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Motivation for Top Quark Threshold Physics

Top Physics at the ILC:

Main focus: ¢t production at threshold, e.g. ete™ — tt

ULL

-

non-perturbative effects suppressed,
Nno resonance peaks expected

I'n=1.5 GeV > AQCD =
v 1
346 348 350 352 354
Vs(GeV)

Aims:
my < position of rise
dmi ~ 100MeV v

Y, s, 'y < Shape, normalization

theo

ot <9 3% required !

Otot

|
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Theoretical Problemsat Threshold

3 Scales: my > |p| ~mv > Egin ~ mpv®  (~Ty > Agep)
(soft) (ultrasoft)

= Two (main) problems :

1. Problem: | Coulomb singularities

threshold = v ~ as ~ 0.1 = breakdown of perturbation theory:

O(1) o) O()

Solution: non-rel. field theory (NRQCD) — summation of (££)"- terms
in a Schrodinger formalism
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Theoretical Problemsat Threshold

N N

Solution to the problem with Coulomb singularities

® Construction of a non-rel. theory (NRQCD):

“Integrate out” non-resonant degrees of freedom, e.g.:
QCD (v)NRQCD

“potential” gluon
— + O(v)

# integrated out

= Lnon—rel. = Lxin + [VC(O) + VD 4 y@ 4 }wTw Yy + ...

® Separate center-of-mass motion
= Schrodinger Eq.: E U = [%2 + VO 4+v® 4w

o |

Maximilian Stahlhofen — “vNRQCD” — p. 5/16



o

Theoretical Problemsat Threshold

2
® Green function: [ v

r)
m@w+m<>©«/\,+m<>©©w+ G (0,0, E)
1% VT
® Optical theorem =
Otot N/dPS‘W\C @ WVOQC (OOE)}

® Running of potentials, e.g

= V =V = G0,0,E)=G(0,0FE,pu

|
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Theoretical Problemsat Threshold

-

3 Scales: my > |p| ~miv > Epin ~ mpv?  (~ T > Agep

N—"

(soft) (ultrasoft)

2. Problem: | large logarithms

2

log’s at dyn. scales: Ln("g—j) , Ln(?—;) , Ln(g—Z) z.B a,Ln(%5) ~ 1

Solution: |VNRQCD

o

E2

(effective QFT)

|

Maximilian Stahlhofen — “vNRQCD” — p. 7/16



-

Effective Theory:

Production current (cm. frame):

Otot

Y

G(0,0,E, ) :

Status of the Theory

ex(u)]® - Im | —

1 (p)]? - Im

LL v

NLL v
NNLL v

/ iz & (0| T i)

:G(O, O,E,,u)}

< (52)" (asIn(v)™

<—oz3(

— ag(TS)n,

) , s (s L ))m

o7 (aSLn(v))m

j,u(x) — Cl(,u) ‘jiff(x) + ...

(0)]0)

[Hoang, Manohar, Stewart, Teubner, Penin et al., Beneke et al.}

o
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Status of the Theory

- N

VNRQCD-Calculation of ¢y (u): (LL) v/, NLL v/, NNLL incomplete!

LL NLL
pN v

Ln|:cl(ﬂ)i| — ¢NLL 4 ¢NNLL | ¢NNLL

c1(1) mix non—mix

OO

[Hoang, Luke, Manohar, Rothstein]

1.14
large NNLL correction ?
1.12} NLL + NNLLon— mix
1.1:
alel ) og First step:
106 ultrasoft part of EEEM — V50
B TTONLL T T T T . this talk: light quark corrections

0.1 0.15 0.2 0.25 0.3 0.35 0.4
<ptop > /,ls/m
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vNRQCD

® Resonant degrees of freedom:

non-rel. quark: Yp(z)

soft gluon: (k* ~mv)  Ag@)  AAANAANAN
ultrasoft gluon: (k* ~mv2) A= 000000

® Non-resonant effects have been integrated out!
® Systematic expansioninv — consistent power counting

® Two renormalization scales: g ~ mv, i, ~ mv?

V-3 \V]

\— — correlation: p, = 2= = “v'NRQCD J
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vNRQCD

fﬁvNRQCD = Lus + Loot + Lsofs + - - T

3

—iD)?2 U
® Lus ~ Pha) {iDO _ D) ...}wp(x) ~ lg,.am +

2m

with DH = O + igAH(z)

® Epot ~ =V ¢L/¢pXT_p/X—p + ...

_+_

V o~

(p— p,)2 + 5 T V. Vs
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Diagrammatic Sample Calculation

fAnomalous dimension of O(-%)-potential V5 (u) : T
One loop (LL):
1 1 LZZ XSA
o (A Eg: + g: +... = 0Cy ﬂCi-L(,u) >Zw}<

T
o (B) o+ +%+...¢5V2ﬂV§L(M)X
fw i v, 7

o |
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Diagrammatic Sample Calculation

fAnomalous dimension of O(-%)-potential V5 (u) : T
One loop (LL):
1 1 LZZ XSA
o (A Eg: + g: +... = 0Cy ﬂCi-L(,u) >Zw}<

T
o (B) o+ +%+-.-=>5V2EV2LL(M)X
fw ? v, Vs

Two loop (NLL):
® Ultrasoft n¢-corrections: —wsoo> — /NSQQQ’ e.g.: | ég”w
= VNEL(u) L. 000,XQ00Q f f 0

= Contribution to éXNF (NNLL-running of production current)

mix
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Numerical Result

114 | N\ "f-corrections, ny =5
| NLL + NNLLyon —mix
1.12 |
Ci1lus] 1.1
C1[m] j
1.08 |
1.06
S R
0.1 0.15 0.2 0.25 0.3 0.35 0.4

® Estimation of full us-contributions via “naive non-Abelianization”
® Us-ns-corrections behave “normal’

® Next step: calculation of full us-contributions

o |
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Numerical Result

1.16f‘

1. 14 n ¢-corrections, ny = 5
: NLL + NNLL,on—mix |
i 1 non-fermionic
| I contributions:
C1[Us] 1.1 i ]
Cy [mM] i
1 1_08} _%nfﬁﬁo(liQ)
o (50211—%nf)
104 == "I " ~~==-=_ L ]

® Estimation of full us-contributions via “naive non-Abelianization”
® Us-ns-corrections behave “normal’

® Next step: calculation of full us-contributions

o |
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Summary

Top pair production: %" < 2—3% required
— Y, O, Ft

o~ lei(p)* - Im [G(0,0,E)], G: NNLL v

c1(p): us-ng-part of XL computed v (first step)

mix

Next step: calculate us-non-fermionic-part of ¢} t-

mix

|
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