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Outline:
u ExtraDimension Models Explored at D@ and CDF
(for theory introduction: G. Burdman's talk)
u Signatures and Event Selections
F Virtua Kaluza-Klein (KK) Exchange
F Direct Graviton Emission
u Preliminary Results
u Summary and Conclusions

The results presented here are with 200 pb™ data

from spring 2002- Fall 2003 of Run |1 Tevatron (winter '04).

All limits 95% CL and all Run [l results are preliminary.
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D@ and CDF at the Tevatron Run |I:

06/17/04

Central Muon
Chambers & Counters

Both the Tevatron and
the detectors upgraded.
Run Il has been

going on successfully.

EndPlug

Miige Karagdz Unel, NU

ED @Tevagcron

Calorimeter Central (I(D:rgtT():hamber 7 e 3 21 Solenoid |
’l}:‘ Fiber Tracker
B e e Silicon p-strip Tracker
1 Main Injector Forward Muon

Ry & Recycler 1 e — R e = Tracking +Trigger

- T

»
7 >
- T B e - L1

T
$ "a

Central Muon :
Scintillators e p—

HCP2004



A4

06/17/04

ED@Tevatron

Muge Karagtz Unel, NU

Tevatron Searchesfor ED:

a Modeswith n extra spatial dimensions

(o)
a Focuson:

Large ED (ADD): ﬁhk;”{mggfpowos, Dvali

n>0(n > 2), compactified
M?,~R" M, Mg string scale

TeV ™' ED (DDG): Dienes, Dudss, Gherghetta

exchange

e

&9

n 1(n=1) Nudl Phys B537 (99)

M. : compactification scale

}&
jet

!

. Randall, Sund
Warped ED (RS): Freé Sren

n =1, highly curved
k/IM,, k: curvature scale

emission
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Virtual Exchange Searches:

u Pair production in virtual KK exchange with SM interference

u Effective cross section has three terms with one parameter:
— 2
S SSM+IIGSint+IIGSKK he=F/M_

u Search strategy islikelihood fits as a function of h:
D@: 2D fitinM._, and cosq (scattering anglein c.o.m frame)

nv

CDF: 1D fitinM,
u Trandglate into 95%CL lower limits on M for various formalisms:

| 2
A conventions : %/\Hewﬁﬁ = Ferw = Frurz, Ferw =1, Fyrz = m(n > 2)
'Giudice, Rattazzi, Wells| [Han, Lykken, Zhang] HCP2004
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D@ diIEM and didglectrons:

u diEM: Combine ee and ggwith no track requirement on the eectron

Require 2 EM objects, E_> 25 GeV
with track 1solation

Centra Cal. Endcap Cal.
CC:|hl<1ll | |[EC:15<|h|<24

3

CC-CC and CC-EC usad in results

Event kinematics based on vertex |ID
Overall ID efficiency: 85+ 1%

u diele at least one e with track
match, no track isolation on either

CC-CC and CC-EC used in results

| JiEM Mass Spectium | D& Ryn || Preliminary

Events/10 GeV

0 100 200 300 400 500 600 700 800 900

diEM Mass, GeV

| diEM cos g Spectrum | De Run Il Prellmlnary

Events/0.02

S500F T 1T [rTrrrprrrr[rrrrrrrr [rrrrprrrr [rTrrrprrrrprrrig
- I 1 4
400

19,
300

200~

. CC-CC+CC-EC

100

ol b b b b b b b v b by ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

cosg*
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DO diEM:
S SM Prediction | Dé Run Il Preliminary Data Backaground contributions:
N s Drell-Yan and direct og
g 2, o] 2 s Dijet and direct photon where
210°] 2107 jet(s) misindentified (fakes).
10+ 10+ . . .
E‘ ' 200 400 600 P28 8 00 400 600 Oo'lzé"@ of instr’umental backéroundw
- diEM Mass, Gey diEM Mass, Gey -
T
LEL ED Signal . QCD Background N,= 9.7 (1.6 QCD), N, =8
for M g,> 350GeV
; Ljijilgo 1 %1180 1 Signal systematic uncertainties:
= 1 0.8 1- og @ K-factor (K.=1.3)
i 118-21' 09246§ 118-'; 099246(,;* s choice of PDF
& 0 200 400 gog 'O & 0 200 400 ggo 20 & . o,
= JIEM Mass, Gev diEM Mass, Gey s Luminosity ~ e
E} s E. dependence of efficiency
= s Tota=12%

