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T a s k :   T o c om b i n e L E P r es u lt s  of  a ll r elev a n t  S U S Y  s ea r c h es  
- 1 .   C om pa t i b i li t y c a n d i d a t es  v s S M  ex pec t a t i on :

look  f or  ex c es s ( S U S Y  s i g n a l)  or  d ef i c i t ( b a d  b g  d es c r i pt i on )
- 2 .   U pper  li m i t on  t h e pr od u c t i on  c r os s  s ec t i on * B R
- 3 .   D er i v e c on s t r a i n t s i n  t h e s pa c e of  a  g i v en  m od el pa r a m et er s ,  

i . e.  m a s s

�
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���
1. I n t r o d u c t i o n
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Data samples per experiment:  

T o tal lu mino sity   ( f ro m 1 8 3  to  2 0 9  G eV )    ~    2 . 6  f b -1  !

E xc h ang ed  f iles: 
- n u m b e r s  o f  c a n d i d a t e  e v e n t s
- n u m b e r s  o f  b k g  s u b s t r . +  b k g  u n s u b s t r .
- e f f i c i e n c i e s  f o r  t h e  s i g n a l   +  e r r o r s  

C o mb inatio n meth o d :
- 9  e n e r g y  f i l e s ,  4  e x p e r i m e n t s  …
→ C o n f i d e n c e  l e v e l s  c o m p u t e d  u s i n g  t h e  L i k e l i h o o d  R a t i o  t e s t -s t a t i s t i c  
i n   a  “m o d i f i e d ” f r e q u e n t i s t a p p r o a c h

As a function of: 
a)  th e  S U S Y  p ar t.  m ass
b )  th e  L S P  m ass

year 1 997 1 998
 s q rt ( s )  ( G e V ) 1 8 3 1 8 9 1 92 1 96 2 0 0 2 0 2 2 0 5 . 2 2 0 6 . 6 2 0 8

i n t .  L u m i  ( p b - 1 ) 5 5 1 7 0 2 8 8 0 8 0 4 0 7 5 1 2 2 9

1 999 2 0 0 0
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-1 . Likelihood Ratio estimator t o  c o m p a r e (b) L
b)L(s  X(s) +

=

L ≡ l i k e l i h o o d  o f  t h e  o b s e r v a t i o n  =  P o i s s o n  p r o b a b i l i t i e s
X > 1  f o r  t h e  s i g n a l  c o n f i g u r a t i o n s ,   X < 1  f o r  t h e  b g o n l y  c o n f i g u r a t i o n s

)X  X (  P
 )X  X (  P  CL

CL  CL
obs

obs

(b)

b)(s

(b)

b)(s
)s( ≤

≤
== ++

b a c k g r o u n d  o n l y  ( b )  h y p o t h e s i s     a n d  t h e   s i g n a l  +  b a c k g r o u n d  ( s + b )  h y p o t h .

-2 . C omp u tation  of  the C on f iden c e Lev el:

∏ ∏
= =

=

Nchan

1i

n 

1j
ijtot

i

X X

I f  C L ( s )  <  5 %  t h e n  t h e  s i g n a l  
i s  e x c l u d e d  a t  9 5 %  C L

C L ( n o  E x c e s s )  =  P (b) ( X  ≥ X o b s )    → s e n s i t i v e  t o  e x c e s s e s
C L ( n o  D e f i c i t )    =  P (b) ( X  ≤ X o b s )     → s e n s i t i v e  t o  d e f i c i t

Results + info : http://www.c e r n .c h/L E P S U S Y /
+ r efs.

∑∑
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+=



 ++= Nchan
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b
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1Ln  n   -s XLn 

w e i g h t e d  e v e n t s
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Gluinos Gluinos 
ggii

ggii

N e ut r a linosN e ut r a linos
χχ110  0  χχ220  0  χχ330  0  χχ4400

gg Z   Z   
h  h  H     A  H     A  

C h a r ginosC h a r ginos
χχ11±± χχ22±±

WW±± HH±±

S up e r sy m m e t r icS up e r sy m m e t r ic
P a r t ne r sP a r t ne r sS t a nd a r d  B osonsS t a nd a r d  B osons

Gr a v it inoGr a v it ino GGGr a v it on GGr a v it on G

∼∼

∼∼

S q ua r k sS q ua r k sQ ua r k sQ ua r k s

S ne ut r inosS ne ut r inosN e ut r inosN e ut r inos

S le p t onsS le p t onsL e p t ons  L e p t ons  

S up e r sy m m e t r icS up e r sy m m e t r ic
P a r t ne r sP a r t ne r s

S t a nd a r d  S t a nd a r d  
P a r t ic le sP a r t ic le s

l LR,
~
l

l
ν

l
ν~

LRq ,

~q

�� Gauge / Gauge / Gaugi n oGaugi n o S ec t o rS ec t o r

�� P ar t i c l e / P ar t i c l e / S p ar t i c l eS p ar t i c l e S ec t o rS ec t o r

