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S Sharpe Lattice2025 talk


https://indico.global/event/14504/contributions/138237/attachments/64252/124436/sharpe_lat25_plenary.pdf
https://inspirehep.net/literature/231480
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CA}(E, P,L)= Green's function CA;O =

E — HP,L) + ic E - Hy + ie

H®P,L) = Hy(P,L)+ V(P,L) | finite volume Hamiltonian

non-interacting Interaction

(PT)

Hamiltonian potential
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Finite-volume two-point function:
(00)

C (E,P) = J dte™"=¢(0| @P(t)@;(o) 10)
0
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=C,°+ lgS—l BC% all singular behaviour in §

Poles of C,(E,P) satisfy

det |S(E,P,L)~! — BY(E,P,L)| =0

e S71=5;" - B

o B¢ BY: effective interactions from V¢, V4 and R,

BC/d,LO — Vc/d

e At leading order:




Scalar field theory

|dentical spin-zero particles in a box:
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» single flavour (m)

» total momentum P =0

» A/ irrep of O,




N < 4 results
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N < 4 results

6.0

toy example

2 and 4-particle coupled channel system

Proceedings from Lattice2025

S.(E,0,L)"!
det [( 0’2( 0 )

Huang & Yang (1957) 307

* N-particle framework reproduces same result -

* simpler than previous approach, no 7 integral

* simpler than Liischer approach, no k integral 50 -
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N < 4 results

2 and 4-particle coupled channel system

Proceedings from Lattice2025
@ E,(L)
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* Main result:
the eigenvector associated with the zero
eigenvalue tells us how much each particle

sector contributes to a finite-volume state

Hansen & Sharpe (2012)

Bricefio, Hansen & Walker-Loud (2015)
Hansen, Romero-Lopez & Sharpe (2021)
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https://inspirehep.net/literature/1302412
https://inspirehep.net/literature/1842618
https://inspirehep.net/literature/3134057

How to use this framework

|E,, L)
L”w ;Rje\\ ? 5 Enei

4 5 6 mL 7 \ )

lattice data bare couplings

10



How to use this framework

LO QC

det [SYO(E,P, L)™' = B*X9(E,P,L)| =0
| £, L)

4.5 ( ) (C ) |2-ptC Ollt) x
_ \ 822 . .2 ’ KLP
40 ;\\?’%?\\ > | k —p |

: 8nei C, | | n-ptc, out)y,p

fit predict n

4 5 6 mL 7 \ ), \ )

lattice data bare couplings multi-particle

admixtures

at the level of K-matrices,

this framework provides a systematic

estimate for n-particle effects

*K-matrix like piece



How to use this framework

|E,. L)
N N\ \Q\\ (g2<_2 \ (CZ\ |2—ptc, Out>KLP*
S 4.0 -4%—\\ .__* : | - ' C t
3.5 . : f|t ) Enei . predict n | n-ptC, ou >KLP
4 5 6 mL 7 \ )
\ ¢ )
lattice data bare couplings multi-particle

admixtures

propagate as

unitarity, integral uncertainty
equations

at the level of K-matrices,

this framework provides a systematic

estimate for n-particle effects

‘Q[2—ptc (err)n—ptc

decay amplitudes

*K-matrix like piece
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Proposal: a hybrid quantisation condition

LO QC captures O(g,_,) effects in all sectors:

Instead treat two-particle sector non-perturbatively

Replace: LO >< —) :O: all-orders resummed

interaction ‘g, _, H Fps & Ry

K 5: (non-standard) 2-particle K-matrix

F, ~ Liischer zeta function Lischer (1986)
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Perturbative treatment breaks down near

1. strongly coupled higher-particle
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2. higher-particle kinematic thresholds

where rescattering must be resummed to
all orders
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QC (PT)

e simple, perturbative coupled-channel description of N particles
e captures LO finite-volume effects (reproduces known results)
% quantifies size of LO n-particle contributions

e hybrid proposal: embed non-perturbative two-particle dynamics

Needs to be tested on lattice datal
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Where did the hats go?

Finite-volume two-point function:

re ’ 1
CL(E.P)=C*+iZ R

S—l_Bc
1 / /
wIlw|——=| v ) (v
S—I_BC

= C£Cg+iz<0

vy

k- complete sets ofj

finite volume states

&

@T‘ 0>

To-do: in a given theory

1. Construct {|y)}, a complete set of FV eigenstates of Hy(P, L)
or even { |y, A)} with A € Irrep(LG(P))

<E<E

2. Fix kinematic range to E max

min

3. Compute matrix elements of S, V° and &



