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RECENT DEVELOPMENTS IN THE GGF SUB-GROUP

▸ Note on large pT Higgs boson cross sections 

▸ Inclusive cross sections for heavy Higgs bosons 

▸ Heavy flavour effects in PS 

▸ Uncertainties in STXS

CURRENT SUBGROUP WORK

See talk tomorrow by Jonathon Mark Langford and Syed Haider Abidi



NOTE ON LARGE PT HIGGS BOSON CROSS SECTIONS

CURRENT SUBGROUP WORK

https://arxiv.org/pdf/2005.07762.pdf
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NOTE ON LARGE PT HIGGS BOSON CROSS SECTIONS

CURRENT SUBGROUP WORK

▸ Predictions for Higgs boson transverse momentum distribution 
with pt >400 GeV 

▸ Comparison of currently best fixed order predictions and MC 
generators 
 
 
 

https://arxiv.org/pdf/2005.07762.pdf
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PRODUCING HEAVY SCALAR BOSONS
▸ Production Cross Sections similar to Standard Model Higgs

CURRENT SUBGROUP WORK

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBSMAt13TeV

mH 6= mS
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▸ Use Standard Model Higgs computations to predict cross section. 
Current HXWG Twiki:

▸ Extend range to mH=5 TeV. 

▸ More comprehensive explanation.

Tools:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBSMAt13TeV
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBSMAt13TeV


PRODUCING HEAVY SCALAR BOSONS
▸ Production Cross Sections similar to Standard Model Higgs

CURRENT SUBGROUP WORK

Yukawa  
to top quark

Yukawa  
to top/bottom quark

Yukawa to  
top + EWK boson

Dim-5 EFT to gluons



PRODUCING HEAVY SCALAR BOSONS
▸ Production Cross Sections similar to Standard Model Higgs

CURRENT SUBGROUP WORK

Yukawa  
to top quark

Dim-5 EFT to gluons

▸ Heavy top quark EFT works in the limit of infinite top quark mass. 

▸ Effectively an expansion in m2
H

4m2
t
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Known at N3LO in QCD Known at NLO in QCD



H+HEAVY FLAVOUR

CURRENT SUBGROUP WORK

gg ! H + b̄b
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▸ Producing Higgs Boson along side b-jets 

▸ Background for HH production  

▸ Background for ttH production  

▸ Treat quarks massless? (4 vs 5 flavour scheme) 

▸ PS uncertainties? 

▸ What is the best prediction for Run II?  

▸ How do we go beyond YR4? 



H+HEAVY FLAVOUR

CURRENT SUBGROUP WORK

gg ! H + b̄b
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▸ NLO gluon fusion contributions:
[Deutschmann,Maltoni,Wiesemann,Zaro:1808.01660]

� = Y 2
t �tt + YbYt�tb + Y 2

b �bb
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▸ PS for bbH: a lot already exists (see also YR4) 

▸ Sherpa: 

▸ Powheg:  

▸ MG5: 1409.5301

1509.05843

1612.04640

https://arxiv.org/pdf/1808.01660.pdf
https://arxiv.org/pdf/1808.01660.pdf
https://arxiv.org/pdf/1409.5301.pdf
https://arxiv.org/pdf/1409.5301.pdf
https://arxiv.org/pdf/1509.05843.pdf
https://arxiv.org/pdf/1509.05843.pdf
https://arxiv.org/pdf/1612.04640.pdf
https://arxiv.org/pdf/1612.04640.pdf


MIXED QCD ELECTROWEAK CORRECTIONS 
RECENT DEVELOPMENTS

▸ LO EWK corrections: 
2-Loops 

▸ Missing NLO-QCD corrections 
cause 1 % uncertainty on total XS. 

▸ What is the impact of missing  
QCD/EWK corrections on  
differential distributions? 

▸ Y ? 

▸ PT ? 
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[Dulat, Lazopoulos, BM,18]

https://arxiv.org/abs/1802.00827
https://arxiv.org/abs/1802.00827


MIXED QCD ELECTROWEAK CORRECTIONS 
RECENT DEVELOPMENTS

[Becchetti,Bonciani.DelDuca,Hirschi,Moriello,Schweitzer, 2010.09451]

▸ (Dominant) Light-Quark contributions computed: 

▸ Contribution to inclusive cross section: 

▸ Reduction of residual uncertainty: 

▸ Very compatible with previous estimates!
�(EWK)

