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Lorentz symmetry violation

Unification of the four fundamental forces

Weak force Strong Force Electromagnetic Force

Picture citation: en.wikipedia.org; nuclear-power.net; emedicalprep.com; istockphoto.com.
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Lorentz symmetry violation

Unification of the four fundamental forces

Weak force Strong Force Electromagnetic Force

A single quantum consistent theory of all four (known) fundamental
forces: violation of Lorentz Symmetry

Lorentz symmetry: The laws of physics are invariant under a Lorentz
transformation (Rotation, Boost)

Search for Lorentz violation with accurate low-energy measurements

Universality of Local Lorentz
Free Fall Local Position Invariance

Invariance

16-8-2022 MITP workshop on «Searches for Dark Matter with Quantum Networks» 5



Michelson-Morley experiment
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A. A. Michelson and E.W. Morley, Philos. Mag. S.5, 24(151), 449-463 (1887)
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Analog of the Michelson-Morley experiment
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A. A. Michelson and E.W. Morley, Philos. Mag. S.5, 24(151), 449-463 (1887)
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Standard Model extension

* Lorentz violation (LV): quantified by adding a symmetry-breaking ¢, tensor to the kinetic term of
the SM Lagrangian

* The LV in the bound electronic states leads to a small shift of energy level according to:

SH — —CéZ)TO(Z) C(gz) contains components of ¢,

6m TO(Z) = p? — 3p2 depents on the electronic momentum distribution

* For a state |/, m):

—J(J + 1) + 3m?
prm?]s.m) - Ja D0+ D@+ @ -1 12

M. A. Hohensee et al., Phys. Rev. Lett., 111: 050401 (2013)
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Michelson-Morley type experiment with atomic orbitals

» Large effect of Lorentz violation (LV) in states with large electron-momentum

* Measure the energy shift between Zeeman substates, while the Earth rotates

Challenge: mitigate influence from the 1st-order Zeeman shift due to magnetic field noise
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A. A. Michelson and E.W. Morley, Philos. Mag. S.5, 24(151), 449-463 (1887)
V. A. Dzuba et al., Nature Phys. 12, 465-468 (2016)

LV energy shift

_Céz)To(z)
6m
Elements of the ¢,,, tensor

6HLy =

SE,y x <],m ||T0(2) || ], m> xm?
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Testing LLI using a decoherence free sub-state

A: engineer mys = 0 states — entangled state

Michelson-Morley analogue for electrons using

Sun

/., trapped ions to test Lorentz symmetry
Scjw t Y I. Pruttivarasin'~, M, Ramm', S. G, Porsev™*, L. |, Tupitsyn®, M. §. Safronava™®, M. A. Hohensee™’ & H. Haffner!
o0 f / B [ 5/2 +5/2
4300 a0 20(9/ |l’/>=ltt> +l~_ ;—) |_5/2,+5/2:;
Earth's orpjt Z&l; 15 14 2 (2)
== (2.16x10") — (7.42 x 10"*)m7 | Cy 1+ |-

J~1/2, +1/2

Constrains on components of ¢, at the level of 1071% — 107%°

Disadvantages: technically challenging and limited by decoherence (natural lifetime = 1.1 s)

T. Pruttivarasin et al. Nature 517, 592-595 (2015)
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Best test of LLI in the electron-photon sector

B: use m = 0 states in uneven isotope — 2 experiments/clocks with different quantization axis

namre
Optical clock comparison for Lorentz o\ J 2 ==:,,"—

' S
L r - r ~ 43 \\\
symmetry testing ol \ _ ______
Sun polar zs"’
- ' s : Lk P M X M Yb clock 1 b* clock 2
) aut
3 o 7 e cn crz
n
ST, 204-200 (3 taon 4

World record: constraint of one component of ¢, at the level of 8.1x10721

Disadvantages: Requires two state-of-the-art optical clocks at the level of 1018

Sanner et al., Nature 567, 204-208 (2019)
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Rephasing with spin-echo

C: use an elaborate spin-echo rf sequence to achieve rephasing

172Yb+ C

\‘ %

Earth Orbit
Advantages
* Asingle experimental system

* Long coherence time in the rf regime—=>long Ramsey dark time T
* Scalable to multiple ions N

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
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Enhanced sensitivity of Yb*

Table 1| Reduced matrix elements of the T operator in Ca*,
Ba*, Yb* ions in atomic units.

