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OPAL physics results

• W and Z bosons
•2-f e r m i on p ai r -p r odu c t i on
•Z p e ak  dat a anal y se s 

• Q C D
• S e ar c h e s
• H i g g s
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-Z pair production PR384
- T G C  w ith  WW pairs  PR387
- S tudy  of  W+W-γγγγ PR381
- I nte r WW B os e  Eins te in C orre l ations  PN 5 2 3
-W pol aris ation PN 5 2 2
- L EP  Eb m e as ure m e nt PN 5 2 0

Z and W bosons
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Study of Z pair production
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•Final states analy sed :
@183<ECM<2 0 9  G e V
-l+l-l+l-
-l+l-νννννννν (((( e x c e p t  ττττ++++τ τ τ τ −−−−νννννννν)
-q q l+l-
-q q νννννννν

-q q q q  

FINAL
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Limits on neutral TGC from ZZ analysis
Obtained by using 
1 )  th e c r o ss-sec tio n inf o
2 )  k inem atic inf o  f r o m  an o p tim al  o bser v abl e ( OO)  m eth o d f o r
q q l l and q q q q ,q q bb sel ec tio ns.

9 5 %  C L  l im its o n ano m al o us T G C  ar e o btained by c o m bining th e 
l ik el ih o o d asso c iated w ith th e χχχχ2 f it f r o m  th e OO anal ysis 
w ith  x -sec tio n f it.

0 . 6 0-0 . 7 2ffff5Z Z γγγγ

0 . 3 3-0 . 3 1ffff4Z Z γγγγ

0 . 2 5-0 . 9 5ffff5Z Z Z
0 . 5 8-0 . 4 6ffff4Z Z Z

95%CL 
u p p e r  l i m i t

95% CL 
l o w e r  l i m i t
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Low scale gravity Extra Dimensions 

0.59 T e Vn = 7
0.6 2  T e Vn = 6
0.6 7  T e Vn = 5
0.7 3  T e Vn = 4
0.8 2  T e Vn = 3
0.92  T e Vn = 2

95% C L  o n  M s#  o f  E D G r a v i t y  p r o p a g a t e s  i n  E D  �
L O  c o n t r i b u t i o n s  f r o m  s -c h a n n e l    
e x c h a n g e  K K  g r a v i t o n  s t a t e s
t o   Z -p a i r  p r o d u c t i o n  a m p l i t u d e  
σσσσ=σσσσSM+εσεσεσεσ i n t e r f e r e n c e + εεεε 2σσσσ g r a v i t y

L i m i t s  a r e  g i v e n  o n  M s =  u l t r a v i o l e t  d i v e r g e n c i e s c u t o f f ,  b y   f i t t i n g
c r o s s  –s e c t i o n  w i t h  εεεε a s  f r e e
p a r a m e t e r  ( where εεεε ÷÷÷÷ 1 / M S4  i n  m o s t  o f  t he c a s es )

•Gravity is allowed to propagate in D=4+n dimensions, whileother partic les are c onf ined to f ou r dimensional spac e.  
(N . A rk a n i -H a m ed  et  a l .  p hy s . l et t .  B 4 2 9  (1 9 9 8 )  2 6 3 )

• N ewtonian gravity in 3 D holds if :
M2P l a nc k ∝∝∝∝ Rn MD( n+ 2)   

M/MD =  P l a n c k  s c a l e  i n  4 D /D  d i m e n s i o n a l  s p a c e ,  R = c o m p a c t i f i c a t i o n r a d i u s  o f  n extra dimensions ( n=1 excluded by cosmological observations)
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TGC measurement using W-p airs ( I )

sensitive observables

WW p rod u c tion:
T G C  vertex  s-c h annel 
m ost c onstraining e–

e+
γ,Z

W–

f

f

´

W+ f

f

´

θθθθWe- e+
W+

W-

θθθθ±±±±

W±±±±

f

f

W±±±± d ec ay  ang les ( h elic ity )  
W+W- p rod u c tion ang le c osθθθθW

W±±±± rest fram e 
θθθθ and  φφφφ of W 
d ec ay  p rod u c ts 
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• 4 independent couplings:  kγγγγ,gz1,λλλλγγγγ,gz5
• f ina l sta tes: lννννll’  ννννl’ ,q q lννννl,  q q q q

