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1. Background

pQCD
Helicity 

Conservation

leading Longitudinal polarization 
dominant for 𝐷0 → 𝑉𝑉

For an exclusive decay, the longitudinal polarization fraction is defined as 𝑓𝐿 ≡
𝐵𝑅𝑙𝑜𝑛𝑔𝑖

𝐵𝑅𝑙𝑜𝑛𝑔𝑖+𝐵𝑅𝑡𝑟𝑎𝑛𝑠
.

The longitudinal polarization dominance (LPD) means 𝑓𝐿 ≃ 1.

◼ In the beauty sector, naïve power counting predicts that 𝐵 → 𝑉𝑉 (𝑉 = 𝜙, 𝐾∗, 𝜌, 𝜔) decays are 
LPD since the helicity-flip transition is suppressed at the order of Λ𝑄𝐶𝐷/𝑚𝑏.

Brodsky et.al., Phys. Rev. D, 24 :2848, 1981.
Chernyak et al., Nucl. Phys. B, 201:492, 1982.

In most cases, the exp. measurements support the LPD phenomenon, e.g. 𝐵0 → 𝜌+𝜌−, 𝐵+ → 𝜌0𝜌+, 𝜌0𝐾∗+. 
But tensions exit in 𝐵 → 𝜙𝐾∗.

Bernard Aubert et al., PRL91,171802 (2003).

K. F. Chen et al., PRL91, 201801 (2003).
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◼ In the charm sector, the situation is more complicated.

 Apparent deviations of the LPD are observed in experiment, such as 𝑓𝐿 = (0.00 ± 0.10 ± 0.08)

for 𝐷0 → 𝜙𝜔; 𝑓𝐿 = 71 ± 4 ± 2 % for 𝐷0 → 𝜌0𝜌0; transverse polarization dominance for 𝐷0 →
ഥ𝐾∗0𝜌0.

A. N. Kamal et al., PRD43, 843 (1991)
Ian Hinchlie and Thomas A. Kaeding, PRD54, 914 (1996)
Paulo F. Bedaque et al., PRD49, 269 (1994)
Manfred Bauer, B. Stech, and M. Wirbel, Z. Phys. C34, 103 (1987)
Hai-Yang Cheng and Cheng-Wei Chiang, PRD81, 114020 (2010)
Hua-Yu Jiang, Fu-Sheng Yu, Qin Qin, Hsiang-nan Li, and Cai-Dian Lyu, Chin. Phys. C42, 063101 (2018)

 The naïve factorization model and the Lorentz invariant-based symmetry model indeed predict 
that the longitudinal polarization faction may not be dominant in 𝐷 → 𝑉𝑉.

BES-III Collaboration, Phys. Rev. Lett., 128(1):011803, 2022 .
FOCUS Collaboration, Phys. Rev. D, 75:052003, 2007.
MARK-III Collaboration, Phys. Rev. D, 45:2196–2211, 1992.

Non-perturbative mechanism may become essentially important. But how to quantify it? 
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𝑫𝟎

𝑲∗+

𝑲∗−

Direct emission

𝑫𝟎

𝑲∗+

𝑲∗−

Direct emission

𝑫𝟎

𝝎/𝝆𝟎

𝝓

Color suppressed

Internal conversion

At the leading order, one would 
expect 𝐵𝑟 𝐷0 → 𝜙𝜌0 ≃ 𝐵𝑟(𝐷0 → 𝜙𝜔).

𝑢ത𝑢 =
1

2
𝑢ത𝑢 + 𝑑 ҧ𝑑 +

1

2
𝑢ത𝑢 − 𝑑 ҧ𝑑 =

1

2
𝜔 + 𝜌0

Significant differences arise from the experimental measurements:

(I) Negligibly small longitudinal polarization with the 𝜙𝜔 channel:

𝑓𝐿 = 0.00 ± 0.10 ± 0.08

which corresponds to 𝑓𝐿 < 0.24 at 95% C.L.

(II) Dominance of the S-wave in 𝐷0 → 𝜙𝜌0 suggests relatively large 𝑓𝐿.

(III) Difference in b.r.s:

𝐵𝑟𝑒𝑥𝑝 𝐷0 → 𝜙𝜌0 = 1.56 ± 0.13 × 10−3

𝐵𝑟𝑒𝑥𝑝 𝐷0 → 𝜙𝜔 ≃ 0.65 ± 0.10 × 10−3

There must be mechanisms beyond the leading tree-level transitions.

BES-III Collaboration, Phys. Rev. Lett., 128(1):011803 (2022)
P. d’Argent et al., JHEP, 05:143 (2007)

short-distance transitions:
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Amplitudes for 𝐷0 → 𝑉𝑉 via the short-distance dynamics.
• Notice that the 𝐾∗+𝐾∗− channel has large b.r. 

due to the direct emission process.

