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Introduction

« Rare charm meson decays provide a unique environment for testing the
Standard Model and searching for New Physics.

« BESIII has collected a large charm meson sample, and has a great potential
to search for rare and forbidden D decays due to the clean environment and
low charge confusion rates.

* Interesting topics: radiative decays, FCNC, LNV, LFV, BNV ...

2024/05/11 3/19



Results at BESIII

Previous results
* D — h(h(Mete™ (PRD 97, 072015 (2018))
« D —» Kme*e™ (PRD 99, 112002 (2019))
e DY 5 A(EMet, DT - AR et (PRD 101, 031102 (2020))
« D% - pe~/pet (PRD 105, 032006 (2022))

« D° - 707 (PRD 105, L071102 (2022))
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Results at BESIII

Highlights of recent results

. B&LNV Dt - n(f)e* (PRD 106, 112009 (2022))

« FCNC DF - ht(h%)e*e™ (arXiv:2404.05973)
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b= = n(n)e”

* In most grand unified theories (GUTs) and some SM extension models,
baryon-number and lepton-number violation (LNV) processes with the
difference of baryon and lepton conserved (A|B — L| = 0) are allowed under
dimension-six operators.

 Another kind of B&LNV processes with A|B — L| = 2 is possible under

dimension-seven operators.
55
(a) (b)
* The decay amplitudes of these two kinds of D:(<

(©
BNV processes are expected to be of | |
FIG. 1. Feynman diagrams for D™ — ne™ with heavy gauge
COmparable Strength . bosons X (a) and Y (b), and D™ — ne™ with elementary scalar

fields ¢ (c).
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DT - n(n)e™

Bsig — NDT/(NtSO’[t‘ " Csig

ST candidates:
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MBC — \/Egea,m o

|ﬁD|21

AE = ED — Ebeam;

Data: 2.93 fb~! @3.773 GeV

Double tag analysis; Blind analysis

)

Two variables are used to identify the

Multivariate Data Analysis (MVA) is
performed to further suppress background

. . i,cl
and DT efficiencies efyr and epy
modes, which are used to calculate Ng; and eg, in Eq. (1). efyy

i,c2

PRD 106, 112009 (2022)

TABLE . Summary of ST yields N, ST efficiencies ek (%),

i,c2

(%), for the different ST decay

i,cl

and epyp are DT efficiencies for signal channels with A|B—L|=0
and A|B — L| = 2, respectively.

ST modes Ni(x10%) €hr e ey
D" - K-ztzt  3902+1.1 50224003 979 9.26
Dt - K ztzta® 1240+0.6 2640+£0.05 551 521
Dt - Kzt 459+02 50.58+0.10 9.69 9.17
Dt = Kzt 106.7+£0.6 27.07+0.06 566 5.36
Dt - Kztatz  569+04 2816+0.08 564 534
D" - K'Kn* 346+03 41.13+0.15 7.88 7.46
D™ > K'na 3924+0.7 5119+£0.03 921 9.72
D™ - Ktz a2 127.7+£1.0 2686+0.06 5.19 547
D™ — K97~ 455+0.2 50.64+£0.09 9.2 9.62
D™ — Kz 7° 107.6+£0.6 27.21+0.05 533 5.63
D™ = Kz z~nt  562+04 27874007 531 5.60
D™ > K*K~n~ 346+£03 4040+0.12 742 7.83
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T = 0:1 @I Ta . o
S M= 2e1 4 g * Fit to the mass distributions of
z ?\HH i ze (anti)neutron M, ;; to extract signal
.  Scanning likelihood value for different
T f Nz 2:1 ©OF & _ 5 -
BT - number of signal events.
Y K * The most conservative ULs @ 90% C.L.:
84 0.6 O.BM_;](1GE\}.;C2)1T; 16 18 8.4 0!6 O.IBMH(:IGe\‘IIj/ZCZ)1T4 176 L11-.8
. o _ -5
G. 4. Fit for M, ;; distributions for processes (a) D™ — ne™, —
F;) D~ —>Fnte_, ?Cl) /D‘ —t fzez, and (dI; DT — n(e‘)".DThe black BD+—}?’1€+ < 1.43 X 10 [ }
dots with error bar are data. The red dotted, green dotted and blue
solid lines are signal, backeround, and the sum of signal and —
background, respgctively. ° t ° B D‘|‘ —n €‘|— < 2.91 X 10 5
signal and background are modeled by the MC
simulated shapes obtained from signal and
inclusive MC samples, respectively
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+ + R0\, + -
Dy - h™(h")e™e arXiv:2404.05973