HCP2004
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|nteresting DG Events:

Run 162099 Evt 15851827 Mon Aug 19 00:30:59 2002

E scale: 76 GeV

06/17/04

Highest diphoton
M =436 GeV

Run 175826 Event 15382214 Wed Jan 28 19:15:22 2004

E scale: 185 GeV

ED@Tevatron

Highest e+g (EC-EC)

M =515 GeV

Miige Karagdz Unel, NU
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DA diEM and dielectron LED Limit Results: w

© Data agrees well with expecatations a Proceed to set limits
© 2D binned information used: M 4.,, and cosg

©Limitson hg -> 95% CL limits on Mg
Lower Limit on M in diEM mode (TeV):

GRW/| Hewett

HLZ

|=-1 | I=+1 | n=3

n=4 n=5 n=6 n=7/

1.36 {110 ({122 {161 136 1.23 1.14 1.08

| Bayesian Likelihood |

Combined with Run |I:

0.08

0.07 F\

ikelihood

L
o
o
&

f

0.05
004F -
003

0.02 De Run Il
C De Run |

0.01F

o ’—_é}“", 'J-.r
o) PRI ERRREN B VA e o= 2 20 i 1k i

GRW |Hewett (I=+1)|HLZ (n=7)
143 | 128 | 114

Lower Limit on I\/ISin ee mode:
©OM;>1.11TeV

0 01 02 0.3 04 05 06 07

08 09 1
h, Tev™’
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CDF dielectrons:

Events /5 (GeV/c 2)

Events / 5 (GeVic 2)

10 ¢

10 ¢

CDF Run Il Preliminary (200 pbl)

4852 events

Central - Centrai

W ol

100 200 300 400 500
Dielectron Mass (GeV/c )

CDF Run Il Preliminary (200 pb )

7587 events

Central - Plug |

HHHHHHH H

100 200 300 400 500
Dielectron Mass (GeV/c )

Require two isolated e, E_> 25 GeV

Central: |h|< 1| | Plug: 1< |n|< 3.0

3
CC and CP used in results

at least one e with track required for electron pair

Constrain e in luminous

region around CDF center
Apply energy dependent cuts

for high mass efficiency

E£,. significance cut

Overall ID efficiency:

CC: 92.4£0.4% CP: 79.2+0.5%

HCP2004
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CDF dielectrons: @

Background contributions: o CDF Run I Prefiminary (200 Pbl) _
= Drell-Y an and other SM . Daa
s QCD where jet(s) 3| ] Drell- Yan
miisidentified. al I QCD Background
s CP category contributes most S L] tt, Ww, Wz, o
to QCD background 3
Lo
Ng,=4.7, Ny, =8 o
for M_> 350GeV L‘I'>JJ
Sources of systematic uncertainties:
Luminosity (6%) : L 3
Energy scale/resolution 100 200 300 400 500
Acceptance (PDF, MC statistics,..) Dielectron Mass (GeV/§)

Selection efficiencies
Background statistics and normalization
Signal: ~8%, QCD background: >20% HCP2004
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CDF Didlectron LED Limit Results:

© Data agrees with expectations a Proceed to set limits
© M, distribution is used for binned likelihood

© Limitson h -> 95% CL limits on M (convention: h =l /MJ*

CDF Run |1 Preliminary (200 pb") 01

CDF Run Il Preliminary (200 pb") .

