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EFT: 
effective tool of parameterizing

the low energy effect of new physics

allows the interpretation of the data, 
either agreement or disagreement with SM. 

connect to UV via matching at threshold
 scale and running to experimental scale
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EFT operator                            Amplitude basis

[Shadmi, et al]
On-shell amplitudes

[A.Azatov, et al, arXiv:1607.05236]
‘non-interference’ theorem

[Giudice, Grojean, Pomarol, Rattazzi, et al]

tree/loop classification

[Henning, Lu, Melia, Murayama, Lehman, Martin, et al]

Top-down: covariant derivative expansion
[Henning, Lu, Murayama, Ellis, Zhang, et al.]

Bottom-up: enumerating operators

‘non-renormalization’
[J. Elias-Miro,  J.R.Espinosa, A. Pomarol, C. Cheung, et al]

more direct connection to observables

Interpreting data
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[Jorge de Blas, et al, arXiv:1907.04311]

LHC and future colliders provides potential excess to higher order expansion terms

extend the studies to dimension 8 operators and develop a 
more refined picture of the structures of EFT 
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In this talk

5

❖ Enumerate operators/helicity amplitude,  
      up to dimension 8 with only four criteria

❖ Tree / loop classification  
      tree level operators,  
        loop level operator with large log enhancement,  
        rational terms
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Enumerating EFT operators/Helicity amplitude
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Enumerating EFT operators/Helicity amplitude
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★  non vanishing Lorentz invariant:  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Enumerating EFT operators/Helicity amplitude
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Enumerating EFT operators/Helicity amplitude
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★ contains more than one field, otherwise, total derivative;
★  non vanishing Lorentz invariant:  

   a, even number of dotted and un-dotted indices;
       b, no contraction within field strength tensor to  
           form Lorentz invariant;
★ EOM (IBP): on-shell amplitude. 
      less than four fields, no covariant  
      derivatives.

D=6
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Tree/Loop Classification: tree level operator 
Weakly coupled UV completion 

Tree level operator: products 
of currents J
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Weakly coupled UV completion 

Expansion to desired order in 1/M^2. 

D=6

Tree level operator: products 
of currents J

Tree/Loop Classification: tree level operator 
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Weakly coupled UV completion 

Expansion to desired order in 1/M^2. 

D=6
log enhancement??

Tree level operator: products 
of currents J

Tree/Loop Classification: tree level operator 
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dci(μ)
d log μ

= ∑
j

1
16π2

γijcj
‘non-renormalization’ theorem

[C. Cheung, et al, arXiv:1505.01844, …]

Tree/Loop Classification: loop level operator

ci operator

only marginal interactions

no kinematic singularity for two 
particle cut, non-renormalization

cj operator insertion

(nB ,
X

hB) = (nC + 4� nA,
X

hC �
X

hB)

<latexit sha1_base64="HL6QAVumFVR1neZ+7vqr1dzd5Bw=">AAACH3icbVBLSwMxGMzWV62vVY9egkWoqGVXFvUi1PbisYJ9QLss2TTbhmazS5IVytJ/4sW/4sWDIuKt/8b0QdHWgcBkZj6Sb/yYUaksa2RkVlbX1jeym7mt7Z3dPXP/oC6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNv18Z+40nIiSN+KMaxMQNUZfTgGKktOSZVwXulc9hWyYh7HnlU3gLtVKBZ9CBF5B7d3Ovou/zmGfmraI1AVwm9ozkwQxVz/xudyKchIQrzJCULduKlZsioShmZJhrJ5LECPdRl7Q05Sgk0k0n+w3hiVY6MIiEPlzBifp7IkWhlIPQ18kQqZ5c9Mbif14rUcGNm1IeJ4pwPH0oSBhUERyXBTtUEKzYQBOEBdV/hbiHBMJKV5rTJdiLKy+T+mXRdorOg5MvlWd1ZMEROAYFYINrUAL3oApqAINn8ArewYfxYrwZn8bXNJoxZjOH4A+M0Q+CAp26</latexit>

hA)

