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 and the  resonance from lattice QCDγK → πK K*

current induced transitions to hadron-hadron resonances 2

for example

low energy pion photoproduction,   in which the  resonance appearsγN → πN Δ

meson resonance production in semileptonic heavy-flavor decays, e.g. B → ℓℓ K* → ℓℓ Kπ

or things not easily measurable but of theoretical interest, γ{ω, ϕ} → {ππ, KK̄}
 flavor content & spatial size ?f0(980)

can compute with lattice QCD — finite-volume matrix elements from three-point functions

“large” finite-volume corrections 
controlled by the hadron-hadron  
scattering amplitude

complication of presence of  
multiple  owing to cubic  
boundary 

JP
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current induced transitions to hadron-hadron resonances 3

can compute with lattice QCD — finite-volume matrix elements from three-point functions

“large” finite-volume corrections 
controlled by the hadron-hadron  
scattering amplitude

to date, only concrete application to γπ → ππ
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Re fR(Q2)

Im fR(Q2)

but  is “special”, no  with isospin=1, so  is always lowest partial waveππ JP = 0+ JP = 1−

complication of presence of  
multiple  owing to cubic  
boundary 

JP
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current induced transitions to hadron-hadron resonances 4

can compute with lattice QCD — finite-volume matrix elements from three-point functions

“large” finite-volume corrections 
controlled by the hadron-hadron  
scattering amplitude

next simplest case γK → πK

complication of presence of  
multiple  owing to cubic  
boundary 

JP

 with isospin=½ :  (“ ”),  ( ), …πK 0+ κ 1− K*

no amplitude  but still an effect from  in finite-volume …γK → (πK )0+ 0+
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resonance transition form-factors (in infinite volume) 5

the process of interest is
current + stable hadron → resonance → hadron−hadron pair 

γ*

K

π

K

π

K

π

K

e.g.  in a P-waveγK → πK

after the current produces  …Kπ

% ℳ

…  strongly rescattersKπ

ℋ(Q2, E⋆
Kπ) ≡ ⟨K | j |Kπ; E⋆

Kπ⟩ suppressing kinematic variables, 
helicity and lorentz indices

= %(Q2, E⋆
Kπ) ⋅ 1

k⋆
Kπ

⋅ ℳℓ=1(E⋆
Kπ)

unitarity insists that production amplitude,  
, is real in the region of interest%

(free of singularities, polynomial in )(E⋆
Kπ)2

removing an  
‘excess’ P-wave 
threshold factor

Omnès function also an option here

 means cm-frame⋆

actually don’t really need there to be a resonance
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resonance transition form-factors (in infinite volume) 6

the process of interest is
current + stable hadron → resonance → hadron−hadron pair 

γ*

K

π

K

e.g.  in a P-waveγK → πK

after the current produces  …Kπ

%

strong scattering amplitude, , can have resonance polesℳ ℳℓ=1(s) ∼ c2
R

s0 − s

ℋ(Q2, s) ∼ cR f (Q2)
s0 − s

γ*

K

π

K

res.f cR
hence

s0 = mR − i 1
2 ΓR

π

K

π

K
ℳ

…  strongly rescattersKπ

ℋ(Q2, E⋆
Kπ) ≡ ⟨K | j |Kπ; E⋆

Kπ⟩

= %(Q2, E⋆
Kπ) ⋅ 1

k⋆
Kπ

⋅ ℳℓ=1(E⋆
Kπ)

residue at the  
complex pole
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lattice QCD means a finite-volume 7

continuum of scattering states det [F−1(E⋆; L) + ℳ(E⋆)] = 0

spectra obtained from two-point correlation functions

C(t) vn = λn(t, t0) C(t0) vn

Cij(t) = ⟨0 |.i(t) .†
j (0) |0⟩

Ωn ∼ ∑i
(vn)i .i

infinite volume

ℳ(E⋆)

finite volume
discrete spectrum of states

En(L)

En(L) are solutions of

kinematic 
finite-volume 
functions

evaluate with a large basis of operators to form a matrix

and diagonalize

eigenvalues given energies
λn(t, t0) ∼ e−En(t−t0)

eigenvectors give optimal operators

produce just one state  
in the ‘tower’



 and the  resonance from lattice QCDγK → πK K*

current matrix-elements in a finite-volume — cartoon of γπ → ππ 8

|thr.ππ

π

ππ
γ

infinite volume finite volume

|thr.ππ

π

γ

can only transition  
to one of the discrete 
f.v. eigenstates

can transition  
to any energy 
in the  continuumππ

E⋆

L⟨π | j |ππ; E⋆
n ⟩L

finite-volume matrix element

|π⟩L ∼ |π⟩∞ + .(e−mπL)
single hadron state

hadron-hadron state

|ππ; E⋆
n ⟩L ∼ R̃n |ππ; E⋆

ππ = E⋆
n ⟩∞

effective f.v. 
normalization

R̃n(L) ≡ 2En ⋅ lim
E→En

(E − En)(F−1(E⋆; L) + ℳ(E⋆))
−1

effective f.v. normalization 
depends on the scattering 
amplitude

c.f. “Lellouch-Lüscher” factor
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what’s different in  ?γK → πK 9

cubic nature of lattice puts spectra in irreducible representations of a reduced group of rotations

in  case, this has limited impact because even and odd  are in different isospinsππ ℓ
consequence of Bose symmetry

in  case, there is no Bose symmetryπK

spectrum in some irreps sensitive to scattering in both ℓ = 0, ℓ = 1
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finite-volume spectrum → S,P-wave amplitudes 10
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 found to be negligible in this energy regionℓ = 2

various 
amplitude  
parameterizations

det [F−1(E⋆; L) + ℳ(E⋆)] = 0
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what’s different in  ?γK → πK 11

relation between finite-volume matrix element, and infinite-volume matrix element, ℋ

