Studying The Structure of '"*Yb and ""®Hf
with Two-Neutron Transfer Reactions

John Santucci
Texas A&M University, Cyclotron Institute



Motivation

180

TH

HHHI]HHHIII]IIIIIHIIIllIHHII]HIIIIIIIIIIlIHHI[IlHIIIII]HHIIHI]IIHIIHI]]HIIIIIIIHHHHI[HIIIIII

11

We want to better understand what nuclei
look like. 160

140

Ground-State Quadrupole Deformation

I8!
0.40 =

0.35
0.30
0.25 =
0.20
0.15

0.10
0.05 l

Most nuclei are not spherical.

—
o N
o O

Look for rotational (and maybe vibrational)

®
o

bands.

Proton Number Z

()]
o

N
o

T T T I TTTT TITTTTTTTTTI ITTT
Dol bl e o b g

N
o

FRDM(2012)

ELLLLLLLL

s bbb b b

20 40 60 80 100 120 140 160 180 200 220 240
Neutron Number N

Excitation Energy (MeV)
o
=} I TTTTTTT

[P. Moller, et al. (2015)]

[C. E. Svensson, et al. (2000)]




Motivation

180

TH

HHHI]HHHIII]IIIIIHIIIllIHHII]HIIIIIIIIIIlIHHI[IlHIIIII]HHIIHI]IIHIIHI]]HIIIIIIIHHHHI[HIIIIII

11

We want to better understand what nuclei
look like. 160

140

Ground-State Quadrupole Deformation

I8!
0.40 =

0.35
0.30 gy Rare Earth Region

0.25 "

0.20 \
0.15 I ;
0.10

0.05 I

Most nuclei are not spherical.

—
o N
o O

Look for rotational (and maybe vibrational)

®
o

bands.

Proton Number Z

()]
o

N
o

T T T I TTTT TITTTTTTTTTI ITTT
Dol bl e o b g

N
o

FRDM(2012)

ELLLLLLLL

s bbb b b

20 40 60 80 100 120 140 160 180 200 220 240
Neutron Number N

Excitation Energy (MeV)
o
=} I TTTTTTT

[P. Moller, et al. (2015)]

[C. E. Svensson, et al. (2000)]




Motivation

180

TH

HHHI]HHHIII]IIIIIHIIIllIHHII]HIIIIIIIIIIlIHHI[IlHIIIII]HHIIHI]IIHIIHI]]HIIIIIIIHHHHI[HIIIIII

11

We want to better understand what nuclei
look like. 160

140

Ground-State Quadrupole Deformation

I8!
0.40 =

0.35
0.30 gy Rare Earth Region

0.25 "

0.20 \
0.15 I ;
0.10

0.05 I

Most nuclei are not spherical. 120

100

Look for rotational (and maybe vibrational)

80

bands.

Proton Number Z

60

Out-of-Band 40
Transitions

T T T I TTTT TITTTTTTTTTI ITTT
Dol bl e o b g

20 FRDM(2012)

ELLLLLLLL

s bbb b b

20 40 60 80 100 120 140 160 180 200 220 240
Neutron Number N

Excitation Energy (MeV)
o
=} I TTTTTTT

[P. Moller, et al. (2015)]

[C. E. Svensson, et al. (2000)]




Motivation

Why (p,t) reactions and 0 states?

(p,t) reactions allow for direct access to 0",
(p,t) reactions can give insight into pairing correlations, relative shapes between isotopes.

Complementary to y-spectroscopy, Coulomb Excitation, etc. can use 0" locations for further
structure analysis.
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Experimental Procedure

* Performed using the Q3D spectrometer at the
Maier-Leibnitz Laboratory at the Technical
University of Munich.

* 22 MeV protons on 76Yb, BOHf, and "°Er, the
calibration target.

* Calibrate channel spectrum in terms of magnetic
rigidity (Bg) to avoid g-value dependence of
excitation energy (E ).

Magnetic Rigidity: ~Bp = p
q

Dipole 2

Multipole

Dipole 1 .
Dipole 3

Focal plane

Quadrupo

Target
Faraday cup AE — E position sensitive
cathode-strip detector

p beam (particle ID + energy)

Diagram of Q3D and focal plane. [Rebiero, B. et al. (2016)]




Calibration

Complications calibration:

» OFEr target has natural Hf
contamination.

- Hf potentially a reducing agent
Self calibrating *Yb(p,t) and

BOHf{(p,t) spectra gets more difficult
as E_increases.
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Er(p,t) and "®Hf(p,t) at 6°
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(Above) Overlay of ®°Hf(p,t), centered at 580 keV, and corresponding 7°Er(p,t) spectra at 6°




Differential cross-sections for the
4yb states with Distorted Wave
Born Approximation (DWBA)
calculations overlaid in red.
(Uncertainties are preliminary)

1-step DWBA decently describes g.s.
1-step DWBA poorly describes first 2

1-step DWBA decently describes higher 2*

Likely caused by strongly deformed ground state (g.s).

Preliminary Results
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Couple Channel Calculations

Why use CCBA over 1-step DWBA?

* In most cases 1-step dominates transition strength.
Increased deformation means increased inelastic excitation probability.

Multi-step processes can have increased contributions.

e Red is a 1-step process and Blue /Green are 2-step
processes.

e Solid lines describe target nucleus to recoil nucleus
transitions.

e Dashed lines describe inelastic excitations within their
respective nucleus.




Coupled Channels Calculations

With CCBA we take the Optical Potential and add a few more
degrees of freedom.

Add a Nuclear Deformation length to the potential.
Add some more coupling for states that otherwise would not have

been accessible without inelastic excitation.

Prolate
Spherical

B,<o0 0

[Ridha, Ali. (2009)] (Axis labels slightly modified)
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Coupled Channels Calculations

With CCBA we take the Optical Potential and add a few more
degrees of freedom.

Add a Nuclear Deformation length to the potential.

Add some more coupling for states that otherwise would not have
been accessible without inelastic excitation.
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Preliminary Results
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states with DWBA calculations overlaid
in red. (Uncertainties are preliminary)
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(right) "°Er(p,t) spectrum at around the
[D. Bucurescu, et. al (2006)]

same proton energy as this

experiment.




Particle Identification

Particle identification is done using the
differential energy loss at the focal plane.

e Partial Energy Loss - Recorded when
ejectiles pass through two
proportional counters at the focal
plane.

Total Energy - A plastic scintillator
and PMTs record a signal proportional
to the total energy of the particles.

Tritons

anode AE (channels)
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Plot of the partial energy loss in one of the proportional
counters vs. the total energy deposited in the PMTs.




