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form factors
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up to O(e�m⇡L)

corrections
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Lüscher 
formalism

[Briceño et al., PRD 94, 013008 (2016)] 
[OG et al., PRD 100, 034511 (2019)] 
[OG et al, PRD 103, 114512 (2021)]

For an alternative methodology  

See Sakthivasan talk tomorrow 

9:40 AM @ AG80 Structure 
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• Finite volume transfer operator• Non-relativistic system fermions 
• Contact two-particle interaction

2 flavors + 2 spin components
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• Single particle dispersion fixed to 

continuum values
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• Deuteron-like two particle states
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p =
2⇡

L
[nx, ny, nz]

• Momentum is quantized to pbc
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ni 2 {(L� 1)/2, . . . , L/2}

Continuum, infinite volume Discrete, finite volume

For modest volumes ∽10, transfer operator can be diagonalized exactly! 

[Endres et al., PRA 84, 043644 (2011)]
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• Spectrum for various 
lattice momenta          
as a function of c. 

• With increasing c, 
ground state energy 
decreases. 

• Added ∽1% errors to 
account for discretization 
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Non-relativistic systems have non-
interacting degeneracies that lead 
to FV states with fixed energy.
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E! � 2M

<latexit sha1_base64="PctY2CMVVjTGveX5NbiFo8zh5lQ=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgKiSi1Y1QdONGqGDaQhvKZDpph04mYWYihNKVH+BWP8GduPVL/AJ/w2mbhW09cOFwzr3ce0+QcKa043xbhZXVtfWN4mZpa3tnd6+8f9BQcSoJ9UjMY9kKsKKcCepppjltJZLiKOC0GQxvJ37ziUrFYvGos4T6Ee4LFjKCtZG8+2vHvuiWK47tTIGWiZuTCuSod8s/nV5M0ogKTThWqu06ifZHWGpGOB2XOqmiCSZD3KdtQwWOqPJH02PH6MQoPRTG0pTQaKr+nRjhSKksCkxnhPVALXoT8T+vnerwyh8xkaSaCjJbFKYc6RhNPkc9JinRPDMEE8nMrYgMsMREm3zmtiSDTDGixiWTjLuYwzJpnNlu1a4+nFdqN3lGRTiCYzgFFy6hBndQBw8IMHiBV3iznq1368P6nLUWrHzmEOZgff0CamOWzA==</latexit>

M = 0.5

<latexit sha1_base64="hQGlMZhRO5iFBP2XFykcvaOw67M=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiQi1Y1QdONGqGgf0IYymU7aoZNJmJkIIXThB7jVT3Anbv0Uv8DfcNJmYVsPXDiccy/33uNFnClt299WYWV1bX2juFna2t7Z3SvvH7RUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y1vMr/9RKVioXjUSUTdAA8F8xnB2kgPd1dOv1yxq/YUaJk4OalAjka//NMbhCQOqNCEY6W6jh1pN8VSM8LppNSLFY0wGeMh7RoqcECVm05PnaATowyQH0pTQqOp+ncixYFSSeCZzgDrkVr0MvE/rxtr/9JNmYhiTQWZLfJjjnSIsr/RgElKNE8MwUQycysiIywx0SaduS3RKFGMqEnJJOMs5rBMWmdVp1at3Z9X6td5RkU4gmM4BQcuoA630IAmEBjCC7zCm/VsvVsf1uestWDlM4cwB+vrF4IkllY=</latexit>

M = 1

<latexit sha1_base64="SMB58hoJ4PNNPLdY9jDkn9IOxXk=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiSi1Y1QdONGqGAf0IYymU6aoZNJmJkIoXTjB7jVT3Anbv0Tv8DfcNJmYVsPXDiccy/33uPFnClt299WYWV1bX2juFna2t7Z3SvvH7RUlEhCmyTikex4WFHOBG1qpjntxJLi0OO07Y1uM7/9RKVikXjUaUzdEA8F8xnBOpPury/sfrliV+0p0DJxclKBHI1++ac3iEgSUqEJx0p1HTvW7hhLzQink1IvUTTGZISHtGuowCFV7nh66wSdGGWA/EiaEhpN1b8TYxwqlYae6QyxDtSil4n/ed1E+1fumIk40VSQ2SI/4UhHKHscDZikRPPUEEwkM7ciEmCJiTbxzG2Jg1QxoiYlk4yzmMMyaZ1VnVq19nBeqd/kGRXhCI7hFBy4hDrcQQOaQCCAF3iFN+vZerc+rM9Za8HKZw5hDtbXL/r0lpQ=</latexit>

M = 50

<latexit sha1_base64="LBd1Op9GHKtrgjPAveIB/VLLj+4="></latexit>

Re[F00,00(L = 10, [0, 0, 1])]

<latexit sha1_base64="OVGTVgtB49QHPMlwLwJtDrbd+ac="></latexit>

det(M�1 + F ) = 0



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Luscher Quantization Condition
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<latexit sha1_base64="YefNDX1R2NYgLSmeDgtAQSkwsyE="></latexit>

M = 8⇡E! 1

p! cot � � ip!
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<latexit sha1_base64="OVGTVgtB49QHPMlwLwJtDrbd+ac="></latexit>

det(M�1 + F ) = 0

(a) (b)
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§ /
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<latexit sha1_base64="so5lRPJs4lKZCW4PVT+Wlg3Gyco=">AAACCHicbVDLSsNAFL2pr1pfVZduBovgxpIUqS6LIrgRKtgHNLFMppN26CQZZiZCKP0BP8CtfoI7cetf+AX+htM2C9t64MLhnHs5l+MLzpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqTiShDRLzWLZ9rChnEW1opjltC0lx6HPa8ofXE7/1RKVicfSgU0G9EPcjFjCCtZHcm0dXaSzRGarcdYslu2xPgZaJk5ESZKh3iz9uLyZJSCNNOFaq49hCeyMsNSOcjgtuoqjAZIj7tGNohEOqvNH05zE6MUoPBbE0E2k0Vf9ejHCoVBr6ZjPEeqAWvYn4n9dJdHDpjVgkEk0jMgsKEo50jCYFoB6TlGieGoKJZOZXRAZYYqJNTXMpYpAqRtS4YJpxFntYJs1K2amWq/fnpdpV1lEejuAYTsGBC6jBLdShAQQEvMArvFnP1rv1YX3OVnNWdnMIc7C+fgGNSpma</latexit> E
!
�

