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=& Fits and Constraints

K Electroweak symmetry N\
breaking is a cornerstone
of the standard model

* Higgs mechanism provides
mass for the W and Z

e A consequence of this is
the Higgs boson

-\Mass IS not predicted /

My < 158 GeV (indirect constraints)
My < 185 GeV (include LEP
search)

Higgs Searches at the Tevatron

Ay?

W o W
\ U
'VVV VVY VU
6 July 20 = 158 GaV
N e :
— 0.02758+0.00035
1 W:: - 0.02749+0.00012
4 % ==« incl. low QF data —
3 B o
2 L) )
o 3 .
0 - Exc.IUd{.Ed. | W Preliminary-
30 100 300

m,, [GeV]



# Leave No Higgs Behind

This Talk

S WHoWbb  s3pt st
L LY S

(Comprehensive \
search program

 Look everywhere we
can

e High mass searches

contribute too
samt \_ .

Updated Since Moriond

And H - WW — lvjj
And H - WW — Ivlv
And same sign dilepton m

Higgs Searches at the Tevatron
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OXBR ~ 470,000 fb

Higgs Searches at the Tevatron

Events / fb ™!

=

90
80
70
60
50
40
30
20
10

Signals and Backgrouds

Tevatron Per-Experiment Events Produced in 1 fb !

= Total
m— H-oWW-—=lvly

== WH-Ivbb
ZH—vvbb
= ZH—llbb

I|I 1 | L 1 1
100 110 120 130 140 150 160 170 180 190 200

M,, (GeV)

jet
jet
oXBR ~ 78,000 fb
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& Signals and Backgrounds

Branching ratio

Tevatron Per-Experiment Events Produced in 1 fb !

Ww - 100

bb
=
] < % A\ m= Total
- WW-o=lvlv
- —lvbb

i Gluon intiated backgrounds e
Even worse at LHC o

(=
1020 4
Y
~ sy
iz L U N = o e TS v R T PR
ot . IUU 110 120 130 140 150 160 170 180 190 200
10900 720 140 160 180 200 (GeV)
my (GeV/c?) y H
' et q Z
q g J 0
jet
g
1 _ b ojet
= q
g : g .
' b jet

OXBR ~ 470,000 fb
oxXBR ~ 78,000 fb

Higgs Searches at the Tevatron



) G

L. 2

Signals and Backgrounds

% | . e 100 Tevatron Per-Experiment Events Produced in 1 fb
é ‘ = § 90 === Total
= 0.1k WW—_)lvlv
Gluon intiated backgrounds
Even worse at LHC -
‘ 10'| \ | |
ol B | T~ 100 110 120 130 140 150 160 170 180 190 200
100 120 1 :]0 {GEJE% 180 200 MH (GEV)
q . . /)
The Tevatron is still the
place to look for H — bb
_ . , Jet
’ " ’ 5 jet
OXBR ~ 470,000 fb
oxXBR ~ 78,000 fb

Higgs Searches at the Tevatron



3¢ Associated Production Searches

ZH —~ wbb i

Higgs Searches at the Tevatron

\_

/'« Crucial ingredients

 Maximize lepton acceptance

» Efficient b-tagging
* Multivariate discriminants

/




# Leptons and Jets

Run 227895 Evt 117967657 Wed Nov 22 16:59:06 2006

Jet] D&/~ One or two high pr electrons or\
MUONS

e Infer neutrinos from pt
— imbalance (missing E)

e Two Jets

k At least one b-tag /

W + 2 Jets, 0 b Tags CDF Preliminary, L = 5.6 b’

Jet

E 1800 Pretag D@ Preliminary, 5.2 fb” - COF Data

o 1600 - — Data w * ! Q15 [IWH (115 Gev)

= - — Z+LF 4 = : Bsingle Top -

8 14005 Z+HF a 0000 M s

S 1200 Top Iﬂ I [W+HF %

> = I e

w 10005 = piboson e - .‘c’)"t;"': 3
8001 Multijet B nnnl Wother S
600 = 5000 £
400+ S =
200, .