<latexit sha1_base64="cAjFa2qKDI68vX4zxAejsIgiAyg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LIgheKtgPaELZbKft0s0HuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh8LrtC2v43C2vrG5lZxu7Szu7d/YB6WWypKJIMmi0QkOz5VIHgITeQooBNLoIEvoO2Pb2Z++wmk4lH4iNMYvIAOQz7gjKKWembZ7YNAWnURJpjetu+zs55ZsWv2HNYqcXJSITkaPfPL7UcsCSBEJqhSXceO0UupRM4EZCU3URBTNqZD6Goa0gCUl85vz6xTrfStQSR1hWjN1d8TKQ2Umga+7gwojtSyNxP/87oJDq68lIdxghCyxaJBIiyMrFkQVp9LYCimmlAmub7VYiMqKUMdV0mH4Cy/vEpa5zXHrjkPF5X6dR5HkRyTE1IlDrkkdXJHGqRJGJmQZ/JK3ozMeDHejY9Fa8HIZ47IHxifP4V8lBY=</latexit><latexit sha1_base64="cAjFa2qKDI68vX4zxAejsIgiAyg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LIgheKtgPaELZbKft0s0HuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh8LrtC2v43C2vrG5lZxu7Szu7d/YB6WWypKJIMmi0QkOz5VIHgITeQooBNLoIEvoO2Pb2Z++wmk4lH4iNMYvIAOQz7gjKKWembZ7YNAWnURJpjetu+zs55ZsWv2HNYqcXJSITkaPfPL7UcsCSBEJqhSXceO0UupRM4EZCU3URBTNqZD6Goa0gCUl85vz6xTrfStQSR1hWjN1d8TKQ2Umga+7gwojtSyNxP/87oJDq68lIdxghCyxaJBIiyMrFkQVp9LYCimmlAmub7VYiMqKUMdV0mH4Cy/vEpa5zXHrjkPF5X6dR5HkRyTE1IlDrkkdXJHGqRJGJmQZ/JK3ozMeDHejY9Fa8HIZ47IHxifP4V8lBY=</latexit><latexit sha1_base64="cAjFa2qKDI68vX4zxAejsIgiAyg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LIgheKtgPaELZbKft0s0HuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh8LrtC2v43C2vrG5lZxu7Szu7d/YB6WWypKJIMmi0QkOz5VIHgITeQooBNLoIEvoO2Pb2Z++wmk4lH4iNMYvIAOQz7gjKKWembZ7YNAWnURJpjetu+zs55ZsWv2HNYqcXJSITkaPfPL7UcsCSBEJqhSXceO0UupRM4EZCU3URBTNqZD6Goa0gCUl85vz6xTrfStQSR1hWjN1d8TKQ2Umga+7gwojtSyNxP/87oJDq68lIdxghCyxaJBIiyMrFkQVp9LYCimmlAmub7VYiMqKUMdV0mH4Cy/vEpa5zXHrjkPF5X6dR5HkRyTE1IlDrkkdXJHGqRJGJmQZ/JK3ozMeDHejY9Fa8HIZ47IHxifP4V8lBY=</latexit><latexit sha1_base64="cAjFa2qKDI68vX4zxAejsIgiAyg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LIgheKtgPaELZbKft0s0HuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh8LrtC2v43C2vrG5lZxu7Szu7d/YB6WWypKJIMmi0QkOz5VIHgITeQooBNLoIEvoO2Pb2Z++wmk4lH4iNMYvIAOQz7gjKKWembZ7YNAWnURJpjetu+zs55ZsWv2HNYqcXJSITkaPfPL7UcsCSBEJqhSXceO0UupRM4EZCU3URBTNqZD6Goa0gCUl85vz6xTrfStQSR1hWjN1d8TKQ2Umga+7gwojtSyNxP/87oJDq68lIdxghCyxaJBIiyMrFkQVp9LYCimmlAmub7VYiMqKUMdV0mH4Cy/vEpa5zXHrjkPF5X6dR5HkRyTE1IlDrkkdXJHGqRJGJmQZ/JK3ozMeDHejY9Fa8HIZ47IHxifP4V8lBY=</latexit>

