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Search for Effect of Tensor Interactions 



CDCC-BA 

θd ~10° 

•  TOSM-type momentum wave 
functions that include high-
momentum components “fit” the 
data well. 

T. Myo, PTP 117 (2007) 257. 

•  CDCC-BA calculation with 
known spectroscopic factors:  
✓  qualitatively agree with ratios 
for the neutron-hole states (3/2- 
to 1/2-)  
✓  cannot explain the ratios for 
the positive-parity state (1/2+ or 
5/2+ to 1/2-) 

•  Two(Multi)-step process does  
not help 

HJO, IT et al., PLB 725, 277(2013)  

Possible Signature of Tensor Interactions  



(p,d) at finite (≥10 deg) scattering angle 

• 	(p,d)	at	0	deg	with	400-MeV	proton	
					->	RCNP-E396	
	 		
• 	(p,d)	at	0	deg	with	400〜1200-MeV	
					proton	to	cover	2	fm-1	

				->	GSI-S436/S437 (NUSTAR !
         Super-FRS collaboration)!

• 	(p,dp),	(p,dn)	at	finite	angles	with		
				400-MeV	proton	to	study	p-n	and		
				n-n	correlaKons	
				->	RCNP-E443	
	
• 	(p,dp),	(p,dn)	at	higher	energy	to		
				cover	2	fm-1	is	being	planned	at	the		
				future	SuperFRS	at	FAIR/GSI,		
				Germany.	

reaction mechanism effect  
at finite angle 

ambiguity of contributions  
from p-n and/or n-n pairs 

⇒ 0 degree measurement! ⇒ (p,dp) and (p,dn) measurements!

Issues to be addressed... 
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[RCNP-E396]  
    Experiment @ RCNP 

Grand RAIDEN 
(p/Δp ~ 37000) 

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

target!
16O: Mylar !
        (C10H8O4)!
12C: CD2!

@ 392 MeV!



[RCNP-E396] 
16O(p,d) reactions at forward angles with 

                        392 MeV proton beam 

10 deg 



[RCNP-E396] 
16O(p,d) reactions at forward angles with 

                        392 MeV proton beam 

10 deg 

Effect of reaction mechanism is negligible  

C.L. Guo 
Ph.D. Thesis (2016)  
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16O(p,d),12C(p,d) reactions at forward angles with 
               400 - 1200 MeV/u proton beams 

Proton beam @400 MeV/u, with 107 mg/cm2 natC target  

g.s. 
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1/2- 

12C(p,d) 

σ ~ 100 keV  

Horizontal position @ focal plane [mm] 

Sufficient resolution achieved 
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Results for 16O(p,d) @ 400 MeV/u 
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Excitation energy (MeV) 

blue: 15O 

red: 11C 
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Results for 16O(p,d) @ 400 MeV/u 

x position (mm) 
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Ratios consistent with RCNP data 

Preliminary 

: GSI data 15O  
gs; 1/2- 
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Reaction Analysis 

𝜽cm (deg)!𝜽cm (deg)!

1/2- ; g.s.! 3/2- ; 6.2 MeV!

16O(p,d)		



Summary 

•  We have performed (p,d) reaction at around 0 degrees on 12C 
and 16O targets at RCNP and GSI-FRS using proton beams 
at 400, 600, 900 and 1200 MeV.  

•  Preliminary results from RCNP and GSI-FRS experiments for 
16O(p,d) at 400 MeV are consistent with earlier results of 
RCNP experiment.  

•  Effect of reaction mechanism (angular dependence) is 
negligible.  

•  40,48Ca(p,d) measurements at 65, 200, 400 MeV 

Upcoming experiment 



Thank you very much for your attention! 



Dispersion  
= 16.63 cm/% 

S436: Dispersive Spectrometer Mode 

(X
,D
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 Experiment @ GSI-FRS 
[NUSTAR Super-FRS] 



40,48Ca(p,d): Final states of interest 


