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OZI suppressed Penguin  POZI Color suppressed EW Penguin  𝐏𝐄𝐖
𝐂

Annihilation   A
Exchange   E

Penguin Annihilation   PA

More  smaller contributions
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𝒪𝟏
𝒒
= ത𝒔𝒊𝒒𝒋 𝑽−𝑨

ഥ𝒒𝒋𝒃𝒊 𝑽−𝑨
𝒪𝟐
𝒒
= ത𝒔𝒒 𝑽−𝑨 ഥ𝒒𝒃 𝑽−𝑨

𝒪𝟑
𝒒
= ത𝒔𝒃 𝑽−𝑨

𝒒

ഥ𝒒𝒒 𝑽−𝑨 𝒪𝟒
𝒒
= ത𝒔𝒊𝒃𝒋 𝑽−𝑨



𝒒

ഥ𝒒𝒋𝒒𝒊 𝑽−𝑨

𝒪𝟓
𝒒
= ത𝒔𝒃 𝑽−𝑨

𝒒

ത𝑞𝒒 𝑽+𝑨
𝒪𝟔
𝒒
= ത𝒔𝒊𝒃𝒋 𝑽−𝑨



𝒒

ഥ𝒒𝒋𝒒𝒊 𝑽+𝑨

𝒪𝟕
𝒒
= −

𝒆𝒎𝒃

𝟖𝝅𝟐
ത𝒔𝒊𝝈𝝁𝝂 𝟏 + 𝜸𝟓 𝒃𝒊𝑭

𝝁𝝂

𝒪𝟖
𝒒
= −

𝒈𝒎𝒃

𝟖𝝅𝟐
ത𝒔𝒊𝝈𝝁𝝂 𝟏 + 𝜸𝟓 𝑻𝒊𝒋

𝒂𝒃𝒋𝑮
𝝁𝝂

𝒪𝟗
𝒒
=

𝒆𝟐

𝟖𝝅𝟐
ത𝒔𝒃 𝑽−𝑨

തℓℓ
𝑽

𝒪𝟏𝟎
𝒒
=

𝒆𝟐

𝟖𝝅𝟐
ത𝒔𝒃 𝑽−𝑨

തℓℓ
𝑨

ҧ𝑠𝑏 𝑉±𝐴 = ҧ𝑠𝛾𝜇 1 ± 𝛾5 𝑏

G. Buchalla, A. J. Buras and M. E. Lautenbacher, Rev. Mod. Phys. 68 (1996) 1125.
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Consider decay of vector 𝑽(𝝐𝝁) to two pseudoscalars. In the rest

frame this is described by

ℳ 𝑉 𝜖𝜇 → 𝑃1 𝑝1 𝑃2(𝑝2)

∝ 𝜖𝜇 𝑝1 − 𝑝2 ∝ Ԧ𝜖. Ԧ𝑝
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1

Γ

𝑑Γ

𝑑 cos 𝜃1𝑑 cos 𝜃𝑡𝑟 𝑑 𝜙𝑡𝑟

=
9

32

1

𝐴𝐿
2 + 𝐴∥

2
+ 𝐴⊥

2
ቆ 𝐴𝐿

2 2 cos2 𝜃1 1 − sin2 𝜃𝑡𝑟 cos
2 𝜙𝑡𝑟 + 𝐴∥

2
cos2 𝜃1 1 − sin2 𝜃𝑡𝑟 sin

2 𝜙𝑡𝑟

+ 𝐴⊥
2 sin2 𝜃1 sin

2 𝜃𝑡𝑟 −
Re 𝐴𝐿𝐴∥

∗

2
sin 2𝜃1 sin2 𝜃𝑡𝑟 sin 2𝜙𝑡𝑟 +

Im 𝐴⊥𝐴 𝐿
∗

2
sin 2𝜃1 sin 2𝜃𝑡𝑟 cos 2𝜙𝑡𝑟
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𝐴( ത𝐵 𝑝 → ത𝑉1 𝑘, 𝜖1 ത𝑉2 𝑞, 𝜖2 = 𝜖1
𝜇
𝜖2
𝜈 ത𝑎 𝑔𝜇𝜈 +

