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Wtb Wtb

Prime process to test V-A structure 

Access to : 

Top-quark mass:  lineshape

As background with signature  + light

jets

γμPL

Vtb ∝ |Vtb|2

mbl

W , b
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1. non-decaying top, needs decay
(Brucherseifer, Caola, Melnikov '14)
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2. full calculation, "found discrepancy of ~1%"
(Berger, Gao, Yuan, Zhu, '16)

(NNLO corrections are ~1-2%)
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We found a difference of ~1% on the NNLO cross

sections. [...] It has not been possible to further pin

down the differences

— Berger, Gao, Zhu '17

“
”
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DIS

( , )fi xi μF
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Double DIS = DDIS

DDIS contraint at NLO: "Are PDFs still consistent with Tevatron data?"
(Sullivan '17)
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1. non-decaying top, needs decay
(Brucherseifer, Caola, Melnikov '14)

2. full calculation, same scale everywhere

"found discrepancy of ~1%"
(Berger, Gao, Yuan, Zhu, '16)

(NNLO corrections are ~1-2%)
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1. non-decaying top, needs decay
(Brucherseifer, Caola, Melnikov '14)

2. full calculation, same scale everywhere

"found discrepancy of ~1%"
(Berger, Gao, Yuan, Zhu, '16)

(NNLO corrections are ~1-2%)

Why is the same scale everywhere a problem?

18



Double DIS

μ²=Q²

μ²=Q²+mₜ²

19



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

20



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

21



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

NNLO B: Gaunt, Stahlhofen, Tackmann, Walsh '15

22



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

NNLO B: Gaunt, Stahlhofen, Tackmann, Walsh '15

NNLO J: Gaunt, Stahlhofen, Tackmann '14

23



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

NNLO B: Gaunt, Stahlhofen, Tackmann, Walsh '15

NNLO J: Gaunt, Stahlhofen, Tackmann '14

NNLO S: Campbell, Ellis, Mondini, Williams '17; Boughezal, Liu, Petriello '15

24



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

NNLO B: Gaunt, Stahlhofen, Tackmann, Walsh '15

NNLO J: Gaunt, Stahlhofen, Tackmann '14

NNLO S: Campbell, Ellis, Mondini, Williams '17; Boughezal, Liu, Petriello '15

above cut: crossed NLO W+jet

25



Three NNLO calculations

massless 1-jettiness

Gaunt, Stahlhofen, Tackmann, Walsh '15; Boughezal, Focke, Liu, Petriello '15

NNLO H: crossed qqV form factor: Gehrmann, Huber, Maitre '05

NNLO B: Gaunt, Stahlhofen, Tackmann, Walsh '15

NNLO J: Gaunt, Stahlhofen, Tackmann '14

NNLO S: Campbell, Ellis, Mondini, Williams '17; Boughezal, Liu, Petriello '15

−0.05

0.00

0.05

−5.0 −2.5 0.0 2.5 5.0
η

j,1

N
N

LO
 / 

LO
 ra

tio
 d
σ

dη
j,1 τl

cut

0.001

0.01

0.1

1.0

above cut: crossed NLO W+jet

26



Three NNLO calculations

"massive" jettiness

Korchemsky, Sterman '96; Akhoury, Rothstein '96, Bauer, Manohar '03; Bosch, Lange, Neubert, Paz ' 04;  Liu '11
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Three NNLO calculations

"massive" jettiness

Berger, Gao, Li, Liu, Zhu '16

"crossed"
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Three NNLO calculations

"massive" jettiness
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Three NNLO calculations + three NLOxNLO calculations

massless 1-jettiness

"massive" jettines

"c
ro
sse
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+ 3 NLO×NLO

+ 3 NLO×NLO

32



Three NNLO calculations + three NLOxNLO calculations

massless 1-jettiness

"massive" jettines

"c
ro
sse

d
"

+ 3 NLO×NLO

+ 3 NLO×NLO

33



Three NNLO calculations + three NLOxNLO calculations

massless 1-jettiness

"massive" jettines

"c
ro
sse

d
"

+ 3 NLO×NLO

+ 3 NLO×NLO

34



Three NNLO calculations + three NLOxNLO calculations

massless 1-jettiness

"massive" jettines

"c
ro
sse

d
"

+ 3 NLO×NLO

+ 3 NLO×NLO

35



After all of this...

full agreement with Berger, Gao, Zhu in extensive comparisons!

36



Identify discrepancy with Brucherseifer, Caola, Melnikov (BCM):
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Identify discrepancy with Brucherseifer, Caola, Melnikov (BCM):
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BCM
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 (LHC, typical �ducial cuts, DDIS scales)
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 (LHC, typical �ducial cuts, DDIS scales)
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Study of PDF consistency with DDIS in upcoming study!
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Study of PDF consistency with DDIS in upcoming study!

NNPDF30 NLO and NNLO consistent ✔

NNPDF31 NLO and NNLO consistent ✔

NNPDF30 and NNPDF31 differ by 12% (2% PDF uncertainty) ❌
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Study of PDFs discrepancies with DDIS in upcoming study!

NNPDF30 NLO and NNLO consistent ✔

NNPDF31 NLO and NNLO consistent ✔

NNPDF30 and NNPDF31 differ by 12% (2% PDF uncertainty) ❌

HERAPDF20 NLO and NNLO differ by 14% (2% PDF uncertainty) ❌
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Contributions
Calculation of t-channel single-top-quark production and decay at NNLO

Resolved discrepancies between previous two calculations

Large �ducial corrections make NNLO important

Double-DIS scales allow for unique PDF constraint

MCFM as top precision framework: NLO 4 �avor-scheme; NLO 5-�avor scheme off-shell + SMEFT

(Neumann, Sullivan '19); NNLO 5-�avor scheme
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Backup/Details
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Inclusively: Off-shell effects 
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NLO effects in the SMEFT are crucial
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