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ete” annihilation into bosons
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» Four fermion processes:
cross-sections and boson couplings

» The W mass and the (in)direct hunt for the Higgs
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Collected data |

Collected statistics per experiment in the period 1996-2000:

1998 | |
77 2000 Event yield/experiment:

Z

a
2
= _
3 00f — 1999 WW ~ 10000 (Ogy ~ 17 pb)
E 5|.|,fw 1997 ZZ ~ 500 (Ogy~ 1pb)
el ~ 4000 ~ 10 pb
£ ol o B,

ﬂ c 8 2 @ @ S5 E88 maximum energy: 209 GeV

E.,, (GeV)

O Integrated luminosity per experiment ~700 pb-!

The presented results are preliminary and obtained with full statistics
unless differently indicated
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. CCO03 final states |4ﬁ
—<— AW M M Channel BR(%) € (%) p (%)

VA
e ) v 7 qqqq 456 ~85 ~80
e —— W™/ - & - |qglv  43.8 ~70 ~95

|
201 LEP

YFSW WY an

| . EFELLE lviv 106 ~60 ~85

Use O(a) EW corrections in

DPA (00, ~0.5%)
(RacoonWW, YFSWW)

Excellent agreement between
predictions and data

[0 Oyww Mmeasurement at LEP2
can test theory at the <1% level

180 200
Vs (GeV) Roberto Chierici
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Comparison with theory: Ry | =

Correlated (energy/experiment) average of Ryy=0\cas/ Otheory JiVES indication
of the global accuracy from data

Measured ﬁww FRacoaonh W

Ryw=(0.999+0.065,; +0.090, ) -RacoonWW- L
Ryw=(0.978+0.011) KoralW at LEP ;

183 GeV = 1.026 £ 0.024
O measurement is dominated by the 189 Gy - SN AN I
systematic errors 192 GeV By 1.G1340.050
O particularly worrying are the correlated 194 gev | o 1.03340.020
errors (fragmentation, detector) s - et tn ore
[0 ongoing work towards the final results 54 ey | B B
0.9% is in our reach ... j
203 GeV o 0,981 +0.019
_ o 207 GeV +-— 1.013£0.016
O final accuracy allows sensitivity to the |
more correct implementation of O(a)! LEP combined o 0.999 £0.011
’ V/ndf=1.14

I
0.9 1 1.1

YFSWW agrees at 0.2% level
Roberto Chierici



@ W angular distributions
2

O(a) corrections introduce important distortion in the W angular distributions
(2% steeper slope!) 00 towards a LEP dg/d3,,. LEP combination
e e e

Only qgev,, qquv, channels with

| ® Data ggev and qquy | Se >20° are used:
1 — SM KORALW (g,,=1) 'E
31 — KORALW (g,_=0] Nk O high purity final states

. O cleaner W charge reconstruction

O use only detected phase space

1 183 - 208 GeV (preliminary) ]

CALOS5 photon recombination scheme
used to ‘define’a W

do/d{cos0,, ) (pb)

Combine in energy intervals to increase
statistics

cusﬂw-

O will be able to test slopes at <2% level, direct comparison with future calculations

Roberto Chierici



Charged Triple Gauge Couplings
W' . DELPHI L3 OPAL 3D Fit - Preliminary
e < < e’ 02 — | | e :
WW + Wev ! W s _ ....... A— H— - ﬁooz
ve Y)Y T —
C) W Yoo 005 F | 0gs k
0 0
: 0.05 0.05
To test the non-abelian structure of the SM ;£ =
and find signals of new physics 015 | 0012
Single parameter fit results: 02 025 b
07 =0.998%%  [1,, 5,
A = 0020755 [Olay 001? " 95%cl.
+0. i ] m 68% c.l.
K, =0943T e [ e x 3d ft result
main systematic: O(a) corrections s
> full effect still used as conservative estimation %> ¢
(39,2=0.015, 8A=0.015, &k,=0.039) Py

» ongoing studles at parton and full-sim level
suggest much smaller relative uncertainties

Roberto Chierici



NCO02 final states |

Final states qqqq qqvv qqll livw 14l
BR(%) 49% 28% 14% 4% 1%

— : I : i : 15072002 Measured 6~ | ZZTO

-D Pl LA Tk

=1 | L EP PRELIMINARY | : E'EJEL—JEINARY

ZZTO and¥Y F8ZZ ;

'Om 183 GeV - 0.855+0.325
188 GeV + 1.01420.112
192 GeV _._ 0.794 +0.226
196 GeV H_ BRI
200 GeV _._._ 0.820+0.126
202 GeV _.,_f 0.833£0175
205 GeV _.._ 0.967 £0.126
207 GeV _.,_ 0.974 +0.095

