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W-boson R distribution at the LHC =13 and 14 TeV
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Figure 1: aNNLOW-boson (left) and&-boson (right)pr distributions at the LHC.

1. Introduction

Higher-order corrections are very significant f& and Z distributions at large transverse
momentumpr, as well as for single-top production cross sections@andistributions. Soft-gluon
contributions are an important and dominant part of theupleative corrections.

The soft-gluon terms in theth-order corrections involve logarithrign®(ss/p?)/s4], for
electroweak-boson production afiiak(s4/m@) /s4]. for single-top production, witk < 2n—1 and
s, the kinematical distance from partonic threshold. Thesecsorections have been resummed
at NNLL accuracy via the calculation of the corresponding-taop soft anomalous dimensions.
Approximate NNLO (aNNLO) differential cross sections h#ezn derived from the expansion of
the resummed expressions for electroweak-boson [1, 2]iagtegop [3—6] production.

2. W and Z production at large pr

The production oV andZ bosons is useful in testing the Standard Model and in estignat
of backgrounds to Higgs production and new physics. Theoperichannels at leading order are
A(Pa) +9(Pp) — W(Q) +a(pc) andq(pa) +q(p) — W(Q) +9(pc). We defines = (pa+ pv)?,
t=(pa— Q)% u=(pp— Q)% andsy = s+t +u— Q2. At thresholds, — 0 and the soft corrections
are of the form(In(s4/p?)/s4]+. The latest aNNLO results at NNLL accuracy have been derived

in [1].

We begin withW production at larggpr. We use MSTW2008 pdf [7] in our calculations. In
the left plot of Fig. 1 we show the aNNL®/-bosonpr distributions at the LHC at 13 and 14
TeV energies. They distributions fall rapidly as th@y of theW boson increases. The inset plot
displays the ratio of the results to the central NLO resule &serve the significant contribution
of the aNNLO corrections and the reduction of scale unaastait aNNLO.

We continue withZ production at largepr. In the right plot of Fig. 1 we show the aNNLO
Z-bosonpr distributions at LHC energies of 13 and 14 TeV. Our obseovatiregarding the size of
the corrections and the reduction of uncertainty at aNNL&tle same as fW production.
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aNNLO single-top cross sections +-scale&pdf =172.5 GeV t-channel top pdistribution at LHC aNNLO  w173.3 GeV
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Figure 2: (Left) Single-top aNNLO cross sections compared with LHE18, 15-19] and Tevatron [11]
data; (Right) aNNLQ-channel togpr distributions at LHC energies.

3. Single-top production

Single-top production can proceed via three partonic chiani\t lowest order, the-channel
partonic processes afe — ('t andgb — q't; thes-channel processes ayg — bt; and the associ-
atedtW production processes aog — tW—, and similarly for single antitop. NNLL resummation
for all these processes was performed in Refs. [3—6].

LHC | t | t | Total (pb)

8TeV | 559721+1.1 | 306+0.7"27 | 865M258+29
13TeV| 136735+3 827242 2183 +5
14TeV| 15471+3 94+2+2 2487512

Table 1: aNNLO single-top and single-antitégchannel cross sections with = 1733 GeV.

In Table 1 we show the single-top and single-antiteghannel production cross sections at
aNNLO at the LHC, as well as the total sum of the two. The firgtautainty is from scale variation
overm/2 < u < 2m while the second is from pdf errors with MSTW2008 NNLO pdf &8
C.L.[7].

Inthe left plot of Fig. 2 we plot the-channel total cross section as a function of collider energ
At 7 TeV LHC energy, we compare withichannel data from ATLAS [8] and CMS [9]. At 8 TeV
LHC energy we compare with ATLAS/CMS combinatiorchannel data [10]. Finally, at 1.96
Tevatron energy we compare with CDF/D0 combination data (e find excellent agreement of
theory with data for all collider energies.