[All fermions][All fermions]

[All sc a la rs][All sc a la rs]

[T w o H ig g s d ou b let s][T w o H ig g s d ou b let s]
And  a lso …And  a lso …

Minimal particle content
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Models and Parameters

1. The Minimal 1. The Minimal S u p er s y mmet r icS u p er s y mmet r ic ex t ens io n o f  t he S t and ar d   ex t ens io n o f  t he S t and ar d   
Mo d el ( MS S M) :Mo d el ( MS S M) :

-- mmAA : : p s e u d o s c a l a rp s e u d o s c a l a r H i g g s  b o s o n  m a s sH i g g s  b o s o n  m a s s

-- t a nt a n ββ : : r a t i o  o f  v a c u u m  e x p e c t a t i o n  v a l u e s  o f  t h e  t w o  H i g g s  d o u b l e t sr a t i o  o f  v a c u u m  e x p e c t a t i o n  v a l u e s  o f  t h e  t w o  H i g g s  d o u b l e t s
-- µµ : H i g g s  m i x i n g  p a r a m e t e r: H i g g s  m i x i n g  p a r a m e t e r

-- MM11 ,  M,  M22 ,  M,  M33 : : G a u g i n oG a u g i n o S U S Y  m a s s  t e r m sS U S Y  m a s s  t e r m s ((χχ00,, χχ±±, g, g ))

-- : “: “ S f e r m i o nS f e r m i o n ”  S U S Y  m a s s  t e r m s”  S U S Y  m a s s  t e r m s
-- AAtt ,  ,  AAbb ,  A,  Aττ ,  ,  …… :  :  s t o p /s t o p / s b o t t o ms b o t t o m // s t a us t a u /…  m i x i n g  p a r a m e t e r s/…  m i x i n g  p a r a m e t e r s

LRLLR qq mmmmm ~~~~~ ,,,, νll

∼∼

≥≥ 100 parameters100 parameters
N o t to o  pred i c ti v eN o t to o  pred i c ti v e
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2. The constrained MSSM (C2. The constrained MSSM (C--MSSM) :MSSM) :
Constrain the Constrain the g au g inosg au g inos and  and  sf erm ionssf erm ions m ass p aram eters m ass p aram eters 
w ith w ith G U T  u niv ersal ity  rel ationsG U T  u niv ersal ity  rel ations::

�� U nif y  MU nif y  M 11 ,  M,  M 22 ,  M,  M 33 to a u niv ersal  to a u niv ersal  g au g inog au g ino m ass mm ass m 1/ 21/ 2 at the G U T  sc al eat the G U T  sc al e

�� U nif y  al l  U nif y  al l  sf erm ionsf erm ion m ass p aram eters to a u niv ersal  sc al ar m ass mm ass p aram eters to a u niv ersal  sc al ar m ass m 00

.5.3  ;8.0  ;5.0
::::::

213212211

1232/1123

mMmMmM
mMMM GUT

≈≈≈

= αααα

χχ00 χχ±± g          g          (at the EW scale)(at the EW scale)∼∼

L

L

L

l

l

++=

++=

++=

2
21

2
0

2~

2
21

2
0

2
~,~

2
21

2
0

2~

  6       

 5.0   

15.0     

,

mmm

mmm

mmm

LR

L

R

q

ν

Scalar and Scalar and g au g i nog au g i no m as s e s  re lat e dm as s e s  re lat e d



Barbara  Clerbaux 9

3. Minimal 3. Minimal S u p e r G r av it yS u p e r G r av it y ((mS U G R AmS U G R A ) :) :

�� Unify Higgs and scalar sector at the GUT scaleUnify Higgs and scalar sector at the GUT scale

�� Unify all Unify all trilineartrilinear cou p lings at the GUT scalecou p lings at the GUT scale

�� B reak  B reak  radiativ elyradiativ ely the the E lectroW eakE lectroW eak S ym m etryS ym m etry

�� O nly F I V E  p aram eters leftO nly F I V E  p aram eters left

( ),...tan,by    fixed  m  0A βm⇒

0 i     tounified  s' all  AA⇒

,...)tan,m,(mby    fixed    210 βµ⇒

)sign(  ,  ,tan  ,  , 0210 µβ Amm Very predictive Very predictive 
R ea l iz ed in  N a tu re?R ea l iz ed in  N a tu re?
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Updated results

2 . 1      S f erm i o n searc h es
2 . 2      L S P  m ass li m i t
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- P r o d u c t i o n :

