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Motivation:

⚫Mass of Ds0 2317 + is much lower than the quark model predictions of the lowest 𝑐 ҧ𝑠
mesons with the corresponding 𝐽𝑃 quantum number

➢modifying the 𝑐 ҧ𝑠 quark model
➢𝐷∗𝐾 hadronic molecule 
➢compact tetraquarks
➢chiral partners of the ground state 𝐷𝑠

∗ meson
Can we find any other decay channel?

Partial decay widths: 
unique in discriminating between various models
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Motivation:

⚫ The width of 𝐷𝑠 2317 + is unknown: Γ 𝐷𝑠 2317 + < 3.8 MeV @95% CL. 

⚫ Precise absolute branching fraction is unknown: ℬ 𝐷𝑠 2317 + → 𝐷𝑠
+𝜋0 = (100−20

+0 )%

➢ Now, Belle can only measure the branching fraction ratio ℛ =
ℬ 𝐷𝑠 2317 +→𝐷𝑠

∗+𝛾

ℬ 𝐷𝑠 2317 +→𝐷𝑠
+𝜋0  

𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 +

Decay mode
𝑱𝒑 transition Possible wave

𝑫𝒔
+𝜸 𝟎+ → 𝟎−𝟏− Forbidden

𝑫𝒔
∗+𝜸 𝟎+ → 𝟏−𝟏− 𝑳 = 𝟎, 𝟐

⚫ The radiative decay of 𝐷𝑠0 2317 + has not been founded.

➢ ℛ < 0.059 @ 90% CL from CLEO, N Ds 2317 + → Ds
∗+γ = −6.5 ± 5.2

PRL 92 012002 (2004)Belle, 87 fb−1

CLEO, 13.5 fb−1

PRD 68 032002 (2003)

Babar, 236 fb−1

PRD 74 032007 (2006)
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Motivation:

⚫ Limited predictions on both the decay widths of 𝐷𝑠 2317 + → 𝐷𝑠
∗+𝛾 and 𝐷𝑠 2317 + → 𝐷𝑠

+𝜋0

Larger value

Around 3%

𝑁fit 𝐷𝑠0 2317 → 𝐷𝑠𝜋0 = 761±44 (87 fb−1 )

𝑵𝐞𝐱𝐩𝐞𝐜𝐭𝐞𝐝 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔
∗𝜸 ≈ 150~600 (1.4 ab−1)

Based on Belle measurement , 
assuming the same detection efficiency.

PRL 92 012002 (2004)

Belle, 87 fb−1
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Larger value



Decay chain:  𝑒+𝑒− → 𝑐 ҧ𝑐 → 𝐷𝑠0 2317 + +  anythings
𝐷𝑠0 2317 + → 𝐷𝑠

+ 𝜙𝜋, 𝐾∗𝐾 𝜋0

→ 𝐷𝑠
∗+ 𝐷𝑠

+𝛾 𝛾

Datasets:

• All Belle data:     980 fb-1 

• All Belle II data:  428 fb-1

LS1 dataset

Generic MC:

• Belle generic MC:

➢ 4 streams of 𝐵 ത𝐵, (non-)𝐵𝑠
ത𝐵𝑠 and 𝑞 ത𝑞 samples

•Belle II generic MC:

➢ All 𝑞 ത𝑞 and 𝐵 ത𝐵 MC15rd samples 

    699 fb-1 for proc13

    745 fb-1  for prompt

Pre-selection:

Tracks:
• |dr| < 0.5 cm, |dz| = 3 cm

• 𝜋 : binaryPID(𝜋/K) > 0.6

• 𝐾: binaryPID(𝐾/𝜋) > 0.6

Photon:
• 𝐸 > 100 𝑀𝑒𝑉, E9/E25 > 0.8

• 𝜋0 veto: the invariant mass  of any 

combination of one signal 𝛾𝑠𝑖𝑔 with one 𝛾𝑟𝑜𝑒

in rest of event should not in the region of 

𝑀 𝛾𝑠𝑖𝑔𝛾𝑟𝑜𝑒 − 𝑚 𝜋0 < 15 MeV/𝑐2

Signal MC:

