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Magnetic catalysis in graphene

Young et al., Nat.Phys. 2012 Yu et al., PNAS 2013 Abanin et al., PRB 2013
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- Magnetic field induced gap
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- B-dependence changes for different experiments 20
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Magnetic catalysis in large N limit
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Question

What is the true criticality of
magnetic catalysis beyond large N?

M(g=g9.)~ B*"”
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spinless fermions on m-f
lattice ((2+1)D staggerec
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\i = (I iy)

L = yyDy — g(yyp)?
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fermion)

half filling =2 2 Dirac cones (total 4 components)

QMC : Wang et al. NJP 2014, Li et al. NJP 2015, etc...




CDW phase transition @ B = 0
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IDMRG result forB =0

YT, PRB 2019
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Magnetic catalysis @ V < V.
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- enhancement of M by quantum fluctuation



Magnetic catalysis @ V > V.
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Magnetic catalysis @ V = V.
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*mean field (large N): M ~ VB




Scaling ansatz

/ssmg = singular part of the ground state energy density (& = gy + ESing)\

Esing (g? h. lél) _ b_nging(byggv b¥nr . blg,l)

normalized . ' _ .
interaction cor;.JuI%ate b > 0 : scale factor Vg, ¥n : scaling dimensions
ie
k H = H—hM D=d+z=2+1=3 z=1:dynamica|exponey

Conventional finite size scaling:

gsing (L_l) = b_D Esing (bL_l)

L = (isotropic) system size

, e, P
M(g=0,l53") ~ (15" ~ BF/? o= =0.355(6)

*exact condition for the hypothesis to hold is not known =» future study



Data collapse

Previous studies @ B = 0
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Phase diagram o4 Cuentum Crca
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Two length scales

E ~ |V —V.|7V : correlation length @ B = 0

Iz = 1/7/B : magnetic length
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Comparison:
Overestimated M for finite L & &,on4

Classical 2dim Ising model

(2+1)dim chiral Ising
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Magnetic catalysis = finite size effect by magnetic field



Discussions

- Ground state energy, diamagnetism / (1+1)D CFT \
1/v
Eina \gly 7, 1 TTCcv
8(g,lB)=£0+ i (lgB )-l- e(L) :Eo—m-l-'"
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At critical point g = 0 : ¢ = central charge
v = velocity of excitation
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Experiment
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- Finite temperature effect

M = I-P"9(T/VB)
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Is there “inverse magnetic catalysis”? Li et al., PRB 2015

€ QMC would be possible



summary

Non-perturbative iDMRG study of magnetic catalysis

in (2 + 1)D staggered fermions

MV =1V, B)~Bﬁ/2" governed by (2+1)dim N = 4 chiral Ising universality class
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