- Unsmeared likelihood Unsmeared likelihood
% el — Smeared likelihood % o — Smeared likelihood
”-2 0.06 ?23 0.06 | 1
B omf Central-Central ] B omf Central ;Central
£ + = ]
$ Ll Central-Plug ] 2 o} Central-Plug ]
>0 <0 ]
- T ievy ) N ey
Lower Limitson M (TeV):
Hewett HLZ GRW
|=-1 [=+1{ n=3 n=4 n=5 n=6 n=7
099 096|1.17 099 0.89 0.83 0.79|1.11
CDFRunl: 0.78 0.77

HCP2004
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D@ dimuon LED Limit Results:

S : 1
E Standard Model Monte Carlo Data ‘ Current reSUItS usl ng 100 pb data
e « Require2 mp > 15 GeV
« 2D fitin M, and cosq
S v 9\ ] Q\ o
g - s rs Lower limit on M (GRW):
0 100 200 300 400 500 7% 1Y 0 100 200 300 400 s00 600 700 o N
IC_S) e mmMass(GeV) A o mmMass(Gev) ) 0.88 TeV
e SM+EDterms ( h =3.0 TeV " y)
L Dé Run Il Preliminary
5 Icos(q)l
glo 3 Dé Run Il Preliminary >
Cl>)10 g10
“ 3
10" Oogggﬁ @ 10°

10

0 100 200 300 400 s500 600

mmMass(GeV) "

1

10"

2
(o) 10
0 01 02 03 04 05 06 07 08 09 0 100 200 300 400 500 600 700 800

|Cos(q)l| DimInvar. Mass(GeV)

HCP2004

Miige Karagdz Unel, NU
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Preliminary Run Il Lower limitsfor M (TeV):

diEM | dielectron [dimuon
Convention DO | CDF | DO DO
GRW 1.36 | 1.11 | 1.11 | 0.88
=1 | 1.1 | 0.99
Hewett
I=+1 | 1.22 | 0.96
n=3 | 1.61 | 1.12
n=4 | 1.36 | 0.99
HLZ n=5 | 1.23 | 0.89
n=6 | 1.14 | 0.83
n=7 | 1.08 | 0.79

DD Run |: (diIEM) prLss (1)
M;>1.1(1.0) TeV for | =+1(- 1)
LEP: (L3) PDG(3)

M;>0.84 (0.99) TeV for | =+1(- 1)

HCP2004
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D Resultsfor TeV™ ED: Dielectron Channel w

© SM bosons can propagate in ED: mixing and interference among SM

bosons and their higher order KK modes

© Study Z/gvirtual KK state effects, 'rgewwass speerum

Dé Run Il Prellmlnary

CC-CC

parameterized by: h.= p“/3M ] 10: A AAAAAAREEI S L A
&
©N,,=12.1 (4.3 QCD), N,,=9 %
for M,g,>350GeV & EC-EC incl. 5
LL

© Background uncertainty: 10%
© Signal uncertainty: 12%

M~ Signal MC}

©L|m|tsset Sarneway aSLED 30'””106”'206”500"400::U;oo' 600 700 800 é(l)ollllooo

diEM Mass, GeV

Lower Limit on Mcin ee mode:

8’©h <263TeV?->M_.>1.12 TeV @95%CL

Muge Kar

|ndirect and Combined Searches:
© LEP combined: M.> 6.6 TeV, All: M.>6.8 TeV

HCP2004
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Resonant Graviton Sear ches: Randall-Sundrum M odel

* 5-D warped space-time via an €% factor
predicts low mass graviton resonances
» coupling parameter ( k/M )

1074

do/dM (pb/GeV)

(a)

10—8 R T

T | T T T T
DHR PRD 63 2001

——————————— K/INy =1. 1

-
~

- \\\

- _
~
~
~
> ~

\~ ///1 \

KING = 0.1

200

400 600 800 1000 1200
My (GeV)