TGC measurement using W-p airs ( I I )

kγ γ γ γ =0 . 8 8  +0.09
gz1= 0 . 9 8 7  +0.03 4
λλλλ=-0 . 0 6 0  +0.03 4
gz5=-0 . 0 4 +0.13
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-0.1 2

measurement of SM TGC:
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+ E ven t R ate 
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Selection of WW events with non collinear hard γγγγ (Eγγγγ > 2 . 5 G eV ) ,
A im :  m easu rem ent of effects of O (a)  radiative corrections

• Cross section results v s √√√√ s
– Calculate ratio of data/MC combine
all E nerg y   p oint and comp are MC’ s

- Models  w ith  O ( αααα )  radiation *  g iv e
better x -s ec des crip tion   
(main effect ISR and WSR interference)

γγγγ fro m th e final  s tate q u ark  o r fro m as s o ciated p arto n s h o w er,  b o th   co ns idered as b k g s ince 
th ey  are ex p erimental l y  indis ting u is h ab l e

A study of W+W-γγγγ e v e n ts @ L E P 2
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OPAL

σ
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+
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+

 W
- 
γ)

 /
fb

Monte Carlo     D ata/ MC
K and Y * 0 . 9 9  ± 0 . 0 9  ±  0 . 0 4
R ac oon* 0 . 9 8  ± 0 . 0 9  ±  0 . 0 6
E E W G 0 . 9 1  ± 0 . 0 9  ±  0 . 0 4
K oralW 0 . 8 4  ± 0 . 0 8  ±  0 . 0 4

FINAL
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mW O ( αααα) s y s t e ma t i c s

Aim: estimate on data the contribution of real γγγγ p roductionusing  W W γγγγ ev ents by  fitting  | cosθθθθγγγγ |  distribution(  the weight of O(αααα )  c or r ec tion  in  K A N D Y  is  u s ed  a s  fr ee p a r a m eter )

virtual processes

WSRISR

non−factorisable

FSR

mW calibrated on M onte C arlo w ith O ( αααα)  p hoton radiation but not all diag rams are comp letely  included:

E stimated mass shift due 
to real p hoton p roduction 
from data corresp onds to 
a max imum correction 
of ~  6 M eV

FINALFINAL



Pamela Ferrari 9LEP Jamboree 15 July 2003

Quartic G aug e  C o up l in g  f ro m  W+W-γγγγ

in SM these couplings exist but too 
sm all to be seen at L EP
look  f or  anom alous contr ibutions
par am eter ised  by  ad d itional ter m s
in the L agr angian

couplings a0 ,  ac ,  an ;  N ew  phy sics scale ΛΛΛΛ
9 5 %  C L  on anom alous contr ibutions 
on W+W-γγγγ γ, γ, γ, γ, W+ W-Z0γ  γ  γ  γ  v er tices by  
binned  m ax lik elihood  f it to 
obser v ed Eγγγγ ,  |cosθθθθγγγγ| d istr ibutions

-0 . 0 2 0  <  a0/ΛΛΛΛ2 <  0 . 0 2 0  G eV -2
-0 . 0 5 3  <  ac/ΛΛΛΛ2 <  0 . 0 3 7  G eV -2
-0 . 1 6   <  an/ΛΛΛΛ2 <  0 . 1 5   G eV -2

e–

e+
γ,Z

W–

f

f

´

W+
f

f

´

γ

1 parameter  fit

2 parameters  fit

FINAL
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      OPAL (preliminary)
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DATA
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Bose Einstein correlations in WW events

Fitting with empirical parametris atio n
D ( Q ) = N ( 1 + δδδδ•••• Q ) ( 1 +Λ+Λ+Λ+Λ•••• ex p( -Q / R ) )  

