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Introduction Mass of the proton Finite temperature QCD transition Summary

Lattice Lagrangian: gauge fields

U (x+e )µΨ (x)

a

µ

Plaquette

µνP

µ

ν

L = �1
4F a

µ⌫F aµ⌫ +  ̄(Dµ�µ + m) 

anti-commuting  (x) quark fields live on the sites
gluon fields, Aa

µ(x) are used as links and plaquettes

U(x , y) = exp (igs
R y

x dx 0µ Aa
µ(x 0)�a/2)

Pµ⌫(n) = Uµ(n)U⌫(n + eµ)U†
µ(n + e⌫)U†

⌫(n)

S = Sg + Sf consists of the pure gluonic and the fermionic parts

Sg = 6/g2
s ·

P
n,µ,⌫ [1� Re(Pµ⌫(n))]

Z. Fodor Ab initio calculations in lattice QCD
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at large times 
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Variational method: multiple energy levels

16

Z3, we need to replace the volume of cubic box L
3 by

�L
3, and the vector nL and momentum vector 2⇡

L
n by

�nL and 2⇡

L
�
�1n respectively, where the short-handed

notation �n and �
�1n are given by

�n = �
(n · d)

d2
d + (n�

(n · d)
d2

d), (B14)

�
�1n = �

�1 (n · d)
d2

d + (n�
(n · d)

d2
d). (B15)

The connection of Bloch wave vector Q to total momen-
tum of system P is given by Q = P

2�
for two-particle

system and Q = P
3�

for three-particle system, where

� =
q

s+P2

s
(s is the invariant mass of two- or three-

particle system). The generalized expansion coe�cients
of Green’s function matrix elements for an deformed box
now reads

g
(Q)
jmj

(k) =
4⇡

�L3

X

q2P�
Q

i
j
q

j

kj
Y
⇤
jmj

(q̂)
e

k2�q2

⇤2

q2 � k2
+

2
p

⇡

n 6=0X

n2Z3

(2|�n|L)j

kj
Y
⇤
jmj

(c�n)eiQ·�nL

Z 1

⇤
2

d⇠⇠
2j

e
�(�nL)2⇠

2+ k2

4⇠2

+ �j0�mj0
⇤
2⇡

1X

n=0

( k
2

⇤2 )n

n!(2n� 1)
. (B16)

where P�

Q = {q 2 R3
|q = 2⇡

L
�
�1n + Q, for n 2 Z

3
}.

With the definition of generalized g
(Q)
jmj

(k) in Eq.(B16),

one can prove that the matrix elements M(Q)
JM,J 0M 0 given

in Eq.(B6) is equivalent to the definition of coe�cient
functions M

d
lm,l0m0 in Eq.(89) in [8], they di↵er only by

adoption of di↵erent regularization scheme of divergence.
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R. G. Edwards, B. Joó, H.-W. Lin, D.G. Richards, and
K. J. Juge (Hadron Spectrum), Phys. Rev. D 80, 054506
(2009).

[31] S. R. Beane, W. Detmold, T. C. Luu, K. Orginos, A.
Parreño, M. J. Savage, A. Torok, and A. Walker-Loud,
Phys. Rev. D 79 , 114502 (2009).

[32] W. Detmold and B. Smigielski, Phys. Rev. D 84, 014508
(2011).

[33] J. J. Dudek, R. G. Edwards, N. Mathur, and D.G.
Richards, Phys. Rev. D 77, 034501 (2008).

[34] S. Roy, Phys. Lett. 36B, 353 (1971).
[35] G. Colangelo, J. Gasser, and H. Leutwyler, Nucl. Phys.

B603, 125 (2001).
[36] S. Aoki et al. (CP-PACS), Phys. Rev. D 76, 094506

(2007).
[37] X. Feng, K. Jansen, and D. B. Renner, Phys. Rev. D 83,

094505 (2011).
[38] C. Lang, D. Mohler, S. Prelovsek, and M. Vidmar, Phys.

