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‘ Introduction

¢ Despite the tremendous success of the Standard Model,
many open questions remain:

€«

What is the origin of mass?

€«

Why are there (only?) three generations!?

€«

Why the large difference between Planck and EWK scales?

e

How can we incorporate gravity!?

e

Are fermions point-like or do they have substructure?

e

What is the source of dark matter?

¢ SUSY is most commonly invoked to address these, but there
are many other models that seek to answer some or all of
these questions
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‘ Introduction

|

® In today’s talk, consider a few of the models that try to
address some of these unanswered questions:

€«

Extra Dimensions

€

New Heavy Quarks

{6

New Gauge Bosons

€ The same signature may be used to study multiple models

¢ Signature-based searches look to compare how well the
data agrees with the Standard Model, without applying any
particular model
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tron Performance in Runll

Tevatron operation has been excellent

Year 2002 2003 2004 2005 _ 2006
Monthl 4 7 10 1 4 7101 4 7 14710

'-‘516{]{]}
& Highest Initial Luminosity Ztwo}
g Euuuj—
¢ 1.8x 103 cm%s’! Ero00|
\J 'J i
¢ Integrated lum.in a week ,.g “:
e ¥ =
¢ 26.1 pb 400 | :
200 Do tape -
07000 1500 2000 2500 3000 3300 4000 4300
Store Number
¢ 1.6 fb'! delivered to the experiments, with ~1.2 fb"! to tape
€ Analyses shown today use samples of 0.3-1.0 fb"!
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models of Extra Dimensions

Extra Dimensions proposed as a new solution to the hierarchy
problem. Two of the most prominent models:

¢ Arkani-Hamed, Dimopoulos, Dvali (ADD):

n extra dimensions, compactified at radius R, (Mp1)? ~ R"(Mp)**"

"6

{6

SM confined to brane in higher dimensional space

e

Only gravity can access extra dimensions

=

Signatures: Jet+MET, Y+MET, lepton pairs
Randall-Sundrum Model:

One warped extra dimension

e

Two branes, gravity localized on one, SM on second

REC BEC TEC

Signatures: Narrow, high mass resonances
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* Monojet Search for LED (ADD)

¢ Single high Et jet+MET Dire;t Graviton Emi;sion
¢ Et>150 GeV, MET>120 GeV > )
¢ SM Backgrounds: q e
¢ Z—VVHjets (irreducible)
¢ W—lvtjets, QCD Dijets I
:I_ —— Data
o S 40- —— SM Prediction
k? ReSUItS: §30 CDF Il Preliminary(368pb'1)
¢ 265130 events predicted %20
&€ 263 events observed - |+|+
%% 1%0 200 j:h;ﬁasoi '+'400

Event Missing E_, GeV
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I Monojet Search for LED (ADD)

¢ Based on ADD Model,

st L ——
convert to limits on Mp, R : — rresetn
S 50- —— SM + LED (n=2,M,=1TeV)
g 40 1?}1 CDF Il Preliminary (368 pb'1)
2 % 30 L
R" = : MPL] : t, | T
;r \ Mp ) M} . ﬁﬁ

Event Missing E;, GeV

n_| Mp(TeVic?) |  R(mm) B — 5 cori oo o
-6 DO (Runl) |

2 > I. I 6 < 3.6 X IO-| 51_4} :"t LEP Combined

3 S 098 < 37 5 IO'6 21.23— CDF Il Preliminary

4| >090 [<r1xIi08 s o |

SIS L,

5| >085 [<35x10" =" s
0.6

6 > (.83 <34x |0 S

Number of Extra Dimensions
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‘ch for LED - Graviton Exchange

Il':'r _|Il '

o { g f

(, _{';

q ¢ g 4

]

i £

Three terms in cross-section: SM, interference, graviton:
O1or = O'sm + NOINT + N20crv (N=F/Ms?)

