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e Nuclear Structure Tools and Effective
Interactions

* Spectroscopic factors
* Charge-Exchange Reactions
* Nuclear Level Densities
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Nuclear drip lines

Configuration Interaction (CI) i | | ; ﬁ\év: ol_:gskijélieet:]le;c::'ipulri:r;is S
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Current limit: 101° - 10! —> 46-48 np valence s.p. states
Extensions: Truncations, Exponential Convergence Method,

Coupled Clusters, Projected Configuration Interaction (CI), ...
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Excitations Model Spaces

Renormalization methods:
- G-matrix: Physics Reports 261, 125 (1995)
- Lee-Suzuki (NCSM): PRC 61, 044001 (2000)

OP =0

- V... : PRC 65, 051301(R) (2002)

- Unitary Correlation Operator: PRC 72, 034002 P Q =0

(2004) >
2%

“Bare” Nucleon-Nucleon Potentials: H=T+ EVi i+ EVi et

- Argonne V18: PRC 56, 1720 (1997) D

- CD-Bonn 2000: PRC 63, 024001 (2000)

- N3LO: PRC 68, 041001 (2003) H —eSHeS = Hz + H3 + H4 4+

- INOY: PRC 69, 054001 (2004)
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oveiloon  Effective Hamiltonians for One or

| Two Major Shells {
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A A E_,(°Ni) = 16¢, + 30(3V]17 + VﬁQ) _ 6(VJ; _ V;)
- 3
PO=0 |t M 30 )- ()
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o 3-body —> two-body g - E D€ + Equm (mono) + SE H, (multi)
1¢ core polarization: p . >0
™1 Phys. Rep. 261, N,
1 th exp 2
125 (195) RMS = VE(EZ- - E77)
s i=1 Brown & Richter, PRC 74, 34315 (2006)
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e memens - GXPF1A - Effective Interaction: /5, ps; P11 /5

Renormalized G-matrix = GXPF1
Phys. Rev. C 69, 34355 (2004)

GXPF1 = GXPF1A

. . M. Honma et al, ENAMO04
699 energies, 87 nuclei, A=47-66 ’
rms=168 keV 5 matrix elements adjusted for N=34
2 Y T ¥ T M T v T v T 4 1
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3 .
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Spectroscopic Factors

< TAwT|af [T W T P < UATRW T | ag || T Aw T >

° (27 +1) (27 +1)

o- =S5 0 One particle removal cross section
+ _ (2J5 + 1)

o" = 27+ 1) S Ogp

e ls DA I T ||ai ||| AW T T > 2
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cianon Spectroscopic factors: Shell Model vs

| Independent Particle Model (IPM)

SF=n forn=even;

n—1

SF=1- for n = odd
2+ 1
@Ee OB ECON®Q L ;"{: Ni_SF comparison
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2 T ¢ ¥ S
ﬁ_‘ 1.0+ s T - 0.1 |
] T % * T : < . »
\L;: (] x - ¢ - - green line: a factor of 2
0.5 T+ .
w J- i T - L . 0.010.01 : 011 "l 10
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SF(IPM) SF(LB—SM) Ni isotopes, GXPF1A interaction

B. Tsang et al. Phys. Rev. Lett. 95 (2005)
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8 IIIII57II5BIII
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E. SAUVAN et al.

TABLE II. Summary of the results obtained with the carbon target. Where available the results of other experiments are also listed.

PHYSICAL REVIEW C 69, 044603 (2004)

Energy FWHM,? FWHMS” FWHM,?? FWHMS o1 g Gjauber
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BF 59 267+4 235+4 236+10 232+10 114+12 106 5/2%¢%s
ke LF Ir = Vi _3/2‘ =
v oos | 32  Uens 08 £ 512 o - c S

= o USD E SN N
0.6 ! 0.6 = o O a g;
04 04 — B
- o g § 0.1 §
0.2 0.2 == C -~
:I | |- | | \I“l 1 @D | | I 1 1 :I | |- | |- | I 11 | |- Q : Q
0 2 4 6 8 0 2 4 6 8 S 0 L | S
E_(MeV) EMey)y X070 0 U F
e e ~ ~
0.15 x - _ x B k_(MeVic) B
- 72 . o8 - 912 N 03 ~
- ; I =7,
LT .® 06 & N ¢
- . .. B 0.2 - sum
r R 04 — B
0.05 — ° r L
B o o '. 0.2 — 0.1 C
L 1 L q. | .I~ 1 q. l 1 I.'I ‘ :I | L 1 1 | L 1 Il | Il l.l 1O | L . [~
2 4 6 8 0 2 4 6 8 B
0 - "
E_(MeV) E_(MeV) 250 0 250
1 ¢ 1 ¢
08 | 112 0s [ 1312 kx (MeVic)
o o 0.6
06 1 e 06 £ o B total
04 04
= = 0.4
0.2 — 0.2 F
:I | L | 1 | L | 1 | 1 | L L1 :I | | 1 1 | L | 1 | 1 L | | I*\
0 2 4 6 8 0 2 4 6 8 M 0.2
E_(MeV) E_(MeV) ,

-250 0

One neutron removal reaction *C(>?F, ?'F)3C ¢

Skt
USD
USDB
0=109.24 mb
exp =121+/-16 mb
Y 1=302
02
0.1 f—
R
-250 0 250
kz (MeV/c)
T =77,
0.2 } sum
0.1 ﬂ
o L M\
-250 0 250
k, (MeVi/c)
0.6
§ total
04 |-
0.2 f—
; i