ത𝑏

𝑚1𝑚2
𝑝𝜇𝑝𝜈 − 𝑖

ҧ𝑐

𝑚1𝑚2
𝜖𝜇𝜈𝛼𝛽 𝑘

𝛼𝑞𝛽
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B B

B B

𝑲∗

ℓℓ

𝝂

𝜡, 𝜸

b

t

s
W W

W W
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𝒉 𝒒𝟐,𝒎𝒒 = −
𝟒

𝟗
ln
𝒎𝒒

𝟐

𝝁𝟐
−
𝟐

𝟑
− 𝒚 −

𝟒

𝟗
𝟐 + 𝒚 𝒚 − 𝟏 ×

tan−𝟏
𝟏

𝒚 − 𝟏
𝒚 > 𝟏

ln
1 + 1 − 𝑦

𝑦
− 𝒊

𝝅

𝟐
𝒚 ≤ 𝟏



ℳ =
𝐺𝐹𝛼

2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠

∗ ൛𝐶9 𝐾∗ ҧ𝑠𝛾𝜇𝑃𝐿𝑏 ത𝐵 തℓ𝛾𝜇ℓ + 𝐶10 𝐾
∗ ҧ𝑠𝛾𝜇𝑃𝐿𝑏 ത𝐵 തℓ𝛾𝜇𝛾5ℓ

ቅ−
2𝑚𝑏

𝑞2
𝐶7 𝐾

∗ ҧ𝑠𝑖𝜎𝜇𝜈𝑞𝜈𝑃𝑅𝑏 ത𝐵 തℓ𝛾𝜇ℓ

M. Beneke and T. Feldmann, Nucl. Phys. B 592 (2001) 3

A. Khodjamirian, T. Mannel, A. A. Pivovarov and Y.-M. Wang, JHEP 1009, 089 (2010);A. Khodjamirian arXiv:1312.6480
28
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Since the matrix element of the semi-leptonic operator 𝓞𝟗,𝟏𝟎 can be

expressed through 𝑩 → 𝑲∗ form factors, the non-factorizable

corrections contribute to the decay amplitude only through the

production of a virtual photon, which then decays into lepton pair.

Exist additional non-factorizable and long-distance contributions

Electromagnetic corrections of purely hadronic operators

⇒ Complete Hamiltonian

𝐴 𝐵 𝑝 → 𝐾∗ 𝑘 ℓ+ℓ−

=
𝐺𝐹𝛼

2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠

∗ ቐ𝐶9 𝐾
∗ ҧ𝑠𝛾𝜇𝑃𝐿𝑏 ത𝐵 −

2𝐶7
𝑞2

𝐾∗ ҧ𝑠𝑖𝜎𝜇𝜈𝑞𝜈(𝑚𝑏𝑃𝑅 +𝑚𝑠𝑃𝐿)𝑏 ത𝐵

ℋ𝑖
𝜇
= 𝐾∗(𝑘) 𝑖  𝑑4𝑥 𝑒𝑖𝑞.𝑥𝑇 𝑗𝑒𝑚

𝜇
𝑥 , 𝒪𝑖(0) ത𝐵(𝑝)



= 𝜖𝜈
∗ 𝒳0𝑞

𝜇𝑞𝜈 +𝒳1 𝑔𝜇𝜈 − 𝑞𝜇𝑞𝜈

𝑞2
+𝒳2 𝑘𝜇 − 𝑘.𝑞

𝑞2
𝑞𝜇 𝑞𝜈 + 𝑖𝒳3𝜖

𝜇𝜈𝜌𝜎𝑘𝜌𝑞𝜎

𝐾∗(𝜖∗, 𝑘) ҧ𝑠𝛾𝜇𝑃𝐿𝑏 𝐵(𝑝)

𝐾∗(𝜖∗, 𝑘) 𝑖 ҧ𝑠𝜎𝜇𝜈𝑞𝜈𝑃𝑅,𝐿𝑏 𝐵(𝑝)

= 𝜖𝜈
∗ ±𝒴1 𝑔𝜇𝜈 − 𝑞𝜇𝑞𝜈

𝑞2
±𝒴2 𝑘𝜇 − 𝑘.𝑞

𝑞2
𝑞𝜇 𝑞𝜈 + 𝑖𝒴3𝜖

𝜇𝜈𝜌𝜎𝑘𝜌𝑞𝜎

Ensure that 𝒒𝝁 𝑲∗(𝝐∗, 𝒌) 𝒊ത𝒔𝝈𝝁𝝂𝒒𝝂𝑷𝑹,𝑳𝒃 𝑩(𝒑) = 𝟎

ℋ𝑖
𝜇
= 𝐾∗(𝜖∗, 𝑘) 𝑖  𝑑4𝑥 𝑒𝑖𝑞.𝑥 𝑇 𝑗𝑒𝑚

𝜇
𝑥 , 𝒪𝑖 0 𝐵(𝑝)