L⟨K | j |Kπ⟩L ∝ (ℋ ⋅ R̃n ⋅ ℋ)
1/2

R̃n(L) ≡ 2En ⋅ lim
E→En

(E − En)(F−1(E⋆; L) + ℳ(E⋆))
−1

where the residue of the finite-volume hadron-hadron propagator appears

matrix in ℓ = 0,1 diagonal 
matrix in ℓ = 0,1

det [F−1(E⋆; L) + ℳ(E⋆)] = 0

En(L) are solutions of
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what’s different in  ?γK → πK 12

relation between finite-volume matrix element, and infinite-volume matrix element, ℋ

F + ℳ−1 = ∑i
μi wi w⊺

i

R̃n = (− 2E⋆
n

μ⋆′ 
0 ) ℳ−1w0 w⊺

0ℳ
−1

wi = (wℓ=0
i

wℓ=1
i )

slope of  
zero crossing  
eigenvalue

L⟨K | j |Kπ⟩L ∝ (ℋ ⋅ R̃n ⋅ ℋ)
1/2

R̃n(L) ≡ 2En ⋅ lim
E→En

(E − En)(F−1(E⋆; L) + ℳ(E⋆))
−1

where the residue of the finite-volume hadron-hadron propagator appears

using an eigen-decomposition

the residue factorizes
zero crossing  
eigenvector

matrix in ℓ = 0,1 diagonal 
matrix in ℓ = 0,1

only the zero-crossing 
eigenvalue is relevant
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what’s different in  ?γK → πK 13

relation between finite-volume matrix element, and infinite-volume matrix element, ℋ

F + ℳ−1 = ∑i
μi wi w⊺

i

R̃n = (− 2E⋆
n

μ⋆′ 
0 ) ℳ−1w0 w⊺

0ℳ
−1

r̃n(L) = − 2E⋆
n

μ⋆′ 
0

wℓ=1
0

1
k⋆

Kπ

F(Q2, E⋆
Kπ =E⋆

n ) = 1
r̃n(L) FL(Q2, E⋆

n )

slope of  
zero crossing  
eigenvalue

L⟨K | j |Kπ⟩L ∝ (ℋ ⋅ R̃n ⋅ ℋ)
1/2

R̃n(L) ≡ 2En ⋅ lim
E→En

(E − En)(F−1(E⋆; L) + ℳ(E⋆))
−1

where the residue of the finite-volume hadron-hadron propagator appears

using an eigen-decomposition

the residue factorizes
zero crossing  
eigenvector

and the net finite-volume correction is 

where

matrix in ℓ = 0,1 diagonal 
matrix in ℓ = 0,1

% = K ⋅ F

ℋ = % ⋅ 1
k⋆

Kπ
⋅ ℳℓ=1

kinematic 
factor

form-factor

remember,  
no   
amplitude

γK → (Kπ)ℓ=0
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evaluating  ?γK → πK 14

extract finite-volume form-factor, , from lattice QCD computed three-point functionsFL(Q2, E⋆
n )

compute the finite-volume corrections, , using lattice QCD obtained scattering amplitudes r̃n(L)

r̃n(L) = − 2E⋆
n

μ⋆′ 
0

wℓ=1
0

1
k⋆

Kπ

F(Q2, E⋆
Kπ =E⋆

n ) = 1
r̃n(L) FL(Q2, E⋆

n )
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three-point functions 15

Archana 
Radhakrishnan

Some guy 
on Zoom

⟨0 |ΩK(pK, Δt) j(q, t) Ω†
Kπ(pKπ,0) |0⟩ = e−EK(Δt−t) e−Ent ⋅ K ⋅ FL(Q2, E⋆

n ) + … ,
a range of kaon and current three-momenta 
for each kaon-pion discrete energy level

just a single Δt = 32 at
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for each kaon-pion discrete energy level
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r̃n(L) = − 2E⋆
n

μ⋆′ 
0
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1
k⋆

Kπ

1
k⋆

Kπ

r̃n(L) → 16π ̂cR
in limit of a  
zero width state
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0

