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Gluon Fusion (GF)
Enhance large logarithms


Damage perturbative expansion

VBF cuts make it difficult to get reliable QCD background predictions!
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HEJ References 

Constructing paper

[0908.2786]


Factorisation in qg

[0910.5113]
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https://arxiv.org/abs/0908.2786
https://arxiv.org/abs/0910.5113


p1

p2

pn

pn−1

pa

pb

⋮Scattering

Process

High Energy (HE) limit

7



p1

p2

pn

pn−1

pa

pb

⋮Scattering

Process

High Energy (HE) limit

7

High Energy Limit

y1 � y2 � · · · � yn
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|p1?| ⇡ |p2?| ⇡ · · · ⇡ |pn?| finite
<latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit>

or equivalently
<latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit>

t� channel momenta squared finite
<latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit>

large invariant dijet masses si,i+1
<latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit>
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High Energy Limit

y1 � y2 � · · · � yn
<latexit sha1_base64="xsS7L6tFSH7vEgv10djtLbQOOlE=">AAACKXicbVBNS8MwGE79nPNr6tFLcAgeZLRj6LwNvXic4D5gLSVNsy4sTUuSCqX073jxr3hRUNSrf8Ss60E3Hwjvw/O8b/Lm8WJGpTLNT2NldW19Y7OyVd3e2d3brx0c9mWUCEx6OGKRGHpIEkY56SmqGBnGgqDQY2TgTW9m/uCBCEkjfq/SmDghCjgdU4yUltxaJ7OLS0Yi8JzMbFhN6xyajeZVe1Za7Ys8dS1oBwFM3WZRbexHSpYSz91a3WyYBeAysUpSByW6bu3V9iOchIQrzJCUI8uMlZMhoShmJK/aiSQxwlMUkJGmHIVEOlmxZA5PteLDcST04QoW6u+JDIVSpqGnO0OkJnLRm4n/eaNEjdtORnmcKMLx/KFxwqCK4Cw26FNBsGKpJggLqneFeIIEwkqHW9UhWItfXib9ZsPSCd+16p3rMo4KOAYn4AxY4BJ0wC3ogh7A4BE8gzfwbjwZL8aH8TVvXTHKmSPwB8b3D4NEoyQ=</latexit><latexit sha1_base64="xsS7L6tFSH7vEgv10djtLbQOOlE=">AAACKXicbVBNS8MwGE79nPNr6tFLcAgeZLRj6LwNvXic4D5gLSVNsy4sTUuSCqX073jxr3hRUNSrf8Ss60E3Hwjvw/O8b/Lm8WJGpTLNT2NldW19Y7OyVd3e2d3brx0c9mWUCEx6OGKRGHpIEkY56SmqGBnGgqDQY2TgTW9m/uCBCEkjfq/SmDghCjgdU4yUltxaJ7OLS0Yi8JzMbFhN6xyajeZVe1Za7Ys8dS1oBwFM3WZRbexHSpYSz91a3WyYBeAysUpSByW6bu3V9iOchIQrzJCUI8uMlZMhoShmJK/aiSQxwlMUkJGmHIVEOlmxZA5PteLDcST04QoW6u+JDIVSpqGnO0OkJnLRm4n/eaNEjdtORnmcKMLx/KFxwqCK4Cw26FNBsGKpJggLqneFeIIEwkqHW9UhWItfXib9ZsPSCd+16p3rMo4KOAYn4AxY4BJ0wC3ogh7A4BE8gzfwbjwZL8aH8TVvXTHKmSPwB8b3D4NEoyQ=</latexit><latexit sha1_base64="xsS7L6tFSH7vEgv10djtLbQOOlE=">AAACKXicbVBNS8MwGE79nPNr6tFLcAgeZLRj6LwNvXic4D5gLSVNsy4sTUuSCqX073jxr3hRUNSrf8Ss60E3Hwjvw/O8b/Lm8WJGpTLNT2NldW19Y7OyVd3e2d3brx0c9mWUCEx6OGKRGHpIEkY56SmqGBnGgqDQY2TgTW9m/uCBCEkjfq/SmDghCjgdU4yUltxaJ7OLS0Yi8JzMbFhN6xyajeZVe1Za7Ys8dS1oBwFM3WZRbexHSpYSz91a3WyYBeAysUpSByW6bu3V9iOchIQrzJCUI8uMlZMhoShmJK/aiSQxwlMUkJGmHIVEOlmxZA5PteLDcST04QoW6u+JDIVSpqGnO0OkJnLRm4n/eaNEjdtORnmcKMLx/KFxwqCK4Cw26FNBsGKpJggLqneFeIIEwkqHW9UhWItfXib9ZsPSCd+16p3rMo4KOAYn4AxY4BJ0wC3ogh7A4BE8gzfwbjwZL8aH8TVvXTHKmSPwB8b3D4NEoyQ=</latexit><latexit sha1_base64="xsS7L6tFSH7vEgv10djtLbQOOlE=">AAACKXicbVBNS8MwGE79nPNr6tFLcAgeZLRj6LwNvXic4D5gLSVNsy4sTUuSCqX073jxr3hRUNSrf8Ss60E3Hwjvw/O8b/Lm8WJGpTLNT2NldW19Y7OyVd3e2d3brx0c9mWUCEx6OGKRGHpIEkY56SmqGBnGgqDQY2TgTW9m/uCBCEkjfq/SmDghCjgdU4yUltxaJ7OLS0Yi8JzMbFhN6xyajeZVe1Za7Ys8dS1oBwFM3WZRbexHSpYSz91a3WyYBeAysUpSByW6bu3V9iOchIQrzJCUI8uMlZMhoShmJK/aiSQxwlMUkJGmHIVEOlmxZA5PteLDcST04QoW6u+JDIVSpqGnO0OkJnLRm4n/eaNEjdtORnmcKMLx/KFxwqCK4Cw26FNBsGKpJggLqneFeIIEwkqHW9UhWItfXib9ZsPSCd+16p3rMo4KOAYn4AxY4BJ0wC3ogh7A4BE8gzfwbjwZL8aH8TVvXTHKmSPwB8b3D4NEoyQ=</latexit>

