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Motivation
Atom-based quantum technologies enable standards for the electromagnetic

fields with improved sensitivity, stability, resolution and reproducibility.

Rydberg atom spectroscopy provides self-calibrated measurements in the

microwave domain [1]. Increase in frequency and development of multi-

parameter quantum measurements, including phase and polarization state, are

required for future quantum sensing applications. This contribution proposes

to measure electromagnetic fields using precision spectroscopy with cold

trapped HD+ ions. Calibration with traceability to the SI second and to the

fundamental constants may be performed by comparing the measurements of

the systematic frequency shifts induced on HD+ lines with the predictions of

the quantum molecular theory [2].

Ab-initio HD+ energy levels and shifts in external fields 

-rovibrational energies: -magnetic level shift by Zeeman effect [5]:

•10-12-level precision [3]

-hyperfine splittings: 10-4-level precision for t,q,r parameters

•0.5 kHz accuracy [4]

Lightshifts induced by a THz electric field are quantified with the standard 

components of the electric field and dynamic polarizabilities of HD+

Frequency dependence of a standard dynamic polarizability and its uncertainty

is predicted with HD+ theory and experimental parameters [5-8]

Two-photon spectroscopy of cold trapped HD+

-Two-photon infrared spectroscopy of HD+ ions trapped and sympathetically cooled

with 313 nm laser-cooled Be+ ions

-Detection by dissociation of (v,L)=(2,0) with 175-nm laser radiation

=>Limit of the fractional resolution beyond the 10-12 level [9]

=>Frequency measurements with QPN-limited uncertainty rovibrational transition at

~2 Hz [9]

-Relate measurements in a slightly nonorthogonal reference frame CCF(xc,yc,zc)

defined with three coil pairs to the ideal Cartesian laboratory frame LCF(x,y,z) using an

adjustable frame MICF(xmi,ymi,zmi)

1) Zeeman spectroscopy on (v,L)=(0,0)→(2,2) @ 57.701 THz

or (v,L)=(0,0)→(0,2) @ 1.968 THz

=>Magnetic field strength, orientation and the offset magnetic field

2) Lightshifts induced on (v,L)=(0,0)→(2,0) @ 55.909 THz by a THz-wave off-

resonantly coupled to (v,L)=(0,0)→(0,1) @ 1.315 THz

=>Amplitudes and phases of the Cartesian components of the THz electric field
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Magnetic field sensing by Zeeman spectroscopy

Zeeman shift measurements for hyperfine transitions (v,L,F,S,J,Jz)=(n,Jz)→(n’,J’z)

=> Absolute calibration of the magnetic field on (0,0,1,2,2,-2)→(2,2,1,2,4,0) transition

=> Sensitivity @ 10-10 T level & negligible theory error
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Rotational transitions
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THz electric field sensing

THz-wave sensing from lighshits of the (0,0,1,2,2,2)→(2,0,1,2,2,2) transition

Sensitivity and precision in THz-wave detection: 

THz electric field in the LCF:

Probe six lightshifts for two orientations and three values of the magnetic field:

Transformation relations:

Inversion of a nonsinglar system of equations:

=> 5 traceable parameters for a circularly polarized THz electric field in the LCF frame

=> uncertainties for amplitudes at <mV/m level, and for phases at the 0.1 mrad level
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