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Plan:

How exactly is this phase measured

(and parameterisation used) ?

What are the assumptions taken ?

What can we infer from it (especially about NP)?
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   => gives rise to new phase scheme (  and  are fit parameters)𝜙0 = 𝜃0 − 𝜃𝑐
0 𝜆0

• Sensitivity Study with pseudodata :  and 𝜙0 =  𝜃0 − 𝜃𝑐
0 ~ 6% 𝜆0~ 7%

• : Important, could be used to get chirality of NP𝐵0
𝑑 → 𝜙𝐾𝑠
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𝜆 ≃ 1
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I𝑚( 𝑞
𝑝

 𝜆) = 0

CP Violating quantities are known precisely in SM 

Quantum loop makes it sensitive to NP
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CP Violating parameters
Total amplitude is sum of SM and NP amplitude (at t=0) 

: Strong phase in SM (NP) ,                        Weak phase in SM (NP) (  )
𝛿𝑆𝑀(𝑁𝑃)
𝑘 𝜙𝑆𝑀(𝑁𝑃)

(𝑘) : 𝑘 = { ∥ , ⊥ , 0}

is a mixture of ’weak’ and ‘strong’ phases!

The interference phase is then given by 
𝜃(𝑐)

𝑘  
𝜃𝑘 − 𝜃𝑐

𝑘

𝑟𝑁𝑃 
𝑘 =

|𝐴𝑁𝑃
𝑘 |

|𝐴𝑆𝑀
𝑘 |

NP Search - Null-test parameters:


1. Interference Phase

(  = 0 in SM)

2. Direct CP Violation parameter 


in SM)

𝜃𝑘 − 𝜃𝑐
𝑘

(𝜆𝑘 − 1 = 0 
“If these quantities deviate from 0, it indicates the presence of NP!” 

16



New Physics Model: Chromomagnetic Operator

17

➢ Effective Hamiltonian of  decay: 
𝐵0
𝑠 → 𝜙𝜙

➢ Amplitude:  final state has three helicity states  three amplitudes 𝐵0
𝑠 → 𝜙𝜙 ⇒

➢ Hierarchy of amplitudes (V-A structure of current)

 ,	   , 	𝐴0 = 𝐻0 𝐴∥ =  
1

2
(𝐻+ + 𝐻−) 𝐴⊥ =  

1

2
(𝐻+ − 𝐻_)

: 

Transversity

Amplitudes

𝐴𝑘 : 

Helicity


Amplitudes

𝐻𝑘

Ann. diagrams contribute to transverse amplitudes  

Followed in  (Ann. contribution subsubleading ) 
𝑂8𝑔

“Contribution from is suppressed in Transverse Penguin Operator” 𝑂8𝑔

BUT



New Fit Configuration 

18

➢ Total NP Amplitude (longitudinal): contains contribution from matrix 
elements (can be calculated in any model)

- contains strong (CP-even) phases ( )


 are combination of Wilson 
Coefficients

-    contains weak (CP-odd) phases ( )

ℱ𝑝
0 (p = {SM, NP}) 

𝜎
𝜉h

0(h = {SM,  L, R})

𝜔𝐿,  𝜔𝑅
Notice Sign Change! Comes from  structure of current𝑉 ± 𝐴

➢ Our Fit Scheme ➢ LHCb Fit Scheme ( )𝜙𝑘 = 𝜃𝑘 − 𝜃𝑐
𝑘

Helicity-Independent (HI) Scheme: 

.


 Free parameters:  and .
𝜆𝑘 = 𝜆 ,  𝜙𝑘 = 𝜙 ∀ 𝑘 𝜖 {0, ∥ , ⊥ }

𝜙 𝜆

Helicity-Dependent (HD) Scheme: 

. 


Free parameters:  and 
𝜙0 = 0,  𝜆𝑘 = 1 ∀ 𝑘 𝜖 {0, ∥ , ⊥ }

𝜙∥ 𝜙⊥ .

 and 

 and (SM Values).


 and  are free parameters.

 

𝜃∥ = 𝜃𝑐
∥ = 𝜃⊥ = 𝜃𝑐

∥ = 0
𝜆∥ = 𝜆⊥ = 1
𝜆0 𝜃0 − 𝜃𝑐

0
LHCb arXiv: 1907.10003 [hep-ex]



Chromomagnetic dipole operator
The Chromomagnetic operator for  is given by 𝑏̄ → 𝑠̄𝑔

To make it a 4-quark operator (in order to write the matrix elements): attach a quark current

Simplifying approximation: (for two body decays, when the 3-momenta of two quarks coming from

gluon has same magnitude but opposite direction in  –quark rest frame)𝑏

Using Fierz identity and Dirac equation, we express

Effective Hamiltonian Effective Wilson Coefficients

19



Effect of Rescattering 
With, dominant -quark contribution, we can have - and - quark contribution too which can arise 
due to  and rescattering from  and  tree diagrams.

𝑡 𝑐 𝑢
 𝑐𝑐̄ → 𝑞𝑞̄ 𝑢𝑢̄ → 𝑞𝑞̄  𝑏̄ → 𝑐̄𝑐𝑠̄ 𝑏̄ → 𝑢̄𝑢𝑠̄

𝜆𝑞 = 𝑉 ∗
𝑞𝑏 𝑉𝑞𝑠

Using Unitarity to eliminate c-quark term 

Depending upon rescattering contribution (say, 20-40% of dominant penguin amplitude) => 𝑟𝑆𝑀
𝑘 = 𝑂(𝜆3)

If CP violating observables are  away from their SM value, it indicates NP!  𝑂(𝜆3)
20



New LHCb Results
LHCb arXiv: 2304.06198 [hep-ex]Helicity-Independent Fit

Helicity-Dependent Fit


Issues:

Large Errors

No information given as to how the Helicity-Dependent fit done

No details of approximations

When doing HD fit, nuisance parameters (strong phases and 

amplitudes not given)

21
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Sensitivity Study: Toy Monte-Carlo Method

Generate pseudo data from “truth values”
arXiv: 2303.04494


T.K., E. Kou
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