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0.1344 
0.1383

0.1441
0.1467

0.1480
0.1482

0.1520
0.1520
0.1528

0.1534
0.1535

0.1543
0.1545 0.1562 0.1610

0.1616 0.1685 0.1743



 and the  resonance from lattice QCDγK → πK K*

infinite-volume form-factor 210

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0

0.01

0.02

0.03

0.04

0.05

0 0.005 0.010 0.015 0.020

0.1344 
0.1383

0.1441
0.1467

0.1480
0.1482

0.1520
0.1520
0.1528

0.1534
0.1535

0.1543
0.1545 0.1562 0.1610

0.1616 0.1685 0.1743

0

0.01

0.02

0.03

0.04

0.05

0.06

0.14 0.15 0.16 0.17 0

0.01

0.02

0.03

0.04

0.14 0.15 0.16 0.17 0

0.01

0.02

0.03

0.14 0.15 0.16 0.17

0

0.01

0.02

0.03

0.14 0.15 0.16 0.17 0

0.01

0.02

0.14 0.15 0.16 0.17 0

0.01

0.02

0.14 0.15 0.16 0.17

modest energy dependence as expected

binning in Q2



 and the  resonance from lattice QCDγK → πK K*

global fitting of all the infinite-volume form-factor data 22

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

0.02

0.04

0 0.01 0.02

energy dependent conformal mapping fit here F(Q2, s) = (b0,0 + b0,1
s − s0

s0 ) + b1,0 ⋅ (z(Q2)−z(0)) + b2,0 ⋅ (z(Q2)−z(0))2 128 data points, 4 free params



 and the  resonance from lattice QCDγK → πK K*

global fitting of all the infinite-volume form-factor data 23

F(Q2 =0,s)

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.018 0.020 0.022 0.024 0.026 0.028 0.030

0.14 0.15 0.16 0.17

0.018 0.020 0.022 0.024 0.026 0.028 0.030

modest energy dependence as expected

energy dependent conformal mapping fit here F(Q2, s) = (b0,0 + b0,1
s − s0

s0 ) + b1,0 ⋅ (z(Q2)−z(0)) + b2,0 ⋅ (z(Q2)−z(0))2



 and the  resonance from lattice QCDγK → πK K*

parameterization variation 24
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the transition amplitude 25
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real photon cross-section 26

ℋ(γK+ → K+π0) = 1
3

ℋ(γK+ → (Kπ)1/2,+1/2) .
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σ(γK+→K+π0) = 1
3 α

k⋆
Kγ
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Kπ

1
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K
F ℳ
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resonance transition form-factor 27
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experimental determination 28

Γ(K*± → K±γ) = 50(5) keV

Γ(K*0 → K0γ) = 116(10) keV

K
π
K

nucleus nucleus

handful of Primakoff  
experiments in the 70s, 80s

Γ(K*+ → K+γ) = 4
3 α

k⋆3
Kγ

m2
K

| f |2 loss of rigor here 
this is not the pole residue

(very forward production of  
using  beams on nuclear targets)

πK
K±, K0

L

pdg average of a couple of experiments

very simplistic analysis scheme

| fpdg | = 0.206(10)
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summary 29

stress-tested the 1+J→2 finite-volume formalism in a case with an ‘unwanted’ lower partial wave

consistent production amplitude at 128 kinematic points, shows expected mild energy dependence

 transition form-factor extracted from scattering resonance pole, 
reasonable ball-park agreement with experiment (considering computation at ‘wrong’ light quark mass)

K*

similar formalism describes coupled-channels 
see Felipe Ortega’s talk (tomorrow) for an application
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other approaches & motivations 30

dispersive approach (Dax, Stamen, Kubis)

inputs: K

π

K

ω,ϕ

γ

K

π

K

γ

ππparameterized t-channel amplitudes

s-channel  scattering — Omnès from elastic phase-shiftKπ

“free” params: dispersion subtraction constants (one or two)

constrain with 
(a) chiral anomaly 
(b) experimental width K* → Kγ
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40

650 700 750 800 850 900 950 1000 1050

twice subtracted
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a crude extrapolation — assume constant couplings 31

ΓR = 3 ⋅ Γ(K+π0) = 3 ⋅ 2
3

k⋆3
Kπ

m2
R

| ̂cR |2 = 42(3) MeVhadronic width 

Γ(K*+→K+γ) = 4
3 α

k⋆3
Kγ

m2
K

| fR(0) |2 = 40(6) keVradiative width Γ(K*± → K±γ) = 50(5) keV

pdg

cross-section σ(γK+ → K+π0) = 2π
k⋆2

Kγ

m2
R ΓR Γ(K*+→K+γ)

(mR − iΓR /2)2 − s
2

0

10

20

30

40

650 700 750 800 850 900 950 1000 1050
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describing the  dependence — finite-volume form-factorsQ2 32
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FL(Q2) = f0L ⋅ exp −
N

∑
n=1

an ( Q2

4m2π )
n

FL(Q2) =
N

∑
n=0

bnL (z(Q2) − z(0))n

z(Q2) =
Q2 + tcut − Q2

0 + tcut

Q2 + tcut + Q2
0 + tcut

simple, singularity-free, parameterizations

“exp poly”

“conformal mapping”
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energy dependence after finite volume correction 33
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4m2π )]
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r̃n(L) f0L

modest energy dependence over a broad energy region
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“charge radius” 34

