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QCD Fock space

[J At low-energies QCD = hadronic degrees of freedom 7 ~ ud, K ~ 5u, p ~ uud
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[ Overlaps of multi-hadron asymptotic states — S matrix

] Diagonalized in angular-momentum basis
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QCD Fock space

[J At low-energies QCD = hadronic degrees of freedom 7 ~ ud, K ~ 5u, p ~ uud
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Extracting resonance properties
[J Roughly speaking,a bump in: ‘M(E)‘Z X ‘62?:5(E) — 1‘2 X Sin2 5(E)

scattering rate unitarity relation
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Extracting resonance properties
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Extracting resonance properties
[ Roughly speaking,a bump in: |M(E)‘2 X |62i5(E) — 1|2 X SiIl2 5(E)

scattering rate unitarity relation
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Extracting resonance properties
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Extracting resonance properties

[ Roughly speaking,a bump in: |,/\/l(E)‘2 X |€2i5(E) — 1|2 X SiIl2 5(E)
scattering rate unitarity relation
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Analytic continuation reveals a complex pole

resonance o
ER = MR —|- ZFR/Z
e Ep = Mg \

bound state
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Riemann sheets

] Most useful to analytically continue the scattering amplitude
1

Me(s) = Ke(s)™1 + p(s) pls) oc =iv/s = (2Mr)?




Riemann sheets

[J Most useful to analytically continue the scattering amplitude

Me(s) = Ke(s)™1 + p(s) pls) oc =iv/s = (2Mr)?

unphysical sheet

SR = (MR —I—iFR/Q)Q
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Lattice QCD

dN . S | interpolator

observable? —
for observable

To proceed we have to make three modifications
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Difficulties for multi-hadron observables

[0 The finite volume...

O Discretizes the spectrum
O Eliminates the branch cuts and extra sheets
O Hides the resonance poles

0N
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Difficulties for multi-hadron observables
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® © © o o {0 The finite volume...
e o o o o O Discretizes the spectrum
O Eliminates the branch cuts and extra sheets
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Finite-volume analytic structure Infinite-volume analytic structure




Observables available in LQCD

[J LQCD — Energies and matrix elements

(0;(1)0](0)) = Y _(010;(7)|En)(EnlO] (0)[0) = Y e~ 77, 577 ,

n n




Observables available in LQCD

[J LQCD — Energies and matrix elements

(0;(1)0}(0)) = (0|0 (7)|En)(E, |0} (0)|0) = Y e BTz, 7 .

n n

[J Determine optimized operators by diagonalizing (GEVP) - requires distillation

)~ e
)) ~ e Em T emEmT (B | T (0)| B ) + -+

[J Our task is relate E, (L) and (£, |J(0)|E,,) to experimental observables
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Multi-hadron processes from LQCD

KEY IDEA: We can use the finite volume as a tool to extract
multi-hadron observables

[J Single-channel two-to-two scattering

g p—0) S, 8, :
Ey(L) \/ - W2 - Fri - Aaron
V4 - . W3 - Thurs - Antonio, Dave
Eo(L) 9 -

[J Coupled-channel two-to-two scattering + spin

f=—=r ) .
Ey(L) N J>/@ Wed - Jo
» ,. : > . ~—~ 9) Thurs - Christopher, Antoni

[J Two-to-three and three-to-three scattering

Today - Steve
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Multi-hadron processes from LQCD

KEY IDEA: We can use the finite volume as a tool to extract
multi-hadron observables

7~

[J Single-channel two-to-two scattering
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[J Coupled-channel two-to-two scattering + spin
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[J Two-to-three and three-to-three scattering

Today - Steve
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The finite-volume as a tool

[J Finite-volume set-up
1 cubic, spatial volume (extent L)

,.-.-.-:'.'.';.....--; A Es5(L : 1

o e EQEL; ] periodic
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EW—E--; p — —n’ T E Zg

e /L Eo(L) L

............. . — M, L
T [ Lis large enough to neglect €
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The finite-volume as a tool

] Finite-volume set-up
1 cubic, spatial volume (extent L)

. A Eo(L . .

o e EQEL; ] periodic

' ' P 1

EW—E--; p — —n’ T E ZB

e /L Eo(L) L

............. . — M, L
T [ Lis large enough to neglect €

[J Scattering leaves an imprint on finite-volume quantities
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The finite-volume as a tool

