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Abstract: K-Rb-83Kr based atomic co-magnetometer for measuring moving MEGs is theoretically

studied in this paper. Parameters such as the spin exchange rates, the spin dephasing rates and the

polarization of the nuclear spins are studied to configure the co-magnetometer. Results show that

the nuclear spin could generate around 700 nT magnetic field under which the nuclear spin could

compensate wide range of magnetic fields. We also showed the hybrid optical pumping vapor cell

fabrication process in this paper. Alkali metals were mixed in a glove box and then was connected to

the alkali vapor cell fabrication system. The vapor cell fabrication process is illustrated in this paper.

Keywords: atomic co-magnetometer; spin exchange optical pumping; optical pumped magnetometer;

magnetoencephalography (MEG); atomic spin gyroscope

1. Introduction

MEGs recordings have found various applications, including the source localization of

epilepsy-related seizures to aid in planning epilepsy surgery[1,2], studying brain’s response to specific

external stimuli which helps map motor system[3], sensory areas[4], language, vision, etc. MEGs signal

recordings could also be used for early stage of Alzheimer’s disease diagnosis[5] and cerebral networks

of the tremor syndromes[6]. Traditional MEGs measurement equipment is typically SQUID(super

conducting quantum interference device) in which very large helmet with liquid helium are used

which limits the application of the magnetometer to the motor system such as freely moving of a

person’s head as the MEGs is measured[7,8].

With the development of Optically Pumped Magnetometer(OPM) which could work under

room temperature as well as reach sensitivity to that of a SQUID magnetometer[9], the

future MEGs equipment could be wearable[10–12]. A wearable OPM system together with

EEGs(electroencephalography) have been combined for the brain function study[13]. This could

reinforce more application of the MEGs equipment such as the motor system related space navigation

of the brain, MEGs of visual-motor integration.

Even though the OPMs are wearable and movable, a quite important technique problem should

be considered. Different from the EEGs in which there is no large background electric field in the

environment, the MEGs recording are recorded on the earth which means that the geomagnetic field

could affect the MEGs recording. We know that the brain magnetic field is quite weak compared with

the geomagnetic field. Thus magnetic field shield rooms(MSR) are typically used for suppression of

the environment magnetic field. Moreover, the penetration of magnetic field into the MSR still could

affect the MEGs recording. In order to record the moving MEGs, a large bi-planar coil was used for

the moving related background magnetic field compensation[14]. A person could only move in a

small area as well as very tiny movement could be done such as drinking water during the MEGs

recording[8]. In order to overcome the head movements bluring of the topography of the neuronal

sources, a novel method based on monitors head position was developed. An offline analysis method

that takes into account the head position time-series[15] was considered. In order to enable ambulatory

movement in wearable MEGs, a matrix coil active magnetic shielding was used[16]. Some other
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method based on magnetic field compensation was also studied[17–19]. Magnetic field differential

method also can be used for background magnetic field suppression[20].

Even though so many methods have been developed for moving MEGs measurement, most

of these methods based on magnetic field compensation in the space of the movement. Large

compensation coils are required which could make the system very complicate. Moreover, the

compensation method could not compensate the magnetic field for each sensor head and some

of the sensors could be over compensated or under compensated.

As we understand, the crucial aspect of moving MEGs lies in compensating for fluctuations in

the magnetic field. The method based on hyperpolarized nuclear spins could also be used[7]. The

nuclear spin method could compensation magnetic field in-situ as well as automatically compensated

fluctuation magnetic field in each of the OPMs. Complicated compensation coils are not needed,

resulting in a significant reduction in the system’s volume.

The hyperpolarized nuclear spins include 3He,21Ne,129Xe,131Xe. The first demonstration of the moving

MEGs measurement is with 21Ne[7]. There is a large spin exchange rate between 21Ne and alkali

atoms such as K or Rb. 21Ne nuclear spin could be easily polarized even though it owns a very large

quadrupolar relaxation rate[21]. 21Ne nuclear spins are widely used for rotation sensing or studying of

fundamental Physics[22–26]. However, due to the very low natural abundance of isotope enriched
21Ne nuclear spins, it is very expensive to buy such gases. The 3He nuclear spins owns a very small

spin exchange optical pumping rate with the alkali metals, thus it is very hard to polarize the 3He

nuclear spins. Moreover, the 3He nuclear spins are pretty sensitive to magnetic field gradients and can

be easily depolarized in a holding magnetic field. Even the stem of a vapor cell could affect the spin

polarization of the nuclear spins[27–29]. 129Xe,131Xe could also be used. However, due to the large

collision relaxation with the container walls, it is hard to polarize the nuclear spins[30–32]. For 83Kr

nuclear spins whose atom mass is much smaller than that of the Xe atoms, we could estimate a smaller

wall relaxation as well as a weaker interaction strength between the alkali atoms. 83Kr could be a good

candidate for the moving MEGs measurement. In this paper, we will focus on the study of 83Kr nuclear

spins for fluctuation background magnetic field compensation in the moving MEGs measurement.

