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Introduction

Extending our understanding of topological matter including edge dynamics

Topological matter — a central thema in Condensed Matter Physics

・characterized by topological invariants

existence of non-trivial phase

boundary of trivial/non-trivial phase: edge states

Nontrivial

phase

trivial

phase

・expected to be the basis for state-of-the-art tech.

No backscattering robust to impurities suppress decoherence 
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Edge states



Quantum Hall Systems (QHS)

[Gracia and Pimental, Rev. Brasileira de Ensino de Física, 2023]
[Figure taken from G. Yusa’s slide]

Sample edge

Landau quantization
Magnetic field B

Edge

2DEG system with strong magnetic field and low temperature

<latexit sha1_base64="5bioFA0SZM7eon31T0oSuvuQF2Q="></latexit>

ωxx = 0Hall resistivity (and conductance) is quantized

<latexit sha1_base64="GkgvjSnBV77iGzZM1KnWJrz3O6I="></latexit>

ωxy =
1

ε

h

e2
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2DEG system with strong magnetic field and low temperature

Quantum Hall Systems (QHS)

[Figure taken from G. Yusa’s slide]

Sample edge

Landau quantization
Magnetic field B

Edge

Edge (gapless)
Metal

Bulk (gapped)
Insulator

Edge states are described by 1+1 dim. chiral gapless boson
[X. G. Wen PRB 1990]

Conformal field theory in 1+1 dim.
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flat spacetime

Bulk

Region IRegion III

Input waveOutput wave

expanding 
edge 

(Region II)


x = −
L
2

x = +
L
2

L : length of the expanding region

x

QHS with an expanding edge
[M. Hotta, Y. Nambu, YS, K. Yamamoto, G. Yusa, PRD 105. 105009 (2022)]

x
Bulk

Edge

A region of the edge state is experimentally expanded
[experiment: in progress@ Tohoku U.]
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<latexit sha1_base64="Z9d5J3jmeQaICmCTI+Tazxn96Ac="></latexit>

ds2 = ω2(t, x)εijdx
idxj

<latexit sha1_base64="CyovpTIHCOjs8WdYzw9MHQ4zsEY="></latexit>

=






→dx+
I dx

→
I

→e2!(t)dx+dx→

→dx+
IIIdx

→
III

Regions I

Regions III
Regions II

Considering expanding scale factor

Theoretically, we smoothly connetcted regions I, II, and III

<latexit sha1_base64="clKQYqx0YU2DaMQuln6nPH/oFlE="></latexit>

HL = 0.1
<latexit sha1_base64="yjqxElc9vcq3EGhO0oku4RGXrn4="></latexit>

HL = 0.5

<latexit sha1_base64="bD6uKsVqYuIfB20p5Ujv4mmmkQU="></latexit>

HL = ω/2
Relationship between regions I and III

<latexit sha1_base64="yP3MLhPxUc/roaqRLm8k4USImqU="></latexit>

x+
I = ![→L+ !→1[x+

III + ![L/2]]]→ ![→L/2]
<latexit sha1_base64="YOXXH6hhJQfT8QaMWDGIwPtRu9g="></latexit>

![x] =

∫ x

0
dye!(y)

QHS with an expanding edge

0 2 4 6 8 10

-2

-1

0

1

2

3

<latexit sha1_base64="g0joCDWo/zVvqkMnIDowwu2WVaA="></latexit>x

<latexit sha1_base64="SO2gqlMCloCGjyqC6SSx3/B3kRA="></latexit>

F [x]

<latexit sha1_base64="Zq/H7F2NiXw0aQ7lazKGSSSX2Ac="></latexit>

e
!(t) =

1

cos(Ht)

<latexit sha1_base64="TCy6CY0iF5oKs0SroZ5k5Za8gss="></latexit>

x+
I = F [x+

III]

[M. Hotta, Y. Nambu, YS, K. Yamamoto, G. Yusa, PRD 105. 105009 (2022)]



Ex.) redshift (stretching the wave length)

QHS with an expanding edge

Bulk

Region IRegion III

Input waveOutput wave

expanding 
edge 

(Region II)


x = −
L
2

x = +
L
2

L : length of the expanding region

x

in
ou
t

Gaussian 

wave

Quantum Hall system and cosmology Hall.tex 2022/3/18 Yasusada Nambu 2

Figure 1: Behavior of F.X/ and Fout.X/ with H D 1. At X⇤, F becomes �1.

