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The high-energy limit of 2 → 2 gauge-theory amplitudes
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◆↵g(t)Reggeization: 
(Regge-pole)

• This holds for the real part of the amplitude through NLL.  
Beyond that it is violated by non-planar corrections associated with multi-Reggeon 
exchange forming Regge cuts. These effects are now better understood. 

gluon Regge trajectory:

• Simplification at leading power in t/s: helicity is conserved; t-channel exchange is dominant  
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Factorization:

Impact factorReggeized gluon

• Regge-pole factorization amounts to a relation between gg→gg,  qg→qg,  qq→qq  
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2 → 2 amplitudes: signature and reality properties


• Defining signature even and odd amplitudes under            
 

• The spectral representation of the amplitude implies:
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• Expanding the amplitude in the signature-symmetric log,   ,  
the coefficients in          are imaginary, while in          real.  
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The singularity structure of 2 → 2 amplitudes in the 
complex angular momentum plane: pole vs. cut
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• The signature-odd amplitude admits
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• Reggeization of the signature-odd amplitude (NLL): a manifestation of a pure Regge pole.



Signature, number of Reggeons and t-channel colour flow

• The signature odd and even sectors decouple
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1

odd even 

• Bose symmetry in gg → gg correlates odd/even signature      
with odd/even colour representations in the t channel.   

<latexit sha1_base64="ZpralpQIlkvX5YuIr8wcPuTh5fo=">AAACMHicbZBNS8MwGMfT+TbnW9Wjl+AQPMhoh7odBx70OMG9QFtKmqVbWPpCkgqj9CN58aPoRUERr34Ks64T3Xwg5Mf/ecmTvxczKqRhvGqlldW19Y3yZmVre2d3T98/6Ioo4Zh0cMQi3veQIIyGpCOpZKQfc4ICj5GeN76a5nv3hAsahXdyEhMnQMOQ+hQjqSRXv07tfIjFh56TGjUjj7MfMAvIoGFHMUsENIu76YqC6g2YuXp13gOXYT6lCopou/qTPYhwEpBQYoaEsEwjlk6KuKSYkaxiJ4LECI/RkFgKQxQQ4aT5rhk8UcoA+hFXJ5QwV393pCgQYhJ4qjJAciQWc1Pxv5yVSL/ppDSME0lCPHvITxiUEZy6BweUEyzZRAHCnKpdIR4hjrBUHleUCebil5ehW6+Zl7WL2/Nqq17YUQZH4BicAhM0QAvcgDboAAwewDN4A+/ao/aifWifs9KSVvQcgj+hfX0DCFukvQ==</latexit>

0� 1� 8s � 27
<latexit sha1_base64="FJ//gT0wGgndgRFGeYgIU9zEPPo="></latexit>

8a � (10� 10)

<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t <latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>

!<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s <latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>

!

• odd/even signature amplitude is governed by 
the exchange of an odd/even number of Reggeons.

More generally we use channel colour operators:
<latexit sha1_base64="YMT2woJ8eO/prJlZU9FiWU9syhE="></latexit>

T2
t is even, T2

s�u ⌘ T2
s �T2

u

2
is odd

<latexit sha1_base64="gMjjvBRo4v+oaGUzbcZpWrKuYjQ="></latexit>

Mij!ij
Regge����! M(�)

ij!ij +M(+)
ij!ij



Signature-odd amplitudes: Regge-pole factorisation and its breaking

two-loop Regge trajectory

one-loop impact factors

<latexit sha1_base64="odLZz+aV2eExtTgkwHSPxjetJz8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BItQLyWRoh4LXvRWwX5Am5bJdtMu3WzC7kYpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zM82POlHacbyu3tr6xuZXfLuzs7u0fFA+PmipKJKENEvFItn1UlDNBG5ppTtuxpBj6nLb88c3Mbz1SqVgkHvQkpl6IQ8ECRlAbqddFHo+wP+ylZfd82i+WnIozh71K3IyUIEO9X/zqDiKShFRowlGpjuvE2ktRakY4nRa6iaIxkjEOacdQgSFVXjq/emqfGWVgB5E0JbQ9V39PpBgqNQl90xmiHqllbyb+53USHVx7KRNxoqkgi0VBwm0d2bMI7AGTlGg+MQSJZOZWm4xQItEmqIIJwV1+eZU0LyruZaV6Xy3V7rI48nACp1AGF66gBrdQhwYQkPAMr/BmPVkv1rv1sWjNWdnMMfyB9fkDzM2SFg==</latexit>

