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• The magnetic moment can be determined by measuring the Λc 
polarisation passing through the bent crystal.  

• Thus, Λc polarisation has to be measured.  
• The angular distribution of the Λc decay carries information of 

polarisation however, it can not be separated so-called asymmetry 
parameter α.  

• We need to measure this parameter at LHCb in advance.
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Towards μΛc measurement 

of Ref. [10]. The primed angles refer to the direction of one of the resonance’s
daughters in the resonance’s rest frame. Note that the decay amplitudes for
each resonance may have contributions to each of the four terms in Equation
1.
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Fig. 1. Definition of angles using Λ+
c → pK

∗0
→ pK−π+ as an example. In both

figures the Λ+
c is at rest. In the first figure, which defines (θp,φp), the x-axis is along

the direction of motion of the Λ+
c in the lab frame and the z-axis is the polarization

axis, normal to the plane of production. In the second figure we define φKπ as the

angle between the plane containing the K
∗0

decay products and the plane containing
the proton and the x-axis.

Each event in the final data sample is described by five kinematic variables
of interest (two two-body masses and the decay angles θp, φp, and φKπ as
defined in Figure 1) which are determined after the pKπ reconstructed mass
is constrained to the Λc mass. We chose the quantization axis (the z-axis in
the Λc rest frame) to be normal to the Λc production plane (as defined by
p̂beam × p̂Λc

, where p̂beam is the beam direction and p̂Λc
is the Λc production

direction in the lab frame). The x-axis in the Λc rest frame is chosen to be the
direction of the Λc in the lab frame.

3 Experiment E791 and Data Selection

We analyze data from Fermilab fixed-target experiment E791, which ran dur-
ing 1991 and 1992. The data were recorded from 500 GeV/c π− beam inter-
actions in five thin target foils (one platinum, four diamond) whose centers
were separated by about 1.53 cm. The detector, described elsewhere in more
detail[11,12], was a large-acceptance, forward, two-magnet spectrometer. The
key components for this study were eight planes of multiwire proportional
chambers, and six planes of silicon microstrip detectors (SMD) before the tar-
get for beam tracking, a 17-plane SMD system and 35 drift chamber planes
downstream of the target for track and vertex reconstruction, and two multi-
cell threshold Čerenkov counters for charged particle identification.
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• Theoretical computation 
of the Λc→Kpπ decays
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• We studied the three body decays.  
• Λc→Λπ→pππ decay  

• In this case where the first and the second decays are weak decays 
(both include parity violation), the angular dependence together with 
the information of 𝜶2=0.642±0.013 allows to determine 𝝃 and 𝜶1 
separately.   

• Problem: the decay rate is very small. 
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The case of ⇤c ! ⇤⇡ followed by ⇤ ! p⇡
Let us start with computing the first decay chain ⇤c ! ⇤⇡ The parity violating interaction is induced by a weak
interaction in the form

M�⇤c ,�⇤ = u⇤(p⇤,�⇤)(A�B�5)u⇤c(p⇤c ,�⇤c) (20)

where p⇤c,⇤ is the 4 momentum and the constants A and B represent parity conserving and violating contributions,
respectively. The helicity �⇤c,⇤ is the projection of the spin in the momentum direction. We work in the rest frame of
⇤c whose projection of spin coincides with z axis. Then, we define the direction of ⇤ with polar angle ✓ and azimuthal
angle �, such that it corresponds to the angle ✓ in Eq. (18). As a result, the total amplitude can be expressed as

|M |2 =
1 + ⇠

2

�|M++|2 + |M+�|2
�
+

1� ⇠

2

�|M�+|2 + |M��|2
�

/ �|X1|2 + |X2|2
�
+ ⇠

�|X1|2 � |X2|2
�
cos ✓ (21)

where

X1,2 = (A�B)
q

E⇤ ⌥ |~pp|+ (A+B)
q

E⇤ ± |~pp| (22)

