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In this work, we investigate the time-dependent angular analysis of B — ¢¢ decay to search
for new physics signals via CP-violating observables. We work with a new physics Hamiltonian
containing both left- and right-handed Chromomagnetic dipole operators. The hierarchy of the
helicity amplitudes in this model gives us a new scheme of experimental search, which is different
from the ones LHCDb has used in its analysis. To illustrate this new scheme, we perform a sensitivity
study using two pseudo datasets generated using LHCb’s measured values. We find the sensitivity
of CP-violating observables to be of the order of 5 — 7% with the current LHCb statistics. In
addition, we present a revised version of the table of coefficients of time-dependent terms in the
angular decay distribution with precisely defined quantities.

*%% The European Physical Society Conference on High Energy Physics (EPS-HEP2023), ***
*H% 21-25 August 2023 *¥*
**% Universitdt Hamburg, Hamburg, Germany ***

*Speaker

© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). https://pos.sissa.it/


mailto:tejhas.kapoor@ijclab.in2p3.fr
https://pos.sissa.it/

New physics search via CP observables in BY — ¢¢ decay with Chromomagnetic operatorsTejhas Kapoor

1. Introduction

BY% — ¢¢ decay is an excellent channel to search for new physics (NP). The presence of
penguin quantum loop makes it an excellent probe to search for new heavy particles and being a
purely penguin-type decay keeps it free from tree-penguin interference contamination. We choose
to search for NP via CP-violating observables as their Standard Model (SM) values are well known:
the phase of the indirect CP violation in B — ¢¢ decay is zero in SM and there is no direct CP
violation. Thus, they are clean observables and we can perform a null test on these quantities to
search for NP.

In this work, we present a NP model based on Chromomagnetic operator. This model gives
rise to a phase scheme that is different from the one used by LHCb in their work [4], and a fit
using this new scheme would help to search for NP models that can manifest themselves via the
Chromomagnetic operator. Finally, based on this new phase scheme, we perform a sensitivity study
by generating pseudodata from the LHCb best fit values.

2. Angular decay distribution

The angular decay distribution for B — ¢(— K*K~)¢(— K*K~) decay can be described by
the help of three angles as shown in Figure 1. The amplitude for this process is given by [4]

AL(1)

Ay (e
Alt, 01,0, D) = Ag(t) cos 01 cos 6, + ) sin 0y sinf cos ® + i sin 81 sin @, sin®, (1)

where Ay is the longitudinal CP-even, A is the transverse-parallel CP-even and A is the transverse-
perpendicular CP-odd transversity amplitude. The resulting angular decay distribution is propor-
tional to square of the amplitude in Eq. (1), in which we can separate the time and angular
dependence. The time-dependent term K; () is given as (i runs from 1 to 6) [4]

1 1
K;(t) = Nie 1s? [a,- cosh (EAFSI) + b; sinh (EAFst) + ¢; cos(Amyt) + d; sin(Amgt) |. )

The coefficients N;, a;, b;, ¢; and d; are the LHCb experimental observables given in Table 1. The
structure of these coefficients depend on the form of amplitudes Ag ), (¢), defined in Section 3.
ATy = T'p — T'y is decay-width difference between the light and heavy B? mass eigenstate, I'y =
('L + Ty)/2 is the average decay width and Amg; = mpy — my is the mass difference between the
heavy and light BY mass eigenstate, and also the BY — B? oscillation frequency.

3. CP violating quantities in the presence of new physics: parametrisation

In this study, we are only probing CP-violating phases in the decay; thus, our parametrisation
is done accordingly (the B — BY mixing amplitude has already been well constrained by previous
measurements [5], so we do not focus on it in this work). Also, we assume |%| =1[3].