(2)
lon State UNT 1)) _](] n 1) n 3m2
Ca* 3d %D 7.09(12) O0H (2) —
32 - I m|Ty™ | J,m) =
3d2Ds); 9.25(15) JRI+3)J+DRJ+1D)jR2] -1
Bat 5d 2D3)2 6.83 {TT
5d2Ds3 8,65 JIITIT)
Ybt 4f*45d2D3 9.96
4f145d 2Dg 5 12.08
43652 2F5 5 C135.2 )>——————
Ca™ values are from ref. 6. 14.5 times hlgher

sensitivity then Ca*

F-state lifetime
1.6 years!

3.1x10718

VNTT

Projected LV sensitivity ACSZ) =

V. A. Dzuba et al., Nature Phys. 12, 465-468 (2016)
R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
R. Lange et al., Phy. Rev. Lett. 127, 213001 (2021)
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Experimental requirements

Y
‘Sz

Long-term stable :
|. excite and de-excite on the highly forbidden E3 transition
Il. composite rf pulse sequence in the F state with a dark time of ~1s

Earth Orbit

i

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
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Excitation laser for the electric octupole (E3) transition

Ving. = 642121496.772645 MHz

%~ > Kopfermann-Bau ‘ l I ‘

Paschen-Bau
1

Hlllll.
Fiber
()

stabilization
Double-pass o SHG < Vyay o —> AOM |
AOM * 934 nm e
\/—/Fibc\r

Slave Laser , Slave Laser S ,
(Laser Diode) || CHZAOM== ; - cer Diode) [ > SHC | Giebe-Bau

Double-pass Intensity
AOM € AOM| (obilization

Collaboration
PTB/4.4 & PTB/QUEST

vin,. = 642116784.950887 MHz
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Magnetic field stabilization

a) Feedback stabilization: noise at up to 10Hz b) Feedforward stabilization: main power line 50Hz & harmonics
0.5

Af4q9 [kHZ]
S o
o o

|
N
o

* Feedback stabilization: reduced incoherent noise to below 5nT

* Feedforward stabilization: reduced coherent noise from 70nT to about 7nT

B. Merkel et al., Rev. Sci. Inst. 90, 044702 (2019)
16-8-2022 MITP workshop on «Searches for Dark Matter with Quantum Networks»




Coherent excitation of the E3 transition

PHYSICAL REVIEW LETTERS 125, 163001 (2020)

Coherent Excitation of the Highly Forbidden Electric Octupole Transition in '*Yb*

H. A. Furst®,'” C.-H. Yeh®,' D. Kalincev,' A. P. Kulosa®,' L. S. Dreissen®,' R. Lange®.' E. Benkler®,'
N. Huntemann,' E. Peik®.' and T. E. Mchistiiubler'~
'Physikalisch-Technische Bundesanstall, Bundesallee 100, 38116 Braunschweie, Germany

“Institier fiir Quantenomik, Leibriz Universitds Hanover, Welfengarten I, 30167 Hanover, Germany

Coherent atomic state manipulation in 1st-order Zeeman sensitive state
Up to 90 % excitation probability!

