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48Ca(p,n) data
Sasano dataSasano data



How to cook the continuum ?

E l i i i

CHEX reaction

Example: spin-isospin responses

ΔTz=-1 / +1 direction
Selection of probes

Reaction theories

Effective interaction
Choice of t-matrix

MDA(our approach)
Systematic uncertainties?

Reaction theories

DWIA (DW81)
DWHI (FOLD) Distorting potentialy

GT, IVSM, ΔL≥1

Nuclear structure
OBTD

Distorting potential
Imaginary part

Proportionality relation
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Shell-model, RPA, 
QRPA, Simple 1p-1h 

Absolute B(α) value
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: Calibration
: DWIA calc.

Results depend critically on
Reliability of reaction calc.
Reliability of calibrationAbsolute B(α) value e ab ty o ca b at o



Multipole Decomposition Analysis 
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Ex  20 MeV

• NN interaction:
t-matrix by Franey & Love @325 MeV

optical model parameters:

DWIA inputs

• optical model parameters:
Global optical potential 
(phenomenological, Cooper et al.)

b d i i d i• one-body transition density:
pure 1p-1h configurations

P ti l 1f 2 1 2d 3 1h11/2

radial wave functions W S / H O

Particle: 1f, 2p, 1g, 2d, 3s, 1h11/2
Hole: 1p, 1d, 2s, 1f

radial wave functions  … W.S. / H.O.



How well does DWIA reproduce data ?

Reproduce very well at least low Ex !



Decomposed spectra



Uncertainties in GT strength       by Yako
90Z ( )/( )

S- (30.6) S+ (3.0) S- - S+ (27.6) Q (0.92)
statistical 0 5 0 4 0 6 0 02

90Zr(p,n)/(n,p) cases

statistical 0.5 0.4 0.6 0.02
systematic c.s. data 1.3 0.3 1.4 0.05

unit c.s. 1.5 0.1 1.4 0.05
MDA* 0.5 0.3 0.3 0.01
IVSM* 0.9 0.3 0.7 0.02

* : estimated within the ‘standard’ DWIA framework
• optical models: (contribution = 0.2 for S- MDA) 

phenomenological… EDAIZr(Cooper), n-global(Shen), 
folding… RH-RIA(Horowitz), DParis(von Geramb)

• radial w.f.:(0.2)
Woods-Saxon, Harmonic Oscillator, wine-bottle shapes

• effective NN interaction:(0.3)
Franey-Love @ 325 MeV & 270 MeVa ey ove @ 3 5 eV & 70 eV



Uncertainties besides cross section of data

unit cross section

ti lit ?proportionality?

unbound transition (shallow binding approx.) ?

L=0, L=2 and their interference effect ?

interference between GT and IVSM ? 



Proportionality (relation between σ△L=0 and B(GT)) 

)GT(B),q(Fˆ),q( GT1J ⋅ω⋅σ=ωσ +π =
)GT(B),q(0L →ωσ =Δ)GT(B),q(Fˆ)0( GT0L ⋅ω⋅σ=σ =Δ

o

• F(q,w):  kinematical correction
(q,w) (0,0)
estimated by DWIA calc.

• : GT unit cross section
should be measured, not easy

GTσ̂
, y

systematic study by Sasano 
PRC 79, 024602 (2009)

mb/sr400694)48A(ˆ ±==σ mb/sr40.069.4)48A(GT ±==σ

Same is used for both (p,n) / (n,p).GTσ̂Same  is used for both (p,n) / (n,p).GTσ



Proportionality test by Sasano 

48Ca(p,n)48Sc 48Ti(n,p)48Sc
)GT(B),q(Fˆ)0( GT0L ⋅ω⋅σ=σ =Δ

o

Proportionality test by shell model

Exercise by using:
48Ca--48Ti system
Shell model calculations
Standard DWIA calc. 

Deviations are large for small 
B(GT) for both sides.

Averaging could work.Averaging could work.

