-cs”:_""\ U.5. DEPARTMENT OF

‘2 ENERGY




outline

History of the ‘In-Flight’ production program
Some examples from the ‘Heavens’
Future plans in nuclear astrophysics at ATLAS



The Argonne In-Flight Program:
First use: 1982

PHYSICAL REVIEW C VOLUME 28, NUMBER 2 AUGUST 1983

Branching ratio in the electron-capture decay of "Be

C. N. Davids, A. J. Elwyn,* B. W. Filippﬁne,T S. B. Kaufman, K. E. Rehm, and J. P. Schiffer
Argonne National Laboratory, Argonne, Illinois 60439
(Received 25 March 1983)
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The Argonne In-Flight Program:
2hd attempt: 1990

ANL Annual Report 1991
Secondary Beam Development via the H 17 7F n|Reaction (W. Kutschera,

D. Berkovits,{ B. G. Glagola, R. C. Pardo, K. E. Rehm, J. P. Schiffer,
B. Schneck,* M. Paul,t and T. F. WangT)
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25 Years of ATLAS, October 2010

Parameter  Achieved Hoped-for Goal
Improvement
1705+ beam 2.5 pnA 103 2.5 ppA
(CHp)p, target 905 pg[cmz
130 pg/cm? H 7 1 mg/cm? H
cross section 100 mb 1 100 mb
fraction of phase space 1 (est.) 102 0.5
accepted for 17g 200
17p9+ stripping 0.5 1 0.5
fraction
transmission from 0.1 1 0.1
target to spectrograph
17p9+ beam 11 pps 8x10% pps
at spectrograph (30 est.)



The Argonne In-Flight Program:
3rd attempt: 1996
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Use H, gas cell target

——

EXn cé,\.,(aﬁ;((;“g | i — s | 4
Rt T e L T T
| ‘ &Y S J‘_/\’?lf@:i ‘ |

R 7207 0 A A B
5 61 free L VeW | Predaure = 1297
Cfm: 162.9 = | | N
| ﬂ%%ﬂ Hetror——
\ 40U0 5.

N £ LN

(s a9 ¢

within 1 year

-
B
]

2x10%17F/sec

ﬁanr? ﬁruﬂwf Narjne,‘l’ %;'Jes coa//ow;;a:]. 5%5:‘%&/1"7;

(@ |/f30 Sz 20t
1867 5’5/7'35,’-_\ <= Jtu g,,,._. ,

ausSS
Ce é/f?é 5] 205&__

25 Years of ATLAS, October 2010



Multiple

gas cells

The In-Flight Technique Today

d(lSN 16N)p

Superconducting
solenoid

22° bending magnet

|~104- 5x10°%/sec

resonator
(energy change,
debuncher)

Particle identification

Debunching

resonator rf sweeper
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Secondary Beams that can be Produced at ATLAS
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Improvement of the energy resolution with
debunching
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Improvement of the beam puritv
with the rf sweeper
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Solar neutrino
spectrum

©New Scientist



Neutrinos from the Sun

. ;o . Y EVT W . '] week ending
VOLUME 91, NUMBER PHYSICAL REVIEW LETTERS 9 DECEMBER

Determination of the 8B Neutrino Spectrum

K. E. Rehm, I. Ahmad, J. P. Greene, A. Heinz, D. LV.E Jg s, C. L. Jiang,
o, T. Pennington, G d. iak, and G. Zinkann




Study of the 8B B-spectrum
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SB—>%Be—>20
Bahcall et al. Phys. Rev. C54, 411 (1996)
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Techniques to measure the decay of 8B > 2Be > 2a

oL

3He beam

SLi(°*He,n)®B (T,,=0.76s)-> 8Be

| | 4
Si
energy loss

dead layer

corrections needed for: E_=1.5MeV

25 Years of ATLAS, October 2010
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Stop an energetic 8B beam in the middle of a

Si detector

G::EcIILU 3He(°Li,2B)n

Bending 8 B y 2 7 M eV

Split-Pole
Magnetic
7 Spectrograph

T,,=0.76s

Si detector
90 u thick

Beam on 1.5s

Beam off 1.5s

25 Years of ATLAS, October 2010
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Experimental Results

Counts per 40 keV
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dN/dE

used by SNO and
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AE ~ 7 keV

22




dN /dE, (MeV™")

IllillilllilliIIIIIIlIIIllIIlIII

——  Present (Jyvaskyla)
Bhattacharya 2006
Winter 2006

«de Ortiz 2000

0.5T

0.45 |
0.4:

0.35}

:.+:|[]|[Jfllflllllll-
e o 3 3o a4

IIIIIIIIIII II|]IIIIII|

|
2 4 O 3 10 58] e ] S S
£, (MeV)

25 Years of ATLAS, October 2010
23



Ratio

8B Neutrino spectrum
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X-ray.bursts —

Thermonuclear explosions on the surface of a neutron star
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observables
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= 56Nj (p,y)5Cu ~ *Ni(2He,d)’Cu ~ 5Ni(d,p)*’Ni

