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Ø Peaking luminosity: > 0.5´1035 cm-2 s-1 @ 4 GeV
Ø Potential to increase luminosity & realize beam polarization
Ø Total cost: 5.5B RMB
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Super Tau-Charm Facility (STCF) in China 

Linac: 400m

Storage ring: 800m𝒆! damping ring

Energy range: Ecm = 2 - 7 GeV



STCF Detector
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MDC: 
𝜎"#< 130 𝜇m @ 1 GeV
σp/p < 0.5% @ 1 GeV, 

σ (dE/dx) < 6%

ITK: 
< 0.25% X0 / layer , 
𝜎"#< 100 𝜇m

PID：
p/K (and K/p) 3-4s separation up to 2GeV/c

EMC: 
E range: 0.025 - 3.5 GeV
σE = 2.5% @ 1 GeV
Pos. Res. :  ~ 5 mm @ 1 GeV

MUD:
0.4 - 1.8 GeV
𝜇/p suppression 
power >30

Requirement:
• High detection efficiency and good spatial resolution
• Superior PID capability
• Tolerance to high rate/background environment

STCF CDR, arXiv: 2303.15790 [hep-ex]



Expected Data Samples at STCF
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Data sample produced per year

XYZ Factory 

Light meson Factory

Hyperon Factory
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Pure leptonic 𝑫(𝒔)
$ decays
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Colla. Type 𝒔 Luminosity No. of 𝑫𝒔" events Efficiency

CLEO

𝒆"𝒆#

𝟒. 𝟏𝟕 GeV 𝟎. 𝟔 𝐟𝐛#𝟏 𝟎. 𝟔×𝟏𝟎𝟔

~𝟏𝟎 − 𝟑𝟎%BESIII 𝟒. 𝟏𝟖 − 𝟒. 𝟐𝟑 GeV 𝟔(𝟗) 𝐟𝐛#𝟏 𝟔(𝟗)×𝟏𝟎𝟔

STCF 4.009 GeV 𝟏 𝐚𝐛#𝟏 𝟐×𝟏𝟎𝟖

Belle(II)
𝒆"𝒆#

𝟏𝟎. 𝟓𝟖 GeV 𝟏 (𝟓𝟎) 𝐚𝐛#𝟏 𝟏. 𝟑(𝟔𝟓)×𝟏𝟎𝟗
~𝟓 − 𝟏𝟎%

BaBar 𝟏𝟎. 𝟓𝟖 GeV 𝟎. 𝟓 𝐚𝐛#𝟏 𝟔. 𝟓×𝟏𝟎𝟖

CDF 𝒑9𝒑 𝟏. 𝟗𝟔 TeV 𝟗. 𝟔 𝐟𝐛#𝟏 𝟏. 𝟑.×𝟏𝟎𝟏𝟏
< 𝟎. 𝟓 %

LHCb 𝒑𝒑 𝟕 TeV+𝟖 TeV 𝟏. 𝟎 + 𝟐. 𝟎 𝐟𝐛#𝟏 𝟓. 𝟎×𝟏𝟎𝟏𝟐

Comparison of 𝑫𝐬"events

Ø BelleII (50/ab) has more statistics;
Ø LHCb has much more statistics, but huge background;
Ø STCF is expected to have higher detection efficiency and low bkgs for productions at threshold;
Ø Additionally, STCF has excellent resolution,  kinematic constraining.
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Pure leptonic 𝑫(𝒔)$ decays
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Ø Axial current (nonperturbative) 

Ø 𝑽𝒄𝒅(𝒔): CKM matrix element, fundamental SM parameter, measured from 

experiments. 

( 𝒇𝑫(𝒔)$ ∶ 𝑫(𝒔)( decay constant )

𝚪 =
𝑮𝑭𝟐

𝟖𝝅 𝒇𝑫(𝒔)$
𝟐 𝑽𝒄𝒅(𝒔)

𝟐𝒎ℓ
𝟐𝒎𝑫(𝒔)

$ 𝟏 −
𝒎ℓ
𝟐

𝒎𝑫(𝒔)
$

𝟐

𝟐

Ø In the SM, ignoring radiative corrections, the decay width:

(ℓ = 𝒆, 𝝁, 𝝉)