® CDF searchesin diL EP(eetmm) + ggchannels (BR(G® II)=%2 BR(G® o))

» diL EP: Binned likelihood method

* oo Counting limitsusing 3s mass-window around resonance

HCP2004
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CDF dielectron:

© Same event selection as LED search
© Using spin-2 acceptance for limits on

S*BR(G® ee) and M . asafunction of k/iM

Generator level spin-2 (full h range)

0.1

AlUILlay Stac

[cos |

Acceptance

CDF Run Il Preliminary

1
0 95 ----- e---- Central - Central events
0 85 ----- =---- Central - Plug events

S CC +CP
0.70
0.6
050 0 TRk,
0.4-

- o 00 000
0.3 PRNPO S d

- |::f"'" .
02 § e

- Teem.g -
0.1 -

:\\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\\

100 200 300 400 500 600 700 800
Dielectron Mass (GeV/®)

HCP2004
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lige

M

CDF dimuon:

Require two isolated m p_> 20 GeV
m: Centra | | m;: |h]< 1.5

DY Z->mm
QCD+cosmics )
L] DY Z->tt, WW, WZ, tt

m may include tracks w/o mchamber information

Constrain z_to CDF central region

Momentum dependent cuts for high @, |
mass efficiency j
Backgrounds. SM and QCD+cosmics !
V eto cosmics by track-timing cuts o

Ngi;=3.240.2, Ny, =1, M, >350GeV MH ﬂ N
Overall selection efficiency: ~70 + 2% 10" 155 200 300 400 500" 50576500
Signal systematic uncertainty: ~8% Dimuon Mass (GeVic )
Background unc: 5% (SM), 20-30% (fakes)

Events / 5 GeV/c *

u Data and background expectations agree a Set limits, similar to ee

HCP2004
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Require two isolated g, E_> 15 GeV

CDF Run Il Preliminary 202 |:|I:u'1

(X
=k

¥

0o Central, |hi|< 1.1

I_"I'I-ﬂ-\.u.!.

Y

N/dM (1/GeVic)

d
==
=

An event vertex exists
No 3D tracks pointing to EM cluster | || |||
Mdiphoton> 30 GeV I | || |||| ||| 1
Overall selection efficiency: g 1

~50-55+ 2%
0080900 30 40 160 780 zun

m{yy) {GeWc )

200 250 00 350 400 450

10

a CDFd photon results first presented in this conference!

HCP2004
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Background contributions:

« SM direct diphoton
production

= QCD where jet(s) misidentified
IN gtj e, jet+]et events.

Ng,= 0.6 £0.2, N, =1,
for M > 350GeV

Sources of systematic uncertainties;

Choice of PDF, FSR/ISR
Energy scale
Selection efficiencies

Background statistics and normalizationg o-f

Total signal uncertainty: ~15%
Background uncertainty: 20-25%

-
ﬂI||I

CDF Run Il Preliminary 202 pb™

0t [
2 B e« Data, E (v)>15 GeV
5:!": = Taotal Background + 1o
= :_'_|_ e Standard Model v
- ,
%10 — {Diphox NLO)
L)
L | —l—‘
IIIIIIIIIIIIIIIIIIIIIIIIII*IIIIIII
40 &0 80 100 120 140 160 1B0 200
m(yy) (GeVic’)
CDF Run Il Preliminary
= 95
045
0af —— 2 photons |n|<1.1
@ oasfE CC
® 0.3
ED.EEE—
N SEERERE:
g . } 1
En.m_ % %
g t
FoosE
o I I I | I -

i I SRR NN AT NN A A N A L1 PETENE T E N B A '
200 300 400 500 GO0 TO0 800 00
m(yr) (GeWic®)

HCP2004



E'T1 =131 GeV

E.,=129 GeV
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25232 Run:

Event :

Event 751444

405 GeV

Photon Et = 172, 175 GeV

Diphoton Mass

Run 167506,
Highest ee (Plug-Plug)