= 𝜖𝜈
∗ 𝒵1

𝑖 𝑔𝜇𝜈 − 𝑞𝜇𝑞𝜈

𝑞2
+ 𝒵2

𝑖 𝑘𝜇 − 𝑘.𝑞
𝑞2

𝑞𝜇 𝑞𝜈 + 𝑖𝒵3
𝑖 𝜖𝜇𝜈𝜌𝜎𝑘𝜌𝑞𝜎
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𝐾∗(𝜖∗, 𝑘) ҧ𝑠𝛾𝜇𝑃𝐿𝑏 𝐵(𝑝)

𝐾∗(𝜖∗, 𝑘) 𝑖 ҧ𝑠𝜎𝜇𝜈𝑞𝜈𝑃𝑅,𝐿𝑏 𝐵(𝑝)

= −𝑖𝜖𝜇
∗ 𝑚𝐵 +𝑚𝐾∗ 𝐴1 𝑞2 + 𝑝𝜇 𝜖∗. 𝑞

2 𝐴2 𝑞2

𝑚𝐵 +𝑚𝐾∗
+ 𝑖𝜖𝜇𝜈𝜌𝜎𝜖

∗𝜈𝑝𝜌𝑘𝜎
2 𝑉 𝑞2

𝑚𝐵 +𝑚𝐾∗

= 𝑖𝜖𝜇𝜈𝜌𝜎𝜖
∗𝜈𝑝𝜌𝑘𝜎2 𝑇1 𝑞2 ± 𝑇2(𝑞

2) 𝜖𝜇
∗ 𝑚𝐵

2 −𝑚𝐾∗
2 − 2 𝜖∗. 𝑞 𝑝𝜇

∓ 𝜖∗. 𝑞 𝑞2
2 𝑇3 𝑞2

𝑚𝐵
2 −𝑚𝐾∗

2 𝑝𝜇
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𝐴 𝐵 𝑝 → 𝑘 𝑘1 𝜋(𝑘2)ℓ
+ℓ− =

𝐺𝐹𝛼

2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠

∗𝐷𝐾∗ 𝑘
2

× 𝑊𝜇𝒱1
𝐿 +𝑊. 𝑞 𝑘𝜇𝒱2

𝐿 + 𝑖𝜖𝜇𝜈𝜌𝜎𝐾
∗𝜈𝑘𝜌𝑞𝜎𝒱3

𝐿 തℓ𝛾𝜇𝑃𝐿ℓ + 𝐿 → 𝑅

𝑪𝑳,𝑹 = 𝐂𝟗 ∓ 𝑪𝟏𝟎



33



34

+𝐼3 sin
2 𝜃𝐾 sin

2 𝜃ℓ cos 2𝜙 +𝐼4 sin 2𝜃𝐾 sin 2𝜃ℓ cos𝜙 +𝐼5 sin 2𝜃𝐾 sin 𝜃ℓ cos𝜙

+𝐼6 sin
2 𝜃𝐾 cos 𝜃ℓ +𝐼7 sin 2𝜃𝐾 sin 𝜃ℓ sin𝜙 +𝐼8 sin 2𝜃𝐾 sin 2𝜃ℓ sin𝜙

+𝐼9 sin
2 𝜃𝐾 sin

2 𝜃ℓ ሿsin 2𝜙
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implicit dependence 

on 𝑞2
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𝑑4Γ ത𝐵 → ഥ𝐾 ത𝜋 ℓ+ℓ−

𝑑𝑞2𝑑 cos 𝜃ℓ 𝑑 cos 𝜃𝐾 𝑑𝜙
= ҧ𝐼(𝑞2, 𝜃ℓ, 𝜃𝐾 , 𝜙)

