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Status of computations

• With respect to the presentation of April:

• tH numbers unchanged, can be considered as final. 

• For tH in the t-channel: scale/scheme uncertainties are slightly larger than 
other results in literature, but consistent with YR4. Relative position of 4FS 
and 5FS change: effect of PDF4LHC combination? 

2

744

Table 235: Cross sections for t-channel tH and t̄H production at the 13 TeV LHC.

MH[GeV] �tH+t̄H [fb] KQCD Scale+FS [%] ↵S [%] PDF [%] PDF+↵S [%] �tH [fb] �t̄H [fb]

120.0 77.31 1.19 +6.7 �14.6 ±1.2 ±3.5 ±3.7 50.86 26.43

120.5 77.11 1.19 +6.7 �14.8 ±1.2 ±3.5 ±3.7 50.71 26.33

121.0 76.84 1.19 +6.7 �14.7 ±1.2 ±3.5 ±3.7 50.47 26.23

121.5 76.48 1.19 +6.6 �14.7 ±1.2 ±3.5 ±3.7 50.24 26.13

122.0 76.14 1.19 +6.7 �14.7 ±1.2 ±3.5 ±3.7 50.11 26.02

122.5 75.81 1.19 +6.6 �14.6 ±1.2 ±3.5 ±3.7 49.85 25.90

123.0 75.52 1.19 +6.6 �14.8 ±1.2 ±3.5 ±3.7 49.72 25.84

123.5 75.23 1.19 +6.6 �14.9 ±1.2 ±3.5 ±3.7 49.47 25.75

124.0 74.99 1.19 +6.6 �15.1 ±1.2 ±3.5 ±3.7 49.30 25.60

124.1 74.71 1.19 +6.6 �14.6 ±1.2 ±3.5 ±3.7 49.35 25.59

124.2 74.77 1.19 +6.6 �14.7 ±1.2 ±3.5 ±3.7 49.25 25.58

124.3 74.81 1.19 +6.5 �14.9 ±1.2 ±3.5 ±3.7 49.15 25.56

124.4 74.77 1.20 +6.6 �14.9 ±1.2 ±3.5 ±3.7 49.18 25.57

124.5 74.59 1.19 +6.6 �14.9 ±1.2 ±3.5 ±3.7 49.14 25.53

124.6 74.52 1.19 +6.6 �14.7 ±1.2 ±3.5 ±3.7 49.04 25.49

124.7 74.48 1.19 +6.6 �14.8 ±1.2 ±3.5 ±3.7 49.01 25.49

124.8 74.48 1.20 +6.6 �14.9 ±1.2 ±3.5 ±3.7 48.98 25.46

124.9 74.47 1.20 +6.6 �15.1 ±1.2 ±3.6 ±3.7 48.94 25.42

125.0 74.25 1.20 +6.5 �14.9 ±1.2 ±3.5 ±3.7 48.89 25.42

125.09 74.26 1.19 +6.5 �14.7 ±1.2 ±3.5 ±3.7 48.89 25.40

125.1 74.26 1.19 +6.5 �14.7 ±1.2 ±3.5 ±3.7 48.89 25.40

125.2 74.32 1.20 +6.5 �15.0 ±1.2 ±3.5 ±3.7 48.87 25.40

125.3 74.30 1.20 +6.6 �14.9 ±1.2 ±3.6 ±3.8 48.81 25.38

125.4 74.14 1.20 +6.6 �14.9 ±1.2 ±3.6 ±3.7 48.79 25.34

125.5 74.07 1.20 +6.6 �15.0 ±1.2 ±3.5 ±3.7 48.77 25.34

125.6 74.09 1.20 +6.5 �15.2 ±1.2 ±3.6 ±3.7 48.75 25.32

125.7 74.01 1.20 +6.5 �15.0 ±1.2 ±3.6 ±3.7 48.70 25.31

125.8 73.90 1.20 +6.5 �15.0 ±1.2 ±3.6 ±3.7 48.65 25.30

125.9 73.70 1.20 +6.6 �14.8 ±1.2 ±3.5 ±3.7 48.57 25.30

126.0 73.75 1.19 +6.5 �15.0 ±1.2 ±3.6 ±3.7 48.58 25.27

126.5 73.53 1.20 +6.5 �14.9 ±1.2 ±3.6 ±3.8 48.37 25.16

127.0 73.29 1.20 +6.5 �15.1 ±1.2 ±3.6 ±3.8 48.20 25.11

127.5 73.04 1.20 +6.5 �15.1 ±1.2 ±3.6 ±3.8 48.07 24.99

128.0 72.77 1.20 +6.5 �15.1 ±1.2 ±3.6 ±3.8 47.93 24.91

128.5 72.44 1.20 +6.4 �15.0 ±1.2 ±3.6 ±3.8 47.65 24.81

129.0 72.23 1.20 +6.4 �15.1 ±1.2 ±3.6 ±3.8 47.55 24.74

129.5 72.03 1.20 +6.4 �15.2 ±1.2 ±3.6 ±3.8 47.34 24.66

130.0 71.84 1.20 +6.4 �15.3 ±1.2 ±3.6 ±3.8 47.23 24.59
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Table 234: Cross sections for t-channel tH and t̄H production at the 8 TeV LHC.

MH[GeV] �tH+t̄H [fb] KQCD Scale+FS [%] ↵S [%] PDF [%] PDF+↵S [%] �tH [fb] �t̄H [fb]