Penrose diagram and the region covered by coordinates xCin,out are shown in Fig. 2. The spacetime strucutre resembles
that of a black hole formation via gravitational collapse. Hence we can expect thermal radiation can be observed in the
out-region.

Figure 2: The gray region represents a region covered by xCin,out.

For an input wave e�ikx
C
in prepared in the in-region, the wave form in the out-region becomes exp.�ikF.xCout//:

0 2 4 6 8 10
-1.0

-0.5

0.0

0.5

1.0

X

R
e[
E
-I
k
F
(X

) ]

Figure 3: Temporal wave form at a measurement point in the out-region (k D 10, L D 0:5;H D 1). Freeze out (infinite
red shift) of the oscillation indicates existence of the future event horizon H

C. On the other hand, infinite blue
shift at X⇤ ⇡ �2:5 indicates existence of the past event horizon H

� (blue shift due to contracting phase of
the de Sitter universe).

plane wave

[M. Hotta, Y. Nambu, YS, K. Yamamoto, G. Yusa, PRD 105. 105009 (2022)]
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Plane wave: 

<latexit sha1_base64="b7f/Xdv55SkSFHMOGNSc2gL/co0="></latexit>

uk(x
+
I ) =

e→ikx+
I

→
4ωk

=
e→ikF [x+

III]

→
4ωk



QHS with an expanding edge

・gapless chiral boson ∂−
̂ϕ = 0

[M. Hotta, Y. Nambu, YS, K. Yamamoto, G. Yusa, PRD 105. 105009 (2022)]

A thermal distribution: (Gibbons-)Hawking radiation

・Bogoliubov transformation between region I and III
[Nambu, Hotta, PRD (2023)]

Planck distribution！

x+
III → ∞・At 

<latexit sha1_base64="SCuPmJXXfM800qeA4Eh2QZKguAo="></latexit>

ω̂(x+) =

∫ →

0
dk

(
uk(x

+)âk + u↑
k(x

+)â†k

)

<latexit sha1_base64="FT8U4/jWsNA5SEgr+aJgp7TyUB0="></latexit>

u(I)
k =

∫ →

0
dk↑

[
ω (k, k↑)u(III)

k→ + ε (k, k↑)u(III)↓
k→

]

<latexit sha1_base64="U41n/0U2mSwdB+qGNVQNW2YBgys="></latexit>

|ω (k, k→)|2 → 1

2εHk→
1

exp(2εk/H)↑ 1
GH temperature

<latexit sha1_base64="oOZ8YjTH+hL1vYeCknOwd630dj8="></latexit>

T =
H

2ω

7/17



QHS with an expanding edge: Anomaly method

・Gravitational anomaly eq.

[Yoshimoto, Nambu (2025)]Cancellation of the gravitational anomaly on the edge

At
<latexit sha1_base64="FnIXKw3qMRhqPEi3Nj/onZKsX44="></latexit>

x+
III → ↑, with

<latexit sha1_base64="yjqxElc9vcq3EGhO0oku4RGXrn4="></latexit>

HL = 0.5

<latexit sha1_base64="clKQYqx0YU2DaMQuln6nPH/oFlE="></latexit>

HL = 0.1

<latexit sha1_base64="bD6uKsVqYuIfB20p5Ujv4mmmkQU="></latexit>

HL = ω/2

x+
III

TII
I

+
+

/(
H

2 /4
8π

)

[taken from  
Yoshimoto, Nambu (2025)]

Energy flux formula carried by a chiral edge mode appeared
[Cappelli et al., (2002)]

<latexit sha1_base64="oOZ8YjTH+hL1vYeCknOwd630dj8="></latexit>

T =
H

2ω

<latexit sha1_base64="4zVPXYQs884RZcmRyS8j96Yxyb0="></latexit>

T
III
++ =

H
2

48ω
=

ω

12
T

2
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<latexit sha1_base64="wWUP5wsqk3KRjHMjK84M+HrxLIk="></latexit>

→iT
ij
edge =

1

96ω

εij↑
↓h

→iR

<latexit sha1_base64="rxj1hNowNEm7OjHYY/mBA429ScE="></latexit>

T
III
++ =

H
2

48ω

[
1→

(
ε

εx
+
III

F [x+
III]

