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Outline

Ø BESIII detector  

Ø Rare charm decays results at BESIII
• Search for lepton number violating decays of 𝐷!" → ℎ#ℎ$𝑒"𝑒"

• Search for 𝐷!" → ℎ(ℎ’)𝑒"𝑒#

Ø LHCb detector

Ø Rare charm decays results at LHCb
• Search for meson 𝐷$decays to 𝜋"𝜋#𝑒"𝑒#and 𝐾"𝐾#𝑒"𝑒# final states

• Search for the rare decay of charmed baryon 𝛬&" into 𝑝𝜇"𝜇# final state

• Search for resonance-enhanced CP and angular asymmetries in the 𝛬&" → 𝑝𝜇"𝜇#decay at LHCb

Ø Summary
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BESIII detector 

BESIII detector 

Ø Bird View of BEPCII/BESIII

Ø CMS energy: 2 - 4.95 GeV 
Ø Luminosity: 1×10!! 𝑐𝑚"#𝑠"$
Ø 2008:Test run
Ø 2009-now:𝜏 − 𝑐ℎ𝑎𝑟𝑚	physics runs

Ø MDC: 𝜎%/𝑝=0.5%@1 GeV, 𝜎&'/&)=6%;
Ø TOF: 𝜎* = 68 110 	ps for barrel(endcap); 

endcap TOF upgraded in 2015→ 60 ps;
Ø EMC: 𝜎'/𝐸 = 2.5% (5%) ps for barrel(endcap)

Linac :200 m

Double storage ring:240 m

Bejing Electron Positron Collider II(BEPCII)
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BESIII physics

Ø Collected the world largest J/𝜓, 𝜓(2𝑆) and 𝜓(3770) data samples;
Ø BESIII has collected 20 fb!" 𝜓(3770), large 𝐷 meson sample from 𝜓 → 𝐷-𝐷.
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Search for lepton number violating decays of 
𝑫𝒔" → 𝒉#𝒉𝟎𝒆"𝒆"

• LNV ∆𝐿=2
exchanging a Majorana 
neutrino whose mass is on the 
scale of heavy flavor mass.

• No result for four-body ∆𝐿= 
2 decays of 𝐷#$ before this 
study.

• Predicted BFs up to 𝒪(10−6), 
accessible with current 
experimental data.

Motivation

JHEP01(2025)109 5

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012002


Search for 𝑫𝒔" → 𝒉#𝒉𝟎𝒆"𝒆" JHEP01(2025)109

Methodology

• 𝑒,𝑒- → 𝐷.
∗±𝐷.∓, 𝐷2, → ℎ-ℎ3𝑒,𝑒,(ℎ- =	𝐾-, 𝜋-; ℎ3 =	𝐾23, 𝜋3, 𝜙)

• Using 7.33 .b-4 data @4.128 − 4.226 GeV
• Reconstructing 𝐷2, meson via final state particles and defining a signal 

regions defined on  𝑀567 vs. ∆𝑀.   

• 𝐵(𝐷2, → ℎ-ℎ3𝑒,𝑒,) =
8!"#

9×;$
∗±;$

∓×<×="()*+
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Search for 𝑫𝒔" → 𝒉#𝒉𝟎𝒆"𝒆" JHEP01(2025)109

No obvious signal is observed. 7

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012002


Search for 𝑫𝒔" → 𝒉#𝒉𝟎𝒆"𝒆" JHEP01(2025)109

• 𝐵(𝐷!" → ℎ#ℎ$𝑒"𝑒")<(1.3-9.9×10#' )(90% C.L.)

Ø Search for Majorana neutrino in 𝐷!" → 𝜙𝜋#𝑒"𝑒"decay 
• Assuming the LNV signal from Majorana neutrino

𝐷!" → 𝜙𝑒"𝑣$(→ 𝜋# 𝑒"）
• Majorana neutrino mass:
      [0.20, 0.80] GeV in intervals of  0.05 GeV
•  Further requirement on the invariant 
       mass of any 𝜋#𝑒" combination
•  Upper limits are calculated using Trolke
      due to the limited events 8

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012002


Search for 𝑫𝒔& → 𝒉(𝒉’)𝒆!𝒆" 

• Flavor Changing Neutral Current (FCNC) processes 
refer to transitions within the up or down type of 
quarks, such as c -> u, b -> s.