+𝐼3 sin
2 𝜃𝐾 sin

2 𝜃ℓ cos 2𝜙 +𝐼4 sin 2𝜃𝐾 sin 2𝜃ℓ cos𝜙 −𝐼5 sin 2𝜃𝐾 sin 𝜃ℓ cos𝜙

−𝐼6 sin
2 𝜃𝐾 cos 𝜃ℓ +𝐼7 sin 2𝜃𝐾 sin 𝜃ℓ sin𝜙 −𝐼8 sin 2𝜃𝐾 sin 2𝜃ℓ sin𝜙

−𝐼9 sin
2 𝜃𝐾 sin

2 𝜃ℓ sin 2𝜙ሿ

In SM for this mode CP violation is very small. Ignoring the small CP 

violation  we have for the conjugate mode ത𝐵 → ഥ𝐾 ത𝜋 ℓ+ℓ−



𝐹𝐿 =
𝒜0

𝐿 2
+ 𝒜0

𝑅 2

Γ𝑓

𝐹⊥ =
𝒜⊥

𝐿 2
+ 𝒜⊥

𝑅 2

Γ𝑓

𝐹|| =
𝒜||

𝐿 2
+ 𝒜||

𝑅 2

Γ𝑓

𝑑Γ

𝑑𝑞2
= 

𝜆=0,||,⊥

𝒜𝜆
𝐿 2

+ 𝒜𝜆
𝑅 2

𝐹𝐿 + 𝐹|| + 𝐹⊥ = 1

𝐴4 =
1

Γ𝑓
න
𝐷𝐿𝑅

𝑑𝜙න
𝐷

𝑑 cos 𝜃𝐾න
𝐷

𝑑 cos 𝜃ℓ
𝑑4 Γ + തΓ

𝑑𝑞2𝑑3Ω

𝐴5 =
1

Γ𝑓
න
−1

1

𝑑 cos 𝜃ℓන
𝐷𝐿𝑅

𝑑𝜙න
𝐷

𝑑 cos 𝜃𝐾
𝑑4 Γ − തΓ

𝑑𝑞2𝑑3Ω

𝐴𝐹𝐵 =
1

Γ𝑓
න
−1

1

𝑑 cos 𝜃𝐾න
0

2𝜋

𝑑𝜙න
𝐷

𝑑 cos 𝜃ℓ
𝑑4 Γ − തΓ

𝑑𝑞2𝑑3Ω

න
𝐷𝐿𝑅

≡න
−𝜋/2

𝜋/2

−න
𝜋/2

3𝜋/2

න
𝐷

≡ න
0

1

−න
−1

0

Total 9 CP conserving observables
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𝐶9 → 𝐶9
𝑗
= 𝐶9 + ΔC9

(fac)
𝑞2 + ΔC9

𝑗,(non−fac)
𝑞2

−
16 𝜋2

𝑞2


𝑖= 1−6,8

𝐶𝑖
𝒵𝑗
𝑖

𝒳𝑗
= ΔC9

(fac)
𝑞2 + ΔC9

𝑗,(non−fac)
𝑞2 𝑗 = 1,2,3

2 𝑚𝑏 +𝑚𝑠

𝑞2
𝐶7𝒴𝑗 → ෨𝒴𝑗 =

2 𝑚𝑏 +𝑚𝑠

𝑞2
𝐶7𝒴𝑗 +⋯

Rusa Mandal, R.S. and Diganta Das Phys. Rev. D90 096006 (2014)

Diganta Das and  R.S. Phys. Rev. D 86, 056006(2012)
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𝒜𝜆
𝐿,𝑅 = 𝑪𝑳,𝑹

𝝀 𝓕𝝀 − ෩𝓖𝝀 = 𝑪𝟗
𝝀 ∓ 𝑪𝟏𝟎 𝓕𝝀 − ෩𝓖𝝀

ሚ𝒢0 = 2 𝑁 𝜆 𝑚𝐵
2 , 𝑚𝐾∗

2 , 𝑞2
2 𝑚𝑏 −𝑚𝑠

𝑞2
መ𝐶7𝒴3 +⋯

41



We have the amplitudes (massless limit):

implicit dependence on 𝒒𝟐

Simple to define amplitudes in terms of  some new form factors as

𝓐𝝀
𝑳,𝑹 = 𝑪𝑳,𝑹

𝝀 𝓕𝝀 − ෩𝓖𝝀 = 𝑪𝟗
𝝀 ∓ 𝑪𝟏𝟎 𝓕𝝀 − ෩𝓖𝝀 includes 𝑪𝟕

𝓐𝝀
𝑳,𝑹 = 𝑪𝟗

𝝀 ∓ 𝑪𝟏𝟎 𝓕𝝀 − ෩𝓖𝝀 = ∓𝑪𝟏𝟎 − 𝒓𝝀 𝓕𝝀 + 𝒊𝜺𝝀

𝒓𝝀 =
𝐑𝐞 (෩𝓖𝝀)