DO Analysis Strategy:
¢ Use di-EM objects (eetYY)
¢ 2D Fit to M and cosB*

¢ Set Limits on N and convert to limits
on model

Conventions for F
GRWY I

HLZ (n=2)  log(Ms2/M)
HLZ (n>2) 2/(n-2)
Hewett 2N/TT
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‘ch for LED - Graviton Exchange [3E3

diEM Mass Spectum | D@y Run Il Preliminary [ dEMcosé"Spectum | Dgy Run |1 Preliminary
L B B B B L B L L BB AL I 500
> 10% é N L ;
O 103; E g 400
S 102; 3; ?) 30 Toial  g®
:>j 1k —E. Lﬁ 200
107} R i
3 3 100
102 i
P I B W B N N T""'hda oC
0 100 200 300 400 500 600 700 800 900 0 01 02 03 04 05 06 07 08 09 1
diEM Mass, GeV c0osoO*
Ms Limit(TeV)| DO (Runll) | DO(Runl+Il) | CDF LEP

A=+ .22 |.28 0.96 .|
A=— .10 .16 0.99 |.2

DO Limits in gy (Runll only): 0.96,0.93 TeV (A=+1,-1)
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‘rch for ED - RS Gravitons

€ In RS Model, two branes in one curved ED, with
gravity on a different brane from SM

¢ Effects of gravity on SM brane have scale

* A\r = MpLexp(-kmR) (k= curvature, Mp. = Mp./N 817
Expect k/Mp.in the range 0.01-0.1

€c

M

¢ Analysis looks for resonances in dilepton and
diphoton mass distributions

\_J

¢ |In absence of resonance, set limits on mass of_
first KK mode of graviton, as a function of k/Mp,
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‘earch for ED - RS Gravitons

> -I I I Y I o I o I e I o I T I Y I I I- - 0-1 I | | I | I I I I | | I I I | | | I I
O 10°E -1 = En- = | | l -1 | B
= DO Runll, 275 pb" a) 3 = 0,000 D@ Run Il 246-275 pb E
L anil o Data : ~ - . RS Model 95% C.L. Excluded Domain .
0107 |# === Total Background - oost N .
T B ~ SM Background i TR Nopu ee+yy & combined &
) i g W QCD Background 5 - BN y .
T 102k i ) 300 GeV RS Graviton | 0.07:— N E
A\ E 0.06 1 oy 3
) - - B J
10 L ? E 0.05F O -
i w } ] 0.04 4 =
_ | g C ST~ .
14l ' 0.03- '~
10 - =
0.02- =
10-2”1““’”“ Ty 001:|l-h"l‘"l..f"l".fllllII T T A B |||||||:

100 200 300 400 500 600 700 800 o 300 00 500 600 700 800
DiEM Mass (GeV) Graviton Mass (GeV)
Di-EM Mass Distribution Mass Limit vs. k/Mp.

Graviton masses excluded up to 785(250) GeV
for k/Mp. = 0.1(0.01)
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BN Search for 7 —ee

> . . . .
# Looking for new physics in e*e’, using Me. and cosO*

- P =1
4 CDF Run 1l Preliminary (448 pb ) - CDF Run | Preliminary (448 pb

|~

S B B e e e e e e e o
T_}?_ 10 = s Data 3 g g; e Data E
3 103 B [ | Poisson Stat. Uncertainty | 7 ‘3 20 Poisson Stat. Uncertainty _;
N = —— Zly—>e'e MC = = 18 . — Zly»e'e MC _f
L . - -
‘2 1 02 [ ] Dijet background _ E 16 Dijet background =
l%’ ‘o Ml Other backgrounds : E :; . IR Other backgrounds :;
of = 69.4/56 -
" 10 ldof=13.6/13 -
1 8 E
" 6 =
10" 4 E
2 =
. ]

T ——

N e e B A r——
0 250 300 350 400 450 500

M., (GeVic?) M., (GeV/c?)

¢ Use Me>200 GeV region for search:

& 115 +16/-19 Events Expected (Z/y*, dijets)
& 120 Events Observed
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)

v/

Search for Z'—e%e

SM ZF/Y or to Z'[ZF/Y ?

€ Test Z'/Z*¥/Y fit for different models and extract limits for
sequential Z' and multiple E6 models

Z' Model
Limit (GeV/c?)| 850

Zsm

Zx
740

Ly
725

Zn
745

€ Can also test for contact interactions:

Interaction

A\*qe Limit (TeV/c?)
N\-qe Limit (TeV/c?)

