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What we know:
eDirect search at LEPII:

Mh > 114 GeV/c2 @95% CL
ePrecision EWK meaurements (top mass, W mass, etc):

M = 89.013 16 GeV/c?
M < 158 GeV/ce? @95% CL

6 | August 2008 m, ., = 157 GeV nm"o : |
| - ? | 1 —LEP2 and Tevatron (prel.)
i Aayy - 80.54 ~~LEP1 and SLD
57 T i —0.02758+0.00035 M : ol
' % % = 0.02749t0.00012 M} 68% CL
4= % %iees incl low Q2% data ' - %l i New Mfop
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* Low Mass
* Focus on H—=bb
* Also H—=TT and
H—YY
* High Mass
* Focus on H—=WW
e Also H—=ZZ
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Expected number of events per fb-! per experiment

H(iégei%j‘)ss WH—>lvbb | ZH—>vvbb | ZH—>1Ibb | H—>WW—Ivly
120 25 12 4 13
135 0 5 2 26
150 3 2 | 32

reconstruction/selection/tagging efficiencies ~ 10% in H—bb
channels and ~25% in H—=WWV channels
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‘ Combining Channels B>

WH—>Ivbb
* Our goal:"No Higgs e
events left behind” WEZH“:;bb
* Best sensitivity is (= WHIWObD
obtained through the E:ZZ
combination of many WHoIver | ZH—1lee
independent search
channels H=>WW—vlv
H—=WW-—lvjj
WH—-WWW /| ZH—>ZWW
H—ZZ
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® Two statistical approaches used

4 Bayesian: Flat signal prior,
credibility intervals

4 Modified frequentist: Log-
likelihood test statistic, CLs =
CLs+b/CLb

® Better than 10% agreement over
whole mass range (~2% on
average)

® Operate on binned, final
discriminants

4 Poisson statistics assumed for
each bin

f L'(data| R)x(R)dR

0.95 = -0

f L'(data| R)w(R)dR

CL, (used by DO)

2InQ=LLR = -21-\{
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* Include systematic
uncertainties on both signal
and background

* Normalization

* Shape of final discriminations

* Systematics are incorporated
in limit setting procedure as
nuisance parameters

 Correlations between different
channels is taken into account

Richard E, Hughes, The Ohio State University
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In this way,
backgrounds can be

further constrained by
using information from

different channels
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‘ Theoretical Uncertainties

* Since we combine searches

10

focusing on different Higgs . £ L0 TeY
production and decay modes, | &
cross section limits are given s ——
with respect to nominal SM 20 o
predictions o —
0 10 20 3 40 50 60 70 SO 90 100
. . T [GeV]
¢ ThIS forces us to |nC0rP0rate Berger et al., arXiv:1012.4480v2

theoretical predictions and
uncertainties for signal cross

channel | scale 0 scale 1 scale 2

sections and branching ratios B || LB | R
. . . | jet - 35.0% -12.7%
« Changed in each iteration '
to reflect recent theoretical Ztjess |- | 330%
develOpmentS Stewart and Tackmann, arXiv:1 107.21 1 7v|
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®Search for events that are t- N
tbar like, but with higher jet N

multiplicity (>=4 jets) and
more b-tags (>= 2 b-tags)

m,, = 115 GeV Ensemble output, 5+ jets, 3+ tags

ﬂ CDF Run | Prellmlnary '/'Sfb1 ttH - > l+jets
= i : _
: : o data
.Sear’Ch for' a nggs boson IN LI>.I 10__ ......... —— oo 5 jets ......... 3ta‘gs ......... — _+_
. - ? ; — ttH 120%50
the range. gl =T
100 GeV/c? - 170 GeV/c?, ! e ttH 120
i : 1 ? Multijet
using neural networks 6l J D .
optimized for each mass point | || Diboson
independently. 4:-_ ....... ' LIUTUTUTTTE- R [ | ......................... s WIZ,l_iets
i .Single Top
2| |
i .DiTOp
1

0 01 02 03 04 05 06 07 08 0.9 1
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®Search for events that are t- N
tbar like, but with higher jet N

multiplicity (>=4 jets) and
more b-tags (>= 2 b-tags)

m,, = 115 GeV Ensemble output, 4 jets, 3+ tags

COF Run Il Preliminary, 7.5 fo’ | ttH > l+jets

4]ets .......... 3tags ............ -

- ttH 120x500

| .t{H 120

............ : Mu“i]et

16

Events

®search for a Higgs boson in
the range:

100 GeV/c? - 170 GeV/c?,
using neural networks

14

12

10
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L , a— = S B NSNS RSN S S o
optimized for each mass point ~ L [|piboson
' 6 T W/Z+jets
independently.
4 .Single Top
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B eompl sysemades:cope [

Systematics

5 jets STSTST
tt  ttH
XS ttH 0 10 Systematics which can be correlated
XS_ttbar 10 0 across the two experiments: signal/
LUMI 38 3.6 background cross sections, luminosity
CDFLUMI 4.4 4.4
BTAGSF 1t =97 Systematics which can be correlated
CDFMISTAG 5% &: within one experiment: portion of
CDFJES 113 =27 luminosity, b-tagging, jet energy scale,
ISRFSR ~ *1¢  ~19 ete.

Richard E, Hughes, The Ohio State University Page 12




Observed limit (solid line) from

o data
Upper cross section limit for
Higgs production relative to SM CDF Run Il Preliminary (1.5 fb™), ttH - I+jets
prediction | . N R I T R
- 5 jets, all ta;g categories

™ amssmsEEs Expected

}—

Limit/SM

. -i1.o ................................. . . ...................................... ....................................

Median expected limit (dot-
dashed line) and predicted |10/
20 (green/yellow bands)
excursions from background : :

only pseudo-experiments 10 . “ﬁ ................................... .................................... .

SM Prediction

10 110 120 130 140 150
/ Higgs Mass (GeV/c?)

Analysis repeated using different signal templates for each
my between 100 and 200 GeV in 5 GeV steps




Channel C D F Luminosity mpy range

(b~ 1) (GeV /c?)
WH — €fuvbb 2-jet channels 4x(TDT,LDT ST, LDTX) 7.5 100-150
W H — €vbb 3-jet channels 2x(TDT,LDT,ST) 5.6 100-150
ZH — vibb  (TDT,LDT,ST) 7.8 100-150 7 I
ZH — €¢Y¢"bb  2x(TDT,LDT.ST) 7.7 100-150
H— WHW~=  2x(0 jets,1 jet)+(2 or more jets)+(low-mes)+(€-Thad ) +(t-Thad) 8.2 110-200 1
WH— WWTW~  (same-sign leptons)+(tri-leptons) 8.2 110-200 eXCI u S Ive
ZH — ZW*W (tri-leptons with 1 jet)+(tri-leptons with 2 or more jets) 8.2 110-200

8.2 110-200 SuUu b-

H+ X —=777" (1 jet)4(2 jets) 6.0 100-150
WH — tvr*r—/ZH — [l At e ((-b-Thad)+(e-pt-Thad )+ ({-Thad-Thad ) 6.2 1 10-150
i+ 2R o i (CENBE(TOT LD . | channels
H—~y (CC,CP,CC-Conv,CP-Conv) 7.0 100-150
ttH — WWbbbb (lepton)  (4jet,5jet)x(TTT, TTL.TLL, TDT.LDT) 6.3 100-150
ttH — WWbbbb (no lepton)  (low met high met) x (2 tags,3 or more tags) 5.7 100-150

Channel Dg Luminosity mH range
(fb= 1) (GeV /c?) 94
WH — tvbb  (LST,LDT.2.3 jet) 8.5 100-150
ZH — vobb  (LST,LDT) 8.4 100-150 o
ZH — (T bb | TST,TLDT eeup.cercr piprerk) 8.6 100-150 eXCI u S |Ve
H+X—=0*17 37 4.3 105-200
VH — (*¢* + X 5.3 115-200 Sub_
H—=WTW~™ = ~vi¥ry (0,124 jet) 8.1 115-200
H— WTW~ = puvrpaqv 7.3 115-200
H— W*W~ = (ijj 5.4 130-200 Chan nels
H — vy 8.2 100-150




ZH—1"I'bb

(see M. Kirby’s talk Friday)

Events

120 Double Tag

0 01 02 03 04 05 06 07 08 09 1

D@ Preliminary, 7.5 fb ™'

-—e— Data
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B Zect
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~ Diboson
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RF Output
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CDF Run Il Preliminary, 7.9 b

2 25 3

Final Discriminant Output (Trained atm = 115 GeVic %)

H—=W*W-

Preamn

(see B. Carls’ talk VWednesday)

Events / 0.05

DO Preliminary
107 g5
10 -
! 3
| i
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. 02 04 06 08 1
Final Discriminant
CDF Run Il Preliminary [Les2m’
1407 0s 0 Jets, High S/8 =
M,, = 160 GeV/c’ B
120 o5 .
100

06 08 1
NN Output




my = 165 GeV/c?

