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1. Introduction

People: ALEPH: B.C.+ Gerri Ganis
DELPHI: Stefan Ask + Luc Pape (convenor)
L3: Hannelies Nowak + Sylvie Rosier
OPAL.: Paolo Giacomelli + Christoph Rembser

+ F. Cerutti, R. McPherson, S. Braibant, S. Costantini ... many others

Task: To combine LEP results of all relevant SUSY searches
- 1. Compatibility candidates vs SM expectation:
look for excess (SUSY signal) or deficit (bad bg description)
- 2. Upper limit on the production cross section*BR

- 3. Derive constraints in the space of a given model parameters,
I.e. mass
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Data samples per experiment:

year 1997 1998
sqri(s) (GeV) | 183 189
int. Lumi (pb-1) | 55 170

192
28

196
80

1999

200 202 | 2052  206.6

80 40 75

2000

122

208
9

Total luminosity (from 183 to 209 GeV) ~ 2.6 fb-1!

Exchanged files:
- numbers of candidate events

- numbers of bkg substr. + bkg unsubstr.

- efficiencies for the signal + errors

Combination method:

- 9 energy files, 4 experiments .

As a function of:

b) the LSP mass

a) the SUSY part. mass

— Confidence levels computed using the Likelihood Ratio test-statistic
in a “modified” frequentist approach
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-1. Likelihood Ratio estimator X(s)= LIES(J{);)) to compare

background only (b) hypothesis and the signal + background (s+b) hypoth.

L = likelihood of the observation = Poisson probabilities
X>1 for the signal configurations, X<1 for the bg only configurations

Nchan

Nchan nj Nchan S
Xtot H Xu LnX—_Stot+ Z rlj Ln 1+b = St T an (DJ'
i=1 j=1 - j=I

J=1 j

_ _ weighted events
-2. Computation of the Confidence Level.

CL qipy P (i (X = Xobs) If CL(s) < 5% then the signal

CL = CL “p o (X < Xobs) is excluded at 95% CL

CL(no Excess) = P(p) (X > Xobs) — sensitive to excesses
CL(no Deficit) = Pp) (X < Xobs) — sensitive to deficit

Results + info : http://www.cern.ch/LEPSUSY/

+ refs.
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1 Gauge / Gaugino Sector

Minimal particle content

 Particle / Sparticle Sector

Supersymmetric
Standard Bosons Partners
Charginos
Wt H* -
X1 X2
g Z Neutralinos
h H A X1 Xz Xs X4°
Gluinos
gi ~
g;
[Two Higgs doublets] [All fermions]
And also ...
Graviton G Gravitino G

Standard Supersymmetric
Particles Partners
Leptons Sleptons
! ZR,L
Neutrinos Sneutrinos
Vy v,
Quarks Squarks
4 q R,L
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Models and Parameters

1. The Minimal Supersymmetric extension of the Standard
Model (MSSM):

- My : pseudoscalar Higgs boson mass

tanB : ratio of vacuum expectation values of the two Higgs doublets

LL  : Higgs mixing parameter

|\/|1, |\/|2, |\/|3 : Gaugino SUSY mass terms (x°, x*, 9)

- m- mz

lp”?

M s My 5 MG : “Sfermion” SUSY mass terms

L

- A, A : A , ==«: Stop/sbottom/stau/... mixing parameters
t b T

> 100 parameters
Not too predictive
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2. The constrained MSSM (C-MSSM):

Constrain the gauginos and sfermions mass parameters
with GUT universality relations:

 Unify M, M,, M, to a universal gaugino mass m,,, at the GUT scale
M, M,:M,:m,,=a;:¢,:a Uy

<M1 ~ O.5m1/2;<M2 ~ O.8ml/z;<M3 ~ 3.5m1/2.

7~

+

0 Y g (at the EW scale)
 Unify all sfermion mass parameters to a universal scalar mass m,
méR - mg T 0'15m12/2 T Scalar and gaugino masses related
mii =m; + 0.5 mlz/2 4.
mgu =m; + 6 m12/2+---
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3. Minimal SuperGravity (MSUGRA):

O Unify Higgs and scalar sector at the GUT scale
= m, fixed by (m,,tan f3,...)
Q Unify all trilinear couplings at the GUT scale

— all 4 's unified to 4,

Q Break radiatively the ElectroWeak Symmetry
= ‘,u‘ fixed by (m,,m,,,tan 5,...)

