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Deuterium Hyperfine Splitting

Methods and Apparatus: Rabi type Spectroscopy

Preliminary Results

Observable experimental signatures of effective field theories at Planck Scale get suppressed. 

The suppression factor is proportional to the ratio                               and its higher exponents.

Other approaches such as string theory realised Lorentz and CPT symmetry as low energy
signal. Inspired from this, the SME was introduced to assist searches for CPT and Lorentz
symmetry violation [1]. 

  

Models at Planck Scale

Deuterium HFS: Nuclear Spin + Electron Spin, 
F = 3/2 quadruplet and F = 1/2 doublet.

1 Sidereal Day = 23 hours 56 minutes 4.0905 seconds. Possible 
SME signals at sidereal frequency or its higher harmoincs[2,3].
  

Background: Lorentz Symmetry and SME

Transitions measured: 
 Extrapolation to 0 B-field: ±2 mA, ±6 mA, ±10 mA

Rising Set: σ₂ in negative currents,
σ₁ in positive currents.
Falling Set: σ₂ in positive currents,
σ₁ in negative currents.

Ideal transition frequencies:
 

Electron g-factor  
   Nuclear gyromagnetic
   ratio in Bohr magnetons

327 384 352.5222(17) Hz [5]

Magnetic Field

Summary Outlook
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Merging the rising and falling data sets and
fits to estimate the HFS splitting at zero 
B-field. Literature +31.5 Hz, ~ 100Hz error bar)

Extrapolation of fit function to around 1A, 
B-field ~ 4mT where σ₂ reaches minima.

Actual B-field is zero at 0.0315 mA.
At zero current, background field ~ 0.13 µT.
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General RelativityStandard Model

SM Dirac eqn. CPT & Lorentz
Violation

Lorentz Violation

Energy level shifts in deuterium hyperfine structure based on 
the (F, mF) values are predicted as follows by the SME [2]:

Relative momentum of proton in deuterium core is ~ 100 MeV.
This leads to 9- or even upto 18-orders of magnitude enhanced sensitivity
for deuterium HFS to SME as compared to hydrogen.

Rabi-type In -beam 
magnetic 

spectroscopy

1.Cold atomic 
Deuterium 
Source, 27K

2.Chopper: for 
background 
reduction

3.Spin polarizer: 
permanent 
Sextupole 
magnets

4.Spectrometer 
for spin -flip: 

Resonator and 
coils

5.Spin Analyzer: 
Permanent 
sextupole 
magnets

6.Detection: 
Quadrupole 

Mass 
spectrometer
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Asymmetric field shape 
coming from main solenoid Superposition of 

fields of 3 different coils.
Optimum ~ 550 ppm

Testing Lorentz Symmetry using Deuterium
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A new Rabi type spectrometer has been built and currently being used to study the 
sidereal variation signals in the hyperfine structure of Deuterium. Such signals form a 

crucial test for Lorentz and CPT symmtery as indicated in the Standard Model Extension. 

Double Split 
Ring Resonator

[4]

Spin-Flip Region

Polarised beam 
of Low field seekers

Mixture of High and
Low field seekers

[Plot recieved from S. Rheinfrank]

1. Deuterium has strongly enhanced sensitivity to SME compared to hydrogen.
2. The most precisely measured transitions in Atomic Deuterium Maser[5] are not sensitive to SME.
3. A new spectrometer has been designed and commisioned for a Rabi type spectroscopy.
4. A deuterium beamline has been now set-up and is operational at LAC, Paris.
5. The experimental studies of sidereal variations in hyperfine transitions in deuterium have already begun.

1. A detailed analyis for the first set of measurements will soon follow.
2. An additional data campaign starting next week or early June is foreseen.
3. A long term measurment would allow annual variation studies as well.
4. Publication of the associated PhD thesis by autumn this year. 

[Credits: Doris. P. Telsnigg]

������
���
��
�
������
�
�
����

�
������
�
�
����

����������������
���
�	
����
�	���

������
�����
��������

���������
������

σ₁

σ₂

 220

 240

 260

 280

 300

 320

 340

 70000  75000  80000  85000

LI
A 

1s
tO

 A
m

pl
. (

ar
b.

u.
)

exc. - D-HFS (Hz)

data
fit

 280

 300

 320

 340

 360

 380

 400

 420

 70000  75000  80000  85000

LI
A 

1s
tO

 A
m

pl
. (

ar
b.

u.
)

exc. - D-HFS (Hz)

data
fit

 280

 300

 320

 340

 360

 380

 400

 420

-85000 -80000 -75000 -70000

LI
A 

1s
tO

 A
m

pl
. (

ar
b.

u.
)

exc. - D-HFS (Hz)

data
fit

σ₂ at -2 mA
Damped Rabi fit 

σ₁ at -2 mA
Damped Rabi fit

σ₁ at +2 mA
Damped Rabi fit

 260

 280

 300

 320

 340

 360

 380

 400

-85000 -80000 -75000 -70000

LI
A 

1s
tO

 A
m

pl
. (

ar
b.

u.
)

exc. - D-HFS (Hz)

data
fit

σ₂ at +2 mA
Damped Rabi fit

Linewidth from preliminary 
fits ~1.7 - 2 kHz

Measurement for Sidereal Variation: Bkg - σ₁ - Bkg - σ₂ - Bkg 60 
seconds: MW on, 30 seconds: MW off, 83 minutes per set. 117 
sets, 12 kHz span per set, 500Hz steps, -2mA current, ~8.3 µT
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