] Finite-volume set-up
1 cubic, spatial volume (extent L)
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[J Scattering leaves an imprint on finite-volume quantities

Eo = 2M;,

Infinite-volume ground state

Mﬁ:O(QMﬂ-) — —327TM7TCL
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The finite-volume as a tool

] Finite-volume set-up
1 cubic, spatial volume (extent L)

eIl A
S ?Eg [ periodic
' ' S 1
: ' Do 2T
s p="7n, nelr’
L /L Eo(L) L
""""""" : —M L

L 1 Lis large enough to neglect ¢

' —_—

[J Scattering leaves an imprint on finite-volume quantities

L EO = 2 T Finite-volume ground state
Infinite-volume ground state
4
My—o(2M,) = —327 M, a Eo(L) = 2M, 1 MWZZS - O(1/L%)

Huang, Yang (1958)
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The finite-volume as a tool

] Finite-volume set-up
1 cubic, spatial volume (extent L)

L e (L) 3 perlodlc2
: I : E — s — —
/\/\/ p=—it, mwecZ’
/ L Ey(L) L
""""""" : — M, L
L 1 Lis large enough to neglect ¢
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[J Scattering leaves an imprint on finite-volume quantities

Eo = 2M;,

Infinite-volume ground state

Mﬁ:O(QMﬂ-) = —327

Huang, Yang (1958)




Hint of the derivation
] In the infinite-volume world...
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Hint of the derivation
[J In the infinite-volume world... scattering length

| A
Me=o{Ber) :><+'” =200 - > 0= 5o M. O()
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Hint of the derivation
[J In the infinite-volume world... scattering length

| A
MEzO(Ecm> :><‘|‘ cee = — A+ O()\Z) - ' > a = 327TM7T T O()‘2)

J In the finite-volume world...

= X+

Leading order — no poles
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Hint of the derivation
[J In the infinite-volume world... scattering length

| A
MEzO(Ecm) :><‘|‘ cee = — A+ O()\Z) - | > a = 327TM7T T O()‘z)

J In the finite-volume world..

e

b N
2 I3 2 (2un )2 (Ecm—chk) "

Leading order = no poles

Next-to-leading order — poles of two non-interacting particles wy, = \/k* + M2

2
k="n
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Hint of the derivation
[J In the infinite-volume world... scattering length

| A
MEzO(Ecm> :><‘|‘ cee = — A+ O()\Z) - | > a = 327TM7T T O()‘2)

J In the finite-volume world..

b R K

_ b
2 I3 2« (2u,)? (Ecm—ka))\+

Leading order — no poles

Next-to-leading order — poles of two non-interacting particles w, =\/k* + M2
[ Expansion fails for: Fep, — 2M; = O()\)

k=—n




Hint of the derivation
] In the infinite-volume world...

scattering length

| A
p— e e e T — — 2 m—m—m — 2
J In the finite-volume world..

b R K

= AT A‘F — (2wy)? (Ecm—zwk)“”'

Leading order — no poles

: : : : 2
Next-to-leading order — poles of two non-interacting particles w, =/k*+ M2 k= “n

L
[ Expansion fails for: Fep, — 2M; = O()\)

00 1

[J Physical pole recovered via re-summation -

4
ANt f(Bom, L) =0 =  Eop = 2M, + —2 + O(1/L*)

M, L3
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Skeleton expansion derivation

+

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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Skeleton expansion derivation

+HEL B (@
7 @ENEO
spatial loop momenta

are summed

1 dkY
o2 / o
ke(2n/0)Z3

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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Skeleton expansion derivation

+

spatial loop momenta @“@n@u@

are summed

1 dkY
o2 / o
Fe(2r/L)Z?

S Res

Bethe Salpeter kernel

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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Skeleton expansion derivation

+

spatial loop momenta @“@n@u@

are summed

1 dkY
o2 / o
Fe(2r/L)Z?

A=—e X+ )@( + §+
fully dressed

propagator Bethe Salpeter kernel

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)




Skeleton expansion derivation

+HEL B (@
4 @u@u@u@
spatial loop momenta

are summed

1 dkV
5[5

ke(2m/L)Z3 . |
A = X+ )@( + §+
fully dressed

propagator Bethe Salpeter kernel
—m L

BL — Boo -+ 0(6 m )
—m L

AL — Aoo T O( " )

where we def‘ne E*2 E2 P2

If £ < 41m then

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)




Skeleton expansion derivation

Cr(P) = HONMEHNO

L3 Z 12 contains all power—law
k corrections

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)




Skeleton expansion derivation

L3 4 /E contains all power-law
k corrections

In all four-momenta are projected on shell.

