon, Collider Physics May 2009 M (IIE;) (GeV/c")




¥ Example CDF: Inclusive H—=WW analysis: IVivMET - signature

s QOptimize in jet bins & lepton charge configuration(CDF), Lepton type(DJ)

CDF Run Il Preliminary jL: 361b’

Channel Signal Primary Primary r 450

) = |l [ OSo0uJets
background discriminants [ 4°°F M. =160 Gevic*

c
@ 350
>

0 Jets go—H WW, DY AG/RMETME | *

250

1 Jet gg—H, VH, VBF | WW, DY AG/RMET,m; | 2o

150

2+ Jets gg—H, VH, VBF | Top dilepton | MET,HT,m4 100

ﬂ

50

1+ Jets SS | VH W-HJets Good lepton 1D, o

0 01 0.2 0.3 04 05 06 07 08 09

lepton MET LR(HWW)

_lllllIlllll{lllll||||I||“IH]IIII TTT

CDF Run Il Preliminary =361b CDF Run Il Preliminary =361’ CDF Run Il Preliminary _[L:s.aib“

LSS 1+ Jets L OS 2+ Jets FOS 1 Jets
[ M, = 160 GeV/c? [ M, = 160 GeV/c? L M, = 160 GeV/c?

Events / 20 GeV
Events / 8 GeV/c“

' 100 150 250 300 350
E; Slgnlflcance MIIE;) (GeV/cg)
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s Most sensitive Higgs search channel at the levatiui

SM Higgs: H—=WW :‘j} ------- {

o EXpeCTed or
"""" — Observed -

AAAAAAAAAAAAAAAAAAAAAAAA

llllll

m,, = 160 GeV
O 220 E— D ww 10? S e
o - o e - |
< 200 .+ =W2Z,2Z -
.!-, 180 - ST .= ] B b i Basssssssssnsssssssssssssssasisssssssnss
5. E it < BT
& 1605 DY SR T N S S S S Y
1401 Wiy, jet 3
288N 5 Higgsx10 | © 10
100EE —+- Data 3
n
80 o [
60}
40 = | |
20 - TR AL Mgy 1 | Standard Model .
llllllllllll 1 l" VY1 ,.,I..,l,,..l,,.l... .,.l.,.l,...,.,.l.,, sesssasaraentes .,l,,..l,.,I..,i..l,,.‘,..i...l.,.l I DRI ooeecesee
0708 06 04 02 0 02 04 06 08 7 110 120 130 140 150 160

Neural Network Output

Both experiments

170 180

190

Higgs Mass (GeV)
Results at mH = 165GeV : 95%CL Limits/SM

Approaching A @) | Bt | Limit | Lim
SM sensitivity! :
CDF ME+NN 3.6 20.3 1.5 1.3
435 nggs EventS! DO NN 4.2 23.2 1.7 1.3




Re(4)

Most sensitive Higgs search channel at the levatiu,

- D@ Preliminary, L=3.0-4.2 fb'

—+-Data

|=| ;Ilggs Signal (MH=165 GeV) L Expecled £2-G
op 5

[ 1Diboson

W+jets

[ Z+jets

[ ] Multijets

Limit/ SM '

Expecled 1 6

Events / 0.05

055 0.6 065 0.7 075 08 085 09 095 1 120 130 140 150 160 170 180 190 200

NN Ouput M (GeV/ %)
Neural Network Output Higgs Mass (GeV)

Both experiments Results at mH = 165GeV : 95%CL Limits/SM

: Analysis Lum Higgs | Exp. | Obs.
ApproaChlng (fb'!) | Events | Limit | Limi

SM sensitivity! :
CDF ME+NN 3.6 20.3 1.5 1.3
43.5 Higgs Events!

D@ NN 4.2 23.2 1.7 1.3
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Re(4)

s Limits calculation and combination

(% _.SM Higgs Combination............... ... Obsetved Limit...
% ....DQ._.Rf..‘?.h.@%?f}.’.z.lf@..9._.4..2.@]._. | :Ezsp_e_sat__e_@._Lz_r__ry.t ________
5
B
Q 10 -
S
)
(@)}
L F Standard Model =1, 0
||||||||||||||||||||||||||||||||||||||||||||||||

100 110 120 130 140 150

160 170

180 190 20(
my,; (GeV/c?)

95% CL Limit/SM

-y
o
w

-y
o
N

10

100 110 120 130 140 150 160 170 180 190 20

» Backgrounds can be constrained in the fit

SM Higgs Combined Limits

» Using Bayesian and CLs(DWQ) methodologies.

» |ncorporate systematic uncertainties using pseudo-experiments (shape
and rate included) (correlations taken into account between experiments)

CDF Run Il Preliminary, L=2.0-3.6 fb™

| LEP

- Excl.

