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Interacting Boson Model - 2
@ Pairing of nucleons to s- / d- bosons
@ F-spin: 1 boson: F,= 1/2
v boson: F,=-1/2
N N - F _Nn+Nv>F>|Nn_Nv|
my "Ny U max 2 = = 2
- F =F_,: fully symmetric states (FSS) — isoscalar
- F <F__: mixed-symmetry states (MSS) - isovector
+
@ Q-phonon scheme: Q,=Q, +Q, |21Tj 0 Q. |0, 0
N N + +
Qms_ ZNQH_ZNQV |2ms|:| |:Iclms|01|j
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Signatures of MSS

F=F F=F,., —1

max max

(FSS) (MSS)
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® Strong E2 transitions
for decay of
— symmetric Q-phonon

+ + +
® Weak E2 transitions
for decay of
ms Q-phonon

Qs ® Strong M1 transitions
N for decay of ms states
0, to symmetric states

® Test case Mo

N. Pietralla et al., Phys. Rev. Lett. 83, 1303 (1999); Phys. Rev. Lett. 84, 3775 (2000)
C. Fransen et al., Phys. Lett. B 508, 219 (2001); Phys. Rev. C 67, 024307 (2003)
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Why (e,e’) and (p,p)?

* Study of one- and two-phonon 2* FSS and MSS with (e,e”) and (p,p’)

- sensitive to one-phonon components of the wave functions

- test of fundamental phonon character

— Isoscalar / isovector decomposition

— purity of two-phonon states
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Experiments

* High resolution required to resolve all 2* states below 4 MeV

* Lateral dispersion matching technique

* (e,e’): (P.p"):
S-DALINAC, TU Darmstadt iThemba LABS
E., =70 MeV Ep = 200 MeV
O, =93°-165° @p=4.5°—26°

A E= 30 keV (FWHM) A E= 35 keV (FWHM)
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Data: Strong Transitions
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Data: Weak Transitions
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Theoretical Calculation

Quasiparticle Phonon Model (QPM)
— full (up to 3 phonons)
— pure one- or two-phonon states

Shell Model (SM)
— 8Srcore/V

low-k

IBM-2
— transition densities from SM
- U(5) limit to describe dominant transitions

Cross Section
- DWBA / Love-Franey effective
projectile-target interaction for (p,p”)
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One-Phonon FSS and MSS
“Mo(e,e") ot 107 “Mo(p,p’)
—a 210"
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* one-phonon character confirmed
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Wave Functions of One-Phonon FSS and MSS

2F 27
1,F'SS 3,MSS
QPM SM QPM SM

v (2dsjp2dspp) 070 055 -0.71 -0.33

Main configuration

 FSS _ isoscalar

« MSS - isovector
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Two-Phonon FSS and MSS
| “Moee) o~ “Mo(p,p)
10°° 10"}
E _
G a7 — QPM (full) c\’T)
Q 10 — QPM (pure) O .3
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%10'5 Fe | B0
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10°°t

04 0161' 0.8
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* pure two-phonon state
@ ~10% one-phonon
admixtures in MSS

05 10 15
q (fm™)

* two-step contributions ?



—
S
'_\

do/dQ (mb/sr)

—_—
<

RN
o
N

pure two-phonon FSS confirmed
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L —c,=02
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* admixture to two-phonon MSS confirmed
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Summary

* Study of one- and two-phonon FSS and MSS 2 ‘states in %Mo
with high-resolution (e,e”) and (p,p”) experiments

* Combined analysis with microscopic models reveals:

— dominant one-phonon character of 21+and 23+states

— isovector character of one-phonon MSS within the valence shell

— quantitatively consistent conclusions after inclusion of
two-step processes in (p,p’) cross sections

- two-phonon FSS quite pure

— dominant two-phonon character of two-phonon MSS
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Mo94: Theoretical Predictions
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M094 Radlal TranS|t|on Charge Densities
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* In n-rich environment (core-collapse supernovae) this reaction path
may provide an alternative route for building up the heavy elements
and triggering the r process
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JT =1/2* State at Threshold

E., MeV Ik, keV J" Threshold, MeV
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2780 et 1080 112 e
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Real photons exp. (e,€) Reanalysis of [78]

Ref. [77] Ref. [78] Ref. [79] by Barker [81]
Er, MeV 1.75(1) 1.684(7) 1.68(15) 1.7316
Mk, keV 283(42) 217(10)  200(20) 280

B(E1)t, e*fm? 0.0535(35) 0.027(2) 0.034(3) 0.0685

present data old data [78]
73 MeV, 93 73 MeV, 141 49 MeV, 117
Er, MeV 1.746(8) 1.768(12) 1.737(10)

[r, keV 265(10) 308(20) 275(14)
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Lintott Spectrometer
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@ Si microstrip detector system:
4 modules, each 96 strips with
pitch of 650 p m

@ Count rate up to 100 kHz

- Energy resolution 1.5x104
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)
C+ec

A4+a—-B*"—-<{D4+d

L

2

o(Eg) = const - |<C+c[@|A—|—a> - p(EB)
T r,I.
O-a,c(E) = 9 .2 gJ
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Er = E\+ A(FER)

FR(ER) = 2 \/E(ER — Sn)

_167T2 e?
9 hc

e,e’ Ex
e (B) (Ey — Eg)° +€(E, — Sy)

B(E1,q)1

R? R}
_ 2 T r 4 “Mr
vV B(C1,q) = /B(C1,k) (1 ¢ 75 4 50 )
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1.4} *Be(y,n) -

0.7}
Q ool
g 0.0
o 14} Be(e,e’) -

7 19 24
E, (MeV)
« Final values: E, = 1.748(6) MeV and I = 274(8) keV of J™ = 1/2* resonance

— For T, = 0.1 — 3 K this resonance determines exclusively

‘He(a ,y )®Be(n,y )°Be chain
— Determined reaction rate differs up to 20% from adopted values
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Form Factor of the J™ = 1/2* State

*Be(e,e’)
« .| E(=1748MeV
81072} .
G
LS
o)
S
c
D10k T
g — NCSM (4 - 5 ho)
~ — NCSM (6 - 7 ho)
— fit to data
| ! | L | 1 |
0.2 0.4 0.6 0.8
q (fm™)

* NCSM: correct g dependence but difference
in magnitude compared to the data (C. Forssén)

* B(C1) # B(E1) at photon point k= q
- violation of Siegert theorem ?
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