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Introduction

* Description of the de-excitation process on a nuclei: A main goal on nuclear
structure.

= Does it goes trough a Collective or a Single Particle de-excitation? Or a mixing?.
= How can the nuclear models be tested with the measurement of experimental
observables? (y-radiation, life-times, etc.).

* Asimple perspective for even-even nuclei:

Rotation is only possible for deformed nuclei!

! 2
|
Hyor = 35
I = Collective Angular moment
Simmetry axis S = Moment of Inertia
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Introduction

Energy spectra for a nucleus with collective rotations:

IT[
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Hrot 23

R h?
> £ = o5l (1+1)

If a nucleus shows this sort of spectrum
means that its deformation is mainly
axial.

E,/E, ratio as empirical criteria for the
nucleus’ deformation:

E, (4% - 2%) _20-6 _
E,(2*->0%) 6-0

4

This can be measured on the lab!

E4/Ez =



Shape evolution for neutron-rich isotopes with Z2~38

* The even-even isotopes in the Region of Z~40, present an interesting change in
the nuclear deformation as the number of neutrons changes.
* Zr isotopes exhibit the fastest shape transition found in the nuclear landscape.
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Shape evolution for neutron-rich isotopes with Z~38

The even-even isotopes in the Region of Z~40, present an interesting change in

the nuclear deformation as the number of neutrons changes.
Zr isotopes exhibit the fastest shape transition found in the nuclear landscape.
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[J.L. Durell. Proc.Int.Conf. on Spectroscopy of Heavy Nuclei, 1990]

More Information about Sr, Zr and Mo isotopes is needed to extend the study in

this region!
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Heavy-ion induced fission reactions

*  Multinucleon transfer reactions:

= Happens when E is much more than the Coulomb Barrier .

= Similar b as in F-E reactions but the interaction time is shorter (~ 10722s).
= Both nuclei briefly graze each other exchanging some nucleons.

* The nucleons exchange mechanism is not completely understood yet.

= Asmall fraction of E is transformed in excitation energy of the exit channels

4
o= O
v
-~
//

W,

136y, 4+ 238 ~eo

E =960 MeV ™ @ = [r’qu

* This reactions are able to produce neutron-rich isotopes not accessible through FER.
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y-particle coincidence experiment

*  With y -radiation is possible to study the nuclear structure of an isotope.

* Lifetimes.
 Deformations.
e Band structures.
) « Single particle
excitations.
e etc.

I y-detectors I

oS
g‘(A,sz
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y-particle coincidence experiment

*  With y-radiation is possible to study the nuclear structure of an isotope.

* Nuclear reactions in general have more than one exit channel.

* To study a particular channel it must be selected only its emitted y-rays.

gammaE {TOF<350 & beamcut0}
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y-espectrum obtained of the
scattered Xe isotopes in the
136X e + 238 reaction.

The spectra of different
isotopes is mixed!
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y-particle coincidence experiment

With y-radiation is possible to study the nuclear structure of an isotope.
Nuclear reactions in general have more than just one exit channel.

To study the physics of a single produced nucleus is necessary to select only its
emitted y-rays.

An experimental setup that enables y-particle coincidence is necessary.
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AGATA-PRISMA setup

* AGATA Demonstrator:

[http://www.Inlinfn.it/~spesweb/index.php/research-on-nuclear-physics/144-agata]

GFNUN

y-detector array solely built from HP
Ge detectors.

It enables the reconstruction the y-ray
trajectory via the technique of y-ray
tracking.

The efficiency of the 4m-array is
expected to be close to 50%
AGATA-Demonstrator: is a subset of 5
detector units with full tracking
capability.

It was placed at LNL (Legnaro, Italy)
during our experiment, currently is
«Living» at GSI till 2014.
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AGATA-PRISMA setup

PRISMA Spectrometer:

GFNUN

[http://clara.Inl.infn.it/images/LNLprismal9.jpg]

Provides the needed information to
identify the ejectiles of the nuclear
reactions.