The aNNLO ratioo(t)/o(t) = 1.82539 at 8 TeV which compares very well with the CMS
result 195+ 0.10+£0.19 [12]. Itis also in excellent agreement with the NNLO resul13].

We continue withi-channel aNNLQpy distributions [14]. In the right plot of Fig. 2 we display
the toppr distributions int-channel production at various LHC energies.

In Fig. 3 we display the top and antitqy distributions in single-top-channel production at
7 TeV LHC energy and compare with ATLAS data [8], finding goagmll agreement.
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t-channel top pdistribution at LHC aNNLO  m172.5 GeV t-channel antitop pdistribution at LHC aNNLO m172.5 GeV
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Figure 3. Top (left) and antitop (rightpr distributions int-channel production at 7 TeV LHC energy
compared with ATLAS data [8].

LHC | t | t Total (pb)

8 TeV | 3.75+0.07+0.13 | 1.90+£0.01+0.08 | 5.65+0.08+0.21
13 TeV| 7.07+0.13'333 | 4.104+0.05701% | 1117+0.18+0.38
14 TeV| 7.79+0.147337 | 4.57+0.05731% | 12354+0.1970%7

Table 2: aNNLO single-top and single-antit@channel cross sections with = 1733 GeV.

Next we discuss-channel production at the LHC. In Table 2 we show the singpeand
single-antitops-channel production cross sections at aNNLO at the LHC, disasé¢he total sum
of the two. The first uncertainty is again from scale varmatehile the second is from pdf errors
with MSTW2008 NNLO pdf at 90% C.L. [7].

In the left plot of Fig. 2 we plot thes-channel total cross section as a function of collider
energy. At 8 TeV LHC energy we compare with data from ATLAS][aBd CMS [16]. The data
from both experiments have much larger uncertainties thartheoretical prediction but are in
excellent agreement with it.

In the left plot of Fig. 4 we display new aNNLO results for tlog pr distributions ins-channel
production at LHC energies.

LHC tw- tW~ +tW* (pb)
8 TeV | 110+0.3+0.7 | 220+ 0.6+ 14
13 TeV | 3520+0.9°15 | 7040+1.8732
14TeV| 416+1.0'33 | 831+2075%

Table 3: aNNLOtW cross sections withh = 1733 GeV.

We continue with associaté@/ production at aNNLO at the LHC. In Table 3 we show tié
production cross sections at aNNLO at the LHC. The first uag®y is again from scale variation
while the second is from MSTW2008 [7] pdf errors.
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s-channel top pdistribution at LHC aNNLO m173.3 GeV
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Figure4: Top pr distributions in single-tog-channel production (left) and tW~ production (right).

In the left plot of Fig. 2 we plot théW total cross section as a function of collider energy.
At 7 TeV LHC energy, we compare wittW data from ATLAS [17] and CMS [18]. At 8 TeV
LHC energy we compare with ATLAS/CMS combination data [18Je find excellent agreement

of theory with data for both LHC energies. In the right plotFid. 4 we display the top-quani
distributions intW~ production at LHC energies.

4. FCNC top production

Finally, we consider FCNC top-quark production via anoraalgluon couplings. The partonic
processes are of the forgu — tg which involvet-u-g couplings. We considered these processes
beyond leading order and calculated the soft-gluon caomstat NLL accuracy in [20].

The ratio of the LO and aNLO cross sections at various chaiedes to the LO result with
U = m was shown in [20] at both 7 and 14 TeV LHC energies. It was foilnad the NLO soft-
gluon corrections are large and they reduce the scale depeadf the cross section. At both
energies the NLO soft-gluon corrections increase the L@xsection by around 60% for=m.

The reduction in scale variation ovex /2 < u < 2m is also very significant.

5. Summary

We have presented results for NNLL soft-gluon correctiamsefectroweak-boson and single-
top production. The aNNLO corrections are significant atlthEC and the Tevatron. There is
excellent agreement for single-top production with LHC deslatron data in all channels. Future
work will extend these results to more differential distions and aRLO.
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