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Abstract

We report a strong spin dephasing effect induced by electron-hole puddles[ll 2] and spin-pseudospin coupling
in ultraclean graphene, with long mean free path and uniform Rashba spin-orbit coupling as low as a few tens
of ueV [3] . From the time dependence of spin dynamics of propagating wave packets, spin relaxation times
typically on the order of few hundreds of picoseconds to the nanosecond scale are extracted, depending on the

substrate-induced electron-hole characteristics. The energy dependence of spin relaxation times[4], together

with the obtained ratio for spins pointing out-of-plane to spins in-plane (77 / TSH), and scaling of spin lifetimes

with disorder provide a consistent description of fundamentals of spin lifetimes [5] in the ultraclean graphene
limit.
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Figure 1: Spin polarizations for out-of-plane (a) and in-plane (b) spin injections. (c¢): Illustration of parallel
(green) and perpendicular (violet) components. The projection of parallel component in x direction is shown
in blue.
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Figure 2: Time-dependent spin polarization for in- plane and out-of-plane polarized wavepacket in graphene
on hBN and SiO2 substrates. Inset: Onsite energy distribution of the carbon atoms in the graphene sample,

which mimics the chemical potential induced by hBN (green) and SiO2 (black) substrates together with their
Gaussian fitting lines.



