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one of the hot topics in nuclear physics

 Possible role of tensor interactions in 
changing the spin-orbit splitting... 

 Varying magic numbers in neutron-rich 
nuclei:

T. Otsuka et al, 
PRL95, 232502(2005) 
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It is generally agreed from experiment 
“evidences” in stable nuclei that tensor 
interactions play important role in 
determining structure of nuclei.
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Key to understanding the “spectroscopic 
factor quenching”
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But thus far the “evidences” from nuclei heavier 
than d and α are indirect…

Is “direct” evidence on the tensor interactions 
possible, experimentally?
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Theoretical Momentum Distribution

W. Horiuchi and Y. Suzuki, 
PRC76, 024311(2007) 

T. Neff and H. Feldmeier, 
NPA713, 311(2003) 

R. Schiavilla et al., 
PRL 98, 132501 (2007) 

α+N+N model 

pn pair (lines)

pp pair 
(symbols)

Unitary Correlation 
Operator Method 
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How to measure high momentum 
components?

 (e,e'p), (e,e'pp), (e,e'pn), etc.

 (p,2p), etc.
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(p,d): Selective measurement of 
high momentum components
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Subjects of Study: 12C and 16O

Selection Rule: ΔJ=0, ΔL=ΔS=2
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Subjects of Study: 12C and 16O

 Measure High Momentum Component
 Cover momentum transfer at around 2 fm-1 (~ 400 MeV/c)
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Momentum Transfer

9

2 fm-1
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Experiment Setup

Target

d

RCNP Grand RAIDEN

Θd

  p (beam)

(p/Δp ~ 37000)

M. Fujiwara et al., 
NIMA422, 484(1999) 
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Experiment Setup

Target

d

RCNP Grand RAIDEN

Θd

G. W. Bennett et al., 
PRL19, 387(1967) K. Sekiguchi et al., 

PRL95, 162301(2004) 

Ep = 1GeV

  p (beam)

(p/Δp ~ 37000)

M. Fujiwara et al., 
NIMA422, 484(1999) 

2011年11月3日木曜日



12C (p,d) 
Ep = 198 MeV
Θd   = 10°
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16O (p,d) 
Ep = 198 MeV
Θd   = 10°
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Relative cross section
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Looking back to earlier data...

T. Bauer et al., PLB 67, 265 (1977) 
E. Rost et al., PRC 17, 1513 (1978) J. R. Shepard et al., PLB 89, 13 (1979) 

• pion exchange   
   current
• finite-range DWBA
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Looking back to earlier data...

T. Bauer et al., PLB 67, 265 (1977) 
E. Rost et al., PRC 17, 1513 (1978) J. R. Shepard et al., PLB 89, 13 (1979) 

• pion exchange   
   current
• finite-range DWBA

pion emission 
and reabsorption?
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Flash back to earlier data (2)

S. D. Baker et al., PLB 52, 57 (1974) 

E. Rost et al., PLB 59, 413 (1975) 

deuteron D-state
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Flash back to earlier data (3)

G. R. Smith et al., PRC 30, 593 (1984) 

• finite-range DWBA • zero-range CCBA
• only S-state
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The deviations were blamed on the lack of 
understanding of the reaction mechanism..

17
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The deviations were blamed on the lack of 
understanding of the reaction mechanism..

17

BUT, are those solely due to reaction 
mechanism?
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• need more adequate nuclear structure info
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• need more adequate nuclear structure info
• tensor interaction?
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Summary

‣ 12C(p,d), 16O(p,d) reaction was performed using the 
RCNP Grand Raiden with proton beams at 200, 300 and 
400 MeV.

 
‣ 16O(p,d)15O: Ratios of the cross sections for positive-

parity excited states to that of the ground state 
increased by a few orders of magnitude with increased 
momentum transfer.

‣ The enhanced cross sections at higher momentum 
transfer may indicate a direct evidence of the tensor 
force.
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