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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] Regroup by number of F cuts

zero Fs

CL(E,P) = Co(E, P)+




] Regroup by number of F cuts

zero Fs one F

CL(E,P) = C(E, P) ++




] Regroup by number of F cuts

zero Fs one F

CL(E, P) = Coo(E, P) ++
@“

= (7, out|( \O)




] Regroup by number of F cuts

zero Fs One F two FS

Cr(E, P) = Co(E, P) ++ + -
@“

= (7w, out \OT 0)




] Regroup by number of F cuts

zero Fs One F two Fs

CL(B, P) = EP+++




+ ++ ;

] Regroup by number of F cuts

zero Fs one F two Fs

Cr(E, P) = Co(E, P) ++ + -
@+... b\ %

= (7, Out\OT\()) | ¢ o

When we factorize diagrams and group infinite-volume parts...
physical observables emerge
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Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)




Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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Cr(P) = Cx (P)

« Kim, Sachrajda, Sharpe (2005)

Liischer (1986, 1991)



Review
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CL(P) = Coo(P) —
++

Liischer (1986, 1991) < Kim, Sachrajda, Sharpe (2005)
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Two-particle quantization condition

[J Finite-volume energies = solutions to...

det[M; Y (E}) + F(E,,P,L)] =0

scattering amplitude known geometric function

where E,;';Q — ETZL — ﬁQ

Huang, Yang (1958) <« Liischer (1986, 1991) ¢ Rummukainen, Gottlieb (1995)
Kim, Sachrajda, Sharpe (2005) < Christ, Kim, Yamazaki (2005)




Two-particle quantization condition

[J Finite-volume energies = solutions to...

det[M; Y (E}) + F(E,,P,L)] =0

scattering amplitude known geometric function

where E;‘Lz — E,,% _ p2

[ Matrices in angular momentum space
O Holds only for EX* < (4m)?

] Ignores suppressed volume effects (G_mL

)

T == = = = = == e e e z _ = == B — - — -

Huang, Yang (1958) < Liischer (1986, 1991) ¢ Rummukainen, Gottlieb (1995)
Kim, Sachrajda, Sharpe (2005) < Christ, Kim, Yamazaki (2005)




Two-particle quantization condition

[J Finite-volume energies = solutions to...

—1 * >
det| M5 (E})+ F(E,,P,L)| =0
scattering amplitude known geometric function
where E:;Z = E,,% — p?
[ Matrices in angular momentum space
O Holds only for EX* < (4m)?

] Ignores suppressed volume effects (€_mL)
) ° B o o i
MQ(E ): o F(En,P,L):
o o o

] Matrices block diagonalize into finite-volume irreps, e.g.

det[M5 ' (E,) + F(E,,0, L)]Al+ — 0

Huang, Yang (1958) < Liischer (1986, 1991) ¢ Rummukainen, Gottlieb (1995)
Kim, Sachrajda, Sharpe (2005) < Christ, Kim, Yamazaki (2005)




Using the result

0.20

0.18 +
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est case is a single angular momentum (e.g. 2 pions in a p-wave)
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Using the result

[J Simplest case is a single angular momentum (e.g. 2 pions in a p-wave)

My (E) = —1/F(E,, P, L)

P = [oo]| 73] ==
00— — 180 N
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X . | =2 Mo x e 1
o P =10,0,0]
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P =10,0,2]
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30 - 0
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/\/\4 0 o
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7 cm

Dudek, Edwards, Thomas, PRD87 (2013) 034505




Using the result

[J Simplest case is a single angular momentum (e.g. 2 pions in a p-wave)

My (E) = —1/F(E,, P, L)
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Using the result

[J Simplest case is a single angular momentum (e.g. 2 pions in a p-wave)

My (E) = —1/F(E,, P, L)
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Using the result

[J Simplest case is a single angular momentum (e.g. 2 pions in a p-wave)

My (E) = —1/F(E,, P, L)

|7 = (000} 7] ==
00— — 180 N
0.18 | 2+ -2+ @ 45—
0.16 | o G 0 150 + ﬁ
0.1 b 2?‘/5
- - - - Mo ox e — 1
e P =10,0,0]
i o L/as, =16 P =1[0,0,1]
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AR | i T — T
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Dudek, Edwards, Thomas, PRD87 (2013) 034505




