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Experimental input to constrain theory

Experimental status

updated from Dover and Feshbach, Ann. Phys. 198 (1990)
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ALICE Collaboration, PLB 797 (2019)

Scattering data

Femtoscopy data

Source: Axel Pérez-Obiol

Hypernuclei data
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Lattice QCD
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Landscape for octet-baryon studies

Potential approach

Present status

Direct approach
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Potential approach

HAL QCD has performed the first LQCD calculations almost at the physical 
point
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⇤⇤�N⌅

HAL QCD, PRL 120 (2018)

HAL QCD, PLB 792 (2019)

HAL QCD, NPA 998 (2020)

ALICE, Nature 588 (2020)
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Traditionally, calculations were performed with asymmetrical correlators 
(different source and sink operators), leading to bound NN systems
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The systems with hyperons have also been studied

TABLE XVIII: Summary of the extracted ground-state binding energies of the nuclei and hyper-
nuclei studied in this work.

State A s I J
⇡ SU(3) irrep Binding Energy (MeV) ⇠ B/A (MeV)

d (deuteron) 2 0 0 1+ 10 19.5(3.6)(3.1)(0.2) 10

nn (di-neutron) 2 0 1 0+ 27 15.9(2.7)(2.7)(0.2) 8

n⌃ 2 -1 3
2 1+ 10 5.5(3.4)(3.7)(0.0) 3

H (H-dibaryon) 2 -2 0 0+ 1 74.6(3.3)(3.3)(0.8) 37

n⌅ 2 -2 0 1+ 8A 37.7(3.0)(2.7)(0.4) 19
3He, 3H 3 0 1

2
1
2
+

35 53.9(7.1)(8.0)(0.6) 18
3
⇤H(hypertriton) 3 -1 0 1

2
+

35 53.9(7.1)(8.0)(0.6) 18
3
⇤H(hypertriton) 3 -1 0 3

2
+

10 82(8)(12)(1) 27
3
⇤He, 3

⇤H̃, nn⇤ 3 -1 1 1
2
+

27 69(5)(12)(0) 23
3
⌃He 3 -1 1 3

2
+

27 55(6)(10)(1) 18
4He 4 0 0 0+ 28 107(12)(21)(1) 27

4
⇤He, 4

⇤H 4 0 0 0+ 28 107(12)(21)(1) 27
4

⇤⇤He, 4
⇤⇤H, nn⇤⇤ 4 0 0 0+ 27 156(16)(21)(2) 39
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FIG. 19: A compilation of the nuclear energy levels, with spin and parity J
⇡, determined in this

work.

In the three-body sector, we are able to cleanly identify the J
⇡ = 1

2

+
ground state

29

Beane et al. [NPLQCD], PRD 87 (2013)

m⇡ = mK ⇠ 806 MeV
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Some insights about their fundamental interactions

Scattering parameters
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Natural caseUnnatural case @ µ = m⇡
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Observe accidental SU(16) symmetry at ~800 MeVmπ

(expected an SU(6) from the large-Nc limit)

Why is there an SU(16) symmetry?

Its existance follows from entanglement suppresion in the S-matrix 
(minimum entanglement power)
Beane et al., PRL 122 (2019)

Interesting to note that the strong force works in the opposite way compared 
to QED (where one finds that it maximixes entanglement)
Cervera-Lietra et al., SciPost 3 (2017)

EFT matching: LO pionless

Baryon-baryon interactions
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Some insights about their fundamental interactions

Scattering parameters EFT matching: LO pionless

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

27 10 8A10

a�
1
[l
.u
.]

r
[l
.u
.] ���� ���� ���� ����

����
���� ����

����

-���

���

���

���

���

���

r/
a

27 10 8A10

���� ����
���� ����

����
����

����
����

-����

����

����

����

����

����

���� ����
���� ����

����
����

����
����

�

�

��

��

��

���� ����
����

����

-���
-���
-��
�
��
���
���
���

P
[l
.u
.]