↵(1)
g

<latexit sha1_base64="qsq4jRkktdfFqPpNVw06ZRS8FPE=">AAAB83icbVDLTgJBEOzFF+IL9ehlIjGBC9klRD2ScNEbJvJIYCWzwwAjs4/M9JqQDb/hxYPGePVnvPk3DrAHBSvppFLVne4uL5JCo21/W5mNza3tnexubm//4PAof3zS0mGsGG+yUIaq41HNpQh4EwVK3okUp74nedub1Od++4krLcLgHqcRd306CsRQMIpG6tX7jw9JsVKaFbHUzxfssr0AWSdOSgqQotHPf/UGIYt9HiCTVOuuY0foJlShYJLPcr1Y84iyCR3xrqEB9bl2k8XNM3JhlAEZhspUgGSh/p5IqK/11PdMp09xrFe9ufif141xeO0mIohi5AFbLhrGkmBI5gGQgVCcoZwaQpkS5lbCxlRRhiamnAnBWX15nbQqZeeyXL2rFmq3aRxZOINzKIIDV1CDG2hAExhE8Ayv8GbF1ov1bn0sWzNWOnMKf2B9/gBvFJCs</latexit>

C(2)
j (t)

<latexit sha1_base64="WYf7fBBn7nM3MeHrrbS1ACKOobc=">AAAB83icbVBNT8JAEJ3iF+IX6tFLIzGBC2kJUY8kXPSGiSAJVLJdtrBhu212pyak4W948aAxXv0z3vw3LtCDgi+Z5OW9mczM82PBNTrOt5Xb2Nza3snvFvb2Dw6PiscnHR0lirI2jUSkuj7RTHDJ2shRsG6sGAl9wR78SXPuPzwxpXkk73EaMy8kI8kDTgkaqd8c8Me0XKvMylgZFEtO1VnAXiduRkqQoTUofvWHEU1CJpEKonXPdWL0UqKQU8FmhX6iWUzohIxYz1BJQqa9dHHzzL4wytAOImVKor1Qf0+kJNR6GvqmMyQ41qveXPzP6yUYXHspl3GCTNLloiARNkb2PAB7yBWjKKaGEKq4udWmY6IIRRNTwYTgrr68Tjq1qntZrd/VS43bLI48nME5lMGFK2jADbSgDRRieIZXeLMS68V6tz6WrTkrmzmFP7A+fwBth5Cr</latexit>

C(2)
i (t)

<latexit sha1_base64="81g6Hg0l2orApp925V6Dn8evEmI=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBHqpSRa1GPBi94q2A9o0zLZbtqlm03Y3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zba2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8V5UzQumaa01YsKYY+p01/dDP1m49UKhaJBz2OqRfiQLCAEdRG6naQx0PsDbpp6eJs0isUnbIzg71M3IwUIUOtV/jq9COShFRowlGptuvE2ktRakY4neQ7iaIxkhEOaNtQgSFVXjq7emKfGqVvB5E0JbQ9U39PpBgqNQ590xmiHqpFbyr+57UTHVx7KRNxoqkg80VBwm0d2dMI7D6TlGg+NgSJZOZWmwxRItEmqLwJwV18eZk0zsvuZblyXylW77I4cnAMJ1ACF66gCrdQgzoQkPAMr/BmPVkv1rv1MW9dsbKZI/gD6/MHz9mSGA==</latexit>