2M

<latexit sha1_base64="O79s0AuTnPfC6w4zGLAL90zJGos="></latexit>

p! cot δ = �8πE!Re[F00,00(L, #P )]

<latexit sha1_base64="m0ta9CKHA6ehNDHmgAdfXhqnwGk="></latexit>

p! cot � = �1

a
+

1

2
r p!2

<latexit sha1_base64="oNIUlf7Shwj5gQ9caQTXPc8/OwI=">AAACAXicbVDLSsNAFL3xWeur6tLNYBFchUS0uhGKblxWMG2hDWUynbRDJ5MwMxFC6MoPcKuf4E7c+iV+gb/htM3Cth64cDjnXu69J0g4U9pxvq2V1bX1jc3SVnl7Z3dvv3Jw2FRxKgn1SMxj2Q6wopwJ6mmmOW0nkuIo4LQVjO4mfuuJSsVi8aizhPoRHggWMoK1kTxy49iXvUrVsZ0p0DJxC1KFAo1e5afbj0kaUaEJx0p1XCfRfo6lZoTTcbmbKppgMsID2jFU4IgqP58eO0anRumjMJamhEZT9e9EjiOlsigwnRHWQ7XoTcT/vE6qw2s/ZyJJNRVktihMOdIxmnyO+kxSonlmCCaSmVsRGWKJiTb5zG1JhpliRI3LJhl3MYdl0jy33Zpde7io1m+LjEpwDCdwBi5cQR3uoQEeEGDwAq/wZj1b79aH9TlrXbGKmSOYg/X1C43hluI=</latexit>

c = 0.5



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Bound state pole
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<latexit sha1_base64="V01S0Zkh89KESaaKuBkJF8PT3Z0="></latexit>

p! cot �
��
p!=iκ

+  = 0

<latexit sha1_base64="12E1RGA3WVY/jVJe91VidUTJW68="></latexit>

M(s) ⇠ (ig)2

s� s0

<latexit sha1_base64="YefNDX1R2NYgLSmeDgtAQSkwsyE="></latexit>

M = 8⇡E! 1

p! cot � � ip!

• Infinite volume phase-
shift as a function of c. 

• With increasing c, the 
bound state has an 
increasing binding energy.



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Two-body Finite Volume Matrix Elements
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<latexit sha1_base64="4ZJlPtk/8+jb+riEI9BVQEBmk/k=">AAACIXicbVDLSgMxFM3UV62vqks3wSJWlDIjUt0IBTfqqoJ9QFtKJr21oZmZNMkIZZgP8Dv8ALf6Ce7EnfgB/oZpOwvbeiBwOOdc7s1xBWdK2/aXlVpYXFpeSa9m1tY3Nrey2ztVFYSSQoUGPJB1lyjgzIeKZppDXUggnsuh5vavRn7tEaRigX+vhwJaHnnwWZdRoo3UzuaaHvBIHMbRbX5wFEcixpe42QGuSdvIx4MTEZuUXbDHwPPESUgOJSi3sz/NTkBDD3xNOVGq4dhCtyIiNaMc4kwzVCAI7ZMHaBjqEw9UKxp/JsYHRungbiDN8zUeq38nIuIpNfRck/SI7qlZbyT+5zVC3b1oRcwXoQafThZ1Q451gEfN4A6TQDUfGkKoZOZWTHtEEqpNf1NbRG+oGFVxxjTjzPYwT6qnBadYKN6d5Uo3SUdptIf2UR456ByV0DUqowqi6Am9oFf0Zj1b79aH9TmJpqxkZhdNwfr+BX0Uo7E=</latexit>

〈p′|J(q)|p〉 = �p′+q,p

<latexit sha1_base64="0YpfcJ5C1P/GcFS6XiB/G+zTNuM="></latexit>

〈n|J(q)|m〉 =
X

i,j

v(n)∗i v(m)
j 〈pi|J(q)|pj〉

⌦
p′i
��p′j

↵

w.f. from transfer op. diagonalization



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Finite volume to infinite volume
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Gµ 1 áááµ n (Pf , Pi , L ) = V !

k, 2
(a)

+

=

+
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+
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=
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+ ...

(b)

(c)

(d)
<latexit sha1_base64="SZk5LnPonUPohVbP2eUGsVQzThc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFsNpt26WYTdidCKf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNUCoOu++0U1tY3NreK26Wd3b39g/LhUcskmWa8yRKZ6E5ADZdC8SYKlLyTak7jQPJ2MLqd1dtPXBuRqEccp9yP6UCJSDCK1nqohuf9csWtuXORVfByqECuRr/81QsTlsVcIZPUmK7npuhPqEbBJJ+WepnhKWUjOuBdi4rG3PiT+apTcmadkESJtk8hmbu/JyY0NmYcB7Yzpjg0y7WZ+V+tm2F07U+ESjPkii0+ijJJMCGzu0koNGcoxxYo08LuStiQasrQplOyIXjLJ69C66LmWb6/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sj5/AGNPI1N</latexit><latexit sha1_base64="SZk5LnPonUPohVbP2eUGsVQzThc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFsNpt26WYTdidCKf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNUCoOu++0U1tY3NreK26Wd3b39g/LhUcskmWa8yRKZ6E5ADZdC8SYKlLyTak7jQPJ2MLqd1dtPXBuRqEccp9yP6UCJSDCK1nqohuf9csWtuXORVfByqECuRr/81QsTlsVcIZPUmK7npuhPqEbBJJ+WepnhKWUjOuBdi4rG3PiT+apTcmadkESJtk8hmbu/JyY0NmYcB7Yzpjg0y7WZ+V+tm2F07U+ESjPkii0+ijJJMCGzu0koNGcoxxYo08LuStiQasrQplOyIXjLJ69C66LmWb6/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sj5/AGNPI1N</latexit><latexit sha1_base64="SZk5LnPonUPohVbP2eUGsVQzThc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFsNpt26WYTdidCKf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNUCoOu++0U1tY3NreK26Wd3b39g/LhUcskmWa8yRKZ6E5ADZdC8SYKlLyTak7jQPJ2MLqd1dtPXBuRqEccp9yP6UCJSDCK1nqohuf9csWtuXORVfByqECuRr/81QsTlsVcIZPUmK7npuhPqEbBJJ+WepnhKWUjOuBdi4rG3PiT+apTcmadkESJtk8hmbu/JyY0NmYcB7Yzpjg0y7WZ+V+tm2F07U+ESjPkii0+ijJJMCGzu0koNGcoxxYo08LuStiQasrQplOyIXjLJ69C66LmWb6/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sj5/AGNPI1N</latexit><latexit sha1_base64="SZk5LnPonUPohVbP2eUGsVQzThc=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFe0HtKFsNpt26WYTdidCKf0JXjwo4tVf5M1/47bNQVtfWHh4Z4adeYNUCoOu++0U1tY3NreK26Wd3b39g/LhUcskmWa8yRKZ6E5ADZdC8SYKlLyTak7jQPJ2MLqd1dtPXBuRqEccp9yP6UCJSDCK1nqohuf9csWtuXORVfByqECuRr/81QsTlsVcIZPUmK7npuhPqEbBJJ+WepnhKWUjOuBdi4rG3PiT+apTcmadkESJtk8hmbu/JyY0NmYcB7Yzpjg0y7WZ+V+tm2F07U+ESjPkii0+ijJJMCGzu0koNGcoxxYo08LuStiQasrQplOyIXjLJ69C66LmWb6/rNRv8jiKcAKnUAUPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sj5/AGNPI1N</latexit>