NERE 2 3 2 3 2 3 2 3 NERE 2 3 2 3 2 3 2 3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

N
E
R
E
=

2
N

E
R
E
=

3

27 10 8A10

a�
1
[l
.u
.]

r
[l
.u
.] ���� ���� ���� ����

����
���� ����

����

-���

���

���

���

���

���

r/
a

27 10 8A10

���� ����
���� ����

����
����

����
����

-����

����

����

����

����

����

���� ����
���� ����

����
����

����
����

�

�

��

��

��

���� ����
����

����

-���
-���
-��
�
��
���
���
���

P
[l
.u
.]

NERE 2 3 2 3 2 3 2 3 NERE 2 3 2 3 2 3 2 3

m
⇡
⇠

80
6
M
eV

<latexit sha1_base64="nOQCvivLfm7Fw9j9tKImz3T/j9s=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlPsCL6MWLEMHEQDaE2UknDs7MLjO9YlgC/oY/4FX/wJt49egP+B1OYg6aWNBQVHXT3RUlUlj0/U9vanpmdm4+t5BfXFpeWS2srddsnBoOVR7L2NQjZkEKDVUUKKGeGGAqknAd3Z4N/Os7MFbE+gp7CTQV62rREZyhk1qFTdUKExFaoeiRf0DD4xDhHrMLqPVbhaJf8oegkyQYkSIZodIqfIXtmKcKNHLJrG0EfoLNjBkUXEI/H6YWEsZvWRcajmqmwDaz4Q99uuOUNu3ExpVGOlR/T2RMWdtTketUDG/suDcQ//U40xzk2HbsHDUzoZMUQfOf5Z1UUozpICTaFgY4yp4jjBvh7qf8hhnG0UWZd8EE4zFMktpeKSiX9i/LxZPTUUQ5skW2yS4JyCE5IeekQqqEkwfyRJ7Ji/fovXpv3vtP65Q3mtkgf+B9fAOIxJ9I</latexit>

Natural caseUnnatural case @ µ = m⇡

c1 c2 c3 c4 c5 c6 c1 c2 c3 c4 c5 c6

�� �� �� ��

��

��

-��

-��

-��

�

��

��

��

�� �� �� ��

��

�����

���

���

���

���

W
agm

an et al. [N
PLQ

C
D

], 
PR

D
 96 (2017)

Observe accidental SU(16) symmetry at ~800 MeVmπ

N
N

(1
S

0
)

ß
N

(1
S

0
)

ß
ß

(1
S

0
)

•
ß

(1
S

0
)

•
•

(1
S

0
)

N
N

(3
S

1
)

•
N

(3
S

1
)0.00

0.05

0.10

0.15

a°
1

[l
.u

.]

N
N

(1
S

0
)

ß
N

(1
S

0
)

ß
ß

(1
S

0
)

•
ß

(1
S

0
)

•
•

(1
S

0
)

N
N

(3
S

1
)

•
N

(3
S

1
)°15

°10

°5

0

5

10

r
[l
.u

.]

N
N

(1
S

0
)

ß
N

(1
S

0
)

ß
ß

(1
S

0
)

•
ß

(1
S

0
)

•
•

(1
S

0
)

N
N

(3
S

1
)

•
N

(3
S

1
)°2.0

°1.5

°1.0

°0.5

0.0

0.5

r/
a

m
⇡
⇠

45
0
M
eV

<latexit sha1_base64="NA614LXFGo63pjA3qqyZx3whG6k=">AAACF3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlQcFL0IsXIYJ5gBvC7KSjgzOzy0yvGJaAv+EPeNU/8CZePfoDfoeTx0GjBQ1FVTfdXVEihUXf//RmZufmFxZzS/nlldW19cLGZsPGqeFQ57GMTStiFqTQUEeBElqJAaYiCc3o9nToN+/AWBHrS+wn0FbsWoue4Ayd1Clsq06YiNAKRcsVn4bHIcI9ZufQGHQKRb/kj0D/kmBCimSCWqfwFXZjnirQyCWz9irwE2xnzKDgEgb5MLWQMH7LruHKUc0U2HY2+mFA95zSpb3YuNJIR+rPiYwpa/sqcp2K4Y2d9obivx5nmoOc2o69o3YmdJIiaD5e3kslxZgOQ6JdYYCj7DvCuBHufspvmGEcXZR5F0wwHcNf0jgoBeVS5aJcrJ5MIsqRHbJL9klADkmVnJEaqRNOHsgTeSYv3qP36r157+PWGW8ys0V+wfv4BoCIn0M=</latexit>