• 𝑒+𝑒− → 𝑐 ҧ𝑐 :                             Pythia

•𝐷𝑠 2317 + → 𝐷𝑠
+𝜋0, 𝐷𝑠

∗+𝛾:      PHSP (S-Wave)

•𝐷𝑠
∗+ → 𝐷𝑠

+𝛾:                              VSP

•𝐷𝑠
+ → 𝐾𝐾𝜋:                               Dalitz

Reference channel
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Same final states



𝐷𝑠 2317 + → 𝐷𝑠
∗+𝛾
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Optimized  using Punzi FoM
𝛆

𝟓/𝟐+ 𝐁
𝛆: Detection efficiency

𝑩: Background number of 𝐷𝑠 2317 + sideband of data
2.35 < 𝑀(𝐷𝑠

∗𝛾)< 2.40 GeV/𝑐2

Most selection criteria are optimized based on signal mode 



𝜸 selection:
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𝐷𝑠 2317 + → [𝐷𝑠
∗+→ 𝐷𝑠

+𝛾2]𝛾1

To suppress the contributions from the 𝐃𝐬 𝟐𝟑𝟏𝟕 + → 𝐃𝐬
+𝛑𝟎 decay

Veto events in the region:

0. 100 < 𝑀 𝛾1𝛾2 < 0. 160 GeV/𝑐2

Here and after, 

⚫Generic MC distributions are stacked and scaled to data yields

⚫Signal MC distributions are randomly scaled

⚫All selection criteria are applied, excluding the plotted variable

⚫Distributions are mainly from the signal region 2.29 < 𝑀(𝐷𝑠
∗𝛾/𝐷𝑠𝜋0)< 2.34 GeV/𝑐2



Apply: 

𝐸∗ 𝛾1 > 0.22 GeV
𝐸∗ 𝛾2 > 0.10 GeV

𝜸 selection:
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𝐷𝑠 2317 + → [𝐷𝑠
∗+→ 𝐷𝑠

+𝛾2]𝛾1

Distributions of the energy of the photons in 

𝑒+𝑒− center of mass system (c.m.s.)



𝑥𝑝 Selection
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𝒙𝒑 =
𝒑𝑫𝒔

∗𝜸
∗

𝑬𝒃𝒆𝒂𝒎
𝟐 − 𝑴𝑫𝒔

∗𝜸
𝟐

• Only background from 𝑒+𝑒− → 𝑞 ത𝑞 survive.

• Apply cut: 𝑥𝑝 > 0.7 according to Punzi FoM.

• The 𝑥𝑝 distributions of signal MC samples are reweighted according 

to real data of 𝐷𝑠 2317 + → 𝐷𝑠
+𝜋0 mode. (shown in page 19)



𝜙 selection: Mass window:

𝑀K+K− − 𝑚𝜙 < 10 MeV/𝑐2
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ഥ𝑲∗𝟎selection: Mass window:

|𝑀 𝐾𝜋 − 𝑚( ഥ𝐾∗)| < 50 MeV/𝑐2



•
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𝐷𝑠
+ and 𝐷𝑠

∗+ selection:

Mass window：
𝑀(𝐾+𝐾−𝜋+) − 𝑚(𝐷𝑠

+) < 10 MeV/𝑐2

Signal window: 
𝑀 𝐷𝑠

+𝛾 − 𝑚(𝐷𝑠
∗+) < 0.015 GeV/𝑐2

Sideband:
𝑀 𝐷𝑠

+𝛾 − 𝑚 𝐷𝑠
∗+ ± 0.05 < 0.015 GeV/𝑐2

To reduce the resolution of 𝒎 𝑫𝒔
+ : 𝑀 𝐷𝑠

+𝛾 = 𝑀𝑟𝑒𝑐 𝐷𝑠
+𝛾 − 𝑀 𝐾+𝐾−𝜋+ + 𝑚(𝐷𝑠

+) 𝐷𝑠 2317 + → [𝐷𝑠
∗+→ 𝐷𝑠

+𝛾2]𝛾1
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• Clear 𝐷𝑠(2317) signal peaks 