< 𝟎|:𝒔 𝜸𝝁 𝜸𝟓 𝒄 |𝑫𝒔( >= 𝒊 𝒑𝝁 𝒇𝑫(𝒔)$
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Ø Branching fraction: 𝑩𝒓 𝑫(𝒔)( → ℓ(𝝂ℓ = 𝚪 ⋅ 𝝉𝑫(𝒔)$

𝑩𝒓 𝑫(𝒔)( → ℓ(𝝂ℓ ∝ 𝒇𝑫(𝒔)$ ⋅ 𝑽𝒄𝒅(𝒔)
𝟐

(𝝉𝑫(𝒔)$ : lifetime)

• Input 𝒇𝑫 𝒔
$ from 

LQCD calculations, 
extract |𝑽𝒄𝒅(𝒔)|

• Input |𝑽𝒄𝒅(𝒔)| from SM 
global fit, extract 𝒇𝑫 𝒔

$

pThe decay constants 𝒇𝑫 𝒔
$ :  help to calibrate the LQCD calculations;

pThe CKM matrix elements |𝑽𝒄𝒅(𝒔)|:  help to test the unitarity of CKM. 
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pLepton flavor universality (LFU):

𝑹 =
𝚪 (𝑫(𝒔)( → 𝝉(𝝂𝝉)
𝚪 (𝑫(𝒔)( → 𝝁(𝝂𝝁)

=

𝒎𝝉$
𝟐 𝟏 −

𝒎𝝉$
𝟐

𝒎𝑫(𝒔)
$

𝟐

𝟐

𝒎𝝁$
𝟐 𝟏 −

𝒎𝝁$
𝟐

𝒎𝑫(𝒔)
$

𝟐

𝟐

Any deviation from experimental measurements potentially indicates the 
existence of New Physics beyond SM.

SM predicted: 𝑩(𝑫 𝒔
( → 𝒆(𝝂𝒆) < 𝟏𝟎/𝟖, not yet experimentally observed so far.

𝑹 𝑫( → 𝝉(𝝂𝝉: 𝝁(𝝂𝝁: 𝒆(𝝂𝒆 = 𝟐. 𝟔𝟕: 𝟏: 𝟐. 𝟑𝟓×𝟏𝟎/𝟓

𝑹 𝑫𝒔( → 𝝉(𝝂𝝉: 𝝁(𝝂𝝁: 𝒆(𝝂𝒆 = 𝟗. 𝟕𝟓: 𝟏: 𝟐. 𝟑𝟓×𝟏𝟎/𝟓

Expectations in the SM:
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Taking 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟑𝟐𝟎 ± 𝟎. 𝟎𝟎𝟎𝟏𝟏 [1] from SM global fit:

Comparison of 𝒇𝑫𝒔<

Theorical 
precision: 0.2%.

Experimental 
precision: 1.0%.

[1] P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update.



12[1] Y. Aoki et al. (Flavour Lattice Averaging Group), Eur. Phys. J. C 82,10 (2022).

Taking 𝒇𝑫𝒔$ = 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 [1] from LQCD calculations:

Comparison of |𝑽𝒄𝒔|

Experimental 
precision: 0.8%.
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LFU in 𝑩 decays

𝑹 𝑫(∗) = 𝑩𝒓(𝑩 → 𝑫 ∗ 𝝉 𝝂𝝉)/𝐁𝐅(𝑩 → 𝑫 ∗ ℓ𝝂ℓ)
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Generic MC (Pseudo-data ) samples at STCF

𝒔 (GeV) Luminosity (a𝐛/𝟏) Decay of interest

𝟒. 𝟎𝟎𝟗 𝟎. 𝟏 𝒆(𝒆/ → 𝑫𝒔±𝑫𝒔∓

CLEO Collaboration, Phys. Rev. D 80, 072001(2009) 

𝝈 𝒆(𝒆/ → 𝑫𝒔𝑫𝒔 𝟒.𝟎𝟎𝟗 𝐆𝐞𝐕
𝝈 𝒆(𝒆/ → 𝑫𝒔∗𝑫𝒔 𝟒.𝟏𝟖 𝐆𝐞𝐕

∼ 𝟎. 𝟑

The data samples at 𝒔 = 𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕 with larger statistics can avoid the 
systematic uncertainty caused by 𝜸/𝝅𝟎 reconstruction directly from 𝑫𝒔∗ decays 
at 𝒔 = 𝟒. 𝟏𝟖 𝐆𝐞𝐕. 

𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕

𝟒. 𝟏𝟖 𝐆𝐞𝐕
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Analysis method for 𝑫𝒔$ decays at STCF

𝐌𝐁𝐂 (𝐆𝐞𝐕/𝒄𝟐)

𝐄𝐯
𝐞𝐧
𝐭𝐬
/
(𝟏
.𝟏
𝐌
𝐞𝐕
/𝒄

𝟐 )

𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦
𝟐 − 𝒑𝑫𝒔"

𝟐

p Single tag (ST): p Double tag (DT):

𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 : the total deposited 
energy for all of the extra 
good showers in the EMC.

• 𝑫𝒔3 → 𝝉3𝝂𝝉 via
𝝉3 → 𝒆3𝝂𝒆/𝝂𝝉: 

• 𝑫𝒔3 → 𝝁3𝝂𝝁

𝐌𝐌𝟐 =

𝑬𝐛𝐞𝐚𝐦 − 𝑬𝝁"
𝟐 − −𝒑𝑫𝒔$ − 𝒑𝝁"

𝟐

Missing mass squared:

4.009
GeV

𝑫𝒔<

𝑫𝒔3

𝑲3 𝑲<
𝝅<

Tag

Signal

𝒆3

𝒆<

𝝉3 𝝂𝝉

𝒆3 𝝂𝒆 /𝝂𝝉

The charge conjugated channels are also implied.

𝑫𝒔" → 𝑲#𝑲"𝝅"

𝚫𝑬 = 𝑬𝑫𝒔" − 𝑬𝐛𝐞𝐚𝐦

Fully reconstruct one 𝑫𝒔<.   In the recoil side against 𝑫𝒔<:   
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𝑵𝐃𝐓 = 𝑵𝐃𝐓𝐭𝐨𝐭 −𝑵𝐃𝐓
𝐧𝐨𝐧<𝑫𝒔) −𝑵𝐃𝐓

𝑲𝑳
𝟎𝒆,𝝂𝒆 −𝑵𝐃𝐓

𝑿𝒆,𝝂𝒆

• Only one 𝒆3.

• 𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 : the total energy of the extra 

good EMC showers.

• DT yield (𝑵𝐃𝐓) in the signal

𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 < 𝟎. 𝟒 GeV :

𝑵𝐃𝐓 = 𝟏𝟖, 𝟕𝟕𝟏 ± 𝟐𝟒𝟗𝐬𝐭𝐚𝐭.

p Double tag (DT)
𝑫𝒔# → 𝝉#𝝂𝝉 𝐯𝐢𝐚 𝝉# → 𝒆#𝝂𝒆+𝝂𝝉

𝑩𝒓 𝑫𝒔3 → 𝝉3𝝂𝝉 = 𝟓. 𝟒𝟗 ± 𝟎. 𝟎𝟕𝐬𝐭𝐚𝐭. ×𝟏𝟎<𝟐

Signal 
peak

EPJC 82, 310 (2022)
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Optimizations of detector response

Optimization results:
• reconstruction efficiencies: 

10%↑; 
• misidentification rate (𝝅/𝑲): 

1.0% at 1 GeV/c.

Ø The parameters can be 
adjusted flexibly by a scale 
factor; 

Ø Check the change on the 
single tag efficiency with 
the parameters;

EPJC 82, 310 (2022)
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Luminosity (a𝐛6𝟏) 0.1 1 
Optimization without with with

𝐁𝒓 𝑫𝒔8 → 𝝉8𝝂𝝉 (×𝟏𝟎6𝟐) 𝟓. 𝟒𝟗 ± 𝟎. 𝟎𝟕𝐬𝐭𝐚𝐭.
𝟓. 𝟒𝟗 ± 𝟎. 𝟎𝟔𝐬𝐭𝐚𝐭.

(Improved by 14.3%)
±𝟎. 𝟎𝟐𝐬𝐭𝐚𝐭.

(scaled by luminosity)

scaled according to Ref.[1].[1] M. Ablikim et al., (BESIII Collaboration), Chin. Phys. C 44, 040001 (2020).