6.0(6) Hz

-5 0 5
Afyg7[Hz]

FWHM4s7 [HZ]

50 100 200

tsg7 [Ms]
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Stable excitation over long timescales

Implemented a 4-point ‘clock’ servo on two Zeeman transitions

Interrogation points
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Experimental requirements

Y
‘Sz

Long-term stable :
|. excite and de-excite on the highly forbidden E3 transition \/
Il. composite rf pulse sequence ibn the F state with a dark time of ~1s

Earth Orbit

i
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8-level system

Hfree = Hjin + Hquad
+£L Hyy, = u,B,J, proportional to m

Hquaa = KJ7 proportional to m*

Contains the quadrupole shift
and a potential LLI violation

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
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8-level system

Hfree = Hjin + Hquad
Hyy, = u,B,J, proportional to m

Hquaa = KJ7 proportional to m*

Contains the quadrupole shift
and a potential LLI violation

Coupling: Heoup = Q(E)cos(wrs t + P)Jx  With Wyp = Wres = “Zth +6(t)

L. Multi-level Rabi frequency L. Drifts in the ambient magnetic field

Interaction picture + RWA: H = §(t)], + «JZ + Q(t)[Jxcos(¢) — ], sin(¢)]
Assumption: Q(t) > &, 6(¢t)
Goal: measure k, while mitigating the influence from 6 (t)

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
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Composite rf sequence on the Bloch sphere

Goal: measure k, while mitigating the influence from 6(t) B

Proposed pulse scheme by Shaniv et al.:

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)

16-8-2022
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Composite rf sequence on the Bloch sphere

Goal: measure k, while mitigating the influence from 6(t) B

Proposed pulse scheme by Shaniv et al.:

, T

w2, ),

1H34 : H

v2),

7 ___I8
xN

Problem: pulse errors accumulate when using many pulses (~10.000)

R. Shaniv et al., Phys. Rev. Lett. 120, 103202 (2018)
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Simulated stability diagram simple rf sequence

Simple spin-echo scheme

8-lvl SSDD: Stability for N_rep=1162
dark time = 1859.20 ms

-3.30 1.0

i1 1

" om -0.33
-2.24
. 278
-0.22
_-1.12 e e _-om
T 0.6 & :
> Kl —
= g 2 0.00
€ 0.00 5 3
c o @
S bt (a]
@ 0.4 g 0.11
(=] . : 8.
1.06 a 0.22
: 0.2 0.33
2.18 -0.15 -0.10 -0.05 0.00 005 010 0.5
Pi-pulse time error (us)
Scanning: 3.30 4 0.0

-0.52 0.00 .

-1.52 -1.03 :
Pi-pulse time error (us)

* Pulse time £0.1Xt,;
e Detuning £0.1XQ4pi
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Robust dynamical decoupling sequences

week ¢ ”.hll‘,'

PRL 118, 133202 (2017) PHYSICAL REVIEW LETTERS 11 MARCH 23017

Arbitrarily Accurate Pulse Sequences for Robust Dynamical Decoupling

Genko T. Genov,"” Daniel Schraft,' Nikolay V. Vitanov,” and Thomas Halfmann
"Insrinur K \ugewandte Pk, Technische Universirdar Darmstadt, Hochschulstr, 6, 64289 Darmsiady. Germany
“Department of Physics, St Kliment Ofericdski University of Sofia, S5 James Bourchier bivd, 1164 Sofia, Bulgaria
(Received 29 Sepiember 2016: published 28 March 2017)

S ?, 9, N TABLE |. Phases of the symmetric universal rephasing (UR)
‘ L DD sequences with n cycles Gndicated by the number in the
/2 )2 v/ /2 /2 label), based on Eq. (3). Each phase s defined modulo 2
- - - Sl s e - -
\«\ll\‘lh. N Phases L O
- - UR4 0, 1.1, 0)x x
. LIRG FO2002.012/3 2x/3
FIG. 1. Schemanic descnptson ol o DD sequence with # equally URS +(0,1.3,2,2.3.1.0)x/2 bx/2
separated phased pulses, A single ¢ycle free evolution-pulse-free ' e Attty X s B
l, 2 { ll : S ,Itl L L ¢ ! | ¢a URIO HO.4.2.4.0.0.4.2.4.002/8 1278
sodution lies wit the dashe WS, » PTOPeT © ¢ 0 . : % L
cYodlt lll'l'.\ 1 H'll \]\ INTICCH RIS ).'I !'l\ l\ ige lt’ LRI L(0.1.3.0.4.3.3.40.3.1.01x/3 Lg/3
relative phases of the pulses compensates both pulse ¢emors an : g .
; : i " : pu comy A Fiis ' . \I URIS FIN6.4A84.60.0.64.84.60)% tox/7
phi  due 1o the environment. - uence " e =
GePIasIng due 1o e emimonmen w SCUSTICE IS TOPX Hex URL6 0.1 ].("3.' 5445 ".\",‘ | 0)e/4 Lold

