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Outline

» BESIII detector
» Rare charm decays results at BESIII

Search for lepton number violating decays of D — h™hle*e*

«  Search for Dy - h(h)ete~
» LHCD detector
» Rare charm decays results at LHCb

* Search for meson D%decaysto ttwr~e*e~"and K*K e*e™ final states
* Search for the rare decay of charmed baryon A} into pu™*u~ final state

 Search for resonance-enhanced CP and angular asymmetries in the AF — pu*u~decay at LHCb

» Summary



BESIII detector

» Bird View of BEPCII/BESIII
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BESIII detector
» CMS energy: 2 - 4.95 GeV
> Luminosity: 1x1033 cm™2s71
» 2008:Test run
» 2009-now:T — charm physics runs
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» MDC: g, /p=0.5%@]1 GeV, 04 /4x=6%;

» TOF: o = 68(110) ps for barrel(endcap);
endcap TOF upgraded in 2015— 60 ps;

» EMC: a5 /E = 2.5% (5%) ps for barrel(endcap)
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BESIII physics

» Collected the world largest JAp, Y(2S) and 1 (3770) data samples;
> BESIII has collected 20 fb™! ¢ (3770), large D meson sample from 1y = DD.

$(3770) 20 fb~1  P(4040) 0.5 b1 (4160) 3.2fb~1  1(4415) 1.1fb~?

7 ™ T | y, | ]
- T/ :
6 — A Mark-I E
£ Mark-I + LGW J
: - W Mark-I1 —
: ® PLUTO 0
_R/' % Crystal Ball ]
1.0 x 1010 B s E
I/ - o KEDR : i
3 | ] 3
E | | ]
P(3686) 2.7 x 10° o ;
2 2 l E
C & i 3 | '

)]



Motivation

« LNV AL=2

exchanging a Majorana
neutrino whose mass is on the
scale of heavy flavor mass.

* No result for four-body AL=
2 decays of D before this
study.

 Predicted BFs up to 0(1079),
accessible with current
experimental data.

(a) D} — ¢n~etet (CF). (b) Df — ¢K~etet (SCS). (c) DF — K%rn~etet (SCS).

A

&ﬁ w- i w- @
K- < T < K-
(d) D — KSK~etet (DCS). (e) Df — nnleTet (W-exc.). (f) Df — K- 7lete™ (W-exc.).
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012002

Search for DY - h™h%e*e™ JHEP01(2025)109

Methodology

« ete” > D*DS,DFf - hhletet(h™ = K-,n7;h° = K2,1°, ¢)

e Using 7.33 fb~! data @4.128 — 4.226 GeV

« Reconstructing Dy meson via final state particles and defining a signal
regions defined on M,.,. vs. AM.

2
Miee = \/(Ecm/c2 — \/|;6'D;r|2/c2 + m%ﬁ — |pp+|?/¢?,
AM = M(D{~) — M(Dy{),
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012002

Search for D} - h™hlete?

M(KYK e*e?) (GeV/c?)

No obvious signal 1s observed.
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Normalized Likelihood

Normalized Likelihood

Search for D} - h™hlete?
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BF (x107%) BF (x107°) BF (x107%)
Decay channel e (%) Bur, ( B%xEcctcd)
Df —¢retet  3.0+£01 6.9 (3.5) x 1077

D — ¢K~etet 1.840.1
Df — K2n—etet  6.4+0.1
D} — KJK~etet 4.0+0.1
Df — n=nletet 6.4+0.1
Df - K—rm%Tet  5140.1

9.9 (10.8) x 107°
1.3 (2.4) x 107°

B(DF - h~h%ete™)<(1.3-9.9%107°)(90% C.L.)
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> Search for Majorana neutrino in D} — ¢m~e* e decay
* Assuming the LNV signal from Majorana neutrino
Dg = ¢petvy(»n” e”)
* Majorana neutrino mass:
[0.20, 0.80] GeV in intervals of 0.05 GeV
* Further requirement on the invariant
mass of any m~e™ combination
Upper limits are calculated using Trolke
due to the limited events 8
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Search for D} — h(h)e*e~

Motivation

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

Strongly suppressed by the GIM mechanism.

The SM-predicted branch fraction (BF) for ¢ -> u are
in the range of 1078~1071%,

Contributions from new physics may enhance the BF
by 2~3 orders of magnitude.