10

<latexit sha1_base64="rqE2oR7EeeTPxgdn91vW+exgZsg=">AAACCHicbVBLSgNBFHwTfzH+oi7dNAbBVZgRRZdBNy4jmA8kQ+jpvCRNenrG7h4hDLmAF3CrN3Anbr2FF/Ac9iSz0MSCB0XVK96jglhwbVz3yymsrK6tbxQ3S1vbO7t75f2Dpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGN5nfekSleSTvzSRGP6RDyQecUWMlvxtZM8umnjvtlStu1Z2BLBMvJxXIUe+Vv7v9iCUhSsME1brjubHxU6oMZwKnpW6iMaZsTIfYsVTSELWfzp6ekhOr9MkgUnakITP1dyKlodaTMLCbITUjvehl4r8eo5KhWLhuBld+ymWcGJRsfnyQCGIikrVC+lwhM2JiCWWK2/8JG1FFmbHdlWwx3mINy6R5VvXOqxd355XadV5REY7gGE7Bg0uowS3UoQEMHuAZXuDVeXLenHfnY75acPLMIfyB8/kDQRSacg==</latexit>

8A

<latexit sha1_base64="ECBnel17EWiNINVWvQoFakN3Hx4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo5RLx4jmgckS5id9CZDZmeXmVkhhIA/4FX/wJt49Vf8Ab/DSbIHTSxoKKq6qaaCRHBtXPfLya2srq1v5DcLW9s7u3vF/YOGjlPFsM5iEatWQDUKLrFuuBHYShTSKBDYDIY3U7/5iErzWD6YUYJ+RPuSh5xRY6X7SveqWyy5ZXcGsky8jJQgQ61b/O70YpZGKA0TVOu25ybGH1NlOBM4KXRSjQllQ9rHtqWSRqj98ezVCTmxSo+EsbIjDZmpvy/GNNJ6FAV2M6JmoBe9qfivx6hkKBbSTVjxx1wmqUHJ5uFhKoiJybQL0uMKmREjSyhT3P5P2IAqyoxtrGCL8RZrWCaNs7J3Xr64Oy9Vr7OK8nAEx3AKHlxCFW6hBnVg0IdneIFX58l5c96dj/lqzsluDuEPnM8f552VzQ==</latexit>

27

<latexit sha1_base64="2uxeaZoaNHbXivYcQdutCoJ+cj4=">AAAB/XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo9ELx7RCJLAhswOvTBhdnYzM2tCCPEHvOofeDNe/RZ/wO9wgD0oWEknlaruVKeCRHBtXPfLya2tb2xu5bcLO7t7+wfFw6OWjlPFsMliEat2QDUKLrFpuBHYThTSKBD4EIyuZ/7DIyrNY3lvxgn6ER1IHnJGjZXuKrVeseSW3TnIKvEyUoIMjV7xu9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80+n5MwqfRLGyo40ZK7+vpjQSOtxFNjNiJqhXvZm4r8eo5KhWEo34aU/4TJJDUq2CA9TQUxMZlWQPlfIjBhbQpni9n/ChlRRZmxhBVuMt1zDKmlVyl61fHFbLdWvsorycAKncA4e1KAON9CAJjAI4Rle4NV5ct6cd+djsZpzsptj+APn8wcRHpVU</latexit>

Illa et al. [N
PLQ

C
D

], 
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D
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Don’t observe SU(3)f symmetry breaking effects at ~450 MeVmπ

EFT matching: LO+NLO pionless

Baryon-baryon interactions
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Direct fitting to LQCD energies via EFT

Baryon-baryon interactions

Eliyahu, Bazak, Barnea, PRC 102 (2020)
Detmold, Shanahan, PRD 103 (2021)
Sun, Detmold, Luo, Shanahan, 2022
Detmold, Romero-López, Shanahan, 2023