N=norm,δ d i f f e re nc e  d u e  l ong  ra ng e  i nt e ra c t i ons ,
Λ= s t re ng t h  of  B E C , R  w i d t h  of  e nh a nc e me nt  d u e  t o
i nt e r-W W  B E C

N O  s ignif icant ef f ects  o b s erv ed .
L imited  b y  s tatis tics ,  L E P  co mb inatio n
is  need ed

hadronic p art s  of  q q l n

rot at e / b oos t
m ix  ‘ W W ’  
e v e nt

B E C  in W W  p air hadronic de cay s
af f e ct  t he  p rodu ct ion of  ide nt ical   
hadrons  f rom  dif f e re nt  W ’ s

com p aring  ρρρρ2( Q ) ,  2 p t c de ns it ie s   in 4 q  and ‘ m ix e d’  W W  e v e nt s :
D(Q)= ρρρρ2WW (Q)/ [ 2 ρρρρ2W(Q)+ 2 ρρρρm i x WW (Q)]

Syst+
sta t
e r r o r s
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The spin of W bosons in WW->q q ’ l ννννl l = e,µ,τ ,µ,τ ,µ,τ ,µ,τ ev ent s a r e obt a ined
by  a ng u l a r  a na l y sis of W d ec a y  pr od u c t s 1 8 3 < √√√√ s<209 G e V

1 . G e t  S p i n  de n si t y  m a t r i x  e l e m e n t s f r o m  a n g u l a r  di st r i b u t i o n s o f  de c a y  
p r o du c t s ρρρρττττττττ

W-, where ττττ = W  hel i c i t y (-1 ,0 ,1 )

2.  O b t a i n i n g :  
dσσσσL/dc o sθθθθW=ρρρρ0 0 dσσσσ/ dc o sθθθθWdσσσσT/dc o sθθθθW=( ρρρρ+ + +ρ+ρ+ρ+ρ- - )  dσσσσ/ dc o sθθθθW

3.  Luminosity weighted averages 
c omp ared with S M  ex p ec tations
( KANDY MC)

average longitudinal p olaris ation:

measured               expected

W boson p ol a r i sa t i on a t  L E P 2

Hadronic and l e p t onic de cay s2 3.8  ± 2 .1  ± 1 .4 %      2 3.9  ± 0 .1 %

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

−1 −0.5 0 0.5 1
cosθW

d
σ

L
/d

co
s

θ W
 (

p
b

)
cosθW

d
σ

L
/d

co
s

θ W
 (

p
b

)

W5 lν / qq
_

cosθW

d
σ

T
/d

co
s

θ W
 (

p
b

)

cosθW

d
σ

T
/d

co
s

θ W
 (

p
b

)

W5 lν / qq
_

0

0.5

1

1.5

2

2.5

−1 −0.5 0 0.5 1

L o n g i t u d i n a l T r a n s v e r s e
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Overall E scale checked by using 
e+e- -> Zγγγγ ,  Z->f f  event s ( f = q , e, µ,τµ,τµ,τµ,τ)
m o delling o f  variat io ns o f  L EP  
energies assum ed t o  be co rrect

Determination of LEP Eb w ith  rad iativ e ff ev ents

Fits comparing data and MC:
F it  analyt ic f unct io n t o  t he √√√√s’  
dist ribut io n o f lep t o nic and hadro nic 
event s aro und t he Z m ass p eak.
T he Eb shif t  is est im at ed by t he
p o sit io n o f  t he f it t ed Z m ass p eak 

less t han 0 . 1  σσσσ f ro m  L EP  m easurem ent  w hen including 2 0 M eV  syst erro r

FINAL
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-Tests of the Standard Model and 
C onstrai nts on N ew  P hy si c s from  F erm i on-P ai r P rodu c ti on PN521 

