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The nuclear binding energy



The nuclear binding energy

Mnuc(Z,N) =Z my+ N m, + E(Z,N)/c?

* Nuclear binding energy reflects the interaction of ALL the nuclear
constituents : the protons and neutrons.

A

G. Audi et al., Chinese Phys. C41, No. 3 (2017).
F. Wienholtz et al., Nature 498, 346 (2013).
W. Myers, W. Swiatecki, Ann. Phys. 84, 186-210 (1974).



What can we learn regarding nuclear structure ?

« Binding energy per nucleon - idea of saturation
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What can we learn regarding nuclear structure ?

 Difference to spherical liquid droplet = idea of shell structure
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The example of the calcium isotopic chain

Mnue(ZN) = Z m + N m, + E(Z,N)/c?

-300

44 AME16
-4 +é+ ISOLTRAP |

|
I
I

-320f : -0Ca
I
I

—-340

—360 |

—-380 |

~400 |-

Binding energy (MeV)

~420}

-440

~460 ' '
18 20 22 24 26 28 30 32 34

Neutron Number NV

G. Audi et al., Chinese Phys. C41, No. 3 (2017).
F. Wienholtz et al., Nature 498, 346 (2013).



Evolution of nuclear structure far from stability
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Evolution of nuclear structure far from stability
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The ISOLTRAP setup



The Penning Trap :




The Penning Trap :

6.5 cm




The Penning Trap :
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The PI-ICR technique

position
sensitive MCP

| Final
(additional) phas

4# ‘*‘\\ P(tena)
: ¢ ’:ﬁ" |

# of ions

Projection &
magnification

I - B B UL B -2 B - - B -]

P(to)

-18 -12 -6 0 6 12 18
X / mm

tacc = tend — 1o

ime

teger numb
of

t

Q.
L

e

(@)
=

o=

=

()
o.

IE

Q0

lg

T

(4]

Q.

f

ion o
ing given
y / mm

P(to) = P(tn)

-18 -12 -6 0 6 12 18
X/ mm

Full mot
dur

S. Eliseev et al., Phys. Rev. Lett. 110, 082501 (2013)
Courtesy Jonas Karthein



The PI-ICR technique
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Neutron-rich Scandium isotopes



What does the mass surface looks like around ,,Ca ?
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Yield in CAO / ions/s

Sc yield estimation :
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Neutron-deficient Indium
Isotopes



1/2-#
Fo 4008 (1008

C. B. Hinke et al., Nature 486, 341 (2012).
D. G. Lubos PhD Thesis (2018). 29
H. Schatz et al., Astr. Phys. Jour. 844:139 (2017)




1/2-#
Fo 4008 (1008

Link between the mass excess of 199Sn and 19|n 111
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100|n+ ToF-ICR resonnance

Mass determined to a few keV
~130 keV less bound

Combined Q-value and ISOLTRAP
— 10050 nearly 800keV less bound

VERY PRELIMINARY

C. B. Hinke et al., Nature 486, 341 (2012).
D. G. Lubos PhD Thesis 2018
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1011n+ PI-ICR resonnance
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Counts / 0.8 ns

In MRToF-MS measurement
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yield in CAOQ / ion/s

Neutron-deficient In yield estimation

| | |
yield in CAOQ
10090 + e Half live
1000
- |
100 +
10 E [ ]
] ||
| | |
101In 100In 99In

18

16

14

12

o
Half live (s)

35



Conclusion and outlook:

e 525G run (RILIS+Ta-foil target)
* Confirms that neutron rich Sc up to A=52 are produced ©
 Stable Ti-V-Cr isobaric contamination too strong ®®®
* Impossible to measure the Sc isotopes of interest in these conditions
* Run redirected to In ©©O©
* Neutron-deficient In run :
* Three techniques for three different isotopes
» 100|n ToF-ICR measurements =2 Influences the mass of 1%°Sn
o 10ln PI-ICR = Isomeric separation + first g.s mass determination
* In > MRToF-MS measurement : first g.s mass determination
* To be followed :
* Impact on the Z=N=50 shell closure
* Impact on X-Ray bursts final abundances
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Comparison of the available
techniques in terms of R:

Penning trap ToF-ICR:
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Peak Coalescence due to coulomb interaction

 “Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction
 ToF mass measurements difficult BUT separation still possible
e Example: A=152 beam
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 “Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction
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Peak Coalescence due to coulomb interaction

 “Many” ions in one bunch can lead to peak coalescence due to Coulomb interaction
 ToF mass measurements difficult BUT separation still possible
e Example: A=152 beam
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What can we learn regarding nuclear structure ?
2 Z? (N — Z)?
Eliquid drop (N» Z) — avA + asA3 + ac_l + 2 A + 5(14)
 Nuclear binding energy reflects the iMéraction of ALL the nuclear
constituents : the protons and neutrons.

« Binding energy per nucleon - idea of saturation = mean-field
 Difference to spherical liquid droplet - idea of shell structure
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