• Flat background: from both 𝐷𝑠
∗ sideband and generic MC

• Peaks around 2.26 GeV/𝑐2 are from 𝐷𝑠
∗ + 𝛾free

(same as CLEO)

To reduce the resolution of M(𝑫𝒔
∗+):

𝑀 𝐷𝑠
∗+𝛾 = 𝑀𝑟𝑒𝑐 𝐷𝑠

∗+𝛾1 − 𝑀𝑟𝑒𝑐 𝐷𝑠
+𝛾2 + 𝑚(𝐷𝑠

∗+)

𝐷𝑠(2317) distributions: 𝐷𝑠 2317 + → [𝐷𝑠
∗+→ 𝐷𝑠

+𝛾2]𝛾1

CLEO, 13.5 fb−1

PRD 68 032002 (2003)
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• Signal: Crystal Ball convoluted with 

triple-Gaussian 

• Broken Signal: asymmetry Gaussian

• Smooth Background: 2nd order polynomial

• All parameters free to float in the fits 

𝐷𝑠(2317) MC distributions

The IO checks are OK for 

the signal MC samples

Experiments Belle Belle II

𝑵𝐟𝐢𝐭 𝟔. 𝟒𝟒 ± 𝟎. 𝟎𝟐 × 𝟏𝟎𝟒 𝟖. 𝟎𝟎 ± 𝟎. 𝟎𝟑 × 𝟏𝟎𝟒

Truth yields 𝟔𝟒, 𝟓𝟎𝟖 𝟖𝟎, 𝟏𝟓𝟒



𝐷𝑠 2317 + → 𝐷𝑠
+𝜋0
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Reference channel:
⚫Used to validation of the signal selections
⚫Correct the 𝒙𝒑 distribution 
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Main event selections:

Signal window: 𝑀(𝐾+𝐾−𝜋+) − 𝑚(𝐷𝑠
+) < 0.01 GeV/𝑐2

Sideband: 𝑀 𝐾+𝐾−𝜋+ − 𝑚 𝐷𝑠
+ ± 0.04 < 0.01 GeV/𝑐2

Signal window: 𝑀(𝛾𝛾) − 𝑚(𝜋0) < 0.015 GeV/𝑐2

Sideband: 𝑀(𝛾𝛾) − 𝑚(𝜋0) ± 0.05 < 0.0075 GeV/𝑐2

⚫ 𝒙𝒑 = 𝒑
𝑫𝒔

+𝝅𝟎
∗ / 𝑬𝒃𝒆𝒂𝒎

𝟐 − 𝑴𝑫𝒔
+𝝅𝟎

𝟐 >0.7

⚫ The 𝑫𝒔
+ Selection is the same as the 𝑫𝒔

∗+𝜸 𝐦𝐨𝐝𝐞

⚫ The photon selection: 

⚫ 𝑬∗ > 𝟎. 𝟐𝟐 GeV for one photon while 𝑬∗ > 𝟎. 𝟏 GeV for 

another

⚫ Veto 𝑴 𝜸𝒓𝒐𝒆𝜸𝒊 − 𝒎 𝝅𝟎 < 𝟎. 𝟎𝟏𝟓 𝐆𝐞𝐕/𝒄𝟐 for signal 𝜸𝒊

⚫ 𝝅𝟎 mass window: 𝑴 𝜸𝜸 − 𝒎 𝝅𝟎 < 𝟎. 𝟎𝟏𝟓 𝐆𝐞𝐕/𝒄𝟐
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• Flat background from 𝐷𝑠
+ sideband

• Flat background from 𝜋0 sideband: negligible 𝐷𝑠 2317 + → 𝐷𝑠
∗+𝛾 contribution 

• Small wide Peak BKG: cross feed from 𝐷𝑠 2460 + → 𝐷𝑠
∗+𝜋0 , ( i.e. missing one photon)