N times durning the storage time: the pulse shape can be arbitrary

G.T. Genov et al., Phys. Rev. Lett. 118, 133202 (2017)
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Simulated stability diagrams

UR 6 as given by G.T. Genov et al.:
(0,2,0,0,2,0)/3

8-Ivl UR6: Stability for N_rep=1549
dark time = 1858.80 ms

-3.30 1.0
-2.24
0.8
1.12 4 ®
N : ®
T 0.6 =
£ 0.00 S S
2 ©
8 0.4 a
1.06 4 &
2
2.18 b
Scanning: 3.30

-1.52 -1.03 -0.52 0.00 0.48 1.00 1.52
Pi-pulse time error (us)

* Pulse time £0.1Xt,;
e Detuning £0.1XQ4pi

G.T. Genov et al., Phys. Rev. Lett. 118, 133202 (2017)
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Simulated stability diagrams

UR 8 as given by G.T. Genov et al.:
(0,1,3,2,2,3,1,0)/2

8-lvl UR8: Stability for N_rep=1162

dark time = 1859.20 ms
-3.30

-2.24
-1.12

0.00

Detuning [kHz]
Population retrieval

1.06

2.18

Scanning: 3.30
. -1.52 -1.03 -0.52 0.00 0.48 1.00 1.52
* Pulse time £0.1Xt,;

Pi-pulse time error (us)
* Detuning £0.1XQ,4pi

G.T. Genov et al., Phys. Rev. Lett. 118, 133202 (2017)
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Simulated stability diagrams

UR 10 as given by G.T. Genov et al.:
(0,4,2,4,0,0,4,2,4,0)41t/5

8-lvl UR10: Stability for N_rep=930
dark time = 1860.00 ms

-3.30
-2.24
_ 112 3
N [
x e =
= 2
o -~
£ 0.00 S
.E g
= o]
o ]
(=] Q
1.06 &
2.18
Scanning: 3.30

-1.52 -1.03 -0.52 0.00 0.48 1.00 1.52
Pi-pulse time error (us)

* Pulse time +0.1Xty;
e Detuning £0.1XQ4pi

G. T. Genov et al., Phys. Rev. Lett. 118, 133202 (2017)
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Simulated stability diagram UR10

UR 10 as given by G.T. Genov et al.:

Simple spin-echo scheme (0,4,2,4,0,0,4,2,4,0)41/5
8-Ivl SSDD: Stability for N_rep=1162 8-lvl UR10: Stability for N_rep=930
dark time = 1859.20 ms dark time = 1860.00 ms

-3.30 . -3.30 1.0

-2.24 .24 0.8

-1.12 o -1.12 o
N ® ~ 2
> = = == 0.6 ¢
o @ o @
o s o -
£ 0.00 § £ 0.00 §
= o 2 n
g 2 g 0473

1.06 £ 1.06 g

2.18 2.18 0.2

3.30 : 3.30

-1.52 -1.03  -0.52 0.00 0.48 1.00 1.52 -1.52 -1.03 -0.52 0.00 0.48 1.00 1.52
Pi-pulse time error (us) Pi-pulse time error (us)

G. T. Genov et al., Phys. Rev. Lett. 118, 133202 (2017)
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The full experimental sequence

'(5/2)sp2
(3/2)y2
3 +7/2
Py +&2 o
)P|.2 ‘1"2 ‘3:‘2
-:.fz .................................
=7y 2
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The full experimental sequence

'(5/2])s2
(3/2)
*Pysa
P
‘Dspz

prm— H — — XN
n/2

UR10
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The full experimental sequence

