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Evolution of Clock Precision
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What Is A Clock?
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Why Isotope Shifts?

The most accurately measured numbers in physics are ratios of

atomic clock transition frequencies:

o uA|+/qu+ = 1.052871833148990438(55) (NIST; 0 /v ~ 5.2 x 10717)
[Rosenband et al. Science 319, 1808 (2008)]

* wyp/vs, = 1.207507039343337749(55) (RIKEN; 0 /v ~ 4.6 x 10~17)
[Nemitz et al. Nat. Photonics 10, 258 (2016)]

* vg3/vgpx = 0.932829404530965376(32) (PTB; 0 /v ~ 3.4 x 10717)
[Lange et al. PRL 126 011102 (2021)]

* U+ /yp+ = 1.973773591557215789(9) (PTB; v /v ~ 4.4 x 10718)
[Hausser et al. arXiv: 2402.16807 (2024)]

= These are sensitive to “everything”, but we cannot calculate the
spectrum below around 1% accuracy.

So what can we do with these?

lide b lian B t
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Outline

Isotope Shifts

King Plots

Sensitivity To New Physics
kifit

Outlook & Conclusions
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Isotope Shifts
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Isotope Shifts

Isotope shifts:

yPA =
IK,',U,AA, =+ F,-(5(r2>AA, + ...
/: transition index

AA’: isotope pair index

- Ki, Fj, . ... electronic coeffs.
P8PV nuclear coeffs.

Z: number of protons

(2, N) (z, N N, N’: number of neutrons in A, A’
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Isotope Shifts: Mass Shift & Field Shift

VA = KM 4 F () 4L

Mass Shift
Nuclear motion in A vs. A’

= Correction to e~ kin. energy
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xH W_W
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Isotope Shifts: Mass Shift & Field Shift

VA = KM 4 F () 4L

Mass Shift Field Shift
Nuclear motion in A vs. A’
= Correction to e~ kin. energy - 5<r2>AA’ = (A — <r2>A/
/ 1 1
AAT
= R
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Field Shift: Nuclear Size Effect

® Inside the atom, electron wavefct. affected

. by non-Coulombic nuclear potential, dep. on
L

< o Radial coordinate r ) s
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Field Shift: Nuclear Size Effect

¢ Inside the atom, electron wavefct. affected
by non-Coulombic nuclear potential, dep. on

ur) o Radial coordinate r

. 5 [ pn(r)r?dre
[©] =L 77 -
e g Nuclear charge radius (r*) T on(rar
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Field Shift: Nuclear Size Effect

¢ Inside the atom, electron wavefct. affected

by non-Coulombic nuclear potential, dep. on

U@ o Radial coordinate r § onrar
. 2\ [ pn(r)ridr

i g o Nuclear charge radius (r¢) = T on(arT

= Shift in {r?) = Energy shift

— 2\ AA’
SE® = (IsU(r) ) 0F; = Fio(r)

vy |¢(0)|2J’5U(r)dr F; : (Electronic) field shift constant
§(r?)A"": Charge radius variance

’

6<r2>AA’ _ <r2>A o <r2>A
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Isotope Shifts: Mass Shift & Field Shift

v = KM+ R ()M 4

1

Mass Shift Field Shift
Nuclear motion in A vs. A’ Nuclear charge distr. in A vs. A’
= Correction to e~ kin. energy =- Difference in contact interactions
between e~ & nuclei in A vs. A’
A 1 1
o = — — —F%7 ’ ’
MA MA o 5(r2)AA — <r2>A o <r2>A

o(/’
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Outline

King Plots



The King-Plot: Trade Data for Nuclear Physics

[W. King, J. Opt. Soc. Am. 53, 638 (1963)]

Issue: Large uncertainty on charge radius
. /
variance 0 (r?)AA

A KA RS (YA
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The King-Plot: Trade Data for Nuclear Physics

[W. King, J. Opt. Soc. Am. 53, 638 (1963)]