|p1?| ⇡ |p2?| ⇡ · · · ⇡ |pn?| finite
<latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit><latexit sha1_base64="XHHKRjsFry7H5cIX7AnUmVtZ0V0="></latexit>

or equivalently
<latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit><latexit sha1_base64="13yPLUXW6c39OuP9ObEI0bYvIeQ=">AAACInicbVC7TgJBFJ31ifhCLW0mEhMLQ3YJUeiINpaYyCOBDZkd7sKE2Yczs0Sy2W+x8VdsLDRqZeLHOCxbKHiaOTn3MeceJ+RMKtP8MlZW19Y3NnNb+e2d3b39wsFhSwaRoNCkAQ9ExyESOPOhqZji0AkFEM/h0HbG17N6ewJCssC/U9MQbI8MfeYySpSW+oVa3EuXdMXQsWOzZJWtc2yWyrXq7KlULxLcU/Cg4kBguI/YhHDwFZ8mSb9QNEtmCrxMrIwUUYZGv/DRGwQ08vQ85UTKrmWGyo6JUIxySPK9SEJI6JgMoaupTzyQdpy6S/CpVgbY1S7cwFc4VX9PxMSTcuo5utMjaiQXazPxv1o3Um7VjpkfRgp8Ov/IjThWAZ7lhQdMANUHa0KoYNorpiMiCFU61bwOwVo8eZm0yiVLR3tbKdavsjhy6BidoDNkoUtURzeogZqIokf0jF7Rm/FkvBjvxue8dcXIZo7QHxjfPwBEois=</latexit>

t� channel momenta squared finite
<latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit><latexit sha1_base64="KRXi7PjqeLuSZw3dMFYZa7UU60E="></latexit>

large invariant dijet masses si,i+1
<latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit><latexit sha1_base64="NVN/NbYFnBhAA+0P9zsNKOHMyeo="></latexit>
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Regge scaling

Regge scaling: amplitudes = product of pieces 

Get leading configurations in the HE limit:
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Regge scaling

Spin of particle q1

Finite factor in the HE limit

M = s↵1(q1)
12 · · · s↵n�1(qn�1)

n�1n ⇥ �
�
q21 , · · · , q2n�1

�
<latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit>

Regge scaling: amplitudes = product of pieces 

Get leading configurations in the HE limit:

8
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Regge scaling

Spin of particle q1

Finite factor in the HE limit

M = s↵1(q1)
12 · · · s↵n�1(qn�1)

n�1n ⇥ �
�
q21 , · · · , q2n�1

�
<latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit><latexit sha1_base64="Z6KaPuyW8q48rWtgTP+bJD2wFQw="></latexit>

