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Top Quark Threshold Physics

Top Physics at the ILC:

Focus: tt - production at threshold (eT e~ — tt)
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Top Quark Threshold Physics

Top Physics at the ILC:

Focus: tt - production at threshold (eT e~ — tt)
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* no sharp resonance peak

Aim: precise determination of

My status: om¢ ~ 100 MeV v

Vi, Qisy L't status: 60" /oo ~ 6% (NNLL incomplete) | needed: < 3%
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Top Quark Threshold Physics

Problem of Coulomb singularities: v ~ as ~ 0.1 — Need nonrel. EFT = | NRQCD
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Top Quark Threshold Physics

Problem of Coulomb singularities: v ~ as ~ 0.1 — Need nonrel. EFT = | NRQCD

Problem of large logarithms:

3scales: m; (hard) > B ~ muv (soft) > Eun, ~ mv® (ultrasoft) (~ It > Aqcp)

= log’s at the dyn. scales:
2 2 2

(%), In(2), In(B)  eg: asln() ~ —asln(v?) ~ 1
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Top Quark Threshold Physics

Problem of Coulomb singularities: v ~ as ~ 0.1 — Need nonrel. EFT = | NRQCD

Problem of large logarithms:

3scales: m; (hard) > B ~ muv (soft) > Eun, ~ mv® (ultrasoft) (~ It > Aqcp)

= log’s at the dyn. scales:
2

n(%), In(=), ()  eg: aln(D) ~ —asln(v?) ~ 1

E2 p E2 E2

Solution:

2

two renormalization scales: | us ~ mv, p, ~ mv

2
correlation: E ~ %2 — e~ — pe=mr, py=mr? = 'V'NRQCD

m
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Top Quark Threshold Physics

Problem of Coulomb singularities: v ~ as ~ 0.1 — Need nonrel. EFT = | NRQCD

Problem of large logarithms:

3scales: m; (hard) > B ~ muv (soft) > Eun, ~ mv® (ultrasoft) (~ It > Aqcp)

= log’s at the dyn. scales:
2 2 2

(%), (%), In(B)  eg: asln() ~ —asln(v*) ~1

Solution:

2

two renormalization scales: | us ~ mv, p, ~ mv

2
correlation: E ~ %2 — e~ — pe=mr, py=mr? = 'V'NRQCD

m

= RGE'sresum [as Inv]", asf[as Inv]", of|as Inv]", ... terms
LL NLL NNLL
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vNRQCD

» Nonresonant dof’s integrated out, e.g.:

QCD vNRQCD

% Ve

2

“potential” Gluon: kH ~ (mv“, mv)
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vNRQCD

» Nonresonant dof’s integrated out, e.g.:

QCD vNRQCD

% ﬁX—I—O(V)
w c

2

“potential” Gluon: kH ~ (mv“, mv)

» Resonant dof's — fields in the vNRQCD Lagrangian:

nonrel. quark:  (E,p) ~ (mv?, mv) Yp ()

soft gluon: (90, ) ~ (mv, mv) Ag)  ANAAAAN

ultrasoft gluon:  (qo,q) ~ (mv?, mv?) Ax  BTOTO0OO
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vNRQCD

» Nonresonant dof’s integrated out, e.g.:

QCD vNRQCD

% ﬁX—I—O(V)
w c

2

“potential” Gluon: kH ~ (mv“, mv)

» Resonant dof's — fields in the vNRQCD Lagrangian:

nonrel. quark:  (E,p) ~ (mv?, mv) Yp ()

soft gluon: (90, ) ~ (mv, mv) Ag)  ANAAAAN

ultrasoft gluon:  (qo,q) ~ (mv?, mv?) Ax  BTOTO0OO

» Systematic expansion in v = consistent power counting in v ~ as
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[Luke, Manohar, Rothstein]

['vNRQCD — »Cusoft + Epot + »Csoft Dt = 0¥ + igA'u(X)
. —iD)?2
Locoft - wli(x)[lDo— %+..-Wp<x>+... %
e =V e P
pot - p’ pX_p/X_p .« ..
V. V,
2 2 /2
Vin % R PEE B ST (= p'-p)
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vNRQCD

[Luke, Manohar, Rothstein]

['vNRQCD — »Cusoft + Epot + »Csoft Dt = 0¥ + igA'u(X)

—iD)?
Lusoft wj)(x)[iDo— %4—...}1%()()4—... %

£p0t: _ V QpL/prip/X—p + ...

