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Outline 2
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® Motivation
® Theory Framework
® Lattice QCD Calculation

® Summary




Why heavy meson LCDAs 3
-
»Weak decays of heavy mesons play a crucial role in

« Precise tests of Standard Model FE2K(B)

00 1
— I II + (a)
« Searching for New Physics = Gi(E)¢alE) +L dwjo duT; (E, w,u) ¢p(w) g (W)

Gao, Lu, Shen, Wang, Wei, PRD 101 (2020) 074035
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Why LQCD 4

-]
> the uncertainty originating from model selection play an important role:

Gao, Lu, Shen, Wang, Wei, PRD 107 (2020) 074035
Cui, Huang, Shen, Wang, JHEP 03 (2023) 140
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Gao, Lu, Shen, Wang, Wei, PRD 101 (2020) 074035




Sequential effective theory 5
|

» LCDAs contribute to the exclusive decays:

1 dt .
" (w,p) =— j 5 e_lwtn+'v<0|c_l(tn+) nhiys W (tng,0) hv(o)lHQ (V)>
lfHQ My Ny - VJ 2T

> Direct calculation of HQET LCDAs faces the following issues:

® Light-like correlators ® Cusp divergence

Braun, lvanov, Korchemsky, PRD69, 034014 (2004)

Direct calculation x OPE x




Sequential effective theory ——HQLaMET 6

Quasi-DA QCD LCDA HQET LCDA
Equal-time correlators Light-like correlators Light-like correlators
with QCD fields with HQET fields

LaMET: bHQET:

« Scales: Agcp, my, P?
- AQCD,mQ K PZ ¢ AQCD K mQ

« LQCD calculable
 Integrate out P* * Integrate out m,

Liu, Wang, Xu, QAZ, Zhao, PRD 99, 094036 (2019) Hierarc hy Ishag, Jia, Xiong, Yang, PRL125, 132001 (2020)

Zhao, PRD 101, 071503 (2020)

Han, QAZ etal, PRD111, 034503, (2025) VA
AQC D < mQ <P Beneke, Finauri, Vos, Weij, JHEP 09, 066 (2023)




Lattice setup 7
- .22 2 2

« continuum extrapolation.
* infinite momentum extrapolation.

- physical mass extrapolation.

Nefg X NMmeas
Ensemble  a (fm) L*xT mx (MeV) mp (MeV) ¢
LaMET OPE moment {¢)  OPE moment (£2)
C24P29 243 x 72 292.7(1.2)  1885.7(3.6) — 440 x 16
0.1053 o0 x 16
C48P14 48% x 96 135.5(1.6)  1864.8(3.2) — 304 x 48
P3PR0 32 x 96 303.2(1.3)  1887.9(1.3) 900 x 102 50 x 16 231 x 16
0775

F32P21 323 x 64 210.9(2.2)  1869.3(3.1) 459 x 128 — —
G36P29 0.0683  36° x 108  295.1(1.2)  1873.1(1.0) 656 x 86 50 x 16 117 x 16
HA8P32  0.0519 483 x 144  317.2(0.9)  1882.4(0.8) 550 x 108 50 x 16 111 x 16




Data processing workflow 8

Bare matrix element J§ Renormalization A extrapolation Fourier transformation

s U S @

0.0
E’: 2=031fm ST $ a=0052fm  § a=0077fm
ooy P?=2.99 GeV 3 o ¢ a=0068 fm : :
9) a=0.052 fm 25 T explg(z)—myz] f F32P21 4=0.077fm a & [ . « P'=25GeV
= -02 t - e (WLO*LRR)<RGR ¥ G36P29 a=0.068 fm L - =° @ o P =3.0GeV
' N W‘W ~~ { \
5 > $ F§2P30 a=0.077 fm 4 H48P32 a=0.052fm & % ¥ ‘A, / W P =35GeV
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S 0.3 O k—ﬁ\:‘&jkﬁ! ‘S Eh Ly [
& pi 1.5 &/« N\ oy -1t [3m) |
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~04 N \ _ 4 = ’
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0.2 \N: % \ % 1t R ? i
= s ". S | &7 S
& 0.5 ‘ll 2 & & -
s " ". "o % 27 %, =~
& . L . R, o a% T
= I—_ 0.0 0.3 0.6 0.9 < Yoy - .
= 0.0 = 0.5 0.0 .
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—02 1 1 1 1 1
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Matching from Quasi-DA to QCD LCDA 9