⟨r2⟩K*+,K+ ≡ 1
fR(0) ⋅ (−6 d

dQ2 fR(Q2))
Q2=0

Re ⟨r2⟩1/2
K*+,K+ = 0.69(4) fm ⟨r2⟩1/2

K+ = 0.55(2) fm

needs some thought on how to use this information …
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currents 35

jem,phys = Zl
V( 1

2
jρ,lat+ 1

3 2
jωl,lat) + Zs

V(− 1
3 jωs,lat)

jρ ≡ 1
2 (ūΓu − d̄Γd), jωl

≡ 1
2 (ūΓu + d̄Γd), jωs

≡ s̄Γs

ψ̄Γψ = ψ̄γiψ+ 1
4 (1 − ξ)at∂4(ψ̄σ4iψ)
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computing the three-point correlation functions 36

“ ” optimized operators feature bothKπ

single-meson-like

and

meson-meson-like

current lands on strange quarks and light quarks

×
×

completely disconnected 
contributions neglected
zero in the SU(3) flavor limit, 
also OZI arguments suggest small

vector current renormalizations determined non-perturbatively using pion and kaon form-factors at  
tree-level improved current for anisotropic action used (typically modest effect)

Q2 = 0

⟨0 |ΩK(pK, Δt) j(q, t) Ω†
Kπ(pKπ,0) |0⟩
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timeslice fitting 37

FL(t) ≡ eEK(Δt−t) ⋅ eEnt ⋅ 1
K ⋅ ⟨0 |ΩK(Δt) j(t) Ω†

Kπ(0) |0⟩
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through use of optimized operators
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‘model average’ of  
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example timeslice fitting 38
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scattering amplitude parameterization variation 44
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mK
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Kπ)

(Kμ F 16π ̂cR) ⋅ 1

(mR − iΓR /2)2 − E⋆2
Kπ

⋅ ( 16π ̂cR k⋆
Kπ)
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aside: variation with light quark mass 47
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only previous example: γπ → ππ 51
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a 3+1 field theory derivation 52

consider a two-point correlation function — operators with the quantum numbers of a two-hadron system

CL(t,P) =

Z

L
d3x

Z

L
d3y e�iP·(x�y)

⌦
0
��A(x, t)B†(y, 0)

��0
↵

<latexit sha1_base64="Q/IfDRFOwlVFZPL8Ppk+tOR3d6k="></latexit>

now consider the ‘all-orders’ skeleton perturbative expansion for this

in infinite volume
B
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<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

+ + + …1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

in finite volume
B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

+ + + …L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

where the colored lines are fully-dressed propagators,  

and where we are below three-hadron thresholds, so diagrams with three lines can’t go on-shell
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1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

−L

<latexit sha1_base64="JGme1kKA5o97dZbu5dayqIvSGYk=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCruiaBmwsbCIYB6wWcLsZDYZMjO7zMwKYUnlN9hqbSe2fomlf+JssoVJPDBwOOde7pkTJpxp47rfTmltfWNzq7xd2dnd2z+oHh61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt7nfeaJKs1g+mklCA4GHkkWMYGMlvyewGRHMs/tpv1pz6+4MaJV4BalBgWa/+tMbxCQVVBrCsda+5yYmyLAyjHA6rfRSTRNMxnhIfUslFlQH2SzyFJ1ZZYCiWNknDZqpfzcyLLSeiNBO5hH1speL/3l+aqKbIGMySQ2VZH4oSjkyMcr/jwZMUWL4xBJMFLNZERlhhYmxLS1cCUXeibfcwCppX9S9y/rVw2Wt4RbtlOEETuEcPLiGBtxBE1pAIIYXeIU359l5dz6cz/loySl2jmEBztcvX/eX7g==</latexit>

L

<latexit sha1_base64="JGme1kKA5o97dZbu5dayqIvSGYk=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCruiaBmwsbCIYB6wWcLsZDYZMjO7zMwKYUnlN9hqbSe2fomlf+JssoVJPDBwOOde7pkTJpxp47rfTmltfWNzq7xd2dnd2z+oHh61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt7nfeaJKs1g+mklCA4GHkkWMYGMlvyewGRHMs/tpv1pz6+4MaJV4BalBgWa/+tMbxCQVVBrCsda+5yYmyLAyjHA6rfRSTRNMxnhIfUslFlQH2SzyFJ1ZZYCiWNknDZqpfzcyLLSeiNBO5hH1speL/3l+aqKbIGMySQ2VZH4oSjkyMcr/jwZMUWL4xBJMFLNZERlhhYmxLS1cCUXeibfcwCppX9S9y/rVw2Wt4RbtlOEETuEcPLiGBtxBE1pAIIYXeIU359l5dz6cz/loySl2jmEBztcvX/eX7g==</latexit>

