
Symmetry relations for B → K ∗(→ Kπ)`+`− Decay.

Diganta Das
TU Dortmund

in collaboration with
Rusa Mandal, Rahul Sinha

Phys. Rev. D 90, 096006 (2014).
arXiv: 1409.3088 [hep-ph]

FOR 1873

4th QFET Workshop, Siegen

1 / 17



Introduction

The B → K∗(→ Kπ)`+`− decay is b̄ → s̄ Flavor Changing Neutral Current
(FCNC) transition

in the standard model FCNC transitions are loop processes and therefore highly
suppressed
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Effective Hamiltonian for b̄ → s̄`+`− transition

The Effective Hamiltonian for b → s`+`− transition [Bobeth, et.al ’99; Buchalla, et.al
’96]

Heff =− 4
GF√

2

[
VtbV∗ts

(
C1Oc

1 + C2Oc
2 +

10∑
i=3

CiOi

)
+ VubV∗us

(
C1(Oc

1 −O
u
1 ) + C2(Oc

2 −O
u
2 )
)]

In the standard model basis the dominant operators are [Bobeth, et.al ’99]

O7 =
e
g2

[
s̄σµν(mbPR + msPL)b

]
Fµν ,

O9 =
e2

g2
(s̄γµPLb) ¯̀γµ`,

O10 =
e2

g2
(s̄γµPLb) ¯̀γµγ5`,

where, PL,R = (1± γ5)/2.
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B → K ∗`` amplitude

the B → K∗(k)`+(q1)`−(q2) amplitude

A(B(p)→ K∗(k)`+`−) =
GFα√

2π
VtbV∗ts

[{
C9〈K∗|s̄γµPLb|B̄〉

−
2C7

q2
〈K∗|s̄iσµνqν(mbPR + msPL)b|B̄〉

−
16π2

q2

∑
i={1−6,8}

CiHµi

}
¯̀γµ`+ C10〈K∗|s̄γµPLb|B̄〉 ¯̀γµγ5`

]

• Wilson coefficients are known up to next-to-next-to-leading-order (NNLO) [Bobeth et
al. ’97, Bobeth et al. ’99, Gorbahn et al. ’04]
• 〈K∗|O7,9,10|B̄〉 and Hµi are non-perturbative quantities

parameters C7, C9 and C10 indicate the true values of Wilson coefficients, which are by
definition not dependent on the order of the perturbative series to which they are
calculated
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B → K ∗`` amplitude

hadronic matrix elements of quark bilinear operators are written using Lorentz
invariance

〈K∗(ε∗, k))|s̄γµPLb|B(p)〉 = ε∗ν

(
X0 qµqν + X1 (gµν−

qµqν

q2
) + X2 (kµ−

k .q
q2

qµ)qν

+ iX3 ε
µνρσ kρqσ

)
,

〈K∗(ε∗, k))|i s̄σµνqνPR,Lb|B(p)〉 = ε∗ν

(
± Y1 (gµν−

qµqν

q2
)± Y2 (kµ−

k .q
q2

qµ)qν

+ iY3 ε
µνρσ kρqσ

)
the form factors X0,X1,X2,X3 and X1,X2,X3 are function of q2 and k2 and can be
related to the well known B → K∗`` form factors A0,1,2,,V ,T1,2
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B → K ∗`` amplitude

[Beneke/Feldmann/Seidel ’01, Grinstein/Pirjol ’04, Khodjamirian/Mannel/Pivovarov/Wang ’10,
Beylich/Buchalla/Feldmann ’11]

b s

qq

l

l

hadronic matrix elements of current-current operators O1,2 and penguin operators
O3−6,8, connected to a virtual photon to produce `+`− give rise to nonlocal matrix
element Hµi

Hµi = 〈K∗(ε∗, k)|i
∫

d4x eiq·x T{jµem(x),Oi (0)}|B̄(p)〉 where qµHµi = 0

following Lorentz invariance and current conservation the most general form of Hµi is

Hµi = ε∗ν

(
Z i

1 (gµν −
qµqν

q2
) + Z i

2 (kµ −
k .q
q2

qµ)qν + iZ i
3 ε
µνρσ kρqσ

)
Z i

2,Z
i
2,Z

i
2 are new form factors
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B → K ∗(k)(→ K (k1)π(k2))`+(q1)`−(q2) amplitude

the transversity amplitudes

AL,R
‖,⊥,0,t = AL,R

‖,⊥,0

(
C̃(j)

9 ,C10,Xi ,Yi ,Zi · · ·
)
, At

∣∣∣
m`=0

= 0

some non-local effects has been absorbed by redefining Wilson coefficients C̃(j)
9
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B → K ∗(k)(→ K (k1)π(k2))`+(q1)`−(q2) amplitude

our model independent framework is based on the following observations

for massless leptons AL,R
λ can be written as

AL,R
λ = (∓Ĉ10 − rλ)Fλ + iελ,

where

rλ =
Re(G̃λ)

Fλ
− Re(C̃λ9 ) ,

ελ ≡ Im(C̃λ9 )Fλ − Im(G̃λ),

Fλ = Fλ(Xi · · · ), Gλ = Gλ(Yi · · · ) .