Q Only FIVE parameters left

m, m1/29 tan ﬂ: AO: Slgn(zu)

Very predictive
Realized in Nature?
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Updated results

2.1

2.2

Sfermion searches

LSP mass limit
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2.1 Sfermion searches

- Production e+ o+

D 0]
- +
s<
X
E\l
*
S
>_\x

e- e-

t-channel —» o (Mg s, p, tan 3)

- f — events with missing energy
P < X10 —- BR (M 5 1 tan 3) ~100% except very low m, 0

- Decay kine. (visible energy in the detector) depends on: AM = m F-MmyQ

— Analysis for different regions of AM

- Main backgrounds: WW at high AM, and Yy atlow AM
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Slepton Combination

Combination: G. Ganis

Candidates and bkg

ee —> ee e—>ey,
ee > Ui R RY
ee > 1T T 1Y,
acoplanar leptons
For point (87, 20) :

N(cand) = 343
N(bg) = 349.9

A,D,L = final files

M(y°) 4 O = prel
- |
S1% 7 Staus I 400
S Candidates I 350
S L Vs=183-208 GeV
- Exp:ADLO 300
60 ——— 250
200
40 150

90

M,,, (GeV/c?)

= [ Staus
€ Expected background
=9 [ Vs=183-208 GeV __-L-""__-_

|
|
|
|
|
|
|
Exp:ADLO — |

50 60 70 80 1 90 100

A event populates a whole region: kine. compatible I\/|(1?~R) '
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Confidence levels

For point (87, 20) :
CL(No Excess) = 0.604
CL(No Deficit) = 0.396
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Staus

I CL(NoExcess)

Vs=183-208 GeV

- Exp:ADLO

—_—
)

—
=)
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]

90 109
M_  (GeV/cH)
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o
o
[

M
%0
S
\

Staus

L CL(NoDeficit)
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Neutralino Mass (GeV/c*)
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M(%°) T

Mass limits
Vs = 183-208 GeV ADLO Preliminary

NQIOO é+é'
CMSSM: > .| BR
> ,
u=-200 GeV, tan3 = 1.5: O | s
~— 0 ~ g0l RWR
to compute c(ee) and BR (I->1% ") S [
60|
For My° = 0: ’

- - — Observed
mig 949 (91.4) GeV | — Expected
mzz 859 (85.8) GeV 20 -

~ Excluded at 95% CL
- (u=-200 GeV/c’, tanp=1.5)

0750 60 70 80 90 100,

M(lg) —»

- limit: — effect of efficiency, ¢
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Squark Combination

Combination: B. C.

Mixing:

s-channel production: - o (M;,s, +6,)
t and b may be light due to possible large mixing:

~

ty = t cos By + tgsin B,

for 6,~ 56°, 0, ~63° — decoupling fromZ — c min.

Barbara Clerbaux
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Candidates and bkg

~ ~. 0
If m3 « m,my+,m7: t—cy,

acoplanar jets

50 60 70 80 90 100

wa  M(st) GeV/c®

10

50 60 70 80 90 100

mM(E) —
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ee—

—_
=l
=)

\©
=)

M(sv) GeV/c?

40 -

M(sv) GeV/c?

3
(@)
TT T T TT

W
o
T T T TT

A,D,L = final files

tt O = prel
If light V: T—>bly

2 b-jets + 2 leptons + Emiss

50 60 70 80 100

90 )
Cand. M(St) GGV/C
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ee— bb b—>by;

acoplanar b-jets

100

0 2
) GeV/c

50 60 70 80 9

Cand. M(S

ST S R E— N N _ ‘
S g | ADLO. e
O o f | | f |

50 60 70 80 90 100
Bkg M( 5 ) —_—
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M(y) GeV/c”

