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Beams at ATLAS – Present and Future

How ATLAS Supports 
the Heavens
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outline

History of the ‘In‐Flight’ production program

Some examples from the ‘Heavens’

Future plans in nuclear astrophysics at ATLAS
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The Argonne In-Flight Program:
First use: 1982

50 µg/cm2 of LiH target 

15 pnA of 7Li beam

1H(7Li,7Be)n  ~103 7Be/sec

7Li3+ 7Be4+
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The Argonne In-Flight Program:
2nd attempt: 1990

ANL Annual Report 1991
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Copy from annual report

Rates achieved

Rates expected
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The Argonne In-Flight Program:
3rd attempt: 1996

Production target 
1st attempt

Production target 
2nd attempt

Production target 
3rd attempt
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Use H2  gas cell target

2x106 17F/sec

within 1 year
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The In‐Flight Technique Today

d(15N,16N)p

D2

15N

~ 100 pnA

Particle identification

16N7+

15N6,7+

16O7+

20Ne8+

range

E2

22o bending magnet

I~104 - 5x106 /sec

Debunching

resonator rf sweeper

Superconducting 
solenoid

Multiple 

gas cells
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Secondary Beams that can be Produced at ATLAS

Used in experiments
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Improvement of the energy resolution with 
debunching
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Without RF sweeper

With RF sweeper

Improvement of the beam purity 
with the rf sweeper

d(36Ar,37K)n
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Measurements of critical half lives 
44Ti, 60Fe, 146Sm,..

Measurement of masses
r‐process, rp‐process

Measurement of critical reaction rates

How ATLAS Supports the Heavens

~30 % of beam time
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1 light hour

100 light years

109 light years

©New Scientist
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Solar neutrino 
spectrum

©New Scientist
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Neutrinos from the Sun
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Study of the 8B  β-spectrum

ν

8B

8Be 2 α

2+
2+

β+

PRC36, 298(87)
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∆E~ ±100 keV
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Si
Si

α
α

energy loss
dead layer

corrections needed for: Eα = 1.5 MeV

Techniques to measure the decay of 8B 8Be 2α

3He beam

6Li

6Li(3He,n)8B (T ½=0.76s) 8Be

6Li
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Stop an energetic 8B beam in the middle of a 
Si detector

3He(6Li,8B)n

8B, 27 MeV

T1/2=0.76s
Si detector

90 µ thick

Beam on 1.5s

Beam off 1.5s
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Experimental Results

8B 8Be 2α 
20Na 20Ne α + 16O

+ Pulse height effects, β summing,..
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ANL
used by SNO and 
SuperK collaborations

∆E ~ 7 keV
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(Jyväskylä)
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8B Neutrino spectrum

ANL
Bahcall et al.

Garcia et al.
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Waiting points 
in X‐ray bursts

©New Scientist
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X-ray bursts –
Thermonuclear explosions on the surface of a neutron star

~1.5  M

radius ~ 10 km

ρ~ 106-14 g/cm3

T ~ 107 K
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observables 
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ρ~106-109 g/cm3

T~108-109 K
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56Ni (p,γ)57Cu ~ 56Ni(3He,d)57Cu ~ 56Ni(d,p)57Ni
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FMA

56Ni (T1/2=6.1d)

+ 56Co,56Fe

INi~3x104/s

d

57Cu, 
57Ni, 
57Co

3He gas cell, 
t=50 µg/cm2

Fragment Mass Analyzer

Produced at the IPNS

Si detector array
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Effect of the new reaction rate on the 56Ni waiting point

old rate

new rate

1s

56Ni(p,γ)57Cu 
reaction rate
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Bypassing the 
triple α reaction 
in super‐massive 

stars

©New Scientist
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Creating the first ‘metals’
bypassing the triple α process
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In a star:
8B(α,p)11C 
(gives Σ ΓαΓp’)

Γα

Γp

Γp’

8B

11C

12N
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In the laboratory:
11C(p,α)8B  (gives ΓαΓp)

11C(p,p’)11C (gives ΣΓpΓp’)

Γα

Γp

Γp’

8B

11C

12N
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Experimental setup for (p,α) experiment
11C beam produced via the 1H(11B,11C)n reaction

CH2 target

11C beam

8B

α

Si strip detectors (θ,φ)

Ionization chamber
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Experimental Results

11C(p,α)8B

11C(p,p)11C

11C(p,p’)11C
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Bypassing the triple−α reaction

old

new

Bottleneck reaction 8B(α,p)11C is 
50  times stronger than previously 

assumed
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Future

HELIOS

CARIBU

Energy upgrade

Intensity upgrade
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d(28Si,p)29Si

∆Q ~ 75 keV

Future plans: HELIOS Spectrometer
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Possibilities with HELIOS for reactions in inverse 
kinematics

Measurement of (3He,d) reactions as a surrogate for 
(p,γ) measurements in the rp‐process (see 56Ni)
Measurements of (d,p) reactions as a surrogate for 
(n,γ) reactions in the r‐process
Measurements of (α,p) reactions with high efficiency 
for the rp‐process
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Beams available
“now”
Beams available
“now”

Beams available
from CARIBU
Beams available
from CARIBU

Future plans: CARIBU

•Mass measurements towards 
the r‐process path

•(d,p) reactions along the 
N=82 neutron shell
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Future Plans: energy upgrade

Need to measure 9C(α,p)12N 
or 12N(p,α)9C as well
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Future Plans: intensity upgrade
New gas cell window material (~2x higher intensities)

Nanocrystalline diamonds
Graphene, carbon nanotubes
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Future Plans: intensity upgrade
Dedicated transport system (~50x higher intensities)

Conceptual layout of in-flight separator upgrade

Beam

Momentum selection 
(chicane)

Energy upgrade 
cryomodule

Target
box

RF 
sweeper

SC
debuncher

Manikonda & Nolen
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Momentum and TOF 
separation

Momentum selection

TOF selection (RF sweeper)

Followed by debuncher to 
reduce energy spread

33Cl17+33S16+

Beam
tail 

Slits

33Cl17+

33S16+

(tail) δ(v)

δ(TOF)

Manikonda & Nolen
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beam f(charge
state)

Opening 
cone (p,n)

Opening 
cone (d,n)

Expected 
beam

17F 0.91 2.7 4.75 108

25Al 0.79 1.6 3.35 5x107

33Cl 0.61 1.03 2.53 1x107

45Ti 0.37 1. 2.15 4x106

55Co 0.16 0.32 1.61 9x105

Assuming 10 MeV/u and 100 mb cross section
Factor of 100 
improvement

Provides unstable beams to all 
experimental stations at ATLAS
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