'iD)CLab université

Iréne Joliot-Curie PARIS-SACLAY

Laboratoire de Physique
des 2 Infinis

New Physics search via CP
observables in Bg — @@ decay

Tejhas Kapoor and Emi Kou

1JCLab, Orsay, France

November 8, 2023
GDR-InF Annual Conference, Mont Sainte-Odile






Introduction



Introduction

Motivation: b — s$Ss pure penguin process
Penguin Quantum Loop -> new heavy particles
No tree-penguin interference -> clean channel



Introduction

0 0_, pY L _ :
B — ¢¢pand B; » B; — ¢p¢ Motivation: b — s5s pure penguin process
Penguin Quantum Loop -> new heavy particles
No tree-penguin interference -> clean channel



Introduction

-0
Bg — ¢¢ and Bg — By — ¢ Motivation: b — s§S§ pure penguin process
Penguin Quantum Loop -> new heavy particles

Mixing-induced CPV --> interference phase ¢*** -
No tree-penguin interference -> clean channel



Introduction

-0
Bg — ¢¢ and Bg — By — ¢ Motivation: b — s§S§ pure penguin process

.. . . 3 i -> i
Mixing-induced CPV --> interference phase ¢** Penguin Quant.urT\ Loop -> new heavy particles
_ No tree-penguin interference -> clean channel
Im(——) o sin(¢h;**



Introduction

-0
Bg — ¢¢ and Bg — B; = ¢¢ Motivation: b — s5s pure penguin process
Mixing-induced CPV --> interference phase ¢*** Penguin Quant.un.n Loop -> new heavy particles
1 No tree-penguin interference -> clean channel
Im(i—> o sin(¢>*)
p A

SM Prediction: (]5555 =0 (phases cancel out)

arg<i> = 2p,, arg (A—) = —2p,, B, = arg( —VibVis )
D A éka/cs




Introduction

0 0_, pY L. _ :
B; = ¢¢and B — B; — ¢p¢ Motivation: b — s5s pure penguin process
L : 5 [ -> [
Mixing-induced CPV --> interference phase ¢, Penguin Quant.urT\ Loop -> new heavy particles
1 No tree-penguin interference -> clean channel
m( L2 ) « sin(¢55%)
p A
Run 1 + Run 2,9fb'1 LHCDb -
P . hSSS _
SM Prediction: ¢;°° = 0 (phases cancel out) fn2 6 — SM prediction 1
q A _V:;)I/ts _
arg| — ) = Zﬁs, arg (—) = — Zﬂs, ﬂs = arg|( ) Run1+2015+2016,5 b’ —I
p A éka/cs
Run 1,3 fb! ]
2011, 1 fb!
PR SR R N T R S S NN N S T
-3 -2 -1 0
¢’ [rad]

¢ [rad | —0.042 =+ 0.075 = 0.009



Introduction

-0
Bg — ¢¢ and BS — B; = ¢¢ Motivation: b — s5s pure penguin process
Mixing-induced CPV --> interference phase ¢*** Penguin Quant.un.n Loop -> new heavy particles
_ No tree-penguin interference -> clean channel
Im| —— | « sin(¢***
<p 1 ) (&™)
Run 1 + Run 2,9fb'1 LHCb o
SM Prediction: ¢p** =0 (phases cancel out) Rz 61 — SM prediction 1
q A _V;ZI/Z‘S _
arg| — ) = Zﬂs, arg (—) = — Zﬂs, ﬂs = arg|( ) Run1+2015+2016,5 b’ —I
p A ékbl/cs
Run 1,3 fb” ]
Plan: 2011, 1 fb!
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What can we infer from it (especially about NP)?
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N,,a;, b;,, c;, d;are Experimental Observables, their structure depend upon form of A,
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Many experimental observables, but LHCb needed assumptions to reduce the parameters
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New Physics Model: Chromomagnetic Operator

In this work, we propose a new fit scheme based arXiv: 2303.04494
on Chromomagnetic Operaor (Og, and 58g): I.K., E. Kou
Why ?
G 6 [ ' ~ — -
Hog = ——LVVig | 3 (CSMO;) + CiygOsy + CisgOsy | + hic. Sensitive to several NP Models
V2 i=3 | , ‘ due to