Cross section upper limits
assuming BR =1, minimal model dependent

~ 0 ~ T 0
t—>c t—>Dbly b—>Db
1 1
pb P
NO : qo
100 ; 100 S 100
(D] | [0}
S 3
% g 90 ;Xs
| -1
60 10 80 0
701
60-
2 ? 2
. 50: 0 7
7 NN —
T Mston) Gevie 60 70 hi?stOSOGe;O/‘C)Z M(sbottom) GeV/c>
G <~ 0.04 pb G <~ 0.04 pb G <~ 0.03 pb
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Degenerate s uarks Limits on degenerate q: degenerate

~ AN~ A~

mass for L- and R- handed u,d,c,s,b

~ ~ O —
€e— Qg q9—>a% “  FH
acoplanar jets M(q ) > 4001 \5 &w ADLO Preliminary
g S — /y
wn <\ - v
. - | 2 B |l W
- Signal: gL + gr acccessible z 30008
N\ — X[~ ~ g ::— ;\\1
— o(5-9) = 3*(op,. + obR) s PH O\ /
+ 2%( of + GTR) 3 200::¥f"’/ DO LEP
— o Is high
- to compare to Tevatron: 100
(mg, myo0) — (mg, mg)
Assume:
GUT relation for gaugino mass 00

tan 3 =4 and p =-400 GeV
mg = M3 ~ 6.8 M1, myo = f (M1,L, tan )
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2.1 LSP mass limit

Combination: G. Ganis
il

m1/2 N
ADLO preliminary 8
400 :
T tanpB = 10, pu<0 :
=0 =
350 Ili;obp:l?ﬁ GeV/c®
300
305‘” IO HH‘HH‘HH ORI
250 5 10 15 20 25 30 35 40 45
200
Sleptons
150
100 Charginos
50 ‘
LEP1
0 0 200 400 600 800 1000

mo —»
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3. New results

3.1 Sleptons with lifetime
3.2 Acoplanar and single photon(s)
3.3 Charginos at low AM

3.4 RPV sleptons and sneutrinos
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3.1 Sleptons with lifetime

- Theoretical framework: GMSB

Combination: C. Rembser

G is the LSP, ma < O(KeV)
T NLSP scenario or | co-NLSP

1= é decay length of the NLSP
depends on the SUSY breaking
scale VF (.« mG ) and NLSP mass:

100 GeV

CTnesp & ( ML sp

I

JF

100 TeV

4
cm

— | can have arbitrary lifetime
— need to explore many topologies

Barbara Clerbaux

~ o~ ~ o~ ~ ~ ~ ~

ee >ee, uu, 1t I->I1G

S 4 -3 2 -1 2 3
10 10 10 10 10 1 10 10 10

mé (eV)
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— combine: - zero lifetime: acoplanar leptons
- medium lifetime: large IP
- medium lifetime: kink
- long lifetime: heavy stable sleptons

Data are reported in a grid of
slepton mass and slepton lifetime

(-12 < log(T) < -6).

A,D = final files
O,L = prel.

Barbara Clerbaux



Run:event 8220: 464 Date 981201 Time 180246 Ctrk(N= 4 Sump= 93.3) Ecal(N= 2 SumE= 1.6) Hcal(N= 6 SumE= 7.2)
Ebeam 94.499 Evis 100.5 Emiss 88.5 Vtx ( -0.03, 0.11, 0.30) Muon(N= 2) Sec Vtx(N= 0) Fdet(N= 0 SumE= 0.0)

Bz=4.350 Bunchlet 1/1 Thrust=0.9823 Aplan=0.0001 Oblat=0.0298 Spher=0.0017

Event type bits g;?‘#f
4 Low mult presel

19 Muon pair P T Lo eeeeeieeecocaees CV 3 3

22 S phot muoniveto CJ 3 3

25 S phot EM and TOF : : : % g g
26 S phot In-time TOF : :

28 S phot High!pT trk heemmemmmmm e e : PB 3 3

30 S phot no HiMU vet IS P : EB 3 3

31 long-lived decays o : : el : PE 3 3

32 "Phys1" seléction H H E EE 3 3

1 Z0 type physics : : : HT 3 3

16 Untagged GG, Excl . Eg g g

: MB 3 3

ME 3 3

FD 3 83

SI 3 3

SWO0 0

Simulated event:
m(it) =70 GeV
T (I,L) =5*10-9 s

Vs = 189 GeV

‘ 200. cm. ‘ ‘ 510 20 50 GeV

Centre of screen is ( 0.0000, 0.0000, 0.0000) ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Confidence levels

