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Separation of scales

Quarks and gluons Nucleons and pions Nucleons
Qcb Meson exchanges Contact interactions
T
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- Low exchanged momentum
- Large pion mass

- Color confinement

QCD YEFT Contact EFT



expansion § and
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Three body force is necessary
to avoid Thomas collapse
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expansion § and derivative -

Three body force is necessary
—4 to avoid Thomas collapse
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LO X X Pionless at Leading Order

o Regularization/Renormalization is required:
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Observables are cut-off dependent:
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* Regularization/model
independent

* QObservables are 1
dependent
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M = Theory break-scale o
Q = Typical exchanged momentum
B = Typical binding per particle

3-Body

N N N

SLO = (—) ~ 50%




M = Theory break-scale 10
Q = Typical exchanged momentum
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Fitting input
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N-A scattering lengh ‘

A. Gal et al. - Strangeness in nuclear physics - Rev.Mod.Phys. 88 (2016) no.3, 035004
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AA Scattering data -

AA scattering parameters
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No sign of bound NNA, other

aHe: A separation energy o (5 1 0)y
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44 1
Bi(3aH) = 1.14(1)75¢) Mev
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Square of reasonable input data

Unbound
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ABpa( faHe) = Bys( RaHe) — 2 By( {He)

% \H is bound/unbound depending
to the theory input
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In a nutshell

Solidly bound!
5 _ +(44)
It is possible to describe them all together. BA( AAHe) =1 14(1)—(26)
( No overbinding problem! )
Bound?
Need more precise Unbound

AA scattering data!
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General

Prospective Predictions

)

Conclusions :

7e-EFT can be applied successfully to A hypernuclei:
(no catastrophic failure, truncation error of ~ 10% at LO).

7 new input data that can be fix on experimental data!

Overcomes overbinding problem (comprehensive description of A < 5 A-hyperons)

3

No boundstate in nnA, npA (S = E) ,NAA or nnAA

npAA might be bound for large ayp, < —1.5 fm

anHe bound (B(§\He) = 1.14(1)7 () Mev )

Extend this approach to A > 6 systems.

Include subleading contributions (explicit = mixing, effective range, .. ).



*He: Overbinding problem

22

Ba(3H) Ba(iHgs) Ba({Hexc) Ba(iHe)
Exp. 0.13(5) [4] 2.16(8) [5] 1.09(2) [6] 3.12(2) [4]
DHT [7] 0.10 2.24 0.36 =>5.16
AFDMCa - 1.97(11) [8] - 5.1(1) [9]
AFDMCb’ 0.23(9) [13] 1.95(9) [13] - 2.60(6) [13]
XEFTa 0.11 [10] 2.31(3) [11] 0.95(15) [11] 5.82(2) [12]
XEFTb - 2.13 (3) [11] 1.39(15) [11] 4.43(2) [12]

All the energies are in MeV.
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N-A scattering data 23

as ZmLeim Sechi-Zorn et al. : 0.2 0 22 1

Alexander et al. : a, = —1.6 fm —0.8>a, > —3.2fm

Sechi-Zorn, B., B. Kehoe, J. Twitty, and R. A. Burnstein, 1968,

G. Alexander, U. Karshon, A. Shapira, et al. Phys. Rev. 173,
Phys. Rev. 175, 1735.

1452 (1968)

TABLE VII AN scattering lengths and effective ranges (in fm) for several Y N interaction models. For the EFT models, these
refer to Ap and to cutoff parameter of 600 MeV.

Model Reference a® ro a' o

NSC89 Maessen, Rijken, and de Swart (1989) -2.79 2.89 -1.36 3.18
NSC97e Rijken, Stoks, and Yamamoto (1999) -2.17 3.22 -1.84 3.17
NSCo7f Rijken, Stoks, and Yamamoto (1999) -2.60 3.05 -1.71 3.33
ESC08c Nagels, Rijken, and Yamamoto (2015b) -2.54 3.15 -1.72 3.52
Jiilich '04 Haidenbauer and Meifner (2005) -2.56 2.75 -1.66 2.93
EFT (LO) Polinder, Haidenbauer, and Meifner (2006) -1.91 1.40 -1.23 2.20
EFT (NLO) Haidenbauer et al. (2013) -2.91 2.78 -1.54 2.72

A. Gal et al. - Strangeness in nuclear physics - Rev.Mod.Phys. 88 (2016) no.3, 035004
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TWO-BODY SCATTERING

ALL PICTURES SHOWN ARE FOR ILLUSTRATION PURPOSE ONLY.

-ag ( fermi)
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Average binding energy per nucleon (MeV)
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Average binding energy per nucleon (MeV)
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Average binding energy per nucleon (MeV)
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Tij). 2

Vzlb = z e_( 2 ) [Cl/lO P[IL\9”11,1=0] T 6611 Pt

tj
Three body force

The energy of the A = 3 depends on A

When A — 00 = Egp —» —0
NO PREDICTIVE POWER!

Energy [MeV]

Three-body force stabilize
A = 3 systems

The three body force require
Regularization/Renormalization as well.
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at [fm] (Spin triplet)
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at [fm] (Spin triplet)
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