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Motivation: New Physics Sear ches
© Standard Moddl survived many stringent tests up to now. However, ...
Indications of possible new physics exist -
Questions like “ hierarchy problems’ are unanswered

é Numerous attempts (models) to understand beyond SM!

Strategy: Analyze (Inclusive) High Mass Dileptons

F Dileptons serve as clean data samples with manageabl e backgrounds
F Many predicted particles produce dilepton signatures!

Use dilepton signatures for searches on below categories.

Resonance Production ContinuoUS Mass spectrum
s Spin-0: SUSY (R n) » Large Extra Dimensions (ADD)

» Spin-1: Z' (E6, little HigQgs),
Technicolor (r _, %o)
» Spin-2: Randall-Sundrum G
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N Heavy Neutral Spin-1 Particles:

Reference modd with SM-like
couplings to fermions

M(Z',,) sole free parameter

Solve fine-tuning and hierarchy by
canceling divergences of Higgs mass

SU(2) Z,, coupling parameter: cotq

wn

Unification of strong and EWK
forcesat GUT

E6® (SO(10)® SU(5) U(D)¥" U(L)¥

£ =Z2,8Nq+ 2, "coquG ) Alternative to Higgs mechanism
Z.,Z « Q. =sin(B/8,sin"B/8  ysing strong dynamics
TCStraw-Man Model: phenomenol ogy
of vector and pseudoscalar T-mesons

Parameter for T-vector decays: M _
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O Gravitonsin Extra Dimensions:

Muge Karagdz Unel, CDF / Northwestern University

do/dM (pb/GeV)

5-D warped space-time via
an exp(-kr p) factor predicts

graviton resonances
dimensionless coupling
parameter: k/M |

q G N g G I

q I g |
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n extra dimensions to solve hierarchy
problem: M~*_ ~R" M " M : string scale
Graviton: sum of many excited states,
Kaluza-Klein (KK) modes
virtual G exchange effective s:

—_ 2
S=Sgy T hSint +h Sk
h=1/M* | =1

S Hewett -

RPV sneutrino:

SUSY theories may include

Interactions with R-parity violation

s 1 | '?” BR, n'sYukawa coupling

to quarks”~ leptonic branching fraction
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Intermediate Muon /
IN

Chambers & Counters
(IMU)

T ——

EndP|ug
Calorimeter Central Drift Chamber
(com)

N_—

Central Muon
Chambers & Counters
(CMU, CMP & CMX)

A Will show results from
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Require two isolated e, E_> 25 GeV

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

CcCC CP PP
categories
at least one e with track required for electron pair

Require two isolated m p_> 20 GeV
m: Central | | m: [h|<1.5

m may include tracks w/o mchamber information

pb™* (mm CC+CP ee) and pb* (PP eg)
CDF datataken at 1.96 TeV during March 2002 — September 2003.
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é Use data to estimate backgrounds and efficiencies as much as possible
é Veto fakes/cosmics mainly by ET significance and track-timing cuts
ee mm Estimation
Direct Drdl-Yan/Z MC
WWWZ, ZZ, Z® tt, tt MC
Fakes W+njets, dijets MC/Data
cosmic rays Data

CDF Runll Prelimi nary (173pb™)

QCD bgrnd estimation
for plug electrons

N

Electron Likelihood 2

hAON LN O RN WSO
\\\\‘\\\\ \\\\‘\\\\

i
:\\H‘\\\\‘H\\‘\\\\ \\\\‘\\\\ \\\\‘\\\\‘\\\\‘\\\\
5 4 -3 -2 -10 12 3 4
Electron Likelihood 1
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Comparison to Expectation (CC+CP ee):

CDF Run Il Preliminary (200 pbl)

T e
= SC - T S
) | [ tt, Ww, WgZ, tl: 200 66.9 70
E 250 25.1 29
vy 300 10.4 14
P2 350 AT 8
2 400 2.4 3
450 14 0

100 200 300 400 500
Dielectron Mass (GeV/cZ:)

Total of ~12500 CC+CP candidatesin 200 pb™ data
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Comparison to Expectation (Plug-Plug ee):

CDF Run Il Preliminary (173pb )