γ* ,  Z *
~

e+

e-

f 

f

~

t-c h a n n e l → σ (  Mf,  s, µ ,  ta n  β)s-c h a n n e l → σ (  Mf,  s )

- D e c a y : 

e+

e-

χ1
0

e+~

~e-

⊕

~

f~
f → e v e n ts w i th  m i ssi n g  e n e r g y

- D e c a y  k i n e .  ( v i si b l e  e n e r g y  i n  th e  d e te c to r ) d e p e n d s o n : ∆M =  m f - m~ χ1 
0

χ1 
0

→ A n a l y si s f o r  d i f f e r e n t r e g i o n s o f  ∆M

→ B R ( M   , µ ,  ta n  β) ~1 0 0 %  e x c e p t  v e r y  l o w  mχ10 χi0

~

2.1    S f e r m i o n s e a r c h e s

- Ma i n  b a c k g r o u n d s:    W W  a t h i g h  ∆M,       a n d  γγ a t l o w  ∆M
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Slepton C om b i na ti on
Combination: G. Ganis

C a nd i d a tes  a nd  b k g
ee→ ee∼ ∼ e → e χ1∼ 0

µ → µ χ1∼ee→ µµ∼ ∼ 0

ee→ ττ∼ ∼ τ → τ χ1∼ 0 0
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A  ev en t  p o p u l a t es  a  w h o l e r e g ion:  k ine . c omp atibl e

A , D , L  =  f inal  f il e s
O  =  p r e l    

a c o p l a n a r l ep t o n s

F o r  p o i n t  ( 8 7 ,  2 0 ) :          
N ( c a n d ) =  3 4 3   
N ( b g ) =  3 4 9 . 9

M(χ0)

M ( τR)
~



Barbara  Clerbaux 1 3

0

20

40

60

80

100

50 60 70 80 90 100
10

-4

10
-3

10
-2

10
-1

Mstau (GeV/c2)

M
χ 

(G
eV

/c
2 )

Staus
CL(NoExcess)
√s=183-208 GeV
Exp:ADLO

0

20

40

60

80

100

50 60 70 80 90 100
10

-4

10
-3

10
-2

10
-1

Mstau (GeV/c2)

M
χ 

(G
eV

/c
2 )

Staus
CL(NoDeficit)
√s=183-208 GeV
Exp:ADLO

For point (87, 20) :         
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τ∼e∼ µ∼

Cross section upper limits
assuming BR (            ) = 1, minimal model dependentl → l χ1

∼ 0

σ < ~   0 . 0 3   p b                            σ < ~ 0 . 0 3   p b                         σ < ~ 0 . 0 6   p b   
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M(χ0)
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√s = 183-208 GeV ADLO Preliminary

Excluded at 95% CL
(µ=-200 GeV/c2, tanβ=1.5)

Observed
Expected

Mass limits

~ 0CMSSM:
µ =  -2 0 0  G e V ,  t a n β =  1 . 5 : 
t o  c o m p u t e  σ(e e )  a n d  B R  (l -> l χ0 )

σ(µµ)  =   σ(τ τ )  a n d  σ(L L ) >  σ(R R )
M ( l  R)

~- l i m i t : → e f f e c t  o f  e f f i c i e n c y ,   σ

�
� 	

meR 9 9 . 6    ( 9 9 . 2 )   G e V
mµR 9 4 . 9    ( 9 1 . 4 )   G e V
mτR 8 5 . 9    ( 8 5 . 8 )   G e V

F o r  Mχ0 =  0 :

~

~

~

~~ ~

~~ ~~
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s-c h a n n e l  p r o d u c t i o n :  → σ (  Mq ,  s, +  θq )
t  a n d  b  m a y  b e  l i g h t  d u e  t o  p o ssi b l e  l a r g e m i x i n g :

t1 =   tL c o s  θq +   tR s i n  θq

f o r   θt ~  5 6 o ,   θb ~  6 3 o → d e c o u p l i n g  f r o m  Z   → σ m i n .

~

~

~ ~ ~

~

Mi x i n g :

Squark C o m b i n at i o n
Combination: B. C.
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If m t « mt , mχ + , m l  :                                               If  l i g h t ν :  

stop to b l snu, at 192-208 GeV

40

50

60

70

80

90

100

50 60 70 80 90 100
0

5

10

15

20

25

Cand. M(st) GeV/c2

M
(s

ν)
  G

eV
/c

2

40

50

60

70

80

90

100

50 60 70 80 90 100
0

5

10

15

20

25

Bkg M(st) GeV/c2

M
(s

ν)
  G

eV
/c

2
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~ ~ ~

M (  t  )~M (  t  )~



Barbara  Clerbaux 1 8

sbottom to b chi, at 192-208 GeV
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stop to c χ xs UL Preliminary ADLO, 192-208 GeV
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ADLO Preliminary
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θ=0o

