. Introductl n; ms'é'l\/l !nd mSUGRA : e
. Teva'tron C01I|'der and DO'Experimept-**
.« Signal Selbctlon [Backgyound Corrfposﬁ‘ion [Limits® B

. *Experimental / WMAP Cosmological Constrajnts * :
e Supymar d Outlook™ =« : - 4 .
gmary and Outloo . » .

a .‘ L . -
-"'. Y " = ¥ i . 5 ‘ . i : l-q.*
g il ] 5 &

A Symposiuriifon Collider, Direct and Indiréct.Searches - ,
‘% “The Hunt for Dark Matter”, Fermilab, May 10-12, 2007




SUperSYmmetry (SUSY)

e Supersymmetric extensions of the SM provide a consistent framework
for gauge unification and stabilization of EWK scale

» Each SM particle gets a SUSY partner (spin differ by AS = %)

» Superpartners are heavy < SUSY must be broken

» Several SUSY breaking scenario under consideration:
mSUGRA, Gauge-Mediated SB, Anomaly-Mediated SB - determines SUSY structure
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Strong limits on SUSY searches from LEP:
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Typical mass spectrum
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Minimal SuperGravity (mSUGRA)

THE SYMMETRY BREAKING TAKES PLACE IN A
“HIDDEN SECTOR” AND IS TRANSMITTED TO
THE “VISIBLE SECTOR" BY GRAVITATION

Only FIVE parameters:

* M, common scalar (Higgs,
sleptons, squarks) mass at the GUT scale

*Mmy,,. common gaugino (bino,
wino, gluino) mass at the GUT scale

* A, common trilinear scalar
couplings at the GUT scale
(sfermion mixing)

e tan B: ratio of Higgs vacuum
expectation values

Sign(p): higgsino mass parameter
LIGHTEST SUPERSYMMETRIC PARTICLE

wo )= STABLE, if Rp IS CONSERVED
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Assume mSUGRA mass relation:
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m (x,°) ~0.4m,,



Tevairon & DO Emwmmmﬁt DES

Run " Started MarCh 2001 ,. Run Il Integrated Luminosity | 19 April 2002 - 6 May 2007 |
* Higher energy (1.8 TeV -> 1.96 TeV) ” * ) —
» Higher antiproton intensity ’s ZoOTor -
(6*6 bunches ->36*36 bunches) u ' ///.
— SRR R | 22 .
g:: 2.44
%1:5 - // f/
E 14 /'/ -
"2 //‘{,-/,_
10 ValVa
0.8 ,///
0.6 )
0.4 e /‘///_ — Delivered
0.2 — /_—_‘:/ — Recorded
u.u__f/"_’___________||lI____
Main Injector | D@ General Purpose Detector:
& Recycler F o
e e on=h * Excellent particle ID, coverage, tracking,

powerful trigger system
 Data taking efficiency ~ 85-90 %

Results presented in this talk are based
on integrated luminosity of 1 fb!

Electron ID acceptance In|<3.0
More than double of this dataset II;Auop ID a::cepl)(t‘ancesg trigger |"l|:§-g
is already on the tape recision tracking (Si) n|<3.

Jet ID Inl<4.2



Chargino / Neutralino Production and Decays

(X1 X 3) DEPEND ON GAUGINO- SUSY GOLDEN MODE: Z1 X ;> 3 | + 24 + X
HIGGSINO MIXING, SQUARK MASSES Destructive interference between s- and t-channels:
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Clean signature: 3 charged leptons + E;™ss (low SM bkg)

* Electroweak production = small event rates (o x Br (3l) ~ 0.1- 0.5 pb)
* Large cross section = low gaugino masses (m,,,), large squark masses
* Large leptonic branching fraction = low slepton masses => low m,

» Large e(pn) branching fraction - low degree of stau mixing = low tan



Search for Charginos and Neufralinos —> 31+ ET*

Experimental challenge: low-p; leptons
* Need multilepton triggers w/ low p;-thresholds

- Need efficient lepton ID @ low p;

ANALYSIS STRATEGY / SIGNATURE:

* 3leptons + E;M'ss
-- 2 leading P; leptons (tight ID)
-- Isolated low p; 3 track (no lepton ID)
(39 track = e, p, 1, including hadronic 7,.4)