120.0 19.59 1.14 +7.4 �16.0 ±1.4 ±4.4 ±4.6 13.37 6.22

120.5 19.49 1.14 +7.4 �16.0 ±1.4 ±4.4 ±4.6 13.30 6.19

121.0 19.38 1.14 +7.4 �16.0 ±1.4 ±4.4 ±4.6 13.25 6.16

121.5 19.29 1.14 +7.4 �16.1 ±1.4 ±4.4 ±4.6 13.15 6.13

122.0 19.21 1.14 +7.4 �16.1 ±1.4 ±4.4 ±4.6 13.10 6.11

122.5 19.11 1.14 +7.4 �16.3 ±1.4 ±4.4 ±4.6 13.02 6.08

123.0 19.02 1.14 +7.3 �16.3 ±1.4 ±4.4 ±4.6 12.99 6.05

123.5 18.92 1.14 +7.3 �16.2 ±1.4 ±4.4 ±4.6 12.93 6.03

124.0 18.87 1.15 +7.3 �16.4 ±1.4 ±4.4 ±4.6 12.86 5.99

124.1 18.82 1.15 +7.3 �16.3 ±1.4 ±4.4 ±4.6 12.84 5.99

124.2 18.81 1.15 +7.3 �16.4 ±1.4 ±4.4 ±4.6 12.85 6.00

124.3 18.78 1.15 +7.3 �16.4 ±1.4 ±4.4 ±4.6 12.84 5.99

124.4 18.76 1.15 +7.3 �16.3 ±1.4 ±4.4 ±4.6 12.82 5.97

124.5 18.78 1.15 +7.2 �16.4 ±1.4 ±4.4 ±4.6 12.81 5.97

124.6 18.75 1.15 +7.3 �16.4 ±1.4 ±4.4 ±4.6 12.78 5.97

124.7 18.75 1.15 +7.3 �16.5 ±1.4 ±4.4 ±4.6 12.78 5.96

124.8 18.71 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.76 5.95

124.9 18.70 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.77 5.95

125.0 18.69 1.15 +7.3 �16.5 ±1.4 ±4.4 ±4.6 12.73 5.95

125.09 18.66 1.15 +7.3 �16.6 ±1.4 ±4.4 ±4.6 12.72 5.95

125.1 18.66 1.15 +7.3 �16.6 ±1.4 ±4.4 ±4.6 12.72 5.95

125.2 18.66 1.15 +7.3 �16.6 ±1.4 ±4.4 ±4.6 12.74 5.94

125.3 18.64 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.70 5.92

125.4 18.62 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.69 5.93

125.5 18.62 1.15 +7.2 �16.6 ±1.4 ±4.4 ±4.6 12.68 5.92

125.6 18.57 1.15 +7.2 �16.6 ±1.4 ±4.4 ±4.6 12.66 5.92

125.7 18.55 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.66 5.91

125.8 18.56 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.64 5.90

125.9 18.54 1.15 +7.2 �16.5 ±1.4 ±4.4 ±4.6 12.65 5.90

126.0 18.52 1.15 +7.2 �16.6 ±1.4 ±4.4 ±4.7 12.62 5.90

126.5 18.44 1.15 +7.2 �16.8 ±1.4 ±4.4 ±4.7 12.56 5.87