Rev. D 84, 054503 (2011).
[39] S. Aoki et al. (CS Collaboration), Phys. Rev. D 84, 094505

(2011).
[40] See Supplemental Material at http://link.aps.org/

supplemental/10.1103/PhysRevD.86.034031 for further
details and explicit tables of Clebsch-Gordan coefficients.

[41] J. F. Cornwell, Group Theory in Physics: Volume I
(Academic Press, New York, 1986).

[42] R. G. Edwards and B. Joo, Nucl. Phys. B, Proc. Suppl.
140, 832 (2005).

[43] M.A. Clark, R. Babich, K. Barros, R. C. Brower, and
C. Rebbi, Comput. Phys. Commun. 181, 1517 (2010).

[44] R. Babich, M.A. Clark, and B. Joo, in ACM/IEEE Int.
Conf. High Performance Computing, Networking, Storage
and Analysis, New Orleans, 2010.

S- AND D-WAVE PHASE SHIFTS IN ISOSPIN-2 . . . PHYSICAL REVIEW D 86, 034031 (2012)

034031-31

A	few	wards	about	LQCD	and	Luescher	formula



A	few	wards	about	LQCD	and	Luescher	formula



A	few	wards	about	LQCD	and	Luescher	formula

Access to two-body hadrons scattering in LQCD



A	few	wards	about	LQCD	and	Luescher	formula

Access to two-body hadrons scattering in LQCD

JLab Advanced Study Institute

ππ isospin-1 scattering - lattice calculation

108

need quark annihilation diagrams

e.g.

operator basis:

➟ usual big set of derivative-based fermion bilinears

➟ ππ-like operators of definite relative momentum

do it properly !

J.Dudek, et al. PRD87 (2013) 034505



Luescher’s formula is result of factorizing physics at 
two separate scales: 

A	few	wards	about	LQCD	and	Luescher	formula

Access to two-body hadrons scattering in LQCD

JLab Advanced Study Institute

ππ isospin-1 scattering - lattice calculation

108

need quark annihilation diagrams

e.g.

operator basis:

➟ usual big set of derivative-based fermion bilinears

➟ ππ-like operators of definite relative momentum

do it properly !

J.Dudek, et al. PRD87 (2013) 034505



Luescher’s formula is result of factorizing physics at 
two separate scales: 

Short-range	interaction	within	a	box	->	scattering	phase	shift

A	few	wards	about	LQCD	and	Luescher	formula

Access to two-body hadrons scattering in LQCD

JLab Advanced Study Institute

ππ isospin-1 scattering - lattice calculation

108

need quark annihilation diagrams

e.g.

operator basis:

➟ usual big set of derivative-based fermion bilinears

➟ ππ-like operators of definite relative momentum

do it properly !

J.Dudek, et al. PRD87 (2013) 034505



Luescher’s formula is result of factorizing physics at 
two separate scales: 

Short-range	interaction	within	a	box	->	scattering	phase	shift

Long-range	correlation	between	boxes	->	zeta	function

A	few	wards	about	LQCD	and	Luescher	formula

Access to two-body hadrons scattering in LQCD

JLab Advanced Study Institute

ππ isospin-1 scattering - lattice calculation

108

need quark annihilation diagrams

e.g.

operator basis:

➟ usual big set of derivative-based fermion bilinears

➟ ππ-like operators of definite relative momentum

do it properly !

J.Dudek, et al. PRD87 (2013) 034505



Few-body in Lattice QCD
Mission



A ideal framework for Few-body in LQCD?

Few-body in Lattice QCD
Mission



A ideal framework for Few-body in LQCD?

Describe	relativistic	strongly	coupled	few-body	systems

Few-body in Lattice QCD
Mission



A ideal framework for Few-body in LQCD?

Describe	relativistic	strongly	coupled	few-body	systems

Satisfy	periodic	boundary	condition	->	discrete	energy	spectra

Few-body in Lattice QCD
Mission



A ideal framework for Few-body in LQCD?

