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● Charm quark mass is a unique scale.

— too heavy for ChPT

Theoretically challenging
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● Charm quark mass is a unique scale.

● High statistics data are provided.

●  mixing.D0 − D̄0

— too heavy for ChPT

— experimental data are not quantitatively reproduced yet

Theoretically challenging
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Introduction

— too light for                     expansion?⇤QCD/mc

[1810.06874]LHCb

— in a good stage to test theories

— ⇤QCD/mc expansion is not successful
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mc ⇡ 1.3� 1.7 GeV



Outline
(A)  mixingD0 − D̄0

(B) Quark-hadron duality for  mixingD0 − D̄0

— local duality (analytical)

— local duality and its violation (numerical, in progress)

— theoretical methods



D0 − D̄0 mixing

observables
mass difference

width difference

D̄0

{
<latexit sha1_base64="pL8JRHGHXjHASNMhzmF2k5yHqvs="></latexit> : total width�

<latexit sha1_base64="F8wb4eXjO23vf9fdw6Gh2t+n0ig="></latexit>

time evolution

Time evolution Eq.

Mass eigenstate
q/p 6=

<latexit sha1_base64="Sm3a1S7dlcfqKSA/xYJitMw5E6k="></latexit>

unity

CP violation
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D0

= 2M12/�
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= 2�12/�
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(CP conserving limit)



 mixing: theoryD0 − D̄0

Two methods

◉Inclusive◉Exclusive
Quark-level analysisHadronic-level analysis

�[D ! ⇡⇡]
<latexit sha1_base64="R81tn1uCzIrm437BKQ8WACH3AOQ="></latexit>

�[D ! KK]
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{
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without dataHard to calculable

Data are used
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(quark-hadron duality is assumed)

purely theoretical method



Inclusive approach

cu

c̄ ū

c

ū

u

c̄

Quark-level

⇧12 = M12 �
i

2
�12

Heavy quark expansion (HQE)

box diagrams 4-fermi interaction

:  dimension of operator
: Wilson coefficientCn
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— 4 / 16—

D0
<latexit sha1_base64="Y+dZG3ca6fzI6yplPFy8feS9Ydg="></latexit>D̄0

<latexit sha1_base64="/CbBfx5oSoKYHqSBWpSIUr6yZ64=">AAACbHichVG7SgNBFD1Z3/GR+CiEIIghYhVuVFCsRC0s8zA+SKLsrqMu2Re7m4CG/ICthYVaKIiIn2HjD1j4CSLYKNhYeLNZEBX1DjNz5sw9d87MKLauuR7RQ0hqaW1r7+jsCnf39PZFov0Dq65VcVSRVy3dctYV2RW6Zoq8p3m6WLcdIRuKLtaU8mJjf60qHFezzBVv3xYlQ941tR1NlT2mNoqK7NSWNqm+FY1TkvwY/QlSAY gjiLQVvUIR27CgogIDAiY8xjpkuNwKSIFgM1dCjTmHkebvC9QRZm2FswRnyMyWedzlVSFgTV43arq+WuVTdO4OK0eRoHu6phe6oxt6pPdfa9X8Gg0v+zwrTa2wtyKHw7m3f1UGzx72PlV/evawg1nfq8bebZ9p3EJt6qsHxy+5uWyiNk4X9MT+z+mBbvkGZvVVvcyI7AnC/AGp78/9E6xOJlNTycnMdHx+IfiKTsQwhgl+7xnMYxlp5PlcA0c4xVnoWRqSYtJIM1UKBZpBfAlp/AP27Y0v</latexit>

⇧12 =
X

n

Cn

mn
c

hD0
|O

�C=2
n |D̄0i
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d, s
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d̄, s̄
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�12
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�2
d + 2�d�s + �2

s = 0
<latexit sha1_base64="e+1Pdqdq7UuTQd6JfGklpeLjpCI="></latexit>

summation ∝

+ bottom loop

For ms = md

�2
d + 2�d�s + �2

s = 0
<latexit sha1_base64="e+1Pdqdq7UuTQd6JfGklpeLjpCI="></latexit>

neglect

CKM unitarity
�d + �s + �b = 0
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neglect

d̄
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d, s
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<latexit sha1_base64="c8gVaEeowcNXdNrcxc2PHM/DgEI="></latexit>

summation ∝

�i = VciV
⇤
ui
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�2
d + 2�d�s + �2

s = 0
<latexit sha1_base64="e+1Pdqdq7UuTQd6JfGklpeLjpCI="></latexit>

Suppressed by the GIM mechanism.

summation ∝

{ : �b = O(�5)

SU(3) breaking:

small CKM 

non-zero contributions

to  mixingD0 − D̄0

m2
s �m2

d

m2
c
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+ bottom loop

For ms = md
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s = 0
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neglect

CKM unitarity
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 mesonD

HFLAV 2019

{

{Exp.

