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most Final Frontier:
Higgs

oe bosons would be massless...

one complex doublet of scalar fields
symmetries of the original SU(2); x U(1)y
2ak force right

nd Z° bosons are massive

[¢ EV and a Higgs!!

OtherWays o Fix The Problem

SUSY Higgs, 2HDM, Little Higgs, Technicolor
Our “SM” Higgs Field is just the simplest...
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\Where Are We Now? B

= + M Theory uncertainty
—LEP1 and SLD R A0 =
. 5 had =

---- LEP2 and Tevatron (prel.) — 0.02758+0.00035
68% CL 1% 0.0274940.00012

*+ incl. low Q° data

Preliminary

Precision EW Fits
my; <166 GeV/c? @ 95% CL
my; <199 GeV/c? (w/LEP2 limit)

Direct Searches at LEP2
my; >114.4 GeV/c>? @ 95% CL

Gordon Watts (UW) 3



lhe [evatron Run 2
Phyaled drddeil

e T i - et

In Progress
! Done!
- * Search fc In Progress
¢ Search for New Always In Progress...
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ddhe Tevatron - Data

* DO has close to 1.7 fb-!
on tape
* Tevatron Instantaneous _ 7 tb! delivered to
Luminosity Records are
all recent.
* A challenge to the
experiments

each experiment just
last week!

Both Experiments
are continually
improving their
ability to handle the
increased luminosity
without sacrificing
any of their Higgs
search capabilities...

Luminosity {/fb)

Accelerator Division! E'..--I
- records g A L]

Apr02 Jul02 Qct02 Jan03 Apr03 Jul03 Oct03 Jan04 Apr04 Jul04 Oct04 Jan05 Apr05 Jul05 Oct05 Jan06 Apr06 Jul06 Oct06

Most of the analyses presented here are over the first fb-! of data



Sedrch Strategy

~ Both production and decay determine how you can search!
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1~ Gluon Fusion Highest Cross section production mode
At low mass Higgs decay is lost to QCD bb background.
b At high mass Higgs decay to dibosons provides a clean
signal.
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2 Associated Production

Lower cross section, but associated boson is easily
identifiable.

Low Mass associated production search possible!
High mass possible, but gluon fusion has smaller
background!yy.. ww)

OIU0UIlL

1000




edarch Strategy
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Why Haven’t We Found It
Yet?

Cross Sections at the Tevatron 2
5 otal inelastic
=, .
g
Backgrounds for the 5
Higgs Search... 2
s

L
n

b
W
-
tt
State of the art .
searches are here... L

We arrived at the tt line in 1995...

We are probably months away

from arriving at the single top 160 180 200
linel Higgs mass (GeV)/c?




dhe D@ Detector

ion, lepton

High Mass Sea

Detector were with this

entral Fiber Tracker
silicon Inner Tracking Syste
lith Layer 0 added during winter 2006
tdown

al Magnetic Field

ower to help with lepton identification
ed muon coverage

e Imp

2w techniques to improve calibration and larger data sets
to reduce systematic errors.
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_photo_cft-end.gif.eps
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_photo_calorimeter.jpg
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/detector_pictures/dzero_photo_muon-end-scints.jpg
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| YL
pget ldentification 5“7\’%

*Top, Higgs contain b-quark jets
- bbT p°Mogs;tg backgroundg do n:)t
g *Jets look like any light quark jet
A B is Long Lived * Other than contain a B meson
*Has finite life time
*Travels some distance from
the vertex before decaying

5 e = k e~ Tmm
5 *With charm cascade
r @ B decay, about 4.2 charged
@ / tracks
Decay Lengh (L

)
atter <

Impact Parameter q/5(q)
‘ Resolution

Decay Length Jo(Ly,)
Resolution ¢
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R
NN Tagging 5

SVT SVT L,,, Fit v?, #tracks, Mass, #vertices
JLIP CSIP tag _ Neural
CSsIP JLIP Probability Network

* Training on Monte Carlo
* b-jet vs. light jet training
» No explicit requirement on
charm
» Standard data-based System 8
method to measure performance on
data

S
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P:"
In some channels it is
estimated this is worth

x2.5 in luminosity 0 05 1 15 2 25 3 35 4 45
Fake Rate (%)




: search D@ Run Il Preliminary
techniques look for a peak in Integral 1168 events
the bb invariant mass. %2/ ndf 9.75/9

alibration of b-jet-energy- | Constant 226.3 + 42.2
le. i Mean
bb is a background in these [1 ) Slgma  10.73+2.09