Leading configurations: maximise number of t-channel gluons exchanges

Regge scaling: amplitudes = product of pieces 

Get leading configurations in the HE limit:

8
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QCD scattering: quark-gluon

M / s12
<latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit>
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<latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit><latexit sha1_base64="volPM8UVqftrZXa9xBVpOF6+qx4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmCLosunEjVLAP6AxDJk3b0EwSkoxQhuLGX3HjQhG3foU7/8ZMOwttPRA4nHMvuefEklFtPO/bKa2srq1vlDcrW9s7u3vu/kFbi1Rh0sKCCdWNkSaMctIy1DDSlYqgJGakE4+vc7/zQJSmgt+biSRhgoacDihGxkqRexQkyIwwYvAWBlIJaQTUUebXp5Fb9WreDHCZ+AWpggLNyP0K+gKnCeEGM6R1z/ekCTOkDMWMTCtBqolEeIyGpGcpRwnRYTaLMIWnVunDgVD2cQNn6u+NDCVaT5LYTuYH60UvF//zeqkZXIYZ5TI1hOP5R4OUQZsz7wP2qSLYsIklCCtqb4V4hBTCxrZWsSX4i5GXSbte872af3debVwVdZTBMTgBZ8AHF6ABbkATtAAGj+AZvII358l5cd6dj/loySl2DsEfOJ8/TFqWtQ==</latexit>
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<latexit sha1_base64="FAfwiBwfToq+Mjdof4Ii9qOv9gY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxo1QwT6gCWEynbRDJ5NxZiKUkK0bf8WNC0Xc+gfu/BsnbRbaemDgcM69zD0nFIwq7TjfVmVldW19o7pZ29re2d2z9w+6KkklJh2csET2Q6QIo5x0NNWM9IUkKA4Z6YWTq8LvPRCpaMLv9FQQP0YjTiOKkTZSYEMvRnqMEYM30BMyETqBnrqXOlNB5jbzPLDrTsOZAS4TtyR1UKId2F/eMMFpTLjGDCk1cB2h/QxJTTEjec1LFREIT9CIDAzlKCbKz2ZJcnhilCGMEmke13Cm/t7IUKzUNA7NZHG3WvQK8T9vkOrows8oF6kmHM8/ilIGTdyiFjikkmDNpoYgLKm5FeIxkghrU17NlOAuRl4m3WbDdRru7Vm9dVnWUQVH4BicAhecgxa4Bm3QARg8gmfwCt6sJ+vFerc+5qMVq9w5BH9gff4AVceaGQ==</latexit><latexit sha1_base64="FAfwiBwfToq+Mjdof4Ii9qOv9gY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxo1QwT6gCWEynbRDJ5NxZiKUkK0bf8WNC0Xc+gfu/BsnbRbaemDgcM69zD0nFIwq7TjfVmVldW19o7pZ29re2d2z9w+6KkklJh2csET2Q6QIo5x0NNWM9IUkKA4Z6YWTq8LvPRCpaMLv9FQQP0YjTiOKkTZSYEMvRnqMEYM30BMyETqBnrqXOlNB5jbzPLDrTsOZAS4TtyR1UKId2F/eMMFpTLjGDCk1cB2h/QxJTTEjec1LFREIT9CIDAzlKCbKz2ZJcnhilCGMEmke13Cm/t7IUKzUNA7NZHG3WvQK8T9vkOrows8oF6kmHM8/ilIGTdyiFjikkmDNpoYgLKm5FeIxkghrU17NlOAuRl4m3WbDdRru7Vm9dVnWUQVH4BicAhecgxa4Bm3QARg8gmfwCt6sJ+vFerc+5qMVq9w5BH9gff4AVceaGQ==</latexit><latexit sha1_base64="FAfwiBwfToq+Mjdof4Ii9qOv9gY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxo1QwT6gCWEynbRDJ5NxZiKUkK0bf8WNC0Xc+gfu/BsnbRbaemDgcM69zD0nFIwq7TjfVmVldW19o7pZ29re2d2z9w+6KkklJh2csET2Q6QIo5x0NNWM9IUkKA4Z6YWTq8LvPRCpaMLv9FQQP0YjTiOKkTZSYEMvRnqMEYM30BMyETqBnrqXOlNB5jbzPLDrTsOZAS4TtyR1UKId2F/eMMFpTLjGDCk1cB2h/QxJTTEjec1LFREIT9CIDAzlKCbKz2ZJcnhilCGMEmke13Cm/t7IUKzUNA7NZHG3WvQK8T9vkOrows8oF6kmHM8/ilIGTdyiFjikkmDNpoYgLKm5FeIxkghrU17NlOAuRl4m3WbDdRru7Vm9dVnWUQVH4BicAhecgxa4Bm3QARg8gmfwCt6sJ+vFerc+5qMVq9w5BH9gff4AVceaGQ==</latexit><latexit sha1_base64="FAfwiBwfToq+Mjdof4Ii9qOv9gY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6LLoxo1QwT6gCWEynbRDJ5NxZiKUkK0bf8WNC0Xc+gfu/BsnbRbaemDgcM69zD0nFIwq7TjfVmVldW19o7pZ29re2d2z9w+6KkklJh2csET2Q6QIo5x0NNWM9IUkKA4Z6YWTq8LvPRCpaMLv9FQQP0YjTiOKkTZSYEMvRnqMEYM30BMyETqBnrqXOlNB5jbzPLDrTsOZAS4TtyR1UKId2F/eMMFpTLjGDCk1cB2h/QxJTTEjec1LFREIT9CIDAzlKCbKz2ZJcnhilCGMEmke13Cm/t7IUKzUNA7NZHG3WvQK8T9vkOrows8oF6kmHM8/ilIGTdyiFjikkmDNpoYgLKm5FeIxkghrU17NlOAuRl4m3WbDdRru7Vm9dVnWUQVH4BicAhecgxa4Bm3QARg8gmfwCt6sJ+vFerc+5qMVq9w5BH9gff4AVceaGQ==</latexit>
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The need for resummation

