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Slgmﬁcance to Nuclear Astrophysics | '_

. Produced durlng advanced °' In31ghts into unexplored
stages of stellar evolution §  areas of the galaxy and

Unique 1.8MeV gamma f§  discovery of phenomena
emission during decay to such as gamma ray bursts
Mg — Developments in satellite

telescopes has greatly
One facet of the ongoing advanced the ability to

nucleosynthesm occurrlng study such phenomena. [1]
in the Galactic disk '

 Halflife Galaxy’s Age
s ~ 13x109 yrs

€3}
{7l
s

C. M. Deibel et al. Phys Rev. C80 035806 (2009)
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Proton — Neutron
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[2] R. Diehl. Integral identifies supernova rate for Milky
Way. ESA press release (4 January 2006).
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Study 26Al‘7

il

. Helps understand ongomg nueleosynthesm
in the galaxy and the advanced stages of
stellar evolution

— Main source of Galactic 2°Al [3]

— Greater understanding of the nuclear paths

involved in the production and destruction of
26 A |

£ ! . Study “°Al(n, p)26Mg reaction
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[3] S. E. Woosley and T. A Weaver Astrophys Journal, — Foilll o
238: 1017-1025, (June 1980). ) Wally Pacholka




Stellar Energy

. Energy aVarlable for react10ns w1th1n stars
(thermal energy) 1s relatively small
compared to the Coulomb barrier

- E , ~ few keV
— Egy ~ few hundred keV

] & Energy of reactron under study ~ IOOkeV
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26 Al(n, p)26Mg at Astrophysical Energies .
(E few hundred keV) |

e 26Al is a radloactlve beam and must be
produced 1n a lab

-+ Astrophysical energy (Kt ~ 100keV) 1s very

low compared to our reaction energy (lab)

.+ Neutron interaction (neutron source
required)

___ (Capital Reef National Park
. [c) Wally Pacholka




26 A1 production —
inverse kinematics
(heavy 10on beam on
light target)

MARS filter out the
unwanted products

— Momentum achromat — ;
magnetic rigidity '

— Recolil separator — g/m
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D=Deuteron p=proton n=neutron

THM — indirect method

* Must satisfy:

[4]  Eg=Eann—B,  (Quasi-free reaction)
— Eg = is the relative energy of the °Al and the neutron
— E,p, = 1S the beam energy in the CoM of the two body reaction
— B,,, = 1s the binding energy of the neutron in the deuteron
0 (relatively very small) = E, |, - 2.25MeV
—> Converted to laboratory frame of reference

E npn = 60MeV
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R " Spectator — proton of the deuteron
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r{% Reactants — 2°Al and neutron
| Products — 2°Mg and another proton
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Experlment Overview

Multlple methods of productlon
Isolate 1sotope (MARS)
Beam degradation

Trojan Horse Method a possibility?
— Energy
— Angular stragghng
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Aim of Experiment

e Produce 26A1bkeamh |

B Degrade 1t to energy suitable for THM
~application (E ~ 60MeV)

Experimental Setup
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26 26 Detector
“"Al Al
E =286MeV E ~60MeV o
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Detectors

. Target detector — MSPSD (multl-strlp posmon
sensitive detector)
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8Si+?Be
LIARS AL Blits Open

. 288 + 9Be (moré
complicated)

~+ MARS all slits
open
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» Many 10ns present
(not as pure)
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-+ **Mg (p, n)

« MARS all slits
~open

 Fewer 10ns
present

Mg (p, n)
MARS All 3lits Open
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Mg (p, n)

MARS Final 3lit & djustment

26Mg (p, n)
MARS final slit
adjustment
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> 97% purity
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Degradation Calculations

Energy
Initial Energy Initial Energy Thickness | Energy Remaining Remaining
(MeV / nucleon) (MeV) Material (micron) (MeV / nucleon) (MeV)

11 286 Carbon 120 2.61 68

125 2.02 53

Aluminum 120 2.79 73

125 2.25 59

Beryllium 155 2.98 78

160 2.55 66

165 2.09 55

TR . ]

Calculatlons were made utlhzlng LISE++ Phys1cal Calculator
R T T R B e

Actual degrader — 152 micron Be f011
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26Mg (p, n)

Beamspot

+ 26Mg (p, n)
* Beamspot after

o

energy degradation
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+ 26Mg (p, n)
» Energy comparison,
before/after
degradation
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Eeam Energy Comparison
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Before Degrading Beam

-
]
=
(=]

¢ 1000

oo
o
=

=1
(=
=

62 MeV
After Degrading Beam
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Experiment Degradation
S 152um Berylhum f011

No intensity loss '\ S

0.5cm x (0.5cm beamqnot | Q}?]
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~ 60MeV " ¢

>97% Pure

Capital Reef National Park
{c) Wally Pacholka




Conclusion

N PR T .
b T A St =
G0 SRR - 4
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Secondary Beam
— Intense (3x10°pps) and pure >97%
— 11MeV/u (286MeV)

Degradation

— ~60MeV
— No intensity loss
— Beamspot 0.5¢cm x 0.5¢cm
My contribution
— Determination of proper degrader
— Detector Energy Calibration
— Spectra - Isotope 1dentification
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“Energy Calibration / Ton
__Identification

Locate N=Z line |

Identify channel numbers of 10ons

Using Bp use LISE++ to calculate energy for each

101

Coordinate Energy for several 1ons with an energy
level from the spectra (channel)

Plot energy (x) vs. channel (y) and fit a trendline

Check by testing with other 10ns and correlation
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