Contribution from Chromomagnetic operator is suppressed in transverse penguin amplitudes
=> NP signatures in Longitudinal CP parameters

New Proposed Fit Configuration

Interference Phase and direct CPV measurement
¢, and A, are free parameters paremeters are “clean observables” to search for NP!

b5 » 5.1 » A and 4 set to SM Values (null-test parameters)
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We generate fake data by generating covariance matrix from the LHCb results.
We have two sets of LHCb results — we generate two pseudo datasets

(Helicity-Independent(HI) and Helicity-Dependent(HD))

Data HD Data HI
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Sensitivity Study Results

arXiv: 2303.04494
LK., E. Kou

We generate fake data by generating covariance matrix from the LHCb results.
We have two sets of LHCb results — we generate two pseudo datasets

(Helicity-Independent(HI) and Helicity-Dependent(HD))

Data HD Data HI
Direct CPV Fit Parameter | Central Value o Central Value o
Measurement A 0.978 0.058 0.984 0.070
Parameter | Ag|? 0.386 0.025 0.385 0.032
|A] |2 0.287 0.018 0.288 0.036
Interference
Phase (¢;)
0 — 01 -0.259 0.054 -0.261 0.056
| — 00 — o 2.560 0.071 2.589 0.079

Sensitivity on CP violating parameters with the current statistics : 6, — 65 ~ 6% and Ag~ 7%
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Why B) — @K, ?

Question: Both Bg — ¢¢ and Bc? — @K, are b — 5s5 decays at quark level. Why do both?
Answer: If NP is present, the observed signature could still be different in both.

Example: Right-handed NP (w: weak phase, o: strong phase)

BS — P B) - ¢K,
NP(RH)
NP(RH) M o
Mbgo " _ R iwngioy = elne
sM. 9P 5
Apge” "N = 1 = 2rf e “rcos 6y, /1¢Kse‘2i(¢fff—¢1) R 1+ 2rg e Prc0s oy

Weak phase (a)R) is same for both (coming from quark-level diagram), strong phase is not same!

NP signatures are different, one can be bigger/smaller than the other
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NP chirality

I+

LH
RH
RH
LH
LH
RH
RH
LH

Is NP left- or right-handed ?

arXiv: 2303.04494
I.K., E. Kou
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Role of B) — @K, decay

arXiv: 2303.04494

COSOpg | COSOsk, | & | NP chirality | Is NP left-orright-handed ? TK., E. Kou
+ + + LH Opp AN Oy,
1 _ + RH Strong phase difference between NP and
1 + _ RH SM matrix elements for Bg — ¢¢ and
1 _ _ LH BO — @K decays respectively
— + - LH Y, = [tan (90 — HC) tan(2¢% — 2¢,)]
_ _ _ RH /, T \_K
- + |+ RH
B B LH Interfernce phase Interference CKM unitarity
—I_ from BS N ¢¢ phase from triangle angle
decay Bg - ¢KS decay

Chirality of NP can be determined, under the assumption that NP is either only LH or RH




11



Conclusions



Conclusions

. BS — ¢@: excellent probe to search for NP:



Conclusions

. BS — ¢@: excellent probe to search for NP:

— pure penguin (no tree — penguin interference)



Conclusions

0 : :
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)

— final state is VV: gives access to three transversity amplitudes



Conclusions

0 : .
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

11



Conclusions

. BS — ¢@: excellent probe to search for NP:

— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

null-test for NP and are clean observables

11



Conclusions

0 : .
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

null-test for NP and are clean observables
« Chromomagnetic operator contributes to longitudinal polarisation

11



Conclusions

0 : .
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

null-test for NP and are clean observables
« Chromomagnetic operator contributes to longitudinal polarisation

=> gives rise to new phase scheme (¢, = HO — 0 and A are fit parameters)

11



Conclusions

0 : .
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

null-test for NP and are clean observables
« Chromomagnetic operator contributes to longitudinal polarisation

=> gives rise to new phase scheme (¢, = HO — 0 and A are fit parameters)

