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Z and W bosons

-Z pair production PR384
-TGC with WW pairs PR387

-Study of W*W-y PR381

-Inter WW Bose Einstein Correlations PN523
-W polarisation PN522

-LEP E, measurement PN520
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Study of Z pair production

g ol WAL

‘Final states analysed: %m HEE — 22 ;

@183<E,, <209 GeV g :
-FI-PI-
-I*I-vv (except T*T "WV) f
-qql*I-

-qquv *

-q449 0 ZZTO calculation

Vs (GeV)

Pamela Ferrari LEP Jamboree 15 July 2003 2



Limits on neutral TGC from ZZ analysis

Obtained by using
1) the cross-section info

2) kinematic info from an optimal observable (OO) method for
qqll and qqqq.qqbb selections.

95% CL limits on anomalous TGC are obtained by combining the
likelihood associated with the X2 fit from the OO analysis
with x-section fit.

2D
1D G OPAL R ,
Ngos| @ 9% C.L.| N, | (b) 95% C.L.]
. o o b ] E E Y o ; 7
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Low scale gravity Extra Dimensions

-6ravity is allowed to propagate in D=4+n dimensions, while

other particles are confined to four dimensional space.
(N.Arkani-Hamed et al. phys.lett. B429 (1998) 263)

‘Newtonian gravity in 3D holds if:

MZPlcmck O R" MD(n+2)

M/M;y= Planck scale in 4D/D dimensional space, R=compactification radius of
n extra dimensions ( n=1 excluded by cosmological observations)

Gravity propagates in ED =

# of ED 95%CL on Ms LO contributions from s-channel
n=2 0.92 TeV exchange KK graviton states
to Z-pair production amplitude
ISR Selie U O0=0Ogm*EO0interferencet € 20-gr'cxvi'ry
n=4 0.73 TeV
Limits are given on M_= ultraviolet
n=5 0.67 TeV divergencies cutoff, by fitting
n=6 0.62 TeV cross -section with € as free
parameter ( where € +1/M.*in most of the
n=7 0.59 TeV cases)
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TGC measurement using W-pairs (I)

WW production:
TGC vertex s-channel
most constraining

W+*W- production angle cos6y,

W+ decay angles (helicity)
ﬁ'—/(é‘f’
A W= rest frame

‘
W:
‘

0 and ¢ of W
decay products
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TGC measurement using W-pairs (IT)

4 independent couplings: k,,g%;,A,.9%
final states: Iv|' v.,qqlv, qqqq

OPAL FINAL

qalv

combined—

quaa  —

Ivlv —]

event rate—— |

measurement of SM TGC:

+Event Rate

k,=0.88
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A study of W*W-y events @LEP2

Selection of WW events with non collinear hard y (Ey>2.5 GeV),
Aim: measurement of effects of O(a) radiative corrections

Cross section results vs V s 2 600 e
- Calculate ratio of data/MC combine — OPAL
. . > u ]
all Energy point and compare MC's . 900
- Models with O(a) radiation * give F i FINAL !
better x-sec description 2 400 - ]
(main effect ISR and WSR interference) 1 _
‘o 300 | 1
Monte Carlo Data/MC Q _ ?
KandY * 0.99 :0.09 : 0.04 O 200} ]
Racoon* 0.98 +0.09 + 0.06 100 b ]
EEWG 0.91 +0.09 + 0.04 i
|||||||| Lo b by b b b
KoralW 0.84 +0.08 + 0.04 76175 160 185 190 19 200 205 210

Vs/GeV

y from the final state quark or from associated parton shower, both considered as bkg since
they are experimentally indistinguishable
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my O(a) systematics

my, calibrated on Monte Carlo with O(a) photon radiation but
not all diagr'ams are comple'rely included:

virtual processes non—factorisable

Aim: estimate on data the contribution of real y production
using WWYy events by fitting |cos6 | distribution
( the weight of O(a) correction in I(ANDY is used as free parameter)

o OPAL FINAL

: i > 60 T :
Estimated mass shift due 3s0f .Lg’t"Ade;‘ﬁi; o A
to real photon production 'n40F a2 004 Gev?
F \ eptons E

from data corresponds to 2 zg | Ty 5 background ;
a maximum correction 5 w0k L E
of o~ 6 Mev 0 P e [ e o T
0 5 10 15 20 25 30 35 40 45 50

