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Top Yukawa Coupling

Linear Collider

threshold: o(eTe™

_ Crag

— V(r)

— tt) at /s ~ 350 GeV

2
_ Yttn e~ MhT

T

r

O(5 — 10 %) correction

— 5gtth/gtth =20 — 50 %

Mg < 50 MeV, 0I'; ~ 30 MeV, éas ~ 0.001
(L =300fb~ 1, my, < 120 GeV)
(assumed perfectly known Lumi spectrum)
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Martinez, Miquel

e perfect knowledge of luminsity spectrum assumed

e only for light H

e depends on knowledge other parameters, QCD theory

e 1st phase

Iggs
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Top Yukawa Coupling

Linear Collider

threshold: o(ete™ — tt) at /s ~ 350 GeV — difficult, 1st phase

continuum: o(ete™ — tth) ~ g2,

+ _
Br(h — WTIW™) precision: 2 — 5% (ete™ — Zh)

Br(h — bb)
— 0gutn/gun = 5 — 6% (my = 120 GeV) Gay, Besson, Winter
d9tth/gten = 10 % (my = 190 GeV) o [fb]

(v/5 =800 GeV , £ = 1000fb~?)

e /s > 500 GeV crucially needed 5 corrected -~~~ ]

tree
0.1 :—,: =
e 2nd phase : My = 115GeV
Denner et al
0.01 | | | |
500 750 1000 1250 1500
Vs [GeV]
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Top Yukawa Coupling

Linear Collider

threshold: o(ete™ — tt) at /s ~ 350 GeV — difficult, 1st phase
continuum: o(ete™ — tth) ~ g2, — 2nd phase
LHC gg — tth, h — W_/+W_ (many analyses)
h — bb
e no absolute measurement of o, or I'(h — X X) ;j T FHD
— gt2th X Brr ) 08 EROR
e recentanalysis: gnw = gin +2.5% 07 rH
ghz = g}SLl%/I 4+ 2.5% 06 / 2?:?222::-1
SM particle content "\ froe

Duhrssen et al. 0a-

Q3}' ga\

— 0Gun )/ gun ~ 12 — 25% o

0.1

GT\\‘H\\M\\W\\H‘\H\‘H\\‘H\\M\\W\\H‘\H
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m, [GeV]
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Top Yukawa Coupling

LHC & Linear Collider Schuhmacher, Desch

e LC,1stphase: TI'(h—bb),T'(h— WTW™)
fromete™ — Zh
l Input use Z — [T~ recoil mass spectrum

e LHC: g¢gg — tth

— 1st phase measurement
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6 and 8 Fermion Final States

—I'; = 1.4 GeV: study of fermionic final states in top production

e O'Mega & WHIZARD updates

e single top production: ete~

— e th  — Vi

e signal & background diagrams & cuts

e inconsistencies selecting only top diagrams
e gauge invariance for small electron scattering angle

e background ~ 5% effect after cuts
e dependence on prescription for finite top lifetime

o(ete™ — bbe  Deputv,)(fb) with O(e~) > 0.01°

Schwinn

Vs Fixed Width | Complex Mass | Fudge Factor | Step Width
500 5.91 (1) 5.92 (2) 5.83 (1) 9.3 (1.9)
800 3.541 (8) 3.549 (8) 3.528 (8) 4.5 (3)
2000 3.62 (2) 3.64 (1) 3.62 (2) 98.0 (4)
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6 and 8 Fermion Final States

—I'; = 1.4 GeV: study of fermionic final states in top production
Schwinn

o cte™ — tth — g,

e 6-fermion final state bbbbW W ~: ~ 3%
e 8-fermion final state < 3% (first studies)

— plans: anomalous couplings
QCD effects
polarizations
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Unstable Particles

processes with (near) on-shell massive & unstable particles
e resonances (Z-pole, n-fermion final states)

e non-relativistic systems (¢t threshold, W+W ™)
e finite-T QCD

Issues: factorizable vs. non-factorizable,
on-shell vs. off-shell,
gauge invariance, double counting,
scheme-dependence, etc.

traditional approaches:

pole scheme Fadin, Khoze; Denner etal.,. . .
complex mass scheme Stuart; Aeppli etal; . ..
fermion loop scheme,... Beenakker etal