Results

Source
BESIII [1]

6 𝐟𝐛6𝟏 at 4.178 GeV
BelleII [1] 

50 𝐚𝐛6𝟏 at 𝜰(𝐧𝐒)
𝑫𝒔" → 𝝉"𝝂𝝉 (STCF)

1 𝐚𝐛6𝟏 at 4.009 GeV

Stat. (%) Syst. (%) Stat.(%) Syst.(%) Stat.(%) Syst.(%)

𝑩𝒓𝑫𝒔$→𝝉$𝝂𝝉 1.6 2.4 0.6 2.7 0.3 1.0

𝒇𝑫𝒔$ (𝐌𝐞𝐕) 0.9 1.4 -- -- 0.2 0.6

|𝑽𝒄𝒔| 0.9 1.4 -- -- 0.3 0.7
𝑩𝒓𝑫𝒔$→𝝉$𝝂𝝉
𝑩𝒓𝑫𝒔$→𝝁$𝝂𝝁

2.6 2.8 0.9 3.2 0.5 1.1

EPJC 82, 310 (2022)
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𝑫𝒔$ → 𝝁$𝝂𝝁

𝐌𝐌𝟐 =

𝑬𝐛𝐞𝐚𝐦 − 𝑬𝝁,
𝟐 − −𝒑𝑫𝒔) − 𝒑𝝁,

𝟐

• Missing mass squared (𝐌𝐌𝟐):

p Double tag (DT)
• Only one 𝝁3.

𝑵𝐃𝐓 = 𝟏𝟒, 𝟔𝟖𝟕 ± 𝟏𝟒𝟐𝐬𝐭𝐚𝐭.

𝐁𝐅 𝑫𝒔3 → 𝝁3𝝂𝝁 = 𝟓. 𝟔𝟏 ± 𝟎. 𝟎𝟓𝐬𝐭𝐚𝐭. ×𝟏𝟎<𝟑

EPJC 82, 337 (2022)



20

Optimizations of detector response

𝑫𝒔% → 𝑲&𝑲%𝝅%, 𝑫𝒔& → 𝝁&𝝂𝝁

Optimization results:
• The average tracking efficiency for charged pions: 66.18% at 𝒑𝑻 ∈ 𝟎. 𝟎𝟓, 𝟎. 𝟏 𝐆𝐞𝐕/𝒄;
• Weak dependence from different spatial resolutions is observed, the optimization of 

momentum resolution of charged tracks is not changed.

EPJC 82, 337 (2022)
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• The photon detection efficiency: 88.33% for 𝑬𝜸 ∈ (𝟓𝟎, 𝟐𝟎𝟎) MeV.
• The photon energy resolution: 1.75%;
• The photon position resolution: 6mm.
• 𝝅 /𝑲 misidentification rate: 1% at 𝟎. 𝟖 𝐆𝐞𝐕/𝒄, with the 𝐝𝑬/𝐝𝒙 resolution of 6%;
• 𝝁 /𝝅 misidentification rate: 3% at 𝟏 𝐆𝐞𝐕/𝒄, with the muon identification efficiency of 

97%.

EPJC 82, 337 (2022)
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Results

Source
(𝟏 𝐚𝐛<𝟏)

𝑩𝒓𝑫𝒔,→𝝉,𝝂𝝉 𝑩𝒓𝑫𝒔,→𝝁,𝝂𝝁
𝑩𝒓𝑫𝒔,→𝝉,𝝂𝝉
𝑩𝒓𝑫𝒔,→𝝁,𝝂𝝁

Combined 𝝉 and 𝝁 (STCF)

𝒇𝑫𝒔, (𝐌𝐞𝐕) |𝑽𝒄𝒔|

Relative stat. 0.3% 0.2% 0.5% 0.1% 0.2%

Comparable to uncertainty (0.2%) of the 
LQCD calculation 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 𝐌𝐞𝐕.

• Syst.: a relative uncertainty (0.4%) from the 𝑫𝒔3 lifetime 𝝉𝑫𝒔, = (𝟓𝟎𝟒 ± 𝟒)×𝟏𝟎<𝟏𝟓 s.