Barnea et al., PRL 114 (2015)

Sun, Detmold, Luo, Shanahan, 2022

LO contact terms 2-body+3-body

LO+NLO contact 
terms 2-body

Detmold, Romero-López, Shanahan, 2023
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m⇡ ⇠ 800 MeV

Bazak, HYP2022 conference

Fit to all octet systems

Contessi et al., PLB 07 (2017)
Bansal et al., PRC 98 (2018)
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Baryon-baryon interactions

What evidence do we have that these bound states are real?

PRO CON

Off-diagonal correlators show plateau for 
deep states [NPLQCD, CalLat, PACS]

Same state seen in different volumes, 
hard to find cancellations

EFT matching shows consistency between 
A = 2, 3 & 4 systems

Extrapolated matrix elements match 
experimental results (magnetic moments), 
consitency of sigma terms between slope 
and direct calculation

GEVP analyses do not see states unless 
the right operators  are included in the set

Variational bounds from GEVP consistent 
with threshold state [Hörz et al., 
NPLQCD,Mainz]

HAL QCD potentials do not see bound 
states

GEVP can reconstruct approximately 
off-diagonal correlators
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All these calculations are still incomplete. The major challenges are:

Baryon-baryon interactions

• Reaching physical quark masses

• Control finite-volume effects

• Reach continuum limit

• Statistically noisy data

• Excited state contamination

• Design operators with large overlap onto ground state



Green et al., PRL 127 (2021)

First steps with the 
H-dibaryon @ Mainz
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All these calculations are still incomplete. The major challenges are:

Baryon-baryon interactions

• Reaching physical quark masses

• Control finite-volume effects

• Reach continuum limit

• Statistically noisy data

• Excited state contamination

• Design operators with large overlap onto ground state

Ongoing debate if 
bound states exist 
at m ~800 MeVπ
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The first variational calculations appeared in 2018 by the Mainz group, 
and additional studies were performed in 2020-21 by CalLat and NPLQCD

NN sector

Mainz and CalLat operator sets only include dibaryon 
operators: two spatially-separated plane-wave 
baryons with relative momenta (projected to cubic 
irreps)

Energy levels are slightly below from non-interacting 
levels
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NN sector

Mainz and CalLat operator sets only include dibaryon 
operators: two spatially-separated plane-wave 
baryons with relative momenta (projected to cubic 
irreps)
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Amarasinghe et al. [NPLQCD], PRD 107 (2023)

We also included the hexaquark operators: six quarks 
at a point

and also quasi-local operators: two exponentially 
localized baryons (EFT inspired by deuteron wvf)
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Energy levels disappear when the 
operator with the corresponding 
larger overlap is removed
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N⇡

Dudek et al. [HadSpec], PRD87 (2013)

Wislon et al. [HadSpec], PRD92 (2015)

Lang, Verduci, PRD87 (2013)

Kiratidis et al., PRD91 (2015)

Are we still missing operators?

Large interpolating-operator 
depence is observed

The first variational calculations appeared in 2018 by the Mainz group, 
and additional studies were performed in 2020-21 by CalLat and NPLQCD

NN sector

What about the noisy hex-level?
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NN sector

What about the noisy hex-level?
We are running additional hexaquark operators on a smaller volume 
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L = 4.5 fm ! 3.4 fm
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NN(1S0)1 hex + 5 dibaryon 16 hex + 5 dibaryon

Will it keep going down?
Or is it another state? d*?
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H-dibaryon (S=-2)

The H-dibaryon (coupled                          I=0 channel) was first predicted 
by Jaffe to be deeply bound (80 MeV)
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⇤⇤� ⌃⌃�N⌅
Jaffe, PRL 38 (1977)

Experimental searches find upper bound from         (7 MeV)
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6
⇤⇤He

Takashi et al., PRL 87 (2001); Nakazawa et al., NPA 835 (2010); Ahn et al., PRC 88 (2013)

New results from femptoscopy (possibly bound)
STAR (2015), ALICE (2019)



