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On-shell EFT

•Standard Lagrangian EFT 

•Find a basis of operators at given dimension is non-trivial: field 
redefinition, equations of motions. 

•Relation to observables is non-trivial because of gauge 
redundancy. 

•Alternatively, one could use the amplitude, which is related to the 
physical observables directly. 

<latexit sha1_base64="omN0wMhH7jelk/o+Sg1qFkZD4Qg="></latexit>

Le↵ = LSM +
X

i

1

⇤di�4
ciOi



3

2 constructions

•Bottom up                     HEFT             

•Top down                      SMEFT
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Four-point amplitudes

•Four-point amplitudes are phenomenologically interesting

4-point amplitudes

factorizable parts

non-factorizable parts, 4-pt contact terms (This talk) 

renormalizable 3-pt couplings

non-renormalizable 3-pt couplings 
[Durieux,Kitahara,Shadmi,Weiss, 19’]
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General structures

<latexit sha1_base64="v2meI1IswiwfTc8ARAr1IXiuSkI="></latexit>X
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hsij
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Spinor structures

Little-group index

Polynomials

Mandelstam invariants 

Only depends on 
scattering angle

Carrying little-
group weights 
and polarizations 

[Durieux, Kitahara, Machado, Shadmi, Weiss ’20]
The massive  stripped contact-term(SCT) basis



6

Bottom-up: HEFT up to E^2

SU(3) X U(1) gauge invariance (W, Z, h are independent ) +SM fields

HEFT four-point contact-term 

amplitudes
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Example: wwhh

The most general 4-point contact terms

<latexit sha1_base64="V2nGUqR8XA/fE3657rMi9Ya+o3U=">AAAB/HicbVDNS8MwHE39nPOruqOX4BA8jXYM9Tj04nGC+4CujjRNt7A0KUkqlDL/FS8eFPHqH+LN/8Z060E3H4Q83vv9yMsLEkaVdpxva219Y3Nru7JT3d3bPzi0j457SqQSky4WTMhBgBRhlJOuppqRQSIJigNG+sH0pvD7j0QqKvi9zhLix2jMaUQx0kYa2TVvGAgWqiw2V+42Z/5Dc2TXnYYzB1wlbknqoERnZH8NQ4HTmHCNGVLKc51E+zmSmmJGZtVhqkiC8BSNiWcoRzFRfj4PP4NnRglhJKQ5XMO5+nsjR7Eq4pnJGOmJWvYK8T/PS3V05eeUJ6kmHC8eilIGtYBFEzCkkmDNMkMQltRkhXiCJMLa9FU1JbjLX14lvWbDvWi07lr19nVZRwWcgFNwDlxwCdrgFnRAF2CQgWfwCt6sJ+vFerc+FqNrVrlTA39gff4Ad2CUqA==</latexit>

[12]2
<latexit sha1_base64="JarJQNuI9hO/zYQ4tCGgDFzFg1A=">AAACF3icbVDLSsNAFJ3UV62vqEs3wSK4Ckkp6rLoxmUF+4AklMlk0g6dzISZiVBC/8KNv+LGhSJudeffOEmz0NYDwxzOuZd77wlTSqRynG+jtra+sblV327s7O7tH5iHR33JM4FwD3HKxTCEElPCcE8RRfEwFRgmIcWDcHpT+IMHLCTh7F7NUhwkcMxITBBUWhqZtueHnEZylugvd1vzwKeQjSlekn1RqiOz6dhOCWuVuBVpggrdkfnlRxxlCWYKUSil5zqpCnIoFEEUzxt+JnEK0RSOsacpgwmWQV7eNbfOtBJZMRf6MWWV6u+OHCayWFFXJlBN5LJXiP95XqbiqyAnLM0UZmgxKM6opbhVhGRFRGCk6EwTiATRu1poAgVESkfZ0CG4yyevkn7Ldi/s9l272bmu4qiDE3AKzoELLkEH3IIu6AEEHsEzeAVvxpPxYrwbH4vSmlH1HIM/MD5/AGtvoLg=</latexit>

[12]h12i
<latexit sha1_base64="T9PRwMyjdKv74hNnvjDWnm9yyxc=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUqqChgrWBiLRB9SEyrHcVurjh3ZDlIVdWThV1gYQIiVT2Djb3DSDNByJMtH59yre+8JYkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJRKJSRsLJmQvQIowyklbU81IL5YERQEj3WBynfndByIVFfxOT2PiR2jE6ZBipI00sI89hviIES8QLFTTyHypW595Mlfv6wO76tScHHCZuAWpggKtgf3lhQInEeEaM6RU33Vi7adIaooZmVW8RJEY4Qkakb6hHEVE+Wl+yAyeGiWEQyHN4xrm6u+OFEUqW9JURkiP1aKXif95/UQPL/2U8jjRhOP5oGHCoBYwSwWGVBKs2dQQhCU1u0I8RhJhbbKrmBDcxZOXSadec89rjdtGtXlVxFEGR+AEnAEXXIAmuAEt0AYYPIJn8ArerCfrxXq3PualJavoOQR/YH3+ACI6mgw=</latexit>

h12i2

Derive all E^2 contact terms in 2-to-2 amplitude (physical observables)

,                 ,
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HEFT up to E^2

[HL, Ma, Shadmi, Waterbury ’23]

<latexit sha1_base64="LH5r7l+hne8xCp9O3/mA9p8VOQU=">AAACN3icbVDLSgMxFM34tr6qLt0Ei6AgZUZE3QiiG1dSwarQGUomvVODmWRI7ohl6F+58Tfc6caFIm79A9PHQqtnk8M555J7T5xJYdH3n72x8YnJqemZ2dLc/MLiUnl55dLq3HCocy21uY6ZBSkU1FGghOvMAEtjCVfx7UnPv7oDY4VWF9jJIEpZW4lEcIZOapbPNsNYy5btpO4pgp3uFj2kjREt2g4R7rGg2tBuKJlqSxiJhKavNssVv+r3Qf+SYEgqZIhas/wUtjTPU1DIJbO2EfgZRgUzKLiEbinMLWSM37I2NBxVLAUbFf27u3TDKS2auK0SrZD21Z8TBUttb0WXTBne2FGvJ/7nNXJMDqJCqCxHUHzwUZJLipr2SqQtYYCj7DjCuBFuV8pvmGEcXdUlV0IwevJfcrlTDfaqu+e7laPjYR0zZI2sk00SkH1yRE5JjdQJJw/khbyRd+/Re/U+vM9BdMwbzqySX/C+vgGwIa0a</latexit>

