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Why three hadron dynamics?

Experiments(COMPASS, Glue-X) searching for exotics, X,Y, Z

o Two-meson sector well understood from LQCD & phenomonology

Frontier in baryonic or three-particle scattering

e Roper resonance N (1440)1/2%
» Couples to 7 N
» Experimental data exposes complex analytic structure
» Lattice determinations do not include proper three-hadron operators

al (1260)
» Decays to pm,om — nnm
» Phenomenological determinations use isobar approximation
» Lattice studies no three-hadron operators
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Hadron Spectroscopy

@ Two-Point Correlators

Cij(t) = (O(H)0}(0)) = > (01051 n) (n]0y] 0) e~

n
= age” Pt fage Bt 4.

o lim e Fot
t—o0

e O made to have definite quantum numbers

Single Pion Operator
m(p, 1)t = 3, d(w, t)e P yzu(a, t) = d(t)T (p)u(t)

o GEVP to extract multiple states

o LapH scattering for quark propagator
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SO(3) Reduction
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Connection to scattering

s o
Scattering process: eg. Noop
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— how to access co-vol. physics?
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2 Body Quantization Condition
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e Compare scattering amplitude M in
finite and infinite volume

arXiv:1409.1966

e Ignore exponentially supressed FV effects

Quantization Condition

det o [M(6) +0GY (E)] =0 (1)
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Wick Contractions

Numerically evaluating <(’)i (t)(?;f (0)> for Nzt
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Computation grows factorially in number of quarks of a given flavor
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Time Dependent Wrap Around Effects

For O, 0" o

Spectral Decomposition
C(t) = an<m | e HT=)0e=Ht | n)(n | OF | m)
m=0:C(t) x e Eit

m=r7:C(t) x B (1) Z(O | e 2t | n)(n | OT | )
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Fit correlator with Aje ™t 4 Age ™2t 4 Aqe—AE
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Three Particle Quantization Condition

@ Three equivalent formalisms

» FVU (Déring, Mai) based on unitarity

» RFT (Hansen, Sharpe, ...) based on time ordered perturbation
theory

» NREFT (Rusetsky, Peng, ...) non-relativistic EFT

o 8 kinematic variables in infinite volume

o FVU/RFT/NREFT equivalent

Reviews: M. Hansen, S. Sharpe, arXiv:1901.00483. M. Mai, M. Déring, A. Rusetsky, arXiv:2103.00577
FVU & RFT Comparison: A. Jackura et al, arXiv:1905.12007
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Three Particle Quantization Condition

A
p— - 3 ~_1 ) — L
0 = det [ B(s) + C(s)-2L°E, (K'(s) zés)) ](mcp'p)

one-particle exchange three-body force

- fixed by 3b-unitarity

AN

* no free parameters

+ dynamics of px system

+ regular function = Laurent series
Cosls. 0. = Y, O @ p)s —mE)
=1

+ fit to 3-body levels — next slide

MM, Doring EPJA (2017)
PRL (2019)

two-body kernel

« dynamics of /=T zz system

n=l
K \s) = Z a-af
i=0

= regular function = polynomial

30/ MM et al. [GWQCD] (2019)

« parameters (ac,a7) from cross-
channel fit to zr GWQCD levels

two-body self-energy

« fixed by 2b-unitarity

>

« no free parameters
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Operator basis

GJPCy =1-(1th) choose I3 = —1

Operator Iss
p 0 —m pP -
7r_o -
6y Ty Ty + My Ty Wy + Wy wy Wy + 275 wng — 3wy wdw§ + 3w 79wy 2
Ty Ty T — T3 Ty W;' o mng + m 1
Ty Ty WY+ s — my Al 0

mf = m°(pi)

o Use two most prominent two-particle decays

o Include many three-pion operators

@ Project these onto appropriate Oy, and Dyy, irreps
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Operators for 220 MeV Cubic Box
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Operator dependence
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3 Body QC in Action

Mai et al. PRL 127(2021) 22
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Resonance Position
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Ensembles

Label Ny x N2, xN. n  a[fm] Netg  amx

& 48 x 24% x 24 1.00 0.1210(2)(24) 300  0.1931(4)
& 48 x 24° x 30 1.25 — - 0.1944(3)
& 48 x 24% x 48 2.00 — — 0.1932(3)
&4 64 x 24° x 24 1.00 0.1215(3)(24) 400  0.1378(6)
Es 64 x 24> x 28 117 — — 0.1374(5)
Es 64 x 24* x 32 1.33 — - 0.1380(5)
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24 x 48 315MeV Spectrum
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24 x 48 315MeV Overlaps

0.0

1

1

State 1

273747567 8 910111213 1415
State 3

2'3"4"5°67 8 9101112'1314'15

State 2

17273745678 9101112131415
State 4

1727374"5°6"7"8"9101112'13'14'15

1:qq
2-T:pm
8-10:0m
11-15:77m

24 / 27



48 x 24% x 48 315MeV Spectrum
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48 x 24% x 48 315MeV Overlaps

State 1 State 2
10 10
08 08
06l 06
04f 04
02 02
" 1 oo~ ull __n —
2375 78 NG NAZ AR A AN DB BDLLD 23456 78 910 A AT AS B BDRHD:
10- State 3 10 State 4
08l 08
06l 06

1234567891

1:qq
2-T:pm
8-13:0m
14-27:wmrmw

26 / 27



Conclusion

e Lattice QCD is currently tackling three-particle scattering
problems including resonances

@ a1(1260) mass and width are not completely unreasonable

» 4 parameters and 2 data points
» One non-physical pion mass
» Significant increase in numerical cost to capture spectrum

e More energies being extracted
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No moving frames

Geometry | P A | JP (1% =17) PDG resonances
Cubic P =(0,0,0) ny 17,3+, ... a1(1260)
Atu 0,47, ... T, 7(1300)
Aug 0+, 4+, ... a0(980), ao(1450)
z-Elongated P =(0,0,0) Aag 1,37, ... a1(1260)
E, 17, 2%, 3%, ... a1(1260), az(1320)
Ay 07,27,47, ... w, 7(1300)
Cubic & z-Elongated P =(0,0,n) Ay 07,17, 27,3 47, ... a1(1260), 7, m(1300)
E 1%, 2% 3% 4% a1(1260), a2(1320), 1 (1400)

1/1



	Motivation
	Spectroscopy
	Three Particle Spectroscopy
	a1(1260)
	More a1(1260) lattice data
	Appendix