𝓕𝝀
− 𝐑𝐞 𝑪𝟗

𝝀

𝜺𝝀 = 𝐈𝐦 𝑪𝟗
𝝀 𝓕𝝀 − 𝐈𝐦(෩𝓖𝝀)



𝐹𝐿Γ𝑓 = 2ℱ0
2 𝑟0

2 + 𝐶10
2 + 2 휀0

2

𝐹∥Γ𝑓 = 2ℱ∥
2 𝑟∥

2 + 𝐶10
2 + 2 휀∥

2

𝐹⊥Γ𝑓 = 2ℱ⊥
2 𝑟⊥

2 + 𝐶10
2 + 2 휀⊥

2

2𝜋𝐴4Γ𝑓 = 4ℱ0ℱ∥ 𝑟0𝑟∥ + 𝐶10
2 + 4휀0휀∥

2𝐴5Γ𝑓 = 3ℱ0ℱ⊥𝐶10 𝑟0 + 𝑟⊥

𝐴𝐹𝐵Γ𝑓 = 3ℱ∥ℱ⊥𝐶10 𝑟∥ + 𝑟⊥

2𝐴7Γ𝑓 = 3𝐶10 ℱ0휀∥ − ℱ∥휀0

𝜋𝐴8Γ𝑓 = 2 2 ℱ0𝑟0휀⊥ − ℱ⊥𝑟⊥휀0

𝜋𝐴9Γ𝑓 = 3 ℱ⊥𝑟⊥휀∥ − ℱ∥𝑟∥휀⊥

2𝜀0
2

Γ𝑓
≤ 𝐹𝐿

2
𝜀∥
2

Γ𝑓
≤ 𝐹∥

2𝜀⊥
2

Γ𝑓
≤ 𝐹⊥



𝐹𝜆
′ ≡ 𝐹𝜆 −

2휀𝜆
2

Γ𝑓







𝒁𝟏
′ + 𝒁𝟐

′ = 𝒁𝟑
′ results in the relation

휀𝜆can easily be solved in terms of 𝑨𝟕, 𝑨𝟖, 𝑨𝟗

Note
𝜺𝝀

𝚪𝒇
free from the form factor ℱ𝝀 and 𝚪𝒇. Solutions in terms

of observables and form factor ratio 𝐏𝟏. However, solutions are

iterative.
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Solutions for 
𝜺𝝀

𝜞𝒇
with 𝟏𝝈 errors from 8 bin LHCb data 



⋮
Remember these are one and the same equation. However, 

sensitivity varies depending on form…

⇒
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q2

0 = (4.9 0.9) GeV2 [13]
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T. Blake, T. Gershon and G. Hiller, [arXiv:1501.03309 [hep-ex]].
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The seven form factors 𝑉, 𝐴0, 𝐴1, 𝐴2, 𝑇1, 𝑇2 and 𝑇3 are calculated

via non-perturbative methods like QCD sum rules on the light cone

(LCSRs) when 𝐾∗ energies are large.
P. Ball and R. Zwicky, Phys. Rev. D 71, 014029 (2005) [hep-ph/0412079].

In QCD factorization (QCDF) framework, and within heavy quark

and large recoil limit, all seven form factors can be written in terms of

only two independent universal factors, namely, 𝜉∥and 𝜉∥.
J. Charles, A. Le Yaouanc, L. Oliver, O. Pene and J. C. Raynal, Phys. Rev. D 60, 014001 (1999) [hep-ph/9812358];

M. Beneke and T. Feldmann, Nucl. Phys. B 592, 3 (2001) [hep-ph/0008255]; 

M. Beneke, T. Feldmann and D. Seidel, Nucl. Phys. B 612, 25 (2001) [hep-ph/0106067].

M. Beneke, T. Feldmann and D. Seidel, Eur. Phys. J. C 41, 173 (2005) [hep-ph/0412400].

At leading order in 
1

𝑚𝑏
and 𝛼𝑠 the transversity amplitudes become:
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𝑽(𝒒𝟐)