The helicity/transversity amplitudes, with helicity/transversity ’k’ are written as [1]

Ar(t) = ((¢0)c | Heg | BY(1)) = g () Ay + l%g_mfik
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A (1) = ()| Her|BY(1)) = go (1) A + §g_(t>Ak.
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Figure 1: Decay angles for the BY — ¢(— K*K~)¢(— K*K~) decay, where 01(2) is the angle between the
K* momentum in the ¢ 2y meson rest frame and the ¢;(2) momentum in the BY rest frame. @ is the angle
between the two ¢ meson decay planes.

where g (¢) and g_(¢) describe the time evolution of BY and BY, respectively. The amplitude at
t = 0, comprising of both SM and NP amplitudes can be written as :
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where ¢ is the strong and ¢ is the phase. In the last line, we denote the quantity in the parenthesis

X, oi0% and PNP = AL
as Xye'" andr;" = A
CP-conjugate amplitude, the expression is (77x is the CP eigenvalue of the transversity state, with

n.=—landno) =1)

The phase 6y is a mixture of weak and strong phases. Similarly for the

Ay = il AMef O 710 (1 + rfpe_i(¢kNP_¢SM)ei(‘sfp“slscM))

)
= | AM et 19 x 1O
Recalling that arg(q/p) = 285 ~ 2¢°M, we finally get
A : e
L2E = e (00, (©)
P Ak
where A = % = )X(_E becomes the direct CP violation measurement parameter: Az # 1 implies

direct CP violation is present in the decay. Since in SM, A; = 1 for all helicities, the deviation of
this value from 1 (by more than O0(2%)) would be a clear signal for NP, i.e. Ax — 1 is a null-test
parameter for NP. Another quantity that can be used for NP search is the interference phase 6y — ;..
In SM, this quantity is zero; thus, the deviation of this quantity from zero (by more than O (%))
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would be a signal of NP, i.e. 6 — 6} is also a null-test parameter for NP. The time-dependent
amplitude is given by

Ap(t) = Ar | g+(t) +g—(f)€ﬂ} (7
p Ak

= IAM X ™0 g, (1) + g (e 00|

(®)

The coefficients of the time-dependent terms in Eq. (2), obtained by using Eq. (7), are given in
Table 1.
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Table 1: Coefficients of the time-dependent terms and angular functions used in Eq. (2). Amplitudes are
defined at t = 0.

4. New physics model

The model we choose to use in our study is that of the Chromomagnetic dipole operator Ogg,
which, for b — 5g process, is given as follows:
a

©)

Ogg = %mhl;,lo"‘”’(l +75)%BSBGZV.

Though Chromomagnetic operator is a SM operator, it is suppressed by b-quark mass m (and its
chirally-flipped counterpart is suppressed by s-quark mass mg). However, it is very sensitive to
several NP models, like the Left-Right symmetric class of models or SUSY, where it can undergo
chiral enhancement to overcome the quark mass suppression. The effective Hamiltonian for AB = 1
decay including the Chromomagnetic operator is thus given by (¢ € {d, s})

Gr

6
Herr = _$Vt*bvzq Z(CiSMOi) + CgOsg + CgOsg | +hc.
i=3

The operator with tilde is obtained by changing the sign of 5 term in the definition of Og, to obtain

(10)

the chirally-flipped counterpart.

In BY — ¢¢ decay, the final state can be split into three helicity/transversity states, giving us
access to three helicity/transversity amplitudes, which make up the total amplitude. However, the
contribution from the Chromomagnetic operator is suppressed in transverse penguin amplitudes
(originally pointed out in [2], and verified by pQCD approach in [6]). Therefore, the NP contri-
butions manifesting via Chromomagnetic operator should predominantly contribute to longitudinal
amplitude. Therefore, the total longitudinal transversity amplitude can be written as

Gr .
— Vi Vis (G T +E T — &0 )

MTotal _
V2

0.bp = arn)
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where M and FF contains the contribution from the matrix elements for SM and NP operators,
respectively. The f,f (k={0,]||, L} and p € {SM, L,R}) are combinations of Wilson coeflicients,
and contain the weak phases (L and R represents left- and right-handed currents, coming from Og,
and Ogg, respectively). The actual form of ¢ and F depend upon the model chosen to compute the
matrix elements, but it is not important for our purposes. Notice the sign change in the longitudinal
component of right-handed amplitude: this sign change occurs due to the sign change in the axial
part of the current; we have verified this for longitudinal amplitude by both naive factorisation and
pQCD approach.

