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The path to new understanding is
through discovery

Historically, lepton final states have led to numerous
discoveries

Many possibilities = many searches

Outline
SUSY Trileptons Excited electrons
* combined final states = RS Gravitons
W’ NLLP
4 Summary
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Charginos and Neutralinos in Trileptons

Trileptons:
Advantages Mt es
* small backgrounds - all 3 leptons
Disadvantages - 2 leptons +
* 3rd Jepton is low py " next o leading lepton track
* small cross-section [N ° same-sign
X branching ratio T leptons
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14 Combined Results

ee+l ee+l pup+l petl petl ee + puptl
Slep CEM | plug eptl highp; | CEM | plug | track | lowp;
%ﬁl;)l-lll; 1034 | 954 | 1034 | 745 | 745 | 680 | 1013 | 976
Bked 044+ ] 034+ ] 028+ ] 064+ ) 042+] 036+ ] 097+ ] 042+
& 0.08 0.10 0.09 0.18 0.08 0.07 0.28 0.12
Data 0 0 | 0 0 3 |
LS lep ee LS ee; LS | eq;e; LS | e ,u LS en LS up LS
Lumi
(pb™) 993 993 993 971 971 1087
Bked 0.10 £ 0.50 £ 1.30 + 1.70 £ 230+ 0.90 +
5 0.10 0.30 0.30 020 0.50 0.10
Data | 2 | 4 4
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SUSY Interpretation
mSUGRA (inspired)
tanf3=3, A,=0, u>0, m,=60

mSUGRA MSSM MSSM

no limit yet same as mSUGRA set lepton BR to
without slepton mixing same as W/Z
M(y,9) > 130 GeV no limit yet

Ti—=T v =BROWE = Fay);

CDF Run 11 Preliminary: 700-1000 pb'L

mSUGRA: tanB=3, u>0, A =0, m =60 GeV
CDF Run 11 Preliminary: 700-1000 pl_fL
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NLO .
Gy o*BR Uncertainty

— 95% CL Upper Limit: observed
95% CL Upper Limit: expected
| Expected Limit + 26
Expected Limit+ 16

MSSM: ta.u|3=3, =0, Mli_ﬁ'l I': 7_?_‘|: no slepton mixing
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CDF Run II Preliminary: 700-1000 1bel

— 0, ,%BR
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Gy o*BR Uncertainty
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| Expected Limit + 26
Expected Limit+ 1o
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— Oy o*BR .
© Oy o*BR Uncertainty
=— 95% CL Upper Limit: cbserved
95% CL Upper Limit: expected
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& * 4 Combined Results

New channels
* uul and eyl

Lumi

(pb™)
eel 1000 | 0.76 = 0.67

Ll 1100 | 0.32 +1.34
Ll 1100 | 0.94 +0.40
LSz | 1000 | 11204

Bkgd Data

— SN |
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Use 3 SUSY models

March, 2007

* SUSY Limits from Trileptons

D@ Run Il Preliminary, 0.9-1.1 fb'

%,) X BR(3I) (pb)

mSUGRA inspired

m(y;*) = m(x,") = 2m( x,°)
no slepton mixing

olx,

large m,
 W/Z decays dominate
* no sensitivity
3l-max
* m(slepton) slightly larger
than m( x,")
* M(x,®) > 141 GeV
heavy squarks

e relax scalar mass unification

M@E,)=M@E)=2M(%.); M{H>M(X)
tanB=3, u>0, no slepton mixing

= Observed Limit
Expected Limit

Chargino Mass (GeV)

D@ Run Il Preliminary, 0.9-1.1 fb'
M(’;'f) =104 GeV, Mﬁ )=108 GeV

tanB_B p>0, no slepfon mixing

= Observed Limit
Expected Limit

40
M(slepton)-M(7’) (GeV)
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__:% W’ Search

Search for additional charged gauge
boson

Events w/ electron (E>30 GeV,
MET>30 GeV, M>150 GeV)