>103 _ — SM prediction Mass Cut NpreD _ i?\'er}TA
o E 0 2414 + 58 2387
O f [ aco diess 50 2410 + 58 2381
210 ] tastaw, W W2, 22, 100 144 + 6.7 149
[9) t, Weets 150 20.8 & 3.7 292
510 200 10.2 =+ 2.2 14
g 250 5.0+ 1.2 10
T T 300 2.5+ 0.7 8
3 i 350 1.4 -+ 0.33 3
B 100 0.71 +£0.17 2
_ 450 0.39 + 0.09 2
: 500 0.21 + 0.04 2
02 L - 550 0.10 #+ 0.03 0
5 el BT | BRI

100 200 300 400 500 600 700
M.... (GeV)

v/ New for Run |1: Plug dielectronsto increase the acceptance!
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Highest mass Didectron Event in CDF Plug Region
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Comparison to Expectation (nm):

250 9.44+0.49
300 0.22+0.32

. CDF RUNIIPrefminary 200pb ) Mass> (GeV/c)|  Nep | s
S 0 —a 150  |55.25¢250| 58
6| 5 QChoomics 200  [2088+0.97| 18
wot DY Z->tt, WW, WZ, tt
n 10 § .

10 g

; 350 3.23+0.24
T“ | 400 2.28+0.19

f 450 1.79+0.16
500 1.24+0.13
550 1.03+0.11

|

[
o|
N

OFRPr P RFEP, PFP OO

[N
o
=
—
—
]
[ ——
—
=

100 200 300 400 500 600 700 800
; 2
Dimuon Mass (GeV/c )

Total of ~ 7500 dimuon candidatesin 200 pb™ data
U High massdilepton spectraisconsistent with background prediction
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Comparison to Expectation (ee + nm: distributions
CDF RUN II Prellmlnary (200 pb
400 ———
500 'CDIIZ Run'IIIP'relllmlnary (200 pb) o : —
o e Data 1 ; _ -
@ | I QCD Background ] o
2 400 2
g ' © 300
>
(0 : T
300 Central - Central ] 250?
200 . ‘CDI‘:RU‘Nlll'T’reIirvinar)‘/(ZOS) pb"l)
200 i Ej 18 Ezitaz-> (PYTHIA)
150— UEJ 14F ‘ M, > 150 GeVvic? ]
100 S
100 Ll
0 500 ==
T T st
0 010203040506070809 1

|cos q|

*cosg in Collins-Soper frame
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Acceptance for the Models.
a2 Angular dependence U Variationsin Acceptance

Spin-0 (Higgs) Spin-1(Z', ) Spin-2 (RS G)

) CDF Run Il Preliminary ) CDF Run Il Preliminary L CDF Run Il Preliminary
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CC+CPee+ nmm

© 95%CL upper limitson seBR(X® ) for spin-0,1,2 and lower limits
on string scale for LED are placed using binned likelihood method.

N m n: observed events
~ Me ! | _
L (a/h) = Oi B m=a N9+ N " (resonant particles)
I | .| |
" m= N¥(h) + N™ (LED spectrum)

© Likelihoods are integrated to give the final limits, taking into account
the signal and background systematic uncertainties.

Sources of systematic uncertainties:
Luminosity (6%)
Acceptance (PDF, MC statistics, detector description, ..)
Energy/Momentum scale/resol ution
Selection efficiencies
Background statistics and normalization

Muge Karagdz Unel, CDF / Northwestern University
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CDF Run Il Preliminary (200 pb)

> 10"

"B ; s>Br(Z’® 1) limit (95% C.L.)

a_) s>Br(Z® 1) LO” 1.3

> 10 ¢ 570 GeV (Z) ;

c = 610 GeV () |

> % 1L 625 GeV

c 3 C

= NN G

= ° | AN

E 10_2 3

5

750 GeV

E 16° . (Z' SM coupeling‘

L 200 400 600 800
D Z' mass (GeV/(Z:)

O :

ﬂjﬁ ec Z SM CDF Run Il Preliminary
c
D | CDF Run L(pb™?)| Mass limit @95%CL
O 1A (92-93) | 20 505

& 1B ((94-'95) | 90 640

@ IIA (winter '04) 200 750

N .

