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[Farrar 2017, arXiv:1708.08951v2.
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e Dark matter prevalence.

e Experimentally:
e B, <7.9MeV from "Nagara' events. [BELLE 2013, PRL 110.222002]

e aresonance in AA, or a bound/virtual state in NE? [J-PARC E42, 2022-2026]
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H-dibaryon background

¢ In the SUQ3),-symmetric point, the interaction of two baryons 1s

m,=my;=m, — 8R8=(108027)® 8D 10 10),

e The H-dibaryon i1s a scalar in the 1 irreducible representation (irrep).

e Away from $ U(3); -symmetric point, 1, 8¢, 27 all contribute to a § = - 2,

[ = 0 state.
s e

e The AA, NZ, X states form the singlet via:

— \ 40 V4 V40
UVE E BT
40 40 40
[Inoue et al. (HAL QCD) 2010, 10.1143/PTP.124.591]

[Padmanath et al. 2021, arXiv:2111.11541v1]
[Laudicina et al. (BaSC) 2026, arXiv:2603.00698v1]
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H-dibaryon is sensitive to m_and a

e H-dibaryon is a shallow bound state 1n the continuum at the
m_ = myg ~ 420 MeV.

o B2 =4.56 % 1.13, £ 0.63,,, MeV.
e Finite-volume analysis on 8 ensembles then extrapolated to continuum
limat.
¥ HAL QCD
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D200 specs and operator basis

a [fm] b L°xT z. [MGV] mg [MGV] chgs N, stoch—LapH Nisre
0.065 3.55 643 x 128 200 480 2001 448 1
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0.065 3.55 643 x 128 200 480 2001 448 1

e The /=0 angular
momentum irrep in
infinite volume subduces
into the A,, A| irreps of
the finite-volume
symmetry group O,.
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D200 specs and operator basis

a [fm| S L xT  m; [MeV] mg [MeV]

chgs Nstoch—LapH Ntsrc

0.065 3.55 64° x 128

e The /=0 angular
momentum irrep in
infinite volume subduces
into the A,, A| irreps of
the finite-volume
symmetry group O,.

Juan Fernandez-de la Garza, University of Bern

200

480
€.g., 1
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[Dudek et al.
[Morningstar et al.
[Padmanath

2001 448 1
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. PSQ=0 Alg
. PSQ=0 Alg
. P5Q0=0 Alg
0.PSQ=0 Alg L]
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— X 0 X O0Ww X X
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(HadSpec) 2010, PRD 82.034508.
(HadSpec) 2011, PRD 83.114505.

et al. 2021, arXiv:2111.11541°
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GEVP for extracting N lowest levels

e Define correlation matrix for a given operators' basis.

_ O — i ~Ept — (k)7x(k) ,—Ey 1
C; (0 = (00 0[(0) = ) (O |k)k| 0] |Q) e = Y ZWZ:W e
k=0 k=0

where |Q) 1s the vacuum, and Zl.(k) is the overlap factor of the i operator
on the k" eigenstate.
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GEVP for extracting N lowest levels

e Define correlation matrix for a given operators' basis.

_ FOON — i E 1 — (k) e(k) ,—E; 1
C; (1) = (0D 0/(0)) = ) (QO;|k)(k| 0T |Q) e = ) ZWZD ~ha
k=0 k=0
where |Q) 1s the vacuum, and Zl.(k) is the overlap factor of the i operator
on the k" eigenstate.

e Reframe the problem as a generalized eigenvalue problem (GEVP)

N—-1
C. NN ) ZWZ W e™ht = C)v,(t.19) = 4,(t, 1g) Clt) v, (8. )
n=0

where A (1,1) ~ a'V e 5! + O (e_(EN —Ex) t) :
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e Define correlation matrix for a given operators' basis.

