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My =~ 3 M, m,»12 M,

i”ht ~ M (gaugino region)

;UL% ~ 0.5 M; (gaugino region)

mi + 022M5 — 0.23M%Zcos(23)

mi + 10M3 + O(Mzcos(23)] Mixing : mass splitting for [f ¢

+ (splitting term) A - n/tanb,
A - mtanb,
A - mtanb,

@ = R-Parity Conserved
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Background Cross Sections

The cross section for new physics

is small

compared with dominant Standard Model processes

a5y and Backgrmund Cross-Sections
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Leptons
identification
and
missing E+

are the keys

v' Signal efficiency ~ 1-20 %
(depends on parameter space)

v’ Systematic errors ~ 10-20 %
(NLO, PDF, ISR, FSR, jet
energy scale efc.)



m_ 1/2 = 150 GeV
m_0 =100 GeV
A_0=300 GeV

tanb =4, m>0

cor responds to:
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to present limits
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3jets + E, 3 15GeV
E 3 70GeV

no isolated tracks

H, = E, + E, +E, 3150GeV

* bacgrounds : QCD,

W(—= 1)+ > 2 jets

* MC predictions for events with more than 3

jets are normalized to observed Z(— ee)+ > 2 jets
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74 event in data
76 +13 expected from SM

* CDF : Phys. Rev. Lett. : 88 (2002) , pp.041801
* D@ : Phys. Rev. Lett. : 83 (1999) no.24, pp.4937
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CDF : 3Ldt = 84 pb DO : Lot =79 pb

500
450 e tanb =3 % tanb :2’Ab =0,m<0
<0
400 - Efg’g’ée\’fcz ‘:ﬂ-"m
" 350 o g M ging = 300 GeVic?
=
2 300
=250
=200 | 0 e = 250 GeV/e?
150
100
50
0 0 A I IR BN A W
0O 100 200 300 400 500 600 0 5 100 150 200 250 300
My (GeV/cY) m, (GeVic?)
m 3 300GeV (m.»m;)  My3 260GeV (mg»my)
3
m; 3 195 GeV (all m;) m; 3 250 GeV

D@ : Phys. Rev. Lett. : 83 (1999) no.24, pp.4937
CDF : Phys. Rev. Lett. : 88 (2002) , pp.041801
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Squarks and Gluinos : di-lepton

« CDF : Phys. Rev. Lett. : 87 (2001) , pp.251803

% DU | T I T I r I r 1 r 1

95% C.L. Excluded Region
CDF
{106 pb', LS Dilepton + £, + Jets) _

tanb =2 m=-800GeV, m; 3 0.9m;

¢Ldt =106 pb

=Mz P My 3 221 GeV

" CDF (18 pb™”, B + Jets)

+ O event indata
- 0.55+0.25 +0.08 expected from SM
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¢
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. 20— Emolaval el
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° 53 CXPCCTed fr'om SM “:Ih' v 'wln' B {Ix':- B Lﬁ- o 'fHI:-{'J o 'fw'u;- BT
*DZ : Phys. Rev. D Rapid Comm. {63}, 091102 (2001) my, in GeV/e®
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Single-Electron at DZ

* D@ :submitted to PRL, hep-ex/0205002

dilepton tanb =3

D@ single electron
DO jets|+E;

LEP I

q
q
@ 0 0 50 100 150 200 250 360
' m, (GeV)

S 38 q
E : 8 S 2.2
16 | E 2
o @ 1o
12 12
10 1 lI] l]l,5' ‘i
” NN Output
of l (Ldt=927pb"
‘.
= "“"'“‘4--..“ -
ot L T T 80.3 + 10.4 expected from SM

s 72 events in the data
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RunI

O event in data
1.5 £ 0.5 expected from SM in CDF
1.2 £ 0.2 expected from SM in DI

m(C;) » m(Ezo) = Zm(é-lo)
p il

m(c*) = 70 GeV

* CDF : Phys. Rev. Lett. : 80 (1998), 1591
* D@ : Phys. Rev. Lett. : 80 (1998), 5275

Susy and brane, Kazimierz, Poland, May 25-29, 2002

Prospects Run IT

* lll (I=e or mu) :

*Golden channel for susy discovery
at Tevatron

‘Low bkg ~ 0.5 fb, easy to trigger
- lItau (tau identification = narrow jet) :
‘Bkg ~ 5-60 fb depending on cuts

- Like Sign dilepton :

‘Complementary in the region where
1 soft lepton

Arnaud Duperrin 10



Chargino and Neutralino : RunII *

PureTr | I epton (e rr) « Sugra report, hep-ph/0003154
: * LEP SUSY WG, summer 2001

(a) w > 0, tang = 10 (b) # > 0, tanf = 35
ID{:}G _| | ! .:| I 1! _| LI |>1| |3L | -|2J |-1_ _| | ] El ] r | ] 1 ' | | | LI | |_
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Chargino and Neutralino

Tau identification isvital !

