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� Measure of top-Higgs Yukawa coupling → New Physics.

� It is 2 → 3 process, new area for resummation.

� NLO: ~10% scale uncertainty.

� NNLO: not available yet.

� Eagerly awaited measurement at LHC Run 2
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Run 1 results for the signal strength �		 � �		/�	, ��:

~2σ excesses 



� 3 particles in the final state 5 independent 
Mandelstam variables
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Color channels:

Octet

Singlet

Antisym. octet

Sym. octet
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Beenakker et. al (2001,03):  hep-ph/0107081, hep-ph/0211352, 
Reina et. al (2001-03): hep-ph/0107101, hep-ph/0109066, hep-ph/0211438, hep-ph/0305087
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~!"%

Beenakker et. al, hep-ph/0211352
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Kulesza, Motyka, TS, Theeuwes JHEP 1603 (2016) 065

Broggio, Ferroglia, Pecjak, Signer, Yang, JHEP 1603 (2016) 124 

� Direct QCD: NLO+NLL for absolute threshold #̂ → 2%& '%( )

� SCET: NLO + (NNLL at NNLO) for invariant mass threshold
#̂ → *& ' *&̅ ' *( )

� Direct QCD: NLO+NLL for invariant mass threshold

Kulesza, Motyka, TS, Theeuwes PoS LHCP2016 (2016) 084

Broggio, Ferroglia, Pecjak, Yang, JHEP 1702 (2017) 126

� SCET: NLO + NNLL for invariant mass threshold

Here:

� Direct QCD: NLO+NNLL for invariant mass threshold

Kulesza, Motyka, TS, Theeuwes arXiv:1704.03363
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Partonic amplitude:

Invariant mass of //̅0 state
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Invariant mass threshold:

. → 1

Resummation of terms:

% 1 22 3 1456 log: 1 3 .
1 3 . ;
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Large logarithms:

. � -)
#̂

456 log:< ,

Sterman 1987

�= <, Π � ? �.
,

@
	.AB,	� ., Π

Mellin transform:

456 log: 1 3 .
1 3 . ;

, < → ∞	DEF%*GHIJ. → 1

Next-to-Next-to-Leading Logarithmic (NNLL) resummation.



� Factorization in the Mellin space:
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Soft collinear, collinear
contributions 
(initial partons)

Hard part (contains 
NLO contribution)

Soft wide angle

Soft anomalous dimension ( 2-loop )

where:

boundary condition for evolution of 
soft matrix
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Soft collinear, collinear
contributions

LO cross-section
(matrix in color space)

color
matrix

All contributions constant in < (from hard 
and soft parts). It is averaged over colors.
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where:

(previous slide)



NLO calculated using aMC@NLO J. Alwall et. al, arXiv:1405.0301

PDF4LHC15 pdf set used J. Butterworth et al., arXiv: 1510.03865
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� � �� � � 
Two choices of central scale:

�@ � %& '%(/2 �@ � Q
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�@ � %& '%(/2 �@ � Q



� Changing �� and � independently:
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Estimate error using
minD… J and maxD… J
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20% reduction of the scale error for �@ � %& '%(/2

23% reduction of the scale error for �@ � -
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� We applied direct QCD resummation technique for //̅0
production.

� The resummation is applied at invariant mass threshold, 

up to NNLL accuracy.

� We reduced the scale uncertainty of the theoretical 

prediction for total cross section by ~20% (comparing to 

NLO).

� The NLO+NNLL result is much more stable with respect 

to the scale variation than the NLO.
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