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DELPHI dismantling and final LEP 2 data processingDELPHI dismantling and final LEP 2 data processingDELPHI dismantling and final LEP 2 data processingDELPHI dismantling and final LEP 2 data processingDELPHI dismantling and final LEP 2 data processing

Higgs and SUSY searchesHiggs and SUSY searchesHiggs and SUSY searchesHiggs and SUSY searchesHiggs and SUSY searches

SM measurementsSM measurementsSM measurementsSM measurementsSM measurements

cause of TPC sector 6 failurecause of TPC sector 6 failurecause of TPC sector 6 failurecause of TPC sector 6 failurecause of TPC sector 6 failure
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DELPHI dismantlingDELPHI dismantlingDELPHI dismantlingDELPHI dismantlingDELPHI dismantling

work progressing smoothlywork progressing smoothlywork progressing smoothlywork progressing smoothlywork progressing smoothly

joint DELPHI-LHCb Exhibition Projectjoint DELPHI-LHCb Exhibition Projectjoint DELPHI-LHCb Exhibition Projectjoint DELPHI-LHCb Exhibition Projectjoint DELPHI-LHCb Exhibition Project

⇒ DELPHI-Barrel will stay in Pit 8DELPHI-Barrel will stay in Pit 8DELPHI-Barrel will stay in Pit 8DELPHI-Barrel will stay in Pit 8DELPHI-Barrel will stay in Pit 8

Endcaps A and CEndcaps A and CEndcaps A and CEndcaps A and CEndcaps A and C

counting houses (partly LHCb reuse)counting houses (partly LHCb reuse)counting houses (partly LHCb reuse)counting houses (partly LHCb reuse)counting houses (partly LHCb reuse)

gas platformsgas platformsgas platformsgas platformsgas platforms

on schedule for dismantling of:on schedule for dismantling of:on schedule for dismantling of:on schedule for dismantling of:on schedule for dismantling of:
(thanks to perfect organisation by Ch.Joram)(thanks to perfect organisation by Ch.Joram)(thanks to perfect organisation by Ch.Joram)(thanks to perfect organisation by Ch.Joram)(thanks to perfect organisation by Ch.Joram)
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examination of TPC sector 6 (died September 1st)examination of TPC sector 6 (died September 1st)examination of TPC sector 6 (died September 1st)examination of TPC sector 6 (died September 1st)examination of TPC sector 6 (died September 1st)

short due to slack sense wire 152short due to slack sense wire 152short due to slack sense wire 152short due to slack sense wire 152short due to slack sense wire 152

inspection of field cage:inspection of field cage:inspection of field cage:inspection of field cage:inspection of field cage:

verified known shortsverified known shortsverified known shortsverified known shortsverified known shorts

microscope in the lab.:microscope in the lab.:microscope in the lab.:microscope in the lab.:microscope in the lab.:

sense wire 152sense wire 152sense wire 152sense wire 152sense wire 152

sense wire 153sense wire 153sense wire 153sense wire 153sense wire 153

dustdustdustdustdust

20 20 20 20 20 µm wires !m wires !m wires !m wires !m wires !
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Ta n a g r a

final LEP 2 data processingfinal LEP 2 data processingfinal LEP 2 data processingfinal LEP 2 data processingfinal LEP 2 data processing

use final detector calibrationsuse final detector calibrationsuse final detector calibrationsuse final detector calibrationsuse final detector calibrations
and latest reconstruction codeand latest reconstruction codeand latest reconstruction codeand latest reconstruction codeand latest reconstruction code

goal:goal:goal:goal:goal: homogenous LEP 2 data sethomogenous LEP 2 data sethomogenous LEP 2 data sethomogenous LEP 2 data sethomogenous LEP 2 data set
in time for summer conferencesin time for summer conferencesin time for summer conferencesin time for summer conferencesin time for summer conferences
(+ data archiving aspect, for(+ data archiving aspect, for(+ data archiving aspect, for(+ data archiving aspect, for(+ data archiving aspect, for

use in use in use in use in use in OO-analysis frameworkOO-analysis frameworkOO-analysis frameworkOO-analysis frameworkOO-analysis framework)))))

include BRICH track point toinclude BRICH track point toinclude BRICH track point toinclude BRICH track point toinclude BRICH track point to
recover from sector 6 failurerecover from sector 6 failurerecover from sector 6 failurerecover from sector 6 failurerecover from sector 6 failure

reminder:reminder:reminder:reminder:reminder:

all Y2K results include data fromall Y2K results include data fromall Y2K results include data fromall Y2K results include data fromall Y2K results include data from
special processing for sector 6special processing for sector 6special processing for sector 6special processing for sector 6special processing for sector 6
⇒ 2 data sets at analysis level2 data sets at analysis level2 data sets at analysis level2 data sets at analysis level2 data sets at analysis level

sector 6sector 6sector 6sector 6sector 6

hits in BRICHhits in BRICHhits in BRICHhits in BRICHhits in BRICH
drift tubesdrift tubesdrift tubesdrift tubesdrift tubes
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data taking in 2000data taking in 2000data taking in 2000data taking in 2000data taking in 2000

2 intervals2 intervals2 intervals2 intervals2 intervals

data taking efficiency 95.3 %data taking efficiency 95.3 %data taking efficiency 95.3 %data taking efficiency 95.3 %data taking efficiency 95.3 %

total 688 pbtotal 688 pbtotal 688 pbtotal 688 pbtotal 688 pb- 1- 1- 1- 1- 1 above WW threshold above WW threshold above WW threshold above WW threshold above WW threshold

8.6 pb8.6 pb8.6 pb8.6 pb8.6 pb-1 -1  -1  -1  -1  around around around around around √s = 208 GeVs = 208 GeVs = 208 GeVs = 208 GeVs = 208 GeV

 most of the results are preliminary, all limits are 95 % C.L. most of the results are preliminary, all limits are 95 % C.L. most of the results are preliminary, all limits are 95 % C.L. most of the results are preliminary, all limits are 95 % C.L. most of the results are preliminary, all limits are 95 % C.L.

data collected above mdata collected above mdata collected above mdata collected above mdata collected above m
ZZZZZ
:::::

yearyearyearyearyear √sssss totaltotaltotaltotaltotal

19951995199519951995 130/136130/136130/136130/136130/136  6 6 6 6 6 pbpbpbpbpb- 1- 1- 1- 1- 1

19961996199619961996 161/172161/172161/172161/172161/172    21   21   21   21   21 pbpbpbpbpb- 1- 1- 1- 1- 1

19971997199719971997 183183183183183    55   55   55   55   55 pbpbpbpbpb- 1- 1- 1- 1- 1

130/136130/136130/136130/136130/136  6 6 6 6 6 pbpbpbpbpb- 1- 1- 1- 1- 1

19981998199819981998 189189189189189   158  158  158  158  158 pbpbpbpbpb- 1- 1- 1- 1- 1

19991999199919991999 192-202192-202192-202192-202192-202   228  228  228  228  228 pbpbpbpbpb- 1- 1- 1- 1- 1

20002000200020002000 204-209204-209204-209204-209204-209   226  226  226  226  226 pbpbpbpbpb- 1- 1- 1- 1- 1
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Standard ModelStandard ModelStandard ModelStandard ModelStandard Model
measurementsmeasurementsmeasurementsmeasurementsmeasurements

WW and ZZ productionWW and ZZ productionWW and ZZ productionWW and ZZ productionWW and ZZ production

W massW massW massW massW mass

2 fermion production2 fermion production2 fermion production2 fermion production2 fermion production

γ and  and  and  and  and γγ final statesfinal statesfinal statesfinal statesfinal states

heavy flavoursheavy flavoursheavy flavoursheavy flavoursheavy flavours

single W and Z productionsingle W and Z productionsingle W and Z productionsingle W and Z productionsingle W and Z production