𝑨𝟏(𝒒
𝟐)
=

𝒎𝑩 +𝒎𝑲∗
𝟐

𝟐𝑬𝑲∗𝒎𝑩

M. Beneke and T. Feldmann, Nucl. Phys. B 592, 3 (2001) [hep-ph/0008255]; 

G. Burdman and G. Hiller Phys. Rev. D 2000



𝜉 =
𝐶10
′

𝐶10

𝜉′ =
𝐶9
′

𝐶10

휁 =
ℱ⊥
2𝐶10

2

Γ𝑓



𝑅⊥ = ±3
2

1−𝜉
1+𝜉

𝐹⊥ +
1
2
P1𝑍1

P1𝐴𝐹𝐵

𝑅∥ = ±3
2

1+𝜉
1−𝜉

P1𝐹∥ +
1
2
𝑍1

𝐴𝐹𝐵

𝑅0 = ± 3

2√2

1+𝜉
1−𝜉

P2𝐹𝐿 +
1
2
𝑍2

𝐴5

P2 =

1−𝜉
1+𝜉

2P1𝐴𝐹𝐵 𝐹⊥

2𝐴5
1−𝜉
1+𝜉

𝐹⊥ + 𝑍1 P1 − 𝑍2P1𝐴𝐹𝐵

𝑍1 = 4𝐹∥ 𝐹⊥ −
16
9
𝐴𝐹𝐵
2 𝑍2 = 4𝐹𝐿 𝐹⊥ −

32
9 𝐴5

2

One extra parameter hence expressions depend on P1



At 𝑞2 = 𝑞max
2 = 𝑚𝐵 −𝑚𝐾∗

2 the 𝐾∗ meson is at rest and the two

leptons travel back to back in the B meson rest frame. There is no

preferred direction in the decay kinematics. Hence, the differential

decay distribution in this kinematic limit must be independent of the

angles 𝜃ℓ and 𝜙.

• The entire decay, including the decay 𝐾∗ → 𝐾𝜋 takes place in a

plane resulting in a vanishing contribution to the “⊥” helicity or

𝐹⊥ = 0.

• Since the 𝐾∗ decays at rest, the distribution of 𝐾∗ is isotropic and

cannot depend on 𝜃𝐾 . It can easily be seen that this is only

possible if 𝐹∥ = 2𝐹𝐿.

At 𝑞2 = 𝑞max
2 , Γ𝑓 → 0 as all the transversity amplitudes vanish in

this limit. The constraints on the amplitudes result in unique values

of the helicity fractions and the asymmetries at this kinematical end-

point. 𝐹𝐿 𝑞max
2 = 1

3 𝐹∥ 𝑞max
2 = 2

3 𝐹⊥ 𝑞max
2 = 0

𝐴𝐹𝐵 𝑞max
2 = 0 = A5,7,8,9(𝑞max

2 ) A4(𝑞max
2 ) = 2

3𝜋

Hiller, Ziwcky ’14



We study the values of 𝑅𝜆, 휁 and P1,2 in the large 𝑞2 region and

consider the kinematic limit 𝑞2 → 𝒒𝐦𝐚𝐱
𝟐 .

𝐹⊥ 𝑞max
2 = 0 ⇒ 휁 = 0 at 𝒒𝟐 → 𝒒𝐦𝐚𝐱

𝟐

𝑅∥ 𝒒𝐦𝐚𝐱
𝟐 = 𝑅0 𝒒𝐦𝐚𝐱

𝟐 ⇒ P2 = 2 P1 at 𝒒𝟐 → 𝒒𝐦𝐚𝐱
𝟐

Both P1 and P2 go to zero at 𝑞max
2 .  Hence take into account limiting 

values very carefully. 

Grinstein, Prijol ’04

C. Bobeth, G. Hiller and D. van Dyk, ’13





Assume that relation is valid up to order 𝛿

⇒ ℱ𝜆
(1)

= 𝑐 ℱ𝜆
(2)

and 

𝑞max
2 𝒢𝜆

(2)
− 𝒢𝜆

1
= 𝑐 𝑞max

2 𝒢𝜆
(1)

⇒ P2
(1)

= 2 P1
(1)

and P2
(2)

= 2 P1
(2)





Ƹ𝜖𝜆 ≡ 2
𝜖𝜆
2

Γ𝑓
Ƹ𝜖∥
(0)

= 2 Ƹ𝜖0
(0)

It leads to a modification 

of the expressions for 𝜔1

and 𝜔2
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