> Matching from quasi-DA to QCD LCDA: 2f 7
i Bl 4(x.P =3.5GeV) |
dx y U (v, u=mp)
— | == Z £ z
f,w jlxl C(x,xpz)f(x,P )

L0 Ajep Ajcp Mf; Lp

(yP#)?’ ((1- y)PZ)2 "(P%)? '
Liu, Wang, Xu, QAZ, Zhao, PRD 99, 094036 (2019) i |

Han, QAZ etal, PRD111, 034503, (2025)

0 T
| 0 1 2

Quasi-DA and QCD LCDA on H48P32




QCD LCDA of D meson from LaMET 10

N
> Full distribution of D meson QCD LCDA from LaMET after

Continuum, infinite-momentum and physical mass extrapolation:

z hys 1
W T | 8(z, 10, P*,my) = $(@, u; mi™) [1 + c1(z)a’]
a=0.077 fm, P'=25 GeV, m,;=300.4 MeV

a=0.077 fm, P*=2.5 GeV, m,=210.3 MeV |
. 2 physy 2
a=0.068 fin, P =2.5 GeV, m,=297.2 MeV - X |1+ c3(x)(msi — (mP"*)*)
a=0.052 fm, P"=2.5 GeV, m_=316.6 MeV |
a=0.052 fm, P*=3.0 GeV, m,=316.6 MeV |
a=0.052 fm, P"=3.5 GeV, m,=316.6 MeV

1+

® Peak region: y~0(Agcp/mpy)
® Tail region: y~0(1)

® End-point region: YP* < Agep

80 05 10 2 2 2
AGep AGep M
<(yPZ)2 (a-y)p?)” (PZ)2>




LaMET vs. Lattice OPE for QCD LCDA 11

® The moments of the D-meson LCDA can be calculated directly using the OPE method.

® Only the lowest moments can be accessed.

® The power correction 0(m%/(P??%) can be benchmarked by the OPE moments.

LaMET OPE

Output  z-dependent partonic distributions of LCDAs A finite set of moments of LCDAs

Pros 1) Direct access to the full z-dependence of 1) No requirement for large hadron momentum
partonic distributions 2) Precise determination of lowest-order moments
2) Direct comparison with global fits and 3) QCD sum-rule constraints for consistency
phenomenology checks

Cons 1) Requirement for large hadron momentum P 1)Difficulties with higher moments (larger noise,
2) Difficulties with discretization effects, operator mixing, complex renormalization)
signal-to-noise degradation, and excited-state 2) Inability to directly determine full partonic

contamination distributions




Moments calculation from OPE 12
e

> Moments from local operators: | . - - —
0.2t :
R S T S S
q(zoan)ysWe(zan, 21m) ¢'(z1n) - |
0.07 a, from lattice OPE
00 Z%Z% bl a0 a, from lattice OPE |
= Z 21l PRkt M e T f I a from LaMET
k=0 —0.27 I a, from LaMET
(k,l) B «— «— — — , |
Mpul---uk+z = qO) D, - -Dpy Dy s - - Do 1 v5¢ ). _0'4._ % % % i %
24 6 8
> Gegenbauer moments from LaMET: N
N LaMET OPE
¢z, p?) = 6zl —2)|1+ Y an(y? Cy2Q2z 1), ab®MET = _0.450(38)  afPF = —0.434(17)
n=1

al*MET = (0,146(33) a9PE = 0.183(73)

0(m?%/(P?)?) is under control.




Analysis of systematic errors 13
-

> Sources of systematic error: W sys :z, uncertainty
0.3 I sys : A extrapolation
. . . B sys : LaMET scale
v Hybrld renormallzatlon B sys : other extrapolations
02t 0 total systematic error

total error

v Lambda extrapolation <
2

v LaMET scale

v Extrapolation

0.0 0.5 1.0




Prediction for HQET LCDA 14

* Leading twist HQET LCDA: Lee, Neubert, et al. PRD 72 (2005) 094028 QCD LCDA, nonperturbative
( 2
ﬁ[l—aiﬁ:l’ (%lnz_n%—l—%ln—w%-'—%ln'n%‘l_%—l_él)‘I—O(ag) WNAQCD
ot (w, p) =
as;Cr w A w
e (o) v 2 (om)] ro @), o~

