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The Higgs Boson

» Higgs: origin of the EW
symmetry breaking in SM B

» Higgs mass: not predicted 5-
by theory, but constrained i
by experiment:

» Direct searches at LEP II: & 2
M, >114.4 GeV @ 95% CL
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Searching for SM Higgs at Tevatron

Strategy: Channels in this talk:
» low mass (M;;<135 GeV) » Low mass region:
» Dominant decay: H>bb » WH->1v bb
» Direct production gg>H->bb ? » ZH->vv bb (+ WH->1v bb)
Too much background... » High mass region:
» Search for associated . o
production qq2>W/Z + H 7 HOWWSlvlv

» WHOYIWWW* [tv 'ty + X

» For the first time, DY has all
principal channels covered
and put together

» high mass (M;;>135 GeV)
» Dominant decay: H>WW*

» Look at both direct and
associated production

More modes (ttH/bbH, vector boson fusion) — starting...
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D@ detector: upgraded for Run II

» New in Run II:

Tracker Solenoid Magnet » muons up to |n|<2
-° n=1- > tracking in B-field

-

- » DAQ and CAL
electronics upgrades

i
— |
Muon Scintillators |

Muon Chambers i-
_I'-

| 2

Calmmeler

]

| = > triggers on tracks and

3 displaced vertices
h

antiprotons

protons

ISl —

Muon .
System H Currently upgrading to

Run IIb:
m i : | » new L1 calo trigger
» new Silicon Layer 0
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H2>2WW*21v 1V’ (ee, en)

L =950 pb! z DB Run Il Preliminary, ~950 pb’”
» Selection: 102 7 9
. . = E A 95% CL Limit
> (di)lepton triggers = |y = Expeisd
> pr~15 GeV, p,>10 GeV z 0w
> InI<3() /2 B
> missing E; > 20 GeV = 2 crerston Toce
» Z~>11 veto, Ap(1l), topology ol /';;:m
» Backgrounds: .
100 120 140 160 180 200
» physical: tt, VV, Z/y*->11 Higgs mass (GeV)
> instrumental: W+jet/y, multijets Results:
(determined on data) > at M,,=160 GeV:
[ HIGGS MASS 160 GeV (After Cuts 1-7) | © gt:m [ HIGGS MASS 160 GEV (After Cuts 1-7) |[ * E%M > geff — 1 6% (ee), 1 8% (eu)

> expect 34.7+1.7 events,
observe 28 events

> 95% CL limit : 1.9-6.3pb

> Starting to exclude 4t
generation model
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WH%WWW"‘%I+

L =370 pb

» Selection:

> dilepton triggers

> pr>15 GeV

> Inl<11(e) /2

» missing E; > 20 GeV

» same sign lepton pairs
» Backgrounds:

» physical: WZ/ZZ

» instrumental: charge flips, QCD

(det. on data)

D@ Run Il Preliminary

3 10°F —
(O] . unlike sign
E r . like sign
g 10°E
= E
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¥V + X

g D@ Run Il Preliminary

; & —&————— ., A

:,T: - T T——w

T 1= 4. —@— DO observed 95% C.L. limit

m E : : : Fermiophobic Higgs

X ;__5 : 5 Standard Model Higgs

510.1 | _\\ —&— CDF Run |l preliminary
10—2 ; j ../ P P iy i % g I L

100 120 140 160 180 200
M, (GeV)
Results:

> at M=155 GeV:

on(;Sr =0.12% (ee), 0.28% (ep),
> 95% CL 011m1t : 2.1-3.9pb
events ee el L
expected | 07401 | 43402 | 3.7+0.8
observed 1 3 2
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Events / 20 GeV

WH=>1v bb (I=e,u)

L =380 pb
Selection:
> lepton triggers

> e/u:pr20GeV, [n|<11(e) / 2()

» missing E; > 25 GeV

> 2jets pr>20GeV, |n|<2.5

> single or double b-tagging
Backgrounds:

» Wbb, Wjj

> tt, VV, single top

» instrumental (multi-iets)

-
o
)

o (pp —» WH) x B(H — bb) (pb)
S

—h

-
Q

DQ Prellmlnary W + 1 b-tagged jet
= I W H‘ets
r tt _

30 EWbb
L Wother
L COWH
115 GeV

| D@ Preliminary,

4° | L=371-385pb"