* Trigger on soft lepton from

- b-quark decay (pre-STT)

* Require two jets, each with a
secondary vertex

Background from Data

In 300 pb-1 of data see
—> —> a 4.4c result.
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k for easy to find Z

require at least 2
tagged b-
tagged jets

Mee (GeV)

* Trigger on (e, p) from the Z
* Normalize # of Z's in MC to Z peak in data
« 70GeV/c?* <M, <110 GeV/c?
» 2 loose b-tags required (4% background)
* QCD removed by fitting exponential (QCD) + Gaussian (Z) to the data

Gordon Watts (UW) 16



Search in ZH Associated . "k
Production

2 " Look at the di-jet mass spectra for evidence of the Higgs

* 105 <My <155 D@ Preliminary (840-920 pb1)

* Higgs search window size is +
1.50 (e channel) and +1.0-2.0c
()

* Cross check background
model in 0 and 1 tagged
samples, set limit in 2 tagged

sample

Events / 16 GeV

ZH— I"I'bb

o (pp — ZH) x B(H — bb) (pb)

CDF Prel. (1.00 fb) "™ Romma, 07

95% C.L. upper limit

(-~ expected fimiy 3  Set limits using modified frequentist
approach (CLs)

-
o
N

130 140 150
Higgs Mass (GeV) lon Watts (UW) 17



Search in ZH Associated
Production

The Z also decays to neutrinos!

o(qq2ZH)xBr(Z=>vv, H>bb) = 0.015 pb @ m;;=115 GeV
o(qq2>WH)xBr(W->1v, H>bb) =0.03 pb (e, )

Comparable

D@ Run Il (260 pb™) — Data
[ zjj/zbb
I Wijj/Wbb
1 |nstrumental

L] tt/sin
gle top
B wz/zz

Odzn owib
(my=115 GeV)

» Large Missing E (50 GeV)
* 2 b-quark jets
* Reject top events (Hy < 200)

Entries / 20 GeV

* WHjets, Z+]ets, tt, WW, ZZ
estimated by MC

* Instrumental Backgrounds from
data

200 300 400
Gordon We Dijet invariant mass (GeV)




Search in ZH Associated
Production

annels for limit

ZH — vV bb

CDF (289 pb™)

D® Preliminary (261 pb”)
95% C.L. upper limit
( --- expected limit)

Standard Model

o (pp — ZH) x B(H — bb) (pb)

-~ -
.
-
Ll .
-~
-
-~
-
-----
-~
-~
-~
-
-~
~ -
-
-~
-
-~ -
-
-
-
-

120 130 140
Higgs Mass (GeV)

Gordon Watts (UW)
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Sedrch for Higgs in
gssociated production: WH
lvbb

40 D@ Prellmlnary W + 1 b-tagged jet
L =371-385 pb (@) o Data
LIW + jets
£4QCD
Wi
EWbb
W other
OWH
115 GeV

Events / 20 GeV

Look for a high p; lepton and
missing E; and at least two jets.

Asymmetric b-tagging

* Two I.OOS e tags, or 50 100 150 200 250 300

* One tight tag Dijet Mass (GeV)

DG Prellmlnary W + 2 b-tagged jets
L =371-385pb " @ 4 Data
W + jets
E1QCD
Wt
EWbb
l other
COWH
115 GeV

QCD background determined from data

W+Jets, Wbb, Z+Jets, WW, ZZ, tt are
from MC.

W+Jets normalized to data

>
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0 50 100 150 200 250 300
Dijet Mass (GeV)
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Sedrch for Higgs in - /;(
gss0ciated production: WH @ 5%
— lvbb

Combine single and double

tag samples for cross section

limit

* Most of the sensitivity
comes from the double
tagged events

D@ Preliminary (378 pb")
95% C.L. upper limit
(=== expected limit)

)
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T
=
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T
o
2
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120 130 140 150
Higgs Mass (GeV)




/’_ >
Basics: Evidence for WZ | 557

WZ Candidate Dilepton Invariant Mass

—®— WHZ Candidates

- WZ Signal MC + Backgrounds

» A multi lepton signal very similar to B s o secrouncs

Higgs Z7 or WW.
» Final State is 3 leptons (e or p).
 Z peak is required.

