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Weizsaecker Formula

2 72 (A—27)?
E,(MeV) =ayA—asA3 — ac— —ay
A3

+6(A,Z)

+38y for Z, N even
* Binding energy based off of volume §(A,7) = 0

and surface terms (strong force), —68, for Z,N odd
coulomb term (electrostatic force),
asymmetry term, and pairing term

* Energy that holds the nucleus
together
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Paired spin

= proton

“neutron

Half integral spins fq f -

Usually spin pairing between proton-
proton, neutron-neutron but also

proton-neutron

Asymmetry term based on Pauli so
some neutrons must be in higher Deuteron
energy state

Deuteron. Digital image. Skyblue. N.p., n.d. Web. 22 July 2016
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Nucleus Spin. Digital image. Nucleonica. N.p., n.d. Web. 22 July 2016.



Halo Neutrons

1
R=r,A/3
Very weakly bound R = nuclear size
Can extend to nucleus with mass ro = 123 fm
number A = mass number

Predicted Li-11 size 2.74 fm, Actual Li-
11 size ~ 7.29 fm

Very low density

Wave function has small overlap with
protons in nucleus

Neutron Halo

Lithium 11 Nucleus. Digital image. Triumf. N.p., n.d. Web. 22 July 2016.
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 Test viability of inverse
kinematics
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Binding Energy. Digital image. Hyperphysics. N.p., n.d. Web. 22 July 2016.




Inverse Kinematics

Forward kinematics beam probes
target

Inverse target probes beam

Can use rare isotope and radioactive Direct kinematics Inverse kinematics
beam that wouldn’t be able to use
with forward kinematics

Reaction
products

. . —- B
Can cover wider range than in Proton Heavy

forward kinematics beam projectiles

Heavy wos3
target Target

Inverse Kinematics. Digital image. Win.gsi.de. N.p., n.d. Web. 27 July 2016



Tiara

* Silicon detectors measure
energy and angle of
recoiling Oxygen

* MDM uses dipole magnet

to measure angle and
energy of heavy
Magnesium

 Germanium detectors
measure gamma ray
energy

Forward Annular Si TIARA*** Backward Annular Si

56°<6,,<36° 144° <6 |, < 168.5°
Tiara. Digital image. Surrey. N.p., n.d. Web. 22 July 2016.



Finding cross sections

* Cross section relates to

proton width o g ", o1 *]
* Gate for single excitation R
energy T B
=4 ".i.-‘ + |
* Divide out detector s e "‘"‘”?
efficiency L |
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* Integrate over solid angle | *“*Tu =
* Plot frequency of ThetaCM o
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Angular Distribution for First Four Excitation Energies.
Digital image. Aps. N.p., n.d. Web. 22 July 2016.




Excitation Energy

e Cannot pick out individual

WEELS

* Mean Excitation energy

around 4 MeV
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ELab vs ThetaCM curves

e Run Simulations of
180(26Mg, 28Mg)160

* To get width we analyze
Elab vs ThetaCM curves

* Shape of angular
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distribution tells you the
transferred orbital angular
momentum.
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Energy in the Lab Frame
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Mean y 8.61
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Gamma Ray Simulations

Frequency EGamma

* Branching ratios 10 —
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EGamma vs Ex

* Individual Excitation energies

 Different excitation energies
emit different Gamma rays

* Pick out gamma rays specific to I —
an excitation energy g = -

5.19 Gamma Energy
MeV MeV



FEGamma vs ElLab

e Can use Lab Energy of

recoiling particles

* Pick gamma rays unique to
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Conclusions

o 180(26Mg 28Mg) 160
reaction can study nuclear
pairing force

e Reaction suitable for inverse

kinematics

e Low statistics and not
having the ability to find
1.47 MeV state
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