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Top-antitop pair production

QCD corrections are very significant for ¢t

Soft-gluon corrections are important
and they approximate exact results very well

Calculate/resum these soft corrections at NNLL accuracy
for the double-differential cross section

Approximate N°LO (aN3LO) predictions for cross sections are derived
by adding third-order soft corrections to fixed-order results

aN°LO = LO 4+ NLO + NNLO + approx N?LO corrections
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Top-pair cross sections at the LHC and the Tevatron
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aN3LO total tt cross sections + scale + pdf uncertainties
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Relative size of perturbative corrections
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Fractional contributions to the perturbative series for the tt cross section

corrections Tevatron 1.96 TeV LHC 7 TeV LHC 8 TeV LHC 13 TeV LHC 14 TeV
o) /o(® 0.236 0.470 0.476 0.493 0.496
o2 /(@ 0.106 0.178 0.177 0.172 0.170
o(33) /5(0) 0.068 0.066 0.059 0.045 0.043

5aN?LO /(0) 1.410 1.714 1.712 1.710 1.709

Higher-order corrections are sizable for total cross sections and
also for differential distributions

NNLO is not enough

aN?LO needed for precision physics
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Top quark pr distribution at the LHC
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Normalized top quark pr distribution at 7 TeV LHC

Normalized top p; distribution at the LHC =7 Tev

Normalized top p; distribution at the LHC =7 Tev
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Normalized top p; distribution at the LHC s"%=g Tev

Normalized top quark pr distribution at 8 and 13 TeV LHC

Normalized top p; distribution at the LHC s"%=g Tev
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Top quark rapidity distribution at the LHC

Top quark rapidity distributionat LHC aN’Lo
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Normalized top rapidity distribution at LHC S%=7 Tev

Normalized top quark rapidity distribution at the LHC
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Top quark pr and rapidity distributions at the Tevatron

Top quark p,. distribution at Tevatron 1.96 TeV aN’Lo
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Top forward-backward asymmetry at the Tevatron

o(yt > 0) —o(yy <0) Ao

ApB =

o(yg >0)+o(ys <0) o

large corrections: aN°LO/NNLO ratio is 1.05

Top-quark asymmetry at the Tevatron

aN®LO App % pp frame tt frame
QCD only 6.0+ 0.1 8.74 0.2
QCD+EW 6.8 + 0.3 10.0 £ 0.6
. U+, Ay)—o. . (A
Top differential Arpp: Abin — bin (AY) 7 Tpy, (AY) with

FB ol (Awto (Ay)
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Single-top partonic processes at LO

o t channel: ¢b — ¢'t and gb — 7t 12 7 (7)
dominant at Tevatron and LHC -

b t
e s channel: ¢¢ — bt q b
small at Tevatron and LHC W

_, .
e associated tW production: bg — tW ™~
very small at Tevatron, significant at LHC °? ¢

Y w
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Single-top cross sections

aNNLO single-top cross sections +-scale&pdf m=172.5 GeV
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Excellent agreement of theory with data for all three channels
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Single top t-channel production at aNNLO

MMHT2014 NNLO pdf LHC

m¢ = 173.3 GeV

+ scale + pdf errors

t t Total (pb)
13 TeV | 13872 4+ 2 | 8372 41 | 22112 +£3
14 TeV | 157F7 42 | 9572 £1 | 252190 +3

t-channel top p, distributionat LHC aNNLO m=173.3 GeV
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Single top t-channel aNNLO normalized pr distributions at the LHC

t-channel normalized top p; distribution at LHC aNNLO m=173.3 GeV

S L B S B B
10°F E
E — 14TeV ]
C ---- 13TeV ]
o~ o U FE P 8 TeV E
S - == 7TeV E
8 10°F .
4 f ]
Q - -
b - B
S
p 10°F 5
= E E
10° E > DS 3
Eooc e e ey i ]
0 100 200 300 400 500
p; top (GeV)
t-channel normalized top p; distributionat LHC aNNLO
0015 ———F—F—"F T T T
‘_I‘A
3 0010
e
g
S
[9)
o
S 0.005
0000t v v 1 4oy L

PR I
0 50 100 150 200
p; top (GeV)

t-channel normalized antitop p; distribution at LHC aNNLO m=173.3 GeV

Vo doldp, (Gev™)

Yo doldp, (Gev™)

S B B S S e R
10°F E
E — 14TeV E
N -—-- 13TeV ]
10°F E
w0'F E
10°F S E
E o 3
0 100 200 300 400 500
p; antitop (GeV)
t-channel normalized top+antitop p,. distribution at LHC aNNLO
0.015————T T
— 13Tev
+CMS
0.010 —
0.005 .
_ ; ]
T T T
0'OOOO 50 100 150 200 250 300
pr (Gev)

N. Kidonakis. ICHEP2016. Chicaoco. IL. Auagust 2016

15



(mt =173.3 GeV)

do/dp; (pb/GeV)

Single top s-channel production at aNNLO
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LHC t t Total (pb)
13 TeV | 7.15+£0.1372:1> | 4.1440.05+0.10 | 11.29 +0.18 & 0.26
14 TeV | 7.83+£0.14+£0.18 | 4.60+0.05+0.11 | 12.43+£0.19 £ 0.29
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Associated tW—

MMHT2014 NNLO pdf
m¢ = 173.3 GeV

+ scale + pdf errors

Top p; distribution in tW’ productionat LHC aNNLO m=173.3 GeV

production at aNNLO at the LHC

LHC tw— tW~ +tW™ (pb)
13 TeV | 36.3£0.94+0.9 | 72.6+1.841.8
14 TeV | 42.8+1.0+1.1 85.6 £ 2.0 + 2.2
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tH~ production

bg->tH aLHC aNNLO tan=30 p=m,
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Cusp anomalous dimension

L L <€

cusp angle 6 = cosh™!(v; - v, /4 /’U,L-Q’UJQ-) where v; are velocity vectors

o mn
cusp Z ( . )
n=1

r = Cp(fcothd —1)
(2) Koy, 1 2 s 03 . _20
I = ?F +§CFCA 1+ 2+ 6° —cothf | (20 +6 +§+L12(1_€ )

63

+coth? 6 | =3 + (20 + - oLz (6_2‘9) + Lis (6_29)

where K = C4(67/18 — (2) — 5nys/9

N. Kidonakis. ICHEP2016. Chicaoco. IL. Auagust 2016

)

19



o A <

r® — o® L erm i {p@) N 5[‘(1)}
2
where K' () = K™ /Cp

n-loop conjecture

n

— 1) ,
rn) (n 5 (k) (n—k+1)
kz_:l (k—1)! (n - k)!
rm — o +Z (n — 1)' — (k) pln—k+1)
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Cusp anomalous dimension Cusp anomalous dimension
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Numerical approximations with ny =5

P2 ox(B) = —0.38649 82 + 1.72704 T ()
T3 cox(B) = 0.09221 82 +2.80322 T (3)

with § = tanh(0/2)
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Summary

cross sections and distributions for t¢ through aN3LO
top quark pr and rapidity distributions

top quark forward-backward asymmetry
cross sections and distributions for single-top production
high-order corrections are very significant
excellent agreement with LHC and Tevatron data

cusp anomalous dimension at high orders

N. Kidonakis. ICHEP2016. Chicaoco. IL. Auagust 2016

29



