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Motivation

⚫ 𝚵𝒄
+ → 𝚵−𝝅+𝝅− is a golden channel to study properties of the excited 𝚵∗ states. 

➢ Belle has reported a research on this process in 2019 based on a 980 fb−1 data sample. The first observation of the 

Ξ 1620 0 and the 4.0𝜎 evidence of the Ξ 1690 0 were reported. An unknown structure in the range 1.8−2.1 GeV/𝑐2 in the 

𝑀(Ξ−𝜋+) was seen, which has been expected to be due to resonances such as Ξ 1820 0, Ξ 1950 0, and Ξ 2030 0.

➢ The spin-parities of Ξ 1620 0, Ξ 1950 0, and Ξ 2030 0 have not been determined yet.

⚫ Partial wave analysis is one of the best techniques to study the internal dynamics of three-body decays and 

the large statistic of 𝚵𝒄
+ → 𝚵−𝝅+𝝅− in Belle (II) makes the partial wave analysis possible.

Phys. Rev. Lett 122 072501 (2019)
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Datasets 

⚫Belle and Belle II (Run I) data samples:

⚫Belle and Belle II generic MC samples:
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Datasets 

⚫Belle and Belle II signal MC samples:

1. Decay process: 𝑒+𝑒− → 𝑐 ҧ𝑐 → Ξ𝑐
+ + 𝑋, Ξc

+ → Ξ−𝜋+𝜋+, Ξ− → Λ𝜋−, Λ → 𝑝𝜋−

2. Run-dependent signal MC sample for Belle II 

3. run-dependent signal MC sample for Belle

4. Generated number: 10,000,000 for each

⚫ Software version:

1.  Belle:      B2BII (light-2503-ceres)

2. Belle II:   BASF2 (light-2503-ceres)
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Event selection

BELLE2-PUB-PH-2025-002

Optimization method: 

The selection criteria are optimized based on figure-of-merit (FOM), defined as:

𝐹𝑂𝑀 =
𝜖

5/2 + 𝐵

𝜖 is the signal efficiency obtained from signal MC samples;

B is the number of background events in the Ξ𝑐
+ signal region, estimated from the generic MC samples. 

The Ξ𝑐
+ signal region: |𝑀(Ξ−𝜋+𝜋+) − 𝑚(Ξ𝑐

+)| < 15 MeV/𝑐2 2.46 < 𝑀 Ξ−𝜋+𝜋+ < 2.48 GeV/𝑐2 (reduce 

background level)

The Ξ𝑐
+ sideband regions: 37 35 < 𝑀 Ξ−𝜋+𝜋+ − 𝑚 Ξ𝑐

+ < 67 55 MeV/ 𝑐2 (twice larger than signal region)

The selection criteria are similar as those in B2N: BELLE2-PUB-PH-2025-002 (Measurements of Ξ𝑐
+ →

Σ+𝐾𝑆
0/Ξ0𝜋+/Ξ0𝐾+/ Ξ−𝜋+𝜋+)
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Event selection
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Event selection
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Event selection
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Event selection
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𝑥𝑝 > 0.6 𝜒2 Ξ𝑐
+ < 20



Event selection
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➢ Note that  the optimized cut  is 

Τ𝑳 𝝈𝑳(𝚵𝒄
+) > 𝟎. 𝟎. 

➢ Considering the low background level 

required by the PWA (< 5%, the lower 

the background level, the better the 

P WA r e s u l t s ) ,  w e  a d o p t  t h e 

Τ𝑳 𝝈𝑳(𝚵𝒄
+) > 𝟐. 𝟎 ,  r e d u c i n g  t h e 

background level from 11% to 4%.



Background Study

⚫ no peaking background contributed in the Ξc
+ signal region
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⚫ Invariant mass distribution of Ξ−π+π+ from data for Belle (left) and Belle II (right)

⚫ Fit to the M(Ξ−π+π+) distributions: double-Gaussian function (signal) + first-order polynomial (background).

The fitted signal yields and the fitted background events in the Ξc
+ signal region for Belle and Belle II datasets.



Cross check for Belle and Belle II
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Kinematic Distributions

⚫ We check the kinematic distributions from data in the Ξ𝑐
+ sideband, generic MC samples in the Ξ𝑐

+ signal region 

and sideband, and PHSP MC samples in the Ξ𝑐
+ signal region. 

⚫ The distributions from data in the Ξ𝑐
+ signal region will be given here after we open the box. 
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Kinematic Distributions
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Kinematic Distributions
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Projections of Dalitz plots

➢ The size of the phase space of the SB is larger than that of the SR. 
➢ However the kinematic distributions from data in SB and generic MC in SB and SR are consistent. 
➢ Thus we use the normalized generic MC events in the SR to describe the background events in data in the SR.



