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• Implications for the mass hierarchy
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Describe both in an EFT framework
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Chiral Effective Theory
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L�PT (N,⇡, ⌫, e)

Form of operators determined by chiral symmetry
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Matching to Chiral EFT

Chiral Effective Theory

In terms of nucleons, pions, leptons

SM EFT’
SU(3)xU(1)em invariant

In terms of quarks, gluons, leptons L(u, d, g, ⌫, e)

L�PT (N,⇡, ⌫, e)

Form of operators determined by chiral symmetry

Need a power-counting scheme
• Usually Weinberg’s power counting (based on NDA)

Manohar, Georgi, `84; Weinberg, `90, `91

The operators come with unknown constants (LECs)
• Parametrize non-perturbative physics
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Warning: Based on NDA

• At LO in Weinberg counting, only need the nucleon one-body currents

• The needed low-energy constants are the nucleon charges gV, gA
• Known from experiment / Lattice QCD
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Warning: Based on NDA
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ΔL=2 potential

• Chiral result agrees with the usual derivation at LO
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• Combining with wave functions gives the decay rate

Warning: Based on NDA
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<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>

GF
<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>
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ΔL=2 potential

• Chiral result agrees with the usual derivation at LO
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• Combining with wave functions gives the decay rate

Warning: Based on NDA

⌫e

e�

e�

n p

n p

Doi et al. ’85; Horoi, Neacsu ’17; Hyvarinen, Suhonen ’15; Horoi, Neacsu ’17; Menendez `18; Barra, Kotila, Iachello ’15; 

m�� = �ueev
2/⇤LNV

GF
<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>

GF
<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>
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• Requires nuclear matrix elements
• Many-body methods disagree by factor ~2-3
• Similar for higher-dimensional operators

ΔL=2 potential

• Chiral result agrees with the usual derivation at LO
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• Combining with wave functions gives the decay rate

Warning: Based on NDA

⌫e

e�

e�

n p

n p

Doi et al. ’85; Horoi, Neacsu ’17; Hyvarinen, Suhonen ’15; Horoi, Neacsu ’17; Menendez `18; Barra, Kotila, Iachello ’15; 

m�� = �ueev
2/⇤LNV

GF
<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>

GF
<latexit sha1_base64="5bKWnw14lsK0ED3YJLa5l4MrV3w=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqGCGqZoHlAsoTZyWwyZGZ2mZkVwpJPsLFQxNbWv/AL7Gz8FiePQhMPXDiccy/33hPEnGnjul9OZml5ZXUtu57b2Nza3snv7tV1lChCayTikWoGWFPOJK0ZZjhtxopiEXDaCAaXY79xT5Vmkbwzw5j6AvckCxnBxkq3152rTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondW9Ko2jTJMkYVDOIIT8OAcSnADFagBgR48wBM8O9x5dF6c12lrxpnN7MMfOG8/wHORJA==</latexit>
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• Requires nuclear matrix elements
• Many-body methods disagree by factor ~2-3
• Similar for higher-dimensional operators

ΔL=2 potential

• Chiral result agrees with the usual derivation at LO

The potential is based on Weinberg power counting

• Known to fail in the strong interaction (NN scattering)

• Does it hold for 0νββ?
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Checking the power counting
Check that                          is finiteA(nn ! ppee)
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Checking the power counting
Check that                          is finiteA(nn ! ppee)

• Requires inclusion of the strong interaction

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>
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Checking the power counting
Check that                          is finiteA(nn ! ppee)

• Requires inclusion of the strong interaction

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions:
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✔  finite



Wouter Dekens, Fermilab 10/05

Checking the power counting
Check that                          is finiteA(nn ! ppee)

• Requires inclusion of the strong interaction

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions:
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✔  finite



Wouter Dekens, Fermilab 10/05

Checking the power counting
Check that                          is finiteA(nn ! ppee)

• Requires inclusion of the strong interaction

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions:

e

e

n p

n p

❌ Divergent
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Checking the power counting
Check that                          is finiteA(nn ! ppee)

• Requires inclusion of the strong interaction

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions:

e

e

n p

n p +finite Regulator dependent

In MS-bar:
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• Amplitudes obtained using

• MS-bar

• Coordinate-space cut-off
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• Clear µ or RS dependence
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Need a counter term to absorb the divergence/regulator dependence