γγ physics physics physics physics physics

QCD studiesQCD studiesQCD studiesQCD studiesQCD studies

heavy flavoursheavy flavoursheavy flavoursheavy flavoursheavy flavours

tau physicstau physicstau physicstau physicstau physicsLEP 1LEP 1LEP 1LEP 1LEP 1

LEP 2LEP 2LEP 2LEP 2LEP 2
(N)TGCs(N)TGCs(N)TGCs(N)TGCs(N)TGCs
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Z,γ

e-

e+

f

f

-ISR

cross-sections,cross-sections,cross-sections,cross-sections,cross-sections,
asymmetriesasymmetriesasymmetriesasymmetriesasymmetries
+ interpretation+ interpretation+ interpretation+ interpretation+ interpretation

2 fermion production2 fermion production2 fermion production2 fermion production2 fermion production
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DELPHI
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examples for constraints on new physicsexamples for constraints on new physicsexamples for constraints on new physicsexamples for constraints on new physicsexamples for constraints on new physics

contact interactions:contact interactions:contact interactions:contact interactions:contact interactions:

e-

e+ f

fadd to Lagrangian:add to Lagrangian:add to Lagrangian:add to Lagrangian:add to Lagrangian:

L      =eff
i,j=L,R

4π
Λ2

±1 (
_
e iγ

µe i)( f j γ µ f j )Σ___

±

_

parameter: parameter: parameter: parameter: parameter: Λ2  2  2  2  2  = 4= 4= 4= 4= 4πMMMMM22222/////λ
{{{{{ µ-decay: -decay: -decay: -decay: -decay: Λ=(4=(4=(4=(4=(4π√ 2/G2/G2/G2/G2/G

FFFFF)))))
-1/2-1/2-1/2-1/2-1/2     ∼ O(1 TeV) }O(1 TeV) }O(1 TeV) }O(1 TeV) }O(1 TeV) }

fit to fit to fit to fit to fit to µµ and  and  and  and  and ττ cross-sections and asym. cross-sections and asym. cross-sections and asym. cross-sections and asym. cross-sections and asym.

Z´ limits:Z´ limits:Z´ limits:Z´ limits:Z´ limits:

GUT theories (ex. E6)GUT theories (ex. E6)GUT theories (ex. E6)GUT theories (ex. E6)GUT theories (ex. E6)
⇒ broken to SM+...broken to SM+...broken to SM+...broken to SM+...broken to SM+...
⇒ additional U(1),SU(2),...additional U(1),SU(2),...additional U(1),SU(2),...additional U(1),SU(2),...additional U(1),SU(2),...
⇒ Z´ bosonsZ´ bosonsZ´ bosonsZ´ bosonsZ´ bosons

mixing between Z and Z´mixing between Z and Z´mixing between Z and Z´mixing between Z and Z´mixing between Z and Z´

LEP 2LEP 2LEP 2LEP 2LEP 2

LEP 1LEP 1LEP 1LEP 1LEP 1

Backup

Backup

Backup

Backup

Backup

Λ- (TeV) Λ+ (TeV)

LL  8.2 10.4

RR  7.8  9.9

VV 13.4 17.8

AA 14.2 10.8

RL  6.4  9.9

LR  6.4  9.9

Λ- Λ+

ll  20. 0 20.
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process process process process process eeeee+++++eeeee-----     → bb( bb( bb( bb( bb(γ)))))
_____
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b-quark production at LEP 2b-quark production at LEP 2b-quark production at LEP 2b-quark production at LEP 2b-quark production at LEP 2

contact interactions:contact interactions:contact interactions:contact interactions:contact interactions:

measure:measure:measure:measure:measure:

RRRRR
bbbbb
 =  =  =  =  = σ

e ee ee ee ee e→b bb bb bb bb b
/////σ

e ee ee ee ee e→q qq qq qq qq q

AAAAAF BF BF BF BF B

bbbbb

@ 95% CL@ 95% CL@ 95% CL@ 95% CL@ 95% CL
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tau polarisation at LEP 2tau polarisation at LEP 2tau polarisation at LEP 2tau polarisation at LEP 2tau polarisation at LEP 2

first measurement at LEP 2first measurement at LEP 2first measurement at LEP 2first measurement at LEP 2first measurement at LEP 2

1-prong hadronic decays (inclusive)1-prong hadronic decays (inclusive)1-prong hadronic decays (inclusive)1-prong hadronic decays (inclusive)1-prong hadronic decays (inclusive)

process process process process process eeeee+++++eeeee-----     → τ+++++ τ-----(((((γ)))))

2 dimensional analysis of2 dimensional analysis of2 dimensional analysis of2 dimensional analysis of2 dimensional analysis of
τ and daughter ( and daughter ( and daughter ( and daughter ( and daughter (ρ) decay angles) decay angles) decay angles) decay angles) decay angles
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averaging 183-202 GeV data:averaging 183-202 GeV data:averaging 183-202 GeV data:averaging 183-202 GeV data:averaging 183-202 GeV data:

P(P(P(P(P(τ) = -0.16) = -0.16) = -0.16) = -0.16) = -0.16± 0.130.130.130.130.13± 0.050.050.050.050.05
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QCD: energy dependence of events shapesQCD: energy dependence of events shapesQCD: energy dependence of events shapesQCD: energy dependence of events shapesQCD: energy dependence of events shapes
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<Bsum>
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importance of hadronisation corr. ?importance of hadronisation corr. ?importance of hadronisation corr. ?importance of hadronisation corr. ?importance of hadronisation corr. ?

measure running of measure running of measure running of measure running of measure running of α
sssss

NEW!

A.Dhar et al., dating back to 1984 !A.Dhar et al., dating back to 1984 !A.Dhar et al., dating back to 1984 !A.Dhar et al., dating back to 1984 !A.Dhar et al., dating back to 1984 !

RSI RSI RSI RSI RSI (Renormalisation Scale Independent)(Renormalisation Scale Independent)(Renormalisation Scale Independent)(Renormalisation Scale Independent)(Renormalisation Scale Independent) Scheme Scheme Scheme Scheme Scheme

eliminates eliminates eliminates eliminates eliminates µ scale dependence on scale dependence on scale dependence on scale dependence on scale dependence on
INCLUSIVEINCLUSIVEINCLUSIVEINCLUSIVEINCLUSIVE event shapes means event shapes means event shapes means event shapes means event shapes means
no hadronisation correctionno hadronisation correctionno hadronisation correctionno hadronisation correctionno hadronisation correction

implies:implies:implies:implies:implies: evolution of event shapesevolution of event shapesevolution of event shapesevolution of event shapesevolution of event shapes
measures directly measures directly measures directly measures directly measures directly β-function-function-function-function-function

dαs
-1 /d log Ecm

0.6 0.8 1 1.2 1.4 1.6 1.8 2

1-Thrust
Major

C-Parameter
Mh

2/Evis
2 E def.

Ms
2/Evis

2 E def.
Bsum

Bmax

__

QCD expectation (1.27)QCD expectation (1.27)QCD expectation (1.27)QCD expectation (1.27)QCD expectation (1.27)

2nd order MS, 2nd order MS, 2nd order MS, 2nd order MS, 2nd order MS, µ=1=1=1=1=1

RSI schemeRSI schemeRSI schemeRSI schemeRSI scheme

DELPHIDELPHIDELPHIDELPHIDELPHI
only !only !only !only !only !
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single single single single single γ production production production production production

„Z-return“ sensitive to N„Z-return“ sensitive to N„Z-return“ sensitive to N„Z-return“ sensitive to N„Z-return“ sensitive to Nν:::::

NNNNNν = 2.80 = 2.80 = 2.80 = 2.80 = 2.80 ±  0.10  0.10  0.10  0.10  0.10 ±  0.14 0.14 0.14 0.14 0.14

sensitive to new physics:sensitive to new physics:sensitive to new physics:sensitive to new physics:sensitive to new physics: 0
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mmmmm
GGGGG
 = 7 * 10 = 7 * 10 = 7 * 10 = 7 * 10 = 7 * 10- 6- 6- 6- 6- 6 eV/c eV/c eV/c eV/c eV/c22222

process: process: process: process: process: ee ee ee ee ee → νν γ_____

∼

graviton exchange in 4+n dim.:graviton exchange in 4+n dim.:graviton exchange in 4+n dim.:graviton exchange in 4+n dim.:graviton exchange in 4+n dim.:

σ  < 0.13 pb < 0.13 pb < 0.13 pb < 0.13 pb < 0.13 pb @ 95 % CL@ 95 % CL@ 95 % CL@ 95 % CL@ 95 % CL

limit on fundamental mass scale:limit on fundamental mass scale:limit on fundamental mass scale:limit on fundamental mass scale:limit on fundamental mass scale:

MMMMM
DDDDD
 > 1377 GeV/c > 1377 GeV/c > 1377 GeV/c > 1377 GeV/c > 1377 GeV/c22222 (n=2)(n=2)(n=2)(n=2)(n=2)

MMMMMDDDDD >   839 GeV/c >   839 GeV/c >   839 GeV/c >   839 GeV/c >   839 GeV/c22222 (n=4)(n=4)(n=4)(n=4)(n=4)

∼ ∼
gravitino mass limit for ee gravitino mass limit for ee gravitino mass limit for ee gravitino mass limit for ee gravitino mass limit for ee → GGGGGGGGGGγ :::::

mmmmm
GGGGG
 > 11.2 * 10 > 11.2 * 10 > 11.2 * 10 > 11.2 * 10 > 11.2 * 10- 6- 6- 6- 6- 6 eV/c eV/c eV/c eV/c eV/c22222∼
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QED-test in ee QED-test in ee QED-test in ee QED-test in ee QED-test in ee → γγ(γ)
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|cos θ*|
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0 /d
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MMMMM
sssss
     ∼ eff. string scaleeff. string scaleeff. string scaleeff. string scaleeff. string scale

sensitive to:sensitive to:sensitive to:sensitive to:sensitive to:

e* in t-channele* in t-channele* in t-channele* in t-channele* in t-channel

graviton exchange in 4+n dim.graviton exchange in 4+n dim.graviton exchange in 4+n dim.graviton exchange in 4+n dim.graviton exchange in 4+n dim.

dσ
dcosθ

= A (cosθ)+ B (cosθ) [ λ
M4

s
]+ C(cosθ)[ λ

M4
s
]2

dσ
dΩ)

Λ –

=( dσ
dΩ)Born –

α 2 s
2 Λ 4

– (1 + cos 2 θ)(
test QED-cutoff parameter:test QED-cutoff parameter:test QED-cutoff parameter:test QED-cutoff parameter:test QED-cutoff parameter:

Λ ∼ scale scale scale scale scale (e(e(e(e(eγ-vertex no longer point-like)-vertex no longer point-like)-vertex no longer point-like)-vertex no longer point-like)-vertex no longer point-like)

limits:limits:limits:limits:limits:

Λ
+++++
> 354 GeV> 354 GeV> 354 GeV> 354 GeV> 354 GeV Λ−     

> 338 GeV> 338 GeV> 338 GeV> 338 GeV> 338 GeV

mmmmm
e* e*  e*  e*  e*  

> 339 GeV/c> 339 GeV/c> 339 GeV/c> 339 GeV/c> 339 GeV/c22222

MMMMM
sssss
> 765 GeV/c> 765 GeV/c> 765 GeV/c> 765 GeV/c> 765 GeV/c22222     (((((λ=+1)=+1)=+1)=+1)=+1)

MMMMMsssss> 730 GeV/c> 730 GeV/c> 730 GeV/c> 730 GeV/c> 730 GeV/c22222     (((((λ=-1)=-1)=-1)=-1)=-1)
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ZZ  and ZZZ  and ZZZ  and ZZZ  and ZZZ  and Zγ* cross-section* cross-section* cross-section* cross-section* cross-section

ZZ definition (NC02):ZZ definition (NC02):ZZ definition (NC02):ZZ definition (NC02):ZZ definition (NC02): DELPHI
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PRELIMINARY results
at 190-202 GeV
(stat. errors only)

PRELIMINARY results
from 2000 data
(with NEW qqττ chan.)

”double resonant””double resonant””double resonant””double resonant””double resonant”

Z

Z

e+

e–

Z

Z

e+

e–

ZZZZZγ* * * * * ∼  ”single resonant””single resonant””single resonant””single resonant””single resonant”
(Z(Z(Z(Z(Zγ*  *  *  *  *  ↔ NC06 -  NC06 -  NC06 -  NC06 -  NC06 - γ*****γ* )* )* )* )* )

ννqq qq qq qq qq channelchannelchannelchannelchannel → ”mono jets””mono jets””mono jets””mono jets””mono jets”

 σ
ZZZZZγ***** = 0.129  = 0.129  = 0.129  = 0.129  = 0.129 ±  0.035  0.035  0.035  0.035  0.035 ±  0.017 pb 0.017 pb 0.017 pb 0.017 pb 0.017 pb

dedicated study for dedicated study for dedicated study for dedicated study for dedicated study for  vector resonancesvector resonancesvector resonancesvector resonancesvector resonances
  (m(qq) < 2 GeV/c  (m(qq) < 2 GeV/c  (m(qq) < 2 GeV/c  (m(qq) < 2 GeV/c  (m(qq) < 2 GeV/c22222)))))
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data 2000

4f

QCD

2000 data2000 data2000 data2000 data2000 data

Z,γ
W+

W

e-

e+

νe

-

W+

W

e-

e+
-

W cross-section and massW cross-section and massW cross-section and massW cross-section and massW cross-section and mass

definition (CC03):definition (CC03):definition (CC03):definition (CC03):definition (CC03):

mmmmmWWWWW= 80.381 = 80.381 = 80.381 = 80.381 = 80.381 ± 0.0530.0530.0530.0530.053
s t a ts t a ts t a ts t a ts t a t

± 0.0340.0340.0340.0340.034
s y ss y ss y ss y ss y s

                         
± 0.0300.0300.0300.0300.030

FS I  FS I  F S I  F S I  F S I  
±0.0160.0160.0160.0160.016

L E PL E PL E PL E PL E P
 GeV/c GeV/c GeV/c GeV/c GeV/c22222

Γ
W  W  W  W  W  

= 2.090 = 2.090 = 2.090 = 2.090 = 2.090 ± 0.1180.1180.1180.1180.118
s t a ts t a ts t a ts t a ts t a t

± 0.0580.0580.0580.0580.058
s y ss y ss y ss y ss y s

± 0.0440.0440.0440.0440.044
F S IF S IF S IF S IF S I

 GeV GeV GeV GeV GeV

without 2000 data:without 2000 data:without 2000 data:without 2000 data:without 2000 data:

5C (4 jets)5C (4 jets)5C (4 jets)5C (4 jets)5C (4 jets)

includes final 189 GeV resultsincludes final 189 GeV resultsincludes final 189 GeV resultsincludes final 189 GeV resultsincludes final 189 GeV results
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W branching ratiosW branching ratiosW branching ratiosW branching ratiosW branching ratios

all final states measuredall final states measuredall final states measuredall final states measuredall final states measured
⇒ branching ratiosbranching ratiosbranching ratiosbranching ratiosbranching ratios

results consistent withresults consistent withresults consistent withresults consistent withresults consistent with
lepton-universalitylepton-universalitylepton-universalitylepton-universalitylepton-universality

BRhad

1- BRhad
= Σ

i=u,c j=d,s,b

|V   |2
ij 1+ α( π )s

interpretation interpretation interpretation interpretation interpretation ∼ CKM-matrix:CKM-matrix:CKM-matrix:CKM-matrix:CKM-matrix:

use PDG for vuse PDG for vuse PDG for vuse PDG for vuse PDG for v
i j  i j  i j  i j  i j  

≠  v v v v v
c sc sc sc sc s

yields:yields:yields:yields:yields: |v|v|v|v|vc sc sc sc sc s| = 1.003 | = 1.003 | = 1.003 | = 1.003 | = 1.003 ±  0.025 0.025 0.025 0.025 0.025

not using CKM-unitaritynot using CKM-unitaritynot using CKM-unitaritynot using CKM-unitaritynot using CKM-unitarity