%o 70 80 90 100 110 120 50 100 150 200

Dielectron Mass [GeV
[GeV] Lepton E [GeV]
Higgs Searches at the Tevatron 8
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=g 7H — vvbb

Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009

K Recovers events from WH\

« Large missing Et Jet

« Two high pt jets

* At least one b-tag

.

.

x10° ZH->vvbb Analysis sample (pre b-tag) CDF Run 11 Preliminary, 5.7 b’
g 8__ LI B LI LI A LI L B L L I L B |- | -1 L LI -|1 = S LT T T | T T T | T T T | T T T
: - DO Prell_r.n_lggry (6.2 tb™) Z B vices 1S |
o .
~ T = I Top - § [ Multijet
_3 = R [ ] z»,Ih;f.»,vv 3 2 B W-HF
c 6 . Vuitijet - 4001~ B zar
-4 = ) VH x 500 3 Bl Diboson
w 5+ — i B Single Top 7|
- i 3 Il Top Pair
D ;- =
C o 22 Signal (x100) |
35 s 200 -
X o
1 ] i
Q 04 0.6 08 1 oL L
Multijet DT 0 100 200 300 400

. Dijet invariant mass
Higgs Searches at the Tevatron
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¢ b-tagging

10° . .

> U Do s W2 ° Tag b-jetS using

o > * Data

=7 DO R

£ 10 o * Impact parameter and

o 8r -g-top

o Bwz * Reconstructed decay vertex
115 GeV
S/B: 1/3500 e Soft leptons -
Displaced tracks
100 2_(_)0 300 40 |
D“et Raas (GeV) Decay lifetime ; :
Lxy A // econdary vertex
<10° Primary vertex . ~ //

> 1 ab 1 W+2jet / 1b-tag _ ?
g ~@De a3k ‘Data | 3 | (c)D@,5.3 fiy" W+2et/2b-tag Fao .
~ 1.2F CW+light | O - Data
> 1 5 MJ - o 200 E\'\IAVIhght Prompt tracks
T B Wb @
g Wit £ + Blwbb
“osr E\S/\_/t;p a1 =tst-top

6F —WH x10 Owz =

08 1sGev | 1000 B _ Etticiency

045 - S/B: 1/450 Hecey

oo g s T S78: 11100 SNBSS IININ60%:70%

b 100 200 300 40 . |Ight jets 0.5%-4.5%
Dijet Mass (GeV) 100 200 300 40

Higgs Searches at the Tevatron

Dijet Mass (GeV)



# How to Get a Limit

/ \ oAb Analysis sampis (Wo b-iage)
o Traln mU|tlvar|ate E:ggi:w DT > 0.0 DO PrehEI%g?(s.sz)
discriminants s i
: Cy : 250F- '
» Exploit full distribution 200F
by doing counting 00

0708 -06 04 02 0 02 04 06 08 1

Final Discriminant

experiment for each bin
P Y,

"« Combine by multiplying per bin likelihoods A
* Track correlations of uncertainties across bins

« Combination of many channels becomes
\ straightforward (in concept) — just add more bins/

Higgs Searches at the Tevatron
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# Limits

Results at M =115 GeV

*Channel DB

e Expected

WH — Ivbb
ZH — vvbb 4.0 3.4 4.0 2.3
ZH — llbb 5.7 8.0 \ 5.5 6.0

Tevatron Run Il Preliminary, <L>=5.9 fb”

ST T T T T T T in m in i n
25 e o e Updated since combinatio
b Excl Ext:l ]

