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Neutron configurations around N=8
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Producing secondary beams:
“In-flight” production at ANL*
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First HELIOS RIB results with 12B(d,p)13B

11B(d,p)12B

12B(d,p)13B

11B(d,p)12B

12B(d,p)13B

3.
48

 M
eV

3.
68

 M
eV

θCM=6o-29o
12B(d,p)13B

12B(d,p)13B 12B(d,p)13B

“Conventional” HELIOS

3.
48

 M
eV

3.
68

 M
eVθCM=16o-29o

H. Y. Lee et al., PRC 81, 015802 (2010) B. B. Back et al., PRL 104104104104, 132501 (2010)



11,12B(d,p)12,13B angular distributions

(Jπ=1/2+)

(Jπ=5/2+)

B. B. Back et al., PRL 104104104104, 132501 (2010)



Theory versus 

experiment for 13B
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15C(d,p)16C 

with HELIOS
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15C(d,p)16C angular 

distributions
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Curves are DWBA calculations with
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Spectroscopic factors obtained from 
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Broad l=0 and 2 states expected

with Jπ=(0,1,2,3)-

Sn=0.969

Preliminary excitation-energy spectrum
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Summary
• HELIOS provides a new approach to studying 

reactions in inverse kinematics
• Alleviates problems with light particle 

identification and gives improved excitation-
energy resolution and straightforward 
determination of CM quantities

• Around N=8, (d,p) nicely probes the evolution of 
the 1s -0d orbitals and the p-n/n-n residual the 1s1/2-0d5/2 orbitals and the p-n/n-n residual 
interactions

• 14B(1-) (Sn=.319 MeV) is mostly s-wave, so is as 
good or better a halo state than 11Lig.s. or 11Beg.s..

• Structure aspects seem reasonably well in hand,
BUT: we still worry about DWBA and weakly      
(or un-) bound s states.
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Empirical ν(sd )2 residual interaction for 0+

[J]=2J+1

Single-particle energies E0 from 15C.

PRL 105, 132501 (2010)



13B and friends… from 14C+9Be
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1s1/2 and 0d5/2neutron form factors

1s1/2 0d5/2

Woods-Saxon potential, r0=1.35, a=.6, V0 adjusted for BE

s-wave tail may cause problems for DWBA! 

R. Huby, J. Phys. G 11, 931 (1985)



But: Don’t forget history- 10Be(d,p)11Be

L=0 L=1

Zwieglinski, Benenson, Robertson, Coker – NP A315, 124 (1979)

Sn=.503 MeV

No problem?!

Sn=.183 MeV

No problem?!
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(d,p) momentum mismatch at 0o

(Atgt=13)

∆q(1ħ)~65 MeV/c



(d,p) momentum mismatch at 0o

(Atgt=132)

∆q(1ħ)~30 MeV/c



Single-particle widths for 13B+n



Spectrometer completed in 
August 2008



28Si(d,p)29Si: Seems to work!

Residual α source background

protons from 28Si+12C
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J. C. Lighthall et al, NIMPRA 622622622622, 97 (2010)



28Si(d,p)29Si Excitation-energy spectrum

Typical resolution ~ 120 keV FWHM
Best resolution ~ 80 keV FWHMJ. C. Lighthall et al, 

NIMPRA 622622622622, 97 (2010)



Towards 132Sn(d,p)133Sn with CARIBU

B. P. Kay et al, PRC in press



19O(d,p)20O: Further into the sd shell

C. R. Hoffman, Submitted to PRC



ν(sd)+ν(d5/2)3
5/2+ states in 20O

C. R. Hoffman, Submitted to PRC



Proton beam impurity: p-d elastics
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E vs Z, data and Monte-Carlo
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Simple considerations for 12B(d,p)13B
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Simple considerations for 15C(d,p)16C
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Simple considerations for 13B(d,p)14B
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This you have seen...



But maybe not this...
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What’s in your beam?
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