DELPHI W decay Branching Ratios

2000 data (PRELIMINARY)
All data (PRELIMINARY)

BR(W→eν)

BR(W→µν)

BR(W→τν)

10.36 ± 0.30 ± 0.16 %

10.62 ± 0.26 ± 0.10 %

10.99 ± 0.39 ± 0.26 %
SM : 10.8 %

Assuming lepton universality

SM : 67.5 %
BR(W→qq) 68.10 ± 0.41 ± 0.32 %

0.095 0.1 0.105 0.11 0.115 0.12

0.675 0.68 0.685 0.69 0.695

hadronic branching ratio:hadronic branching ratio:hadronic branching ratio:hadronic branching ratio:hadronic branching ratio:

BR(WBR(WBR(WBR(WBR(W→had) = 1-3xBR(Whad) = 1-3xBR(Whad) = 1-3xBR(Whad) = 1-3xBR(Whad) = 1-3xBR(W→lllllν)))))

Backup

Backup

Backup

Backup

Backup
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LEP1: tau topological branching ratioLEP1: tau topological branching ratioLEP1: tau topological branching ratioLEP1: tau topological branching ratioLEP1: tau topological branching ratio

inclusive 1-, 3- and 5-prong BRinclusive 1-, 3- and 5-prong BRinclusive 1-, 3- and 5-prong BRinclusive 1-, 3- and 5-prong BRinclusive 1-, 3- and 5-prong BR

relies on excellent efficiencyrelies on excellent efficiencyrelies on excellent efficiencyrelies on excellent efficiencyrelies on excellent efficiency
for primary decay tracksfor primary decay tracksfor primary decay tracksfor primary decay tracksfor primary decay tracks

remove secondaries from:remove secondaries from:remove secondaries from:remove secondaries from:remove secondaries from:

hadronic interactionshadronic interactionshadronic interactionshadronic interactionshadronic interactions

photon conversionsphoton conversionsphoton conversionsphoton conversionsphoton conversions

factor 2 more precisefactor 2 more precisefactor 2 more precisefactor 2 more precisefactor 2 more precise
than PDG averagethan PDG averagethan PDG averagethan PDG averagethan PDG average

DA S : S c a n :2 0 - No v - 1 9 9 4
1 6 : 0 6 : 0 8

2 1 - F e b - 2 0 0 1
Ta n +DST

Result:Result:Result:Result:Result:

BR(1-prong) = (85.316BR(1-prong) = (85.316BR(1-prong) = (85.316BR(1-prong) = (85.316BR(1-prong) = (85.316± 0.0930.0930.0930.0930.093
statstatstatstatstat

± 0.0480.0480.0480.0480.048
syssyssyssyssys

)%)%)%)%)%

BR(3-prong) = (14.569BR(3-prong) = (14.569BR(3-prong) = (14.569BR(3-prong) = (14.569BR(3-prong) = (14.569± 0.0930.0930.0930.0930.093
statstatstatstatstat

± 0.0460.0460.0460.0460.046
syssyssyssyssys)%)%)%)%)%

BR(5-prong) = (  0.115BR(5-prong) = (  0.115BR(5-prong) = (  0.115BR(5-prong) = (  0.115BR(5-prong) = (  0.115± 0.0130.0130.0130.0130.013
statstatstatstatstat

± 0.0060.0060.0060.0060.006
syssyssyssyssys

)%)%)%)%)%
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data
fit
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data
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92-95       differential asymmetry (double tag)

DELPHI

LEP1: precise result on b-quark pole asymmetryLEP1: precise result on b-quark pole asymmetryLEP1: precise result on b-quark pole asymmetryLEP1: precise result on b-quark pole asymmetryLEP1: precise result on b-quark pole asymmetry

Neural NetworkNeural NetworkNeural NetworkNeural NetworkNeural Network b-charge tag: b-charge tag: b-charge tag: b-charge tag: b-charge tag:

vertex-chargevertex-chargevertex-chargevertex-chargevertex-charge

BBBBB
XXXXX
 flavour tags flavour tags flavour tags flavour tags flavour tags

identified kaons+protonsidentified kaons+protonsidentified kaons+protonsidentified kaons+protonsidentified kaons+protons

jet-charge + prompt leptonsjet-charge + prompt leptonsjet-charge + prompt leptonsjet-charge + prompt leptonsjet-charge + prompt leptons

high purity b-tagged samplehigh purity b-tagged samplehigh purity b-tagged samplehigh purity b-tagged samplehigh purity b-tagged sample

self calibrationself calibrationself calibrationself calibrationself calibration using hemisphere using hemisphere using hemisphere using hemisphere using hemisphere

double-tagging (like Rdouble-tagging (like Rdouble-tagging (like Rdouble-tagging (like Rdouble-tagging (like R
bbbbb
) :) :) :) :) :

N(opp.)N(opp.)N(opp.)N(opp.)N(opp.) ∝ ω
bbbbb + ( + ( + ( + ( + (1-----ω

bbbbb)))))
22222

N(same)N(same)N(same)N(same)N(same) ∝ 2 2 2 2 2 ω
bbbbb
 (((((1-----ω

bbbbb
)))))

22222

NEW!

b-quark pole asymmetry :b-quark pole asymmetry :b-quark pole asymmetry :b-quark pole asymmetry :b-quark pole asymmetry :

AAAAAF BF BF BF BF B = 0.0956  = 0.0956  = 0.0956  = 0.0956  = 0.0956 ±  0.0034  0.0034  0.0034  0.0034  0.0034 ±  0.0015 0.0015 0.0015 0.0015 0.0015
b,0b,0b ,0b ,0b ,0
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Searches forSearches forSearches forSearches forSearches for
SUSY and ExoticaSUSY and ExoticaSUSY and ExoticaSUSY and ExoticaSUSY and Exotica

ExoticaExoticaExoticaExoticaExotica

SUSYSUSYSUSYSUSYSUSY

eeeee

Gluino LSPGluino LSPGluino LSPGluino LSPGluino LSP

GMSB stau and neutralino NLSPGMSB stau and neutralino NLSPGMSB stau and neutralino NLSPGMSB stau and neutralino NLSPGMSB stau and neutralino NLSP

MSSM parameter scanMSSM parameter scanMSSM parameter scanMSSM parameter scanMSSM parameter scan

Sleptons and SquarksSleptons and SquarksSleptons and SquarksSleptons and SquarksSleptons and Squarks

chargino and neutralinochargino and neutralinochargino and neutralinochargino and neutralinochargino and neutralino

RPV via LLE and UDD couplingsRPV via LLE and UDD couplingsRPV via LLE and UDD couplingsRPV via LLE and UDD couplingsRPV via LLE and UDD couplings

LeptoquarksLeptoquarksLeptoquarksLeptoquarksLeptoquarks

FCNCFCNCFCNCFCNCFCNC

excited leptonsexcited leptonsexcited leptonsexcited leptonsexcited leptons

TechnicolorTechnicolorTechnicolorTechnicolorTechnicolor

single top production (RPV)single top production (RPV)single top production (RPV)single top production (RPV)single top production (RPV)

SgoldstinoSgoldstinoSgoldstinoSgoldstinoSgoldstino
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search for Charginossearch for Charginossearch for Charginossearch for Charginossearch for Charginos
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at 205.9 GeV at 205.9 GeV at 205.9 GeV at 205.9 GeV at 205.9 GeV (no „S6“ data yet !)(no „S6“ data yet !)(no „S6“ data yet !)(no „S6“ data yet !)(no „S6“ data yet !)

search for search for search for search for search for χ
11111     → W*  W*  W*  W*  W* χ

11111 in:  in:  in:  in:  in: (or cascade)(or cascade)(or cascade)(or cascade)(or cascade)