<latexit sha1_base64="nwyZtMljGSTQdHRKjcqcC2Av+m0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6rXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wWLKQEWxyKRreXAyrNbfuzoFWiVeQGhRoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X42v3WGzqwyQmGsbEmD5urviQwLracisJ0Cm0gve7n4n9dPTXjtZ0wmqaGSLBaFKUcmRvnjaMQUJYZPLcFEMXsrIhFWmBgbT8WG4C2/vEo6l3WvUW88NGrN2yKOMpzAKZyDB1fQhHtoQRsIRPAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AceqN2g==</latexit>
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dci(μ)
d log μ

= ∑
j

1
16π2

γijcj

d = 4
‘non-renormalization’ theorem

[C. Cheung, et al, arXiv:1505.01844, …]

Tree/Loop Classification: loop level operator

ci operator

only marginal interactions

no kinematic singularity for two 
particle cut, non-renormalization

cj operator insertion

(nB ,
X

hB) = (nC + 4� nA,
X

hC �
X

hB)

<latexit sha1_base64="HL6QAVumFVR1neZ+7vqr1dzd5Bw=">AAACH3icbVBLSwMxGMzWV62vVY9egkWoqGVXFvUi1PbisYJ9QLss2TTbhmazS5IVytJ/4sW/4sWDIuKt/8b0QdHWgcBkZj6Sb/yYUaksa2RkVlbX1jeym7mt7Z3dPXP/oC6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNv18Z+40nIiSN+KMaxMQNUZfTgGKktOSZVwXulc9hWyYh7HnlU3gLtVKBZ9CBF5B7d3Ovou/zmGfmraI1AVwm9ozkwQxVz/xudyKchIQrzJCULduKlZsioShmZJhrJ5LECPdRl7Q05Sgk0k0n+w3hiVY6MIiEPlzBifp7IkWhlIPQ18kQqZ5c9Mbif14rUcGNm1IeJ4pwPH0oSBhUERyXBTtUEKzYQBOEBdV/hbiHBMJKV5rTJdiLKy+T+mXRdorOg5MvlWd1ZMEROAYFYINrUAL3oApqAINn8ArewYfxYrwZn8bXNJoxZjOH4A+M0Q+CAp26</latexit>

hA)

<latexit sha1_base64="nwyZtMljGSTQdHRKjcqcC2Av+m0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6rXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wWLKQEWxyKRreXAyrNbfuzoFWiVeQGhRoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X42v3WGzqwyQmGsbEmD5urviQwLracisJ0Cm0gve7n4n9dPTXjtZ0wmqaGSLBaFKUcmRvnjaMQUJYZPLcFEMXsrIhFWmBgbT8WG4C2/vEo6l3WvUW88NGrN2yKOMpzAKZyDB1fQhHtoQRsIRPAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AceqN2g==</latexit>
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dci(μ)
d log μ

= ∑
j

1
16π2

γijcj

d = 4
‘non-renormalization’ theorem

[C. Cheung, et al, arXiv:1505.01844, …]

Tree/Loop Classification: loop level operator

ci operator

only marginal interactions

no kinematic singularity for two 
particle cut, non-renormalization

cj operator insertion

(nB ,
X

hB) = (nC + 4� nA,
X

hC �
X

hB)

<latexit sha1_base64="HL6QAVumFVR1neZ+7vqr1dzd5Bw=">AAACH3icbVBLSwMxGMzWV62vVY9egkWoqGVXFvUi1PbisYJ9QLss2TTbhmazS5IVytJ/4sW/4sWDIuKt/8b0QdHWgcBkZj6Sb/yYUaksa2RkVlbX1jeym7mt7Z3dPXP/oC6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNv18Z+40nIiSN+KMaxMQNUZfTgGKktOSZVwXulc9hWyYh7HnlU3gLtVKBZ9CBF5B7d3Ovou/zmGfmraI1AVwm9ozkwQxVz/xudyKchIQrzJCULduKlZsioShmZJhrJ5LECPdRl7Q05Sgk0k0n+w3hiVY6MIiEPlzBifp7IkWhlIPQ18kQqZ5c9Mbif14rUcGNm1IeJ4pwPH0oSBhUERyXBTtUEKzYQBOEBdV/hbiHBMJKV5rTJdiLKy+T+mXRdorOg5MvlWd1ZMEROAYFYINrUAL3oApqAINn8ArewYfxYrwZn8bXNJoxZjOH4A+M0Q+CAp26</latexit>

hA)