2. Theory

2.1. Relaxation of 83Kr

The nuclear spin based field compensation method for moving MEGs is heavily related to the

nuclear spin polarization which is closely related to the spin relaxation of the nuclear spins. The 83Kr

atom owns a nuclear spin of I = 7/2 and thus it owns a quadrupole moment. We can estimate that

the quadrupolar relaxation would be the main relaxation process of the nuclear spins. Moreover, the

container wall related quadrupolar relaxation of the nuclear spins as well as the quarupolar relaxation

between 83Kr-83Kr collision are the main relaxation process.

The quadrupolar relaxation between 83Kr-83Kr collision is related to the number density of the
83Kr atoms. The higher number density of the nuclear spins, the faster of the relaxation which is caused

by the quadrupolar interaction. It is reported that the relationship between the quadrupolar relaxation

time T1 and the number density of the nuclear spins ρ in Amagat(1 Amagat is 2.69 × 1019/cm3) is

1/T1 = ρ(2.13 ± 0.05)× 10−3s−1[33]. For a typical condition of 50Torr gas was used, the relaxation

rate of the gas phase 83Kr collision is 1.4 × 10−4s−1.

The quadrupolar relaxation with the container wall and the spin exchange relaxation with the

alkali atoms are the main relaxation processes which is around an order higher than that of the
83Kr-83Kr collision process. Since 83Kr owns a quadrupole moment, the nuclear spins could be relaxed

as them collide with the container wall of the vapor cell on which the impurities in the wall could

produces electric field gradients(EFGs). The spin exchange optical pumping process with the alkali

atoms could also cause the decay of the nuclear spin polarization. Spin momentum could transfer

between alkali atoms and 83Kr atoms. Note that the spin exchange process could also be the pumping
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process which could made the nuclear spins be polarized. We define the total relaxation rate of the
83Kr nuclear spins[31] to be:

(
1

T2
)m,n = fm,n < ω2

Q > J(0) + σex v̄nRb, (1)

m and n represent the energy level and in our study we typically consider the m=1/2 and n=-1/2

sublevels. For the 83Kr nuclear spins we can calculate fm,n = 5/4 in the equation 118 of the

reference[34].

< ω2
Q >= (

3e2Q(1 − γ∞)

2h̄I(2I − 1)
)2

< q2
>, (2)

includes that mean square of the local quadrupole coupling-constant< e2qQ(1 − γ∞)h−1
>

2 as a

measure of the mean interaction strength at the surface wall site. In the reference, the coupling-constant

is measured to be 5.6MHz for the 83Kr atoms on the typical Duran glass[31]. I is the nuclear spin

quantum number of 83Kr. h̄ is the Planck’s constant. Note that q is equal to
√

< q2 > which is defined

to be the root mean square of the electric field gradient. With the parameters, we can calculate < ω2
Q >

which is approximately not temperature dependent. J(0) is defined to be the spectral density function

at zero frequency. It is related to the stochastic sequence of the wall collisions and the thermally

activated surface diffusion. In our experiment condition, it is believed diffusion along the surface

is strongly hindered and the quadruple relaxation is governed by the adsorption and desorption

processes.

J(0) ≈ τ2
s

τv
∝ exp(2EA/kBT) (3)

where τv equals to v̄S/4V which is the average time of the nuclear spin move to the wall.
√

8kBT/πM

is the average velocity of the nuclear spins. V is the volume of the vapor cell and S is the over all

surface of the vapor cell. kB is the Boltzmann constant. EA is the activation energy of desorption. We

could not directly get τs which is defined to be the adsorption time of the nuclear spins on the surface

wall. However, we can use the squared phase angle < θ2
> in the reference[31] to acquire τs. Use the

relation τ2
s = (τ0exp(2EA/kBT))2 =< θ2

> / < ω2
Q >, we can calculate τs with the measured < θ2

>

under 373K to be 4.9 × 10−8rad2.