* Sugra report, hep-ph/0003154

Vs = 2.0 TeV, o > 0, m,,, = 200 GeV

(a) my = 100 GeV

{(b) my = 200 GeV
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MSSM, lightr) L SP scenario

BR(t ® bln) =100 %
cLdt =108 pb

3 lelectron (E; >15GeV , h|<2.5)
3 1muon (p; >15GeV , h|<1.7)
£, > 20 GeV
15°<\j -] m‘<165°

(fake e from QCD jets)
h,+h,|>2

Rl

Susy and brane, Kazimierz, Poland, May 25-29, 2002

x e —
. {,‘" _> ¢T
b —> jet
_ 1 :> L
X
: v =8
b :> jet

Sdlection Results

10 event in data

13.7 £ 1.5 expected from SM
13.2 + 2.3 expected from signal
(m: =120 GeV ,m; =60GeV )

« Phys. Rev. Lett. {88}, 171802 (2002)

Arnaud Duperrin 13



- @bE DN anaitysis?

lelectron O 1muon

(E; >10GeV) —
2jets (>12GeV and 8GeV ) "g_'
E, >25GeV + b-tagging —
e=57%
8levents in data
87.3+ 8.8 expected from SM lt+= 10
- D2 bIN apaliysis’ 7
lelectron & 1muon
(E, >15GeV ) '&
no jets required o
£, >20GeV © 10
e=4%

10 events in data
13.7+1.5 from SM

bz Pt N, ainalysis

use electron & muon decay of t
=0.6%
2+ 0.3 from expected signd
Susy and brane, Kazimierz, Poland, May 25-29, 2002

2 BR(t—=>htV)= 100% “m._

| my=50Gev /7

® D@ 95% C.L. limit (bT V)

A CDF 95% C.L. limit (b 1V)
”n\.‘- D@ 95% C.L. limit (b 1v)
Pay n LSP

my=50Gev R,

h

BR(t—:r bl V} = ]OU%

17'0 80 90 100 110 120 130 140 150

Phys. Rev. Lett. {88}, 171802 (2002)

mi (GeV)
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|nterpretation of Run | Result

nLSP

BR(t— b1V) = 100%

-
- 108 pb' i

M. <60 GeV
3

20, f«iﬁ/\/ﬁx Sl s %%
10 0006 0a%1060%6 %500 96 %%t % SRR
50 70 90 110 130 150
- Phys. Rev. Lett. {88}, 171802 (2002) mi (GeV)

Susy and brane, Kazimierz, Poland, May 25-29, 2002
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.:; f;;iElddﬁ m- >140 GeV
40 igimﬁiiié 33? =

Rl
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[a—

Ja

=
I

BR(jﬁ > 1V) = 100%

mv =45 GeV
mv = 60 GeV
mv 75 GeV

: _\;. \,.-h.

r;'D@ 108 pb

)

<m;

xR

2 body decay

100 110 120

140

« Phys. Rev. Lett. {88}, 171802 (2002) m“t' (GﬁV)
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~ BR(f ® blA) =100 %
S ;e L=20fb"
3 E.,=2.0 TeV I .
2 § S L=41p
S 3 Run Ila (2 fb-1)

N ¢ 7 2 50 GeV above Run |

t channel sensitivity to
“er be checked
i CDF Run I
20
o LS — - —

* Sugra report, hep-ph/0003154
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« CDF : Phys. Rev. D. 53, 1051 (1996)

* LEP SUSY WG, summer 2001
Susy and brane, Kazimierz, Poland, May 25-29, 2002

BR(t ® cc?) =100 %

Interpretation of Run | Result
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* Sugra report, hep-ph/0003154
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_—~—

Search for [y with Jets + [£_at CDF

2 or 3jets (E; >15GeV ) @

£, >40 GeV
- no identified leptons with
E, >15 GeV

- b - tagging

BR(b ® bc?)=1

Backgrounds are dominated by W(® tn)+ jets
and mismeasurements

* CDF : Phys. Rev. Lett. 84, 5704 (2000)
* D@ : Phys. Rev. Lett. 76 (1996), 2222

Susy and brane, Kazimierz, Poland, May 25-29, 2002

5 Selection Results

5 event in data
~ 6 expected from SM

Interpretation of Run | Result

a0

BR (b, — b + 30— 100%
RO -—-— mox bz coupling o
- o= min b2 coupling CDE Pfﬁ]“m““fﬁ’
2 Ry Ph;__,-'"'
L o
: s )
B £ CDF9s%CL |
f;:;‘ . excluded
= 50 [
&
S0
= -
0 |
20
10 -
D : ?’..I 1 I 1 1 | | 1 I 1 1 E | 1 1 I 1 1 I 1 1 1 I 1 |
D 20 40 60 a0 N JL 120 140
Mib ) (GeVic®)
Arnaud Duperrin
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Reach : mE » 210GeV

this reach may be changed if .
b ® bc?