(12) = [12], or h12i
helicity category in the massless limit
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HEFT up to E^2
<latexit sha1_base64="LH5r7l+hne8xCp9O3/mA9p8VOQU=">AAACN3icbVDLSgMxFM34tr6qLt0Ei6AgZUZE3QiiG1dSwarQGUomvVODmWRI7ohl6F+58Tfc6caFIm79A9PHQqtnk8M555J7T5xJYdH3n72x8YnJqemZ2dLc/MLiUnl55dLq3HCocy21uY6ZBSkU1FGghOvMAEtjCVfx7UnPv7oDY4VWF9jJIEpZW4lEcIZOapbPNsNYy5btpO4pgp3uFj2kjREt2g4R7rGg2tBuKJlqSxiJhKavNssVv+r3Qf+SYEgqZIhas/wUtjTPU1DIJbO2EfgZRgUzKLiEbinMLWSM37I2NBxVLAUbFf27u3TDKS2auK0SrZD21Z8TBUttb0WXTBne2FGvJ/7nNXJMDqJCqCxHUHzwUZJLipr2SqQtYYCj7DjCuBFuV8pvmGEcXdUlV0IwevJfcrlTDfaqu+e7laPjYR0zZI2sk00SkH1yRE5JjdQJJw/khbyRd+/Re/U+vM9BdMwbzqySX/C+vgGwIa0a</latexit>

(12) = [12], or h12i
helicity category in the massless limit

[HL, Ma, Shadmi, Waterbury ’23]
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Bottom-up construction to full WWhh

1

23

4

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</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="5feTmwmDVzipP5KhS9Yk3ZKQ/b8=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkJJtKjHohePFewHtKFstpt26WYTdidKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHgmtwnG8rt7S8srqWXy9sbG5t79i7ew0dJYqyOo1EpFo+0UxwyerAQbBWrBgJfcGa/vBm4jcfmNI8kvcwipkXkr7kAacEjNS1D05L5x3BAlC8PwCiVPSIKyddu+iUnSnwInEzUkQZal37q9OLaBIyCVQQrduuE4OXEgWcCjYudBLNYkKHpM/ahkoSMu2l0/PH+NgoPRxEypQEPFV/T6Qk1HoU+qYzJDDQ895E/M9rJxBceSmXcQJM0tmiIBEYIjzJAve4YhTEyBBCFTe3YjogilAwiRVMCO78y4ukcVZ2L8qVu0qxep3FkUeH6AiVkIsuURXdohqqI4pS9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx/yFJTZ</latexit>

+(3 $ 4)

Three-point terms

<latexit sha1_base64="c0Xym18sQrLhxlTfHcKXtN2VZLs="></latexit>

C00,fac
WWhh

[12]h12i
m2

W

+ C00
WWhh

[12]h12i
⇤2

<latexit sha1_base64="Fj33GgECE8ZhMnEC5CdpDO6KMuk="></latexit>

C00
WWh

[12]h12i
mW

, mhChhh

Four-point contact terms

determined by factorizable part

Perturbative unitarity Gauge invariance
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<latexit sha1_base64="FprxMfnaTfDtqC6bi4hvHT+ahvU="></latexit>

M(W+,W�, h, h) = c00,facWWhh

[12]h12i
m2

W

+ c00WWhh
[12]h12i

⇤2
� mhmW c00WWhchhh

s12 �m2
h

[12]h12i
m2

W

<latexit sha1_base64="v+LZ2iZjXzSOl4O7Iu/bxjWfUS8="></latexit>

+
c00WWh

2

s13 �m2
W

✓
h131]h242]

2m2
W

� [12]h12i
◆
+

c00WWh
2

s14 �m2
W

✓
h141]h232]

2m2
W

� [12]h12i
◆

renormalizable nonrenormalizable s-channel

t-channel u-channel

Bottom-up construction to full WWhh

1

23

4

<latexit sha1_base64="8LVrqJucQl9xNwsjgr7UF8xAfX0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP4+7jMo=</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="5feTmwmDVzipP5KhS9Yk3ZKQ/b8=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRKkJJtKjHohePFewHtKFstpt26WYTdidKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHgmtwnG8rt7S8srqWXy9sbG5t79i7ew0dJYqyOo1EpFo+0UxwyerAQbBWrBgJfcGa/vBm4jcfmNI8kvcwipkXkr7kAacEjNS1D05L5x3BAlC8PwCiVPSIKyddu+iUnSnwInEzUkQZal37q9OLaBIyCVQQrduuE4OXEgWcCjYudBLNYkKHpM/ahkoSMu2l0/PH+NgoPRxEypQEPFV/T6Qk1HoU+qYzJDDQ895E/M9rJxBceSmXcQJM0tmiIBEYIjzJAve4YhTEyBBCFTe3YjogilAwiRVMCO78y4ukcVZ2L8qVu0qxep3FkUeH6AiVkIsuURXdohqqI4pS9Ixe0Zv1ZL1Y79bHrDVnZTP76A+szx/yFJTZ</latexit>

+(3 $ 4)



12

WWhh: perturbative unitarity

Take high-energy limit for the longitudinal W

Perturbative unitarity requires

<latexit sha1_base64="KsUz5aoU0K/iGaPaiGqLItkH82U=">AAACIXicbVDLSgMxFM34tr6qLt0EiyBYykwp2o1QdONSwdpCpy2ZNNMGMw+SO2IJ8ytu/BU3LhRxJ/6M6XQW2nogcDjnXG7u8WLBFdj2l7WwuLS8srq2XtjY3NreKe7u3akokZQ1aSQi2faIYoKHrAkcBGvHkpHAE6zl3V9O/NYDk4pH4S2MY9YNyDDkPqcEjNQv1mlP23bZBfYI2ic0Tfu61RqNUnyCXV8SqrPAVE3dcq+a6mqKz+1+sWRX7Ax4njg5KaEc1/3ipzuIaBKwEKggSnUcO4auJhI4FSwtuIliMaH3ZMg6hoYkYKqrswtTfGSUAfYjaV4IOFN/T2gSKDUOPJMMCIzUrDcR//M6Cfj1ruZhnAAL6XSRnwgMEZ7UhQdcMgpibAihkpu/YjoiphcwpRZMCc7syfPkrlpxTiu1m1qpcZHXsYYO0CE6Rg46Qw10ha5RE1H0hF7QG3q3nq1X68P6nEYXrHxmH/2B9f0DRlKi8Q==</latexit>

c00,facWWhh +
c00WWh

2

2
= 0

Factorizable part is fixed by the 3-point coupling

<latexit sha1_base64="+2woS87Q3GaIrTu0FAP08cdQWQs="></latexit>

M(W+,W�, h, h) � �
✓
c00,facWWhh +

c00WWh
2

2

◆
s12
2m2

W
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WWhh: gauge invariance

Take high-energy limit for the transverse W

<latexit sha1_base64="KsUz5aoU0K/iGaPaiGqLItkH82U=">AAACIXicbVDLSgMxFM34tr6qLt0EiyBYykwp2o1QdONSwdpCpy2ZNNMGMw+SO2IJ8ytu/BU3LhRxJ/6M6XQW2nogcDjnXG7u8WLBFdj2l7WwuLS8srq2XtjY3NreKe7u3akokZQ1aSQi2faIYoKHrAkcBGvHkpHAE6zl3V9O/NYDk4pH4S2MY9YNyDDkPqcEjNQv1mlP23bZBfYI2ic0Tfu61RqNUnyCXV8SqrPAVE3dcq+a6mqKz+1+sWRX7Ax4njg5KaEc1/3ipzuIaBKwEKggSnUcO4auJhI4FSwtuIliMaH3ZMg6hoYkYKqrswtTfGSUAfYjaV4IOFN/T2gSKDUOPJMMCIzUrDcR//M6Cfj1ruZhnAAL6XSRnwgMEZ7UhQdcMgpibAihkpu/YjoiphcwpRZMCc7syfPkrlpxTiu1m1qpcZHXsYYO0CE6Rg46Qw10ha5RE1H0hF7QG3q3nq1X68P6nEYXrHxmH/2B9f0DRlKi8Q==</latexit>