↵(3)
g

<latexit sha1_base64="T7Wa4NIh4FjZEVEfrXkIZga+JV4=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHBC9klRD2SeNEbJgImsJDeYRYmzD4yM6shG/7DiweN8eq/ePNvHGAPClbSSaWqO91dXiy40rb9beXW1jc2t/LbhZ3dvf2D4uFRS0WJpKxJIxHJBw8VEzxkTc21YA+xZBh4grW98fXMbz8yqXgU3utJzNwAhyH3OUVtpF4XRTzC/rCXlqvn036xZFfsOcgqcTJSggyNfvGrO4hoErBQU4FKdRw71m6KUnMq2LTQTRSLkY5xyDqGhhgw5abzq6fkzCgD4kfSVKjJXP09kWKg1CTwTGeAeqSWvZn4n9dJtH/lpjyME81CuljkJ4LoiMwiIAMuGdViYghSyc2thI5QItUmqIIJwVl+eZW0qhXnolK7q5Xqt1kceTiBUyiDA5dQhxtoQBMoSHiGV3iznqwX6936WLTmrGzmGP7A+vwBzlOSFw==</latexit>

↵(2)
g

<latexit sha1_base64="w/vsuCbU+U/qOO7DibBfyN6s+Fk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoOQXMKuBPUYyEVvEcwDkjXMTmaTIbMPZnqFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7vFgKjbb9beU2Nre2d/K7hb39g8Oj4vFJW0eJYrzFIhmprkc1lyLkLRQoeTdWnAae5B1v0pj7nSeutIjCB5zG3A3oKBS+YBSN1G8MxGNadiqzMlYGxZJdtRcg68TJSAkyNAfFr/4wYknAQ2SSat1z7BjdlCoUTPJZoZ9oHlM2oSPeMzSkAdduurh5Ri6MMiR+pEyFSBbq74mUBlpPA890BhTHetWbi/95vQT9GzcVYZwgD9lykZ9IghGZB0CGQnGGcmoIZUqYWwkbU0UZmpgKJgRn9eV10r6sOlfV2n2tVL/L4sjDGZxDGRy4hjrcQhNawCCGZ3iFNyuxXqx362PZmrOymVP4A+vzB2v+kKo=</latexit>

C(1)
i (t)

<latexit sha1_base64="HrpUnBj6o+hXqfLK3lQmMvxX4bw=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBCSS9iVoB4DuegtgnlAsobZyWwyZvbBTK8QlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXF0uh0ba/rbX1jc2t7dxOfndv/+CwcHTc0lGiGG+ySEaq41HNpQh5EwVK3okVp4Enedsb12d++4krLaLwHicxdwM6DIUvGEUj9er9x4e05JSnJSz3C0W7Ys9BVomTkSJkaPQLX71BxJKAh8gk1brr2DG6KVUomOTTfC/RPKZsTIe8a2hIA67ddH7zlJwbZUD8SJkKkczV3xMpDbSeBJ7pDCiO9LI3E//zugn6124qwjhBHrLFIj+RBCMyC4AMhOIM5cQQypQwtxI2oooyNDHlTQjO8surpHVRcS4r1btqsXabxZGDUziDEjhwBTW4gQY0gUEMz/AKb1ZivVjv1seidc3KZk7gD6zPH22LkKs=</latexit>

C(1)
j (t)

three-loop Regge trajectory

two-loop impact factors

Regge factorisation breaking 
(starting at 2 loops) can be 

inferred from comparing  
qq, qg, gg amplitudes


 


But until recently unknown 
how to account for it

[Del Duca, Glover ’01]

Ta Tb Tc

Ta Tb Tc

k
1

k
2

k
3

one-loop Regge trajectory

Colour octet exchange in the t channel: single Reggeon

<latexit sha1_base64="XJYdub4ARTnFxnl/3tV93t0RfKg="></latexit>

M(�)
ij!ij = Ci(t) e

↵g(t)CA L Cj(t)Mtree
ij!ij + MR

<latexit sha1_base64="5sCDq7HmTCSoLQjfqTcRhCXf7tU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2HXjeA=</latexit>!
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Regge factorization and violation:



Non-linear rapidity evolution equations  

• The colliding particles are replaced by (sets of) infinite lightlike Wilson lines 
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Provides complete separation between the light-cone directions 
and the transverse plane: 2-dimensional dynamics



Towards an effective theory: Defining the Reggeon  

• In the perturbative regime                it is natural to expand in terms of 
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• Scattered particles are expanded in states of a definite number of Reggeons  

• Amplitudes are governed by rapidity evolution  
between the target and projectile:

Simon Caron-Huot (2013)
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+

<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="0m4dcWQsKUWnZ4QaAcvtin/xfsg=">AAAB6nicdVDLSsNAFL2prxpfVZduBovgKkxr1XYhFNy4rGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/MekDVPTAhcM593LvPV4kuDYYf1q5ldW19Y38pr21vbO7V9g/aOkwVpQ1aShC1fGIZoJL1jTcCNaJFCOBJ1jbG19nfvuBKc1DeW8mEXMDMpTc55SYVLq7su1+oYgdXKvisxqak0p5STAqOXiGIizQ6Bc+eoOQxgGThgqidbeEI+MmRBlOBZvavViziNAxGbJuSiUJmHaT2alTdJIqA+SHKi1p0Ez9PpGQQOtJ4KWdATEj/dvLxL+8bmz8qptwGcWGSTpf5McCmRBlf6MBV4waMUkJoYqntyI6IopQk6aThbD8FP1PWmWndOGc31aK9fIijjwcwTGcQgkuoQ430IAmUBjCIzzDiyWsJ+vVepu35qzFzCH8gPX+BV3hjSw=</latexit>=

<latexit sha1_base64="+lj3USXM9IuOFD4KQu9dh+F96X4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuimy4r2Ae2Q8mkmTY0jyHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZn77iWrDlHywk4SGAg8lixnB1kmP9X4me1YhMe2XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3iKzpwyQLHS7kmL5urvjQwLYyYicpMC25FZ9mbif143tfFNmDGZpJZKsvgoTjlyGWfx0YBpSiyfOIKJZu5WREZYY2JdSSVXQrAceZW0LqrBVfXy/rJSu83rKMIJnMI5BHANNahDA5pAQMIzvMKbZ7wX7937WIwWvHznGP7A+/wBZeeQwA==</latexit>

Hn!m

n Reggeons

m Reggeons 

<latexit sha1_base64="qWx7TBQpg9670fKRCF7wDzNHK3E="></latexit>
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· · ·

1
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H1!3 0 H3!3 . . .

· · · · · · · · · · · ·

1
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WW

WWW

· · ·

1

CCA

• Each action of the Hamiltonian generates an extra power of the high-energy log L



Computing multi-Regge exchanges using non-linear rapidity evolution  

<latexit sha1_base64="+lj3USXM9IuOFD4KQu9dh+F96X4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuimy4r2Ae2Q8mkmTY0jyHJCGXoX7hxoYhb/8adf2PazkJbDwQO59xL7jlRwpmxvv/tFdbWNza3itulnd29/YPy4VHLqFQT2iSKK92JsKGcSdq0zHLaSTTFIuK0HY3vZn77iWrDlHywk4SGAg8lixnB1kmP9X4me1YhMe2XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3iKzpwyQLHS7kmL5urvjQwLYyYicpMC25FZ9mbif143tfFNmDGZpJZKsvgoTjlyGWfx0YBpSiyfOIKJZu5WREZYY2JdSSVXQrAceZW0LqrBVfXy/rJSu83rKMIJnMI5BHANNahDA5pAQMIzvMKbZ7wX7937WIwWvHznGP7A+/wBZeeQwA==</latexit>
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<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W

<latexit sha1_base64="nL46H3t8HJoN0JFo1nX18D2sUKs=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNmVoh6LXjxWsB/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCsc3U791hPThsfqwY4TFkgyUDzilFgnPXZNKnuZOpeTXqnsVbwZ8DLxc1KGHPVe6avbj2kqmbJUEGM6vpfYICPacirYpNhNDUsIHZEB6ziqiGQmyGYXT/CpU/o4irUrZfFM/T2REWnMWIauUxI7NIveVPzP66Q2ug4yrpLUMkXni6JUYBvj6fu4zzWjVowdIVRzdyumQ6IJtS6kogvBX3x5mTQvKv5lpXpfLddu8jgKcAwncAY+XEEN7qAODaCg4Ble4Q0Z9ILe0ce8dQXlM0fwB+jzB7kjkPY=</latexit>X
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<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+

<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W
<latexit sha1_base64="c7Mg25zOfwpXNx1sg/k+XBjVhtM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q+pl47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPtyOM5A==</latexit>