Theory / Experiment comparison (for inclusive)
 meson

{

Bs

{

   mesonBd

{{

● For            mesons, the experimental data are reproduced within 2σ.

Exp. Exp.

SM SM SM

Lenz and Tetlalmatzi-Xolocotzi  2019

HFLAV 2019

● For  meson, the order of magnitude is not reproduced within leading-power.D
Bs, Bd

y = (6.51+0.63
�0.69)⇥ 10�3

<latexit sha1_base64="T5n19WqD0ktjSn+3oK4HrK3iBPk="></latexit>

x = (3.9+1.1
�1.2)⇥ 10�3

<latexit sha1_base64="EV7rLXACYgGWCtJ4DvsW2d1VdbY="></latexit>

✔︎Golowich and Petrov 2005

HFLAV 2019

Buras, Slominski and Steger 1984

Cheng 1982Hagelin 1981,

Δms = (17.757 ± 0.021) ps−1

ΔΓs = (0.090 ± 0.005) ps−1

Δmd = (0.5065 ± 0.0019) ps−1

Δms = (18.77 ± 0.86) ps−1

Lenz and Tetlalmatzi-Xolocotzi  2019

ΔΓs = (0.091 ± 0.013) ps−1

Δmd = (0.543 ± 0.029) ps−1

ΔΓd = (2.6 ± 0.4) × 10−3 ps−1

ΔΓd = (0.002 ± 0.020) ps−1

Bobrowski et al. 2010
NLO QCD 

Box diagram

suppressed by GIM mechanism

<latexit sha1_base64="cX+ufwW2SRen46uMwHuPsTDMnPY="></latexit>

x ' 6 · 10�7

<latexit sha1_base64="y/aF49qvCb7anDjUlChhYutvXLY="></latexit>

y ' 6 · 10�7

*  is not calculated in the HQE formalism.Δmd,s
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● For            mesons, the experimental data are reproduced within 2σ.

Exp. Exp.

SM SM

Lenz and Tetlalmatzi-Xolocotzi  2019
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● For  meson, the order of magnitude is not reproduced within leading-power.D
Bs, Bd

y = (6.51+0.63
�0.69)⇥ 10�3
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x = (3.9+1.1
�1.2)⇥ 10�3
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HFLAV 2019

Δms = (17.757 ± 0.021) ps−1

ΔΓs = (0.090 ± 0.005) ps−1

Δmd = (0.5065 ± 0.0019) ps−1

Δms = (18.77 ± 0.86) ps−1

Lenz and Tetlalmatzi-Xolocotzi  2019

ΔΓs = (0.091 ± 0.013) ps−1

Δmd = (0.543 ± 0.029) ps−1

ΔΓd = (2.6 ± 0.4) × 10−3 ps−1

ΔΓd = (0.002 ± 0.020) ps−1

✔︎ Violation of quark-hadron duality?

Jubb, Kirk, Lenz and Tetlalmatzi-Xolocotzi, 2017

Contribution of higher dim. operators?

Beyond the standard model?
Golowich, Pakvasa and Petrov, 2007

— it gives a resource of SU(3) breaking linear in ,

avoiding severe GIM cancellation?

ms

Bigi and Uraltsev, 2001

— 20% violation explains the data. (based on a simple model)

Golowich, Hewett, Pakvasa and Petrov, 2009

x ⇠ y . 10�3
<latexit sha1_base64="EsZagIEZPRutZ8WsS4glKZKS9Bc="></latexit>

x, y ⇠ O(10�3)
<latexit sha1_base64="dJh/YdNXUWcqgzVGhNAOmO04YZo="></latexit>

Falk, Grossman, Ligeti and Petrov, 2001

— With some assumption about hadronic matrix elements,

Possibilities discussed in the literature

Theory / Experiment comparison (for inclusive)