Need for a new counter term

e

e

p

pn

n

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>
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Need a counter term to absorb the divergence/regulator dependence

Dressing with strong interactions:

gNN
⌫

Need for a new counter term

e

e

p

pn

n

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>
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Need a counter term to absorb the divergence/regulator dependence

Dressing with strong interactions:

gNN
⌫

Need for a new counter term

Can absorb the divergence

e

e

p

pn

n

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>
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Need a counter term to absorb the divergence/regulator dependence

Dressing with strong interactions:

gNN
⌫

Need for a new counter term

• The renormalization group suggests this counter term is leading order

• Same conclusion in a cut-off scheme
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gNN
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<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>

Can absorb the divergence
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• Finite part of            is currently unknown, hard to estimate its impact

• To obtain a physical amplitude we have to include         in the potential
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e

e
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V�L=2 = V⌫ + V⌫,CT =
<latexit sha1_base64="7qdU+ng2cZp/ja27SQ4ecAtR5yg="></latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

Impact of the counter term
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• Could be determined from a lattice calculation of

• To obtain a physical amplitude we have to include         in the potential
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V�L=2 = V⌫ + V⌫,CT =
<latexit sha1_base64="7qdU+ng2cZp/ja27SQ4ecAtR5yg="></latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

• Finite part of            is currently unknown, hard to estimate its impactgNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

A(nn ! ppe�e�)
<latexit sha1_base64="sLS+ly9Ss9JBrECNZiEp0r4D3/s=">AAACBHicbVC7TsMwFHXKq5RXgLGL1QqpCFElMMBYYGEsEn1ITagc12mtOo5lO0hR1IGFL+AfWBhAiJWPYOvf4D4GKBzZ0tE59+reewLBqNKOM7ZyS8srq2v59cLG5tb2jr2711RxIjFp4JjFsh0gRRjlpKGpZqQtJEFRwEgrGF5N/NY9kYrG/FangvgR6nMaUoy0kbp20YuQHmDE4EWFc0/HUAhI7o7NO+zaZafqTAH/EndOyrWSd/Q0rqX1rv3l9WKcRIRrzJBSHdcR2s+Q1BQzMip4iSIC4SHqk46hHEVE+dn0iBE8MEoPhrE0n2s4VX92ZChSKo0CUzlZWS16E/E/r5Po8NzPKBeJJhzPBoUJg+bWSSKwRyXBmqWGICyp2RXiAZIIa5NbwYTgLp78lzRPqu5p1b0xaVyCGfKgCEqgAlxwBmrgGtRBA2DwAJ7BK3izHq0X6936mJXmrHnPPvgF6/MbrZOZyg==</latexit>

Impact of the counter term
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• Estimate from relation to EM

• Could be determined from a lattice calculation of

• Finite part of            is currently unknown, hard to estimate its impact

• To obtain a physical amplitude we have to include         in the potential
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<latexit sha1_base64="7qdU+ng2cZp/ja27SQ4ecAtR5yg="></latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

A(nn ! ppe�e�)
<latexit sha1_base64="sLS+ly9Ss9JBrECNZiEp0r4D3/s=">AAACBHicbVC7TsMwFHXKq5RXgLGL1QqpCFElMMBYYGEsEn1ITagc12mtOo5lO0hR1IGFL+AfWBhAiJWPYOvf4D4GKBzZ0tE59+reewLBqNKOM7ZyS8srq2v59cLG5tb2jr2711RxIjFp4JjFsh0gRRjlpKGpZqQtJEFRwEgrGF5N/NY9kYrG/FangvgR6nMaUoy0kbp20YuQHmDE4EWFc0/HUAhI7o7NO+zaZafqTAH/EndOyrWSd/Q0rqX1rv3l9WKcRIRrzJBSHdcR2s+Q1BQzMip4iSIC4SHqk46hHEVE+dn0iBE8MEoPhrE0n2s4VX92ZChSKo0CUzlZWS16E/E/r5Po8NzPKBeJJhzPBoUJg+bWSSKwRyXBmqWGICyp2RXiAZIIa5NbwYTgLp78lzRPqu5p1b0xaVyCGfKgCEqgAlxwBmrgGtRBA2DwAJ7BK3izHq0X6936mJXmrHnPPvgF6/MbrZOZyg==</latexit>