θ=56o

M sto
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 < M χ

 + m c

M sto
p
 > M W

 + m b
 + M χ

b → b χ1
~ 0t  → b l  ν~ ~t  → c χ1

~ 0

Mass limits

Mχ0 =  2 0  G e V t  → c  χ1     t  → b l  ν b → b χ1

m i x i n g  ( σ m i n . ) 9 8               9 6                   9 5

~~ ~

θ =  0   ( qL) 1 0 0               9 9                   9 9

~

~
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Degenerate s q u ark s
e e → q q~ ~ q → q χ1~ 0

0

100

200

300

400

0 200 400 600

gluino mass (GeV/c2)

sq
ua

rk
 m
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s 

(G
eV

/c
2 )

CDF
D0

U
A

1 
&

 U
A

2

LEP

LEP 1 χ∼M<q∼M

M
q
 =

 M
g∼

∼

ADLO Preliminary

Assume:                              
G U T  r el a t i o n  f o r  g a ug i n o ma ss
t a n  β =  4   a n d  µ =  -4 0 0  G eV   
mg =  M 3 ~  6 . 8  M 1 ,  mχ0 = f  ( M 1 , µ, t a n  β)

L i m i t s  o n  d e g e n e r a t e  q : d e g e n e r a t e  
m a s s  f o r  L - a n d  R - h a n d e d  u ,d ,c ,s ,b

M (q )~

M (g )~

~  ~  ~  ~  ~
~

a c o p l a n a r j et s

- S i g n a l : qL +  qR a c c c es s i b l e
→ σ(5-q ) =  3 * (σbL +  σbR)+  2 * (σtL +  σtR)
→ σ i s  h i g h

- t o  c o m p a r e  t o  T e v a t r o n :
(mq ,  mχ0)   → (mq ,  mg)  

~

~        ~

~           ~
~          ~

~                           ~      ~

~
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30
35
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80

5 10 15 20 25 30 35 40 45
tanβ

M
χ lim

 (
G

eV
/c

2 )

ADLO preliminary A0=0, m0<1 TeV/c2

µ > 0

Excluded at 95% C.L.

Mtop= 175 GeV/c2

Mtop= 180 GeV/c2

30
35
40
45
50
55
60
65
70
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80

5 10 15 20 25 30 35 40 45
tanβ

M
χ lim

 (
G

eV
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2 )

µ < 0

Excluded at 95% C.L.

Mtop= 175 GeV/c2

Mtop= 180 GeV/c2

m(χ0 )  > 5 9  G e V1

2.1    LSP mass limit

S c a n  o n  m0 ,  m 1 / 2 ,  t a n β,  s i g n (µ ) ,  A 0 = 0

tanβ

M(χ0)

m0

m 1 / 2

C o mb i n a t i o n :  G .  G a n i s

h Z

C h ar g i no s

L E P 1

S l e p to ns
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3.   N e w  r e s u l t s

3.1   S l e p t o n s w i t h  l i f e t i m e

3.2    A c o p l a n a r a n d  s i n g l e  p h o t o n ( s )

3.3   C h a r g i n o s a t  l o w  ∆M

3.4    R P V  s l e p t o n s a n d  s n e u t r i n o s
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3.1  S l e p t o n s  w i t h  l i f e t i m e
- Theoretical framework: GMSB

G  i s  t h e  L S P ,   mG <  O ( K e V )
τ N L S P  s c e n a r i o  o r   l   c o -N L S P
l  → l  G ,  d e c a y  l e n g t h  o f  t h e  N L S P  
d e p e n d s  o n  t h e  S U S Y  b r e a k i n g  
s c a l e  √ F  ( ∝ mG ) a n d  N L S P  ma s s :

( ) ( ) cmcτ
4

TeV 100
F5

m
GeV 100

NLSP NLSP
∝

→ l  c a n  h a v e  a r b i t r a r y  l i f e t i me         
→ n e e d  t o  e x p l o r e  ma n y  t o p o l o g i e s

0

10

20

30

40

50

60

70

80

90

L=  1mm
L= 10 cm
L= 1 m
L= 100 m

10
-5

10
-4

10
-3

10
-2

10
-1

1 10 10
2

10
3

m
G
~ (eV)

m
τ 1~

(G
eV

)

ee → ee,  µ µ ,  τ τ l → l  G∼  ∼    ∼ ∼    ∼ ∼          ∼          ∼

~

~           ~

~~

~
~

~     

Combination: C. R e mbs e r
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A,D = final files 
O ,L  =  p r el.