<latexit sha1_base64="nwyZtMljGSTQdHRKjcqcC2Av+m0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6rXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wWLKQEWxyKRreXAyrNbfuzoFWiVeQGhRoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X42v3WGzqwyQmGsbEmD5urviQwLracisJ0Cm0gve7n4n9dPTXjtZ0wmqaGSLBaFKUcmRvnjaMQUJYZPLcFEMXsrIhFWmBgbT8WG4C2/vEo6l3WvUW88NGrN2yKOMpzAKZyDB1fQhHtoQRsIRPAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AceqN2g==</latexit>

D=6

for tree level c_j  only
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dci(μ)
d log μ

= ∑
j

1
16π2

γijcj

d = 4
‘non-renormalization’ theorem

[C. Cheung, et al, arXiv:1505.01844, …]

Tree/Loop Classification: loop level operator

ci operator

only marginal interactions

no kinematic singularity for two 
particle cut, non-renormalization

cj operator insertion

(nB ,
X

hB) = (nC + 4� nA,
X

hC �
X

hB)

<latexit sha1_base64="HL6QAVumFVR1neZ+7vqr1dzd5Bw=">AAACH3icbVBLSwMxGMzWV62vVY9egkWoqGVXFvUi1PbisYJ9QLss2TTbhmazS5IVytJ/4sW/4sWDIuKt/8b0QdHWgcBkZj6Sb/yYUaksa2RkVlbX1jeym7mt7Z3dPXP/oC6jRGBSwxGLRNNHkjDKSU1RxUgzFgSFPiMNv18Z+40nIiSN+KMaxMQNUZfTgGKktOSZVwXulc9hWyYh7HnlU3gLtVKBZ9CBF5B7d3Ovou/zmGfmraI1AVwm9ozkwQxVz/xudyKchIQrzJCULduKlZsioShmZJhrJ5LECPdRl7Q05Sgk0k0n+w3hiVY6MIiEPlzBifp7IkWhlIPQ18kQqZ5c9Mbif14rUcGNm1IeJ4pwPH0oSBhUERyXBTtUEKzYQBOEBdV/hbiHBMJKV5rTJdiLKy+T+mXRdorOg5MvlWd1ZMEROAYFYINrUAL3oApqAINn8ArewYfxYrwZn8bXNJoxZjOH4A+M0Q+CAp26</latexit>

hA)

<latexit sha1_base64="nwyZtMljGSTQdHRKjcqcC2Av+m0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBLyWRgh6rXjxWsB/QhrLZbpqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvB5C73u09UaRbLRzNNqC/wWLKQEWxyKRreXAyrNbfuzoFWiVeQGhRoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X42v3WGzqwyQmGsbEmD5urviQwLracisJ0Cm0gve7n4n9dPTXjtZ0wmqaGSLBaFKUcmRvnjaMQUJYZPLcFEMXsrIhFWmBgbT8WG4C2/vEo6l3WvUW88NGrN2yKOMpzAKZyDB1fQhHtoQRsIRPAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AceqN2g==</latexit>

D=6

for tree level c_j  only

tree level only renormalize tree level, 
except for  4

<latexit sha1_base64="eLvREeSwSGTAQ/Ohtdtskim0DqY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeiF48V7Ae0sWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNObnK/80SVZlLcm2lCgxiPBIsYwcZK7X6i2YM/qNbcujsHWiVeQWpQoDmofvWHkqQxFYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUsFjqkOsvm1M3RmlSGKpLIlDJqrvycyHGs9jUPbGWMz1steLv7n9VITXQUZE0lqqCCLRVHKkZEofx0NmaLE8KklmChmb0VkjBUmxgZUsSF4yy+vkvZF3fPr/p1fa1wXcZThBE7hHDy4hAbcQhNaQOARnuEV3hzpvDjvzseiteQUM8fwB87nD1Fgjvc=</latexit>
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Tree/Loop Classification: loop level operator

