Four-fermion production
at the v~ collider

Axel Bredenstein

Max-Planck-Institut fr Physik, Munich

in collaboration with S. Dittmaier and M. Roth

based on Eur. Phys. J. C 36 (2004) 341 [arXiv:hep-ph/0405169]
and Eur. Phys. J. C 44 (2005) 27 [arXiv:hep-ph/0506005]

ILC Workshop 2005, Wien Axel Bredenstein, Four-fermion production at the <y -y collider — p.1



M otivation
vy — WW

Baillargeon, et al. '95
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M otivation

W bosons are unstable = vy — WW — 4f (“W-pair signal diagrams”) O(1

experimental precision requires :Ei ;ﬁi

® inclusion of single and non-resonant diagrams (“background diagrams”)
in lowest order  O(I'vw /My ), O(Dvy /My )? 7~

: nr\A/\/\<
W% Y v, %
y Y ANNNS
w

= vy — 4f (Existing studies: Moretti '96; Baillargeon et al. '97; Boos, Ohl '97)

® inclusion of radiative corrections to signal diagrams

O(a) ~ O(Tw/Mw) :ﬁi 1

W W f W

real corrections to vy — WW — 4f = vy — 4f +~

first step: vv — 4f and vy — 4f + v at tree level
second step: radiative corrections in double-pole approximation
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Amplitudesfor vy — 4 f(~)

Helicity amplitudes
# diagrams: 6 (e~ etv,v,) to 588 (uiidd + )

Weyl-van-der-Waerden formalism

Fermion masses neglected (mass effects restored in corrections)

N
Non-linear gauge: ¢ --- -- < vanishes
W

Check against Madgraph (Stelzer, Long '94)
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Phase-space integration

Lo . . RacoonWw
Problem: rich peaking structure of integrand Denner Dittmaier, Roth,Wackeroth ‘01

“importance sampling” : more points near peaks

[ e 5@ = [ dwg@ID = [ 4 120D

g(x) g(x(y))
N——

random numbers “weight” ~ const

/ dz g(z) = y(x): “mapping” — integrand flattened
0

many Feynman diagrams/propagators — “multi-channel” + adaptive optimization
Berends, Kleiss, Pittau '94 Kleiss, Pittau '94

one phase-space generator per diagram with appropriate “mapping”

Photon Spectrum (CompAZ zarnecki '02; Telnov '95; Chen et al. '95).
1 1
do = fO dil?l fO dwg f(ﬂ?l)f(ilfg)dO'(iClpl, LCQPQ)

“stratified sampling” + adaptive optimization
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L owest-order results

Integrated cross section for vy — e ud(vy)

o [fb] vy — e~ Toud o [fb] vy — e~ oudy
T T T T | | | |
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Comparison with Whizard&Madgraph «iian '01; stelzer, Long 94 — good agreement
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Anomaloustriple couplings

vy — 4f  all semi-leptonic final states photon spectrum included
Voee =500GeV [ Ldt =100fb™! y2=1 2= la)-Nsw)®

Nswm
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QB y Y vy — 2l2q
L = ig Mf (D, ®)'B*(D,®) |
0.04 -
. 0w v
93 (D,®)'o - WH (D, ®) o |
QNN >
—go 6M2 WFLV . (W p X Wp'u), 0 -
W
— ~vWW (and related vyWW) o ]
Ak, = awg + aBg, Ay = aw (LEP2) —0.04 -
] ]
—0.01 —0.005 0 0.005
— large interference with SM amplitude Afiy

eXpeCted limits Comparable to ete~-mode (see also Baillargeon et al. '97; Bozovic-Jelisavcic et al. ’02)
full study requires consideration of distributions
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Anomalous quartic couplings

. Bélanger,Boudjema '92; Abu Leil,Stirling '95;
Assumption: CP, U(1)em, SU(2)cust Stirling, Werthenbach '00; Denner,Dittmaier,Roth,Wackeroth '01
2
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Double-pole approximation at tree level

o [fb)
Naive W-pair signal: [ . . .
only diagrams with two resonant
W propagators (not gauge invariant) o000
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| | | |
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Virtual correctionsin DPA

“Signal diagrams” are not gauge invariant
— expansion around resonant poles (expansion in a, p* — m?)