@ (DO Run I limit: 780 GeV/c?)
H-)
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s.BR(ZO® i) (pb)

CDF Run Il Preliminary

MMZ" Mass limit @95%CL (GeVic?)

Model | Runl  Run Il (winter '04)
Ly, | 590 735
Zy 495 600
Z, 500 580
Z, 520 635
Z 480 530
CDF Run Il Preliminary (200 pb ™)
== s.BREZO® mm) limit (95% C.L.)
102k s.BR(Z,0® mm) (LO"1.3)
g s.BR(Z,©® m) (LO" 1.3)
I s.BR(Z,©® mm) (LO" 1.3)
- s.BR(Z©® m) (LO" 1.3)
10 ¢
1y
10'1;
10'25
200

600 700 800
Z© Mass (GeV/ c 2)

April 27, 2004



16

Muge Karagdz Unel, CDF / Northwestern University

©ee: M(Z) > 800 GeV/c for cotq = 1.0
©nm M(Z) > 755 GeV/c* for cotq = 0.9

sBr(Z,® ee) (pb)

10

10

CDF Run Il Preliminary (200 pb)

—e—— sBr(Z'® ee) limit (95% C.L.)
sBr(Z,® ee) LO 1.3

400

600 800
Z,, mass (GeV/cz:)

Pheno2004, Madison, WI

cot(q)
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CDF Run Il Preliminary (200 pb ")

1

Littlest Higgs Model Z© (Z ,,)
95% C.L. Excluded Region

Dimuon Decay Mode

nmm
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Zy Mass (GeV/ c 2)
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sBr(n® ee) (pb)

— -1
s CDF Run Il Preliminary (200 pb)

10 a— T T T
——e—— SBr(® ee) limit (95% C.L.)
2 NLO s>Br(n,® ee)
10 E Choudhury, Majhi and Revindran

Nucl.Phys. B660 (2003) 343

(ee)
GG CP CC+CP
(GeV) (GeV) (GeV)
AN2.Br=0.1 | 830 710 840

AN2.Br=0.01| 650 550 660
AN2.Br=0.001 | 400 340 400

200 400 600 ) 800
n mass (GeV/c)
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Br

10 |
RPV violating sneutrino

10" |

CDF Run Il Preliminary (200 pb)

| 95% C.L. Excluded Region

' in dielectron decay mode

N mass (GeV/(z:)
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kM,

k/ Mp,
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_ CDF Runl Preliminary (200 pb_
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Resultsfor ADD Modél: (ee)

> O A conventions : %/\Heweﬁ = Forw = Furz, Forw = 1, Fyrz = %(?‘L > 2)
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predictions @95%CL using L~200 pb™* of CDF |1 high mass ee+tnmdata.

We set preliminary s*BR upper and mass lower [imits on various

' We have surpassed the sensitivity and results of Run | high mass
dilepton searches!

All the limits shown either exceed any published results of direct
searches or are the first limits ever!

<+ Combined dilepton results are right around the corner!

(*) For more CDF search results, seetalks by G. Veramendi (ee FB
asymmetry), H. Gerberich (excited €) this afternoon.

Muge Karagdz Unel, CDF / Northwestern University
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Acceptancesfor Spin-1 dimuons and plug dielectr ons:

CDF Run Il Preliminar

o ALL e CMUP-CMUP ® CMUP—-CMX
® CMX—CMXe CMUP-Track = CMX-—Track
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Acceptance
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Spin-1 experimental limit:
Comparison with techni-r and techni-%oproduction
H TCSM model

CDF Run Il Preliminary (200 pb)

10 k- - - - T - - 1T
i sBr(Z'® ee) limit (95% C.L.)
sBr(r ,w;® ee) LO 1.3
[ M, =M,,
1| Mp=M," - 100 Ge\z

SBr(Z'® ee) (pb)
o

2| My =400 GeV
10 3

200 300 400 500 600
I 1,W; mass (GeV/cz:)
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Combined dilepton limits (Summer '03, 126 pb™):

ae Obtained using counting experiment results at high mass region

CDF Run Il Preliminary (126 pb)

Graviton mass (GeV/%:)
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CDF Run | high mass spectra limits:

e Usedtoset Run | Z' limits
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