- Sensitivity Study with pseudodata : o) = 0 — 0 ~ 6% and Ay~ 7%

11



Conclusions

0 : .
« B; — ¢@: excellent probe to search for NP:
— pure penguin (no tree — penguin interference)
— final state is VV: gives access to three transversity amplitudes

. Interference phase (¢, = 0, — 0,) and direct CPV parameter (4,):

null-test for NP and are clean observables
« Chromomagnetic operator contributes to longitudinal polarisation

=> gives rise to new phase scheme (¢, = HO — 0 and A are fit parameters)
- Sensitivity Study with pseudodata : o) = 0 — 0 ~ 6% and Ay~ 7%

. Bc(z) — @K : Important, could be used to get chirality of NP
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CP Violation

: q
B T

e Pure penguin process « Decay and mixing phase cancel out each other

Al Im<£/1>=0
P

CPV in mixing constrained by BS — J/y @, we focus on decay

CP Violating quantities are known precisely in SM

Quantum loop makes it sensitive to NP
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Introduction: Chromomagnetic Operator

New Physics (NP) Model:
Chromomagnetic Operator (OSg) b — sg(gison-shell

2 . H 5 5 ’
Og, : OSg withl+y’> > 11—y It’s a suppressed SM operator

\@
9 _
) Ogg = S%mbsaawj(l + 75)%5[)5GZV

Og, sensitive to NP due to Chiral Enhancement l

Oy, in NP

@ & Mgty o X Miip

® X mbBRbL

@ Mass Insertion Approximation ® Right-Handed CKM Matrix elements

Chromomagnetic operator sensitive to Right-Handed currents .



CP Violating parameters

Total amplitude is sum of SM and NP amplitude (at t=0)

515M(NP): Strong phase in SM (NP), gb(%mNP): Weak phaseinSM (NP) (k= { ||, L ,0})

A :ASM ANP - eSM __; 1SM _i(ANP_ 1SMY ;(sNP_ sSM
k T Ag Akznk|ASM|ezc$k o9 1 4 pNPo—i(g)F—¢5M) i(6y" —63M)
ASM|gidiM gig™M | ANP| i6NP igpN P g g
- k (o (& k (& (& . cSM__:4SM .ne
:eSM ;  SM (NP SM (SNP SM an|A2M|eZ6k € 7’¢ Xﬁe?ﬂk'
— | ASM| s i (1_|_7,’1:IP61,(¢k —¢SM) Ji(SRF —63M)

- cSM ; +SM : NP |AI£VP|
= |ARM|etR" ™ X ek, T T A
(C) / / 7 7 / 7
Hk is a mixture of ‘weak’ and ‘strong’ phases! NP Search - Null-test parameters:

The interference phase is then given by 6, — 0,

1. Interference Phase

(0, — 0, =0inSM)

2. Direct CP Violation parameter

(A, — 1 =0inSM)
“If these quantities deviate from 0, it indicates the presence of NP!”

> 16




New Physics Model: Chromomagnetic Operator

> Effective Hamiltonian of BS — ¢ decay:

Q 6 Js 117 5! )\gﬁ a
Mo = == ViiVia | D_(CPV0:) + CsgOs + CisgOsg | + . Osg = ¢ 5mpbac™ (1 +797) —=55G -
1=3
> Amplitude: B_? — ¢ final state has three helicity states = three amplitudes
Ak: 1 1 Hk'
Transversity Ay=H,, A= —(H+ + H_) , A= —(H, —H_) Helicity

Amplitudes \/5 \/5 Amplitudes
> Hierarchy of amplitudes (V-A structure of current)

Ann. diagrams contribute to transverse amplitudes

BUT
* Followed in Ogg (Ann. contribution subsubleading )

“Contribution from Oggis suppressed in Transverse Penguin Operator”

g

17



New Fit Configuration

> Total NP Amplitude (longitudinal): FP(p = {SM, NP}) contains contribution from matrix
Gr elements (can be calculated in any model)
Total SM L .
Mo;’bg — \/_V;thS( 0 -|- §0 ¢¢ 0 R ,¢¢) - contains strong (CP-even) phases (o)
‘ Zjh(h = {SM, L,R}) are combination of Wilson

Coefﬁuents

Notice Sign Change! Comes from V' A Structure o €4eFelld) phases (w,, wp)

> Our Fit Scheme > LHCb Fit Scheme (¢, = 0, — 0,)
Total PRIy .
q M 2}52 A 6—%(90 o) Helicity-Independent (HI) Scheme:
pMTotal_ =4, =0 Vke{O],L}.
009 Free parameters: ¢ and A.