2-f e r m i o n p a i r  p r o d u c t i o n
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Fermion p a ir-p rod u c t ion
Measurements of x-sec ti ons and  asy mmetri es for h ad roni c and  
l ep ton-p ai r p rod uc ti on 189<√√√√s <2 0 9 G e V  
( i n c l u s i v e  s ’ / s  > 0 . 0 1,  n o n -r a d i a t i v e s ’ / s  > 0 . 7 2 2 5 )

from non-rad i ati v e samp l e :
1/ ααααem ( 193 . 2 G e V ) = 12 7 . 4  + 2 . 1-2 . 0

ag reement w i th  S M:
( ZFITTER,BHWIDE for e)
~ 1%  f o r  h a d r o n s  
~ 3 %  f o r  l e p t o n s
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OPAL 2-fermion fits:
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OPAL

Luminosity weighted 
average of 1/s =193.2 GeV

PRELIMINARY
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Limits on new physics
Contact interactions would modify x-section 
and ang ular distrib utions.

L imits on 4 -fermion contact interactions:
|Λ||Λ||Λ||Λ| < 3 -1 3  / 5 -1 6  T eV (scale of new physics

 A ssu m ing  g 2 / 4 ππππ= 1 )

15 10 5 0 5 10 15
(TeV)

OPAL Λ- Λ+

ee

µµ

ττ

ll

qq

qq+ll

uu

dd

ud

LL RR LR RL VV AA LLRR LRRL ODB

Z0 ’  would mix with  Z0 interactions 
θθθθM mixing  ang le,  free p arameter

E 6  G U T  &  L eft -R ig ht  ( L R )  sym m et r ic m od els

L imits on Z’ mass and θθθθM

PRELIMINARY
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Z-p e a k  a n a l y s e s
-Heavy quark AFB PR383
- C h arm  quark p ro d uc t i o n  i n  b  d ec ays  PR382
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Heavy quark AFB ( I )

AFB

q

forward

0
e+e- _

q

q

θ
e+e-

q

q

θ

_

forward

backwardbackward

SM AFB a r i s e s  f r o m  cosθθθθ term in :

dσσσσ/dcosθθθθ qq∝∝∝∝ 1 + cos2θθθθ + (8/3) Ab
FB cosθθθθ

Me a s u r e  AFB o f  e e � b b / c c  u s i n g  e / µµµµ p r o d u c e d  i n s e m i l e p t o n i c
d e c a y s :  N e u r a l  N e t w o r k s  a r e  u s e d  t o  i d e n t i f y  b � l   a n d  c � l  i n  a  
m a x i m u m  l i k e l i h o o d  f i t  o f  e v e n t s  c o n t a i n i n g  1  o r  2  l e p t o n s

Me a s u r e m e n t  o f  AFB  p r o v i d e s  p r e c i s e  v a l u e  o f  sinθθθθl
eff

As y m m e t r i e s  a r e  f i t t e d  s i m u l t a n e o u s l y  w i t h AFBb,AFBc a n d  t h e  a v e r a g e
B  m i x i n g  p a r a m e t e r  ( r e d u c i n g AFBb )  a s  f i t t i n g  p a r a m e t e r s
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Heavy quark AFB ( I I )
Using all OPAL data near the Z mass:

14.6 ±±±± 2 .0  ±±±± 0 .810 .3  ±±±±1.5  ±±±± 0 .29 2 .9 5

5 .68  ±±±± 0 .5 4 ±±±± 0 .3 99 .7 2  ±±±± 0 .42  ±±±± 0 .159 1.2 5

4.7  ±±±±1.8  ±±±± 0 .14.7  ±±±±1.8  ±±±± 0 .18 9 .5 1

AFBc cAFBb b√√√√s
G e V

Av erage B  mix ing p arameter:
χχχχ = ( 1 3 . 1 2  ±±±±0 . 4 9  ±±±± 0 . 4 2 ) %