4j+E4j+E4j+E4j+E4j+E
mismismismismis

,  ,  ,  ,  ,  2j+l+E2j+l+E2j+l+E2j+l+E2j+l+E
mismismismismis

,  ,  ,  ,  ,  2l+E2l+E2l+E2l+E2l+E
mismismismismis

∼ ∼+ 0

limits:limits:limits:limits:limits:

mmmmmχ±  > 102.5 GeV/c > 102.5 GeV/c > 102.5 GeV/c > 102.5 GeV/c > 102.5 GeV/c22222

for for for for for ∆M>10 GeV/cM>10 GeV/cM>10 GeV/cM>10 GeV/cM>10 GeV/c2  2  2  2  2  and mand mand mand mand mν>300 GeV/c>300 GeV/c>300 GeV/c>300 GeV/c>300 GeV/c22222

mmmmmχ±  >   97.3 GeV/c >   97.3 GeV/c >   97.3 GeV/c >   97.3 GeV/c >   97.3 GeV/c22222

for for for for for ∆M = 3 GeV/cM = 3 GeV/cM = 3 GeV/cM = 3 GeV/cM = 3 GeV/c2  2  2  2  2  and mand mand mand mand mν>m>m>m>m>mχ±

∼

∼
∼

∼
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Heavy ν
Long lived

special analyses to cover veryspecial analyses to cover veryspecial analyses to cover veryspecial analyses to cover veryspecial analyses to cover very
degenerate region:degenerate region:degenerate region:degenerate region:degenerate region:

tagging of ISR photon fortagging of ISR photon fortagging of ISR photon fortagging of ISR photon fortagging of ISR photon for
medium smallmedium smallmedium smallmedium smallmedium small ∆MMMMM

impact parameter+kinksimpact parameter+kinksimpact parameter+kinksimpact parameter+kinksimpact parameter+kinks

heavy stable particlesheavy stable particlesheavy stable particlesheavy stable particlesheavy stable particles

two scenarios:two scenarios:two scenarios:two scenarios:two scenarios:

higgsino region (Mhiggsino region (Mhiggsino region (Mhiggsino region (Mhiggsino region (M
22222
 >> >> >> >> >> |µ|)))))

gaugino region  (gaugino region  (gaugino region  (gaugino region  (gaugino region  (|µ|  >> M >> M >> M >> M >> M
22222
)))))

update using 2000 data:update using 2000 data:update using 2000 data:update using 2000 data:update using 2000 data:

mmmmmχ± >  82 GeV/c>  82 GeV/c>  82 GeV/c>  82 GeV/c>  82 GeV/c22222 (higgsino)(higgsino)(higgsino)(higgsino)(higgsino)

mmmmmχ± >  74 GeV/c>  74 GeV/c>  74 GeV/c>  74 GeV/c>  74 GeV/c22222 (gaugino)(gaugino)(gaugino)(gaugino)(gaugino)

Backup

Backup

Backup

Backup

Backup
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constrained MSSM parameter scan and the LSP limitconstrained MSSM parameter scan and the LSP limitconstrained MSSM parameter scan and the LSP limitconstrained MSSM parameter scan and the LSP limitconstrained MSSM parameter scan and the LSP limit

use cross-section limits from:use cross-section limits from:use cross-section limits from:use cross-section limits from:use cross-section limits from:

SquarkSquarkSquarkSquarkSquark and  and  and  and  and Slepton Slepton Slepton Slepton Slepton searchessearchessearchessearchessearches

charginocharginocharginocharginochargino and  and  and  and  and neutralino neutralino neutralino neutralino neutralino searchessearchessearchessearchessearches

generalised MSUGRA:generalised MSUGRA:generalised MSUGRA:generalised MSUGRA:generalised MSUGRA:

sfermion unificationsfermion unificationsfermion unificationsfermion unificationsfermion unification

do not use EW symmetrydo not use EW symmetrydo not use EW symmetrydo not use EW symmetrydo not use EW symmetry
breaking to determine breaking to determine breaking to determine breaking to determine breaking to determine |µ|

gauge mass unificationgauge mass unificationgauge mass unificationgauge mass unificationgauge mass unification

updated with 2000 dataupdated with 2000 dataupdated with 2000 dataupdated with 2000 dataupdated with 2000 data
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χ∼ 0 1 M

as
s 

(G
eV

/c
2 )

DELPHI χ
∼0

1 limit (189-208) GeV

36.7 GeV/c2

38.7 GeV/c2

m0 up to 1000 GeV/c2  Mt= 175

m0= 1000 GeV/c2

no mixing

 any m0

 PRELIMINARY

including 3rd family (stau) mixing:including 3rd family (stau) mixing:including 3rd family (stau) mixing:including 3rd family (stau) mixing:including 3rd family (stau) mixing:

mmmmmχ
1  1  1  1  1  

> 36.7 GeV/c> 36.7 GeV/c> 36.7 GeV/c> 36.7 GeV/c> 36.7 GeV/c22222

neutralino (LSP) mass limit:neutralino (LSP) mass limit:neutralino (LSP) mass limit:neutralino (LSP) mass limit:neutralino (LSP) mass limit:

mmmmmχ
1  1  1  1  1  

> 46 GeV/c> 46 GeV/c> 46 GeV/c> 46 GeV/c> 46 GeV/c22222 (no mixing)(no mixing)(no mixing)(no mixing)(no mixing)

forforforforfor any many many many many m
00000
,  M, M, M, M, M

22222
,  1, 1, 1, 1, 1≤ tantantantantanβ≤ 40,40,40,40,40,

µ range for  range for  range for  range for  range for χ
11111 LSP LSP LSP LSP LSP

∼00000

Higgs searchHiggs searchHiggs searchHiggs searchHiggs search

∼00000
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MSUGRA

DELPHI
PRELIMINARY

τ∼1 NLSP scenario

Large IP + Kink

Stable
Heavy

Leptons

√s=130-208 GeVLSPLSPLSPLSPLSP is gravitino  is gravitino  is gravitino  is gravitino  is gravitino GGGGG ( ( ( ( (≈ massless),massless),massless),massless),massless),
phenomenology depends on phenomenology depends on phenomenology depends on phenomenology depends on phenomenology depends on NLSPNLSPNLSPNLSPNLSP

∼

if NLSP = if NLSP = if NLSP = if NLSP = if NLSP = τ
11111
          ⇒      τ

11111
τ

11111
 → τGGGGG τGGGGG∼ ∼ ∼ ∼ ∼

decay length decay length decay length decay length decay length ∝ M M M M M
GGGGG

22222∼

cccccτ << L << L << L << L << L
detdetdetdetdet

acoplanar leptons acoplanar leptons acoplanar leptons acoplanar leptons acoplanar leptons (((((≈ MSUGRA)MSUGRA)MSUGRA)MSUGRA)MSUGRA)

cccccτ  =  L  =  L  =  L  =  L  =  L
detdetdetdetdet

kinks + displaced verticeskinks + displaced verticeskinks + displaced verticeskinks + displaced verticeskinks + displaced vertices

ct >> Lct >> Lct >> Lct >> Lct >> L
detdetdetdetdet

stable heavy leptonsstable heavy leptonsstable heavy leptonsstable heavy leptonsstable heavy leptons

cccccτ << L << L << L << L << L
detdetdetdetdet acoplanar photonsacoplanar photonsacoplanar photonsacoplanar photonsacoplanar photons

cccccτ  =  L  =  L  =  L  =  L  =  L
detdetdetdetdet non pointing photonsnon pointing photonsnon pointing photonsnon pointing photonsnon pointing photons

ct >> Lct >> Lct >> Lct >> Lct >> L
detdetdetdetdet

invisible invisible invisible invisible invisible (indirect searches)(indirect searches)(indirect searches)(indirect searches)(indirect searches)

if NLSP = if NLSP = if NLSP = if NLSP = if NLSP = χ00000          ⇒      χ0χ0 → γGGGGG γGGGGG
∼ ∼∼∼∼