c00,facWWhh +
c00WWh

2

2
= 0

<latexit sha1_base64="rXImCvpdhs9FKu4cnBKkCaCxSkU="></latexit>

M(W+,W�, h, h) ! c00,facWWhh

[1⇠2]h⇠12i
[2⇠2]h1⇠1i

+
c00WWh

2

2

✓
[13⇠1i[⇠242i
s13[2⇠2]h1⇠1i

+
[14⇠1i[⇠232i
s14[2⇠2]h1⇠1i

◆

Depends on arbitrary spinors
<latexit sha1_base64="BKLv8Vpgor2BmxjJGtk1opj+sMw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclJKUoi6LblxWsA9oYplMJ+3QySTMTNQS+h9uXCji1n9x5984abPQ1gOXezjnXubO8WPOlLbtb2tldW19Y7OwVdze2d3bLx0ctlWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57Tjj68zv/NApWKRuNOTmHohHgoWMIK1ke7dJ9Z3Km4l67Viv1S2q/YMaJk4OSlDjma/9OUOIpKEVGjCsVI9x461l2KpGeF0WnQTRWNMxnhIe4YKHFLlpbOrp+jUKAMURNKU0Gim/t5IcajUJPTNZIj1SC16mfif10t0cOmlTMSJpoLMHwoSjnSEsgjQgElKNJ8Ygolk5lZERlhiok1QWQjO4peXSbtWdc6r9dt6uXGVx1GAYziBM3DgAhpwA01oAQEJz/AKb9aj9WK9Wx/z0RUr3zmCP7A+fwDJ1JFo</latexit>

⇠1, ⇠2

Requiring independent

amounts to gauge invariance of high-energy theory

Gauge invariance and perturbative unitarity are equivalent



14

HEFT with E^3 and E^4

[HL, Ma, Shadmi, Waterbury ’23]

# of independent 
structures

<latexit sha1_base64="aYK16kFtuFH6FFXHME4UHcFRkaQ=">AAACQHicbVC7TsMwFHXKq5RXgZElokJiqpISAWMFC2OR6ENKospxnNaqY0e2g1RF+TQWPoGNmYUBhFiZcNoMtOVI1j06517d6xMklEhlWa9GZW19Y3Orul3b2d3bP6gfHvUkTwXCXcQpF4MASkwJw11FFMWDRGAYBxT3g8lt4fcfsZCEswc1TbAfwxEjEUFQaWlY77tewGkop7Eumd3K/QXhwlkSbKeVewKyEcUenZfF9tIc1htW05rBXCV2SRqgRGdYf/FCjtIYM4UolNK1rUT5GRSKIIrzmpdKnEA0gSPsaspgjKWfzQLIzTOthGbEhX5MmTP170QGY1mcqDtjqMZy2SvE/zw3VdG1nxGWpAozNF8UpdRU3CzSNEMiMFJ0qglEguhbTTSGAiKlM6/pEOzlL6+SXqtpXzade6fRvinjqIITcArOgQ2uQBvcgQ7oAgSewBv4AJ/Gs/FufBnf89aKUc4cgwUYP7/SOrJS</latexit>

[12][34][142ih34i
<latexit sha1_base64="jJYQ/bVBXsfJozEeKobHz2NSHUE=">AAACNHicbZBNS8NAEIY39avWr6hHL4tF8FSStqjHohfBSwX7AU0om82mXbrZhN2NUEJ/lBd/iBcRPCji1d/gps3Bpg4s+/LMDDPzejGjUlnWm1FaW9/Y3CpvV3Z29/YPzMOjrowSgUkHRywSfQ9JwignHUUVI/1YEBR6jPS8yU2W7z0SIWnEH9Q0Jm6IRpwGFCOl0dC8GzhexHw5DfWX2vWZuwQazQKoNwrA1iWOQHzEyNCsWjVrHnBV2LmogjzaQ/PF8SOchIQrzJCUA9uKlZsioShmZFZxEklihCdoRAZachQS6abzo2fwTBMfBpHQjys4p387UhTKbEddGSI1lsVcBv/LDRIVXLkp5XGiCMeLQUHCoIpg5iD0qSBYsakWCAuqd4V4jATCSvtc0SbYxZNXRbdesy9qzftmtXWd21EGJ+AUnAMbXIIWuAVt0AEYPIFX8AE+jWfj3fgyvhelJSPvOQZLYfz8AhwUrO0=</latexit>

[12][34][23][134i
<latexit sha1_base64="RChSCU2C/6xBKRic9kYIoOY5Z20=">AAACMXicbVDLSsNAFJ3UV62vqEs3wSK4Kkkb1GXRTZcV7AOSWCaTaTt0MgkzE6GE/JIb/0TcdKGIW3/CSRvBtl4Y5nDOudx7jx9TIqRpzrTSxubW9k55t7K3f3B4pB+fdEWUcIQ7KKIR7/tQYEoY7kgiKe7HHMPQp7jnT+5yvfeEuSARe5DTGHshHDEyJAhKRQ30luP6EQ3ENFRfatUz77HuUshGFP8VGnbm8jm75LfrjV9+oFfNmjkvYx1YBaiCotoD/dUNIpSEmElEoRCOZcbSSyGXBFGcVdxE4BiiCRxhR0EGQyy8dH5xZlwoJjCGEVePSWPO/u1IYSjyHZUzhHIsVrWc/E9zEjm88VLC4kRihhaDhgk1ZGTk8RkB4RhJOlUAIk7UrgYaQw6RVCFXVAjW6snroFuvWVc1+96uNm+LOMrgDJyDS2CBa9AELdAGHYDAM3gD7+BDe9Fm2qf2tbCWtKLnFCyV9v0Di36rpA==</latexit>

[12]2h34i[423i

HEFT, minimum SMEFT dim’s

PF = parity flip
angle <—> square
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2 constructions

•So far: HEFT from bottom-up approach                                 

•Now: SMEFT  from Top-down approach                     
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Top-down

•Starting point: massless on-shell amplitudes 

•From massless amplitudes of the unbroken theory -> SMEFT low-energy 
contact terms 

[Durieux, Machado, ’19], [Ma, Shu, Xiao ’19]

https://arxiv.org/search/hep-ph?searchtype=author&query=Durieux%2C+G
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Bolding

•Higgsing/bolding to obtain the low-energy contact terms  

•Massless SCTs featuring just fermions and vectors are simply bolded into 
massive SCTs  

•Massless SCT featuring a scalar with a momentum insertion can give a 
massive SCT featuring a vector 