The total relaxation of 83Kr also includes the spin exchange interaction with the Rb atom spins

which will be considered in our study. The spin exchange interaction cross section σex, the velocity v̄

and the number density of Rb nRb will determine the relaxation rate. Based on the spin exchange term

σex v̄2 = 1.9 × 10−12cm4s−2 measured in the reference[31], we can get a numerical simulation of the

total relaxation rate in Figure 1.
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Figure 1. The relaxation rate of the nuclear spins changes with the temperature of the vapor cell. Under

low temperature, the 83Kr will be adsorbed on the surface walls for longer time and the fluctuation

EFGs will cause the relaxation of the nuclear spin. As the temperature is higher, the relaxation between

the collision with Rb atoms will be larger because the number density of the Rb will be larger. More

alkali atoms will depolarize the nuclear spins. The spin exchange relaxation will dominant under high

temperature since the atoms will stay on the surface for a short time and the quadrupolar relaxation

can be neglected.

2.2. Polarization of 83Kr

The polarization of the nuclear spin is very important because it could determine the magnetic

field experienced by the electron spins. With the relaxation and the spin exchange optical pumping

rate between alkali atoms and the nuclear spins, we can determine the polarization of the nuclear

spins. In Equation. (1), the term σex v̄nRb also can be defined to be the spin exchange optical pumping

rate between Rb and the nuclear spins. The polarization of the nuclear spins can be defined to be:

Pn = Pe σex v̄nRb

fm,n < ω2
Q > J(0) + σex v̄nRb

, (4)

Where Pe is the polarization of the electron spin. We can see that the highest polarization of the nuclear

spin could reach that of the electron spins. It is known that the polarization of the electron spin could

be 0.5 under which the magnetometer owns a highest sensitivity. Thus, we can let Pe to be 0.5. We can

do a numerical simulation for the polarization of the nuclear spins with the change of the temperature.

Figure 2a shows the results.
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Figure 2. (a)The relationship between the temperature and the nuclear spin’s polarization Pn. As the

temperature of the vapor cell change we can estimate the rising of the spin exchange optical pumping

of the nuclear spins as well as a decreasing of the quadrupolar relaxation. Thus, the polarization of the

nuclear spins increases with the rising of the temperature.(b) The relationship between the temperature

and the magnetic field produced by the nuclear spin Bn. As the magnetic field produced by the nuclear

spin is directly related to the nuclear spin polarization and thus we can estimate a similar change of the

Bn with the temperature.

In order to compensate for the fluctuation background magnetic field experienced by the electron

spins used in brain magnetic field sensing, it is necessary to calculate the magnetic field generated

by the nuclear spins.Bn. We can estimate that the larger the nuclear spin magnetic field, the higher

compensation ability of the nuclear spins. The magnetic field produced by the nuclear spins could be

defined to be:

Bn =
8

3
πk0µKrnKrPn, (5)

In which k0 is the Fermi Contact interaction enhancement factor and it is equal to 270 for Rb −83 Kr

pair[35,36]. µKr is the magnetic moment of the 83Kr nuclear spin. nKr is the number density of the

nuclear spins. We suppose that the partial pressure of 83Kr gas inside the vapor cell is 50Torr. We can

do a simulation of the nuclear spin magnetic field with the change of the temperature. Figure 2b shows

the result.

2.3. Relaxation of Rb and fundamental sensitivity

The relaxation of Rb need to be considered because it is related to the spin projection noise of the

co-magnetometer. Since Rb is used for the detection of the brain’s magnetic field as well as the nuclear

spins’ compensation magnetic field. The sensitivity of the magnetometer could greatly be determined

by the relaxation of Rb. The relaxation of Rb caused by several collision processes such as the collision

with itself, the collision with the N2 quenching buffer gas and the collision with 83Kr nuclear spins[37].