ADO Preliminary - ADLO Preliminary

H a NLSP) \/s 189-209 GeV . T @NLsp) Vs = 189-209 GeV

90 |
80 |

70 |

60
50 +

12 11 -10 -9 -8 -7 -6
log(1)

(1 -CLp) ~ CL (No Excess) <(1-CLp)>=0.5
if (1- CLp) is small — signal
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Cross section upper limits
assuming BR (t— 1G ) =1, minimal model dependent

- ADQO Preliminary - ADLO Preliminary
M (I NLSP) \s = 189-209 GeV T aNLsP) Vs = 189-209 GeV
% 1o | — % —— 2
2100 3 : <100 2
) L D =
<) i <) ©
El ) =
80 - ¢ 80
L —0.06
70 —} 70 p
. - excluded's,; .., 00 | exeluded’s g .v)
s at 95% CL I at 95% CL
50 - 50 7
a2 a1 -0 9 -8 7 -6 12

-log(r)
c <~ 0.02 pb

Barbara Clerbaux 28



Mass limits

MGMSB: Cross sections and BR:

Calculated performing a scan over

- A SUSY particle mass scale: 5,6, ..150 TeV

-tan 3 2,22, ....50

-M messenger mass scale : 1.01*A, 250 TeV, 10E6 TeV
-N number of messengers: 1,2,3,4,5

- sign() +1,-1

— searching for a minimum cross sections
and BR at each slepton mass.

Barbara Clerbaux
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-
—
=]

\o
=]

m(u) (GeV/e

o
—
‘ T T

~1
—

60

50 |

o ADO Preliminary
H(l NLSP) \s = 189-209 GeV
e I L L L
L T \Smemmens s E
v
27l © i
32"
e"c\“a
observed limit
L ---- expected limit _
expected t1 ¢
expected 2 ¢
N B ST RS R B
-12 -11 -10 -9 -8 -7 -6
log(7)
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limit (all lifetimes)
m(p) > 95.2 GeV

Compared to single-exp:

%)

m(7) (GeV/e

k.
&
=)

-12

o
=]

o]
=]

70
60

50

~

ADLO Preliminary

T @NLSP)
,""|"'

s = 189-209 GeV
L I L L

________

observed limit

---- expected limit
expected+ 1.
expected £ 2 ¢

-11

-16 | -9 -8 I-7I N |-6
log(7)

limit (all lifetimes)

expected Limit — + 5 GeV

m(t) > 86.9 GeV
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Heavy stable sleptons

Selection based on dEdx
Very striking analysis
Best excluded cross section!

dE/dx (keV/cm)

ADLO Preliminary, \'s = 189-209 GeV

002 77T

0.018 |- My f Ogyp, at V5=208GeV
Hg? Geyp, at '5=208GeV

Gexcl. (p b)

0.016

0.014

0012 F excluded at 95% CL
0.01 |- for stable particles

0.008 -

! m(slepton) > 99.5 GeV

- at 183 GeV: m > 87 GeV
- + ~4 GeV compared to
single-exp

0.006 |
0.004 |

>

Q
o
T}
=2}
o

0.002 |

0:..I....I....I....I....I....I..f
50 6 70 8 9% 100

m(n) (GeV/c?)
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3.2 Acoplanar and single photon(s)

Combination: S. Ask
- Many SUSY processes lead to single y or acoplanar y signatures, i.e. :

- Single photon: 7y + Emiss - Acoplanar photons: yy + Emiss
€€ = Aak1 ™ 2(1Y X1 (MSSM) ee > YoXo > AsY XY  (MSSM)
ee »> Gy, > GGY ee > Y, > GY GY (GMSB)

¥4 NLSP

- Main SM background largely dominated by ee — vvy(+y)
Generators used for bg: KORALZ - NUNUGPV - KK

