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s from CDF at the Tevatron.
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r<10*m 2 Eassempy ~ €% ~10GeV = 10,000 MeV
But m, =% MeV - correction =-9999.5 MeV!

One fine cancellation!!

Give the electron a partner of equal and opposite charge, i.e. positron.
Why double the “particle spectrum”?

Uncertainty principle allows e*e- pair creation out of vacuum for a short duration

h h
AL~ E ™ o

hc 200M eV fm
212 1MeV

cAt ~

=200fm(=2 x 10~ "em)

Weisskopf (1939): The annihilation energy for the real e- and the virtual e* from vacuum is equal
and opposite: —e?/r : Cancellation!

* New physics (positron) at 1MeV scale needed for a sensible theory at higher energies.

* Doubling the spectrum avoided artificial cancellation of large numbers to get a physical number.
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Radiative loops = Higgs mass ~10%°> GeV, but Higgs is at EW scale:
m,,,m,~100 GeV
f f

H Q H Q H
- — - - — - - >— ==

Delicate 10> GeV cancellation OR New physics at the TeV scale

SUSY: Double the particle spectrum by giving fermions bosonic
superpartners and vice versa. Superpartners cancel the runaway
loops, just as the positron did.

- A fundamental symmetry at par with Lorentz symmetry

Other Wishlist Items:

« Extra CP violation for baryogenesis
« Gauge couplings unification (at high energies).
- Dark matter candidate (if R-parity).
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Beyond Standard Model with Leptons
CleanSiﬂl Low Backgrounds I

Many Models I

: B,—uM | |
. Chargino/Neutralino
Long-lived Stop ~__ _—
SUSY Sneutrinos
p \[/ P
—
Other talks > / \ ~ Signature based
E6 GUT's : .
New Gauge RS Gravitons
Bosons W', Z!
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R-Parity Violating MSSM Sneutrino Search

RPV MSSM Superpotential:

W, = ;/1"* LL e+

1

LMLQ,du + 4'LH,

A’ 3,4 - d-dbar to tau-sneutrino (production) A3, : tau-sneutrino to ey (decay BR)

Strategy: Search for high-mass unlike flavored lepton pairs €L, €Ty, UWTy,

>Probe the A -Mgpeutrino Parameter space. (1 fb! data)
(Previous CDF search (2006): only ey with 346 pb!)
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RPV Sneutrinos

BACKGROUNDS
*“Physics” : Zy* = 11, diboson, ttbar (Use MC)
" "Single fake" : W/Z+jets, Z/y* =2 ee/pp (Use MC)
""Double fake" : QCD, y+jets (Use same-sign data)

SIGNAL AND CONTROL REGIONS
Reconstruct €, €Ty, LT}, invariant mass. (Use visible p for masses with 1)

Signal region: M, threshold from optimizing GxBR for each mass point.

«Control region: 50 GeV /c? <M;; <110 GeV/c?

Sunil Somalwar, Rutgers, ICHEP'08

10



RPV Sneutrino Search

Control region: 50 GeV /c? <M, ; <110 GeV/c?

et Channel

B 220 B L e L B B . e S T —— IE"IE Ictlal.r‘lnIEII —T T T

c - un relimina . -1 ] | COF Run Il Preliminany (10107 ) i

:u:-J 200 ‘ COFR IIIII;E:I v .ot s g‘ 600 B :-?ft;mmacn i

W i [ v + jets and QCD ] L - 5 2 () .

180 | B 70 - o (+ets) ] = ]

i —1 E’ — ev {+::'Et3} | ] 500 E W s tv (jets} | i

B 7y - ee (+jets ] B o =

1 60 + — WI—> v {+JE%‘5:I ] i | — [ i
140 | E Ww ] :

_ R ] 400 -

100 | 300} :
80 : |

60 ; 200 : :

40 1 100} :
20 . -

0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 ) €

t Variable: Visible Mass (GeV/c") 1 Variable: Number of Tracks Within 10 Degree

Sunil Somalwar, Rutgers, ICHEP'08 11



RPV Sneutrino Search

pt Channel et Channel
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RPV Sneutrino Search

bt

\Y

T

—

— Upper Limits of Cross section x BR @ 95% CL

<
N

Signal Mass Cut Optimization (ut)

Mass = 500 GeWcz) —> Ut

<Q

SM processes

p7 channel

M > 280(:4&:.-'“:?:2

150 200 250 300 350 400 450 500

Zlyt =T 0.4+03
Zlyt = pp 0.1 £0.02
W — pv(+jets) 0.3 £ 0.08
W — ru(+ets) 0.004 + 0.003
Ww 0.02 £ 0.004
tt 0.006 £ 0.0008
QCD (7 +jets) 0.02 £0.005
Total SMbg  —| 1.0 0.3£0.1
Fxpected signal 3.1 (0.1£0.2
(bserved Events in Data 2

Mass Cut (GeV/c’)

Sunil Somalwar, Rutgers, ICHEP'08

13



U

RPV Sneutrino Search: Results

For sample RPV couplings A’;,,=0.10 and A,;,=0.05 , A,53=0.05, A,;;=0.05

. . A1
F Run Il Preliminary, 1 fb

1 LI L L LI N Y L L L L L L L L L L L L L B B B
—— NLO.pp—> v, > en
— Observed
— Expected

_1
0

_95% CL o x Br (ep) (pb)

------
i
LITH
B
'
uuuuuuuuuu
ooy
1N
2

i

gn - 1

T . T I,
.

rrrrr
|||||||||||||||||||||||||

102

V. Mass (GeV!cz)

100 200 300 400 500 600 700 800

_ -1
CDF Run Il Preliminary, 1 fb
— B "0 WL L S S Sy B S B B B N BB B B B B B B B N S S B B B B B
0
= -~
- —— NLO.ppov,—>er
&
= m— Observed
m
; =— Expected
| |
(_) .............
X
[Te)
[=)]
Al N
10 F N,
2
10