W<latexit sha1_base64="h6vqqqyoBsOjMGtgnyj1sRwz5Og=">AAACJnicbZDLSgMxFIYzXmu9jbp0ExwEV2WmeNsUCm5cVrAX6JSSSc+0oZnMkGSEMu3TuPFV3LioiLjzUUynXWjrgcDP95+T5PxBwpnSrvtlra1vbG5tF3aKu3v7B4f20XFDxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBsO7md98AqlYLB71KIFORPqChYwSbVDXrvg9CP1AEsfLfE5En4PjjSfFHA9BGzx2PF/mjsEGZX6iWJdNcAV3bcctuXnhVeEthIMWVevaU78X0zQCoSknSrU9N9GdjEjNaH5/qiAhdEj60DZSkAhUJ8vXnOBzQ3o4jKU5QuOc/p7ISKTUKApMZ0T0QC17M/if1051eNvJmEhSDYLOHwpTjnWMZ5nhHpNANR8ZQahk5q+YDogkVJtkiyYEb3nlVdEol7zr0tXDpVMtL+IooFN0hi6Qh25QFd2jGqojip7RK5qid+vFerM+rM9565q1mDlBf8r6/gHiOKTD</latexit>

| ii =

<latexit sha1_base64="9TueM3KtFThsxgFuC1+AUTATuPM=">AAACJnicbZDLSgMxFIYz9VbrrerSTXAQXJWZ4m1TKLhxWcFeoFNKJj3TxmYyQ5IRyrRP48ZXceOiIuLORzGddqGtBwI/339OkvP7MWdKO86XlVtb39jcym8Xdnb39g+Kh0cNFSWSQp1GPJItnyjgTEBdM82hFUsgoc+h6Q9vZ37zCaRikXjQoxg6IekLFjBKtEHdYsXrQeD5kthu6nEi+hxsdzwpZHgI2uCx7Xoycww2nakXK9Z9nOAK7hZtp+RkhVeFuxA2WlStW5x6vYgmIQhNOVGq7Tqx7qREakaz+xMFMaFD0oe2kYKEoDpptuYEnxnSw0EkzREaZ/T3REpCpUahbzpDogdq2ZvB/7x2ooObTspEnGgQdP5QkHCsIzzLDPeYBKr5yAhCJTN/xXRAJKHaJFswIbjLK6+KRrnkXpUu7y/sankRRx6doFN0jlx0jaroDtVQHVH0jF7RFL1bL9ab9WF9zltz1mLmGP0p6/sHzFqktQ==</latexit>
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Signature-odd 2 → 2 amplitudes: understanding the NNLL tower
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Signature odd 2 → 2 amplitude at NNLL:  Regge pole and cut

 
 
                      must be universal (gg, gq, qq) to be absorbed in the factorizing pole term.      

                      cannot contribute beyond 3 loops: the NNLL Regge pole term has no free parameters! 
 
 
 Indeed, at 4 loops planar Multi Regge contributions to conspire to cancel! 
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Requiring that the Regge cut  
is strictly non-planar fixes   
the separation between  
Regge pole vs. Regge cut 
 
 



Signature odd amplitude at NNLL: properties of Regge pole and cut

All-order structure through NNLL for any gauge theory, any representation:
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- single Reggeon; colour octet 
- dominant in planar limit 
- parameters at NNLL are fully fixed by matching to  

qq scattering amplitudes [Caola, Chakraborty, Gambuti,  
von Manteuffel, Tancredi. JHEP 10 (2021) 206] 
Consistent with other channels (gg, qg)  
Falcioni et al. Phys.Rev.Lett. 128 (2022) 13, 13 
Caola et al. Phys.Rev.Lett. 128 (2022) 21, 21 
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- multiple Reggeons; various colour reps. 
- suppressed in planar limit 
- proportional to

- no dependence on the matter content:     
the same for any gauge theory!

- Sensitive to soft singularities beyond  
the dipole formula. 