-250 0 250 w»



i

CENTRAL MICHIGAN
UNIVERSITY

Thesis: Wes Hitt
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%47n(t,’He): test of e-capture rates

1n stellar evolution
Also 58Ni(t,3He) Cole et al. Phys. Rev. C 74, 034333 (2006)
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Comparison with (d,’He)

0.5
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° 1.75 |
03 - -
5* A 15|
°: | | o
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01 ii 41 E.-W. Grewe, et.al. Phys. Rev.C 77 064303 (2008).
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0.5 i
[ 3 Nl
® (t,’He) data i
04 — GXPFla 25|
— KB3G I
03| _ 2: | (t,°He) data
= 5 | — GXPFia
@ | m 151 — KB3G
0.2 I
| [ GT, =0.770t
| % 1 B
0.1} #E } }
olil-lllllnl- \\\\\\\\\4_\-\\\\\\\\\
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Calculations by M. Horoi with NuShellX — no truncations!!
GXPF1a M. Honma et.al. Eur. Phys. J. A 25 s01, 499-502 (2005)

KB3G A. Poves et.al. Nucl. Phys. A694, 157(2001)
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=z Effects on weak stellar rates
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e Double Beta Decay (DBD)

« 2vDBD experimental results known for 10 nuclei, e G ametnces
including decays to excited states: 4*Ca, 7°Ge, | 67Zn (ECEC) o
82Se, 9Zr, 100Mo, 116Cd, 128Te, 130Te, 150Nd, 238U —

(also ECEC of 139Ba) 0a | /
- AN e ST

 (OvDBD may be a unique tool to get the neutrino
masses and other physics beyond Standard Model
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04}
0.15 o 1
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@ 0.06 @ 01} 1
&6 5

s 004} =

0.05 |
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s Nuclear Level Densities (NLD)

p(E,.J.m) ,
TE (l’l,}/), (n,xn), (n,n )7 (n’p)a (I’l,f), cee
X +(p,n)
Hauser and Feshbach, Phys. Rev 87, 366 (1952)
0 nh? 1
K 2uE, (202 +1)(2J, 4 1)
XY (2 +1) (EJmE) I, 1) Ti(E S, By, I )
Jr o > Tu(E.J,m)
]1.7-[1 Emax
ot T(EJm= [T(EJmE,J.n)pE,.J m)dE,
Y JJ'L’O
0 Emin
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cevnae memeay - NLD and Statistical Spectroscopy B
M. Horoi et al. : 2881 =+ staircase: CI, USD
T T N L B ML LA

PRC 67, 054309 (2003), o0 =000 [ — 1=2]
PRC 69, 041307(R) (2004), = .. -
NPA 785, 142 (2005). g % N
PRL 98, 265503 (2007) e i

0 60 80 100 00 0
Configurations: e.g. 4 particles in sd —
d3 d5 sl - — =3114000 - -
4 0 0 ~ 3000 |- — i -
310 2 2000 |- —3000-_ [
30 1... = A 12000 |- [
preserve rotational invariance < 1000 |- 1000 - C

and parity L ] Lad 11, ATy
0O 20 40 60 8 100 O 20 40 60 80 100 O 20 40 60 80 100
E (MeV) E (MeV) E (MeV)
p(E,.J.w)= ¥ D,(J.71)Gp( E.E,(J).0,()))
cEconf Eg's. from CI, PCI, Exponential
Ec (J),Gc (J) < Ty <M |Hq M > COHVergenCC Method (PRL 82, 2064

SDw (1999)), CC, etc.
Ex = E - Eg.s.

E (J), o,(J): computational intensive

Configurations can be calculated in parallel
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Accurate Nuclear
[Level Densities

Comparison of:

1. CI,

2. HF+BCS
wwwe-astro.ulb.ac.be/Html/nld.html

3. experimental data

Complete spectroscopy: sd-
shell nucle1

Conclusions:

- HF+BCS overestimates
the data

- CI accurately describes
the data
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exngsterer NLD of *Fe: CI, Moments, HF+BCS

Level density: *°Fe Level density: Fe
10000
[ OhioUnivdata + ' | o T o U data — '
! Moments —*— 1400 | Moments —x— n
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' 200 | o _
i T
0.1 L 0 ! L 1
0 2 4 6 8 10 12 0 2 4 6 8 10
E, (MeV) E, (MeV)
Ohio data: PRC 74, 014314 (2006) Level density: *°Fe, J=0
70 I T T T
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- Demetriou and Goriely, Nucl. Phys. A695 (2001) 95. 50
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=
HFB+Combinatorial: p(£ , J, ) g T 1
- S. Hilaire and S. Goriely, Nucl. Phys. A779 (2006) 63 20 7
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o === 1 1 1
_ 0 L
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U=E, -A

Configurations: e.g. 4 particles in fpg

fSp3pl g9 =
4 0 00 +
3100 +
3010 +
3001 -

preserve rotational invariance and

parity
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— t
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R h - //'/ /,,"/ =¥
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********** Summary and Outlook

Accurate description of correlations in nuclei is very important!

v" CI can successfully describe complex many-body states, but also
simple “Shell Model” configurations, collective configurations,
and their coexistence.

v" CI can provide for the most part accurate input to reactions models:
v" Electromaganetic transition amplitudes
v" Spectroscopic amplitudes
v" Gamow-Teller transition amplitudes
v" Nuclear level densities

v" The real challenge the is to find ways of calculating consistently,
1.e. using the same underlying Hamiltonian, the nuclear structure
and the nuclear reaction effects. This seems to be possible for light

nuclel (e.g. GFMC, or NCSM+RGM), but remains a challenge for
the medium heavy nuclei.
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