)2
]



Motivation

The role of bulk in this quantum Hall system is unclear
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Existence the of bulk ensures conservation of energy and momentum  
and cancells the gravitational anomly in the whole system

[Callan and Harvey, 1985]
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Motivation

The role of bulk in this quantum Hall system is unclear

・Recent experiment and numerical simulation suggest a bulk-edge interaction

Existence the of bulk ensures conservation of energy and momentum  
and cancells the gravitational anomly in the whole system

[Callan and Harvey, 1985]

・Chiral edge modes have a gravitational anomaly [Alvarez-Gaumé, Witten (1984)]

Existence of bulk current due to the conservation of energy and momentum?

Excitation in the edge region leading to excitation in the bulk
[France, et al., PRL (2025)]
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curved region flat region

Expanding edge and bulk in the QHS

<latexit sha1_base64="tQIS2tULBO3cLkVrZRDlO9hjz3s="></latexit>

ds2 = hijdx
idxj + dy2

<latexit sha1_base64="jhwMdDLLavI0eJ5Jfe43PpAnTqI="></latexit>

= ω2(t, x)εijdx
idxj + dy2

<latexit sha1_base64="8RSJxTKPd57/TBdeC8r/qwejEYU="></latexit>

ds2 = gµωdx
µdxω

<latexit sha1_base64="v1OqD/f1YOUEqqjPK4v80LL+U+4="></latexit>

= a2(t, x, y)ωijdx
idxj + dy2

<latexit sha1_base64="wH+jjPbsn/E+1xKYlxuVz/MFhuM="></latexit>

a2(t, x, y) =
(
ω2(t, x)→ 1

)
f(y) + 1

<latexit sha1_base64="CEbcMcqQoHFIIH7r9r7HMO/PndE="></latexit>y

<latexit sha1_base64="g0joCDWo/zVvqkMnIDowwu2WVaA="></latexit>x

<latexit sha1_base64="UGMwcPZvlaAkR9Zo2X9C5RnUJoQ="></latexit>

O
<latexit sha1_base64="JYqhawZEk3bh3tZKPnvIWjpy+kU="></latexit>

y = 0 : Edge

Bulk

・Metric (Gaussian normal coordinates)

・On the edge

<latexit sha1_base64="tXsehxPpjvlzLBS6UwU740Voh1M="></latexit>

f(0) = 1
<latexit sha1_base64="jX5eHi1NdWN5QvkG9k3RzCeqUYc="></latexit>

f →(y)|y=0 = 0

: Spatial profile function
<latexit sha1_base64="IMkVCXwMxF5tR+3gdtVK2nKCr8E="></latexit>

f(y)

smoothly connect edge region and bulk region

[Kraus and Larsen (2006)]

・Scale factor
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Gravitational Chern-Simons action
<latexit sha1_base64="Bxl+gU2O7tnIo9IxnVCF+BYSfDM="></latexit>

Wtot = Wedge +WCS・Effective model of QHS
<latexit sha1_base64="QPTj2ng7Fte/M5DS8AvGHrb/DLo="></latexit>

ωWedge =
1

2

∫
d2x

→
↑hT ij

edgeωhij<latexit sha1_base64="3+Xgg9GLR3aVH3NLSkM6vJSlliI="></latexit>,
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Gravitational Chern-Simons action
<latexit sha1_base64="Bxl+gU2O7tnIo9IxnVCF+BYSfDM="></latexit>

Wtot = Wedge +WCS・Effective model of QHS

<latexit sha1_base64="aQUmZT1RsD24DM9/aFsQ8FnR0WQ="></latexit>

WCS =
c→
96ω

∫
d3xεµωεTr

[
!µϑω!ε +

2

3
!µ!ω!ε

]

chiral central charge

・Bulk effective action

Levi-Civita
TRS broken

<latexit sha1_base64="J1qAzEvtJD4WxgqWO0UDhlA6EJQ="></latexit>

,Tr[(A)ωε (B)ϑϖ ] = Aω
εB

ε
ω

<latexit sha1_base64="QPTj2ng7Fte/M5DS8AvGHrb/DLo="></latexit>

ωWedge =
1

2

∫
d2x

→
↑hT ij

edgeωhij<latexit sha1_base64="3+Xgg9GLR3aVH3NLSkM6vJSlliI="></latexit>,
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<latexit sha1_base64="J1qAzEvtJD4WxgqWO0UDhlA6EJQ="></latexit>

