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Outline

© Background
e Why BCFT/dCFT?
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Since many physical systems have boundaries, it is interesting to study the
boundary effects of quantum systems. J

o Casimir effects
@ Topological Insulator

o Big Bang of the universe
It implies that there is a boundary of time.

@ Cosmological horizon is also a kind of boundary.
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BCFT

@ Definitions
BCFT is a conformal field theory defined on a manifold M with a
boundary P, where suitable boundary conditions are imposed.

o Example of free BCFT

o Conformal free scalar field
’_*1/ ddxf[(3¢)2+€r‘?¢2]*f/dd*1 VoK ¢? 1
=3 g yWVoK¢ (1)
M P

where £ = ﬁ, and K is the extrinsic curvature.

o Conformally invariant boundary conditions

Dirichlet BC : ¢|p = 0, (2)
Robin BC : (0, 4+ 2£K)¢lp = 0, 3)
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Outline

© Background

@ Review of Weyl anomaly
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Weyl anomaly of conformal field theory

Weyl anomaly is the violation of scale invariance by quantum corrections,
quantified in renormalization.

@ Consider Weyl transformation g, — ez"gm,

0o lreg = /M VE < T >1en 08y + O(0?) (4)

@ Definition | of Weyl anomaly
A= /M VE < TH >ren g (5)

o Definition Il of Weyl anomaly
o ven = .+ Aln % e (6)

where ... denote divergent terms and ¢ is the cutoff.
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Equivalence for two definitions of Weyl anomaly

Key Point: the non-renormalized effective action of CFT is conformally
invariant. J

Consider Weyl transformation g, — e2"gu,, and € — e%¢ for
non-renormalized effective action

1
Inonfren =..+ Aln ; + Iren

5a/non—ren =0 <_~A +/ \/E < T >ren g;w) + 0(02) =0 (7)
M

where the divergent term ... and Weyl anomaly A are conformally
invariant.
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Boundary Weyl anomaly

In the presence of boundary, Weyl anomaly of CFT generally pick up a
boundary contribution (T?2) in addition to the usual bulk term (T/)

e, (T]) = (T}),+0(xL)(T2)p.
@ Bulk Weyl anomaly

ijkl i
(THu 16 "G — 16 2 E +bFFi, d=a, (8)
@ Boundary Weyl anomaly
(T2 p = i Trk® + dh Co¢, kP, d = 4, (9)

where k.p, is the traceless part of extrinsic curvature, Cijii 1s the Weyl
tensor, Fj; is the field strength of gauge field.

@ a, b, c are the bulk central charges independent of BC.

@ d; are boundary central charges which depend on BC.

Rong-Xin Miao collaborated with Prof. Chor Weyl Anomaly Induced Current and Fermi CNCTS, Hsinchu, October 29, 2019 10/2



Outline

© Main Results
@ Current from Weyl anomaly
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Weyl anomaly of general quantum field theory

Weyl anomaly can be defined as the difference between the trace of
renormalized stress tensor and the renormalized trace of stress tensor.

@ Definition | of Weyl anomaly
A= / VE[< TH >ren 8w — < T"gu > ren] (10)
M
@ Definition |l of Weyl anomaly
1
Inon—ren = ... + Aln E + lren (11)
@ For unitary, renormalizable and gauge invariant QFT
A= / VEIbF F™ + O(R?) ]+/ VBO(RK), (12)

where b is beta function.
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Current near the boundary

Renormalized current is divergent near the boundary. However, nothing
goes wrong since there is boundary current cancel the bulk "divergence”.

@ Near-boundary current

1 1 1
<JM>:73J(3)+;J£2)+;J£1)_|_...’ x ~ 0, (13)

37H
where x is the proper distance from the boundary, J,S") depend on
only the background geometry, the background gauge field strength.

@ Imposing V,JI = 0, we get
3) _ 2) _
S =0, JP =0

J,L(Ll) = a1Fun” + aaDyk + asDyk; + aa x Fyy n”

(14)

Rong-Xin Miao collaborated with Prof. Chor Weyl Anomaly Induced Current and Fermi CNCTS, Hsinchu, October 29, 2019 13/2



Current from Weyl anomaly

Recall that Weyl anomaly can be obtained as the logarithmic UV divergent
term of the effective action. J

@ Vary the vector and focus on the boundary term

(0A)om = 6Ieff‘|n1/€ = (/ \/EJ%Au) ; (15)
x>€ log(1/€)
@ Variation of Weyl anomaly
(6A)om =4b | VhFP,6A,. (16)
oM

@ Variation of effective action

Vh(a1FP, 4+ aoDPk + azDjk® + ay x FP,)5Ap. (17)
oM

o Identifying (38) with (39), we get a3 = 4b, a2 = a3 =as =0.
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Key result: current from Weyl anomaly

The expectation value of the current take universal form

4bF,,
Jo= b , x~0, (18)

X

near the boundary.

@ The universal law holds for general BQFTs which are covariant, gauge
invariant, unitary and renormalizable.

@ The current is independent of boundary conditions.

