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È Parity must not  change

ÈȹJ = 0, ±1, or ±2

È Everybody knows these rules !

È J=0ŸJõõ=1 generally allowed

È  but forbidden for degenerate photons

ÈNot only E1-E1 !

È Almost nobody knows this rule
J

Jõõ



How?  Landau-Yang Theorem!

Landau, L. D., Dokl. Akad. Nauk., USSR 60, 207-209 (1948)

Doesnôt go because no symmetric state

for two photons with J=1



Å L-Y: V(J=1) ­ gg 
Å Inverse L -Y: Nothing(J=0) + gg  ­  V(J=1)

MJ=0MJ=-1 MJ=1
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ü Destructive 
interference of two 

quantum paths

S. N.                                       Bose
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Testing
Photon

Quantum
Statistics
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https://en.wikipedia.org/wiki/Physics_beyond_the_Standard_Model  

Beyond

ô
ô

BSM
BBSM
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https://en.wikipedia.org/wiki/Physics_beyond_the_Standard_Model
https://doi.org/10.1017/S1062798717000795


How to measure parity violation on 

forbidden transitions? 
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Also need magnetic field B ! 

Many reversals to control systematics

S/N nominally independent of  el. field

 χStark-interference technique

Bouchiat & BouchiatM1

PV

Stark
E1

WÑ = |ÑAStark+APV|2 



Å Large APV effect (DeMille, 1995 - Tsigutkin et al, 2009)

Å 7 stable isotopes (A=168, 170-174,176)

                                                                         

Å PNC on chain of isotopes Ƃ neutron distributions

                                                Ƃ Physics beyond Standard Model 

Å Two isotopes with nuclear spin Ƃ  hadronic  weak interaction 
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Yb
Z=70

(Xe)4f146s2
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Yb atomic beam apparatus
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Rotational invariant: 
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PV asymmetry: 

2ɕ/ɓȺ0å 5Ŀ10
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Stark-PV interference
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Parity reversals: E (20 Hz) and ɗ (0.2 Hz)

Yb PV experiment 
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SM: QW å ī N+Z(1 ī 4sin2ɗW) Ÿ 1% change per neutron around N=103
 

Observation: 0.96(15) % change per neutron 

First observation of isotopic variation of atomic PV 



Implication for light mediators 

(V.V. Flambaum)
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arXiv:1804.05747 (2018)

https://arxiv.org/abs/1804.05747


Shielded inner-shell transitions in atomic samarium 

for tests of fundamental physics

R. Aramyan, D. Budker, V. Dzuba, V. Flambaum,

S. Porsev, M. Safronova, O. Tretiak, K. Zhang 
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Samarium (Sm, Z = 62)

$  and $  

where unknown
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Shielded inner-shell transitions
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Normalized electron densities

Radius 

4f 5p 6s
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*L. M. Barkov, et al. Tech. Rep. IYaF-88-142 (1988) 
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$ levels

*Donald R Beck and Steven M O'Malley,J. Phys. B: At. Mol. Opt. Phys.43 215003 (2010)
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*14 301
$

&
293

'

&

14 000

14 864

Even Odd
Energy (ÃÍ )

$  level

'
13 796

Selection rule for E1

J = 0 to J = 1 only!

o Optical lattice clock

o Isotope shift

o Atomic parity violation
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Dual-Comb Spectroscopy (DCS)

Intensity

Optical frequency (THz)

Radio frequency (MHz)

Down-conversion factor: 
Ў

ȣȣ

ȣȣ

Comb 1

Comb 2
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DCS of the Samarium
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Ch1 Ch2

Ch3

Ch6Ch5

Ch4

DCS Results

Aramyan R., et al., Phys. Rev. Applied

24, L021002 (2025)

Range ï 680 nm to 730 nm

Average SNR - 900
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DCS Results

Aramyan R., et al., Phys. Rev. Applied24, L021002 (2025) 25
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Problem

τÆφÓ & ȟȢȢȢȟ

Even parity Odd parity

τÆφÓ $ ȟȣȟ

Ground states

M1

E1

E1Weakly thermally
 populated states

.ᶿÅ Ⱦ

Boltzmann distribution
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Population-Depletion Spectroscopy

τÆφÓ &

τÆφÓφÐ '
o
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τÆφÓ &

τÆφÓφÐ '
o

Population-Depletion Spectroscopy
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Sequential Excitation Spectroscopy

τÆφÓ &

τÆφÓφÐ '
o
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τÆφÓ &

τÆφÓφÐ '
o

Sequential Excitation Spectroscopy
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τÆφÓ &

τÆφÓφÐ '
o

Sequential Excitation Spectroscopy
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Faraday Rotation
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Faraday Rotation
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Faraday Rotation
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Result
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Result
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Lifetime
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E1 decay

M1 decay

! ḻ!
† ρςπ ms
ЎzH σȢρ  ‮
Ἕ ͯ 
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Atomic clock

Best lattice clocks (Yb, Sr) vs Samarium

ÅQuality factor - Q:

Same order of magnitude

ÅTransition:

3Ò υÓᴼυίυὴ
Yb φÓᴼφÓφÐ
3Í τÆO4f

Normalized electron densities

Radius 

4f 5p 6s

Limited by external perturbations:  Inhomogeneous external fields
Collisions
BBR (AC&DC Stark shifts)
в
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‌ Variation

&
293 ÃÍ

$
14 564.90 ÃÍ

0
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M1 E2

Sm Yb

q = 3185

q = 3992

q = 5818

q =-40 345

q = -3529 q = 6091

†  ρςπÍÓ †  ρÓ E2

HFI 

E1

Ўq = 9620 ÃÍ Ўq = -43 530 ÃÍ
*

* M. Safronova, et al., Phys. Rev. Lett. 120, 173001(2018)
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APV
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C. Weiman group

NSI and NSD PV in 
Cs atoms

(1997)

Our group

NSI PV in Yb atoms
and isotope 
dependence

(2019)

J = 0        J = 0

Same parity

'
13 796
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NSD APV in Samarium

F=1/2

)  π 
(e.g. 1/2)

F=1/2

F=1/2
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F=3/2
PV mixing

ȿ•   $  – &  – ' ȢȢȢ

E1

Pure NSD PV effect!
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Stark & PV mixing
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APV systematics

$

&

'

&

14 000

14 864

Even Odd Energy (ÃÍ )

14 565

Stark & PV mixing!  π
NSD signal 

! !
Systematics 
!   ρπ ɇ!

0
14 551

HFI 
mixing

0

E2

43

Razmik Aramyan



Summary

Sm Ἆ

Å Clock transition with low sensitivity to external perturbations

Å Self referenced system with high sensitivity to the ‌ variations

Å Pure NSD-APV, comparable to Cs but with far lower systematics

Å Isotope shift dominated by anomalous mass shift

Å Exactly the same system as in Eu3+ in crystals
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άDark LƴǘŜǊǎŜŎǘƛƻƴǎέ ǎŎƘƻƻƭ

August 2-7, 2026 (registration open)

Physikzentrum, Bad Honnef, Germany

Å Ferromagnetic He-3
Å Rydberg atoms
Å Single-photon microwave detectors
Å High Frequency Gravitational Waves
ÅΧ

"Dark Intersections"
Made with Designer. Powered by DALL·E 3.
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Derek F. Jackson-Kimball          Jason E. Stalnaker
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Rev. Mod. Phys. 97, 025005 (2025); arXiv:2408.15691

Wei JiLei Cong Yevgeny Stadnik

https://doi.org/10.1103/RevModPhys.97.025005
https://arxiv.org/abs/2408.15691
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