
Weak annihilation decays B̄0
d,s → J/ψγ,

B− → {D∗−, D∗−s }γ

Anastasiia Kozachuk

Lomonosov Moscow State University

Faculty of Physics,

Scobeltsyn Institute of Nuclear Physics

QFTHEP 2015

June 24 � July 1, Samara

June 30, 2015



Introduction

� B̄0
d,s → J/ψγ

b

B̄0
s J/ψ

c̄s̄

W−

s̄

γ

c

� B− → {D∗−, D∗−s }γ

B−

b

c̄

D∗−
s

ū
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Introduction

¾Naive with the pQCD [2]
factirozation¿ non-factorizable
in the 1

mb
corrections[1]

leading order [1]
Br(B̄0

d → J/ψγ) 5.4× 10−8 (2− 3)× 10−9 4.5± 0.7× 10−7

Br(B̄0
s → J/ψγ) 1.4× 10−6 (6− 10)× 10−8 ∼ 5× 10−6

The experiment upper limit Br(B̄0
d → J/ψγ) < 1.6× 10−6, Babar [3]

[1] Y.D.Yang, G.Lu and R.Wang, Eur. Phys. J. C 34, 291 (2004).

[2] Y.Li and C.-D.Lu, Phys. Rev. D 74, 097502 (2006).

[3] BaBar Collaboration, Phys. Rev. D 70, 091104(R) (2004).
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Introduction

HQET HQET
leading order higher order

[4, 5] corrections [5]
Br(B0 → D̄∗0γ) (0.7− 4.6)× 10−7 (1.2− 3.1)× 10−5

Br(B0
s → D̄∗0γ) (1.5− 3.0)× 10−8 (0.7− 1.7)× 10−6

Br(B+ → D∗+γ) (3.6− 4.9)× 10−9 (0.6− 1.0)× 10−7

Br(B+ → D∗+
s γ) (0.7− 1.0)× 10−7 (0.6− 1.4)× 10−6

The experiment upper limit Br(B0 → D̄∗0γ) < 2.5× 10−5, [7]

[4] B. Grinstein and R. F. Lebed, Phys. Rev. D 60, 031302 (1999)

[5] Oleg Antipin and G.Valencia, Phys. Rev. D 74, 054015 (2006)

[6] J. O. Eeg and J. A. Macdonald Sorensen, Phys. Rev. D 75, 034015 (2007)

[7] K.A.Olive at al. (Particle Data Group). Chin. Phys. C 38, 090001 (2014)
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E�ective Hamiltonian: Wilson Expansion

Heff =
GF√

2
VtbV

∗
tq

∑
i

ci(µ)Oi(µ),

O1 = −λc
λt

(q̄αγ
µ(1−γ5)bα)(c̄βγµ(1−γ5)cβ)−λu

λt
(q̄αγ

µ(1−γ5)bα)(ūβγµ(1−γ5)uβ),

O2 = −λc
λt

(q̄αγ
µ(1−γ5)bβ)(c̄βγµ(1−γ5)cα)s−λu

λt
(q̄αγ

µ(1−γ5)bβ)(ūβγµ(1−γ5)uα),

O7γ =
e

8π2
q̄ασµν [mb(µ)(1 + γ5) +mq(µ)(1− γ5)]bαF

µν ,

O9V =
e

8π2
(q̄αγ

µ(1− γ5)bα)l̄γµl, O10A =
e

8π2
(q̄αγ

µ(1− γ5)bα)l̄γµγ5l,

where λi = V ∗iqVib, i = {u, c, t}
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Factorization

Heff =
GF√

2
VubV

∗
cq

(
c1 +

c2
Nc

)
(ūOµb)(q̄Oµc),

M
(F )
fi =

GF√
2
VubV

∗
cq

[
c1 +

c2
Nc

](
〈D∗−

q (p2)|q̄Oµc|0〉〈γ(q)|ūOµb|B−(p1)〉+

+〈D∗−
q (p2)γ(q)|q̄Oµc|0〉〈0|ūOµb|B−(p1)〉

)
.
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Partial Width

Γ(B → V γ) = A2
(
| F̃V |2 + | F̃A |2 +BReF̃A + C

)
,

F̃V = FV + fB
mq +mc

M1M2
DV ,

F̃A = FA + fB
mq −mc

M1M2
DA + (Qq −Qc)fB

2M1

M2
1 −M2

2

.
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Dispersion Quark Model

� Form-factors are represented in the form of the dispersion integrals

over the hadron mass

k2

−k

k1

2imcγ
5 Γµ

b

Qceγ
α

Aαµ ∼ εp1p2αµ

∞∫
4m2

c

ds
φ(s)

(s−M2
1 )
F (s)
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Numerical Estimations: Branching Ratios

� B̄0
d,s → J/ψγ

Br(B̄0
d → J/ψγ) ≈ 1.1× 10−8,

Br(B̄0
s → J/ψγ) ≈ 1.9× 10−7.

� In comparison with other results:

¾Naive With the pQCD [2] Upper
factorization¿ non-factorizable experimental

in the 1
mb

corrections [1] limit,

leading order [1] Babar[3]

Br(B̄0
d → J/ψγ) 5.4× 10−8 (2− 3)× 10−9 4.5± 0.7× 10−7 < 1.6× 10−6

Br(B̄0
s → J/ψγ) 1.4× 10−6 (6− 10)× 10−8 ∼ 5× 10−6
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Numerical Estimations: Branching Ratios

� B− → {D∗−, D∗−s }γ

Br(B− → D∗−γ) ≈ 2× 10−7,

Br(B− → D∗−s γ) ≈ 1× 10−6.

� In comparison with other results:
HQET HQET

leading order higher order
[4, 5] corrections [5]

Br(B+ → D∗+γ) (3.6− 4.9)× 10−9 (0.6− 1.0)× 10−7

Br(B+ → D∗+
s γ) (0.7− 1.0)× 10−7 (0.6− 1.4)× 10−6
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Conclusion and Future Prospects

� Weak annihilation rare radiative decays were calculated in the

framework of the dispersion quark model

� For the decays B̄0
d,s → J/ψγ numerical estimations for the

branching ratio are in agreement with some of the previous results

in other models.

� For the decays B− → {D∗−, D∗−s }γ the obtained results are in

agreement with the predictions obtained with HQET including

higher order corrections.

� Calculation of the neutral modes of the corresponding B-decays

B0
s → D̄∗0γ is the next step.
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