1 % 0.57 % 

�EWK/�NLO-HEFT
<latexit sha1_base64="nz7GoChjX47A3n6jhYl1EolA7M8=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK40JqIoMuiVAqKVugLmhAm00k7dPJg5kYsIT/hxl9x40IRt4I7/8bpY2GrBy4czrmXe+9xI84kGMa3lpmbX1hcyi7nVlbX1jfym1sNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3+xdBv3lMhWRjUYBBR28fdgHmMYFCSkz+wJOv62EksoA+QlJtXaXo0rd1c3x5Wype1NHXyBaNojKD/JeaEFNAEVSf/ZXVCEvs0AMKxlG3TiMBOsABGOE1zVixphEkfd2lb0QD7VNrJ6KtU31NKR/dCoSoAfaT+nkiwL+XAd1Wnj6EnZ72h+J/XjsE7sxMWRDHQgIwXeTHXIdSHEekdJigBPlAEE8HUrTrpYYEJqCBzKgRz9uW/pHFcNI2ieXdSKJ1P4siiHbSL9pGJTlEJVVAV1RFBj+gZvaI37Ul70d61j3FrRpvMbKMpaJ8/N6qfcA==</latexit><latexit sha1_base64="nz7GoChjX47A3n6jhYl1EolA7M8=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK40JqIoMuiVAqKVugLmhAm00k7dPJg5kYsIT/hxl9x40IRt4I7/8bpY2GrBy4czrmXe+9xI84kGMa3lpmbX1hcyi7nVlbX1jfym1sNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3+xdBv3lMhWRjUYBBR28fdgHmMYFCSkz+wJOv62EksoA+QlJtXaXo0rd1c3x5Wype1NHXyBaNojKD/JeaEFNAEVSf/ZXVCEvs0AMKxlG3TiMBOsABGOE1zVixphEkfd2lb0QD7VNrJ6KtU31NKR/dCoSoAfaT+nkiwL+XAd1Wnj6EnZ72h+J/XjsE7sxMWRDHQgIwXeTHXIdSHEekdJigBPlAEE8HUrTrpYYEJqCBzKgRz9uW/pHFcNI2ieXdSKJ1P4siiHbSL9pGJTlEJVVAV1RFBj+gZvaI37Ul70d61j3FrRpvMbKMpaJ8/N6qfcA==</latexit><latexit sha1_base64="nz7GoChjX47A3n6jhYl1EolA7M8=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK40JqIoMuiVAqKVugLmhAm00k7dPJg5kYsIT/hxl9x40IRt4I7/8bpY2GrBy4czrmXe+9xI84kGMa3lpmbX1hcyi7nVlbX1jfym1sNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3+xdBv3lMhWRjUYBBR28fdgHmMYFCSkz+wJOv62EksoA+QlJtXaXo0rd1c3x5Wype1NHXyBaNojKD/JeaEFNAEVSf/ZXVCEvs0AMKxlG3TiMBOsABGOE1zVixphEkfd2lb0QD7VNrJ6KtU31NKR/dCoSoAfaT+nkiwL+XAd1Wnj6EnZ72h+J/XjsE7sxMWRDHQgIwXeTHXIdSHEekdJigBPlAEE8HUrTrpYYEJqCBzKgRz9uW/pHFcNI2ieXdSKJ1P4siiHbSL9pGJTlEJVVAV1RFBj+gZvaI37Ul70d61j3FrRpvMbKMpaJ8/N6qfcA==</latexit><latexit sha1_base64="nz7GoChjX47A3n6jhYl1EolA7M8=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK40JqIoMuiVAqKVugLmhAm00k7dPJg5kYsIT/hxl9x40IRt4I7/8bpY2GrBy4czrmXe+9xI84kGMa3lpmbX1hcyi7nVlbX1jfym1sNGcaC0DoJeShaLpaUs4DWgQGnrUhQ7LucNt3+xdBv3lMhWRjUYBBR28fdgHmMYFCSkz+wJOv62EksoA+QlJtXaXo0rd1c3x5Wype1NHXyBaNojKD/JeaEFNAEVSf/ZXVCEvs0AMKxlG3TiMBOsABGOE1zVixphEkfd2lb0QD7VNrJ6KtU31NKR/dCoSoAfaT+nkiwL+XAd1Wnj6EnZ72h+J/XjsE7sxMWRDHQgIwXeTHXIdSHEekdJigBPlAEE8HUrTrpYYEJqCBzKgRz9uW/pHFcNI2ieXdSKJ1P4siiHbSL9pGJTlEJVVAV1RFBj+gZvaI37Ul70d61j3FrRpvMbKMpaJ8/N6qfcA==</latexit>

5.4%
5.4%
5.2%
5.1%

Soft Approx for mixed QCD/EWK:

MW ! 1
<latexit sha1_base64="ZEYpwJUgGRMPXt4bQq093/lYKK0=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiFy9CBfsBTQib7aZdutmE3YkSQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWp4Boc59taWl5ZXVuvbFQ3t7Z3du29/bZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHQ98TsPTGmeyHvIU+bHZCB5xCkBIwX24W3Q8RQfDIEolTxij8sI8sCuOXVnCrxI3JLUUIlmYH95/YRmMZNABdG65zop+AVRwKlg46qXaZYSOiID1jNUkphpv5ieP8YnRunjKFGmJOCp+nuiILHWeRyazpjAUM97E/E/r5dBdOkXXKYZMElni6JMYEjwJAvc54pRELkhhCpubsV0SBShYBKrmhDc+ZcXSfus7jp19+681rgq46igI3SMTpGLLlAD3aAmaiGKCvSMXtGb9WS9WO/Wx6x1ySpnDtAfWJ8/dDyVyw==</latexit><latexit sha1_base64="ZEYpwJUgGRMPXt4bQq093/lYKK0=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiFy9CBfsBTQib7aZdutmE3YkSQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWp4Boc59taWl5ZXVuvbFQ3t7Z3du29/bZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHQ98TsPTGmeyHvIU+bHZCB5xCkBIwX24W3Q8RQfDIEolTxij8sI8sCuOXVnCrxI3JLUUIlmYH95/YRmMZNABdG65zop+AVRwKlg46qXaZYSOiID1jNUkphpv5ieP8YnRunjKFGmJOCp+nuiILHWeRyazpjAUM97E/E/r5dBdOkXXKYZMElni6JMYEjwJAvc54pRELkhhCpubsV0SBShYBKrmhDc+ZcXSfus7jp19+681rgq46igI3SMTpGLLlAD3aAmaiGKCvSMXtGb9WS9WO/Wx6x1ySpnDtAfWJ8/dDyVyw==</latexit><latexit sha1_base64="ZEYpwJUgGRMPXt4bQq093/lYKK0=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiFy9CBfsBTQib7aZdutmE3YkSQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWp4Boc59taWl5ZXVuvbFQ3t7Z3du29/bZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHQ98TsPTGmeyHvIU+bHZCB5xCkBIwX24W3Q8RQfDIEolTxij8sI8sCuOXVnCrxI3JLUUIlmYH95/YRmMZNABdG65zop+AVRwKlg46qXaZYSOiID1jNUkphpv5ieP8YnRunjKFGmJOCp+nuiILHWeRyazpjAUM97E/E/r5dBdOkXXKYZMElni6JMYEjwJAvc54pRELkhhCpubsV0SBShYBKrmhDc+ZcXSfus7jp19+681rgq46igI3SMTpGLLlAD3aAmaiGKCvSMXtGb9WS9WO/Wx6x1ySpnDtAfWJ8/dDyVyw==</latexit><latexit sha1_base64="ZEYpwJUgGRMPXt4bQq093/lYKK0=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiFy9CBfsBTQib7aZdutmE3YkSQsG/4sWDIl79Hd78N27bHLT1wcDjvRlm5oWp4Boc59taWl5ZXVuvbFQ3t7Z3du29/bZOMkVZiyYiUd2QaCa4ZC3gIFg3VYzEoWCdcHQ98TsPTGmeyHvIU+bHZCB5xCkBIwX24W3Q8RQfDIEolTxij8sI8sCuOXVnCrxI3JLUUIlmYH95/YRmMZNABdG65zop+AVRwKlg46qXaZYSOiID1jNUkphpv5ieP8YnRunjKFGmJOCp+nuiILHWeRyazpjAUM97E/E/r5dBdOkXXKYZMElni6JMYEjwJAvc54pRELkhhCpubsV0SBShYBKrmhDc+ZcXSfus7jp19+681rgq46igI3SMTpGLLlAD3aAmaiGKCvSMXtGb9WS9WO/Wx6x1ySpnDtAfWJ8/dDyVyw==</latexit>