Explored region

NP contributions SM

PoS(FPCP2023)008

PRL 133, 121801 (2024)
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Search for D} — h(h)ete™ PRL 133, 121801 (2024)

Methodology

> Using 7.33 fb~1 data @4.128 — 4.226 GeV.

>

>
>

+ : ot s+ nF prt +
I'he Di mesons are dominantly produced ine*e™ — D¢~ Dy, D™ — yD¢ .

The yield of D;¥DJ is (64.72 4+ 0.28)x 105

T'he signal processes include:

« Df > ntnlete”

« D - K*tnlete~
« D - Kdntete~
e D>, p o ete”
* Df - pTp,p—oete”

e SD:~107° to BF (GIM suppression)

e LD:~107° to BFof D — Ve'te~
10



Search for DY —» h(h)e*e™ PRL 133, 121801 (2024)

I DY s ntg, ¢ — ete™
Results o150
. . N N > [ +data
Single tag method requires one Dy — h(h )e™e =, - background Aldo: 95720
, Nsig fit (L?) e signal
B(DS - h(h)eTe™) = —— >
2XDg™Dg XeXBipter £ 5-
i
DD = (64.72 + 0.28)x10% € = ¥; €k, D*+ /N R B oy e s

where 1 represents different energy points.
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First evidence: B(Dg& — p+qb)><B(qb > ete?) =
(2.44%3:87 + 0.16)x 107>, significance is 4.40.

Events / (3.5 MeV/c?)
S

% v2/d.o.f: 16.2/33

L4 —

B(DS —» m*¢p)xB(¢p — ete™) = (1175557 £ 1T T ’-~-;:-..;:j_’f”1uf%

0.03)x10~ > significance 1s 7.80 consistent with 1.9 1.95 2

precious CLEO result »



Search for DI —» h(h)e*e~ PRL 133, 121801 (2024)

150 - D} - ntnlete”

Results

+data
-+ background
---signal

100 y%/d.o.f: 25.8/36

e Forthe D - Kdntete /K*m%e*e™, the LD contribution
of ¢ — ete” is insignificant, BF is excepted about 10~° _
order. The upper limit of BF at 90% C.L. 1s as follows: o=

Events / (3.5 MeV/c?)
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B(D —» K*nlete™) < 7.1x107°
B(D -» Kdntete™) < 8.1x107°
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First search

* For the m*n%e*e™, it includes the LD contribution D —

pt¢. Excluding the region M(ete™)€ (0.96,1.05)GeV/c?,
the upper limit of BF at 90% C.L.:

Events / (3.5 MeV/c?)

o

n L I e bl 1 n
DI - Kintete

N
o
T

- y2d.o.f: 36.7/36

Events / (3.5 MeV/c?)
N
o

B(D -» ntnlete™) < 7.0x107°

First search




Recent progress of rare charm decays at LHCb
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LHCD physics

2 22 2025(13.6 TeV): 222 fb” I
T opE- —2024(13.6TeV): 9.56 fb
Pn 2023 (13.6 TeV): 0.37 b’
‘D 18 2022(13.6TeV):O.82[p‘1
S o F 2017 (13TeV) 171 Run 3
* Run 1: 201142012, 7, 8 TeV £ 16 Taois i Tov) 167
- 201 0.33 fo-
» Run 2:2015-2018, 13 TeV 3145 “20i2(sTev 2081
T o[ —2011(7TeV): 1.11 fb”!
* Run 3: 2022-2026, 13.6 TeV g 25 —2010(7Tev) 0041 LS2
’ S 10F -
S sE Run2 /
oc -
8 F /
§ 4= Runi, Lsi_/
9 - W/
o . -1 = = | I | I | | |
Runs 1+2:: 95? 2009 2011 2013 2015 2016 2018 2020 2022 2024 2026
* Run3:23fb™" (expected) Year

* Large number of beauty and charm hadrons:
a(bb)(13TeV)=(144+1+21) ubin2 <y <4.5
o(pp = cc)(13TeV)=(2369+£192) ubin 1 <pr <8 GeV/c & 2<y<4.5

[PRL118(2017)052002]
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Search for D° » mtm ete and KT K ete™ phys. Rev. D111 (2025), L091101

Methodology

Run 2 (from 2015-2018) analysis (6 fb~1). DY from D*t - D°xn*.
e Signal yield measured from a unbinned maximum likelihood fit to m(D?) .
Peak bkg is mostly D° - hth~ntn~ (BDT).