I‘IVIVI\I\I‘I!I!llll!l\l\l‘l\l
——— H-WWSS36fb" Obs —_—

————— H—-WW SS 3.6 fb™' Exp

———  H-—w2.0fb" Obs —_—

----- H—tt 2.0 fb” Exp SoooC

———  ZH-lbb2.7 fb" Obs —_—

----- ZH—lIbb 2.7 fb™ Exp —————

T LI LI

WH+ZH| -jjbb 2.0 ﬂI: "Obs
WH+ZH—+jjbb 2.0 fb™" Exp
WH+ZH—-bbMET 2.1 fb™ ObsJ
WH+ZH—-bbMET 2.1 fb™" Exp ]
WH—Ivbb 2.7 fb™ Obs
WH—Ivbb 2.7 fb™ Exp

H—-WW OS 3.6 fb™' Obs
H—-WW 0S 3.6 fb™" Exp
Combined Obs

Combined Exp

A by by b b

Marﬁhs 2009
| Ll

m,, (GeV/c?)

M. Herndon, Collider Physics May 2009
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SM Higgs Combined Limits

Re(4)

s Limits calculation and combination

» Using Bayesian and CLs(DWQ) methodologies.

» |ncorporate systematic uncertainties using pseudo-experiments (shape
and rate included) (correlations taken into account between experiments)

» Backgrounds can be constrained in the fit
CDF Run Il Preliminary, L=2.0-3.6 fb™

(% _.SM Higgs.Combination.............. .. Obsetved Limit.... = LEP T wssssmtone | mezn om0 one
1 i : > 3| LEF - H-WWSS36f Exp ----- WH+ZH—jjbb 2.0 fb™ Exp
> DQ Prehrmnary, L—@ 9-4, 2 fb EXpeCted lelt ' 10 ° | Excl. ——  Hom20m7 Obs ———  WH.ZH-BBMET 2.1 15" Obs
R . 8Lt e et e O AR L L N SNSRI oomiei s ointhostiormte: ek SO £l=350 . Hor 20" Exp - WHsZH—bbMET 2.1 fb” Exp ]
g Expected +1 o 3 ———  ZH-lIbb 2.7 fb" Obs ————  WH—hbb2.7fb" Obs
— : : : ; ; J .. ----- ZH-lbb 27" Exp  =eee- WH—Ivbb 2.7 fb™ Exp
Expected +2 o (&) 2 ——  H-WWOS36f" Obs
p—] 10 S . s | e H—WW OS 3.6 fb"" Exp
Q o~ 10 2 = Combined Obs
&Q 8 ----- Combined Exp
')
(@)
10 fooeeenee TS e
 |_Standard Model = 1.0
" : ” g 1
100110120130 140" 150 160" 170180 190 200 100 110 120 SUBEVAORK{: OBEIGORE  TORE 1 ORE {50} *2'0
m,, (GeV/c?) m, (GeV/c?)

DY Exp. 3.6, Obs 3.7, CDF Exp. 3.2, Obs 3.6 @ 115 GeV
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H—WW Some Details

8 Previous NNLL cross section:s. Catani, D. de Florian, M. Grazzini, and P. Nason,
JHEP 07, 028 (2003), hep-ph/0306211 CTEQS5L

> Include two loop EW diagrams: U. Aglietta, B. Bonciani, G. Degrassi,
and A. Vivini (2006), hep-ph/0610033.
» 2009 MSTW PDFs

Martin Sterling Thorne Watt hep-ph/0901.0002
s Integrated together into the latest state of the art predictions

» Latest gluon PDF, full treatment of EW contribution, better treatment of b

quark masses C Anastasiou, R Boughezal, F Petriello, hep-ph/0811.3458

D. de Florian, M. Grazzini, hep-ph/0901.2427

‘ Example SyStematiC table Uncertainty Source WWw H.'Z 44 it DY H‘:ﬁ, i('+jct

Cross Section
Scale
PDF Model

» Rates and shapes considered

Scale (lepton
31(11)

» Shape: Scale variations, ISR, PoF Vi (epons) | 19% | 21% | 2% |24% | a1% | 22%

gluon pdf, Pythia vs. NNLO el ol v ey
kinematics, DY pt distribution, jet (/) -
energy scale, lepton fake rate &*:ég'}?/%p wience | 39% w| | as |77

h . f . I d Lepton ID Eﬁicmnci(‘s 20% | 1.7% | 2.0% |2.0% | 1.9% | 1.4%
T Effi ies % % % % % %
S apes Or Slgna an rlggcr t;l cccccc 2;7 2;}7 2;7 23(7 3;7 87

backgrounds. Included in limit Treatment developed jointly
setting if significant. by CDF and D@
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SM Higgs Combination