M, ~ 240 and 390 MeV ,
ML ~4—-6,
as ~ 0.12fm, a; ~ 0.035{m

60 |
Wilson et al., PRD 92, 094502 (2015)
30
0 I 1 = e 1 I 1 1
400 500 600 700 800 900 1000 p__ / MeV




Nf=2+4+1, M, ~ 240 and 390 MeV ,
ML ~4—-6,
as ~ 0.12fm, a; ~ 0.035fm

Wilson et al., PRD 92, 094502 (2015)

| g ! ! !
200 500 600 700 '800 900 1000 7, /MeV m, =Re(E,)/MeV
800 900 1000 1100
0 ot Q
ﬁ m, =536 MeV m, =700 MeV

> m, =391 MeV

O
S 50}
) Lin et al. (2009)
E O m.— 236 MeV Dudek, Edwards, Guo, Thomas (2013)
<|\.|‘ _ 100l Dudek, Edwards, Thomas (2012)
S Wilson, et. al. (2015)
| [ me=140 MoV, Lattice QCD + UxPT Bolton, Bricefio, Wilson (2015)

—150¢+ %—I m, =140 MeV, Roy Equation
plot from R. Briceno




my, = 391 MeV
150 F My = 236 MeV
120+ Ny =2+1, M;~ 240 and 390 MeV ,
o M.L ~4—6,
~ 90F
S as ~ 0.12fm, a; ~ 0.035fm
60 -
Wilson et al., PRD 92, 094502 (2015)
30+
0 I 1 = 1 s 1 1
400 500 600 700 '800 900 1000 £, / MeV m, =Re(E,)/MeV
800 900 1000 1100
0

m, =536 MeV m, =700 MeV

>
Quantitatively track S 50|
.. . 2 > :
the pole position in the S oY Lin et al. (2009)
: / Dudek, Edwards, Guo, Thomas (2013)
complex plane = ! iy =236 MoV : , Guo,
P P ™ Dudek, Edwards, Thomas (2012)
Wilson, et. al. (2015)
m, = 140 MeV, Lattice QCD + UyPT BOltOl’l, BI'iCCﬁO, WﬂSOl’l (2015)

m, =140 MeV, Roy Equation

plot from R. Briceno
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Lots of activity!
p— T

] CP-PACS/PACS-CS 2007, 2011

[J Feng et al. 2010
(] Lang et al. 201 |
[J HadSpec 2012, 2015
[ Pelissier, Alexandru 2012

0 RQCD 2015
0 Guo etal. 2016

[J Fu, Wang 2016
{J Bulava et al. 2016 :
[J Alexandrou et al. 2017 W’ ./ _
[ Andersen etal. 2018 |

_K*(892) K* — K

[J Lang et al. 2012
[J Prelovsek et al. 2013

] Wilson et al. 2015

J RQCD 2015
{J Brett et al. 2018

p J Wilson et. al 2019

o e =
g =

a0(980) — mn, KK

{0 Dudek et al. 2016

o — T

[0 Prelovsek et al. 2010
(J Fu?201i3

] Wakayama 2015 L | V4

[J Howarth, Giedt 2017 \ Pray / ao(980)
[J Briceio et al. 2017 \ o

0 Molina et al, 2018 N JP — ot See the recent review by
- o — Bricefio, Dudek and Young

g, f07f2 — 7T7T7KF7 nn

0 Briceho et al. 2017
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180
135 -
Alexandrou et al. (2017)
% 90 - N=2+|, my=316 MeV
S
451 am, = 0.4609(16)(14)
Gprm = 5.69(13)(16)
0

0.48 0.54  0.60

a\/s

0.42

01(°]

- Guo et al. (2016)
150 Ne=2, mn=226 MeV

y?/dof=33.5/9=3.7 -

¥*/dof=8.04/6=134 |

am,=0.1390(5) 1
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Andersen et al. (2018)

170 N&=2+1, my=220 MeV
[ | T, (0)  ABF(2)
S130F |0 AT (1) e AT(3)
o [ [oET(1) eET(3)
90 °Af(2) eAT(4)
OB (2) eEt(4)
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10F
2.0 2.5 3.0 3.5 4.0
Ecm/mﬂ'

