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The tty process

First evidence at Tevatron in 2011
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The tty process

* First evidence at Tevatron in 2011

* First observation at the LHC in 2015
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The tty process

* First evidence at Tevatron in 2011 f)/
* First observation at the LHC in 2015 {

' L
* Probes the top-photon coupling

— test of Standard Model
- sensitive to new physics

Feynman diagrams generated with FeynGame



Latest experimental results

Combined
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Latest experimental results

Combined
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Latest experimental results

CMS 138 fb~' (13 TeV)
N L L L L L L L L
m  Measurement === Stat. unc. — Stat.+syst. unc.
— MG5+PYTHIAS8 Theory unc.
Combined | 4752 + 25(stat) + 63 (syst) ——
€ U¥| 4756 + 3.1 (stat) + 6.4 (syst) ————

€7€7| 1704 + 6.3 (stat) + 9.8 (syst) —e———
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Oty production = 32271% fb =322 £ 5 (stat) = 15(syst) fb

A@TLQS | 07y =793 + 38 fb = 793 + 5 (stat) *35 (syst) fb |

EXPERIMENT *Single-lepton and dilepton channels
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Theoretical predictions

NLO QCD

NLO QCD + top-quark decays
NLO QCD + parton shower
NLO QCD + EW corrections
NLO QCD + off-shell effects
Approximate NNLO

Complete NLO in top-quark pair production



Resummation

 Takes into account all orders in fisn,
the soft-gluon emission limit

* Factorization of the amplitude
close to kinematic threshold

* Factorization of the phase space
in Mellin space




Invariant mass threshold resummation

p )
2 log™ (1 — p
ﬁ_Q__>1 a2|:0g ( Ap)‘ jmézn_l
S l=p 14
Threshold variable J
/ do c+ico AN d&i. t Qh
STZ;HB Z/ﬂ omif i (N + 1) fny (N +1) djc;tB W), 2= S
i,]
d&l ¥ ] B S :
djé}zttB (N) = /dPSgTi" [Hij—}th(N)Uz’jﬁth(N + 1)Sz‘jﬁth (*‘—TS ((NC»_?I_ 1)2)
\ Ui ip(N + 1)] Ai(N +1)A;(N +1). /
) )
log™ (1 — ﬁ)] k
am _ PN cr log® N
[ L=p 14 ; )
. J

10



(
. @7 log™ ("
= — =1 "
=" ® 1-
\ Threshold variable
(" doyy oo AN
=2 | S N i (N
da-l ¥ - _ l= Q2
djc;ttB N) = /dPngr 'Hij—}th(N)Pijﬁth(N + 1,55 48 (GS ((N I 1)2))
L Uymin(N + D AN + 1A, (N 1) y
4 ™

Qg

L—p

] < Y crlogtN
+ k

11



Ingredients for NNLL resummation
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Ingredients for NNLL resummation
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Matching to NLO

fixed order + IES( ,0) __fixed order ( ,0)
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Matching to NLO
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Approximate NNLO corrections (aNNLO)

* Expansion in asof the NNLL cross section in Mellin space

. 2
* Keep only relative order o terms
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Setup

We use the same setup as ATLAS analysis:

* Default scale choice:

HR = HF = HO

Hr 1 > 2
o =5 = 5 2o /mi+ vk,
* Default PDF choice:
NNPDF3.0

e Default cuts:

py > 15 GeV
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Results
1o = Hr/2 NNPDF3.0

o [fb] +d0 —d0 }Cih — a;"f,}, /Jg};o
NLO  3.01(2)  +15.0% 14.1% .
NNLL 3.48(2)  +9.5% -10.0% 1.16
aNNLO 3.35(2)  +10.8% 11.0% 1.11

The higher-order soft-gluon corrections:
* Reduce the scale dependence by 5% (4% when keeping only NNLO)
* Their size is 16% of the NLO cross section (11% from NNLO)



1o = Hy/2 NNPDF3.0
Results olfb]  +do —do  Kip, = 01, /o1ty
NLO  3.01(2)  +15.0% 14.1% i
NNLL  3.48(2)  +9.5% -10.0% 1.16
aNNLO  3.35(2)  +10.8% 11.0% 1.11
NNPDEF3.0 t Hr/z
g ¢ M/2
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Comparison to ATLAS

| —— ATLAS

® NLO
aNNLO
¢ NNLL

| PREIMNERY |

dilepton channel
Vs =13 TeV
NNPDF3.0

Hp = H;fg

Odilepton [fb} +oo —d00
NLO 41.7 +9.6% -9.8%
NNLL 48.3 +6.5% -6.5%
aNNLO 46.5 +7.2% -7.2%
ATLAS 46.5 +7.1% -6.7%
NNLO __ NNLO _NLO
Ugilepton — }C?f’y Odilepton
NNLL _ 3 NNLL _NLO
O dilepton — }th’y O dilepton
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Comparison to ATLAS

® NNLL

9
| PREUIMNRY |
'%TLAS single-lepton channel
¢ NLO Vs =13 TeV
aNNLO NNPDF3.0
po = Hrp /2

Usingle-lepton {fb] +5J —00
NLO 257 +9.7% -10.1%
NNLL 297 +6.7%  -6.7%
aNNLO 288 +7.4%  -7.4%
ATLAS 290 +7.2%  -6.6%
aNNLO }CaNNLO NLO
Jsingle-leptcm tty 51ngle-lept on
NNLL }CNNLL NLO
Jsingle—leptun tty Elngle—lept on
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Comparison to ATLAS

9
| PREUIMNRY |
'%TLAS single-lepton channel
¢ NLO Vs =13 TeV
aNNLO NNPDF3.0
é NNLL Ho = Hr/2

Osingle-lepton {fb] +do —do
NLO 257 +9.7% -10.1%
NNLL 297 +6.7%  -6.7%
aNNLO 288 +7.4%  -7.4%
ATLAS 290 +7.2%  -6.6%
aNNLO }CaNNLO NLO
Jsingle-leptnn tty smgle-leptnn
NNLL }CNNLL NLO
JEiﬂglE—lEptDﬂ tty Elngle—leptnn
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Summary

* The inclusion of NNLL soft gluon corrections substantially reduces the dependence on
the scales (the theoretical uncertainty from scale variation is estimated to = 10%);

* Preliminary results that include NNLL soft gluon corrections bridge the gap between
the theoretical predictions and the experimental results.
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Summary

* The inclusion of NNLL soft gluon corrections substantially reduces the dependence on
the scales (the theoretical uncertainty from scale variation is estimated to = 10%);

* Preliminary results that include NNLL soft gluon corrections bridge the gap between
the theoretical predictions and the experimental results.

Outlook

 Completion of the comparison to ATLAS;

» Study of differential distributions.
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Summary

* The inclusion of NNLL soft gluon corrections substantially reduces the dependence on
the scales (the theoretical uncertainty from scale variation is estimated to = 10%);

* Preliminary results that include NNLL soft gluon corrections bridge the gap between
the theoretical predictions and the experimental results.

Outlook

* Completion of the comparison to ATLAS;

e Study of differential distributions.

Thant you!
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