Regge-pole factorisation for multi-leg amplitudes in MRK

Multi-Regge Kinematics (MRK) 
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p�3 ⌧ p�4 ⌧ ... ⌧ p�n
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target p1 = (0, p�1 ;0)

projectile p2 = (p+2 , 0;0)

strong hierarchy of light-cone components  

Regge (pole) factorization in MRK

Regge (pole) factorization holds in MRK for the 
dispersive (real part) of the amplitudes through NLL; 
established using unitarity [Fadin et al. 2006]

Impact factor

Lipatov vertices

Reggeized gluon

Planar limit: 
• Four- and five-point planar amplitudes have only Regge poles. Essential for the BDS ansatz in SYM. 
• Six and higher point planar amplitudes have also Regge cuts in some special kinematic regions  
 [Bartels, Lipatov, Sabio Vera (2008)]. All multiplicity planar results available [Del Duca et al. (2019)]

no ordering of transverse components



2 → 3 amplitudes in multi-Regge kinematics

P1

P2 P3

P4

P5

s12 =
s
x2

s45 =
s1
x

s34 =
s2
x

s15 = t1

s23 = t2

j

i

g

Q2

Q1

• Multi-Regge kinematics: 
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5) · (Ta
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3).
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T2
t1 ⌘ (T1 +T5)

2

T2
t2 ⌘ (T2 +T3)

2

• t-channel colour basis -  
diagonal operators:  

• Signature symmetry operations:  
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(1 $ 5) ! {s ! �s, s45 ! �s45},
(2 $ 3) ! {s ! �s, s34 ! �s34}.

Del Duca, Duhr, Glover (2009); Caron-Huot, Chicherin, Henn, Zhang,  Zoia, JHEP 10 (2020) 188;  
Fadin, Fucilla, Papa (2023); Abreu, EG, Falcioni, Milloy and Vernazza — to appear 

s12 →
s12

x2
s45 →

s1

x
s34 →

s2

x
s15 → t1 s23 → t2 for x → 0



Odd-Odd 2 → 3 amplitude: discontinuity structure

• All-order factorization formula for 2 → 3 amplitudes in  
Multi-Regge kinematics in terms of two real-valued vertex functions 
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• Steinmann relations forbid unitarity cuts in partially overlapping channels. 

• Allowed iterated discontinuities: 
compatible with the signature 
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s12 and s45 or s12 and s34

[Bartels (1980), Fadin and Lipatov (1993),…, Fadin, Fucilla, Papa (2023)]
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Odd-Odd 2 → 3 amplitude

• Equivalently: a single complex-valued vertex   
rapidity variables absorb a phase:
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• All-order factorization formula for 2 → 3 amplitudes in Multi-Regge kinematics in terms  
of two real-valued vertex functions <latexit sha1_base64="ekl7ip2g9EMTktuO4UM8txGlPJI="></latexit>vR, vL
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Complex-valued vertex: properties

z

z̄

z = 0 z = 1

z̄ = 1

z̄ = 0

z = z̄

z + z̄ = 1

Figure 2. Lines in the z and z̄ plane identifying the position of physical (z = 0, 1 and z̄ = 0, 1)
and spurious (z = z̄ and z + z̄ = 1) singularities of the Lipatov vertex (or the amplitude at
MRK). The physical singularities (drawn in blue) represent the zeros of the squared transverse
momentum t1 or t2 of (2.9) carried by the Reggeized gluons (additional singularities appear when
these invariant diverge, at z ! 1 and z̄ ! 1). The spurious singularity at z = z̄ (in red)
represents, at the level of the amplitude, the limit where tr5 ⌘ �4 i ✏µ⌫�⇢P

µ
1 P

⌫
2 P

�
3 P

⇢
5 = 0, as can

be seen from eq. (2.11); this corresponds to the situation where all 5 parton 3-momenta are lying
in a plane, or alternatively that the three transverse momenta of the vertex are aligned, i.e. admit:
(q1 · q2)2 � |q1|2|q2|2 = |p4|4(z � z̄)2/4 = 0. Finally, spurious singularity at z + z̄ = 1 (in olive
green) corresponds to the soft limit where |p4|2 ! 0 and t1 = t2 ⌘ t.

