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Charge-Exchange (CE) reactions:

a tool for studying Gamow-Teller strengths

Gamow-Teller transition
WiT=1, {¥iS=1,¥iL=0

induced by & #/+

strength : B(GT)

- allowed B-decay CE
CE reactions at 100-300 MeV
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Very powerful probe
—> Many successful studies on stable nuclei
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GT studies on stable nuclei via CE
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Why unstable nuclei?

* spin isospin collectivity
in terms of
— Ratio of neutron and proton numbers
— p-hvs. p-p
— density (neutron skin, neutron halo)
— double magicity far from the stability line

* Nuclei of astrophysical interests (electron captures,
neutrino responses, ...)



How?



The (p,n) reaction in inverse kinematics

residual  Observables from
recoiled probe only.
Heavy Residual
serves as tag.

|
|
| recoil

|
“igﬁ ion probe

“target”
~100 — 300 MeV/u

Missing mass with recoil neutron detection

Advantages
Efficient!
Rl beam (1076 pps) + Lig. H (100mg/cmA2)
~ stable p beam (160 nA) + 100 mg/cm”2 (A~100)
(after taking account detection eff. and acc.)
Simple!
All kinematic information
from measurement of the neutron
(two-body kinematics)
Extensive!
Can be applied to any mass region and to any
excitation energy



Applications

Possible to probe

any ExonanyA/Z

(beam intensity 10%> pps)
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56Ni

isospin symmetry

56co 56Ni 56cu

=1 T=0 T=1

<€ >
electron (p,n) charge

capture exchange

One of the important cases

In core coIIapse super novae of massive stars
(Phys. Rev. Lett. 86, 1678 (2001))



°5Nj is a key nucleus in Fe region

*6Ni (Z=N=28)

* independent particle model
— 6Ni is doubly magic

e Large p-n residual interaction
- °®Ni is not magic

P12
P32
f5/ 2

f7/ 2

sd

N P

f7/2 70% in >°Ni (GXPF1A, KB3G)
(e.g., Honma et al., Phys. Rev. C
69, 034335 (2004))
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>5Ni beam production and experiment
overview

detection of residual -y
\
diamond timing detector nucleus focal planey |

2]

Hydrogen target

K1200 < y A1900 for (p,n) reaction in
M . . i 2 Zpat wedge 237 mg/cm? Al inverse kinematics
= ;ondary beamdp/p:O'S% Location of LENDA
production 8x105 pps
production target 5N (66%),
Be 410 mg/cm? %5Co(32%), —> Calibration purpose

>4Fe (2%).



Set up of LENDA

61 °Cu in spectrograph | >°Ni in spectrograph
Ni(p,n)*sCu | [ | *®Ni(p,n)5eCu>%Ni+

|

0
gl Co in spectrograph | 53Coin spectrograph

Only b.g.
Low Energy Neutron

Detector Array (LENDA)
neutron detection
Plastic scintillator

‘ 24 bars 2.5x4.5x30cm
S 150 keV < E, <10 MeV 0

-50 0 50 -50 0 50
0., (degrees)

efﬁuency 15 40%

Flight path : 1 m Perdikakis et al, NIM.



d’c/dQ/dE (mb/sr/MeV)

Double differential cross sections
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Results of MDA
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GT component dominates the region below 8 MeV.
- Scale the spectrum before smearing



GT strengths from *®Ni(p,n) at 110 MeV/u

* Use the extracted (¥jL=0 component in combination with unit cross section to extract
Gamow-Teller strength [B(GT)].

* Compare with large-scale shell-model calculations
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Ex(56Cu) (MeV)

GXPF1A: Honma et al. : constrained by data in full pf-shell
KB3G: Poves et al. : less constraints — used in database for weak rates for
astrophysical purposes.

Difference between KB3G and GXPF1A:
* KB3G weaker spin-orbit and pn-residual interactions
* KB3G lower level density



A question

® data (sta.error) .,
0 syst.error ;N\
_—  GXPF1A Y
-~ KB3G ' \

(from nuclear structure)

Two prominent peaks exist
Large difference between KB3G and GXPF1

Remove one neutron

»| ® data (sta. error)
] syst. error

- — GXPF1J
KB3G

2 0 2 4 6 8
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Point:

from parent & daughter

Two peaks disappear
Small difference between KB3G and GXPF1

Along N=Z, B(GT) is sensitive to some part of interaction and showing two peaks.

Question:

What picture can intuitively explain the origin of the two peaks?



A new picture of GT resonance

N=Z nuclei
proton neutron
TIERY'
T=1, 5=0 pairs

Initial ground state
Filled with pp/nn (isovector) pair
GT transition
breaking a pair
Final state
e particle-hole: repulsive
- pushed up to higher energy
(well studied in stable nuclei)
* particle-particle (pn): attractive
—> pushed down to lower energy

The states in the lower peak is expected to form a
T=0, S=1 pair (identical proton and neutron orbits)



(/MeV)
>

GT strength

pn (T=0) effect along N=7

B(GT?>)

Bai, Sagawa, et al.,

C. L. Bai, H. Sagawa, et al., Phys. Lett. B 719 (2013).

Particle-particle

(pipair) dominant dominant
: 48Cr and ®Ge at RIKEN RIBF

Excitation energy (MeV)

Particle-hole
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Take-home messages

From a key nucleus (°®Ni), we learned a lot that
was not so easy to extract from a wide range of
experiments

Pinning down key parameters of nuclear models
Spin isospin collectivity hidden in stable nuclei



Overview of (p,n) studies for unstable nuclei

A ° .
v 1k
; using Bl beam
a -> lIsoscalar pairing
S (partially approved)
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£ 2582
N
N=126
gg‘ga' MSU 326 (spokespersons:
56Nj M.Sasanoetal., <9l M. S?dsano’ R Zegers)
double magic nuclei
' Na82 performed @RIBF SAMURAI, April 2014

xtend (p,n) study to A~100 region

12Be  K.ako et al.,

. N, number of neutrons
- 8He H.Sakaietal., >

11Li, 14Be, vy Stuhl et al. (exp. approved)




132Sn(p,n) exp. collaboration
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Summary & perspective
- Gamow-Teller study at any Ex & (A,Z)

* The first case is done on 56Ni at NSCL (A1900xLENDAXS800)
GXPF1A O, KB3GX
Key (sometimes, unstable) nuclei

— pin down key parameters in nuclear model
collectivity hidden in stable nuclei

*Perspective
Expanding rapidly...
— N=Z nuclei, *8Cr and ®*Ge
— 1328n(p,n) study at RIBF
— (p,n) reactions on halo nuclei