Issue: Large uncertainty on charge radius
. /
variance 0 (r?)AA

A
Yo L ° = Measure isotope shifts for 2 transitions
2
1/1AA/ —Kq MAA’ + R0 r2>AA’

VA — Ko i M 4 Fab (2)AA
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The King-Plot: Trade Data for Nuclear Physics

[W. King, J. Opt. Soc. Am. 53, 638 (1963)]

A
(\7 .
4 Issue: Large uncertainty on charge radius
A variance 6(r?)A4
Yo L = Measure isotope shifts for 2 transitions
2
/ / /
I/lAA —Ky ™ F1(5<r2>AA

A =Koy 4 Fad(r2)AX

vz .. . .
= Eliminate charge radius variance §(r?)*#

"o A ~ / ~ /
@, 5 P = Koy 4 Fo oA
o, ) ) ) ,

AN A AA
st =vM = data

Ky .
F21 = F2/F1 K21 = K2 — F21K1 = fit

11 of 23




Example of a Linear King Plot: Ca™ [arxiv:2311.17337]
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https://arxiv.org/abs/2311.17337

The King-Plot: Fit to Isotope Shift Data

(I_j_flAm, 1754‘4”/)

SAAT = AA ~AA ~AA
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The King-Plot: Fit to Isotope Shift Data
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Sensitivity To New Physics



Dark Portals

Me

Question that can be addressed by King plot analyses:

Given a mediator mass m,, in the eV-GeV range, ...

...how large can the coupling y.y, be?
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Dark Portals and Isotope Shift Measurements

electrons

VISIBLE
SECTOR

MEDIATOR ¢

neutrons

Question that can be addressed by King plot analyses:
Given a mediator mass m,, in the eV-GeV range, ...

...how large can the coupling y.y, be?
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Dark Portals

VISIBLE
SECTOR
(Standard Model)

- directly accessible
to experiment

DARK
SECTOR
(Dark Matter &
other unknowns ?)

(new)

MEDIATOR

- detect indirectly?

Question that can be addressed by King plot analyses:

Given a mediator mass m,, in the eV-GeV range, ...

...how large can the coupling y.y, be?
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King—P|Ot Bounds on New Bosons [arXiv:1704.05068,2005.06144]

Use King-Plots to search for new physics PRD 96, 093001 (2017)

DESY 17-055, FERMILAB-PUB-17-077-T, LAPTh-009/17, MIT-CTP-4898
Probing new light force-mediators by isotope shift spectroscopy

Julian C. Berengut,!> * Dmitry Budker, % ! Cédric Delaunay,” ! Victor V. Flambaum," ¥ Claudia Frugiuele,% ¥
Elina Fuchs,% ** Christophe Grojean,”®: ff Roni Harnik,?> # Roee Ozeri,'% ¥ Gilad Perez,% 19 and Yotam Soreq!!» ***

Search for new mediator ¢ between the nucleus and bound e~
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Use King-Plots to search for new physics PRD 96, 093001 (2017)

DESY 17-055, FERMILAB-PUB-17-077-T, LAPTh-009/17, MIT-CTP-4898
Probing new light force-mediators by isotope shift spectroscopy
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Search for new mediator ¢ between the nucleus and bound e~

o~ New effective Yukawa-potential
e—m¢r

V¢(I’) = —aNp(A — Z) ;

with anp = (=1)°%2, s =0,1,2 (spin)
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King—P|Ot Bounds on New Bosons [arXiv:1704.05068,2005.06144]

. New effective Yukawa-potential

7m4,r

V¢(I’) = —OéNp(A Z)

with anp = (—1)°%2, s =0, 1,2 (spin)

Induces new term in the King—relation'
D84 = Koy i + Fu o + anp Xor 744
Xo1 = Xo — F>1 X1: NP electronic coefficient
FAA = (A= A) /™. NP nucl. coeff.
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King—P|Ot Bounds on New Bosons [arXiv:1704.05068,2005.06144]

