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Four-fermion production

Interesting processes: ete= — WW — 4 fermions

Precise measurement of Myy:
e otot at threshold (161 GeV)

e Invariant-mass distribution of the decay
products of the W bosons

=

Investigation of gauge-boson self interactions:
ete™ — 4f: Y WW,ZWW
ete™ — 4fy: yyWW,vZWW

e otot at high energies
e Angular distributions (W-production angle)
e Photon-energy distribution

=
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Theoretical Requirements

Experimental accuracy:

LEP2 Linear Collider
Energy | 160 — 200 GeV 2> 500 GeV
A My 30 MeV < 15 MeV
Ac/o 1% < 0.5%

Size of radiative corrections:
5—10%: LEP2 (160 — 210 GeV)
20 — 40%: Linear Collider ( 2 1TeV)

= Radiative corrections required!

Remarks:
e 6 — 144 diagrams for ete~ — 4f

e 14 — 1008 diagrams for eTe™ — 4f~

e O(103 — 10%) one-loop diagrams
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Born amplitude

Signal diagrams: two resonant W bosons
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Background diagrams: at most one resonant W
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Typical size ~ r—VV\\// ~ 2.5%

= Background diagrams required!
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Virtual corrections

Double-pole approximation:

- (kQ . MQ)(kQ . M2) k2 — M2 k2 — M2 + . ( +> —),
— — R — - non-resonant
doubly-resonant singly-resonant
Ry (M?, M?)

RGO RO R

with M? = M3, + iMwlw.

Error estimate:

Remarks:

e Gauge invariant, Ward identities fulfilled

e Valid not too close to threshold

e Considerable reduction of diagram number

e Generic result for all final states
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Doubly-resonant virtual corrections

Factorizable corrections:

Bohm et al. "88;

Fleischer, Jegerlehner, Zralek '89;
Bardin, S. Riemann, T. Riemann ’'86;
Jegerlehner ’86;

Denner, Sack '90

on-shell production on-shell decays

= EXisting results for on-shell W-pair production and
on-shell W decay can be used!

On-shell production depends only on W- production angle

= Expansion in Legendre polynomial

Non-factorizable corrections:

Mnf L= Mdoubly resonant Mf

Examples:

etc.
Melnikov, Yakovlev "96
Beenakker,Berends,Chapovsky '97
Denner, Dittmaier, R. '97

Only photons with E, < My relevant g
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Real corrections

Why not a DPA for real corrections?

Example: ot v f1
wt _
f2
f3
_ W™ _
© fa

1

M x

[(kp, + kf)? — M2][(ky, + kg+qy)2 — M?]
— Overlapping resonances for Ey ~ [y

—> Double-pole approximation have to
be defined for different observables differently

=> Exact matrix element calculation for ete~ — 4fy

Photon recombination:

Example: realistic invariant-mass distribution

d(5 with 12 — (kg, + k7, +q,)? ,~ collinear to fi, fo
dks + (ky, + kz)? ,otherwise
(exception: pt)

— Realistic observables depend on photon resolution

= Monte Carlo generator for realistic observables
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Monte Carlo generator RacoonWW

O(a) corrections with RacoonWW

virtual

ete"—WW—4f (one loop):
Double-pole approximation

Factorizable corrections

building blocks:
— W-pair production
— W decay

real

ete =41+~ (tree level):
Exact matrix element

Non-factorizable corrections

W

W

etc.

v-exchange between
production- and
decay-subprocesses
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Further features of RacoonWW

Higher-order corrections:
e Universal higher-order corrections via the G,-scheme

e Soft-photon exponentiation and leading O(a3) ISR
via structure functions

Monte Carlo integration:
e Multichannel Monte Carlo approach
e \Weighted events

e Subtraction method or phase-space slicing

Massless final-state fermions:

= Avoid final-state mass singularities

e Cuts between final-state e* and beam, and ff-pairs

e Photon recombination:

¥
‘ﬁ f (pr+p)? <Mz, = ‘Hﬁ v pgy=pr+py
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Master formula for O(a) corrections:
/dd>4f7|/\/lrea||2 O(dH)
+ [ a0H2Re (Myit Morn) O(S*)
_ / D47 [| Myea 2 O(DH7) — VIO (0%17))]
+ [ 40 [2Re (MunMon) O(®47) + 14/0(0%1)]

+ dz [ do* (zpe )V (2)O(*)
> [ do [ ao*(apeyyt

e Sum of terms with V47, V47 Vi =0
e Fermion masses neglected except for mass singularities
e Observable @O: includes cuts and photon recombination

o VM7 | Myeall* — V47 is finite in whole phase space
(no regulator m, = my = 0)

e V*': singularities cancel with virtual corrections

(x Inm,y Inmg, INm,, In? mg, INmy)

VI (2): In(me/Q) from O(a) ISR survivel

Vil = [f(@)]4g(x), [ delf(@)]4+G(z) = [daf(@)[G(z) — G(1)]
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Subtraction method

Master formula for O(«) corrections:
/dcb4ffy |Mrea||2 O(q>4f7)
+ / dd*2 Re (MyintMom) O()

— /d¢4ffy [|Mreal|2 O(¢4f’7/) _ V4f7(9(q)4f(¢4f’7))]

7

~

DPA

7

+/dq>4f [2Re (MyirtMEom) O(DH) + VYO ()]

v

(G, scheme)

+ dz | dd* (zpe)VH (2)O (D)
5 e fonom

7

x In(me/Q) = no DPA applied!

= Consistent double-pole approximation!
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Invariant-mass distribution

Vs =500 GeV, ete™ — udu~o,(+7), preliminary
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W-production-angle distribution

s =500 GeV, ete — udu v,(4+~), preliminary
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Photon distributions

/5 = 500 GeV,
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Summary and Outlook

Monte Carlo generator RacoonWW
e Lowest order: full amplitude for ete— — 4f

e Real corrections: full amplitude for ete™ — 4f~ and
ISR beyond O(«a)

e Virtual corrections: consistent DPA for
ete” - WW — 4f

Work in progress:
e Public version of RacoonWW

e Comparison within the LEP2 MC workshop

— MC generator YFSWW (Jadach et al.)
= difference in total cross section

— semi-analytical approach of
Beenakker/Berends/Chapovsky

= for leptonic final state
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