_
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Coupled channels

[J Recall the single-channel skeleton expansion

CL(P) = (@) g 0) +@ L [iBIg (o) ++

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)




Coupled channels

[ Recall the single-channel skeleton expansion
CuP) = @0+ @LLTBISD) +-
[J For coupled channels this becomes
Cu(P) = * +@JiBJe
+@LIBLIO+@LIEL O+ @B+

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)




Coupled channels

[J Recall the single-channel skeleton expansion

CL(P) = (0l 3 10)+ @1 L iBIe10) ++ -

[J For coupled channels this becomes

Op(P) = + +E@JiB[Jo

=(@1 @)

+@QLELIO+@LLiE O+ @LEL IO+

¢ ¥

=iy

SE

Oy
~o~

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)
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Coupled channels

] Recall the smgle channel skeleton expansion

) =@ O+ @B +

] For coupled channels this becomes

= @9+ @0 +@CLBLJo
+@JiBLJO+@X C o)+ @I+

e (: JE R e

Full c-erivation goes through with this new matrix structure |
~o~
co Pl o[

~o~
MTH, Sharpe (2012) « Bricefio, Davoudi (2012)
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Coupled quantization condition

[J Finite-volume energies = solutions to...

_ 1 _ 6 C
Ma—sa Ma—>b> (Fa 0 > T~
_ (Mb—m My 0 Fp) 5/\6
scattering amplitude known functions eg.a=7m b=KK

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)
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Coupled quantization condition

[J Finite-volume energies = solutions to...

det

- (Ma—m,
i Mb—>a

scattering amplitude

Ma—)b
My

) (i &)

known functions

[ Matrices in angular momentum space
O Holds only for E* < (4m)?

[J Ignores suppressed volume effects (€

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)

a2
_A

m L

)

=0

6>/6
v e

eg. a=7m, b=KK
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Coupled quantization condition

[J Finite-volume energies = solutions to...

_ Ma—)a, Ma—)b - Fa 0
det
- _ (Mb—m Mb—>b> " (

scattering amplitude

0 I

)

known functions

[ Matrices in angular momentum space
O Holds only for E* < (4m)?

[J Ignores suppressed volume effects (€

Mo (E™) =

_

*e, %)

% %

MTH, Sharpe (2012) « Bricefio, Davoudi (2012)
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General two-to-two scattering

[ Luscher’s formalism + extensions give a general mapping

—_— /v\

[ All results are contained in a generalized quantization condition

det[M; Y (E}) + F(E,,P,L)] =0

scattering amplitude known geometric function

Huang, Yang (1958) < Liischer (1986, 1991) ¢ Rummukainen, Gottlieb (1995)
Kim, Sachrajda, Sharpe (2005) ¢ Christ, Kim, Yamazaki (2005) ¢ He, Feng, Liu (2005)
Beane, Detmold, Savage (2007) ¢ Tan (2008) < Leskovec, Prelovsek (2012) ¢ Bernard et. al. (2012)

MTH, Sharpe (2012) < Briceno, Davoudi (2012) < Li, Liu (2013) < Briceiio (2014)




General two-to-two scattering

[J Luscher’s formalism + extensions give a general mapping

A Eo(L) A A
A I~V
Eo(L) Ry -

] All results are contained in a generalized quantization condition

det[M; Y (E}) + F(E,,P,L)] =0

scattering amplitude known geometric function

[J Matrices in angular momentum, spin and channel space
[J Holds only for srx < (4M)?

[ lgnores suppressed volume effects (¢ =~ 1)

Huang, Yang (1958) <« Liischer (1986, 1991) ¢ Rummukainen, Gottlieb (1995)
Kim, Sachrajda, Sharpe (2005) ¢ Christ, Kim, Yamazaki (2005) ¢ He, Feng, Liu (2005)
Beane, Detmold, Savage (2007) ¢ Tan (2008) < Leskovec, Prelovsek (2012) ¢ Bernard et. al. (2012)

MTH, Sharpe (2012) < Briceno, Davoudi (2012) < Li, Liu (2013) < Briceiio (2014)
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Not a one-to-one mapping

[J The cubic volume mixes different partial waves...

........
- ‘i

eg. Km— Kn ,. M0 Fss
P #0 >det[< 0 M_1)+<Fp8

p
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[J The cubic volume mixes different partial waves...

