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Standard Model of Particle Physics

Standard Model of particle physics
One of the most comprehensive theories in physics
predicts sub-atomic particles further comprised of 3 generations of quarks

Cabibbo-Kobayashi-Maskawa (CKM) matrix describes mixing of quarks via weak

interaction
Vud Vus Vub
VCKM - Vcd Vcs Vcb

Via Vis Vip
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CKM Unitarity

Vud Vus Vub
Vekm = Vea Ves Ve
Via Vis Vu
2
Absolute square (i.e. |Vl-j| ) of each CKM-entry is probability of weak decay of j-
type quark into i-type quark
Standard Model of particle physics predicts unitarity of CKM matrix

Deviation from unitarity would imply incomplete picture of Standard model

Unitarity: VCKM . VCKMT = 13
In particular: |[Vyql? + [Vs|? + [V |? = 1
Recent values in [1], [2]: |[Vyql? + [Visl? + |V |4 = 0.99848(70)
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Determination of V

V.,,q can be determined via Ft value of superallowed
0*—0* [ decays )
‘Vud| —

Partial half life n

Energy difference Small theoretical corrections
(leading uncertainty!)

Ft=ft-(1+6%)(1+yg—6¢)

Nuclear charge radius 7. important experimental
input into theoretical calculation of isospin-symmetry-
breaking corrections

6c = (1, ..)
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Importance of charge radius of 2°MAl

Weighted mean Ft of 15 precision cases used to
calculate V4 v K

‘ ud|2 —

Ft value of 26mA|

Most accurately known of 15 isotopes used to calculate Ft

Nuclear charge radius unknown, but extrapolated as 3.04(2) fm
from other nuclei

3090
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J. C. Hardy, I. S. Towner, Physical Review C 2020, 102.
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Laser Spectroscopy

F=1+]
// A A A F=3 . .
’ De-excitation
=1/27% ‘o Observe emitted photon
27| PR (P W == S— f——— L
1=5/2 . F=4
——
)=3/2" - F=3 Figure removed due to it
F=2

containing unpublished data.

/ D
Excitation

using laser photon

= Hyperfine transitions in atoms or ions yield information about

»Nuclear spin
»Magnetic dipole and electric quadrupole moments of nuclei
»Isotope shifts and nuclear charge radii
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Hyperfine Spectrum

Figure removed due to it cfpntain:ing unpublished data.
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3C(C+1)—4I(I+1)J(J+1)

C
Sup = Ay~ + B
vP= iyt SI(2I — 1)J(27 — 1)
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Isotope Shift

28A|

Figure removed due to if containing unpublished

‘data:

27Al, ref.

= |sotope shift IS = difference of centroid frequencies for different isotopes
= Used to calculate difference in mean square charge radii between isotopes
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Collinear Laser Spectroscopy

ODR
oz, R COLLAPS
“ons FEEE
I?Se)}: o F F F - | -
.:_ B | B | B | alaals CEC — ==
e. static Steerers post-acceleration
deflector Quadrupole electrodes ﬂ ﬂ
triplet

photon
detectors

" Measurements performed at COLLAPS
" Charge exchange with sodium
" Measure fluorescence photons of resonant transitions

3s23d 2Ds);

0.17meV{
3s23d 2D;),

3s%4s S, ),

308nm
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Hyperfine Spectra
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Figures removed due to it containing unpublished data.

* |on extraction O and 6s after proton trigger

= Decrease in isomer intensity in fit consistent with half-life

6Ss

Ny =y (2)
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Collinear Laser Spectroscopy at IGISOL “*%*?=

retractable IGISOL CLS retractable
Faraday ODR Faraday
cup B B | cup
. ~
Lo il & _E e — \ E E E Tons
- — o —— u
MagneTOF e. static CEC Steerers
deflector ﬂ Quac_lrupole
triplet
PMT
Collaboration with IGISOL
Second set of measurements performed at IGISOL, Jyvaskyla
Known to have more favorable isomer : ground state ratio for
26,26mA|
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Hyperfine Spectra
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Figures removed due to it containing unpublished data.
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= Clear presence of isomer in
Al1P,, = Dsy, transition

3s23d 2D,

0.17meV{
3s23d 2D;,

3s4s Sy,

308nm
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Hyperfine Spectra
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Figures removed due to it containing unpublished data.
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Isotope Shift

Isotope shift to 2°Al ground state Isotope shift to 2°Al isomer

Figures removed due to it containing unpublished data.

Isotope shifts Sv4726, §¥27-26™ ysed to calculate difference in

mean square nuclear charge radii §(r?)?”4 between 26:26mA| and
27A|

5V27’A M maA — Moy

. 5<T2>27’A _ .
Nuclear charge radius of 2’Al, F, M from [1] F o Fmgr- (ma+me)
(iw [1] Heylen et al., Physical Review C 2021, 103. 14 \-\&Uﬁgﬁsﬁ:}[{?m
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Nuclear Charge Radii

= Nuclear charge radius of 2°Al: 3.080(19) fm
= Nuclear charge radius of 26MAl: 3.130(15) fm
= 4.5 statistical standard deviations from extrapolated value

" Preliminary extrapolation by same number of standard
deviations for radial overlap correction of ISB correction

_ Old values from [1] I Removed I

26mA| nuclear 3.04(2) fm due to it

- containing
charge radius unpublished Figure removed due to it containing

Ft of 26mA| 3072.4(11) s data. : unpublished data.
Ft 3072.24(185) s
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Implications for CKM unitarity

|\

2919

Shifts the result of unitarity test closer towards unitarity by

~1/10 standard deviations

Prai:

|Vud|2 + |Vus|2 + |Vub|2 — 9—99848{7—9}—)

Removed due to it containing
unpublished data.

Motivates further studies of nuclear charge radii in other

superallowed [ emitters
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Summary and Conclusion

The charge radii of 2526mA| have been determined by Collinear
Laser spectroscopy

4.5 standard deviations difference to extrapolated value used in
isospin-symmetry-breaking corrections for I/,,; of CKM matrix

Prelim. extrapolation hints at slight shift towards CKM unitarity
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Thank you for your attention!
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Formulas

Ft=ft-(1465)(1+dns —dc)
K
2GZ(1+ AV Fi

J. C. Hardy, I. S. Towner, Physical Review C 2020, 102.

Vial® =
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V 4 Uncertainties
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Unknown Charge Radii for V
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