Pf ! k! , 1
<latexit sha1_base64="bbKapyHJbTA8G7tcEzkpDH2CH/U=">AAAB73icbZBNS8NAEIYnftb6VfXoZbGIHrQkIuix6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN5O6s0nro2I1QOOEu5HtK9EKBhFa7Vq3fB8eHLmdUtlt+JORRbBy6EMuWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty0qGnHjZ9N9x+TYOj0Sxto+hWTq/p7IaGTMKApsZ0RxYOZrE/O/WjvF8NrPhEpS5IrNPgpTSTAmk+NJT2jOUI4sUKaF3ZWwAdWUoY2oaEPw5k9ehMZFxbN8f1mu3uRxFOAQjuAUPLiCKtxBDerAQMIzvMKb8+i8OO/Ox6x1yclnDuCPnM8fjhiO+w==</latexit><latexit sha1_base64="bbKapyHJbTA8G7tcEzkpDH2CH/U=">AAAB73icbZBNS8NAEIYnftb6VfXoZbGIHrQkIuix6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN5O6s0nro2I1QOOEu5HtK9EKBhFa7Vq3fB8eHLmdUtlt+JORRbBy6EMuWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty0qGnHjZ9N9x+TYOj0Sxto+hWTq/p7IaGTMKApsZ0RxYOZrE/O/WjvF8NrPhEpS5IrNPgpTSTAmk+NJT2jOUI4sUKaF3ZWwAdWUoY2oaEPw5k9ehMZFxbN8f1mu3uRxFOAQjuAUPLiCKtxBDerAQMIzvMKb8+i8OO/Ox6x1yclnDuCPnM8fjhiO+w==</latexit><latexit sha1_base64="bbKapyHJbTA8G7tcEzkpDH2CH/U=">AAAB73icbZBNS8NAEIYnftb6VfXoZbGIHrQkIuix6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN5O6s0nro2I1QOOEu5HtK9EKBhFa7Vq3fB8eHLmdUtlt+JORRbBy6EMuWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty0qGnHjZ9N9x+TYOj0Sxto+hWTq/p7IaGTMKApsZ0RxYOZrE/O/WjvF8NrPhEpS5IrNPgpTSTAmk+NJT2jOUI4sUKaF3ZWwAdWUoY2oaEPw5k9ehMZFxbN8f1mu3uRxFOAQjuAUPLiCKtxBDerAQMIzvMKb8+i8OO/Ox6x1yclnDuCPnM8fjhiO+w==</latexit><latexit sha1_base64="bbKapyHJbTA8G7tcEzkpDH2CH/U=">AAAB73icbZBNS8NAEIYnftb6VfXoZbGIHrQkIuix6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3iCRwqDrfjtLyyura+uFjeLm1vbObmlvv2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN5O6s0nro2I1QOOEu5HtK9EKBhFa7Vq3fB8eHLmdUtlt+JORRbBy6EMuWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty0qGnHjZ9N9x+TYOj0Sxto+hWTq/p7IaGTMKApsZ0RxYOZrE/O/WjvF8NrPhEpS5IrNPgpTSTAmk+NJT2jOUI4sUKaF3ZWwAdWUoY2oaEPw5k9ehMZFxbN8f1mu3uRxFOAQjuAUPLiCKtxBDerAQMIzvMKb8+i8OO/Ox6x1yclnDuCPnM8fjhiO+w==</latexit>