• 2𝑚𝐾∗ ∼ 𝑚𝜙 +𝑚𝜌 ∼ 𝑚𝜙 +𝑚𝜔

• Long distance transition mechanism due to the 

𝐾∗ ഥ𝐾∗ final-state interactions (FSIs) should be 

considered:

• Moreover, FSIs involving other intermediate 

meson rescatterings can also contribute. A 

systematic treatment is required.

𝑲∗+

𝑲∗−

𝝓

𝝎/𝝆𝟎

𝑫𝟎



7

2. Tree-level short-distance transitions vs.
long-distance final state interactions 

• Taking 𝐷0 → 𝜙𝜌0/𝜙𝜔 as an example, the tree-level amplitude reads:

• The amplitude due to the intermediate 𝐾∗+𝐾∗− rescatterings can be written as:

Different strange particle exchanges 
in 𝐾∗+𝐾∗− → 𝜙𝜌0/𝜙𝜔.

“P” can be either “PC” or “PV” 
for parity-conserving or parity-
violating amplitudes.

𝑫𝟎

𝝎/𝝆𝟎

𝝓

𝑲∗+
𝝓

𝝎/𝝆𝟎

𝑫𝟎

𝑲∗−
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For instance, the loop amplitude for the kaon exchange can be expressed as

with the vertex couplings:

and the propagators for the vector and pseudoscalar mesons: 

Long-distance amplitudes via the FSIs

A form factor is introduced to cut 
off the UV divergence:

with Λ𝑖 ≡ 𝑚𝑖 + 𝛼Λ𝑄𝐶𝐷, and Λ𝑄𝐶𝐷 =
220 MeV, and 𝛼 ≃ 1 ∼ 2.



9

3. Numerical results and discussions 
in unit of (× 10−3)

➢ The FSIs via 𝑉𝑉(𝐷𝐸) → 𝑉𝑉(𝐶𝑆) seems to be a natural explanation for the mysterious issues in 𝐷0 → 𝑉𝑉, 
including the polarization puzzles.

➢ FSIs of the leading DE transitions can rescatter into the CS processes and produce significant interfering 
effects. 

➢ The significant differences between the 𝜙𝜌0 and 𝜙𝜔 decay channels can be understood.
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4. Extension:  𝑫𝟎 → 𝑽𝜸

◼ The radiative weak decay 𝐷0 → 𝑉𝛾 (𝑉 = ഥ𝐾∗0, 𝜙, 𝜌0, 𝜔) can be related with the color-
suppressed process in 𝐷0 → 𝑉𝑉.

◼ The present experimental measurements of 𝐷0 → 𝑉𝛾.

(BaBar, Belle and CLEO Collaboration)

◼ The previous work 𝐷0 → 𝑉𝑉 suggests the weak decay mechanism and implies the 
importance of FSIs via rescatterings.

For 𝐵 meson weak radiative decay: 

the amplitude is dominated by the free quark decay, e.g.  𝑏 → 𝑠𝛾.

But this picture cannot be justified for 𝐷 → 𝑉𝛾.

◼ The charm quark production and decay has been an ideal place for probing the non-pQCD effects
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Formalism: CS-processes

The internal 𝑊-emission  process 𝑐 → 𝑞1 ത𝑞2𝑞, followed by ത𝑞2𝑞 → 𝛾 (or ത𝑞1𝑢 → 𝛾)

Bauer et al., Rev. Mod. Phys. 50 (1978), 261.

The vector meson 
dominance (VMD) model

1. The photon interacts with hadrons by coupling via the 

vector mesons (𝜙, 𝜌0, 𝜔 saturation).

2. The decay constant 𝑓𝑉 can be determined by 𝑉 → 𝑒+𝑒− 

using the experimental data.

3. 𝑔
𝐷𝑉𝑉′
(𝑃)

 can be extracted from the CS transition in 𝐷0 → 𝑉𝑉.

where
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Formalism: pole terms

The internal conversion process cത𝑢 → 𝑞1 ത𝑞2 with a 

photon attached to any of the four quark lines.

Type-I Type-II

All possible spin-one (𝐽𝑃 = 1±) and spin-zero (𝐽𝑃 = 0±) 

intermediate virtual particles can contribute.

only consider the PC
contributions

⚫ 𝑔𝐷𝐷∗ 1− 𝑉 can be extracted by the heavy quark effective theory.

⚫ 𝑔𝑉𝑉𝑃(0−) can be extracted by fitting the 𝑉 → 𝑃𝛾(𝑃 → 𝑉𝛾) channels using the VMD model.

⚫ We know little about the property of the 𝐷0 couplings to the axial-vector meson 𝐷1(1
+) and a neutral vector meson.

⚫ we also lack the coupling information for the intermediate scalar meson (0+) transits into the vector meson pair.
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Formalism: loop amplitudes

Taking the 𝐾∗+𝐾− coupling to the photon 𝛾 as an example, the 

photon can couple to the intermediate 𝜌0, 𝜔, and 𝜙 meson:

The expressions and numerical calculations of these loop amplitudes are the same as the above.