,Tr[(A)ωε (B)ϑϖ ] = Aω
εB

ε
ω

The energy and momentum should conserve in the entire system
<latexit sha1_base64="JmgJAmpq7rE1SGU59DTulXY97Xo="></latexit>

ωωWtot = 0
<latexit sha1_base64="0aOTsrr3y7GIOR01HMTyqzjPKR8="></latexit>

xi → xi ↑ ωi(x)with
<latexit sha1_base64="tIkrXs28LHJ1tpNO8dNTn3OXkwo="></latexit>

ωωhij = →iεj +→jεiand

<latexit sha1_base64="QPTj2ng7Fte/M5DS8AvGHrb/DLo="></latexit>
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<latexit sha1_base64="J1qAzEvtJD4WxgqWO0UDhlA6EJQ="></latexit>

,Tr[(A)ωε (B)ϑϖ ] = Aω
εB

ε
ω

The energy and momentum should conserve in the entire system

A naive coordinate transformation gives anomaly eq. which is not covariant form

<latexit sha1_base64="JmgJAmpq7rE1SGU59DTulXY97Xo="></latexit>

ωωWtot = 0
<latexit sha1_base64="0aOTsrr3y7GIOR01HMTyqzjPKR8="></latexit>

xi → xi ↑ ωi(x)with
<latexit sha1_base64="tIkrXs28LHJ1tpNO8dNTn3OXkwo="></latexit>

ωωhij = →iεj +→jεiand
<latexit sha1_base64="Lk4OQPsCeubLbWlgCUwLh8eobhM="></latexit>

ωωWedge = →ωωWCS =
<latexit sha1_base64="8J8Kiiuf7HHt07VS+r6oohv9FVw="></latexit>

c→
96ω

∫
d2xhjkεlmϑiϑl!

i
mk

<latexit sha1_base64="sUOMXVyAwn4rCPVajHXlXlzLzGU="></latexit>

→iT
ij
edge = ↑ c→

96ω
hjk εlm↓

↑h
ϑiϑl!

i
mk

<latexit sha1_base64="QPTj2ng7Fte/M5DS8AvGHrb/DLo="></latexit>

ωWedge =
1

2

∫
d2x

→
↑hT ij

edgeωhij<latexit sha1_base64="3+Xgg9GLR3aVH3NLSkM6vJSlliI="></latexit>,
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Gravitational anomaly
・General variation

The existence of bulk modifies the anomaly eq. as covariant form 

[Jensen et al., 2013]

<latexit sha1_base64="WqAy+HkfR4kUyvEPIOlPnADECY0="></latexit>

T ij
cov = T ij

edge + P ij
<latexit sha1_base64="J1euhv+pZ3OzmUD2RYdpDmTh3gE="></latexit>

→iT
ij
cov = →iT

ij
edge +→iP

ij

<latexit sha1_base64="w3VRFPYQXQOeRQd4IPeI3vGHLF4="></latexit>

= → c→
96ω

εij↑
→h

↓iR

<latexit sha1_base64="lIQowwnruU/hnZmSBsXBBzEFO40="></latexit>

Tµω
bulk = → c→

48ω

1↑
→g

(
εεϑµ↓εR

ω
ϑ + εεϑω↓εR

µ
ϑ

)☑ Bulk energy-momentum tensor

[K. Hotta et al., 2009]☑ Bardeen-Zumino polynomial
<latexit sha1_base64="WcLH4XiT6/ZfjxHUauUcu/KZCYI="></latexit>

P ij = → c→
192ω

↑
→h

(εipε
j
q + εjpε

i
q)
(
ϑrlgmq↓r!

p
ml + ϑplgmq↓s!

s
ml → ϑplgmr↓r!

q
ml

)

<latexit sha1_base64="KREAifENRTX1Pn+HXJrG5ttfCas="></latexit>

ωWtot = ωWedge + ωWCS

boundary term of CS

<latexit sha1_base64="NC+hyeK2DM6+rhwDj/Mozu8q+eY="></latexit>

=
1

2

∫
d2x

→
↑hT ij

edgeωhij +
1

2

∫
d3x

→
↑gTµω

bulkωgµω +
1

2

∫
d2x

→
↑hP ijωhij

<latexit sha1_base64="lDQfHEMLjKTaWJzDOLJW/9JUk9U="></latexit>

=
1

2
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d2x

→
↑hT ij

covωhij +
1

2
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d3x

→
↑gTµω

bulkωgµω
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Bulk energy-momentum tensor