127.0 18.36 1.15 +7.2 �16.4 ±1.4 ±4.4 ±4.7 12.49 5.85

127.5 18.28 1.15 +7.1 �16.8 ±1.4 ±4.4 ±4.7 12.45 5.82

128.0 18.20 1.15 +7.1 �16.8 ±1.4 ±4.4 ±4.7 12.42 5.79

128.5 18.13 1.16 +7.1 �16.8 ±1.4 ±4.5 ±4.7 12.36 5.79

129.0 18.04 1.16 +7.1 �16.8 ±1.4 ±4.5 ±4.7 12.30 5.75

129.5 17.96 1.16 +7.1 �16.8 ±1.4 ±4.5 ±4.7 12.26 5.72

130.0 17.87 1.16 +7.1 �16.9 ±1.4 ±4.5 ±4.7 12.19 5.71
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13.0 124.60 76.17 +6.5
�15.0 1.8 1.2

13.0 125.00 76.04 +6.4
�15.9 1.8 1.2

13.0 125.09 75.99 +6.4
�16.1 1.8 1.2

13.0 125.38 75.79 +6.4
�15.1 1.8 1.2

13.0 125.60 75.67 +6.4
�15.8 1.8 1.2

13.0 126.00 75.53 +6.4
�15.5 1.8 1.2

13.6 124.60 85.79 +6.4
�16.4 1.7 1.2

13.6 125.00 85.38 +6.4
�15.5 1.7 1.2

13.6 125.09 85.34 +6.3
�15.5 1.7 1.2

13.6 125.38 85.10 +6.3
�15.6 1.7 1.2

13.6 125.60 85.00 +6.3
�16.0 1.7 1.2

13.6 126.00 84.86 +6.3
�15.8 1.7 1.2

14.0 124.60 92.22 +6.3
�15.8 1.7 1.2

14.0 125.00 92.02 +6.3
�15.0 1.7 1.2

14.0 125.09 91.89 +6.3
�14.9 1.7 1.2

14.0 125.38 91.72 +6.3
�16.2 1.7 1.2

14.0 125.60 91.75 +6.3
�16.0 1.7 1.2

14.0 126.00 91.32 +6.3
�15.4 1.7 1.2

Table 3: Predictions for the process tH + t̄H, t-channel.

which appear at NLO. The central value of the renormalisation and factorisation scales is

set to

µ
0
R,F =

mH +mt +mW

2
. (2.3)

The scale-variation uncertainty is computed by considering the envelope of the nine-point

scale variations (obtained varying µ
0
R,F

by a factor 2 up and down).

References

[1] L. Reina and S. Dawson, Next-to-leading order results for t anti-t h production at the
Tevatron, Phys. Rev. Lett. 87 (2001) 201804, [hep-ph/0107101].

[2] L. Reina, S. Dawson and D. Wackeroth, QCD corrections to associated t anti-t h production
at the Tevatron, Phys. Rev. D 65 (2002) 053017, [hep-ph/0109066].