• Strongly suppressed by the GIM mechanism.
• The SM-predicted branch fraction (BF) for c -> u are 

in the range of 10!,~10!"-.
• Contributions from new physics may enhance the BF 

by 2~3 orders of magnitude.

Motivation

PRL 133, 121801 (2024) 9



Search for 𝑫𝒔" → 𝒉(𝒉’)𝒆"𝒆# PRL 133, 121801 (2024)

Ø Using 7.33 .b-4 data @4.128 − 4.226 GeV. 
Ø The 𝐷.

± mesons are dominantly produced in 𝑒,𝑒- → 𝐷.
∗±𝐷.∓, 𝐷.

∗± → 𝛾𝐷.
±. 

Ø The yield of  𝐷.
∗±𝐷.∓ is (64.72	± 0.28)×10A

Ø The signal processes include:
• 𝐷#$ → 𝜋$𝜋.𝑒$𝑒!
• 𝐷#$ → 𝐾$𝜋.𝑒$𝑒!
• 𝐷#$ → 𝐾#.𝜋$𝑒$𝑒!
• 𝐷#$ → 𝜋$𝜙	, 𝜙 → 𝑒$𝑒!
• 𝐷#$ → 𝜌$𝜙	, 𝜙 → 𝑒$𝑒!

Methodology
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• SD: ~10!/	 to BF (GIM suppression) 
• LD: ~10!0	 to BF of 𝐷#$ → 𝑉𝑒$𝑒!



Search for 𝑫𝒔" → 𝒉(𝒉’)𝒆"𝒆# PRL 133, 121801 (2024)

• Single tag method requires one 𝐷#$ → ℎ(ℎ’)𝑒$𝑒!

𝐵(𝐷#$ → ℎ(ℎ’)𝑒$𝑒!) =
𝑁#23,526

2×𝐷7
∗±𝐷7∓×𝜖×𝐵2;6<=

• 𝐷(
∗±𝐷(∓ = (64.72	 ± 	0.28)×10', 𝜖 = ∑, 𝜖!,-, 𝑁.!∗±.!∓

, /𝑁.!∗±.!∓ ,

     where i represents different energy points. 

• First evidence: 𝐵(𝐷#$ → 𝜌$𝜙)×𝐵(𝜙 → 𝑒$𝑒!) =
(2.44!..?@$..?A ± 0.16)×10!0, significance is 4.4𝜎.

• 𝐵(𝐷#$ → 𝜋$𝜙)×𝐵(𝜙 → 𝑒$𝑒!) = (1.17!..@"$..@B ±
0.03)×10!0, significance is 7.8𝜎 consistent with 
precious CLEO result 

Results
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Search for 𝑫𝒔" → 𝒉(𝒉’)𝒆"𝒆# PRL 133, 121801 (2024)

• For the 𝐷#$ → 𝐾#.𝜋$𝑒$𝑒!/𝐾$𝜋.𝑒$𝑒!, the LD contribution 
of  𝜙 → 𝑒$𝑒! is insignificant, BF is excepted about 10!, 
order. The upper limit of BF at 90% C.L. is as follows:

	 𝐵(𝐷#$ → 𝐾$𝜋.𝑒$𝑒!) < 	7.1×10!0
	 𝐵(𝐷#$ → 𝐾#.𝜋$𝑒$𝑒!) < 	8.1×10!0

• For the 𝜋$𝜋.𝑒$𝑒!, it includes the LD contribution 𝐷#$ →
𝜌$𝜙. Excluding the region M(𝑒$𝑒!)∈ (0.96,1.05)GeV/𝑐@, 
the upper limit of BF at 90% C.L.: 

	 𝐵(𝐷#$ → 𝜋$𝜋.𝑒$𝑒!) < 	7.0×10!0

First search

First search

Results
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Recent progress of rare charm decays at LHCb
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LHCb physics