Thus, the the asymmetry parameter ↵ is given by

↵ =
|X1|2 � |X2|2
|X1|2 + |X2|2

=
2Re(AB⇤)|~p⇤

(E⇤ +m⇤)|A|2 + (E⇤ �m⇤)|B|2 (23)

with E⇤ and ~p⇤ being the energy and three-momentum of the final state ⇤ in the rest frame of ⇤c.
We can see, indeed ↵ is non-zero only when there is parity violating contributions (the B term). In this particular

process, the parity violating interaction produces the final states ⇤⇡ in P-wave, which decreases as the final state
momentum, |~pf |, decreases. Thus, ↵ ! 0 at the non-relativistic limit. The ↵ parameter depends on the four-

momentum of the final state in general but at the relativistic limit it becomes constant ↵ = 2Re(AB⇤)
|A|2+|B|2 . The A and B

parameters depends on the final states and the the theoretical estimates are model dependent.
Up to now, we find the same result as Eq. (18), where we can not separately measure the ⇤c polarization from ↵.

Thus, we next consider the decay of the subsequent decay ⇤ ! p⇡. The transition amplitude can be written similarly
as the ⇤c decay:

M�⇤,�p = up(pp,�p)(a� b�5)u⇤(p⇤,�⇤) (24)

Then our di↵erential decay rate can be written as

dN

d cos ✓
= 4m2

⇤N1N2(1 + ↵1↵2 cos ✓ � ⇠(↵1 � ↵2 cos ✓)) (25)

= 4m2
⇤N1N2(1� ⇠↵1 + ↵2(↵1 + ⇠) cos ✓) (26)

where

N1 = (E⇤c +m⇤c)|A|2 + (E⇤c �m⇤c)|B|2 (27)

N2 = (Ep +mp)|a|2 + (Ep �mp)|b|2 (28)

↵1 =
2Re(AB⇤)|~p⇤c |

N1
(29)

↵2 =
2Re(ab⇤)|~pp|

N2
(30)

Note that now we are working in the rest frame of ⇤ and the ⇤c spin axis and momentum direction is chosen to
be the same. The angle ✓ is the angle between ⇤c and p. The second line of Eq. (25) shows that there are two
observables, coe�cients of non-angular dependent part, 1 � ⇠↵1, and of cos ✓ part, ↵2(↵1 + ⇠). Then using the
very well measured value of ↵2 = 0.642 ± 0.013 [37], we could achieve to obtain ↵1 and ⇠ separately. So far ↵1 is
measured with less precision, ↵1 = �0.91 ± 0.15 [37]. Measuring them with much higher statistics data of LHCb
will be very interesting for future. In particular, having the result of ⇤b polarization measurement at LHCb [38],
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A,B: form factor for Λc→Λπdecay   
a,b: form factor for Λ→pπdecay  

parity violating

What we understood in 2018…



• Λc→(K*p, Δ++K,𝝠π)→pKπ decay  
• This decay was studied by the Fermilab E791 experiment.  
• We first followed their formalism (helicity amplitude method). 
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What we understood in 2018…
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of Ref. [10]. The primed angles refer to the direction of one of the resonance’s
daughters in the resonance’s rest frame. Note that the decay amplitudes for
each resonance may have contributions to each of the four terms in Equation
1.
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Fig. 1. Definition of angles using Λ+
c → pK

∗0
→ pK−π+ as an example. In both

figures the Λ+
c is at rest. In the first figure, which defines (θp,φp), the x-axis is along

the direction of motion of the Λ+
c in the lab frame and the z-axis is the polarization

axis, normal to the plane of production. In the second figure we define φKπ as the

angle between the plane containing theK
∗0

decay products and the plane containing
the proton and the x-axis.

Each event in the final data sample is described by five kinematic variables
of interest (two two-body masses and the decay angles θp, φp, and φKπ as
defined in Figure 1) which are determined after the pKπ reconstructed mass
is constrained to the Λc mass. We chose the quantization axis (the z-axis in
the Λc rest frame) to be normal to the Λc production plane (as defined by
p̂beam × p̂Λc

, where p̂beam is the beam direction and p̂Λc
is the Λc production

direction in the lab frame). The x-axis in the Λc rest frame is chosen to be the
direction of the Λc in the lab frame.