Pi ! k, 1
<latexit sha1_base64="AmzLQuH8idzpz8DUH8bp48f9vPI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8KAlEUGPRS8eK1hbaEPZbCftks0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78wap4Nq47rdTWlldW98ob1a2tnd296r7B486yRTDFktEojoB1Si4xJbhRmAnVUjjQGA7iG6n9fYTKs0T+WDGKfoxHUoeckaNtdrNPj+Pzrx+tebW3ZnIMngF1KBQs1/96g0SlsUoDRNU667npsbPqTKcCZxUepnGlLKIDrFrUdIYtZ/P1p2QE+sMSJgo+6QhM/f3RE5jrcdxYDtjakZ6sTY1/6t1MxNe+zmXaWZQsvlHYSaIScj0djLgCpkRYwuUKW53JWxEFWXGJlSxIXiLJy/D40Xds3x/WWvcFHGU4QiO4RQ8uIIG3EETWsAggmd4hTcndV6cd+dj3lpyiplD+CPn8wcwqY7N</latexit><latexit sha1_base64="AmzLQuH8idzpz8DUH8bp48f9vPI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8KAlEUGPRS8eK1hbaEPZbCftks0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78wap4Nq47rdTWlldW98ob1a2tnd296r7B486yRTDFktEojoB1Si4xJbhRmAnVUjjQGA7iG6n9fYTKs0T+WDGKfoxHUoeckaNtdrNPj+Pzrx+tebW3ZnIMngF1KBQs1/96g0SlsUoDRNU667npsbPqTKcCZxUepnGlLKIDrFrUdIYtZ/P1p2QE+sMSJgo+6QhM/f3RE5jrcdxYDtjakZ6sTY1/6t1MxNe+zmXaWZQsvlHYSaIScj0djLgCpkRYwuUKW53JWxEFWXGJlSxIXiLJy/D40Xds3x/WWvcFHGU4QiO4RQ8uIIG3EETWsAggmd4hTcndV6cd+dj3lpyiplD+CPn8wcwqY7N</latexit><latexit sha1_base64="AmzLQuH8idzpz8DUH8bp48f9vPI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8KAlEUGPRS8eK1hbaEPZbCftks0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78wap4Nq47rdTWlldW98ob1a2tnd296r7B486yRTDFktEojoB1Si4xJbhRmAnVUjjQGA7iG6n9fYTKs0T+WDGKfoxHUoeckaNtdrNPj+Pzrx+tebW3ZnIMngF1KBQs1/96g0SlsUoDRNU667npsbPqTKcCZxUepnGlLKIDrFrUdIYtZ/P1p2QE+sMSJgo+6QhM/f3RE5jrcdxYDtjakZ6sTY1/6t1MxNe+zmXaWZQsvlHYSaIScj0djLgCpkRYwuUKW53JWxEFWXGJlSxIXiLJy/D40Xds3x/WWvcFHGU4QiO4RQ8uIIG3EETWsAggmd4hTcndV6cd+dj3lpyiplD+CPn8wcwqY7N</latexit><latexit sha1_base64="AmzLQuH8idzpz8DUH8bp48f9vPI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8KAlEUGPRS8eK1hbaEPZbCftks0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78wap4Nq47rdTWlldW98ob1a2tnd296r7B486yRTDFktEojoB1Si4xJbhRmAnVUjjQGA7iG6n9fYTKs0T+WDGKfoxHUoeckaNtdrNPj+Pzrx+tebW3ZnIMngF1KBQs1/96g0SlsUoDRNU667npsbPqTKcCZxUepnGlLKIDrFrUdIYtZ/P1p2QE+sMSJgo+6QhM/f3RE5jrcdxYDtjakZ6sTY1/6t1MxNe+zmXaWZQsvlHYSaIScj0djLgCpkRYwuUKW53JWxEFWXGJlSxIXiLJy/D40Xds3x/WWvcFHGU4QiO4RQ8uIIG3EETWsAggmd4hTcndV6cd+dj3lpyiplD+CPn8wcwqY7N</latexit>

k! , 2
<latexit sha1_base64="7eBSiKX6QDSBpZF/VRQwHMp4JIw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL6ELKTBF0WXTjsoLTFtqhZNJMG5pkhiQjlKGv4MaFIm59IXe+jZl2Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wsldXu88UaVZLB/NNKGBwCPJIkawya3J+WVjUK25dXcutApeATUo1BpUv/rDmKSCSkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnkWJBdVBNt91hs6sM0RRrOyTBs3d3xMZFlpPRWg7BTZjvVzLzf9qvdREN0HGZJIaKsnioyjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXod2oe5YfrmrN2yKOMpzAKVyAB9fQhHtogQ8ExvAMr/DmCOfFeXc+Fq0lp5g5hj9yPn8ADKaNkg==</latexit><latexit sha1_base64="7eBSiKX6QDSBpZF/VRQwHMp4JIw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL6ELKTBF0WXTjsoLTFtqhZNJMG5pkhiQjlKGv4MaFIm59IXe+jZl2Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wsldXu88UaVZLB/NNKGBwCPJIkawya3J+WVjUK25dXcutApeATUo1BpUv/rDmKSCSkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnkWJBdVBNt91hs6sM0RRrOyTBs3d3xMZFlpPRWg7BTZjvVzLzf9qvdREN0HGZJIaKsnioyjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXod2oe5YfrmrN2yKOMpzAKVyAB9fQhHtogQ8ExvAMr/DmCOfFeXc+Fq0lp5g5hj9yPn8ADKaNkg==</latexit><latexit sha1_base64="7eBSiKX6QDSBpZF/VRQwHMp4JIw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL6ELKTBF0WXTjsoLTFtqhZNJMG5pkhiQjlKGv4MaFIm59IXe+jZl2Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wsldXu88UaVZLB/NNKGBwCPJIkawya3J+WVjUK25dXcutApeATUo1BpUv/rDmKSCSkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnkWJBdVBNt91hs6sM0RRrOyTBs3d3xMZFlpPRWg7BTZjvVzLzf9qvdREN0HGZJIaKsnioyjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXod2oe5YfrmrN2yKOMpzAKVyAB9fQhHtogQ8ExvAMr/DmCOfFeXc+Fq0lp5g5hj9yPn8ADKaNkg==</latexit><latexit sha1_base64="7eBSiKX6QDSBpZF/VRQwHMp4JIw=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSL6ELKTBF0WXTjsoLTFtqhZNJMG5pkhiQjlKGv4MaFIm59IXe+jZl2Ftp6IPBx7r3k3hMmnGnjut9OaW19Y3OrvF3Z2d3bP6geHrV1nCpCfRLzWHVDrClnkvqGGU67iaJYhJx2wsldXu88UaVZLB/NNKGBwCPJIkawya3J+WVjUK25dXcutApeATUo1BpUv/rDmKSCSkM41rrnuYkJMqwMI5zOKv1U0wSTCR7RnkWJBdVBNt91hs6sM0RRrOyTBs3d3xMZFlpPRWg7BTZjvVzLzf9qvdREN0HGZJIaKsnioyjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXod2oe5YfrmrN2yKOMpzAKVyAB9fQhHtogQ8ExvAMr/DmCOfFeXc+Fq0lp5g5hj9yPn8ADKaNkg==</latexit>