The large solid angle acceptance
enables to perform spectroscopic
studies of low cross section events.
(A8 = £6°, Ay = +11°)

The Quadrupole-Dipole configuration
separates ions by magnetic rigidity.
Placed at LNL (Legnaro, Italy).
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PRISMA spectrometer

PRISMA Spectrometer:
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PRISMA spectrometer

* Start Detector:

004g | e
0.03:— 350
o 2D-Position Histogram of the input 002 200
isotopes on PRISMA. _ oorl soo
o Provides the Start Signal to get the g oE 200
Time-Of-Flight. g -
] . | >\ -0,01: 150
o Its signals are used to obtain length's -
-0.02 [~ 100
path for each event. E
-0.03 50
004 63 = ST T TE oo 0

* Magnetic Quadrupole:

o F=(bx)+ (—by)J
o Its purpose is focussing the input
distribution onto the vertical plane.

A{)
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Distribution

Input
Distribution
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PRISMA spectrometer

* Magnetic Dipole:

0 O O O

qBV = mv?/R.
mv/q = BR
Pm = BR

lons with different magnetic rigidity
Pm have different paths on the dipole.

* Focal Plane Detector (MWPPAC):

GFNUN

Provides position at the PRISMA’s focal
plane, necessary to calculate length’s
path for each event .

Provides the Stop Signal to get the Time-
Of-Flight.

2D-Histogram of TOF vs xsp
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450

400

10°




PRISMA spectrometer

AE-E detectors:

* The energy lost by heavy ions when they go through matter is ruled by the
Bethe-Bloch formula,

dE B o Nozp 1 2me2 32 2
iz = D) Fes (Bop [1“ (m —py) ~F

* For non-relativistic cases (or slightly relativistic with f < 0.1), this equation is
expressed as:

dE  MZ*
_— ﬁ: _—

dr E

* Practical experimental technique to distinguish nuclei with different Z:

dr

ll;ll

GFNUN dE E
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Isotopes’ identification process

AE-E detectors:

A E (MeV)

GFNUN

4600 —

3009,

Events with same Z value are gathered by the black polygons (graphical cuts).
From now on, the analysis is performed with only one sort of isotope (Zr).
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Isotopes’ identification process

Charge state selection.

* Combining the expressions

1 2
E = ﬁmvg, Yo quB

* An expression to disentangle events with different charge-states is obtained:

2F

— = qub,

R qub,
B

E = £ (Rv)
2
* The velocity is obtained from the ratio between the path length and TOF,
finally:
E — ¢B [ RD This can be checked out from
2 \TOF the experimental data
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Isotopes’ identification process

* Charge state selection.

E vs Rv {Zr & TOF_cut}
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Isotopes’ identification process

* A over Q separation.

A/Q vs x_fp {Zr & Q2)
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Isotopes’ identification process

Mass Calibration.

| A/Q for Q=35 Entries 5495 Q=35 Mass Spectrum Entries 5495

Mean 319.3 Mean a7.61
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Each A/qg spectrum is calibrated to a mass units (linear calibration).
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Isotopes’ identification process

* Mass-y Energy Matrix.

Mass vs. EGamma

108 -
104{— |
102— A — 1
”a M ,r-: gt e Y | -
— 1{][]:— r".,. '|r|.,'. ji ."'""" .-'.- ! —
s — e ﬁhﬂl‘mmﬂ-f"ﬂ' *-1'“ atl P\ X Il -—
© 98— -ﬂf,.r?at-,iaﬁh'u*fquw i w it o i _|
= - m,r’i.'”'l"?'h Jrh:iwm sl aﬂ"'
96 1Lt ot % L i e — 10"
C "":1 i .'II"I.." "'I -"”.II, iy
94__ Il I
92—
gn_l 1 1 | 1 1l | 1 1 1 | L1 1 | L 1| | I | | 1 1 1 | L1 | | 11 1 | 1 1 1 | I - | 1 1 1 1ﬂ-2
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

E_v (keV)

GFNUN 22



Results

* y-rays in coincidence with mass 100 and 102 for Zr isotopes.

ProjectionX of biny=[70,77]
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Results

* y-rays in coincidence with mass 100 and 102 for Zr isotopes.

ProjectionX of biny=[86,93]
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Conclusions

First results are clear evidence for the population of 100Zr and 102Zr. Approx. 15% of
the statistics has been processed.

Problems with the pressure in the IC array for xs, < 600, prevents a clear A/Q
separation.

It is possible to identify the peak of 104Zr in the current Mass Spectrum. Therefore, it
is possible to get some coincident y-rays after the analysis of the full statistics.
Construction of y- y matrices to get clean spectra is one of the next steps in the
analysis.
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