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{AII interactions for point charge allowed by gauge invariance

Expansion in powers of = distance scale of underlying distribution

distance scale of interest
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Q~N<M,_, pionless EFT

degrees of freedom: nucleons
symmetries: Lorentz, B, P, /T
expansion in: Q {Q/mN non-relativistic

N Q/m ... multipole

M

nuc

Kaplan '97
v.K. 99

simplest formulation: auxiliary field for two-nucleon bound states
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Bedaque, Hammer + v.K. '98,'99, '00
Hammer, Platter + Meissner ‘04

Stetcu, Barrett + v.K. '07
= A<06 '

Rotureau, Stetcu, Barrett + v.K. '11

v" describes structure and reactions of bound states --

deuteron, triton, alpha particle
v" can be extended to p-shell nuclei with No-Core Shell Model
v" makes evident new phenomena --

from one-parameter three-body force at LO:

SU(4) invariance, limit-cycle behavior, Phillips line, Efimov spectrum, Tjon line
o
2mr®

First orders apply
also to atoms M e = 1/|de from V(r)=-—

+...

- many-body systems get complicated rapidly, just as for models



new scale leads to proliferation of shallow states (near driplines):
loosely bound nucleons around tightly bound cores ("normal” nuclei)
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e.g. alpha particle family

2
‘He E_ = 20 MeV >5MeV = = M, ~F /4% =100 MeV

t+p — 2m
N

"He Ps, resonance E,=08MeV = k;=,2mE, =38MeV
Li Py, resonance  E, =17 MeV m k, =.[2mE, =56 MeV

°He s, boundstate  E,, =0.97 MeV
°Be S, resonance E . =14 MeV
"Be s, resonance  E, =0.09 MeV = k,=./mE,  =18MeV

’Be Ps/, bound state E,,, =1.6 MeV

°B P3,, resonance E,. =0.19 MeV
2C s, resonance  E,_ =0.38 MeV

efc.
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Q~N< M,

halo/cluster
EFT

degrees of freedom: nucleons, cores
symmetries: Lorentz, B/ 9/ 'J7/

expansion in:

M

Q/mﬂ oo multipole

C

Q {Q/mN,Q/mC non-relativistic

simplest formulation: auxiliary fields for cores + nucleon states

e.g. *He > scalarfield @

‘“He+ N

s, =0+ > spin-0fields

.
.

p,, =1— 1> spin-1/2 field T,
Z 2

Py, =1+ spin-3/2 field T,



Bertulani, Hammer + v.K. '02

Bedaque, Hammer + v.K. ‘03
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other waves:
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2
exceptat Q=N=x=0O (—] where

Mc p3/2
I = H + 1 +
_ MM, (MY 42NN u M,
N° N ) WM, 4 RN
M
= enhanced by &C = resum self-energy
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Bertulani, Hammer + v.K. '02
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Bertulani, Hammer + v.K. '02

PSA, Arndt et al. '73
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Arndt et al '73

Partial wave [ || a;s [fm*2] | ry [fm 21 [Py [fm3 2]
0+ 2.4641(37) | 1.385(41) _
1— —13.821(68)] —0.419(16) —
1+ —62.951(3) |—0.8819(11)| —3.002(62)
a'0+~|\/Ic_1 r0+~|\/|c_1
Cf’ ai— - Mc_3 r‘1— B Mc
a1+~N_2Mc_l rl+~|v|c 7Dl+'w|v|c_1
" M_=100MeV
- < consistent...
N=30MeV

\



Other two-body states

[, .
°Li = res.( “He + p) Higa, Bertulani + v.K. in progress

\SBe = reS.(4He+ 4He) Higa, Hammer + v.K. ‘08

Main issues:
role of Coulomb, further fine-tuning...
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Next: three-body states

"He =b.s.(*He+n+n)
*Be=res.(‘He+ p+ p)

9Be:b.s.(4He+4He+n) G |
*B=res.(“He+ *He+ p)
12C:b.s.(“HeJr ‘He + 4He)

10/23/2012

Bedaque, Hammer + v.K. '98
*H = bs.(p+n+n)

Ando + Birse '10
Konig + Hammer ‘11

*He = b.s.(p+p+n)

in pionless EFT

Main issue:
three-body force in LO as in pionless EFT?

208 7



Gamow Shell Model

H =ZK:hi +H..
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discretized
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Michel, Nazarewicz, Ploszajczak + Bennaceur ‘02
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Rotureau

- He =D.s. Or res. (4He+n+...) +v.K 12
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{A(Aan ),B(A,,),C(A,,) known functions of ERE parameters and cutoffs
D(A,,,) 3BF: similar, but not quite the same as changing V;



Rotureau

*He = res.( *He+n) ST
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Complications with basis:

= eigenstates of 4 not orthogonal and Berggren relation does not hold

= a deep bound states appears for large cutoff

Way around: convert energy to momentum dependence

<k’wn>=<k'Van(k=\/2u w,)  with |w.)#|ws)

nhon -Hermitian

- > | ) {(wr| =1
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D(A,,)=0

no RG invariance = no good
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Rotureau
+v.K. '12

6He:b.s.(4He+n+n)




Rotureau

== 3BF is LO! S
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predictive power? Other °He observables

. 8He:b.s.(“HeJrn+n+n+n),efc.
Rotureau + v.K. in progress



Other cores

*Li=h.s.("Li+n) "Li(n,y)°Li
1Ba — b.S.(lO Be + n) Coulomb dissociation
of !1Be
A7 = Efimov states?

A—ZZ: 9LI 1OBe 1ZBe 16C 18C

Rupak + Higa '11
Fernando, Higa + Rupak ‘11

Hammer + Phillips ‘11

Canham + Hammer '08; '10



Forecast

extrapolate
to larger
and larger

I
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