LL
3.7
5.9

LR
4.7
5.5

RL
4.5
5.8

¢ If Z' exisits, it will interfere with SM Z*/Y

Z
650

RR
3.9
5.6

ZN
710

Vv
5.6
8.7

¢ Do the M.. and cosB* data distributions fit better to the

ZSEC
680

AA
/.8
/.8
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"ch for Resonances in Z+jets DE3

¢ Heavy resonances decaying

q e
into W/Z+q could signal N §\§z< g

quark substructure f
(Baur, Spira, Zerwas) g a
¢ Study Z+jets (Z—e"e) 10
3. DG Run Il Preliminary
¢ essentially background free i T
1025— :
¢ Pr(jet)>10 GeV, |n|<2.5 1o F
¢ For SM expectation, e
Yo? - lT ﬁ
generate Monte Carlo E
with different thresholds -
for M(Zq) A L 0 |
107

0 100 200 300 400 500 600 700 800 900 1000
M,,, [GeV]
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‘&) [w b]
|6m

(q — Z+q) x BR(Z— e
I

o X BR

s

o
&
|

300 350 400 450 500 550 600 650 700

M(q™) [GeV]

MGeV) | SMBkgd | Data | oos(pb)
300 | 41.59+465 | 35 | 0.201
400 | 35.66+359 | 30 | o111
500 | 1094+142 | 7 | 0.066
600 | 7.06+075 | 5 | 0.054
700 | 071+0.00 | o | 0037

M(q*)>520 GeV (95%CL)

March 10,2006 Kevin Burkett

|5



mture-Based Search: High Pt Zs

¢ Look for Z from heavier particles decaying weakly

¢ Open to many different models (SUSY, ED, etc.)

¢ Start with heavy quark model of Bjorken, Paksava, Tuan
¢ 3 down-type quarks, Q;, decaying Q—Z/H+d or Q—W+u
¢ Would create high Pt Z’s

10°L Z -y
. uu
e 10, i
¥ Study Pr(Z) for Inclusive, & f ™ Wz
Pr>60, 120 GeV %1“? o -7
Q 1_ H-_+ ﬁ
® E 1
¢ Good agreement between 3. 1

data and SM backgrounds

102

. -

0 50 100 150 200 250 300 350 400
P., GeV
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‘ure-Based Search: Dilepton+X

¢ Looking for anomalous Dilepton+X events

¢ X = Large Hr, Large MET, b tags, high Er jets, 3rd leptons

o m TR -
Ht = Ev(e)*+Er(jet)+Pr(u)+MET 2 a0l | Z
O - n W= v
Control Region: Hr<200 GeV 5 30l B
Signal Region: HT>400 GeV E 20 -
2 jets ET>50 GeV T :
%50 100 150 250 300
Expect: Hr in en Events (GeV)
0.802+0.440 SM
0.526+0.058 QQ 0 < 4.49%0q (90%CL)

Observe: 0 (00=0.289pb mqo=300 GeV)
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‘Based Search: YY+Y/e/p

Motivated by e'e YY+MET Event in Runl, study events with
2 photons plus another object

First analysis looks at YY+Y (All Et>13 GeV)

¢ Expect 1.9 + 0.6 events (real tri-Y, fakes)

|©)
€ Observe 4 Events
o  peeotarchforyy +X, X= o prroearchtoryy 4 X X
L2 5 | anHunuPrenmlnaw 1ﬂ2€lph — ﬁa.s; l'-‘E'FF'IunIIF'r‘EIIr'nIﬂatr“s.r 1ﬂzﬂnb E
2 | ' 2l
o I Z ;| h
g - 2 |
g i i §2.5:— =
T - s ;
2/ B 1.5/ -
1|~ -
1 e - |
0.5 E
ﬂ_' II'_—E.I_ .............. ] ui_ s T VNN P PPN DU |
10 20 30 40 50 60 70 05101520253035404550
Et (GeV/c?) Missing Et (GeV/c?)
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-e-Based Search: YY+Y/e/p

Also look for YY+e,u - Same photon selection

YY+e: ET(e)>20G eV 5 o CDF Run Il Preliminary 680 pb’
. % 2— vy + e Search
$ Expect 3.16+0.62 events o ¢ —- Data (TCE)

(real tri-Y, fakes) 5 14 = Total: SM+fake
j 1-21 - Fake vy ore
€ Observe | Event § 08 — 2y + Wy
o 0.6

YY+u: pr(pn)>20GeV 3;‘2‘1
CJ 60 80 100 120 140 160 180
¢ Expect 0.32+0.08 events

(LYY, fakes) Ht [GeV]

& Observe 0 Events

- Good agreement between data and SM predictions
- Plan to continue to add objects in YY+X Search
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me-Based Search: Same-Sign Dileptons

Events with 2 like-sign leptons (e or p) have few SM
sources, but can signal many types of new physics

¢ Select events with 2 leptons:

¢ Ist: ET(P7) > 20 GeV, 2nd:Etr(P1) > 10 GeV

N/

¢ Background estimates checked in multiple control regions

A/

¢ Background dominated by asymmetric conversions

Results from Signal Region

Category | Predicted Events | Observed Events

ee 2.6 +04 4
el 3.5+0.6 5
LY 0+0.7 0
Combined 6.8+ 1.0 9
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‘d Search: Same-Sign Dileptons

What do the events look like?