and we shall now focus on describing the structure of v(1)(t1, t2, |p4|2).
The complexity of the Lipatov vertex is essentially just due to its dependence on the

three transverse momenta q1,q2 and p4. This is encoded in an analytic function of the

complex conjugate pair of variables z and z̄, introduced in eq. (2.8). Figure 2 describes

the location of singularities and potential singularities of the vertex as a function of z

and z̄. The lines z = 0, 1 and z̄ = 0, 1 in the (z, z̄) plane mark the physical singularities

of the amplitude. These lines correspond to the poles associated to the Reggeized gluon

propagators with virtualities t1 and t2 going on shell. There are two more regions in the

(z, z̄) plane associated to potential singularities of the amplitude. One is the line z = z̄,

where the invariant tr5, defined in eq. (2.3), vanishes to leading power in the multi-Regge

limit, following eq. (2.11). Finally, the line z+ z̄ = 1 corresponds to the soft limit, in which

the momentum p4 of the gluon radiated at central rapidity vanishes and the virtualities

of the Reggeized gluons are identical, i.e. t1 = t2 ⌘ t. In this limit z and z̄ develop large

imaginary parts:

Soft limit: z(z̄) ! 1

2
± i

s
�t

|p4|2
� 1

4
, p4 ! 0 (3.3)

However, no physical singularity occurs on z = z̄ or on z+ z̄ = 1, which are only associated
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(q1 · q2)2 � |q1|2|q2|2

|p4|2/4
= (z � z̄)2 ! 0
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<latexit sha1_base64="ekl7ip2g9EMTktuO4UM8txGlPJI="></latexit>vR, vL

• Absence of discontinuities in physical kinematics  
(Euclidean 2-dim) implies that the transcendental functions  
in the complex vertex                     should be Single-Valued GPLs 

• The reality condition of            implies that these functions 
obey:   

• Target-Projectile symmetry implies

z = z̄*
f(z, z̄)
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• Euclidean 2-dim momenta:   
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• Symbol alphabet:  

• Rational factors have spurious singularities on the lines 
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2 → 3 amplitudes at one loop: multi-Reggeon contributions

• A new feature compared to 2 → 2 scattering: even and odd signature mix
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• But as in 2 → 2 scattering, at one loop multi-Reggeon exchanges  
do not affect the dispersive (odd-odd signature) part of the amplitude.



Multiple-Reggeon effect in 2 → 3 scattering

• At two loops there are many contributions of mixed odd-even signature 
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• But importantly, there are odd-odd contributions from multi-Reggeon exchange 

These break factorization!



Signature odd-odd 2 → 3 amplitude

• Two-loop contributions of odd-odd signature
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Factorizable and non-factorizable contributions in 2 → 3 amplitudes
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• The [8,8] component of the Multi-Reggeon (MR) amplitude, split into  
Regge-factorizable (planar) terms and non-factorizable terms  

Abreu, EG, Falcioni, Milloy and Vernazza — to appear
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 is the Block-Wigner DilogarithmD2(z, z̄)



(1) Rapidity evolution equations (2 dim!) facilitate efficient computation in the (multi) Regge limit


NLL for signature even 2 → 2 amplitudes (all orders) 

NNLL for signature odd 2 → 2 amplitudes (so far to four loops)  

NNLL for signature odd-odd 2 → 3 amplitudes (so far to two loops) 

(2)  Regge-pole factorization violations in 2 → 2 and 2 → 3 amplitudes - Regge cut contributions - are non-planar  

(3)  Based on (1), (2) and recent 3-loop 4-point calculations we now know all Regge-pole parameters to 3 loops.  

(4)  Based on (1), (2) and (3) and recent 2-loop 5-point calculations* we can determine the 2-loop Lipatov vertex in QCD. 

*G. De Laurentis, H. Ita , M. Klinkert, V. Sotnikov 2311.10086, 2311.18752,   

 and B. Agarwal, F. Buccioni, F. Devoto, G. Gambuti, A. von Manteuffel, L. Tancredi, 2311.09870.  

(5)  The Lipatov Vertex is one of the building blocks of NNLO BFKL Kernel. Most others will be available soon.

Regge poles & cuts and the Lipatov vertex  

Great prospects to further exploiting the interplay the Regge limit, 
fixed-order computations and the study of IR singularities 