A,D = final files, O = prel

high energy L missing
Barbara Clerbaux 32




Recoil mass distributions
at the preselection level:

Single photon

130 <Vs< 208 GeV

preliminary ALEPH DELFPHI L3 OPAL
rfﬂlum r'*'in‘
> EL >
s | Oww N(obs)=7561 !
T 800 z
> N(exp)=7676.4 >
g 3
& 00 k5

400 —

0 L T IR AT Il GO ST il
0 25 50 (75 100 125 150 175 200

1 48(1 41 5) Recoil mass (GeV/e?)
2102(1980.3)

3711(3969.4) 1600(1585.2)

Acoplanar photons

130 <vs< 208 GeV

preliminary ALEPH DELFHI L3 OPAL
70
| M N(obs)=387
m —
N(exp)=403.9
50
4_0 —3

tt 4
li':l | Eil : IEIU 75 LI'..lII’J L”:?.S lﬁlﬂ l':’ﬁ | g(llj
6(5 9) Recoil mass (GEVJ'C:)
57(56.6)

237(252.1) 87(90.2)



Single photon, Gravitino - LSP: — 1 energetic photon

Ultralight gravitino : ee —>~Gx1 - éby
Signal cross section: x;~ B

preliminary

3 Mer=150 GeV

= ] o
2 IR 2 ALEPH DELPHI L3 OPAL
> 045 | \\\.\\“\\}%\\N\\ 0 BINO, 130<Vs<209 GeV
9 04 \Q}\,\\\\\\\ : — Obtained limit
(e} B _
W 035 \\s\\\'\n ICHENNE — - — - Expected limit
- 1 1
p= 0.3 *: b
= 025 - 107
b'-] 1 ]
0.2 *; i
0.15 1 %
i 10 —
0.1 *; .
0.05 | ]
0 E 10"
W e w w T T
¥ mass (GeV/c?) ... MsR=75 GeV % mass (GeV/c”)
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Single photon, Neutralino - LSP: — may have a soft photon

MSSM: ee — %1 = X1Y Y1
Upper limit on the production cross section (BR=1):

189 <Vs< 208 GeV 189 <\s< 208 GeV
preliminary ALEPH DELPHI L3 OPAL preliminary ALEPH DELPHI L3 OPAL 016
—~ 0.16 ~ :
v 100 © 100
2 2
S 014 & 0.14
é 80 0.12 § 80 0.12
IOP‘ IOPE
= 0.1 0.1
60 60
0.08 0.08
40 0.06 40 0.06
—0.04
2 0.04 20
—0.02
002 Expected
O L
0 e ‘ =0 0O 25 50 75 100 125 150 175 200
0 25 50 75 100 125 150 175 200 ~0 GeV/c2
x5 mass (GeV/c?) X mass (GeVic)
2
c <~ 0.1 pb c <~ 0.1 pb
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- 2. Acoplanar photon(s), Gravitino - LSP: — energetic photons

Ultralight gravitino: ee — y, 1y > G yNGy
Signal cross section: x;~ B

preliminary

— —~ 120
e - I
£0.14 |  ALEPH DELPHI L3 OPAL = ALEPH DELPHI L3 OPAL
T | 130<1s<209 GeV $ 110 e'e’ = xixi — GGy
2 0127 — Observed S 1305209 GeV
I\ . = 100
I . ---- Expected g
»w 0.1
e 1 90
= i - ~o
=008 m(@ =2.0m@)
0.06 m(e) = 1.1m(x;)
1 70
0.04 N
. 60
0.02 T
I 50 :
O\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ ‘!\I\ \\\ \\\ \‘\ \‘\
50 60 70 80 90 100 100 200 300 400 500
%S mass (GeV/c?) m(e ) (GeV/c?)

e interpretation of the CDF ee y y Emiss event
Barbara Clerbaux qq — ee —»> ee X1X1 — €€ Gy Gy 36



Acoplanar photon(s), Neutralino - LSP: — may have soft photons
MSSM: ee — y%2 = 1Y A1
Upper limit on the production cross section (BR=1):

