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Upshot:

NNLO QCD + NLO EW
corrections important
But do not fully explain
discrepancy



1

N(M,; > M ) @ 3ab™

109 ¢

10°

108 |
107}

108 b

10°

10*

103

102}

101

Tails of Tops

q

]

- Top palr productlon at. the HL LHC 14 TeV

T TS Rt T Rt S L - mt o .1.73 3 GV
z : | 5 iz HT/4
CT14 PDFs |

101;...:..._.:._

1()0

| | | | | |
1000 2000 3000 4900 5000 6000 7000 8000
M. [GeV]

* |-10% precision for My=5000-6000 GeV

N (pr(t) > Pl @ 3ab™!

=~

LU "

107}

107

108

10° |

108F .

103

10|

10}

Top palr productlon at the HL- LHC 14 TeV
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QCD precision for top talls

* |-10% precision for My=5000-6000 GeV * |-10% precision for p T1x=2000-2500 GeV
NINLO+NNLL" for top-pair production  [Czakon et.al,’18]
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-W corrections for top-pair production

L O L. O+ . Ooo [Giitschow, JML, Schénherr; '1 8]

PP tt (+ jet) at 13 TeV
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-W corrections for top-pair production

L O L. O+ . Ooo [Giitschow, JML, Schénherr; '1 8]

_pp— tt (+ jet) at 13 TeV
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e NLO EW: ~-5% at Mtt=2 TeV
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EVWV corrections: sgrtS dependence
S leV vs. |3 1eV

pp — tt at 8 and 13 TeV
1

1

_________

=R
o| O|
N R

e =
o| OI o|
a A~ W

(o)

8 TeV
---10
-——- NLOEW —

13 TeV

=
o|

=
o
ﬂ

[y
© |
Qo

[
O|
O

SHERPA+OPENLOOPS

H"JJ_LLLMJ IIIIllll| IIIIIlI]| IIIIIlI]| IIIIIlI]| IIIIIlIJI IIIIllll| IIIIIlI]| AT

[y

| [ I |||||m| IIIIIHl] Illlﬂﬂ] |||||m| |||||m| |||||m| IIIIIHl] Illlﬂﬂ] IIII:W|_—|'|Tmﬂ

o
o0

e — e — — —

Q
o}

0.4

H

@)

3 50 100

300

500 1000

e gg channel receives smaller EW

corrections in Sudakov limit

than gg channel,
at 1 TeV:

567?7 ~

g8
EW sud 1.5 5EW,sud

composition of total from gg vs
qq channels changes

— NLO EW correction changes
— effect still small
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EVWV corrections: sgrtS dependence
S leV vs. |3 1eV

pp — tf at 8 and 13 TeV
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Combination of QCD and EW corrections

Additive combination
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Difference between these two approaches indicates
size of missing mixed EVW-QCD corrections: few percent




Mixed QCD-EW uncertainties

pp s tf (+ieyat 13 Tev [ GUtSChow, ML, Schonherr; ' 8]
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Comparison with data
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* Incorporate approximate electroweak
QCD multijet merging (MEPS@NLO)
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/

-VW corrections In particle-level event generation

corrections iIn SHERPA's

B-function to Include NLO EW virtual corrections

S
optionally include subleading Born LO11(+LO()2)

v
Vn,EW((Dn) + In,EW(q)n) + Bn,mix(ch)

exact virtual contribution \

approximate integrated real contribution



EVV corrections In particle-level event generation

optionally include subleading Born |_O11(+|_O()2)

_ _ '
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exact virtual contribution \

[Gutschow, JML, Schonherr; "1 8] approximate integrated real contribution
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e additional LO multiplicities
inherit electroweak
corrections through
MENLOPS differential
K-factor

Hoche, Krauss, MS, Siegert
arXiv:1009.1127

e improved description of data
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e MEPS@NLO and NNLO agree within

uncertainties

e |largely reduced uncertainties at NNLO

® shape differences
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do/dp- [pb/GeV]

MEPS @ NLO vs. NNLO

[Czakon, |ML, et. al.," | 8]
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JTop-palr: oft-shell NLO EW
[Denner, Pellen; "1 6]
echnical challenge: full 2 =6 process,ie. pp = bb etvep—vy, @ NLO EW (¥)
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e O(2-5%) around top resonance
e possible relevance for top mass
measurements

* non-resonant configurations can berelevant
* well described by VWWWhbb approximation



Conclusions

e Theory predictions for differential top production very advanced:

NNLO QCD x NLO EW

e E\V corrections relevant for pl-tails (and eventually also Mtt)

e ttbar and ttbar+ | now known at NLO including all one-loop orders:

universal corrections observed

e [nclusion of approximate EW corrections in M

PS@NLO avallable

® [mproves data description for boosted top quarks already at 8 TeV
e MEPS@NLO vs. NNLO differences to be understood
e publically available in Sherpa-2.2.5 & OpenlLoops?2
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Scale setting

t
nw = mTQ( ) for the pr(t) distribution,
t _
NNLO no = mTQ( ) for the pr(t) distribution,
Hr 1 - C
o= =7 (mr(t) +mr(t)) for all other distributions,
1 /4
. for pr(t) 00 peore = 55~ By
In MEPS@NLO CKKW-scale with: H
mT T

for E(t) — oo and pr(t)/E(t) — 0 leore = —— ~v ——

1
1/ 11 2
Heore = 2 \'S | m%—f | m%—f& for E(t) — 0 Lhcore =—> —= \/7mtr\/—7