Tevatron Run Il Preliminary, L=0.9-4.2 fb™
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SM Higgs Combination

Tevatron Run Il Preliminary, L=0.9-4.2 fb™
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95% CL Limit/SM

Exp. 2.4 @ 115

SM Higgs Combination

Exp. 1.1 @ 160/165, 1.4 @ 170 GeV
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SM Higgs Combination

Exp. 1.1 @ 160/165, 1.4 @ 170 GeV
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SM Higgs Combination

» Result verified using two independent methods(Bayesian/CLs)

- TexgratrongRunIfE[ Preligminaxgy 95%CL Limits/SM
C1=09-420070 0
- March 5,2009

 95% C.L.

_90%C.L.

§ ; EERREE ; R B BN l 111 1
185 190 195 200
my; (GeV/c?)
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SM Higgs Combination

s Result verified using two independent methods(Bayesian/CLs)

5 [ Tevatron RunII Prelmunary — 1 Cis Obs:erved 95%CL Limits/SM
- 105 L_@.94.2fb ...................... ................ ................ ...... "i" .
- March 5, 2009 Expected o M Higgs(GeV) | 155 | 160 | 165 | 170 [ 175

Expected +2 -0

Method 1: Exp | 1.5 | 1.1 | 1.1 14 | 1.6

95%CL.| | Method I: Obs [ 1.4 |0.99 [0.86 |0.99 | 1.1

oomcr | | Method2:Exp |15 |11 |11 |13 |16

Method 2: Obs | 1.3 | 0.95 | 0.81 | 0.92 | 1.1

;::llé:éiiillll
150 155 160 165 170 175 180 185 190 195 200
my; (GeV/c?)

SM Higgs Excluded: m, = 160-170 GeV

a \We exclude at 95% C.L. the production of a
SM Higgs boson of 160-170 GeV
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Discovery

s Discovery projections: chance of 3o or 5o discovery
Two factors of 1.5 improvements examined relative to summer Lepton
Photon 2007 analyses, low and high mass

First 1.5 factor achieved for summer ICHEP 2008 analysis
Result: exclusion at my, = 170 GeV. Already extended to 160-170 GeV

Expect large exclusion(or evidence): Full Tevatron dataset/improvements
CDF+DO, m; ;=115 GeV CDF+D0, m;;=160 GeV

T

L—"]

Fraction of Experiments
Fraction ot Experiments

L~

]

. / -
\_ R S IR N~ F = ! ) . Y N P ‘I"V'-\---\--T-‘\-‘.‘ ]
0 ? 10 I 2 6 8 0 12 14
Integrated Luminosity/Exp (fb ') Integrated Luminosity/Exp (fb™")

Dashed: 1.5*Improvement Dashed: 1.5*Improvement
Solid: 2.25*Improvement Solid: 2.25*Imgrovement




’éé% LHC Prospects: SM Higgs

4 LHC experiments: Potential to observe a SM Higgs at 5o over a
large mass region, 95% CL with 200pb-" @10TeV at high mass

» Observation: gg—H—yy, VBF H—=tt, H-WW—lvlv, and H—>ZZ—4l

= Possibility of measurement in multiple channels

All key channels
explored

sig v ficarze
'

» Properties W, Z coupling in associated production
» Yukawa top coupling in ttH

-
[

» Spin in diffractive production
CMS Preliminary

T T T T T T T T T L e S —

H—-—\WW)/ZZ channels, L = 1 fb"

o

£

Luminoety Jro ')
o

ot the same

10 |

—a—10 TeV Bayesian
o 10 TeV CL,

Ratio CgscL / Cem

umed correlations between errors are ni

..
vs CLs: ass!

—e— 14 TeV Bayesian T

o 14TeV CL
01 ................ 1 1
120 140 160 180 200

o
- N W e 00 O <4 D -

Bayesian

C

N 20 140 160 t@n 200 220 24n JEQ 2RI 300D
2 o

m, (GeV/c") . [G=4]

M. Herndon,




) Conclusions

s The Higgs boson search is in its most exciting era ever
= The Tevatron experiments have achieved sensitivity to the SM Higgs
boson production cross section

» With the advent of the LHC we will have the potential to observe the
SM Higgs boson and study it's properties.