_ O — i ~Ept — (k)7x(k) ,—Ey 1
C; (0 = (00 0[(0) = ) (O |k)k| 0] |Q) e = Y ZWZ:W e
k=0 k=0

where |Q) 1s the vacuum, and Zl.(k) is the overlap factor of the i operator
on the k" eigenstate.

e Reframe the problem as a generalized eigenvalue problem (GEVP)
N—-1
NXN — _
C. NN ) ZWZ W e™ht = C)v,(t.19) = 4,(t, 1g) Clt) v, (8. )
n=0
where A (t f ) ~ 0{(0 O ( e_(EN —E,) f) 44— Next contribution is exponentially
a0 " . supressed by (Ey—E)t.

Energy spectrum in the
finite volume !
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*y-shifted timeseries

e
GEVP effective masses in A14(0)
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/InEAB(t’ tO) ~
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e Select the denominator based
on the operator overlaps
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Ratios constructed via overlap estimates

AN PSQO_Alg normalized overlaps |Z"|

e Construct ratio observables

/lnEAB(t’ tO) A

~ G o—AE,t
C, () Cp (D)

R (1) :=

e Select the denominator based
on the operator overlaps

Zj<"> =(Q10;|n) = C}l*(1p) V,,(t)

Juan Fernandez-de la Garza, University of Bern
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S
AN PSQO_Alg ratio fit tmin plot for E-level 0, tyax=22
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Finite-volume spectrum extraction

D200 isosinglet S = —2 finite-volume spectrum
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Finite-volume analysis

e Connect asymptotic states to states in the finite-volume.

det (K—l(E) _ B(P, L)) 0
Cﬂ,l,m,s/ E=E,
Finite-volume properties

Scattering properties
[Lischer 1990, Nucl. Phys. B 354 531-578 + many others.
[Bricefio 2014, Phys. Rev. D 89, 074507
[Morningstar et al. 2017, Nucl. Phys. B 924 477-507]
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Finite-volume analysis

e Connect asymptotic states to states in the finite-volume.

det (K—l(E) _ B(F,L)) ~ 0

Lm.s
60 / \ -
, , Finite-volume properties
Scattering properties

[Lischer 1990, Nucl. Phys. B 354 531-578 + many others.
[Bricefio 2014, Phys. Rev. D 89, 074507
[Morningstar et al. 2017, Nucl. Phys. B 924 477-507]

e The determinant runs over scattering channels ¢ = {AA,NE, XX}, [, m,s.

e We truncate to /[ = 0, total spin s = 0.

e A parametrization for K~ !(E; 0) is then proposed and the parameters 0 are
optimized to match with £ levels as observed on the lattice.
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Parameterization for K~ !(E)

1/ay+ by(E — myp)/my Jan—ne(E) an—ss(E)
Jan—nz(E) 1/ay + by(E — mygz)/myg Ive—ss(E)
Jan—ss(E) Jva—ss(E) 1/ay + by(E — mgy)/myy

K~\(E) _

TN
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Parameterization for K~ !(E)
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K~ '(E) with 3 decoupled channels
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Conclusions and Outlook

M Finite-volume spectrum: ratio fits to determine energy shifts.

. [] First finite-volume analysis: simple parametrizations.

T JExtraction of pole position via analytic continuation of fitted K.
[J Treatment of left-hand cuts.

[]Bayesian / conspiracy fits finite spectrum extraction.

juan.fernandezdelagarza@unibe.ch
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Conclusions and Outlook

M Finite-volume spectrum: ratio fits to determine energy shifts.

. [] First finite-volume analysis: simple parametrizations.

T JExtraction of pole position via analytic continuation of fitted K.
[J Treatment of left-hand cuts.

[]Bayesian / conspiracy fits finite spectrum extraction.

Thanks !
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Finite-volume spectrum (left-hand cuts

D200 isosinglet S = —2 finite-volume spectrum
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Going away from SU(3), -symmetric point...
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[Padmanath, et al. 2021, arXiv:2111.11541]
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