Partial Wave Analysis (PWA)
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Decay Amplitude

The Feynman diagrams for the process Ξ𝑐
+ → Ξ∗𝜋+; Ξ∗ → Ξ−𝜋+ are shown as below. 

The decay amplitude for this process is constructed using the covariant tensor formalism [Eur. Phys. J. A 16, 537 

(2003)], which is written as:

𝑀𝑖 = ത𝑢 𝑝Ξ− , 𝜆Ξ− 𝑉Ξ∗→Ξ−𝜋+𝐺Ξ∗
(𝐽𝑃)

𝑉Ξ𝑐
+→Ξ∗𝜋+𝑢(𝑝Ξ𝑐

+ , 𝜆Ξ𝑐
+), 

𝑢 is the spinor for a baryon, 

𝑉 is the effective vertex, 

𝐺is the propagator of the Ξ∗ resonance,

𝑝 is the four-momentum, and 𝜆 is the third component of the spin projection. 
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Decay Amplitude

The total decay amplitude of the Ξ𝑐
+ → Ξ−𝜋+𝜋+ is calculated via:

𝑀 = ෍

𝑖

𝑐𝑖𝑀𝑖

𝑐𝑖 is the free complex parameter, usually determined by the fit to data. 

𝑀𝑖 is the decay amplitude for the possible Ξ∗ resonance. 

◆ In this work, we use a framework called FDC (Feynman-Diagram-Calculation) [1] to  automatically construct  

the decay amplitude used to perform a likelihood fit to data.

◆ FDC has been successfully applied in some partial wave analyses in BESIII experiment [2-5].

[1] J. X. Wang, Nucl. Instrum. Meth. A 534, 241 (2004).
[2] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 110, 052006 (2024).
[3] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 109, 072008 (2024).
[4] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 131, 151901 (2023). 
[5] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 106, 072006 (2022).
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Fit Method

⚫ The complex parameters 𝑐𝑖 are determined using an unbinned maximum likelihood fit. 

⚫ The joint probability density for observing N events in a data set is given by
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Fit Method

⚫ For technical reasons, rather than maximizing L, the object function, S = −lnL, is minimized using the MINUIT 

package, where 
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⚫ The −ln𝐿𝑏𝑘𝑔 is constructed from the normalized background events from generic MC in Ξ𝑐
+ signal region.   



Spin-parity determination

⚫ A partial wave analysis is performed to the survived events passing through the event selections from Belle 

and Belle II.  We make a simultaneous fit on Belle and Belle II datasets.

⚫ The resonances Ξ 1530 , Ξ 1620 , Ξ 1690 , Ξ 1820 , Ξ 1950 , and Ξ 2030 are considered in the 

preliminary fit, and the one with a statistical significance smaller than 3𝜎 will be excluded in the final fit.

⚫ The non-resonant process is also considered in the fit.

⚫ The 𝐽𝑃 assignments 1/2±, 3/2±, 5/2±, and 7/2± for each resonance are tested in the fit. The 𝐽 > 7/2 are 

excluded due to the fact that high spin is depressed by the Barrier factor.

⚫ The 𝑱𝑷 hypothesis with the smallest S value from the fit is selected as the favored 𝑱𝑷 assignment.
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⚫ To quantify the discriminating power of 𝐽𝑓𝑎𝑣
𝑃 over 𝐽𝑎𝑙𝑡

𝑃 , a statistical significance is estimated by

• <t> and 𝜎 𝑡 are the mean and standard deviation under the 𝐽𝑎𝑙𝑡
𝑃 hypothesis.

• The 𝑡𝑑𝑎𝑡𝑎 is the 𝑡 value from data.

If 𝑻 > 𝟓𝝈, we think the discrimination is strong.



Toy MC generation

We construct the effective Lagrangian of the Ξ𝑐
+ → Ξ−𝜋+𝜋+ decay using FDC from a very simple input values. 

Then we generate the toy MC simulated events from the FDC. 
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Toy MC generation
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By comparison, we see the mass, angular, and Dalitz distributions under different spin hypotheses are distinguishable

However, they are not be significantly distinguished by parity.



Toy MC generation
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This is because:

(1) The effective vertices of the Ξc
+ → Ξ∗𝜋+

and Ξ∗ → Ξ−𝜋+ differ much for different 

Spin.  

(2) The effective vertices of the Ξc
+ → Ξ∗𝜋+

are identical for parity 𝑷 = ±𝟏

By comparison, we see the mass, angular, and Dalitz distributions under different spin hypotheses are distinguishable

However, they are not be significantly distinguished by parity.