« 2Like-sign leptons + E;™'ss
-- No 3 track requirement
(important when 3 lepton P; is very soft)

M(slepton) = 116 GeV
M(neutralino2) = 110 GeV

3rd lepton M(chargino) = 106 GeV

next-to-leading lepton
leading lepton

Aol 11 I

1 1 1 1 1 1 1 1 I 1
0 20 40 60 BO 100
PT lepton (generator level) (GeV)

Major SM Backgrounds:

* WZ/ZZ - 3| (irreducible)
Fake Leptons:
(y-conversion or fake leptons: n°)
W +vyljet < 11+ 2fakes
o Zly* + vyliet = 2| + fake
* WW +vljet 2 2| + fake
o tthar - 2 | + fake
* QCD multijet < no isolated
leptons (determined from data)




Search for Chargines and Neutralinos —> 3 | + E"%issw

6 DO ANALYSIS: 1 < LS (pu*pt), 3= ll (e,p) + track; 2 >(e/p + 1,4+ track)

, ‘- =
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Search for Charginos and Neutralinos: 3rd lepton §3 *

/

* Increase sensitivity by requiring 3" isolated track instead of lepton ID
* Isolation in tracker and calorimeter are required to reject background from jets
* |[solation criteria are designed to be efficient for e, p and hadronic <, decays

f Hollow Isolation Cone /

’ 4

* Data H # [Data
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Saarch for Charginos and Neutralinos: iyt [DED

Increase acceptance by requiring 2out = £ A P° '}'Z'é‘ g el s
of 3 leptons, while reducing SMbkg €™ | — i
E 102 M (P«iz!-li) =ﬁ,z_m\,
c Vo _
Preselection (2 isolated LS-muons): 3 =ET:5°LW+><
P+ > 13 GeV; P;* > 8 GeV —
1 Ziy —uw
. . Y —u'w
Anti Zly* 2 pp & Anti-QCD Cuts: 107" A _mutijet
25 GeV <M,,,<65GeV; Ap (uuw) <29 [F

E. Miss-pased Cuts:

80 100 120 140
: = " m,  (GeV/c?)
ETmlss > 10 GeV: ET significance > 12

O = - * data

15 GeV < M; (E,Mss, p#2) < 65 GeV 3oE 00 Fun i prefiminany | sgna
- B M, . ww

LS Invariant Mass Cut: }E*'U*? : — -

12 GeV < M (ut,ut) < 110 GeV s I B i

-W+t:|E+ WX

1

Mz by X
B Zy T

"1 Ziy -t

| Y-

multijet

Product of E;™ss and 2" muon P-:
ETmiss * pT_an muon > 160 GeV2

LS dilepton channel is also sensitive
to squark / gluino production

601 80 100 120 140 160
m{E.,next to leading muon) (GeV/c?)



SUSY Interpretation: Trilepton Analysis

* MSUGRA inspired model: | pg aNALYSIS | —OM! | BACKGROUND | ) o\

m (2 ~ M (%) ~ 2m(x;°) (PB) | EXPECTED
LSput pt 900 1104 1
» Degenerate slepton masses
e p + track 1100 094104 0
* No slepton mixing up+track | 1100 | 0.32+1.34 2
cLowtan =3 e T, + track 300 0.58 +0.14 0
l Wt +track | 300 | 036+013 | 1

Large tan B scenarios are challenging:
o x Br (3l) is mainly a function
of m([) andm (X;)> T becomes the lightest | > dominant BR > 3¢

with small dependence on Lighter T mass=> lower Pt (t had)
other SUSY parameters

Need efficient t,_4 reconstruction @low pT
Need efficient trigger for e/u + 1,4 final states



SUSY Limits for Charginos and Neutralinos (1)

Combination: ee+track, ep+track, pp+track (1.1 fb-1), p* p* (0.9 fb-1)

5“0-5I""."l""I""I""I""I""_
2 % D@ Run Il Preliminary, 0.9-1.1 fb' 1
® 04 X0 0 0 0 __
= F %2R M(x) M(X,)=2M(X.); M()>M(x )

o0 C 1“9' A tanf=3, u>0, no slepton mixing 1
= 0.3F S -
2R E % — Observed Limit 1
k> i 0 . Expected Limit -
© 0.2 ks ;

