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Di-fermion measurements at LEP II

- di-leptons

- qq, b & ¢ production
Combination of ADLO results
Interpretations Beyond the Standard Model

- Contact interactions
- Gravity in large compactified Extra dimensions
- Leptoquarks
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fermion pair production
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kY 103 o(e'e™=>X) (pb) .
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Major backgrounds : WW, Ze'e", ZZ* . .
Physics process at high energy
for 2 fermions
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Definition of effective centre of mass energy \/s’

Hard initial state radiation
E f
- YNy :
. ” L 11 mass
L 3 Bom
; QED radiative corrections
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] sensitive to
i new Physics

Cross-sections enhanced by ~ 5 from
QED radiative corrections

\s'/s

1. De Bonis Di fermion production at LEP2 26™July2002 3 ‘ .‘
ICHEP BR™*

lapp) E-N




Di-fermionic measurements at LEP2

for ¥s'/s >0.1 .ﬁ » Hadronic and leptonic cross-sections Gz, Gy
and for )\m.\m > (.85
» Asymmetries AMt, A%,
for 4/s'/s >0.85 S : . d 6
* Leptonic differential cross-sections ——
d cosO
« Measurements on heavy flavour quarks
o Obb - O: . bb
R, = P » R, = G- s A%p s A%pp
qq qq
s (GeV) 130|136 161 (172 |183 | 189 | 192 | 196| 200| 202 | 205| 207

Mb& (pbl/exp) || 6 6 | 10 |10 |55 [170[25 |75 | 80 | 40 | 85| 140

LEP2 : 700 pb!/ experiment
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Aleph, Delphi, L3, Opal measurements

* Oqq> Oil ADLO APt A", ADLO  (A:Vs'/s 0.9-0.85)
. 4% 499 ,Apio : d .. ALO

d cos® ~ d cosd d cosO

« Measurements on heavy flavour quarks

Js (GeV) Ry R¢ A%, A%
ADLO|ADLO|ADLO|JADLO
133 FFFPF|- - - -|-F -F|-F -F | g=Final
167 FFFF|- ---/-F -F|-F-F P = Preliminary
183 FPFF|F -- -|F--F|P--F
189 PPFF|P - - -|PPFF|P--F
192 to 202 PpPPP-|P*- - -|PP--]- - - -
205and207 | - PP -|P - - -|PP-- |- - - =
o

in red: new preliminary results except 192 and 202 GeV

1. De Bonis Di fermion production at LEP2 26%July2002

5
@ ICHEP




Combination of ADLO measurements
for Vs’/s >0.85

Each experiment uses its own \s’/s definition - different angular acceptance

mmm) Corrections applied to have common signal definition

All energies treated together in a single fit

Errors are divided into 6 classes
» Statistical
» Correlated between energies : detectors effects,
fragmentation, ISR modeling for quark pairs
« Correlated between channels : Luminosity error ( exp. & MC statistics)
« Correlated between energies and experiments : ISR/FSR uncertainties

« Correlated between energies, experiments and channels : theoretical luminosity error

e Uncorrelated : MC statistics
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Cross-section and asymmetries results

preliminary

s
L=
nN

Cross section (pb)
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for Vs’/s >0.85

1 preliminary
g | >0 LEP
€ o8-
m. o.@.
<
o 0.6
Fit performed on all @ | +
X-section & Asymmetries .w 0.4
x2 ~160/180 @
°
m O.N..
L
o T y T
0.2
Good agreement with mAm . *
(A (qq-SM) averaged < 0.2 ._.

140 160 180 200 220 overall VS ~1.630)

Vs (GeV)

120 140 160 180 200 220

Vs (GeV)

Standard Model Expectations computed with Zfitter 6.36

Theoretical uncertainty (Zfitter-KK2f) on ¢ : hadrons ~0.3%
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Differential cross-sections p & T pairs

© angle between final lepton I and incoming e in the laboratory

Differential cross-sections are fitted from the 4-LEP measurements
Preliminary LEP Averaged do/dcosd (1) EEbHui%mﬂv

183Ge¥ + 189 GeV ..sn& i @ ]

rwri
do/dcost (pb)

N

Wu.!g Wu £
m ik 3 w F13
114 i 13
. ulo-_ T a— .rnlo-. i a5 e .wn.l._ oA e .walo..

Correlations between bins are less 2% of the total error in each bin
Good agreement with the SM expectations
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Differential cross-sections for electrons pairs (ALO)