. New effective Yukawa-potential

7m4,r

V¢(I’) = —aNp(A Z)

with anp = (—1)°%2, s =0, 1,2 (spin)

Induces new term in the King—relation'
D84 = Koy i + Fu o + anp Xor 744
Xo1 = Xo — F21.X1: NP electronic coefficient
A = (A~ A) /™ NP nucl. coeff.
= Extract anp from fraction of volumes spanned by frequency vectors:
Vol det (7. 7.7

QaNp = =
Vol. |th,04NP:1

gijk det ( ,7, j, uk)

{7;}: data vectors in isotope-pair space, i = (1,1,1), X, 5: theory input
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New Spectroscopy Bounds on New Physics  [2203.07792]

-4 __—
—— Ca, Aarhus 2020 -_-__-IZ'TW via Yu
— Ca, Willams 2023 (g— 2)e |Be
—— Yb (awmm, Ymir, 6) 2
-6 = = Yb (Bwir, ymrr, 6) bk?
—— Yb (aprs, Y18, 6) &
= /@@ ® myg — 0: > size atom
2 8 N
S ® “Peaks” due to
E g cancellations among
210 7327 - ici
T ) 1-Z electronic coefficients
W 0 =
q 25 §
" Sl T TG T ). Kong via ye _5:; ® mg — 00: not sensitive
- Globular Cluster 25 0 25 ZH - .
N10874 Amg [kev/c?] to contact interactions
T T 1 T T T
1 2 3 4 5 6 7
logy0(my [eV/c?])
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kifit: (Global) King Plot Fit

Idea: Qyp
e Define consistent way of combining H% ﬁl mg (V)
isotope shift measurements: 107 m10°
m 10
Which is the “right” upper bound? i } u
e Starting from fit of [arXiv:1602.04822], 100 l II
develop a King plot fit that can handle I
new isotope shift data
= Combine elements, perform a global GKP
fit to isotope shift data 20 Ca bounds on apnp
See also [arXiv: 1602.04822] [arXiv:1906. 04105,

PRL 115, 053003 (2015),
AME 2020 (CPC 45 030003 (2021))]
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kifit: Construction of the Loglikelihood Function

D4

—

P? = (9{,73), a=1,...,n: Data pts
¢©): King line without NP (linear fit)
K55, @010 Fit parameters

6?: Predicted NP shift in 73

((3): Pred. King line for isotope pair a
|d?||: Distance of P? from ¢(2)

£ = cov(||d”|,||d"|l)

S

vy
1 oy ab ab -1 b
= —log L 522 [IogZ +d?| (zd) |d ||]
a=1 b=1
= Minimise — log £ to find preferred window for NP coupling anp
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kifit: Construction of the Loglikelihood Function

Pa=(72,i2), a=1,...,n: Data pts
¢©): King line without NP (linear fit)
K5, &1 Fit parameters

6?: Predicted NP shift in 73

(3: Pred. King line for isotope pair a
|d?||: Distance of P? from ¢(2)
£ = cov(||d ||, |d )
1 n n -1
b
= —log L o 3 [Iogzab +|1d?| (ng) |d ||]

a=1 b=1

= Minimise — log £ to find preferred window for NP coupling anp
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kifit: From the Search Grid to the Exclusion Plot

w0 Search samples
Y === Lincar threshold
R B Search interval i
1074 P i
i /
~ 10° 1
= H !
<4 104 i :
! H
1074 g 1 [
E i
i !
104 1
i
1004 PR
1014 }
—107% 107" —107'2 0 10712 1070 10-°
axp/aem
1. Search Phase
0 Fit - Cazéasn
B~ Fit - Ca_PTB_2015 R vV
10-1] ¥ Fit - Ca_WT_Karhus_pT_2028
—¥— KP - Ca.VT_Aarhus_PT8_2024
10°°
= 1070
&
3
—~ o
o
Z
< -0
_10-%
_10-1

00 w0 107

0010t 100 10t 107 108
my [eV]