Events / 20 GeV
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W + 2 b-tagged jets

e Data
| W+d'ets
LiQC
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Dijet Mass (GeV)
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WH — | v bb

D@ 05 (174 pb’)

iy, COF 08 (320 pb™)

D@ Preliminary (378 pb™)
95% C.L. upper limit
{---- expected limit)

g_ Standard Model """t
i g o Ml ¢ 26 o & ¢ ¢ O R
110 120 130 140 150
Higgs Mass (GeV)
Results:

» at M;=115 GeV:

> smgle ta§ expect 45.1 events,
observe 32 events

» double tag: expect 9.3 events,

observe 6 events

» 95% CL limit:2.4-2.9 pb



ZH->vv bb (+WH=>1v bb)

L =260 pb
> Selection:
> dedicated jets+missing E; trigger
> 2-3jets pr>20 GeV, |n|<2.5
» missing E; > 50 GeV
> Ao(jj)<165°, topology

- ZH—>vvbb

10 CDF (289 pb™)

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

Standard Model

o (pp — ZH) x B(H —> bb) (pb)

.......

» Backgrounds:
» W/Z +jets, tt, VV 1

1 L "
120 130 140

=
o
-
-
(=1}

» instrumental (multijets) Results: Higgs Mass (GeY)
g 25_D¢ Run Il Prellmlnaz - 12 D® Runli Preliminaz — > at M _115 Gev
s | Czyzon s P > smgle ta§ expect 3416 events,
LA ] %r_ggmgmal ’ 5 noumentl observe 33 events
sl meeE™ | s g T > double tag: expect 912 events,

] ZH—vvbbx 10 [CJZH—vvbbx5

observe 11 events
: » 95% CL limit :
00 - 50 100 150 200250 300350 400 0 50 100 150 200 250300 350 400 > 2.5—3.4 pb (ZH%VV bb )

Dijet invariant mass (GeV) Dijet invariant mass (GeV)
> 6.3-8.3 pb (WH tv bb)
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Combined SM Higgs search

» Channels: 14 » Method: CLg (LEP)
> WH=(e/u/Hv + bb CLe = CLa../CL,
» single tag (3 channels)
» double tag (3 channels) signal + background ] L background only
> ZH->vv hypothesis hypothesis
» single tag (1 channel) test statistics: log-likelihood ratio
» double tag (1 channel)
» H>WW* LLR=-21nQ
> ee, e, uu (3 channels) Q= e ®™B)(S+B)P / eBBP
» WH>WWW*

S,B,D = signal, background, data
> ee, ey, up (3 channels)
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Combination: input/output

» Input: mass (H—=>bb), Ap(l])
(WW), likelihood (WWW)

Events / 20 GeV
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» Output: LLR - limits

-2 In(Q)

-0.2

—— LLRB 2 sigma
g== | LRB 1 sigma

WH (H—bb) Combination
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Combination: summary results

DO Run IT Preliminary
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Perspectives

» There are resources we are working on:
» add more channels (ZH-2>11 bb, ...)
» new b-tagging algorithm
» a neural net combining information from existing algorithms

» improvements in jet energy resolution

» new jet energy scale calibration, track-jets, calibration of b-jet energy
scale using Z->bb

» Silicon Tracker Layer 0 upgrade (r;=2.7cm = r,=1.6cm)

» improved b-tagging, better pattern recognition
» Llcal trigger upgrade
» important for ZH->vv bb

» We estimate that 95% CL exclusion (in combination
with CDF) requires 2 b for M;;=115 GeV and 6 fb-!
for M;;=115-180 GeV
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Conclusions

» For the first time at DO, all principal channels are
covered and combined together

» in plans: few “small channels”, combination with CDF
» Higgs searches benefit a lot from H>WW* type of
analyses
» it also helps for the low mass region
» Combined limit looks very promising

» LHC will have to work hard to get the low mass Higgs
signal

> If the Higgs is there, Tevatron may have evidence before
2009

» The goal is not easy, and we need some cooperation
from Mother Nature, but we are optimistic
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