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Twisted Bilayer Graphene

Abstract
We study diffusive magnetotransport in highly p-doped large-area twisted bilayer graphene as a function of twist angle, 
crossing from below to above the van Hove singularity in 1° and 20° samples with 7° and 9° samples near the van Hove 
singularity. We observe a crossover from weak localization dominated transport to fluctuation dominated transport as a 
function of twist angle with an intervening regime of universal conductance fluctuations near the van Hove singularity.

Universal Conductance Fluctuations (UCF)

At twist angles ≥ 3°, the low 
energy electronic structure 
of twisted bilayer graphene 
(TBG) has linear crossings at 
the K and K’ points (Dirac 
points) of the Brillouin zone. 
The low energy excitations 
are massless Dirac fermions 
and an electron making a 
loop around a Dirac point 

Dirac Fermions

Weak Localization

In disordered 2D systems, magnetoresistance’s (MR) 
sign diagnoses the symmetries of the system [2]. 
Weak (anti)-localization was found in monolayers [3].

In either scenario the Hikami-Larkin-Nagaoka fit is [4]

with 𝑇-independent “classical” 𝑐!" and “quantum” 
coefficients 𝑐#. 𝐹 𝑧 = ln 𝑧 + digamma(1/𝑧 + 1/2).
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At higher energies multiple bands are present, and 
the symmetry of Dirac fermions is broken.  Explicitly,

acquires a π Berry phase.
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Theory of Weak (Anti)Localization
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the crossover is 
at the van Hove 
singularity (VHS). 
When the VHS in 
reaches 0 energy 
exotic correlated 
physics is seen [1]
We cross the VHS 
at fixed chemical 
potential.

1° 7° 9° 20°
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20°

We measured 𝑅$$ as a 
function of 𝐵  and 𝑇 , 
symmetrize and fit for 
the parameters 𝑐% , 𝐵% . 
Phase coherence length 
𝐿& = ℏ/4𝑒𝐵&  scales 
with power law 𝑇'( and 
reveals the scattering [5]

• 𝑝 = 0.5	: e-e diffusive
• 𝑝 = 1	: e-e ballistic
• 𝑝 = 1.5	- 2: e-phonon

WL

UCF, or fluctuations in 𝜎$$ the order of 
𝑒)/ℎ occur in mesoscale systems and 
serves as a reproducible signature of 
the sample disorder [6]. Near the VHS 
in the 9° sample, we see behaviors 
consistent with UCF. Converting 𝑅 to 𝜎
𝜎$$ = 𝑅$$

*+,/[ 𝑅$$
*+, ) + 𝑅$-

.*+, )]
To capture fluctuations we subtract 
0𝜎$$ = 𝜎$$ − (𝑐/ + 𝑐)𝐵) +⋯𝑐)0𝐵)0)
Now, we can fit the fluctuations using

0𝜎$$) − 0𝜎$$ ) = 𝑐	𝐿&	
for fixed 𝑐. Extended electron puddles 
may make the sample act mesoscopic.
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Cooldown 1

Cooldown 2

Optics of sublattice 
exchange odd C-TBG