• Stat. : combine 𝑫𝒔3 → 𝝉3𝝂𝝉 𝐚𝐧𝐝 𝑫𝒔3 → 𝝁3𝝂𝝁 together

EPJC 82, 337 (2022)
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𝒃 → 𝒔 𝜸 photon polarization
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𝒃 → 𝒔 𝜸 photon polarization
Ø In SM, the photon emitted from the electroweak penguin loop in 𝒃 → 𝒔 𝜸 transitions is 

predominantly polarized, and predominantly left-handed.
Ø New physics (NP): an observation of right-handed photon helicity in 𝒃 → 𝒔 𝜸 transitions 

would be a clear indication for NP.

• The photon polarization parameter 
(𝝀𝜸) in 𝑩 → 𝑲𝟏 𝜸 [1]:  

[1] M. Gronau and D. Pirjol, Phys. Rev. D 66, 054008 (2002).
[2] W. Wang, F. S. Yu, and Z. X. Zhao, Phys. Rev. Lett. 125, 051802 (2020).

𝝀𝜸 =
𝑪𝟕𝑹 𝟐 − 𝑪𝟕𝑳 𝟐

𝑪𝟕𝑹 𝟐 + 𝑪𝟕𝑳 𝟐

Wilson coefficients

𝝀𝜸 =
𝟒 𝑨𝐔𝐃
𝟑 𝑨𝐔𝐃Q

in 𝑩3 → 𝑲𝟏3(→ 𝑲3𝝅<𝝅3) 𝜸

𝐢𝐧 𝑫𝟎 → 𝑲𝟏<(→ 𝑲3𝝅<𝝅3)𝒆3𝝂𝒆

• In Ref.[2], an up-down asymmetry (𝑨𝐔𝐃)

The model-independent way to  
determine photon polarization in  
𝒃 → 𝒔 𝜸. 

≃ \
−𝟏, 𝒃 → 𝒔 𝜸
+𝟏, /𝒃 → ]𝒔 𝜸 (SM predictions)

EPJC 81, 1068 (2021)
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• The ratio of up-down asymmetry 𝑨𝐔𝐃Q in 𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 < → 𝑲<𝝅3𝝅< 𝒆3𝝂𝒆

𝑨𝐔𝐃Q =
𝜞𝑲𝟏)𝒆,𝝂𝒆 𝐜𝐨𝐬 𝜽𝑲 > 𝟎 − 𝜞𝑲𝟏)𝒆,𝝂𝒆 𝐜𝐨𝐬 𝜽𝑲 < 𝟎
𝜞𝑲𝟏)𝒆,𝝂𝒆 𝐜𝐨𝐬 𝜽𝒍 > 𝟎 − 𝜞𝑲𝟏)𝒆,𝝂𝒆(𝐜𝐨𝐬 𝜽𝒍 < 𝟎)

• The 𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 <𝒆3𝝂𝒆 has been observed for the 
first time with a statistical significance greater than 10𝝈
by using 𝟐. 𝟗𝟑 𝐟𝐛<𝟏 of 𝒆3𝒆< collision data at 𝒔 =
𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕 by BESIII Collaboration[1]:

𝑩𝒓 𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 <𝒆3𝝂𝒆 = 𝟏. 𝟎𝟗 ± 𝟎. 𝟏𝟑<𝟎.𝟏𝟔3𝟎.𝟎𝟗 ± 𝟎. 𝟏𝟐 ×𝟏𝟎<𝟑

[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 127, 131801 (2021).

External uncertainty from the 
assumed branching fractions of 
𝑲𝟏 𝟏𝟐𝟕𝟎 < subdecays.

• Due to limited statistics of the current BESIII 
data set, 𝑨𝐔𝐃Q has not been measured. 

EPJC 81, 1068 (2021)
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STCF : 𝒆(𝒆/ → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫𝟎\𝑫𝟎@ 𝒔 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕𝐰𝐢𝐭𝐡 𝐚𝐌𝐂 𝐨𝐟 𝟏 𝐚𝐛/𝟏

𝑴𝐦𝐢𝐬𝐬
𝟐 = 𝑬𝐦𝐢𝐬𝐬𝟐 − 𝒑𝐦𝐢𝐬𝐬 𝟐

𝑬𝐦𝐢𝐬𝐬 = 𝑬𝐛𝐞𝐚𝐦 −g
𝒋

𝑬𝒋

𝒑𝐦𝐢𝐬𝐬 = −𝒑V𝐃𝟎 −g
𝒋

𝒑𝒋

• Single tag:  /𝑫𝟎 → 𝑲3𝝅<, 𝑲3𝝅<𝝅𝟎, 𝑲3𝝅<𝝅3𝝅<,  with a similar method as that using in 
𝑫𝒔3 decays @ 𝒔 = 𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕

• Double tag:  𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 <𝒆3𝝂𝒆, 𝑲𝟏 𝟏𝟐𝟕𝟎 < → 𝑲<𝝅3𝝅<

𝒋: 𝑲<, 𝝅3, 𝝅<, 𝒆3

𝑲𝟏 𝟏𝟐𝟕𝟎 <

𝐌𝐦𝐢𝐬𝐬
𝟐 (𝐆𝐞𝐕𝟐/𝐜𝟒)

[ Two-dimensional (2-D) fit ]

EPJC 81, 1068 (2021)
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𝐜𝐨𝐬 𝜽𝑲

𝐜𝐨𝐬 𝜽ℓ

• Efficiency corrected signal yields in bins of 𝐜𝐨𝐬 𝜽𝑲 and 𝐜𝐨𝐬 𝜽ℓ

Fit function:

a 2-D 𝝌𝟐 fit

The statistical sensitivity of 𝑨𝑼𝑫Q is determined to be in 

the order of 𝟏. 𝟖×𝟏𝟎<𝟐 based on 𝟏 𝐚𝐛<𝟏 MC sample.

EPJC 81, 1068 (2021)
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Optimizations of detector response

Ø Check the change on 
the DT efficiency and 
signal-to-background 
ratios with the 
parameters;

Ø Optimization results:
• reconstruction efficiencies: 10%↑, 
• misidentification rate (𝝅 → 𝒆): 3.2% at 0.2 GeV/c.

p With optimizations, DT efficiency: 33% ↑.

EPJC 81, 1068 (2021)
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𝟏 𝐚𝐛<𝟏 MC samples The statistical uncertainty of 𝑨𝐔𝐃Q

Default (no optimizations) 𝟏. 𝟖×𝟏𝟎<𝟐

With optimizations 𝟏. 𝟓×𝟏𝟎<𝟐 Improved by 17%

Results

𝝀𝜸 =
𝟒 𝑨𝐔𝐃
𝟑 𝑨𝐔𝐃Q

𝑨𝐔𝐃 = (𝟔. 𝟗 ± 𝟏. 𝟕)×𝟏𝟎<𝟐 𝐟𝐫𝐨𝐦 𝑩3 → 𝑲3𝝅<𝝅3 𝜸

in 𝐌𝑲,𝝅)𝝅, ∈ 𝟏. 𝟏, 𝟏. 𝟑 𝐆𝐞𝐕/𝒄𝟐 [1] 

𝝀𝜸 ≃ 𝟏 for /𝒃 → ]𝒔𝜸 in SM 

[1] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 112, 161801 (2014).

EPJC 81, 1068 (2021)

Prediction 𝑨𝐔𝐃Q ≃ 𝟗. 𝟐 ± 𝟐. 𝟑 ×𝟏𝟎<𝟐
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Source Goals

𝐷 → 𝜋 ℓ* 𝜈ℓ LFU test, form factor

Multi-body 𝐷 decays Study CP-violating asymmetries in local Dalitz region

𝑒*𝑒, → 𝐷-V𝐷- @ 3.773 GeV Study 𝐷- − V𝐷- mixing and CP violating parameters;
strong-phase difference between CF and DCS amplitudes

𝑒*𝑒, → 𝛾𝐷-V𝐷- @ 4.009 GeV Constraints on 𝐷- − V𝐷- mixing and CP violating parameters

Strong phase of 𝐷 decays Important for the precision measurement of CKM unitary triangle angle 𝛾.

Rare and forbidden decays Probe new physics beyond the SM

𝑒*𝑒, → 𝐷∗∗V𝐷(∗) (𝜋) @4.1 ~ 7.0 GeV Study excited charmed meson states

Λ1* , Ξ1
*,-, Ω1- → non-leptonic decays Decay asymmetries with high precision

Λ1* , Ξ1
*,-, Ω1- → semi-leptonic decays Form factor

5 ~ 7 GeV Study the excited states of Λ1* , Σ1 , Ξ1
(3), Ω1-

> 7.4 GeV Study double charmed baryons, like Ξ1**.