M=ET) N - SR B RT (2

p2—m?2+imI’ p
resonant non resonant

R(p?) — R(m?): on-shell projection

resonant factorizable non factorizable
radiative corrections: ~

Y
%
W
! ! v
on-shell on-shell
production decay soft photons — W resonant

DPA applicable for \/s 2 170 GeV > 2Myy

(comparison with complete O(«) calculation forete™ — 4f — O(0.5%))
(Denner, Dittmaier, Roth, Wieders '05)

below 170 GeV: IBA (Coulomb singularity, Higgs resonance, effective couplings)
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Phase-space dlicing

Yy — Vee+d1_1a Ebeam = 250 GeV
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good agreement between
slicing and subtraction method
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Subtraction method

Basic idea: subtract and re-add the quantity | Mg, |°
fd¢4f'y (’-/\/lreal’2 _ ’Msublz) +fd¢4f‘-/\/lvirt‘2 + fd¢4ffy|./\/lsub|2
|./\/lsu1o|2 ~ \./\/lrea1]2 for k—0 or pk—0 k = ~ momentum

= [ doas, (\Mreal\Z — \/\/lsubP) is finite (no regulators needed, m; = 0,m~ = 0)

define mapping ¢4~ — ¢4 such that

3 5 3 d — (do d
ngpz’ pz+kmpz, pj k’pi—>0pj f ¢4ffy f ¢4f® ¢fy

J ddapy | Moun(9ap4)I> = [ doay ® Ay g(pi, pj. k) [Mo(das)|?

universal G = [do,g(pisp;, k)
= [doas (|Myir]® + G| Mo|?) is finite due to KLN theorem
(G contains singularities analytically

Explicit algorithm/method: dipole subtraction  catani,Seymour '96; Dittmaier '99; Roth '00
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Subtraction method

Generalization to non-collinear safe observables

KLN theorem: no mass singularities for inclusive quantities
Inclusive: fermion+photon = one quasi particle for p;k — 0

. 0 .
energy fraction z; = p(ﬁ# Is fully integrated over

Inclusiveness achieved e.g. by photon recombination (p; + k = p; for p;k — 0)

cuts or histogram bins — integration over z; is constrained,
mass singularities do not cancel between real and virtual corrections
— alogmy terms
= z; cannot be integrated analytically,
has to be part of numerical phase-space integration

generalization straightforward for phase-space slicing,
but more involved for dipole subtraction
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Subtraction method

Dipole subtraction has to be generalized (A. B., Dittmaier, Roth '05)

step function ©(¢) describes cuts or histogram bins:
fd(/bélffy (’Mrea1’26(¢4f’y) — ‘Msub’2@(§g4f))
remember: subtraction function defined via mapping ¢, — ¢a;y

photon recombination =- collinear-safe observable, @(@m) (q§4f)

non-collinear safe observables:
keep information on energy fraction z; in each part of the subtraction function:

* O(¢uays) — @(pi = 2i;Pi, k = (1 — 245)Di, {ﬁk;éi}) (24 oy 2i)
® new subtraction functions [ dz;;G(zi;) = [ dg,g(pi, s, k)

® numerical integration over z;;
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Impact of O(«) corrections

O(«)-corrected integrated cross section for vy — veetdu  G,-scheme
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photon spectrum determines shape of Higgs resonance
as function of ee~ CM energy /ee
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Impact of O(«) corrections

O(«)-corrected integrated cross section for vy — veetdu  G,-scheme

o [fb] My = 130GeV o [%] My = 130GeV
1000 —T—T—T— T T T 4 — T T T T 1
i (b) ] 3 (d) best N
I . 1
I . 0F
1}
best | -2 |-
Born
3}
100 | | | | | | 4 | | | | | |
300 400 500 600 700 &00 900 1000 300 400 500 600 700 800 900 1000
V/See |GeV] V/See |GeV]

O(«a) corrections ~ 3% away from Higgs resonance
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O(«)-corrected W-invariant-mass distribution for vy — ve.e™du

Impact of O(«) corrections

do fb
Myt _Ge\/}
1000 — 1771717717 T T 7171
best, without v spectrum ———
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Important corrections to W-line shape
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Non-collinear safe observables

O(a)-corrected W-invariant-mass distribution and photon energy distribution
for vy — veeTdi(yy — v,utdu) (without convolution over photon spectrum)

do { fb }
5 [%) dE, | Gev
OrT—TT T T 1T T T 71 100
50 veeTdu —— |
ppp din -
40 ~ recombination ------ _ 10k
30
20
1
10 I~
0
—20
—30 ] ] ] ] ] ] ] ] ] 0.01
75 76 77 78 79 80 81 82 83 84 85 50 100 150 200 250
MW+ [GGV] Eﬁ/ [GeV]

o log m ¢ terms visible without v recombination,
~ recombination rearranges events
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Monte Carlo generator

A.B.,Dittmaier,
Roth '04-'05

Coffery~ (COrrections to
Four-FERmion production in ~~ collisions)

® complete Born matrix elements
¢ vy —4f and vy — 4f + v with massless fermions
¢ anomalous YWW, vwWW and y~+ZZ couplings

® radiative corrections to vy — WW — 4f in double-pole approximation

similar to eTe ™ case: Aeppli, v.Oldenborgh, Wyler '93; Beenakker, Berends, Chapovsky '98;
Jadach et al. '99; Denner, Dittmaier, Roth, Wackeroth 99

® integration with multi-channel Monte Carlo with adaptive optimization

® treatment of real corrections with dipole subtraction or phase-space slicing
(including generalization to non-collinear observables)

® realistic photon Spectrum e.g. CompAZ, Zarnecki '02
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