4. Scan over my Values
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— Ax

—— KP 20 bounds: axp € [-8.1e-10, 1.1e-09]

—— NMKP 20 bounds: ap € [-1.26-09, 1.5¢-09)

—— Dim-3 PROJ 20 bounds: axp € [-4.5¢-10, 7.2¢-10]

75 -0 -25 00 25 50 75

1077
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2. Experiment Phase

—— —
axp samples

12,54

10.04

best axp single experiments

— Axla
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2
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3. Experiment Phase (Zoom)



kifit Algorithm

Kifit builder

Element
collection

Output

Determine confidence interval
via blocking method

[0 = ola), ofF + oloiR]]

ODRto determine  {¢j1}, { K}
Collect Nexps.

candidates and bounds

Switch on NP with

0 o
R—— (s olal))

[
Search phase ]
! I

Using algebraic methods | | Sample alpha ona .
to estimate alpha predefined logarithmic L D

grid

Bstimate I [af(d), o{(7)]

Sample alpha from a
logarithmic grid

preconditioned by

2
algebraic methods Nowos Compute Ay’

times.

Sample elements "

Sample elements " Sample elements.

1

(

(73 petermine window 1 @y sample alpha from measurement window ]
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kifit vs. Algebraic Methods

O~ Fit - Ca24min
- Fit - Ca_PTB_2015 B v v
¥ Fit - Ca_WT_Aarhus_PTB_2024
=¥— KP - Ca_WT_Aarhus_PTB_2024
[0 Exclusion region

Ca24min, Ca_PTB_2015:
Minimal data sets
(2 transitions, 3 isotope pairs)

Ca_WT_Aarhus_PTB_2024=
=Ca24min+Ca_PTB_2015:
(4 transitions, 3 isotope pairs)

Algebraic bound shown here:
KP(Ca_WT_Aarhus_PTB_2024)=
=KP(Ca24min)

100 10! 10% 10% 10* 10° 106 107 108
my [eV]

Sizeable difference between fit & algebraic results for minimal data sets,
better agreement for larger data sets.
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Conclusions

e Initial idea: King plots have a “tradition” of being linear

= Use them to set bounds on NP

70} 6794306
60} 6794304

6788744 6758)
sof 2134629

2 40F 2134622
£
€

bk B
30} s302790]
20} s3oz7ss)
S2ooams B
10} >
o
02778 02778

o 10 20 30 40 50 60 70
Modified Isotope Shift mdvjos -2327 (GHz amu]
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Conclusions
e Initial idea: King plots have a “tradition” of being linear

= Use them to set bounds on NP
e kifit: 15t step towards a global overview of isotope shift data

= Combine isotope shift data from different elements
= Tool to search for new bosons mediating between neutrons & electrons

v
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Conclusions

e Initial idea: King plots have a “tradition” of being linear

= Use them to set bounds on NP
e kifit: 15t step towards a global overview of isotope shift data

= Combine isotope shift data from different elements
= Tool to search for new bosons mediating between neutrons & electrons

e Generalise framework to account for NLO nuclear effects?

= Decomposition of nonlinearities?
= Tool to test nuclear physics models?

21 of 23
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Outlook

Dialog between theory and experiment is needed:
e Worth measuring transitions in metastable isotopes?
e Complementary experimental input?

e Predictions/ power counting for nuclear effects?

Use isotope shift data to gain information about the nucleus:

12
Expt. relative to 6(r%)176-174 = 7 fm*

10
L [ IO b ntaieb b L e -
£ T Ao SRR
=g 4 TS PN
N o———¢\_,;.&
1
< | m—m———_
<. 6 * St -
% —k- 1.8/2.0 (EM), VS1 Ab initio

4 - ~m- 1.8/2.0 (EM),VS2 —4— Expt. (aprs)