In the High Energy Phase-Space, the perturbative cross-section 

expansion contains factors of numerically significant logarithms:
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Perturbative expansion valid 
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The need for resummation

In the High Energy Phase-Space, the perturbative cross-section 

expansion contains factors of numerically significant logarithms:
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Leading Logarithm (LL)

The need for resummation

In the High Energy Phase-Space, the perturbative cross-section 

expansion contains factors of numerically significant logarithms:
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Next-to-Leading  
Logarithm (NLL)Leading Logarithm (LL)

The need for resummation

In the High Energy Phase-Space, the perturbative cross-section 

expansion contains factors of numerically significant logarithms:
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Contraction of currents over a t-channel pole

Looks natural: only one diagram contributes 
at tree-level!

What about gluon-induced processes?

p1

p2

pa

pb

q1

Building blocks of HEJ

12

|M|2 / C2
F

✓
1

q21

◆2

|jµ(p1, pa)jµ(p2, pb)|2
<latexit sha1_base64="kzmo1aJc6gqx0nPK+mpMy6vui3c="></latexit><latexit sha1_base64="kzmo1aJc6gqx0nPK+mpMy6vui3c="></latexit><latexit sha1_base64="kzmo1aJc6gqx0nPK+mpMy6vui3c="></latexit><latexit sha1_base64="kzmo1aJc6gqx0nPK+mpMy6vui3c="></latexit>



