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tty production

observation of tty events at 7, 8, 13 TeV collisions at the LHC

the cross section for ttv is sensitive to the top-quark charge and
any modifications of the t-v interaction vertex

QCD corrections at NLO are large and similar to t¢t production ~ 50%
electroweak corrections are smaller than 1%

the QCD corrections are dominated by soft-gluon emission

further improvement in theoretical accuracy by the

inclusion of higher-order soft-gluon corrections

— approximate NNLO (aNNLO) predictions
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Soft-gluon corrections
processes:  pp — tty
partonic processes at LO  a(pq) + b(py) — t(pt) + t(pz) + v(p~)
if an additional gluon is emitted with momentum p, in the final state
then we define the variable s4 = (p; + py + pg)? — (pz + p~y)?
At partonic threshold s; — 0

Ink (84/m%)
S4

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

Factorization and Resummation of these soft-gluon corrections
Soft anomalous dimension I'g ,;_,+z, controls the evolution of the soft function

two-loop results for I's 5,1z

Finite-order expansions — no prescription needed

Approximate NNLO (alNNLO) theoretical predictions
aNNLO = NLO + soft-gluon NNLO corrections
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Soft-gluon resummation

Ao —stiy = E /dwa dzp g /p(Zas BF) $p/p Ty, HF) A6 4 174 (545 BF)
a,b

~ s N
take Laplace transforms do& I~ (N) = dsp/s) e s4/s dé& . (s with N the transform variable
0

5 1
and ¢(N) = fo e~ N(A=2) 4(2) da

Then

dS o p—stiy (N) = @a/a(Na, LE) @b/b(Nb, LE) déab_ng{»y(N, KE)

Refactorization in terms of hard and soft functions
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Resummed cross section

Renormalization group evolution — resummation

s
xresum dp
d&ab—mffy(N) - exp § E;(Ni) | exp g 2/ T’Yz'/i(Ni)
) e
\/E/Nd
_ "
Xtr{Hab%ttfy (O‘s(\/g)> P exp [/ 7 F; ab—s ti~y (as(u))]
s \/E/Nd
- s M
XSab—)tf’y (as (?)) P exp [/ 7 I's ab—tty (O‘S(“))] }

The soft anomalous dimensions I's ;5 .z, are 2 X 2 matrices
while I's ;,_,;z, are 3 X 3 matrices

U's yg—tiy and I's 4,47, are known at one and two loops

Expansion of the resummed cross section and inversion to momentum space
— alNNLO corrections
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aNNLO cross sections for ¢ty production

pp->tty cross section pH=m=172.5 GeV pp->tty cross section H=m=172.5 GeV
MSHT20 NNLO pdf p yr>20 GeV isolated y MSHT?20 pdf at each order p, YT>20 GeV isolated y
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The NLO K-factors are large for all LHC energies
and the further aNNLO corrections are significant
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tty cross sections in pp collisions at the LHC, P~ T > 20 GeV, isolated v, MSHT20 NNLO pdf

o in pb 7 TeV 8 TeV 13 TeV 13.6 TeV 14 TeV

LO QCD 0.33370 (10 | 0.a78T0 197 | 1507000 [ 1771000 1.897 027
LO QCD+EW | 0.33570 00 | 0.a7970- 192 | 1607077 | 1.7870 0% 1.907 )58
NLO QCD 0.490J_F8:82§ 0.708—_i_8:822 2.49413:3?;) 2.761_8'3% 2,96458:?);
NLO QCD4+EW 0.485—_i_8:82:2)’ 0.705‘_“8:823 2.47f8'§§ 2.74f8:§g 2.94f8-§f;
aNNLO 0.547f8:83§ 0.789—_i_8:81:1) 2.744_“())'&2 3.04J_F8'§g 3.26f8'§$

Comparison with 13 TeV CMS data

CMS measure a cross section in dilepton decay channel of
175.2 + 2.5(stat) +6.3(syst) fb

which is compared to an NLO prediction (with scale + pdf uncertainty) of
155 4+ 27 fb

Our aNNLO result is 1731’%1@ fb which is much closer to the data
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do /dp, (fb/GeV)

Top-quark pr and rapidity distributions in ¢ty production

pp->tty top p, VS=13TeV p=m=172.5GeV
MSHT20 NNLO pdf ;> 20 GeV  isolatedy

pp->tty toprapidity VS=13TeV p=m=172.5GeV
MSHT20 NNLO pdf p, T > 20 GeV isolated y
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K-factors decrease
at larger top pr

250 300

K-factors are relatively flat
at central and small top rapidities
but increase at larger rapidities
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20

do /dp, (fb/GeV)

Top-quark pr and rapidity distributions in ¢ty production

pp->tty top p, VS=13.6TeV p=m=172.5GeV pp->tty toprapidity VS=13.6TeV p=m=172.5GeV
MSHT20 NNLO pdf p, > 20 GeV isolated y MSHT20 NNLO pdf p T > 20 GeV isolated y
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scale uncertainties in most of pr and rapidity range
are similar to those of the total cross section

a little smaller at large pr bigger at large rapidities
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Top-quark pr and rapidity distributions in ¢ty production

pp->tty top p, VS=14TeV p=m=172.5GeV pp->tty toprapidity VS=14TeV p=m=172.5GeV
MSHT20 NNLO pdf p, > 20 GeV isolated y MSHT20 NNLO pdf p, T > 20 GeV isolated y
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similar conclusions for all three energies
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Summary

tty production in high-energy pp collisions

NLO corrections for total cross section are large
and similar to tt

EW corrections are small

soft-gluon resummation and aNNLO corrections
further enhance the theoretical predictions

good agreement with 13 TeV data

aNNLO top pr and rapidity distributions
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