Helicity-Dependent (HD) Scheme:
=0, 4, =1Vke{O|,L}
Free parameters: ¢ and ¢, .
LHCb arXiv: 1907.10003 [hep-ex]

9“—90 QJ_—Q 0 and

= A, = 1 and (SM Values).

— OF are free parameters.

18



Chromomagnetic dipole operator

_ b
The Chromomagnetic operator for b — sg is given by

a
gs 7 5 }‘aﬂ

Oy = ¢ 3mpbad™ (1 +77) —=85G),.-

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

(87 mb A af )\
0} == bg(14+~9) 2L sy, 22
9= 7 5 ba ¥ q( 7)2/3%%2%
simplifying approximation: gH = <q2> Py (for two body decays, when the 3-momenta of two quarks coming from

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

Using Fierz identity and Dirac equation, we express

A2 \@ 4 Ogs TNy

aB Npo __ 1 1 Og.) = 0, Oc) — =((O2) + (O

5 5 — 3 (504055,0 35aﬂ5pa) < 89> A /—<q2> < > < 6) (< 3) < 5>)]
Effective Hamiltonian Effective Wilson Coefficients

of = ——= Vi Vi C>"0; + C;0; + C;0; = —— C =
Hesr oVt ;:3:( i T Ui+ ) Css 347 /() C'gg 4,6 47 /() ?;89



Effect of Rescattering

With, dominant #-quark contribution, we can have c¢- and u- quark contribution too which can arise

due to ¢¢ — ggand uii — qq rescattering from b — ¢cs and b — uus tree diagrams.

AM = MPrg + AcRe + AuRu g A=V Vas

Using Unitarity to eliminate c-quark term

SM __ * —1f8s 0tc,k * vy Wuc,k
= |VipVis |e_w3 |PRyc i |ei5tc”“ [1 + T;%Mei('HﬂS)ei(‘suc”“_‘stc”“)] kT VAVl PRl
SM SM
_ ASM |ez¢ 25 ’

Depending upon rescattering contribution (say, 20-40% of dominant penguin amplitude) => r SM — O(4%)

If CP violating observables are 0(13) away from their SM value, it indicates NP!




New LHCb Results

Helicity-Independent Fit

Parameter Result

_ I :
5 [rad ] ~0.042 % 0.075 % 0.009 Lzsr:eesrmrs
)‘l 0 1.004 £ 0.030 = 0.009 No information given as to how the Helicity-Dependent fit done
AO’ 0.384 = 0.007 &= 0.003 No details of approximations
AL|2 0.310 = 0.006 = 0.003 When doing HD fit, nuisance parameters (strong phases and

5y — & [rad]  2.46340.02940.009  amplitudes not given)
5, — 8 [rad]  2.769 4 0.105 4 0.011

Helicity-Dependent Fit

$s0 = —0.18 = 0.09 rad , [Ao| = 1.02£0.17
Ps,| — Ps0 = 0.12£0.09 rad, A1/ Xo| = 0.97 +0.22
bs 1 — bs0= 0.1740.09 rad , [N/ o] = 0.78 £ 0.21
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Sensitivity Study: Toy Monte-Carlo Method

arXiv: 2303.04494
Generate pseudo data from “truth values” T.K., E. Kou

When we have large (infinite) statistics ( N — o0 ): . 1
e MLE gives truth values Use scaling o \/N

« Sensitivity (6) — 0 . . .
covariance matrix for given number of events

to construct

Parameters of Interest (0, 0y...) Truth Values (Experimental Results)

N (ac)g _ 1 / Phase Space (angles, time)
(%Z ovj  f(x)g /)| -

-
sk
R =v

Number of events Normalsed PDF (Angular Decay Distribution)

Covariance Matrix

Advantages: Fast and Easy to program
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Transversity Amplitude: q
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= M ‘ Ak ‘ e~ P

k
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Experimental Observables: LHCb Version