•When the scalar is additional Higgs that gets vev, need to take the soft 
limit by setting the momentum to zero

<latexit sha1_base64="EAKFArjFuGLqlg3XzliZ7hpXxmM=">AAACHXicbVC7TsMwFHV4lvIKMLJYVEhMVYIqYKxgYSwSfUhNVDmOk1p17Mh2QFXUH2HhV1gYQIiBBfE3OG0G2nIky0fn3Kt77wlSRpV2nB9rZXVtfWOzslXd3tnd27cPDjtKZBKTNhZMyF6AFGGUk7ammpFeKglKAka6weim8LsPRCoq+L0ep8RPUMxpRDHSRhrYjXRAoSdpPNRISvEIvUCwUI0T8+V04knEY0b68+rArjl1Zwq4TNyS1ECJ1sD+8kKBs4RwjRlSqu86qfZzJDXFjEyqXqZIivAIxaRvKEcJUX4+vW4CT40SwkhI87iGU/VvR44SVaxmKhOkh2rRK8T/vH6moys/pzzNNOF4NijKGNQCFlHBkEqCNRsbgrCkZleIh0girE2gVROCu3jyMumc192LeuOuUWtel3FUwDE4AWfABZegCW5BC7QBBk/gBbyBd+vZerU+rM9Z6YpV9hyBOVjfv0lko/E=</latexit>

pi ! ii[i

<latexit sha1_base64="6ii/rwFQZGjHefiKNOwtlJxbLQo=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Iroh6LXjxWsB/QLks2TdvQbLIks5ay9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5USK4Ac/7dgpr6xubW8Xt0s7u3v6BWz5sGpVqyhpUCaXbETFMcMkawEGwdqIZiSPBWtHodua3Hpk2XMkHmCQsiMlA8j6nBKwUuuUk5Lir+WAIRGs1xl7oVryqNwdeJX5OKihHPXS/uj1F05hJoIIY0/G9BIKMaOBUsGmpmxqWEDoiA9axVJKYmSCbnz7Fp1bp4b7StiTgufp7IiOxMZM4sp0xgaFZ9mbif14nhf51kHGZpMAkXSzqpwKDwrMccI9rRkFMLCFUc3srpkOiCQWbVsmG4C+/vEqa51X/snpxf1Gp3eRxFNExOkFnyEdXqIbuUB01EEVj9Ixe0Zvz5Lw4787HorXg5DNH6A+czx+7v5Or</latexit>

pi ! 0

[Balkin, Durieux, Kitahara, Shadmi, Weiss ’21]

https://inspirehep.net/authors/1657351
https://inspirehep.net/authors/1273362
https://inspirehep.net/authors/1274068
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Mapping between HEFT and SMEFT
example: WWhh
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<latexit sha1_base64="xbSb8wi9bntvHNMSS/eGgSvrlnQ=">AAACL3icbVBdS8MwFE39nPNr6qMvxSH4NNox1MfhQHyc4NbBWkuapltYmpYkFUboP/LFv7IXEUV89V+Ybn3QzQMhh3PuTe49QUqJkJb1Zqytb2xubVd2qrt7+weHtaPjvkgyjnAPJTThgwAKTAnDPUkkxYOUYxgHFDvBpFP4zhPmgiTsQU5T7MVwxEhEEJRa8mu3nUdlWbmvHGecuxGHSA3dIKGhmMb6UnYz91wK2YjiJdnlczVXse/kfq1uNaw5zFVil6QOSnT92swNE5TFmElEoRBD20qlpyCXBOlHq24mcArRBI7wUFMGYyw8Nd83N8+1EppRwvVh0pyrvzsUjEUxqK6MoRyLZa8Q//OGmYyuPUVYmknM0OKjKKOmTMwiPDMkHCNJp5pAxIme1URjqEOTOuKqDsFeXnmV9JsN+7LRum/V2zdlHBVwCs7ABbDBFWiDO9AFPYDAM5iBd/BhvBivxqfxtShdM8qeE/AHxvcPTZ+rGQ==</latexit>

C00
WWh

[12]h12i
mW

<latexit sha1_base64="c0Xym18sQrLhxlTfHcKXtN2VZLs="></latexit>

C00,fac
WWhh

[12]h12i
m2

W

+ C00
WWhh

[12]h12i
⇤2

• The factorizable part is determined by the three-point couplings. The 
non-factorizable (local) four-point term can be determined by 
matching to the SMEFT 

• In SMEFT, h and WL  come from Higgs doubet H, the 4H operator 
generates WL WL hh at the leading order

Independent

WWhh

Three-point terms

Four-point terms

<latexit sha1_base64="dHx8SF1vvhSammkgR7abpA8rNdc=">AAACFHicbVBNS8NAEN34bf2KevSyWIRKpSQi6kUoerBHBdsKTVo22027dPPh7kQoIT/Ci3/FiwdFvHrw5r9x2+ag1QcDj/dmmJnnxYIrsKwvY2Z2bn5hcWm5sLK6tr5hbm41VJRIyuo0EpG89YhigoesDhwEu40lI4EnWNMbXIz85j2TikfhDQxj5gakF3KfUwJa6pjlGj5zBPOhdNkuH2DHl4Sm9+V+ljrqTkJ6mGWO5L0+7LdvOmbRqlhj4L/EzkkR5bjqmJ9ON6JJwEKggijVsq0Y3JRI4FSwrOAkisWEDkiPtTQNScCUm46fyvCeVrrYj6SuEPBY/TmRkkCpYeDpzoBAX017I/E/r5WAf+qmPIwTYCGdLPITgSHCo4Rwl0tGQQw1IVRyfSumfaJzAZ1jQYdgT7/8lzQOK/Zx5ej6qFg9z+NYQjtoF5WQjU5QFdXQFaojih7QE3pBr8aj8Wy8Ge+T1hkjn9lGv2B8fAN+O53o</latexit>

H =

✓
G

+
,
v + hp

2

◆T
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Massless dim-6 SMEFT

• Massless SMEFT contact term 

• Each kinematic structure in the physical 
amplitudes can be associated with a 
specific operator in the Warsaw basis

[HL, Ma, Shadmi, Waterbury ’23]

[Ma, Shu, Xiao ’19]
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WWhh

<latexit sha1_base64="5RIRUbiO2ZTQ/Zlmw4pynxfIsSM="></latexit>

A(Hc
iH

c
jH

k
H

l) =
c+

⇤2
s12T

+ kl
ij +

c�
⇤2

(s13 � s23)T
� kl
ij

<latexit sha1_base64="4FiNQSEnbgtgcVcFL393vw+UKE8="></latexit>

T± kl
ij ⌘ 1

2
(�ki �

l
j ± �kj �

l
i)