0 : ; , : . LEP combined o 0960 +0.055
180 190 200 | ¥/ ndf=0.57
‘\I'Is (GE"J) - G VS 365

2% theory uncertainty compares to ~5% experimental total precision
Roberto Chierici



Other 4f phase space | <

-

Other regions of the phase space are studied: signals are defined with cuts

11002002
T

—_ 1.5

LEP

I
EEEL |

13.,07,2002
T

ﬁ‘- it E’- LEP PRELIMINARY
E WPHACT and GRACE i % 1_ WPHACT and GRACE |
Og | % e e 7
] e 2 o
5 | [
- 0.5 = o il i i [ S
05 Y | 1 B . 1 | ? 1
e e
W
e 2 o, |
OPAL: only 189 GeV DELPHI and L3 only
; , , 0 T T T '
0130 190 200 210 180 190 200 210
Vs (GeV) Vs (GeV)

R,..=0.928+0.088 (GRACE)

Ryey=0.949+0.078 (GRACE)
R,..=0.951+0.083 (WPHACT)

Rie,=0.978+0.080 (WPHACT)

Lower cross-section SM processes can be investigated to ~5-10% accuracy
Roberto Chierici



Probing the QGC |@

© W Signal definition:
v/Z >Ey> 5 GeV
Y »|cos(dy)| < 0.95
»cos(y, closest charged f) < 0.90
e W »|m(f,f) -my| < 2y,
E L EI I::l li::|QE|_I| bl | B _i':!:“f' | I j___.-" Ey, ()-WWV used fOF |Im|tS On QGC WWW
. o a A'=0.2 —
g s 4/\2 e [-0.031, 0.030] GeV-2 @95%
S / a W/A2 ¢ [-0.069, 0.070] GeV-2 @95%
- F a, /A2 c [-0.45, 0.41] GeV-2@95%
0.4 | i e )
_ o N From Zyy limits on
= >~«A{ v ZZyy couplings are
02] _ p®y { ’ E also determined:
i l | e_|_ Y
| | 13and DELPHIonly | agZ/A2 < [-0.009, 0.026] GeV-2 @95%
5 @ a Z/A? ¢ [-0.034, 0.046] GeV-2 @95%
180 190 200 210

Vs (GeV) Roberto Chierici
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Two photon production |

Pure QED, small higher order corrections  various models can be tested by using
A good place to look for new physics: the measured differential distributions

> low scale gravity e—— VY \
> excited electrons . b L 3
Straightforward selection...
e—/\/\/\/\’y EErrective =197 GeV "!;
> ® pData 'I:
Gmeas/()-th=0'982:l:0'010 == Lowest Order QED :_' "r: :;:
almost final results... | A,.M_(+)=0.15,0.39 Te¥ _;" 5 i
4w A_M_(-)=0.25,0.64 Tev / :
Graviton mass limit~ 1 TeV & | Mo=0a2Tev S A

= M, =009 Tev S i)

M

QED cut-off A, >400 GeV

=012 Tev / i 4!

32T

e
ALEPH Vs + 0.4 GeV L3 Vs — 0.4 GeV

do/dQ (pb/srad)
L
[
|

LEP preliminary,

6/ Oogp

0.9 F -
! * published o preliminary] 0 0.2 04 0.6 0.8
0.8 3 3 ol . 1 . o 5 ., .1, . ., 1., ., . 4 In N (:]I
180 185 190 195 200 205 210 Roberto Chierici

Vs [GeV]
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- [ Signal

. [ Combinatorial big
| [ Other blg

80

/

4949

All LEP2 data |
combined

85

% 9% 100 105

m /GeV

0 040
60

qqlv

All LEP2 data
combined

9

8 %

m/GeV

W mass | <

The W mass is extracted through direct
reconstruction of the resonance via:
1. constrained kinematical fits (qqqq, qqglv)
2. lepton energy distributions (l,v,l,v,)

The methods to determine my,, 'y,

1. Reweighed MC fit to data
2. M-L fit with BWOISROresolution

(myy is determined assuming SM I"y,(my,), Iy in @ 2-D fit)

Energies, experiments, channels are combined
accounting for correlations of systematics:

» large systematics in the qqqqg channel
» combination dominated by qqlv

[0 Better accuracy on m,, relies on the
ongoing work on the systematic part

Roberto Chierici



W mass error breakdown |@

B Systematic B Statistical

The measurement is systematic-limited...

qqlv Total systematic ~ total statistic = 30 MeV

qqqq The weight of the gggq channel is 9% only!