Transversity Amplitude: q Ax — ‘/1 ‘e i}, . Interference Phase (Hel. Dep.)
A, = ‘Ak ‘ 010 - Strong Phase D Ay Lk Direct CP Measurement

| .. P t
Approximate Parameterisation arameter

1. CP eigenvalue of
the transversity state

(770,|| =1Ln=-1

(no weak phase, single amp. (SM) )
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Experimental Observables: LHCb Version

Transversity Amplitude:

Ac=|Aen
Approximate Parameterisation
(no weak phase, single amp. (SM) )

Strong Phase

Interference Phase (Hel. Dep.)

Direct CP Measurement

Parameter

1. CP eigenvalue of
the transversity state

(770,|| =1Ln=-1

i N; a; b Ci d; f;
1 | Ao|? 1+ |Ao? —2|Xg| cos(9) 1—[Xo|? 2[Ao| sin() 4 cos? 0, cos? 0,

2 | 4P L+ N2 —2|)| cos(¢s,)) WE 2\ [sin (¢, ) sin? 6, sin’ By(1 cos 20)
3 |AL? 14 AL? 2|\, | cos(os,1) 1—|A.)? —2[\| sin(¢hs. ) sin? 0, sin? o (1— cos 20)
[AyllAL SiIl((SH — 5J_) — |)\||||/\J_| —|/\||| sin(5|| — 5J_ — (}53,”) Sin((SH — 5J_) + |)‘||H)‘J-| ’/\“| COS((SH _ 5J_ _ ¢s’”) -y i .

4 i : : -2 0 ) 29

2 SIII(CSéI —01 —) ¢si|| ‘*|'| ¢s,|_L) +||/\L|| Sln((5|| -0, + ¢s,_L)) s1n(6(|| -0, —) ¢si” _||-|¢s,|L) +||)\l||COSE(5” —5, + ¢s,_L)) sSin” ¢; s1in” U, sin
| A} | Aol COs 5” — (50 + /\|| )\0 . — /\|| COS 5” — 50 — ¢s’|| COSs 5” — 50 — )\“ )\0 . — )\” sin (5” — 50 — (,253,” . .
° 2 cos(d) — do — ¢, + ¢) +|Xo| cos(d) — do + ¢) sin(0) — 6o — P + B) +[ Ao sin(6) — do + ¢) V2sin 26, sin 26, cos @
|Ao||AL| Sin(50—5L) — |)\0||)\J_| —|)\0|sin(50—5L—¢) s1n(50—6L)+|/\0||)\L| |/\0|COS(50—6J_—¢) . . . .
6 2 sin(dg — 6. — &+ ¢s.1) +|AL|sin(dg — 61 + s 1) sin(dp — 6. — ¢ + s 1) F[AL| cos(do — 81 + bs1) /2 sin 26, sin 26, sin ®
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Experimental Observables: LHCb Version

Transversity Amplitude: q Ay = ‘/1 ‘e i}, Interference Phase (Hel. Dep.)
s Strong Phase — k] Tk i
A, = ‘Ak ‘ 010 8 p A, Direct CP Measurement
A imate P terisati Parameter
pproximate arame erisation M CP eigenvalue of
(no weak phase, single amp. (SM) ) the transversity state
(770,” =1,n=-1)
i N; a; b Ci d; f;
1 | Ao|? 1+ |Xof? —2|Ao| cos(9) 1 — | Ao? 2| X\o| sin(¢) 4 cos? 6, cos? B,
2 |4 1+ |)\)? —2|\| cos(¢s,) 1— |2 2|\ | sin(¢s ) sin” 0, sin® 05 (14 cos 2®)
3 |AJ_|2 1+ |/\\_|_|2 2|)\L| COS(¢S’J_) 1-— |)\J_|2 —2|/\||| Sin(¢s,l) Sin2 91 Sil’l2 92(1— COS 2@)
[AllAL sin(5|| — 5J_) - |)\||||/\J_|- —|/\||| sin(5|| - 5J_ - (}55,”) sin(<5|| — (5_1_) + |)\||||)\J_|- ’/\||| COS((5|| — 5_]_ - (]53,”) 9 a2 .. 92 .
' 2 sin(d) — 01 — ¢, + bs,1) +AL|sin(d) — 61 + hs,1) sin(d) — 61 — s + Ps,1) +[A 1| cos(6) — 61 + ¢s,1) 28in” 6, sin” §; 8in 20
|A”||A0| COS(5|| — (50) -+ |/\||||)\0|- —|)\||| COS(5|| - 50 — ¢S’||) COS(5|| — 50) — |)\||||)\0|- —|)\||| sin(5|| — 50 — (]53,”) . .