Wdf; µ 1 áááµ n
<latexit sha1_base64="1ClvM+0xmPd5kSVxyfLfycDn8B8=">AAACEnicbVDNS8MwHE39nPOr6tFLcAh6Ga0ICl6GXjxOcB+wlpKm6RaWpCVJhVH6N3jxX/HiQRGvnrz535huPejmg8DLe78fyXthyqjSjvNtLS2vrK6t1zbqm1vbO7v23n5XJZnEpIMTlsh+iBRhVJCOppqRfioJ4iEjvXB8U/q9ByIVTcS9nqTE52goaEwx0kYK7FOPIz3CiOW9IshzT3IYxcWVx7PAhR6OEq1geRFFYDecpjMFXCRuRRqgQjuwv7wowRknQmOGlBq4Tqr9HElNMSNF3csUSREeoyEZGCoQJ8rPp5EKeGyUCMaJNEdoOFV/b+SIKzXhoZksA6h5rxT/8waZji/9nIo000Tg2UNxxqBOYNkPjKgkWLOJIQhLav4K8QhJhLVpsW5KcOcjL5LuWdM1/O680bqu6qiBQ3AEToALLkAL3II26AAMHsEzeAVv1pP1Yr1bH7PRJavaOQB/YH3+AJ8zngs=</latexit><latexit sha1_base64="1ClvM+0xmPd5kSVxyfLfycDn8B8=">AAACEnicbVDNS8MwHE39nPOr6tFLcAh6Ga0ICl6GXjxOcB+wlpKm6RaWpCVJhVH6N3jxX/HiQRGvnrz535huPejmg8DLe78fyXthyqjSjvNtLS2vrK6t1zbqm1vbO7v23n5XJZnEpIMTlsh+iBRhVJCOppqRfioJ4iEjvXB8U/q9ByIVTcS9nqTE52goaEwx0kYK7FOPIz3CiOW9IshzT3IYxcWVx7PAhR6OEq1geRFFYDecpjMFXCRuRRqgQjuwv7wowRknQmOGlBq4Tqr9HElNMSNF3csUSREeoyEZGCoQJ8rPp5EKeGyUCMaJNEdoOFV/b+SIKzXhoZksA6h5rxT/8waZji/9nIo000Tg2UNxxqBOYNkPjKgkWLOJIQhLav4K8QhJhLVpsW5KcOcjL5LuWdM1/O680bqu6qiBQ3AEToALLkAL3II26AAMHsEzeAVv1pP1Yr1bH7PRJavaOQB/YH3+AJ8zngs=</latexit><latexit sha1_base64="1ClvM+0xmPd5kSVxyfLfycDn8B8=">AAACEnicbVDNS8MwHE39nPOr6tFLcAh6Ga0ICl6GXjxOcB+wlpKm6RaWpCVJhVH6N3jxX/HiQRGvnrz535huPejmg8DLe78fyXthyqjSjvNtLS2vrK6t1zbqm1vbO7v23n5XJZnEpIMTlsh+iBRhVJCOppqRfioJ4iEjvXB8U/q9ByIVTcS9nqTE52goaEwx0kYK7FOPIz3CiOW9IshzT3IYxcWVx7PAhR6OEq1geRFFYDecpjMFXCRuRRqgQjuwv7wowRknQmOGlBq4Tqr9HElNMSNF3csUSREeoyEZGCoQJ8rPp5EKeGyUCMaJNEdoOFV/b+SIKzXhoZksA6h5rxT/8waZji/9nIo000Tg2UNxxqBOYNkPjKgkWLOJIQhLav4K8QhJhLVpsW5KcOcjL5LuWdM1/O680bqu6qiBQ3AEToALLkAL3II26AAMHsEzeAVv1pP1Yr1bH7PRJavaOQB/YH3+AJ8zngs=</latexit><latexit sha1_base64="1ClvM+0xmPd5kSVxyfLfycDn8B8=">AAACEnicbVDNS8MwHE39nPOr6tFLcAh6Ga0ICl6GXjxOcB+wlpKm6RaWpCVJhVH6N3jxX/HiQRGvnrz535huPejmg8DLe78fyXthyqjSjvNtLS2vrK6t1zbqm1vbO7v23n5XJZnEpIMTlsh+iBRhVJCOppqRfioJ4iEjvXB8U/q9ByIVTcS9nqTE52goaEwx0kYK7FOPIz3CiOW9IshzT3IYxcWVx7PAhR6OEq1geRFFYDecpjMFXCRuRRqgQjuwv7wowRknQmOGlBq4Tqr9HElNMSNF3csUSREeoyEZGCoQJ8rPp5EKeGyUCMaJNEdoOFV/b+SIKzXhoZksA6h5rxT/8waZji/9nIo000Tg2UNxxqBOYNkPjKgkWLOJIQhLav4K8QhJhLVpsW5KcOcjL5LuWdM1/O680bqu6qiBQ3AEToALLkAL3II26AAMHsEzeAVv1pP1Yr1bH7PRJavaOQB/YH3+AJ8zngs=</latexit>