Describe	relativistic	strongly	coupled	few-body	systems

Separate	short-range	dynamics	within	a	box	and	long-range	
correlations	between	boxes

Satisfy	periodic	boundary	condition	->	discrete	energy	spectra

Few-body in Lattice QCD
Mission



A ideal framework for Few-body in LQCD?

Describe	relativistic	strongly	coupled	few-body	systems

Separate	short-range	dynamics	within	a	box	and	long-range	
correlations	between	boxes

Satisfy	periodic	boundary	condition	->	discrete	energy	spectra

Mathematically	transparent	->	user	friendly

Few-body in Lattice QCD
Mission



Variational approach to finite volume few-body problem: 
a not so perfect framework



Variational approach to finite volume few-body problem: 
a not so perfect framework



Variational approach to finite volume few-body problem: 
a not so perfect framework

A	non-relativistic	framework



Variational approach to finite volume few-body problem: 
a not so perfect framework

A	non-relativistic	framework

Periodic	boundary	condition	->	discrete	energy	spectra



Variational approach to finite volume few-body problem: 
a not so perfect framework

A	non-relativistic	framework

Clear	demonstration	of	factorization	of	physics	at	two	scales:	
short-range	dynamics	and	long-range	correlations

Periodic	boundary	condition	->	discrete	energy	spectra



Variational approach to finite volume few-body problem: 
a not so perfect framework

[k2 +r2 � V (L)(r)]�(r) = 0
<latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

[k2 +r2 � V (L)(r)]�(r) = 0
<latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit>

V (L)(r) =
X

n2Z3

V (r+ nL)
<latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

[k2 +r2 � V (L)(r)]�(r) = 0
<latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit>

Seeking 	 solutions 	 that 	 satisfy	
periodic	boundary	condition

V (L)(r) =
X

n2Z3

V (r+ nL)
<latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

[k2 +r2 � V (L)(r)]�(r) = 0
<latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit>

Seeking 	 solutions 	 that 	 satisfy	
periodic	boundary	condition

�(r) = �(r+ nL)
<latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit>

V (L)(r) =
X

n2Z3

V (r+ nL)
<latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

[k2 +r2 � V (L)(r)]�(r) = 0
<latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit><latexit sha1_base64="KhMS6TsvH0RlFHRZOirBaG34yfE=">AAACHnicbZDLSsNAFIYn9VbrLerSzWARWsSSFEU3QtGNCxcV7AWStEymk3boZBJmJkIJfRI3voobF4oIrvRtnLZZ1OoPAx//OYc55/djRqWyrG8jt7S8srqWXy9sbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+cPrSb31QISkEb9Xo5h4IepzGlCMlLa65pkz7FSPocuRz1CnetLspKXb8rjkhkgN/CAV47Ln1gd03ri0umbRqlhTwb9gZ1AEmepd89PtRTgJCVeYISkd24qVlyKhKGZkXHATSWKEh6hPHI0chUR66fS8MTzSTg8GkdCPKzh15ydSFEo5Cn3dOVlSLtYm5n81J1HBhZdSHieKcDz7KEgYVBGcZAV7VBCs2EgDwoLqXSEeIIGw0okWdAj24sl/oVmt2JrvTou1qyyOPDgAh6AEbHAOauAG1EEDYPAInsEreDOejBfj3fiYteaMbGYf/JLx9QPX16EX</latexit>

Seeking 	 solutions 	 that 	 satisfy	
periodic	boundary	condition

�(r) = �(r+ nL)
<latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit><latexit sha1_base64="vm2GtDKKZJjBhI2u28A3jpwGAgw=">AAACGHicbZDLSsNAFIZP6q3WW9Wlm8EitAg1EUE3QtGNCxcV7AWaUCbTSTt0MgkzE6GEPoYbX8WNC0XcdufbOG0jaPWHgY//nMOc8/sxZ0rb9qeVW1peWV3Lrxc2Nre2d4q7e00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cPrab31QKVikbjXo5h6Ie4LFjCCtbG6xRO3PmBlN8R64AepHFcu0YJz/I1ijG4r3WLJrtozob/gZFCCTPVuceL2IpKEVGjCsVIdx461l2KpGeF0XHATRWNMhrhPOwYFDqny0tlhY3RknB4KImme0Gjm/pxIcajUKPRN53RJtVibmv/VOokOLryUiTjRVJD5R0HCkY7QNCXUY5ISzUcGMJHM7IrIAEtMtMmyYEJwFk/+C83TqmP47qxUu8riyMMBHEIZHDiHGtxAHRpA4BGe4RXerCfrxXq3PuatOSub2YdfsiZf9S+ftQ==</latexit>