Retain the proportionality 
(optimistic hope ?!)(optimistic hope ?!).



Proportionality test-2 by Sasano 

Effects by tensor interaction

E i b i

full int.

Exercise by using:
58Ni system
Shell model calculations
St d d DWIA lStandard DWIA calc. 
with / without tensor interactions

Deviations are mainly due to 
the tensor interactions.

wo tensor int.

MDA might work 
best at 200-400 MeV.



Shallow binding approximation        (exercise by Wakasa) 

(p,n) 300 MeV    Ex=15 MeVContinuum  unbound transition density

IVSM

Customary  shallow binding approx. is used.

Need to check the validityNeed to check the validity

crdw code by Ichimura et al.
Ph R C 63 044609 (2001)Phys.Rev. C 63, 044609 (2001).

DWIA + continuum RPA

Shallow binding approx. 
seems to work well.



Interferences

GT IVSM

2
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σGT σIVSM σint’f : interference

1+ state consists of:

ω=Δ=Δ=+ h0  ),2(0L ,1S;GT1 Strictly speaking: 

ω=Δ=Δ+

ω=Δ=Δ+

h

h

2  ,2L ,1S;SQR        

2  ,0L ,1S ;IVSM        
|0 ℏω> and |2 ℏω> are
not orthogonal.

In principle they all interfere!
Two sources of interferences

1 △L=0 and △L=2 within a mode
2  mode interference; GT vs. IVSM

How to disentangle experimentally?



L=0, L=2 and their interference      (exercise by Wakasa) 

MDA vs. DWIA for 208Pb(p,n) 300 MeV
L=0, L=2 and interference

IVSM

A

L=2 & interference

M
D
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q=0

w
)

W
IA
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rd
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Jπ=1+ response consists of 
GT + IVSM + interference !



L=0, L=2 and their interference (exercise by Wakasa) 

L=0, L=2 and interference

Few % effect by interference is seen.  



Interference between GT+IVSM (Sasano data and calc.) 

QRPA (GT + IVSM)  
(Rodin et al., Tuebingen Univ.)
Large model space (34 levels)

116Cd(p,n)116In    at 300 MeV
116Sn(n,p)116In

⇒ 2hw
quenching factor, 0.843 
& gpp = 0.5

Scat. amp.: T = T0hw(GT) +T2hw(IVSM)
|T|2 = |T0hw|2 +|T2hw|2

+ 2 Re (T0hw*  T2hw)

Interference
Theo. Exp.

( 0hw 2hw)

GT IVSM GT+IVSM GT+IVSM

β+ 0.4 5.4 6.8 11±1
(p,n)

β- 42 4 52 45±8

Strengths around 10 MeV are partly 
(n,p)

reproduced, but still underestimated 
in the calculation.



Summary for (p,n)/(n,p) and some DWIA exercises

Unit cross section 
Must be experimentally calibrated

Proportionality : recover (?) for the continuum
Poor ΔE helps?  (average over ΔE)

MDA  
Shallow binding treatment seems to work

Interference (exercise) 
between L=0 and L=2(IVSQ) : seems to be small
between GT and IVSM : ?between GT and IVSM : ?
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Studies on spin-isospin responses by composite projectiles

β+ IVSM search by (t,3He) reaction

β- IVSM search by (12N, 12C) reaction



RI Beam Facility of RIKENRI Beam Facility of RIKEN

3rd generation HI beam facility

SHARAQ



ICHOR and SHARAQICHOR and SHARAQ

SHARAQ magnetic spectrometer :
Constructed by Uiv. Tokyo under ICHOR project

Sharaku

Isospin-spin responses in CHarge-exchange exOthermic Reactions (ICHOR)
Under the Grant-in-Aid for Specially Promoted Research of MEX        
Spokesperson: H. Sakai (University of Tokyo) 
Approved at 2005 for 5 years.
Total budget: about $5M. 



SHARAQ  Characteristic

t ttargetDedicated to the missing mass 
spectroscopy by unstable RI beams.

