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What is essential in nuclear physics?

o
Travitional 1) Describe NN precisely to some high energy

approach 2) Append 3N forces as needed

C

== Lost in details:
e.g., chiral potentials at NLO, N2LO, N3LO, N4LO, ...
(apparently no nuclear matter saturation at LO!)

! 1) Describe NN and 3N approximately
ere
2) Treat all other interactions in perturbation theory
cf. atomic systems in QED

i Konig, GrieBhammer,
“simplicity emerging EXPC(HSIOH Hammer + v.K. '1'5 '16
from complexity” d unitarit Kanig '16
plerity around unitarity e
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Effective Field Theory

[mosf general action with symme’rries]

momentum
scales l
A arbitrary : ; ; !
M A uv regulator model independence /e, consistent with QCD!
hil]
ar 0 renormalizqﬂon—gr'oup “low-energy
oA Invariance constants”
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M o |- Q .............. control !ed N"LO non-analytic functions,
expansion from solution of dynamical eq.
(e.g. Lippmann-Schwinger)
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The quan’rum generalnza’rlon of the mul’rlpole expansuon
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Pionless EFT

- d.o.f.: nucleons

- symmetries: Loyén’rz,/lf,}f[,)?, SU(3).. U(1)en

(trivial)
Sgrr =
\projector on isospin |
[mosf general] :
action 2
@n)
3 o W VY Yyyy
more derivatives,
+ .. } more bodies,
iIsospin violation,
Universality: I Bedaque,Kqugng?gg
. + V.K.
first orders m” —> 1/IvdW where V (r) = —LWG + ... Bedaque, Braaten
apply also to mr + Hammer '01

neutral atoms



v.K.'97'98
Kaplan, Savage + Wise '98
Chen, Rupak + Savage '99
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> scattering lengths

NLO > effective ranges

» Coulomb

in distorted-wave Born approximation
efc.

scale invariance
broken explicitly

eg. BYY =1/(mya;, )




Bedaque, Hammer + v.K. 99 ‘00

Lo A=3
@ : ,{ + E> | DéO)H |

“nucleon exchange”
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§ 3-body interaction
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(0) (0)
g SEFT — SEFT
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Konig, GrieBhammer, Hammer + v.K. '16

NLO

no new three-body force

- ' BY —B, =—(0.92+0.18) MeV
75Tt LT ; ”

—0.764 MeV (exp)

-B |[MeV|
oo
o
S

- - 'S, unitarity LO + NLO Coulomb 1
—e— full unitarity LO + NLO a4, as/ap, Coulomb |
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ho ranges

ho Coulomb A=4

— infinite-cutoff extrapolation

==) no 4BF up to this order

=

Hammer, Meiner + Platter '05
Stetcu, Barrett + v.K. '07




Konig, GrieBhammer,
Hammer + v.K. '16
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Schematically
E, unitary bosons E, nucleons

—_— w x1.002 — A » x1.05

X 46 Deltuva ‘10

X 37 expt




Unitary bosons

N >4 No more-body forces
N Bazak, Eliyahu + v.K. '16

doubling

Hammer + Platter ‘07
von Stecher '10'11
Gattobigio, Kievsky + Viviani '11'12

Ground states

scale
universal numbers —

single N Bﬁo) (A)) :@ B, (A,) S
N 3 ‘-

LO
N N +1
Efimov Efimov
state descendants
Towers
upon
towersl!



Gandolfi, Carlson,

(Variational and Diffusion Monte Carlo) Vitiello + vK '17
LO sof A,/Q, = 2638
L 1
a — —
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_— O i}
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= 30+ E _ _
R Egﬁﬂ | saturation!
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] o X, =100 7
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Nucleons around unitarity

doubling?

Ground states

K, =

single scale BY (A,) B,(A,) | x=1
LO - A = Ka 2 x, =3.5 same as for bosons
 Kp5 =7 should grow slower

than bosons




Equation of State at Unitarity

scale
Invariance

discrete
scale
Invariance

100 -
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60 -
VS.
Akmal et al '98
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v.K.'17
Lyu, Long + v.K., in preparation



= 3 ke : 2
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S :
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Coester 5
. = 10 -
line T
51 potential models
0 .
similar to =51
Delfino et al. ‘06 0 20 40 60 80 100 120 140 160
kg/myn(MeV)

Approximate discrete scale invariance

consistent with ab inrtio calculations



Conclusion

¢ Systems near unitarity can be described

model-independently by Pionless EFT

O properties given by essentially one parameter A

0 details obtained in perturbation theory

Kievsky et al.

cf. parallel results from a phenomenological perspective: {Gr‘asso et al

¢ Light nuclei in a sweet spot:
dilute enough to be insensitive to interaction details,
dense enough for approx discrete scale invariance

¢ A mechanism for nuclear saturation?

~more nucleons Gezerlis et al, in progress
huclear matter  Lyuetal, inprogress

- higher' orders Bazak et al, in progress

: &= :
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