R

<latexit sha1_base64="Q/O0WXC0jyhfCxQrTJ88vR0uHH4=">AAACAXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuCG5dV7AOmQ8mkmTY0yQxJRihDV36DW127E7d+iUv/xEw7C9t6IHA4517uyQkTzrRx3W+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UaVZLB/NJKGBwEPJIkawsZLfE9iMCObZw7Rfrbl1dwa0SryC1KBAs1/96Q1ikgoqDeFYa99zExNkWBlGOJ1WeqmmCSZjPKS+pRILqoNsFnmKzqwyQFGs7JMGzdS/GxkWWk9EaCfziHrZy8X/PD810U2QMZmkhkoyPxSlHJkY5f9HA6YoMXxiCSaK2ayIjLDCxNiWFq6EIu/EW25glbQv6t5l/er+stZwi3bKcAKncA4eXEMD7qAJLSAQwwu8wpvz7Lw7H87nfLTkFDvHsADn6xdpb5f0</latexit>

R

<latexit sha1_base64="Q/O0WXC0jyhfCxQrTJ88vR0uHH4=">AAACAXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuCG5dV7AOmQ8mkmTY0yQxJRihDV36DW127E7d+iUv/xEw7C9t6IHA4517uyQkTzrRx3W+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UaVZLB/NJKGBwEPJIkawsZLfE9iMCObZw7Rfrbl1dwa0SryC1KBAs1/96Q1ikgoqDeFYa99zExNkWBlGOJ1WeqmmCSZjPKS+pRILqoNsFnmKzqwyQFGs7JMGzdS/GxkWWk9EaCfziHrZy8X/PD810U2QMZmkhkoyPxSlHJkY5f9HA6YoMXxiCSaK2ayIjLDCxNiWFq6EIu/EW25glbQv6t5l/er+stZwi3bKcAKncA4eXEMD7qAJLSAQwwu8wpvz7Lw7H87nfLTkFDvHsADn6xdpb5f0</latexit>

basic loop : 
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<latexit sha1_base64="upo7jiWy5NGXDFoTuUpNH+sUN3U="></latexit>

finite 
volume

infinite 
volume

dressed 
propagators

performing the k4 integration = �
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<latexit sha1_base64="aewpRsKsm2M9/reV3pfddR2RmH4="></latexit>

=

<latexit sha1_base64="dkyuVngkk28NuIrPJu/PVmmTlg0=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0UYI2FgmYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOxw8zv/2MSrNYPplJgoEgQ8kiRomxUuO+X654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIQ6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QsrlpNN</latexit>

for smooth functions of k,  
the difference between ∑ and ∫  
is exponentially suppressed

but there is a pole at

E = !k + !P�k

<latexit sha1_base64="VbX83AFurEuRERBu81NPdIYtx2Y=">AAACGHicbZDLSsNAFIYn9VbrLerSzdQiCGJJpKIboSCCywr2Ak0Ik+mkHTqThJmJUEK2PoTP4FbX7sStO5e+idM2gm39YeDjP+dwzvx+zKhUlvVlFJaWV1bXiuuljc2t7R1zd68lo0Rg0sQRi0THR5IwGpKmooqRTiwI4j4jbX94Pa63H4iQNArv1SgmLkf9kAYUI6Utz4Q38Ao6ESd95A3hyS+mDad86pSHGfTMilW1JoKLYOdQAbkanvnt9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ12NIeJEuunkJxk80k4PBpHQL1Rw4v6dSBGXcsR93cmRGsj52tj8r9ZNVHDppjSME0VCPF0UJAyqCI5jgT0qCFZspAFhQfWtEA+QQFjp8Ga2+DzTmdjzCSxC66xq16rnd7VKvZanUwQH4BAcAxtcgDq4BQ3QBBg8gmfwAl6NJ+PNeDc+pq0FI5/ZBzMyPn8ASKCelQ==</latexit>

this ensures on-shell dominance 
in L,R†

<latexit sha1_base64="PPeDeTbyeHPWTNoM7K+UyLV1wZI=">AAACFXicbVDLSsNAFJ34rPUVdSnCYBFcSEmkosuCGxcuqtgHNLFMJpN26EwSZiZCCVn5EX6DW127E7euXfonTtogtvXAwLnn3Mu9c7yYUaks68tYWFxaXlktrZXXNza3ts2d3ZaMEoFJE0csEh0PScJoSJqKKkY6sSCIe4y0veFl7rcfiJA0Cu/UKCYuR/2QBhQjpaWeeeBwpAYYsfQ6O4G/xW127/io3zMrVtUaA84TuyAVUKDRM78dP8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tU0RJxINx1/I4NHWvFhEAn9QgXH6t+JFHEpR9zTnfmdctbLxf+8bqKCCzelYZwoEuLJoiBhUEUwzwT6VBCs2EgThAXVt0I8QAJhpZOb2uLxTGdizyYwT1qnVbtWPbupVeq1Ip0S2AeH4BjY4BzUwRVogCbA4BE8gxfwajwZb8a78TFpXTCKmT0wBePzB4jgn4k=</latexit>