These collision relaxation rates are closely related to the collision cross sections and number densities

of the gases. We do a simulation about the relaxation rates and Figure 3 shows the results. We change

the temperature of the vapor cell and thus both of the Rb-Rb spin destruction relaxation and Rb-83Kr

spin exchange relaxation changes with the temperature. The spin destruction rate of Rb-N2 is weakly

temperature dependent. We also show the relationship between the temperature and the Rb-83Kr spin

exchange relaxation rates.
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Figure 3. The relationship between the temperature and the relaxation of Rb which is used to polarize

the nuclear spins. ’SE Relaxation’ stands for ’Spin Exchange Relaxation’. The total relaxation includes

the spin destruction relaxation between Rb and N2, the spin destruction relaxation between Rb and Rb,

the spin transfer rate from Rb to 83Kr. The SE relaxation only includes the transfer rate of Rb electron

spin to the nuclear spins.

After we have got the total relaxation of Rb electron spins, then we can calculate the fundamental

sensitivity of the co-magnetometer which is limited by the spin projection noise. The fundamental

sensitivity of the co-magnetometer is limited by the total relaxation of the atomic spins, the

number density of the spins and the volume of the vapor cell. The fundamental sensitivity of the

co-magnetometer is defined to be δB:

δB =
1

γe

√

Q(Pe)Rtot

nRbV
, (6)

In which γe is the gyro-magnetic ratio of the electron spin. Q(Pe) is the slow down factor of the

Rb electron spins[9]. Rtot is the total relaxation of the Rb spins which has been calculated in the last

subsection. nRb is the number density of Rb which is related to the temperature of the vapor cell. V

is the interact vulume of the Rb atoms with the laser light. With the equation, we can calculate the

fundamental sensitivity of the co-magnetometer with the changes of temperature and the interact

volume. Figure 4 shows the results. We can see that even in a very small volume(0.002cm3), we can get

more than 10fT sensitivity if the temperature of the vapor cell is high enough. This means that we can

fabricate very small sensor head for the MEGs detection. The space resolution is quite high if we use

relatively high temperature of the vapor cell.
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Figure 4. The fundamental sensitivity of the magnetometer. The temperature of the vapor cell is

changed and thus the number density of the Rb atoms changes. As the temperature is higher, we

estimate higher sensitivity. We also change the active volume of the vapor cell in which the laser light

interactive with the Rb atom spins and then the fundamental sensitivity of the co-magnetometer was

calculated. As the volume is larger, the fundamental sensitivity is higher.

3. Cell Fabrication

3.1. K-Rb mixture preparation

In order to achieve very high nuclear spin polarization as well as reduce the spin exchange

relaxation between the Rb and 83Kr nuclear spins, hybrid optical pumping is a good solution. If

we want to achieve very high nuclear spin polarization, we need to rise the vapor cell temperature.

However, the high temperature vapor cell could lead to very large optical depth and thus the laser

light could not easily pass the medium. The polarization of the nuclear spins could be decreased.

Hybrid optical pumping is need. We can achieve very high nuclear spin polarization.

We need to prepare the alkali vapor cell before the experiment could be done. The hybrid optical

pumping cell need mixture of alkali metals to be filled. Before the vapor cell was filled with K-Rb

mixture by torch flame on the fabrication apparatus, the K-Rb mixture with intended Mole Fraction

Ratio(MFR) should be prepared in the glove box first.

When preparing the K-Rb mixture, the mass ratio of K and Rb should be determined first. The

mass ratio is defined to be Mr = mK / (mRb + mK), where mK is the mass of K and mRb is the mass of Rb.

The mass ratio determines the MFR and density ratio of K and Rb in a Hybrid Pumping Cell(HPC)[38].

In a K − Rb −87 Kr co-magnetometer, the density ratio Dr of K to Rb could be controlled for improving

the uniformity of the spin polarization at the operation temperature. For example, we could prepare

the groups of the mixture with the density ratios of 1/212 and 1/109 at 463K after the cell was filled

with them respectively. In order to reach to the intended Dr, Table 1 shows the mass of K and Rb which

should be mixed together in the glove box.

Table 1. The calculation of mass of K and Rb which should be mixed together to reach the intended Dr.

Intended
Dr@463K

Mr mK(mg) mRb(g) MFR of K

1/212 0.014 30 2.13 0.029
1/109 0.026 41 1.54 0.055
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The calculation of the mass of K and Rb determines the amount of alkali metal which should be

mixed together in the glove box. Before the mixing of the alkali metals, the glass wares used in this

experiment were cleaned before they were put into the glove box to pretend the alkali metals from

impurities. All of the glass wares were immersed into piranha solution and cleaned by the ultrasonic

cleaner for 5 minutes. Several times of rinsing with deionized water were implied to rinse away the

residual piranha solution. After the cleaning, the glass wares were quickly put into a drying box for

several hours to get rid of water on the glass wares. When the glass wares were put into the transfer

chamber of the glove box, the gases in the chamber were pumped away to further dry the glass ware.