E /GeV
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Quartic Gauge Coupling from W*W-y
;

in SM these couplings exist but too

y f small to be seen at LEP
3 look for anomalous contributions
parameterised by additional terms
f in the Lagrangian
Couplings . L0 1 parameter fit OI’:}L FI NAL
New physics scale N En
95% CL on anomalous contributions : :
on W*W-y y, W* W-Z0% vertices by | .
binned max likelihood fit to o L o b

-0.04 002 0 002 004 -0.1 -00 0 00 01

observed Ey, |cosB | distributions /A (GeV) 2 par e S

; s | rﬁ; 0.05 :—:%ﬁ%
-0.020 < ay/A2 < 0.020 GeV-2 Sl
-0.053 < a./A? < 0.037 GeV-2 z M
-0.16 < a,/N% < 0.15 GeV-2 ok FATN

. 0.1
0.5 025 0 025 05 01 005 0 005 01
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Bose Einstein correlations in WW event

BEC in WW pair hadronic decays
hadronic parts of qqin affect the production of identical
hadrons from different W's

— =
T comparing p,(Q), 2 ptc densities
= in 49 and 'mixed’ WW events:
/ mix ‘'WW'
event D(Q)= p."W (Q)/[2 p,Y(Q)+2 ppix VW (Q)]
rotate/boost OPAL (preliminary)
A of D(+ )
Fitting with empirical parametrisation aa %\ Tetar
D(Q)=N(1+5- Q)(1+A. exp(-Q/R))

N=norm, difference due long range interactions, no BEC

A= strength of BEC, R width of enhancement due to /

infer-WW BEC S 4
NO significant effects observed. _
Limited by statistics, LEP combination | ... /
is needed ‘

| |
-0.15 -0.1 -005 O 0.05 0.1 0.15 0.2 0.25



W boson polarisation at LEP2

The spin of W bosons in WW->qq'lv, |=e,j,T events are obtained
by angular analysis of W decay products 183<v s<209 GeV

1. Get Spin density matrix elements from angular distributions of decay
products p_%-, where T =W helicity (-1,0,1)

08 pr—rrrr Ty g T T T T
2. Ob'l'aining: ~ 2; g W5 Iv/qq E,\ ) é W5 Iv/qq Jfé
do-L/ dcosew=pood0'/ dcoseW g 05 3 Longitudinal 18 - Transverse ]
do;/dcosB,=(p,.+p__) do/ dcosby, <& , | EE Sl T
S 05 b 18, L e
3. Luminosity weighted averages g ZZ’ - ! i EE) 1 ]
compared with SM expectations o1 ;f{ﬂbi*% ER et ]
( KANDY MC) P P P N BT 0+L\+\\
-1 -0.5 0 05 1 -1 -0.5 0 05 1
cosd,, cosd,,
average longitudinal polarisation:
23.8 +2.1 +1.4%  23.9 +0.1% Hadronic and leptonic decays

measured expected
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Determination of LEP E, with radiative ff events

Overall E scale checked by using
ete- -> Zy, Z->ff events (f=q,e,,

modelling of variations of LEP
energies assumed to be correct

= FINAL
%ﬂmg S Fits comparing data and MC:
Eﬁﬂﬂl} = o
= 5000 s e 4 Fit analytic function to the Vs'
4000 | 0 zfg;'kg 3 distribution of leptonic and hadronic
3000 | ] 4fhkgkg . events around the Z mass peak.
. T2 h The Eb shift is estimated by the
: position of the fitted Z mass peak
1000 |
0 100 150 200

Vs' /IGeV

less than 0.1 o from LEP measurement when including 20 MeV syst error
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2-fermion pair production

- Tests of the Standard Model and

Constraints on New Physics from
Fermion-Pair Production PN521
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Fermion pair-production

Measurements of x-sections and asymmetries for hadronic and

lepton-pair production 189<Vs<209 GeV
(inclusive s'/s >0.01, non-radiative s'/s >0.7225)

I L N — S
“'v150 E OPAL 2-fermion fits: ¢ 7 .
5 average: © | agreement with SM.:
145 Luminosity weighted ]
average of 1/s=193.2 GeV ] ( ZFITTER,BHWIDE for e)
Wl L] ~1% for had
135 i o for hadrons
130 £95(@ e ~3% for leptons
125 OPAL N %
120 -
us ¢ | from non-radiative sample :
110 [ 1
N 1 +2.1
105 L PRELIMINARY 1/a,,(193.2 6eV)=127.4 "5,

| ! |
120 140 160 180 200
Q/GeVv
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aq E%—
qq*”%

Limits on new physics

Contact interactions would modify x-section
and angular distributions.

