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Tevatron Collider (Run I)

pp collider at./s = 1.8 TeV
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CDF and DO Detectors (Run l)
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Supersymmetry Memu

Nature hasn’t been kind to us

Theorists speculate, we analyze data,
but at the end, nothing found

R-parity conservation Analysis categories
oJets * Thesis driven
eDilepton

*Trilepton e Fashion driven
ePhotonic signatures gauge-mediation,

large extra dimension

R-parity violation @ =
*Dilepton
*Trileptons
*Four-lepton

e Gene searches for physics
beyond the standard model

Results are often interpreted in models

e minimal supersymmetric extension of SM (MSSM)

* minimal super-gravity models (IMSUGRA)

* models with gauge mediated supersymmetry breaking



Signal Cross Sections
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Background Cross Sections

The cross section for new physics is small
compared with dominant Standard Model processes
Cross Section

Events
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Leptons (g, 1) and * missing E; resolution

missing E; are the keys e lepton identification efficiency
e lepton fake rate



Supergravity Signatures

For most of the parameter space, the lightest neutralino
is the LSP and is so assumed for most of the analyses

~O ~+ - A )
Xi ()(JT) \ PP - G0 - X+Xox, 0 jets+E,
Z(W) +Xi X, O jets+E +/
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Stop and Sbottom Signatures

In many supersymmetry models, stop (and shottom)
can be significantly lighter than other squarks

Scalar Top Decay Possibilities

|
t, — bxj

|| 0

q
t1 - txj_

Mstop (Gev/c?)

Signatures:
1) excess of SM top events
2) two acoplanar c-jets with mE;
3) two b-jets, two leptons and mE;

Assuming Br (b, ~ by1) =100%
pair production of b, will yield

two acoplanar b- jets b, \
b

Signatures:
two acoplanar b-jets + missing E;
(Also expected from WH, ZH)



Squarks and Gluinos

Squarks and gluinos can be copiously g I
produced at Tevatron if they are light & 10%
q 5 f
Q i
/ 2 10l
q s |

- g

q
The dominant signature for pp - §q,q9,99 + X 50 200 %0 300 350 400
production is therefore jets+ E Mass (GeV/d)
DO: Phys. Rev. Lett. 82, 29 (1999) NE 400 P p
: : S - | (MSSM) _ _
1) =3jetswith E; >25 GeV , 1 This experiment
|n|<1l.1lor1.4<|n|< 3.5 5 300 (MLES: tan B = 2,

Ay=0,n<0)

2) Eit > 115 GeV
3) E; > 75 GeV
4) topological cutsto reduce instrumental backgrounds 2oo

CDF Dilepton
CuAuA2

No corresponding
MLES model

Final selection criteria for each (my,my»)
were determined by choosing Ht and £ 100
thresholds that maximized the S/ B ratio

The background is dominated by QCD multijet events
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No apparent excess is found beyond expectation 5 e S0 e 00 500
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Stop and Shottom from Jets+mkEt

CDF searched for events with heavy-quark

jets and large mEt.

1) 2 or 3 jetswith E; >15 GeV
no jet with 7 < E; <15 GeV

2) £, > 40 GeV

3) no identified leptons with E; >10 GeV

4) topological cuts

5) jet probability < 0.05 for {, searches
< 0.01 for b searches

Backgrounds are dominated by W(- tv)+jets

and mismeasurements

107
b . Data- 88 pd
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o
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Stop searches:
11 events observed
~15 expected

Sbottom searches:
5 events observed
~6 expected
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Stop from bh-jets, lepton and mEt

CDF searched for { i, production

CDF PRELIMINARY (88 pb
LA L B LR L B L L

~ = 5 B4 - bXi ~ bXA VI 9506 C.L. upper limit |
= + CVes T = NLO: p=m(t ]
with t - b+); and y; - Wy, or /v 5+ - Lo iomiyz 2mib)
CDF: Phys. Rev. Lett. 84, 5273 (2000) ° w/ CTEQ3M 4
D =2/ with E; >10 GeV, ———
but not e'e”, " op  TTITESme :
2) > 2 JetS W|th ET > 12,8 GeV, BR(t — >E(|§1 b)=100% -----------------
> 1 vertex tagged B%ﬁ%—goxé'@?? e
3) E, >25GeV B T R T
4) cleanup reguirements to reduce CDF PRELIMINARY
1 ’\85-IIII’LIIII—IIII-PIIIIII L
mismeasurement backgrounds 3 b M(E)'= M) + M@ _:
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by W+jets, tt, bb and fakes : (hep-ph/9611232)
60 [ -
Unbinned likelihood fit to kinematic 55 |
distributions to extract potential stop o} E

signal. Results are consistent with 45 :
no stop production
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95% CL Excluded E
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Dilepton (tt) from Squarks and Gluinos

oS LS

CDF Prelimin%ry (106 pb™)