130 <Vs< 208 GeV 130 <Vs< 208 GeV
preliminary ALEPH DELPHI L3 OPAL preliminary ALEPH DELPHI L3 OPAL
< | 95% c.l. limit on G at Vs=208 GeV (pb) 0-08 “ 100 95% cl limit on ¢ at Vs=208 GeV (pb) 0.08
> >
@ 0.07 @ 0.07
a a
S = 80
S 0.06 £ 0.06
53 23
0.05 0.05
60
0.04 0.04
0.03 40 0.03
~10.02 ~0.02
20
0.01 0.01
= | L 0 L e e S J |
90 100 50 60 70 80 90 100
%5 mass (GeV/c?) %5 mass (GeV/c?)
c <~ 0.03 pb c <~ 0.03 pb
37
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GMSB: Comparison with Tevatron

Scan in GMSB parameter space following
Dimopoulos, Thomas, Wells, Nucl. Phys. B488 (1997) 39

Example: N=2, medium M, p > 0, short lifetime

a 50 [ [ ‘ 1T T 7 ‘ T 1T 7 ‘ T T 1 ‘ T T 1 ‘ T T 1 ‘ T 177 T
= . Preliminary ]
.S - |
= W 4
40 j o&‘b &’gb ~§°i
- A S
: .- $
30 - > Ayt & -
f Feorss &
20 B &F & = $ |
10 - excluded -
- (photons) ]
L I I | ‘ [ (| ‘ I | ‘ I | ‘ I | l
10 20 30 J 40 50 60 70
A (TeV/c?
tan(p) = 15 = (TeVic)
A > 35.5 TeV/c?

Barbara Clerbaux

Cross Section (fb)

N=2 =3 tan3=15 p>0

A (TeV)

100

20 30 40 50 60 70 80 90
| |

Stau NLSP

Short-lived NLSP

2 fb!

Quasi-stable NLSp
30 b

(Short-lived NLSP)

-excluded by ADLO

100 150 200 250 300 350 400 450
Chargino Mass (GeV)

5 o Potential discovery
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A,D,L = final files
O = prel, AM > 170 MeV

3.3 Charginos at low AM

Combination: S. Rosier

An absolute mass lower limit on charginos — need dedicated
analysis in the low AM = (my+ - myo) region (AM <5 GeV/c?)

Exchange of: main SM bg
4 AM - Prompt decay into lept., lept.+jets, or jets 4f, 2f
3Gev L (chargino decay via W)
- Soft events with ISR photon vy (+y)
~ My
- Heavy stable charged particles _

long-lived and strongly ionizing particles

Barbara Clerbaux 39



A candidate event at 195.4 GeV, Contribues to range my+< 84 GeV/c?

Ey: 21 GeV

Barbara Clerbaux

N ALEPH

Run 50892 Event 4932
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Candidates and bg;: Upper limit on the
production cross section:

ADIL O preliminary

Higgsino - cMSSM ~
10 10
2

-1
10

[Xe)
ADI O preliminary
Higgsino - cMSSM

AM (GeV)

10

10

100

100

60 i 80
My} (GeV)

Barbara Clerbaux M(X+) I G <~ 06 pb M(X+) — 41



Low AM can occur in MSSM in:

- Higgsino-like region : || « M2 - in the CMSSM
Scanon: Mz (M2 >1TeV), sign(u)=+1, tanp=1,10 (M4/ M2 = 0.55)

- Gaugino-like region : || » M2 - suppose large mo
Scan on: M4/ M2=2-5>10, u=+600, tan3=1->40

o for higgsino-like y* o for gaugino-like y*

Vs = 189 GeV
Vs = 196 GeV
Vs = 206 GeV

70 80 90 100 70 80 90 100
Barbara Clerbaux My* (GeV) My? (GeV) 42



10

AM (GeV)

-1
10

Higgsino - CMSSM

60 80 100

10

60 - 80
MxHGeV)

-1
10

My+ > 92.4 (92.9) GeV
(AM = 190 MeV, A = 11.2 cm )

AM (GeV)

-1
10

Gaugino - large mg

60 80 100

My+>91.9 (91.9) GeV
(AM = 150 MeV, A = 11.0 cm )