[3] S. Dawson, L. H. Orr, L. Reina and D. Wackeroth, Associated top quark Higgs boson
production at the LHC, Phys. Rev. D 67 (2003) 071503, [hep-ph/0211438].

[4] S. Frixione, V. Hirschi, D. Pagani, H. S. Shao and M. Zaro, Weak corrections to Higgs
hadroproduction in association with a top-quark pair, JHEP 09 (2014) 065, [1407.0823].

[5] Y. Zhang, W.-G. Ma, R.-Y. Zhang, C. Chen and L. Guo, QCD NLO and EW NLO
corrections to tt̄H production with top quark decays at hadron collider, Phys. Lett. B 738

(2014) 1–5, [1407.1110].

– 6 –

(4FS: 68.25) New numbers (PDF4LHC21)3.1.2 NLO QCD+EW predictions

We proceed to the computation of total cross sections at NLO QCD+EW accuracy, without
selecting t-channel diagrams; s-channel and tWh contributions are retained as explained in
Sec. 2.2. Inclusive results for the processes that we consider in this work, tHj, tZj and t`

+
`
�
j,

are shown in Tab. 1, using the settings described in Sec. 2. The two dilepton invariant mass
cuts for t`

+
`
�
j will allow us to investigate the impact of EW corrections and compare this to

the result for the undecayed tZj process.

Accuracy Channel FS tHj tZj

NLOQCD t-ch.

4FS 68.1(1)
+2.7(+4.0%)
�4.5(�6.6%)

+0.4(+0.5%)
�0.4(�0.5%) 764(1)

+33(+4.3%)
�48(�6.2%)

+3(+0.4%)
�3(�0.4%)

5FS 71.3(1)
+5.2(+7.2%)
�1.7(�2.4%)

+0.3(+0.5%)
�0.3(�0.5%) 805(1)

+45(+5.5%)
�8(�1.0%)

+3(+0.4%)
�3(�0.4%)

5FS
scale
4�5 71.3(1)

+5.2(+7.2%)
�7.7(�10.9%)

+0.3(+0.5%)
�0.3(�0.5%) 805(1)

+45(+5.5%)
�89(�11.1%)

+3(+0.4%)
�3(�0.4%)

NLOQCD
t-ch., s-ch.,

tWh

5FS 85.1(2)
+5.4(+6.4%)
�2.3(�2.7%)

+0.5(+0.6%)
�0.5(�0.6%) 895(2)

+46(+5.1%)
�16(�1.8%)

+4(+0.4%)
�4(�0.4%)

5FS
scale
4�5 85.1(2)

+6.2(+7.2%)
�9.2(�10.9%)

+0.5(+0.6%)
�0.5(�0.6%) 895(2)

+50(+5.5%)
�99(�11.1%)

+4(+0.4%)
�4(�0.4%)

NLOQCD+EW
t-ch., s-ch.,

tWh

5FS 82.2(2)
+5.6(+6.8%)
�2.4(�2.9%)

+0.5(+0.6%)
�0.5(�0.6%) 904(2)

+42(+4.7%)
�19(�2.1%)

+4(+0.4%)
�4(�0.4%)

5FS
scale
4�5 82.2(2)

+5.9(+7.2%)
�8.9(�10.9%)

+0.5(+0.6%)
�0.5(�0.6%) 904(2)

+50(+5.5%)
�100(�11.1%)

+4(+0.4%)
�4(�0.4%)

Accuracy Channel FS t`
+
`
�
j (“inclusive”) t`

+
`
�
j (Z-peak)

NLOQCD t-ch.

