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Soft-gluon corrections

partonic processes
fi(p1) + fo(p2) = t(pt) + X

define s = (p1 +p2)?, t = (p1 — pt)?, u = (p2 — pt)? and 54:s—}—t—|—u—2m2

At partonic threshold s4 — 0

In® (s4/m?)
sS4

Soft corrections { ] with k£ < 2n — 1 for the order o corrections
_|_

Resum these soft corrections for the double-differential cross section

At NNLL accuracy we need two-loop soft anomalous dimensions

At N3LL accuracy we need three-loop soft anomalous dimensions

Finite-order expansions-no prescription needed

Approximate NNLO (aNNLO) and N3LO (aN3LO) predictions

for cross sections and differential distributions
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Soft-gluon Resummation

moments of the partonic cross section with moment variable NV:

o(N) = f(d34/s) e~ Nsa/s5(sy)

factorized expression for the cross section in 4 — ¢ dimensions

,Ozs(uR)>

my
Npp

o2, = B (anln)) ST

X H Jin (N, ,LLF,E) H Jout (N, ,LLF,E)

f1fa—tX f1fa—tX
Hyp'* Str”

is hard function and is soft function

St 1 satisfies the renormalization group equation

0 0

(Mc’?_u +[3(gs)ags

) Str =T xSkr — Ser(Ts) k1

Soft anomalous dimension I'g controls the evolution of the soft function

which gives the exponentiation of logarithms of N
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Cusp anomalous dimension

A basic ingredient of soft anomalous dimensions

- n
cusp angle 0 = cosh™'(p; - p;//pip?) and  DTousp = D et (%) Pgﬁgp

One loop
i), = Cp(Ocothd—1)
In terms of 8 = tanh(6/2) = 4/1 — % we have 6 = In [gtgg] and

(48 (-

(1) _
: 28 (1+5)

cusp — C’F

1] = —Cr (Lg+1)
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Two loops

(2) _
1_‘cusp —

K
— T

1
> S 5CrCa {1 4 ¢y + 6% — cothd

93
(20 + 02 + — +Liz (1 — 6_29)]

+ coth? @

—(3 + (20 + § + 0 Lio (6_29) + Lig (6_29)] }

where K = C4(67/18 — (2) — 5nf/9

Three loops (very long expression for C®))

e _ 0B 4 KO _|_K[[‘(2) _Epu)]

cusp cusp cusp 9 —cusp

For ny =5

3) approx _ 2 1
[{3)approx(8) = 0.092 8% 4 2.803 (1) (8)

cusp
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Cusp anomalous dimension

Case where one line is massive and one is massless:
simpler expressions

If eikonal line i represents a massive quark and eikonal line j a
massless quark, then

2p; - pj 1
rv = ¢opll L) — =
o= o m(TeR) -5

2 2 4
2D: D 1 K
(3) _ (3) pPi-DPj ) _ -+ (1 _
IS CrK [ln ( s ) 2] + CrCa 1 (1—¢s)
1 3. ¢ 3 9
2| 1 9. G 9O Ea
+CrCy [ 1 + 8C2 2 8C2C3 + 16C5]
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Single-top production

Single-top cross sections  m=172.5 GeV
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Single-top t-channel production

q (q) ¢ (7)
W
b t
At one loop

(t—m2) 1 1 u(u—mz) N u(u—mz)
RS IO P (ki 2 I AP (ke ) " — 1t
S 22 F mt83/2 2 N s(s—m?) * 2 t(t—m%)

At two loops

t(2) _ g @pt @ 2 t(2) _ ')t 1)

s =K " lgq T 0rCall = ¢3), Fs12 =5 " lhgg
/ / 1

G- ROrE, @O s Lerean -

At three loops

Fg(ﬁ) _ K’<3>Fg<111> n %K@)CA“ _ gy +c®
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t-channel production at aNNLO with NNLL accuracy

100

o (pb)

10

Single-top t-channel aNNL O cross sections  m=172.5 GeV
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Single-top s-channel production

At one loop

2 2 2
s(1) _ ST My 1 3(1)_CF t(t—mt) s (1) t(t—mt)

2 2 2

s (1) s — mj 1 1 t(t—mt) N t(t—mt)
r =C In - = -—In| — —In| ——
S 22 F |: ( me/s > 2:| N (u(u — m%) i 2 s(s — m%)

At two loops

s(2) _ ' @ps () ! s(2) _ g/ (2)ps (1)
Pgip =& gy +79rCall = ¢3), sz =5 "' lg2
S / S S / S 1
115(221) =K (Z)Fs(zll) ’ 115(222) =K (2)FS(212) T ZCFCA(l —63)

At three loops
ril(?’) — K’(?’)Fil(l) 4 iK(2)0A(1 —¢g) +c®
2
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s-channel production at aNNLO with NNLL accuracy

Single-top s-channel aNNL O cross sections  m=172.5 GeV
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Associated tIV production

b t b W
ANANNN
g W g t

At one loop

2 _ ¢ 1 Ca u — m?
W = op |m [ 2 ey !
S o me/s 2 i 2 t —m?

At two loops
, W 1
FEW(Z) — K (2)Pg (1) + ZCFCA(I —(3)

At three loops

iV @ = KO0 4 KO0, - )+ 0O
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tW production at aN°LO with NNLL accuracy

W+ TtW" aN®LO cross section m=172.5 GeV
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tZ production via anomalous couplings

. 1 _ y
ALY = bz et (i/2) (Vv = Twyn) A FL" + hec.
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Aﬁeff

ty production via anomalous couplings

A

gu->ty a LHC
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tZ' production
(with Marco Guzzi)
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tH~ production
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Top-antitop pair production

q t g t g t g
>/7mzr< W
q t g t g t g
At one loop for g — tt
F‘i"li(l) _ F&)sp’ I‘(ig(l) — Z_F In (t_l) , rg‘lj(l) — 21n (t—l)
A u1 “1

_ c ¢ C
reqa (1) _ 1 ANV e[ ) - ZA 1o
22 QCF CuSp F ul 2

At two loops for qq — tt

qq (2)  _ (2) qz(2) _ (K Ca qq (1) qq (2) _ [ K
gt = lewspr i 77 (E_TN” IR S
qq (2)  _ K _q4q1) Ca (2) K (1)

1"‘22 = ;I—‘22 + (1 - E 1—‘cusp - ;FcuSp

3 X 3 matrix for gg — tt
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Top-antitop pair production at aN3*LO with NNLL accuracy
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Top pr and rapidity distributions in ¢t production

Top quark p, distribution & 13 TeV LHC ~ aN’LO Normalized top p, distribution at theLHC ~ S"’=13 Tev
mt:172.SGeV
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Top double-differential distributions in ¢¢ production

Top-quark double-differential distribution at 8 TeV LHC
m=172.5 GeV Y=0 p=m,
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Summary

soft-gluon corrections at three loops

t-channel and s-channel single top at aNNLO

tW production at aN°LO

tZ, ty, tZ', and tH~ production in new physics models
tt production at aN>LO

high-order corrections are very significant

excellent agreement with collider data
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