—& - AN2LOgo, VS1
2

T T T T
170 172 174 176
b [arXiv:2403.07792]
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Towards a Global Search for New Physics with Isotope Shifts
arXiv:2506.07303

kifit: https://github.com/QTI-TH/kifit

Ytterbium King Plot
Phys.Rev.Lett. 134 (2025) 6, 063002 arXiv:2403.07792

Thank you for your attention.


https://arxiv.org/abs/2506.07303
https://github.com/QTI-TH/kifit
https://arxiv.org/abs/2403.07792
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King-Plot Method in Presence of Nuclear Effects:
The Generalised King Plot [arXiv:2005.06144]

Ky

= Test King linearity = Account for one King nonlinearity
= Put bound on 2" nonlinearity

= King-plot method also works in presence of nuclear effects.


https://arxiv.org/abs/2005.06144

anp from Determinants

(No-Mass King-Plot:)

—

7 =Kuji + F16(r?) + anp X17
—

7y =Kafi + F20(r?) + anp X2
—

s =Ksji + F36(r*) + anp X3y

Vol det

= QNP = =
Vollthanp=1  det (K, F

det (171, 172, 173)

=7 = =
5€ijk det (Xiy, U, Uk)



Choose your King-Plot

Extraction of anp using the “determinant method” requires

Type of King-Plot Isotope-Pairs  Transitions
Generalised King-Plot: n n—1 [PRR 2, 043444 (2020)]
No-Mass King-Plot: n n [PRR 2, 043444 (2020)]

n > 3 (else cannot search for nonlinearities)

v (n—2)!det (ﬁl,...,ﬂ,,,l,ﬁ)
NP = \/’ - z = = =
th,anp=1 €ityeeyin_1 det (X,'l’)/, Vigy oo s Vi1, M,'n)
v (n—1)det (t4,05,...,0,)
()[NP = =

Vlthawp=1  Eiir,....in det (Xi 7, Uiy ..., 1)



Upper Bounds on |anp| vs. New Mediator Mass m,

-4
I 20 excluded, Ca Aarhus 2020
'~ 20included, Yb MIT 2020 (a, B)
z -6
3
=
=4
3
S -8
°
10
T T T T T T

1 2 3 4 5 6 7
logio(my [eV/c?])

Nonlinear King plot relation:

A = K+ P G2+ G0 +



X Coefficients

Overlap of NP Yukawa potential and electronic wavefunction

Xi= [ @S onn)P = o))

r

|4(r)|?: electron density in absence of new physics,
a, b initial, final states

Requirement for searches for new light bosons:

e At least one of 1, or 1}, should have good overlap with Yukawa
potential.

e For tight bounds on aynp, one X; needs to be large.



kifit Construction

Dos

Ky
‘\

\"‘,‘KZI

. in
Experimental Data:
P2 = (#3,93), a=1,...,n: Data pts.
Linear Fit to Data:
£0): King line w/o NP & (Ksf, ¢21)

F T
ép=——, F=(1,tan¢poi,..., tan ¢om1)

llF1]

KK =(0,Kon, ..., K1)

Prediction:
Q* =K' + 5} F + o[6%],
K=K+ ()

51 = 53 _ (5V) X
= ('y <’y>) gl

a1 37077

b 1U[V ]

6?: Predicted NP shift in &3
2(3): Predicted King line for isotope pair a

a=1,...

3y = j=2,...,m

Log-likelihood Construction:

A7 =P — QP = — (K + 5 F + o[67])
d? =A"— (A7 -ér)ér, a=1,...,n.

IId 2| Dlstance of P? from ¢(2)

-1
—tog o 3 [z + 7] (53) e
ab 1

£ =cov(||d ||, ||d )



The Issue with Small Sample Sizes

<10-7 Goodness of a fit to f(x) = ax + b as a
35 Best fit to y = 2+ 6 function of the number n of data points
3.0 — using first 15 data points (n, () (X, y)
. (01,02, 03) ~(1e-07, 1.7, -3e-08) . .
. “,:22 ‘ Vn, 500 mock data sets with Gaussian
2.0 . . _
L R mes uncertainties Omeas = Opos = 1010
1.0 :>O—X/X, O'y/yNO(loi )
0.5
0.0

5 50 75 100 135 1h0 i Top: Ave_rage rel. uncertainty on the
n (Number of data points) 2([’1 — 1) flt pal’ametel’s {8’, b' ”-7:2 Used to
fix the line in n-dim. space.