R esu lts f av o u r large v alu es f o r mH
As o ther heav y  f lav o u r asy mmetries

sin2 θθθθl
eff= 0 . 2 3 2 3 8  ±±±± 0 . 0 0 0 5 2

FINAL
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Br(b-> D D X )  i s  m ea s u red  by  f i t t i n g l n (P j )  d i s t ri bu t i o n s  f o r d a t a  w i t h  M C
Br(b-> D D X )  = (1 0 . 0  ±  3 . 2 (s t a t ) +2.4 (d et )  +1 0.4 ±  (p h y s ) )%

b d ec a yI P

b d ec a yI P D  d ec a y

Charm quark production in b decays

-2.9 -9 .0

J et  s el ec t ed  i f  o p p o s i t e i s  
t a g g ed  a s  b

e- e+
bU n bi a s ed  s a m p l e

o f  b-j et s
Br(b-> D D X )  m ea s u red  w i t h  
i n c l u s i v e m et h o d  i n h a d ro n i c  
Z0 d ec a y s  

T o  i d en t i f y  t ra c k s  f ro m  D  w e u s e s i g n ed  
r-φφφφ i m p a c t  p a ra m et er s i g n i f i c a n c e S ,
S  o f  t ra c k s  i s  u s ed  t o  c a l c u l a t e j o i n t  
p ro ba bi l i t y P j f o r ea c h  j et  

F I N A L
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QCD studies
-Color reconnection in g-j ets CERN-EP -2 0 0 3 -0 3 1
-M ea s u rem ent  of  ααααs in q q γ γ γ γ ev ents  P N5 1 9
-M ea s u rem ent of  I s ola ted  p rom p t p h oton p rod u ction in
p h oton-p h oton collis ions  CERN-EP -2 0 0 3 -0 2 3
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Color Reconnection  in gluon jets
• Gluon jets are selected from h adroni c Z0 decay s
at √√√√s~ mZ

• rap i di ty  g ap s could ari se from C R :  selecti on    
req ui res a larg e rap i di ty  g ap  i n th e jet ( 8 6 %  p uri ty )

g-j e t  i d e n t i f i e d  
by   a n t i t a ggi n g:  
b-t a ggi n g o f  q u a r k  
j e t s

• M C  w i th  C R  do not descri b e th e g -jet    
data.  I f M C ’s are retuned to rep roduce
th e data th ey  do not rep roduce any more  
some g lob al p rop erti es of Z h adroni c  
ev ents: sp h eri ci ty ,ap lanari ty

• T h e models w i th  C R  are ex cluded
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FINAL
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Measurement of ααααs i n q q γγγγ ev ents ( I )
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Fits of O(ααααs
2)  a n d  N L L A  Q C D  

p r e d ic tion s of 4  e v e n t sh a p e  
v a r ia b l e s of h a d r on ic sy ste m  
b ooste d  in to c e n tr e -of-m a ss 
fr a m e ,  w ith  ααααs a s fr e e  p a r a m e te r .
H a d r on iz a tion w ith :
J E T S E T , H E R W I G , A R I A D N E

Assuming γγγγ a r e  e mit t e d  b e f o r e  ( I S R )  o r  j ust  a f t e r  Z 0 p r o d uc t io n
me a sur e  o f  ααααs a t  d if f e r e nt  2 0 < √√√√s’ < 8 0 G e V

H a d r o nic f ina l  st a t e s w it h  h a r d  iso l a t e d  p h o t o ns a t  √√√√s ≈≈≈≈M Z ,  

PRELIMINARY
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0.08 0.1 0.12 0.14 0.16αs(MZ)

(1-T)
Radiative
Non radiative

0.08 0.1 0.12 0.14 0.16αs(MZ)

MH

0.08 0.1 0.12 0.14 0.16αs(MZ)

BT

0.08 0.1 0.12 0.14 0.16αs(MZ)

BW

0.08 0.1 0.12 0.14 0.16
αs(MZ)

Combined
PDG

Measurement of ααααs i n q q γγγγ ev ents ( I I )
� ααααs is extrapolated to MZ, u sin g  th e ren orm alisation g rou p eq u ation  at N N L O :  

ag reem en t w ith  n on -radiativ e L E P 1  data an d w orld av erag e P D G
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√s’[GeV]

