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INTRODUCTION: SUSY

s Standard Model (SM) is good, but seems

incomplete.

A

’¢ Requires fine tuning, doesn’t account for the

dark energy/matter

A

st Symmetry relating fermions and bosons

Al

s Solves the hierarchy problem

S

3¢ Provides an excellent dark matter candidate
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MSUGRA
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mSUGRA - minimal SUper GRAvity grand unification is one “flavor” of SUSY.

“All properties (mass, B.R,, etc) determined by five parameters.
“Because of 1its relative simplicity it 1s used as a “standard candle”

10 /M =100GeV,m,, =150GeV

s Y 4, =300,tan f =4, >0 o )
Five mSUGRA parameters o 88,08 41, 21155, 2870
2% Mo : common scalar mass at GUT | A\ Js=27Tev
scale ﬂ 1o
: -1 -2
° IMl/2 . common gaugino mass at 10 e
GUT scale 2
10
% tan(P) : ratio of Higgs vacuum
%5 3 m [GeV]
eXPeCtatlon Values 10 l(;O 150 200 250 300 350 400 450 500
% Ao : common trilinear scalar T. Plehn, PROSPINO
interaction at the GUT scale g -
. : = A X1 X2 Production
% sign(p): p is the Higgsino mass : :
q ' o4 AN
parameter W .
¢ q
% Ip?l determined by EWSB _ R 3
q Y2 q anh VAVAYAV AP
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CHARGINO-N EUTALINO DECAYS

Why look at the trilepton

channel?
#* Good
5¢ Three 1solated leptons
Large ErpMiss
s Neutrino and “lightest-

SUSY-Particle” (LSP)
go undetected

st Small cross section
¢ Low Er leptons

Jared Yamaoka, Duke University

Al
ws

Why look at the leptons
+jets channel?
Good

Al

s W/Z resonances
Miss

Al

% Large Er

¢ Neutrino and “lightest-
SUSY-Particle” (LLSP) go

undetected
Bad

Al

e Larger background )
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Collider Run Il Integrated Luminosity

Tevatron is performing

excellently

20.00

Weekly Integrated Luminosity (pb')
=
3
8
Run Integrated Luminosity (pb)

s¢ Proton-AntiProton Collisions at

Vs = 1.96 TeV

l
'yl MH
Ci

5 35 65 95 126 155 185 215 245 275 305 335 365 395 425

Week #
(Week 1 starts 03/05/01)

m Neekly Integrated Luminosity —o— Run Integrated Luminosity

% Integrated Luminosity of 6.8 fb"!

s Collecting at ~75 pb! / week

Special thanks to the

Accel. Division



TEVATRON AT FNAL
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Central Tracker

¢ Calorimetry (EM & Had)

Muon System
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CDF TRILEPTON

Create mutually exclusive analysis channels,

assigning events to optimize the purity. Triggers & Datasets

hi # Find three tight leptons (ttt)

I % Else two tight leptons and a loose lepton (ttl)
S/B s Else one tight lepton and two loose leptons

(tll)
¢ Else two tight leptons and one track
(1)
I %¢ Else one tight lepton, one loose Exclusive Channels
= lepton and one track (tIT)
Backgrounds
Sources with at least| Sources with 2 Leptons: Sources with 1 Lepton:
3 Leptons: -WW, Drell-Yan, ttbar -W + fake lepton +
-WZ -with: 1solated track
-L.Z Y conversion or
fake lepton or
Jared Yamaoka, Duke University isolated traCk
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| CDF TRlLlE"PTON?”

Search fori:if CDF Run Il Preliminary, 3.2 fb" |

f

Define control regions and
check the dilepton and

trilepton events.

A

Pr V4
Signal

lowMET (lo)

76

[ Search for %37, CDF Run Il Preliminary, 3.2 f" |

3l, low MET

Events/ 8 GeV

60 80 100 120 14D 160 180 200
E} (GeV)

~ Events/2 GeV

21, Z region

80 100 120 140 160 180 200
Missing E, (GeV)



|Search for %,%:» CDF Run Il Preliminary, 3.2 fb“|

—e— Data
10 [ Z—ee
31, low MET C Zow
M Z—=mt
oww
mwz
Bz
1

Events/ 8 GeV

A I_Ll 1l I 1l L I [ T l L 1] I Ll i
40 60 80 100 120 140 160 180 200
E} (GeV)

Search for 7,7, CDF Run Il Preliminary, 3.2 fo '

lowMET (lo)

mi

Events/ 2 GeV

80 100 120 140 1501& 200
Missing E, (GeV)




CDF RESULTS

1 \
Good agreement between Channel SM Expectation | Data
data and SM expectation. trileptons 1.5+0.2 1
So we calculated a limit. dileptons+track 9.4+1.4 6

\. Y,

CDF Run Il Preliminary, 3.2 fb™
1.2

LEP 2 direct

-BR

Theory o,

Observed Limit

; \ it [ Expected Limit+ 1o
[ ] Expected Limitt2co
---------- 95% CL Upper Limit: expected

mSugra Mo=60, tan =3, A0=0, (n)>0

Calculate a limit in
the mSUGRA model
for a particular
parameter set. !