+ ~4 GeV compared to single-exp

Barbara Clerbaux




3.4 RPV sleptons and sneutrinos

Combination: H. Nowak

SUSY/Gauge invariance do not require RPC

Baryonic

umbper Spin + .
Numb o 1 for Standard Particles

R . (_1)3B+L+ZS
P e T -1 for Supersymmetric Partners

Barbara Clerbaux
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Explicit RPV breaking trilinear superpotential terms:

I 1] ¢k y i Fk 79 i ik
7\“ijk LLLLER T 7\‘ ijk LQLDR +7\‘ ijk URDRDR
L, .Q, left-handed lepton and quark doublets

MM, Yukawa couplings E. right-handed lepton singlets
Ug, Dk right-handed Up and Down quark singlets

I,j,k family indices

‘v(g) “
}\'“ q
q‘ q q\
B violation
L violation
9 couplings (i#j) 27 couplings 9 couplings (j=k)

Barbara Clerbaux



R Conserved

Rp Violated

- SUSY particles are pair-produced

* The LSP is stable (— neutral,colourless
— good dark-matter candidate)

* All SUSY particles decay into the LSP

- The LSP decay into standard particles
(no candidate for dark matter)
» And so do all other SUSY particles

Experimental

Signature

- The LSP (neutral, colourless) interacts
only weakly with matter: it is invisible.

— MISSING ENERGY

- SUSY particles decay into quarks,
leptons, neutrinos.

—> Multi-jet, multi-leptons final
state, missing energy or not

Barbara Clerbaux

New topologies !
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Assumptions
1. LLE coupling - Indirect decays

Charged and neutral scalar sleptons (€, L, T, Ve,Vy)
Pair produced sleptons

- XO ;z / V’l
~~ ~~ ////// 1 0 LV
e e % I I I’V \ 1 _______ \\\,.c\
|

v P
"A
|, |

-2. AM > 3 GeV

Stau decays |nto tau LSP and % decays outside Detector

at very small AM, direct decay dominates . (Dspinesd Verticesy
- 3. Prompt decay of he LSP : 1o ®

mXO > 10 Gev Lo % decays within lcm

Decay within 1 cm

102 l / Excluded

0O 10 20 30 40 50 60 70 80 90
Barbara Clerbaux M(x) (GeVic®) 47



AM21 5, M22 5, M23 5 A131 5, A132 5, AM133 , A231 , A232 , A233

-4. Only one Yukawa coupling 7Lijk is non-zero at the time.

The efficiencies derived from MC produced with A133 # 0
(final states with at least 4 taus + Emiss)

— yielding to the worse signal efficiency
— results are valid for the other Ak couplings.

Analysis: for the charged sleptons:

M33: for example: ee > Il > Iy, Iy, > lvtt ot

— final state with 6 leptons and Emiss

Barbara Clerbaux 48



M,o(GeV/c?)

Cross section upper limits
assuming BR (T— 1 ¢, ) =1, minimal model dependent

7\\ N 1 1 T ‘ T 1 T 1 ‘ T 1 1 1 ‘ T 1 1 1 ‘ 1 1 171 N T NA 7\\ ‘ UL ‘ L ‘ L ‘ L ‘ L 7\\ N L ‘ L ‘ T 1 T T ‘ LI I ‘ T 1 T 7T N T
100 1" 950, cL ALEPH DELPHI L3 OP 0837%0 |" 950 CL ALEPH DELPHI L3 OP | 95% CL ALEPH DELPHI L3 OP 0.03
| preliminary 8 | preliminary | preliminary
80 - . 0825 go 0.025
I =
- 0.02 - 0.02
60 60
i 0.015 0.015
40 40
0.01 0.01
20 0.005 20 0.005
x lLifetimle Sigqature x Lifetime Signature lLifetir’qe Sigqature l l
Ll L1 L1 L1 L1l L1 I L R N RN N N R R N AT N N SR A T RN A Ll L L1 L L1 Ll I o
0 50 60 70 80 90 100 0 0 50 60 70 80 90 100 50 60 70 80 90 100
M;(GeV/c?) M;(GeV/c?) M:(GeV/c?)
G <~ 0.02 pb G <~ 0.02 pb G <~ 0.02 pb
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MXO(GeV/cz)