Like - sign dileptons are expected from

(o]
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S - ) M@= :
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- - = = 100~ Tt 15 - Sl
squark/gluino production within the . :
SUGRA-inspired MSSM and assuming 50 = S S - ]
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Dilepton from mSUGRA

Squarks and gluinos can also result in dilepton final states

op - SUSY O #4jj + E. q /ngj

1) two leptons (e, i) with varying E; cut S
2) two or three jets with varying E; cut a ;
3) missing E; greater than 20 or 30 GeV

o

/
/

- - - 0 - - i
Event selection was optimized for 95% C.L. Excluded Region

different point in the mSUGRA L D@ Preliminary
parameter space. & 100}==
However typically éB~0.05% Sk

E k

80 +
The background sources i
e Z and ttbar production -
* instrumental backgrounds 601
The numbers of observed events are 40
consistent with those expected from I
background processes >0 R LEP | Excluded
i (dotted lines)

The null results are interpreted within . 1 1 1 1 1
the mSUGRA framework 00~ ""50 100 180 200 250 300

m, in GeV/&é



Charginos and Neutralinos

Production of ¥; ¥> will lead to trilepton
events with £;, one of the cleanest
signature for supersymmetry

Both CDF and D@ searched for trilepton

(e, 1) events in Runl
PRL 80, 1591 (1998); 80, 5275 (1998)

D =3¢ (e u) withE; >5-11GeV

- + —_— + — 3 10 f I ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ I l:

2) requiree’e or u u (CDFonly) £  |[CDF Preliminary [L dt =106 pb ]

3) E; >10-15GeV < | ]

4) (¢ topology and mass cuts + |

0 ) 1

No events were observed in either S = i

experiment. CDF expected to see a R g

1.210.2 events while D@ estimated = | 1
to have 1.3%0.4 events from background *‘T‘ i

97
processes o | . % Sevz -
HeA 1

The null results were interpreted D§10 = -

in the framework of MSSM models 2] - o; 0/ -

which give m)?f = m}”(g = Zm)?g © i minimal SUGRAO \\36\00 . a P

tanf =2 Goy>e. ;
=8 e a ]
The effiCiency is typically 3-12% for CDF 10 -2 L ‘ I ‘ I ‘ I ‘ I ‘ L \NN\~~\~~‘~‘L L '\‘I/‘ L

and 2-6% for D@ when chargino mass is 50 60 70 80 9 7,100 110
varied from 50 to 100 GeV M(X7) (GeV/C2 )



Single-Photon Final State

DO (99 pb-1) searched for single-photon events
with two or more jets and large missing E;
Phys. Rev. Letters 82, 29 (1999)
Within the MSSM, the radiative 1) Ef >20GeV, ||<1.1or 1.5<|7"|< 2.5

decay 15 - ¥]+ydominates in 2) =2 jetswithE{ >15 GeV, In'|< 2.0
some regions of parameter space 3) H, and &, requirements to reduce backgrounds

Production of supersymmetric particles > 3

© 107 DD
at Tevatron would lead to anomalous o | ¢ y+=22jets
events of photons with large missing E; & | ——— Background

1% —— m(q) = 150 GeV
Major background from missing E; s
mismeasurement o 10

The missing E; distributions of signal
and control samples agree very well

10 |
For mEt>25 GeV, 318 events were i e

selected with 320120 events expected I H | i
The null results are interpreted 7 _ H HH m \
assumingppﬁq*/g‘D}”(8+XD WET + X ; | | | \

| |
0O 20 40 60 80 100 120 140
£, (GeV)




R-parity Violation Signatures

In addition to the SM interactions, following interactions are allowed

¢ . resulting lepton and baryon number violations
J as well as the R-parity violation

U j s B-violating 1™, couplings will lead to
Aijk multijet events without E,

The L-violating 4, and /%, couplings
q; will give rise to multilepton events

f/— j(f S vy O v (Aijk)
;\72 - ff* [] qu (A,ijk)

Frequent assumptions:
q; 1) R-parity violating LSP decay
2) couplings are not too weak or too strong
R 3) terms with similar event topology dominate