P | | | |

|

Jared Yamaoka, Duke University

100 110 120 130 140 150 160 170
Chargino Mass (GeV/c?)

With 3.2 fb-! exclude:
.| chargino mass < 164 GeV/c?

2.0 fbo! results found in PRL 101, 251801 (2008)

13






D¢ TRILEPTONS

Events /10 GeV

-—h
Q
T T

—h
Q
N

T T
" D@, 2.3 fb'
- eel selection

150 200 250
mee (GeV)

Data z
WZy*Y
|:||V|U|tljet |
B it ]
EW+jetly -
EAWW,ZZ
Mwz
CISusY 1 -
{.iSUSsY 2 .

Events / 2.5 GeV
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- {isuUSsY 2

D@, 2.3 fb'

 uul selection
~ [Jsusy 1

r

Data divided into separate

channels based on lepton type.

——  Optimize the analysis for different parameter

* Data |
Wz~ ™Y
[ Multijet
I tt |
EW+jetly
EAWW,ZZ

pomts with “low pt” and hlgh pt” cuts.

Tow Pt ee+track| 1gh Pt

Mwz

Al
2Ny

Al
wN

| A
7N

FERA
|

pT1>12 GeV —>)I(<-pT1>20 GeV
pr2 > 8 GeV “ prie > 10 GeV
18 <mi'2 <60 GeV| |0 <mi'2<75GeV

Similar for pp+tr & |1 % Similar for pp+tr

| & ep+tr.



| I I I | I | | | I | I | I I I | | | I | | | I E SUSYI (2)
DO, 2.3 fb’ " Data : Test Points

i ’ - WmZNy* Y
eel selection -Multljet )

"Low pt” Cuts gt E
= Wetly f 250 (170)GeV
EWW,ZZ _
Mwz 5
SUSY 1 - 0
SUSY 2 _

150 GeV

1

> ()

150 200 25(
m,. (GeV)




Di3 D@ RESULTS

(| 1)
Good agreement between Channel SM Expectation | Data
data and SM expectation. Low pr 5.4+0.6 9
So we calculated a limit. High pr 3.5+0.4 4 |

l 3l-max: Parameters that maximize B.R to 3l. '
- Calculate mass limits

~ 03
S
e : ) DB, 235" 0 j for two models.
s M('X})zM(XZ)zZM(XJ, ()>M(Z2) i
g = tanp=3, u>0, no slepton mixing -+~
% 02~ — Observed Limit Wlth 2.3 fb'l exclude:
@ By = 02N 0 Expected Limit | . .
b ] 3l-max, no slepton mixing:
© ol 1|| chargino mass < 138 GeV/c?
. 1|/ mSUGRA: mo=60, tanf3=3,
o e e | Ao=0, >0
0900 ——Ti———T%———T36———ga6 350 —ge&(| chargino mass < ~155 GeV/c?

Chargino Mass (GeV)

Preprint found at arXiv:0901.0646 (sub.to PLB, 2009)
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Di3 D® RESULTS

The data can be used to set limits on (@ DR ot 3
other parameters of mSUGRA. i e
= 0.3 RARRSLRARNLERS IDlg23fb1ll """" RRARNLRAS
o i 1 [59€ %
= [ M®)=130GeV;ME)- MG =1GeV 1 m(sT)-m(x"%)=1 GeV/c?
x | —— Observed Limit
D 02 .- Expected Limit “* maximal leptonic BR
cf\c\l & J
=
+ 5
X 3.
© MSUGRA

0-1 For chargino mass = 130 GeV/c?

o Exclude: tan [3 < 9.6

dpba T g e fanoalogs s fospals i pellraes ETTT REPRALTIT) PRI FTTTY PT0T] LYY
AN R PR L
tan P
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TRILEPTON SUMMARY