Focal 
plane

• QQDQD type
• Maximum rigidity 6.8 Tm
• δp/p = 1/14700
• Dispersion matching  (x|δ), (θ|δ)
• Angular resolution < 1 mrad
• Solid angle 2.7 msr
• Rotatable (-2 to 15 degree)

W i ht 500 t

A/Z=3
220MeV/A

• Weight 500 tons



Experiments at SHARAQ since 2009Experiments at SHARAQ since 2009

Measurement of the spin isovector monopole resonance via the   
(t,3He) reaction at 900 MeV (approved)
Spokesperson: K. Miki 
Done in 2009. (First experiment!)

Search for IVSM
β+ direction

( p )

Studies of isovector non-spin-flip monopole resonance
via the super-allowed Fermi type charge exchange reaction
Spokesperson: Y. Sasamoto

Search for IVM
β- directionp p

Done in 2010. 

Development of Exothermic charge-exchange reaction as a new spin-isospin probe and its 
application to the observation of the isovector spin monoploe resonance in 90Nb Search for IVSMpp p p
Spokesperson: S. Noji
Done in 2010. 

Direct mass measurement of neutron-rich Calcium isotopes  at N∼34 

Search for IVSM
β- direction

High resolutionp
Spokesperson: S. Michimasa
（approved)

Tetra-neutron system produced by exothermic double-charge exchange reaction 

High resolution 
of SHARAQ

Tetra neutrony p y g g
Spokesperson: S. Shimoura
（approved)

Spin-isospin excitations of 12Be via the (p,n) reaction in inverse kinematics

Tetra-neutron

( ) i ip p (p, )
Spokesperson: K. Yako
Done in June 2011.  2 months ago! 

(p,n) in inverse-
kinematic



Search for the β+ IVSM by (t 3He) reactions at 300 MeV/ASearch for the β IVSM by  (t,3He) reactions at 300 MeV/A

Spokesperson: K. Miki, Univ. Tokyo



β+ IsoIso--Vector SpinVector Spin--Monopole Monopole ResonanceResonance

• Purpose : search for IVSMR(β+) 
Isovector compression  mode with spin

∆L 0 ∆S=1

Previous Exp. 
IVSMR(β -)  – a few signatures
IVSMR(β +)  – no clear signature 

Previous Exp. 
IVSMR(β -)  – a few signatures
IVSMR(β +)  – no clear signature 

• Experiment ∆L=0, ∆S=1
2ħω

(t,3He) reaction at 300 MeV/u for 208Pb and 90Zr(t,3He) reaction at 300 MeV/u for 208Pb and 90Zr

Wh ( 3H ) i 300M V/ ?

BigRIPS + SHARAQBigRIPS + SHARAQ

• Why (t,3He) reaction at 300MeV/u ?
Why  208Pb and 90Zr targets ? 3He & triton

p & n

m.f.p. 1.5 fm

5 fm1. strong spin-isospin excitation
2. large absorption effect
3 strong Pauli blocking effect

5 fm

3. strong Pauli-blocking effect

Hamamoto and Sagawa
PRC 62 (2000) 024319



IVSM study by (t,3He) reaction

Result of the Multipole Decomposition Analysis (MDA)

)He,(
IVSM

3tσ

Obtained IVSM Cross Section



Comparisons (t,3He)/(n,p) vs. (3He,t)/(p,n) 

208Pb(t,3He) 300MeV/u 0.0o-0.4o (RIBF)
208Pb(n,p)  200MeV    0.0o-1.8o (TRIUMF)

90Zr(t,3He)  300MeV/u 0.0o-0.4o (RIBF)
90Zr(n,p)   300MeV     0.0o-1.0o (RCNP)x1.57 x1.83

IVSM resonance is found in β+ channel.

x1.57 x1.83



Exchange effects
comparison between (p,n) and (3He,t) reactions



Exchange

Anti-symmetrization (A simple case : N-N system wo spin,isospin)