Buras, Slominski and Steger 1984

Cheng 1982Hagelin 1981,Box diagram
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{SM

✔︎Golowich and Petrov 2005
Bobrowski et al. 2010

NLO QCD 

suppressed by GIM mechanism

e.g.,

<latexit sha1_base64="cX+ufwW2SRen46uMwHuPsTDMnPY="></latexit>

x ' 6 · 10�7

<latexit sha1_base64="y/aF49qvCb7anDjUlChhYutvXLY="></latexit>

y ' 6 · 10�7

*  is not calculated in the HQE formalism.Δmd,s

suggested by Georgi, 1992



Outline

(B) Quark-hadron duality for  mixingD0 − D̄0

— local duality (analytical)

— local duality and its violation (numerical, in progress)

✔︎

(A)  mixingD0 − D̄0

— theoretical method
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+ (condensates)
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Quark-hadron duality: Examples
Quark hadron

σ(inc)
σ(e+e− → 2π) + σ(e+e− → 3π) + ⋯

Poggio, Quinn and Weinberg, 1974 for the case with smearing over energies

inclusive = sum of exclusive
(provided that energy is large enough)
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e+e� ! hadrons

+ (condensates)
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D0 � D̄0

+ (higher dimensional operators)
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q̄

Is  satisfied or violated?Γ(inc)
12 = ∑ Γ(exc)

12

Non-trivial point

+
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Quark-hadron duality: Examples
Quark hadron

σ(inc)
σ(e+e− → 2π) + σ(e+e− → 3π) + ⋯

<latexit sha1_base64="2VH1Y1CLNfjGFrEKEpmrLodzoyc="></latexit>

�(inc)
12

<latexit sha1_base64="I5EPAtNSISnY40a8796E4VSsAT4="></latexit>

�12(⇡⇡)
<latexit sha1_base64="rhfL1Yf7n6HHY2jPDlXAqYyZ3qM="></latexit>

�12(⇢⇡)+ <latexit sha1_base64="6+eg/HzmKLT7izNQqVF3bJYNTkY="></latexit>

+ · · ·

— 7 / 16—



inclusive (HQE)

d = 4
d = 2

exclusive (Theo.)exclusive (Exp.)

✔︎

✔︎

✔︎

✔︎❌

❌

Γ(inc)
12 = ∑ Γ(exc)

12

?

QCD is solvable in the large-  limitNc

Method to investigate duality violation

Comparison between  and d = 4 d = 2

The ’t Hooft model (  in the large-  limit)QCD2 Nc
◎ HQE is in common with =4.d

◎ Confinement is built-in.
◎ Asymptotic free theory.

◎ Phase space offen has singularity in .d = 2

’t Hooft, 1974

◎ Gluon is not dynamical.

Duality violation is qualitatively testable
— 8 / 16—



Masses and wavefunctions for mesons can be determined

within the formalism.

the ’t Hooft equation:

Bethe-Salpeter equation (in the light-cone gauge):

<latexit sha1_base64="WR52ZZannC3pFxNljHClKBfJCqI="></latexit>

M2
k�k(x) =

✓
m2

1 � �2

x
+

m2
2 � �2

1� x

◆
�k(x)� �2Pr

Z 1

0

�k(y)dy

(x� y)2

notation of QCD coupling:

=
S

S S

S
S

S

Bound state equation in the ’t Hooft model
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Exclusive processes for  mixingD0 − D̄0

, + (excited states)M = π, K

D0 M−

M+
W+

Γ(D0)
12 = ∑

k,m

(−1)1+k+m T(k,m)T(m,k)*

4M2
D0 |pkm |

: color-allowed tree diagramT(k,m)

Width difference in CP conserving limit:

k

m

phase space in 2D

: labels of excited states,        ground statesk, m k = 0, m = 0 :

— 10 / 16—



Analytical check of local duality

◉ Inclusive width difference

Γ12 → − 4(c2
V − c2

A)2V*cdVudG2
F f2

D0MD0down quark massless limit:

generalized weak vertex: cV =
1
2

, cA = −
1
2

the standard model

D0 D̄0

c d u

ū d̄ c̄

Γ12 = CA < D0 | (ūαγμγ5cα)(ūβγμγ5cβ) |D0 > +CP < D0 | (ūαiγ5cα)(ūβiγ5cβ) |D0 >

large-  factorization:Nc

CA = −
2G2

F

MD0
(c2

V − c2
A)V*cdVud[(c2

V − c2
V)(F(th)

dd + 2G(th)
dd ) − (c2

V + c2
V)(I(th)

dd + J(th)
dd )]