=

il Signatures
pp — SUSY D 0"+ ["(+E,)



Dilepton (¥*) from R-parity Violations

Like - sign dileptons are expected from 1) etet with E; >15GeV

pp — gg N (CgLO)(Cg_O) ] CC(eid)(de) )
pp - qq - (ax.)(ax;) U qq(ag’'e’)(aq’e’)
CDF: Phys. Rev. Lett. 83, 2133 (1999)

Motivated in part by HERA excess and
probes /\'121 R - parity violating coupling
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Phys. Rev. D56, 1778 (1997). _
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2) =2 jetswith E; >15 GeV
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Dilepton from R-parity Violations

Dzero Studied the case that all RPV couplings are
small except /\'1jk within the framework of mSUGRA

DO: Phys. Rev. Lett. 83, 4476 (1999)
pp —~ SUSYD X;X; - esijjj
1) ESt>15GeV, |nl<1.10r 1.5<|n|< 2.5

2) Ef* >10 GeV, |7l<1.10r 1.5<|7|< 2.5

3) =4jetswithE{ >15GeV, |n|< 2.5
4) M, not consistent with M,

Backgrounds are dominated by
Drell-Yan process and mismeasurement

Two events observed with 1.8:0.4
events expected from backgrounds

The analysis assumes Y} LSP
and only the LSP decays through
R - parity violating interactions

e

q;

q«

40

20

No EWSB

This experiment 95% C.L.

m; = 330 GeV/c?

L ‘ L ‘ L ‘ L1 L1 ‘ L ‘ L ‘ L L1
100 150 200 250 300 350 400
m, (GeV/c?)




Trilepton from R-parity Violations

The lepton number violating terms in the R-parity
violating Lagrangian will result events with four-leptons

) DO has reinterpreted the trilepton

U oo analysis of charginos and neutralinos
| A ik searches in the RPV framework
l k
. < 400
The analysis assumes e D&
1)}‘((1) is the LSP o >0 Ao =0,tanf =5,u<0

2) the LSP decays through RPV ©

o
-
-

The analysis is sensitive to S
1) the 1st and 2nd lepton family L e

2) couplings 107 < Aijk < 1073

The sensitivity is measured

using mMSUGRA model assuming w7777
R-parity ViOlations 00 50 100 150 200 250 300 350 400 450 500

m, (GeV)



Four-lepton from R-parity Violations

CDF searched four-lepton events from

R -parity violating process witha N ¢
dominant 1,,, in the mSUGRA framework X’ Vu
/\m:
pp — SUSY O X X: — 000+ X ‘

1) E; >12555 GeV

2) AR" >04 200 Rp SUSY A, XEXE — I
= - CDF Preliminary
8 180 | V=500 cev [L dt=87.5pb"
o i ISAJET 7.20
One event observed while 1.3%0.4 = 150} ta2%=2
events expected from SM (bb,cc,...) 140} N
and instrumental backgrounds 120§ 95% C.L. excluded
] 100 fv—=
There were 185 tri-lepton events g
in the data 80
60
Efficiency for the signals varies 40 —
between 10-20% for most of the >0
parameter space of interest
00 100 200 300 400 500

M, [GeV]



Gauge Mediation Signatures

Signatures generally depend on the
next-lightest supersymmetric particle (NLSP)

;((1) - }'G, G, hG Depending on their lifetimes,
Z e NLSPs can decay at the production
verteX, inside and outside detector
[
T em displaced photons

"M [ i rticl
T (E e " e rocra
O (B +0"+ ™)+ 04
0 (E; + 07+ ]7) +)h
______ Only two Run | analyses
specifically done for GMSB

Signatures: models:

* light gravitino production

nyT : /Y ET : },bBET — e diphoton+mEt events



Monojet from Gravitino Production

If the gravitino is light and all other super-partners qq - Gég
are heavy, it could be the only super-partner produced g . GGq
at Tevatron, resulting monojet events with large mEt gg — G’Gg

1) leading jet with E; >80 GeV

2) at least one central jet with E; >10 GeV

3) E; >50 GeV

4) no high p; leptons

5) topological cutsto reduce
mismeasurement backgrounds

. CDFpreliminary

dN/dE;,

e data(L=87pH) |

102 )
r Z+jets

W-+jets

tt+WW+W2Z+Z2Z |

10

50 75 100 125 150 175 200 225 250 275 300
E, (GeV)

Backgrounds are dominated by W/Z+jets
production. No excess was observed.