4FS 80.2(2)
+3.7(+4.6%)
�5.0(�6.2%)

+0.3(+0.4%)
�0.3(�0.4%) 70.9(2)

+3.1(+4.3%)
�4.4(�6.2%)

+0.3(+0.4%)
�0.3(�0.4%)

5FS 84.0(1)
+4.7(+5.6%)
�0.9(�1.0%)

+0.3(+0.4%)
�0.3(�0.4%) 75.0(1)

+4.2(+5.6%)
�0.8(�1.0%)

+0.3(+0.4%)
�0.3(�0.4%)

5FS
scale
4�5 84.0(1)

+4.7(+5.6%)
�8.7(�10.4%)

+0.3(+0.4%)
�0.3(�0.4%) 75.0(1)

+4.2(+5.6%)
�8.5(�11.3%)

+0.3(+0.4%)
�0.3(�0.4%)

NLOQCD
t-ch., s-ch.,

tWh

5FS 93.7(2)
+4.9(+5.2%)
�1.7(�1.8%)

+0.4(+0.4%)
�0.4(�0.4%) 83.4(2)

+4.3(+5.1%)
�1.5(�1.8%)

+0.4(+0.4%)
�0.4(�0.4%)

5FS
scale
4�5 93.7(2)

+5.2(+5.6%)
�9.7(�10.4%)

+0.4(+0.4%)
�0.4(�0.4%) 83.4(2)

+4.6(+5.6%)
�9.4(�11.3%)

+0.4(+0.4%)
�0.4(�0.4%)

NLOQCD+EW
t-ch., s-ch.,

tWh

5FS 89.6(2)
+5.1(+5.7%)
�1.7(�1.9%)

+0.4(+0.4%)
�0.4(�0.4%) 77.2(2)

+4.9(+6.3%)
�1.5(�1.9%)

+0.3(+0.4%)
�0.3(�0.4%)

5FS
scale
4�5 89.6(2)

+5.0(+5.6%)
�9.3(�10.4%)

+0.4(+0.4%)
�0.4(�0.4%) 77.2(2)

+4.3(+5.6%)
�8.7(�11.3%)

+0.3(+0.4%)
�0.3(�0.4%)

Table 1: Total cross-section for tHj, tZj and t`
+
`
�
j production. The uncertainties are scale

and PDF of the form ± absolute (± relative in %). The first number in parentheses after the
central value is the absolute statistical error.

For each process, in the first block we show results for the t-channel mode in the 4FS and 5FS
at NLO in QCD. The 4FS and 5FS combined results, denoted as 5FSscale

4�5
, are obtained from the

combination of the 4FS and 5FS uncertainties as described in detail in Sec. 2.1. In the second
block we show the NLOQCD and NLOQCD+EW results in the 5FS including all the contributions
(t-ch., s-ch., and tWh-assoc.). In both cases we show first the pure 5FS result and then the
5FSscale

4�5
result. The latter is obtained using the 5FS central value, but now assigning as scale

uncertainty the rescaled scale-uncertainty from the NLO QCD combination between 4FS and
5FS in the t-channel only case, the result in the third line of the first block. The NLOQCD+EW

prediction in the 5FSscale

4�5
is at the moment the most precise and accurate prediction and should
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ttH:

• NNLO QCD + NNLL soft + complete NLO EW. First individual results 
available

• Out of the 3 set of numbers (two NNLL+NLO+EW, and the NNLO+EW), 
we want to have a single reference cross section

• NNLL I Broggio et al, 1907.04343;  
NNLL II Kulesza et al, 2001.030301;  
NNLO Catani et al, 2210.07846

• Two possibilities discussed: 

• Use the NNLO+EW, but with proper referencing also to the resummation 
results, which are useful to estimate MHOU

• Obtain the NNLO+NNLL+EW prediction with proper additive matching

• The two NNLL collabs. volunteered to provide the ingredients for the 
matched predictions
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ttH@NNLO+NNLL
(very preliminary)

• Additive matching:

• First results (thanks A. Kulesza; only QCD, only scale unc.)
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Outlook

• Complete the combination for ttH and provide final reference numbers

• Write ttH WG note, possibly published on some journal
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