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Forbidden Transitions: Challenge and Opportunity

Example: Two-photon selection rules (E1-E1)

J O éParity must NOT change

Eq =01, ort2

e Everybody knows these rules !

e J=0Y J 6 @enérally allowed

£ but forbidden for degenerate photons
e Notonly E1-E1'!

£ Almost nobody knows this rule
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Selection Rules for the Dematerialization of a Particle into Two Photons
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Doesndt go because no symmet
for two photons withl=1



Landau-Yang theorem and the
degenerate two-photon transition
selection rule

AL-Y:V(I=1)X g g
Alnverse L-Y: Nothing(J=0) + g ¢ V(J=1)

U Destructive
Interference of two
guantum paths
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Beyond Standard Model of Elementary Particles and Gravity
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How to measure parity violation on
__py forbidden transitions?

o A= Stark-interference technique
M Stark /’El Bouchiat & Bouchiat
| — IR 2
' - WN_ ‘NAStark_l-APV‘
~ 2 :
~ {151‘:::11"& Li ZAS tark APL;
; , W, -W_  El,, P—conserving P—violating
symmetry = ~
W"‘ + W Elsmﬂﬂ

Also need magnetic field B !
Many reversals to control systematics
S/N nominally independent of el. field



PV in ytterbium

ALarge APV effect (DeMille, 1995 - Tsigutkin et al,2009)
A7 stable isotopes (A=168, 1760174,176)

APNC on chain of isotopes B neutron
b Physics beyond Standart

ATwo i sotopes wi thadromiowebkdmgeractisnpi n B
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Yb atomic beam apparatus

photodiode
B-field .

coil PBC mirror

A

light |
guide|

Yb oven
aperture

f\;

’ :

-
-
-
-
-
-
-
-
-
-
-
5

408 nm
649 nm

11



Yb PV experiment
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First observatiof isotopic variation of atomic PV

245
Linear fit
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Observation: 0.96(15) % change per neutron



Implication forlight mediators

(V.V. Flambaum)

_ rFf oy Vo, A
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'PRL 119, 223201 (2017) PHYSICAL REVIEW LETTERS | DECEMBSR 5017

Probing Low-Mass Vector Bosons with Parity Nonconservation and Nuclear Anapole
Moment Measurements in Atoms and Molecules

V. A. Dzuba,' V. V. Flambaum,'” and Y. V. Stadnik”
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Shielded inner-shell transitions In atomic samarium
for tests of fundamental physics
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Razmik Aramya

Samariumém Z = 62)

$ and $

where unknown 6652 4£55d6s




: : a Razmik Aramya
Shielded inneshell transitions

Normalized electron densities
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0 Opticallatticeclock
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*14 301 0 Isotopeshift

0 Atomic parity violation

Selection rule for E1
J=0toJ=1only!
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Razmik Aramya

DualComb Spectroscopy (DCS)

Intensity“
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Razmik Aramya

DCS of the Samarium




DCS Results Rangei 680 nm to 730 nm
Average SNR 900
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Aramyan R., et alPhys. Rev. Applie
24, L.021002 (2025
24
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DCS Results
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Problem
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PopulationDepletion Spectroscopy

Samarium cell (1040 C°)
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PopulationDepletion Spectroscopy

AC signal (mV)




Razmik Aramya

Sequential Excitation Spectroscopy

Samarium cell (1040 C°)
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Sequential Excitation Spectroscopy

Samarium cell (1040 C°)

D et 0

| ,
( )_ _},M Ir1s




Razmik Aramya

Seqguential Excitation Spectroscopy

AC signal (mV)
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Faraday Rotation

Refractive index
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Faraday Rotation

Center at 427873.3 GHz
1551 torr v

071 torr N
_’\/\ 776 torr

/\/-\ 263 torr
5

10

Refractive index

S
=
=
(03]
S’
—
(e
-
o1}
.
0]

S

L
=

0
Detuning (GHz)

Faraday rotation

0
Detuning




) Razmik Aramya
Faraday Rotation
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Result
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Razmik Aramyan
Result

14 564.90(2)
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N e Razmik Aramyan
Lifetime

14 564.90(2)
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_ Razmik Aramya
Atomic clock

Normalized electron densities

Best lattice clocks (Yb, Sr) vs Samarium
A Quality factor- Q: . 3

Same order of magnitude

A Transition:
3000 0uv0i vn
YbpO © @ O D
31T A4l Limited by external perturbations: Inhomogeneous external fields
Collisions
BBR (AC&C Stark shifts)
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N Razmik Aramya
Variation

Sm
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C. Weiman group

NSI and NSD PV in
Cs atoms

ason)

/  Ourgroup

NSI PV in Yb atoms
and isotope
dependence

Razmik Aramya

14 564.90

\_ (2019) -/

14 000

13 796

J=0%J=0
Same parity




Razmik Aramyan

NSD APViIn Samarium

Pure NSD PV effect!
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Razmik Aramya

Odd  Energy &1 )

Large area
Photodiode with

381nm filter 14 564.90

$

14 864

Stark & PV mixing

14 000




Razmik Aramya

APV systematics

Odd  Energy A1 )

! T HF| Stark & PV mixing
NSD signal O mixing

! ! 14 551 '
I Systematics I 14 000
! p T ¢

< — —




Razmik Aramya

Summary

Sm A
A Clock transition with low sensitivity to external perturbations
A Self referenced system with high sensitivity to|theariations
A PureNSD-APV, comparable to Cs but with far lower systematics

A Isotope shift dominated by anomalous mass shift

A Exactlythe same system as in¥Ein crystals
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Spin-dependent exotic interactions Rev. Mod. Phys. 97, 025005 (2025); arXiv:2408.15691
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Lei Cong | Ji Yevgeny Stadnik

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

A website?® collects the results:

Datasets

Research Status of Spin-dependent

Sp i n - De pe nd e. nt - . Exotic Interactions Between Fo:ttlflbrd}"mra
5th-Force-Limits )

This dataset compiles results from
existing exotic boson searches, with a
specific focus on the fifth force—
particularly the spin-dependent fifth
force (SDFF). It is intended as a live
platform to provide researchers in the

field with convenient access to relevant

data.

View the Project on GitHub
Lei-Cong/Spin-Dependent-5Sth-Force-Limits

- p- W PN g+ ut W FON W ¥ ¥ op§, B, T

Figure 2: Studied and unexplored fermion pairs.

**https: / /lei-cong.github.io /Spin-Dependent-5th-Force-Limits/




d ECT* Workshop (Mid-2027, Trento, ltaly)

Spin-Dependent Exotic Interactions: From Nuclear Structure to Fundamental Symmetry
Tests

@ Spin-dependent exotic interactions and fifth forces

@ Nuclear theory and symmetry-violating interactions (EDMs, parity violation, etc.)

@ Precision symmetry experiments (comagnetometers, atomic clocks, etc.)

@ BSM / particle-theory interface (axions, ultralight bosons, dark sectors, etc.)

@ Atomic and molecular precision theory (precision spectroscopy, APV, HCI systems, etc.)

@ Advanced precision measurement platforms (NV centers, levitated sensors, etc.)

Organizing Committee:
D. Budker - Y. Stadnik - C. Frugiuele - L. Cong
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