• Run 1: 2011+2012, 7, 8 TeV
• Run 2: 2015-2018, 13 TeV
• Run 3: 2022-2026, 13.6 TeV

• Runs 1+2 : 9 fb!"   
• Run 3 : 23 fb!" (expected)
• Large number of beauty and charm hadrons: 
𝜎(𝑏K𝑏)(13 TeV) = (144 ± 1 ± 21) 𝜇b in 2 < y < 4.5
𝜎(𝑝𝑝̅ → 𝑐 ̅𝑐)(13 TeV) = (2369 ± 192) 𝜇b in 1 < 𝑝C < 8 GeV/c & 2 < y < 4.5

[PRL118(2017)052002] 
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Search for 𝑫𝟎 → 𝝅"𝝅#𝒆"𝒆#and 𝑲"𝑲#𝒆"𝒆# Phys. Rev. D111 (2025), L091101

• Run 2 (from 2015-2018) analysis (6 .b-4). 𝐷3 from  𝐷∗, → 𝐷3𝜋,.
• Signal yield measured from a unbinned maximum likelihood  fit to m(𝐷3) .
• Peak bkg is mostly 𝐷3 → ℎ,ℎ-𝜋,𝜋- (BDT).

𝛣2(𝐷. →	ℎ$ℎ!𝑒$𝑒!) =
𝑁D!D"<!<"
2 	𝛣(𝐷. →	𝐾!𝜋$[𝑒$𝑒!]E#/G)

𝑅H2𝑁I"J!<!<"

Methodology

• Where 𝑁I!J"<!<"  is the yield of the normalization mode, which is determined to be 
820 ± 39 (875±40) after applying the selection optimized for 𝐷. → 𝜋$𝜋!𝑒$𝑒!( 
𝐾$𝐾!𝑒$𝑒!) decays, while 𝑅H2 = 𝜖D!D"<!<"

2 /𝜖I!J"<!<" .
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Search for 𝝅"𝝅#𝒆"𝒆#and 𝑲"𝑲#𝒆"𝒆# Phys. Rev. D111 (2025), L091101

• Signal yield measured from a unbinned 
maximum likelihood  fit to m(𝐷3) .
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Search for 𝝅"𝝅#𝒆"𝒆#and 𝑲"𝑲#𝒆"𝒆# Phys. Rev. D111 (2025), L091101

Results

• The total branching fraction for 𝜋$𝜋!𝑒$𝑒! decays with m(𝑒$𝑒!) greater than two times 
the muon mass is measured to be 

• The reported upper 
limits correspond to 
90% (95%) C.L.
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Search for the rare decay of charmed baryon 
𝜦𝒄& into 𝒑𝝁&𝝁- final state 

Interesting deviations from the SM predictions have been observed in the equivalent type of 
transition for the b quark, b→ sℓℓ, in particular in angular observables. These anomalies 
motivate the extension of this physics program into the charm sector.

Motivation

Phys. Rev. D 110 (2024) 052007 18



Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D 110 (2024) 052007

• Run 2 (from 2016-2018) analysis (5.4 .b-4). 
• Signal yield measured from a unbinned maximum likelihood  fit to 

invariant mass M(𝑝𝜇,𝜇-) .
• Peak bkg is mostly 𝛬7, → 𝑝𝜋,𝜋- (BDT + PID).

Methodology

𝑁;K=L: The yield of  𝛬M$ 	→ 𝑝𝜙(𝜙	 → 	𝜇$𝜇!) decays
𝜖#23: efficiencies for signal
𝜖;K=L: efficiencies for normalization channels

𝐵(𝛬M$ 	→ 	𝑝𝜇$𝜇!) = 	𝛼×𝑁#23,

𝛼 =
𝜖;K=L

𝜖#23×𝑁;K=L
×𝐵(𝛬M$ 	→ 	𝑝𝜙)×𝐵(𝜙	 → 	𝜇$𝜇!)

Signal region:
the combination of low-m and 
high-m regions

19



Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D 110 (2024) 052007

Signal region:
 

Resonant regions
𝜙,𝜔, 𝜌, 𝜂

low-m and high-m regions 20



Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D 110 (2024) 052007

• Signal region:
N(O$!	→	QR!R")

N(O$!	→	QT)×N(T	→	R!R")	
< 0.09(0.10)       at 90%(95%) C.L. 