Co® Ilc;  (small bk

tagging of b-jets is important !

‘-' 1]
. .'. 1
i
.-':‘ i i i i . I'. i
0 50 100 150 200 250 300
Msbottom(Gev,/c%)

* Sugra report, hep-ph/0003154

Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin
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- SUSY potential:

e\ +Wva R-parity violating SUSY (RPV)

with|W,, =1, LL.E +1 |, LQ D, +l ", U D, D, R, = (- 1)%25'
(45 new Yukawa couplings) 610 ‘\ ]
Pair production and RPV decays of LSP §+\‘\\ ©
-1 and | (couplings o C
Resonant sparticle production | 12;?:
-1 Gnd | %ouplings S

Top decay via RPV
- | @nd | %ouplings

DZ hypothesis:

!rv"v

mSUGRA framework
c, LSP
Only one Yukawa coupling (i 11 %) dominates

Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin 22



RPV consequences:

The Lightest Susy Particle (LSP) decays either
- inside the detector (with or without a displaced vertex)

- outside the detector (similar o RPC analysis)
Susy signature can be very different

- Less missing Et
- More leptons and jets

sparticle may be produced by RPV couplings as single sparticles

LSP is not anymore a candidate for dark matter

2s limits for m = 100 GeV

Barger et al., Phys. Rev. D40 (89)
Ledroit, Sajot GDR-S-008 (98)
Allanach et al., PRD 60 (99)

i way r sy ! se r sep 1
RPV constraints: LSO IS S . LS I LS
121 005 |11 s2004( 201 006 |31 012 [ 112 10%
ex: proton decay 122 005 [112 002 212 006 [312 012 |13 10f
" ! -22 123 0.05 | 113 002 | 213 0.06 | 313 0.12 123 1.25°
g g < 10 _ - :
_ \ 131 0062 | 121 004 221 018 |321 052 |22 125
+ 132 0062 | 122 004 |22 018 |32 052 |23 125
u dk € :
d a 133 0006 | 123 004 223 018 |323 052 |23 125
U U 231 0.07 131 0.02 | 231 0.18 | 331 0.45 312 0.50
232 007 | 132 028 [232 045 332 045 13 050
233 007 [ 133 1410° [ 233 005 333 045 [323 050
Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin
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. LSP decay via || . L,Q, D, P c,® nyqg¢(orn,qq9

q
* RPC conserving production, RPV decays

xO

CLdt=775+4pb .

xO

Sdlection Results

O event in data

0.18 £ 0.03 £ 0.02 expected from SM
(Drell - Yan,tt, Z® m'm +jets, Z® t 't~ ® m'm + jets)

3.8 + 0.4 expected from signal
(m, =100 GeV, m,, =90 GeV)

Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin

—> jet

— jet
—> jet

—> jet

—> jet
—> jet

24



Interpretation
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Run I

A =0,mr<0,tanb =2

R parity Vialating \UST in the channel —— 2 muaons+4 [ets

Run IT (2fb-1)
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Susy and brane, Kazimierz, Poland, May 25-29, 2002 D@ Submitted to PRL_, Phys. Rev. Lett. / hep-ex/0111053 o5



Final State : 3 eee,eememmmmm + £ L a0
e N
o 409 | 121.T> c
@ 350 rr
3 Ao =0,tanf =5, 4 < 0 | |
g dominant coupling :

300
250 (l 121’I 122’I 233)

200 |

150 |

100 D@, PRL 80, 1592 (1998)
D@, Phys. Rev. D, Rapid. Comm. 62, 071701 (2000)

50 102

0

0 50 100 150 200 250 300 350 400 450 500

m, (GeV)
Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin 26



DA Run 2 Preliminary

Run 143440 Event 11104009 Thu Feb 28 09:11:11 2002

Run 143440 Event 11104008 Thu Feb 28 09:11:11 2002

View 2, Side (Z-Y)

Electron
E,=179GeV |E,=139GeV |E,=132GeV x SR
p;=052GeV |p,=109GeV | p,=151GeV N
h =043 h=-194 h =106 =
j =542 j =2.80 j =5.72
Charge=+1 Charge=+1 Charge=-1 <
M., = 55.7 M., = 10.8 Meyes = 63.5 —
My = 852 GeVic2  Er =10.7GeV =
Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin

Trilepton events

are classical

|7 | SUSY signature

Electrons

27



DA Run 2 Preliminary

Run 142577 Event 406715 Thu Feb 28 C2:49:30 2002

Wiew 3, Plan (X-Z)

Muon system

Fan 142577 Evan 406715 Thu Fab 28 g 31 5003

ET mesin: 22 Gald

Muon <
E.=192GeV |p;=282GeV |p;= 9.82GeV AR
h =040 h =-0.10 h=-148 e SN
j =063 j =6.20 j =2.88
No track match | Charge=-1 Charge=1 Sz
m,., = 41.5 GeV/c? ) .
£, =318GeV L

Susy and brane, Kazimierz, Poland, May 25-29, 2002

Arnaud Duperrin
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Final State : 2 2 m+ 2 jets

) md~
COUpllng I gl > 006m
!"‘V

resonant prod via RPV
decay of LSP via RPV

CLdt=94+5ph

Sdlection Results

m, - 3 260GeV *

5 events in data

5,34 +0.07 expected from SM

7.44 + 0.07 expected from signal

(m, =200 GeV,m,, =240 GeV, m<Q0,

tanb =2,1 ¢=0.09)

Susy and brane, Kazimierz, Poland, May 25-29, 2002

d>'ﬁm<cl
d mt

preliminary A, =0,m<0,tanb =2

heolt ~]
240f—A =009 4 ! \.‘]
220 — A1 -
200221— o _,7[5/ :'I §
18di=0-9 ?;;/ i /
i V/; L
1aaf; v/ /-,-/
120} 744 ///

t (N 2 e+ et
100!_-_-_1__ — e e -+ =

[ M —

BG" 11 1 A — | B M 11 1 | I | -—I-.I-__I 11
100 120 140 180 180 200 220

m

Arnaud Duperrin
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Final State

3m+ 2 jets

14, =0.09

m, (GeY)

g

K, ,=0.03
a5t

—Disc. 5o
—Disc. 3g
—Limit #5CL

EEEEBEEEEE

A, =0,m<0,tanb =1.5

Susy and brane, Kazimierz, Poland, May 25-29, 2002

PoL L =l|:|'|]I I Iﬁﬂﬂ
m, ., (GeY)

Deliot et al., EPJ C 19 (01) 155

0
C1 mass reconstruction possible !
» Fast MC simulation: m(c;) =77.7 GeV

* Reconstruction : 2 jets and softer muon
m(c,)=71+9GeV

i 1 X'/ ndf 9578 /6
s P(Ldt =10 fb Contan oz
F Sigma 8.013
aw -
s | m, = 200 GeV,
» m,, = 150 GeV
i 1",y =0.09

L1} 20 0 60 80 [Lili} 120 L 160 L8O 200
neutralino mass {GeV)

Arnaud Duperrin 30



in COF RunI : RPV + GMSB ?

Search for : leptons, photons L N ] E_>250eV
and missing transverse  E; .
;&’ T G ISASUGRA7.58 &
1; HERWIG6.301
. 1 ALt
QL dt =86.3 pb / N m Example-fit Points
| §,=0.01
Channel Background Ngps P(N > Ngs) tanb =10 R
iyl 4.54£0.5 11 0.0054 —
S 2] m=10%v BRM® ncD) =0.984
(a) 10 ' prediction (b)m pradiction 14 T F T O 1
observed - # ohsarved - prediction g
% backeronnd % backeround (C) 12 | bacofgs;ﬁg * BRCl ® @) 20975
» iz e m. ~ =1308GeV
E E 2 g Ac=2.36 )
E4-'“« Ag=131 -%4- Ao=194 céﬁ O
n(c1 ) =86.8GeV
. 4 ]
7 . ] 2 - .
. . ' . :
0 N e e ol L SRS SR SR AU NOfE, ¢ discrepancy with SM bkg
2530 35 40 45 50 55 60 65 70 25 30 35 40 45 50 55 6D 63 0 20 40 60 80 100 120 140 -l
lepton Ey (GeV) photon Ey (GeV) Missing Ex (GeV) eegufE; : also

« B.C. Allanach, S. Lola, K. Sridhar, hep-ph/0112321 RPV with light gravitino can explain them

RunII conclusive : expect 70-193 events

Susy and brane, Kazimierz, Poland, May 25-29, 2002 Arnaud Duperrin 31
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Summary

- Lots of searches in Run I (and LEP, Hera, etc ...)
» Still only half of (susy) particles have been found ... ©

- In e+e- machines limits are kinematic - Tevatron is limited by gL dt & /s
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