Tevatron Run II Preliminary, L < 8.6 fb™

g1’ T Dat
: > * levatron Data
5105 i m,=165 GeV/c . Background
3 O B Signal
10*] e®eves July 17, 2011
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| e 3
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Tevatron Run Il Preliminary, L. = 8.2 "

m,= 165 Gc\f'/c;'.2

------ Signal+Background
Background

* Tevatron Data

July 14, 2011

5 10 15 20 25 30
Integrated Expected Signal

CDF + DO Run 11 Preliminary, L < 8.6 b

—4— Data-Background
0 Signal

w41 s.d. on Background

m, =165 GeV/c’
July 17,2011

35 -3 25 -2 <15 -1 05 O
log,,(s/b)



my = | 15 GeV/c?

w ‘ |
s10°] e Tevatron Data
=10 E S 2
g : my=115 GeVie . Background
=10° [° B Signal
10“.::-.." *. July 17, 2011
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Tevatron Run II Preliminary, L < 8.6 fb™
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Tevatron Run Il Preliminary, L. =8.2 b

m,,=115 GeV/c’

------ Signal+Background
Background

* Tevatron Data

July 14, 2011

2 4 6 3 10 12 14
Integrated Expected Signal

CDF + DO Run 11 Preliminary, L < 8.6 b

= —4— Data-Background
<1200 ;i
S _l:_ B Signal
'g Sk — *1 s.d. on Background
5100 —L_._\_
(8} il [ =
0 |t et

-100 [

o0 B | m, =115 GeV/c®

200 ’ .Iu'l‘y 17, 2011
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(a) (b)
SD + MJ Combination SD + MJ Combination

3105[» « CDF Data L. 200 « CDF Data ' '
5 ’ [ISingle Top 1 5 ------ Signal + Background “l
>10¢ MiBackground S —— Background
W W 50| *
% 10° Og ¢
= =
2 5100
310 =
(&
! 50
10
10 0

2 <15 -1 -0.5 0 0.5 1
log,,(s/b) Integrated Expected Signal

arXiv:1004.1181 Accepted by PRD CDF Single Top, 3.2 fh-1
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CDF Run Il Preliminary, L < 8.2 fb"

2 !l'lTlYTT‘I]I Il']‘-II'TITIII!lUII!I TTTTTTT
7] % LEP Exclusion CDF _
= 10 . - & i : Exclusion
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32
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1
CDF Exclusion 5 July 17, 2011
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mH(GeV/c )

CDF-only
combination

95% CL Limit / SM

= (Observed

- D@ Preliminary, L=4.3-8.6 b '

. SM Higgs Combination === Expected

B Expected t1o
[ ] Expected £20

-«— [_EP Exclusion

/ D@ bxcluslon \
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Tevatron Run Il Preliminary, L < 8.6 fb'1

‘ New Tevatron Combination

———
c% Tevatron
- 10 Bl S WU T —— Exclusion
§ i 55 g’;‘;‘;ﬂ,‘;‘(’j i / I
- | L] +icExpected . . . )
-J $2c.Expected... ;... .. K
O
X
H
(o))
1
_ <—Tevatron Exclus:on | July17 2011 -
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

Observed Exclusion

Expected Exclusion

Richard E, Hughes, The Ohio State University

: 100-109 and 156-177 GeV/c2
: 100-108 and 148-181 GeV/c2
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@[ s+8 versus Bonly Hypotheses |17

LLR = -2InQ where Q = Ls+b/Lp

a7 & o b
— 25 [ Tevatron Runll Preliminary LLR, =10
~F o LLR, 20
20 - [=4.3-8.6 fb T
E e, LLRs+b
15 & T LLRnhs
10 |
5 k= 2
0 F —
S5 Larger separation =
-10 |- syt | greater sensitivity

'—llljilllllllllllllllLllllJlllsllllillllllllllllll

100 110 120 130 140 150 160 170 180 190 200
July 17,2011 my, (GeV/c?)
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‘ Other combinations: H—bb S