The mixing of the K-Rb metals were done after the low concentration of oxygen condition in

glove box was realized. The commercial Rb and K ampoules were broken open. A homemade glass

spoon was used to scoop the Rb and K metal out of the ampoules. The glass knife cut the metals to

small pieces in the petri dish. A piece of weighting paper was put on the analytical balance to weight

the pieces of alkali metals. According the calculation results in Table 1, 30mg of K and 2.13g of Rb were

added to the homemade break seal ampoule to get the 1/212 Dr at 463K in a hybrid pumping cell.

A Teflon valve and an O-ring sealed the alkali metal mixture in the ampoule to protect the mixture

from air when the ampoule was taken out of the glove box. To seal the mixture in the glass ampoule

and protect the mixture from air, a vacuum pump was used to pump out the gases in the ampoule.

Methane flame was used to seal the glass at the neck of the ampoule as the pumping was on. The

mixture was finally sealed in the glass ampoule. Figure 5 shows this process. For HPCs with small

MFRs, we used glass knife to cut the alkali metal into small pieces whose weight was about 30mg.

Moreover, we used a valve and pumping technique to protect the mixture from oxygen and water after

the ampoules were moved out of the glass box.
R

b

KK

Vacuum 

Pump

Balance

Valve
O-ring

Seal

Break Seal

Ampoule

Glass 
Knife

Glass Spoon

Petri Dish

1

2

3

Weighting Paper

Methane Flame

Figure 5. The process of preparing the K-Rb mixture in the glove box.

3.2. Alkali Chasing and Gas filling

The mixture break seal ampoule was attached to the alkali vapor cell fabrication apparatus and

the cell fabrication process began after the ampoule was ready. Figure 6 shows the method of filling the

vapor cells with the K-Rb mixture. The K-Rb mixture ampoule was connected to the alkali fabrication

apparatus by a glass tube. An iron hammer was sealed in the vertical glass tube which was connected

with the ampoule to break the seal. The vapor cell was connected to the glass tube and the glass tube

was connected to the vacuum pumping system and the gas line system. The vacuum pumping system

pumped the whole system and the gas line system supplied the vapor cell with gases such as 21Ne,
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131Xe, 129Xe, 83Kr, N2. The gas line system and the vacuum pumping system were similar to the system

described in this reference[39]. All the glass wares were cleaned by piranha solution and deionized

water as that of the glass wares used to make the mixture ampoule. To further clean the surface of

the glass wares, after they were connected to the fabrication system, an oven can was used to heat the

glass wares at about 473K when the pumping system was on. After 2 to 3 days’ heating and pumping,

the vacuum pressure reached 10−5 Pa level. The vapor cells were filled with K-Rb mixture when the

vacuum reached to 10−5 Pa level. Then the K-Rb mixture was chased by flame into the retort slowly

for thoroughly mixing the K-Rb alloy and purifying the alloy. The ampoule was firing off at the small

neck of the glass tube after the mixture was chased into the retort. After that, the mixture was chased

into the vapor cell and experiment results showed that Rb moves faster than K for the lower melting

point of Rb. As a result, special chasing method was developed to ensure the MFR in the HPC was

right. Most of the mixture was chased into the cell and then chased out of the cell to leave the amount

of alloy that was needed. This process could ensure that the MFR in the cell were close to the MFR in

the ampoule. Figure 6 shows the schematic of the filling process.

Calibration 

Volume

Angle 

Valve

Needle Valve

To Gas 

Line

To Vacuum 

Pump

Spare 

Port

Glass Tube

Retort

Liquid 

Nitrogen

Pressure 

Gauge
Cell

Break 

Seal

Iron 

Hammer

K
Rb

Liquid 

Nitrogen 

Trap

Figure 6. Schematic of filling the vapor cell with K-Rb mixture and gases.

After the vapor cells were filled with alkali metal mixtures, the vapor cells were filled with gases

by the gas line. In some of the experiment, the vapor cell is filled with about 2 Atm gases. For sealing

the glass by flame, the cell can’t be until the inner pressure is lower than the pressure outside. Liquid

nitrogen was used to fill the cell with gases more than 1 Atm.

