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Top Physics at the Threshold
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Top Physics at the Threshold
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> perturbation theory in o, breaks down

> Bound state dynamics = "Schrodinger field theory"
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Top Physics at the Threshold

B 340 = 360 GeV = vy0p = /1 — 75 < 1

2
e Top quarks are slow: E; = p—t, By < pr <y
my
e Top quarks decay fast: I't = 1.5GeV > Agcp
> Nno toponium bound states o ToCosssion
> smooth line-shape S
> perturbative QCD B

a(tt) (pb)
o
<)

0.25

335 340 345 350 355
2E, o (GEV)

LCWS 05, Stanford, March 18-22 2005 A. H. Hoang — p.3



Measurements

e Top quark mass —— threshold scan

(6my) ST 100 MeV

thr.mass

e Top Yukawa coupling

(6ye [y )P ~ 0.15 — 0.5  (light Higgs)

e Strong coupling m+ + 200, 400 MeV

- olpbl

(8avs(Mz))®P ~ 0.001 o8
e Top quark total width
(6T,)P ~ 50 MeV
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Theory Status

e QCD effects (fixed order) — U~
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Theory Status

e QCD effects (RGE-improved) — v~ Qg, Qglnve~1

LL LL  ~ (22)" (aslno)™
NLL NLL ~ oy
NNLL (almost) — (22) ~£6%  NNLL ~ a2

m}S = 175 GeV Manohar, Stewart, Teubner, AHH
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Theory Status

QCD effects (RGE-improved) — v~ Qg, Qglnve~1

LL v LL  ~ (2)" (aslnv)™

NLL v NLL  ~ a (22)" (s Ino)™

NNLL  (almost) NNLL  ~ a2 (22)" (aslnv)™
ew. effects — g~ g ~v~ oy

LL Vv

NLL (V) [Khoze et al., Melnikov et al.]

NNLL ? — QED, hard weak, phase space effects, finite lifetime

— NNLL finite life time corrections
— new parametric NLL corrections
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VNRQCD (stable quarks)

m, (hard) > p~m (soft) > E ~ myv? (ultrasoft)

L = Lusott + Lpotential + Lsoft Luke, Manohar, Rothstein, Stewart, A.H.

1099099

»Cusoft , %T,(ZE) {ZDO _ % — 5mt} 77bp(x)

Epotential : >< {% + - } w;r)/prT_p’X—P

Esoft :
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VNRQCD (stable quarks)

Currents: — production & annihilation of ¢¢ pairs

Op=C(p) (WLoxty)+-  t(S5)

Otot X Im /d4X e_iqx < 0 | T O;g (O) Op/ (X)| 0 >]

x Im [C(u)? G(0,0,/s)]

l\.’)

GU(0,0,/5) = i {iv = Cpay | | +In (Zime) 4 g (11600 |
Re[G(0,0,v/5)] ~ G4
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VNRQCD (unstable guarks)

= Optical Theory: effective complex indices of refraction for
absorptive processes

= VNRQCD: contributions from real Wb final states included in
EFT matching conditions to QCD+ew. theory (=SM)

e complex matching conditions

e effective Lagrangian non-hermitian

e total rates through the optical theorem

e powercounting from stable theory still valid

e (gauge) symmetries constrain effective interactions
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VNRQCD (unstable guarks)

quark bilinears: (— Lusoft)
w Im%; = 2T

e power counting: I'; ~ m:g° ~ mw? = |g~g ~v~ oy

e finite lifetime is LL order, E — E + il Fadin,Khoze
e NNLL time dilatiation effect
e F — E +I'; prescription does not work beyond LL order
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VNRQCD (unstable guarks)

currents:
<
e non-bW-cuts not included N g
e bW-cuts gauge invariant ° o '
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T ¢ i

Re[CNNLL] (Kiihn, Guth 1992)
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VNRQCD (unstable guarks)

soft & ultrasoft interactions: (— Lusotts Lsoft)

T

o electroweak matching conditions (¢? ~ v?) are beyond NNLL

1099099

— (LL), NLL and NNLL for stable quarks

e no interference (=non-factorizable) effects from ultrasoft gluon

exchange at NLL (Khoze etal., Melnikov etal.) and NNLL

Watch the power of powercounting

and gauge invariance !
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VNRQCD (unstable guarks)

soft & ultrasoft interactions: (— Lusotts Lsoft)

T

o electroweak matching conditions (¢? ~ v?) are beyond NNLL

1099099

— (LL), NLL and NNLL for stable quarks

e no interference (=non-factorizable) effects from ultrasoft gluon

exchange at NLL (Khoze etal., Melnikov etal.) and NNLL
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potentials: (— Lpotential)

>-< —  Viooulomb 1S the only LL interaction

e but no electroweak corrections due to gauge invariance
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Total Cross Section

Acll = 2N, Im [2 CLLj ONNLL (7 4 (OPL2 5GCOU1}

abs
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Total Cross Section

abs

Acll = 2N, Im [2 CLLj ONNLL (7 4 (OPL2 5GCOU1}

e accounts for interferences: — irreducible

resonant vs. non-resonant W W —bb final states
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Total Cross Section

abs

Acll = 2N, Im [2 CLLj ONNLL (7 4 (OPL2 5GCOU1}

e accounts for interferences: — irreducible

resonant vs. non-resonant W W —bb final states

o (Aoiy) ~ alit = logarithmic phase space UV divergences

e’ e
— anom. dim. for (eTe™)(ete™) operator — iC'(u) - ( >< )

e e

~

— additional correction: Ao’ ~ C(p) (optical theorem)

LCWS 05, Stanford, March 18-22 2005 A. H. Hoang — p.8



Total Cross Section

Acll = 2N, Im [2 CLLj ONNLL (7 4 (OPL2 5GCOU1}

abs

e accounts for interferences: — irreducible

resonant vs. non-resonant W W —bb final states

o (Aoiy) ~ alit = logarithmic phase space UV divergences

e’ e
— anom. dim. for (eTe™)(ete™) operator — iC'(u) - ( >< )
e e

~

— additional correction: Ao’ ~ C(p) (optical theorem)

e ./s-independent
e 1-dependent, parametrically NLL order (!)

e C(m;) unknown — phase space corrections (work i.p.)
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Total Cross Section
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e finite lifetime corrections comparable to NNLL QCD corrections

e shift in the peak position: 30 — 50 MeV (6mS* =~ 50 MeV)
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Total Cross Section
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e finite lifetime corrections comparable to NNLL QCD corrections
e shift in the peak position: 30 — 50 MeV (6mS* =~ 50 MeV)
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What's left to do ...

NNLL Total Cross Section:

(A) electroweak corrections

e NNLL phase space matching corrections — C¢°¢(p = m;)< 0

e NNLL running of Ce®¢¢ ()

e O(ay) corrections to iCc* (u = m;) due to mixing

abs

(B) QCD corrections (RGE-improved)

e Current uncertainty: (§o,;/0.)2P ~ £6%

— full NLL running of potentials

Differential Cross Sections, (multi-quark final states): — efficiencies

— more involved treatment of unstable particles
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Colors

This is blue

This is red

This is brown

This is magenta

This is Dark Green

This is Dark Blue

This is Green

This is Cyan

Test how this color looks
Test how this color looks
Test how this color looks
Test how this color looks
Test how this color looks
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