2 Vi V,(p°+p’? V Vs @2
VNF—F rﬂ; + (2m2k2)+m_%+ﬁs + ... (k = p'-p)

external production/annihilation current (°S;):

®< ~ a) i+ .. (CMS)
N——

Yh(o2)x* |
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Renormalization of the Potentials

Anomalous dimension of V contributes to o(eT e~ — tt):

o~ [ O O OO+

~ |ei(v)]? Im | — /dxe <O\TJfff*(x)Jeff(0)|O>}

~ ‘Cl(V)|2 - Im :G(Oa 07 Ea V)] + .. GNNLL known v
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Renormalization of the Potentials

Anomalous dimension of V contributes to o(eT e~ — tt):

o~ [ O O OO+

~ |ei(v)]? Im | — /dxe <O\TJfff*(x)Jeff(0)|O>}

~ ‘Cl(l/)|2 - Im :G(Oa 07 E: V)] + .. GNNLL known v

current renormalization

Y V& /V
In[S6] = € + e+ M 4+ gl
~—

0 ’\ [Hoang]
[Luke, Manohar, Rothstein,

Pineda, Hoang, Stewart]
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Renormalization of the Potentials

Anomalous dimension of V contributes to o(eT e~ — tt):

o~ [ O O OO+

~ |ei(v)]? Im | — /dxe <O\TJfff*(x)Jeff(0)|O>}

~ ‘Cl(l/)|2 - Im :G(Oa 07 E: V)] + .. GNNLL known v

current renormalization

Y V& /V
In[S6] = € + e+ M 4+ gl
~—

0 ’\ [Hoang]
[Luke, Manohar, Rothstein,

Pineda, Hoang, Stewart]

missing = | V"' (v) | needed!
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Renormalization of the Potentials

Anomalous dimension of V contributes to o(eT e~ — tt):

o [ P& X P Y K B ]

~ |ci(v)]? - Im —i/d4x '™ <0\ijff*<x>jfff<o>|o>} + ...

G(0,0,E,v)] +... GNNLL known v/

~ Ja(¥)] - Im

|

1.14
b missing NNLL;x contribution
| NLL + NNLLonmix may reduce theortical error of oot
1.1} :
C1[Us]
cr(m 1.08 = | VN (1) | needed!
1.06 ¢+
L oal ] Ultrasoft contributions dominant!
. NLL "7 ==—— [as (MV2) > ag(mv)]
0.1 0.15 0.2 0.25 0.3 0.35 0.4
v =LUs/M
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Renormalization of the 1/m? - Potentials

L v la()] = —3 [

, 1
5 +Vo(v)+Ve(v) + S Vs(v) | + EVk(V)
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Renormalization of the 1/m? - Potentials

—_

NLL: -2 tnja(v)] = —1;‘:62;’2)[%51”)+y2(u)+vr(y)/+s2 Vi(v) +%vk(u)

ov
renormaMectly

e.g.: [ MS & Dim. Reg. ]
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Renormalization of the 1/mk - Potentials

NLL: v tnfer ()] = a2

1
2
5 =~ +Vo(v)+Ve(v) + S Vs(v) | + 3 Vi(v)

6 ext. HQ legs, O(10*) diagrams (Feynman gauge)

Absorb divergence by 6Q-Op.:

5Coq

5Cee™ — Chg-(»)

[ MS & Dim. Reg. ]




Renormalization of the 1/mk - Potentials

NLL : V% In[ci(v)] = —)fé(;g [Vciv) + V2 (v)+ Vi (v) + 8° Vs(l/)] - %M

6 ext. HQ legs, O(10*) diagrams (Feynman gauge) /

Close finite HQ - Loop:

# _
.m: (VEfF)NLL




Renormalization of the 1/mk - Potentials

1
2
5 = ~ g2 +Vo(v)+Ve(v) + S Vs(v) | + 5 Vi(v)

6 ext. HQ legs, O(10*) diagrams (Feynman gauge)

“Abelian” topologies:
Done v

“NonAbelian” topologies:
Work in progress
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Status of Calculations/ Summary

« Ultrasoft NLL running of the potentials V\, V,, V> is essential for a precise
prediction of o,:(eT e~ — tt) at threshold.
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Status of Calculations/ Summary

« Ultrasoft NLL running of the potentials V\, V,, V> is essential for a precise
prediction of o,:(eT e~ — tt) at threshold.