CP = +
2G2

F

MD0
(c2

V − c2
A)V*cdVud[(c2

V − c2
V)(G(th)

dd + 2H(th)
dd ) + (c2

V + c2
V)(I(th)

dd + J(th)
dd )]

 phase space functionsF(th)
dd , G(th)

dd , H(th)
dd , I(th)

dd , J(th)
dd : F(th)

dd = 1 − 4m2
d /m2

c

— 11 / 16—
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Analytical check of local duality

◉ Sum of exclusive width difference

generalized weak vertex: cV =
1
2

, cA = −
1
2

the standard model

(k)

(m)
= f (k)

π pμ f (k)
π =

Nc

π ∫
1

0
ϕk(x)dx

 ground statesk = 0, m = 0 : f (k)
π = { Nc /π k = 0

0 k ≠ 0

π(ud̄)massless limits for  and  quark for u d

Γ(D0)
12 = ∑

k,m

(−1)1+k+m T (k,m)T (m,k)*

4M2
D0 |pkm |

— 12 / 16—

(b) completeness: 
∞

∑
k=0

ϕk(x)ϕ*k (y) = δ(x − y)

(a) exact solution, .ϕ0(x) = 1{



Analytical check of local duality

◉ Sum of exclusive width difference

generalized weak vertex: cV =
1
2

, cA = −
1
2

the standard model

(k)

(m)

Γ(D0)
12 = ∑

k,m

(−1)1+k+m T (k,m)T (m,k)*

4M2
D0 |pkm |

= f (k)
π pμ

(b) completeness: 
∞

∑
k=0

ϕk(x)ϕ*k (y) = δ(x − y)

f (k)
π =

Nc

π ∫
1

0
ϕk(x)dx

(a) exact solution, .ϕ0(x) = 1

 ground statesk = 0, m = 0 : f (k)
π = { Nc /π k = 0

0 k ≠ 0

π(ud̄)massless limits for  and  quark for u d

= − 4(c2
V − c2

A)2G2
FV*cdVudMD0

Nc

π (∫
1

0
ϕD0(x)ϕπ(x))

2

= − 4(c2
V − c2

A)2G2
FV*cdVud f 2

D0MD0

→ −
T (0,0)T (0,0)*

4M2
D0 |p00 |

agrees with the inclusive result

analog of the Pauli interference (Bigi and Uraltsev, 1999)
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{



Numerical evalutation of local duality

✔︎ (1) Check whether local duality exists for massive final states.

(2) Check the net size of observables in the presence of

      the GIM cancellation (in progress).

Motivations
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Routine to calculate the exclusive width difference
(1) Numerically solve the ’t Hooft equation,

based on the BSW-improved Multhopp technique Brower, Spence and Weis, 1979

for  bound stateq1q2

ϕ =
N

∑
k=1

ak sin(kθ), x =
1 + cos θ

2

M2ai = (H0 + V )ijaj : eigenvalue problem
: eigenvalue


    : eigenvector
M2

ai

(2) Evaluate the amplitude by calculating overlaps of meson wave functions:

(3) Take sum over exclusive final states that are allowed kinematically:

Γ(D0)
12 = ∑

k,m

(−1)1+k+m T (k,m)T (m,k)*

4M2
D0 |pkm |

Grinstein, Lebed 1997
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Preliminary numerical results

Preliminary

<latexit sha1_base64="KsDjS/tHBSs9S6+M4Qv49KxQdoM="></latexit>

D0 ! K�⇡+ ! D̄0
<latexit sha1_base64="zUjbBV9DdOOtMgBkq+9jr1VPvUY="></latexit>

D0 ! K�K+ ! D̄0

◎ Numerical accuracy for overlap integrals is to be further investigated      

     by the tanh-sinh method for controlling end-point behavior.

