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Tabletop experiments for Particle physics

• Small(ish)

• AMO methods

• Not covered in other talks



Tabletop experiments for Particle physics

• New physics searches (Theory-Experiment, Oscillations, …)

• Determination of fundamental / useful constants
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Differential beta decay rate:
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+ various corrections (calculated by Doron Gazit @ HUJI)
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Trapped radioisotopes
18-23Ne atomic trap @ SARAF 8Li/8B ion trap @ LLNL 

Kinematic measurements benefit from :

SARAF/HUJI:
Guy Ron, Sergey Vaintraub
Yonatan Mishnayot, Sharon Beck
Tsviki Hirsch

SARAF:
Tsviki Hirsch

USA: AT Gallant, ND 
Scielzo, G Savard, …

+ Electrostatic Ion Beam Trap (initially 6He).

+ High precision/Stopping power Si(Li) Spectrometer.

131Cs @ UCLA

HUJI:
Guy Ron

USA: Jeff Martoff, Eric Hudson, 
Paul Hamilton …
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National Quantum-Metrology Network

Molecular-ion
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Quantum-sensors & 
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Optical-lattice clock

Ziv Meir

Roee Ozeri
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Liron Stern

• Establish time-and-frequency centers in Israel that 
will be connected to a national network.

• Provide accurate, precise, and stable  time and 
frequency signals to local users, and throughout the 
network.

• A paradigm shift in metrological capabilities in Israel.
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Ron Folman

Liron Stern

• Establish time-and-frequency centers in Israel that 
will be connected to a national network.

• Provide accurate, precise, and stable  time and 
frequency signals to local users, and throughout the 
network.

• A paradigm shift in metrological capabilities in Israel.

Yb Optical Lattice clock (goal: 10-18 precision)



Dark-matter searches with I2
+

 Coupling to the strong sector – gives rise to oscillations of vibration energy levels in molecules.

Ferreira, Astron Astrophys Rev 29, 1-186 (2021)

WI: Meir-Perez collaboration 



Precision spectroscopy of chiral molecules

• Weak force induced Parity violation:

Vibrational spectroscopy of chiral molecular ions 
– CHDBrI+

~1Hz shift expected between L and R 
enantiomers

• Search for inter-nucleus BSM force:

Rotational Spectroscopy of radical chiral 
molecules with nuclear spins 𝜎𝑖

  Δ𝐸𝐵𝑆𝑀 ∝ 𝜎𝑖 × 𝜎𝑗 ⋅ Ƹ𝑟𝑖𝑗  
    Parity switch suppresses SM effects

23

𝜎𝑖 ↑

→ 𝜎𝑗

Chirality switch

Ԧ𝑟𝑖𝑗

𝜎𝑖 ↑

Ԧ𝑟𝑖𝑗 → 𝜎𝑗

𝑅𝐿

Δ𝑃𝑉
ۧ|1

ۧ|2
𝐸𝐿

𝐸𝑅

Shagam lab – Technion, Pheno- Soreq group



Searching for exotic physics that couples with atomic spin

Ben-Gurion University of the Negevtzin.bgu.ac.il/atomchip (Ron Folman)

Goal: detect 
different DM 
interactions with 
atomic spin (e.g., 
domain wall) 

Tool: comagnetometer (Rb-K-3He)
Attenuates low-frequency magnetic noise

GNOME collaboration (led by D. Budker):

In Israel:
Folman group +
Ophir Ruimi (HUJI)

https://tzin.bgu.ac.il/atomchip/index.html


Searching for exotic physics that couples with atomic spin

Ben-Gurion University of the Negevtzin.bgu.ac.il/atomchip (Ron Folman)

Goal: detect 
different DM 
interactions with 
atomic spin (e.g., 
domain wall) 

Tool: comagnetometer (Rb-K-3He)
Attenuates low-frequency magnetic noise

BGU tabletop experiment and error 
signal from GNOME science run #5

GNOME collaboration (led by D. Budker):

Future: corollate the 
comagnetometer with 
the Yb optical clock to 
search for exotic 
physics

In Israel:
Folman group +
Ophir Ruimi (HUJI)

https://tzin.bgu.ac.il/atomchip/index.html




Nano-diamond spatial interferometry:

Probing the Quantum-Gravity interface

Ben-Gurion University of the Negevtzin.bgu.ac.il/atomchip (Ron Folman)

