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Possible to probe * GTGR, SDR
any Exonany A/Z * EC/beta-decays
 Neutral weak currents,

e.g., Synthesis of Mn in Poplution Ill star

>6Ni(v,vp)>>Co =2 >>Fe =2>°>Mn

GXPF1 >> KB3G (a factor of 3)

T. Suzuki et al., Phys. Rev. C79,
061603(R) (2009).

* R-process (GT + first forbidden)

é$S920.4d-
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U lefzulkifé a3|§86 ol Different beta decay<
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70,72jj 1329p
at RIKEN RIBF
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sn1998dh Core-Collapse (Type Il) Supernovae
Type lIn supernovae
(core-collapse SN)

* Collapse of massive star at the end of burning cycle

electron-capture (EC) on Fe-region nuclei

. * reduces electron pressure

* neutrinos by EC carry away energy from the star
—> collapse accelerates

» affects the mass interior to the shockwave

Thermonuclear (Type la) Supernovae

*source of large fraction of Iron group nuclei in the
universe ——

*thermonuclear explosions of accreting white dwarfs
in binary systems Not well understood.

Sn1998dh Type la SN

* ECs strongly affect the flame propagation after ignition
* |f ECs are well understood = models can be much better constrained

Key : BkFRBLICHITHEFHE
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EC { on ground state
on excited state

*Key ingredient: Gamow-Teller strengths - p{ fromround ste
*Many nuclei play a role (A-40-120)

*Majority are unstable
eexcitation can take place from excited nuclear

states \
(Z,A)

T T T T o e T T
T

Impossible to measure even a
sizeable fraction of cases

Z (Proton Number)

10k SRR Log (Mass Fraction)

core-coltapse Sn-

Vsl 1 1 1 ! 1 1 ! ! -

0 10 20 30 40 50 60 70 80 90
N (Neutron Number)
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*Ni(D & F 11

One of the important cases

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

TABLE I. Most important nuclei for electron capture and beta decay at selected points (characterized by temperature 7', density p,
and electron-to-baryon ratio Y,) during the final evolution of 15My and 25M, stars. The total electron capture A.. and beta decay
Ag- rates are listed as well as the 3 dominating nuclei; the number in parentheses defines their percentage to the respective rates.

T (K) pigem™?) Y, Aee (371 Electron capture Ag- (s7hH Beta decay
15M5
3.39 X 10° 4.50 x 107 0.480 5.17 x 1077 *Fe (29) Fe (25) *Mn (11) 6.08 x 107'"" 3*Mn (67) Mn (8)  **P (7)
3.82 X 10Y 7.26 X 107 0.464 3.30 X 1077 %Fe (41) YCo (10) **Mn (9) 6.73 X 1077 5Mn (45) %Co (18) Mn (11)
4.13 X 10° 2.89 X 10% 0.450 6.86 X 1077 7Fe (54) ©'Ni (21) %Fe (14) 4.10 X 1077 *Mn (36) 2V (12) "Mn (10)
441 % 10° 1.30 X 10° 0.442 7.57 X 107° Fe (22) 33Cr (14) Mn (13) 1.74 X 107% 3Mn (34) %2Co (17) %Co (12)
7.25 % 10° 9.36 x 10° 0432 9.21 X 1073 Ni (14) ¥Fe (7) 2V (7) 845 X 1070 ®Co (22) BMn (19) 3V (13)
25Mo
3.79 X 10° 2.89 X 107 0.487 3.18 X 107° 33Fe (23) %Co (20) °Ni (19) 1.53 X 107'" *Mn (49) Fe (17) *Co (9)
4.17 X 107 3.71 X 107 0.476 4.23 X 107% *Fe (21) Co (14) PFe (11) 8.12 X 10719 *Mn (37) 8Co (30) *Fe (8)
5.03 % 107 1.82 X 10% 0.456 3.84 X 107° Fe (17) %Fe (13) °'Ni (10) 1.00 X 107% *Mn (45) 32V (13) %Co (10)
5.57 % 10° 5.05 x 10% 0.449 1.45 X 107> 3"Fe (16) °Fe (11) 3Cr(9) 7.61 X 107% 3Mn (19) **Mn (14) 3Cr (10)
7.75 % 107 242 x 10° 0445 1.95 x 1073 'H (32) 3Cr (9) Fe (7) 5.17 X 1075 3Mn (18) 3Cr (13) "Mn (7)




SNIlZH T OEFHEE(p,n) RIS

isospin symmetry

0*—1*
Gamow-
Teller
4>

T=1 T=0 T=1
<€ >
electron (p,n) charge  Analogto
capture exchange (v,e-), beta-decay

B(GT) measured by the (p,n) reaction is directly
connected with the EC rate.
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*6Ni (Z=N=28)

* independent particle model
- °®Ni is doubly magic

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

* GT strength from °°Ni
- key to bench mark nuclear

model used for weak rates in the Fe *

region ‘

Experimentally, challenging!

P12 P12
Ps3/2
f5/2

f7/ 2

sd

p

N P

f7/2 70% in *°Ni (GXPF1A, KB3G)
(e.g., Honma et al., Phys. Rev. C
69, 034335 (2004))



inverse kinematics
option Il
residual  Observables from
recoiled probe only.