V (L)(r) =
X

n2Z3

V (r+ nL)
<latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit><latexit sha1_base64="OSs4eGzG3cH2RzszjT62udWhfg4="></latexit>
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Variational approach to finite volume few-body problem: 
a not so perfect framework

Periodic	basis	and	variational	principle

�(r) =
X

[J]

c[J]�[J](r)

<latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

Periodic	basis	and	variational	principle

�[J](r) = �[J](r+ nL)
<latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit>

�(r) =
X

[J]

c[J]�[J](r)

<latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit>
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�[J](r) = �[J](r+ nL)
<latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit>
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<latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit>



Variational approach to finite volume few-body problem: 
a not so perfect framework

Periodic	basis	and	variational	principle

�[J](r) = �[J](r+ nL)
<latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit>
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<latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit><latexit sha1_base64="8iF5O3YPL3QSAu3OFOJlJfIwCOg=">AAACJXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0IuhBYehFPE1wL9CWkmbpFpamJUmFUfplvPhVvHhwiODJr2K69aCbD4T8+D//hzz5BwmjUlnWl1FZWV1b36hu1ra2d3b3zP2DroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSC8W3R7z0RIWnMH9UkIV6EhpyGFCOlJd+8ctsjChtuhNQoCDORn167Mo38zLn3cojLuzDN8bcT+mbdalqzgstgl1AHZbV9c+oOYpxGhCvMkJSObSXKy5BQFDOS19xUkgThMRoSRyNHEZFeNvtlDk+0MoBhLPThCs7U3xMZiqScRIF2FjvKxV4h/tdzUhVeehnlSaoIx/OHwpRBFcMiMjiggmDFJhoQFlTvCvEICYSVDramQ7AXv7wM3bOmrfnhvN66KeOogiNwDBrABhegBe5AG3QABs/gFbyDqfFivBkfxufcWjHKmUPwp4zvH/aHpOs=</latexit>
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Variational approach to finite volume few-body problem: 
a not so perfect framework

Periodic	basis	and	variational	principle

�[J](r) = �[J](r+ nL)
<latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit><latexit sha1_base64="VFQ+KtcrmToaUDEkO71Pf23MPfk=">AAACJHicbZDLSsNAFIYnXmu9RV26GSxCi1ASERREKLoRcVHBXiANZTKdtEMnkzAzEUrIw7jxVdy48IILNz6LkzaCtv1h4OM/5zDn/F7EqFSW9WUsLC4tr6wW1orrG5tb2+bOblOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAqq7ceiJA05PdqFBE3QH1OfYqR0lbXPO/UB7SbODduWu4ESA08PxFp5QLO9Y9+kafwttI1S1bVGgvOgp1DCeSqd833Ti/EcUC4wgxJ6dhWpNwECUUxI2mxE0sSITxEfeJo5Cgg0k3GR6bwUDs96IdCP67g2P07kaBAylHg6c5sSTldy8x5NSdW/pmbUB7FinA8+ciPGVQhzBKDPSoIVmykAWFB9a4QD5BAWOlcizoEe/rkWWgeV23Ndyel2mUeRwHsgwNQBjY4BTVwDeqgATB4BM/gFbwZT8aL8WF8TloXjHxmD/yT8f0Dxf+k3w==</latexit>
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Secular	equations



Variational approach to finite volume few-body problem: 
a not so perfect framework

