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Seach for Physics Beyond Standard M odel

*SM theory has been remarkably confirmed by experiments over past 30 years

*However there are hints indicate new physics beyond SM

*Signs of these new physics are predicted to be very rare (otherwise we would
have seen it)

I nputs from theorists help usto know WHAT to look for
*Challenge for the experimentalists: HOW ! .

" SUSY and Background Cross-Sections

*Production rates, luminosity,... ::i Jets
”! Bottom
*Detedion efficiency -
«Suppressbackground w -~
11:7! |
Differentiate signal and background - susy
o e

sleptons
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Strateqy

Signature based searches Model based seaches
LED LED
L eptons ‘ RS L eptons RS
ADD
Photons SUSY
GMSB
Jets .- Jets
HF jets : HF j
(HF jets) L eptoquarks (HF jets) L eptoquarks
- p Z,W7, ... Z' W', ...
Missng Et Missng Et
Compositeness Compositeness
*Pro : sensitive to many models *Pro : best optimized for a speafic model

*Con: not best sengitivity for a spedfic signal *Con : model may become out-dated

*Report results on searches with Run 2 cata (L~200 pb?)

*Employ both seach strategies
Rencontres de Moriond (EW), 21-28 March 2004 4



Searchesfor Higgs
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Seach for Standard Model Higgs
*CDF look for Higgs in the associated production:
e PP® WH® Inbb

«Seledion:
e High t lepton data (L=162 pb-1)

*One high pt central eor m large MET (MET>20
GeV)

o2 jets (at least oneistagged as b-jet)
*VVeto events w/ >1 lepton (suppressttbar)

*Badkgrounds:

oM Istags

QCD { «Whbh, Wce, We
(*QCD

-

TOP {° tt, singlet, di-boson,
O L Z(® tt)
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e Improved limit over Runl, but
sensitivity of current search is
limited by statistics

 Future improvement :
| nclude forward eledron

 |mprovement jet energy
resolution

Improve b-tagging

e Combine with ather channels

(ZH ® nrbb)
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Neutral Higgs Bosons & High Tanb in Muti-jets Events

D/E seach for non-SM neutral 00,09® f + bb® bbbb (f=hH,A)

Higgs BR(f ® bb ) ~ 90%
. ® ~
Event Seledion: ( ) ’
e Multi-jet data sample (L=131pb?)

*At leest 3 jets (Et cutson jetsare
optimized separately for different Higgs W e
masspoints, and for min. # jets required
In the event)

3 3 btagged jets
ook for signal in the invariant mass
spedrum from the two leading b-tagged
jets
e Badkgrounds::
* QCD multi-jets (light-jets : u,d,s,c
heavy-jets: b)

«Others (tt, Z(® bb)+jets,..)
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Neutral Higgs Bosons & High Tanb in Muti-jets Events
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Seach for Non-SM Light Higgsin H® gg
*Some extensions of SM contain Higgsw/ - |5 =\ 1eed 101 pbl Run2 data to search

large B(H® gg) for Higgs in these two scenarios
*Ferimophobc Higgs : does not coudeto :
FrMiONS *2 EM obeds (passgID), Et > 25

GeV in CC (central cdor) or in EC

«Topcolor Higgs : couple to top (only nont (end cdor)
zero fermion coupling)

*At low Higgs mass B(H® gg) dominates *Pt(gg) > 35 GeV

eDominant uncertainty in
badkground estimationisin the
measurement of gmis-ID rate

(~30%)
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*No clear evidence of excess

*Perform counting experiments on optimized sliding masswindow to set limit on
B(H® gg) asfunction of M(H)
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Seach for H++

* H++/-- predicted in models that contain Higgs triplets
oL eft-Right (LR) symmetric models
*SUSY LR models: low mass(~100GeV — 1 TeV)

Event Seledion: /
/e
*CDF Sed H** pair or singly produced
«Seach for 1 pair of same signee or mm or em TN
in masswindow of +10%*M(H++) (~3s \

detedor resolution)

» same sign leptons decay contains low
SM backgrounds, provide clean
environment for new physics each

 Datasets : inclusive high Pt eledron/muon
samples (~240 plb! for both)
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* Predicted backgrounds in same-sign em
decy

e Badkground prediction for M(I+I+)
>80 GeV (>100 GeV for ee)

Decay # predicted
Channels Evts - Masslimits
+0.
ce 1.8 5 CDF DA
mm 0.8732 H™ | Hg | H™ | HY
+0.4 ee 135 ~102-113
em 0.9 0.4
mm 135 113 116 95
eData: observe 0 event em 115
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Seach for GMSB SUSY inqg-tMET
in GMSB model, gravitino G isthe LSP, and NLSPis either 510 or slepton
Inthe czse Cy isthe NLSP => Gy ® Gg
If RPisnot violated => have gg+ MET in thefinal state
DA performed seach with L=185 pb! data

*SM contributionsto gg+-MET

*MET due to mis-measurement :
: : : DARunll Preliminary
*QCD w/ direct g, or jetsmis-ID asg
DY w/ bothemis-ID asg e Data
«True MET : —QCD

) Wg® eng (log track) — + = Total Badkground
« W|® en| (lost track, jet fake as Q)

« Z® It ® eet X (lost trak)

. tt WWWZ
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*Optimized cut value : MET > 40 GeV
Nexped = 2.5+0.5