Let us now see the observables which are sensitive to our NP model. Recalling the definition
of interference phase from Eq. (6) and putting Eq. (11) in it, we can write

Axmml
q°"0,¢¢ :/loe—i(eo—eg) (12)

e
Since NP is contributing only to longitudinal amplitude, only Ao and 6y — 6 would get contributions
from NP, while CP-violating parameters of other transversities would assume their SM values, i.e
0 = Qﬁ =0, =07 =0and ) = A, = 1. An observation of non-zero value of 1o — 1 and/or 6y — 6
would clearly indicate the presence of NP.
Let us now compare the phase scheme that LHCDb used in their fit to ours. Before comparing
with our parametrisation, we note that the CP-violating phase in LHCb is defined as ¢IIEHCb = 0, —0,.

LHCb uses the following two different fit configurations:

* LHCb helicity-dependent (HD) scheme:
¢]6HCb =0, =1Vk (¢&HCb and qﬁﬁHCb are the CP-violating fit parameters).

* LHCD helicity-independent (HI) scheme:
¢ = $FHCP Vi, A = Ay Vk (¢ and A are the CP-violating fit parameters).

The new fit configuration we are proposing is

* NP manifested via Chromomagnetic operator:
¢]1HCb=¢ﬁHCb=O or equivalently 6 = 0f = 6, = 6] =0, 1,=1)=1
(q%HCb and Ag are the CP-violating fit parameters).
The LHCD fit configuration does not match to ours, and a new fit of LHCb data with this new
scheme based on our model would be very interesting. We emphasise that neither of the two LHCb

LHCb
P

schemes above fit and Ag simultaneously; therefore, our phase scheme is a new avenue to

search for NP manifesting itself via Chromomagnetic operator.

5. Sensitivity study with the new fit configuration

Using the proposed fit scheme based on Chromomagnetic operator, we perform a sensitivity
study on the CP-violating parameters. To illustrate the fit, we first construct two pseudo datasets by
using the LHCb best-fit values, denoted as Data HI and Data HD for the LHCD helicity-independent
and helicity-dependent fit, respectively. Our fit results are shown in Table 2. We note that the results
using Data HI and Data HD agree relatively well. The obtained uncertainty of o(1p) = 6 — 7%
and o (6 — 06' ) =5 — 6% with the currently available LHCD statistics (5 b1 may be used as an
indication for future studies.
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Data HD Data HI

Fit Parameter | Central Value o Central Value o
Ao 0.978 0.058 0.984 0.070
|Ag|? 0.386 0.025 0.385 0.032
|AL|? 0.287 0.018 0.288 0.036
0o — 05 -0.002 0.055 0.066 0.053
O — 01 -0.259 0.054 -0.261 0.056
0| — 00— 6o 2.560 0.071 2.589 0.079

Table 2: Fit results based on our model assumptions, i.e. longitudinal component dominance for NP
contributions coming from Chromomagnetic operator (¢ = ) = 6] =6, =0and 4} = 1, = 1).

6. Summary

In this work, we investigate a new physics search with the CP violation measurement of the
BY — ¢¢ decay. In LHCb analysis, two types of NP scenarios were investigated, namely helicity-
dependent and helicity-dependent. Here, we propose a new scenario based on the NP model induced
by left- and right-handed Chromomagnetic operators, producing a new quark level b — s§s diagram
with an extra source of CP violation. We do a sensitivity study of the CP-violating parameters of
our proposed model, and we find that with the current statistics, they can be determined at 5 — 7%
precision.
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