α s

0.08

0.1
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0.14

0.16

0.18

0.2

20 40 60 80

(1-T)
MH
BT
BW
Combined

ααααs(M Z ,  )= 0 . 1 1 7 6  ± 0 . 0 0 1 2 (s t a t )-0 . 0 0 8 5  (s y s t )� ���
� �� �

PRELIMINARY
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Measurements of isolated prompt photon 
produc tion in photon-photon c ollisions

Measurement of inclusive x-section for th e production of isolated 
prompt ph otons in anti-tag g ed γγγγγγγγ collisions.  
• prompt ph otons are selected b y  an isolation criterion
• pγγγγ

T >  3  G eV , | ηηηηγγγγ | < 1

σσσσTO T = 0 . 3 2 ± 0 . 0 4 ( stat)± 0 . 0 4 ( sy st)

D ifferential x-sec are calculated
dσσσσ/dpT, dσσσσ/dηηηηγγγγ, dσσσσ/dxT

P Y T H I A  underestimates th e x-sec 
N L O  calculation describ es w ell sh ape 
and normaliz ation 
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New particles and Higgs searches
-Acoplanar di-le pt on pairs  PR385
- S e arch e s  f or R -parit y  V iolat ion PR380
- P air produ ce d le pt o-q u ark s  C E RN -E P-2 0 0 3-0 2 1
-M S S M  C P  v iolat ing  and cons e rv ing  PN 52 4
- D ou b ly  ch arg e d H ig g s PN 52 4
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Search for anomalous production of di-lepton pairs

FINAL
OPAL
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• Search for acop l an ar d i -l ep t on  ev en t s  w i t h s i g n i fi can t  Etmissl=e,µ,τ,µ,τ,µ,τ,µ,τ 1 8 3 < √√√√s < 2 0 9 G eV  L L L L = 6 8 0  p b -1
• possible signature of new particles that decay in a charged lepton +  
one or m ore inv isible particles

9 5 %  C L  lim its on x -sec* B R 2
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Charged Higgs Limit on x-sec tion
H± ->τ τ τ τ ± ννννττττ

mass l imit 
assu ming 1 0 0 %  B R  H± ->τ τ τ τ ± ννννττττ

m H± >  9 2 . 0  G e Vm H± >  9 2 . 0  G e V
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Search for anomalous production of di-lepton pairs

FINAL

• Search for acop l an ar d i -l ep t on  ev en t s  w i t h s i g n i fi can t  Etmissl = e,µ,τ,µ,τ,µ,τ,µ,τ 1 8 3 < √√√√s< 2 0 9 G eV  L L L L =  6 8 0  p b -1
• p ossib l e signatu re of  new  p artic l es that dec ay  in a c harged l ep ton +  
one or more inv isib l e p artic l es

9 5 %  CL l imits on x-sec * B R 2
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Search for anomalous production of di-lepton pairs

FINAL

• Search for acop lan ar d i -lep t on  ev en t s  w i t h s i g n i fi can t  Etmissl=e,µ,τ,µ,τ,µ,τ,µ,τ 1 8 3< √√√√s < 20 9 G eV  L L L L = 6 8 0  p b -1
• p o s s i b le s i g n a t u r e o f  n ew  p a r t i c les  t h a t  d ec a y  i n  a  c h a r g ed  lep t o n  +  
o n e o r  m o r e i n v i s i b le p a r t i c les

9 5 %  C L  li m i t s  o n  x -s ec * B R 2
•2-b o d y  d ec a y
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Search for RPV decays of Scalar fermions

0

20

40

60

80

100

50 60 70 80 90 100

OPAL

m(e
∼
) (GeV)

m
(χ∼

10 ) 
(G

eV
)

Indirect

Lifetime Signature

(a)

OPALOPAL

Direct

tan β = 1.5
µ = -200 GeV

λ

RP=( -1 ) 2 S + 3 B + L S= spin B,L baryon and lepton numbers 1 8 9 ≤√≤√≤√≤√s≤≤≤≤20 9  G e V
RP =+1  f o r  S M  p t c  RP =-1  f o r  su p e r sy m m e t r i c -p t c