Beneke, Finauri, Vos, Wei, JHEP 09, 066 (2023)

Prediction for HQET LCDA from first-principle:

1.2 - - ' - ' - - - '
I [ Pert. T
_ LQCD Lattice
. 0.8r
2 i
=
+-.“_:3= |
0.4r
' QCD
L
0 1 T2

14




Prediction for HQET LCDA 15

-2 |
« Rebuild the full distribution of the HQET LCDA from a model-independent parametrization:

Feldmann, Lughausen, Dyk, JHEP10, 162 (2020)

K
o () = 2N )y (20
’ w? 1+k 7% \wg
0 k=0

1.2 ——
- mm ret. | @ Agree well with the data.

k=2 | @ Excellent consistency is observed

0.8
| across different orders.
® With full distributions, further

phenomenological discussions

¢ (up)

0.4F

o 1 can be preformed.
w (GeV)




Inverse and inverse-logarithmic moments 16

HQET LCDA: Reference (Method) g (GeV) o o2
mp This work 0.423(28)  2.041(62)  5.50(26)
Ref. [39] (LQCD) 0.420(71)  2.17(16)  6.33(80)

1 GeV  This work 0.340(20)  1.685(63) -

Ref. [39] (LQCD) 0.376(63)  1.66(13) -

Ref. [19] (Experiment) > (0.24 — -

Ref. [13] (QCD sum rule) 0.34370 009 1.4(4) =

Ref. [23] (QCD sum rule) 0.46(11) 1.4(4) -

Ref. [21] (QCD sum rule) 0.383(153) ~ -

Ref. [22] (OPE) 0.48(11) 1.6(2) -

Ref. [18] (Asymptotic behavior)  0.35(15) - -

Ref. [83] (Global Fit) 0.338(68) ~ -

» Predictions of inverse and inverse-logarithmic moments from the full distribution of

Leading power!

PRD111 (2025), 034503

PRD98 (2018), 112016

PRD101 (2020), 074035

PRD69 (2004), 034014
JHEP10 (2020), 043

PRD72 (2005), 094028

PRD55 (1997), 272290
PLB848 (2024), 138345




B —» K* Form Factors in LCSR 17
0.6-; \ ® In PRD101(2020), 074035: ( )
0.4 ~_ V(0) = 0.359%5 085
02 0 \ A(0) = 0.129+0:035

| | | | T»3(0) = 0.116*3935
o.zo-; ® With our result A5: (purple band)
0.]5_5 \ V(0) = 0.362418:8%3 Leading power!
S S A(0) = 0.131%4338
e T»3(0) = 0.119%3.308

/13 (GGV)

We thank Yu-Ming Wang for his code to calculate the B — V form factors in LCSRs @
PRD 101 (2020) 074035




Summary and Outlook 18

® Heavy-meson HQET LCDAs are essential nonperturbative inputs for precision studies
of exclusive weak B-meson decays, but have long suffered from model dependence.

® We provide a precision lattice QCD determination of the heavy-meson HQET LCDA
within HQLaMET:

« Continuum limit
 Infinite momentum limit
« Physical mass

« Systematic uncertainties

® We are also collaborating with Wei to estimate power corrections, aiming to obtain
more precise results.

Thanks for your attention!
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Bare matrix elements 20
e

« Nonlocal 2-point correlation function:
CQ(Z, Pz,t) = Z e_ipzmg <"}’5G3;(£E3,t, 0)75Fsink = T
" I z=031fm
23 S-01 P? =2.99 GeV
x We(z3, ® + z)I‘sowceGQ(:c3 + z,t,0)) S a = 0,052 fm
"""""""""""""" ':-:—0.2 r
10§ 5 °“ i G S S N
. . . e . - HYPstep=1 o —03 }
+ Beside high statistics, HYP smearing | > |
is used to improve the signal. B a7 F 5 -
w00 F g R T3 0.2 —
. ~ o5 | el f
- Bare matrix elements M2 (z, P?): ! <
Ao b < 00} S i e
Co(z, P?,t) _ MB(Z Pz)e_EUt 02 04 Z[ﬁg.]s 08 1 i _ |
C>(0, P7,t) ’ g -0.1
Nstat_]- :_Oq‘,,,,HH,H‘,,H,,,,,‘,,,HJ_'
x Z Ane—(En—Eo)t _ - 02 04 f([)r;r(:]] 0.8 | 12
n=0