 Look at associated
production & H — bb

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb™

deca)' = ksan Expected . o Expected |
. g === Observed +20 Expected
* These channels provide  £10
e s o . - Tevatron Exclusion
best sensitivity in the -
mass region just above O
o~
the LEP bounds o
* Observation of this 1}
decay mode is important
for establishing that a sy 17, 201
100 105 110 115 120 125 130 135 140 145 150

Higgs-like signal found in
other channels is in fact ———

. ' Observed and expected in ‘
the SM nggs H good agreement ‘

,,,,,

m, (GeV/c?)
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Observed vs Expected with Injection of Higgs

CDF II x 2 Preliminary (5.7 fb)
I ! | ! I ' | ' | ' |

.......... Expected Limits = lo
10%F ’ 3

) - Expected Limits = 20

«v Expected with Injected M_=115 GeV/c*

95 % CL Limit/SM

- ] | ] | ] | ] | ! | 1
100 110 120 130 140 150
Higgs Mass (GeV/c?)

95% CL Limit/SM

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb™

| weer Expected MMM sloExpected
== Observed | - +20 Expected
10} :
A ;T}vatron Exclusion
1

July 17,2011

100 105 110 115 120 125 130 135 140 145 150

m,, (GeV/c?)




We also interpret our high
mass search results in terms
of a fourth generation model

Presence of additional
quarks enhances gg—H

production by as much as a
factor of nine - also modifies
Higgs branching ratios

Look at H — WW/ZZ

decays * Set limits on
cross section x Br

Observed exclusion :
124 < my < 286 GeV

o(gg—->H)XBr(H->WW) (pb)

-

(e

(N

r | .
Tevatron Run 11 Preliminary
-1
[.=8.2 b

| Exb. 95% C.L. Limit

Obs. 95% C.L. Limit
+1 s.d. Exp. Limil

+2 s.d. Exp. Limit
4G (Low Mass)
4G (High Mass)

120 140 160 180 200 220 240 260 280 300

my, (GeV)
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Fermiophobic Higgs

“benchmark” Fermiophobic
model

No Higgs coupling to

fermions [

SM Higgs coupling to §10
bosons E
Br(h—bb) suppressed by o
mMb=m?w § 1
Br(h—YY)high for low :
mass (Mh < 110 GeV/c?) - |
Only WH,WZ, and VBF

production (no gg — h)

SM production cross
section assumed

Richard E, Hughes, The Ohio State University

CDF Run Il Preliminary, L < 8.2 fb™

L

<«— CDF Exclusion

|

----- éxpectéd
w——  QObserved
. *1o Expected

+20 Expected

-t

- -
.......
[ A (1 prmiml et atls

H-vy + H->WW Fermiophobic Combination

July 18, 2011

100 110 120 130 140 150 160 170 180 190 200

m,,(GeV/c?)

mH > | 14.8 GeV/c?

Fermiophobic Model =1 -
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@ Fases 0T

° We Continue to obtain 2XCDF Preliminary Projection, m =160 GeV

. . % ~—— Summer 2004 —— March 2009
Ial"ge ImPI"OvementS IN = : Summer 2005 —— November 2009
« o e E10 ; ——  Summer 2007 —— July 2010
search sensitivity beyond 2 | — January2008 — July 2011
. 2 — December 2008 Projected Improvements ,
that expected from simply 3%
. o A\ , ‘
adding more data g
* Tevatron is on track to ,
deliver Higgs search R
results next spring based | =

on the full 10fb-' datasets
that achieve our expected
sensitivity goals

2 4 6 8 10 12 14
Integrated Luminosity/Experiment (fb ')

o

Richard E, Hughes, The Ohio State University Page 27




@ Fases 0T

° We continue to Obtam 2xCDF Preliminary Projection, m =115 GeV

large improvements in % oy et R P
search sensitivity beyond E [ 1= oo — sy
that expected from simply 3ol T T eccsmermens
adding more data 2 ' _—

(11

* Tevatron is on track to
deliver Higgs search
results next spring based
on the full 10fb-! datasets

I I 0 2 4 6 8 10 12 14
that aChIeve our Promlsed Integrated Luminosity/Experiment (fb")
sensitivity goals

Richard E, Hughes, The Ohio State University Page 28




1’:¢~20 &
Implies Tevatron £ 6 5
95% C.L. exclusion §1s g
sensitivity over the € N
entire Higgs mass 10 g
range between 100) = 3§
and 185 GeV/c?for s 5
next spring 1 <

0
0100 110§ 120 13p 140 150 160 170 180 190 200
m,, (GeV/c?)

