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Top quark

1. The heaviest particle in standard model
2. Suitable for QCD perturbative calculations
3. Huge samples of top quarks at the LHC

4. Study of CKM matrix element

5. Search for new physics beyond standard model
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Top pairs production at hadron colliders



The need for higher order QCD corrections

QED a~0(0.01)
QCD  as~0(0.1) (1 >Agcp)

QED are more convergence
IN perturbation expansion than QCD



1. Two-loop master integrals for heavy-to-light
form factors of two different massive fermions

Massive quark decays to massive quark

(t —>b+WT(1+v),b—c+I1+ D)

Massive lepton decays to massive lepton

(W —e+v,+ Ve, T — i+ v +10,)
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Large logarithms will appear when calculating the
differential decay rates



Sample of Two-loop Feynman diagrams




All two-loop Iintegrals can be reduced to 40 master Integrals

Integration-By-Parts (IBP) reduction
( FIRE, Reduze, Kira-+')
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40 Master Integrals
Solid: Heavy; Dash solid: Light;
Thick: massless.
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Three scales: ssm1,m2



Calculations of Master Integrals

* Evaluating by Feynman Parameters

* Evaluating by Mellin-Barnes Integrals

: - /HOOd A+ 2 —g) i
X+7> TON2m ) oo e <55

* Sector Decompositions (Numeric Calculations)



Differential Equations (DE)
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Differential Equations In Canonical Form:

—

dF(r.y:€) = ed A(x.y) F(x.y:¢€)

A(z,y) = Ay In(z) + Ao In(z + 1)+ As In(x — 1) + Ay In(x +y) + A5 In(z —y)
+Ag In(zy+ 1)+ A7 In(ry — 1) + Ag In(y) + Ag In(y + 1) + Ao In(y — 1)
+ A In(2?y =20 +y) + A In(z? = 2y +1). (4.41)

A_1 are rational matrices
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Boundary Conditions
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Goncharov Polylogarithms

roodt
Garnn@) = | 7Crnn@ o
1 n
Gﬁn(a’:) — alog T .
Gay,.oam (T)Gby . b, (2) = Z Geyearnemin () -

cEalllb

A. B. Goncharov, Multiple polylogarithms, cyclotomy and modular complexes, Math. Res.
Lett. 5, (1998) 497-516, [arXiv:1105.2078].
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2. Three-Loop Heavy-to-light Form factors




Color-planar diagrams
(Leading Color Contribution)
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Integrals can be parameterized by

Im,ng,...,nlz

/ del dez deg
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D3 = —(k3 + p1)* + m*, Dy = — (k3 + p2)°,
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All integrals can be reduced to 71 Master Integrals
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3. A planar double box for top pair Hadron
Production in d-log form
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h=z—(y" +y—1), =2+ (Y +y—1),
=2~ (y" —y—1), h=z+ (Y —y—1),
ls=2—(y" —y+1), le=x+ @y —y+1),
Iy =2 —(y* =3y +1), ls = o+ (y" =3y +1),
lo=2"—[(y=3w+1 (V" +y+1), ho=2"—(y—ylyly+3) -2 -1,
lh =1y, o=y +1,
hs=y—1



Results:

Fsi = €[2Goo0(y) + ZGD( )| + €[ 517;4 5 (201,0(@!) +2G10(y) = 7Goo(y))
4G 1 000(y) — 1200,0,—1 o(y) — 4Gnnnn(y) +4Go0,1,0(y) + 8Go,1,00Y)
4G1,0,0,0(y) — 8Go00(y)G1(2) + an(’U)(W (3Go(21) —2G 1 (1) — 2G1(2))
— 6(Gé,0,0(21) Gl 10(21) T Go10(21) + Grpalz) + Gl 101) —GLap(1)

+ 2Go10(21) + 3G1,0,0(21) — Go,1(2) —3Gop0(21)) — 9C(3))} +O(e), (18)

+ o+



Thanks!



