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Single-top production: 3 channels
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Single-top production: theory status, s- and tW-channel

s-channel:

NNLO QCD corrections in production and decay [Liu, Gao '18]

Inclusive corrections are ~5 % w.r.t. NLO

In low p, region, NNLO corrections can reach 10 %

No overlap of NLO and NNLO bands in most regions: NNLO corrections underestimated.
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tW-channel:

Approximate approaches used to infer higher-order
corrections [Kidonakis, Yamanaka 21]

NNLO QCD corrections not known yet (analytic 2-loop
amplitudes known [Chen, Dong, Li, Li, Wang, Wang 22])

o (pb)

[t

L

pp -> tW NLO and aNLO cross sections mt=1?2.5 GeV

500

MSHTZ0 NLO pdf
A REREE LN LR RN LS LU LU I L
1500 7
- —— NLO p=m
——— NLO p=m/2,Im
L |~ aNLO p=m, L
1000 -+~ aNLO p=m/2,2m, S

L i |- i B8 | Iilllilllll II
10 20 30 40 50 ﬁ-ﬂ'ﬁ.Tﬂ

VS (TeV)

MSHT2Z0 NNLO pdf p=m=1725 GeV

“-4 T L L L

'l I i i i i i i i i
150 200 250

i Il Il 'l 'l I 'l
50 100
Top Py (GeV)

Christian Brannum-Hansen

Non-factorisable contributions to single top production

= | T | | | | | I | [ | | | | | I T T
0.0s CT14nnlo PDFs — NNLO _
- u=m=1725GeV = " NLO -
- t —_— LO —
0.06/ —;1—1 N
|~ L |
0.04/— [ b 7L _
- [ [ -
- = _
B l—o-l- —e ' B
0.02— .. -
[ -L'_l ]
- LHC, 13 TeV, top quark - -
O_I L1 | L 1 1 | 1 1 1 | 1 | 1 | L 1 1 | L 11 | L1 | | 1 | | | L 1 1 |_:_\_T=
[ | |l I | L | [ | I | [ | L | T I I | L | T
1.6 77 NNLO/LO “SNLOLO  _
! r e NN
1.4+ Eééj"‘y’/: ;ﬁ&j RSN T '\5 \\\ =
111 | | 11 | | | 111 | L 11 | | 11 | [ | 111 | [ 11 | L1 ]

O 20 40 60 80 100 120 140 160 180 200

pT,top [GeV]
pp > tW  Top-quark p, distribution ~vS=13 TeV



Single-top production: theory status, t-channel (l)

Two types of topologies contribute to the t-channel, single-top production:
Factorisable contributions
Structure function approximation - crosstalk between guark lines neglected due to colour suppression

NLO QCD [Bordes, van Eijk '95] [Campbell, Ellis, Tramontano '04] [Cao, Yuan '05] [Cao, Schwienhorst, Benitez, Brock, Yuan '05]
[Harris, Laenen, Phaf, Sullivan, Weinzierl ‘02| [Schwienhorst, Yuan, Mueller, Cao '11]

NNLO QCD

First calculated for a stable top quark [Brucherseifer, Caola, Melnikov ’14]

Small effects on inclusive cross-section and on cross-section with p, ; cuts

MSTW2008, lo, nlo, nnlo PDF, pug=pur=m;=173 GeV @8 TeV

PL oLo, pb |onLo, Pb| dnLO |onNLO, PD|ONNLO

0 GeV | 53.875% | 55.175%5 | +2.4% | 54.2705 |—1.6%
20 GeV | 46.675> | 48.97.% | +4.9% | 48.37 (0. |—1.2%
40 GeV| 33.4*17 | 36.5195,| +9.3% | 365731 [—0.1%
60 GeV| 22.0772 | 25.0003 [+13.6%| 254705 |+1.6%
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Single-top production: theory status, t-channel (lI) ” d

| 24
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Non-factorisable corrections: why? (l)

Factorisable contributions Non-factorisable contributions

NLO
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Non-factorisable corrections: why? (li)

Non-factorisable contributions vanish at NLO due to their colour structure, and are suppressed by a factor N — 1 = 8 at NNLO.