130 140 150 160
Chargino Mass (GeV)

“LARGE - m;" SCENARIO (m, ~ TeV):

M (I Q)>>iM(Zl.Z ) |
(small Br (X, 27)>3l, 7w
W, Z* decays domlnate)

No Sensitivity

“3l - maX” (m0~80 120 GeV):
M(I) M(xz)+a(>0)

Br(Z X, >3] ~20-30%

M(Z¥) > 141 GeV:
¢ *Br <0.07 pb

“HEAVY SQUARKS":
M(Q) >> M(])

(no scalar mass unification)

t — channel
suppressed

% 4
M (27) > 155 GeV
c * Br <0.06 pb



SUSY Limits for Charginos and Neutralinos (ll)

Combination: ee+track, ep+track, pp+track (1.1 fb-1), p* p* (0.9 fb-1)

L BN AR TR R I L
D@ Run Il Preliminary, 0.9-1.1 fb'

, M(azf)=104 GeV, ME))=108 GeV

tanB=3, u>0, no slep'f)on mixing

amM=M(I-Z<0 _
2-body decay into real |

= Observed Limit
AM < -6 GeV: . %0y, 00 e Expected Limit

; E S
Br(y,%,* 2e,n) dominant 3
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-6 GeV < AM <0 GeV: _ ............................................................ =
Soft 314 lepton P; -
limit set by LS pt pt

—20 30 40"
M(slepton)-M(3") (GeV)

AM=M (i"-f?é’) > 0: 3-body decay via virtual | or Wiz

_~

AM 2 0: | - exchange dominates: Large Br(y,%,* 2e,ut) = “3l-max” scenario

AM >> 0: W/Z*- exchange dominates: Small Br(y,%,* =e,n,1) : “large-m," scenario



Experimental/Cosmologica[Censirainis (lob tan)

Cosmological 'constraints: Neutralino L8p constituteBithe whole® dark matter
g v WA WNAP allowed rarge: 0.0855 < Qlﬁzf 0.1189 e
oy . : - x b '
™ P
b F -Expe@htal'obs,eﬁati@ns: “17’1 4 Ge\/ mh > 1144 Gev
10.7* 109 < Aa, < 44.3.210- 10, _ Br (b > sy)=3.55+"10"%

i tan[?) lﬂ,u:v-{}

imy =114 GeV
i/
!
I
m,+ = 104iGeV
s !
J (9-2), i preferred

tan B=10, n>0

Allowed relic density

No EWSB -

d_urrent DO trilepton sensitivity’i

demonstration purposes only",i
i/ 3l-max scenario”, tan B = 3 3

Allowed relic density 3
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) Ellis, K4Olive, P. Sahdick, arXiv:0704.3446 (2007):*K. Olive, private communijcations




Summary and Qutlook

D@ SUSY searches are exploring new territory beyond LEP limits
(most significant impacts at low tan g & low m,,, and m, values)

e Chargino mass limit ~ 140 GeV & o * Br <0.07 pb for “3l-max” scenario

« Start counting on > 2 fb-! data sample
= We hope that chargino and neutralino are light enough to find them at Tevatron

a N L L R L L

% Search for ;ﬁa{;ﬂ — 3l+X
Expected sensitivity for SUSY & e _
E M )=MG2)=2M G, ) MD=M(,) 7]
chargino / neutralino X tanB=3, u>0, no slepton mixing
=N ]
searches (95 % C. L.) S | ]

2.0 fb™ ﬁh“mﬁx
. . . P S =
in final state with 3 leptons q e, ]

(DO + CDF combined): 102 N 0 __/ T
| AN i

TR B R L P S T N N N NN NN N SN AN SO S N !
100 120 140 160 180 200 220 240
Chargino Mass (GeV)
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Expafignenial/Cosmologicall gorl Sirainis (I lrga tan 3 )

Cosmological conétralnts Neutralino J_SP constitutés the Wholé dagk matter
g v WMAP allowed rahge: 0.0855 < Q'h2‘< 0.1189° Sy
) - . tr r
. = " P
r . ExMental con?tramts m; ‘_L71 4 Ge'\/ m, > 114.4 Gev
10.7 * 10'10<Aa < 44.3. *10 10. ~ Br (b 93y)-355*104

til]lB 4{}, ubO
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