Limits on 4-fermion contact interactions:

IA|<3-13 /5-16 TeV(scale of new physics
Assuming g2/4m=1)

: — 5 6 - —
ud == E 4F OPAL -
BT s 0 5 Mg s f preliminary
ml | mRR =LR mRL ©VV =mAA SELLRR DLRRL =0, %;3)

e Of
Z° would mix with Z° interactions 5 2 [ .
Oy mixing angle, free parameter als oY
C excluded E6n ]
-6 [~ o | LR 7]
_ : / 300 500 1000 2000 3000 5000
Limits on Z' mass and 6, - mass/ Gev
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Z-peak analyses

-Heavy quark Agg PR383
-Charm quark production in b decays PR382
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Heavy quark Agg (I)

SM Ag; arises from cosf termin
do/dcost [0 1 + cos’0 + (8/3) APz cosd

backward

q backward 7\ g

Z 0 A

— 1
q\ forward

Measurement of A.; provides precise value of sinf'

Measure A, of ee>bb/cc using e/p produced in semileptonic

decays: Neural Networks are used to identify b>| and c>| in a
maximum likelihood fit of events containing 1 or 2 leptons

Asymmetries are fitted simultaneously with AP, A ;¢ and the average
B mixing parameter (reducing Agz®) as fitting parameters

Pamela Ferrari LEP Jamboree 15 July 2003 17



Heavy quark Agg (II)

Using all OPAL data near the Z mass: ”50.14

0.12

Vs AFBbb AFBCC 0.1
GeV 0.08
89.51 4.7 +1.8 10.1 4.7 +1.8 10.1 0.06

91.25| 9.72 +0.42 +0.15 5.68 +0.54 +0.39 0.04

92.95 10.3 +1.5 0.2 14.6 +2.0 +0.8
ak 02
0.15
x=(13.12 +0.49 +0.42)% 0.1
0.05
Results favour large values for m, 0
As other heavy flavour asymmetries 0.0
sin® @' ,=0.23238 + 0.00052 0.1
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OPAL ZFITTER

_ my=114 Gev
— my=1000 GeV

* lepton
* inclusive
¢ combined

02
8% 85.5 90 90.5 91 915 92 92.5 93 935

Vs (GeY)

s
—_ my=114 GeV
- — m,=1000 GeV

* Jeplon
¥ D meson
& pombined

|

89 89.5 90 90.5 91 91.5 92 92.5 93 935
Vs (GeV)




Charm quark production in b decays

Br'(b->DBX) measured with Unbiased sample %
inclusive method in hadronic  of p-jets e .
Z° decays . S

e+

Jet selected if opposite is
g tagged as b

¥~ To identify tracks from D we use signed
D decay r-¢ impact parameter significance S,
S of tracks is used to calculate joint
probability Pj for each jet

Br(b- >DDX) is measured by fitting In(Pj) distributions for data with MC

Br(b->DDX) =(10.0 # 3.2(stat)24 (det) 104 + (phys))%
| ~ FINAL
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QCD studies

-Color reconnection in g-jets ¢cERN-£EP-2003-031

-Measurement of a. in qqy events PN519

-Measurement of Isolated prompt photon production in
photon-photon collisions ¢cERN-EP-2003-023
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q q
g g
g g
q - | CR

Color Reconnection in gluon jets

» Gluon jets are selected from hadronic Z° decays
at Vs~m,

- rapidity gaps could arise from CR: selection
requires a large rapidity gap in the jet (86% purity)

\
.,
\\\‘\

Pamela Ferrari

\H‘a:\\b\\

b-tag N\ JE—
(@ § oPAL . . . ann b—tag
U g g-jet identified ?‘*:—/—:_1
L soslE, ] by antitagging: i