( )rfi
r

,χ --- Scattering wave function (proj, eject)

( ) ( ) ( ) ( )1111 11 rrrr ffii
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( )1rf
rχ --- single-particle wave function (target)
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Reducible down to Irreducible…
2-dim. radial integral (easy) 6-dim. integral (difficult) 

approx. : short-range, central only, …



208Pb(n,p) at 300MeV as an example

208Pb(n,p) at 300MeV 
Computer Code : DW81 (“Knock-on exchange is calculated exactly”)
N-N interaction : Franey-Love 325MeV

Direct+Exchange
Direct Only

I di bl f th di i

Contribution from exchange 
is large (≳50%).

Indispensable for the discusssion 
of absolute cross section.



Direct and exchange effects in (3He,t) 

DWHI+FOLD : rather difficult to calculate exchange effects
DCP-1 code   : includes knock-on exchange effects

(Distorted wave impulse approximation code for Composite-Particle scattering)

Udagawa, Schulte and Osterfeld, NP A474 (1987) 131.

1+, 0o

L h ff t ! E d d t! V btlLarge exchange effects !
However …..

Energy dependent!  Very subtle  
(p,n)∼(3He,t), if this is a general 

feature, then ….



Computer Codes for DWBA,DWIA 

• Computer Codes (for experimentalist ?)
* Only for KNOCK-ON exchange.  

No code available for FULL exchange.

Author/Maintainer N-A A-A Exchange (*) Note.
DWUCK4 Kunz O Short-range approx.
TWOFNR Igarashi et.al. O Short-range approx.TWOFNR g O Short range approx.

DW81 Comfort, Love O Exact
DWBA98 Raynal et.al. O Exact

DCP-1 Udagawa et.al. O O Exact Lost…?
FOLD Zegers et.al. O O Short-range approx. Developing…?

Double folding

Wanted : Code for A-A scattering with Exact treatment of Exchange.



Search for the β- IVSM search via  (12N,12C) reactionsβ ( , )

Spokesperson: S. Noji, Univ. Tokyo



Experimental condition & setup
90Zr(12N,12C)90NbZr( N, C) Nb
BigRIPS + SHARAQ
pri. beam: 14N 250A MeV, 400 pnA
sec beam: 12N 176A MeV 1 6 Mcpssec. beam: 12N 176A MeV, 1.6 Mcps
reaction target: 90Zr 150 mg/cm2

Detectors
track of incoming beamtrack of incoming beam

MWDC x2
track of reaction product

CRDC x2CRDC x2
trigger & PID

focal plane scint.
ID f β dID of β decay events

target scint.
de-exc. γ rays from 12C*

NaI array DALI2



Very very preliminary result by Noji



Optical potentials



Ambiguities by Veff and optical potentials



Ambiguities by Veff and optical potentials



Ambiguities by Veff and optical potentials



Ambiguities by Veff and optical potentials



Ambiguities by Veff and optical potentials



Lessons by exercise

Effective interaction dependence is rather small.

An order of  magnitude difference depending on optical pot. sets.

Even angular distributions are different.

How to choose optical potentials?  show a guidline



Contents
1 How reliable are the spin isospin responses in the continuum extracted1 How reliable are the spin-isospin responses in the continuum extracted  

by the nucleon CHEX reactions ?
•Measurement, analysis and associated uncertainties 

MDAMDA
unbound transition (shallow binding approx.) ?
L=0, L=2 and their interference effect ?
interference between GT and IVSM ?interference between GT and IVSM ?
proportionality ?

2 How are they in the case of composite projectiles ?y p p j
•(t,3He,) reaction: measurement  by Miki

Exchange effects 
•(12N,12C) reaction: measurement  by Noji( ) y j

Ambiguities by optical potentials(imaginary part)

3 Brand-new: measurement of the exothermic 12Be(p,n) reaction 
in inverse-kinematics at 200 MeV/A by Yako

• – observation of GT giant resonance and SDR –

4 Summary



First measurement of the exothermic 
12Be(p,n) reaction 

in inverse-kinematics at 200 MeV/A

Spokesperson: K. YakoSpokesperson: K. Yako



What is interesting in What is interesting in 1212Be ?Be ?

