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Higher-order corrections

QCD corrections are very significant for top-quark production processes

Soft-gluon corrections are important

and they approximate exact results very well

We calculate/resum these soft corrections at NNLL accuracy

for the double-differential cross section
- no prescription needed

Approximate NNLO (aNNLO) and N°LO (aN’LO) predictions

for cross sections and differential distributions
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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 34—s—|—t—|—u—Zm

At partonic threshold s4 — 0

ok
Soft corrections [ (84/mt)]
S4
_|_
For the order a? corrections £ < 2n — 1
Resum these soft corrections for the double-differential cross section

At NNLL accuracy we need two-loop soft anomalous dimensions
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Soft-gluon Resummation

moments of the partonic cross section with moment variable NV:

o(N) = f(d34/s) e Nsa/55(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)8gs

) 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

cusp angle § = cosh™!(p; - p;/ /pzzp?) and Tcusp = Zoo (%)n Fgﬁgp

n=1
One loop

rily = Cr(fcothf—1)

In terms of 8 = tanh(6/2) = 4/1 — 47?2 we have 6 = In [

(48 (-8
25 (1+P)

(14+8)
(1_5)] and

1] = —Cr (Lg+1)
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Two loops

K 1
rd = 5 TS, + 5CrCa {1 1 ¢o + 6% — cothf

93
(20 + 6% + — +Liz (1- 6_29>]

+ coth? 0

63
—(3 + (20 + 3 + 0 Lig (6_29) + Lig (6_29)] }
where K = C4(67/18 — (2) — 5n¢/9
Three loops (very long expression for C®))

r®  — o® 4 Eer0 L glr@ _Ero

cusp cusp [ cusp 2 cusp]

For ny =5

3) approx — 2 1
[{3) approx(3) = 0.092 B2 + 2.803 (L) (B)

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
rY = Cpll 7 ) — =
o= or|m(TeR) g

2 2 4
/ 2Di - Di 1 K
rd — 3) |1 J| _ = (1 —
( CrK ¥ |In R 5| TCOrCa7r(1-G)
1 3 (s 3 9
2 | + 9, & 9 7
+ CrCy [ 1 + 8C2 3 8C2C3 + 16C5]
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Top-antitop pair production

q t g t g t g t
>/7mzr< W

- y S R R R R — .
q t g t g t g t

At one loop for q7 — tt
ra?@ - plH o ra2) Z_F In (t_1> . or27 oy (t—1>
A uy “1

2,2

ol C t C sm<t

I—\QQ(l) — 1 — A I‘gi)s +4Cp In _1 _ A 1+ 1n t 1
22 20 p uq 2 ut

At two loops for qq — tt

qq (2 2 qq (2 K Ca qq (1 qq (2 K  Ca qq (1

1111( = IWgu)SP’ I112( ) = <_ - N21> 1112( ’ I121( ) = (_ T Nay I121( )
2 2 2 2

ag(2) _ K. q3(1) _Ca 2 _ K.

F22 o 2 F22 + (1 2C 1 1—‘<:usp 5 1—‘cusp

3 x 3 matrix for gg — tt
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Top-antitop pair production at aN3*LO with NNLL accuracy

pp->tt at LHC energies aN'LO m=172.5 GeV
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Top pr distributions in ¢t production
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Top quark p., distribution at LHC ~ aN'LO
mt=172.5 GeV H=m ,, m, 2mt
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Top pr distributions in ¢t production

Top quark p, distribution Tevatron §'%=1.96 TeVv m=172.5 GeV
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do/dp. (pb/GeV)

Top pr distributions in ¢t production
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Top quark p,. distribution at LHC S "=8 TeV m=172.5 GeV Top quark p,. distribution at LHC S =8 TeV m=172.5 GeV
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Top pr distributions in ¢t production
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Top rapidity distributions in ¢t production

e qeer s 3
Top rapidity distribution at LHC aN LO
mt=172.5 GeV U=mt/2, m, 2mt
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Top rapidity distributions in ¢t production

Top quark rapidity at Tevatron $"2=1.96 Tev m=172.5 GeV
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Top rapidity distributions in ¢t production

Normalized top rapidity distribution at LHC s'"?=8 Tev Normalized top rapidity distribution at LHC s'"=8 Tev
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Top rapidity distributions in ¢t production
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Top double-differential distributions in ¢¢ production

Top-quark double-differential distribution at 8§ TeV LHC
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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 mts3/2 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

Single-top t-channel aNNLO cross sections m=172.5 GeV
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Top pr distributions in t-channel production at the LHC

t-channel normalized top p,. distribution at LHC $'"=8 Tev t-channel normalized antitop p. distribution at LHC §'%=8 Tev
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Single-top s-channel production

At one loop

2 2 2
s(1) s — mj 1 s(1) _ CF t(t —my) s (1) _ t(t — my)
s T OF [1“<mtﬁ)‘5} | st‘z_wln(r 2 ) Ps21 T\ Ly

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
Fil(?)) — K,(S)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 aNNLO cross sections m=172.5 GeV
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Associated tIV production

b t b 44
; ; ANANNN
g W g t

At one loop

2 ¢t 1 C u — m?
'™ — cp i [ 2 S !
S o me/s 2 i 2 t —m?

At two loops
, W 1
FEW@) — 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+ tW" aNSLO Cross section mt=172.5 GeV
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Top p,. distribution in tW  production at LHC aN’LO m=173.3 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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ty production via anomalous couplings
(with Matthew Forslund)
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ty production via anomalous couplings

ge->ty at LHC aNNLO k=001
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tZ' production
(with Marco Guzzi)
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tZ' production
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tH~ production

Leading-order cross section for bg — tH ™~ o aos(m; tan® 8 4+ m7 cot® B)

ratio of vevs of two Higgs doublets
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tH~ production
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Summary

cross sections and distributions for top production
soft-gluon corrections

tt production at aN3LO

t-channel and s-channel single top at aNNLO

tW production at aN°LO

excellent agreement with collider data

tZ and tvy production via anomalous couplings

tZ' production in various models

tH~ at aNNLO and beyond

high-order corrections are very significant

N. Kidonakis. Top Quark Phusics at the Precision Frontier. Fermailab. May 2019

36