Dominated by long-distance (LD) contributions, expect the BFs of D — Vete~
to reach 107>;

Short-distance (SD) contributions proceed via the ¢ — ul*1~ flavor-changing
neutral-current (FCNC) transition are highlgl suppressed by the GIM mechanism,
leading to naive SD-only BFs as low as 10.

e et et
:N\(< .
e
\/ ] c u
C u

Figure 1: The SD contributions in D5y — h(h’)I*I™ processes.

* Sensitive to new physics, which may significantly enhance the BFs through the
presence of new particles and interactions.

« Compared with lepton universality test in the beauty-quark FCNC decays,
results in ¢ - ul*1~ deacys are largely unexplored due to limited experimental

results on di-electron modes.
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DS — h (h )e e arXiv:2404.05973

 Data: 7.33 fb~! @4.128—4.226 GeV

« Single tag analysis
ete” - DID:™
Df s ntpwithgp - ete™;DF - pTp withpt >t nland ¢ - ete;
D - ntn® /Kt /K0ntete™

DS— - anything B(D:_ . h+(h0)€+6_) _ — &
" INprEpF © € Pinter

Nsig

* Nps+p- = (64.72 £+ 0.28) x 10° is the total number of D;*D; pair, measured by
BESIII recently (arXiv:2403.19256)

* Two variables are used to further suppress backgrounds and identify the signal
candidates. Signal candidates are required to lie within the signal windows in the two-

dimensional plane of M,... versus AM. = 5
Mioe = \/(Ecm - \/‘PDj’P + m%;—) - |PD2’|27

AM = M(DJv) - M(D]),
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DI - h¥(h"ete~

15 Df —7te0—ete
Lo

i -+ data

= 10F background y2/d.0.f: 9.5/20
o ML : |

s [ signal

P

E 1 * W[
>

(

" E,
i Ak A A o = . TN " ol

w7l

T T=L Almiiimiim i
T T T T T T T T T T T T

D — pto,pt — 7T ¢ — ete”

J y2/d.o.f: 16.2/33

~7's T
M(D}) (GeV/c?)

15

Events / (3.5 MeV/c?)

signal modeled by a double-sided Crystal Ball
function plus a bifurcated Gaussian function,
background modeled by a first-order Chebychev

2024/05/11 polynomial function

arXiv:2404.05973

« M(ete™) € [0.98,1.04] GeV/c?
- M(n*7®) € [0.60,0.95] GeV/c?

* Unbinned maximum likelihood
fits to the M (D) distributions

Decay Nsig e (%) B (x107?)

DY s nt¢, ¢ —ete
DY = ptg, 0 —eTe”

38.270% 251
37.8T5%° 121

1171055 £0.03
2.4410-67 +0.16

7.80 forDf > nte, p — e+e‘{

440 forDF - pTp, p > eTe” [
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DS — h’ (h’ )e e arXiv:2404.05973

150? D — rralete
S100L s zsass T oekarouns e Exclude events with M(e*e™) € [0.96,1.05] GeV/c?
@ W for the non-resonant D - ntn%e*e™ decay
2 50 T i - .
i ' « Scanning likelihood value for different number of
T signal events.
‘\E R D:_—)K+Tr0€+€_
L + ULs @ 90% C.L.:
gso‘ + t bar Decay Nag € (%) B (x107%)
3 i ¥ T DY = ntnlete 7.4 < 7.0
4E """ e D} — Ktrlete” 5.3 <71
: - D = K9rtete 6.7 < 8.1
g : y2id.o.1: 36.7/36
220_1 ﬂ | signal modeled by a double-sided Crystal Ball
g M 1 +] function plus a bifurcated Gaussian function,
oL o background modeled by a second-order
1.9