<latexit sha1_base64="ssuq+xq/Ju1o5u9gGFeXd0+SnLo="></latexit>

M(W+
L W�

L hh) =
c+ � 3c�

2

[12]h12i
⇤2

<latexit sha1_base64="QfcdET+jZTQMcEicmRmW8QsnAfE="></latexit>

c00
WWhh

=
c+ � 3c�

2
= 4(CH⇤ � 1

4
CHD)

<latexit sha1_base64="WmXXzpQfrZxo111bvkDYRRTm0gU="></latexit>

[12]h12i ⌘ 1

2
[1{I12{J1 ]h1I2}2J2}i ! 1

2
[12]h12i = �1

2
s12
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HEFT and SMEFT mapping

•In ⼠⼠ helicity of VVhh, 
10 HEFT parameters and 
8 SMEFT parameters

[HL, Ma, Shadmi, Waterbury ’23]
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Derive low-energy contact-term amplitudes
example: WWWW
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WWWW

<latexit sha1_base64="Vgf7WIZ6LZdb+UhG+nHYaJExnaU=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIBaHMiKjLohuXFewD2jpkMpk2NPMgyQh1qO79CkFcKOLW/3Dn2h8x03ahrQdyOZxzL/fmuDFnUlnWl5Gbm19YXMovF1ZW19Y3zM2tuowSQWiNRDwSTRdLyllIa4opTpuxoDhwOW24/fPMb9xQIVkUXqlBTDsB7obMZwQrLTnmTsM5uMZZcbNCsuI5ZtEqWyOgWWJPSLFSKn0/3MmnqmN+tr2IJAENFeFYypZtxaqTYqEY4XRYaCeSxpj0cZe2NA1xQGUnHV0/RPta8ZAfCf1ChUbq74kUB1IOAld3Blj15LSXif95rUT5p52UhXGiaEjGi/yEIxWhLArkMUGJ4gNNMBFM34pIDwtMlA6soEOwp788S+qHZfu4fHSp0ziDMfKwC3tQAhtOoAIXUIUaELiFR3iBV+PeeDbejPdxa86YzGzDHxgfP1R9l48=</latexit>

W a
+W

b
+W

c
+W

d
+

HE

LE

<latexit sha1_base64="VvShtWuRTSJzZw7xTDJBBAO06B8="></latexit>

[12]2[34]2�ab�cd + [13]2[24]2�ac�bd + [14]2[23]2�ad�bc

<latexit sha1_base64="DLJipaaCfmkBOh+o8LNZPtBs/oQ="></latexit>

([13]2[24]2 + [14]2[23]2)�ab�cd + ([12]2[34]2 + [14]2[23]2)�ac�bd

<latexit sha1_base64="ueKAsFG9+SGPk8LrvyR32puLcHs="></latexit>

+([12]2[34]2 + [13]2[24]2)�ad�bc

<latexit sha1_base64="WFIJvrCp6xVIeSnYgPFImOSTwiI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEQaiJiLoRqm5cVrAPaEKYTCft0MkkzEyEGIo/4Qe4caGIW//DXf/GSduFth4YOJxzL/fM8WNGpbKskVFYWFxaXimultbWNza3zO2dpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wU3utx6IkDTi9yqNiRuiHqcBxUhpyTP3nBCpPkYsuxp69jH2bHgJPbNiVa0x4Dyxp6RSKztHz6NaWvfMb6cb4SQkXGGGpOzYVqzcDAlFMSPDkpNIEiM8QD3S0ZSjkEg3G6cfwgOtdGEQCf24gmP190aGQinT0NeTeVY56+Xif14nUcGFm1EeJ4pwPDkUJAyqCOZVwC4VBCuWaoKwoDorxH0kEFa6sJIuwZ798jxpnlTts+rpnW7jGkxQBPugDA6BDc5BDdyCOmgADB7BC3gD78aT8Wp8GJ+T0YIx3dkFf2B8/QDUh5cl</latexit>

A1/c1 =

<latexit sha1_base64="AbJceZjSrbLJYvDGTB3FI1BBdmk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEQahJEXUjVN24rGAf0IQwmU7aoZNJmJkIMRR/wg9w40IRt/6Hu/6Nk7YLrR4YOJxzL/fM8WNGpbKssVFYWFxaXimultbWNza3zO2dlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT94XXut++JkDTidyqNiRuiPqcBxUhpyTP3nBCpAUYsuxx5tWPs1eAF9MyKVbUmgH+JPSOVetk5ehrX04Znfjm9CCch4QozJGXXtmLlZkgoihkZlZxEkhjhIeqTrqYchUS62ST9CB5opQeDSOjHFZyoPzcyFEqZhr6ezLPKeS8X//O6iQrO3YzyOFGE4+mhIGFQRTCvAvaoIFixVBOEBdVZIR4ggbDShZV0Cfb8l/+SVq1qn1ZPbnUbV2CKItgHZXAIbHAG6uAGNEATYPAAnsEreDMejRfj3fiYjhaM2c4u+AXj8xvXmZcn</latexit>

A2/c2 =

<latexit sha1_base64="qHY5jwA7SBge0ztq5dIART9Ibcc=">AAAB/XicbVDLSsNAFJ34rPUVH7tuBotQKJZERF0WXeiygn1AG8NkMmmHTiZhZiLUUPwOd25cKOLWL/AH3Pk3TtMi2npgLodz7uXeOV7MqFSW9WXMzS8sLi3nVvKra+sbm+bWdkNGicCkjiMWiZaHJGGUk7qiipFWLAgKPUaaXv985DdviZA04tdqEBMnRF1OA4qR0pJr7jbd8s3BTylnxTWLVsXKAGeJPSHFauniofDR8muu+dnxI5yEhCvMkJRt24qVkyKhKGZkmO8kksQI91GXtDXlKCTSSbPrh3BfKz4MIqEfVzBTf0+kKJRyEHq6M0SqJ6e9kfif105UcOqklMeJIhyPFwUJgyqCoyigTwXBig00QVhQfSvEPSQQVjqwvA7Bnv7yLGkcVuzjytGVTuMMjJEDBbAHSsAGJ6AKLkEN1AEGd+ARPIMX4954Ml6Nt3HrnDGZ2QF/YLx/Axvplgg=</latexit>

W�
+W�

+W+
+W+

+

<latexit sha1_base64="sQCy2fRKrSdmG2teOdSzwqbd518="></latexit>

2c2[12]
2[34]2 + (c1 + c2)([13]

2[24]2 + [14]2[23]2)

<latexit sha1_base64="DAg2vIVkhJLqpR2E5xkxeHAk+8A="></latexit>

= (c1 + 3c2)([13]
2[24]2 + [14]2[23]2)� 4c2[13][14][23][24]
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WWWW

<latexit sha1_base64="TaElhtGUW4AGkkeFwKj3jGnIkv4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkUQiiWRoi6LblxWsA9oY5hMJ+3QySTMTIQair/ixoUibv0Pd/6N0zSIth6Yy+Gce7l3jh8zKpVtfxkLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ya+K17IiSN+K0axcQNUZ/TgGKktOSZ+y2vfHfyU8pZ8cySXbEzWPPEyUkJctQ987Pbi3ASEq4wQ1J2HDtWboqEopiRcbGbSBIjPER90tGUo5BIN82uH1tHWulZQST048rK1N8TKQqlHIW+7gyRGshZbyL+53USFVy4KeVxogjH00VBwiwVWZMorB4VBCs20gRhQfWtFh4ggbDSgRV1CM7sl+dJ87TinFWqN9VS7TKPowAHcAjH4MA51OAa6tAADA/wBC/wajwaz8ab8T5tXTDymT34A+PjGzqPkyg=</latexit>

