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t '
\ ! VZ
\ / — Nt |5 -3
S L=N {lao-i-sz-i-O(mN )}N
aN + (C((f)) +cV 4. ) (NTN)? + (ch) +c 4 ) (NToN)?
FooN + (D + DY +..) (NTNY?
/ \

: ‘ +ciy {(NN)+ (NVN) + h.c}
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The n-p amplitude with quarks & gluons:

i) Discretization of space time acts as infrared (finite volume L3) and ultraviolet (lattice spacing) regulator.
ii) Effective-mass plots for hadrons with A < 4 are available (HAL, NPLQCD, Yamazaki).

iii) Universal volume dependence of the 2-nucleon spectrum =- effective-range parameters (Liischer):

A
— 1 5 1 — 1 1
keotd(k) = gz lim, (?,z@mmz 47”‘) =—h R
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The n-p amplitude with quarks & gluons:

|-
XOJI9A
S

Regularization of the few-body Schrédinger equation?
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NLO constraints:
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REGULARIZATION AND RENORMALIZATION.
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NLO constraints:

+ +.. * B(2) for 'Sy and 3S; and a(*Sp) and a(®S;) or
* 1(1Sg) and r(3S1) and a('Sp) and a(3S;)
NLO constraints: )
_A%32
C(A> e 27
* B(3) or
* B(4)
+ +

Predictive power with 5 parameters?



“My” LABORATORY.

HY = E¥

¥ = A{Ti 950k,
" N

boundary condition r—00 .
~ Coulomb wave function

inspired by cluster decomposition

Hn-p) =Y { [Is= 1>e*ﬁﬂ*yo<?>}':1 e [ls= 1>e*ﬁd'2yz<?>]]:1}

a,d

Ritz variation = bound states Kohn-Hulthén variation = S-matrix

John Wheeler’s idea:

[...] Tt was as if, at a party, all the tall people
clustered together at one moment, with all the
short people in another cluster; then at the next
moment [...] four groups formed, consisting of
guests from the north, east, west, and south
parts of the city; and so on, [...]
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i) Low-energy constants scale natural.
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PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.
A=23

0.7 T T T

510 MeV —
06 [ ~ 805 MeV — |

EZ 05 SU(4) symmetric :
‘T. oal B
- _—
c 03 N
=
0.1 | i
asymmetric
460 BEJU 1000 1200 1600
A [MeV]

i) Low-energy constants scale natural.

ii) Low-energy constants ~ SU(4) symmetric.
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A=23
0 : : : :
\ mg = 140 MeV
= -2 my; = 510 MeV
< )
— 40}
—~
= 60
= 60}
n
i/ ~.
N|d -80 ~
«S -100 | LO #BFT STM ;\‘\\.\_\
NNLO #EFT STM —-—--
-120 . : :
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E(:.m. [1\1 e\/]

Observations:
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PREDICTIONS FOR A UNIVERSE WITH 111,; > 140 MEV.

A=23
0 T T T T
. mg = 140 MeV

=0 20 my; = 510 MeV

< \ my =805 MeV

— 40}

— Ml e e
= 60 Y
= 60}

N

%Id/ -80 ‘\.\‘\

«S -100 | LO #BFT STM ;\‘\\.\_\

NNLO #EFT STM —-—--
-120 L . . *
2 4 6 8 10
E(ﬁ.lll. [l\j[ev]
Observations:

i) No bound 45% 3-nucleon state.



PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.

ap—g (my = 510 MeV) [fm]

A=23
E =
= = =
28 TIRYEG 63 = 2.45
= my = eV —m— _— ~ .
T 268 m =510M -e- {61 ~ c 2.40
- 94 Ss My =805 MeV - | g 2 s 2.35
. ~ D «
3 N = 3 2.30
* 5T F 0 9 2.25
o — o
= 5.5 = 220
10 | —
I 53 & 215
« E & 2.10
g 51T B 2.05
s 0 e o .
s 14 9 5 T 03 2.00
L 400 600 800 1000 1200 1400 1600 < L 400 600 800 10001200 14001600 o
S S
~ A [MeV| o~ A [MeV|
Observations:

i) No bound 45 3 3-nucleon state.
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Observations:

i) No bound 45 3 3-nucleon state.

PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.

&
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ap—g (my = 510 MeV) [fm]
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S
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&
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v 400 600 800 1000 1200 1400 160C
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ii) Scattering lengths run non monotonous with .

)
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A=23
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At physical m, scattering and bound state are correlated (Phillips).



Ny,
B Fi PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.