16

H-dibaryon (S=-2)

The H-dibaryon (coupled                          I=0 channel) was first predicted 
by Jaffe to be deeply bound (80 MeV)
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Experimental searches find upper bound from         (7 MeV)
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6
⇤⇤He

Takashi et al., PRL 87 (2001); Nakazawa et al., NPA 835 (2010); Ahn et al., PRC 88 (2013)

New results from femptoscopy (possibly bound)
STAR (2015), ALICE (2019)

Green et al., PRL127 (2021)

From the LQCD side, there is some 
tension around 800 MeV

perliminary variational results
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H-dibaryon (S=-2)

The H-dibaryon (coupled                          I=0 channel) was first predicted 
by Jaffe to be deeply bound (80 MeV)

<latexit sha1_base64="lniTifLqggyUWUwh5BockcIqTj8=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiaZUgXmMFCwNCRdCH1ESV4zitVduJbAepirqy8CssDCDEyh+w8Te4bQZoOZJ9j849V/Y9QcKo0o7zbRUWFpeWV4qrpbX1jc0te3unqeJUYtLAMYtlO0CKMCpIQ1PNSDuRBPGAkVYwuBz3Ww9EKhqLez1MiM9RT9CIYqSN1LWhd23MIcpLxbujPY6md+XGa9OuXXaqzgRwnrg5KYMc9a795YUxTjkRGjOkVMd1Eu1nSGqKGRmVvFSRBOEB6pGOoQJxovxssskIHhglhFEszREaTtTfExniSg15YJwc6b6a7Y3F/3qdVEfnfkZFkmoi8PShKGVQx3AcCwypJFizoSEIS2r+CnEfSYS1Ca9kQnBnV54nzaOqe1o9uT0u1y7yOIpgD+yDQ+CCM1ADV6AOGgCDR/AMXsGb9WS9WO/Wx9RasPKZXfAH1ucPcvyZjg==</latexit>

⇤⇤� ⌃⌃�N⌅
Jaffe, PRL 38 (1977)

Experimental searches find upper bound from         (7 MeV)
<latexit sha1_base64="FiGZoMJ3OGCrWSNRJrkjfzRCPtQ=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUIChJLBUsHhiLRh9SEyHHc1qrzkO0gVVa+gIVfYWEAIVZmNv4Gp80AhWNZ9+jce2Tf4yeMCmlZX0ZpaXllda28XtnY3NreMXf3uiJOOSYdHLOY930kCKMR6UgqGeknnKDQZ6TnT67yfu+ecEHj6FZOE+KGaBTRIcVIaskzayrzlHOtDQEqSnannIv8wEbm8FC1SOaZVatuzQD/ErsgVVCg7ZmfThDjNCSRxAwJMbCtRLoKcUkxI1nFSQVJEJ6gERloGqGQCFfN1slgTSsBHMZc30jCmfrToVAoxDT09WSI5Fgs9nLxv94glcNzV9EoSSWJ8PyhYcqgjGGeDQwoJ1iyqSYIc6r/CvEYcYSlTrCiQ7AXV/5Lusd1u1E/vTmpNi+LOMrgAByCI2CDM9AELdAGHYDBA3gCL+DVeDSejTfjfT5aMgrPPvgF4+Mb4lOcAQ==</latexit>

6
⇤⇤He

Takashi et al., PRL 87 (2001); Nakazawa et al., NPA 835 (2010); Ahn et al., PRC 88 (2013)

New results from femptoscopy (possibly bound)
STAR (2015), ALICE (2019)

Green et al., PRL127 (2021)