W�
+W�

+W+
+W+

+

LE

<latexit sha1_base64="gkVB394iMF0rEQT4LulxYWXZTSE=">AAAB/XicbVDLSgMxFM3UV62v8bHrJliEQmmZEVGXRRe6rGAf0E6HTCbThmYyQ5IRail+hzs3LhRx6xf4A+78G9NpF9p6IJfDOfdyb44XMyqVZX0bmaXlldW17HpuY3Nre8fc3WvIKBGY1HHEItHykCSMclJXVDHSigVBocdI0xtcTvzmHRGSRvxWDWPihKjHaUAxUlpyzYOmW+qWZ6XcLaXFNQtWxUoBF4k9I4Vq8eox/9nya6751fEjnISEK8yQlG3bipUzQkJRzMg410kkiREeoB5pa8pRSKQzSq8fwyOt+DCIhH5cwVT9PTFCoZTD0NOdIVJ9Oe9NxP+8dqKCc2dEeZwowvF0UZAwqCI4iQL6VBCs2FAThAXVt0LcRwJhpQPL6RDs+S8vksZxxT6tnNzoNC7AFFmQB4egCGxwBqrgGtRAHWBwD57AC3g1Hoxn4814n7ZmjNnMPvgD4+MHIguWDA==</latexit>

W�
+W�

+W+
�W+

�
<latexit sha1_base64="sRjjR+TGt8ke4ngd1ry2kXURkqI=">AAACG3icbVDLSsNAFJ3UV62vqEs3oUUQhJLEoi6LblxWsA9I0jKZTNuhk5kwMxFK6F+4cOOvuHGhiCvBRf/G6WNRWw8MczjnXu69J0wokcq2x0ZubX1jcyu/XdjZ3ds/MA+PGpKnAuE64pSLVgglpoThuiKK4lYiMIxDipvh4HbiNx+xkISzBzVMcBDDHiNdgqDSUsd0PT/kNJLDWH+Z446CtutTyHoULxoXlZEvpmrb7Zglu2xPYa0SZ05K1aJ//jSuDmsd89uPOEpjzBSiUErPsRMVZFAogigeFfxU4gSiAexhT1MGYyyDbHrbyDrVSmR1udCPKWuqLnZkMJaTJXVlDFVfLnsT8T/PS1X3OsgIS1KFGZoN6qbUUtyaBGVFRGCk6FATiATRu1qoDwVESsdZ0CE4yyevkoZbdi7LlXudxg2YIQ9OQBGcAQdcgSq4AzVQBwg8g1fwDj6MF+PN+DS+ZqU5Y95zDP7A+PkFGmelDw==</latexit>

[12]2h34i2

<latexit sha1_base64="NzXsggnu6v4Nh+1RWTxlRRqGwIc=">AAAB/XicbZDLSgMxFIYz9VbrbbzsugkWoTC0zIioy6ILXVawnUI7HTKZtA3NXEgyQh2Kz+HOjQtF3PoEvoA738ZM24W2Hkj4+P9zyMnvxYwKaZrfWm5peWV1Lb9e2Njc2t7Rd/eaIko4Jg0csYi3PCQIoyFpSCoZacWcoMBjxPaGl5lv3xEuaBTeylFMnAD1Q9qjGEklufqB7Rrdiu1WssvoGhkZrl4yq+ak4CJYMyjVylePxc+WX3f1r44f4SQgocQMCdG2zFg6KeKSYkbGhU4iSIzwEPVJW2GIAiKcdLL9GB4pxYe9iKsTSjhRf0+kKBBiFHiqM0ByIOa9TPzPayeyd+6kNIwTSUI8faiXMCgjmEUBfcoJlmykAGFO1a4QDxBHWKrACioEa/7Li9A8rlqn1ZMblcYFmFYeFMEhKAMLnIEauAZ10AAY3IMn8AJetQftWXvT3qetOW02sw/+lPbxAyIVlgw=</latexit>

W�
+W�

�W+
+W+

�
<latexit sha1_base64="XciUsT93ZVhWy6Q74qQnRbEcaCk=">AAACG3icbVDLSsNAFJ3UV62vqEs3oUUQhJLEoi6LblxWsA9I0jKZTNuhk5kwMxFK6F+4cOOvuHGhiCvBRf/G6WNRWw8MczjnXu69J0wokcq2x0ZubX1jcyu/XdjZ3ds/MA+PGpKnAuE64pSLVgglpoThuiKK4lYiMIxDipvh4HbiNx+xkISzBzVMcBDDHiNdgqDSUsd0PT/kNJLDWH+ZczEK2q5PIetRvGi4lZEvpmrb7Zglu2xPYa0SZ05K1aJ//jSuDmsd89uPOEpjzBSiUErPsRMVZFAogigeFfxU4gSiAexhT1MGYyyDbHrbyDrVSmR1udCPKWuqLnZkMJaTJXVlDFVfLnsT8T/PS1X3OsgIS1KFGZoN6qbUUtyaBGVFRGCk6FATiATRu1qoDwVESsdZ0CE4yyevkoZbdi7LlXudxg2YIQ9OQBGcAQdcgSq4AzVQBwg8g1fwDj6MF+PN+DS+ZqU5Y95zDP7A+PkFGn+lDw==</latexit>

[13]2h24i2 +    Sym.

<latexit sha1_base64="T/HN3enFXZ8QdGuVgxO/tywSkEY=">AAAB/XicbZDLSgMxFIYz9VbrbbzsugkWoTBYZkTUZdGFLlxUsJ1COx0ymUwbmrmQZIRais/hzo0LRdz6BL6AO9/GTNuFth5I+Pj/c8jJ7yWMCmma31puYXFpeSW/Wlhb39jc0rd3GiJOOSZ1HLOYNz0kCKMRqUsqGWkmnKDQY8T2+heZb98RLmgc3cpBQpwQdSMaUIykklx9z3aNzqHtXmeX0TEyMly9ZFbMccF5sKZQqpYvH4ufTb/m6l9tP8ZpSCKJGRKiZZmJdIaIS4oZGRXaqSAJwn3UJS2FEQqJcIbj7UfwQCk+DGKuTiThWP09MUShEIPQU50hkj0x62Xif14rlcGZM6RRkkoS4clDQcqgjGEWBfQpJ1iygQKEOVW7QtxDHGGpAiuoEKzZL89D46hinVSOb1Qa52BSeVAE+6AMLHAKquAK1EAdYHAPnsALeNUetGftTXuftOa06cwu+FPaxw+Bv5ZK</latexit>