Figure 6 shows the schematic of the filling the glass cell with gas whose pressure was more

than 1 Atm. The liquid nitrogen trap was taken down and the temperature of the trap raise to room

temperature before the gas filling. The needle valve handled the gas into the cell and the pressure

gauge measured the pressure of the cell. When reaching the intended pressure P0, the gas line was

shut down. The homemade dewar was filled with liquid nitrogen and the dewar was lift by a lifting

platform to immerse the cell into liquid nitrogen. The pressure decreased and settled down to a lower

pressure P1. Torch flame was used to fire off the stem of the cell and the pressure raise a little to P2.

This phenomenon was due to the rising of the temperature of the cell when the flame was used to

fire off the cell from the glass tube. In order to know exactly the pressure of the cell after it was fired

off from the glass tube and the temperature of the cell raise to the room temperature, the ideal gas

equation was used to calculate the pressure. The volume of the cell was measured to be Vc and the

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 September 2023                   doi:10.20944/preprints202309.0719.v1

https://doi.org/10.20944/preprints202309.0719.v1


10 of 13

volume of the glass tube and the gas line tube was measured to be Vg (the measurement method is

described below). The pressure of the cell at room temperature should be:

Pc = P0 + (P0 − P2)
Vg

Vc
(7)

Vg was measured by the ideal gas equation either and a standard calibration volume was used to

measure it. Suppose that the standard calibration volume was Vcal and the calibration volume was

pumped to vacuum state. Gas was filled in Vg and the pressure is Pg0. After opening the angle valve of

the calibration volume, the pressure changed into Pg1. The volume of the glass tube and the gas line

was calculated to be:

Vg =
Pg1Vcal

Pg0 − Pg1
(8)

After the volume Vg was measured, the cell pressure Pc was calculated by Eq.(7) finally. Pc is the

pressure of the gases in the vapor cell at room temperature.

4. Discussion

This paper theoretically studied the 83Kr based atomic co-magnetometer which is promising

for moving MEGs recording. Due to the large fermi contact interaction with Rb electron spins, the

compensation field produced by the nuclear spin is quite large. A wide compensation range can be

achieved, which is of utmost importance for effectively compensating for fluctuation background

magnetic fields in the future. Due to the small destruction collision relaxation rate with the 83Kr atoms,

Rb magnetometer could reach very high sensitivity. Experimental setup is under way to configure

a K-Rb-83Kr co-magnetometer. Moreover, this is the first time that a 83Kr based co-magnetometer

studied.

As we know that the co-magnetometer is also sensitive to rotation velocity. For the 83Kr based

atomic co-magnetometer, the nuclear spin is 7/2 and we can estimate a very small gyro-magnetic ratio

which means that the co-magnetometer is quite sensitive to the rotations. As we measure the moving

related MEGs, we may only measure movement without rotations. Anyway, further experiment need

to be done to study this. The study of 83Kr based atomic co-magnetometer also contribute to the

gyroscope study.

The relaxation rate, polarization and fundamental sensitivity are quite important parameters for

atomic co-magnetometer. Note that the 83Kr nuclear spin relaxation is quite complicated since the

quadupolar relaxation with wall as well as with the nuclear spin itself should be considered. Especially

collision with the wall, the desorption energy, the collision related average angle should be studied.

The quadrupolar interaction process makes the simulation more complicated. Our results give very

concrete evidence for the future co-magnetometer design.

At the last part of the paper, we shows the alkali fabrication process. Especially, the hybrid optical

pumping is need. We gives the details on how to make a hybrid pumping vapor cell. We also gives the

alkali fabrication process with the glass blowing technique.

5. Conclusions

In conclusion, we have theoretically designed a new kind of atomic co-magnetoemter which is

based on 83Kr nuclear spins. Compared with 21Ne, 3He and 129Xe based atomic co-magnetometers,

the new co-magnetometer have the merits of high sensitivity, relatively lower temperature and large

compensation field range. We conclude that 83Kr based co-magnetometer is quite promising for

moving MEGs recording. This is the first time that such atomic co-magnetometer has been designed.

We give the key parameters for the design of the co-magnetometer such as the spin relaxations and

polarization. These parameters are highly important for the future experimental results. Considering

that the alkali vapor cell is quite important for the co-magnetometer, we show the method to develope
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hybrid optical pumping vapor cells. The study in this paper prove to be highly valuable for the future

experimental setup.
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