Periodic	basis	and	variational	principle
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<latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit>

cot (�✓(�q31)� ✓(q12)) + cot
PL� p1L

2
= 0,

cot (✓(�q23) + ✓(q12)) + cot
PL� p2L

2
= 0,

<latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit>

✓(k) = cot�1(� 2k

mV0
)

<latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit>



Sanity check in low dimension (1D)

qij =
pi � pj

2
, p3 = P � p1 � p2

<latexit sha1_base64="e6ymIEhy7e4SxcXXbWaUppPJow4=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXGhJqqCbQtGNywr2Ak0Ik+mknXaSjDMToYS8hRtfxY0LRdzqzrdx2mahrT8c+PjPOcyc3+eMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBCZNHLNYdHwkCaMRaSqqGOlwQVDoM9L2R9eTfvuBCEnj6E6NOXFD1I9oQDFS2vLMyr2X0mEGa04gEE65R0+5N8zSanbiQAdy7wzWYANq09ZV9cyyVbGmgotg51AGuRqe+eX0YpyEJFKYISm7tsWVmyKhKGYkKzmJJBzhEeqTrsYIhUS66fSuDB5ppweDWOiKFJy6vzdSFEo5Dn09GSI1kPO9iflfr5uo4NJNacQTRSI8eyhIGFQxnIQEe1QQrNhYA8KC6r9CPEA6IKWjLOkQ7PmTF6FVrdiab8/L9as8jiI4AIfgGNjgAtTBDWiAJsDgETyDV/BmPBkvxrvxMRstGPnOPvgj4/MHjrqdlQ==</latexit><latexit sha1_base64="e6ymIEhy7e4SxcXXbWaUppPJow4=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXGhJqqCbQtGNywr2Ak0Ik+mknXaSjDMToYS8hRtfxY0LRdzqzrdx2mahrT8c+PjPOcyc3+eMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBCZNHLNYdHwkCaMRaSqqGOlwQVDoM9L2R9eTfvuBCEnj6E6NOXFD1I9oQDFS2vLMyr2X0mEGa04gEE65R0+5N8zSanbiQAdy7wzWYANq09ZV9cyyVbGmgotg51AGuRqe+eX0YpyEJFKYISm7tsWVmyKhKGYkKzmJJBzhEeqTrsYIhUS66fSuDB5ppweDWOiKFJy6vzdSFEo5Dn09GSI1kPO9iflfr5uo4NJNacQTRSI8eyhIGFQxnIQEe1QQrNhYA8KC6r9CPEA6IKWjLOkQ7PmTF6FVrdiab8/L9as8jiI4AIfgGNjgAtTBDWiAJsDgETyDV/BmPBkvxrvxMRstGPnOPvgj4/MHjrqdlQ==</latexit><latexit sha1_base64="e6ymIEhy7e4SxcXXbWaUppPJow4=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXGhJqqCbQtGNywr2Ak0Ik+mknXaSjDMToYS8hRtfxY0LRdzqzrdx2mahrT8c+PjPOcyc3+eMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBCZNHLNYdHwkCaMRaSqqGOlwQVDoM9L2R9eTfvuBCEnj6E6NOXFD1I9oQDFS2vLMyr2X0mEGa04gEE65R0+5N8zSanbiQAdy7wzWYANq09ZV9cyyVbGmgotg51AGuRqe+eX0YpyEJFKYISm7tsWVmyKhKGYkKzmJJBzhEeqTrsYIhUS66fSuDB5ppweDWOiKFJy6vzdSFEo5Dn09GSI1kPO9iflfr5uo4NJNacQTRSI8eyhIGFQxnIQEe1QQrNhYA8KC6r9CPEA6IKWjLOkQ7PmTF6FVrdiab8/L9as8jiI4AIfgGNjgAtTBDWiAJsDgETyDV/BmPBkvxrvxMRstGPnOPvgj4/MHjrqdlQ==</latexit><latexit sha1_base64="e6ymIEhy7e4SxcXXbWaUppPJow4=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXGhJqqCbQtGNywr2Ak0Ik+mknXaSjDMToYS8hRtfxY0LRdzqzrdx2mahrT8c+PjPOcyc3+eMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBCZNHLNYdHwkCaMRaSqqGOlwQVDoM9L2R9eTfvuBCEnj6E6NOXFD1I9oQDFS2vLMyr2X0mEGa04gEE65R0+5N8zSanbiQAdy7wzWYANq09ZV9cyyVbGmgotg51AGuRqe+eX0YpyEJFKYISm7tsWVmyKhKGYkKzmJJBzhEeqTrsYIhUS66fSuDB5ppweDWOiKFJy6vzdSFEo5Dn09GSI1kPO9iflfr5uo4NJNacQTRSI8eyhIGFQxnIQEe1QQrNhYA8KC6r9CPEA6IKWjLOkQ7PmTF6FVrdiab8/L9as8jiI4AIfgGNjgAtTBDWiAJsDgETyDV/BmPBkvxrvxMRstGPnOPvgj4/MHjrqdlQ==</latexit>