<latexit sha1_base64="lIQowwnruU/hnZmSBsXBBzEFO40="></latexit>

Tµω
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48ω
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→g
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εεϑµ↓εR

ω
ϑ + εεϑω↓εR

µ
ϑ

)

<latexit sha1_base64="8RSJxTKPd57/TBdeC8r/qwejEYU="></latexit>

ds2 = gµωdx
µdxω

<latexit sha1_base64="v1OqD/f1YOUEqqjPK4v80LL+U+4="></latexit>

= a2(t, x, y)ωijdx
idxj + dy2

We consider behaviors of bulk energy-momentum tensor

<latexit sha1_base64="wH+jjPbsn/E+1xKYlxuVz/MFhuM="></latexit>

a2(t, x, y) =
(
ω2(t, x)→ 1

)
f(y) + 1

<latexit sha1_base64="WnyNkc5EwyrVSut71m8bDTeWQIU="></latexit>

,ω(t, x) =
1

cos(Ht)

The system is invariant under the combination of the reflection and sign flip
<latexit sha1_base64="ivmQNMfTntnF9YwgGLtgfqBZY+E="></latexit>

(t, x, y) → (t,↑x, y)
<latexit sha1_base64="3hnj7MbUFOPR8uhglU5Qgm8L85U="></latexit>

c→ → ↑c→

・non-trivial components: 
<latexit sha1_base64="uV2ps2QtoF5hQiJ8yBWzHnbLjIs="></latexit>

T bulk
01 (parallel to edge)

<latexit sha1_base64="FwUy8Uu3849OxbSkkpi5Lxsc59A="></latexit>

T bulk
12<latexit sha1_base64="3+Xgg9GLR3aVH3NLSkM6vJSlliI="></latexit>, (shear stress)

<latexit sha1_base64="cTQ4BnggJMAwA06EsdsLY3cpvJw="></latexit>

T bulk
µω =




T bulk
00 T bulk

01 T bulk
02

T bulk
10 T bulk

11 T bulk
12

T bulk
20 T bulk

21 T bulk
22



 <latexit sha1_base64="0vWWi8Vwh5Q0rLQIVsu2Bnicib0="></latexit>→
<latexit sha1_base64="dUS/MOuSHufSTb/e8S1Z0j9xu64="></latexit>


→T bulk

00 T bulk
01 →T bulk

02

T bulk
10 →T bulk

11 T bulk
12

→T bulk
20 T bulk

21 →T bulk
22




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・Gaussian function case
<latexit sha1_base64="tXsehxPpjvlzLBS6UwU740Voh1M="></latexit>

f(0) = 1
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f →(y)|y=0 = 0

satisfied 
<latexit sha1_base64="9bJ9xIMySiVt4svZJYDuFCwDy8w="></latexit>

n → 2
<latexit sha1_base64="iuQ4aP5syLBD9Eg/rk71zYX7Qaw="></latexit>

→ y0
n

Existing non-trivial bulk current being parallel and perpendicular to the edge?
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-2.0 -1.5 -1.0 -0.5
y/y0
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0.4

0.6
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n = 2
n = 10
n = 100

<latexit sha1_base64="PT5Hnaq88AE/gLDwS/AmZ6HO4Po="></latexit>

y/y0

<latexit sha1_base64="IMkVCXwMxF5tR+3gdtVK2nKCr8E="></latexit>

f(y)

<latexit sha1_base64="NoZ04NN8iQ8b7J98PRQIMssXkUg="></latexit>

n → ↑

Results

<latexit sha1_base64="Euv8amiNWUvSNUovKQBsaWGfqnI="></latexit>

f(y) =
1

en(y/y0→1) + 1

・Fermi-Dirac function case
<latexit sha1_base64="tXsehxPpjvlzLBS6UwU740Voh1M="></latexit>

f(0) = 1
<latexit sha1_base64="jX5eHi1NdWN5QvkG9k3RzCeqUYc="></latexit>

f →(y)|y=0 = 0

satisfied 

-5 -4 -3 -2 -1
y/y0

-0.004

-0.002

0.002

0.004

0.006
T01bulk/(H2(n/y0))

(a)

n = 2
n = 4
n = 8<latexit sha1_base64="PT5Hnaq88AE/gLDwS/AmZ6HO4Po="></latexit>

y/y0

<latexit sha1_base64="yYGZqIsys2NFGCYvDJhrxCtZOyA="></latexit>

T
bulk
01 /(H2(n/y0))