In absence of systematic, dm,, would be 22 MeV!

Combined
100
0 50 100 150 90
MeV 80
. _ 70
Main sources of systematics: 50
N B qqlv
© ®qqqq
> FSI (C|C|C|C| OﬂlY) = >0 O combined
» hadronisation 40
» LEP beam energy 30

20
correlation in energy/experiment/ |,

channels makes the rest... 0

“ O & & Q)Q’ &

& Roberto Chierici



(&N Main systematics to fight with
4

Hadronisation modelling: compare different models (HERWIG, JETSET,
ARIADNE) and consider the largest effect as indication of the systematic error

0 A&my,=18 MeV combined, can it be reduced?

LEP beam energy: induces a systematic error because of the kinematical

fits. Odm,,/my,= OE,/E, O OE,~21 MeV > dm,, ~17 MeV
(The error on the energy comes from the extrapolation to high energy of resonant
depolarization beam energy measurement at 60 GeV)

. —
FSI: at LEP2 the decay distance between the two Ws  _ _— "
(~0.1 fm) is smaller than the typical hadronisation { - Biee
scale or the radius in which BE effects vz E > K K
start to take place —
0 The two Ws are not independent systems ! { R
= | s
how well do we know/model these effects? —
can we exclude/measure them from our data? T —
Colour Bose-
Reconnection Einstein

(Mainly affect low momentum particle spectra) o
Roberto Chierici
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Colour Reconnection 5

Several models: string based (SKI,II), colour dipoles (ARIADNE) , cluster based
(HERWIG). Shifts on m,(qqqq) from the models range from 30 MeV (HERWIG)

to 300 MeV (SKI, 100% reconnection probability)

cC M)
Study particle flow between jets: Ratio=(A+B)/(C+D) A B
Hints for observation of CR (~20) i p ™\
|:| 6mW(qqqq)<90 Mev @680/0 CL < 1.4 | | L] IALEIPH dzllta (1I89-20‘I7 GeVI)
72 = Ratio(data)/Ratio(no CR) N Koralw (JETSET)
I: % \ ------- KoralW (SKI 100%)
S e ALEPH
P DEL PHI 1.2
— - L3
re OPAL :
1t ==L 5
| LEP 0.969+0.015 ALEPH
e - preliminary
0.8 1 1.2 1.4 _ particle flow ~
r at 189 GeV 0 0.10.20.30405060.70809 1

¢,. (rescaled)

[] study jet reconstruction methods less sensitive to CR effects  Rroberto Chieric
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Bose-Einstein effect |

BEC are well established at the Z 6)52 +  DELPHI PRELIMINARY
For boson pair production only BEC between 51'4 + DATA
Ws affect the mass determination | + BLins
13 + BEdll
[0 Study two particle correlation functions 1.2 M oo ,
y # Like-Sign Pairs
Current error is 35 MeV but no clear indication P IREG o T +
of a significant effect from the data 1 [
B L I R R R T N
—e1— I?;IALEPH pub. -0.23+0.41 Q(GeV/C )
(@)

Still work to be done to reach a LEP
combination on the effect

1 L3 D 0.08+0.21 6mW(qqqq)<10 MeV?
. L3 Ap 0.02+0.26
. Other BEC models need to be studied
- LEP 0.03+0.18
1 0 1é(|3£|1

fraction of model seen Roberto Chierici



m,,: results |

Summer 2002 - LEP Preliminary Summer 2002 - LEP Preliminary

ALEPH [1996-2000] - 80.458+0.055 ALEPH [1998-2000] — 2.1340.14
DELPHI[1996-2000] ~ —+ 80.404%0.074 DELPHI[1997.2000] ~ ——t— 2.1140.12
L3 [1996-2000] —— 80.376+0.077 L3 [1996-2000] — 2.2440.19
OPAL [1996-1999] —.—  §0.490+0.065 OPAL [1996-1998] — 2.04+0.18
LEP - 80.447+0.042 LEP — 2.1504+0.091

; ysedof = 32.5 4 39 ysdef = 19.7 /24
LEP working group LEF working group :

80.0 81.0 15 2.0 2.5
M [GeV] [ [GeV]

m,,(qqqq)=(80.449+0.107) GeV
m,,(qqlv)=(80.448+0.043) GeV my,(qqqq)-m,,(qqlv)=(9+44) MeV

Roberto Chierici



Standard Model Higgs: direct search |@

Final states bbqq bbvv bbll

Search mainly in ZH->ff bb

BR(%)

Important ingredients of the analyses:
» High b-tagging efficiency/purity

» Kinematical reconstruction (like W mass)
0 Good understanding of the detector is

essential (tails!)