3 Experiment E791 and Data Selection

We analyze data from Fermilab fixed-target experiment E791, which ran dur-
ing 1991 and 1992. The data were recorded from 500 GeV/c π− beam inter-
actions in five thin target foils (one platinum, four diamond) whose centers
were separated by about 1.53 cm. The detector, described elsewhere in more
detail[11,12], was a large-acceptance, forward, two-magnet spectrometer. The
key components for this study were eight planes of multiwire proportional
chambers, and six planes of silicon microstrip detectors (SMD) before the tar-
get for beam tracking, a 17-plane SMD system and 35 drift chamber planes
downstream of the target for track and vertex reconstruction, and two multi-
cell threshold Čerenkov counters for charged particle identification.

5



• Λc→(K*p, Δ++K,𝝠π)→pKπ decay  

• We can not separately measure all the form factors and the 
polarisation in this case. 
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Appendix

The ⇤c ! K⇤(! K⇡)p decays
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and the S-wave amplitude is E
2,3 and P -wave is E

1,4.
After integrating the ✓0 and � angles, we find
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though ↵
⇤c does not seem to correspond to weak asymmetry parameter.

In any case, by measuring 6 observables, we can not determine 7 parameters.
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In another word, we can’t separate ↵ and P
⇤c .

The ⇤c ! �++(1232)(! p⇡)K decays

d�
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E1,E4: form factor for S wave decay   
E2,E3: form factor for P wave decay  
parity violating

PΛc: polarisation (= 𝝃)  
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• Λc→(K*p, Δ++K,𝝠π)→pKπ decay  

• The same conclusions: we can not separately measure all the form 
factors and the polarisation.   

• The interference of these intermediate states allow the 
separation ??? 
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In any case, by measuring 6 observables, we can not determine 7 parameters.

{a0, a1, b0, b1, c1, c2} �! {|E
1

|, |E
2

|, |E
3

|, |E
4

|, (�
1

� �
2

), (�
3

� �
4

), P
⇤c}

In another word, we can’t separate ↵ and P
⇤c .
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Appendix
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Computing the interference terms

• It seems complicated to compute the interference term in the helicity 
amplitude method where we use various rest frames (→this problem 
is discussed and a solution is proposed in arXiv:1910.04566).  

• We decided to use a single frame defined as 

z(’)

x’

x @Λc rest frame

p
π

pol. axis
Σ

θ

ϕ

K

y’

y
⊗

Figure 1: The pK⇡ decay plane and the p � ⌃ plane (⌃ is the polarisation axis, which
we may choose to be perpendicular to the beam and the ⇤

c

momentum in the laboratory
frame) in the rest frame of ⇤

c

.

3

We use Λc rest frame with 
• x’-y’-z’: the pKπ decay plane 
• x-z: p-Σ plane 
• z(‘): proton direction 

Brief Article

E.K.

1 Kinematical variables

We first define the 4 momentum of the final sates as follow:

⇤
c

! p(p
1

)K(p
2

)⇡(p
3

) (1)

We work on the rest frame of ⇤
c

and the proton momentum to be on the the z axis:

~e

z

=
~p

1

|~p
1

| (2)

Next, we define the quantisatoin axis of the ⇤
c

polarisation, ~⌃, to be perpendicular to the
beam and the ⇤

c

momentum in the laboratory frame, i.e. ~⌃ = ~

p̂

beam

⇥ ~

p̂

⇤c , and then, the
proton-projection axis plane to be on the x� z plane:

~e

y

=
~p

1

⇥ ~⌃

|~p
1

⇥ ~⌃|
(3)

Finally, we define the proton-pion plane to be the x

0 � z

0 plane, where z

0 axis is shared
with the z axis (see Fig. 1):

~e

y

0 =
~p

1

⇥ ~p

3

|~p
1

⇥ ~p

3

| (4)

We define the angle between proton and polarisation axis to be � (sin� > 0)

cos� =
~p

1

· ~⌃
|~p

1

· ~⌃|
(5)

and the angle between these two planes to be ✓

cos ✓ =
~x · ~x0

|~x · ~x0| (6)

2

E.K. A. Korchin, V. Kovalchuk in progress
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• We don’t rely on the helicity amplitude method and compute it 
according to Feynman rules. 

