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Soft-gluon corrections
partonic processes (in general 2 — n)

filp1) + f2 (p2) = t(p) + X
define s = (p1 +p2)?, t = (p1 — pt)?, u = (p2 — pt)? and s4 = s—I—t—I—u—p% —p?X
At partonic threshold s4; — 0

lnk(34/m%)
S4

Soft corrections { ] with £ < 2n — 1 for the order af 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 (single and double)
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Soft-gluon Resummation

moments of the differential partonic cross section with moment variable N:
d6(N) = [(dsa/s) e N4/ d5(sy)

factorized expression for the cross section in 4 — ¢ dimensions

,Ozs(uR)>

my
Npp

do P12 (N, = B () ST (

><¢1 (NlnuFae) ¢2 (NQMLLFve) H‘]<N7MF7€)

H{ih_)tX is hard function and S{}Ih_}tx is soft function

S£11_f2—>tX satisfies the renormalization group equation
0 0 tX tX tX tX tX
(“Rau—R P95, ) SLP Y — P s - s )
S

f1fo—tX
Fsl 2

Soft anomalous dimension controls the evolution of the soft function

which gives the exponentiation of logarithms of N
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Top-antitop pair production

pp->tt a LHC energies aN’LO m=172.5GeV
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Top-antitop pair production
I‘ng—)t{ is a 2 X 2 matrix while I‘%g_)t{ is a 3 X 3 matrix

At one loop for ¢ — tt (with s-channel singlet-octet color basis)

2 2
F(l)q@—)tf _ F(l) B F(l)q@—)tf _ “F In ‘- " F(l)q@—)tf = 2In i i
S11 - cusp 12 - w—m2 ] 21 - “ — m2
A t t
2 2 212
(1)qg—tf Ca \ .(1) t—my Ca smy (¢ —mi)
r = 1—-— — )| I + 4Cp In — —— |1+ 1In
22 ( QCF) cusp (u — m% 2 (u — m%)4
At two loops for q7 — tt
(2)gg—tt  _ (2) 8 (2)gq—tt _ B\ p(1ag—tt (2)gqg—tt _ B\ r(1ag—tt
Us11 = Tewspr Tho - (K2 —Ca N, ) T1o o Toy - (K2 TOaAN, ) Ta1
2
F(2aa—tt o (1)ag—tf Ca \ (p@ B _ . p(wpY , A
22 o 2722 +{1- E cusp =~ “*2% cusp + T(l —¢3)

2
where N25 _ i 1n2 1-8 + M Co — 1n2 1-F — Lig L
4 148 86 148 1+ 8)2

At three loops for qq7 — tt

3)qg—tt 1)qq—tt CA 3) B 1) B Ko o
PO e (1o 20 ) (e - ) + 2eda -

1 3 ¢ 3 9 T
3 - < 532 7 (3)gg—tt
+C'A( 4+8C2 s 8C2C3+16C5)+XS22

X (3)gg—tt

h
where X 5,

denotes unknown three-loop contributions from four-parton correlations

N. Kidonakis. EPS-HEP 2021. July 2021



Top double-differential distributions in ¢¢ production

Vo d’ol(dp, dY) (Gev™)

vo dol(dp, dY) (Gev™)

Normallzed double-dlfferentlal distribution at 8 TeV LHC
1725GeV  0<|Y|<0.35 p= mT with scale+ pdf variation
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Top double-differential distributions in ¢¢ production

Vo d’ol(dp, dY) (Gev™)

Vo d’ol(dp, dY) (Gev™)
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tWW production

At one loop
= n — = — 1n
S d mi/s ) 2 2 t —m2

At two loops

1
I,k(92)bg—>1f;W — K Pk(gl)bg—HtW + ZCFCAG — (3)

At three loops

1 1 3 3
P = Ky T 4 DK CpCa(1-Ga) +C0r O (—— + oG- .

9
, 3 gCQCS + EQB)
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o (pb)

tW production at high-energy colliders
(with Nodoka Yamanaka, arXiv:2102.11300)

pp->tW NLO and aNLO cross sections m=172.5 GeV

1500

1000

500

MSHT20 NLO pdf
1T I T I 1T I T I 1T I T I T I 1T I T I 1T

- —— NLO p=m,

i ——— NLO pzmtlz, 2mt "

I —.— aNLO p=m, 7]
| == aNLO p=m/2, 2m, .
—I Ll l L1 1 l Ll 1 1 l L1 1 l Ll 1 1 l Ll 1 1 l L1 1 l Ll 1 1 l Ll |
0 10 20 30 40 50 60 70 80 90

VS (TeV)

2000

1500

1000

o (pb)

500

010

pp ->tW  cross section H=m=172.5 GeV
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The aNLO cross section is a very good approximation to the complete NLO
result for all forseeable collider energies
— the soft-gluon corrections are dominant

The aNNLO and aN3LO corrections (at NNLL) are also significant
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tW +tW aN LO cross section mt:172.5 GeV
MSHT20 NNLO pdf with scale+pdf uncertainties
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The aN3LO cross section with scale and pdf (MSHT20) uncertainty is
at 13 TeV: 79.57 2179 pb at 14 TeV 94.0752172 pb
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Top-quark and W-boson distributions in tWW production

pp->tW  Top-quark p, distribution  vS=13 TeV pp->tW  Top-quark rapidity distribution VS=13 TeV
MSHT20 NNLO pdf p=m=1725 GeV MSHT20 NNLO pdf p=mz=172.5 GeV
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tqH, tqZ, tqvy, tq\V production

we consider processes bqg — tq' H as well as bqg — tq'Z, bqg — tq’'~v, bg — tqW —,
and use t-channel singlet-octet color basis

At one loop
/ t' (t — m?2) 1
I,‘(Slifq—)tq H _ Cp |In t .
mt33/2 2
/ 2
(1) bq—tq' H  _ Cp n u' (u — my)
S 12 2Ne s(s! — m%)
/ 2
~(1) bg—tq'H m [ (v —my)
S 21 S(S/ _ m%)
c(Wba—tg' B _ | t'(t — m3) N u’(u — m3) L Ne u/ (u = m3)
S 22 F mt33/2 2 Ne s(s’ —m%) 2 t/(t—m%)

Two-loop and three-loop result structure as in t-channel single top

Results also known for s-channel processes
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tqH production
(with Matthew Forslund, arXiv:2103.01228)

pp->tgH+tgH  p=m=1725GeV  m =125GeV
MSHT20 pdf at each order
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Summary

soft anomalous dimensions at three loops

top-antitop pair production

top-quark double-differential distributions in ¢t production
tW cross sections and top-quark, W-boson distributions
tqgH cross sections and top-quark distributions

soft-gluon corrections are dominant and
they are significant through aN°’LO
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