5 10-12 Best fit to y = ﬁ + 63 using m (mj(s) — n"'J)2 (Cj(s) — 9)2
o1 — first 15 data points for m = 2. C — +
L 10-13 (01,02, 05) ~(-6e-11, 1.7, 1e-10) Z m?2 c?
—— m=2 j:2 J J
10 —— m=4
15 —4— m=6 .
1077 | Bottom: Avg. distance of the data
2 4

6 8 10 12 14 16 . . . . 1 n
n (Number of data points) pOIntS from beSt flt Ilne' <E Zaz]_(da)>(s)



Ytterbium and its Stable Isotopes

120F T T T T T |
A €[ 168,170,172, 174, 176] E ..L""-'.
ol
100 [ 2 -ttt J
- z=82
80F ?_’ i
g Z=70 i
2
2 r
I e
S 60 8 s . g
é = ™ _--' . Half Life (s)
5 T
= o Y O .
N 40f it z g o 'h 7
= g -
2'.. . ;
2 o3 o |
" -
5 NE[9
10
0F 10| i
I L I L 1 1 1
0 20 40 60 80 100 120 140 160 180

N, Number of Neutrons




PTB + MPIK = New Yb King Plot [arxiv:2403.07792]

o

a Laser spectroscopy King plot d  Penning-trap mass spectrometry

ion production _ | 1aser

tunable axial
detection system
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= Hz-precision for isotope shifts
Observed King plot nonlinearity: ~ 20.17(2) kHz
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https://arxiv.org/abs/2403.07792

The Nonlinearity Decomposition Plot

data
L]

A e Plane of King linearity (1 = (1,1,1,1))

I;j ~ j1ﬂ1+f<jll7 j>1

\ ® Project isotope-shift data onto ©4, 1,
T AL AL with Ay L (i, 1):

I)j = (i;la 13A+7A—) (Fjl’ /{jl’)\"")\_)T

In presence of just one nonlinearity,

IDJ' ~ j1171+Kj11 +GJ(111)5</;’J4>, Jj>1.

cWes(rt 5(rt . .
p O X = transition-universal

cWa(ryy, 5(rt),

[arXiv:2004.11383, arXiv:2201.03578]


https://arxiv.org/abs/2004.11383
https://arxiv.org/abs/2201.03578

A-[1079]

Resid. [1076]

The Nonlinearity Decomposition Plot

B amT
2 -
-2 -
—— Linear fit to residuals
e 6(r?)%: Expt.
——- 6(r*): 1.8/2.0 (EM), VS1 T
——- 6(r*): 1.8/2.0 (EM), VS2
-6 6(r*): Ab initio
—-- New boson Ymir
T T T T T
0142 §
00 dE ]
. - <
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A+ [107°]

Notation Transition Refs.

QMIT,PTB 251/2 — 2D5ﬂ E2 in Ybt MIT, tw.
251/2 — 2D3/2 E2 in Yb* MIT

YMIT,PTB 251/2 — 2F7/2 E3 in Yb™ MIT, t.w.
4§ 1Sy — 3Py in Yb Kyoto
€ 1Sy — 1Dy in Yb Mainz

® §(r?)? estimated using Angeli &
Marinova Tables of experimental
nuclear ground state charge radii

® §(r*): Calculations by group of Prof.
Achim Schwenk, TU Darmstadt

In presence of just one nonlinearity, e.g. G*)§(r*),

slope: AT Gty sy A
pe: A(+r) - (;7(74)5<r41>+ - 6<r4>+ - A

= transition-universal



Extracting Nuclear Physics from Isotope-Shifts

* Assuming J(r*) dominates, what does the isotope-shift data tell
us about the evolution of §(r*) along the isotope chain?