*Nobs=1
*Set 95% C.L. limit :
oL >78.8TeV

e M( C;) > 105 GeV
e M( C;) > 180 GeV

N5 =1
M, =2L
tan(b) = 5

m> 0

Most stringent limits in the classof
model considered in thisanalysisto date!
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Searchesfor Leptoquarks
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L eptoquarks
In SM, symmetry between leptons and LQ decas:

guarks : i
| - L LQ® g (=emt) b=1]"Taein
* Representation d fermion fields under charged
SM gauge groups * LOQ® g b=0 |ept%n
 Replicaion over 3 family generation <L Q production at Tevatron:
*Could indicate new symmetry between * Predominantly pair produced through
lepton and quarks => new particles gluon splitting
* Leptoquark e 5(M=200 GeV) ~ 0.3 pb

* Appeasin severa extension of SM
GUTS, Technicolor, Compositeness
SUSY (RPV)

e Scdar or veaor, color triplet bosons
e Carry L and B, fradional EM charge

* Assume L Q couples to lepton and
guark of same generation to avoid
FCNC constraint => 3 generation LQ
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13t Generation Leptoquarks (Scalar)

DA seached for 1 gen LQ with L=175pb!
- LOLQ® eeqC
" LQLQ® emqq
* eq]
2 EM clusters, Et > 25 GeV (at least 1
EM cluster w/ track matched)
«3 2jets, Et>20GeV, |h|<2.4
* Z veto (80<M_<102GeV)
« Scdar sum SEt(egj) > 450GeV

* At highLQ mass e,) more energetic
than SM background

e Nexped = 0.4+0.1 (DY/Z, QCD fakes,
top)

+Nobs =0 *Exclude at 95% C.L. M, ,<238 GeV

« Signal acceptance ~ 10% — 30%
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13t Generation Leptoquarks (Scalar)

* enj)
1 EM cluster, Et>35 GeV, trak
match
*EM cluster isisolated
2 jets, Et>25 GeV, |h|<2.5
*MET > 30 GeV
e Df (EM,MET) >0.7

e e and n well separated, from
different LQ

*M;(en)>130 GeV (veto W+jets)

e Scdar sum SEt(e,MET,}j)>330 GeV
*Nexped=4.7+0.9 (QCD,W,ttbar)
*Nobs=2

*Excludeat 95% C.L. M <194 GeV
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95% CL lower limit on b asfunction of massof 1% gen. LQ
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1% Generation Leptoguarks (Scalar)
* CDF searched for LQLQ® nngq w/
L=191pb?
«Seledions:
«2,3jets (18,24 |eading jetsin central
region)
eLarge MET (MET>60 GeV)

o Jets and MET diredions not aligned
(rgged QCD, MET dueto energy mis-
measurement)

VVeto events w/ e, mcandidates, and
require central jets w/ 3 4 tracks (veto
t hadron)

« Signal aaceptance ~1%-8%
*Nexped=118+14 (W/Z+jets, QCD)
*Nobs=124

*Excludeat 95% C.L. 78<M <117 GeV
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2'd Generation L eptoguarks (Scalar)

o LQLQ® mmq searched by CDF using
dataw/ L=198 pb

* Seledions:

2 high Pt muon candidates (Pt>25
GeV)

2 jets (Et>15,30 GeV)
*\Veto events .
M <15GeV (Jy,U)
«76<M <110 GeV (2)

« SEf(jet1,jet2)>85 GeV,
SPt(,n2)>85 GeV

o ((SjetEt)2+(SnPt)?) > 200 GeV
Nexped = 3.2+1.2 (DY +jets, QCD, ttbar)
*Nobs =2
*Exclude at 95% C.L. M <240 GeV
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Summary on Leptoquark Search at Tevatron Run 2

Scaar LQ CDF D/
Generation b Mo (GeV) Mo (GeV)
Run 1 Run 2 Run 1 Run 2
1st 1 213 | Updetein | 225 238
progress
0.5 182 166 204 194
0 78117 98
ond 1 202 241 200 186
0.5 160 180
0 78117 98

Run 1 34 generation results are not shown here
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Seach for Excited Electron

sLarge number of gand | in SM may suggest
they are composite particles, consist of more
fundamental entities

*Observation o excited states of g and | =>

clea sign that g, are not elementary particles Contad Interaction

*CDF searched for excited electron (€')using
high pt eledron data (L=200 pb?)

*At Tevatron, € can be produced via contad
Interadions or gauge mediated interadions

Event Seledion:

Gauge Mediated Interadion

*Seled eventsw/ eggin thefina state
*L ook for resonancein M(eg)
*SM backgrourds: *Expect 3 events, observe 3 events

«Zg+ DY , Z+ets, WZ, Multi-jets,
ggHets, ...

Rencontres de Moriond (EW), 21-28 March 2004 24



4 EM candidates
*Could be ZZ event!

Seach for Excited Electron

MET=13 GeV
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Et(el)=44 GeV
Et(e2)=42 GeV

Et(p1)=46 GeV
Et(p2)=26 GeV
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Gauge Mediated Interacion
Contad Interaction Limit Limit

e L : compositeness sale
o f : relative coupling strength to SU(2), gauge boson
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Summary

eTevatron Run 2isredly uncerway
*Both experiments have analyzed upto ~200pbt (2X Run 1)

«Sean some of the new results, andthey are asCompetitive or
Better than Run 1

Hea more exciting results in Jim Linnemann’ s talk
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