Markus ElsingMarkus ElsingMarkus ElsingMarkus ElsingMarkus Elsing DELPHI status reportDELPHI status reportDELPHI status reportDELPHI status reportDELPHI status reportpage 24page 24page 24page 24page 24

search for Sfermionssearch for Sfermionssearch for Sfermionssearch for Sfermionssearch for Sfermions

righthanded Stau
95 % CL exclusion regions
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limits for limits for limits for limits for limits for ∆m > 6 GeV/cm > 6 GeV/cm > 6 GeV/cm > 6 GeV/cm > 6 GeV/c22222 : : : : :

m(m(m(m(m(τ) > 83.9 GeV/c) > 83.9 GeV/c) > 83.9 GeV/c) > 83.9 GeV/c) > 83.9 GeV/c22222 (righthanded)(righthanded)(righthanded)(righthanded)(righthanded)

m(m(m(m(m(τ) > 82.9 GeV/c) > 82.9 GeV/c) > 82.9 GeV/c) > 82.9 GeV/c) > 82.9 GeV/c22222 (min. x-sec.)(min. x-sec.)(min. x-sec.)(min. x-sec.)(min. x-sec.)
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∼
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DELPHI Preliminary :
Z0 decoupling
Ecms = 189 to 208 GeV

t
∼
 → c χ

∼
1
0

t
∼
1

Obs.
Exp.

limits for limits for limits for limits for limits for ∆M >15 GeV/cM >15 GeV/cM >15 GeV/cM >15 GeV/cM >15 GeV/c22222 : : : : :

mmmmmbbbbb > 89 GeV/c > 89 GeV/c > 89 GeV/c > 89 GeV/c > 89 GeV/c22222 (((((θ = 68= 68= 68= 68= 68ooooo)))))

mmmmm
ttttt
 > 92 GeV/c > 92 GeV/c > 92 GeV/c > 92 GeV/c > 92 GeV/c22222 (((((θ = 56= 56= 56= 56= 56ooooo)))))

∼

∼

process: process: process: process: process: ee ee ee ee ee → t t  t t  t t  t t  t t → c c c c cχ00000 c c c c cχ00000∼ ∼ ∼ ∼

process: process: process: process: process: τ → τ χ
11111

∼ ∼00000

dedicateddedicateddedicateddedicateddedicated
analysisanalysisanalysisanalysisanalysis
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DELPHI Preliminary

stable gluino

observed

expected

Gluino as LSPGluino as LSPGluino as LSPGluino as LSPGluino as LSP

model exist where gluino is lightestmodel exist where gluino is lightestmodel exist where gluino is lightestmodel exist where gluino is lightestmodel exist where gluino is lightest
gaugino (LSP) gaugino (LSP) gaugino (LSP) gaugino (LSP) gaugino (LSP) (Mafi et al., Baer et al.)(Mafi et al., Baer et al.)(Mafi et al., Baer et al.)(Mafi et al., Baer et al.)(Mafi et al., Baer et al.)
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DELPHI Preliminary :
Ecms = 189 to 208 GeV

t
∼

 

→ c g
∼
     P=0.50

mixed
Left

P = prob. for charged R-hadronP = prob. for charged R-hadronP = prob. for charged R-hadronP = prob. for charged R-hadronP = prob. for charged R-hadron

LEP 1LEP 1LEP 1LEP 1LEP 1

∼

g g g g g is stable and carries color chargeis stable and carries color chargeis stable and carries color chargeis stable and carries color chargeis stable and carries color charge

⇒ fragments intofragments intofragments intofragments intofragments into R R R R R hadrons hadrons hadrons hadrons hadrons

∼

charged Rcharged Rcharged Rcharged Rcharged R± → high dE/dx in TPChigh dE/dx in TPChigh dE/dx in TPChigh dE/dx in TPChigh dE/dx in TPC

neutral  Rneutral  Rneutral  Rneutral  Rneutral  R00000 → some energy insome energy insome energy insome energy insome energy in
calorimeters + Ecalorimeters + Ecalorimeters + Ecalorimeters + Ecalorimeters + E

mismismismismis

∼

∼

search for (LEP 2):search for (LEP 2):search for (LEP 2):search for (LEP 2):search for (LEP 2):

ee ee ee ee ee → ttttt11111ttttt11111     → cg cg  cg cg  cg cg  cg cg  cg cg → R R + jets R R + jets R R + jets R R + jets R R + jets

ee ee ee ee ee → bbbbb
11111
bbbbb

11111
→ bg bg  bg bg  bg bg  bg bg  bg bg → R R + jets R R + jets R R + jets R R + jets R R + jets

and for (LEP 1):and for (LEP 1):and for (LEP 1):and for (LEP 1):and for (LEP 1):

ee ee ee ee ee → qq gqq gqq gqq gqq g withwithwithwithwith g g g g g → g gg gg gg gg g

∼∼∼∼

∼∼∼∼

∼∼

∼ ∼

∼ ∼
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search for esearch for esearch for esearch for esearch for e+++++eeeee-----     → tc in RPV-models tc in RPV-models tc in RPV-models tc in RPV-models tc in RPV-models
_

FCNC negligible in SMFCNC negligible in SMFCNC negligible in SMFCNC negligible in SMFCNC negligible in SM

4 jet or jj l4 jet or jj l4 jet or jj l4 jet or jj l4 jet or jj lν final states, final states, final states, final states, final states,
top + W mass constraintstop + W mass constraintstop + W mass constraintstop + W mass constraintstop + W mass constraints

eeeee+++++eeeee-----     → tc  tc  tc  tc  tc with R-parity violation:with R-parity violation:with R-parity violation:with R-parity violation:with R-parity violation:
_

coupling limit: coupling limit: coupling limit: coupling limit: coupling limit:  | | | | | λ
1jk1 jk1 jk1 jk1 jk

λ
13k 13k 13k 13k 13k 

| < 0.11| < 0.11| < 0.11| < 0.11| < 0.11

( j,k = 1,2 ,  m(d( j,k = 1,2 ,  m(d( j,k = 1,2 ,  m(d( j,k = 1,2 ,  m(d( j,k = 1,2 ,  m(d
kkkkk)=100 GeV/c)=100 GeV/c)=100 GeV/c)=100 GeV/c)=100 GeV/c2  2  2  2  2  )))))

cross-section limits:cross-section limits:cross-section limits:cross-section limits:cross-section limits:

4 jet :4 jet :4 jet :4 jet :4 jet : σ
ee  ee  ee  ee  ee  → tc   tc   tc   tc   tc  

< 0.31 pb < 0.31 pb < 0.31 pb < 0.31 pb < 0.31 pb (95% CL)(95% CL)(95% CL)(95% CL)(95% CL)

jj ljj ljj ljj ljj lν ::::: σ
ee  ee  ee  ee  ee  → tc   tc   tc   tc   tc  

< 0.24 pb < 0.24 pb < 0.24 pb < 0.24 pb < 0.24 pb (95% CL)(95% CL)(95% CL)(95% CL)(95% CL)

data 189 GeVdata 189 GeVdata 189 GeVdata 189 GeVdata 189 GeV

´́́́́´́́́́

λ
13k13k13k13k13k´́́́́

λ
12k12k12k12k12k´́́́́

, l, l, l, l, l

,  ,  ,  ,  ,  ν

206 GeV206 GeV206 GeV206 GeV206 GeV
hadronic channelhadronic channelhadronic channelhadronic channelhadronic channel

206 GeV206 GeV206 GeV206 GeV206 GeV
semilept. channelsemilept. channelsemilept. channelsemilept. channelsemilept. channel

Backup

Backup

Backup

Backup

Backup
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Excited leptonsExcited leptonsExcited leptonsExcited leptonsExcited leptons

combine combine combine combine combine e*e*e*e*e* direct search with direct search with direct search with direct search with direct search with
indirect limits from indirect limits from indirect limits from indirect limits from indirect limits from σ (ee(ee(ee(ee(ee→γγ(γ) )))))

⇒ extend exclusion overextend exclusion overextend exclusion overextend exclusion overextend exclusion over
kinematical limitkinematical limitkinematical limitkinematical limitkinematical limit
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DELPHI

(f=f ’)