@ The magnitude of the induced current is large.

e%c 4bF,,
a— L . 1
J h x (19)

@ This current comes from the vacuum magnetization near boundary.
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Another derivation of current from Weyl anomaly

Consider the Weyl transformation

g{] = e2gg,:i, FI_I/ == FU (20)

@ Variation of effective action
5ol = ASo = b /M st JEFIFio0(x) + O(R% o). (21)
@ Anomalous action
Lanomatous = 1(€%7g3j) — 1(gi) = b/M dx*\/g'FIFo(x).  (22)

@ Weyl transformation of current

ST =e"* )+ 4bV(F'V0). (23)
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Another derivation of current from Weyl anomaly

Key observation: BCFT in the half space
ds® = dx*> + dy2, x>0 (24)
is conformally equivalent to CFT in the Poincare patch of AdS

B dx? + dya2

2
ds 5 ,

> 0. 25
5 xz (25)

@ Finite current in AdS

o)

x4

Slen = / dx*\/gJ6A; = / dx* = 0A;, (26)
M M

@ Current in half space from Weyl transformation law (23)

Ji 4b F'

Jocrr = 3 +4b Vi(F7Inx) = + O(Inx, x°) (27)
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Finite Total Current

There are boundary current, which exactly cancel the apparent
“divergence” in the bulk current and make finite total current.

o Gauge invariance

bl = / VEJSA; + / Vhjbsa, =0
M oM
= - / veViJa-— / Vh(Dpj® = Jp)o (28)
M oM

o Conservation laws
Bulk: V;J'=0 = J,=4bD,F3Inx+ O(1)  (29)
Boundery : D,j® = J, = j,=4bFs,Ine. (30)

@ Finite total current

4bF,,
Ja - 2

+ 6(x; OM)4bF,,Ine 4+ O(1). (31)
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Physical Picture

When there is a boundary, the contribution from source points at x < 0
are missing. This leads to a net amount of charge moving to —y direction.
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Figure: Induced current from virtual pair creation in presence of boundary.
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Outline

© Main Results

@ Fermi Condensation from Weyl anomaly
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@ Fermi Field with a background scalar
1= [ VRO, mpy a0+ LGV (32
M

where the scalar can be either Higgs or phonon.

@ Weyl anomaly at one loop
_ 1 2 4 lpo 10
A= gy ([ VEUToR 40+ R+ [ VAsKe), (3

where we have redefined ¢ = Ap — m.

@ Fermi Condensation is related to the scalar current

- 1 41
<V >=< 0 >=

VE 69

(34)
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Fermi Condensation near the boundary

Scalar current is divergent near the boundary. However, nothing goes
wrong since there is boundary current cancel the bulk "divergence”.

@ Near-boundary current
7 Lo®yLo@1ow

where x is the proper distance from the boundary, O(") depend on
only the background geometry and the background scalar.

@ For example

0(3) = C1, 0(2) = C2¢+ C3Ka
O(l) — C4nl‘vu¢ + C5K§b + C6¢2 + ... (36)

where ¢; are constants, n is the normal vector.
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Fermi Condensation from Weyl anomaly |

Recall that Weyl anomaly can be obtained as the logarithmic UV divergent
term of the effective action. J

@ Vary the scalar and focus on the boundary term

(64)om = Ol = [ VD) (37)

log(1/<)

@ Variation of Weyl anomaly

1 1
(Ao = 5 | VA6 + 5K0) 0. (38)
@ Variation of effective action
|| VHOD4(V0) + 0P5(V,10) + O] (39)
1
o Identifying (38) with (39), we get 0©®) = 0(2) =0, 0(1) = %ﬂ%m)
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Fermi Condensation from Weyl anomaly |

Fermi Condensation takes universal form

- 1 Vap+3iKo
<V >=< 0>=5—F—, x~0, (40)
near the boundary.
@ This result works at one loop.
o For Higgs field, we have
- K
<>~ T2 (41)
X
Recall that ¢ = )\gAb -—m, < QAS >=0.
@ In higher loops, it is expected that
<P s (42)
%3
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Fermi Condensation from Weyl anomaly ||

Weyl anomaly can induce Fermi Condensation in conformally flat space
without boundaries.

@ Anomalous action in conformally flat space
Ianomalous = /(6’207]:'1') - I(nlj) = Ao + 0(02) (43)

@ Fermi Condensation

T 5Ianoma|ous
<V > = —
0
1

= 52 <V(v¢a) + 2430 + ;UgbR) + O(0?)(44)

o For Higgs field, we have ¢ ~ m

< WV >~ mio + 0(0?) (45)
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Summary and Outlook |

Summary for Current:

@ Weyl anomaly induce a current, when external magnetic field parallel
to the boundary is applied.

@ Near the boundary, the current take universal form for covariant,
gauge invariant, unitary and renormalizable QFT.

@ The universal law is independent of boundary conditions, temperature
and the states of QFT.

@ The current is due to vacuum magnetization.
Outlook:
@ Generalizations to defect QFT.

@ Experimental measurement.
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Summary and Outlook Il

Summary for Fermi Condensation:
@ For a theory with Yukawa coupling, Fermi Condensation is given by
the expectation value of scalar current.
@ Weyl anomaly can induce Fermi Condensation near the boundary,
when there is a background scalar.
@ Weyl anomaly can also induce Fermi Condensation in conformally flat
space without boundaries.
Outlook:
@ Higher-loop Effects for Fermi Condensation.

@ Applications in Cosmology and Condensed Matter?
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