VOLUME 80. NUMBER 4 PHYSICAL REVIEW LETTERS 206 JANUARY 1998

Study of the *°Ni(d.p)*’Ni Reaction and the Astrophysical *°Ni( ».7)> Cu Reaction Rate

K.E. Rehm.' F. Borasi.! C.L. Jiang.! D. Ackermann.! I. Ahmad.! B. A. Brown.? F. Brumwell.! C.N. Davids.'
P. Decrock.! S. M. Fischer.! J. Gérres.” J. Greene.! G. Hackmann.! B. Harss.! D. Henderson.! W. Henning,'
R.V.F. Janssens.! G. McMichael.! V. Nanal.! D. Nisius,! J. Nolen.! R. C. Pardo,! M. Paul.* P. Reiter.! J. P. Schiffer.!
D. Sewervniak.! R.E. Segel.’ M. Wiescher.” and A. H. Wuosmaa'

PHYSICAL REVIEW C 80, 044613 (2009)

Experimental study of the *°*Ni(*He,d)”” Cu reaction in inverse kinematics

C.L. Jiang, K. E. Rehm, D. Ackermann,” 1. Ahmad, J. P. Greene, B. Harss,” D. Henderson, W. FE. Henning,
R. V. F. Janssens, J. Nolen, R. C. Pardo, P. Reiter.! J. P. Schiffer, D. Seweryniak, A. Sonzogni.’
J. Uusitalo,” I. Wiedenhover,’ and A. H. Wuosmaa™
Physics Division, Argonne National Laboratory, Argonne, [llinois 60439, USA
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Effect of the new reaction rate on the >°Ni waiting point
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FUTURE VISIBILITY LIMIT
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First studies of the *B(a,p)'!C reaction
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UK Astrophysical UK Astrophysical UK Astrophysical
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In a star:
8B(aL,p)iC
(givesZ T I

5B

25 Years of AlLZNtober 2010
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In the laboratory:

HC(p,a)B (givesT,T,)
HC(p,p’)HC (gives =r,r,)

5B

11C

25 Years of AlLZNtober 2010
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.
Experimental setup for (p,a) experiment

11C beam produced via the *H(*B,C)n reaction
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Bypassing the triple—a reaction
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Future

= HELIOS

= CARIBU

= Energy upgrade
" |[ntensity upgrade
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Possibilities with HELIOS for reactions In inverse
kinematics

= Measurement of (3He,d) reactions as a surrogate for
(p,y) measurements in the rp-process (see >°Ni)

= Measurements of (d,p) reactions as a surrogate for
(n,y) reactions in the r-process

= Measurements of (a,p) reactions with high efficiency
for the rp-process

25 Years of ATLAS, October 2010
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Future plans: CARIBU

8 90
|

- |
i [ B4 96
2

Extracted fission
Product yield

B 10
105 -10°

10 -10°

O
B
[

10 -10'

ot yfaa
cd | W EE fe 3 scj
G EmEnE = Limit of “known™ masses
le Fe
:e:chable via (p,n).(d.n).(d,*He).(d.p) Ni [ Culr' T 11 IEZ' i
Reachable via (He,n) Fol P 38 40 42 14 16 48 s )
Two-accelerator method S’Mﬂ Beams avallable
o % o from CARIBU
Ar K 32 34
S Cl L1 28 30
if EP i 24 26
=s} I eMass measurements towards
8 ] H Beams available the r-process path
ge BEE unOWn
Li 8 .
LA e(d,p) reactions along the
o2

25 Years of ATLAS, October 2010

N=82 neutron shell

43



Future Plans: energy upgrade
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Need to measure °C(a,p)'2N
or 12N(p,a)°C as well
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.
Future Plans: intensity upgrade

New gas cell window material (~2x higher intensities)
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Future Plans: intensity upgrade

Dedicated transport system (~50x higher intensities)

Conceptual layout of in-flight separator upgrade

_ Energy upgrade
Momentum selection cryomodule
(chicane)
SC
T cme debuncher TTTTT Th
Pz - _
62" = 4.12m D i’__‘i H % &
\ e . A
sweeper | I
< Beam

Manikonda & Nolen

25 Years of ATLAS, October 2010
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Momentum and TOF
separation

= Momentum selection

= TOF selection (RF sweeper)

=  Followed by debuncher to
reduce energy spread
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beam | f(charge Opening Opening Expected
state) cone (p,n) | cone (d,n)

17F 0.91 2.7 4.75 / 108\
25A1 0.79 1.6 3.35 5x107 !
33CJ 0.61 1.03 2.53 1x10’

5Tij 0.37 1. 2.15 | 4x10° |

5Co | 0.16 0.32 1.61 W

Assuming 10 MeV/u and 100 mb cross section
Provides unstable beams to all .Factor of 100
Improvement

experimental stations at ATLAS

25 Years of ATLAS, October 2010
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