RE=Saut | b-tagging of quark H\
! IE’__L | Jets b-tag |||\
I SRR NS RN S e AR
(6] 2 4 ch6 8 10 12 . . .
M+ MC with CR do not describe the g-jet
L ® P Rhean data. If MC's are retuned to reproduce

| | - — - - Ariadne-CR

C 7T U the data they do not reproduce anymore
RIS | some global properties of Z hadronic
e . events: sphericity,aplanarity
S | *The models with CR are excluded
(6] 2 4 6 8 10 12

nf:gading
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Measurement of o in qqy events (I)

Hadronic final states with hard isolated photons at Vs =M,

Assuming y are emitted before (ISR) or just after Z° production

measure of o, at different 20<Vs'<80 GeV
PREWLC!_%/I INARY

»n 0.2
(@]

- c —_
0.18 (1-T) 0.18 |- My
0.16 0.16 \:
0.14 014 - +
Fits of O(0.2) and NLLA QCD o v M
« g 01 0.1 L heavier M in2
predictions of 4 event shape T =Thrust hemispheres
variables of hadronic system R I T " S —
boosted into centre-of-mass . veleevl Vs [Gev]
o c(n . c(n .
frame, with o, as free ol B | .1 B,
parameter.
0.16 0.16

0.14 0.14

Hadronization with:
JETSET ,HERWIG, ARIADNE 2l it

0.1

0.12
| Widest jet
broadeningl

~ broadening 01

0.08 1 1 1 1 ] 1 1 1 1 0.08 1 1 1
15 50 85 15 50 85

Vs [GeV] Vs [GeV]
22
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Measurement of a. in qqy events (II)

» 0O is extrapolated to M, using the renormalisation group
equation at NNLO:

a(Mz )=0.1176 £0.0012(stat) %208 (syst)

agreement with non-radiative LEP1 data and world average PDG

n 0.2 B Radiative
(@]

) PREL”\/”NARY [ | I(\le-T) (1_'[) @ Nonradiative i
018 [ ] e e

| B e Combined M, F—H—
0.16X. [t L

Nt % BT —
014 | ﬁk e
012 ! By, ]

S I
0.1 Combined %
= e 008 01 012 014 016
Vs [GeV] GS(M Z)
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Measurements of isolated prompt photon
production in photon-photon collisions

Measurement of inclusive x-section for the production of isolated
prompt photons in anti-tagged vy collisions.
- prompt photons are selected by an isolation criterion

p,"> 3 GeV, |nY|<1

% A A R

U @ OPAL

3 10 1 _T = Fontannaz et al (NLO, AFG02) |
O'TOTZ O . 3 2:0 . 04(51'01')20 . O4(sys1') & I~'0:|'1t.annaz .(-t ﬂ.l (LO, AFG02)

= B PYTHIA (SAS-1D)

FAUR 000y, S

< s

= b

[5
Differential x-sec are calculated . !

do/dp", do/dnY, do/dxT

PYTHIA underestimates the x-sec

NLO calculation describes well shape "
3 4 5 6 7 8 9 10 11 12 13

and normalization pl [GeV]
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New particles and Higgs searches

-Acoplanar di-lepton pairs PR385

-Searches for R-parity Violation PR380

-Pair produced lepto-quarks cERN-EP-2003-021
-MSSM CP violating and conserving PN524
-Doubly charged Higgs PN524

Pamela Ferrari LEP Jamboree 15 July 2003 25



Search for anomalous production of di-lepton pairs

Search for acoplanar di-lepton events with significant E;
l=e,u,T 183<Vs<209 GeV L= 680 pb-!

possible signature of new particles that decay in a charged lepton +
one or more invisible particles

95% CL limits on x-sec*BR?
OPAL pb

ev)
3
o
N

s-leptons Limit on x-section*BR?
03s M=-100 GeV tanf=1.5

MSSM mass limit on

e, with mZ —m¥o,>11 GeV

My with mz—mxo>4 GeV

02 T, with m>—mgo,> 8 GeV

o)} [0}
% o o

L ightest neutralino mass (G

0

80 20 100
selectron mass (GeV)

50 60

Pamela Ferrari 26



Search for anomalous production of di-lepton pairs

-+ Search for acoplanar di-lepton events with significant E
l=e,u,T 183<Vs<209 GeV L= 680 pb-!

tmiss

- possible signature of new particles that decay in a charged lepton +
one or more invisible particles