D=8

★ contains more than one field, otherwise, total derivative;
★  non vanishing Lorentz invariant:  

   a, even number of dotted and un-dotted indices;
       b, no contraction within field strength tensor to  
           form Lorentz invariant;
★ EOM (IBP): on-shell amplitude. 
      less than four fields, no covariant  
      derivatives.

Tree level operator: products 
of currents J

‘non-renormalization’ theorem
[C. Cheung, et al, arXiv:1505.01844, …]

Tree level: # of field strength <=1
Sparsity of the anomalous dimension

matrix persists

D=8
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D=6

18

�2F 2 : h ! ��

<latexit sha1_base64="sZG2M9/30J8hmY3nA7BxSp3+FUA=">AAACDXicbVDLSgMxFM34rPU16tJNsAquykwpKK6KgrisYB/QmZY7adoJTWaGJKOUoT/gxl9x40IRt+7d+Temj4W2HriXwzn3ktwTJJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZxKQmsk5rFsBqAoZxGtaaY5bSaSggg4bQSDq7HfuKdSsTi608OE+gL6EesxAtpIHfvYS0LWLl23Sxc49CTrhxqkjB+w1wchYNo7dsEpOhPgReLOSAHNUO3YX143JqmgkSYclGq5TqL9DKRmhNNR3ksVTYAMoE9bhkYgqPKzyTUjfGKULu7F0lSk8UT9vZGBUGooAjMpQIdq3huL/3mtVPfO/YxFSappRKYP9VKOdYzH0eAuk5RoPjQEiGTmr5iEIIFoE2DehODOn7xI6qWiWy6Wb8uFyuUsjhw6REfoFLnoDFXQDaqiGiLoET2jV/RmPVkv1rv1MR1dsmY7B+gPrM8fvySbYg==</latexit>

Loop level operator  
and no large log enhancement

from the running of a tree-level operator

D=8

F 2�2D2 : ZZ�, Z��

<latexit sha1_base64="jgkv8ICenHMf0JJvElTHXuK64Vs=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+BQPMhoy0DxNFTE4wT3wtZupFm6hSVtSVJhlH0DL34VLx4U8erVm9/GbOtBNx9I+PH/Pw/J8/djRqWyrG8jt7S8srqWXy9sbG5t75i7e3UZJQKTGo5YJJo+koTRkNQUVYw0Y0EQ9xlp+MOrid94IELSKLxXo5h4HPVDGlCMlJa65vFNx3HjAe048LrjXMBWy+0jztEpzGB2d82iVbKmBRfBzqAIsqp2zS+3F+GEk1BhhqRs21asvBQJRTEj44KbSBIjPER90tYYIk6kl073GcMjrfRgEAl9QgWn6u+JFHEpR9zXnRypgZz3JuJ/XjtRwbmX0jBOFAnx7KEgYVBFcBIO7FFBsGIjDQgLqv8K8QAJhJWOsKBDsOdXXoS6U7LLpfJduVi5zOLIgwNwCE6ADc5ABdyCKqgBDB7BM3gFb8aT8WK8Gx+z1pyRzeyDP2V8/gBHLZr2</latexit>

Loop level operator  
and no large log enhancement

from the running of a tree-level operator

Contributions to observable: size of the Wilson coefficient
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Contributions to observable: interference term first