◎ Overlap integrals are truncated by the first fifty meson states.

solid line: inclusive       red points: sum of exclusive

◎ For large  , inclusive/exclusive agrees with each other. mc

pole (4D)

MS (4D)

Preliminary
pole (4D)

MS (4D)

deviation

deviation

◎ For small  , certain difference between inclusive/exclusive appears.mc
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Summary

— 16 / 16—

◎ We studied local duality and its violation for  mixing 

     on the basis of one certain dynamical mechanism.

D0 − D̄0

◎ The realization of local duality is analytically seen in the massless                                           

     limit, which is interpreted as an example of “exclusive” duality.

Future prospects
◎ We will numerically evaluate duality violation in the presence                

     of the GIM cancellation.

— check whether the order of magnitude of  is enhanced for exclusive sum.ΔΓD

— check whether the sizes of exclusive   are comparable

     to the inclusive counterparts.

ΔΓBd
, ΔΓBs

◎ We numerically showed that local duality is realized

     for  and .D0 → K−π+ → D̄0 D0 → K−K+ → D̄0



Backup



Γ12 = CA < D0 | (ūαγμγ5cα)(ūβγμγ5cβ) |D0 > +CP < D0 | (ūαiγ5cα)(ūβiγ5cβ) |D0 >

CA = −
2G2

F

MD0
(c2

V − c2
A)V*cdVud[(c2

V − c2
V)(F(th)

ij + 2G(th)
ij ) − (c2

V + c2
V)(I(th)

ij + J(th)
ij )]

CP = +
2G2

F

MD0
(c2

V − c2
A)V*cdVud[(c2

V − c2
V)(G(th)

ij + 2H(th)
ij ) + (c2

V + c2
V)(I(th)

ij + J(th)
ij )]

Box diagrams in two-dimensions

<latexit sha1_base64="kBOjDiXSXz7VgnxDatWNhCTOSXs="></latexit>

zi = m2
i /m

2
c

<latexit sha1_base64="Yd/44vplTsOFNzVQCnXWeLyHtIc="></latexit>

i, j = d, s



Definition of amplitude and overlap integrals

Amplitude 

Overlap int.

Kinematical val.

Grinstein, Lebed 1997,  Bigi, Uraltsev 1999

<latexit sha1_base64="wCS2/yeq4C8nVDyXFm6AuUL5xTc="></latexit>

{
q2 = M2

k for on-shell amplitudes



O1 = (c̄u)V�A(c̄u)V�A
<latexit sha1_base64="l1ON8B0wexEIXWrHA2kwFjSVecs="></latexit>

O2 = (c̄u)S�P(c̄u)S�P
<latexit sha1_base64="IYQ8a3stXPhWPCMYHqd3iB0XMdk="></latexit>

M12 �
i
2�12 = B hD0

|O1|D̄0
i+ C hD0

|O2|D̄0
i

<latexit sha1_base64="aT5/OD6cygI6omb2PGD/x7TmPFQ="></latexit>

Expressions in the SM

Buras, Slominski and Steger,

Nucl. Phys. B245, 369 (1984)

{
<latexit sha1_base64="Jv3A1RdBTJqbl3mYeFzPLug8dr8="></latexit>

Two contributions

{
<latexit sha1_base64="Jv3A1RdBTJqbl3mYeFzPLug8dr8="></latexit>

Explicit formula

ū

u
<latexit sha1_base64="G49kYEMAgxyNI/i9SSrZHr54J+U="></latexit>

qi
<latexit sha1_base64="p3LK17nff5KyxrWM6AikBlpdxJ8="></latexit>

q̄j
<latexit sha1_base64="eIp1vXZgTX/fsOf5GqN57mAiVKk="></latexit>

i, j = (d, s, b)
<latexit sha1_base64="WJg+Z/4mA4dv63o8Wx9N8cdRvac="></latexit>

�i = VciV
⇤
ui

<latexit sha1_base64="mAwsXSr8w5ohCsyqiBOkmpbfXOo="></latexit>

Flavor sum

�d + �s + �b = 0
<latexit sha1_base64="yGcaqV7whz/FYeohB5oPGeh47+E="></latexit>

CKM unitarity
�d = ��s � �b

<latexit sha1_base64="XwUp89KrGyhv6wVA8vdiARaikoI="></latexit>

{
<latexit sha1_base64="Jv3A1RdBTJqbl3mYeFzPLug8dr8="></latexit>

U
<latexit sha1_base64="nPXjUZdvwAMU4yidy3Dg0dVnPYg="></latexit>

: loop function
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c
<latexit sha1_base64="PVTWn0W3cwB2CMGPvhyRqO8aByE="></latexit>

c̄
<latexit sha1_base64="kkhiKmqovyTCEhZ8MB4i6RQYyRg="></latexit>



Structure of higher-dimensional operators

Leading in     

Subleading in

�i
<latexit sha1_base64="fXt3Kg4ZMXyFjV/gGaz3n75qPpk="></latexit>

: color/Dirac structure

Ohl, Ricciardi and Simmons [9301212]