expanding in partial-waves

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

−L

<latexit sha1_base64="JGme1kKA5o97dZbu5dayqIvSGYk=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCruiaBmwsbCIYB6wWcLsZDYZMjO7zMwKYUnlN9hqbSe2fomlf+JssoVJPDBwOOde7pkTJpxp47rfTmltfWNzq7xd2dnd2z+oHh61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt7nfeaJKs1g+mklCA4GHkkWMYGMlvyewGRHMs/tpv1pz6+4MaJV4BalBgWa/+tMbxCQVVBrCsda+5yYmyLAyjHA6rfRSTRNMxnhIfUslFlQH2SzyFJ1ZZYCiWNknDZqpfzcyLLSeiNBO5hH1speL/3l+aqKbIGMySQ2VZH4oSjkyMcr/jwZMUWL4xBJMFLNZERlhhYmxLS1cCUXeibfcwCppX9S9y/rVw2Wt4RbtlOEETuEcPLiGBtxBE1pAIIYXeIU359l5dz6cz/loySl2jmEBztcvX/eX7g==</latexit>

L

<latexit sha1_base64="JGme1kKA5o97dZbu5dayqIvSGYk=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCruiaBmwsbCIYB6wWcLsZDYZMjO7zMwKYUnlN9hqbSe2fomlf+JssoVJPDBwOOde7pkTJpxp47rfTmltfWNzq7xd2dnd2z+oHh61dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnHt7nfeaJKs1g+mklCA4GHkkWMYGMlvyewGRHMs/tpv1pz6+4MaJV4BalBgWa/+tMbxCQVVBrCsda+5yYmyLAyjHA6rfRSTRNMxnhIfUslFlQH2SzyFJ1ZZYCiWNknDZqpfzcyLLSeiNBO5hH1speL/3l+aqKbIGMySQ2VZH4oSjkyMcr/jwZMUWL4xBJMFLNZERlhhYmxLS1cCUXeibfcwCppX9S9y/rVw2Wt4RbtlOEETuEcPLiGBtxBE1pAIIYXeIU359l5dz6cz/loySl2jmEBztcvX/eX7g==</latexit>

R

<latexit sha1_base64="Q/O0WXC0jyhfCxQrTJ88vR0uHH4=">AAACAXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuCG5dV7AOmQ8mkmTY0yQxJRihDV36DW127E7d+iUv/xEw7C9t6IHA4517uyQkTzrRx3W+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UaVZLB/NJKGBwEPJIkawsZLfE9iMCObZw7Rfrbl1dwa0SryC1KBAs1/96Q1ikgoqDeFYa99zExNkWBlGOJ1WeqmmCSZjPKS+pRILqoNsFnmKzqwyQFGs7JMGzdS/GxkWWk9EaCfziHrZy8X/PD810U2QMZmkhkoyPxSlHJkY5f9HA6YoMXxiCSaK2ayIjLDCxNiWFq6EIu/EW25glbQv6t5l/er+stZwi3bKcAKncA4eXEMD7qAJLSAQwwu8wpvz7Lw7H87nfLTkFDvHsADn6xdpb5f0</latexit>

R

<latexit sha1_base64="Q/O0WXC0jyhfCxQrTJ88vR0uHH4=">AAACAXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuCG5dV7AOmQ8mkmTY0yQxJRihDV36DW127E7d+iUv/xEw7C9t6IHA4517uyQkTzrRx3W+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UaVZLB/NJKGBwEPJIkawsZLfE9iMCObZw7Rfrbl1dwa0SryC1KBAs1/96Q1ikgoqDeFYa99zExNkWBlGOJ1WeqmmCSZjPKS+pRILqoNsFnmKzqwyQFGs7JMGzdS/GxkWWk9EaCfziHrZy8X/PD810U2QMZmkhkoyPxSlHJkY5f9HA6YoMXxiCSaK2ayIjLDCxNiWFq6EIu/EW25glbQv6t5l/er+stZwi3bKcAKncA4eXEMD7qAJLSAQwwu8wpvz7Lw7H87nfLTkFDvHsADn6xdpb5f0</latexit>

= �L`m(P )F`m,`0m0(P,L)R†
`0m0(P )

<latexit sha1_base64="8zBqlBmsU/Gn0eTPy3ZuEJU52Pc="></latexit>

with F`m,`0m0(P,L) = �
"

1

L3

X

k

�
Z

d3k

(2⇡)3

#
4⇡ Y`m(k̂?)Y ⇤

`m(k̂?)

2!k 2!P�k (E � !k � !P�k + i✏)

✓
k?

q?

◆`+`0

<latexit sha1_base64="qvfp30SvzHlENTp+CrtKjLtwrhg="></latexit>

[ Poisson summation formula ]

[ only the poles matter ]

k

P−k
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consider a two-point correlation function — operators with the quantum numbers of a two-hadron system

CL(t,P) =

Z

L
d3x

Z

L
d3y e�iP·(x�y)

⌦
0
��A(x, t)B†(y, 0)

