Predictions for W-pair production at ete~ colliders

Christian Schwinn

— Univ. Freiburg —

July 2, 2013

C. Schwinn W-pairs at ete~ colliders Energy Frontier Workshop, Seattle



28 Introduction 1

W-pair production

Success story at LEP2:
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22 Introduction 2
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Future ¢te¢ colliders

—— ILC/GigaZ

several concepts:
e LEP3/TLEP (240-350 GeV)
o ILC (500 GeV-1TeV),
o CLIC (<3 TeV) soso i
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22 W-pair production 3

4-fermion production at tree level, e.g. e7et — p 7,ud

Double resonant ('signal’) diagrams (CC3):

But 10 diagrams in total:

U U [
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Only sum gauge invariant

Need consistent scheme for finite width effects: (Beenakker et al. 96)

NE] ‘ 200 GeV 500 GeV 1 TeV 5 TeV
Running width 672.96(3) 225.45(3) 62.17(1) 123.76(1)
Constant width 673.08(4) 224.05(3) 56.90(1) 2.212(6)
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W-pair production

NLO calculations in double pole approximation

e Factorizable corrections to production,

decay of on-shell Ws
e Nonfactorizable soft photon corrections

(Berends et al. 98; Denner et al. 99)
e Implemented in Monte-Carlo programs

used at LEP2: RacoonWW (Denner et al. 99),
YFSWW (Jadach et al. 99)

Theory developments after LEP2:

e Complete NLO calculation for charged current ete™ — 4f

(Denner et al. 05)

e Log-enhanced NNLO corrections for 5 > My,

= CLIC
e NLO and leading NNLO correction in thres

(Kiithn et al. 07)

hold expansion

= I\/IegaW (Beneke et al. 07, Actis et al. 08)
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2% W-pair production 5

Full NLO calculation for ete= — 4f (Denner, Dittmaier, Roth, Wieders 05)
e More than 1000 1-loop diagrams
5-point, 6-point loop integrals

v/Z

= new methods for six-point diagrams e
e fully differential calculation

e complex mass scheme: replace M? — M? +iMT,

everywhere,e.g. cosf, = 1~

e
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%5 Beyond NLO—high energy 6

Enhanced Sudakov logarithms for high energies s > M2,
(Fadin et al. 00; Melles 01; Denner et al. 03; Beccaria et al. 03)

(alog®(s/My,))" ,  a™log™ ' (s/My,)) ,  a”log™ *(s/My)). ..

\ 7

~"

LL NLL NNLL

e NNLO-NNLL corrections for on-shell Ww-pair production:
~5%(s=1 TeV) — 15%(s = 3 TeV) (Kiihn/Penin/Metzler 07)

= need to be taken into account at CLIC and 2nd phase of ILC
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] Beyond NLO—threshold 7

Enhanced corrections in threshold Iimit g =14/1 — 4M5V — 0:

soft threshold logarithms ~ (alog” 8)”, Coulomb correction ~ (a/8)"

EFT approach: (Beneke/Falgari/CS/Signer/Zanderighi 07)

2 2
I'w kw — My,

e expansion in a ~ T~ s
1%%

e EFT for non-relativistic Ws, soft and Coulomb photons

e Coulomb correction cut off by finite W-width:

S—4M5VNMWrW :>BN \/Fw/MW

= Coulomb corrections ~ o™ (My /Ty )"? ~ a™/?
enhanced but resummation not necessary

e 09" from imaginary part of forward- scatterlng amplitude:

pSd - ¥ K X X KK

nonresonant Coulomb soft hard
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] Beyond NLO—threshold 8

Leading NNLO corrections
e 2nd Coulomb correction ~ o?/5% ~ « (Fadin et al. 95)

e Coulomb-enhanced corrections ~ o?/8 ~ a3/? (Actis et al. 08)

JOU B 0 e

2nd Coulomb soft/Coqumb hard/Coqumb NLO- Coulomb

ole” et = u~o,ud)(fb)

Vs [GeV] NLOgpr NLOcessr [DDRW] || Annro(e?/8%) | Annco(®/8)
161 117.38(4) 118.77 0.44 0.15
170 399.9(2) 404.5(2) 0.2 1.6

e non-resonant NLO corrections
included in NLO s but not in NLOggt: Aoww ~ 1%

e leading NNLO corrections: Aoww ~ O(%0) = [6My]cor < 4 MeV
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3 ISR 9

ISR: resum leading logs

2 s (20 )

in electron structure functions: (Skrzypek 92)

ONLO S)—/ da;l/ dCIZQFLL FLL( )(O-tree_i_Aa-NLO)

oc(Mw +6My )/oc(Mw)

Estimate missing NLL O(as.):
ISR for tree only < also for NLO 12~
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2% Summary and outlook 10

W-pair production crucial process at any future ete~ collider
e My, measurement from threshold or direct reconstruction

e anomalous couplings
Full NLO corrections to efe™ — 4f (Denner et al. 05)

Leading NNLO corrections known for
e s> M2: NNLL Sudakov logs (Kiihn/Penin/Metzler 07)

o s~ 4M2,: Coulomb-enhanced NNLO corrections (Actis et al. 08)

Remaining uncertainties
e ~ 2% uncertainties at threshold from LL treatment of ISR
e Improve treatment of QCD corrections to W-decay

e Sudakov enhancements for efe~ — 4f process?

Outlook

e Updated comparison of results at threshold in preparation

e Leading NNLO corrections near threshold for distributions?
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