
Physics opportunities with 
HELIOS (+AIRIS) 



HELIOS excels at direct transfer 
reactions 

• Neutron stripping – (d,p) – σ ~ 1-50 mb/sr 
• Proton stripping – (3He,d) – σ ~ .1-10 mb/sr 
• Proton pickup – (d,3He) – σ ~ few mb/sr 
• Neutron pickup – (d,t) – σ ~ few mb/sr 
• Two-neutron stripping – (t,p) σ ~ .1- few mb/sr 
• Proton-neutron pickup – (d,α) σ ~ .1- few mb/sr 
• Proton-neutron stripping – (α,d) σ ~ .1- few mb/sr 
 
 Most reactions are within reach with beam intensities  
down to approximately 104 pps 



Interesting light beams from AIRIS 



HELIOS – it’s not just for (d,p) anymore… 

Part of study of proton 
correlations in the ground 
states of 12,13,14C. 
 
14C(d,3He)13B  - target was  
40% 14C, 60% 12C 

Result – spectroscopic factors in agreement 
with CK shell model, show reduction in 0p1/2  
proton occupancy with increasing N, but  
absolute values have large uncertainties 

Mairle and Wagner, NPA 253, 253 (1975) 



HELIOS – it’s not just for (d,p) anymore… 

14C(d,3He)13B 14C(d,4He)12B 

15C(d,4He)13B 

0
.0

 3
/2

- 

3
.7

1
 (

1
/2

- )
 

0
.0

 1
+ 

0
.9

5
3

 2
+ 

5
.6

1
 3

+ 

3
.7

1
 (

1
/2

- )
 

0
.0

 3
/2

- 1
1

.0
 (

5
/2

+ ,
7

/2
+ )

 

EX EX 

Bound 
Unbound 

jp+jn=Jmax 

(S. Bedoor, preliminary) 
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Gade systematics and proton removal from AC 

Access with AC(d,3He)A-1B 
A. Gade et al, PRC 77, 
044306 (2008) 

13,14C 
12C 



Pair transfer with (t,p) 

6He(t,p)8He 8He(t,p)10He 

Golovkov et al., PLB 672, 22 (2009) 

4,6,8He(t,p)6,8,10He with HELIOS: Improve statistics and 
resolution.  Detailed properties of wave functions 



Pair transfer with (t,p) 
N=8 magicity broken in 11,12,(13)Be 

But restored in 14Be? 

Aksyutina et al., PRL 111, 
242501 (2013). 

Sugimoto et al., PLB 654, 160 (2007) 

12Be(t,p)14Be offers a  
complementary probe  of 
wave functions in 14Be 



C. R. Hoffman 



C. R. Hoffman 





Summary 
• Many new opportunities would be made 

available with HELIOS+AIRIS beams 

– Higher intensity RIBS 

– RIBS further from stability 

– A variety of reactions to choose from 

• Many cases for different mass regions 

• I have not mentioned CARIBU – but there are 
many opportunities there as well 

 


