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@ Lowenergy <— Low Temperature

72 typical
Ede Broglie = ———— > { = interaction
2rmKpT length
> Atomic systems — van der Waal interaction ~ %
Cem
= gvdW =4 ;2
» Rb (Cold atoms)
Evdw =87

{4e Broglie @100 nK(~ 10 peV) = 938.6

» Nuclear systems
L~1/M; =~ 1.5fm
Lae Broglie@1 MeV(% 1010 K) =197 fm
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kx VE

Polar coordinates
(H)? = (E3 + Ey)/(h*/m)
téll’l2 f = E3/E2

For each ¢

H" U H™ - 1/22.7

2 2.2
g RS a0 g /50
37 ma? m

EY/(h? Jma?) = tan® ¢
—A(6)/2
cos &
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e DSI = Universal form of observables
Log-periodic functions (cfr. Sornette)

@ Zero-range interaction (¢ = 0)

Particle-Dimer Scattering Length
aap/a = dy + datan[sgIn(r.a) + ds]

@ di, do, d3 Universal Constants

Recombination Rate at the threshold
B 12872 (47 — 3v/3) fia*
’ sinh®(msg) + cosh®(wso) cot?[sg In(r.a) + 4] m

@ 7 Universal Constant
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Atomic Physics
A
ol e T v E
=3 entrance channel or
> open channel
i
Hyperfine interaction
. >

Atomic separation R

Nuclear physics

a’$1 = 5.42 fm
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Beane et al.

Nucl. Phys. A 700, 377 (2002)

(picture from U. van Kolck )
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Natural fine tuning
Atomic Physics - *He
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M. Kunitski et al., Science 348, 551 (2015)

Reinhard Doerner - University of Frankfur
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Excited (Efimov) 11/34
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n%/me% ~ 27.6 MeV
Deuterium
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@ N-body calculation using Schrédinger Equation
e Finite-range potential

Vir)=Vye /7

@ Tuning of the Scattering Length
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Path toward the Unitary limit

o Fine tuning
A — AV (r)

o Effective Range Expansion

1 1
kecotd ~ —= + —r.k?
a 2

@ Bound (Virtual) State energy

By =—

2
map

@ Close to the Unitary limit
rg = a — apg ~ constant

are =~ 2aprg
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@ Zero Range kya = e 28)/25% [ cos ¢
e Finite Range k«ap + 1T = e‘A(f)/%O/ cos&

feap = e /250 [ cos €
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Spin-Isospin Potential

Efimov "ingredients”
e Efimov physics only s-wave, L = 0
e Symmetric spatial wave function

@ Spin+Isospin = 4 internal degree of freedom
=
Possible Efimov scenario up to N = 4

Gaussian Potential

Vi)=Y Vere /st pgp
S, 7={0,1}

o Antisymmetry = L + T + S = odd
@ Voo =Vi1=0

@ 791 =T10 =70 = 165fm



Spin-Isospin Potential

Two control parameters
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Nuclear cut ay/a; = —4.31
N=3—-T=1/2and S = 1/2 = 3Hand *He
N=4—-T=0and S =0 = *He and *He*



Nuclear cut ay/a; = —4.31

N=3—-T=1/2and S = 1/2 = 3Hand *He
N=4—-T=0and S =0 = *He and *He*

0.01

—0.21

—0.41

)1/4

< —0.61

(BJE

—0.81

—1.04

—1.21
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Unitary limit
@ Scale Invariance
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Unitary limit
@ Scale Invariance

= F(§) = r«apB

Gaussian

Experimental

@ Energy at the unitary limit

1 1

A exp N @ expﬁAaB‘G N ap lexp TOKA)E G’
A m rommG tanzf‘exp CLB/TO‘G f-e;ﬂexp(fm_l) EE‘eXP(MeV)
3 0 0.4883 3.81 2.1866 0.2473 2.536
3 1 0.0211
4 0 1.1847 13.13 2.0774 0.570 13.474
4 1 0.5124
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Nuclear cut ay/a; = —4.31
N=6—>T=1and S =0 = SHe
N=6—>T=0and S =1=5Li
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Physical point

Physics close the unitary limit - Efimov physics

V « a + A3



Physical point

Physics close the unitary limit - Efimov physics
V « a + A3

Wi(p) =Wy e_(7%2+7“%3+T§3)/R§

WoMeV)  R3(fim)  E3zMeV) Egq(MeV) EX(Mev) | ZHe(Mev)  ZHe(Mev)  THe*(Mev)
0 - -10.2455 -39.843 -11.193 9.426 -38.789 -10.655

11.922 25 -8.48 -28.670 -8.75 -7.722 -27.754
9.072 2.8 -8.48 -29.014 -8.79 -7.718 -28.060

7.8 3.0 -8.48 -29.223 -8.80 -7.715 -28.258
7.638 3.03 -8.48 -29.255 -8.80 -7.714 -28.290
7.612 3.035 -8.48 -29.260 -8.80 -7.714 -28.295
7.6044 3.035 -8.482 -29.269 -8.80 -7.716 -28.305
Experimental Values -8.482 -7.718 -28.296
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Physics close the unitary limit - Efimov physics
V « a + A3

Wi(p) =Wy e_(7%2+7“%3+T§3)/R§

WoMeV)  R3(fim)  E3zMeV) Egq(MeV) EX(Mev) | ZHe(Mev)  ZHe(Mev)  THe*(Mev)
0 - -10.2455 -39.843 -11.193 9.426 -38.789 -10.655

11.922 25 -8.48 -28.670 -8.75 -7.722 -27.754
9.072 2.8 -8.48 -29.014 -8.79 -7.718 -28.060

7.8 3.0 -8.48 -29.223 -8.80 -7.715 -28.258
7.638 3.03 -8.48 -29.255 -8.80 -7.714 -28.290
7.612 3.035 -8.48 -29.260 -8.80 -7.714 -28.295
7.6044 3.035 -8.482 -29.269 -8.80 -7.716 -28.305
Experimental Values -8.482 -7.718 -28.296

@ No *He* state

@ %He and SLi go to their thresholds



Fate of ‘He*

‘/Coulomb = €—
r




Fate of ‘He*

—— Polynomial fit of order 2
B Extrapolated energy = -8.40 MeV
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Roéle of p-waves

e We fix Vjg and Vjy; with the scattering lengths
@ We use the 3-body force to fix *H

e We fix Vjo from the scattering - Is repulsive



Roéle of p-waves

e We fix Vjg and Vjy; with the scattering lengths

@ We use the 3-body force to fix *H

e We fix Vjo from the scattering - Is repulsive
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V11 can bind the N = 6 system !




Thanks!
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