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Higgs boson searches

» Mass of fundamental particles are given by Higgs boson
- Only particle predicted by SM and NOT discovered yet.
- SM cannot predict the exact mass of Higgs boson, but....

Theor-y pr-edic'r Exper'imenTS tell us:
- SM nggs mass is ||9h-|- - MH > 114GeV (95°/o CL) by LEP
- New physics at ~ 1 TeV - MH < 175GeV (95%CL) by global fit
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Higgs bosons with extension models have been also looked for
- 2HDM - 5 physical Higgs bosons, m(lightest) < 135GeV

Tevatron has capability to search for Higgs bosons in this mass region



Outline

0. Tevatron/Tools

1. SM Higgs boson 2. SUSY Higgs boson
H->bb 1. pp = hb(b)
WH - |vbb 2. pp 2 h>1t
ZH > vvbb 3. Charged MSSM Higgs boson

H->WW->leptonic
WH > WWW - IvlvX
H->WW > vlv

Combination

Many updates and new analysis
-~ Started combination of the Higgs search

Important signature of Higgs searches is leptons, b-jets, tau, and ¥+
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Tevatron Status
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DJ & CDF detectors
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Higgs searches rely on

- Jets

- Lepton ID for W/Z

- b quark jets for H>bb decay

- tau ID for h>1r

- missing E+ for W>Iv and Z->vv

-0 & ] &

- e/jet ID by Calorimeter

- Good muon detector

- b-ID by inner tracking system
- muon/electron/ jet triggers

- tau ID using Neural Network
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b tagging

Characteristics of b-quarks
- Leptons from semileptonic b decay ( Br(b—>1v)~10%)
- Travel some distance from the primary vertex before decaying
+ ~1lmm
+ With charm cascade decay, about 4.2 charged tracks
3 main algorithms under development/improvement
- Soft-lepton tagging
- Secondary Vertex reconstruction
 Ly/o(Ly,)
- Impact Parameter based
do/o(dy)
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1. Standard Model Higgs boson searches




SM Higgs searches at Tevatron

M, < 135GeV : H>bb (di b-jets mass)
- gg>H->bb sink down into deep
QCD backgrounds
> WH-=Ivbb (lepton + £

—> ZH->vvbb, lIbb (E+ or lepton(s))
M, > 135GeV : H>WW (di-lepton)

- gg>H>WW->Ivlv (opposite charge) |

- WH>WWW=>IvlvX (same charge)
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- e/ + [ restricts QCD backgrounds
- Excess due to Higgs from dijet mass?

Events / 20 GeV/c?

50

=
50 100 150 200

\Y%
W <
e/u

CDF Run Il Preliminary (319 pb )

40t

30

ool

10 |

single b-tagging

W-+2jets (= 1 b-tag)

—a— Data
[] w'Hight flavors

- Wsheavy flavors
E] Tap

R wz'w'w 22" and 2 vr
D nan-W*

i Background Error

Bl wH= 10 (m, = 115 GeVic")
Mean = 102.5+ 0.2 GeV/c”
Width = 18.0 + 0.2 GeV/c*

indf = 18.58/ 14
KS Test = 0.59

+

Dijet Mass (GeV/c?)

250 300 350 400 450 500

Events / 20 GeV

1

6 (pp > WH) x B(H — bb) (pb)

10;

vbb (l=e,u)
single b-tagging

| D@ Preliminary1 W +1 b-tagged jet

| L=371-385pb’ e Data

F W + jets
E2QCD
Wit _
Ewbb

W other
COWH

115 GeV

&

0 50 100 150 200 250 300
Dijet Mass (GeV)

10¢ Wit

10*

double b-tagging
F D@ Preliminary1 W + 2 b-tagged jets

C L =371-385 pb- e Data

L CIW + jets
EQCD

@ wbb
S W other
........... COWH

—9- 115 Gev

0 50 100 150 200 250 300

/ Dijet Mass (GeV)

102 combined
- WH — | v bb
i D@ '05 (174 pb™)
10 s, e .
E T CDF '06 (320 pb™)
I D@ Preliminary (378 pb™)
1 3 95% C.L. upper limit
- (--- expected limit)
Al T
10 = Standard Model ~Tteel.