A=2,3
3 = . : : :
95 . fEFTA=2...8 fm™!
'° - FEFT STM -----
2r .. _experiment e
= 1l -
T o5l e
g .
- 0t
[\l
-0.5 b
a1t
-1.5

6 7 8 9 1.0 1.1 12
B, [MeV]

At physical m, scattering and bound state are correlated (Phillips).

What happens at larger m1,?
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PREDICTIONS FOR A UNIVERSE WITH 111,; > 140 MEV.

A=23

FEFT A =2...8 fm™!

m,; = 510 MeV
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A=2,3
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* Peculiar correlation even at larger .
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B Fi PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.
D

A=2,3
2.5 — —
9 I\ WEFTA:4...8fm:1 ]
A =2 - e
15} ]
1} S ]
05} ]
A
05t ]
a1 F ]
15 m, =805 MeV L
2 . .

30 35 40 45 50 55 60 65 70
B, [MeV]

* Peculiar correlation even at larger .

* EFT uncertainty insignificant
relative to uncertainty in input data.
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i) At physical m, the 3- and 4-nucleon ground states are correlated.
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A=4

300

experiment .
250 iy =137 MeV
my = 510 MeV
200 by, = 805 MeV

=
= 150 }
qu ,,,,,,
100 }
S
0

10 20 30 40 50 60 70 80 90 100
B, [MeV]

i) At physical m, the 3- and 4-nucleon ground states are correlated.

ii) This correlation is preserved at higher .



Ny,
by N. PREDICTIONS FOR A UNIVERSE WITH 111, > 140 MEV.
N A=4

300

experiment .

250 | my =137 MeV mm
my = 510 MeV
200 1y = 805 MeV  mm—

=
= 150 }
Q§ ,,,,,,
100 }
50 I /’”777 77777
0

10 20 30 40 50 60 70 80 90 100
B; [MeV]
* Relative & “deepness” insensitive to structural features (1, A).
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B Ni PREDICTIONS FOR A UNIVERSE WITH 11, > 140 MEV.
. A=4

LO EFT(#,« = 0): Tjon correlation
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* Relative & “deepness” insensitive to structural features (1, A).

» noxw: Effect of a long-range interaction?
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i) Probing lattice nuclei electromagnetically (E. Pazy, ]. Drachman, N. Barnea, JK).
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iii) Extrapolation of A > 3 observables from m; ~ 400 MeV to 140 MeV.

Laboratory to assess validity /consistency of the various YEFTs,
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binding energy

WHAT’S NEXT?

iii) Extrapolation of A > 3 observables from m; ~ 400 MeV to 140 MeV.

Laboratory to assess validity /consistency of the various YEFTs,

e.g. perturbative 7r’s in bound nuclei analogous to Coulomb Ay'’s.

B(SH) RRGM —e— B(gH) exp. —— (Voou)s —a— (Clo)s —o— (D1o)s —o—
B(*He) 1y =1y —o— (Veuds == (Cra)s —&—
8.6 — £ lerod
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8.4} 1 =
R
8.2 b 1 2 leto3
8 i
st {1z "
=
a
7.6 | 1 o 10
74 b 1 ]
72 ¢ 1 é 1
1 ] g
7 =
6.8 ° 0.1
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S WHAT’S NEXT?

iii) Extrapolation of A > 3 observables from m; ~ 400 MeV to 140 MeV.

Laboratory to assess validity /consistency of the various YEFTs,

Guiding LQCD to the critical pion masses.

.82 (351) [MCV]
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iv) Exploration of the strange sector (M. Elyahu, N. Barnea).
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iv) Exploration of the strange sector (M. Elyahu, N. Barnea).

Fundamental understanding of the strangeness of the strange sector.
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%~ WHAT'S NEXT?

iv) Exploration of the strange sector (M. Elyahu, N. Barnea).

Fundamental understanding of the strangeness of the strange sector.
Extrapolation most useful here! (insufficient of real-world data)
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WHAT’S NEXT?

v) Pion-mass sensitivity of nuclear reactions and larger systems
(A. Contessi, D. Gazit, F. Pederiva, N. Barnea, JK).

Weak reactions with upcoming lattice measurements in axial background fields.
pp fusion, triton B decay (see H. Deleon, D. Gazit physical ms)

Relative stability of the “magic” a, ®Be, 1°0, 4°Ca nuclei,

i.e. how does the shell model react to changes in n1,?
{2, 8, 16,20, 28, 50, 82, and 126} = f(niz)

015'0: Analysis of lattice “experiments” as cool as ...