-5 -4 -3 -2 -1
y/y0

-0.05

-0.04

-0.03

-0.02

-0.01

T12bulk/H3

(b)

n = 2
n = 4
n = 8

<latexit sha1_base64="UNvaE3pEg+x5Hqed/JQbOcD+ylY="></latexit>

T
bulk
12 /(H3)

<latexit sha1_base64="PT5Hnaq88AE/gLDwS/AmZ6HO4Po="></latexit>

y/y0

<latexit sha1_base64="iuQ4aP5syLBD9Eg/rk71zYX7Qaw="></latexit>

→ y0
n

Similar behaviors appear except for 
<latexit sha1_base64="RPo8Nkv5mA2ZHaIp6rEz740P0rs="></latexit>

y = 0
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Results
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-0.050

Ht

Q(t)

(a)

n = 2
n = 4
n = 8

<latexit sha1_base64="q68GRPiR219B/7CsM5V/6tkWmaA="></latexit>

Ht

<latexit sha1_base64="AmYlkKqpjeIsP24gelEqyqQ/U+E="></latexit>

Q(t)
<latexit sha1_base64="bQSqMEIZojctcHmpu42GFB1LX2g="></latexit>∫ 0

→↑
dyT

bulk
01 = →c→H

2

48ω

<latexit sha1_base64="aoKBm1vwWsES1GyDv3pDaXLvoZQ="></latexit>

Q(t) = H
→2

∫ 0

→↑
dyT

bulk
01
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-0.080
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-0.070

-0.065

-0.060

-0.055

-0.050

Ht

Q(t)

(b)

n = 2
n = 4
n = 8

<latexit sha1_base64="AmYlkKqpjeIsP24gelEqyqQ/U+E="></latexit>

Q(t)

<latexit sha1_base64="q68GRPiR219B/7CsM5V/6tkWmaA="></latexit>

Ht

<latexit sha1_base64="KccjMmi5yEbzQhIef9yUgGNNy4I="></latexit>∫ 0

→↑
dyT

bulk
01 = →c→H

2

48ω

[1 + e
→n(2→ cos[2Ht])]

[1 + e→n cos2[Ht]]2

time dependent

for finite n

time independent
conserved quantity
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bulk
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<latexit sha1_base64="aoKBm1vwWsES1GyDv3pDaXLvoZQ="></latexit>
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bulk
01
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<latexit sha1_base64="AmYlkKqpjeIsP24gelEqyqQ/U+E="></latexit>

Q(t)

<latexit sha1_base64="q68GRPiR219B/7CsM5V/6tkWmaA="></latexit>
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<latexit sha1_base64="KccjMmi5yEbzQhIef9yUgGNNy4I="></latexit>∫ 0

→↑
dyT

bulk
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→n(2→ cos[2Ht])]
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time dependent

for finite n

time independent
conserved quantity

<latexit sha1_base64="96mc1RcQAYyrGCfmYNT5k8MSjTo="></latexit>

T
III
++ =

H
2

48ω
has the opposite sign compated to

<latexit sha1_base64="bQSqMEIZojctcHmpu42GFB1LX2g="></latexit>∫ 0

→↑
dyT

bulk
01 = →c→H

2

48ω
<latexit sha1_base64="uV2ps2QtoF5hQiJ8yBWzHnbLjIs="></latexit>

T bulk
01 is energy flux density and cancels the gravitational anomaly
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Conclusion

Future works

・Effects of gravitational anomaly from microscopic models

・Entanglement entropy

We considered QHS with the expanding edge and the bulk

☑ We derived covariant anomaly equation by considering bulk Chern-Simons action

☑ Non-trivial energy flux in the bulk appeared due to cancellation of gravitational anomaly

・Deepen understanding 
<latexit sha1_base64="FwUy8Uu3849OxbSkkpi5Lxsc59A="></latexit>

T bulk
12 component
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