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Nuclear structure with re-accelerated beams 
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Inverse kinematics – wide applications  
�  1
��!�!����),!����(�)���!�!�
��!���*��
������
������.!���

Before                  After 

Normal kinematics 

Inverse kinematics 

Stable isotopes 

Radioactive 
Beams 
(FRIB) 

>1000/sec 
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Inverse kinematics problems 

Before                  After 

Normal kinematics 

Inverse kinematics 

8 MeV/u 
28Si(d,p) 

θcmM30o 

θcmM30o 
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The solution 
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Measured quantities 
Flight time:  Tflight=Tcyc 
Position:  z 
Energy:   Elab 

Principle of operation  

Derived quantities 
Part. ID:   m/q 
Energy:   Ecm 
Angle:   θcm 
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Measure ΘΘ or z (in magnetic field)? 

Inverse kinematics 
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Kinematics for the reaction d(28Si,p)29Si 
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The Argonne implementation of HELIOS 
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The Siemens Magnet 
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Arrival at ANL on the coldest day of the year  
 

    but filled with liquid Helium 

December 8, 2006 
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Solenoid → Spectrometer  

Demonstrator Si array 
 
 
 
Recoil detector 
Si telescope 
 
 
 
 
 
Target holder w. 
beam diagnostics  
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HELIOS Area 

Q1 

Q2 
Dipole 

HELIOS 

July 2008, Installed – ready to go 
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Assembled prototype array 

Read-out cables 

Si detector 

4 slits 

5x5 mm 
aperture 
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Commissioning experiment: 28Si(d,p)  
 We re not the first to measure this 

The proton spectra were stored in a standard 
1024-channel analyzer  …  The total energy 
resolution in 28Si … was ~ 60 keV.  

Proton spectra were recorded in multi-channel 
analyzers and punched on IBM cards for further 
data processing  
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Energy vs. position – it works as expected 

�����	������ 	!""#	

,9&A�!��:&C�!���%�7�DE	�&A�!���A#�μ�E�+&���&���
������B�"�C"6�?�

"%�

����
"�&;�
&�'0�

0�';�
0�%&�

#�C#�

%�0A�



����������	
���������������
���
��������
��������������������
�����������	��� ������	�
!��"#$"%��&'""��
";�

Energy vs. position – it works as expected 
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Proton energy (MeV) 

4.93 
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Single  
detector 

All detectors 

g.s. 

1.27 

2.03 

3.07 

4.93 

3.62 
28Si+12C→p+X 

FWHM=78 keV 

Preliminary 

6.38/6.19 

First HELIOS spectra 
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Upgrades to HELIOS 
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Manchester recoil detector 
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Cryogenic Gas target for 3He and 4He 
(Brad DiGiovine) 
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New efficient Si detector array 
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Flexible design 
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Beams available 
now  

Beams available 
with CARIBU 

Radioactive beams at ATLAS 
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Yields for Representative Species 

Calculated maximum beam intensities for a  1 Ci 252Cf fission 
source using expected efficiencies. 
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HELIOS Collaboration 
N.Antler1, B B.Back1, S.Baker1, J.Clark1, C. Deibel1, .J.DiGiovine1, 
S.J.Freeman3, N.J.Goodman2, Z.Grelewicz1, S.Heimsath1, C.Hoffman", B.Kay1, 
H.Y.Lee1, C.J.Lister1, S. T. Marley1,2, P.Mueller1, R.Pardo1, K.E.Rehm1, 
A.Rogers1, J.Rohrer1, J.P.Schiffer1, D. Shetty2, J. Snyder2, M.Syrion1, 
J.C.Lighthall1,2, A.Vann1, J.R.Winkelbauer1,2, A.Woodard1, A.H.Wuosmaa2 
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The (partial) HELIOS Collaboration, August 2009 
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Thank you 