From the LQCD side, there is some 
tension around 800 MeV

perliminary variational results

<latexit sha1_base64="CgV1L3PNnXEF5nNhdYe+GJ+XT+A=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchaQWFUQounFZwT6gCWUynbRDZyZhZiKEUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3njBhVGnX/bZWVtfWNzZLW+Xtnd29ffvgsK3iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOL6d+p1HIhWNxYPOEhJwNBQ0ohhpI/XtCrp2Ha92Bv0rmPuSw4hP+nbVddwZ4DLxClIFBZp9+8sfxDjlRGjMkFI9z010kCOpKWZkUvZTRRKEx2hIeoYKxIkK8tnxE3hilAGMYmlKaDhTf0/kiCuV8dB0cqRHatGbiv95vVRHl0FORZJqIvB8UZQyqGM4TQIOqCRYs8wQhCU1t0I8QhJhbfIqmxC8xZeXSbvmeOdO/b5ebdwUcZTAETgGp8ADF6AB7kATtAAGGXgGr+DNerJerHfrY966YhUzFfAH1ucP3VeTAQ==</latexit>

a = 0.123 fm

Also, some differences at around 400 MeV 
(lattice spacing effects?)

<latexit sha1_base64="dx9A9YO9c3khdC8ArpNhyhYINRU=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1CJC0Y3LCvYBTSiT6aQdOpOEmYkQQv0VNy4UceuHuPNvnD4W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FJxKgltkpjHshNgRTmLaFMzzWknkRSLgNN2MLqd+O1HKhWLowedJdQXeBCxkBGsjdSzy/jaqTq1GvKuUO5JgUIx7tkVo02Blok7JxWYo9Gzv7x+TFJBI004VqrrOon2cyw1I5yOS16qaILJCA9o19AIC6r8fHr8GB0bpY/CWJqKNJqqvydyLJTKRGA6BdZDtehNxP+8bqrDSz9nUZJqGpHZojDlSMdokgTqM0mJ5pkhmEhmbkVkiCUm2uRVMiG4iy8vk9Zp1T2vnt2fVeo38ziKcAhHcAIuXEAd7qABTSCQwTO8wpv1ZL1Y79bHrLVgzWfK8AfW5w/wHJMN</latexit>

a = 0.099 fm
<latexit sha1_base64="BRjD+DuCTwItk35K/HZEq3MAqPE=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUm0+ECEohuXFewDmlIm00k7dCYJMxMhhPorblwo4tYPceffOG2z0OqBC4dz7uXee/yYM6Ud58sqLC2vrK4V10sbm1vbO/buXktFiSS0SSIeyY6PFeUspE3NNKedWFIsfE7b/vhm6rcfqFQsCu91GtOewMOQBYxgbaS+XcZXTtU5uUDeJco8KVAgJn27YrQZ0F/i5qQCORp9+9MbRCQRNNSEY6W6rhPrXoalZoTTSclLFI0xGeMh7RoaYkFVL5sdP0GHRhmgIJKmQo1m6s+JDAulUuGbToH1SC16U/E/r5vo4LyXsTBONA3JfFGQcKQjNE0CDZikRPPUEEwkM7ciMsISE23yKpkQ3MWX/5LWcdU9rdbuapX6dR5HEfbhAI7AhTOowy00oAkEUniCF3i1Hq1n6816n7cWrHymDL9gfXwD5raTBw==</latexit>

a = 0.039 fm
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H-dibaryon (S=-2)

Green et al., PRL127 (2021)

Preliminary variational results at 800 MeV

<latexit sha1_base64="iVqixKjcN6B85RLjntx9Y73uwJM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRaHyBC0Y0LFxXsA5pQJtNJO3QmCTOTQgn9EzcuFHHrn7jzb5y2WWj1wIXDOfdy7z1BwpnSjvNlFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7wIpyFtGGZprTdiIpFgGnrWB4O/VbIyoVi6NHPU6oL3A/YiEjWBupa9v316eVKvKukCdFFopJ1y47FWcG9Je4OSlDjnrX/vR6MUkFjTThWKmO6yTaz7DUjHA6KXmpogkmQ9ynHUMjLKjys9nlE3RklB4KY2kq0mim/pzIsFBqLALTKbAeqEVvKv7ndVIdXvoZi5JU04jMF4UpRzpG0xhQj0lKNB8bgolk5lZEBlhiok1YJROCu/jyX9I8qbjnlbOHarl2k8dRhAM4hGNw4QJqcAd1aACBETzBC7xamfVsvVnv89aClc/swy9YH9+BVpJQ</latexit>