HCP2004
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CDF Reaultsfor RS Graviton:

s»Br(G® ee) (pb)

16° CDF Run Il Preliminary (200 pb)

sBr(G® ee) limit(95% C.L.)

s>Br(G® ee) PYTHIA 1.3

10 Randall-Sundrum Model

200 400 600 800
Graviton mass (G eV/%:)

Upper Limitson s<BR (i), | ower Limitson M _ (GeV), k/M ,=0.1
at high mass

ee‘nm‘gg ee‘m*n‘gg
50 50 | ~100 620 605 | 675

HCP2004
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Graviton Emission Signature: LED Model

S @ Graviton produced along with ajet (or photon):
5 escapesout of the 3D brane, not detected
S e Monojet like topology with high missing E;
S
g °q0® G
kS
©
i
Q9 ® oG
)
Z
2
D °gg® gG
O
ok
&
A4
&
D
=

HCP2004
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D@ jet+E. Signature (85 pb™):

N

Final Sample sel ection: S 105 o Dé Run Il Preliminary
?) B .o e Dat

s E‘T > 150 GeV £10’c- o QCD .Macl:a
i . i "iSignal

.P_(jet]) >150GeV, |h[< 1.0 or
« P (jet2) <50 GeV } not incl.,

np=6, Mp= 0.7 Te\

10
s Df (&, jetl) > 30° -4
1 T W 1
50 100 150 200 250 300 350 400 450 500
missing ET
2 o5 pe Run Il Preliminary s Largest SM background from
£ G| | Z->uue(s)
5L s N,,=100.2 £6.2 (stat) +7.5(thy)
. +50% -30% (Jet Energy Scale)
: + s Signal uncertainty: 20%
« Data: N, = 63 (~5% efficiency)

\\\\\ T = N R
0100 150 200 250 300 350 400 450 500
leading jet pT

Expected & observed agree within errors
HCP2004
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D@ Limitsfor LED in jet+E, Signature:

u Set limitsin the absence of eventsin data
u Use LEP CLs approach.

u Upper [imitin N 84

signal *

u Expected limitsof 111.4 (median) £ 28.1 (RMYS)
agree with actual limits.
_— 3 1000- —

Lower Limit on M (K,=1.3) o BZ FF’;uer']'T

n,  [M,>(TeV) = 900;_ ---------- CDF Ru\nl
800— L3
4 0.63 e K-factor = 1.
5 0.67 [ S— _
6 0.66 oo e
7 0.68 sod-
4 5 :

Nd

a Once uncertainties settl ed, analysis will be more competitivc;I CP2004




26

-
E Tevatron and its experiments are performing very well: most
< analyses include the 200 pb™* data recorded until end of 2003.
| D@ and CDF are actively engaged in Extra Dimension searches
S In high mass eet+tnmmitgg and jet+&-.
IS
g’) | More ED signatures (especialy ¥, based) are being explored!
@ ! Current LED limits of the Tevatron experiments exceed
published limits of previous direct searches. For some
=  models/search strategies, the D@/CDF analyses are the first!
E <+ Hadron Colliders (Tevatron now, LHC soon) are great places
% to search for extra dimensions!
o
©
g (*) Many thanks to all D@ and CDF colleagues!

HCP2004
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CDF Run | result for LED in jet+ME; signature:

102§

10 |

Events/10 GeV

I I I I
— Data (84 pb™")

|| Standard Model -

% Expected Signal |
(Mp=0.6 TeV, n=2) |

Lower Limiton M_ (K.=1) (TeV)
and Upper limiton R

Zr (GeV)