3-body	Quantization	conditions:

2-body	Quantization	condition:

cot ✓(k) + cot
PL
2 + kL

2
= 0

<latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit><latexit sha1_base64="615tLeyTbSRPmiDTD5mNgZ3PRdw=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaJuhKIbFy4q2At0SsmkmTY0kxmSM0IZ+iZufBU3LhQRd30b02kX2nog4eP/zyE5vx8LrsFxJlZuZXVtfSO/Wdja3tnds/cPGjpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94e3Ubz4xpXkkH2EUs05I+pIHnBIwUte+8GgE2IMBA1IanuIznAnYCxSh6eyu3Y/TythYQzyja6drF52ykxVeBncORTSvWtf+9noRTUImgQqiddt1YuikRAGngo0LXqJZTOiQ9FnboCQh050022+MT4zSw0GkzJGAM/X3REpCrUehbzpDAgO96E3F/7x2AsFVJ+UyToBJOnsoSASGCE/Dwj2uGAUxMkCo4uavmA6IyQRMpAUTgru48jI0KmXX8MN5sXozjyOPjtAxKiEXXaIqukM1VEcUPaNX9I4+rBfrzfq0vmatOWs+c4j+lDX5AVNyoKM=</latexit>

cot (�✓(�q31)� ✓(q12)) + cot
PL� p1L

2
= 0,

cot (✓(�q23) + ✓(q12)) + cot
PL� p2L

2
= 0,

<latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit><latexit sha1_base64="45sI6mUnJuo6iFzovwMzX4HClu8="></latexit>

✓(k) = cot�1(� 2k

mV0
)

<latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit><latexit sha1_base64="VhgvWQ1AnxqlQK6g9uC3txdASCM=">AAACE3icbZC7SgNBFIZn4y3GW9TSZjAIiZCwGwRthKCNZQRzgey6zE5mkyGzF2bOCmHZd7DxVWwsFLG1sfNtnFwKTfxh4OM/53Dm/F4suALT/DZyK6tr6xv5zcLW9s7uXnH/oK2iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON7qe1DsPTCoehXcwjpkTkEHIfU4JaMstntowZEDKowq+tGkE92nVynAZV7HtS0LTOh5ladB2zaziFktmzZwKL4M1hxKaq+kWv+x+RJOAhUAFUapnmTE4KZHAqWBZwU4UiwkdkQHraQxJwJSTTm/K8Il2+tiPpH4h4Kn7eyIlgVLjwNOdAYGhWqxNzP9qvQT8CyflYZwAC+lskZ8IDBGeBIT7XDIKYqyBUMn1XzEdEp0F6BgLOgRr8eRlaNdrlubbs1Ljah5HHh2hY1RGFjpHDXSDmqiFKHpEz+gVvRlPxovxbnzMWnPGfOYQ/ZHx+QN94pwF</latexit>



Sanity check in low dimension (1D)



Lattice	model	test	of	few-body	interaction

Sanity check in low dimension (1D)



Lattice	model	test	of	few-body	interaction

S =

Z
d2x


1

2
@�⇤@�+

1

2
µ2|�|2 + g

4!
|�|4

�
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