→ combine:     - z er o l if et ime: a cop l a na r l ep t ons
- med iu m l if et ime: l a r g e I P  
- med iu m l if et ime:  k ink
- l ong  l if et ime:  h ea v y  s t a bl e s l ep t ons

Data are reported in a grid of 
s l epton m as s  and s l epton l ifetim e 
(-1 2  <  l og(τ) <  -6 ).  
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 Run : even t  8220 :    464   Da t e  981201  T ime  180246                                  

 Ebeam 94 . 499  Ev i s  100 . 5  Emi ss   88 . 5  V t x  (   - 0 . 03 ,    0 . 11 ,    0 . 30 )               

 Bz=4 . 350  Bunch l e t  1 / 1   Th r us t =0 . 9823  Ap l an=0 . 0001  Ob l a t =0 . 0298  Sphe r =0 . 0017     

C t r k (N=   4  Sump=  93 . 3 )  Eca l (N=   2  SumE=   1 . 6 )  Hca l (N=  6  SumE=   7 . 2 )  

Muon (N=   2 )  Sec  V t x (N=  0 )  Fde t (N=  0  SumE=   0 . 0 )  

S t a t us
De t  T r

CV  3  3
CJ  3  3
CZ  3  3
TB  3  3
PB  3  3
EB  3  3
PE  3  3
EE  3  3
HT  3  3
HS  3  3
HP  3  3
MB  3  3
ME  3  3
FD 3  3
S I  3  3
SW 0  0

Y

X
Z

   200 .  cm.   

 Cen t r e  o f  sc r een  i s  (    0 . 0000 ,    0 . 0000 ,    0 . 0000 )         

50  GeV2010 5

Even t  t ype  b i t s
  4  Low mu l t  p r ese l      
 19  Muon  pa i r            
 22  S  pho t  muon  ve t o     
 25  S  pho t  EM and  TOF    
 26  S  pho t  I n - t ime  TOF   
 28  S  pho t  H i gh  pT  t r k   
 30  S  pho t  no  H+MU ve t   
 31  l ong - l i ved  decays    
 32  "Phys1 "  se l ec t i on    
  1  Z0  t ype  phys i cs      
 16  Un t agged  GG,  Exc l .   

Simulated event:
m(µ)  =  7 0  G eV
τ (µ)   =  5 * 1 0 -9  s
√ s  =  1 8 9  G eV

~

~
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ADLO Preliminary
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−
 = 189-209 GeV

Confidence levels

(1 - C L b )   ~  C L  (N o  E x c e s s ) <(1 - C L b) >  =  0 . 5
i f  (1- C L b)  i s  s m a l l  → s i g n a l
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σ 95
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∼
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∼
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ADO Preliminary
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−
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excluded σ(208 GeV)

at 95% CL

Cross section upper limits
assuming BR (            ) = 1, minimal model dependentl → l G∼

σ < ~ 0 . 0 2   p b                                             σ < ~ 0 . 0 5   p b   
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∼
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ADLO Preliminary
√s

−
 = 189-209 GeV

excluded σ(208 GeV)

at 95% CL

~
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mGMSB:  C r o s s  s e c t i o n s  a n d   BR :
Calculated performing a scan over

Mass limits

→ search ing for a minimum cross sections 
and B R  at each  slepton mass.  

- Λ S U S Y  p a r t i c l e  m a s s  s c a l e :         5 ,  6 ,  . . . 1 5 0  T e V  
- t a n  β 2 ,  2 . 2 ,  . . . ,  5 0  
- M           m e s s e n g e r  m a s s  s c a l e  :            1 . 0 1 * Λ ,  2 5 0  T e V ,  1 0 E 6  T e V  
- N            n u m b e r  o f  m e s s e n g e r s :            1 ,  2 ,  3 ,  4 ,  5  
- s i g n ( µ)                                                    + 1 , -1  
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limit (all lifetimes) 
m(τ) >  8 6 . 9  G eV

limit (all lifetimes)
m(µ) >  9 5 . 2  G eV

Compared to s i n g l e-ex p:     ex pec ted L i mi t   → +  5  G eV
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∼
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expected ± 2 σ
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excluded at 95% CL

observed limit

expected limit

expected ± 1 σ
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~ ~
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mX=70 GeV, Q/e=±1
mX=45 GeV, Q/e=±1
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excluded at 95% CL
for stable particles

99
.5
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eV

/c
2

µ
∼

L: σexp. at √s
−
=208GeV

µ
∼

R: σexp. at √s
−
=208GeV

Selection based on dEdx
V er y  str ik ing  analy sis
B est exclu ded cr oss section!

m(s l e p t o n )  >  9 9 . 5  G e V  
- a t  1 8 3  G e V :   m  >  8 7  G e V
- + ~ 4  G e V   c o m p a r e d  t o  
s i n g l e -e x p
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- S i n g l e  p h o t o n : γ + E m i s s

e e → χ2χ1 → χ1γ χ1        ( M S S M )
e e → Gχ1 → G Gγ

- A c o p l a n a r p h o t o n s : γγ + E m i s s

e e → χ1χ1  → Gγ Gγ ( GM S B )
e e → χ2χ2 → χ1γ χ1γ ( M S S M )