CDF Run Il Preliminary CDF Run II Prellmlnary
:-E 2 | Mﬂ =100, M, I ,=180, tanBl—S n>0 :E';, 4_5:_ Mﬂ =100, M -130 tanB—S “-.ao 1
o 7 ‘ * Data ‘ g 4 ] * Data 1
8 of ILdt—7041pb1 I acp 1 2. ILdt—7041pb1 B acp ;
-E - B Diboson ] g 3.5 ; B Diboson ;
g 51 Wy E IR ] o e o B wy ]
w . g DY ] 25 g DY i
- — mSUGRA point - — mSUGRA point |
] 2} ]

3
1.5 ]
2 ] 1 ]
1 ? ‘ 0.5 1
20 40 60 80 100 120 20 30 40 50 60 70 80 90 100 110

Missing transverse momentum(GeV/c) Leading lepton Pt(GeV)

Agreement in overall normalization, but some discrepancy
in kinematic distributions
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nature-Based Search: Same-Sign Dileptons

Highest MET Event

Et= 78,18/

e )

r-phi view

r-z view s

- 70,40 GeV electrons
- 4 good vertices
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- Conclusions

¢ CDF and DO are pursuing searches for evidence of
many different models of new physics

¢ Not shown today: leptoquarks, excited leptons, etc.

€ No signals of NP observed in data yet

Di-Electron Invariant Mass Spectrum

H:“:-{"‘m': CDF Run Il Preliminary - Data
¢ Analyses of | fb'! data 8 ﬁffnj 7, Bt s
samples just beginning e S
¢ Will provide stringent 2 T
tests of many models T
® . M%ﬂ_ﬁ-ﬂ
¢ Many exciting results i3
still to come I
70 80 30 100 110

Di-Electron Mass (GeV/c")
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‘arch for Excited Leptons

¢ Existence of excited states of leptons could indicate
a possible substructure

¢ Looking for pp— e*e — eye

¢ 2 leptons + | Y, with resonance in lepton-y mass

Contact Interaction Model Gauge Mediated Model
P Eﬂ qd- vz e
q e q s
Baur et al, PRD V42,3 Hagiwara et al, Z Phys C29: |15
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" LookingAhead

¢ Current analysis uses 368 pb™! of data

¢ Because backgrounds are estimated from data,
uncertainty will continue to improve with more data

¢ Expect updated result with | fb"! for summer

¢ Additional gains using lower Et cut and MET trigger

¢ Estimates of improved Mp limits with |fb"!

n Mp (TeV)
2 | .40
3 .14
4 .03
5 0.95
6 0.91
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‘/irtual Graviton Results
q gt q I q

ft

=1
5
=
.-'-r:-f.
=]
i)

Three terms in cross-section: SM, interference, graviton:
O1or = Osm + NOINT + N?0Ocrv (N=F/Ms?)

¢ Different conventions for F:

GRW |

HLZ (n=2) log(Ms?/M)
HLZ (n>2) 2/(n-2)
Hewett 2N/TT
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‘/irtual Graviton Results

CDF results in e*e” channel with 200 pb-! of data

€ |D Fit to invariant mass distribution

CDF Run 11 Preliminary (200 pb )

CDF Run II Preliminary (200 pb _1)

4

10} e TR R T LD
e Data * Data
X (] Drell - Yan ] sM Background
10 . | Direct KK
F ] QCD Background . 1D
S _ [] o, WW, WZ, tt H—-E’. Intefer=nce
% 10 | ¢
) -1 J,¢ | Central - Central
g 1 .--”II B —_—
% 10 § h T p % ﬁ*‘ulm = 850GeV
= 0|, e (X} [ ] 2
H | ] 1D
1 "R %m
5 i
10_1 h E ]_D'J' RN . i W
Y e 200 ADD 600 200
300 400 500 Diclectron Mass (GeVic )
Dielectron Mass (GeV/c 2)
Ms Limit(TeV) CDF DO (Runll) [DO(Runl+11) LEP
A=+ 0.96 |.22 |.28 |. |
A=—| 0.99 .10 .16 |.2
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