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Quests in the age of the Higgs:
✴ A new interaction: Yukawa! 

✴ The mechanism of electro-weak symmetry breaking 

✴ Generation of fundamental masses 

✴ Determine couplings / interactions with established matter 

✴ Explore the limitations of the Standard Model of particle physics
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<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

?

WHY PRECISION?

The Method: Predict & Compare.
Precision is key!
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▸ What precision can we expect from the LHC?

PRECISION OBSERVABLES

How many Higgs bosons are produced at the LHC?

µ =
�obs.

�SM
<latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit>

▸ Agreement of EXP and TH at ~ 7%!  

▸ TH Uncertainty ~ Exp Uncertainty 

▸ Key observable for coupling extraction, BSM scenarios …
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How many Higgs bosons are produced at the LHC?

µ =
�obs.

�SM
<latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit><latexit sha1_base64="ZHm8Eg+g2iiDmC7OLn2poFJqttA=">AAACHHicbZDLSsNAFIYn9VbrLerSTbAIrkqigm6Eohs3QkV7gSaEyXTSDp1JwsyJWEIexI2v4saFIm5cCL6N0zYLbf1h4Oc753Dm/EHCmQLb/jZKC4tLyyvl1cra+sbmlrm901JxKgltkpjHshNgRTmLaBMYcNpJJMUi4LQdDC/H9fY9lYrF0R2MEuoJ3I9YyAgGjXzz2BXpuRtKTDJXsb7AfuYCfYAsDlQtz/MZenutmW9W7Zo9kTVvnMJUUaGGb366vZikgkZAOFaq69gJeBmWwAinecVNFU0wGeI+7WobYUGVl02Oy60DTXpWGEv9IrAm9PdEhoVSIxHoToFhoGZrY/hfrZtCeOZlLEpSoBGZLgpTbkFsjZOyekxSAnykDSaS6b9aZIB1UqDzrOgQnNmT503rqObYNefmpFq/KOIooz20jw6Rg05RHV2hBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzK+fgAQaKPY</latexit>

▸ Expected precision with HL-LHC: 
~ 3 % TH+STAT+SYS 

▸ Enormous challenge for TH to 
reach this level!

▸ What precision can we expect from the LHC?

HL-LHC: 20 x current data
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▸ What is precision in Higgs physics?

PRECISION OBSERVABLES

Separate in different production and decay modes:

▸ Precision channels: ~ 10 % 

▸ More intricate - more information! 
Couplings!
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▸ What is precision in Higgs physics?

PRECISION OBSERVABLES

Differential Properties:

STXS

Differential Cross Sections

Other Combinations:
▸ Pseudo-Observables 

▸ Observables Tailored for EFT fits. 

▸ Ratios of Cross Sections 

▸ …
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From first principle QFT …

… to real life measurement



� ⇠

Z
dxdyf(x)f(y)�̂ +O

✓
⇤

Q

◆

▸ Perturbative partonic cross sections 

▸ QCD perturbation theory is dominant 

▸ Naively:

↵S = 0.118
<latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit><latexit sha1_base64="xdZeTD6hbGvAmIcO0DCyKxPAeb4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVwXgQgl48RnRNIFlD72Q2GTL7YGZWCUv+w4sHFa9+jDf/xsnjoIkFDUVVN91dQSq40o7zbRWWlldW14rrpY3Nre2d8u7evUoySZlHE5HIZoCKCR4zT3MtWDOVDKNAsEYwuBr7jUcmFU/iOz1MmR9hL+Yhp6iN9NBGkfaxc3vh2K5b7ZQrju1MQBaJOyMVmKHeKX+1uwnNIhZrKlCpluuk2s9Rak4FG5XamWIp0gH2WMvQGCOm/Hxy9YgcGaVLwkSaijWZqL8ncoyUGkaB6YxQ99W8Nxb/81qZDqt+zuM00yym00VhJohOyDgC0uWSUS2GhiCV3NxKaB8lUm2CKpkQ3PmXF4l3Yp/b7s1ppXY5S6MIB3AIx+DCGdTgGurgAQUJz/AKb9aT9WK9Wx/T1oI1m9mHP7A+fwAaspEj</latexit>

LO NLO NNLO N3LO

8THE WAY TO PRECISION LHC PREDICTIONS

�̂ = �̂(0) + ↵1
S �̂

(1) + ↵2
S �̂

(2) + ↵3
S �̂

(3) + . . .
<latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit>

~88.2%

▸ Gluon fusion production mechanism in the limit of infinite top 
quark mass:
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▸ N3LO accuracy 

▸ ggF: > 2% QCD uncertainties 

▸ Necessary for current state of the art.

ggF
[Anastasiou,Duhr,Dulat,Herzog,BM, arXiv:1503.06056]

http://arxiv.org/abs/arXiv:1503.06056
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▸ Define a fiducial volume 

P P ! H +X ! �� +X
<latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit>

+Photon Isolation

▸ We want to make predictions as close as 
possible to experimental observations!

▸ Realistic cuts! 

▸ Observable final states!