MW ! 0
<latexit sha1_base64="j0US3Rz6x//MLkFOeOsEU4R2kjA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRixehgv2ANoTNdtMu3eyG3UmlhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0oFN+B5305pbX1jc6u8XdnZ3ds/cA+PWkZlmrImVULpTkQME1yyJnAQrJNqRpJIsHY0up357THThiv5CJOUBQkZSB5zSsBKoeveh+2e5oMhEK3VE/ZCt+rVvDnwKvELUkUFGqH71esrmiVMAhXEmK7vpRDkRAOngk0rvcywlNARGbCupZIkzAT5/PIpPrNKH8dK25KA5+rviZwkxkySyHYmBIZm2ZuJ/3ndDOLrIOcyzYBJulgUZwKDwrMYcJ9rRkFMLCFUc3srpkOiCQUbVsWG4C+/vEpaFzXfq/kPl9X6TRFHGZ2gU3SOfHSF6ugONVATUTRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwANDZND</latexit><latexit sha1_base64="j0US3Rz6x//MLkFOeOsEU4R2kjA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRixehgv2ANoTNdtMu3eyG3UmlhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0oFN+B5305pbX1jc6u8XdnZ3ds/cA+PWkZlmrImVULpTkQME1yyJnAQrJNqRpJIsHY0up357THThiv5CJOUBQkZSB5zSsBKoeveh+2e5oMhEK3VE/ZCt+rVvDnwKvELUkUFGqH71esrmiVMAhXEmK7vpRDkRAOngk0rvcywlNARGbCupZIkzAT5/PIpPrNKH8dK25KA5+rviZwkxkySyHYmBIZm2ZuJ/3ndDOLrIOcyzYBJulgUZwKDwrMYcJ9rRkFMLCFUc3srpkOiCQUbVsWG4C+/vEpaFzXfq/kPl9X6TRFHGZ2gU3SOfHSF6ugONVATUTRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwANDZND</latexit><latexit sha1_base64="j0US3Rz6x//MLkFOeOsEU4R2kjA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRixehgv2ANoTNdtMu3eyG3UmlhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0oFN+B5305pbX1jc6u8XdnZ3ds/cA+PWkZlmrImVULpTkQME1yyJnAQrJNqRpJIsHY0up357THThiv5CJOUBQkZSB5zSsBKoeveh+2e5oMhEK3VE/ZCt+rVvDnwKvELUkUFGqH71esrmiVMAhXEmK7vpRDkRAOngk0rvcywlNARGbCupZIkzAT5/PIpPrNKH8dK25KA5+rviZwkxkySyHYmBIZm2ZuJ/3ndDOLrIOcyzYBJulgUZwKDwrMYcJ9rRkFMLCFUc3srpkOiCQUbVsWG4C+/vEpaFzXfq/kPl9X6TRFHGZ2gU3SOfHSF6ugONVATUTRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwANDZND</latexit><latexit sha1_base64="j0US3Rz6x//MLkFOeOsEU4R2kjA=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRixehgv2ANoTNdtMu3eyG3UmlhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0oFN+B5305pbX1jc6u8XdnZ3ds/cA+PWkZlmrImVULpTkQME1yyJnAQrJNqRpJIsHY0up357THThiv5CJOUBQkZSB5zSsBKoeveh+2e5oMhEK3VE/ZCt+rVvDnwKvELUkUFGqH71esrmiVMAhXEmK7vpRDkRAOngk0rvcywlNARGbCupZIkzAT5/PIpPrNKH8dK25KA5+rviZwkxkySyHYmBIZm2ZuJ/3ndDOLrIOcyzYBJulgUZwKDwrMYcJ9rRkFMLCFUc3srpkOiCQUbVsWG4C+/vEpaFzXfq/kPl9X6TRFHGZ2gU3SOfHSF6ugONVATUTRGz+gVvTm58+K8Ox+L1pJTzByjP3A+fwANDZND</latexit>

Exact:

[Bonetti,Melnikov,Tancredi:1801.10403]
[Anastasiou,DelDuca,Furlan,BM,Moriello,S
chweitzer,Specchia:1811.11211]

[Anastasiou,Boughezal,Petriello: 0811.3458]

https://arxiv.org/pdf/1801.10403.pdf
https://arxiv.org/pdf/1811.11211.pdf
https://arxiv.org/pdf/1811.11211.pdf
https://arxiv.org/pdf/1811.11211.pdf
https://arxiv.org/pdf/1811.11211.pdf
https://arxiv.org/pdf/0811.3458.pdf
https://arxiv.org/pdf/0811.3458.pdf


▸ Flat differential K-factor 
for Rapidity Distribution

MIXED QCD ELECTROWEAK CORRECTIONS 
RECENT DEVELOPMENTS

[Becchetti,Bonciani.DelDuca,Hirs
chi,Moriello,Schweitzer, 
2010.09451]

▸ Currently: 
Mixed QCD/EWK amplitudes are interfered with  
QCD amplitudes in heavy top limit. 

▸ What happens with full top quark mass QCD amplitudes? 

▸ Are there sizeable corrections to the transverse momentum 
distribution, particularly at large top quark mass?
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