'(5/2]s5
*(3/2)y2
2 +7/2
AP],‘: | *5/2 E—
)P].Q ey ‘31‘2

..i.................:.x: ...................................
&) 7T
T

/2 T,
" UR1O &
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The full experimental sequence

'(5/2])s2
+v7/2
| \ +5/2
' +3/2
+1/2
3 .;f}
—
lF',’,o;f v
. — W

-—--- -e e

Y

n/2 n UR10 T n/2 t

16-8-2022 MITP workshop on «Searches for Dark Matter with Quantum Networks» 33



A Ramsey dark-time scan of the rf pulse sequence

Hquaa = KJ7 proportional to m*
P=85%

Retrieved population as a function Contains the quadrupole shift
of the acquired phase y = kTp, and a potential LLI violation
’ 10 =110 mHz
’S)/7 e—— 172Yb+

0.8

0:9 dP .
— maximized
0.4 dk

Population retrieval

* LV: modulation of the phase y = kTp
* Sensitivity Z—Z = —4.4(4)atTp, =1.15s

0.2

Kquaa = 0.13 rad/s

0'8.0 0.5 1.0 1.5 2.0 2.5 3.0

Ramsey dark time [s]
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Single ion test of LLI

At residuals
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Fit function: k;y = A[B cos(wgT) + C sin(wgT) + D cos(2wgT) + E sin(2wgT)]
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Single ion test of LLI

a 28Jan 03Feb 09Feb 15Fedb 21Feb 27 Feb 05 Mar <
. . . . - 14 :
0 9 12}
40 o 10 3
o § 8 i
o' 20 ® 6
g 0 g 4
> =20 0 -
L | il v "0[ m:“ - Fit function: k;; = A[B cos(wgT) +
! Vi . .
- ey Csin(wgT) + D cos(2wgT) + E sin(2wgT)]
b _ aof > 1 T 10} ® |
g 204 29 2" - \‘ " ‘ '.‘,."_, ;} % g 5 ® e o . = !
RER LTI R
;_- —Aor ¢ A .r. <
7600 7800 8000 8200 8400 VTR0 st k3o
time from vernal equinox 2021 [h) rs)
Components of the symmetry-breaking c;,,, tensor
Correlated LV Previous: value [1] . Our value [2]
parameters | Measurement time: 3.9X10°s | peasurement time: 2. 2x10° s
Gy (—=0.5+1.7)x1072° (5.2 + 7.8)x10~21
Gy (—=7.0 £8.1)x10~21 (4.4 +3.9)x10~21
[1] C. Sanner et al., Nature 567, 204-208 (2019) Cxz (0.8 £ 1.3)x1072° (—5.0 £ 9.3)x1072¢
[2] L. S. Dreissen et al., arXiv:2206.00570 [physics.atom-ph] Cyz (1.0 +£ 1.3)x10720 (6.3 +8.9)x1072!
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Single ion test of LLI

Already with a single ion we demonstrate that:

 We match the previous result obtained by the best optical [1] clocks 9 times faster [2]!

* We have improved the bounds on LV by up to a factor 2.2 and set the new world record in
the electron-photon sector!

Components of the symmetry-breaking c[w tensor

Correlated LV Previous value [1] Our value [2]
parameters Measurement time: 3.9x10°s | \joocurement time: 2. 2x106 s
Cx-y (—0.5 + 1.7)x1072° (—5.2 + 7.8)x10721
Cxy (7.0 +8.1)x10721 (4.4 + 3.9)x1021
Cxz (0.8 £1.3)x1072° (=5.0 + 9.3)x10721
Cyz (1.0 £ 1.3)x107%° (6.3 +8.9)x10721

[1] C. Sanner et al., Nature 567, 204-208 (2019)
[2] L. S. Dreissen et al., arXiv:2206.00570 [physics.atom-ph]
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Towards multiple ions!

