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Basic Theory

|1) - set of "internal” A-nucleon many-body states (P-space)
lc; E) set of "external” many-body continuum states (Q-space)

Solve problem:
H|W) = E|WV)

where
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For structure physics solve for internal coefficients zq
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[1] C. Mahaux and H. Weidenmdiller, Shell-model approach to nuclear reactions,
North-Holland Publishing, Amsterdam 1969



(1|H|2) Usual shell-model Hamiltonian involving intrinsic states

(1|1H|2) = Hyy + V12
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Continuum Shell Model
Hamiltonian

Non-Hermitian and Energy dependent

PHP — Internal, one-body + two-body
— “Original” shell model, adjusted, tested... (USD and others)
— Exact shell model for bound states E<threshold

QHQ - External, one-body (presently)

— Kkinetic energy + long range interaction, (plane waves or Bessel
functions, Coulomb functions)

QHP — Cross space, one-body + two-body
— Responsible for coupling of spaces



One-body decay

e Continuum channel |c; E)y = ;-(ej)|04: N —1)
— State o in N-1 nucleon daughter
— Particle in continuum state j
— Energy E=E t¢

e Transition Amplitude
S.p. decay
‘ amplitude

A3 (B + €5) = o/ (¢5) {a; N = 1[b;[1; N)
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Single-particle scattering problem

The same non-Hermitian eigenvalue problem

hul = i {—— ‘|‘ l(l + 1) ‘|‘ 2 [V(’P) ‘|‘ O&ﬁ] } ul(r) = eul(r),
20 dr? r
Internal states: ul(?“) width ~| a'(¢) |
kQ
External states: € — —
2/

EFy(r) = krgi(kr)

Gi(r) = krny(kr)

Single-particle decay amplitude
@l () = (0le;()Vb[0) = / / drEy(r) V (r) uy (r)
Single particle decay width: (requires definition and solution for resonance energy)

vi(e) = 27 |l ()|




Two-body decays

Sequential process Direct process
via one-body interaction via two-body interaction

‘i‘-»tﬁ virtual LLL‘ j :

state
HJ' I M
Sn\ / Ex

N-2

AC(E) = (c,e1,€ea|Hsp.|1; Ny A(E) = (¢, €1, €2|Hopody|1; N)




Realistic Shell Model Example

e [nteraction
— PHP - Shell model Hamiltonian, USD or other interaction
— Assume that shell model interaction includes Hermitian A
— QHQ and QHP one-body Woods-Saxon potential
— QHP two-body phenomenological parameterization

e Solution
— From “He up to °He
— From 0 up to 280
— Given guess energy E for state o, W(E) is constructed by
considering all open channels.

— Non-Hermitian Hamiltonian is solved for iteratively for new E
(Breit-Wigner resonance condition)



CSM calculations for He
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» sd space, HBUSD interaction

* single-nucleon reactions
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Comparison with experiment

3121 1646 of 1963
A Jp Experiment CSM calculation
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Features of Continuum Shell Model

e Extension of traditional shell model

 Non-Hermitian and energy-dependent effective
Hamiltonian:

— Decay chains

— Open channels

— Many-body structure
— Reaction theory

 New phenomena
— Superradiance and narrow resonances



Interplay of collectivities

Definitions CDR
n - labels particle-hole state N

g, — excitation energy of state n \
d. - dipole operator |
A, — decay amplitude of n \

Model Hamiltonian

/////
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common decay
channel

particle-hole
excitations

H, = end, 1+ Adnd,/ — %AnAn,,

Driving GDR externally
(doing scattering)
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angle between multi dimensional vectors
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Pigmy resonance
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Conclusions

The era of new theoretical methods

Uniting structure and reactions
— Internal structure depends on external “world”
— Chains on nuclei united by reactions

Beyond single-particle decays

Questions for future

— More applications
— Interactions
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