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Motivation

We need data to constrain the low-energy coefficients from EFTs
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Lack of experimental data for baryonic systems that contain strange

- R c

Py np $np @ Bowen, 61 pp — pp ® Barashenkov, 61 [Ap — Ap ® Pickenbrock, 67 | Ap — £0p o Kadyk, 71 [S=p — AA e Ahn, 06 ©

u a r S o Lisowski, 82 % Cline, 67 B T 14 Q.

L § A Alexander, 68 Q

250 | T B Sechi-Zorn, 68 —

o Kadyk, 71 B T 112 D

¢ Hauz aaaaa 77 Q.

200 + + 410 =

o

i 1 s 3

o 150 | T T E o

— e Trrr[rrrr oo 3 o

ol £ ] Cno<1 2 L + 16 <

N : 19 J [J1<no<2 100 F Q + + E Q

la ," E [02<no<3 ’, L 14 J4 %

~ = ne>3 . 501 g, T K3 + 1 1 1, a

0 o 7 B&8 Unphys. C(k*) = ) .

o ’ ] E +— : —t——— — Tt ——t—+—+—t v

d — - STAR ~— ]+p — 2+p ® Dosch, 66 “p—X"p @ Dosch, 66 [S7p— »0ne Engelmann, 66 | ©~p — Ane® Engelmann, 66 |E"p — E7p e Ahn, 06 g

7 o Eisele, 71 o Bisele, 71 0 Stephen, 70 0 Stephen, 70

9 ] -+ HALQCD b e Ahn, 05 e Kondo, 00 i i g

= 3 & HKMYY wor T T >

B JPt 9 = * FG >

POl - T T — .- ND 200 | 5

© - - 5
= ALI?_E ] .o NF :

S | mESie 4 -+-Nscso 150 - T . =

pp Is = 13 TeV B =

. - <

S L pPb sy =502Tev o ~¢ " NSCO7 &

= IA—A @ A-A ;I)airs = Ehime 100 F 1 1 1 iR

Ll Ll 1 1 A1 1 . ESCOs @

< 3 4 5 0 1 + =

m ISS

_ = 50 + + + —

N 1 (fm 1) 3 5 4+ F{h«}« 5 o)

" s | M oo | —— B

.............................. o

200 300 400 500 600 700 200 300 400 500 600 700 200 300 400 500 600 700 200 300 400 500 600 700 200 300 400 500 600 700 N~

Plab (MeV/c) 2


https://doi.org/10.1016/j.physletb.2019.134822
https://www.sciencedirect.com/science/article/abs/pii/000349169090254L?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/000349169090254L?via=ihub
https://doi.org/10.1016/j.physletb.2019.134822

Nuclear physics with lattice QCD

To complement experimental data, we can use lattice QCD
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Nuclear physics with lattice QCD

To complement experimental data, we can use lattice QCD

But why most of the results are obtained with heavier-than-physical
quark masses?
(NPLQCD, PACS-CS, CallLat, Mainz, HAL QCD)
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Nuclear physics with lattice QCD

To complement experimental data, we can use lattice QCD

But why most of the results are obtained with heavier-than-physical
quark masses?
(NPLQCD, PACS-CS, CallLat, Mainz, HAL QCD)
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Nuclear physics with lattice QCD

Signal-to-noise problem
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Nuclear physics with lattice QCD

A world with m_~ 800 MeV and exact SU(3)r symmetry:

Beane et al. [NPLQCD], PRD 87 (2013) (no e.m.)
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Baryon-baryon systems
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EFT for two-baryon systems

At very low energies, we can use pionless EFT to study the baryon-baryon
Interaction
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Results at m_ ~ 450 MeV - spectrum

Illa et al. [NPLQCD], PRD 103 (2021), 054508

ng=2+1, m; =450(5) MeV, b=0.117(2) fm
Le{28, 3.7, 5.6} fm T € {7.5, 11.2, 11.2} fm
Different smearings: SP and SS

Boosted systems (d) and back-to-back momenta
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Results at m_ ~ 450 MeV - spectrum
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ng=2+1, m; =450(5) MeV, b=0.117(2) fm
Le{28, 3.7, 5.6} fm T € {7.5, 11.2, 11.2} fm
Different smearings: SP and SS

Boosted systems (d) and back-to-back momenta
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With SU(3) flavor symmetry being explicitly broken, the baryons will
have different mass

MN ~ 1.23 GeV MA ~ 1.31 GeV ME ~ 1.35 GeV ME ~ 1.41 GeV
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Results at m_ ~ 450 MeV - spectrum
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ng=2+1, m; =450(5) MeV, b=0.117(2) fm
Le{28, 3.7, 5.6} fm T € {7.5, 11.2, 11.2} fm
Different smearings: SP and SS

Boosted systems (d) and back-to-back momenta
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Noisier correlation functions, so a more elaborated fitting strategy

iS need ed Beane et al. [NPLQCD,QCDSF], PRD 103 (2021)
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Results at m_ ~ 450 MeV - spectrum

Illa et al. [NPLQCD], PRD 103 2021 054508
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Results at m, ~ 450 MeV - Binding energies

Illa et al. [NPLQCD], PRD 103 2021 054508

We use Liischer’'s formalism to compute binding energies and scattering

para Mmeters Lischer, CMP 105 (1986), NPB 354 (1991) + many more
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Results at m, ~ 450 MeV - Scattering parameters

Illa et al. [NPLQCD], PRD 103 2021 054508

We use Liischer’'s formalism to compute binding energies and scattering

para Mmeters. Lischer, CMP 105 (1986), NPB 354 (1991) + many more

Now not all the kinematic points fall inside the t-channel cut...
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Results at m, ~ 450 MeV - Scattering parameters

Illa et al. [NPLQCD], PRD 103 2021 054508

Systems with resolved r/a show unnaturalness \
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Compared to m_ ~ 800 MeV, we have now less points to fit with larger
uncertainties
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2T )

A= M k* cot § — ik* k= i)

» Lk¥cotd

po—intoe T8 =0

14


https://doi.org/10.1103/PhysRevD.103.054508
https://doi.org/10.1103/PhysRevD.103.054508

RESUItS at m ~/ 450 MeV - EFT constraints

fla et al. [NPLACD], PRD 103 (2091). 054508
If we want to study SU(6), first we have to check SU(3)s

For the 27-plet systems:
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RESUItS at m ~/ 450 MeV - EFT constraints

Illa et al. [NPLQCD], PRD 103 2021 054508

If we want to study SU(6), first we have to check SU(3)s
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RESUItS at mﬂ ~/ 450 MeV - EFT constraints

Illa et al. [NPLQCD], PRD 103 (2021), 054508
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RESUItS at m ~/ 450 MeV - EFT constraints
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Summary

i LQCD can be used to help constrain EFTs when there are no
experimental data

= Although calculations are not © physical point, they are useful
to reveal the symmetries more clearly

At 800 MeV, there is an accidental SU(16) symmetry, and at
450 MeV, despite the quarks having different masses, SU(3) and
SU(6) are still approximate

= Discrepancies between different methods (variational, HAL QCD)
need to be understood

1= Calculations near the physical pion mass are being performed
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