Hybrid renormalization 21

> M5B (z,P?) contains both linear and logarithmic divergences, 5 , ,
™Izl Jinear divergence

can be multiplicatively renormalized. 7T
Lo\
[ [ [ ] '
> Hybrid renormalization scheme: A
~ M©(z,P%1/a M©(z,P% 1/a o di
%Gz, Py = e 2Ty LT D g | log divergencd

M©(z,P%;1/a) Zg(z,1/a) Z(a)

« Short distance (perturbative region):

01Dy 75 W, (2, 00Q(O)H(PD) o< P =  Phe=0.5GeV

« Long distance (nonperturbative region):

Kz +moz + f(2)a® + SCr Inf1/(aAqe))
aln|aAqgcp] by In [:“/AQCD]

Zp(z,1/a) = exp{




Hybrid renormalization

Short distance:

results

Long distance:

Zp(z,1/a) = exp{

aln [aAQCD]

3Cy . |In|1/(afqcp)]
n —
bo | In [u/ANS|

Fit results: (x?/d.o.f = 0.42)

Lattice agree well with perturbation

+ mgz + f(2)a?

+ In

22
e
> Self renormalization scheme: | | |

2.5 exlvl[g(z)—nlaoz] i f32P21 ‘a=0.07l7 fm -
meo (NLO+LRR)<RGR ¥ G36P29 a=0.068 fm |
0 —
S b F3P30 a=0077fm  © [48P32 =002 fm
[
O - _
=Ry
2 15' ,MJK \‘ @ @ @
P \
N - \ @ @
| L7 \
12 lll é
0.5" ||
00 . 03 0.6 0.9
P42 ). Z (tm)
ln [aAQCD]

k = 1.03(36), Aqcp = 0.05(11)GeV,
my = 0.13(15)GeV, d = 0.9(1.2)




Renormalized matrix elements 23
+00
« a-dependence, P? = 2.5GeV Quasi-DA:  &(x, P?) = f ;l_z e~iXP*Z IR (7 pZ).
~ _ C1 1 Co _A/2 —o 4T

hextra()[) = [(—i,l)m + el (i/l)nZI e 0, |
’; IE@ | $ 4 0.052 fin ¥ 40077 fm - "N P°=25GeV
3 . b a=0.068 fin P =3.0 GeV
P - o Py " P =3.5GeV
'y 0 i J° W@E 5-%“
< % 1L
Q’:E %@g f 1
& 1 W

J <
= o
> . [ \\
©) & S
2 & %@g - 5 / \\&“'“‘x____:__ )
Nl O %@ @sz %ﬁ?’ 0 — ——
< Yy L | - o
B 0.5 0.0 0.5 1.0 15
E-IT , | | ¥

5 10 15
A

A brute-force truncation at large A will lead to strong oscillation after FT.




Matching from Quasi-DA to QCD LCDA 24

» Matching from quasi-DA to QCD LCDA:

x’ xPZ%

fw = mC

L0 Adep Adep Mj;
(ypz)z ’ ((1 _ y)PZ)Z ’ (pz)z

Liu, Wang, Xu, QAZ, Zhao, PRD 99, 094036 (2019)
Han, QAZ etal, PRD111, 034503, (2025)

dC™'(x,y,P*, 1)
dln u?

(2, e

ERBL
615(}’, ZyPZ) — ¢(y; mD)

) |
—— [ asviEy el c g Pr |
0

2 - r : 2 . - =
. I ¢(x,P’=3.5GeV) |
(v, u=mp)
| \
1 L
/ \
-1 0 1 2

Quasi-DA and QCD LCDA on H48P32




Moments calculation from OPE

» Moments from local operators:

q(zan)pysWelzan, z1n) q'(z1m)
o0 k_l

_ 271 po k41 p 4(k,D
= 211 nPnHi. . .n MPN1---Nk+l+
k,[=0
D = — - — ,
MPM’I- < MR+ - q(O)D(Ml' : 'DMle-tk+1' : 'DMk—l—l’YP)’YE)q (O)

» Definition of operator

P(z) = ¥y (z)ys5¢2 ()

_ =
Ou(@) = ¥1(2)y,T[Dy) — DyJtpa(x)

» Mellin moment
i <~ 1 Coup(t) 4E  Co,p(t)
=3

_ — R-. =
] (5) 1,b 3E2+ﬁ2 CA4P(t)

?