« usoft NNLL mixing contributions to c; from V,, V), already compensate a
bit for the large usoft NNLL nonmixing contribution:
ocy = (—1.9%, —0.5%) for v = 0.1,0.2
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Status of Calculations/ Summary

« Ultrasoft NLL running of the potentials V\, V,, V> is essential for a precise
prediction of o,:(eT e~ — tt) at threshold.

« usoft NNLL mixing contributions to c; from V,, V), already compensate a
bit for the large usoft NNLL nonmixing contribution:
ocy = (—1.9%, —0.5%) for v = 0.1,0.2

 What about V, (dominant at NLL)? — w.i.p.
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Status of Calculations/ Summary

Ultrasoft NLL running of the potentials V,, V,, V, is essential for a precise
prediction of o,:(eT e~ — tt) at threshold.

usoft NNLL mixing contributions to c; from V,, V), already compensate a
bit for the large usoft NNLL nonmixing contribution:
ocy = (—1.9%, —0.5%) for v = 0.1,0.2

What about V, (dominant at NLL)?

Current status of the calculation:

—  W.LP.

[as = as(mv), ay = as(mv2)]

Contribution order/ag Vie | V| Vo | Vg
soft + usoft LL | (aslnv)", (ayInv)" | vV | Vv | vV | V
usoft NLL n¢ nf ay (ay Inv)" v v | v | O
full usoft NLL ay(aylnv)" wip. | v | v | O
soft NLL as(as Inv)" — — | = |V
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Back Up: Resultsfor the 1/m? - Potentials

Results for - potentials:

0.8
-0.25
0.5 <—— NLL full ultrasoft I ol
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-0.75 ]
V. LL soft + ultrasoft
r 1! 1V, 0.4
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-1.75},
0 1 0 O
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Back Up: Resultsfor the 1/m? - Potentials

Results for - potentials:

O T
2 L
<— NLL full ultrasoft -0.025
1.5] NLL ultrasoft, n¢ only | -0.05
LL ultrasoft -0. 075
vV, v,
L * -0.1
-0. 125
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Back Up: Resultsfor the 1/m? - Potentials

Results for - potentials:

O -
2L
<—— NLL full ultrasoft -0. 025
1.5 NLL ultrasoft, n¢ only | -0.05/
LL ultrasoft -0. 075
Vi v
I ] -0.1
-0. 125
0.5
-0.15¢
0L ‘ -0. 175 ]
0 0.2 0.4 0.6 0.8 1 0 1
- Analysis shows that | usoft LL ~ usoft NLL 114
1.12
- 5C1 — (—19%, —05%) for v = O]., 0.2 1.1
Ci[us]
. . . cy(m 1.08
= Big NNLL,x contributions to c; expected L o6
104 - =77 T e
= may compensate NNLL,cnmixand . TTTTee-o

0.1 0.15 0.2 0.25 0.3 0.35 0.4
Hs /M

reduce v dependence of ¢;!
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Back Up: Old n; Result

1.16 [

1.14 n¢-corrections, nf = 5
cilus] -1
Cy [M] [

1.08

1.06 |

1.04 == T T T m——_—a o

0.1 0. 15 0.2 0.25 0.3 0. 35 0.4
HUs /M
< Ptop >
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Back Up: Extra Formulae

9 VOu) mvlw) e 2 >
vomla@)] = —T ot [T Y 0) + VP ) + 2V )
1
+50 0 W)+ o2(my) 3V ) + 205 ()]
47
v 2 as(mv) = = Vv = as = 0.14
BoIn(m2v2 /AZ )
vV = \/§;t2mt \/\/g_zn':ﬁin [Fadin, Khoze]
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