To reduce the resolution of M(𝑫𝒔
+) and 𝑴 𝝅𝟎 :

𝑀 𝐷𝑠
+𝜋0 = 𝑀𝑟𝑒𝑐 𝐷𝑠

+𝜋0 − 𝑀𝑟𝑒𝑐 𝐾𝐾𝜋 + 𝑚 𝐷𝑠
+ − 𝑀𝑟𝑒𝑐 𝛾𝛾 + m(𝜋0)

𝑴 𝑫𝒔
+𝝅𝟎  distributions: combined Belle and Belle II samples
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Signal MC: Crystal Ball convoluted by triple-Gaussian

(parameters fixed to those gotten from fits to signal MC 

samples, except for the mean values) 

Cross feed: MC histogram shape.

Smooth BKG: 2nd order polynomial (parameters floated)

Fitted yield of 𝐷𝑠(2317) True number of event

Belle 4.546 ± 0.055 × 104 45, 724

Belle II 1.821 ± 0.031 × 104 17,917

𝑫𝒔(𝟐𝟑𝟏𝟕) signal extraction: generic MC
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Same method as the previous fit to generic MC sample

Signal extraction: Data Unbinned maximized likelihood fits to 𝑴 𝑫𝒔
+𝝅𝟎  spectra 

Experiments Belle Belle II

𝑵𝐟𝐢𝐭 1.082 ± 0.023 × 104 6.108 ± 0.163 × 103

Significant > 𝟏𝟎 𝝈



The correction of 𝑥𝑝 distribution 
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• Yields of Ds(2317) in each bin are extracted with the same fit method. 

• Efficiency-corrected 𝑥𝑝 distributions from Belle II are scaled to Belle’s yields

• The simulated 𝑥𝑝 distributions of signal MC are wrong

➢corrected by reweighting method: consistent with data

➢To get correct detection efficiencies and signal shapes.

Dots: 

Efficiency-corrected 𝑥𝑝 from 

combined Belle and Belle II data

Histograms:

Simulated 𝑥𝑝 distributions from

◆ Original Belle MC samples

◆ Original Belle II MC samples

◆ Reweighted MC samples



Branching fraction ratio extraction:

⚫ Signal shapes are the same the previous fits to MC (page 13)
 Only mean values of CB functions are free to be float

 Ratios between signal and broken signal yields are fixed 

⚫ 𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)

, exp represents Belle or Belle II.

⚫ Signal shapes, ratios between signal and broken shape are fixed.

⚫ Background: 1st order of polynomial.

⚫ ℛ = [7.14 ± 0.70 𝑠𝑡𝑎𝑡. ± 0.23(𝑠𝑦𝑠𝑡. )]%
⚫ Significance: 10.1𝜎, with syst. Uncertainty included. 

Unbinned maximized likelihood Simultaneous Fit to 𝑴(𝑫𝒔
∗+𝜸) spectra from Belle and Belle II

20



• The systematic uncertainties due to 𝑫𝒔 and photon selection, and cut on 𝒙𝒑 are cancelled 

• 𝒙𝒑 reweighting:

➢Change the order of the polynomial used to fit 𝑥𝑝 distribution

➢Redo the reweighting to get the new detection efficiency 𝜀exp

➢Fit ℛ again

• MC statistic:

➢Vary 𝜀exp by ± (1 − 𝜀exp)/(𝜀exp𝑁), 𝑁 is the number of the used signal MC events. 