'(5/2)s
3/2)y

4

o)

n

Earth Orbit
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Scaling to multiple ions for further improvement

Aoy,

« 1/VNTt

B field gradient
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Field homogeneities are well below the required limit for the

highly robust UR10 sequence!
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Isotope shift measurement in search for new boson
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Introduction

Indirect evidence points to physics beyond the Standard Model: @/
e origin and composition of dark matter ,/
* rotation curves of galaxies [1] (
e gravitational lensing [2]
* etc.

[1] V. C. Rubin, et al., Astrophys. J. 238, 471 (1980). [2] R. Massey, et al., Rep. Prog. Phys. 73, 086901 (2006). [3] C. Delaunay, et al., Phys. Rev. D 96, 093001 (2017).
[4] ). C. Berengut, et al., Phys. Rev. Lett. 120, 091801 (2018).
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Introduction

Indirect evidence points to physics beyond the Standard Model:
e origin and composition of dark matter O\)
* rotation curves of galaxies [1] C@
e gravitational lensing [2]
* etc.

e dark-matter boson ¢: couples to quarks and leptons

* virtual exchange of ¢ between neutrons and electrons would lead to an additional Yukawa-like
potential

—energy level shifts

—the effect would drown in the less accurate calculated atomic structures

[1] V. C. Rubin, et al., Astrophys. J. 238, 471 (1980). [2] R. Massey, et al., Rep. Prog. Phys. 73, 086901 (2006). [3] C. Delaunay, et al., Phys. Rev. D 96, 093001 (2017).
[4] ). C. Berengut, et al., Phys. Rev. Lett. 120, 091801 (2018).
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King plot analysis

Isotope shift (IS) frequency dominated by:
* the Field shift (~4 GHz)
* The mass shift (~0.2 GHz)

U = F 8(r)M + KM + GV 5(r4)Ax
+ Gf/l) [5<r2>2]/\/\’ 4 1),1(,D7a’m’ L (1)

Transition dependent quantities
e F - field shift
e K - mass shift

« ¢®W > fourth-moment shift
« ¢ - quadratic field shift
e D - the sensitivity to new boson

5(r")AA' — difference in nth nuclear charge moment

[5] I. Counts, et al., Phy. Rev. Lett. 125, 123002 (2020). [6] J. Hur, et al., Phy. Rev. Lett. 128, 163201 (2022)
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King plot analysis

Isotope shift (IS) frequency dominated by: King plot analysis:
« the Field shift (~4 GHz) * Normalize to a second transition to eliminate the dominant
* The mass shift (~0.2 GHz) terms

* Observe nonlinearities in King plot of two different transitions
in at least 3 isotopes

Linear in u Possible nonlinear contributions
AA )\ AA’ AA’ (4) o/ 4\AA' _AA : _AA/ 4 AA' ) Tas 2\ AA!
z/.f/‘A - Fy5<r2>AA + K, u 4 4 G s(rt)AA A — f K —|—G§T)5(r4> +G§,)[5<r2)2]
2 A AL A at s /
+ GP[5(r2)2A4 4 0 DR (1) + v, D@, (2)
Transition dependent quantities X — ad

second transition isotope frequency difference

e F - field shift
e K - mass shift

° (4) - 1

G(Z) - fourth n.wor.nent Sh'ft Normalize to the IS of a second transitions:
* G- quadratic field shift * Less sensitive to nuclear charge moment
e D - the sensitivity to new boson +  Common mode effects drop out

5(r")AA' — difference in nth nuclear charge moment

[5] I. Counts, et al., Phy. Rev. Lett. 125, 123002 (2020). [6] J. Hur, et al., Phy. Rev. Lett. 128, 163201 (2022)
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King plot analysis

King plot analysis:

Possible bounds on a new boson _ o o _
e Normalize to a second transition to eliminate the dominant

terms
* Observe nonlinearities in King plot of two different transitions

s 10°f in at least 3 isotopes
>
= . . . . . .
g Linear in u Possible nonlinear contributions
= / — /