— 10
(o) C
5
< i CDF i
N 95% C.L. Upper limits -
103 S for new processes
C -
e
-,
103~ X .
C “\
--------------
________________ @
“““““““““““““““““““““““

100 125 150 175 200 225 250 275 300

El_min (GeV)

19 events were observed with mEt>175 GeV
while 22 were expected. This leads to

VF >217GeV O m, 211x107 eV



Events

Diphoton from Neutralino Decays

Both CDF and Dzero searched for pp - pi; + X events

and no significant excess was found
CDF: PRD 59, 092002 (1999) DO: PRL 80, 442 (1998)

They are expected from

pp - VSY - )(1)(1 + X with

¥ - y+G decays

14} DY

12 e YYySample
Background
(1,M,)=(-160,400)&10)

ET >20 GeV
E£ >12 GeV
Trigger: E1 >10 GeV

ZM%

0 20 40 60 80 100 120 140 160 180 200
E; (GeV)

Events with two photons and
large missing E; are rare

o o
N W

dN/df; (Events/5 GeV)
o

dN/df. (Events/5 GeV)

0 10

Diphoton Candidates
E7> 12 GeV, In’|<1,0
@ vy Data (85 pb™")
A@ gy > 10° E
2] Expected From ; Resolu‘uon

20 50 60 70

GV

Diphoton Candidates

E7> 25 GeV, In1<1.0

@ vy Data (85 pb™")

A > 10°

Expected From [, Resolution]

20

40 50 60 70

Zr (GeV)



Large Extra Dimensions

The existence of large extra
dimensions will modify both
the mass and the angular
distributions of dilepton and
diphoton events

DO has searched for virtual graviton
effects in the final state with two
electromagnetic clusters, combining
dielectron and diphoton final states
in the analysis to eliminate cross
Misidentifications between electrons
and photons

pp - (ee )+ X

d?o .
—= fq,(M,cosf
dMd cosé  { * )
+ f,,(M,cos6 )n
+ f. . (M,cos6 )n?
Where/7—L
Mg

(b)

MC Simulation of the ED signatures

ENTRIES 4790817 ENTRIES 4790817

g 1 s
£ 9 R
0 1] 2 10 4
B 10 3 Q E
3 o 3
] o 7
-2
10 4 Bq— _
- 3 -4
10 2] 10 — 1
0 0.75
2%9 500 750 0.25°° M
M : 3
(EM-Ep) R (EM-Ep) o
SM term Interference term, f/M 4
[ ENTRIES 4790817 [ ENTRIES 14372451
% - E
= 3 3
810 ]
£ 7 E
S 2]
© E
-4 -3:
10 — —

ED term, 2IM 2 Total cross section, M=1TeV,n=4



Events

Events

Dielectron+Diphoton Final States

1) two electromagnetic clusters

with E; >45 GeV,
Inl<1l.lor 1.5<|n<2.5

2) E, <25GeV

The non-separation between electrons
and photons yield very high efficiency

(76%) for di-EM final states

Comparison of the data and the SM predictions

D@ Preliminary, Run I, 127 pb'1

Events

SM+ED signal, M;=1TeV,n=4

| =

N

T Il
0.5 0.75

cos@’), M(EM-EM) > 300 GeV

1282 events were selected
from a sample of 127 pb1

Background sources:
* Drell-Yan dielectron
* v production

* instrumental
Comparison of the data with the SM predictions

w 10°F
T D@ Preliminar,
102 L Run |, 127 pb
i Dielectrons and diphotons
¢ E{(EM) > 45 GeV
10 ¢ + Inf<l.lorl5<|n|<25

IS

- _L—Lr]: LL"LL SM

-1 i
10 7 Fake background ’iﬂ—lJ-lﬂ-‘Ll‘LLlﬁ‘]_L

0 160 éOO éOO 4‘100 500 600
M(EM-EM), GeV




Limits on LED Scale

The kinematic distributions of di-EM final states are well described
by the sum of the SM and instrumental backgrounds

No evidence for large extra dimensions

The leading-order distributions Limits on Large Spatial Extra Dimensions
were augmentedwith === vy
- g - 4= N n=2,Mg>1.3TeV
e initial state radiation effect 3 07 n=3,M.> 14 TeV
with a transverse kick <5 n=4,Mg>12TeV

- = 06 n=>5 Mg>11TeV
e K-factor correction to account =
for the NLO effect. 95% CL Upper n=7,Mc>0.95 TeV

0.5

Limit on F/M &

The total systematic error is
estimated to be about 19%. T

F=2/(n-2), n>2
- Mg -
03 F= 2Iogm ) ,n=2

(after Han et al.
PRD 59 (1999) 1050060)

Binned maximum likelihood fit
to extract the limits.