A B B
110 120

| | R T T S !
140 150
Hiaas Mass (GeV)



ZH->vvbb
_single b-tagging m double b-tagging

> [D 10—
2 D@ Runll Preliminary > : D Run ii Preliminary
% * — D-? ol - DATA
2 =4 i [ Zjjizob
= ] Wji'wbb @ :
E® [ Instrumental E 7 (] Wjj/Wbb
Dy “ B tisinale to E s I Instrumental
H “s = wzz T 5 Bl tt/single top
b 5 )
C_l G(ZH%VVbb) b [CJZH—vvbbx 10 4 D0 ZHows 566 x5
| 3
2
1

+

150 200 250 300 350 400
Dijet invariant mass (GeV)

s(WH>Ivbb) b

- Large E; rejects lots of QCD bkg letimerent mﬂm

- QCD bkg estimated from sideband combined
2 : If lepton is missing > WH->|vbb combined

single b-tagging
. ZH—)\N% Search, Sl%nal Region

—
o C =
2 [ ZH->vVbb
I > 7F
. — k) CDF Run Il Prellmmary ) 10 CDF (289 pb’)
2 of 289 pb! S ;
2 _ zHo T ; g e e -
I% 5 +rén:;;20 GeVic E i T P g
e I ccowisng @ .l D@ Preliminary (261 pb™)
g B i = 95% C.L. upper limit
af [[Jwrizpiboson T . ( —- expected limit)
F N i
2 T Standard Model
_ =1 -
i 12107 e
1 o E T
i s - T
l_; 50 100 150 200 250 b sl | AR, TR W < T T TR [N
100 110 120 130 140

] Di-Jet Mass (GeV/c?)
DI1SZ0U00@ I SUKUDa, ApPril ng_qs Mass {Gew



WH>WWW*S IvIvX (I, I'= e, )

Event Selection

- Same charge di-lepton from W's
(One from H, the other from WH)..
suppress SM backgrounds

- pT (lepton)> 15 GeV

- P.>20GeV
* Main backgrounds

- WZ production >MC

- Charge flip from Z/y*->1l, WW,

and tt=2>I1IX = data
- QCD multijet, W+jets >data
observed | expected |&% (MH=155GeV)
ee 1 0.70 + 0.08 1.17 + 0.06
ey 3 432 + 0.23 2.81 = 0.19
L 2 3.72 = 0.75 2.01 £ 0.22
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H>WW*>IvIv(l, I' = e, n)
- Event Selection
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H>WW*>I|vlv (ee or ep)
* Full data sets (L=950pb1) [Preselection ] o, ™

- ee and ep channel only

- pT(1st)>15GeV, pT(2")>10GeV
- Z/g*->1l, and energetic jets veto

+ 95% CL. limits from CLs method 1o 4l

- 4th Generation Model starts to be
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Combined Higgs boson search w

*  First attempt to see a combined
result from DI

- 14 different analysis

- decay mode, lepton flavor,
b-tag conditions
- Combination is done by
modified frequentists method
(CLs)
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2. SUSY Higgs boson searches




SUSY Higgs bosons

In two Higgs doublet model, such as MSSM 5. 1EVATIED —

- 5 physical Higgs bosons h, H, A, HE(m, < m_) -E—L m )

tanp = v, /v4: ratio of VEV of 2 Higgs fields N gg+bb-H

- Cross sections for bbh enhanced like tan® 'k e

h is predicted to be light (m, < ~135 GeV) 102} )

- LEP limit is m,> ~92 GeV @ 95 C.L. Ly i

- Tevatron is sensitive to large tanp " oo mm zéGﬂ g
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+ L=260pb-!

hb(b)

at least 3 b-tagged jets

* At least 3 b-tagged jets o} search DO
- pT cuts optimized S : e
) o O —  Total bkgd.
- b-tag rate estimated from data (~2%) T 40 -m,= 120 GeV
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Charged MSSM Higgs boson search in 11
MSSM

* Look at four t1 final states:
- di-lepton + jets
a/ TN\ _ - lepton + jets (=1 b-tag)

_ - .
. - + > -
Search for difference from SM lepton + jets (j 2 b-tags)
Major decay modes: - lepton + tau + jets
H*—tv  Interpret for several MSSM
H*—cs scenarios, tan p, and m,
H*—1+*b—W+bbb
H*—W+h—W-+bb
M, =100 GeV =160 GeV
o 1F 2 i
.‘E - £ E H* decays t
o H® decays to i Laye 0
g i gu,a_ i
g —C3 E : —_—E
g :$+h0 E u-E: ::J;E'hﬂ
— W'A° 0.4 W'A?
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DIS2006@Tsukuba, April, 21st Makoto Tomoto (FNAL/Nagoya)



Charged MSSM Higgs search

L =193 pb-!
Consistent with SM prediction
Final state bg events | SM exp | data
20 + jets 27+0.7 11 13
2+ jets (1b) | 20.3*x25 54 49
0+ jets (22b) | 0.94+017 [ 10 8
g+t+jets | 1302 2 2
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Conclusion

» Tevatron is hunting Higgs bosons
- SM Higgs boson
- with extension like MSSM Higgs boson

+ CDF and D@ competing and will perform combined result
soon

- First attempt of SM Higgs combination at DZ

» Current results encouraging us.
- 3-4 times more data in tape
- Learned improved analysis
- Sensitivity to M >114GeV starts at 2 fb-!
- Exclusion up to 180 GeV possible with 8 fb-!
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