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Minimal Supersymmetric Standard Model

Supersymmetry predicts a supersymmetric
particle for every Standard Model particle

Under R-parity conservation
supersymmetric particles are pair produced

The lightest supersymmetric particle (LSP)
is stable and weakly interacting

escaping detection E;

MSSM is the simplest supersymmetric model

(1) add an extra Higgs doublet of opposite hypercharge
(2) supersymmetrization of the gauge theory

In the framework of MSSM

The Gaugino-Higgsino sector is parameterized by
four parameterM,, M., y, tarf3

The scalar sector is parameterized by many mass parameters

Different SUSY breaking leads to different models



Minimal SuperGravity Model

Motivated in part by its simplicity and
by the apparent unification of the measured gauge couplings
within the minimal supersymmetric standard models

The model has four continuous
and one discrete free parameters at GUT scale

m, common scalar mass parameter
m,, common gaugino mass parameter
A, common trilinear coupling

tan3 ratio of V.E.V.

sign(u) sign of higgsino mass parameter

The model predicts radiative breaking
of the electroweak gauge symmetry

Entire supersymmetric mass spectrum
Is described by a small number of free parameters



Minimal Supersymmetric Standard Model

Chargino and Neutralino Mass

With the gaugino mass unification at the GUT scale
_5
M =3 Mytart,,
The gaugino-higgsino sector is governed by
three parameter$i,, Y, tar3

The chargino and neutralino masses are therefore
fixed by two parametergt and M,
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Minimal Supersymmetric Standard Model

)Zi)zj Production Cross Section

Pair production cross section of charginos and neutralinos

are also predicted within the model
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Search for DiphotontEEvents
Why and How

W, events are expected from pair production
of supersymmetric particles in models with either
gauge- or gravity-mediated supersymmetry breaking

Gauge Mediated Models
Gravitino (G Is light and is the LSP
Br(x} - y+G)=100%

Gravity Mediated Models

Gravitino is heavy anﬁcl) IS the LSP
X5 X1ty

If )~((1) IS mostly higgsino anﬁg IS mostly gaugino

Events with two high Ephotons
and large missing transverse energy
with or without leptons/jets



Search for DiphotontEEvents

Event Selection

(1) E>20 GeV f|<1.2 or 1.5|n}<2.0
(2) E”>12 GeV 1j|<1.2 or 1.5n}<2.0
(3) E>25 GeV

Two events survived
from a data sample of 106'ﬂ)b
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Search for DiphotontEEvents

QCD Background

Multijet and direct photon events with
misidentified photons and/or mismeasured E
will fake Wi events

By normalizing the observed.Histributions
a background of 240.9 events is obtained

W-Like Background

Events with genuiné Esuch as those from
W+y, Z- 11 - ee, Tt ee+jets would fakgyiE,
events if the electrons were misidentified as photons

Applying the electron rejection factor from the photon ID
a background of 0#D.1 events is obtained

Total number of background eventsZ)3



Gauge Mediated Supersymmetry Models

Signal Efficiencies

Pair production of charginos and neutralinos
IS modeled using SPYTHIA Monte Carlo program
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Gauge Mediated Supersymmetry Models

Limits on the Total Cross Section

The 95% CL cross section limits are
0<140fb for 1,M,)=(-160,500) GeV
0< 260 fb for p,MZ):(-600,160) GeV

Limits on the Observable Cross Section

The 95% CL cross section limits are
0,< 95fb for mg})=156 GeV, m(;)=167 GeV
0,< 151 fo for mk))= 83 GeV, mf;)=166 GeV

These limits are less model-dependent



Gauge Mediated Supersymmetry Models
Bounds in (,M,) Plane

The cross section limits constrain
the supersymmetry parametgrand M,

We set 95% lower mass limits
m(x;)>156 GeV/¢
m(x5)>79 GeV/é
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Gauge Mediated Supersymmetry Models
tanB3 Dependence

The bounds depend on the value of
tanB slightly, due to the tghdependence
of the expected cross section

As tarf is increased, the limits become
stronger in thei<0 half-plane
and weaker in the other half-plane
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Gauge Mediated Supersymmetry Models

Limits for X;XJ, XX, Productions

PP— X;X» XiX, dominates
pair production of charginos and neutralinos

m(X;)=m(xz)=2m(x,)

