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Motivation: New Physics Searches

¢ Standard Model survived many stringent tests up to now. However, ...
® Indications of possible new physics exist |
® Questions like “‘hierarchy problems’ are unanswered

w» Numerous attempts (models) to understand beyond SM!

Strategy: Analyze (Inclusive) High Mass Dileptons
4 Dileptons serve as clean data samples with manageable backgrounds
4 Many predicted particles produce dilepton signatures!

=5~ Use dilepton signatures for searches on below categories:

Resonance Production Continuous mass spectrum
» Spin-0: SUSY (RP V) » Large Extra Dimensions (ADD)

* Spin-1: Z' (EG, little Higgs),
Technicolor (p_, w,)
» Spin-2: Randall-Sundrum G

Miige Karagoz Unel, CDF / Northwestern University

Pheno2004, Madison, WI April 27, 2004



Miige Karagoz Unel, CDF / Northwestern University

Heavy Neutral Spin-1 Particles:

e

e Reference model with SM-like _ Hanetal, Phys Rev D67 (03)
: : * Solve fine-tuning and hierarchy by
couplings to fermions

ling divergences of Higos mass
o M(Z' sole free parameter cancelng g g8
“ 5 P » SU(2) Z  coupling parameter: cotd

¢

¢

del Aguila et al., Nuc Phys B287 (87)
* Unification of strong and EWK

forces at GUT
* B6 - (SO(10) -~ SU(5)¥U(1) )xU(1),

e/'=7 sin@ +Z cosO
U/ E6 X E6

Lane and Mrenna, Phys Rev D67 (99)

. - * Alternative to Higgs mechanism
'Zn, Z o B_=sin V3/8, sin'v5/8 using strong dynamics

e TCStraw-Man Model: phenomenology
of vector and pseudoscalar T-mesons

o Parameter for T-vector decays: M
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2 Gravitons in Extra Dimensions:

Randall and Sundrum, Phys Rev Lett 83 (99) ADD, Phys Lett B429 (98)
e 5-D warped space-time via * n extra dimensions to solve hierarchy
an exp(-kr T factor predicts problem: M® ~R" M "*, M : string scale
graviton resonances e Graviton: sum of many excited states,
e dimensionless coupling Kaluza-Klein (KK) modes
parameter: k/M * virtual G exchange effective O:

G =0y, *N0, +N0,,
N=A/M* A =x1

Hewett

107R |— |

RPYV sneutrino:
Choudhury et al, Nuc Phys B660 (03)

* SUSY theories may include
interactions with R-parity violation

1074

do/dM (pb/GeV)

106 — k/N|>|=01 ' _ .
@) g JAN*xBR, V's Yukawa coupling
O T T e e e a0 to quarks X leptonic branching fraction
My (GeV)
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Selection Criteria for High Mass Dileptons:

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

Intermediate Muon
Chambers & Counters
(IMu)

* Require two 1solated e, E_> 25 GeV

Central: Inl< 1| |Plug: 1<Inl< 3.0

CC CP PP

categories
* at least one e with track required for electron pair

» Require two 1solated |, p_> 20 GeV

cndPlg | U Central 1% Inl< 1.5
Calorimeter Central(gg!lt_)Chamber

e il may include tracks w/o P-chamber information

> Will show results from ~200 pb™ (U, CC+CP ee) and ~175 pb™ (PP ee)
CDF data taken at 1.96 TeV during March 2002 — September 2003.
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W) Use data to estimate backgrounds and efficiencies as much as possible

W) Veto fakes/cosmics mainly by ET significance and track-timing cuts

ee MU Estimation

Direct Drell-Yan/Z
WWWZ,77,7 - 11, tt
Fakes W-+n jets, dijets
COSMIC Tays

QCD bgrnd estimation
for plug electrons

N
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Comparison to Expectation (CC+CP ee):

CDF Run Il Preliminary (200 pb '1)

n——m—
i e Data ]
10°1 [] Drell-Yan ] Mass >(GeV/ic?)|  Ne Nobs
] QCD Background 200 66.9 70
< ] tt, WW, Wz, tt : '
S 250 25.1 29
% 300 10.4 14
P 350 4.7 8
g 400 24 3
450 1.4 0

100 200 300 400 500
Dielectron Mass (GeV/c 2)

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

2 CDF Run Il Preliminary(173pb ")
% %103 3 — SM prediction Mass Cut NPRED_ Npara
S _. 0 2414 £ 58 2387
E ot [ acodiers 50 2410 + 58 2381
= TUE vt wz,zz,| 100 144 + 6.7 149
5 2 it Weets 150 20.8 + 3.7 22
2 Gk 200 10.2 + 2.2 14
= 0 F 250 5.0 £ 1.2 10
5 | T 300 2.5 + 0.7 S
S a3 i 350 1.4 + 0.33 3
Z : 400 0.71 £ 0.17 2
[ 10" - 450 0.39 £ 0.09 2
8 : 500 0.21 + 0.04 2
0? L 550 0.10 + 0.03 0
‘6:\ E |.:1|‘.| | " 111 1 |
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H®)
1
—
Cﬁ [ ] [ ]
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Comparison to Expectation (J):

CDF RUN Il Preliminary (200 pb ™)

e SDLEURA RS ey Mass > (GeV/c?)| Ny, Nobs
- A 150 55.25+250| 38
->Hu
QCD+cosmics 200 20.88+0.97| 18