Toy MC generation
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We construct the effective Lagrangian of the Ξ𝑐
+ → Ξ−𝜋+𝜋+ decay using FDC from a very simple input values.

We list the input properties of the possible Ξ∗ states:

• Masses and widths from PDG

• 𝐽𝑃 of Ξ(1530/1820) from PDG;   

• 𝐽𝑃 of Ξ(1690) from BESIII result [PRD109, 072008 (2024).]

• 𝐽𝑃 of Ξ(1620/1950/2030) from theo. predictions.  

We list assumed ratios for each resonance and 

the corresponding interference ratios between 

pairs of resonances. These ratios are 

determined based on the 𝑀(Ξ−𝜋+) spectrum 

from previous Belle published result.

We also tested alternative 𝐽𝑃 beyond those 

specified in Table and find the choice of input 𝐽𝑃

values does not significantly impact the final 

conclusions.

The nonresonant process of 

the 𝚵𝒄
+ → 𝚵−𝝅+𝝅+ is also 

considered via the PHSP 

model.



Fit to Toy MC samples
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⚫ Using the above properties as the input parameters, we generate toy MC samples according to the amplitude 

through the sampling method.

⚫ Then we perform an unbinned maximum likelihood fit to the toy MC samples. 

• The mass, width, and ratio of each resonance are floated. 

• All 𝐽𝑃 assignments are tested for each resonance in the fit. 

Best PWA fit results for one toy MC sample



Consistency of Input and Output
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⚫ Five hundred sets of toy samples are generated, each with the same size as described above.

⚫ We fit these sets of toy samples and extract the ratios, masses, and widths.

The fitted ratio, mass, and width are consistent with the 

input values.



Spin-parity determination
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⚫ The 𝐽𝑃 assignments 1/2±, 3/2± , 5/2± , and 7/2± are considered in the fit for the resonance.

⚫ The minimum log-likelihood (LL) values are determined for each 𝐽𝑃 hypothesis, and the one with the smallest 

LL is selected as the favored 𝐽𝑃 assignment. 

⚫ The favored 𝑱𝑷 from the fit is consistent with the input one for each resonance.

We perform a t-test to quantify the discriminating power of favored 𝐽𝑓𝑎𝑣
𝑃 over alternative 𝐽𝑎𝑙𝑡

𝑃 .



Spin-parity determination
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Spin-parity determination
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A statistical significance for rejecting the alternative 𝐽𝑎𝑙𝑡
𝑃 hypothesis in favor of favored 𝐽𝑓𝑎𝑣

𝑃 hypothesis is 

calculated and listed. 

Using the current Belle integrated luminosity, we find

• the discrimination power between different spin states exceeds 5𝜎 in all tested spin configurations. 

• the discrimination power for distinguishing between different parity states with the same spin is relatively 

weaker.



Spin-parity determination
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This is because: 

(1) the effective vertices for Ξ𝑐
+ → Ξ∗0 𝜋+ are identical for 𝑃 = ±1;

(2) the statistical sample size of the resonance affects the ability to discriminate between 𝑃 = ±1 states with the 

same spin.  

⚫ To study the effect of statistical sample size on parity determination, we increased the toy MC sample 

statistics by 5 and repeated the analysis. The PWA results show that the rejection significance exceeds 5𝜎 for 

𝑃 = ±1 when we increase the data size.

⚫ Under limited statistics, the primary challenge in parity 

determination arises from the identical effective vertices of 

the Ξ𝑐
+ → Ξ∗0 𝜋+ decay for both 𝑃 = ±1 hypotheses. 

⚫ However, the effective vertices of the subsequent decay 

Ξ∗0 → Ξ−𝜋+exhibit distinguishable behavior for 𝑃 = ±1, 

enabling the model to perform parity determination 

effectively under large statistics. 



Systematic uncertainty
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Systematic uncertainty
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⚫ We modified the form factor to the one used in  [PRD 109, 072008 (2024)] to estimate the uncertainty from the 

different form factor choices. 

𝐹𝑏 =

1 𝐽 =
1

2

𝑒
−

𝑀2−𝑀0
2

2 4−𝑛 𝑀0Γ 𝐽 =
1

2
+ 𝑛

𝐹𝑏 =

16

16 + 𝑀2 − 𝑀0
2

 𝐽 =
1

2

𝑒−
𝑀2−𝑀0

2

4  𝐽 =
1

2
+ 𝑛

→



Summary and Plan

• B2N: https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-

035.pdf

⚫ Next to do

• RC review.

• Wait for opening box
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https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf
https://docs.belle2.org/files/4567/BELLE2-NOTE-PH-2025-035/2/BELLE2-NOTE-PH-2025-035.pdf


Backup

39


	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39: Backup