L = 3.4 fm

<latexit sha1_base64="FVkkAXbT7F9hHzJNrgc6qhTNelU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEqiBC0YsHDxXsBzShbLabduluEnY3hRL6T7x4UMSr/8Sb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSoJbZCYx7IdYEU5i2hDM81pO5EUi4DTVjC8m/qtEZWKxdGTHifUF7gfsZARrI3Ute2Hm/NKFXnXyJMiC8Wka5edijMDWiZuTsqQo961v7xeTFJBI004VqrjOon2Myw1I5xOSl6qaILJEPdpx9AIC6r8bHb5BJ0YpYfCWJqKNJqpvycyLJQai8B0CqwHatGbiv95nVSHV37GoiTVNCLzRWHKkY7RNAbUY5ISzceGYCKZuRWRAZaYaBNWyYTgLr68TJpnFfeiUn08L9du8ziKcATHcAouXEIN7qEODSAwgmd4hTcrs16sd+tj3lqw8plD+APr8weEdpJS</latexit>

L = 4.5 fm

Consistent variational bound 
on binding energy in both 
volumes, ~54 MeV

(40 cfgs)

(100 cfgs)
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H-dibaryon (S=-2)

Green et al., PRL127 (2021)

Preliminary variational results at 800 MeV

<latexit sha1_base64="iVqixKjcN6B85RLjntx9Y73uwJM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRaHyBC0Y0LFxXsA5pQJtNJO3QmCTOTQgn9EzcuFHHrn7jzb5y2WWj1wIXDOfdy7z1BwpnSjvNlFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7wIpyFtGGZprTdiIpFgGnrWB4O/VbIyoVi6NHPU6oL3A/YiEjWBupa9v316eVKvKukCdFFopJ1y47FWcG9Je4OSlDjnrX/vR6MUkFjTThWKmO6yTaz7DUjHA6KXmpogkmQ9ynHUMjLKjys9nlE3RklB4KY2kq0mim/pzIsFBqLALTKbAeqEVvKv7ndVIdXvoZi5JU04jMF4UpRzpG0xhQj0lKNB8bgolk5lZEBlhiok1YJROCu/jyX9I8qbjnlbOHarl2k8dRhAM4hGNw4QJqcAd1aACBETzBC7xamfVsvVnv89aClc/swy9YH9+BVpJQ</latexit>

L = 3.4 fm

<latexit sha1_base64="FVkkAXbT7F9hHzJNrgc6qhTNelU=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEqiBC0YsHDxXsBzShbLabduluEnY3hRL6T7x4UMSr/8Sb/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSoJbZCYx7IdYEU5i2hDM81pO5EUi4DTVjC8m/qtEZWKxdGTHifUF7gfsZARrI3Ute2Hm/NKFXnXyJMiC8Wka5edijMDWiZuTsqQo961v7xeTFJBI004VqrjOon2Myw1I5xOSl6qaILJEPdpx9AIC6r8bHb5BJ0YpYfCWJqKNJqpvycyLJQai8B0CqwHatGbiv95nVSHV37GoiTVNCLzRWHKkY7RNAbUY5ISzceGYCKZuRWRAZaYaBNWyYTgLr68TJpnFfeiUn08L9du8ziKcATHcAouXEIN7qEODSAwgmd4hTcrs16sd+tj3lqw8plD+APr8weEdpJS</latexit>

L = 4.5 fm

Consistent variational bound 
on binding energy in both 
volumes, ~54 MeV

(40 cfgs)

(100 cfgs)



Summary, open questions and future directions
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We can use LQCD to reach systems that are difficult for experimentalists 
(like strange systems)

Starting production for different baryon-baryon systems closer to the 
physical point (  ~170 MeV) with different volumesmπ

It is still not clear what the best operators are to include in a variational 
analysis for two-baryon systems

Need to understand extra hex-level

Variational bounds for H-dibaryon agree with old asymmetric result, 
interesting tension with newer results

Are we missing other operators?

Most interesting ones are . Can we provide more data to 
constrain theory models (like EFT)? 

S = − 1



Thank you