𝐵(𝛬M$ 	→ 	𝑝𝜇$𝜇!) < 	2.9(3.2)×10!,    at 90%(95%) C.L.
• Low-m and high-m regions:

N(O$!	→	QR!R")
N(O$!	→	QT)×N(T	→	R!R")	

< 0.029(0.034)  and   0.094(0.10)  
𝐵(𝛬M$ 	→ 	𝑝𝜇$𝜇!) < 	0.93(1.1)×10!,  and  3.0(3.3) 

• Extrapolated from the signal region to the full phase space: 
N(O$!	→	QR!R")

N(O$!	→	QT)×N(T	→	R!R")	
< 0.23(0.25)       at 90%(95%) C.L. 

𝐵(𝛬M$ 	→ 	𝑝𝜇$𝜇!) < 	7.3(8.2)×10!,    at 90%(95%) C.L.
• Resonant regions	(𝜙, 𝜔, 𝜌, 𝜂):
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Search for resonance-enhanced CP and angular 
asymmetries in the 𝜦𝒄" → 𝒑𝝁"𝝁#decay at LHCb 

Motivation

Phys. Rev. D111 (2025) L091102

• Further separation of short and long-distance contributions can be reached by 
studying angular distributions and CP asymmetries, which complement searches 
for new physics in 𝐷. and 𝐷$ meson decays.

22



Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D111 (2025) L091102

• Run 2 (from 2016-2018) analysis (5.4 .b-4). 

• Peak bkg is mostly 𝛬7, → 𝑝𝜋,𝜋- (BDT).

						𝐴VW ≡
X(O$!	→	QR!R")	!	X(YO$"	→	Q̅R!R")
X(O$!	→	QR!R")	$	X(YO$"	→	Q̅R!R")

															≡ [(O$!	→	QR!R")	!	[(YO$"	→	Q̅R!R")
[(O$!	→	QR!R")	$	[(YO$"	→	Q̅R!R")

− 𝐴=\](𝛬M$ 	→ 	𝑝𝐾7.)

							𝐴^_ ≡
X(MK#`	a.)	!	X(MK#`	b.)
X(MK#`	a.)	$	X(MK#`	b.)

							∑ 𝐴^_VW ≡ 	1/2 \ [𝐴^_
O$! 	+ 𝐴^_

YO$"]
							∆	𝐴^_VW≡ 	1/2 \ [𝐴^_

O$! 	− 𝐴^_
YO$"]

Methodology

• 𝐴VW : the CP asymmetry 
of the decay rate.

• ∑𝐴^_VW: the CP average of 
the forward-backward 
asymmetry.

• ∆	𝐴^_VW: the CP asymmetry 
of the forward-backward 
asymmetry.
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Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D111 (2025) L091102

• The measurement is performed 
separately in the two m(𝜇$𝜇!) 
regions 𝜙cK]and 𝜙D23D, defined as 
[979.46,1019.46]MeV/𝑐@ and 
[1019.46,1059.46]MeV/𝑐@.

• Signal yield measured from a 
unbinned extended maximum 
likelihood  fit to invariant mass 
M(𝑝𝜇$𝜇!) .
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Search for 𝜦𝒄" → 𝒑𝝁"𝝁# Phys. Rev. D111 (2025) L091102

• 𝐴OP  = (-1.1	±4.0 ± 0.5)%
• ∑𝐴QR = (	3.9	 ± 4.0 ± 0.6)%
• ∆𝐴QR = (	3.1	 ± 4.0 ± 0.4)%

• The asymmetries are measured in two 
regions of dimuon mass to enhance the 
sensitivity to beyond-SM effects. 

• The results confirm the SM prediction 
and will help to constrain the parameter 
space of models extending the SM 
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Summary 

Ø  Large Strange and Charm production from BECPII and LHC collisions.

Ø BESIII and LHCb performed a wide range study of rare charm decays 
(FCNC, LFV, LNV...), with many first searches or best limits.

Ø More & Better results are coming soon
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Thank you for your attention!