A,D = final files, O = p r el
h ig h  ener g y  L  m issing

3.2  A c o p l a n a r a n d  s i n g l e  p h o t o n ( s )
- M a n y  S U S Y  p r o c e s s e s  l e a d  t o  s i n g l e  γ o r  a c o p l a n a r γ s i g n a t u r e s ,  i . e .  :

- M a i n  S M  b a c k g r o u n d  l a r g e l y  d o m i n a t e d  b y  e e  → ν ν γ(+γ)
Ge n e r a t o r s  u s e d  f o r  b g :   K O R A L Z  - N U N U GP V  - K K

C o m b inat io n:  S .  Ask

~              ~   ~ ~       ~

χ1 N L S P
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Recoil mass distributions
at the p r es el ec ti o n  l ev el :

Single photon A c opla na r photons

3711(3969.4)

N(o b s ) = 3 8 7     
N(e x p ) = 4 0 3 . 9

N(o b s ) = 7 5 6 1   
N(e x p ) = 7 6 7 6 . 4

148 (141.5 )
160 0 (15 8 5 .2 )

2 10 2 (198 0 .3) 6(5 .9)
2 37(2 5 2 .1) 8 7(90 .2 )

5 7(5 6.6)
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Single photon,  G r a v itino - L SP :                       → 1 energetic photon
U l tra l ight gra v itino :    ee→ Gχ1 → G Gγ
S igna l  cros s  s ection:  χ1 ~  B
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BINO, 130≤√s≤209 GeV

Obtained limit
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Expected

ObservedObserved

ALEPH DELPHI L3 OPAL

130≤√s≤209 GeV

preliminary

… . .   meR= 7 5  G eV

meR= 15 0  G eV~

~

~             ~  ~

~
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189 ≤√s≤ 208 GeV

preliminary

Single photon,  N eu tr a lino - L SP :               → may have a soft photon

E x pec tedO b s er v ed

M S S M :   ee→ χ2χ1 → χ1γ χ1
U pper  l i mi t on the pr od u c ti on c r oss sec ti on ( B R = 1 ) :

σ < ~ 0 . 1  pb                                                   σ < ~ 0 . 1  pb
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- 2 .   A c o p l a n a r p h o t o n ( s ) ,   G r a v i t i n o  - L S P :                       → energetic photons
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e i n t er p r et a t i o n  o f  t h e C D F  ee γ γ E m i s s  ev en t
q q → ee → ee χ1χ1  → ee Gγ Gγ
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U l tra l ight gra v itino:    ee→ χ1 χ1 → G γ Gγ
S igna l  cross section:  χ1 ~  B
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Acoplanar ph ot on( s ) ,   N e u t rali no - L S P :               → may have soft photons

E x pe ct e dO b s e rv e d

M S S M :   ee → χ2χ2 → χ1γ χ1γ
U pper  l i mi t on the pr od u c ti on c r oss sec ti on ( B R = 1 ) :

σ < ~ 0 . 0 3   pb                                                σ < ~ 0 . 0 3   pb  
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GMSB: Comparison with T e v atron

Chargino Mass (GeV)

Λ (TeV)

C
ro

ss
 S

ec
tio

n 
(f

b)

Theory
2 fb-1

30 fb-1
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Stau NLSP

Short-lived NLSP

Quasi-stable NLSP

ex
cl

ud
ed

 b
y 

A
D

L
O

(S
ho

rt
-l

iv
ed

 N
L
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)
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10 3

J. Quian, hep-ph/9903548 v2:

N = 2, M

Λ
= 3, tanβ = 15, µ > 0
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Example: N=2, medium M, µ > 0, short lifetime
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theoreticaly not accessa
ble

tan(β) = 15 ⇒
Λ > 35.5 TeV/c2

Scan in GMSB parameter space following

Dimopoulos, Thomas, Wells, Nucl. Phys. B488 (1997) 39

5 σ P o t e n t i a l  d i s c o v e r y
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3.3   C h a r g i n o s a t  l o w  ∆M
An absolute mass lower limit on c h arg inos → need  d ed ic ated
analy sis in th e low ∆M  =  ( mχ+ - mχ0) reg ion  ( ∆M  < 5  G eV / c 2)

E x c h ang e of : main SM b g

- P romp t d ec ay int o  l e p t . ,  l e p t . + j e t s ,  o r  j e t s          4 f ,  2 f
(c h ar g ino d e c ay  v ia W * )