Preliminary

λ/
m

e*
 (G

eV
-1

)

me* (GeV/c2)

indirectindirectindirectindirectindirect

directdirectdirectdirectdirect

192-202 GeV192-202 GeV192-202 GeV192-202 GeV192-202 GeV

limits on compositness scale limits on compositness scale limits on compositness scale limits on compositness scale limits on compositness scale Λ :::::

f/f/f/f/f/Λ √2 = 2 = 2 = 2 = 2 = λ/m/m/m/m/m
l *l *l *l *l *

fffff( ´ )( ´ )( ´ )( ´ )( ´ )     ∼  charged/neutral current couplingcharged/neutral current couplingcharged/neutral current couplingcharged/neutral current couplingcharged/neutral current coupling

direct search for single direct search for single direct search for single direct search for single direct search for single l* l* l* l* l* ororororor     ν***** in in in in in
s-channel Z/s-channel Z/s-channel Z/s-channel Z/s-channel Z/γ exchange: exchange: exchange: exchange: exchange:

ee ee ee ee ee →  l l*l l*l l*l l*l l*  withwithwithwithwith   l *l*l*l*l* → l  l  l  l  l  γ,  l Z l Z l Z l Z l Z, ν WWWWW

ee ee ee ee ee → ν ν*****  withwithwithwithwith   ν*****→ ν γ, ν ZZZZZ,  l W l W l W l W l W

+ e* and + e* and + e* and + e* and + e* and ν* in t-channel contribution* in t-channel contribution* in t-channel contribution* in t-channel contribution* in t-channel contribution

a nice a nice a nice a nice a nice µµ* candidate:* candidate:* candidate:* candidate:* candidate:

Backup

Backup

Backup

Backup

Backup

excluded

excluded

excluded

excluded

excluded
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search for technicolorsearch for technicolorsearch for technicolorsearch for technicolorsearch for technicolor

´́́́́

involves involves involves involves involves NNNNN
DDDDD
≥ 22222 technidoublets technidoublets technidoublets technidoublets technidoublets

⇒ scalar (scalar (scalar (scalar (scalar (π
TTTTT
,,,,,π

TTTTT
) and) and) and) and) and

vector (vector (vector (vector (vector (ρ
TTTTT
,,,,,ω

TTTTT
) mesons) mesons) mesons) mesons) mesons

4-jet4-jet4-jet4-jet4-jet or or or or or jj jj jj jj jjγ(γ) final states, final states, final states, final states, final states,
including b-quarksincluding b-quarksincluding b-quarksincluding b-quarksincluding b-quarks

”walking technicolor””walking technicolor””walking technicolor””walking technicolor””walking technicolor”
not excluded by precision datanot excluded by precision datanot excluded by precision datanot excluded by precision datanot excluded by precision data
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e+e-→πTγ
e+e-→πTπT;πTWL

e+e-→ρTγ:
ρT→hadrons
ρT→πTγ
ρT→W+

LW-
L

ND=9

M
V
=1

00
 G

eV
/c

2

M
V
=2

00
 G

eV
/c

2

M(ρT) [GeV/c2]

M
(π

T)
 [G

eV
/c

2 ]

search for search for search for search for search for ρ
TTTTT
 and  and  and  and  and π

TTTTT
 production: production: production: production: production:

eeeee+++++eeeee-----     → ρ
TTTTT
(γ)       or  or  or  or  or  ρ

TTTTT

ρ
T  T   T   T   T   

→ W W W W W
LLLLL
WWWWW

LLLLL
     / / / / / π

TTTTT
π

TTTTT
     /////     π

TTTTT
γ     ///// ff ff ff ff ff

(*)(* )(* )(* )(* )

00000
_____

example: example: example: example: example: eeeee+++++eeeee-----     → ρ
T  T  T  T  T  

 → π
TTTTT
π

T  T  T  T  T  
→ cbcbcbcbcbcbcbcbcbcb(*)(* )(* )(* )(* ) +   -+   -+   -+   -+   -

_____ _____
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Higgs searchesHiggs searchesHiggs searchesHiggs searchesHiggs searches

fermiophobic Higgsfermiophobic Higgsfermiophobic Higgsfermiophobic Higgsfermiophobic Higgs

invisible Higgsinvisible Higgsinvisible Higgsinvisible Higgsinvisible Higgs

HHHHH+++++HHHHH----- searches searches searches searches searches

MSSM neutral HiggsesMSSM neutral HiggsesMSSM neutral HiggsesMSSM neutral HiggsesMSSM neutral Higgses

Standard ModelStandard ModelStandard ModelStandard ModelStandard Model

flavour blind Higgsflavour blind Higgsflavour blind Higgsflavour blind Higgsflavour blind Higgs
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standard model Higgsstandard model Higgsstandard model Higgsstandard model Higgsstandard model Higgs
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background onlybackground onlybackground onlybackground onlybackground only

signal+signal+signal+signal+signal+
backgroundbackgroundbackgroundbackgroundbackground

observedobservedobservedobservedobserved
DELPHI alone:DELPHI alone:DELPHI alone:DELPHI alone:DELPHI alone:

”limited” sensitivity for Higgs at”limited” sensitivity for Higgs at”limited” sensitivity for Higgs at”limited” sensitivity for Higgs at”limited” sensitivity for Higgs at
115 GeV/c115 GeV/c115 GeV/c115 GeV/c115 GeV/c22222

published ”fast” paper in timepublished ”fast” paper in timepublished ”fast” paper in timepublished ”fast” paper in timepublished ”fast” paper in time
for LEP combinationfor LEP combinationfor LEP combinationfor LEP combinationfor LEP combination

≈  no change w.r.t. last LEPC: no change w.r.t. last LEPC: no change w.r.t. last LEPC: no change w.r.t. last LEPC: no change w.r.t. last LEPC:

slight deficit in leptonic channelsslight deficit in leptonic channelsslight deficit in leptonic channelsslight deficit in leptonic channelsslight deficit in leptonic channels

compatible with background onlycompatible with background onlycompatible with background onlycompatible with background onlycompatible with background only

added last missing 10 pbadded last missing 10 pbadded last missing 10 pbadded last missing 10 pbadded last missing 10 pb- 1- 1- 1- 1- 1

refined eeqq channel analysisrefined eeqq channel analysisrefined eeqq channel analysisrefined eeqq channel analysisrefined eeqq channel analysis

limit slightly higher than expected:limit slightly higher than expected:limit slightly higher than expected:limit slightly higher than expected:limit slightly higher than expected:

mmmmmHHHHH > 114.3 GeV/c > 114.3 GeV/c > 114.3 GeV/c > 114.3 GeV/c > 114.3 GeV/c22222 (113.5 exp)(113.5 exp)(113.5 exp)(113.5 exp)(113.5 exp)
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MSSM neutral Higgs searchesMSSM neutral Higgs searchesMSSM neutral Higgs searchesMSSM neutral Higgs searchesMSSM neutral Higgs searches

processes:processes:processes:processes:processes:

Z
Z

h

e-

e+

Z
A

h

e-

e+

σ  ∝ sin sin sin sin sin22222(((((α−β)))))

σ  ∝ cos cos cos cos cos22222(((((α−β)))))

1
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mh (GeV/c2)

ta
n 

β
1

10

20 40 60 80 100 120 140

DELPHI
√s from 130 to 209 GeV

theoretically forbidden

theoretically

forbidden

experimentally excluded

mtop = 174.3 GeV/c2

Msusy = 1 TeV/c2

M2 = -µ = 200 GeV/c2

mh
max scenario
observed limit

expected limit

exclusion plot for exclusion plot for exclusion plot for exclusion plot for exclusion plot for mmmmmhhhhh
maxmaxmaxmaxmax-scenario-scenario-scenario-scenario-scenario:::::

0.49 < tan 0.49 < tan 0.49 < tan 0.49 < tan 0.49 < tan β < 2.36 < 2.36 < 2.36 < 2.36 < 2.36

limits limits limits limits limits (tan(tan(tan(tan(tan β >0.6)>0.6)>0.6)>0.6)>0.6):::::

mmmmm
hhhhh
> 89.8 GeV/c> 89.8 GeV/c> 89.8 GeV/c> 89.8 GeV/c> 89.8 GeV/c22222 (89.0 exp.)(89.0 exp.)(89.0 exp.)(89.0 exp.)(89.0 exp.)