o | —3 cos(d) — do — ¢ + ) +|Ao| cos(d) — do + ¢) sin(d) — do — ¢ + @) +| Mol sin(8) — & + ) V/2 sin 26 sin 26, cos ®
|Ao||AL| Sin(60—5L) — |)\0||)\J_| —|)\0|sin(50—5L—¢) s1n(50—5L)+|/\0||)\L| |/\0|COS((50—6J_—¢) . . . .

° 2 sin(do — 6. — ¢+ ¢s.1) +[AL]sin(do — 61 + ¢s.1) sin(do — 0L — ¢ + s, 1) +|AL|cos(dg — 01 + bs.1) V/2sin 26, sin 26, sin @

CP Violating parameters are inside the experimental observables
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Experimental Observables: LHCb Version

Transversity Amplitude: q A =7 ‘/1 ‘e i} . Interference Phase (Hel. Dep.)
. — k| "k .
A, = ‘ A, ‘ elox Strong Phase DA, Direct CP Measurement
A imate P terisati Parameter
pproximate arame erisation M CP eigenvalue of
(no weak phase, single amp. (SM) ) the transversity state
(o =1 m=-1)
1] [A 1+ Aol —2|Ao| cos(¢) 1—[Aof? 2[Ao[ sin() 4 cos? 6 cos® 0,
2 Ay 1+ A2 —2|A| cos(¢s,)) 1— |2 2|\| sin(os,) sin” 0, sin® 05 (14 cos 2®)
3 | JALP 1+ AL 2|\ 1| cos(@s,1) L —2[\y[sin(¢s,1) sinZ 0, sin? 05(1— cos 20)
[AllAL sin(5|| — 5_1_) - |)\||||/\J_|- —|/\||| sin(5|| - 5_]_ - (}55,”) sin(5|| — (5_]_) + |)\||||)\J_|- |/\||| COS((SH — 5_]_ - (]53,”) 9 a2 .. 92 .
' 2 sin(d) — 01 — ¢, + bs,1) +AL|sin(d) — 61 + hs,1) sin(d) — 61 — s + Ps,1) +[A 1| cos(6) — 61 + ¢s,1) 28in” 6, sin” §; 8in 20
141140l cos(d) = do) + A [| Aol —| Ayl cos(d) — o — o) cos() — do) — | Ayl Aol —[Aylsin(d) — 0o — os,)) . .

5 2 cos(d) — do — ¢ + ) +|Ao| cos(d) — do + ¢) sin(d) — do — ¢ + @) +| Mol sin(8) — & + ) V/2 sin 26 sin 205 cos ®
|Ao||AL| Sin(50—5L)—|)\0||)\l|' —|)\0|sin(50—5L—¢) s1n(50—5L)+|/\0||)\L| |/\0|COS((50—6J_—¢) . . . .

6 | =3 sin(6g — 0L — &+ s 1) +|AL|sin(dg — 61 + ps.1) sin(do — 61 — ¢+ ¢s.1) F[AL| cos(do — 81 + bs1) /2 sin 26, sin 26, sin ®

CP Violating parameters are inside the experimental observables

Many experimental observables, only few parameters that can be fit!
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n,factor origin

Here, we take a moment to explain the 7 factors used. When we write the CP
conjugate decay, we replace the particles by their antiparticles. The effect of this
replacement on the helicity angle is ¢ — 2m — ¢, which gives rise to a negative sign
in those terms which contain amplitudes having a negative CP parity (A, in our
case). Therefore, using 7 in the definition of amplitude allows us to use the same
angular functions for BY and B? decays, which facilitates calculations in untagged
samples [23].
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