W�
+W�

L W+
+W+

L

<latexit sha1_base64="OAeIuVTltjY3s6VcjLZTsaMBg9g=">AAACOXicbZBLS8NAEMc39VXrK+rRS7AInkrSBvVY9OKxgn1AE8pms2mXbjZhdyOUkK/lxW/hTfDiQRGvfgE3aQ59OLDsn9/MMDN/L6ZESNN80yobm1vbO9Xd2t7+weGRfnzSE1HCEe6iiEZ84EGBKWG4K4mkeBBzDEOP4r43vcvz/SfMBYnYo5zF2A3hmJGAICgVGumdoeNF1BezUH2p1crcZdBcAS07cx0K2ZjiRdy0M4cXdKTXzYZZhLEurFLUQRmdkf7q+BFKQswkolCIoWXG0k0hlwRRnNWcROAYoikc46GSDIZYuGlxeWZcKOIbQcTVY9Io6GJHCkORr6gqQygnYjWXw/9yw0QGN25KWJxIzNB8UJBQQ0ZGbqPhE46RpDMlIOJE7WqgCeQQSWV2TZlgrZ68LnrNhnXVsB/sevu2tKMKzsA5uAQWuAZtcA86oAsQeAbv4BN8aS/ah/at/cxLK1rZcwqWQvv9A91Zr2A=</latexit>

[13][12][34]h24i
<latexit sha1_base64="GxUaU5DbZRCHpsGKpHI7dxtVcDY=">AAACOXicbZBNS8NAEIY39avWr6hHL8EieCpJDeqx6MVjBfsBSSibzaZdutmE3Y1QQv6WF/+FN8GLB0W8+gfcpDnY1oFlX56ZYWZeP6FESNN81Wpr6xubW/Xtxs7u3v6BfnjUF3HKEe6hmMZ86EOBKWG4J4mkeJhwDCOf4oE/vS3yg0fMBYnZg5wl2IvgmJGQICgVGuldx/VjGohZpL7Musi9RWAvgbaqcClkY4oXsJ27vKQjvWm2zDKMVWFVogmq6I70FzeIURphJhGFQjiWmUgvg1wSRHHecFOBE4imcIwdJRmMsPCy8vLcOFMkMMKYq8ekUdK/HRmMRLGiqoygnIjlXAH/yzmpDK+9jLAklZih+aAwpYaMjcJGIyAcI0lnSkDEidrVQBPIIZLK7IYywVo+eVX02y3rsmXf283OTWVHHZyAU3AOLHAFOuAOdEEPIPAE3sAH+NSetXftS/uel9a0qucYLIT28wvdeq9g</latexit>

[13][14][23]h24i

+    Sym.

+    Sym.

SMEFT dim

<latexit sha1_base64="NZ00LNpN+iwVq6JLhjq1Uy6z5lE=">AAAB/XicbZDLSgMxFIYzXmu9jZddN8EiFErLjIi6LLrQhYsKtlNop0Mmk2lDMxeSjFCH4nO4c+NCEbc+gS/gzrcx03ahrQcSPv7/HHLyuzGjQhrGt7awuLS8sppby69vbG5t6zu7TRElHJMGjljEWy4ShNGQNCSVjLRiTlDgMmK5g4vMt+4IFzQKb+UwJnaAeiH1KUZSSY6+bznlbsVyrrOr0i1nVHb0olE1xgXnwZxCsVa6fCx8try6o391vAgnAQklZkiItmnE0k4RlxQzMsp3EkFihAeoR9oKQxQQYafj7UfwUCke9COuTijhWP09kaJAiGHgqs4Ayb6Y9TLxP6+dSP/MTmkYJ5KEePKQnzAoI5hFAT3KCZZsqABhTtWuEPcRR1iqwPIqBHP2y/PQPKqaJ9XjG5XGOZhUDhTAASgBE5yCGrgCddAAGNyDJ/ACXrUH7Vl7094nrQvadGYP/Cnt4weE1ZZM</latexit>

W�
+W�

L W+
�W+

L

<latexit sha1_base64="F6OpoSizM8RDA53LE20aqtHCnRQ="></latexit>

[12][14]h23ih34i +    Sym.

<latexit sha1_base64="aDky9thSWKRdBo3se0lSIsgfsNk=">AAAB/XicbVDLSgMxFM20Pmp9jY+dm2ApCGKZEVGXRTcuXFSwD2jHIZNm2tBMZkgyQh2KK//DjYgibv0Pd+LSHzGdFtHWA7kczrmXe3O8iFGpLOvDyGRnZufmcwv5xaXllVVzbb0mw1hgUsUhC0XDQ5IwyklVUcVIIxIEBR4jda93OvTr10RIGvJL1Y+IE6AOpz7FSGnJNTfr7vnV3k/ZTYtrFqySlQJOE3tMCuXiXdb+evysuOZ7qx3iOCBcYYakbNpWpJwECUUxI4N8K5YkQriHOqSpKUcBkU6SXj+ARa20oR8K/biCqfp7IkGBlP3A050BUl056Q3F/7xmrPxjJ6E8ihXheLTIjxlUIRxGAdtUEKxYXxOEBdW3QtxFAmGlA8vrEOzJL0+T2n7JPiwdXOg0TsAIObAFtsEOsMERKIMzUAFVgMENuAdP4Nm4NR6MF+N11JoxxjMb4A+Mt2+8Upcr</latexit>

W�
L W�

L W+
L W+

L

<latexit sha1_base64="K/haTrzNU9+Rh6Tr2ntcsDFKrbI=">AAACRXicbVBNS8MwGE7n15xfVY9eyoYgCKOdQz0OvXic4D6gLSNN0y0sTUuSCqXsX/iLvHj3tn/gxYMiXjVdd3CbL4Q8PB/kzePFlAhpmlOttLa+sblV3q7s7O7tH+iHR10RJRzhDopoxPseFJgShjuSSIr7Mccw9CjueePbXO89Yi5IxB5kGmM3hENGAoKgVNRAd2zHi6gv0lBdmdWYuAvERXPiOhSyIcVLPocX7KqoMnNxoNfMujkbYxVYc1BrVZ3zp2krbQ/0V8ePUBJiJhGFQtiWGUs3g1wSRPGk4iQCxxCN4RDbCjIYYuFmsxYmxqlifCOIuDpMGjP2byKDochXVM4QypFY1nLyP81OZHDtZoTFicQMFQ8FCTVkZOSVGj7hGEmaKgARJ2pXA40gh0iq4iuqBGv5y6ug26hbl/XmvWrjBhRTBiegCs6ABa5AC9yBNugABJ7BG/gAn9qL9q59ad+FtaTNM8dgYbSfX81Tt88=</latexit>

[12][34]h12ih34i
<latexit sha1_base64="ZVG08eRxQ3tl1Az68GxXTthEd3Q=">AAACRXicbVBNS8MwGE7n15xfVY9eyoYgCKOdQz0OvXic4D6gLSNN0y0sTUuSCqXsX/iLvHj3tn/gxYMiXjVdd3CbL4Q8PB/kzePFlAhpmlOttLa+sblV3q7s7O7tH+iHR10RJRzhDopoxPseFJgShjuSSIr7Mccw9CjueePbXO89Yi5IxB5kGmM3hENGAoKgVNRAd2zHi6gv0lBdmXUxcReIRnPiOhSyIcVLPocX7KqoMnNxoNfMujkbYxVYc1BrVZ3zp2krbQ/0V8ePUBJiJhGFQtiWGUs3g1wSRPGk4iQCxxCN4RDbCjIYYuFmsxYmxqlifCOIuDpMGjP2byKDochXVM4QypFY1nLyP81OZHDtZoTFicQMFQ8FCTVkZOSVGj7hGEmaKgARJ2pXA40gh0iq4iuqBGv5y6ug26hbl/XmvWrjBhRTBiegCs6ABa5AC9yBNugABJ7BG/gAn9qL9q59ad+FtaTNM8dgYbSfX81/t88=</latexit>

[13][24]h13ih24i +    Sym.