Data = 630 events
Bkgd = 623 + 18 "33 . events
My, > 965 GeV @ 95% CL

"] [ acDp (from Data)
I:| W—ostv
Il zy s ee

Oz —» 1t
T I Ww incl.
: O ffincl.
1 [ Wz incl.
| zZ incl.
| —4— Data

:

i00 200 300 400 500 600 7OO 800

m, [GeV]

95% CL Limit

— Theoretical Prediction
(incl. NNLO Corrections)
*---- obs. Limit 95% CL
exp. Limit 95% CL

"l acD (from Data)
T 2y —ee
P |z =t
= WW incl.
i T 1 inc.
T O wzincl.
H Z7 incl.
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Di-Electron Invariant Mass Spectrum
5

DiElectron High
Mass Search
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Select events with two
electrons (E>25 GeV)

SearCh for narrow high 1050100 150 200 250 300 50 400 450 500 550
mass resonances Di-Electron Mass (GeV/c

- 150 <M(e e) <950 GeV 95% CL Limits (Spin-1, e'e’)
* Model independent
* No excess found
7’ (spin 1) additional
neutral gauge boson

7’ =923 GeV 7°>729 GeV

Z’W>822 GeV 270 >822 GeV

Z, >891 GeV CDF Run Il Preliminary

3 %, b
10200 300 400 500 600 700 800 900

M,. (GeVic?)
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-- Expected 95% limit
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RS Graviton 95% Confidence Limits
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DF Run Il Preliminaryj Ldt=1.1-1.31f"

—— obs. &'’ limits
-- expected e e limits
—¥— obs. yy limits
- - expected yy limits
—e— obs.yy + e'e limits
h - - expectedyy + e'e" limits;
7\0_ —— LOc.Brx13
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RS Gravitons

Use extra dimensions to
address hierarchy
problem

Resonant production of
gravitons at Tevatron

Combine dielectron w/
diphoton search

* Diphoton is twice as
sensitive (spin 2)
CDF
© Mg>889 GeV for
k/M,, = 0.1

g

D@ Run Il Preliminary, 1.1f5'

—— 95% CL upper limit

sensitivity

e KNBRUM, = 0.05
sieeee KNBR/M, = 0.02
~mm KNBRM,, = 0.01

o{pp— G+X)xB(G— ee) (fb)
=

D@ Run Il Preliminary, 1.11b'

o Eexcluded at 95% CL
S sensitivity. .
| — DO PRL 95, 091801 (2005)
A --excluded by precision ewk f

D0

* M >865 GeV for
k/1\7Ipl =0.1
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_j% Excited Electrons i> <e
q e~

Some models predict quarks and leptons are made of smaller pieces

- allows excited states (e*, u*, q*, etc)
Search in eey

 possible decay mode e*->ey

* pq(e,/e,/y) >25/15/15 GeV

* observed 259 events

* expectation =232 £ 3 £ 29 events
m,. > 756 GeV

D@ Run Il Preliminary 1.0 fb™
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& 7*5 Search for Neutral, Long-lived Particles

£

scale=3GeV %"

Search for pair production of two
neutral particles

Look for decay well away from
production point

* two isolated muons p>10 GeV

Sample signal
- RPV SUSY

* y," pair production
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Limits on NLLP Production Phys. Rev. Lett. 97
161802 (2006)

NuTeV 99%
Exclusion

0 events observed
0.75 £ 1.1 £ 1.1 expected

L= L' w+X) (pb)

0
L

L=380+25pb"
— D@ 95% Exclusion

- D@ 99% Exclusion

) x BF(N

0
L

0
LL

10° 10° 10" 1
Lifetime (s)

o(pp—> N

NuTeV

* neutrino experiment at Fermilab

 observed 3 dimuon events in

: D@ sets limits on pair production
decay region

cross-section vs. lifetime

Excludes some interpretations of
NuTeV result
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| * Summary
__/ J '

The Tevatron has an exciting program of
searches for new phenomena using leptons

I’ve shown some of the more recent ones
° Trileptons, W’, Z’, RS gravitons, NLLP
Many more not covered

°* RPV SUSY, technicolor, leptoquarks, charged
massive stable particles and more

Significant discovery potential remains

Also, excellent preparation for initial LHC
searches

Now for some jets and photons...
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