� / |SM |2 + 2<(SM ⇤BSM) + |BSM |2

<latexit sha1_base64="C9K2pyimEtPfomvG1KWV0G8972A=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoCmWmFHRZ6sZNoVr7gM5YMmmmDc08SDJCmfYv3Pgrblwo4lZ3/o3pdBbaeuDCyTn3knuPEzIqpGF8a5mV1bX1jexmbmt7Z3dP3z9oiSDimDRxwALecZAgjPqkKalkpBNygjyHkbYzupr57QfCBQ38OzkOie2hgU9dipFUUk8vWoIOPAStkAehDOCkUZvcl+A5LFm3pNConVUbtVP1nFQTo6fnjaKRAC4TMyV5kKLe07+sfoAjj/gSMyRE1zRCaceIS4oZmeasSJAQ4REakK6iPvKIsOPkrik8UUofugFX5UuYqL8nYuQJMfYc1ekhORSL3kz8z+tG0r20Y+qHkSQ+nn/kRgyqAGYhwT7lBEs2VgRhTtWuEA8RR1iqKHMqBHPx5GXSKhXNcrF8U85XqmkcWXAEjkEBmOACVMA1qIMmwOARPINX8KY9aS/au/Yxb81o6cwh+APt8wdL75zV</latexit>

1
⇤2

<latexit sha1_base64="1l+odsUoocPXgdqueh074YNTl8s=">AAAB/nicbVDLSsNAFL3xWesrKq7cDLaCq5KUgi6Lbly4qGAf0MQymUzaoZMHMxOhhIC/4saFIm79Dnf+jdM2C209MHA45x7uneMlnEllWd/Gyura+sZmaau8vbO7t28eHHZknApC2yTmseh5WFLOItpWTHHaSwTFocdp1xtfT/3uIxWSxdG9miTUDfEwYgEjWGlpYB5XnUBgktl55tzqmI8f6nl1YFasmjUDWiZ2QSpQoDUwvxw/JmlII0U4lrJvW4lyMywUI5zmZSeVNMFkjIe0r2mEQyrdbHZ+js604qMgFvpFCs3U34kMh1JOQk9PhliN5KI3Ff/z+qkKLt2MRUmqaETmi4KUIxWjaRfIZ4ISxSeaYCKYvhWREdZ1KN1YWZdgL355mXTqNbtRa9zVK82roo4SnMApnIMNF9CEG2hBGwhk8Ayv8GY8GS/Gu/ExH10xiswR/IHx+QNOdJUQ</latexit>

1
⇤4

<latexit sha1_base64="PodDaSKbtQxvgzZzrT69hOZNGVU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDLaCq5KUgi6Lbly4qGAf0MQymUzaoZMHMxOhhIC/4saFIm79Dnf+jdM2C209MHA45x7uneMlnEllWd/Gyura+sZmaau8vbO7t28eHHZknApC2yTmseh5WFLOItpWTHHaSwTFocdp1xtfT/3uIxWSxdG9miTUDfEwYgEjWGlpYB5XnUBgktl55tzqmI8fGnl1YFasmjUDWiZ2QSpQoDUwvxw/JmlII0U4lrJvW4lyMywUI5zmZSeVNMFkjIe0r2mEQyrdbHZ+js604qMgFvpFCs3U34kMh1JOQk9PhliN5KI3Ff/z+qkKLt2MRUmqaETmi4KUIxWjaRfIZ4ISxSeaYCKYvhWREdZ1KN1YWZdgL355mXTqNbtRa9zVK82roo4SnMApnIMNF9CEG2hBGwhk8Ayv8GY8GS/Gu/ExH10xiswR/IHx+QNRgJUS</latexit>

BSM : 1
⇤2

<latexit sha1_base64="8V15LVBsksEI34Yzk9vQ3z+YHGI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5KUguKq1I0LhYr2AU0sk+mkHTqZhJmJUELAjb/ixoUibv0Jd/6N0zYLbT0wcDjnHu7c40WMSmVZ30ZuaXlldS2/XtjY3NreMXf3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2RhcTv/1AhKQhv1PjiLgBGnDqU4yUlnrmQal+e30OHV8gnNhp4lzpbB/dV9JSzyxaZWsKuEjsjBRBhkbP/HL6IY4DwhVmSMqubUXKTZBQFDOSFpxYkgjhERqQrqYcBUS6yfSGFB5rpQ/9UOjHFZyqvxMJCqQcB56eDJAaynlvIv7ndWPln7kJ5VGsCMezRX7MoArhpBDYp4JgxcaaICyo/ivEQ6TrULq2gi7Bnj95kbQqZbtart5UirV6VkceHIIjcAJscApq4BI0QBNg8AiewSt4M56MF+Pd+JiN5owssw/+wPj8AQO1ln4=</latexit>