➢Fit ℛ again

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)

Uncertainties on ℛ :
Difference in Fit ℛ



• 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔𝝅𝟎 mode:
In the fits to 𝑴(𝑫𝒔

+𝝅𝟎) spectra, By 

1.Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1𝜎 (gotten from fits to signal MC)

3.Using the shapes of 𝑀(𝐷𝑠𝜋) from 𝐷𝑠 2460 + → 𝐷𝑠
∗+𝜋0 MC directly

➢ Differences in the fitted signal yields: Uncertainties (Δexp
𝑁 Ds

+π0

) of Nexp
fit Ds

+π0

Then, in the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, 

By varying the 𝑁exp
fit 𝐷𝑠

+𝜋0 based on Gaussian(𝑁exp
fit 𝐷𝑠

+𝜋0 , Δexp
𝑁 𝐷𝑠

+𝜋0

)  in the fits 

Widths of the distributions of fitted values of ℛ:
Uncertainties on ℛ :

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)



• 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔
∗𝜸 mode:

In the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, by:

1.Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1𝜎 (gotten from fits to signal MC)

3.Changing resolutions of broken signal by 2σ

4.Changing ratios of broken signal to signal yields by 2σ

➢Fit ℛ again

Systematic Uncertainty Study
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Uncertainties on ℛ :
Difference in Fit ℛ



Summary 

Draft: https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/6/BELLE2-PUB-PH-2025-058.pdf

Note: https://docs.belle2.org/files/4511/BELLE2-NOTE-PH-2025-027/11/BELLE2-NOTE-PH-2025-027.pdf
24

⚫Using all Belle data (983 fb-1 ) and Belle II data (427 fb-1 ) 

⚫Observed 𝐃𝐬𝟎 𝟐𝟑𝟏𝟕 + → 𝐃𝐬
∗+𝛄 decay for the first time  with 10.1𝛔

⚫ℛ =
ℬ 𝐷𝑠 2317 +→𝐷𝑠

∗+𝛾

ℬ 𝐷𝑠 2317 +→𝐷𝑠
+𝜋0 = [7.14 ± 0.70 𝑠𝑡𝑎𝑡. ± 0.23(𝑠𝑦𝑠𝑡. )]%

➢uncertainty dominated  by Statistical error of 𝑫𝒔 𝟐𝟑𝟏𝟕 + → 𝑫𝒔
∗+𝜸

➢higher than the molecular assumption for 𝐷𝑠0 2317 +

➢possible interpretation: Ds0 2317 + could be the mixture state of pure 𝑐 ҧ𝑠  state and molecular state

https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf
https://docs.belle2.org/files/4716/BELLE2-PUB-PH-2025-058/2/BELLE2-PUB-PH-2025-058.pdf


Back up:
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26𝑁fit
B2 = 5.99 ± 0.16 × 103

𝑁fit
B1 = 9.65 ± 0.20 × 103

Same method as the previous fit 

to generic MC sample

Correct the 𝐷𝑠 2460 + → 𝐷𝑠
∗+𝜋0 using the 𝑝∗ distribution from Babar PRD 74 (2006) 032007

Signal extraction: Data
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Validation of using mock data samples
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⚫ Fit components are the same as the fits to signal MC samples

⚫ Signal Pdfs parameters fixed to those from fits to MC samples 

 Only mean values of CB functions are free to be float

 Ratios between signal and broken signal yields are fixed 

𝐷𝑠(2317) signal extraction:

Experiments Belle Belle II

𝑵𝐟𝐢𝐭 𝟕𝟒𝟏. 𝟓 ± 𝟖𝟐. 𝟒 𝟑𝟒𝟖. 𝟐 ± 𝟔𝟗. 𝟎

−2 ln(
𝓛(0)

𝓛(max)
) 𝟖𝟓. 𝟕 𝟐𝟔. 𝟕

Significant 𝟗. 𝟎𝝈 𝟒. 𝟖 𝝈

𝚫𝒅. 𝒐. 𝒇. = 𝟐
𝓛(0): maximized likelihood without signal component

𝓛(max): maximized likelihood with signal component

Unbinned maximized likelihood fits to 𝑴 𝑫𝒔
∗𝜸  spectra 
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⚫ Convolve the Gaussian(0, 𝜎𝑠𝑦𝑠𝑡.) 

