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Universality
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Universality

@ Low Energy Physics governed by
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Natural fine tuning

Atomic Physics - “He
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Natural fine tuning
Atomic Physics - *He
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Finite range
o Effective Range Expansion with one shallow two-body state
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Finite range universality

—— Eckart

¢
°
|

E

Helium - CPKMJS

Helium - LM2M?2

Deuteron

Va2
Gaussian

0.0

0.1 0.2

re/a

0.3




Finite range universality

@ Universality for two-particle low-energy observables
» rg=a—ap = Constant
» Asymptotic Constant
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» Mean Square Radius
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> Probability for the particle to be outside the interaction region

Pe — 672?”3/0,3

o Effective Description using Gaussian Potential
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Effective Gaussian Description of “*He
@ “Reference” “He given by LM2M2 potential

a = 189.415 ag, 7. = 13.845 ag,and rp = 7.194 ag

En(mK) E%(mK)
-1.30348
-126.40 -2.2706

-558.98 [Hiyama 2012] -127.33 [Hiyama 2012]
-1300 [Bazak 2020]
-2315 [Bazak 2020]
-3571 [Bazak 2020]

@ Effective Gaussian Potential

Vio(r) = Vp e~ (/7o)
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o Small parameter
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Two Body

o Effective Gaussian Potential

e Fixonlya

1.5r

1.0

‘/}_O(T) — ‘/Oe—(T/’!‘o)Q

0.0t

ro/a

@ Look fore = 7. /a ~ 7% description also for .

H m
B /T, :
.aﬁ/&n =
Poom
Cl e
|1@00 © © o o © 0 © o e © o o o
=]
LI
]
m
m
m
m
m
a®
2] L i i i
0.00 0.02 0.04 0.06 0.08



Few Body
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@ Need for a three-body force



Few Body

@ Three-body force

Wio = Wh e_(rf2+7"%3+7”§3)//)3

e A family of values (Wj, pg) which fix Fj3

@ Variation in Ey
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@ We can use (Wy, po) to best fix F,



LO Gaussian Description

@ LO Potential
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@ Best point is where we reproduce @, ap, and r,!!



LO Gaussian Description

@ Description within the £-LO band up to liquid

Physical point

SGP HFD-HE2

roldo] 10.0485
VoIK] 1.208018

Pola] 8.4853

WoIK] 3.011702

EJK] 0.536 0.536
Es[K] 1251 1.266
E5[K] 2216 2232
Eio/10[K] 0792(2)  0.831(2)
F0/20[K] 1.525(2)  1.627(2)
E10/40[K] 2374(2)  2.482(2)
Ez0/70[K] 3.07(1) 3.14(1)
Ein/112[K]  3.58(2) 3.63(2)
Ex/N()[K] 723 7.14(2)

HFD-B [K] 7.33(2)




NLO Gaussian Description - Two body

@ NLO two-body force

2
Vawo(r) = Vo e (r/ml 4 v, r—Qe—(r/ro)2
T

0
@ We fixboth @ and 7.
ro = 5.093 ay 79 = 10.0302 ay 19 = 15.445 ay
0F
V=0 v <o
1 ‘L 0.2 \{)0
0 -
g —04p @A
= t;.
_o6l
—08|
05 10 15 20 0 5 10 15 2 0 5 10 15 20

r(ag) r(ap) r(ao)



NLO Two body - Few-body energies
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e Without 3-body force the system is unstable
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NLO Two body + LO Three body

e With the LO 3-body force
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NLO Two body + LO Three body

e With the LO 3-body force

Wio = W e_(rfz"‘rfs"""gs)/l’%
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@ Need another force at NLO!!!



Analysis with NLO 3-Body
@ NLO Three-body force
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Analysis with NLO 3-Body

e What happens to different three-body observables?

@ Atom Dimer scattering length as = 218 qy

-~ NLO without 3B force
-~ NLO with 3B LO
-8 NLO with 3B NLO
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o Different 3-Body potential strengths



Conclusion

@ Potential Effective Description of states inside Unitary Window

e Expansion inspired by EFT
» Small parameter ¢ = 7, /a

@ Role of the potential range(s)

@ Stabilityas N — oo
> Hierarchy of forces



Collaborators

Paolo Recchia
Natalia Timofeyuk

Alejandro Kievsky

Artur Polls

Michele Viviani

Bruno Julia Diaz

Luca Girlanda