D=6

D=9



D=9 D=12

Higer-dimensional operators with condensates
 Bobrowski, Lenz and Riedl [1002.4794]



Exclusive approaches

⇢n : phase space factor

exclusive sum

data is used to determine y

For PP mode

(CP limit)

D±
<latexit sha1_base64="eTEEZ7MHxh8CRVhzDYSSJwcglic="></latexit>

: CP eigenstate
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Exclusive approaches

Factorization assisted topological (FAT) approach
D ! PP D ! PV

H-Y Jiang, F-S Yu, Q. Qin, H-n. Li and C-D Lu, 2017

below data

D ! V V

imply other two/multi-body final states’ contribution

Topological approach

V V :negligible

(CPV allowed)

H-Y Cheng, C-W Chiang, 2010

two solutions

yPV = (0.152± 0.220)% (S, S1)

yPV = (0.269± 0.253)% (A,A1)

Exp:

Exclusive half-value explainable

y = (0.651+0.063
�0.069)%

<latexit sha1_base64="Iq8m/BYJqnUU9SgZoIS0RYFHwOo="></latexit>
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(x, y) = (0, 0)
<latexit sha1_base64="U724Axsfk5bq3NMc2pZFUWSQ/NQ="></latexit>

is excluded by >>11.5σ

D0 � D̄0
<latexit sha1_base64="9l8pp23X9B8dUS9aSM6t3i8z1sg="></latexit>

mixing: experiment

No signal for CP violation

is arrowed(|q/p|� 1,Arg(q/p)) = (0, 0)
<latexit sha1_base64="fcS6lgzL0PwVzrl2+9ciXZD+wLk="></latexit>



Numerical evalutation of local duality

✔︎ (1) Check whether local duality exists for massive final states.
(2) Check the size of net observables in the presence of

      the GIM cancellation (in progress).

→ The order of magnitude is sensitive to SU(3) breaking.

Motivations

<latexit sha1_base64="52x81qvY/W9uIywFqoFNm7a4JyE="></latexit>

|�d|, |�s| � |�b|
<latexit sha1_base64="i9LCwh8G1ZQBvevUEB8mc8vn34Y="></latexit>

|�u| ⌧ |�c|, |�t|

<latexit sha1_base64="RHbWxkRrLTwGmd4mdwqv3+bcXWU="></latexit>

D0 � D̄0

<latexit sha1_base64="ga9vdpm4XCRl1Z2rmKJbq03DPLM="></latexit>

B0
s � B̄0

s

<latexit sha1_base64="yjRG9csTiC3lAZCBjqWhSGsdyXY="></latexit>

�i = V ⇤
ciVui (i = d, s, b)

<latexit sha1_base64="Cfql/cGf1JsBdbAsh8a5h9bupLo="></latexit>

�j = V ⇤
jsVjb (j = u, c, t)

(Neglect tiny CKM) + (CKM unitarity) 

<latexit sha1_base64="wCS2/yeq4C8nVDyXFm6AuUL5xTc="></latexit>

{
<latexit sha1_base64="WcxP2F7CtuJzWMZna4CoBDH/DNs="></latexit>

�D0

12 / �2
s(�dd + �ss � 2�sd)

<latexit sha1_base64="wCS2/yeq4C8nVDyXFm6AuUL5xTc="></latexit>

{ (vanishes for )d = s
<latexit sha1_base64="2myov9PE9M0+PUrwyy7jVVRQDVM="></latexit>

�
B̄0

s
12 / �2

c�cc

◉  mixing is particularly sensitive to flavor symmetry breaking.D0 − D̄0

◉ What if we calculate                                                                  ?
<latexit sha1_base64="Alf5v2LFVlCB1OjV804hSqkhrmI="></latexit>

�D0

12 |exc / �2
s(�dd + �ss � 2�sd)exc