Wµ 1 áááµ n =
<latexit sha1_base64="O+VPcKNloVCQDCIgNWfLVymBfww=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKCboSiG5cV7AOaECaTSTt0MhNmJkIJWbvxV9y4UMStX+DOv3HSZqGtBwbOnHMv994Tpowq7Tjf1tLyyuraem2jvrm1vbNr7+13lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLxTen3HohUVPB7PUmJn6AhpzHFSBspsI+8BOkRRizvFUHuJVngQg9HQitYfnhxFdgNp+lMAReJW5EGqNAO7C8vEjhLCNeYIaUGrpNqP0dSU8xIUfcyRVKEx2hIBoZylBDl59NTCnhilAjGQprHNZyqvztylCg1SUJTWS6u5r1S/M8bZDq+9HPK00wTjmeD4oxBLWCZC4yoJFiziSEIS2p2hXiEJMLapFc3IbjzJy+S7lnTNfzuvNG6ruKogUNwDE6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx+z0iWr6jkAf2B9/gBODpqg</latexit><latexit sha1_base64="O+VPcKNloVCQDCIgNWfLVymBfww=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKCboSiG5cV7AOaECaTSTt0MhNmJkIJWbvxV9y4UMStX+DOv3HSZqGtBwbOnHMv994Tpowq7Tjf1tLyyuraem2jvrm1vbNr7+13lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLxTen3HohUVPB7PUmJn6AhpzHFSBspsI+8BOkRRizvFUHuJVngQg9HQitYfnhxFdgNp+lMAReJW5EGqNAO7C8vEjhLCNeYIaUGrpNqP0dSU8xIUfcyRVKEx2hIBoZylBDl59NTCnhilAjGQprHNZyqvztylCg1SUJTWS6u5r1S/M8bZDq+9HPK00wTjmeD4oxBLWCZC4yoJFiziSEIS2p2hXiEJMLapFc3IbjzJy+S7lnTNfzuvNG6ruKogUNwDE6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx+z0iWr6jkAf2B9/gBODpqg</latexit><latexit sha1_base64="O+VPcKNloVCQDCIgNWfLVymBfww=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKCboSiG5cV7AOaECaTSTt0MhNmJkIJWbvxV9y4UMStX+DOv3HSZqGtBwbOnHMv994Tpowq7Tjf1tLyyuraem2jvrm1vbNr7+13lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLxTen3HohUVPB7PUmJn6AhpzHFSBspsI+8BOkRRizvFUHuJVngQg9HQitYfnhxFdgNp+lMAReJW5EGqNAO7C8vEjhLCNeYIaUGrpNqP0dSU8xIUfcyRVKEx2hIBoZylBDl59NTCnhilAjGQprHNZyqvztylCg1SUJTWS6u5r1S/M8bZDq+9HPK00wTjmeD4oxBLWCZC4yoJFiziSEIS2p2hXiEJMLapFc3IbjzJy+S7lnTNfzuvNG6ruKogUNwDE6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx+z0iWr6jkAf2B9/gBODpqg</latexit><latexit sha1_base64="O+VPcKNloVCQDCIgNWfLVymBfww=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiKCboSiG5cV7AOaECaTSTt0MhNmJkIJWbvxV9y4UMStX+DOv3HSZqGtBwbOnHMv994Tpowq7Tjf1tLyyuraem2jvrm1vbNr7+13lcgkJh0smJD9ECnCKCcdTTUj/VQSlISM9MLxTen3HohUVPB7PUmJn6AhpzHFSBspsI+8BOkRRizvFUHuJVngQg9HQitYfnhxFdgNp+lMAReJW5EGqNAO7C8vEjhLCNeYIaUGrpNqP0dSU8xIUfcyRVKEx2hIBoZylBDl59NTCnhilAjGQprHNZyqvztylCg1SUJTWS6u5r1S/M8bZDq+9HPK00wTjmeD4oxBLWCZC4yoJFiziSEIS2p2hXiEJMLapFc3IbjzJy+S7lnTNfzuvNG6ruKogUNwDE6BCy5AC9yCNugADB7BM3gFb9aT9WK9Wx+z0iWr6jkAf2B9/gBODpqg</latexit>

Short-range 
dynamics

<latexit sha1_base64="LOoQUljyiGUjJdT3kugqCSNyeSc="></latexit>

!Ef , L |J | Ei , L " = ÷R 1/ 2(Ef , L ) ÷WL (Ef , Ei , L ) ÷R 1/ 2(Ei , L )

<latexit sha1_base64="XEvIl+Oiiamqt5XauKK3JNgNFsk="></latexit>

÷WL (Ef , Ei , L ) = A22(Ef , Ei ) + f áG(Ef , Ei , L )

[Briceño et al., PRD 94, 013008 (2016)] 

Triangle function:

<latexit sha1_base64="Zve02rqvxmGN5Qv62K//zCAkNjk=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3qLYh6QLGF2MpsMmZ1ZZmaFZQn4AV71E7yJV3/FL/A3nCR7MIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99hNVmknxaNKY+hEeChYygo2VHnpZv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2FlGOF0UuolmsaYjPGQdi0VOKLaz2aXTtCZVQYolMqWMGim/p3IcKR1GgW2M8JmpJe9qfif101MeO1nTMSJoYLMF4UJR0ai6dtowBQlhqeWYKKYvRWREVaYGBvOwpZ4lGpG9KRkk/GWc1glrYuqV6vW7i8r9bs8oyKcwCmcgwdXUIdbaEATCITwAq/w5jw7786H8zlvLTj5zDEswPn6BYuFlm8=</latexit> {
<latexit sha1_base64="L4DrZ2UswQhIySP1fqhnBRVPcRY="></latexit>

f B (Q2) = g2
!

A22(Q2) + f á
!

G(Q2) !
2G0(Q2)
Ef + Ei

""

Infinite volume 
form factor:



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Ground state LL factor
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<latexit sha1_base64="fLwYNKHO1igB6b7uqXz5+lx8NUo="></latexit>

÷R(EB , L ! " ) = #
!

2EB

g2 + O(e! ! L )
" ! 1

<latexit sha1_base64="wy3pi0gaZ3cmRT+ydwNPaFXQW0Y="></latexit>

÷R(En , P, L ) = ! lim
E ! E n

E ! En

M
! "

E 2 ! P 2
" " 1

+ F (E, P, L )

<latexit sha1_base64="OVGTVgtB49QHPMlwLwJtDrbd+ac="></latexit>

det(M�1 + F ) = 0Residue of the QC

Lines show the large volume limit:

0            1             2            3
<latexit sha1_base64="xAKn7+TC2doO7IbwjoUTBHnBUaM=">AAAB/3icbVDLSsNAFL2pr1pfVZduBovgqiRFqsuiG5cV7QPaWCaTSTt0MgkzEyGELvwAt/oJ7sStn+IX+BtO2yxs64ELh3Pu5d57vJgzpW372yqsrW9sbhW3Szu7e/sH5cOjtooSSWiLRDySXQ8rypmgLc00p91YUhx6nHa88c3U7zxRqVgkHnQaUzfEQ8ECRrA20r3/WBuUK3bVngGtEicnFcjRHJR/+n5EkpAKTThWqufYsXYzLDUjnE5K/UTRGJMxHtKeoQKHVLnZ7NQJOjOKj4JImhIazdS/ExkOlUpDz3SGWI/UsjcV//N6iQ6u3IyJONFUkPmiIOFIR2j6N/KZpETz1BBMJDO3IjLCEhNt0lnYEo9SxYialEwyznIOq6Rdqzr1av3uotK4zjMqwgmcwjk4cAkNuIUmtIDAEF7gFd6sZ+vd+rA+560FK585hgVYX7/dhJaP</latexit>

d2



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Short-range dynamic function
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<latexit sha1_base64="0iPHVtUCp7vynhhms68hGr5pKWU=">AAACFnicbZDLSsNAFIYnXmu9Rd0IbgaL4KokRaobodWNywq9QRvDZDJph04uzEyEEOJz+ABu9RHciVu3PoGv4TTNwrb+MPDxn3M4Z34nYlRIw/jWVlbX1jc2S1vl7Z3dvX394LArwphj0sEhC3nfQYIwGpCOpJKRfsQJ8h1Ges7kdlrvPRIuaBi0ZRIRy0ejgHoUI6ksWz8etilzSdrM7LRWy65HD7VmTrZeMapGLrgMZgEVUKhl6z9DN8SxTwKJGRJiYBqRtFLEJcWMZOVhLEiE8ASNyEBhgHwirDT/QQbPlONCL+TqBRLm7t+JFPlCJL6jOn0kx2KxNjX/qw1i6V1ZKQ2iWJIAzxZ5MYMyhNM4oEs5wZIlChDmVN0K8RhxhKUKbW5LNE4ExSIrq2TMxRyWoVurmvVq/f6i0rgpMiqBE3AKzoEJLkED3IEW6AAMnsALeAVv2rP2rn1on7PWFa2YOQJz0r5+AcCpnxA=</latexit>

÷A22 = g2A22

• Mild virtuality 
dependence in sharp 
contrast to FV matrix 
elements. 