- S of t ev ents with  I S R  p h oton γγ (+ γ)
- H eav y  stable c h arg ed  p artic les _
l o ng -l iv e d  and  s t r o ng l y  io niz ing  p ar t ic l e s

∆M

~ mπ

~ 3  G e V

A,D,L = final files
O  = p r el, ∆M  >  1 7 0  M eV

C o m b inat io n:  S .   R o sier
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End of detectorEnd of tracks

Run 50892 Event 4932ℵ ALEPH

A candidate event at 195.4 G eV ,  C o ntr ib u es to  r ang e m χ+< 8 4 G eV / c2

Eγ =  2 1 G eV
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Candidates and b g :
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Low ∆M c a n  oc c u r  i n  MS S M i n :
- H i g g s i n o-l i k e  r e g i on  :   |µ| « M2    - i n  t h e  C MS S M

- G a u g i n o-l i k e  r e g i on   :   |µ|  » M2   - s u p p os e  l a r g e  m 0
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√s = 189 G e V
√s = 196  G e V    
√s = 2 0 6  G e V

σ for g a u g i n o-l i k e  χ+σ for h i g g s i n o-l i k e  χ+

Scan on:    M2 ( M2 > 1  T e V ) ,   s i g n( µ ) =  ± 1 ,   t anβ= 1 , 1 0       ( M1 /  M2 ≅ 0 . 5 5 )

Scan on:   M1/  M2 =  2 → 1 0 ,   µ =  ± 6 0 0 ,   t anβ= 1 → 4 0
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(∆ M  =  1 9 0  M e V ,  λ =  1 1 . 2  c m  )

mχ+ > 9 1 . 9   ( 9 1 . 9 )  G e V
(∆ M  =  1 5 0  M e V ,  λ =  1 1 . 0  c m  )

+ ~ 4  G e V c om p a r e d  t o singl e -e x p

ADLO preliminary
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3.4  RPV s l e p t o n s a n d  s n e u t r i n o s

SUSY/Gauge invariance do not require RPC 

SLB
PR

23)1( ++
−=

+ 1  f or Standard Particl es+ 1  f or Standard Particl es

--1  f or 1  f or Sup ers y m m etricSup ers y m m etric PartnersPartners

Bary o n i cBary o n i c
N um berN um ber

L ep t o n i cL ep t o n i c
n um bern um ber

S p i nS p i n

Combination: H. Nowak
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λ
)~(~

νl

)(lν

`l

Explicit RPV breaking trilinear s u perpo tential term s :

LL , Q L l e f t -h a n d e d  l e p t o n   a n d  q u a r k  d o u b l e t s  
ER r i g h t -h a n d e d  l e p t o n  s i n g l e t s
UR , D R r i g h t -h a n d e d  Up  a n d  D o w n  q u a r k  s i n g l e t s
i , j , k   f a m i l y  i n d i c e s

9 couplings (i≠j ) 2 7  couplings 9 couplings (j ≠k )

L v iola t ion
B v iola t ion

λ`
)~~(~ νlq

`q

``)(qνl
λ``

q~
``q

`q

k
R

j
R

i
R

k
R

j
L

i
L

k
R

j
L

i
L DDUDQLELL                            ++λijk λ’ijk λ’’ijk

λ,λ’,λ’’: Yukawa c o up l i n g s
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•• SUSY particles decay into quarks,SUSY particles decay into quarks,
leptons, neutrinos.leptons, neutrinos.
→→ MultiMulti--j e t,  m ultij e t,  m ulti--le p to n s  f in a l le p to n s  f in a l 
s ta te ,  s ta te ,  m is s in g  e n e r g y  o r  n o tm is s in g  e n e r g y  o r  n o t

•• T h e L SP  (T h e L SP  (neutral, colourlessneutral, colourless)  interacts)  interacts
only w eakly w ith  m atter:  it is inv isib le.only w eakly w ith  m atter:  it is inv isib le.
→→ MI S S I N G  E N E RG YMI S S I N G  E N E RG Y

S ig n a tur eS ig n a tur e .E x p e r im e n ta lE x p e r im e n ta l

•• T h e L SP  T h e L SP  decay into standard particlesdecay into standard particles
(no candidate f or dark m atter)(no candidate f or dark m atter)

•• A nd so do all oth er SUSY particlesA nd so do all oth er SUSY particles

•• SUSY particles are SUSY particles are pairpair--producedproduced
•• T h e T h e L SP  is stab leL SP  is stab le ((→→ neutral,colourlessneutral,colourless
→→ g ood darkg ood dark--m atter candidate)m atter candidate)

•• A ll SUSY particles A ll SUSY particles decay into th e L SPdecay into th e L SP

RRPP V io la te dV io la te dRRPP C o n s e r v e dC o n s e r v e d

N e w  to p o lo g ie s  !   N e w  to p o lo g ie s  !   
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Assumptions
1.  LLE coupling - I nd ir e ct  d e ca y s

