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Theoretical description of the photomagnetoelectric effect 

in 2D materials in Corbino configuration 

 The transport of electrons and holes through 2D samples in the presence of an electric 

field (𝑬𝑬��⃗ ) and steady magnetic field (𝑩𝑩��⃗ ), under photogeneration and recombination is described 

by the following equations [S1] 

𝚥𝚥𝑒𝑒 = 𝑒𝑒𝜇𝜇𝑒𝑒𝑛𝑛𝑒𝑒𝐸𝐸�⃗ + 𝑒𝑒𝐷𝐷𝑒𝑒𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑛𝑛𝑒𝑒) − 𝜇𝜇𝐻𝐻𝐻𝐻�𝚥𝚥𝑒𝑒 × 𝐵𝐵�⃗ �        (S1) 

𝚥𝚥ℎ = 𝑒𝑒𝜇𝜇ℎ𝑛𝑛ℎ𝐸𝐸�⃗ − 𝑒𝑒𝐷𝐷ℎ𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑛𝑛ℎ) + 𝜇𝜇𝐻𝐻ℎ�𝚥𝚥ℎ × 𝐵𝐵�⃗ �      (S2) 

𝜕𝜕𝑛𝑛𝑒𝑒
𝜕𝜕𝜕𝜕

= 𝐺𝐺𝑒𝑒 − 𝑅𝑅𝑒𝑒 + 1
𝑒𝑒
𝑑𝑑𝑑𝑑𝑑𝑑(𝚥𝚥𝑒𝑒)         (S3) 

𝜕𝜕𝑛𝑛ℎ
𝜕𝜕𝜕𝜕

= 𝐺𝐺ℎ − 𝑅𝑅ℎ −
1
𝑒𝑒
𝑑𝑑𝑑𝑑𝑑𝑑(𝚥𝚥ℎ)         (S4) 

where 𝚥𝚥𝑒𝑒 and 𝚥𝚥ℎ are vectors for the electron and hole current densities, that can be written in 

the radial and azimuthal components Jre, Jae , Jrh and Jah 

𝚥𝚥𝑒𝑒 = 𝐽𝐽𝑟𝑟𝑟𝑟𝑒𝑒𝑟𝑟 + 𝐽𝐽𝑎𝑎𝑎𝑎𝑒𝑒𝑎𝑎          (S5) 

𝚥𝚥ℎ = 𝐽𝐽𝑟𝑟ℎ𝑒𝑒𝑟𝑟 + 𝐽𝐽𝑎𝑎ℎ𝑒𝑒𝑎𝑎          (S6) 

e is absolute value of electric charge, µe, µh, µΗe and µΗh are drift and Hall mobilities for 

electron and holes, De and Dh are the diffusion constants for the electrons and holes, ne and nh 

are concentrations of equilibrium for the electrons and holes, Ge, Gh, Re and Rh are 

photogeneration and recombination rates for the electrons and holes, t represents time, 𝑒𝑒𝑟𝑟���⃗  and  

𝑒𝑒𝑎𝑎����⃗  are versors of the radial and azimuthal axis. 

The electric field is determined by the gradient of the potential (𝑉𝑉𝐸𝐸):  
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𝐸𝐸�⃗ = −𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑉𝑉𝐸𝐸).          (S7) 

Then, by Gauss's law, the potential satisfies Poisson's equation that can be written for 2D 

sample in the form [S2]:  

𝑑𝑑𝑑𝑑𝑑𝑑[𝜀𝜀𝑟𝑟𝜀𝜀0𝑔𝑔𝑟𝑟𝑎𝑎𝑎𝑎(𝑉𝑉𝐸𝐸)] = 𝜌𝜌𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓.          (S8) 

where 𝜌𝜌𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 is the free charge density, 𝜀𝜀𝑟𝑟 is the relative dielectric permittivity of the medium 

and 𝜀𝜀0 is the vacuum permittivity. 

In the case of a small and steady illumination with interband (intrinsic) 

photoexcitation of the electrons and holes, the following simplification can be applied  

𝑅𝑅𝑒𝑒 = 𝑅𝑅ℎ = ∆𝑛𝑛𝑒𝑒
𝜏𝜏

             (S9) 

and 

𝐺𝐺𝑒𝑒 = 𝐺𝐺ℎ = 𝛼𝛼 𝐼𝐼v(𝑟𝑟)          (S10) 

where ∆ne represents the concentration of excess electrons, τ is the effective carrier lifetime, α 

is the absorption coefficient of light (i.e. α = 1/137 for graphene [S3]), r is the distance from 

the center of light spot, and Iv(r) represents the intensity (in photons) of light incident upon 

the sample. For example, in the case of illumination of a sample with a TEM00 laser beam 

𝐼𝐼v(r) = 𝐼𝐼v0 𝑒𝑒𝑒𝑒𝑒𝑒 �−2 � 𝑟𝑟
𝑅𝑅𝑏𝑏
�
2
�            (S11) 

where 𝑅𝑅𝑏𝑏 represents beam radius at 𝐼𝐼v(𝑅𝑅𝑏𝑏) = 𝐼𝐼v0 𝑒𝑒−2, Iv0 is the maximum intensity of the 

radiation. 