—“AA ¢ —AA’ (4)c/ 4\AA (2) 2\2714A
g 108 ¢ l/y — fyr = Kyr,u + Gyz 5(7' > —— Gyr [5<l" > ]
=
® Ca* 0.1 MHz —AA’
5 & 0 D™, (2)
[ty |
% 10 _ X
o X = . :
e Sr* 1 Hz second transition isotope frequency difference
-
g 10_14 b A SIS B B e -
© Normalize to the IS of a second transitions:

* Less sensitive to nuclear charge moment
107" « Common mode effects drop out

10 100 1000  10* 10° 10° 107
Mediator mass mgy [eV]

[5] I. Counts, et al., Phy. Rev. Lett. 125, 123002 (2020). [6] J. Hur, et al., Phy. Rev. Lett. 128, 163201 (2022)
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King nonlinearity in Yb*

PHYSICAL REVIEW LETTERS 125, 123002 (2020) PHYSICAL REVIEW LETTERS 128, 163201 (2022)
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 Both the 411 nm E2 transition and the 467 nm E3 transition were measured
* We utilize the PTB infrastructure to measure with respect to the single ion ’'Yb* clock

 We reach <10 Hz accuracy on the IS measurements

411nm

Isotope 411nm freq. diff. [Hz] 467nm freq. diff. [Hz]

differen

ce o
T 2179 098868.0(1.8) ﬂﬂm[f@
WEvFN 2044 851281.0(2.0) —4149 190 501.0(4.2) @[Fy
TRV 1583064 149.3(2.5) ~3132 320 458.4(5.9)
BBV 1509053 195.8(2.3) ~2976 392 045.5(5.8)
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plvg (1075-Hz v  We find large non-linearities
411 i i . L. . .
FERMieDIpe s * Large deviations with previous results [6]
 MIT = PTB * We find a similar “shape” of the residuals
& 2
o +
= AFS
0
f0
©
8 _1
§ 2 * Ay = dieg — di70 £ (d172 — d174)
32 34 36 38 40 42

Inverse-mass difference -15 -1 ..-1
Cm—a——————— . R g (4 ()7 P s
411 nm isotope shift ”I a ( )

[5]1 1. Counts, et al., Phy. Rev. Lett. 125, 123002 (2020). [6] J. Hur, et al., Phy. Rev. Lett. 128, 163201 (2022)
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Generalized King plot
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Ay =dieg —dy70 (d172 — dy74)

To point towards a source of the non-linearity we place our
data in the generalized King plot of [6]

* For visibility we show our data points with enlarged
uncertainty interval

Brown line is a single source fit
e We find a 134.60 for a second source

_..--JJ@88 + Strong nuclear deformation effects in Yb have been
suggested as a possible first source [8]

MNewsoson In collaboration with J. Berengut, we will put constraints
on a new boson assuming it’s the second source

[5] I. Counts, et al., Phy. Rev. Lett. 125, 123002 (2020). [6] J. Hur, et al., Phy. Rev. Lett. 128, 163201 (2022)
[7]1 N. L. Figueroa, et al., Phy. Rev. Lett. 128, 073001 (2022) [8] O. Saleh, et al., Phy. Rev. A 103, L030801 (2021)
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Conclusion

Testing Lorentz invariance

We have achieved stable long-term clock operation on the E3 transition

We implemented a robust composite rf sequence enables Ramsey dark time
of >1s

The applied method has matched best atomic clock almost an order of
magnitude faster

The first test of LLI with a single ion improved on the World record by a
factor of 2!
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Conclusion

Testing Lorentz invariance

We have achieved stable long-term clock operation on the E3 transition

We implemented a robust composite rf sequence enables Ramsey dark time
of >1s

The applied method has matched best atomic clock almost an order of
magnitude faster

The first test of LLI with a single ion improved on the World record by a
factor of 2!

Accurate isotope shift measurements in search for a new boson

We have use the same clock sequences for accurate IS measurements of the C
E2 and E3 transition

We have reached <10 Hz accuracy on the isotope shifts !

We find significant non-linearities in the King plot and strong evidence for 2

two sources
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8-level rf frequency scan and pulse time scan

frequency scan
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8-level rf frequency scan and pulse time scan

rf frequency scan rf pulse time scan
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