①large neutron asymmetry①large neutron asymmetry

33.0
A

)ZN( =−=ε

②②disappearance of closed shell N=8
•40% admixture of  sd-orbits into p-orbits
•Effects on to GT transitions?

ff i i•Large effects on SDR transition?
( ) ( )∑ ±

± =
i

itiGTO μμ σ)(1

∑ˆ

③huge deformation(cluster structure)

∑ ±
± =

μ

μσ
im

ii
i
m

i rYrtSDRO )ˆ()(ˆ
1

•Ellipsoid ratio; long : short=2:1 !
•Large effects on SDR transition? 
•Effects on GT transition?

Aim: GT/SDR search in neutron rich nucleus 12B
⇒collectivity of GT statey
⇒breaking of closer structure by SDR 
⇒establish of new spectroscopic tool by unstable beams



GTGR exists in light neutronGTGR exists in light neutron--rich nuclei ?rich nuclei ?

12Be0|| )()(∑
A

iiGTR στ

Gamow-Teller state

Be
ZN −

0||
1

)()(∑
=

−−=
i

iiGTR στ

33.0
A

ZN =

A
ZNEEE lsIASGT

−−+Δ=− )~~(2 τστ κκ

ΔEls=1/2(εj>- εj<): 
Spin-orbit part of the 
single-particle energy

90Zr
κστ(κτ):

particle-hole
coupling constants 

11.0
A

ZN =−
Z=40 N=50Nothing known beyond 0.22.

A Proton      neutron



ShellShell--model prediction: GT excitationsmodel prediction: GT excitations
Suzuki & Otsuka, PRC56(1997)847Suzuki & Otsuka, PRC56(1997)847

•Model space: p-sd
•Δε1s= ─3.4 MeV 

logft value is reproduced.

1s(0p)2

g p

0
0p3/2

0p1/2

(0p)
40%

0s
π ν

0
0p1/2

1s(1s)2

60%

0s
0p3/2

π ν
…Deformation-difference?
…Cluster model?



SD excitationsSD excitations

S i di l ΔL 1 1ħ•Spin dipole … ΔL = 1, 1ħω
change in L → qualitative change in strength distribution 

1s,0d(0p)2
•Degeneracy between 

p- and sd- shell can be seen?

0s
0p3/2

0p1/240% •SD excitations in low Ex region?

0s
π ν

2

0p3/2

0p1/2

1s, 0d(1s)2

60%

0s
0p3/2

π ν T.Suzuki



1212Be(Be(p,np,n)) 1212B B measurementmeasurement

EnExothermic reaction in inverse kimenatics! n

θlab

Lab
EnExothermic reaction in inverse kimenatics!

Qgs = +11 MeV
• resolution δEx ~ 1 MeV, δθcm ~ 1 deg

12Be
12B*

resolution δEx  1 MeV, δθcm  1 deg
• missing mass : (En, θlab)→(Ex, θcm)
En …Time-of-flight 

12Be(p,n)12B12Be(p,n)12B Angular distribution

SD

GT

SD

δEn ~ 0.8 MeV, δθlab ~1.3 deg

θn Ex of 12B
En θCM



Merit of exothermic Merit of exothermic 1212Be(Be(p,np,n)) 1212B reactionB reaction

12 ( )12 i12 ( )12 i12Be(p,n)12B reaction :   Qgs = +11 MeV12Be(p,n)12B reaction :   Qgs = +11 MeV

• q=0.0 fm-1 is achieved even at ω=11 MeV!

• q=0.2 fm-1 is achieved even at 3 degrees.