• Appears to tend 
toward zero as the 
state becomes 
unbound.



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Bound state form factor:
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<latexit sha1_base64="oYAfILjWtk6jbthXzphMnqsbXPE=">AAACDXicbVDLSsNAFJ3UV62PRl26GSyCG0siUl2WunHhooJ9QBvDZDpph04mw8xECCHf4Ae41U9wJ279Br/A33D6WNjWAxcO59zLuZxAMKq043xbhbX1jc2t4nZpZ3dvv2wfHLZVnEhMWjhmsewGSBFGOWlpqhnpCklQFDDSCcY3E7/zRKSiMX/QqSBehIachhQjbSTfLpPH7Lw/RkIgvwHvct+uOFVnCrhK3DmpgDmavv3TH8Q4iQjXmCGleq4jtJchqSlmJC/1E0UEwmM0JD1DOYqI8rLp4zk8NcoAhrE0wzWcqn8vMhQplUaB2YyQHqllbyL+5/USHV57GeUi0YTjWVCYMKhjOGkBDqgkWLPUEIQlNb9CPEISYW26WkgRo1RRrPKSacZd7mGVtC+qbq1au7+s1BvzjorgGJyAM+CCK1AHt6AJWgCDBLyAV/BmPVvv1of1OVstWPObI7AA6+sXR7Obog==</latexit>

e! ! B L

<latexit sha1_base64="MDVnlD9jI52MH50H2Jz7dU9t4bs=">AAACBnicbVDLTsJAFL3FF+ILdemmkZjghrTEoEuCG5eQyCNCJdNhChOm02ZmatI03fsBbvUT3Bm3/oZf4G84QBcCnuQmJ+fcm3vvcUNGpbKsbyO3sbm1vZPfLeztHxweFY9POjKIBCZtHLBA9FwkCaOctBVVjPRCQZDvMtJ1p7czv/tEhKQBv1dxSBwfjTn1KEZKSw/eMGmk5dZj9XJYLFkVaw5zndgZKUGG5rD4MxgFOPIJV5ghKfu2FSonQUJRzEhaGESShAhP0Zj0NeXIJ9JJ5hen5oVWRqYXCF1cmXP170SCfClj39WdPlITuerNxP+8fqS8GyehPIwU4XixyIuYqQJz9r45ooJgxWJNEBZU32riCRIIKx3S0pZwEkuKZVrQydirOayTTrVi1yq11lWp3sgyysMZnEMZbLiGOtxBE9qAgcMLvMKb8Wy8Gx/G56I1Z2Qzp7AE4+sXg5yZEg==</latexit>

f B (Q2)

c

<latexit sha1_base64="lGnLcXQ/Vxk1nMfQBHP/5gM3U+Y=">AAACCHicbVBLTgJBFHyDP8Qf6tJNR2LiCmfQoEuiGzcmkMgngYH0NA106OmZdPeYTCZcwAO41SO4M269hSfwGjYwCwEreUml6r3US3khZ0rb9reVWVvf2NzKbud2dvf2D/KHRw0VRJLQOgl4IFseVpQzQeuaaU5boaTY9zhteuO7qd98olKxQDzqOKSuj4eCDRjB2kgdx+5eolq3dPHQLfXyBbtoz4BWiZOSAqSo9vI/nX5AIp8KTThWqu3YoXYTLDUjnE5ynUjREJMxHtK2oQL7VLnJ7OcJOjNKHw0CaUZoNFP/XiTYVyr2PbPpYz1Sy95U/M9rR3pw4yZMhJGmgsyDBhFHOkDTAlCfSUo0jw3BRDLzKyIjLDHRpqaFlHAUK0bUJGeacZZ7WCWNUtEpF8u1q0LlNu0oCydwCufgwDVU4B6qUAcCIbzAK7xZz9a79WF9zlczVnpzDAuwvn4BfTOY9A==</latexit>

103Q2/M 2

<latexit sha1_base64="LOoQUljyiGUjJdT3kugqCSNyeSc="></latexit>

!Ef , L |J | Ei , L " = ÷R 1/ 2(Ef , L ) ÷WL (Ef , Ei , L ) ÷R 1/ 2(Ei , L )vs.

<latexit sha1_base64="7XA2b8J4rIoQeDWzz7pT4Li2E3w="></latexit>

f B (Q2) = ÷A22(Q2) + g2
!

G(Q2) !
2G0(Q2)
Ef + Ei

"

Finally we can extract the bound state ff:

• The finite and infinite volume 
form factors match best for 
deepest bound state 

Triangle function:

<latexit sha1_base64="Zve02rqvxmGN5Qv62K//zCAkNjk=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3qLYh6QLGF2MpsMmZ1ZZmaFZQn4AV71E7yJV3/FL/A3nCR7MIkFDUVVN91dQcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsY30z99hNVmknxaNKY+hEeChYygo2VHnpZv1xxq+4MaJV4OalAjka//NMbSJJEVBjCsdZdz42Nn2FlGOF0UuolmsaYjPGQdi0VOKLaz2aXTtCZVQYolMqWMGim/p3IcKR1GgW2M8JmpJe9qfif101MeO1nTMSJoYLMF4UJR0ai6dtowBQlhqeWYKKYvRWREVaYGBvOwpZ4lGpG9KRkk/GWc1glrYuqV6vW7i8r9bs8oyKcwCmcgwdXUIdbaEATCITwAq/w5jw7786H8zlvLTj5zDEswPn6BYuFlm8=</latexit> {



