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Introduction

@ Charm quark mass: m,. = 1.3 — 1.7 GeV

-- too heavy to apply chiral perturbation theory (ChPT).

theoretically challenging
-- may be too light to apply the 1/m, expansion.

@ Difficulty in D° — D9 mixing

-- Due to cancellation from the GIM mechanism, theoretical precision i1s uncontrollable.

@ In flavor factory experiments, precise data are obtained for charmed mesons.

-- test of QCD / search for new physics



D & DY transition via time evolution
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Methods for D® — DO mixing

Hadronic level analysis

[''D — 7]
[[D — KK

Hard to calculable

—> Data are used

Previous works

Topological approach: Cheng and Chiang [2401.06316]
FAT approach: Jiang, Yu, Qin, Li and L [1705.07335]

Inclusive

Quark-level analysis

(no experimental input)

Operator product expansion (OPE)

— 1/m, & ag series

Previous works

Golowich and Petrov [0506185]
OPE
Bobrowski, Lenz, Riedl and Rohrwild [0904.3971]



Box diagrams A = Veibu
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Box diagrams A = Veibu
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C ibutions
C d u C S d u C S U suppressed via small CKM

Iftm, =my,: Sum o< A?l + ZAdAS + /’lg = () Unitarity of CKM matrix

—T /1d+/15+/49=0

unitarity




Box diagrams A = Veibu
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’ “ mg ( ) for the theoretical side
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(box diagram case)




Box diagrams A = Vel

Theory (@ NLO Experiment (HFLAV)

X — 6 X 10_7G010WichandPetr0V X = (407 i 044) X 10_3
y=6x10"7 """ y = (6.45%32%) x 1073

(all CPV allowed)
m2 —m3 ’ . .
Ifm. #m.,: sum o > = (10~° extreme suppression
’ ‘ mg ( ) for the theoretical side

MS @ m,, scale

(box diagram case)
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' 4 d ¢ 1 1
Box diagrams: 5 ; é 0 arge @ low energy
mz mz 2 C_' CZ ‘a ] 0:3» d quark mass |
s 'td £02
X X ( 2 ) extreme suppression
mc 0.0}, . | ‘

p/GeV

This work: Schwinger-Dyson approach pe - —/\/g >_ ~ po
C CZ U

-1 -1 :
Dyson-Schwinger equation (DSE): ( > > ) — ( ” ) | . é@@@ @i% .
Y o [ SU(3) breaking that takes account of ]

chiral symmetry breaking
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I c l c
Integrate out \
\\

—
B weak boson _/
J u J U
Effective Hamiltonian for AC = 1 processes
Hopr = Z HY sumoveri, j=d, s 0y = (c%y,P,i")(jPy,PLu%)
2,7
N 4G .. . ij — N7
79 = ZEV35(€00 + C,09) 07 = @ aPut) PP
VLA TR DO|T[Her(2)Hegr(0)]|DO > x| = 2|M,|
12 2! 2M,, Ip
off-shell

(in the CP conserving limit)

DSE (this work) or OPE ¢;(my) = —0.35
-5- Cz(mc) =1.13



u d c
DA

CKM

Quark propagator f=d, s

Si(p) = —ivy - pot(p®) + ob(p?)

f g

Parametrizations of Oy, Og

2.5¢

Ivanov, Kalinovsky, Maris and Roberts [9711023] 20!

st

5l (z) = V2D ol(p?), 05(@) =2m;F(2(z +m})) + F(brz) F(bsz) (b + b3 F(ex)) , iy
i(z) == 2D o, (p?) o 2w ml) — 14 e M) b -
oy (z) = 2(w+m2)2 ) 0.05 0.10 050 1

f p [GeV]
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po- U®/ >®OD DO—W >®()— Do Do_{)@< >®(’)__Do

My « A5(S; @ Sa) 2/1d/1s(5d Q) Ss)+ /13 (Ss ® Ss)

Quark propagator f=d, s

. J (2 I (2
S¢(p) = —iv - poy,(p°) + o5(p”)
Parametrizations of af Sf
Ivanov, Kalinovsky, Maris and Roberts [9711023] 23
5l (z) = V2D ol(p?), 05(@) =2m;F(2(z +m})) + F(brz) F(bsz) (b + b3 F(ex)) , (1)?5):
5‘f/(:r) =2D a{;(pz) o (z) = 2z +m7) -1+ e~ 2Aatmy) 0:0_‘ | - ‘
Vv - 2(m _'_m%)z J 0.05 0.10 p;).Gse(i/] 1 5
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I st diagram 2nd diagram

+ (crossed diagram)

u c
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1 st diagram

+ (crossed diagram)

- (o e

!

—_—

MG « < DO|[e()u()]ly-al0 >< 0[[2(0)u(0)]y—a|DO >

< O|c_yuy5u|m >=ifppy

2nd diagram

+ (crossed diagram)
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u(x)~u(0)
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1 st diagram

+ (crossed diagram)
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C3

M1(;St) o« fp <_ + 2C,C; + Nccf)

Nc

2nd diagram

+ (crossed diagram)
C

__DO

g

ME™ o < DOI[E(x)u(0)]y—4l0 >< O|[(0)u(x)]y—a|DO >

u(x)~u(0)



Numerical result

This work _ -3
s worke x| = 1.7 x 10 DSE
Golowich and Petrov _ -7
[0506185] x =6Xx10 OPE

Meli¢, Dulibi¢ and Petrov XNLC — 77 % 10—6

[2410.14382] Non-local condensate

241118659 x = (4.07 + 0.44) x 1073|  Experiment

x589 =1 x 1076

Separate results

|x(2nd)| = 1.67 x 10~3 (dominant)
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Summary

® We studied D° — DO mixing in the Schwinger-Dyson approach.

@ The order of magnitude for the mass difference 1s improved,

compared with the OPE-based approaches.

@® The preliminary result is based on the approximation, u(x) — u(0).

Future direction: we aim to include the x-dependence
and update the numerical result.



Backup slides



Input values

S¢(p) = —ip - yo, (0?) + ol (p?)

51 (x) := V2D ol(p?), o4(x) = 2myF (_2(233 +my)) ii (ijv)F (bsz) (b + bLF (ex)) |
ov(@) := 2D oy (p*) @) = 2 +n;f() _+1—+z>ez -,
i mf
z = p2/(2D); m; = m;/v/2D: Fly) =2 ‘ye_y

My by bl by bl
D o0160Gey2  w: 0.00897 0.131 2.90 0.603 0.185
s: 0.224 0.105 2.90 0.740 0.185

Ivanov, Kalinovsky, Maris and Roberts [9711023]




Accidental cancellation for Cq, G5

2

MED o f2 ( +2C,C, + N Cl)

2
M2 o 22 (CZZ +- GG+ Cf)
Cc

C3 2
<FC+ 2C,C, + NCC1> = 0.002 Ci(m;) = —0.35

2(¢? +Nicclc2 +C7) =22 C,(m,) = 1.13
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