Some interference term vanishes due to helicity selection rule, at tree level and d = 6

Data: ⇤ � m

<latexit sha1_base64="62VcaKYpu947AuaYLecJltX2FuI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLoxoWLCvYBnaFkMpk2NMmMSaZQhn6HGxeKuPVj3Pk3pu0stPVA4HDOudybE6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4S2SMIT1Q2xppxJ2jLMcNpNFcUi5LQTjm5nfmdMlWaJfDSTlAYCDySLGcHGSoF/b6MRRv5ggES/UnVr7hxolXgFqUKBZr/y5UcJyQSVhnCsdc9zUxPkWBlGOJ2W/UzTFJMRHtCepRILqoN8fvQUnVslQnGi7JMGzdXfEzkWWk9EaJMCm6Fe9mbif14vM/F1kDOZZoZKslgUZxyZBM0aQBFTlBg+sQQTxeytiAyxwsTYnsq2BG/5y6ukfVnz6rX6Q73auCnqKMEpnMEFeHAFDbiDJrSAwBM8wyu8OWPnxXl3PhbRNaeYOYE/cD5/AMmTkXc=</latexit>

Finite mass converts the loop level generate amplitude (4,2) to (4,0):  m
2

⇤2

<latexit sha1_base64="apX3dfAOqjIM2px+u41MbmXmJPk=">AAAB/nicbVBNS8NAFHypX7V+RcWTl2ARPJWkFPRY9OLBQwVbC00sm82mXbq7CbsboYSCf8WLB0W8+ju8+W/ctjlo68DCMPOG93bClFGlXffbKq2srq1vlDcrW9s7u3v2/kFHJZnEpI0TlshuiBRhVJC2ppqRbioJ4iEj9+HoaurfPxKpaCLu9DglAUcDQWOKkTZS3z7yY4lwzh/qk9y/MbkIGdq3q27NncFZJl5BqlCg1be//CjBGSdCY4aU6nluqoMcSU0xI5OKnymSIjxCA9IzVCBOVJDPzp84p0aJnDiR5gntzNTfiRxxpcY8NJMc6aFa9Kbif14v0/FFkFORZpoIPF8UZ8zRiTPtwomoJFizsSEIS2pudfAQmT60aaxiSvAWv7xMOvWa16g1bhvV5mVRRxmO4QTOwINzaMI1tKANGHJ4hld4s56sF+vd+piPlqwicwh/YH3+ABzLlZY=</latexit>

interference suppressed by only loop factors will be dominating
d=8 interference with SM: 1

⇤4

<latexit sha1_base64="PodDaSKbtQxvgzZzrT69hOZNGVU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDLaCq5KUgi6Lbly4qGAf0MQymUzaoZMHMxOhhIC/4saFIm79Dnf+jdM2C209MHA45x7uneMlnEllWd/Gyura+sZmaau8vbO7t28eHHZknApC2yTmseh5WFLOItpWTHHaSwTFocdp1xtfT/3uIxWSxdG9miTUDfEwYgEjWGlpYB5XnUBgktl55tzqmI8fGnl1YFasmjUDWiZ2QSpQoDUwvxw/JmlII0U4lrJvW4lyMywUI5zmZSeVNMFkjIe0r2mEQyrdbHZ+js604qMgFvpFCs3U34kMh1JOQk9PhliN5KI3Ff/z+qkKLt2MRUmqaETmi4KUIxWjaRfIZ4ISxSeaYCKYvhWREdZ1KN1YWZdgL355mXTqNbtRa9zVK82roo4SnMApnIMNF9CEG2hBGwhk8Ayv8GY8GS/Gu/ExH10xiswR/IHx+QNRgJUS</latexit>

Loop level
operators

tree level interferes with tree level



Y.-Y. Li Mar 10, 2021 @Michigan20

one loop

✅

Tree level

One loop helicity structure:

d. 6 part is one 
loop, two loop 

level suppression!