B(D° —» K~ m*[e*e ] 0/4)

l
B{(D® —» hth-ete™) = —hieTer T+
RéNK‘n+e+e‘

Where N g+,-,+0- 18 the yield of the normalization mode, which 1s determined to be
820 + 39 (875+40) after applying the selection optimized for D? - ttm~ete™(
K*K~e%*e™) decays, while RE = €7+, ,+ - /€x+m—e*e--
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Search for t"m etTe and K"K ete™ Phys. Rev. D111 (2025), L091101

—e— Data Fit

[ | DPsrntnee B Portrntn
- Partially reco. backg. ~ ------- Comb. backg.
30Low-me'e) oy 4>y  LHCh

Candidates per 17.5 MeV/¢?

30 ngh m(e+6‘) o

A% i

SOREPY. R Sei proi Shn 2L TNERES

71800 1900 2000 1800 1900 2000
m(D’) [MeV/&]

—e— Data Fit

|| DP»K'Kete B KKt

- Partially reco. backg. - Comb. backg.

10F Low- _m(e*e) oy I=1y "~ LHChb:
1 6fb™!

—_— DN D >

DN W~ O
R AR S EEEEEaE

Candidates per 17.5 MeV/¢?

1800 1900 2000 1800 1900 ZOOO
m(D°) [MeV/¢]

Signal yield measured from a unbinned
maximum likelihood fit to m(D?) .
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Search fort m ete and K"K ete™

Results

* The reported upper
limits correspond to
90% (95%) C.L.

Phys. Rev. D111 (2025), L091101

m(¢{T07) region [ MeV/c? B [1077]

D — ntrete” DY — wrr~putpu~ [20]
Low mass 2m,,—525 < 4.8(5.4) 0.78 £0.19 & 0.05 £ 0.08
" 525-565 <2.3(2.7) < 0.24(0.28)
o, 565-950 |4.5+1.0£0.7£0.6| 4.06+0.33 +£0.21 £0.41
) 950-1100 |3.8£0.7£044+£0.5| 4.54£0.29 £0.25£0.45
High mass > 1100 < 2.0(2.2) < 0.28(0.33)

D’ — KtKete” | D' — KTK utu~ [20]
Low mass 2m,,—525 < 1.0(1.1) 0.26 £0.12 £ 0.02 £ 0.03

525565 < 0.4(0.5) < 0.07(0.08)

0/ > 565 <2.2(2.5) 1.20 + 0.23 + 0.07 + 0.12

the muon mass 1s measured to be

The total branching fraction for t*m~e*e™ decays with m(e*e™) greater than two times

B(D” — nrn (et e |mete-ysam,) = (13.3 £ 1.7+ 1.7+ 1.8) x 107,

17



Search for the rare decay of charmed baryon
A into pu™ u~ final state

Motivation

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

Phys. Rev. D 110 (2024) 052007 138




Search for /12' — pﬂ"' u Phys. Rev. D 110 (2024) 052007

Methodology

Run 2 (from 2016-2018) analysis (5.4 fb™1).

Signal yield measured from a unbinned maximum likelihood fit to
invariant mass M(pu™u™) .

Peak bkg is mostly A7 - pn*n~ (BDT + PID). Signal region:

the combination of low-m and

high-m regions

B(Af - putp™) = aXNsig,

Region Range [MeV/c? |
€ B low-m 211.32 <my+,- < 507.86
a=— ;Z\?;m XB(AZ — pd)XB(p - ptu™) high-m  1059.46 < m,, < 1348.13
stgeonorm 7 507.86 < my+,~ < H87.86
w 742.65 < my+,- < 822.65
p 587.86 < my+,- < T42.65
Nporm: The yield of A7 - pp(¢p —» u*u™) decays or 822.65 < my,- < 965.20
€sig- ctficiencies for signal ¢ 979.46 < my+,- < 1059.46

€Enorm. €ificiencies for normalization channels
19



Search for A7 —» pu*tu~

Phys. Rev. D 110 (2024) 052007

Resonant regions
¢, w,p,1M
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‘igure 1: Distributions of pu™pu~ invagdnt mass for (top) signal, (bottom left) low-m and
bottom right) high-m regions. The g#ults of the fit are overlaid.

Figure 2: Distributions of pu™p~ invariant mass for (top left) ¢, (top right) w, (bottom left) p IOW—Il’l and hlgh'm I'egIOIlS 20

and (bottom right) n regions. The results of the fit are overlaid.