° . . - * 2
OPAL FINAL 95% CL limits on x-sec*BR
—~400 [rrrryrrrrprTTTpTTTTr T T T T T T T T T T T T T T T T prrrrrrmT
= [ RINAL =
%350 S Vs =183 - 208 GeV ' Charged Higgs Limit on x-section
g 200 f— _f to>T ® VT
8 L N .
‘g 250 | u
% mass limit
S 200 | E . °
: assuming 100% BR H: ->T Vv,
150 |
100
50 | I
o B

50 55 60 65 70 75 80 85 90 95 100
charged Higgs mass (GeV)
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Search for anomalous production of di-lepton pairs

Search for acoplanar di-lepton events with significant E;
l=e,u,T 183<Vs<209 GeV L= 680 pb-!

possible signature of new particles that decay in a charged lepton +
one or more invisible particles

— OPAL FINAL pb
C | 025  +2-body decay
ggof St =510
0805 0.2
% : -3-body decay
%705 015 Xt,->lEvxP,
cC [

60 |
g | 0.1
fﬁaso '
- - 0.05

50 60 70 80 9 100
chargino mass (GeV)
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Search for RPV decays of Scalar fermions

sz(_1)2$+3B+L S= spin B,L baryon and lepton numbers 189<Vs<209 GeV
Rp =+1 for SM ptc R, =-1 for supersymmetric-ptc

Rp Violation: LSP decays to SM particles

Topologies: 2/+E, .., 4/ (+ E, )

6l + E_ .., 2jets +2 [ <100

4jets +2/, 4 jets (+ E,;.) f?’/ 30

Indirect decays: decays of s-fermions 32 60
via LSP ( )?01) g

Direct decays: decays of s-particles 40

to SM particles 20

o LLifetime Signature,
-limits on production x-section of s-fermions 50 60 70 80 90 100
-Mass limits in CMSS with tan=1.5 p=-200 m(% (GeV)

Pamela Ferrari LEP Jamboree 15 July 2003 29



Search for pair-produced leptoquarks

LQ all 3 generations of LQ produced
AN Lagrangian satisfies:
o ZY ALQ -SU(3), ® SU(2), ® U(1)y

-baryon and lepton numbers

9 scalar (S) and 9 vector (V) leptoquarks

Topologies studied

for a given search channel only decays into one lepton
generation are considered

coupling to fermions 10-°<A<10-2
channels vyv,qq, qql*v,, qql* |- with l=e,1
topology: isolated lepton+ hadronic jet or large E, . +jet
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95% CL limits on LQ masses

FINAL
Scalars generations Vectors generations
RlQ,| B |12 3 |Qla,| 8 [ 1] 2]3
S, | W3 | 051 69 | 79 45 V, | 23 | 051 | 99 99 97
S, | 473 1 99 | 100 98 V, | 573 1 102 | 102 | 101
s, | 43 0 97 | 97 97 V, 1/3 0 101 | 101 | 101

173 | 05 | 69 | 79 | 45() -2/3 0.5 99 99 97

-4/3 1 100 | 101 99 -5/3 1 102 | 102 | 101
S, | 3| 1| 94| 94 93 v, | 3| o1 | 9 99 97
) -5/3 100 | 100 98 -4/3 102 | 102 | 101
s, | v3 0 89 | 89 8 v, .| 23 0 99 99 99
) -2/3 1 97 | 99 96 -1/3 1 101 | 101 99

Limits expressed in GeV /
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MSSM CP conserving scenarios

‘New version of FeynHiggs2.0 (Frank et al.):

-MS-bar renormalisation scheme
used( hep-ph/0202166)

-O(alpha?,) corrections (A. Brignole 10
et al hep-ph/0112177)

-Delta(m,) corrections calculated /

Subhpole

‘m, (GeV)
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MSSM scans

‘Traditional benchmarks: 7 parameters:
- No mixing in stop sector (Carena et al. hep-ph/9912223)

. . Mtop=174.3 GeV t
- m, max: designed to yield e R

) M. sy sfermion mass at EW scale
maximal value of the m, A I e

- Large p: has suppr'essed M, gaugino mass at EW scale
H-> bb M, gluino mass
Xt= Stop mixing parameter
A=A, = Xt +pcotB = trilinear Higgs-stop coupling

_New benchmarks:
- m,-max with reversed p sign

- constrained m,-max } Favoured by (g-2), and Br(b->sy)
reversed sign for A, and X,
- gluophobic gg->h suppressed Regions of the parameter space

- small a ., h->bb, 1t suppressedJ where Hadron colliders might have
problems in detecting the Higgs
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CP conser'vm%9

,>-\ 180
Search channels ¢

£ 140
used Vs<209 GeV: .

