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... a sphere, or not a sphere?
that is the question
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The answer lies in the 
quadrupole moment
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The awnser lies in the quadrupole moment Q, because it tells us how the charges are distributed.
The quadrupole moment is proportional to this matrixelement, that is it is a measure of the probability for transitions between the m_J states of a given J-state.




84Kr...
Gunvor Koldste Thinggaard 2009-08-12 Summer Student Session

+2

+0

Because Kr84 is an even-even nuclei it’s groundstate is 0+ and it’s first excited state is 2+. 
A 0+ state is always spherical, because it has no splitting in m_j states and therefore no quadrupole moment
but what happens when the Kr84 nucleus gets excited to the 2+ state? This state splits up to 5 m_J states.



that is the question

Q>0

... a sphere, or not a sphere?
84Kr...
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Q=0

Q<0

So is the Kr84 nucleus then still a sphere, or is it prolate (shaped like a rugby) or is it oblate (shaped like a disk)?
That is the question I have tried to find.
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First a bit about the experiment, so you’ll have a change of understanding the data presented on the later slides.
It was carried out at REX-ISOLDE – seen here…
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About the experiment

Beam

As Rutherford in 1911:
Alpha particles on a gold target, 
which let to the discovery of the nucleus

Target

What they did was sending in a Krypton beam on a stationary target.
Shown simple it looks like this…
This is the same thing Rutherford did with alpha particles on a gold target, which let him to the discovery of the nucleus. 
So we all know what happens then…



νCM2.85MeV/u
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About the experiment

2

4sin CM

d
d νσ −∝
Ω

Rutherford scattering:

we get Rutherford scattering, because of the Coulomb interaction.
But because the energy of the beam (2.85MeV/u)…
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About the experiment

Coulomb excitations

… there is also a finite possibility that one of the nuclei will absorb a photon and get excited, this is called Coulomb excitations. (the only transitions allowed is E2 and M1 transitions…)



νCM

Ji
ππππ

Jf
ππππ

Gunvor Koldste Thinggaard 2009-08-12 Summer Student Session

About the experiment

015

Because the life-time of the excited levels is shot, the nuclei emidetly deexcite and sends out a gamma-ray.
The gamma-ray is detected with a setup consisting of 8 Miniball detectors covering almost the entiere 4 pi sphere. But because the nuclei are moving it get’s Doppler shifted, and because the energies of the nuclei vary depending on the scattering angle we get a broard distribution instead of a slim peak.
They also detect the projectile and the ejectile, which is done with a CD-shaped Silicium strip detector with 4 times 16 strips, which we give the number from 0 to 15, and it is placed behind the target.





Data Simulation
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84Kr on 197Au
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Analytical calculations* of kinematics

197Au 197Au
Strip nr. Strip nr.

*The formulas can be found in ”Electromanetic Excitation” by Alder & Winther

So this is the data, recived from sending a Kr beam, consisting mainly of Kr84 on a target of 197Au.
This is all the particles detected of the CD-detector and next to it is the simulated data. The upper line is the Kr and the lower is the gold.
Underneath is the graph of some analytical calculations. Specially notice the right one, which is the lab-angle shown as a function of the center-of-mass angle, notice that we only detect either Kr or gold.



Kr gate
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84Kr on 197Au
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Then I’ve gated on Kr (upper) and gold (lower) and next to it is the spectrum of the gamma rays detected in the event same events. 
The peak at 881 keV is the gamma rays belonging to the transistion from the 2+ level to the groundstate in Kr.
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84Kr on 197Au
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 The lower peaks belong to 197Au. Here (left) are the relevant levels shown.



Kr gate
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Notice that the peaks are broad because of the Doppler shifting.
So how do I connect the data to the quadrupole moment?
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84Kr on 197Au
Cross-section
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Through the cross-section!
This graf shows the differential cross-sections for the first excited level in Kr84 when it scatteres on Au197 as a function of the center-of-mass angle with a quadrupole moment of -0.5, 0, +0.5.
The green lines show the center-of-mass angles in which Kr is detected and the purple lines show the center-of-mass angles in which Au is detected.
And the cross-section is then just the area under the curves.
Notice that the difference in area for the different Q-values varies more for the part where gold is detected than the part where Kr is detected.
Then because we have this relation…
Where N_gamma is the number of gamma-rays in a peak, sigma is the cross-sections of the transistions, epsilon is the efficincy of the miniball detectors at that energy, rho d is the target thickness, A_T is the mass of the target, N_A Avogadros constant and I_P the intensity of the beam. This we have for both Kr and Au peaks, where only N, epsilon and sigma varies, so we get...
The efficincies we know, the cross-section of gold we know and the N’s we get from reading out the integrals of the peaks.
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84Kr on 197Au
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So I’ve been looking at these two levels, which I get from reading out these three peaks and from the brancing ratioes writtin in the level scheme. The green circles are the Kr84 peak.
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84Kr on 197Au
Au gateKr gate
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So from this and the formula shown before I get four values for the cross-section of Kr. 
Here we have the data coming from the Kr gate and the sigma value for Kr coming from the two different gold-levels, and to the right we have the same for gold.
So this I compare with calculations made of the cross-section with different Q-values.
Notice that the values vary much more for the gold gate, than for the Kr gate, just as we saw it should on the graph before.
Doing this comparrison for all four values and putting these together, I get this final resault.
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My value: Q = -0.29 (12) eb

In 2002 these people did another experiment and measured the value of the quadrupole moment of the first 2+ state of Kr84.
Here you see a table and a figure from the article.
Here you see the relevant 2+ level. Here is also shown the Shell Model predictions of both the quadrupole moment and the energy. Their resault is agree within the uncertainty to the one predicted.
And looking at the value I got, it fits really well with the value from this article and also within the uncertainty to the ine predicted by the Shell Model.
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Conclusion

84Kr...

+0

So what can we conclude?
That when Kr84 goes from the ground state to the first excited state, it goes from being spherical to being more oblate



Questions?
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84Kr on 60Ni

84Kr...
The next step

84Kr on 109Ag

To make the value more accurete:
Ni and Ag targets…