Impact of the counter term
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Relation to 
electromagnetism
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Relation to electromagnetism
LNV contact term
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<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

�

EM contact term

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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• Hard part of two Weak currents

• Leptonic part combines to boson propagator

Relation to electromagnetism
LNV contact term
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<latexit sha1_base64="olUcHFKuHFKm7EeQ/0YuR8+ULqI="></latexit>

e

e
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pn

n
q

<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

�

EM contact term

• Hard part of two EM currents

• Non-hadronic part is the photon propagator
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eiq·(x�y)

q2
<latexit sha1_base64="6hCT7b+Dk/fFwXPiLRlBGUbIAoc="></latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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• Hard part of two EM currents

• Non-hadronic part is the photon propagator

• Hard part of two Weak currents

• Leptonic part combines to boson propagator

Relation to electromagnetism
LNV contact term

⌫e

e�

e�

⇠ G2
Fm��hNN |Jµ

L(x)JLµ(y)|NNi

⇥
Z

d4q

(2⇡)4
eiq·(x�y)

q2
<latexit sha1_base64="olUcHFKuHFKm7EeQ/0YuR8+ULqI="></latexit>

e

e

p

pn

n
q

<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

�

EM contact term

⇠ e2hNN |Jµ
EM(x)JEMµ(y)|NNi

⇥
Z

d4q

(2⇡)4
eiq·(x�y)

q2
<latexit sha1_base64="6hCT7b+Dk/fFwXPiLRlBGUbIAoc="></latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

The appearance of the photon propagator allows one to relate the two!

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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O1 = N̄QLN N̄QLN � TrQ2
L

6
N̄~⌧N N̄~⌧N + (L ! R)

O2 = N̄QLN N̄QRN � TrQLQR

6
N̄~⌧N N̄~⌧N + (L $ R)

• Only two ΔI=2 operators can be induced 

u = exp (i⇡ · ⌧/2F⇡)

with spurions

Relation to electromagnetism
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Lem = e
2
/4 (C1O1 + C2O2) LLNV = g

NN
⌫ G

2
Fm��O1 ēe

c

EM LNV

QL = ⌧+, QR = 0QL = QR = ⌧3/2

Chiral symmetry
gNN
⌫ = C1

• EM induces an extra term
• Equivalent up to 2 pions
• Hard to disentangle

O1 = N̄QLN N̄QLN � TrQ2
L

6
N̄~⌧N N̄~⌧N + (L ! R)

O2 = N̄QLN N̄QRN � TrQLQR

6
N̄~⌧N N̄~⌧N + (L $ R)

u = exp (i⇡ · ⌧/2F⇡)

with spurions

• Only two ΔI=2 operators can be induced 

Relation to electromagnetism
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• ΔI=2 in NN scattering

• Charge-independence breaking
• From photon exchange & the pion mass difference
•                       (needed at LO in isospin breaking)C1 + C2

(ann + app)/2� anp

� C1 + C2

Relation to electromagnetism
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• ΔI=2 in NN scattering

• Charge-independence breaking
• From photon exchange & the pion mass difference
•                       (needed at LO in isospin breaking)C1 + C2

(ann + app)/2� anp

� C1 + C2

• Allows an estimate of 
• Extract                     from CIB 
• Assume
• Roughly 10% effect for Rs = 0.6 fm
• Uncontrolled error

C1 + C2

gNN
⌫

gNN
⌫ (µ) =

C1(µ) + C2(µ)

2

Relation to electromagnetism
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• ΔI=2 in NN scattering

• Charge-independence breaking
• From photon exchange & the pion mass difference
•                       (needed at LO in isospin breaking)C1 + C2

(ann + app)/2� anp

� C1 + C2

• Allows an estimate of 
• Extract                     from CIB 
• Assume
• Roughly 10% effect for Rs = 0.6 fm
• Uncontrolled error

C1 + C2

gNN
⌫

gNN
⌫ (µ) =

C1(µ) + C2(µ)

2

Relation to electromagnetism



Wouter Dekens, Fermilab 10/05

Estimate of impact
in light nuclei
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• Combine estimate

• With wavefunctions:

• From Chiral potential 

• Obtained from AV18 potential

Estimate of impact
Light nuclei

M. Piarulli et. al. ’16

R. Wiringa, Stoks, Schiavilla, ‘95

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be

g⌫ = (C1 + C2)/2
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• Combine estimate

