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Introduction

® Dirac equations— Dirac fermions
® Weyl equation— Weyl fermions

® Weyl semimetals— Weyl superconductors

® Method: analytical
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Dirac and Weyl Equations

Dirac equation Weyl eqation
O (i'dy—m)y=0. © iclduyr=0.

(2] %’—i—arng—i-ﬁmlyzo.
3+ G’% =0.
® y" and o are 4 t
component matrices
® saticfies the Clifford
algebra.
o {r.y"}=2m"
® predicts *E— s

o* =1,04,0y,0;

6# =1,-0x,—0y,—0;
satisfies the Clifford algebra
{o".0")= 20"
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Chirality and Helicity

Handedness
Chirality Helicity
® mathematical concept e projection of spin in momentum
® breaks M R symmetry. direction
e cigenvalue of ® h=s-p
7= PP . I H 0
* [, Hw]=0 ® eigenvalue=+1

Right-handed’: Left-handed:
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Weyl Points and Weyl Semimetals

® Energy expansion: E= HVF]_R— l?0|.
e Effective Hamiltonian: H=¢gyop + ﬁvF(}— l?o).

® Weyl Hamiltonian (&=0): H = +hve(k— ko).
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Important Properties of Weyl Semimetals

Berry curvature and Berry phase

® Berry connection: ﬁ(k) = —iZ,,}OCC<u,,7k|V_*k|u,,,k>.

® Berry curvature: B(k) =V, x A(K).

Berry phase: Q(k) = fd%(un’k\V_’k]un,Q =£2r
H = +hve(k— ko)

® Fermi arcs and chiral anomaly

5 Fermi arc
o i L ® Surface
1 S
a - = | Bulk
1 - - - (=) t - " ey
=l - —o= e
- - - ¥
- - Mmp T mmp

Surface

Fermi arc
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Realization of Weyl Semimetals

Experimental achievements

® TaAs: Tantalum arsenide
® AsIrnO7: Pyro-chloore iridate
® NasBi: Sodium bismuthide

Weyl Fermions

b Weyl + Weyl -
Ta,

[ “NE] Tag

@As | Ta,
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TI-NI Hetero Structure

H= Z [VFTZ(QX G) . kl6;J+ mGZ(S,"j—f—As’L'X(S,'J

k.ij

1 1 _
4 EADTJrSiJ-l-l —+ EADT 5;J_1]CZLI-C[(JJ’.

m=0:

B = VE(I+ ko) + A% (ko).

A%(k;) = A%+ A% +2A5Apcos(k,d).

m#0:

B2 = VE(kz + k) + [m+ A (k).
(As—

Ap)? < m? < (As+ Ap).

® Ap<Ags— NI
® Ap>As— TI
® As=+Ap — Dirac node
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TI-S Hetero-Structure

Scalar order parameter

° Gi — Tzoi
H= HZ C£liHijckJ—i+ Hsc. o 1+ — g7t
kyiij
H,'j = VFTZ(%X 8) -_IQLS,-J-—i— mGz(S,'J—I- t51X5,-J-. SC
1 1 p i T
+35: . 8
+§tDT 5,’J+1+2T 5,",,1. tDI SC Id
tJ TI i
H= Z e+ Z Hsc..
ki=+ . -
Hi = ve(2x 8) - k+ M+ (k;)o”. k=(0,0,7)
- T
My (k) =m+ \/t%+ t2,+ 2tstpcos(kd). k= (0,0, diko)
(ts—tD)2<m2<(t5+tD)2. _/2:(0’ 79ikﬁ)7—
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Different Phases of Superconductivity

(Dt + A" )]y

1 + s =)L z
H_ _2§'W}[(VF(ZX G) -kt M_(k)o )y ts>tp
vl
2

|
N 4 ¥
H_ = » nA ] H —
¢k o O 3 st

= -r/d 0 afd -x/d 0

25

HEA =vp(2 % G)-k—i—MfA(kz)O'z. : :
M*2(ks) =(m=+ |A]) —/&+ & + 2tstpeos(ked). LN LE 200
- s b - ] =D

m> |Al: (ts—tp) < mE|A| < (ts+ tp).
m< |Al: (ts—tp) < |Al£m < (ts+ tp).
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Different Symmetries of Superconductivity

® applying m phase difference — pseudo-scalar

® applying @ and —¢ — two components order parameter

(pseudo scalar and scalar)
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