��0
↵

<latexit sha1_base64="Q/IfDRFOwlVFZPL8Ppk+tOR3d6k="></latexit>

now consider the ‘all-orders’ skeleton perturbative expansion for this

in infinite volume B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

+ + + …1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

1

<latexit sha1_base64="XhBoOEv9uPCYO+JAu59R3zvFYDY=">AAAB/HicdVDLSsNAFJ3UV62vqks3g0VwFZKSknZXcOOygn1AW8pkOmnHzkzCzEQIoX6DW127E7f+i0v/xElbwYoeuHA4517uvSeIGVXacT6swsbm1vZOcbe0t39weFQ+PumoKJGYtHHEItkLkCKMCtLWVDPSiyVBPGCkG8yucr97T6SikbjVaUyGHE0EDSlG2kidARWhTkflimP7Na9eb0DHdmvVqu/lxPcbjgdd21mgAlZojcqfg3GEE06Exgwp1XedWA8zJDXFjMxLg0SRGOEZmpC+oQJxoobZ4to5vDDKGIaRNCU0XKg/JzLElUp5YDo50lP128vFv7x+osP6MKMiTjQReLkoTBjUEcxfh2MqCdYsNQRhSc2tEE+RRFibgNa2BHxuMvl+HP5POlXb9ezajVdpOqt0iuAMnINL4AIfNME1aIE2wOAOPIIn8Gw9WC/Wq/W2bC1Yq5lTsAbr/QsLgZYi</latexit>

in finite volume B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

B

<latexit sha1_base64="QZ30P6lKGpZZD8x/Q15JXt5LSM8=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJoY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzN1k1I=</latexit>

A

<latexit sha1_base64="ChwlHNJKRiq1B2yEP2hn0ejDGJE=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJiY5mA+YDkCHubuWTJ7t6xuyeEI7/AVms7sfXnWPpP3CRXmMQHA4/3ZpiZFyacaeN5305hY3Nre6e4W9rbPzg8Kh+ftHScKopNGvNYdUKikTOJTcMMx06ikIiQYzscP8z89jMqzWL5ZCYJBoIMJYsYJcZKjft+ueJVvTncdeLnpAI56v3yT28Q01SgNJQTrbu+l5ggI8owynFa6qUaE0LHZIhdSyURqINsfujUvbDKwI1iZUsad67+nciI0HoiQtspiBnpVW8m/ud1UxPdBRmTSWpQ0sWiKOWuid3Z1+6AKaSGTywhVDF7q0tHRBFqbDZLW0IxtZn4qwmsk9ZV1b+u3jSuKzUvT6cIZ3AOl+DDLdTgEerQBAoIL/AKb87EeXc+nM9Fa8HJZ05hCc7XLzHik1E=</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

M

<latexit sha1_base64="OAho4y8Zh3nbqkpEpdKqaVcA+tU=">AAAB93icbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0TJgYyMkYD4gOcLeZi5Zsrt37O4J4cgvsNXaTmz9OZb+EzfJFSbxwcDjvRlm5oUJZ9p43rdT2Njc2t4p7pb29g8Oj8rHJy0dp4pik8Y8Vp2QaORMYtMww7GTKCQi5NgOx/czv/2MSrNYPplJgoEgQ8kiRomxUuOxX654VW8Od534OalAjnq//NMbxDQVKA3lROuu7yUmyIgyjHKclnqpxoTQMRli11JJBOogmx86dS+sMnCjWNmSxp2rfycyIrSeiNB2CmJGetWbif953dREd0HGZJIalHSxKEq5a2J39rU7YAqp4RNLCFXM3urSEVGEGpvN0pZQTG0m/moC66R1VfWvqzeN60rNy9MpwhmcwyX4cAs1eIA6NIECwgu8wpszcd6dD+dz0Vpw8plTWILz9QtExpNd</latexit>

+ + + …L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

L3

<latexit sha1_base64="J+Eu0cKrPCLka1nvIlPuXXqYOS8=">AAAB+XicdVDLSgMxFM3UV62vqks3wSK4GtJ2xra7ghsXLiraB7RjyaSZNjSTGZKMUIZ+gltduxO3fo1L/8T0IVjRAxcO59zLvff4MWdKI/RhZdbWNza3stu5nd29/YP84VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74cua3H6hULBJ3ehJTL8RDwQJGsDbS7fV9uZ8vILvo1MolBJHtoIuK4xpSrlVdtwSLNpqjAJZo9POfvUFEkpAKTThWqltEsfZSLDUjnE5zvUTRGJMxHtKuoQKHVHnp/NQpPDPKAAaRNCU0nKs/J1IcKjUJfdMZYj1Sv72Z+JfXTXRQ9VIm4kRTQRaLgoRDHcHZ33DAJCWaTwzBRDJzKyQjLDHRJp2VLX44NZl8Pw7/J62Syc12b5xCHS3TyYITcArOQRFUQB1cgQZoAgKG4BE8gWcrtV6sV+tt0ZqxljPHYAXW+xfl65RO</latexit>

CL � C1 = Ã (�F ) B̃ + Ã (�F )M(�F ) B̃ + Ã (�F )M(�F )M(�F ) B̃ + . . .