LEP final combination:
»Combine 2D distributions

Higgs production cross section

(my(rec.),discriminant variable)
»Use likelihood ratio test hypothesis:

Q(my)=L(s+b; my) /L(b; my)

Centre-of-mass energy, Vs (GeV)

Roberto Chierici



| Standard Mode Higgs: mass distributions |@

Data 17
VI Bkg 15.8
S [ V§5=200-210 Gev .
> | © e Sig 7.1 Data 5
S| . Bkg 3.9
en I ) i .
> 50 S 12 1 52200210 GeV Sig 3.8 Data 4
>~ 20 [ [
E | [] background 8 [ Bkg 1.2
O | 10 | -
215 [ WO Signal % : T v Sig 2.2
[ _ w | L \§=200-210 GeV
(=115 GeV) = 8 | [ background % Tr
L s O i
10 [ cnd:llll9 17109GV LT: | [l hZ Signal 3 (s
v ST (m=115Gev) > 5
’ [ R UL % : Il background
[ [ ::;3:69 :.93 é 4 N hZ Signal
0 [ sgs3 38 (m, =115 GeV)
2 h
Reconstructed Mass my; [GeV/c?] - 3t
I all  >109 GeV
i [ cndd8 4
0%

>0.5
1

Reconstructed Mass m;; [GeV/c]

>1

S/N for reconstructed m,>109 GeV/c?

>2

Reconstructed Mass my; [GeV/c?]

Roberto Chierici



Limits on my, |

Confidence level for background and signal:

q@] EIII!III!III!III!III!III!III!III!Ill!lllgqvj] EIIIIIIIIII|I|||||||||||||||||l
O F ' ' SO gt
'-|4]0 -7 ~/ 10 1=_ LEP
L
N e e
10 f
i L — o
= I T A A R S S I S S S E Explgcted fgr
10 —-— """""" (j Bgéf‘v'é'('{ """ e ¢ """"" """" —g -4r S
- sineen Expected for 91gnal+backgroun¢ | — 10 =
4f Expected for background g - -
]0 :_ """"" :' """"" R TR 5 """"" """""" """" = _5_
———————————— 0 :
5: 5 5 ; 5 E E . : : ] ) E i , E
]0 III|III|III|III|IIIIIII|II1|III|III|III ]06||||||||||||||||||||| ||T\/T\]/II|III|III

100 102 104 106 108 110 112 114 116 118 ]2( 100 102 104 106 108 110 112 114 116 118 120
m(GeV/c') m,(GeV/c’)

1.70 excess (8% probability) over the background, concentrated in one channel
(qgbb) and one experiment (ALEPH, ~30)

O Final LEP2 limit: m,>114.4 GeV @95% CL

Roberto Chierici
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' Constraints on the Standard Model &

Higgs is escaping, but we can constrain it with our precise measures at LEP2

Fundamental parameters of the SM are linked through EW corrections

BU_E I 1 1 | 1 1 1 I I I I I 1 1 1
| ==LEPY, 8LB.0igta

(5)
Aoy g =

—0.0276140.00036 |
-+ 0.0274740.00012 [ fé

80 .5 GBa% CL

4 - -------- Without NuTeV - -
| 2
od
353 © g04 - .
‘ =
o _ =
1 80.3 m
. | m, [Ge
0 E}(C|.Uded h ¥ Preliminary s 1 11430071000 Preliminary|
20 100 400 130 150 170 190 210
_ +52
my, [GeV] m, =817; GeV m, [GeV]

m,< 193 GeV at 95% CL direct and indirect data in agreement
both favour a light Higgs

35% shift in my for 5 GeV shift in m, ! —
Roberto Chierici




Conclusions | S

The LEP2 era of 4f physics is approaching its end:

» test of the non-abelian structure of the theory
> loop sensitivity for differential and total cross-sections
» improvement of the precision on my, by ~10

Still to do before leaving final numbers

» systematics on my, (FSI in particular). dm,,(LEP)<35 MeV ?

» complete few combinations (4f cross-sections, do/d3d,,, TGC, QGC)
[0 Collaborations are still active!

e+e- confirms its role in precision physics but not in discovery

» if the Higgs is there, it can't hide forever and will sooner or later
become a precision measurement like all other topics of this talk
» if Higgs is not there, signals of new physics must appear at LHC/LC

LEP has allowed unprecedented tests of the SM, which might start to be under
pressure. Let us be patient, but ready for surprises.

In the meanwhile m, is the key for continuing the hunt... o
Roberto Chierici



