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Here we present a derivation of Eq. (5), which is an analytical result to lowest (second)
order for the nonlocal charge voltage generated by a nonlocal spin current.

The electrochemical potential for each spin channel jio = pay & Ape is described by the
spin-diffusion relations Egs. (1) and (2). As mentioned in the article, we use the general
solutions for p, Ji, and E for a homogeneous medium presented in Ref. [l. To find numerical
solutions we divide the conducting system (graphene) into discrete regions and use the
homogeneous solutions for each region, while keeping continuities of pu4 and J...

The nonlinear interaction between spin and charge is present due to the energy dependent
conductivity o(e) of the system, which results in each region having a conductivity spin
polarization S. Within this framework, the charge voltage variation AV across a discrete

region of width Ax is

AV =V(x + Azx) — V(x)

= P (Aue + Az) - Apa)],

—e
with 8 given by Eq. (4). By considering regions with infinitesimally small widths dz and

describing the spin accumulation to first order via Eq. (3) we obtain

av = 2au@)P
Vo) = [ v = 2t

the latter is the result of Eq. (5) and it describes the nonlocal charge voltage shown in Fig. 1.

* Electronic address: i.j.vera.marun@rug.nl

[1] T. Valet and A. Fert, Phys. Rev. B 48, 7099 (1993).


mailto:i.j.vera.marun@rug.nl
http://dx.doi.org/10.1103/PhysRevB.48.7099

	(Supplemental material)Nonlinear interaction of spin and charge currents in graphene
	References