T o p o l o g i e s: 2l l l l +E m i s s ,  4 llll ( + E m i s s )
6 l  + E m i s s ,  2j e t s +2 llll
4 j e t s +2llll ,  4  j e t s ( + E m i s s )

RP V i o l a t i o n : L S P  d e c a y s t o  S M  p a r t i c l e s

I n d i r e c t  d e c a y s: d e c a y s o f  s-f e r m i o n s 
v i a  L S P  (  χχχχ01)~D i r e c t  d e c a y s: d e c a y s o f  s-p a r t i c l e s 
t o  S M  p a r t i c l e s

-l i m i t s  o n  p r o d u c t i o n  x -s e c t i o n  o f  s -f e r m i o n s
-M a s s  l i m i t s  i n  C M S S  w i t h  t a n ββββ=1 . 5 µµµµ=-2 0 0
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Search for pair-prod u ced  l ept oq u ark s

9 scalar (S) and 9 vector (V) lep toq u ark s 

Topologies studied
• f or a g i ven search  ch annel only  decay s i nto one lep ton g enerati on are consi dered 
• cou p li ng  to f erm i ons 1 0 -6<λ< <λ< <λ< <λ< 1 0 -2  
• ch annels ννννlννννl q q , q q l±±±±ννννl , q q l+ l- w i th l= e,µ,τ,µ,τ,µ,τ,µ,τ
• top olog y :  i solated lep ton+ h adroni c j et or larg e E m i s s + j et

e- Z ,γγγγ

L Qe+

L Q
all 3  g enerati ons of  L Q  p rodu ced
L ag rang i an sati sf i es:  -SU (3 ) C  � SU (2 )L � U (1 )Y-b ary on and lep ton nu m b ers
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95% CL limits on LQ masses
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MSSM CP conserving scenarios

ta
nββ ββ

10

mh ma x  s c e n a r i oFeynHigg
S u b h p o l e

∆∆∆∆mh ~  5  G e V• N e w  v e r s i o n  o f  F e y n H i g g s 2 . 0  ( F r a n k  e t  a l . ) :

– M S -b a r r e n o r ma l i s a t i o n s c he me  
u s e d ( he p -p h/ 0 2 0 2 1 6 6 )

– O ( a l p ha 2t )  c o r r e c t i o n s  ( A . B r i g n o l e  
e t  a l he p -p h/ 0 1 1 2 1 7 7 )

– D e l t a ( mb)  c o r r e c t i o n s  c a l c u l a t e d
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MSSM scans

• New benchmarks:
- mh-ma x w i t h r e v e r s e d  µµµµ s i g n
- c o n s t r a i n e d  mh-ma x
r e v e r s e d  s i g n  f o r  A t a n d  Xt
- g l u o p ho b i c g g -> h s u p p r e s s e d
- s ma l l  ααααe f f h-> b b , ττττττττ s u p p r e s s e d

7 parameters: 
(C aren a et al . h ep-ph / 9 9 1 2 2 2 3 )
Mto p=1 74 . 3 G eV to p mass
MSUSY sf ermi o n mass at E W  sc al e
µµµµ H i g g s mi x i n g  parameter
M2 g au g i n o mass at E W  sc al e
Mg g l u i n o mass
X t= S to p mi x i n g  parameter
Ab=At = X t +µc o t β = tri l i n ear H i g g s-sto p c o u pl i n g

• T rad i t i o nal  benchmarks:
- N o  mi x i n g i n  s t o p  s e c t o r
- mh ma x :  d e s i g n e d  t o  y i e l d
ma x i ma l   v a l u e  o f  t he  mH

- L a r g e  µµµµ:  ha s  s u p p r e s s e d
H->  b b

} R e g i o n s  o f  t he  p a r a me t e r  s p a c e  
w he r e  Ha d r o n  c o l l i d e r s  mi g ht  ha v e  
p r o b l e ms  i n  d e t e c t i n g  t he  Hi g g s  