Sketch of experimentSketch of experiment

(p,n) reaction in Inverse kinematics
Beam preparation
Targetg
Neutron(TOF)
Residual nucleus(SHARAQ) Neutron detector

TOF method

n

θ
Lab

En

18O beam + Be

12Be
12B*

θlabAchromatic transport
WINDS

Liquid hydrogen target
SHARAQ
12B, 11B,10B

SHARAQ
• Acceptances

|δ| < 1% 
|θ| < 36 mr, |Ф| < 68 mr

LHe



Masses around Masses around 1212BeBe



Coincidence measurementCoincidence measurement
Ex (MeV) E

SD

Ex (MeV)
n

θlab

Lab
En

SD
12Be

12B*
14.8

GT

14.8

5B5+2n10
Neutron and residual 
particle coincidence meas.

(p n)

7
10

0<E < 3 4 M V
3 settings of SHARAQ

(p,n) 0<Ex< 3.4 MeV
12B & n

3.4<Ex<15 MeV

4Be8
12

β
5B6+n11

3.37

1+

0+

GT

x
11B & n  

15<Ex<22 MeV
10B & n

5B7
12

β
23.6 ms

1+ 10B & n 
improves S/N



Liquid Hydrogen targetLiquid Hydrogen target

LH2 target 
•14 mmt

•40 mmФ

LH2 target 
•14 mmt

•40 mmФ40 mmФ
•Kapton window

25 μm

40 mmФ
•Kapton window

25 μm

SHARAQ

Beam size:
Δx = 7 mm (in σ)( )
Δy = 5 mm



WINDS (neutron counter array)WINDS (neutron counter array)

Wid lWide-angle 
Inverse-kinematics
Neutron 
Detectors for 
SHARAQ

12B*
to SHARAQ

LH
n

12B*

12Be

LH2
target

• 59 plastic scintillators (BC408)

Be
beam

• 59 plastic scintillators (BC408) 
(H7195 + BC408, 60 x 10 x 3 cm3)
• θ = 60-120°,  FPL = 180 cm



Measurement conditionMeasurement condition

• Experiment : 6-12 June, 2011

• Primary beam: 18O 250A MeV 100 200 pnA• Primary beam:      18O 250A MeV, 100-200 pnA
• ¼ -freq. buncher … pulse separation of 122 ns

P i t t B 20 t• Primary target:      Be, 20 mmt

• Secondary beam: 12Be 200A MeV, 500 kcps on target
12contains few % isomer in 12Be 

• Secondary target: Liq H2, 14 mmt



ResultResult

0 M V3 414 821 5
Ex (12B)

0 MeV3.414.821.5

12B11B+n10B+2n
g.s.

GTGRSDR(?)

First results on GTGR
& SDR full distributions 
in 12B with unstable 12Be 
beam.



SummarySummary

1 reliability of extracting the spin-isospin responses in the continuum 
U i i i li MDA( h ll bi di )Unit cross section, proportionality, MDA(shallow binding)
Interferences: L=0 vs. L=2  and GT vs. IVSM 

2 composite projectiles2 composite projectiles 
(t,3He,) reaction: measurement  by Miki 

• Large exchange effects 
(12N,12C) reaction: measurement  by Noji

L bi iti b ti l t ti l (i i t)• Large ambiguities by optical potentials(imaginary part)

3 Brand-new: measurement of the exothermic 12Be(p,n) reaction 
in inverse-kinematics at 200 MeV/A by YakoV/ y

Please stay tuned



Home works for theoristsHome works for theorists

Mode interference (GT vs. IVSM )
How to disentangle?g
Should compare in terms of cross sections ?
Requires structure + reaction collaboration
Provide us the predictions in terms of cross sections 
Then, dilemma . . . 

Exchange effects
Please develop the reaction code which can handle the exchange  

Optical potentials  
I di bl f th tit ti l iIndispensable for the quantitative analysis
Hard to carry out exp. for rare-isotopes
Please create a global OP



Th E dThe End

Helps by K. Yako, K. Miki, S. Noji and M. Sasano are acknowledged.