Tevatron Run Il Prellmmary L=0.9-4.2 fb1

s \We exclude at 95% C.L. the 5 [ (Erexciusion
production of a SM Higgs boson §1o e -
of 160-170 GeV ;
» Expect large exclusion, or evidence, B T i
with full Tevatron data set and 1 i?i?f W
improvements 100 110 120 130 140 150 160 170 :g:; 21020 200

mH(GeV/c )

SM Higgs Excluded: m, = 160-170 GeV
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Backup
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SM Higgs: ZH—lIbb

s /H—llbb - signature: two leptons and b jets

* Primary background: Z + b jets
» Key issue: Maximize lepton acceptance and b tagging efficiency

E Innovations Extensive use of loose b tagging(DD
NN)

— %at_at Isolated tracks(shown) and forward electrons
+jets

D@ Run Il Preliminary (4.2 fi5") 2 HEF MET used to correct jet energies(CDF)

B Top . _
B Diboson ME analysis(CDF), BDT analysis(D9)

e, | Results at mH = 115GeV: 95%CL Limits/SM

=
11]
-
%)
a2
c
)
>
w

Analysis Lum Higgs | Exp. | Obs.
(fb'!') | Events | Limit | Limi
t

CDF NN 2.7 24 9.9 7.1

]I:Illlllllllllll

CDF ME new 2.7 2.4 123 |78

18

BDT Output DO BDT new 4.2 3.1 8.0 9.1
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Other SM Higgs Searches

4 CDF and D@ are performing
searches in every viable mode

D@ Runll Preliminary 0.94 fo™'

P
(34
TTTTTTT

Data
[ wjets
[ Qe muttijet
o

Other SM backgrounds
H+(W/Z) x 10

) W
w (3]
TTTTTTJTTTITI]TITTITT

Entries per 12 GeV
F=Y

» CDF: VH—qqgbb: 4 Jet mode.
» CDF: H—trt with 2jets

» Simultaneous search for Higgs in
VH, VBF and gg—H production |

80 100 120 140 160 180 200 220

m 0 d es DiJet Invariant Mass (GeV)

» Interesting benchmark for LHC Analysis: Limits at Exp. | obs.
160 and 115GeV Limit | Limit
» D@: VH,VBF,gg—H—t1jj+WH—-1vbb an © 1mi1 imi

) CDF H—tx 25 31
» |Inclusive tau search

> D@: ttH

» Leverages strong coupling to top

D@ Inclusive T new 28 29

CDF VH—qqgbb 37 37

DO ttH 45 64
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BSM/SM Higgs Searches

CDF Run-ll Preliminary: 2.7 fbo'
:III]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
109 E LS —=— Data
108 i [[_] Fake leptons
[[__] Residual conversions

» At lower mass large BR(H—yy) ~10% o g
] &85 Uncertainty of the total BG"

for Fermiophobic nggS 10° Wh 160 GeV/c? (FH) x 50 3

10° | Wh 160 GeV/c? (SM) x 50 -
10° |
10% |
10 |

Key issue: understanding QCD 1 ™
10 gl il
CDF - has not yet calculated SM limits 107 f lll

10‘3 — | | | | | ]
41 08-06-0402 0 02 04 06 08 1

s WH—-=WWW BDT Output

o Analysis: Limits at Exp. | obs.
Strong sensitivity as both a SM and a 115/160 GeV Lo | Lt

fermiophobic Higgs search

A H%’Y’Y

SM search also sensitive at low mass

DO H—yy new 18 16

Same sign dilepton signature CDF WH—-WWW ncw | 19 24

SM: sensitive at high and medium mass | D@ WH—=WWW new | 10 18

Now included in inclusive CDF H—=WW search
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Projections

Re(4)

m, =160 GeV
s (Goals for increased sensitivity =1 T
achieved 5 — ZEIEIIIZIE?JIEZZIZIZIE |
12 ——  Winter 2008 Channels
§_10 —— ICHEP 2008 Channels
» Goals set after 2007 Lepton Photon = With Improvements
conference A Run Il Preliminary
> First stage target was sensitivity for .l
possible exclusion at high mass )
A similar magnitude improvement y SO S S S Sy vt
Integrated luminosity/Experiment (fb™)
factor target was set at low mass 4 [ Tevaron Rl Pl — 1oL, orbrd
. 81'05_ 1.=0.9-4.2.fb i 1-CLs Expected
» Second stage goals in progress " March 5, 2009 cied 1.0
C octed £2-0
1
+ B tag, jet energy resolution, tau modes, ZZ -
0-95i 95%: C.L.
90%: C.L.

185 190 195 200
my; (GeV/c?)
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conference
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Projections

m, =160 GeV

14
>
‘@_‘ —— Summer 2005 Channels
é 12 ——  Summer 2006 Channels .
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A similar magnitude improvement
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+ B tag, jet energy resolution, tau modes, ZZ

0 1 2 3 4 5 .6 37
Integrated luminosity/Experiment (fb™)

- Tevatron Runll Preliminaty m—|_CLs Obs
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1.05= S 9-4.2 b e 1-CEs Expected
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