— guiding principles: e gauge invariance
e validity for all energies
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Unstable Particles

Alternative Approach: Effective Field Theory Signer

e separation of effects at different length scales

non-resonating T resonating
re~ L _—
Y Y
Wilson coefficients propagating fields

\ & operators

Lerr ~ Y. ci(p) O(o)(1)
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Unstable Particles

Alternative Approach: Effective Field Theory

e separation of effects at different length scales

e power counting in terms of § = = ~ «

e unique ¢-scaling for field, operators & loops
e double counting avoided

gauge invariance “automatic” (on-shell matching, operators)
exact form of EFT depends on system
no description off resonance (breakdown of j-expansion)

L

gimmicks: e general (Feyman) rules to any order
e factorization scheme & UV-divergences
< renormalization, anomalous dimensions
« summation of In(I'/M) to all orders

l

toy model Signer, Beneke, Chapovsky, Zanderighi
“real” application in progress ... no free lunch!
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The Top Decay Width

e SM: Br(t — bW) =~ 100% & rare decays
MSSM: Br(t — bH") ~ several% (1 < tan (3 < 100)

Br(t — ty) < 10%
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The Top Decay Width

e SM: Br(t — bW) =~ 100% & rare decays
MSSM: Br(t — bH") ~ several% (1 < tan (3 < 100)
Br(t — ty) < 10%
e CorrectionstoI'(t — bW)

O(ay): =—8.4% Jezbek, Kiihn
O(a,ew): ~ —2% Denner, Sack
O(a?): — required for t£ threshold at NNLL
— BLM: O(a23)) Voloshin, Smith
— Mw =0,mp =0 Czarnecki, Melnikov
— My #0,mp =0

Pade approximation Chetyrkin et al.

W<<1

— expansion for 2

H(Q)(qQ): Useq :']’7’1/75,]\4—2 =0

Impose analytic properties, cuts
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The Top Decay Width

e SM: Br(t — bW)

~ 100% & rare decays

MSSM: Br(t — bH") ~ several% (1 < tanf
Br(t — ty) < 10%

e O(a?) corrections to I'(t — bWW)

Analytic computation

< 100)

MW#O7mb:O

Slusarczyk, Czarnecki

— start with My, =0 (

use optical theorem

asymptotic expansion in

My _ (.213)

m

2
M‘gf
my

integr. by parts | —

recurrence relations | —

master integrals

T

gaussion elimination
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The Top Decay Width

e SM: Br(t — bW) =~ 100% & rare decays
MSSM: Br(t — bH*) ~ several% (1 < tan3 < 100)
Br(t — tx) < 10%
e O(a?) correctionsto I'(t — bW) My, # 0,my =0

Analytic computation Slusarczyk, Czarnecki
2
— start with My = 0 (2% = 0.213)
2
12 (m?2) = asymptotic expansion in %VQV

use optical theorem

2
— expansion up to (25 )5

STt — bW) = To[l + 2= X, + (%)215.5(1)}

!

—2.15%
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events

events

o(eTe” — tt) at /s =~ 350 GeV

Top-Antitop Threshold

Influence of Luminosity spectrum
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Top-Antitop Threshold

o(ete™ — tt) at /s =~ 350 GeV = my, g, Iy, (Getn)

Influence of Luminosity spectrum Boogert

previous WS’s: e measurement of L(x) (excl. beam energy spread)
— Bhabba accollinearity
— accelerator & beam simulations

e TOPPIK interpolation

this WS: e beam energy spread included (cold & warm designs)
e L.(x) parametrized (o, ag, as, a3)
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Influence of Luminosity spectrum

Top-Antitop Threshold

o(ete™ — tt) at /s =~ 350 GeV
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Top-Antitop Threshold

o(ete™ — tt) at /s =~ 350 GeV = my, g, Iy, (Getn)

Influence of Luminosity spectrum Boogert

—  Amy =~ —50 MeV (Paris numbers)
Aag ~ —0.0017 MeV

...things to think of:
e oOptimized scan strategy

e top event generator
e App, distributions, cuts
e electroweak corrections < unstable particles

e oOther thresholds
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Final Words

e Plenty of problems to work on in SM top precision physics !
NO Free Lunches!

Kein Freibier !
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