With Projgcted Improvgments

Better than 30 for Only 2.40 for
mn=115 GeV/c? mn=130 GeV/c?




‘ Conclusions and Outlook

Expect to collect over 10 fb! of
analyzable data by the end of
September 201 |

On track to reach 95% C.L.

exclusion sensitivity over entire
my, range from 100 to 185 GeV/c?

by next spring

Best current sensitivity to bb
Higgs decay mode

We continue to improve our
analyses: 5 new channels this
summer, substantial improvement
in existing channels

Richard E, Hughes, The Ohio State University

95% CL Expected Limit/SM

—_
o

Tevatron Run Il Preliminary

——  Nov 2009, < 5.4 fb"'/exp
——  Jul 2010, < 6.7 fb"/exp

——  Jul 2011, < 8.6 fb '/exp

July 17, 2011

100 110 120 130 140 150 160 170 180 190 200
m,,(GeV/c?)
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—

EPS 2011: m =173.2:0.9 G&Y, LEP & Tevatron Higgs sﬂ’_’f%)
|l 1 ’ 1 ] I 1 - Al -

LEP 95% CL .

' -
"
] "
.................................................... -
- 40
-
-
! .

------------- st 30

—— Fit including theory errors
---- Fit excluding theory errors —

2
--------------------- ST
100 150 200 250 300
M, [GeV]

M. Baak, M. Goebel, J. Haller, A. Hoecker, D. Ludwig, K.
Moenig, M. Schott, and J. Stelzer, arXiv:1107.0975v |




CLs = CLs+/CLbo

CL.

10 ¢

EERAL

Tevatron Runll Prehrmnary m— L, Observed
L<86fb"

<0 CL Expected

Expected £l o
Expected i?. )
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Tevatron Run Il Preliminary, L < 8.6 fb™

=
S —— 995%CL —— 90%CL
.E —— 99% CL — 68%CL
— .- 05% CL |
1
¥ July 17, 2011
10 , ‘ 5 gl : ‘ E - | 3 L 021
100 110 120 130 140 150 160 170 180 190 200

m,, (GeV/c?)




Tevatron Run |l Prellmlnary, L<8.6fb"

- PR EREEN ERRER RESRE . | ' T |
%  LEP Exclusion: - Tevatron
= I T —— SR e Exclusion
et Expected - T A 3|
ad +10 Expected . —— ATLASObs
- +20 Expected A REISTAU B e - < ATLAS Exp_
O . \ i P
SEEE 2SO eEEs $8 0 e
O
»
1 ...................
| <-——' | T‘evatrlolnlElxlclus:.olnl o 1-" ...... ,{my" 2?11 ooecy
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )




Run, Event: 196170, 6577
Dijet Mass: 126.44 GeV/c?
Z Mass: 97.94 GeV/c?

N Jets: 2

MET: 10:12 Ge\Vermms .

ZH NN: 0.94, ttINN: 8.§T<1o-4'“
S/B @ 115 GeV/Jc?: 0.25

CDF Run Il Preliminary
Dimuon Event

4.9 GeV/c




Summer 2010 Spring 2011

Tevatron Run II Preliminary, <L>=5.9 "

s T BT AR B R Tevatron Run 11 Preliminary, L <82 fo”’
- LEPExclusion: [ Tevatron | S 10 For e B
= & 5 Exclusion L - — Observed Te\ atron
=10 FEE i Expected OO S 1 = - W tlo Expected Exclusion
.§ I Observed " / ) = ‘ 2o Expected /
- t1o Expected buseessssannfessnn 1 3 :
EE | #20 Expected - : = ‘
o O
X SN
i 2
< 1
1
e : : July 19, 2010 Macch 7, 2011
D Furt
130 140 150 160 170 180 190 200
100 110 120 130 140 150 160 170 180 190 200 2
m,, (GeV/c™)

mH(GeV/cz)

SM excluded: SM excluded:

158 < m, < 175 GeV obs 158 < my < 173 GeV obs
156 < m, < 173 GeV exp 153 < my < 179 GeV exp