—0.100

G36P29 Firstmoment PS renormalized

—0.125

—0.150 A

—0.175 4

—0.200 A

—0.225 ~

—0.250 A

—0.275 ~

...'lni'lﬁﬁtt*'*#++{

¢

R{ , P=000

—0.300

— weight
0.5 — Q
0.0 , -

(€

5

T
10 15

a, = —0.434(17)

a, = 0.183(73)

T
20

T
25

25




LaMET vs. Lattice OPE 26

» Gegenbauer moments from LaMET:
- 0.2 % %
¢z, pd = 6z(1l—D|1+ > an(pd Cy*Qx —1)|, | % % % % %
n=1 0.0t a, from lattice OPE 1
: a, from lattice OPE
Fitting from data excluding the end-point region: . I a from LaMET
—0.2_- I a, from LaMET
n a, a, as ay _
_0.4_ |
2 -0451(39) 0.144(34) | I o
2 4 6 8
4  -0.447(43) 0.142(44) 0.006(38) 0.003(23) N
LaMET OPE
6 -0.438(45) 0.125(48) 0.028(46) -0.025(37) a%aMET — —0450(38) a10PE — _0434(17)
as™ET = 0.146(33)  a9PF = 0.183(73)
8  -0433(52) 0.128(66) 0.033(53) -0.021(64) 2 o
O(mg/(P%)#) is under control.
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   𝜆 B ,    𝜎 1 :


   𝜑 ± :


   F i  B →  K ∗  ( E ) =  C i I  ( E )    𝜉 a  ( E ) +   ∫ 0 ∞ d 𝜔   ∫ 0 1 d u    T i II  ( E , 𝜔 , u )    𝜑 B +  ( 𝜔 )    𝜙   K ∗   ( a )  ( u )


   𝜆 B ,    𝜎 1 :


   𝜑 ± :


   𝜑 +  ( 𝜔 , 𝜇 ) =  1  i      f ˜   H Q    m   H Q    n + ⋅ v  ∫    d t  2 𝜋    e  − i 𝜔 t    n + ⋅ v  ⟨ 0  |  q -  ( t  n + )      n ̸ +  𝛾 5    W c  ( t  n + , 0 )    h v  ( 0 ) |  H Q  ( v ) ⟩


   𝚲  𝐐 𝐂 𝐃


   𝒎 𝑸


   𝑷 𝒛


   𝚲  𝐐 𝐂 𝐃 ,    𝒎 𝑸 ≪  𝑷 𝒛


   𝑷 𝒛


   𝚲  𝐐 𝐂 𝐃 ≪  𝒎 𝑸


   𝒎 𝑸


   Λ  Q C D ≪  m Q ≪  P z


     f  ( y , 𝜇 )  =  ∫    d x   | x |   C  (  y x ,  𝜇  x  P z )  f ˜  ( x ,  P z , 𝜇 )      + 𝒪  (    Λ QCD 2     ( y  P z ) 2 ,    Λ QCD 2     (  ( 1 − y )  P z ) 2 ,    M H 2     (  P z ) 2 )


  y ~ O (  Λ  Q C D /  m H )


  y ~ O ( 1 )


  y  P z ≤  Λ  Q C D


  𝒪  (    Λ QCD 2     ( y  P z ) 2 ,    Λ QCD 2     (  ( 1 − y )  P z ) 2 ,    M 2     (  P z ) 2 )


  𝚶 (  𝒎 𝑫 𝟐 /    (  𝑷 𝒛 ) 𝟐 )


   a 1  L a M E T = − 0 . 450  ( 38 )


   a 2  L a M E T = 0 . 146 ( 33 )


   a 1  O P E = − 0 . 434 ( 17 )


   a 2  O P E = 0 . 183 ( 73 )


  𝚶 (  𝒎 𝑫 𝟐 /    (  𝑷 𝒛 ) 𝟐 )


   𝜑 +  ( 𝜔 , 𝜇 ) =   𝜔  e  − 𝜔 /  𝜔 0   𝜔 0 2   ∑  k = 0 K     a k  ( 𝜇 )  1 + k    L k   ( 1 )  (   2 𝜔   𝜔 0 )