Y.-Y. Li Mar 10, 2021 @Michigan21

one loop

✅

Tree level

One loop helicity structure:

Interference: vanishes at one loop!

no interference theorem are particularly robust against some radiative corrections.

d. 6 part is one 
loop, two loop 

level suppression
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Tree/Loop Classification— Rational term



Y.-Y. Li Mar 10, 2021 @Michigan23

Tree/Loop Classification— Rational term
Lorentz symmetry, some selection rules

—
angular momentum conservation?

highest angular momentum

n,m :
<latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit>

# of un-contracted
un-dotted, dotted indices

(
n

2
,
m

2
) : 2J = n+m

<latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit>

F 2�2 : F↵�F
↵�

<latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit>

�2
<latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit>

COM-frameJ � |�hf |
<latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit>
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Tree/Loop Classification— Rational term

0
J � |�hf |

<latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit>

0

1
1

1

0

F 2�2 : F↵�F
↵�

<latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit><latexit sha1_base64="3j37W5Vxtr2myR17pZ3PxLtdWyQ=">AAACEXicbVDLSsNAFJ34rPUVdekmWISuSlIExVVRKC4r2Ac0abiZTtqhk0mYmQgl9Bfc+CtuXCji1p07/8Zpm4VtPXDhzDn3MveeIGFUKtv+MdbWNza3tgs7xd29/YND8+i4JeNUYNLEMYtFJwBJGOWkqahipJMIAlHASDsY3U799iMRksb8QY0T4kUw4DSkGJSWfLNc71XdZEh71eu6n7nAkiG4AVEwqfcWnr5Zsiv2DNYqcXJSQjkavvnt9mOcRoQrzEDKrmMnystAKIoZmRTdVJIE8AgGpKsph4hIL5tdNLHOtdK3wljo4sqaqX8nMoikHEeB7oxADeWyNxX/87qpCq+8jPIkVYTj+UdhyiwVW9N4rD4VBCs21gSwoHpXCw9BAFY6xKIOwVk+eZW0qhXHrjj3F6XaTR5HAZ2iM1RGDrpENXSHGqiJMHpCL+gNvRvPxqvxYXzOW9eMfOYELcD4+gVnOp1l</latexit>

F↵�F
↵� ! V �V �

F↵�F
↵� !

F↵��! V ��

F↵��!  � �

F↵��! V +V �

F↵�F
↵� !  + �

<latexit sha1_base64="ewuHTsUpxOW7X+QBAgsp8LlkrsU="></latexit><latexit sha1_base64="ewuHTsUpxOW7X+QBAgsp8LlkrsU="></latexit><latexit sha1_base64="ewuHTsUpxOW7X+QBAgsp8LlkrsU="></latexit><latexit sha1_base64="ewuHTsUpxOW7X+QBAgsp8LlkrsU="></latexit>

✅

✅

✅

"

"

"

�2
<latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit><latexit sha1_base64="ZeAbkjAMo9ZMSRi3xL64tOownEA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq5eM+EOtX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdBVkXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbRqVd+r+ncXlfp1HkcRTuAUzsGHS6jDLTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5AztFjuM=</latexit>

highest angular momentum

n,m :
<latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit>

# of un-contracted
un-dotted, dotted indices

(
n

2
,
m

2
) : 2J = n+m

<latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit>

COM-frameJ � |�hf |
<latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit>
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Tree/Loop Classification— Rational term
Lorentz symmetry, some selection rules

—
angular momentum conservation

more dedicate explanation with 
partial wave expansion, see:    

[M. Jiang, et al, arXiv:2001.04481]

highest angular momentum

n,m :
<latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit>

# of un-contracted
un-dotted, dotted indices

(
n

2
,
m

2
) : 2J = n+m

<latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit>

COM-frameJ � |�hf |
<latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit>
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Tree/Loop Classification— Rational term
Lorentz symmetry, some selection rules