} Favoured b y  ( g -2 ) µµµµ an d B r( b ->sγγγγ )   
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OPAL preliminary
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CP conserving 95% CL exclusions
Search channels
u sed  √√√√s≤≤≤≤ 2 0 9  G e V :  

SM  Searches:
hZ ->b b q q ,b b  l+l,
ττττ++++ττττ−−−− b b , b b νννννννν

F lav -i nd ep end ent :
hZ ->q q q q ,q q l+l-,

q q ττττ++++ττττ−−−−,q q νννννννν

P ai r-p ro d u ct i o n:
hA ->b b b b , ττττ++++ττττ−−−− b b

Z width
Expected exclusion
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CP conserving 95% CL exclusions
Search channels
u sed  √√√√s≤≤≤≤ 2 0 9  G e V :  

SM  Searches:
hZ ->b b q q ,b b  l+l,
ττττ++++ττττ−−−− b b , b b νννννννν

F lav -i nd ep end ent :
hZ ->q q q q ,q q l+l-,

q q ττττ++++ττττ−−−−,q q νννννννν

P ai r-p ro d u ct i o n:
hA ->b b b b , ττττ++++ττττ−−−− b b
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CP conserving 95% CL exclusions
Search channels
u sed  √√√√s≤≤≤≤ 2 0 9  G e V :  

SM  Searches:
hZ ->b b q q ,b b  l+l,
ττττ++++ττττ−−−− b b , b b νννννννν

F lav -i nd ep end ent :
hZ ->q q q q ,q q l+l-,

q q ττττ++++ττττ−−−−,q q νννννννν

P ai r-p ro d u ct i o n:
hA ->b b b b , ττττ++++ττττ−−−− b b
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CP violating MSSM
•Spontaneous symmetry breaking of CP via rad iative c orrec tions:
• T h e ph ases of Ax ( SU SY  breaking tril inear c oupl ing)  and  Mg introd uc e CP viol ation into th e Higgs potential  via  l oop effec ts
•CP viol ating effec t sc al es as:

MMMM2
SPijSPijSPijSPij ∝∝∝∝ M4top top top top ImImImIm (µµµµAt ) / vvvv2 m2S U S Y

B enc h mark h as been d esigned  ful fil l ing E D M c onstaints:

~

t~

Z*
e+

e-

H1

Z

h,H

A

H2 or

90o1  T e V90o1  
T e V

2 00 
G e V

5 00 
G e V

2  T e V0-
1 T e V

0. 4  -4 0
a r g (Mg)|Mg|a r g (Aq)|Aq|M2M S U S YµmH+T a n β

-2  Higgsstrah l ung proc esses present: c h ose H1Z0,  H1H2 or H2Z0,  H1H2 d epend ing on w h ic h  h as th e best ex pec ted  CL .
-H2->  H1H1 d ominant if kinematic al l y al l ow ed-Zo w id th  c onstraint used

S c a n  p a r a me t e r s



Pamela Ferrari 38LEP Jamboree 15 July 2003

95%CL limits on CP violating MSSM
OPAL preliminary
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Single production of doubly charged Higgs
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Indirect constraints on hee
• doubly charged Higgs bosons would affect B habha
x-sec � change in the observ ed angular 
distribution of outgoing e

• χχχχ2 fit of m easured differential σσσσB h a b h a( 1 8 3 < E C M < 2 0 9 G eV )  with theoretical p rediction
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Conclusions
• Many new results have been produced for the summer 

conferences by O P A L
• 3 7  P H D  students

si nce the beg i nni ng  of the year:
1 4  new papers
9  new notes 

T he A cti vi ty wi ll conti nue duri ng  2 0 0 4

A  lot of i nteresti ng  results sti ll to come:
S earches/  H i g g s: fi nali sati on of several results

W  mass
Q C D  and two photon physi cs
LEP COMBINATIONS