• With wavefunctions:

• From Chiral potential 

• Obtained from AV18 potential

Estimate of impact
Light nuclei

• ~10% effect in 6He → 6Be
• ~60% effect in 12Be → 12C

• Due to presence of a node
• Feature in realistic 0νββ candidates

M. Piarulli et. al. ’16

R. Wiringa, Stoks, Schiavilla, ‘95

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be

g⌫ = (C1 + C2)/2
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• Combine estimate

• With wavefunctions:

• From Chiral potential 

• Obtained from AV18 potential

Estimate of impact
Light nuclei

• ~10% effect in 6He → 6Be
• ~60% effect in 12Be → 12C

• Due to presence of a node
• Feature in realistic 0νββ candidates

M. Piarulli et. al. ’16

R. Wiringa, Stoks, Schiavilla, ‘95

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be

Uncontrolled error

g⌫ = (C1 + C2)/2
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Higher-dimensional 
operators



Wouter Dekens, Fermilab 10/05

Other mechanisms
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Matching to Chiral EFT
Weinberg power counting
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Matching to Chiral EFT
Beyond NDA / Weinberg
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Matching to Chiral EFT
Beyond NDA / Weinberg

Need additional contact terms 

(beyond Weinberg counting)
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• The additional contact interaction appears at leading order

• Estimates suggest an O(1) impact on the amplitude
• Based on assumptions with uncontrolled errors

• Same framework applies to dimension-7,-9 operators

• Issues with NDA power counting appear here too

Summary
• EFTs allow a model-independent description of ∆L=2 scenarios

• Renormalization requires counterterms beyond NDA 0.001 0.005 0.010 0.050 0.100 0.500

0.035

0.040

0.045

0.050

0.055

0.060

0.065

RS (fm)

|A
Δ
L=
2

(ν
)

|(
M
eV

-
2 )

1/μ (fm)

RS scheme
MS



Wouter Dekens, Fermilab 10/05

Back up slides
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Dimension-7,-9 operators
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Effective Field Theory
Naive scaling of Dimension 5, 7, 9 operators
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• This happens in well-known BSM models
• For example the Left right model gives

• The dimension-5, -7 and -9 operators can all be relevant for
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Nuclear matrix elements

• The NMEs differ by a factor 2-3 between methods

• For Majorana-mass term & other LNV sources

Barea et al. ’15; Hyvarinen et al, ’15; Horoi et al. ’17, Menendez et al, ‘18

• All NMEs can be obtained from those of light/heavy neutrino exchange
• 9 long-distance & 6 short-distance
• Have been determined in literature

• Follow ChiPT expectations fairly well
• E.g. all O(1)
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Current limits
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• Uncertainties:
• Unknown LECs
•  Nuclear Matrix elements

• Assumes Ci = v3/𝛬3



Wouter Dekens, Fermilab 10/05

Current limits
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• Unknown LECs
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Wouter Dekens, INT, 7/11/18

e

e

⌫e

e�

e�

n p

n p

• Several potentials have the same behavior
• The case for the vector operators 

⇠ m2
N

Z
d3qd3k

1

mNE � ~q2
V�L=2

1

mNE0 � ~k2

Dimension-6,7,9

C(6)
V L,V R : V�L=2 ⇠ 1/~q2

Matching to Chiral EFT
Checking Weinberg power counting



Wouter Dekens, INT, 7/11/18

e

e

e

e

⇡�

⇡�

n p

n p

• Several potentials have the same behavior
• The case for the vector operators 
• The dimension-nine terms 

⇠ m2
N

Z
d3qd3k

1

mNE � ~q2
V�L=2

1

mNE0 � ~k2

Dimension-6,7,9

C(6)
V L,V R : V�L=2 ⇠ 1/~q2

C(9)
1�9 : V�L=2 ⇠ 1

~q2 +m2
⇡

Matching to Chiral EFT
Checking Weinberg power counting



Wouter Dekens, INT, 7/11/18

e

e

e

e

⇡�

⇡�

n p

n p

• Several potentials have the same behavior
• The case for the vector operators 
• The dimension-nine terms 
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1
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V�L=2

1

mNE0 � ~k2

Dimension-6,7,9

• Need to include contact interactions at LO in these cases
• Often disagrees with the Weinberg / NDA counting

Matching to Chiral EFT
Checking Weinberg power counting