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

Building blocks of HEJ

13



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

Building blocks of HEJ

p1

p2

pa

pb

q1High Energy Limit

13



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

Building blocks of HEJ

p1

p2

pa

pb

q1High Energy Limit

13

in the High Energy LimitCAM ! CA
<latexit sha1_base64="llaV/Kx0DyduyBGxoSOa6nYv6y8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GVrN26ECvYBTQiT6aQdOnkwc6OWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4IrsKxvo7C0vLK6VlwvbWxube+Yu3stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf1hfeK375hUPI5uYZQwNyT9iAecEtCSZx44wB4gq9eux9iRvD8AImV8j+tezTPLVsWaAi8SOydllKPhmV9OL6ZpyCKggijVta0E3IxI4FSwcclJFUsIHZI+62oakZApN5v+MMbHWunhIJa6IsBT9fdERkKlRqGvO0MCAzXvTcT/vG4KwYWb8ShJgUV0tihIBYYYTwLBPS4ZBTHShFDJ9a2YDogkFHRsJR2CPf/yImmdVmyrYt+clauXeRxFdIiO0Amy0TmqoivUQE1E0SN6Rq/ozXgyXox342PWWjDymX30B8bnD3YIl2E=</latexit><latexit sha1_base64="llaV/Kx0DyduyBGxoSOa6nYv6y8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GVrN26ECvYBTQiT6aQdOnkwc6OWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4IrsKxvo7C0vLK6VlwvbWxube+Yu3stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf1hfeK375hUPI5uYZQwNyT9iAecEtCSZx44wB4gq9eux9iRvD8AImV8j+tezTPLVsWaAi8SOydllKPhmV9OL6ZpyCKggijVta0E3IxI4FSwcclJFUsIHZI+62oakZApN5v+MMbHWunhIJa6IsBT9fdERkKlRqGvO0MCAzXvTcT/vG4KwYWb8ShJgUV0tihIBYYYTwLBPS4ZBTHShFDJ9a2YDogkFHRsJR2CPf/yImmdVmyrYt+clauXeRxFdIiO0Amy0TmqoivUQE1E0SN6Rq/ozXgyXox342PWWjDymX30B8bnD3YIl2E=</latexit><latexit sha1_base64="llaV/Kx0DyduyBGxoSOa6nYv6y8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GVrN26ECvYBTQiT6aQdOnkwc6OWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4IrsKxvo7C0vLK6VlwvbWxube+Yu3stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf1hfeK375hUPI5uYZQwNyT9iAecEtCSZx44wB4gq9eux9iRvD8AImV8j+tezTPLVsWaAi8SOydllKPhmV9OL6ZpyCKggijVta0E3IxI4FSwcclJFUsIHZI+62oakZApN5v+MMbHWunhIJa6IsBT9fdERkKlRqGvO0MCAzXvTcT/vG4KwYWb8ShJgUV0tihIBYYYTwLBPS4ZBTHShFDJ9a2YDogkFHRsJR2CPf/yImmdVmyrYt+clauXeRxFdIiO0Amy0TmqoivUQE1E0SN6Rq/ozXgyXox342PWWjDymX30B8bnD3YIl2E=</latexit><latexit sha1_base64="llaV/Kx0DyduyBGxoSOa6nYv6y8=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlE0GVrN26ECvYBTQiT6aQdOnkwc6OWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4IrsKxvo7C0vLK6VlwvbWxube+Yu3stFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf1hfeK375hUPI5uYZQwNyT9iAecEtCSZx44wB4gq9eux9iRvD8AImV8j+tezTPLVsWaAi8SOydllKPhmV9OL6ZpyCKggijVta0E3IxI4FSwcclJFUsIHZI+62oakZApN5v+MMbHWunhIJa6IsBT9fdERkKlRqGvO0MCAzXvTcT/vG4KwYWb8ShJgUV0tihIBYYYTwLBPS4ZBTHShFDJ9a2YDogkFHRsJR2CPf/yImmdVmyrYt+clauXeRxFdIiO0Amy0TmqoivUQE1E0SN6Rq/ozXgyXox342PWWjDymX30B8bnD3YIl2E=</latexit>

|M|2 / CF ⇥ CAM⇥
✓

1

q21

◆2

|jµ(p1, pa)jµ(p2, pb)|2
<latexit sha1_base64="84/t+tM/ywqW13fXKX7fzXy2OxM="></latexit><latexit sha1_base64="84/t+tM/ywqW13fXKX7fzXy2OxM="></latexit><latexit sha1_base64="84/t+tM/ywqW13fXKX7fzXy2OxM="></latexit><latexit sha1_base64="84/t+tM/ywqW13fXKX7fzXy2OxM="></latexit>



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

pg

Real Corrections

14



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

pg

Real Corrections

p1

p2

pa

pb

q1

q2

pgHigh Energy Limit

14



p1

p2

pa

pb

All 

diagrams

Ra
pi

di
ty

 o
rd

er
in

g

pg

Real Corrections

p1

p2

pa

pb

q1

q2

pgHigh Energy Limit

14

Effective Lipatov vertex, gauge invariant
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The gluon in the t-channel reggeizes: Lipatov Ansatz (valid even at NLL)

Finite expression: soft 
divergences cancel with 

real corrections
M / exp(↵(q1)�y12)
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All-order leading-log results

Gauge-invariant in all phase-space

Phase-space not approximated

Monte-Carlo integration

IR divergences cancel
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HEJ Formalism