L | | | | | | | 1
80 100 120 140 160 180 200 220 240

n,=2 n,=4 n,=6
1.0 0.77 0.71
0.48 mm | 0.014 nm 42 fm

Final sample selection:
« £ 80GeV

.E_(jetl) 80GeV, |h|< 1.1
.E_(jel2) 30GeV
o Noy = 284, N, =274.1% 15.9

10 3
n=2
SN . m:4
102
A 95% CL Limit
Lom Wts
A ‘

Expected Number of Signal Events
S
I
»

i
I

600 700 800 900 1000 1100 1200
Mo (GeV)

HCP2004
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Constrained Parameter Space for RS-ED mode!:

k/ 1\’TPI

0.20

0.10

0.07

0.05

0.03

0.02

0.01

T

LU | TT ll|llll|lllllllllllllllllllllllll

H&S hep-ph/02051

1 1 1 I 1 1 1

1

| 1111 | 11 ll|llll|llll|llll|llll|llll|llll|

)6

1 1 1

4000

5000

HCP2004
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Events / 0.02

CDF cosJ :

©cosqg distribution comparison with Drell-Y an background

500 |

400 |

200 i

100 |

300 |

CDF Run Il Preliminary (200 pb)

[| [J Drell- Yan
[[] QcCD Background

Central - Central

0.6

|cosq|

0.8 1

400

w
A
o

Events / U.UZo
w
o
o

2501

200

150

100

50}

CDF RUN II Prellmlnary (200 pb

—e— Data

DY Z->nm(PYTHIA)

-1

)

20

B e
o

»
T

CDF RUN Il Preliminary (200 pb

—e— Data

[] ovz->m(PYTHIA)

M, > 150 GeV/c® |

o

0

0102 03 04 05 06 0.7 08 09 1
Icosol

0 010203040506070809 1

|cos qf

HCP2004
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Dielectron comparison for CDF and DQ:

Events /5 (GeV/(z:)

CDF Run Il Preliminary (200 pB)

4
10— w p
F e Data B
10 B [] Drell-Yan ]
g [ QcD Background | 3
C [] tt, Ww, Wz, tt ]
10, 3
Central - Centra
10 & E
1 E
ldl E

100

300 400
Dielectron Mass (GeV/cz‘,)

500

=

10'g :
F e Data E
103; (] Drell-Yan ]
g [ QcCD Background | 3
f\g N [] tt, Ww, Wz, tt ]
2
© - _
i
Lok Central - Plug |
® 10§ E
c i E
[<5) H ]
> 1
i

Ay
=
fiN

CDF Run Il Preliminary (200 pb)

200 300
Dielectron Mass (GeV/a

100

CDF Run Il Preliminary (173pb )

%103 3 = SM prediction
O B qco diets
0107 L
~7F [] tau-tau, ww, Wz, 2z,
..2 tt, W+jets
g 10
w
1E
10t
10° hl [ \
100 200 300 400 500 600 700
M,... (GeV)

| diEM

Events/10 GeV

NessSpestin | )é Run || Preliminary

10

0 100 200 300 400 500 600 700 800 900 1000

diEM Mass, GeV

| SEMVess Spesum_| s Ry || Preliminary

Events/10 GeV

0 100

600 700 800 900 1000

diEM Mass, GeV

200 300 400 500

| 9EM Nass Specium_| D Ryn || Preliminary

G R L L L L L L LI BB LI R

10

10°
10 3

1

Events/10 GeV

600 700 800 900 1000

diEM Mass, GeV

300 400 500

HCP2004
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Comparison to Expectation (CDF CC+CP and PP eeg):

CDF Run Il Preliminary (173pb '1)

%lO3 = = SM prediction

O [ oco diets

0107 L

=~k [] tau-tau, ww, wz, 2z,
12 tt, W+jets

S 10

S E

L

[N
TTTTT T TTT

102— Mrh.ﬂ...m

||| |||III II|IIII|

100 200 300 400 500 600 700

M. (GeV) Mass>(GeV/c)|  Neg Nobs
250 25.1 29

CC+CP 300 10.4 14

350 4.7 3

400 2.4 3

450 14 0

HCP2004



