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Abstract: <span>| introduce a new

nonrelativistic effective field theory which systematically accounts for the finite lifetime effects in production of unstable
particles.<br>

The theory is applied to the threshold production of top quark-antiquark

pairs.</span>
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#® Top-antitop threshold production
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#® Top-antitop threshold production
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- first e QCD predictio
#® Experiment

# as clean as possible for a strongly interacting particle
#» Phenomenology

» most precise determination of top quarl

mass, width, vector couplings
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Pinnacle of modern effective field theory!

#® Apparent slow convergence

® Possible reasons:
» Renormalons n!(Boas)"

' 1
# Threshold logs ay In™ ag

Pirsa: 13030090 Page 8/36



# Resonant approximation
» complex energy shift E — E + il'y
(V.Fadin, V.Khoze, JETP Lett. 46 (1987) 525)
# not consistentin pPNRQCD beyond LO!
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Optical theorem:
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Optical theorem:
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Optical theorem:

. 3.
h;“rn'n o d p I
re.

2 = - - 3
/ (27)3 P2 —m E — ie

On-shell top:

! e ‘
3 p’__”',“_l__,__ ~ 0 p° — my E ).
n2 tE — ie

~

Pirsa: 13030090 Page 12/36



b

}T
Imaginary part of mass operator:
p=1—Mw/m, z= (p2 - rn;f'.l)__'.'u;," < |

il ki 3 22 -
M= =5 o —Shei. g f— . = Yolo ) E O s)
2 2 P p?

Pirsa: 13030090 Page 13/36



b

}T
Imaginary part of mass operator:

p= 1 — ,”u'__"ru," z = (p2 — fH,f]'..)_. .'Hf < 1
e T B 22 22
\\l}_.(') — —’ — —i H('—,:)—-—(—-———_)—)H(I:—‘]—-—C)(;J,‘)
l 7 2 2 P P-

Pirsa: 13030090 Page 14/36



Optical theorem:
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# Complex energy shift:

» LDyson resumm
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®» Breit-Wigner resonance
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# |nvariant mass distribution:
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» Complex energy shift:
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® On-shell t > on-shell W and b

# kinematical constraint J[ﬁ. < (pw +p,r,}") < m',-’
)

+ - - ‘) -
# natural cutoff on spatial momentum 0 < p* < pmg

o S[X]-Ty/2#0 fo p? # (0 = ’nonresonant”
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® On-shell t => on-shell W and b

® kinematical constraint A\["—’.l. < (pw + m)* < mf
.

o S e
# natural cutoff on spatial momentum 0 < p* < pmg

» Q] -T¢/2#0 for p*#0 = ’nonresonant’
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® On-shell t <> on-shell W and b

» kinematical constraint A\[ﬁ- < (pw +p,r,)2 < m',‘)
2

rr - 9 -
# natural cutoff on spatial momentum 0 < p* < pmg

s S[X]-T¢/2#0 fo p? # (0 = ’nonresonant”
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# On-shell t <> on-shell W and 0
» kinematical constraint J[ﬁ- < (pw +p,r,}3 < mf
# natural cutoff on spatial momentum 0 < p® < /)m;,"

» Q] -T¢/2#0 for p*#0 = ’nonresonant’

# Approximation p < 1
» nonrelativistic t and W, ultrarelativistic b
» expansion in p similar to pPNRQCD expansion in v* ~ E /my

» actual value p = 0.53. ..
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® Scales

» PNRQCD:

hard m; soft vmy ultrasoft 1'2/13,«
" RQCL

hard 1y p-soft [JI”‘";Q!H; p-ultrasoft  pmy
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® Scales

» PNRQCD:
7.
hard m; soft vmy ultrasoft v<my
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hard 1y p-soft [JI"‘";!!H; p-ultrasoft  pmy

#® Scale hierarchy and power counting
LA 1 /2 _
® PNRQCD scaling: Qe ~ g ~ v K 1, Ff/f”{ ~ Qo

» complimentary expansion in p with v < /)I-‘"f‘") < 1

» p-Coulomb terms r\,,,.,//)l"") s
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# Power counting
# resonant contribution SvV—FE —il'y ~v

‘)
# nonresonant contribution [ ~v°

# Calculation steps
treat I[X| — I'y/2 as a perturbation
the two-loop diagrams with t-W-b
expand in E [ pmy, expand in p <> single region left
t and W are p-potential, b is p-ultrasoft
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# |eading term of p-expansion
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# Convergence?
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diagram "j"
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p-leading diagrams

# Regions of gluon momentum
# (a) and (c) - hard, potential, p-potentia
# (b) and (d) - hard, p-soft
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# Diagram (d):

Crag
Es — [1+ 4
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# |eading term of p-expansion
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# |eading term of p-expansion
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» p-Coulomb te wl_\,//,l--z
» new type of logs In(E/pmy) ~ In(v*/p)
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# |eading term of p-expansion
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# Convergence?
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# Effective theory of pPNRQCD

» based on nonrelativistic expansio
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# Effective theory of pPNRQCD

~ S 7 { ~ + ~ 1 ~ ~
» Ldol i [ LI © C D
» Svstemat fe for finite
» B C
4 ~ | 4+ ~rntit -~ / ~F
Y { =i/ i
) "N TIMmMmizar T 7 - = 5 ~ T
L FAR WA W { { s A
~ & £ 4 B
S — e & [ = . ,f.

Pirsa: 13030090 Page 35/36



# Effective theory of pPNRQCD

» based on nonrelativistic expansion in p =1 — my /M
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» conceptually clear and aesthetically appealing
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