—
angular momentum conservation

more dedicate explanation with 
partial wave expansion, see:    

[M. Jiang, et al, arXiv:2001.04481]

highest angular momentum

n,m :
<latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit><latexit sha1_base64="p4zcnw8fF7S4pOqFuQTH+aFAVNM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcKuCIqnoBePEcwDkiXMTmaTMfNYZmaFsOQfvHhQxKv/482/cZLsQRMLGoqqbrq7ooQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3U791hPVhin5YMcJDQUeSBYzgq2TmvIMiWvUK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyvBn41uL+o1G7yOIpwBMdwCgFcQg3uoA4NIPAIz/AKb57yXrx372PeWvDymUP4A+/zBzTcjjc=</latexit>

# of un-contracted
un-dotted, dotted indices

(
n

2
,
m

2
) : 2J = n+m

<latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit><latexit sha1_base64="UvJLOAKI7Cje8y2xu65VT4bUwI8=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApVJQyUwRFEIpuxFUFe4G2lEyaaUOTzJBkhDLME7jxVdy4UMSta3e+jZl2Ftr6Q+DjP+dwcn4vZFRpx/m2ckvLK6tr+fXCxubW9o69u9dUQSQxaeCABbLtIUUYFaShqWakHUqCuMdIyxtfp/XWA5GKBuJeT0LS42goqE8x0sbq26Vy15cIxyKJq8nJjHnKRxewegsvoYDHkPftolNxpoKL4GZQBJnqffurOwhwxInQmCGlOq4T6l6MpKaYkaTQjRQJER6jIekYFIgT1Yun5ySwZJwB9ANpntBw6v6eiBFXasI908mRHqn5Wmr+V+tE2j/vxVSEkSYCzxb5EYM6gGk2cEAlwZpNDCAsqfkrxCNkItEmwYIJwZ0/eRGa1YrrVNy702LtKosjDw7AISgDF5yBGrgBddAAGDyCZ/AK3qwn68V6tz5mrTkrm9kHf2R9/gA7QJpC</latexit>

COM-frameJ � |�hf |
<latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit><latexit sha1_base64="EyxCoWdi79PxrWJNdQRKj0oJuR0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LKoC3FVwT6gCWEyvWmHTh7OTISQ1l9x40IRt36IO//GaZuFth64cDjnXu69x084k8qyvo3Syura+kZ5s7K1vbO7Z+4ftGWcCgotGvNYdH0igbMIWoopDt1EAAl9Dh1/dDX1O48gJIuje5Ul4IZkELGAUaK05JnVW+wM4AGPnWvgiuChF4w9s2bVrRnwMrELUkMFmp755fRjmoYQKcqJlD3bSpSbE6EY5TCpOKmEhNARGUBP04iEIN18dvwEH2ulj4NY6IoUnqm/J3ISSpmFvu4MiRrKRW8q/uf1UhVcuDmLklRBROeLgpRjFeNpErjPBFDFM00IFUzfiumQCEKVzquiQ7AXX14m7dO6bdXtu7Na47KIo4wO0RE6QTY6Rw10g5qohSjK0DN6RW/Gk/FivBsf89aSUcxU0R8Ynz+bBJQX</latexit>

Observation:  
 (4,0) amplitude cannot be generated at d=6 until two loop 
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Conclusions

With the magic coordinate, for generic EFT of  
scalars, fermions and vectors:

we enumerated classes of Lorentz structures of operators
with FOUR criteria up to d=8;

determined the tree/loop classification and interference pattern
           Field strength operators are hard to be tree level
           Tree tends to renormalize tree only at d = 6
           Amplitude from tree operator interferes with d=4 tree amplitude  
           Non-interference up to two loop

determined the helicity amplitudes up to the full 
one loop level  
       some amplitudes at d=6 vanish completely at one loop in a weakly 
          coupled UV theory, calls for explanations in the UV theory frame work
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