When considering  𝜕𝜕𝑛𝑛𝑒𝑒
𝜕𝜕𝜕𝜕

= 0  and  𝜕𝜕𝑛𝑛ℎ
𝜕𝜕𝜕𝜕

= 0 , for the case of µe=µh=µΗe=µΗh=µ, the solution 

of Eqns (1) to (4) becomes represented by the following equation   
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𝜕𝜕2∆𝑛𝑛𝑒𝑒
𝜕𝜕𝑟𝑟2

+ 1
𝑟𝑟

 𝜕𝜕∆𝑛𝑛𝑒𝑒
𝜕𝜕𝜕𝜕

+ 1+𝜇𝜇2𝐵𝐵2

𝐷𝐷𝐷𝐷
 ∆𝑛𝑛𝑒𝑒 = 1+𝜇𝜇2𝐵𝐵2

𝐷𝐷
 𝛼𝛼𝐼𝐼v(𝑟𝑟)              (S12) 

with boundary conditions:  

lim𝑟𝑟→∞ ∆𝑛𝑛𝑒𝑒 = 0                   (S13) 

lim𝑟𝑟→∞
𝜕𝜕∆𝑛𝑛𝑒𝑒
𝜕𝜕𝜕𝜕

= 0          (S14) 

It should be noted that in the case of different mobilities of electrons and holes, µ represents 

so-called ambipolar mobility of carriers; it is known that the PME effect is determined by the 

so-called effective ambipolar carrier lifetime, ambipolar carrier diffusion constant, and 

ambipolar diffusion length of carriers [S1]. 

Equation (10) can be solved numerically. Using this solution, the density of total Corbino-

PME current can be given by  

Ja(r) = Jae + Jah = 2 µ B eD
1+µ2B2

∂∆ne
∂r

                  (S15) 

The integral magnetic moment of the PME current distribution is represented by 

𝑀𝑀𝑏𝑏�����⃗ = ∫ 2 𝜋𝜋 (𝑟𝑟  × 𝑒𝑒𝑎𝑎) 𝐽𝐽𝑎𝑎(𝑟𝑟) 𝑑𝑑𝑑𝑑 ∞
0         (S16) 

Mechanical torque acting on a sample with an integral magnetic moment of a PME current 

distribution in an external magnetic field is given by 

𝑁𝑁��⃗ = 𝑀𝑀𝑏𝑏�����⃗ × 𝐵𝐵�⃗            (S17) 

and the magnetic flux density 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃����������⃗ , evoked by the PME circulating current, is given by [S4] 

𝐵𝐵�⃗ 𝑃𝑃𝑃𝑃𝑃𝑃(𝑟𝑟) = 𝜇𝜇0
4𝜋𝜋
�3𝑟𝑟�𝑀𝑀𝑏𝑏������⃗ ∙𝑟𝑟�

𝑟𝑟5
− 𝑀𝑀𝑏𝑏������⃗

𝑟𝑟3
� + 2𝜇𝜇0

3
 𝑀𝑀𝑏𝑏�����⃗  𝛿𝛿3(𝑟𝑟)      (S18) 
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where µ0 is magnetic permeability of the free space, and δ3 is the three-dimensional Dirac 

delta function. 

For sinusoidal modulation of the illumination with frequency f, the following is true 

𝐼𝐼𝑉𝑉𝑉𝑉(𝑟𝑟, 𝑡𝑡) = 𝐼𝐼𝑉𝑉(𝑟𝑟) �1
2
− 1

2
𝑐𝑐𝑐𝑐𝑐𝑐�2 𝜋𝜋 𝑓𝑓 𝑡𝑡��                  (S19) 

thus, according to [S5], one obtains the following 

𝐽𝐽(𝑟𝑟, 𝑡𝑡) = 𝐴𝐴 𝐼𝐼𝑉𝑉𝑉𝑉(𝑟𝑟,𝑡𝑡)
�1+4𝜋𝜋2𝑓𝑓2𝜏𝜏2

         (S20) 

where A represents the independent time function of the sample and the experiment 

parameters (e.g. carrier lifetime, carrier mobilities, external magnetic field). The total PME 

magnetic flux is equal to the integral of the magnetic fluxes created by the elementary 

Corbino-PME currents J(r,t)dr.   

According to the Faraday law, the voltage VPME induced in the measurement coil 

during contactless PME investigations is proportional to the derivative of PME magnetic flux 

versus time. Because the magnetic flux is proportional to the intensity of PME current, then 

𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐴𝐴0  𝜕𝜕𝑀𝑀𝑏𝑏������⃗

𝜕𝜕𝜕𝜕
= 𝐴𝐴1  𝑓𝑓

�1+4𝜋𝜋2𝑓𝑓2𝜏𝜏2
        (S21) 

where 𝐴𝐴0 and 𝐴𝐴1 represent coefficients independent of frequency. These coefficients represent 

not only the sample, but also the apparatus constant, which is difficult to determine for 

absolute contactless investigations.  
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