CDF Run Il Preliminary, 3.2 fb" S i lDIQ'2'3Ift;"l L 'SI ' hf AU
260 ) . earch for
S moewinle0 - § 3001 mSUGRA B g obsdried limit ]
m(E,), miiy) > mi) :]sz:‘e";m‘t 170 g | tanf=3, Ao O,u>0 mmm D@ expected limit
240 ire mi E 5 (\,\ - _
1160 $ CDF observ1ed
B i limit (2.0 fb’ )
150 250 & ( ) B
5220 g 3 = S .
3 140 § [ i
e % e .
—120 | Slepton i
180 x . Limit .
J100 150 | LEP Charglno L|m|t -
160 '
20 40 60 80 100 120 140 160 1&0 0 50 1 00 1 50 200 250
m, (GeV/cz) mo (Gev)

mSUGRA
¢ Benchmark Scenario: tan(f3)=3, Ao=0, p>0

%€ Above 1s the excluded region in mis-mo space.

s¢ Limits depend on neutralino-slepton mass difference.
Jared Yamaoka, Duke University 19



Search for ;“(*"'0

CDF Run Il Preliminary, 3.2 fb" "
B = e M Oouerved ik ' B DO obsérved limit
), > W sgmmpe = m DO expected limit
— CDF observed
 limit (2.0 fb™)

(Gev/c)
N
S

M
S

—t

: 100 120 140 160 180
m, (GeV/c

Limits at the mSUGRA

test point:
mo=60, tanB=3, Ag=0, p>0
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CDF LEPTON+JETS

‘New channel not explored before that
1s complementary to the trileptons
because it can be used to probe higher

_masses.

J

Al

s« Event Selection:

q

(%, ) > m(x) + m(W,2) | 2 electrons
g CDFru+n_||lPreli_mi::;yz.safb" :giagtr;alxw X 85 < IMee < 97 GeV/ C
g 101 Cizses 5 ) jets
2 -Z—>.r1:
: o %60 < mj; < 95 GeV/c?

I WW+WZ+Z2Z
1 eV EmlssT
- el S Optlmlzed for different

o'l parameter spaces. (> 40, 50,

B L IIIIIIIIIIIIIIII o
20 40 60 80 100 120 140 160 180 200 220 240
M, (G or 60 Ge
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Signal Test

Points

CDF run Il Preliminary 2.68fb”  [-e— Signal x10 1000 GeV
nte Aria - — Data
“# Bkgdt1o
B Z-tt
Bl ttbar

Events / 12GeV

[0 WW+WZ+ZZ
Ao

20 40 60 80 100 120 140 160 180 200 220 240
M., (GeV)




Ogsrs (201 ~>W21,°7,)(PD)

102

RESULTS

CDF run Il Preliminary 2.68fb”

M,=1000, A =0, tan(3)=10, u<0

v

6,110 Prospino NLO
—e— O, Data Limit

Gyse, EXpected Limit
[ Ogys., Expected Limit +1o
[ O, Expected Limit +2¢

l 1 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 l
200 220 240 260 280

%" mass (GeV)

107

CDF run Il Preliminary 2.68fb"

Good agreement between data and SM
expectation. So we calculated a limit.

p-

g M,=1000, A =0, tan(8)=10, u>0

= e

- == o, 10 Prospino NLO
—e— Oy, Data Limit

Ogs0, EXpected Limit
[_] 0459, Expected Limit 1o
[ 045, Expected Limit £2¢

Il l | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ - Il
190 200 210 220 230 240 250 260 270 280
X" mass (GeV)
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%

Cut SM Expectation | Data \
Emisst > 40 GeV 6.41+0.92 7
Emissp > 50 GeV 3.76+0.58 2
Emisst > 60 GeV 2.02:0.33 1 )

R

expected limait.

% For each %% mass we choose the
Emiss cut that gives the best

this channel may be interesting to

search for new physics decaying

to dibosons.

24



SUMMARY: SUSY a1 DO
THE TEVATRON

% CDF and DO have searches for Chargino-Neutralino production
with up to 3.2 tb-! of data.

¢ While there is no signs of signal we are able to set limits.

3¢ In the mSURGA model (mo=60, tanf3=3, Ao=0, p>0):
st CDF has excluded chargino masses up to 164 GeV/c? (3.2 tb!)
2 D@ has excluded chargino masses up to 155 GeV/c? (2.3 tb1)

s CDF has added a lepton+jets analysis to probe higher masses.

g The Tevatron is collecting high quality data at an

unprecedented rate. Expect more results soon.

neco s / lwwww—=cdf , Fnall, cioylonysices /axortle /axortice  ntmml
\Pttp://www—dO.fnal.qov/RunZthsics/WWW/results/np.htm
A

\
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