Heavy Residual
S¢

|
|
| recoil

Migﬁ ion probe

S,=560 keV

— 56
56Cy Cu

56Ni

RERFIK

Missing mass spectroscopy by the
detection of the recoil neutron

Advantages
*target can be thick (neutron recoil)
- high luminosity
even with unstable beams
with low intensities

* All kinematic information from measurement
of the neutron (two-body kinematics)
- simple measurement and analysis,
compared to invariant mass method

* Heavy fragment serves as tag for CE reaction
— branching ratio of the particle decay

Can be applied to any mass region and to any
excitation energy
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detection of residual II:ZD
nucleus
diamond timing detector ocaliplans s

primary beam production

Hydrogen target
for (p,n) reaction in
wedge 237 mg/cm? Al inverse kinematics

dp/p=0.5% Location of LENDA
secondary beam e ’

production
8x10° pps

S6Ni (66%),
55C0(32%), = Calibration purpose
>4Fe (2%).

production target
Be 410 mg/cm?

National Superconducting Cyclotron Laboratory,

Michigan State University
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; . Low Energy Neutron

S ity Wm\- . Detector Array (LENDA)

‘ ‘ neutron detection

| Plastic scintillator

24 bars 2.5x4.5x30cm

150 keV < E, <10 MeV

AE,~5% A0, <?2°
efficiency 15-40%

Flight path : 1 m

Liquid Hydrogen target
“proton ” target

65 mg/cm? (~7 mm)
~3.5 cm diameter
T=20K ~1 atm

Neutron energy & angles

\ 4

Excitation energy
& reaction scattering angles




d“c/dQ/dE (mb/sr/MeV)
o

o
—

0.1

T o T T

T o T T

= 2 R

G M
(f)
2~ o data (stat. error)
= AL=0 54
L] AL=1 Co
- AL=2

E,(*°Cu) (MeV)

GTR and SDR are extracted!

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

* Compare with large-scale shell-model calculations

i L 1
—~ ([ systerror ;%
> | — axppiA SN

¥

S| -- KB3G : \
-
)
oo

E (*°Cu) (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
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. ® data (sta. error)
] syst. error

- — GXPF1J
-- KB3G

2 0 2 4 6 8 10 12 14
E (55Ni) (MeV) Calcluations
X

by Suzuki and Honma
KB3G : X
GXPF1")” : O

Consistent with the comparison in *®Ni



| -- KB3G ’ \

»| ® data (sta. error)

i E D ME
® data(sta.error) /7

I syst. error Y Two prominent peaks exist
—  GXPF1A g \ Large difference between KB3G and GXPF1

Remove one neutron
from parent & daughter

=] syst. error
- — GXPF1J
KB3G

Two peaks disappear

0™ o 2 4 6 8 10 12 14  Small difference between KB3G and GXPF1

E.(*°Ni) (MeV)
Point:
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?
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(C. L. Bai, H. Sagawa, et al., Phys. Lett. B 719)

N=Z nuclei
pl’OtOﬂ 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)
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PRL 112,

112502 (2014)

) KDILE

@RCNP

PHYSICAL REVIEW LETTERS

week ending
21 MARCH 2014

Observation of Low- and High-Energy Gamow-Teller Phonon Excitations in Nuclei

Y. Fll_]l[d

J. M. Deaven.’
K. Hd[d[ldl\d

P. von Brentano,” G. Cold.* M. Csatlés,’
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b 0 2 11 By A )
(MSUDYT IL—TDLE)

A.L. Cole, R. G. T. Zegers et al., Phys. Rev. C 86, 015809 (2012)

A
1 .
0o 30 Average absolute deviation
08 currently between theory and experiment
0.7 b§5t
weak-rate N T
0.6 i 1 ‘)\fh . )\E’J'p‘
5 05 library Apc| = ~ 5 e
< o4 1 i
0.3 Required precision
0.2 Stellar density

taint
uncertainty . 107 g fem?
GXPF1A KB3G QRPA . 10°g/cm?

* systematic comparison of theory to charge-exchange data for stable pf-shell nuclei completed
— except for lightest pf-shell nuclei

* preference for shell-model GXPF1A interaction - confirmed by *®Ni(p,n) experiment

* relatively poor agreement for QRPA calculations

19



(p,n) X7 AT F@RIBF

RIKEN RIBF BigRIPS
Beam :
8He, 1Li, 1*Be, 7%72Ni, 132Sn at RIKEN RIBF
with enough intensity (> 1074 pps )
with the best beam energy (200--300 MeV)
<> NSCL cannot access neutron drip line
Neutron detection:
60 scintillator bars
<224 bars
Residue tag :
Measure all decay particles in one setting
(No n-knockout/frag. background )
<> only a part of decay particles

¥

RIKEN RIBF is the most powerful facility for the
(p,n) measurement in inverse kinematics
The first exp. at RIKEN for ?Be by Yako et al.
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100Sh (beta decay) }.___ 112-1245n (done) ;

1325n
(exp. in spring)

agic)

N=28
H - R-process

Measuring “key” nuclei

- Benchmark calculations

— Describe nuclear (beta-decay)
processes in the r-process
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>8-64Ni (stable) INTE = |

48

| wonder the branching ratio curve
Z=N=28 (= p/T(Ex). T2p/T(EX)\ 0 0 o )
obtained by the missing mass spsectroscopy
Beta+ decay : (n,p), (t,3He), .. (not necessarily with (p,n))

. . . i @ *®Ni(p,n)**cu  —— X
- Measuring mirror stable nuclei is useful... -t g

(@RCNP, BEHZA)

N=2-> AL E % TB(GT) (@RIBF)

Branching ratio

What is the key parameter in theoretical model?
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