C h a r g ed  a n d  n eu t r a l  s c a l a r  s l ep t o n s  (  e, µ, τ, νe,νµ)
P a i r  p r o d u c ed  s l ep t o n s

~   ~    ~   ~    ~

l ,  l

l , ν~  ~
l , ν
χ1  
0

χ1  
0

ν , l

ν , l
l , νe e → l  l~~

~  ~ nλ

- 2 .  ∆M  > 3  G e V
S t a u d ec a y s  i n t o  t a u L S P  a n d  
a t  v er y  s m a l l  ∆ M ,  d i r ec t  d ec a y  d o m i n a t es

- 3 .  P r ompt  d e ca y  of  h e  LS P :      
mχ0 > 1 0  G e V
D ec a y  w i t h i n  1 c m
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λ121 , λ122 , λ123 , λ13 1 , λ13 2 , λ13 3 , λ23 1 , λ23 2 , λ23 3
- 4 .   Only one Y u k a w a c ou p li ng  λ i j k i s  non-z er o a t  t h e t i m e.

T h e  e f f i c i e n c i e s  d e r i v e d  f r o m  M C  p r o d u c e d  w i t h  λ13 3 ≠ 0
( f i n a l  s t a t e s  w i t h  a t  l e a s t  4  t a u s  +  E m i s s )
→ y i e l d i n g  t o  t h e  w o r s e  s i g n a l  e f f i c i e n c y  
→ r e s u l t s  a r e  v a l i d  f o r  t h e  o t h e r  λijk c o u p l i n g s .

A n a ly s i s :  for the charged s l ep ton s :
λ133 :  f o r  e x a m p le :  e e → ll → lχ1  lχ1 → l υ τ τ l υ τ τ
→ fi n al  s tate w i th 6  l ep ton s  an d E m i s s

∼∼
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σ <~  0.02  p b                        σ <~ 0.02  p b                         σ <~ 0.02  p b   

Cross Section UL into l χo 100 %
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e∼

Cross section upper limits
assuming BR (            ) = 1, minimal model dependentl → l χ1∼ 0
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Mass limits
∆M > 3  G e V :

~~ ~

Mass Exclusion
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Lifetime Signature

preliminary

~~            ~~σ(µµ)  =   σ(τ τ )  a n d  σ(L L ) >  σ(R R ) C o m p a r a b le  t o  t h e  R P C  c a s e s

meR 9 6 . 6    ( 9 2 . 9 )    G e V
mµR 9 6 . 8    ( 9 4 . 8 )    G e V
mτR 9 5 . 9    ( 9 2 . 0 )     G e V~

~

~C MS S M:  s c a n  m0 a n d  M 2
µ =  -2 0 0  G e V ,  t a n β =  1 . 5 :  
t o  c o m p u t e  σ(e e )  a n d  B R  (l → lχ0 )
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Analysis for the sneu trinos:
λ133: for ex am p le:  ee → υυ → υχ1  υχ1 → υ υτ τ υ υτ τ
→ final state with up to 4 taus and  E m iss

∼ ∼

Cross Section UL  BR into ν χo 100 %
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Cross section upper limits
assu m ing  B R  (             )  =  1 ,  m inim al m od el d ep end entυ →υ χ1∼ 0
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Mass Exclusion
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CMSSM: scan m0 and  M 2
µ =  -2 0 0  G e V ,  t a n β =  1 . 5 : 
t o  c o m p u t e  σ(e e )  a n d  B R  (l→ lχ0 )~~ ~

~~ ~mυe 9 8 . 9    ( 9 9 . 1 )    G e V
mυµ 8 4 . 5    ( 8 6 . 0 )    G e V   
~

~
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4. C o n c l u s i o n s  a n d  p r o s p e c t s

• mS U G R A s c a n :  A 0 s c a n
• C h a r g i n o s a t  l o w  ∆M :   l o w -m0 r e g i o n
• R P V :    L E E  ( λ) d i r e c t ,   U D D  ( λ ’ ’ )

→ Updated L E P  c o m b i n ed r es u l ts  o n  M S S M  
→ N ew L E P  c o m b i n ed r es u l ts  o n  c h ar g i n o s at l o w  ∆ M !
→ N ew L E P  c o m b i n ed r es u l ts  o n  G M S B  an d R P V !
→ Final L E P  c o m b i n ati o n s  w i l l  c o m e s o o n  

→ L E P S US Y  paper
i n  pr epar ati o n

R E M I N D :  al l  th e r es u l ts  an d i n f o  i n :  
http://www.c e r n .c h/L E P S U S Y /

W h a t  w e  a l s o  w o u l d  l i k e  t o  d o :