Extracting Nuclear Physics from Isotope-Shifts

* Assuming J(r*) dominates, what does the isotope-shift data tell
us about the evolution of §(r*) along the isotope chain?
= “Put the King plot on it’s head.”: Experimental data (under control)
o King Plot (in transition space): Eliminate charge radius variance §(r2)*’

I/I-AA/ :F,-5<r2>AA/ +K,‘/1,AA/ +G,.(4)5(r4>AA/
Y =F5(2)M Ry G
7 7 7 7 7 7
= 2 [P —FfA it +Kiy +C,-i(lfl)5<r4>AA /A

= Fit F1, K, G = G — Fi1 G (double-index electronic coeff.): AMBIT
Accuracy severely limited due to strong many-body correlations, both G(4), F dep.

) = Large errors on W

. . . 4
on nucl. size & shape =- Large cancellations in Gi(l N



Extracting Nuclear Physics from Isotope-Shifts

Assuming §(r*) dominates, what does the isotope-shift data tell
us about the evolution of §(r*) along the isotope chain?
= “Put the King plot on it’s head.”:

¢ Experimental data (under control)

o King Plot (in transition space): Eliminate charge radius variance §(r2)A’
g p g

v =Fis () +RM 4Gy
/ lllAA: :F15(r22AA/ / +K1;1AA/ +Gl(:)5(r4>AA: /
= /M M =Ff )M 1K +Gi(1)5<r4>AA /A

= Fit Fi1, Kin, G = G — Fin G (double-index electronic coeff.): AMBIT
o §{r*)-Extraction (in isotope pair space): Eliminate mass shift coeff. K;

VA =Fis(P)M 4 KM G s (A

VR =Fis()RR 4 KR 4 65 ()RR
AA’ /‘VAA/ AA’ 2\ AA’ NAA/ 2\ AA (4) 4\ AA’ /‘AA/ 4\RR'
vt — R vit =F; |6(r7) - AR 5(r) + G; 7 (o(r") — W(S(r )

/ ’ ’
= Fit £, 5(r2)*": [Angeli, Marinova], G*: AMBIT QAN FRR



Extracting Nuclear Physics from Isotope-Shifts

e Assuming 0(r*) dominates, what does the isotope-shift data tell
us about the evolution of §(r*) along the isotope chain?

12
Expt. relative to 6(r%)176-174 = 7 fm*
_ 10
<
E o F y S— -
v .———0\’%
S 6- s B E— +
<
% —k- 1.8/2.0 (EM), VS1 Ab initio
4 4 1.8/2.0 (EM), VS2  —4— Expt. (aprs)
—&- AN2LOgo, VS1
2 T T T T
170 172 174 176
AYb
blue, , green: Calculations by group of Prof. Achim Schwenk

black: new spectroscopic method, fixed at %



§(r*) Calculations: Ab initio vs. DFT

5(rYAA=2 [fm?]

5(rYAA=2 [fm?]

144

12 4

—k- 1.8/2.0 (EM), VS1
1.8/2.0 (EM), VS2
@ AN?LOgo, VS1

Expt. relative to §(r%)176:174 = 7 fm*

Ab initio
-~ Expt. (aprs, fiducial)
=0~ Expt. (aprs, core holes)

Seo
S

Expt. relative to §(r%)176:174 = 7 fm*

41 SV-min DFT
RD-min  —@— Expt. (aprg, fiducial)
21 -k UNEDF1  _O~ Expt. (aprs, core holes)
=¥ Fy(an
0-— T T T
170 172 174 176

AYb

Experimental 6(r*)**" values
relative to §(r*)170174 = 7 fm*
extracted from isotope shifts from
the « transition using atomic
theory (fiducial, core holes)

Above: ab initio calculations (t.w.)

Below: density functional theory
calculations (PRL.128.163201)

Gray bands: estimated theory
uncertainties
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