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Collinear Laser Spectroscopy
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Atomic hyperfine structure
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Atomic hyperfine structure
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Atomic hyperfine structure
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Collinear laser spectroscopy at ISOLDE
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Collinear laser spectroscopy at ISOLDE
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Collinear laser spectroscopy at ISOLDE
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Collinear laser spectroscopy at ISOLDE
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Motivation
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Charge radii

Laser spectroscopy == I , <r’>
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standing challenges for nuclear theory.

{ Simultaneous reproduction of charge radii and binding energies has been a long- ]
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Charge radii: Ca(Z=20) isotopes

[Garcia Ruiz et al., Nature Physics 12, 594 (2016)
The charge radii of Ca isotopes present additional challenges
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S<r> [fm?]

Charge radii: Ca(Z=20) isotopes

[Garcia Ruiz et al., Nature Physics 12, 594 (2016)
Much larger than expected!
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Charge radii: Ca(Z=20) isotopes

[Garcia Ruiz et al., Nature Physics 12, 594 (2016)
Much larger than expected!

; T T ; T 1 Max sensitivity ~250 ions/s
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Radioactive detection of Collinear-laser optical pumping
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Charge radii systematic around the Ca region
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Charge radii systematic in the Ni region
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Results: Copper(Z=29) isotopes around ®Ni

Dipole and quadrupole moments of 7>78Cu as a test of the robustness of

the Z = 28 shell closure near °Ni

[De Groote et al. PRC 96, 041302 (R) (2017) ]
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Nuclear structure around °°Sn and *32Sn

Doubly “magic” 1°°Sn Doubly “magic” 132Sn
[Hinke et al. Nature 486, 341 (2012)] [Jones et al. Nature 465, 454 (2010)]
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| Several open questions of nuclear structure! @

1111311 (Z=49): Garcia Ruiz et al. CERN-INTC-2017-025 (2017)
1001111y (Z=49): Garcia Ruiz et al. CERN-INTC-2017-055 (2017)
103121G (Z=50): Garcia Ruiz et al. CERN-INTC-2016-037 (2016)

« Heaviest self-conjugate (N = Z = 50) nucleus

o Largest strength in allowed 3 decay

e In the closest proximityto the proton
dripline

o At the endpoint of the rapid proton
capture process

« Biggest nuclei that can be accessed by ab-initio
calculations

» Largest number of stable isotopes.



Nuclear structure around °°Sn and *32Sn

Doubly “magic” 1°°Sn
[Hinke et al. Nature 486, 341 (2012)]

Doubly “magic” 132Sn
[Jones et al. Nature 465, 454 (2010)]
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Results: Sn (Z=50) isotopes up to ¥Sn
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Charge radii and electromagnetic moments
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Results 2017/2018 : 191131 (Z=49)
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Outstanding issues
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Outstanding issues

Isotope shift

Specially challenging for

atomic theory

| Isotope Shift |, GHz
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Nuclear charge radius

- Uncertainties dominated by M and F

values
- Do not allow firm conclusions of nuclear

structure
- Impossible to compare isotones

= Need of electron scattering data



King plot

[Garcia Ruiz et al., Nature Physics 12, 594 (2016)]
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Charge Radii of Potassium isotopes (Z=19)
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Charge Radii of Manganese isotopes (Z=25)
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Future Perspectives

— Towards few-body physics

17-23F(Z2=9)

Garcia Ruiz et al. CERN-INTC-2016-037 (2015)
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Radioactive Elements measured by Laser Spectroscopy
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Exotic isotopes have been

measured

To be measured at facilities under

construction
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New opportunities:

Probing new Forces from isotope
shifts



Isotope Shifts
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King plot

[Garcia Ruiz et al., Nature Physics 12, 594 (2016)]
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King plot
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Couplings to electron and neutron vy,
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Isotope shift, nonlinearity of King plots, and the search for new particles

V. V. Flambaum, -2 A. J. Geddes,! and A. V. Viatkina?
LSchool of Physics, University of New South Wales, Svdney 2052, Australia

PHYSICAL REVIEW LETTERS 120, 091801 (2018)

Probing New Long-Range Interactions by Isotope Shift Spectroscopy

Julian C. Berengut,"”” Dmitry Budker,>>*" Cédric Delaunay,>* Victor V. Flambaum,'¥ Claudia Frugiuele %/

o U = Kipapr + Fi0(r*) a0 + anpXiy anrs
1072 .
e anp = (—=1)5y,y, /4.
101 ' )
| Seabz T
] —a
1077

10 100 1000  10f 10° 108 107

Limits on the electron and neutron couplings (y,y,) of a
new boson of mass m,



PHYSICAL REVIEW LETTERS 120, 223202 (2018)

Probing Long-Range Neutrino-Mediated Forces with Atomic and Nuclear Spectroscopy
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Limits on the neutrino-mediated potential

3'] T T T T T T T T T T T T T T T T T T T T T
Macroscopic—scale experiments Vim M Kibaa F,.:ﬁ{rz}mf - &Eﬂll
o0 b ]
e | | sp o OF [(k—7)* + (Za)’)2(Z; + 1)
T | i i { o0k . =
& o Atomic and nucl.ear __ LR Q- PR
? [ spectroscopy experiments ] v @ 1Ow ( @i )z—zy
E F[ﬁ}f + 1}]2 2ZRDU{!1 :
0 % s
| Standard—maodel neutrinos
_lﬂ L 1 L L L 1 L L L | L L L 1 L L L 1 L L L | L
-8 -6 -4 -2 0 2
",
IDEID[EJ



Summary and outlook
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Summary and outlook

Laser spectroscopy + electron scattering

M ° ° °
Nuclear Physics Atomic Physics Fundamental Physics
- To extract nuclear charge radii — Provide model independent F and M — Constraint to new electron-nucleon
- Needed to provide firm conclusions values interactions
of nuclear structure (Al K, In...) — Test of electron correlations in
— To obtain absolute radii to compare with atoms.

nuclear theory (Ca, Ni, Sn,...)
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EM: Ca(Z=20) isotopes
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-> cross shell excitations across N=32 are important?



EM: Ca(Z=20) isotopes
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-> cross shell excitations across N=32 are important?
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. e . 40
Phenomenological interactions ( ~ Ca core)

s

NN interactions fitted to Ca region

Free g factors and effective charges (en=0.5, ep=1.5)
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ﬁ> NN+3N interactions fitted to A=3 systems

— Microscopic interaction (ch-EFT)(4OCa core)

. e . 40
Phenomenological interactions ( ~ Ca core)

s

NN interactions fitted to Ca region

Free g factors and effective charges (en=0.5, ep=1.5)



EM: Zinc (Z=30) isotopes
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Optical pumping and state-selective neutralization

Charge exchange cell (CEC)

Meutralization cross section
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New experimental apparatus

PSKE ~ 4 PMT:
854 nm i
393 nm DJ
Scintillator (4]
S1/2
)
1’{2- 2o o0 o
Laser o 0
208
'e) o) O %@ ® ® ® ®
_|_
§ ! Cap, K
O —
Decelerator
&
o)

Optical
Pumping Vi o1y — siev  CEC Atoms
~36m S Detectors

PMTs

[R.F. Garcia Ruiz et al. J. Phys. G. 44, 044003 (2017)]



	Slide 1
	Slide 2
	The COLLAPS Collaboration
	The CRIS Collaboration
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Clear gaps in our knowledge
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Charge radii systematic
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55