100
80

SM Searches: 0
hZ->bbqq,bb I+, 40

1"1"bb, bbvv 208

0 50 100

Flav-independent: ¢
hZ->qqqq.qq I'I-,
qq T'T",qqw

Pair-production:

hA->bbbb, t*1bb 1E

Pamela Ferrari

9160 -

10 ¢

0 50 100

- @

- No Mixing
"l Zwidth
£ oo Expected

Theoretically
inaccessible
1 I 111 I 11|

Theoretically
inaccessible

m, (GeV)
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CP conserving 95% CL exclusions

Search channels

used Vs<209 GeV:

SM Searches:
hZ->bbqq,bb Il,
1"1"bb, bbvv

Flav-independent:

hZ->qqqq.qq I'I-,
qq T'T",qqWV

Pair-production:
hA->bbbb, 11 bb

Pamela Ferrari

;180_.

- @)
€ 160 © No Mixing
o E
g 140 -
120 £
100 -
50 -
60
40 O ] .
o - Theoreically
M E Thearetleally inoceassible I
: inaceesxible . | i
0

Theoretically _:
inaccessible
11 | 111 I | |

0 50 lll]ﬂ 0 50 100
m, (GeY) m, (Ge¥)
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CP conserving 95% CL exclusions

15 180
& 160
1 & 140
1 120
100
80
60
40
20

Search channels

used Vs<209 GeV:

SM Searches:
hZ->bbqq,bb Il,
1"1"bb, bbvv

Flav-independent:

hZ->qqqq.qq I'I-,
qq T'T",qqWV

Pair-production:
hA->bbbb, 11 bb
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CP violating MSSM

Spontaneous symmetry breaking of CP via radiative corrections:
'The phases of A, ( SUSY breaking trilinear coupling) and M, introduce CP
violation into the Higgs potential via loop effects

*CP violating effect scales as: A
M‘Zﬁfy D M4t0p Im (IJ'A‘I')//Z; mZSUSY Z ’ Hl
/ HZC\
e Z

Benchmark has been designed fulfilling EDM constaints:

Tanp m,. | M Mosy | M, |A,l [arg(A) | IM,] |arg(M,)
0.4 -40 | O- 2 TeV | 500 200 1 90° 1 TeV | 90°
1TeV GeV GeV TeV

-2 Higgsstrahlung processes present: chose H;Z° H,H, or H,Z° H,H,
depending on which has the best expected CL.

-H,-> H;H,; dominant if kinematically allowed

-Z° width constraint used
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95%CL limits on CP violating MSSM

tanf3

10

Pamela Ferrari

0 50

0 50

OPAL pr

Theoretically
inaccessible

100
m,, (GeV)

' MSSM CPX

Theoretically
inaccessible

100
m,,, (GeV)

+—

tanp

ell

10

10

minary

- (B M SSM CPX ]

Theoretically N

- inaccessible ]

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIr
0 200 400

m,, (GeV)

I \(d)\ ‘ T T T ‘ T ]

M SSM CPX

i Theoretically B

C inaccessible .

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIr
0 200 400

m,, (GeV)
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Single production of doubly charged Higgs

g , e
"
e e
€ — e H
+
e
vz
e e

h,.< 0.071 for m **<160 GeV at
95% CL mainly determined by 1t
(assuming 100% BR(H++) to leptons
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Direct constraints on h,,

-Decay modes into all

lepton flavour

combinations:ee, yy,tT,

ey, etT,urt.
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Indirect constraints on h,_, @ED

& o+ ° doubly charged Higgs bosons would affect Bhabha
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Conclusions

Many new results have been produced for the summer
conferences by OPAL

37 PHD students

since the beginning of the year:
14 new papers
9 new notes

The Activity will continue during 2004

A lot of interesting results still to come:
Searches/ Higgs: finalisation of several results
W mass
QCD and two photon physics

LEP COMBINATIONS
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