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cluster liberated in the breakup of "*Be, most probably in the channel '"Be+ *n. The varions backgrounds that
may mimic such a signal are discussed in detail.
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nothing is known [4,5]. The discovery of such neuiral sys-

tems as bound states would have far-reaching i1mplications
ew CIen Is for many facets of nuclear physies. In the present paper, the
production and detection of free neutron clusters 1s dis-

NEW! U5 JOBS SECTION cussed.
The guestion as to whether neutral nuclel may exist has a
long and checkered history that may be traced back to the

early 1960s [5]. Forty years later, the only clear evidence in
this respect i1s that the dmeuirom 1s parficle unstable. Al-

though *n is the simplest multineutron candidate, the effects
of painng observed on the neuiron donp hne suggest that
*%n could exhibit bound states [6]. Conceming the tetra-
neutron, an upper hmit on the binding energy of 3.1 MeV 15
provided by the particle stability of *He, which does not

Theory says it can't exist, decay mto a+“n4 Furthermore, if *n was_hmmd by more
hut Expgnmenu hava fc:un::l than 1 MeV, a+"n would be. thf._ﬁ.rst particle threshold in
a new type of matter... ®He. As the breakup of *He is dominated by the “He channel
Bwvesome power of the glycome than 1 MeV.

CHAD'S AH-EIE_HT.ﬂ.F'E? The majonty of the calculations performed to date suggest
G Al the missing Anki that multineutron systems are unbound [4)]. Interestingly, it
was also found that subtle changes in the N-N potentials that

LLEF o R Pl v bl b | B TRV

Fiﬂ:ws new vision emerges do not affect the phase shift analyses may generate bound
JoRn i ars ¢ q° . B

o bt ek i, Lo s neniron clusters [5]. In additon to the complexty of such ab

initio caleculahons, which melude the uncertainfies m mamy-

- body forces, the n-n interaction 15 the most poorly known

I‘n‘ |' N-N mteraction, as demonsirated by the controversy regard-

mg the determination of the scattering length a_, [&]. The

0556-2813/2002/65(4)/044006(10)/520.00 65 044006-1 B2002 The American Physical Society
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ADDITIONAL T = 2 NNNN POTENTIAL
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S.C. Pieper, Can Modern Nuclear Hamiltonians Tolerate a Bound Tetraneutron?
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Weinberg's Laws of Progress in Theoretical Physics
From: "Asymptotic Realms of Physics" (ed. by Guth, Huang, Jaffe, MIT Press, 1983)

First Law: "The conservation of Information" (You will get nowhere
by churning equations)

Second Law: "Do not trust arguments based on the lowest order of
perturbation theory”

Third Law: "You may use any degrees of freedom you like to describe
a physical system, but if you use the wrong ones, you'll be sorry!”

%\{5

Patient: Doctor, doctor, it hurts when | do this!

Doctor: Then don't do that.
(adopted from D. Furntahl)




Selected Recent Experimental
Highlights
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Structure of rare isotopes
Old paradigms revisited. Crucial input for theory

Digital photography of 4°Fe(2p)
Warsaw/Tennessee/ORNL/NSCL (2007)

NSCL (2007)
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No shell closure for N=8,20,28 for drip-line nuclei; new shells at 14,16,32...




68He & 11Li Charge Radii and Masses of Halo Nuclei

Precision measurements provide stringent test of nuclear models
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Neutron-rich matter and neutron skins
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RIB experiments with active targets

P. Egelhof et al., Eur. Phys. J. A 15 (2002) 27
........ A. Dobrovolsky et al., Nucl. Phys. A 766 (2006) 1

§ Yjcore )x

’H: M. Caamano et a, PRL 99, 062502 (2007)
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General Comments on Theory



Roadmap for Theory of Nuclei

Nuclear Landscape ...provides the guidance

Requirements:
eSpectroscopic quality

*Bulk properties reproduced

«Controlled approximations

sAmenable to systematic improvements
-Stringent optimization protocol

stable nuclei

known nuclei d

Overarching goal:

To arrive at a comprehensive
microscopic description of all
nuclei and low-energy
reactions from the the basic
interactions between the
constituent nucleons

QQQQQQ




Connections to computational science
1Teraflop=1012 flops
1peta=10%° flops (next 2-3 years)
lexa=1018flops (next 10 years)
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Bimodal fission in huclear DFT




A remark: physics of open nuclei is demanding !

Interactions

* Poorly-known spin-isospin
components come into play

» Long isotopic chains crucial

7H llBe
425, 45Fe
101Sn 141H0

Interactions

Many-body
Correlations

Open
Channels

Configuration interaction Open channels

» Mean-field concept often questionable * Nuclei are open quantum systems

« Asymmetry of proton and neutron » Exotic nuclei have low-energy decay
Fermi surfaces gives rise to new thresholds | |
couplings » Coupling to the continuum important

*Virtual scattering
*Unbound states
eImpact on in-medium Interactions

* New collective modes; polarization
effects



Simple Concepts and Estimates...



Radii of halo systems
Riisager et al., Nucl. Phys. . A548, 393 (1992)

Misu et al., Nuclear Physics A614, 44 (1997)

The usual starting point: one body
Schrédinger equation: u(r) 4

€y

[v? — —U(r) — K } Uy (r) =0

= \/—2me, | h?

at large distances...
d? N 2 d , Ll+1)
dr? =~ rdr

asymptotically.. Ry, (1) = th;(iﬁyr)

We are interested in the expectation value:
> o
_ +2
<€AU|TH|€I’A‘V> — / T REAU(T)RE’AU (T)d?” — Infff"fkv T Onﬁﬁ’u
0

inner contribution outer contribution
(r<R) (=>R)



The inner integral is always finite. The outer integral can be written as:

Onerry = / r""'?BE‘Bgrhg'*(mUr)h;I(iﬁ:y?*)dr
R

= Bj;Byk, "3 / hy *(ix)h; (ix)x™ T da
Rk,

In the limit of a very weak binding, one can use the asymptotic expressions
for the Hankel functions. This yields:

‘i£+1

“1x3x..(20—1)

By Ry, (R)(RK, )

n>0+0 —1: O, diverges as (—eu)(‘q”f_”_l)m,

1
ﬁ n=0+0—1: O, diverges as — 5 In(—e,),

n<l+4+0¢ —1: O,pr, remains finite



/=0 : (frz) diverges as (—Ey)_l,

(=1: (r?) diverges as (—¢,) /2
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If pairing is present, this picture changes:
K. Bennaceur et al., Phys. Lett. B496, 154 (2000)
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