Search for A7 —» pu*tu~ Phys. Rev. D 110 (2024) 052007

Signal region:
+ Sy ty—
v i(;‘;)xgé‘(p‘i ZW_) < 0.09(0.10)  at 90%(95%) C.L.
B(AY - putu™) < 2.9(3.2)x1078  at 90%(95%) C.L.
Low-m and high-m regions:
B(Af »putu~
e ﬁ(p;)xgé‘(p‘i ;m_) < 0.029(0.034) and 0.094(0.10)
B(AY - putu™) < 0.93(1.1)x107% and 3.0(3.3)
Extrapolated from the signal region to the full phase space:
BUC PR - 023(0.25)  at 90%(95%) C.L
B(Af - pP)xB(¢p > ptu~) ' ' o
B(AY - putu™) < 7.3(8.2)x107% at 90%(95%) C.L.
Resonant regions (¢, w, p,n):
Biﬁi:%g: Zﬂ 3; 0.240 £ 0,030 (stat.) £ 0.018 (syst).  BAT — pw) = (9.82 4 1.23 (stat.) & 0.73 (syst.) & 2.79 (ext.)) x 1074,
(A5 = ppl—s 1)) B(A] — pp) = (1.52 4 0.34 (stat.) £ 0.14 (syst.) &£ 0.24 (ext.)) x 1077,
Eﬁﬂmf i ;i 02 EOML L) EO0Z V0L e ) = (167 4 0.69 (stat.) & 0.23 (syst.) < 0.34 (ext.)) x 10~
( ( 7))

AT = pn(— ptp”
S oo i) = 0.032 £ 0.013 (stat.) = 0.004 (syst.). 21
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Search for resonance-enhanced CP and angular
asymmetries in the A7 - pu* u~decay at LHCb

Motivation

* 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.

Phys. Rev. D111 (2025) L091102
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Search for A7 —» pu*tu~

e Run 2 (from 2016-2018) analysis (5.4 fb~1).

Peak bkg is mostly AF — pn*n~ (BDT).

Phys. Rev. D111 (2025) L091102

Methodology

_ T »ppp?) —T(Az > pp*p)
© r(Af sputpT) +Ir(A; »putus)
_ N »pp ™) - NMAz »pptpT)
"~ N(Af »putp™) + N(A; »putu™)
__TI'(cosB >0) —I'(cosB <0)
= I'(cosf >0) + I'(cosf <0)

+ A —
CB=1/2-[Apg + Apg]

FB — FB
— AZ Ag
5= 1/2-[Ags — AgE]

FB— FB

Acp

_ Araw(/l-cF - pKS(‘))

App

YA
AA

Acp : the CP asymmetry
of the decay rate.

> A%L: the CP average of
the forward-backward
asymmetry.

A A%E: the CP asymmetry
of the forward-backward
asymmetry.
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Search for A7 —» pu*tu~ Phys. Rev. D111 (2025) L091102

. 300
* The measurement 1s performed - Data
separately in the two m(utu™) 250 — Total fit
regions ¢;,,,and c,bhl-gh, gleﬁned as 200 A;L DU
[979.46,1019.46]MeV/c“ and .Agﬁpn”%_

[1019.46,1059.46]MeV/c?. -- Comb. backg.

[U—
O
o

* Signal yield measured from a
unbinned extended maximum
likelithood fit to invariant mass

M(pu™u”) .

III|lIII|IIII|IIIIIII1I|IIII|III_
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()
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. |
2200 2300

Weighted yield per 6.8 MeV/c?
2

124001
m(pur) [MeV/ ¢?]
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Search for A/

|
?’
lll=|||||||||| ||||||='-‘I‘I‘ITI‘I'I'|']'I'I'I'I'|'|'I'I"'

— Pll+ n Phys. Rev. D111 (2025) L091102

LLHCb
5.4 fb!

Ac—>purp”

¢ ACP - (‘11 i4‘0 i 05)%

\

. o

* The asymmetries are measured in two

o
[E—
I

IlIIIIIII IIIlIlIIIIIIJ|||||||I|||

regions of dimuon mass to enhance the
sensitivity to beyond-SM effects.

+ - e The results confirm the SM prediction
and will help to constrain the parameter
space of models extending the SM

1000

1020 1040
m(utu-) [MeV/ ¢
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Summary

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

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

» More & Better results are coming soon

28



Thank you for your attention!