• # of theoretical parameters is 9
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Angular Distribution

The differential decay distribution of B → K∗(k)(→ K (k1)π(k2))`+(q1)`−(q2) is

d4Γ

dq2 d cos θ` d cos θK dφ

=
9

32π

[
Is
1 sin2 θK +Ic

1 cos2 θK +(Is
2 sin2 θK +Ic

2 cos2 θK ) cos 2θ`+I3 sin2 θK sin2 θ` cos 2φ

+ I4 sin 2θK sin 2θ` cosφ+ I5 sin 2θK sin θ` cosφ+ (Is
6 sin2 θK + Ic

6 cos2 θK ) cos θ`

+ I7 sin 2θK sin θ` sinφ+ I8 sin 2θK sin 2θ` sinφ+ I9 sin2 θK sin2 θ` sin 2φ
]
.

[Sinha ’96, Kruger/Sehgal/Sinha/Sinha ’00]

• # of observables 10: Γf ,FL,F‖,F⊥,AFB,A4,A5,A7,A8,A9
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Model independent framework

# of theoretical parameters is 9
# of observables is 10
one model independent relation between observables

A4 =
2
√

2ε‖ε0

πΓf
+

8A5AFB

9π
(

F⊥ −
2ε2
⊥

Γf

)

+
√

2

√(
FL −

2ε2
0

Γf

)(
F⊥ −

2ε2
⊥

Γf

)
−

8
9

A2
5

√(
F‖ −

2ε2
‖

Γf

)(
F⊥ −

2ε2
⊥

Γf

)
−

4
9

A2
FB

π
(

F⊥ −
2ε2
⊥

Γf

) .

the effect of lepton mass can be easily included
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Model independent framework

LHCb measured A7−9 to be consistent with zero which leads to following
simplifications

A4 =
8A5AFB

9πF⊥
+
√

2

√
FLF⊥ − 8

9 A2
5

√
F‖F⊥ − 4

9 A2
FB

πF⊥
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Exploiting symmetry of angular coefficients

nc − nd = 2nA − ns

nc : number of angular coefficients
nd : number of dependencies between the coefficients
2nA: number of theoretical parameters determined by the amplitudes
ns : number of symmetries that leave the angular coefficients invariant

nc = 12, (12 angular coefficients)

2nA = 12, (6 complex amplitudes)

ns = 4, (two phase transformations+two rotations that mix AL/R)

nd = 4

I6c = 0, I1s = 3I2s, I1c = −I2c

I2c = −2
(2I2s + I3)(4I2

4 + I2
7 ) + (2I2s − I3)(I2

5 + 4I2
8 )

16I2
2s − (4I2

3 + I2
6s + 4I2

9 )

+ 4
I6s(I4I5 + I7I8) + I9(I5I7 − 4I4I8)

16I2
2s − (4I2

3 + I2
6s + 4I2

9 )

Egede/Hurth/Matias/Ramon/Reece JHEP 11 (2008) 032
Egede/Hurth/Matias/Ramon/Reece JHEP 1010 (2010) 056

Matias/Mescia/Ramon/Virto JHEP 1204 (2012) 104
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New Physics Analysis
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Figure: Comparison of predicted and measured values of A4 in different dilepton invariant mass
squared bins.
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New Physics Analysis

Define a χ2 as

χ2 =
1
4

[(
Aexp

4 − Apred
4

∆Aexp
4

)2

+

(
F exp

L − FL

∆F exp
L

)2

+

(
F exp
⊥ − F⊥
∆F exp
⊥

)2

+

(
Aexp

FB − AFB

∆Aexp
FB

)2

+

(
Aexp

5 − A5

∆Aexp
5

)2 ]
.

– Aexp
4 ,F exp

L ,F exp
⊥ ,Aexp

FB ,A
exp
5 –experimental central values of the observables

– ∆Aexp
4 ,∆F exp

L ,∆F exp
⊥ ,∆Aexp

FB ,∆Aexp
5 –experimental uncertainties

– Apred
4 = Apred

4

(
F exp

L ,F exp
‖ ,F exp

⊥ ,Aexp
FB ,A

exp
5−9

)
the minimized χ2 is projeccted in different set of planes of the observables, (FL − F⊥),
(AFB − FL) etc



New Physics Analysis
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Figure: The χ2 projection onto the plane of observables AFB and FL using the experimental values
of all the observables from LHCb [arXiv:1112.3515, 1304.6325, 1308.1707]. The green dots
corresponds to best fit value from χ2 minimization and the black squares corresponds to the
measured central value. The pink (dark), yellow (light) and blue (darkest) correspond to the 1σ, 2σ
and 3σ confidence level regions respectively. The two solid lines correspond to the constraint
−3(1 − FL)/4 . AFB . 3(1 − FL)/4.[Das/Sinha’ 12]



Conclusions

– in SM there exist model independent relations between the B̄ → K̄∗``
observables

– violations of these relations can be used to search for physics beyond the
standard model
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