Goal: Tool: Stern-Gerlach interferometry on the atom chip

Expected signal: T3 phase accumulation in spin population measurement

A preliminary experiment was performed with Rb atoms
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ALPHA Collaboration, CERN:  spectroscopy and 

gravity measurements in Trapped Antihydrogen Atoms

Motivation: CPT tests
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Muonium Spectroscopy
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𝜇𝜇 = 𝑔𝜇

𝑒

2𝑚𝜇

𝑔𝜇 − 2

𝑀𝑢𝑜𝑛𝑖𝑢𝑚 𝐻𝑦𝑝𝑒𝑟𝑓𝑖𝑛𝑒
(magnetic moment 𝜇𝜇)

𝑀𝑢𝑜𝑛𝑖𝑢𝑚 1𝑆 − 2𝑆
(muon mass 𝑚𝜇)

“Jungmann’s Triangle”

Technion & ETH

Independent determination 
of muon g-2 (PRL 251801)

The simplest atom

MuMASS collaboration



New physics searches with compact systems
Small size: High energy:

Short-range new physics
(heavy mediators)

X-ray spectroscopy
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Experiments by Exotic Atoms Group @ Technion, pheno by Soreq group @ Technion., Nuclear Theory by Barnea group @ HUJI



New physics searches with compact systems
Small size: High energy:

Short-range new physics
(heavy mediators)

X-ray spectroscopy

𝑎 =
𝑎0

𝑍2

𝑚𝑒

𝑚
𝐸𝑛 = −𝑅∞𝑍2

𝑚

𝑚𝑒

Experiments by Exotic Atoms Group @ Technion, pheno by Soreq group @ Technion., Nuclear Theory by Barnea group @ HUJI

Contact-free muonic atoms:



New physics searches with compact systems
Small size: High energy:

Short-range new physics
(heavy mediators)

X-ray spectroscopy

Contact-free muonic atoms: Contact free antiProtonic atoms:

𝑎 =
𝑎0

𝑍2

𝑚𝑒

𝑚
𝐸𝑛 = −𝑅∞𝑍2

𝑚

𝑚𝑒

Experiments by Exotic Atoms Group @ Technion, pheno by Soreq group @ Technion., Nuclear Theory by Barnea group @ HUJI



New physics searches with compact systems
Small size: High energy:

Short-range new physics
(heavy mediators)

X-ray spectroscopy

Contact-free muonic atoms: Contact free antiProtonic atoms:

𝑎 =
𝑎0

𝑍2

𝑚𝑒

𝑚
𝐸𝑛 = −𝑅∞𝑍2

𝑚

𝑚𝑒

Experiments by Exotic Atoms Group @ Technion, pheno by Soreq group @ Technion., Nuclear Theory by Barnea group @ HUJI



New physics searches with compact systems

𝑎 =
𝑎0

𝑍2

𝑚𝑒

𝑚
𝐸𝑛 = −𝑅∞𝑍2

𝑚

𝑚𝑒

Small size: High energy:

Short-range new physics
(heavy mediators)

X-ray spectroscopy

Enabling quantum-sensing technology: Cryogenic Microcalorimeters
QUARTET collaboration

Experiments by Exotic Atoms Group @ Technion, pheno by Soreq group @ Technion., Nuclear Theory by Barnea group @ HUJI

arXiv:2310.03846
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HUJI: Ron, Gazit
NRC: Vaintraub, Hirsch, 
Mishnayot, Beck

Technion: Shagam, Soreq
WI: Meir, Perez
BGU: Folman, Sarid
+ Clock Network
+ Thorium clock ?

Technion: Ohayon, Soreq
BGU: Sarid
HUJI: Barnea

Summary





DRD5: A global initiative on R&D on quantum sensors and emerging technologies for particle physics 



Anti-Hydrogen

Efforts 
Antiprotonic atoms

N

Muonium

𝜇+ 𝑒−

Muonic atoms

𝑒−𝜇−

N
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Why study nuclear beta decay?

J.D. Jackson, S.B. Treiman, & H.W. Wyld, Phys. Rev. 106, 517 (1957)



SM, right-handed BSM 

𝑀𝑊

𝑀𝑁𝑒𝑤

2

~ Precision in coefficients, sub 1% probes TeV physics! 