[ DY Z>11, WW, WZ tt

250 9.44+0.49 9
300 5.22+0.32 6
§ 350 3.23+0.24 |
T“ | | 400 228¢019 | 1
: 450 1.79+0.16 |
10" I 500 1.24+0.13 |
) | il “L ..... 550 1.03+0.11 0
10 100 200 300 400 500 600 700 800
Dimuon Mass (GeV/c )

Events / 5 GeV/c >

Total of ~ 7500 dimuon candidates in 200 pb™ data

€ High mass dilepton spectra is consistent with background prediction
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Comparison to Expectation (ee + [UJ): distributions
> . 4
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— Acceptance for the Models:

Miige Karagoz Unel, CDF / Northwestern University

™ Angular dependence =? Variations in Acceptance

Spin-0 (Higgs)
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CC+CP ee + pp

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

n

L (a/n) = |‘|

l

hie

n!

l

M

e 112 Observed events
*p=0 N:ig + Nibgrd (resonant particles)

¢ U= Nl_Sig(r]) + Nibgrd (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/resolution

e Selection efficiencies

* Background statistics and normalization

Pheno2004, Madison, WI
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CDF Run Il Preliminary (200 pb ™)

2 10°
5 ; oBr(Z’ — 1) limit (95% C.L.)
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¢ ce: M(Z ) > 800 GeV/c” for cotf = 1.0
¢ L M(Z ) > 755 GeV/c” for cotf = 0.9

oBr(Z, - ee) (pb)

CDF Run |1 Preliminary (200 pb ™)

10 p————

oBr(Z, - ee) LOx1.3

—e— 0[Br(Z' - ee) limit (95% C.L.)

10 — :
400 600 800
Z,, mass (GeV/c®)
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Results for RP sneutrino: (ee)

, CDFRunll Preliminary (200 pb ™)

ce CP  CC+CP
(GeV) (GeV) (GeV)
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10 —
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10 3 Choudhury, Majhi and Revindran
o
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B
1
> _
2] 10
©
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Results for RS Graviton:

_ CDF Run Il Preliminary (200 pb ~

01— CDF Run Il Preliminary
RS Graviton Model CDF Run L( b'1) MG @95%CL (k/Mp|=0-1)
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0.07f . L
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0.06k _ oBr(G - ee) limit(95% C.L ) _
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Results for ADD Model: (ee)

CDF Run Il Preliminary (200 pb")

4 ) conventions : %/\nggﬁ = Ferw = Furz, Forw = 1, Fyrz = %(n > 2)

CDF Run 1 Preliminary (200 pb")

0.1 0.1
Unsmeared likelihood Unsmeared likelihood
L 008 . L oo08f o
& — Smeared likelihood 8 —— Smeared likelihood
39. 0.06 | %3. 0.06
s :
B omf Central;Central ] E omf Centra -+Central ]
% 0oz I Central-Plug % 002 b Central-Plug
A<O A>0
0 0 071 0j2 Oj3 0j4 0?5 11111 0 ] 0:1 0.2 Oj3 014 0?5‘(1
Inl (Gev") Il (Gev™)
CDF Run I Preliminary (200 pb~")
Tas Hewet t HL.Z GRW
(- 2GeV ™Y (GeV) (GeV) [GeV)
A=-1 A=41|A=-1 A=+1l|n=3 n=4 a=h n=6 n=7
Central-Central [ 1.005 1.18 954 1174 OET 292 £ 8o 11415
Central-Plug 2.4 247 ElE k1 urd E18 T4y GRS i) 916
Combined 1.005 LIV ey 61 1174 KT 292 £ 8D 11415
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predictions @95%CL using L~200 pb™ of CDF II high mass ee+|l data.

‘® We set preliminary 0*BR upper and mass lower limits on various

‘® We have surpassed the sensitivity and results of Run I high mass

dilepton searches!

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

=3~ Combined dilepton results are right around the corner!

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

Miige Karagoz Unel, CDF / Northwestern University

Pheno2004, Madison, WI April 27, 2004



21

Miige Karagdz Unel, CDF / Northwestern University

Pheno2004, Madison, WI

April 27, 2004



22

Miige Karagoz Unel, CDF / Northwestern University

Acceptances for Spin-1 dimuons and plug dielectrons:

CDF Run |l Preliminar
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Spin-1 experimental limit:
Comparison with techni-p and techni-w production

* TCSM model
10 - CDF Run ! Preliminary (200pb 7).
E oBr(Z' - ee) limit (95% C.L.)
oBr(p;,w; — ee) LOx1.3
L M . M |
1} M7T=M,' - 100 GeV.

oBr(Z' - ee) (pb)

2| My =400 GeV
10 3

200 300 400 500 600
P, W, mass (GeV/c 2)
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Combined dilepton limits (Summer '03, 126 pb™):

= (Obtained using counting experiment results at high mass region

CDF Run |l Preliminary (126 pb ™)

10°
oMBr(Z’ - 1) limit (95% C.L.)
oBr(Z' - 1) LOx1.3
10 545 Gev/c? (Z,)
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e] > 1
= 1 605 GeV/c® (Z,) |
=T 630 GeV/c? (Z,)]
N
E 10 E
(e} ]
107 N
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5 (Z° SM coupling
10 ........................

300 400 500 600 700 800
Z’ mass (GeV/cZ)

Spin-1
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CDF Run I high mass spectra limits:

= Used to set Run I Z' limits
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