<latexit sha1_base64="Q+vN6WJyVkSRnQcu5MoDvSmsUs8="></latexit>

a geometric series can be summed: Ã
⇥
F�1 +M

⇤�1
B̃

<latexit sha1_base64="HyNwhqhaANWQM4KVEgJVIC24fhI=">AAACLnicbVDLSgMxFM3UV62vUZdugkUQ1DIj9bGsCuJGqGAf0BlLJk3b0MyDJCOUYf7Ej/Ab3OpacCHizs8w81jY1gOBk3PO5SbHCRgV0jA+tMLc/MLiUnG5tLK6tr6hb241hR9yTBrYZz5vO0gQRj3SkFQy0g44Qa7DSMsZXSV+65FwQX3vXo4DYrto4NE+xUgqqaufWpKyHokuYmgdQsuhgw68foiOzBgewNtUsLNrYmfZyxh29bJRMVLAWWLmpAxy1Lv6t9XzcegST2KGhOiYRiDtCHFJMSNxyQoFCRAeoQHpKOohlwg7Sv8Xwz2l9GDf5+p4Eqbq34kIuUKMXUclXSSHYtpLxP+8Tij753ZEvSCUxMPZon7IoPRhUhbsUU6wZGNFEOZUvRXiIeIIS1XpxBbHjVUn5nQDs6R5XDGrlZO7arlWzdspgh2wC/aBCc5ADdyAOmgADJ7AC3gFb9qz9q59al9ZtKDlM9tgAtrPL1O4ptA=</latexit>

CL(t,P) = L3

Z
dE

2⇡
eiEt

h
C1(E,P)� Ã

⇥
F�1(E,P, L)�M(E,P)

⇤�1
B̃
i

<latexit sha1_base64="rtkTjgvhGbkN6bl4PwGkg0itutQ="></latexit>

giving

discrete spectral decomposition for finite-volume requires poles in E

⇒ divergence of 
⇥
F�1(E,P, L)�M(E,P)

⇤�1

<latexit sha1_base64="bfZw1uHs6FftDxysTcqzRSLaKW0="></latexit>

det
⇥
F�1(E,P, L)�M(E,P)

⇤
= 0

<latexit sha1_base64="N/v5+cMcj3kEM9pDPUHdwcNhbkk="></latexit>

⇒

+

<latexit sha1_base64="Q6OWJu5T1O7A/EeUi1CbRcZbL3U=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIsgCCWRih4LXjy2YGuhDWWznbRLdzdhdyOE0l/gVc/exKs/x6P/xG2bg219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqaLYojGPVSckGjmT2DLMcOwkCokIOT6F4/uZ//SMSrNYPposwUCQoWQRo8RYqXnVL1e8qjeHu078nFQgR6Nf/ukNYpoKlIZyonXX9xITTIgyjHKclnqpxoTQMRli11JJBOpgMj906l5YZeBGsbIljTtX/05MiNA6E6HtFMSM9Ko3E//zuqmJ7oIJk0lqUNLFoijlrond2dfugCmkhmeWEKqYvdWlI6IINTabpS2hmNpM/NUE1kn7uurXqjfNWqVey9MpwhmcwyX4cAt1eIAGtIACwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUQdJM/</latexit>

+

<latexit sha1_base64="Q6OWJu5T1O7A/EeUi1CbRcZbL3U=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIsgCCWRih4LXjy2YGuhDWWznbRLdzdhdyOE0l/gVc/exKs/x6P/xG2bg219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqaLYojGPVSckGjmT2DLMcOwkCokIOT6F4/uZ//SMSrNYPposwUCQoWQRo8RYqXnVL1e8qjeHu078nFQgR6Nf/ukNYpoKlIZyonXX9xITTIgyjHKclnqpxoTQMRli11JJBOpgMj906l5YZeBGsbIljTtX/05MiNA6E6HtFMSM9Ko3E//zuqmJ7oIJk0lqUNLFoijlrond2dfugCmkhmeWEKqYvdWlI6IINTabpS2hmNpM/NUE1kn7uurXqjfNWqVey9MpwhmcwyX4cAt1eIAGtIACwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUQdJM/</latexit>

+

<latexit sha1_base64="Q6OWJu5T1O7A/EeUi1CbRcZbL3U=">AAAB93icbVBNS8NAEJ3Ur1q/qh69BIsgCCWRih4LXjy2YGuhDWWznbRLdzdhdyOE0l/gVc/exKs/x6P/xG2bg219MPB4b4aZeWHCmTae9+0UNja3tneKu6W9/YPDo/LxSVvHqaLYojGPVSckGjmT2DLMcOwkCokIOT6F4/uZ//SMSrNYPposwUCQoWQRo8RYqXnVL1e8qjeHu078nFQgR6Nf/ukNYpoKlIZyonXX9xITTIgyjHKclnqpxoTQMRli11JJBOpgMj906l5YZeBGsbIljTtX/05MiNA6E6HtFMSM9Ko3E//zuqmJ7oIJk0lqUNLFoijlrond2dfugCmkhmeWEKqYvdWlI6IINTabpS2hmNpM/NUE1kn7uurXqjfNWqVey9MpwhmcwyX4cAt1eIAGtIACwgu8wpuTOe/Oh/O5aC04+cwpLMH5+gUQdJM/</latexit>



 and the  resonance from lattice QCDγK → πK K*

coupled-channel toy model 58