▸ New perturbative ingredients:  
 
 

▸ Enable predictions at N3LL` + NNLO

DIFFERENTIAL HIGGS BOSON PRODUCTION

See also for DY production!

★ Cusp anomalous dimension at 4 loops 

★ qT Beam Functions at 3 loops
[Ebert, BM, Vita, 2006.05329]

[Luo et al.,1912.05778]

[Henn, Korchemsky, BM, 1911.10174]
[Manteuffel, Panzer, Schabinger, 2002.04617]

P P ! H +X ! � � +X
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Differential:
Billis, Dehnadi, Ebert, Michel Tackmann, [2102.08039]Re, Rottoli, Torielli [2104.07509]

See Michel’s talk!See Re’s talk!

https://arxiv.org/abs/2006.05329
https://arxiv.org/abs/1912.05778
https://arxiv.org/pdf/1911.10174.pdf
https://arxiv.org/pdf/2002.04617.pdf
https://arxiv.org/pdf/2102.08039.pdf
https://arxiv.org/pdf/2104.07509.pdf


▸ Predictions at N3LL` + NNLO

DIFFERENTIAL HIGGS BOSON PRODUCTION

P P ! H +X ! � � +X
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Billis, Dehnadi, Ebert, Michel Tackmann, [2102.08039]

See Michel’s talk!

Integrate:

� =

Z
dpT

d�

dpT
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▸ First fiducial Cross Section at N3LO in perturbative QCD

https://arxiv.org/pdf/2102.08039.pdf
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[Dulat, BM,Pelloni,18]

▸ Predict fully differential distributions at the LHC:

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi; 15]
Projection-To-Born Subtraction

Analytic Rapity Distribution 
            of the Higgs

H+J at NNLO

[Chen, Gehrmann, Glover, Jaquier, 1408.5325]
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1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

https://arxiv.org/pdf/1810.09462
https://arxiv.org/pdf/1506.02660.pdf
https://arxiv.org/pdf/1408.5325.pdf


DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS

Typical treatment of singularities in fixed order perturbation theory: 
Example:

Fully Differential Cross Sections

14

+Integrated Counter Term

� ⇠
Z q2

0
dp2?

1

(p2?)
1+✏

(M(p2?)� M̃(0))
<latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit>

Divergence

Matrix Element

Local Counter Term



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS
Fully Differential Cross Sections

15

+Integrated Counter Term

Divergence Local Counter Term

Measurement Function

Integrate over n-partons

�J ⇠
Z

d�n(M(�n,�Born)J(�n,�Born)� M̃(�n,�Born)J(0,�Born))
<latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit>

IRC - Safety: J(�n,�Born) ! J(0,�Born)
<latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit>

in singular limits

Typical treatment of singularities in fixed order perturbation theory: 
More general example:



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

16

+Integrated Counter Term

�J ⇠
Z

d�n(M(�n,�Born)J(�n,�Born)� M̃(�n,�Born)J(0,�Born))
<latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit>

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

17

�J ⇠
Z

d�nM(�n,�Born)
h
J(�n,�Born)� J(0,�Born)

i

<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term
M̃(�n,�Born) = M(�n,�Born)

<latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit>

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

18

�J ⇠
Z

d�nM(�n,�Born)
h
J(�n,�Born)� J(0,�Born)

i

<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term
M̃(�n,�Born) = M(�n,�Born)

<latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit>

•Fully local subtraction 

•No large numerical discrepancy between local CT and matrix element possible 

•Successfully used in DIS - like processes (VBF H / HH @ N3LO, differential DIS) 

•Need to know Integrated Counter Term exactly. Hard!! 

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections
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<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]

d�

dzdY
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�Born = {z, Y }
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For Higgs Boson Production: 

Integrated Counter Term



DIFFERENTIAL HIGGS BOSON PRODUCTION
▸ Predict fully differential distributions at the LHC:
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https://arxiv.org/pdf/2102.07607.pdf


DIFFERENTIAL HIGGS BOSON PRODUCTION
▸ Predict fully differential distributions at the LHC:
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▸ First predictions for fully 
differential distributions at 
N3LO in perturbative QCD at 
the LHC. 

▸ Corrections slightly larger than 
inclusive K - factor. 

▸ Interesting features due to 
photon cuts.

Chen, Gehrmann, Glover, Huss, BM, Pelloni [2102.07607]

https://arxiv.org/pdf/2102.07607.pdf


DIFFERENTIAL HIGGS BOSON PRODUCTION

Differential Rapidity Difference
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Differential Photon Rapidity
Chen, Gehrmann, Glover, Huss, BM, Pelloni [2102.07607]

https://arxiv.org/pdf/2102.07607.pdf
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The conclusions we can derive from precise measurements are 
the legacy of the LHC. Their interpretation will deepen our 
understanding and shed new light on the fundamental 
interactions of nature.

▸ Technological and Theoretical   
advancements!

▸ First fully differential predictions 
at N3LO

23

THANK YOU!
▸ Many challenges ahead!

FULLY DIFFERENTIAL PREDICTION  
FOR HIGGS BOSON PRODUCTION AT N3LO

▸ N3LO: 
Percent level predictions for 
Higgs Boson phenomenology