M. >13TeV (n=2)
1.4TeV (n=3) D@ Preliminary

o2+t L

1.2 TeV (n = 4) @ 0506 C. L. “0.4 0.6 0.8 1




Run Il Upgrade & Schedule

Major Tevatron Improvements

1) Replace main ring with main injector

2) Construct a new anti-proton storage ring
3) Collider center-of-mass energy of ~2 TeV

The number of anti-protons in the ring has
been one of the major limiting factors in
Tevatron luminosity. The anti-proton
stacking rate will be increased to
2x10"1/hr from 7x101%hr

The machine will operate with 36x36
bunches (396 ns spacing) Initially and
with 140x121 bunches (132 ns) eventually.

S
Run Il machine goals: o \° v A
1) Run lla to achieve a luminosity of 5x1031 cm2s1 o((\e 7'00
and an integrated luminosity of 2 fb W\ © A

2) Run llb to achieve a luminosity of 2x1032cm2s1 ?A’“ ‘o\‘
and an integrated luminosity of ~20 fb™ ‘“0




CDF and DO Detectors (Run ll)

w
\
e 2
o g
R/ \y
oo
T )
I )
oo

(m)

000000

* a new massive silicon vertex detector * entirely new tracking system
- 7 layers extending to 28 cm in radius - 2T super conductor solenoid
- dead timeless SVX3 readout electronics - disk/barrel silicon detector

e a new central outer tracker — 8 layers of scintillating fiber tracker

- preshower detectors
* improved muon spectrometer
* new trigger and DAQ system

* fast, hermetic scintillator tile plug and
forward calorimeter
* large trigger bandwidth



Squark and Gluino in Run 1i

Squarks and gluinos will remain to be copiously produced
if kinematically accessible

 Though leptonic events are also expected, the final state with multijet
and large mEt remains to the dominant signature of squark and gluino
production except for isolated regions of SUGRA parameter space.

* For large tan( values, gluino, chargino and neutralino decays to third
generation particles are significantly enhanced.

* Better understanding of mEt tail of multijet events and developing a
robust method to accurately estimate multijet backgrounds are critical
for squark and gluino searches in Run Il.

* It is important to have good tau-lepton and b-quark trigger and
identification capabilities.

Run Il improvements: With 2fb1, the upgraded Tevatron
1) mEt resolutu_:n improvement should be able to probe m,,, up to
- more hermetic detector (CDF) ~150 GeV, corresponding to a

— better vertexing (DQ) - -
- gluino mass of ~400 GeV if
2) Advanced analysis methods and m,<200 GeV

generally improved tools



Chargino and Neutralino in Run I

In mSUGRA model, 7,7, 3,75 are
typically less massive than {,3d.

So the pp - ¥; Yo + X production is
one of the most promising channels
for the searches at Tevatron

At large tang, the lighter tau slepton

7, is lighter than Y2, Xi. Then, Yo and ¥;
can dominantly decay into final states
with rvia 7;

Vs = 2.0 TeV, © > 0, my/, = 200 GeV

(a) my = 100 GeV

(b) m, = 200 GeV

10°

101

- 3 leptons +X) (fb)
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The signature is therefore trilepton
events with large tau content

Major backgrounds:
W+jets, Z+jets, WZ,...
(WZ background is irreducible)

Key to success:
large acceptances and high
efficiencies for high and low p;
leptons including the tau lepton

Run Il improvements:

1) extended detector coverage
for leptons to improve acceptances

2) lepton charge measurement and
better muon momentum measurement
to reduce backgrounds (D9)

3) major effort on tau identification
built upon Run | experiences

For small to medium values of tan(
values, maximum chargino mass
reach of ~200 GeV is achievable at
Tevatron Run 1l



Long-lived Neutralino

The upgraded DO detector will enable

us to identify non-vertex pointing photons
by matching clusters in the EM calorimeter
and preshower detectors
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Impact parameter, Run II

Providing unique tools in searching

for long-lived neutralinos
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Long-lived Slepton
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Summary

We have carried out extensive
searches for physics beyond
standard model in Run l.
Nothing against or for
supersymmetry has been found.

We will continue the searches in Run Il and
expect to explore gluino mass up to 400 GeV
and chargino mass up to 200 GeV.

To make discovery, we need Good

help, not only from theorists, cle]
but also from the God. L ks-