High Energy Limit

Regge Scaling


Lipatov Vertex (real)

Lipatov Ansatz (virtual)
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HEJ Formalism

High Energy Limit

Regge Scaling


All-order LL result

Lipatov Vertex (real)

Lipatov Ansatz (virtual)
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Higgs + dijet 

Theory

Finite quark masses

Comparisons to FO


VBF cuts

[1812.08072]
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https://arxiv.org/abs/1812.08072
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ggH vertex has the following tensor form:

V µ⌫
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t-channel factorised form allows us to keep the full 

quark masses dependence
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Simple factorised expression, no approximations here!
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Unordered gluon emission
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Set of gauge invariant NLL corrections
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Adapted from ATLAS analysis [1407.4222]

Higgs plus dijet

26

https://arxiv.org/abs/1407.4222


Important observable for VBF cuts! 

Resummation softens the tail

Transverse momentum sensitive to resummation

Resummation hardens the tail

Resummation Effects
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Finite top mass effects is sizeable (bottom mass is not)

Finite Quark Masses Effects
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Combined effects

VBF cuts region
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Combined effects

VBF cuts regionVBF cuts on :


- FO (infinite t,b masses): cross section reduces to 13%

-HEJ (finite t,b masses): cross section reduces to 8%


GF contamination is less severe than predicted by FO

29



Combined effects

Effects add up: VBF cuts are more efficient than predicted by FO

VBF cuts regionVBF cuts on :


- FO (infinite t,b masses): cross section reduces to 13%

-HEJ (finite t,b masses): cross section reduces to 8%


GF contamination is less severe than predicted by FO
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Higgs + dijet
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Higgs + dijet

t-channel factorisation 
(like in QCD!)
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Finite quark masses

LL effects


Higgs + dijet

t-channel factorisation 
(like in QCD!)
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Finite quark masses

LL effects


Higgs + dijet

t-channel factorisation 
(like in QCD!)


VBF cuts are efficient!
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Higgs + one jet 

Theory

Comparisons to 

experimental data

Comparisons to FO


[2210.10671]
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https://arxiv.org/abs/2210.10671


New Components for H+1j
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Simple factorised expression, no approximations here!

Before moving on, check Regge scaling

New Components for H+1j
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New Components for H+1j

Indeed, no approximations,

exact LO description with

or without finite top mass


Regge scaling is verified:

Even though the Higgs is 
not a coloured particle

M / s1
Hq
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Approximations remain 
decent at low rapidity 
difference with or without 
finite top mass.


Regge theory is verified! 
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CMS analysis [1807.03825, 2208.12279]

Higgs plus one jet results
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https://arxiv.org/abs/1807.03825
https://arxiv.org/abs/2208.12279


Resummed predictions for 4 jets and more 


Predictions undershoot the data, but adding 
electroweak processes bring the predictions 

within the uncertainty of the data
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Resummed HEJ with finite mt matched to NLO 1j
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pp ! (H !)∞∞ + jets
LHC@13 TeV
anti-kt, R = 0.4, pj;? > 30GeV
|¥j| < 4.7 and |¥j1| < 2.5
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NLO effects harden the tail of 

large dijet rapidity separation


HEJ resummation soften the tail: 

the logarithms are numerically significant!

Higgs plus one jet results

Resummed HEJ with finite mt matched to NLO 1j
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YTF 2022

Higgs + one jet
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Finite quark masses
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Finite quark masses

still important


YTF 2022

Higgs + one jet

t-channel factorisation 
still valid


logs are significant in 

tails of distributions
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Conclusion

HEJ publicly available on here 

Resums High-Energy large logarithms to LL 
accuracy, work is ongoing towards NLL 

accuracy. 
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H+2j inclusive 

VBF cuts are more efficient than what FO 
predicts, finite quark masses effects and 
High-Energy Logarithms work together
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H+2j inclusive 

VBF cuts are more efficient than what FO 
predicts, finite quark masses effects and 
High-Energy Logarithms work together

Conclusion

HEJ publicly available on here 

Resums High-Energy large logarithms to LL 
accuracy, work is ongoing towards NLL 

accuracy. 

H+1j inclusive: new paper! 

Takes into account finite quark masses 

unlike FO approaches, more observables


 are compared in paper

Ongoing work 

Merging with parton shower, reaching NLL 
accuracy, amplitudes for 

Vector Boson production
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Any questions? 

Thank you for listening