mmmmmAAAAA > 90.9 GeV/c> 90.9 GeV/c> 90.9 GeV/c> 90.9 GeV/c> 90.9 GeV/c22222 (90.1 exp.)(90.1 exp.)(90.1 exp.)(90.1 exp.)(90.1 exp.)
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search for Hsearch for Hsearch for Hsearch for Hsearch for H+++++HHHHH-----

Z
H

H

e-

e+

-

+process:process:process:process:process:

limit below MSSM allowed region,limit below MSSM allowed region,limit below MSSM allowed region,limit below MSSM allowed region,limit below MSSM allowed region,
applies to more general 2 Higgsapplies to more general 2 Higgsapplies to more general 2 Higgsapplies to more general 2 Higgsapplies to more general 2 Higgs
doublet modelsdoublet modelsdoublet modelsdoublet modelsdoublet models

direct limit:direct limit:direct limit:direct limit:direct limit:

mmmmmHHHHH± > 73.8 GeV/c > 73.8 GeV/c > 73.8 GeV/c > 73.8 GeV/c > 73.8 GeV/c22222 (75.4 exp)(75.4 exp)(75.4 exp)(75.4 exp)(75.4 exp)
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Preliminary

decay modes: decay modes: decay modes: decay modes: decay modes: HHHHH+++++     → τ+++++ν , cs , cs , cs , cs , cs
_____
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invisible Higgsinvisible Higgsinvisible Higgsinvisible Higgsinvisible Higgs

process:process:process:process:process:

ee ee ee ee ee → hZ hZ hZ hZ hZ with  with  with  with  with h h h h h → invisibleinvisibleinvisibleinvisibleinvisible
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2 jets or leptons + E2 jets or leptons + E2 jets or leptons + E2 jets or leptons + E2 jets or leptons + E
mismismismismis

DAMA ”evidence” for a light WIMPDAMA ”evidence” for a light WIMPDAMA ”evidence” for a light WIMPDAMA ”evidence” for a light WIMPDAMA ”evidence” for a light WIMP

cross-section limit for BR(inv)=1 :cross-section limit for BR(inv)=1 :cross-section limit for BR(inv)=1 :cross-section limit for BR(inv)=1 :cross-section limit for BR(inv)=1 :

combine with visible Higgs search:combine with visible Higgs search:combine with visible Higgs search:combine with visible Higgs search:combine with visible Higgs search:

mmmmmhhhhh = 112.6 GeV/c = 112.6 GeV/c = 112.6 GeV/c = 112.6 GeV/c = 112.6 GeV/c22222 (109.8 exp.)(109.8 exp.)(109.8 exp.)(109.8 exp.)(109.8 exp.)

for any BR(inv)for any BR(inv)for any BR(inv)for any BR(inv)for any BR(inv)

limit for BR(inv) = 1 :limit for BR(inv) = 1 :limit for BR(inv) = 1 :limit for BR(inv) = 1 :limit for BR(inv) = 1 :

mmmmm
hhhhh
 = 113.0 GeV/c = 113.0 GeV/c = 113.0 GeV/c = 113.0 GeV/c = 113.0 GeV/c22222 (110.7 exp.)(110.7 exp.)(110.7 exp.)(110.7 exp.)(110.7 exp.)
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non fermionic Higgs decaysnon fermionic Higgs decaysnon fermionic Higgs decaysnon fermionic Higgs decaysnon fermionic Higgs decays
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BR(h→γγ)

possible scenarios:possible scenarios:possible scenarios:possible scenarios:possible scenarios:

anomalous couplingsanomalous couplingsanomalous couplingsanomalous couplingsanomalous couplings

ee ee ee ee ee → h h h h hγ   →      γγγ, bb, bb, bb, bb, bbγ
ee ee ee ee ee →  hZ hZ hZ hZ hZ →  γγνν
ee ee ee ee ee → hZ/ hZ/ hZ/ hZ/ hZ/γ***** →  γγqqqqqqqqqq

would contribute to anomalous TGCwould contribute to anomalous TGCwould contribute to anomalous TGCwould contribute to anomalous TGCwould contribute to anomalous TGC

2 Higgs Doublet Models:2 Higgs Doublet Models:2 Higgs Doublet Models:2 Higgs Doublet Models:2 Higgs Doublet Models:

ee ee ee ee ee → hA hA hA hA hA  →      γγγ,  ,  ,  ,  ,  γγbbbbbbbbbb

ee ee ee ee ee →  hA hA hA hA hA → AAA  AAA  AAA  AAA  AAA → bbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

ee ee ee ee ee → hZ hZ hZ hZ hZ  →  γγqq, qq, qq, qq, qq, γγνν

exampleexampleexampleexampleexample: limits on fermiophobic: limits on fermiophobic: limits on fermiophobic: limits on fermiophobic: limits on fermiophobic
 Higgs from  Higgs from  Higgs from  Higgs from  Higgs from γγqq + qq + qq + qq + qq + γγνν

( line : BR(h ( line : BR(h ( line : BR(h ( line : BR(h ( line : BR(h → γγ) in 2HDM )) in 2HDM )) in 2HDM )) in 2HDM )) in 2HDM )

Backup

Backup

Backup

Backup

Backup

limits:limits:limits:limits:limits:

mmmmmhhhhh > 116 GeV/c > 116 GeV/c > 116 GeV/c > 116 GeV/c > 116 GeV/c22222 (BR = 100 %)(BR = 100 %)(BR = 100 %)(BR = 100 %)(BR = 100 %)

mmmmmhhhhh >   98 GeV/c >   98 GeV/c >   98 GeV/c >   98 GeV/c >   98 GeV/c22222 (BR = 18 % in 2HDM(BR = 18 % in 2HDM(BR = 18 % in 2HDM(BR = 18 % in 2HDM(BR = 18 % in 2HDM)))))
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DELPHI has found no evidence for physics beyondDELPHI has found no evidence for physics beyondDELPHI has found no evidence for physics beyondDELPHI has found no evidence for physics beyondDELPHI has found no evidence for physics beyond
the Standard Modelthe Standard Modelthe Standard Modelthe Standard Modelthe Standard Model

DELPHI is a very active CollaborationDELPHI is a very active CollaborationDELPHI is a very active CollaborationDELPHI is a very active CollaborationDELPHI is a very active Collaboration

m(h) > 114.3 GeV/cm(h) > 114.3 GeV/cm(h) > 114.3 GeV/cm(h) > 114.3 GeV/cm(h) > 114.3 GeV/c22222  (SM)  (SM)  (SM)  (SM)  (SM)

many analyses on measurements at LEP 2 and LEP 1many analyses on measurements at LEP 2 and LEP 1many analyses on measurements at LEP 2 and LEP 1many analyses on measurements at LEP 2 and LEP 1many analyses on measurements at LEP 2 and LEP 1

many results on searches at LEP 2many results on searches at LEP 2many results on searches at LEP 2many results on searches at LEP 2many results on searches at LEP 2

many new results for the winter conferencesmany new results for the winter conferencesmany new results for the winter conferencesmany new results for the winter conferencesmany new results for the winter conferences

summarysummarysummarysummarysummary

m(m(m(m(m(χ1) >   36.7 GeV/c) >   36.7 GeV/c) >   36.7 GeV/c) >   36.7 GeV/c) >   36.7 GeV/c2  2  2  2  2   (LSP) (LSP) (LSP) (LSP) (LSP)0∼

we are keen to fully exploit the potential of LEP datawe are keen to fully exploit the potential of LEP datawe are keen to fully exploit the potential of LEP datawe are keen to fully exploit the potential of LEP datawe are keen to fully exploit the potential of LEP data

combination of LEP results whenever possiblecombination of LEP results whenever possiblecombination of LEP results whenever possiblecombination of LEP results whenever possiblecombination of LEP results whenever possible

sharing of experience: e.g. Higgs or WW workshopssharing of experience: e.g. Higgs or WW workshopssharing of experience: e.g. Higgs or WW workshopssharing of experience: e.g. Higgs or WW workshopssharing of experience: e.g. Higgs or WW workshops