Computing the interference terms
2 The di↵erential decay rate computation

Now we compute the di↵erential decay rate for given ⇤
c

polarisation, ⇠, including three
resonances. First, the decay rate of the three body decay is given as
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2.1 Amplitudes and their conjugate

The squared amplitude |M|2 =
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We give the expression of the amplitudes and their conjugates below (the detailed
definition of the form factors and propagators are given in the appendix):
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The factors CR comes from the form factors and defined as:
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We provide the results for the conjugate amplitudes as well:
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We give the expression of the amplitudes and their conjugates below (the detailed
definition of the form factors and propagators are given in the appendix):
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6

parity violating

E.K. A. Korchin, V. Kovalchuk in progress
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• Let us first see the individual resonance contributions. It turned out 
that the angular distribution fit in single expression:  

(interim) Results…
E.K. A. Korchin, V. Kovalchuk in progress

2.2 Spin summation

After spin summation of the proton, we obtain

|M|2 = Tr

h⇣

X

R=⇤

0
,�

++
,K

⇤

A†
R

⌘

(
/

p+m

p

)
⇣

X

R=⇤

0
,�

++
,K

⇤

A
R

⌘

P
�⇤c

i

(44)

where the projection operator is defined as

P
�⇤c

= u

�⇤c
(Q)u

�⇤c
(Q) (45)

=
1

2
(
/

Q+m

�⇤c
)(1 + �

5

/

a)

3 Results

3.1 The ⇤
c

! �++K process

The di↵erential decay rates have the angular distribution of the form

d�(⇠) / [a
0

� b

0

⇠ cos ✓ � b

1

⇠ sin ✓ cos�] (46)

When there is only one resonance, e.g. �++, the angular coe�cients a
0

, b

0

, b

1

can determine

a

0

: |A|2, |B|2 (47)

b

0

: ⇠Re(AB

⇤) (48)

b

1

: ⇠Re(AB

⇤) (49)

Let us define the phase of the A and B amplitudes as �
A,B

, then, from these measurements,
we can determine

a

0

�! |A|, |B| (50)

b

0

�! ⇠|A||B| cos �
AB

(51)

where �

AB

= �

A

� �

B

, Thus, ⇠ can be determined only if f we know �

AB

.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (52)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(53)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(54)
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7

a0, b0, b1 are VERY complicated functions of the Dalitz variables

a0, b0, b1 are proportional to Dalitz analysis gives information of

example of Λc→Δ++K→pKπ 

a0, b0,1 give information of |A|, |B| and 𝝃 cosδAB  
and can not provide 𝝃 (unless δAB=0) 
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• Next we see the interference terms

(interim) Results…
E.K. A. Korchin, V. Kovalchuk in progress
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where �

AB
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� �
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, Thus, ⇠ can be determined only if f we know �
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.

3.2 The interference of ⇤
c
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c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (52)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(53)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD
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⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)
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7

example of Λc→Δ++K→pKπ Λc→ 𝝠π →pKπ intermediate term

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB

⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD

⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD

⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB

⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD

⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

Then, we can obtain the polarisation parameter ⇠, e.g. by using:

(⇠|A||B| cos �
AB

)2 + (⇠|A||B| sin �
AB

)2

|A|2|B|2 = ⇠

2

up to its sign. The signs would be possible to be disentangled in the following way. Us-
ing the obtained ⇠, we obtain �

AB,CD,AC,BD

. These have ambiguity of �
AB,CD,AC,BD

or
�

AB,CD,AC,BD

+⇡, depending on the sign of ⇠. As we can obtain the value of �
AD

and �

BC

,
we choose the solution which satisfies

�

AB

+ �

BD

= �

AD

, �

AC

+ �

CD

= �

AD

, �

AC

� �

AB

= �

BC

, etc. (68)

9

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB

⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD

⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC⇤), ⇠Im(AC⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC⇤), ⇠Im(AC⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD⇤) �! Re(AD⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB⇤) �! Re(AB⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D

contain Breit-Wigner. Let us write them explicitly:

A �! A BW
�

++(s
13

), B �! B BW
�

++(s
13

) (62)

C �! C BW
⇤

0(s
12

), D �! D BW
⇤

0(s
12

) (63)

In case of the single resonance, the Breit-Wigner term factor out, e.g.:

Re(AB

⇤) �! Re(AB⇤)|BW
�

++(s
13

)|2, (64)

On the other hand, for the interference terms, we have, e.g.