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

Bound state charge radius
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<latexit sha1_base64="lXSEdyWkDBbc5UTCKBIMI0fpFjc=">AAACEHicbVDLSsNAFJ3UV62vWJduBovgqiRFqsuiCC4r2Ac0aZhMJ+3QmSTMTIoh9Cf8ALf6Ce7ErX/gF/gbTtssbOuBC4dz7uVcjh8zKpVlfRuFjc2t7Z3ibmlv/+DwyDwut2WUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj29nfmdChKRR+KjSmLgcDUMaUIyUljyz7AwR56hfc8gkE95dvzb1zIpVteaA68TOSQXkaHrmjzOIcMJJqDBDUvZsK1ZuhoSimJFpyUkkiREeoyHpaRoiTqSbzX+fwnOtDGAQCT2hgnP170WGuJQp9/UmR2okV72Z+J/XS1Rw7WY0jBNFQrwIChIGVQRnRcABFQQrlmqCsKD6V4hHSCCsdF1LKfEolRTLaUk3Y6/2sE7atapdr9YfLiuNm7yjIjgFZ+AC2OAKNMA9aIIWwOAJvIBX8GY8G+/Gh/G5WC0Y+c0JWILx9QsG6p0m</latexit>

! 2 !
r 2

E

" <latexit sha1_base64="pO5PJxXSvNOAmaP33z8NOw7Ys4w=">AAACGnicbVDLSsNAFJ3UV62vqEtdDBahLixJkepGKBXBTaGCfUBTymQ6aYfOJHFmIoSQjd/hB7jVT3Anbt34Bf6G08fCVg9cOJxzL/fe44aMSmVZX0ZmaXlldS27ntvY3NreMXf3mjKIBCYNHLBAtF0kCaM+aSiqGGmHgiDuMtJyR1djv/VAhKSBf6fikHQ5GvjUoxgpLfXMQ2eAOEfwEjryXqikBgulGjyF173qSdoz81bRmgD+JfaM5MEM9Z757fQDHHHiK8yQlB3bClU3QUJRzEiacyJJQoRHaEA6mvqIE9lNJl+k8FgrfegFQpev4ET9PZEgLmXMXd3JkRrKRW8s/ud1IuVddBPqh5EiPp4u8iIGVQDHkcA+FQQrFmuCsKD6VoiHSCCsdHBzW8JhLCmWaU4nYy/m8Jc0S0W7XCzfnuUr1VlGWXAAjkAB2OAcVMANqIMGwOARPIMX8Go8GW/Gu/Exbc0Ys5l9MAfj8weTNZ9Q</latexit>

! =
!

M (2M ! EB )
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<latexit sha1_base64="oYAfILjWtk6jbthXzphMnqsbXPE=">AAACDXicbVDLSsNAFJ3UV62PRl26GSyCG0siUl2WunHhooJ9QBvDZDpph04mw8xECCHf4Ae41U9wJ279Br/A33D6WNjWAxcO59zLuZxAMKq043xbhbX1jc2t4nZpZ3dvv2wfHLZVnEhMWjhmsewGSBFGOWlpqhnpCklQFDDSCcY3E7/zRKSiMX/QqSBehIachhQjbSTfLpPH7Lw/RkIgvwHvct+uOFVnCrhK3DmpgDmavv3TH8Q4iQjXmCGleq4jtJchqSlmJC/1E0UEwmM0JD1DOYqI8rLp4zk8NcoAhrE0wzWcqn8vMhQplUaB2YyQHqllbyL+5/USHV57GeUi0YTjWVCYMKhjOGkBDqgkWLPUEIQlNb9CPEISYW26WkgRo1RRrPKSacZd7mGVtC+qbq1au7+s1BvzjorgGJyAM+CCK1AHt6AJWgCDBLyAV/BmPVvv1of1OVstWPObI7AA6+sXR7Obog==</latexit>

e! ! B L

<latexit sha1_base64="ZoCIiVALfOt7yfB+dkgkVD4mChU="></latexit>!
r 2

E

" LO
=

1
8! 2

[KSW, PRC 59, 617 (1999)]

• As a check we recover 
the charge radius in 
the small binding-
energy limit

<latexit sha1_base64="LEyNj5JFHB4oNpHR0F8pXFkbTi8="></latexit>

!
r 2

E

"
= ! 6

d
dQ2 f B (Q2)

#
#
#
#
Q 2 =0



<latexit sha1_base64="Tq2ul2lCEEBa8Rq4ZgV9ubTlcic="></latexit>

! We calculated finite volume energies and matrix 
elements for a system with a tunable bound state. 

! We showed the the impact of finite volume effects as a 
function of binding energy, recovering the expected 
result of negligible effects for a deeply bound state. 

! Finite volume effects can be substantial at low binding 
energy. This is relevant, for example, for the analysis of 
nuclear matrix elements in the lattice.

Summar and Conclusion
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<latexit sha1_base64="MDVnlD9jI52MH50H2Jz7dU9t4bs=">AAACBnicbVDLTsJAFL3FF+ILdemmkZjghrTEoEuCG5eQyCNCJdNhChOm02ZmatI03fsBbvUT3Bm3/oZf4G84QBcCnuQmJ+fcm3vvcUNGpbKsbyO3sbm1vZPfLeztHxweFY9POjKIBCZtHLBA9FwkCaOctBVVjPRCQZDvMtJ1p7czv/tEhKQBv1dxSBwfjTn1KEZKSw/eMGmk5dZj9XJYLFkVaw5zndgZKUGG5rD4MxgFOPIJV5ghKfu2FSonQUJRzEhaGESShAhP0Zj0NeXIJ9JJ5hen5oVWRqYXCF1cmXP170SCfClj39WdPlITuerNxP+8fqS8GyehPIwU4XixyIuYqQJz9r45ooJgxWJNEBZU32riCRIIKx3S0pZwEkuKZVrQydirOayTTrVi1yq11lWp3sgyysMZnEMZbLiGOtxBE9qAgcMLvMKb8Wy8Gx/G56I1Z2Qzp7AE4+sXg5yZEg==</latexit>

f B (Q2)
<latexit sha1_base64="LOoQUljyiGUjJdT3kugqCSNyeSc="></latexit>

!Ef , L |J | Ei , L " = ÷R 1/ 2(Ef , L ) ÷WL (Ef , Ei , L ) ÷R 1/ 2(Ei , L )vs.