⚫ significance of 𝐷𝑠0 2317 + → 𝐷𝑠
∗+𝛾 changes from 

10.13𝜎 to 10.12𝜎, i.e., we can still claim that the 

significance of 𝐷𝑠0 2317 + → 𝐷𝑠
∗+𝛾 is 10.1𝜎.
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Decay topology around

𝑀 𝐷𝑠
∗+𝛾 ~2.26 GeV/𝑐2



• The systematic uncertainties due to 𝑫𝒔 and photon selection, and cut on 𝒙𝒑 are cancelled 

• 𝒙𝒑 reweighting:

➢Change the order of the polynomial used to fit 𝑥𝑝 distribution

➢Redo the reweighting to get the new detection efficiency 𝜀exp

➢Fit ℛ again

• MC statistic:

➢Vary 𝜀exp by ± (1 − 𝜀exp)/(𝜀exp𝑁), 𝑁 is the number of the used signal MC events. 

➢Fit ℛ again

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)

Uncertainties on ℛ :
Difference in Fit ℛ
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• 𝒙𝒑 reweighting:

➢Change the order of the polynomial used to fit 𝑥𝑝 distribution

➢Redo the reweighting to get the new detection efficiency 𝜀exp

➢Fit ℛ again

• MC statistic:

➢Vary 𝜀exp by ± (1 − 𝜀exp)/(𝜀exp𝑁), 𝑁 is the number of the used signal MC events. 

➢Fit ℛ again

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)

Uncertainties on ℛ :
Difference in Fit ℛ



• 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔𝝅𝟎 mode:
In the fits to 𝑴(𝑫𝒔

+𝝅𝟎) spectra, By 

1.Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1𝜎 (gotten from fits to signal MC)

3.Using the shapes of 𝑀(𝐷𝑠𝜋) from 𝐷𝑠 2460 + → 𝐷𝑠
∗+𝜋0 MC directly

➢ Differences in the fitted signal yields: Uncertainties (Δexp
𝑁 Ds

+π0

) of Nexp
fit Ds

+π0

Then, in the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, 

By varying the 𝑁exp
fit 𝐷𝑠

+𝜋0 based on Gaussian(𝑁exp
fit 𝐷𝑠

+𝜋0 , Δexp
𝑁 𝐷𝑠

+𝜋0

)  in the fits 

Widths of the distributions of fitted values of ℛ:
Uncertainties on ℛ :

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)



• 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔
∗𝜸 mode:

In the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, by:

1.Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1𝜎 (gotten from fits to signal MC)

3.Changing resolutions of broken signal by 2σ

4.Changing ratios of broken signal to signal yields by 2σ

➢Fit ℛ again

Systematic Uncertainty Study
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Uncertainties on ℛ :
Difference in Fit ℛ
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𝑁 Ds

+π0

) of Nexp
fit Ds

+π0

Then, in the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, 

By varying the 𝑁exp
fit 𝐷𝑠

+𝜋0 based on Gaussian(𝑁exp
fit 𝐷𝑠

+𝜋0 , Δexp
𝑁 𝐷𝑠

+𝜋0

)  in the fits 

Widths of the distributions of fitted values of ℛ:
Uncertainties on ℛ :

Systematic Uncertainty Study
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𝑁exp 𝐷𝑠
∗+𝛾 = ℛ

𝑁exp
fit 𝐷𝑠

+𝜋0 𝜀exp 𝐷𝑠
∗+𝛾

𝜀exp(𝐷𝑠
+𝜋0)



• 𝑫𝒔𝟎 𝟐𝟑𝟏𝟕 → 𝑫𝒔
∗𝜸 mode:

In the simultaneous fit to 𝑴(𝑫𝒔
∗+𝜸) spectra, by:

1.Changing the fit region, order of background polynomial

2.Enlarging the resolution by 1𝜎 (gotten from fits to signal MC)

3.Changing resolutions of broken signal by 2σ

4.Changing ratios of broken signal to signal yields by 2σ

➢Fit ℛ again

Systematic Uncertainty Study
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Uncertainties on ℛ :
Difference in Fit ℛ
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