For a heavy,
the upper cross section limiti00 fb
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Gravity Mediated Supersymmetry Models

Signal Efficiencies

The productions and decays @f ev, iS)ZS

are modeled using ISAJET Monte Carlo program

For a given rrf(g)m(;((l))
the efficiency is almost independent of the processes
0.4

035

o
T
8

~0-0
0.25} o XoX2

Total Efficiency

o
N
!
o
me

0.15}
0.1
0.05|-

0 ) | | | |
0 10 20 30 0 50 60

4
m(xz)-m(xs) (GeV/c)

> e




Gravity Mediated Supersymmetry Models

Cross Section Limits

For m{;)-m(x;)> 30 GeV/é
0<350 fb
0,< 150 fb
almost independent of the processes
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Search for TrileptontEEvents
Why and How

The production ok;X; will lead to trilepton
events with/E, one of the cleanest signature of supersymmetry

We search for eee, jgeeup andpupp events
with E; from a sample of100 pb1 data

Event Selection

No events are selected



Search for TrileptontEEvents

Background Estimation

Backgrounds are estimated from data whenever possible
supplemented with Monte Carlo simulations

WZ, Zb, Wbb - eee, ep, euy, pup

Primary sources of background are single lepton
and dilepton events with one or more spurious leptons

eee ZN(-ee)+e’
eql ZN(-ee)+|
e ZN(-pp)t+e’, JW(-puu)t+e’
HpM: ZA(-p)+ s, JD(- pp)+

Total estimated background is (84
(0.34+0.07, 0.6%0.36, 0.1%0.04, 0.2680.04)



Search for TrileptontEEvents

Theoretical Interpretation

With no events observed
we have no evidence for the supersymmetry

The model parameters are chosen to give

m(x;)=m(x2)=2m(x,)

We vary the mSUGRA parameters in the following ranges
1<m,< 100 GeV/6
60<m,, < 155 GeV/6
1.5<ta3 <6
-200< A, < 200

sign of the Higgsino mass paramaier



Search for Trileptont+EEvents

Signal Efficiencies

The efficiency is a strong function of the chargino mass
and is smaller for channels with muons due to reduced
n-acceptance and lower identification efficiency

Total Efficiency Qo)
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oxBr(3L) pb

Search for TrileptontEEvents

oxBr Limits

The theoreticabxBr(3L) is mostly between
the two curves of Br(3L)=100% and Br(3Ly)¥/Z
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Search for Multijet¥E Events
Why and How

~ o~ —~ o~ ~ o~

pPP- dg, g, ag+X processes
will result in multijet events with' E

one of the toughest signature of supersymmetry

(@

Direct squark and gluino decays

Event Signature
High jet activity, large missing transverse energy

We search for multijet events with large E
from a sample of 79 p]odata



Search for Multijet¥E Events

Event Selections

Basic Selection Criteria

Varied Selection Criteria

H?zScaIar sum of jet E(excluding the leading jet)

Number of candidate events
3 events for I%l>150 GeV and E100 GeV
15 events for l%l>100 GeV and E75 GeV



Search for Multijet+k Events

Background Estimation

Physics Backgrounds

those with genuiné Edue to neutrinos in the events
such as1tW(- ev,uv)+jets and Z( tt,vv)+jets events

The number of background events from these sources
IS estimated using Monte Carlo events

Instrumental Backgrounds
multijet events with large Edue to mismeasurements

The number of instrumental background events is
estimated by extrapolating the Bpectrum

For H>100 GeV and B>75 GeV
the estimated numbers of physics and instrumental

background events are
5.8t1.6 and 3.52.6 respectively

HCP 97



Search for Multijet+E Events
Theoretical Interpretation

The result is interpreted within
the minimal SuperGravity Model by fixing three parameters
to tar}=2, A,=0, y=negative

Next-to-leading order cross sections
calculated by the PROSPINO program are used

ISAJET program is used to model
the productions and decays of squarks and gluinos

The detection efficiency is typically a few percent



Summary

We have searched for diphotoh rilepton+k,,
and multijet+k events at D@

No excess of events beyond those expected from
background processes are observed

The null results are interpreted
In various supersymmetric models

And the journey continues...