Differential Beta-
Decay rate:

= 0

Correlation Coefficients:

𝑓𝑡 ∝
1

1 + 𝒃𝒇 <
𝑚
𝐸 >

Total decay 
rate:

Beta 
Spectrum:

Γ 𝐸𝑒 ∝ 1 + 𝒃𝒇

𝑚

𝐸𝑒

Recoil ion 
spectrum:

Γ 𝐸𝑒, 𝑟 ∝ 1 + 𝒂𝜷𝝂

𝑐𝑜𝑠 𝜃𝛽𝜈 𝑝𝑒

𝐸𝑒

+ 𝒃𝒇

𝑚

𝐸𝑒

𝐛𝐟 
~ |MF|2

CS + CS
′

2CV
+ |MGT|2

CT + CT
′

2CA

𝐚𝛃𝛎ξ
 
~ MF

2(C𝑉
2 + C𝑉

′2 − CS
2 − C𝑆

′2) − |MGT|2(C𝐴
2 + C𝐴

′2 − C𝑇
2 − C𝑇

′2)/3 

Allowed

0+ → 0+

Neutron,
Mirror

Best to fit:
ෝ𝒂  = 𝒂𝜷𝝂 + 𝜶𝒃𝒇

𝜶𝟔𝑯𝒆~ 𝟎. 𝟏

See: Gonzalez-Alonso and O. Naviliat-Cuncic 2016



Differential decay rate
β decay 101

Parameter Observable Sensitivity SM Prediction

a β-ν (recoil) correlation Tensor & Scalar terms 
1 for pure Fermi
-1/3 for pure GT
or combination

b
(Fierz term)

Comparison of β+ to EC rate SV/T/A interference 0

A β asymmetry for polarized nuclei
Tensor, ST/VA

Parity
Nucleus dependent

B ν asymmetry (recoil) for polarized nuclei
Tensor,TA/ST/VA/SA/VT

Parity
Nucleus dependent

D Triple product
ST/VA Interference

TRI
0



Fundamental & Useful constants

• Higgs Sector: Mass and Vacuum expectation value

• Yukawa Sector: 9 fermion masses (e.g. 𝑚e), 
3 CKM mixing angles and 1 phase

• Guage sector: 3 gauge couplings (e.g. fine structure 𝛼) 

• Masses of composites (proton, neutron, pion , helion, …)

• Magnetic moments of composites 

• Nuclear low energy constants (e.g. nuclear EM moments)

• …ad infinitum

“In principle” calculable:Physical Parameters in the SM (w. o. 𝑚𝜈) + 𝐺𝑁 :

Hydrogen-like energy levels:

𝐸𝑛 = −
𝑹∞

𝑛2

1

1 + 𝑚/𝑀
1 + 𝑎𝐹𝑆𝛼2 + 𝑎𝐿𝑆𝛼3 + 𝑎𝐻𝐹𝑆𝛼2𝑔𝑁

𝑚

𝑀
1 + 𝑎𝑧𝛼𝑚𝑟𝑍 + ⋯ + 𝑎𝐹𝑁𝑆𝛼2𝑚2𝑟𝐶

2 + 𝑎𝐹𝛼3𝑚3𝑟𝐹
3 + ⋯

Role of bound state QED theory: calculate dimensionless numbers 𝑎𝑖(𝑛, 𝑙, 𝑗)

Best Experiment + Theory determines 𝑹∞ (ppt level)


	Slide 1: Tabletop experiments  for Particle physics
	Slide 2: Tabletop experiments for Particle physics
	Slide 3: Tabletop experiments for Particle physics
	Slide 4: Tabletop experiments for Particle physics
	Slide 5: Tabletop experiments for Particle physics
	Slide 6: Tabletop experiments for Particle physics
	Slide 7: Tabletop experiments for Particle physics
	Slide 8: Tabletop experiments for Particle physics
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Trapped radioisotopes
	Slide 16: Trapped radioisotopes
	Slide 17: Trapped radioisotopes
	Slide 18: Trapped radioisotopes
	Slide 19: Tabletop experiments for Particle physics
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Precision spectroscopy of chiral molecules
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Tabletop experiments for Particle physics
	Slide 29
	Slide 30
	Slide 31: Muonium Spectroscopy
	Slide 32: Muonium Spectroscopy
	Slide 33: New physics searches with compact systems
	Slide 34: New physics searches with compact systems
	Slide 35: New physics searches with compact systems
	Slide 36: New physics searches with compact systems
	Slide 37: New physics searches with compact systems
	Slide 38: Tabletop experiments for Particle physics
	Slide 39
	Slide 40
	Slide 41: Efforts 
	Slide 42
	Slide 43
	Slide 44: Why study nuclear beta decay?
	Slide 45
	Slide 46: β decay 101
	Slide 47