◆ The transition amplitudes of the two 
types of pole terms have opposite signs 
and will cancel with each other.

◆ We see that the cancellation has led to 
rather small effects on the b.r.s as shown 
in Tab. VII.

◆ We argue that the PV part of pole terms  
have the similar behaviors.



14

Numerical results and discussions 
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Branching ratios 
containing both 
tree and loop 
contributions.

➢ Our results for 𝐷0 → 𝜙𝛾 and 𝜌0𝛾 with 𝛼 = 1.3 ± 0.13 can best describe the 
experimental data from Belle [5] Collaboration.

➢ The calculated b.r. for 𝐷0 → ഥ𝐾∗0𝛾 is consistent with the averaged value of the BaBar [4] 
and Belle [5] measurements.

➢ The b.r. for 𝐷0 → 𝜔𝛾 is much smaller than the experimental upper limit from the CLEO 
Collaboration [3].

[9]PRD, 52:6383{6399, 1995.
[12] Int.J.Mod.Phys.A, 33(32):1850194, 2018..
[10] Eur.Phys.J.C, 6:471-476, 1999.
[13]Eur.Phys.J.C, 73:2441,2013.
[11]JHEP, 08:091,2017.
[6] PRD, 43:278{281, 1991.
[8] PRD, 51:2230-2236, 1995.
[25] Chin. Phys. C, 42(4):043106, 2018.
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Summary

◆ In the first work, we carry out a systematic analysis of the CF and SCS decays of 𝐷0 → 𝑉𝑉 by 

taking into account the long-distance FSIs as a crucial mechanism for understanding the 

mysterious polarization puzzles.

◆We also strongly recommend future precise and completed measurements of 𝐷0 → 𝑉𝑉 at BESIII, 

since it will provide us a unique probe for resolving some of those profound nonperturbative 

dynamics.

◆We demonstrate that the long-distance FSIs also have played a crucial role in understanding the 

𝐷0 → 𝑉𝛾 decays.

◆This mechanism may be investigated in other decay channels and help us gain better insights into 

the near-threshold dynamics in charm sector via the weak transitions.
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Thanks for your attention!
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Backup



18

The tree-level amplitudes will be calculated in the non-relativistic constituent quark model (NRCQM):

The effective weak Hamiltonian: 

where

The operators for the W emission and internal W exchange are:

Tree-level amplitudes in the NRCQM

A. Le Yaouanc, L. Oliver, O. Pene, and J. C. Raynal. HADRON TRANSITIONS IN THE QUARK MODEL. 1988
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For instance, the operators for the 𝑊-emission 1 → 3 in the PC and PV transitions:

• A. Le Yaouanc, L. Oliver, O. Pene, and J. C. Raynal. HADRON TRANSITIONS IN THE QUARK MODEL. 1988
• J.-M. Richard, Q. Wang, and Q. Zhao, arXiv:1604.04208[nucl-th]
• P.-Y. Niu, J.-M. Richard, Q. Wang, and Q. Zhao, Phys. Rev. D102, 073005 (2020)
• P.-Y. Niu, Q. Wang, and Q. Zhao, Phys. Lett. B 826 (2022) 136916

The breaking of the SU(3) 
flavor symmetry will 

arise partially from the 
quark model wave 

functions due to the 
quark mass difference.
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Couplings are determined by the 
experimental data. 

Couplings are determined by the 
NRCQM.
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Form factor : with Λ𝑖 ≡ 𝑚𝑖 + 𝛼Λ𝑄𝐶𝐷, and Λ𝑄𝐶𝐷 = 220 MeV, and 𝛼 ≃ 1 ∼ 2.
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2323

𝑅 is an SU(4) flavor symmetry breaking 
parameter and it distinguishes the production 
of a c ҧ𝑐 from that of uത𝑢(𝑑 ҧ𝑑).

𝑅 ≈
𝑓𝜋

𝑓𝑐ത𝑐
≈

132

487.4
≈ 0.27. 

(T. Peng and B. Q. Ma, PRD84, 034003 (2011))

In the last column the signs of the 
values are determined in the quark 
level, which is consistent with the 
relative signs of their values in the 
VMD model. 

To obtain the EM transition matrix elements, we describe the electromagnetic vertices in the VMD model.
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 We plot the cut-off parameter 𝛼

dependence of the b.r.s. to see the 

role played by the FSIs.

(The horizontal bands are the PDG 

average of the experimental 

measurements.)

 We find that the data for 𝐷0 →

ഥ𝐾∗0𝛾, 𝜙𝛾, 𝜌0𝛾 can be accounted for 

within a range of  𝛼 = 1.3 ± 0.13

with 𝛿 = 0.


	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24