Events/ (10 GeV)

D@ Run Il Preliminary
0.8 fb™

Number of [ Owverall Expected | Estimated
Channel |Candidates| Efficiency Background
o [T [0IGTE0.009 [ L51=052[04550 053

90 100 110 120 130 140
Dilepton Invariant Mass

0.17520.043 | 1.80£0.63 [0.96320.080
0.20540.033 [2.07+0.56 | 1.203+0.143
Tl |17 [ - [THIEI2I] 5615020

D@ Run Il Preliminary
0.8 fb™

+1.91
Oyz=3.98] 53

Gyy = 3.68 + 0.22 pb (MCFM)
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Search

(ee, pp, ep)

) DO Run 1T e
OSlte Charge Preliminary i EQIZVV?
inematic cuts to limit to Higgs-Like Decays - Yoo oy igge o

* Low Jet Activity

* pr s of leptons and missing E; is larger than
Mj;/2, but less than M.

Remove Z peak in appropriate channels

ok at Higgs masses 120 GeV /c? < My; <180 GeV/c? 60 80 100120140 160150
Normalized to Z peak

Invariant Mass at Preselection

DY Run Il Preliminary
L =930 pb™’

. oata

DO Run Il Bz«
[ 1 QCD fakes

Preliminary | T dww

* Cw—h

At — en
il Z— up
I wzizz
—— 160 GeV Higgs (x10)

Events / GeV/c’
=Y =9
2 S

o
)

-
o

-

data after

=1
10°0"20 40 60 80 100120140 160180
Invariant Mass (GeV)

100 120 140
M,, / GeV/c?

Gordon Watts (UW)
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Angle (uu) before Cut

cut is opening angle between
the two leptons

The Higgs is a spin 0 particle
hich makes A¢ a powerful cut.

Events / 0.1

DG Run II Pre

95% CL Limit
------ Expected
Observed

>BR(H-WW ") (pb) |

4th Generation Model

Standard Model .

160 180 200
Higgs mass (GeV)

(a
L
-
et
©
v
Q
U
=
Q
X
L
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DO Run II Preliminary

ZH—1"Tbb )
D0: 840-920 pb

N ‘. WH—SWWW
ZH—%\;H;_ S v DO: 360-380 pb!
D0: p "

=
%
=
=
—
—
@)
R
)
o)

H—>ww‘*’—>1v1Y
DO0: 300-325 pb°

DO combined
260-390 pb’
N DO combined

with HSWW: 930-950 pb

November 2, 2006
B NNLO cross sections
M ! I B L I L ! I L ! ! f L1

110 120 130 140 150 160 170 180 190
my, (GeV)
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The 2003 Higgs Sensitivity Study SUSY/Higgs Workshop

100} Higgs Sensiflivity ('98-'99)
Study ('03)
statistical p

—  Sensitivity in the mass region Tevatron 8 b

above LEP limit (114 GeV )
starts at ~2 fb’!

= With 8 fb: exclusion 115-135 30 Jiscovery
GeV & 145-180 GeV, 5 - 3o 95% CL exclusion
discovery/evidence @ 115 - 120 140 160 180 200
130 GeV my (GeV)

The Tevatron New Phenomena &
Higgs Working Group

Tevatron Run Il Prelimina

-1
D@ Expected j Ldt=0.3-1.0 fb :

CDF Expected s
s Tevatron Expected

= Tevatron Observed

95% CL Limit / SM

= First Combination released
Summer 2006

~  Results better than either
experiment individually

140 150 160 170 180 190 200
m,, (GeV/c?)
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T v

T
1ggs Prospects o

N

Analysis

proved Selection Techniques

% improvement

gger used everywhere
improvement

Dataset reduces calibration errors
systematics - 25% improvement

Detector P73 SHIT A e
All Analyses at 2 fb! P
50% improvement " R —

New Inner Layer Of Silicon 4 Total hits:3

15% improvement

P, {GeVic)

Gordon Watts (UW)



detector upgrade prog
Higgs sensitivity
hardware upgrades should be measureable
Higgs sensitivity

designed to

us: Measuring Backgrounds
: WZ

\ Soon t : Single Top Production
‘Up Next
Most results updated to 1 fb! for winter conferences
i
This is a joint
CDE/DY We are here!
endeavor!

Gordon Watts (UW)

Tevatron Run Il Preliminar

D@ Expected Ldt=0.3-1.0 fb'1,
CDF Expected
Tevatron Expected

== Tevatron Observed

30 140 150 160 170 180 190 200
m,, (GeV/c?)
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