— 4 I TR ]
£ : Combined limits @ 115 GeV:
o Exp: 1.45 X ogy
i Obs: 1.56 X oy,
%00 105 110 115 125 135 190 195 140 1457 150

mH(Gewc )
Higgs Searches at the Tevatron



# More Recent Results

Channel CDF

ﬁ

Updated Since Moriond

Higgs Searches at the Tevatron
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"W Searches in Tt plus jets channels

DO Preliminary, L=4.3 fb

S80F « dam
=~ C - Signalx100
ﬂ 70 N
[ - E I:l -
g 60 F [ ] :\tl+jets—> Iv+jets
i 50 E [ z+jets— tt+jets
C B z+jets— ll+jets
402_ [ DiBoson
305
205
10F _
C [— -_ —¢— q’
00 10 20 30 40 50 60 70 80 90 100
P; (GeV) CDF Run |1 Preliminary J|-; dt=8075'

=120 GeVic® |
jet channel

Events
I

108

®DATA
[ | 2t
Zivee
Bz =
C takies from SSdata
[0 add-on W4jets
o
C O aibeson
1 signal X100

Selection:

102

One hadronic t

10

One electron or u
At least one jet

-1.0 0.5 0.0 D5 1.0
BOT (Z-btrve H) & BOTQCO ve H=0.4 & BOT(W+jots ve H) 0.4 & BDT([Z—s eapp vs H) »0.1

Higgs Searches at the Tevatron 14
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=& Searches in T plus jets channels

- ----------------- + Expected Limit
Expected £ 1 s.d.
‘ """"""" Expected £ 2 s.d.

N
=

CDF Run Il Preliminary [L dt=6.0f0" k ii DO preliminarv (L—R_4f51)
— B : o B T T : X . 7
:: 3 EETTITES Expected : 5 : : i : :
1507 : tio =
T 8 : N v
: tZ20c i
= a
a'r_-" : Chserved T
3 >
s = +
* I
=100 ©
E
3 |

5(95% C.L. Limit)/s(SM

D%@_LMMM@I i :E !
100 120 140 100101203040 50 6070180 i90 " 300
M, (GeV/c?) m,, (GeV)
CDF Limits @ 115 GeV: DO Limits @ 115 GeV:
Exp: 15 X ogy Exp: 13 X ogy
Obs: 35 x Osm Obs: 33 x OsMm

Higgs Searches at the Tevatron 15



# Diphoton final states

S . I t I t . t h t 103h—> 1Y CDF Run Il Preliminary, 7.0 fb’
imple event selection: two photons
:_-:.‘:’. 102 Central-Central
é
> F 10
2 6000 . 1 e data N
o - D@ preliminary, 8.2 fb * =
o P v N Z/y ->ee 2 1
€ 5000— jet+jet £
> - = w 10
w C v+jet
- ——
4000 i 10%0 80 100 120 140 160 180 200 220 240
- ] Signal x 50 M, (GeWcQz)
3000(— .
: DO s
2000 S o 4 Residual for M, = 120 GeV/c?
- L E = Central-Central
: w2
1000— —*- L . % F
- —e— = OF
C T e o = ) =
% 30 40 50 60 70 8 90 100 o F
El [GeV] WAl
t
%

0 80 100 120 140 160 180 200 220 %4)0
C

M, (GeVi

Backgrounds from control
samples and Monte Carlo

Background from
sideband method

Multivariate analysis to
enhance sensitivity

Extended selection:
forward photons
conversions

Higgs Searches at the Tevatron 16
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=& Diphoton final states

95% CL Limit/SM

Tevatron Run Il Preliminary H—yy L <8.2 fb™

- Limits @ 115 GeV:
opteann Pxpected o . 10 Expected .- Exp: 9.2 X ogy

T N R B .
100 110 120 130 140 150
m,, (GeV/c?)

Higgs Searches at the Tevatron 17
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=& Projections

DZeru:x:Z Prellmlnary nggs Prnjectlun

— 95% CL Exmusmn  — Three- S:gma Ewdence
30 —'- impmvemenf F‘ntenfraf """"""" - fmpmvement F’ntennarf """
- m— O EetecmrAg.-ng — Nc- DetecmrAg.-ng '

.................................................................................................................................................................................