However:
Factorisable predictions are already small, about a few percent
The actual size of NNLO non-factorisable corrections cannot be inferred from NLO contributions

Non-factorisable corrections could be enhanced by a factor 112 = 10 related to a Glauber phase

. -

p1 p3
* loop effect that, in principle, does not require a scattering to occur N _ TS i

real contribution
\ R

2
0:00—%(%) o1 + ...

virtual contribution

* shown for Higgs production in weak boson fusion in the eikonal approximation [Liu, Melnikov, Penin ’19]

; p ~ 40 GeV Vs ~ 300 GeV
> t

>
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Non-factorisable corrections: ingredients of the calculation (ll)

Non-factorisable contributions have to connect upper and lower quark lines and are effectively Abelian

Non-abelian Abelian

(3 5;’0’ .ﬂbf

The infrared structure is simplified: no collinear singularities

| 1
> > E,E(1 - cos0,,)

E,E(1 —cosd,,)
All IR singularities are of soft origin.
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Single top production: Results at 13 TeV (l)

Differential cross section:

pp collision:y/s = 13 TeV, PDFs: CT14 lo@LO, CT14 nnlo@NNLO  mw = 80.379GeV, m; = 173.0 GeV, ag(m;) = 0.108, pr = my

0pp—>X+t

1 pb

oy(Ug) )2

— 117.96 + 0.26 (
0.108

Non-factorisable corrections are 0.227 0= % LO for juz=m..

Theoretical uncertainties are estimated through scale variation: iz € [m,/2, 2m,].
Unclear optimal scale choice: non-factorisable corrections appear for the first time at NNLO - no indication from lower orders.
For uz=40 GeV (typical momentum transfer scale of top quark) non-factorisable corrections are 0.35 % LO.

In comparison, NNLO factorisable corrections to NLO cross section are around 0.7 %.
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Single top production: Results at 13 TeV (ll)

Differential cross section:

pp collision:\/s = 13TeV, PDFs: CT14 lo@LO, CT14 nnlo@NNLO
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- Non-factorisable corrections are p'i dependent.

- Non-factorisable corrections are small and negative at low values of "

- They vanish at p, ~ 50 GeV (in agreement with results for virtual corrections)
- Factorisable corrections vanish around p% ~ 30 — 40 GeV

- Factorisable and non-factorisable corrections are comparable in the region

around the maximum of the pﬂ distribution.
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Results at 100 TeV

Differential cross section:

pp collision: /s = 100 TeV PDFs: CT14_lo@LO, CT14_nnlo@NNLO  my, = 80.379 GeV, m; = 173.0 GeV, ag(m;) = 0.108, ur = my

O o ( ) 2
pp— X+t Hp
— 2367.0 + 3.8 ( ; )
1 pb 0.108
Non-factorisable corrections are 0.16 % LO for pz=m..
p', peaks around 40 GeV, changes sign around 70 GeV. . f 977 e
3 - 9.88 - "
For .z =40 GeV non-factorisable corrections are 0.25 % LO. 2 10-  om i
E : ES—I—NNLO non-fact. - 1:;0 | 1:10
.E == =40 GeV
o Scale variation m;/2 to 2m,
HR = My ur = 40 GeV 2 oo -
Ptcut JOLO (Pb) U-I'I};LD (pb) ONNLO [G?ﬂ] ﬂ-;fNLD (pb) ONNLO [0}'{;1] é . r_“_l__i.....
43 0 I
0GeV  2367.02 |3.79°06  0.16°09 | 5095 0.25 = | 00% - o
0 —— o T
20 GeV  2317.03 | 3.89 E“E%‘ 0.17 E“E”} 6.11 0.26 £ o o
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Recent work on non-factorisable VBF Higgs production
presented in arxiv:2305.08016

Differential cross section:

pp collision: /s = 13 TeV, PDFs: NNPDF31-nnlo-as-118 my = 125.0 GeV, my = 80.398 GeV, mz = 91.1876 GeV, ag(mz) = 0.118
x107°
1O o R NNPDF31_ nnlo_ as 118
5 : | LHC, 13 TeV, fiducial cuts
m m IR N S A S
Onf = —3.11b PR = fiF = —H\/ L4 pl g U e
2 4 ’ < . | | | |
8 0.0 L : : '
Non-factorisable corrections are 0.5 % of factorisable through NNLO t— 050 T
Double-virtual accounts for 99.99 % due to strong suppression of other 2y R I A - - -
contributions within fiducial volume el — FLG5E) . Fllm(als)
— F(...|5) — ()
For ur=pr scale variation is O(40) 7% 20b o R 107T R () 1075 -
- oosf S — B
E 0.00 — ——
s | | |
g -oosf ] | G

50 100 150 200 250
p.,j, [GeV]

[Asteriadis, Brannum-Hansen, Melnikov 23]
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Thank you for your attention!
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