… …

Other works [1] 

[1] STCF CDR, arXiv: 2303.15790 [hep-ex].
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Channel (𝟏 𝐚𝐛<𝟏) Highlights

𝒆3𝒆< → 𝑫𝒔3𝑫𝒔<
@𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕

𝑫𝒔3 → 𝝉3𝝂𝝉

• The relative stat. of 𝒇𝑫𝒔, is 0.1%, which is comparable 
to uncertainty (0.2%) of the LQCD calculation 
𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 𝐌𝐞𝐕.

• The relative stat. of |𝑽𝒄𝒔| is 0.2%;
• The relative stat. of 𝝉3/𝝁3 LFU is 0.5%;
• The results will be limited by the uncertainty (0.8%) of 

the 𝑫𝒔3 lifetime 𝝉𝑫𝒔, = (𝟓𝟎𝟒 ± 𝟒)×𝟏𝟎<𝟏𝟓 s.
𝑫𝒔3 → 𝝁3𝝂𝝁

𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎 <𝒆3𝝂𝒆
@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

• The stat. of ratio of up-down asymmetry is 𝟏. 𝟓×𝟏𝟎<𝟐;
• Combined with that in 𝑩3 → 𝑲𝟏3(𝑲3𝝅<𝝅3) 𝜸,  the 

photon polarization in can be measured to probe the 
new physics.

Summary
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Thanks for your attention!
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1. Decay constant 𝒇𝑫(𝒔)$ , if inputting the |𝑽𝒄𝒅(𝒔)| from SM global fit.

p Helpful to precisely calibrate Lattice QCD (LQCD) calculations.

p improve the theoretical precision on the decay constant of 𝑩 meson[1].

The first absolute measurement on 𝒇𝑫𝒔$ from BESI [PRL74(1995)4599].

68.3% confidence interval
Double tag: 3 events

𝑫𝒔" → 𝝉"(→ 𝒆"𝝂𝒆:𝝂𝝉)𝝂𝝉

𝑫𝒔" → 𝝁"𝝂𝝁

𝒆#𝒆" → 𝑫𝒔#𝑫𝒔"@𝟒. 𝟎𝟑 𝐆𝐞𝐕 𝐰𝐢𝐭𝐡 𝟐𝟐. 𝟑 𝐩𝐛"𝟏

𝒇𝑫𝒔" = 𝟒. 𝟑,𝟏.𝟑,𝟎.𝟒*𝟏.𝟓*𝟎.𝟒 ×𝟏𝟎𝟐 𝐌𝐞𝐕

• 𝑩𝟎H𝑩𝟎 mixing parameter 𝒙𝑩 =
𝚫𝐌𝐁
𝚪𝐁

can be well measured.
• In the SM, assuming 𝑽𝒕𝒃 = 𝟏, 𝒙𝑩 ∝ 𝒇𝑩 𝑽𝒕𝒅 𝟐

• a precise determination of 𝒇𝑩" is important for extracting 𝑽𝒕𝒅
• The ratio 𝒇𝑫"/𝒇𝑩" has a better precision from LQCD calculations
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2. CKM matrix element |𝑽𝒄𝒅(𝒔)|, with the 𝒇𝑫(𝒔)$ predicted by Lattice QCD.

p Helpful to test the unitarity of the CKM matrix.

Relative magnitudes

Unitarity (𝑽>𝑽 = 𝟏) prescribes 6 complex equations:

𝑉?@∗ 𝑉1@ + 𝑉?A∗ 𝑉1A + 𝑉?B∗ 𝑉1B = 0

𝑉1@∗ 𝑉C@ + 𝑉1A∗𝑉CA + 𝑉1B∗ 𝑉CB = 0

𝑉?A∗ 𝑉?@ + 𝑉1A∗𝑉1@ + 𝑉CA∗ 𝑉C@ = 0

𝑉?B∗ 𝑉?@ + 𝑉1B∗ 𝑉1@ + 𝑉CB∗ 𝑉C@ = 0

𝑉?B∗ 𝑉?A + 𝑉1B∗ 𝑉1A + 𝑉CB∗ 𝑉CA = 0

𝑉?@∗ 𝑉C@ + 𝑉?A∗ 𝑉CA + 𝑉?B∗ 𝑉CB = 0
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