N
On

.................................................................................................................................................

N
o

...................................................................................................................................

- -
o O O

Luminosity / Experiment

................................................................................................

........................................................................................................................

100 110 120 130 140 150 160 170 180 190 200
Already recorded almost 10 fb' M, (GeV)

Higgb OCALCLICS dLl LT 1CvVauvull



# Outlook

» All major channels will b § [ —wcoom  —ne f:l::-:"d <
E30 -improvement Potential i‘mp roverne tPt ” ..... =
updated for EPS S
» Expect analyzed datasets §”
of 8-9 fb"
 Will soon start pushing i:

past the LEP lower bound N L T D 0199 30

o Sensitivity across entire mass range by the winter
conferences

http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
http://www-cdf.fnal.gov/physics/new/hdg/hdg.html

Higgs Searches at the Tevatron 19
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# Outlook

DZerox2 Preliminary Higgs Projection

* All major channels will be  § [ — e — moosom e
.E 30 1 [ improvemerit Potential -~ [l - improvément Potentiat
updated for EPS 8 g L oo tony | Nosectrngny ]
* Expect analyzed datasets § = A7 / /
of 8-9 fb N R

* Will soor| Sw
past the L™

|,

IlliIIIIiIIIIiIIIIiIIIIiIIII
0 150 160 170 180 190 200
m, (GeV)

« Sensitivit

2! tire mass range by the winter
conferenc

http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
http://www-cdf.fnal.gov/physics/new/hdg/hdg.html
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# Backup Slides

Higgs Searches at the Tevatron
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L. 2

Cross section (pb)

| Excluded by

Tevatron;

100 120 140

160

| 180 | 200

my (GeV/c?)

backgrounds

\_

/s Use leptons to suppress N

» When H — bb dominates,
need associated W or Z

Higgs Searches at the Tevatron

Branching ratio

Production and Decay

Tg

0.1

10-2f

WW

chaded by LEP
o

10-3

:

100 120 140 160

2
m (GeV/cs)

180

200
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=& Associated Production Searches

+
|

Use specialized lepton ID
to Improve acceptance

ol

ZH — 11bb

Central Calorimeter

5
W

= H.

, o |
— 0 -
WH — lVbb B Forward MIP Central MIP Track in Crack § 4:_
Muon n EES
/ H 2—
Inter Cryostat Region ,/1 '
; ) End Calorimeter oL 3
q,ZH R vag Electron n
b

Higgs Searches at the Tevatron 23
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=& Resolving the Mass Peak
» For H — bb, dijet mass is the key variable
» Better mass resolution gives better sensitivity
« In lIbb channels expect minimal missing E+

* Exploit to improve jet energy measurement

- CDF Run Il Preliminary (5.7 fb™) CDF Run Il Preliminary (5.7 fb™)
107 PreTag (High S/B) o data I WWWEZZ 1200  PreTag (High S/B) e data [ WWWZ2ZZ
» ﬂn [ 2+ jets :Trakcs 1 [ w1, =120 Gevie? x 1500 After NN Corr. (5] 2+ jets [] Fakes
= 105 Mz +vb 1000 M,, = 120 GeVie? > 1500 Before NN Corr. B Z+bb [ tt
2 10 z+ecc [ zZH20) | L] z+ee
= 10 gy 800
S 104t .
o 2 600 -
2 1:'0 :
E 1 400
4 1 ]
10- 200 7 e
-2 4
10 ’ r—-—-—-—.—-—#-—-—-—.—-—-—-—-—-,—.—.—.—.—--‘ Mmﬂwm
0 20 40 60 380 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400
Missing E (GeV) M;; (GeV/c?)

Higgs Searches at the Tevatron 24
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