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Top quarks at threshold

ete” — tt in the limit /s ~ 2my
> 2 small scales: v and as

effective theory necessary:

threshold reff
(p)NRQCD

Locp
2 steps:

1. Compute couplings of L \-ocp,

2. Compute quantum corrections within £ . cp

Here: consider vector currect in full and effective theory

] — Cvj —|— “ e . ¢y, = coupling = matching coefficient

olete™ — tt) ~ Im[G] ~ 2lm{jj)
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Motivation

® since 2000: o(eTe™ — tt) complete to NNLO

[Hoang,Beneke,Melnikov,Nagano,Ota,Penin,Pivovarov, Signer,Smirnov,Sumino, Teubner,Yakovlev, Yelkhovsky’00]
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# short-distance mass = stabilization of peak position
#® normalization ?7?

# large differences between different groups ??
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Motivation (2)

o> N3LO calculation necessary
NNLL calculation necessary

Important steps:
» NBLO Hamiltonian: [Kniehl,Penin,Smirnov,MS'02]

(3
5En « [Penin,MS’02],[Penin,Smirnov,MS’05],[Beneke,Kiyo,Schuller’05]

»

3 n
» 5¢n = [Penin,Smirnov,MS’05],[Beneke,Kiyo,Schuller'05]
»

resummation of logarithms (NNLL)

[Hoang,Manohar,Stewart, Teubner’01],[Hoang’04], [Penin,Pineda,Smirnov,MS’04], [Pineda,Signer'06]

°
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o @

EW corrections

consider: o ~ a2 = N3LO QCD corrections
— mixed ew/QCD corrections, O(aay)

NLO-ew: only matching coefficient affected [Kihn,Gut92]

NNLO (O(aay)) . M%

® matching coefficient M@ W<i *
to 2 loops

® new operator in wg M@: w{

effective theory

—rt
|

>‘<<———> I H
|

— et

Here: consider diagrams involving a Higgs boson
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NLO (O(«)) matching coefficient

#® Consider v —t — t Green function and require equality
— up to O(1/my):
Zoly = o ZoZ Ty + .

> ¢, = oTW 4 52V ST ~ M<

» Thf@ShOld eXpanS|On [Beneke,Smirnov’98]
» Result: (yy = m¢/Mp)

Hew _ m2 |3y%4-1 2-— 9yH+12yH _(=2+5y%—6yh)

)
ﬂ;x—Zarctan\/élx —1 for:z:>%

[ 227 1+\/1 4x? 2

(full result: [Guth Kihn'92] [Hoang,ReiBer06])
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NLO (O(«)) matching coefficient

#® Consider v —t — t Green function and require equality
— up to O(1/my):
Zoly = cy 2o 271, + . ..

> ¢, = oTW 4 52V ST ~ M<

# Threshold expansion [Beneke, Smirmove)

# Result: (yg = my/My)
exact
my > M,
¢ <K ]\[h
my = Mp,

] — Q{— (dashed)

1 — ]\”}—% (dotted)
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NLO (O(«)) matching coefficient

# Interesting:

2
. m mey T (%
lim eV = L ——ln—+...
o M2, (Mh 1 "ot )
> Coulomb-like singularity M<
® Result: (yg = m:/Mp)

exact
TN > Mh
my << ]V[h
my ~= My,

. ?7{— (dashed)

— ]\”}—% (dotted)
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NNLO matching coefficient

s 7oy = coZoZ 7Ty + .

D ¢y = 0T 4 5Z§2> + 1-loop terms
® NEW: IR divergences

(=> off-shell calaculation and limit /s — 2m; not possible)

# exact calculation quite involved
my << My,
idea: my ~ M,
(7Tlt > ]Vf}l)

i H W ¢
t i I t
® 1.step: Z, to 2 loops : EL T A
: : el
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Higgs mass dep. of (complete) 75
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Higgs mass dep. of (complete) 75

: exact (yu = 13-)
7 | my ~ My,

[Eiras,MS’05]
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nggs mass dep of (complete) A%

[Eiras,MS’05]
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nggs mass dep of (complete) A%

exact (yu = 1)
my ~= Mjp,
iz, < Mh
my > My,

- |
2
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s \lllt/ lVlW )

2. step: vertices = ¢,
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, A d A1l
L«V !/ \llltl lVlW)

2. step: vertices = ¢,
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, A d A1l
Ly ML VN )

2. step: vertices = ¢,

0 T 7 I —
, / e s ’
i) [ Mhe<l15 Gev' | e i
5 I m‘.éﬁj//;.:...
| / /..o'.
_4 — I //45 ]
AR O m;
6 | | : (o) (yg = 72%)
S
- | YH = 1,
\ V]
-8 I, ‘\\ | m¢ ~ h
1
10 | ) b , my <K< My,
1t 'l ‘
12 | I L ]
/ /‘., | \
14 | g | :
I
0 0.5 1
2 2 2
cdashed T ! In X _ 5.760 — 5.533y 7 1
: . 1la
[Eiras,MS’06] N MZ, | 8 1 —yg1a W
— 5.704y%; 1, — 5.888y% 14 — 6.053y%; 1, — 6.200y7 1, + - ] :
M}% m2 [ =2 m2
YH,1a = (1 = —3) cdotted E 1 — (1 —yg.1p)In —= — 5.760 4 5.533y 5.1 — 0.171y7y 1
; M‘Q/‘/ 8 ) ,U/2 ) )
m
ya,10 = (1 — &) 3 4 5
h +0.0124y%; 1, + 0.0304y 3y 15 + 0.0296y7 1 + - - -

O

Universitat Karlsruhe (TH)

Forschungsuniversitat - gegriindet 1825

atthias-Stemntrauser, Higgs effects imtt—=p-9




Effective theory: new operator

® new operator in effective theory:

2
- AT
0Hy = s2, M2, M?

# inserted in wv@<

> cancellation of divergences form ¢,
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Application I: top quark mass

® SEy = (Wo|dHy|we) = ES -qa=Crm;

n 252 nM2, M?

® Fres = 2m; + E{)t -+ 5EF 0 0my & _OFkm

2
/\ eeeeee M, (GeV) Omy (Mev)
| 120 26
| 200 9
- 500 1
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Application I1: peak of cross section

o cy|t1(0)[°

® olete” — tt)
peak

| C(0)[2 (1 +6e +6clP + ) x (1 + ol + ol + )

2 7H S 21 s t
o P (0) = v (0) 5RO [~ In (%G ) + 8]
» = 1pole cancels

® olete™ — tt) ~ o(ete” — tt)

peak

X
peak,LLO

(1— 0.243NL0 + 0.435xn1.0 — 0.2685a100 + 0% + 652 )

M, (GeV) 4\ 5\
120 0.067  0.036
200 0.034  0.011
500 0.009  0.002
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Conclusions

O(acays), M, dependent partto o(eTe™ — tt) threshold
795 to O(aas) (complete!)
2-loop matching coefficient (“M},”)

5mt < 30 MeV

H,aoq
00 peak

© o o o ©

can be of order 3%
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