Mass limits

CMSSM: scan mg and M>

u=-200 GeV, tanf3 = 1.5:

to compute G(;;) and BR (I —» Ixo)

o(nn) = o(t7) and o(LL) > o(RR)

00 [~ 95% CL ALEPH DELPHI L3 OPA
- preliminary
80 | [~ u='200, tan
e
60
40 - expected
I observed
20 -
- ‘Lifetim‘e Sigqature ‘ ‘
0 \\\\\\ L1 1| L1 1| I ——

50 60 70 80 90 100

M;(GeV/c?)

Barbara Clerbaux

-t
(=}
o

o(GeV/c?)

MX

40

20

AM > 3 GeV:

MeR
MR

Mg

96.6 (92.9) GeV
96.8 (94.8) GeV
95.9 (92.0) GeV

Comparable to the RPC cases

— 95% CL ALEPH DELPHI L3 OPA Ng 100 [~ 95% CL ALEPH DELPHI L3 OPA
- > L
- preliminary 8 - preliminary
o 5,80 (| &
il = 0
= expected 40 - expected
observed 1 obtained
‘ ‘Lifetim‘e Sigqature ‘ ‘ - ‘Lifetim‘e Sigqature ‘ ‘
50 60 70 80 90 100 0" ‘50 60 70 80 90 100
~ 2
M:(GeV/c?) M:(GeV/c?)
50
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Analysis for the sneutrinos:
M33: for example: ee — vL > VY, LY4— L LTT L LTT
— final state with up to 4 taus and Emiss

assuming BR (v—vy; ) =1, minimal model dependent

Cross section upper limits

NA
S 1991 95% cL ALEPH DELPHI L3 OP
w |
(O] | preliminary
S, 80| [
Y
= Ve 5‘5“0\6
60

40

20

0 7\ | ‘ Ll

‘Lifetirr‘le Sigqature

50 60
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90‘ | 100
M;e(GeV/cz)

70 80
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0.04

0.02

M. o(GeV/c?)

—
(=]
o

(o0}
o

40

20

| preliminary

[— | o~

‘Lifetin"le Sigqature

| 95% CL ALEPH DELPHI L3 OP

50 60

90‘ | 100
M: (GeV/c?)
i

70 80

0.12

0.1

0.08

0.06

0.04

0.02

51



Mass limits

CMSSM: scan mg and M2 mge 98.9 (99.1) GeV

1= -200 GeV, tanp = 1.5: mg, 84.5 (86.0) GeV

~

to compute G(ee) and BR (I> IX )

“© 100 [ 95% CL ALEPH DELPHI L3 OPA “© 100 | 95% CL ALEPH DELPHI L3 OPA
> - > -
é i preliminary &5‘: I pfliminary
5. 80| |y u=-200, t =1.5 °. 80 |y
E | e '\b\e E = “’ g‘\b\e
i ocess = | i . ao°es _—
60 |- 60 - RO
i J <\ne
40 L expected 40 - expected
! observe i observed
20 |- _ 20 |-
B ‘ ‘Lifetirr“e Sigrl‘ature ‘ ‘ 0 7\ | ‘ | | | | ‘L\if\e\time\ \Si\g\r“a\tl\'lr\e\ ‘ | | | | ‘ |
0 | \50\ | | \60\ | | \70\ | | \80\ | | \90\ L1 -\l 00\ 50 60 70 80 90 1 00
- 2 M- (GeV/c?)
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4. Conclusions and prospects

— Updated LEP combined results on MSSM

— New LEP combined results on charginos at low AM!
— New LEP combined results on GMSB and RPV!

— Final LEP combinations will come soon

REMIND: all the results and info in:
http://www.cern.ch/LEPSUSY/

What we also would like to do:

MSUGRA scan: Aj scan
Charginos at low AM: low-m region
- RPV: LEE () direct, UDD (L")

— LEPSUSY paper
In preparation

Barbara Clerbaux
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