Preliminary LEP Averaged d 6/ d cos© (e'e)

similar fitting procedure
Preliminary LEP Averaged d 6/d cos® (e'¢)

g 10° FissGev ._eu 192 GeV a 2 K wov ] 2 2 192 GeV
M 1 |gu¥e e, ooeeced m 1 mmml..ool
o 05 : : . o 05 mmm
W 0.5 e 0.5 M m 0 05 0 05 m 0 .Pm e o.m
cos©, cos6,
-~ - = =
2 ._o“ 196 GeV g ..e“ 200 GeV 2 rm g 196Gev | 2 ..M & 200 GeV
M 19 m 10 M 1 .mmmm---; M 1 .mmmuura}
3 §9 (0 L 1 1 g9 [ 1 1 1
w 0.5 e 0.5 w m 0 05 0 05 m . 05 0 05
cosO, cos©,
- 3 - 3 = 2 m 2
RN FTT 2 10 Foscev 2 sk 3§ mev| 2 5l 205 GeV.
M 10 M 10 M 1 .mwm mmmm-oooolm 1 mMmmnmn--i
B g9 1 1 L m os ... 1 1 1
W 0.5 o 05 3 M 0 05 0 05 0 05 0 05
8& ooa@a 8&0«
2 10° z 2 pomapagy
@ 2 207 GeV ~ 15 Ge
m 10 m N FILIT N
W m °o“ l..l-ﬂ-t.ﬁ.-m.-.ﬂ.-.m.:
05 o 05 ol
i Good agreement with the SM expectations (BHWIDE)
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Heavy Flavour results

o 0,26 [ LEP preliminary

024f R, (SM.cinpus)

0Rf 4

02 N~

018 F

0.16

0.14 ,. V$'Ns>0.1 . 085 *

80 100 120 140 160 180 200

4 Vs'Ns>0.1, 0.85
.c.u.. _,-u_..._l Lo b
80 100 120 140 160 180 200
Vs (GeV)

Simultaneous
fit

sz Ag =-2.1c sz ( >g-ww =-1.60

averaged over n=<ml
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Contact interactions

w m.w MU . 2 €
= - > ni(eiy,e)(fy" f)
1t A, 5,
4 n; : helicity 8, =1 (electron) or 0 (other) % -
c f

A : energy scale of new physics

Different helicity coupling between initial and final currents = different models

do

New parameter £=1/A” mmp fit contact interaction using

= rwgﬁhu Nv + € Qmanmwﬁ.wuwv + mN ﬁ.zm%wa.ﬁm%ﬁhu Hv

dcos@
/ Interference \
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Contact interactions
LEPTONS

95% confidence limits on A scale
A : destructive interference

A* : constructive interference
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Contact interactions
QUARKS

new results

@& o =

Assuming no deviation
for all 4 other flavours
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cc — LEP preliminary bb — LEP Preliminary
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Gravity in large Compactified Extra dimensions

Arkani-Hamed Dimopoulos and Dvali model

Possible solution to the Hierarchy Problem My, >> My.ax

space : d extra dimension compactified to a radius R

Quantum gravity mass scale Mp ~ 1 TeV M2, =R M2

et e« —> ff affected by the exchange of virtual gravitons

Fit with € =1/ M,* with Mg ~M,, and §=2

Iapp)

do
—— = A(cos8) + £AB(cos8) +&> FC(cosb)
dcos@
A=+1 = interference with SM
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Limits on extra dimensions from e+e- channel

ALQO combined result

new results

e+e- production is most sensitive for

quantum gravity effects

95 % confidence limits on Mg

A=+1 1.20TeV
A=-1 1.09 TeV
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Ratio Data / SM

0.9

Preliminary LEP Averaged d 6 /d cos© (e'e)
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Leptoquarks

Biichmuller-Riickl-Wyller model LEP
LQ coupling to a lepton and a quark m//y.v,\n_
10 leptoquarks..............ooiiian
5scalars S, S, ... [| S vectors V,, V), ...

3 generations of couplings :

coupling to e,u ore.d | | coupling to e,c ore,s || coupling to e,b or €,t (tnot accessible to LEP)

A2
il 1 :
Accessto A, A,- == Limits on L using
1q7"1q M 2
LD
cc bb
Oqa Ogqs Res A g Rys A rp
1st generation 2nd generation 3rd generation
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Indirect limits on m, ,, h&ﬁ»@@:ﬁﬂ—ﬂm

Assume: x.n.u = 49&«3 new results
LO type m, o [GeV/c?]
nd :
Se(L) —>eu 655 2nd generation
Se(B) —een 520 V,(L) — ec, es
Se(R) —»>ed 202
S;(L) —eued 361
S,»(L) —>eu . 178
m— ..._NA.WV I.VON.H-OQ NWN
S,,(L) —>ed - .
<
V,,(L)—>ed 303 !
V,n(R)—>eu,ed 227
V,n(L)—>eu 176 o
<°Pv I..Iv& @H..N a . 0.6
V,(R) —>ed 165 3¢ generation
Vi = 0.4
VoR) —>eu Al S,(L) — eb Aes
V(L) —eued 659 &
. 0! SR SR GRS R Y VAR P kA b SRS N S i S R |
Ist generation momie S_g
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ExtraZ’

mixing angle set to 0

|} n L-R

SSM

M .(GeV/?) 673 481 434 804

1787

27’
Z’ model X
E, GUT
1000
LEP combined
preliminary

-50 0 5 90
©gldeg]
Hn. = H&gm%a +.,—1mwﬂ%o
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L-R symetries

1000

LEP combined
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Summary

 The LEP2 di-fermion data are in good agreement with Standard Model
predictions, at the % level

» Constraints have been put on several models:

e For instance:

» contact interactions * leptoquarks
« compactified extra-dimensions o2’

« In next 6 months, the 4 LEP experiments will have hopefully final results.
LEP data will be combined.
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