8

8

8

8

8

8
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WWWW

HE

LE

<latexit sha1_base64="+WDxir0Ks7pPBhGDmT7KoA5kh/s=">AAACIXicbZDLSgMxFIYz9Vbrrd5WboJFqQhlRkS7LLpxWcF2Cu04ZNK0jc1khiQjlGEew60bX8WNC0W6E1/GtB2Ktv4Q+PKfc0jO74WMSmWaX0ZmYXFpeSW7mltb39jcym/v1GUQCUxqOGCBaHhIEkY5qSmqGGmEgiDfY8T2+tejuv1IhKQBv1ODkDg+6nLaoRgpbbn5cqtNmEL3MfKSYsrU7af04DJ4CqeX/rSBnbj5glkyx4LzYKVQqBzv2cmTvV9188NWO8CRT7jCDEnZtMxQOTESimJGklwrkiREuI+6pKmRI59IJx5vmMAj7bRhJxD6cAXH7u+JGPlSDnxPd/pI9eRsbWT+V2tGqlN2YsrDSBGOJw91IgZVAEdxwTYVBCs20ICwoPqvEPeQQFjpUHM6BGt25Xmon5Wsi9L5rU7jCkyUBQfgEBSBBS5BBdyAKqgBDJ7BK3gHH8aL8WZ8GsNJa8ZIZ3bBHxnfPw53pko=</latexit>

�ab(�ik�
j
l + �jk�

i
l )

<latexit sha1_base64="ADqhTwJwHhqTPznyQnjKuA3Ex6w=">AAAB/XicbVDLSgMxFM3UV62v8bHrJliEQrHMiKjLogtduKhgH9BOh0wmbUMzmSHJCHUofoc7Ny4UcesX+APu/BvTaRfaeiCXwzn3cm+OFzEqlWV9G5mFxaXllexqbm19Y3PL3N6pyzAWmNRwyELR9JAkjHJSU1Qx0owEQYHHSMMbXIz9xh0Rkob8Vg0j4gSox2mXYqS05Jp7DbfUOZyW604pLa5ZsMpWCjhP7CkpVIqXj/nPpl91za+2H+I4IFxhhqRs2VaknAQJRTEjo1w7liRCeIB6pKUpRwGRTpJeP4IHWvFhNxT6cQVT9fdEggIph4GnOwOk+nLWG4v/ea1Ydc+chPIoVoTjyaJuzKAK4TgK6FNBsGJDTRAWVN8KcR8JhJUOLKdDsGe/PE/qR2X7pHx8o9M4BxNkQR7sgyKwwSmogCtQBTWAwT14Ai/g1Xgwno03433SmjGmM7vgD4yPH4Ealko=</latexit>

W�
+W�

+W+
L W+

L

<latexit sha1_base64="xRec8EvS/JWYH8rk3GFzFB3n7Gg=">AAAB9XicbVDJSgNBEK2JW4xb1KOXJkGICGEmBvUY9OIxgllgMgk9nZ6kSc9Cd48yDPkLD148KOLVf/GWv7GzHDTxQcHjvSqq6rkRZ1KZ5sTIrK1vbG5lt3M7u3v7B/nDo6YMY0Fog4Q8FG0XS8pZQBuKKU7bkaDYdzltuaPbqd96pEKyMHhQSUQdHw8C5jGClZa6tlVxupWS7KUX1fFZL180y+YMaJVYC1KsFTrnz5NaUu/lvzv9kMQ+DRThWErbMiPlpFgoRjgd5zqxpBEmIzygtqYB9ql00tnVY3SqlT7yQqErUGim/p5IsS9l4ru608dqKJe9qfifZ8fKu3ZSFkSxogGZL/JijlSIphGgPhOUKJ5ogolg+lZEhlhgonRQOR2CtfzyKmlWytZluXqv07iBObJwAgUogQVXUIM7qEMDCAh4gTd4N56MV+PD+Jy3ZozFzDH8gfH1A51slEc=</latexit>

[12]2(s34)
<latexit sha1_base64="x+f+KiM4tnpJhSHlEpAJtvGfXJc=">AAACE3icbVC7TsMwFHV4lvIKMLJEVEgVoCpBCBgrWDIWiT6kNo0cx0lNnYdsB6mKwgcwsfAF/AMLAwixsrAx8yM4bYfSciRbx+fcq+t7nJgSLnT9W5mbX1hcWi6sFFfX1jc21a3tBo8ShnAdRTRiLQdyTEmI64IIilsxwzBwKG46/cvcb95ixkkUXotBjK0A+iHxCIJCSrZ60LQPuzC/HNPumzY1u2nHhb6P2RHJJh43ma2W9Io+hDZLjDEpVcvln/s7/lSz1a+OG6EkwKFAFHLeNvRYWClkgiCKs2In4TiGqA993JY0hAHmVjrcKdP2peJqXsTkCYU2VCc7UhhwPggcWRlA0ePTXi7+57UT4Z1bKQnjROAQjQZ5CdVEpOUBaS5hGAk6kAQiRuRfNdSDDCIhYyzKEIzplWdJ47hinFZOrmQaF2CEAtgFe6AMDHAGqsAENVAHCDyAZ/AK3pRH5UV5Vz5GpXPKuGcH/IHy+QvZ0KE+</latexit>

W
a
+W

b
+HkHlH

†,i
H

†,j

<latexit sha1_base64="HaM98k79fG5CmkDdDihhY0pDgcU="></latexit>

v2[12]2[34]h34i/⇤6
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HEFT with E^3 and E^4
Produced by SMEFT at 4-point amplitudes

Produced by SMEFT at 6-point amplitudes
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Summary

•We derive the four-point contact terms of the standard model particles, 
keeping terms with up to quartic energy growth. It will complete the 4-point 
amplitudes together with the factorizable parts. 

•Imposing just the unbroken low-energy symmetry, and treating the 
electroweak gauge bosons and the Higgs as independent degrees of 
freedom, we obtain the most general HEFT four-point contact-term 
amplitudes. 

•For terms with quadratic energy growth, we also derive the low-energy 
SMEFT predictions, via on-shell Higgsing of the massless SMEFT contact 
terms, we also provide the mapping to the Warsaw basis.  

•Our results provide a formulation of EFT analyses directly in terms of 
observable quantities. 

Thanks!