-------------

eg. Km— Kr | M1 0 Fss Fgp
P£0 ~ >det[( 0 M—1)+(Fps F,,
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...as well as different flavor channels...

—1

e.g. A=T7T , Maosa Masp F,
» > det

> de [(Mb—m Mb—>b> +(

b=KK
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Not a one-to-one mapping

[J The cubic volume mixes different partial waves...

-------------

eg. Km— Kr | M1 0 Fss Fgp
P£0 ~ > det[( 0 /\/l—l) * (Fps F,,
...as well as different flavor channels...

—1
b= KK > de [(Mma Msz> +(

] Strategy:

Vary L and P to recover a

Matrix of correlators Diagonalize (GEVP) to .
dense set of energies

with varied operators extract energies
000,A7 o0 © o o

<(9a(7)(9£(0)> (0 (T)OQL (0)) ~ e Em(L)T 00,4, ©0O0 ©O O o

011,A;, © O O O o

' » F,, (L)




Not a one-to-one mapping

[J The cubic volume mixes different partial waves...

-------------

eg. Km— Kr | M1 0 Fss Fgp
P£0 ~ > det[( 0 M—l) * (Fps F,,
...as well as different flavor channels...

—1
b= KK > de [(Mb—m Msz> +(

] Strategy:

Matrix of correlators Diagonalize (GEVP) to Vary L and P to recover a

) ] ) dense set of energies
with varied operators extract energies &
[000,A;, ©0 O O o o

<(9a(7)(’)g(0)> (0 (T)OQL (0)) ~ e Em(L)T 00,4, ©0O0 ©O O o

011,A;, © O O O o

' » F,, (L)

Identify a broad list of K-matrix parametrizations

polynomials dispersion
and poles EFT based theory based
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Not a one-to-one mapping

[J The cubic volume mixes different partial waves...

-------------

eg. Km— Kr | M1 0 Fss Fgp
P£0 ~ > det[( 0 M—l) * (Fps F,,
...as well as different flavor channels...

—1
b= KK > de [(Mb—m Msz> +(

] Strategy:

Matrix of correlators Diagonalize (GEVP) to Vary L and P to recover a

) ] ) dense set of energies
with varied operators extract energies &
[000,A;, ©0 O O o o

<(9a(7)(9£(0)> (0 (T)OQL (0)) ~ e Em(L)T 00,4, ©0O0 ©O O o

011,A;, © O O O o

' » £, (L)

Identify a broad list of K-matrix parametrizations

ngy;;:;:ls EFT based t:;iﬁsr;;r; 4 || Perform global fits to the
finite-volume spectrum




Conclusions and outlook

[J Multi-hadron observables accesible in LQCD
[J Use the finite-volume as a tool

---------

[CJ Numerical implementation well underway... still lots to come

[J Room for thought:
[] Incorporating lattice/residual volume effects
[[J Confronting the non-one-to-one mapping
[J Extending beyond two-to-two! (Steve's talk)




Conclusions and outlook

[J Multi-hadron observables accesible in LQCD
[J Use the finite-volume as a tool

_,]L A _?(ﬁ) 6 é
QYav] P
L':,:' ______ : / L Eo(L) h 'J 'J

[CJ Numerical implementation well underway... still lots to come

[J Room for thought:
[] Incorporating lattice/residual volume effects
[[J Confronting the non-one-to-one mapping
[J Extending beyond two-to-two! (Steve's talk)

Approaches not covered here

[J Finite-volume hamiltonian method ——> W2 - Tues - Derek, Finn
[ HALQCD potential method

[J Reconstruction of the spectral function

~ Fri - John, Antonin

[] Lischer + KSS methods for long-range matrix elements Tues - Zohreh




Conclusions and outlook

[J Multi-hadron observables accesible in LQCD
[J Use the finite-volume as a tool
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[CJ Numerical implementation well underway... still lots to come

[J Room for thought:
[] Incorporating lattice/residual volume effects
[[J Confronting the non-one-to-one mapping
[J Extending beyond two-to-two! (Steve's talk)

Approaches not covered here

[J Finite-volume hamiltonian method o W2 - Tues - Derek, Finn
[ HALQCD potential method

[J Reconstruction of the spectral function

- Fri - John, Antonin

[] Lischer + KSS methods for long-range matrix elements Tues - Zohreh

Thanks for listening - Enjoy the workshop!