M(tau-sneutrino)>598 GeV/c?

eu channel

100 200 300 400 500 600 700 80
v, Mass (GeV/c’)

>489 GeV/c?
et channel

Sunil Somalwar, Rutgers, ICHEP'08

CDF Ru

)

o - ~

= — NLO.ppo v, u

=1

= — Observed

m

; — Expected

g 1r \L N\ e

-%Q [

107"}

10 —
100 200 300 400 500 600 700 8

v, Mass (GeV/c’)

>486 GeV/c?
ut channel

15



SUSY Trilepton Search ‘Q iy

Events /| GeV

Electrons

Pair production of Chargino, Neutralino & subsequent decay to leptons

Rp 1s conserved

Three leptons + MET
<J — |solated Tracks
Muons

Generated Lepton E

M, =60, M, =190, tan(p)=3, A =0, u>0
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Trilepton E./p. Selections

Five exclusive channels ordered by signal purity:

Channel Et (Pp) GeV
3 tight leptons OR 2 tight leptons + 1 loose electron 15,5,5
2 tight leptons + 1 loose muon 15,5, 10
1 tight lepton + 2 loose leptons 20, 8,5 (10 if loose muon)
2 tight leptons + 1 Track 15,5, 5
1 tight lepton, 1loose lepton, 1 Track 20, 8(10 if loose muon), 5

TRACK gets the single-prong tau’s and remnant electrons and muons.

The five exclusive channels constitute

five independent experiments within CDF
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SUSY Trilepton Search

Signal vs Backgrounds
SIGNAL = 3 leptons + Missing Energy (MET)

o(Signal)~0.5pb for 120 GeV/c? Chargino

Process o(bkg)/o(sig) What it has What it needs
WZ—lllv 3 leptons + MET :

Z7—1111 ~ 1 > 3 leptons MET
WW—-llv 2 leptons + MET 1 lepton

Top-pair ~ 10 3 leptons + MET -

DY —Il ~ 1000 2 leptons | lepton + MET

Zy—lly ~ 30 > 3 leptons MET

W—lv ~ 5000 1 lepton + MET 2 leptons
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CDF Run Il Preliminary,det =2.0fb
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FINAL PREDICTIONS

CDF Run II Preliminary, [ Ldt=2.0 fb!

Total trilepton

4.6+0.2+0.6

0.9+0.1+0.2

2tight,1Track

4.4+0.2+0.6

3.2+0.5+0.5

1tight,1loose,1Track

Total dilepton+track

TOTAL SIGNAL = 11.4 events

Signal : mSUGRA m,=60, m,,=190, tan(B)=3, A,=0, 4>0, M(X,*)=120 GeV/c?

Sunil Somalwar, Rutgers, ICHEP'08

2.4+0.1+0.3
6.8+0.2+0.9

2.3+0.5+0.4
5.5+0.7+0.9

Channel Signal Background Observed
3tight 2.3+0.1+0.3 0.5+£0.0440.1

2tight,1loose 1.6+0.1+0.2 0.3+0.03+0.03

1tight,2loose 0.7£0.1£0.1 0.1£0.02+0.02
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FINAL PREDICTIONS

CDF Run II Preliminary, f Ldt=2.0 fb!

Total trilepton

4.6+0.2+0.6

0.9+0.1+0.2

Channel Signal Background Observed

3tight 2.3+0.1+0.3 0.5+£0.0440.1 1
2tight,1loose 1.6+0.1+0.2 0.3£0.03+0.03 0
1tight,2loose 0.7+0.1£0.1 0.1+0.02+0.02 0

2tight,1Track

4.4+0.2+0.6

3.2+0.5+0.5

1tight,1loose,1Track

Total dilepton+track

2.4+0.1+0.3
6.8+0.2+0.9

2.3+0.5+0.4
5.5+0.7+0.9

Signal : mSUGRA m=60, m,, =190, tan(3)=3, A =0, u>0, M(x,*)=120 GeV/c?
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FINAL PREDICTIONS

CDF Run II Preliminary, f Ldt=2.0 fb!

Total trilepton

4.6+0.2+0.6

0.9+0.1+0.2

Channel Signal Background Observed

3tight 2.3+0.1+0.3 0.5+£0.0440.1 1
2tight,1loose 1.6+0.1+0.2 0.3£0.03+0.03 0
1tight,2loose 0.7+0.1£0.1 0.1+0.02+0.02 0

2tight,1Track

4.4+0.2+0.6

3.2+0.5+0.5

1tight,1loose,1Track

Total dilepton+track

2.4+0.1+0.3
6.8+0.2+0.9

2.3+0.5+0.4
5.5+0.7+0.9

6

Signal : mSUGRA m=60, m,, =190, tan(3)=3, A =0, u>0, M(x,*)=120 GeV/c?
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Excluded Region in mSUGRA

Excluded Region in mSUGRA

Search for y, 1,
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Excluded Reglon in mSUGRA Search for }‘}:
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~ New/recent results: R-parity violating MSSM sneutrino (unlike
flavor leptons, 1fb-1) and R-Parity conserving chargino- neutralino
(trilepton+MET, 2fb-1). First probe of mSUGRA since LEP with
trileptons. Both searches had a good shot at seeing something.

~More data analysis (e.g. B, 2 up), increased acceptance (e.g.
trileptons at lower pt), improved reach (e.g. trileptons sensitive to
two tau’s with explicit reconstruction) in progress.

Look for more results here:

http://www-cdf.ftnal.gov/physics/exotic/exotic.html
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