  𝑩 →  𝑲 ∗


  V  ( 0 ) =   0 . 359  − 0 . 085  + 0 . 141  


  A  ( 0 ) =   0 . 129  − 0 . 021  + 0 . 035


   T 23  ( 0 ) =   0 . 116  − 0 . 022  + 0 . 036


   𝜆 B


  V  ( 0 ) =   0 . 362  − 0 . 029  + 0 . 034  


  A  ( 0 ) =   0 . 131  − 0 . 008  + 0 . 008


   T 23  ( 0 ) =   0 . 119  − 0 . 008  + 0 . 008


     M ~ B ( z ,  P z )


     M ~ B ( z ,  P z )


     M ~ R  ( z ,  P z ) =      M ~   ( 0 )  ( z ,  P z , 1 / a )     M ~   ( 0 )  ( z ,  P ref z , 1 / a ) 𝜃  (  z s −  | z | ) +      M ~   ( 0 )  ( z ,  P z , 1 / a )   Z R  ( z , 1 / a ) 𝜃  (  | z | −  z s )


   ⟨ 0  |  q -  ( z )  𝛾 z  𝛾 5  W c  ( z , 0 ) Q  ( 0 ) | H  (  P z ) ⟩ ∝  P z   ⇒    P ref z = 0 . 5   GeV


   Z R  ( z , 1 / a ) =  exp ⁡   {   k z  a  ln ⁡   [ a  Λ QCD ] +  m 0 z + f  ( z )  a 2 +   3  C F   b 0  ln ⁡   [    ln ⁡   [ 1 /  ( a  Λ QCD ) ]   ln ⁡   [ 𝜇 /  Λ QCD   MS ¯ ] ] +  ln ⁡   [ 1 +  d   ln ⁡   [ a  Λ QCD ] ] }


  k = 1 . 03 ( 36 )


   Λ QCD = 0 . 05 ( 11 )


   m 0 = 0 . 13 ( 15 )


  d = 0 . 9 ( 1 . 2 )


   𝜒 2 / d . o . f = 0 . 42


      Z R  ( z , 1 / a )  =  exp ⁡ {   k z  a  ln ⁡ ​  [ a  Λ QCD ] +  m 0 z + f  ( z )  a 2        +   3  C F   b 0  ln ⁡   [    ln ⁡ ​  [ 1 /  ( a  Λ QCD ) ]   ln ⁡ ​  [ 𝜇 /  Λ QCD   MS ¯ ] ] +  ln ⁡   [ 1 +  d   ln ⁡ ​  [ a  Λ QCD ] ] } .


   P z  


   𝜙 ˜  ( x ,  P z ) =   ∫  − ∞  + ∞    d z  2 𝜋    e  − i x  P z z      M ˜ R  ( z ,  P z ) .


     h ˜ extra  ( 𝜆 ) =  [    c 1     ( − i 𝜆 )   n 1 +  e  i 𝜆    c 2     ( i 𝜆 )   n 2 ]  e  − 𝜆 /  𝜆 0 .


     f  ( y , 𝜇 )  =  ∫    d x   | x |   C  (  y x ,  𝜇  x  P z )  f ˜  ( x ,  P z , 𝜇 )      + 𝒪  (    Λ QCD 2     ( y  P z ) 2 ,    Λ QCD 2     (  ( 1 − y )  P z ) 2 ,    M H 2     (  P z ) 2 )


  𝜙  ( y , 2 y  P z )  →   ERBL 𝜙  ( y ,    m D )


    d  C  − 1  ( x , y ,  P z , 𝜇 )  d    ln ⁡ 𝜇 2 = −   ∫ 0 1 d 𝜉   V  [ 𝜉 , y ,  𝛼 s  ( 𝜇 ) ]    C  − 1  ( x , 𝜉 ,  P z , 𝜇 )


   a 1 = − 0 . 434 ( 17 )


   a 2 = 0 . 183 ( 73 )


  n


   a 1


   a 2


   a 3


   a 4


   a 1  L a M E T = − 0 . 450  ( 38 )


   a 2  L a M E T = 0 . 146 ( 33 )


   a 1  O P E = − 0 . 434 ( 17 )


   a 2  O P E = 0 . 183 ( 73 )


  𝚶 (  𝒎 𝑫 𝟐 /    (  𝑷 𝒛 ) 𝟐 )