Re(AD

⇤) �! Re(AD

⇤)Re(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))�Im(AD

⇤)Im(BW
�

++(s
13

)BW⇤
⇤

0(s
12

))
(65)

where the Breit-Wigner part is a known function.
Now, the information we can obtained from this measurement is

a

0

�! |A|, |B|, |C|, |D|, |A||D| cos �
AD

, |A||D| sin �
AD

, |B||C| cos �
BC

, |B||C| sin �
BC

(66)

b

0

�! ⇠|A||B| cos �
AB

, ⇠|A||B| sin �
AB

, ⇠|C||D| cos �
CD

, ⇠|C||D| sin �
CD

,

⇠|A||C| cos �
AC

, ⇠|A||C| sin �
AC

, ⇠|B||D| cos �
BD

, ⇠|B||D| sin �
BD

(67)

8
then, using the following relation, we can separate 𝝃 !!!

imaginary part is now accessible!!!
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• Why are we accessible to the imaginary part??? 
• The A, B, C… function are actually multiplied by the Breit-Wigner of 

each resonance:   

• When we compute a single resonance, it simply factors out, e.g.  

• When we have two resonances, these interfere and make it possible 
separate the real and imaginary parts

(interim) Results…
E.K. A. Korchin, V. Kovalchuk in progress

which gives the information of

a

0

�! |E
1

|, |E
2

|, |F
1

|, |F
2

|, |E
1

||E
2

| cos(�
E1 � �

E2), |F1

||F
2

| cos(�
F1 � �

F2) (57)

b

0

�! ⇠|E
1

||E
2

| cos(�
E1 � �

E2), ⇠|E1

||F
1

| cos(�
E1 � �

F1), ⇠|E2

||F
1

| cos(�
E2 � �

F1), ⇠|E2

||F
2

| cos(�
E2 � �

F2)

(58)

Here again, we can not determine ⇠ independently.

3.2 The interference of ⇤
c

! �++K and ⇤
c

! ⇤0⇡ processes

Next, we consider two resonances, e.g. �++ and ⇤0. In this case the angular coe�cients
can determine

a

0

: |A|2, |B|2, |C|2, |D|2, Re(AD

⇤), Re(BC

⇤), Im(AD

⇤), Im(BC

⇤) (59)

b

0

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(60)

b

1

: ⇠Re(AB

⇤), ⇠Im(AB

⇤), ⇠Re(CD

⇤), ⇠Im(CD

⇤), ⇠Re(AC

⇤), ⇠Im(AC

⇤), ⇠Re(BD

⇤), ⇠Im(BD

⇤)

(61)

The reason why the imaginary part is accessible is the following. The parameters A ⇠ D
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• We need to perform the sensitivity study “how precisely we can 
measure the polarisation 𝝃 at LHCb/SMOG” (for now, with three 
resonances). 

• By doing such study, one can clarify, e.g.  
Is the Dalitz distributions different enough for the different 

resonances to distinguish A, B, C… parameters?  
Is 𝜙 distribution important in 𝝃 determination?  

• These are simultaneous fit of 8x2 form factors and 1 polarisation 
parameter.  

• We developed a fit program called “Gampola” during internship of 
B. Knysh (now Belle II-IJCLab group ), which can do such a fit very 
fast.  

• It will be great if a very motivated internship student could join to 
work on this exciting project! 

What’s next ?
E.K. A. Korchin, V. Kovalchuk in progress
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• The charm magnetic moment determination with bent-crystal 
requires a measurement of the 𝝠c polarisation.  

• It has been puzzling for us how to separately measure the asymmetry 
parameter and the polarisation.  

• We introduced a new frame to compute the interference of the 
different intermediate states and have shown that indeed, the 
intermediate terms give extra information to determine full form 
factors and polarisation.  

• We are now ready do perform the sensitivity study.  
• The French-Ukraine collaboration have been very fruitful!  
• Stay tuned! 

Conclusions