Chebychev polynomial function
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Results at LHCDb, Belle

Talk “Synergy between LHCb and BESIII charm
 LHCh program” by Wenbin Qian

>DO N ‘u+‘u— (PRL 131’ 041804 (2023)) and “Charm physics at Belle (II)” by Yang Li

~ S0fT , ‘ T ‘ * T~ sof ' ‘ A e
FCNC process, expected BF of the order of 10-18, b Lo = 3 . =i,
—1 E 30; 0666 <BDT<10 g::K’”; E E 3057 0.666 <BDT <1.0 g::K’r_’; E
Data: Run1+Run2,9fb™ @7, 8, 13 TeV < 1 L ]
?E; ; R g* ﬂg [% [_: ?E; lOi— U ‘ «I..}, ]
B(DO - #+ﬂ_) < 3 1(3 5) X 10_9 at 90(95)%C.L M 800 '1350l 1900 lglsolzooo 20153 2100 2150 U 0;1)10 ] ‘—T46 FrET
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Results at LHCDb,

* Belle

»B&LNV D - pl (PRD 109, L031101 (2024))

B&LNV process with A|B — L| = 0, predicted BF of the
order of 10-%°.

Search for D — pl, where D is either a D° or D® and [ is
a muon or an electron.

Data: 921 fb~1

ULs at 90% C.L. in the range of (5 — 8) x 1077
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Belle

Belle 921fb™
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Prospects

« Works about rare D decays ongoing:
> Absolute measurements of the branching fractions of DY - yK*Y and D° - y¢ [BAM-592]
> Search for the radiative decays D* — yp* and D* —» yK** [BAM-667]

> Search for the radiative decay D° - yw [BAM-708]
> Search for the radiative decay D — yp* [BAM-762]
> Search for the radiative decays D° —» yK(1270) and Dt - yK;{ (1270) [BAM-837]
> Search for the radiative decays D} — yK*(892)* [early stage]
> Search for the radiative decays D — yK; (1270) [early stage]

d (3)
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Prospects

« Works about rare D decays ongoing:
> Search for Lepton Number Violating Decays of Df —hh’e*e™ [BAM-786]

> Search for FCNC process D — h*e*te™ and LNV process D* — h*e*te™ [memo just
ready]

> Search for four-body LFV D/ decays [early stage]
> Search for the decay D* —» m* + invisible [early stage]

)
d c s
€
H'J}LLIlLA WW < w+ o
A\ < It VD E e ¥ I/’(’t) 1&'7(Tr7)
VN cC > | u o [ e

A wt
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Prospects

Table 6.2. The latest experimental upper limits on the branching fractions (in units of 10~%) of the rare D and D, decays into h(h’)e*e~. The expected

BESIII sensitivities with the expected final charm data set listed in Sec. 7 are also shown in the last column.

Decay Upper limit Experiment Year Ref. BESIII Expected

D" - nete 0.4 BESIII 2018 [35] 0.1
D° > pete 03 BESIII 2018 [35] 0.1
DY = wete™ 0.6 BESIII 2018 [35] 0.2
D~ Kge'e 12 BESIII 2018 [35] 0.5
D’ —pete 124.0 E791 2001 [36] 0.5
D’ > gete 59.0 E791 2001 [36] 0.5
D’ — KV¢te” 47.0 E791 2001 [36] 0.5
D’ st ete 0.7 BESIII 2018 [35] 03
D' S KK ete 1.1 BESIII 2018 [35] 0.4
DY » K rtete 4.1 BESIII 2018 [35] L6
D* - rtete” 1.1 BaBar 2011 [37] 0.12
D* - K*ete” 1.0 BaBar 2011 [37] 0.46
D 5 ntalete 1.4 BESIII 2018 [35] 0.5
D* - n*K)ete” 26 BESIII 2018 [35] Lo
D* = K0K*ete L1 BESIII 2018 (35] 0.4
D* = K nlete™ 15 BESIII 2018 [35] 0.6
Df s rtete” 13.0 BaBar 2011 [37] 70.0
Dj — K¥e"e” 3.7 BaBar 2011 [37] L7

 For LNV processes of D mesons: could improve the best upper limitto 4.6 x 10”7 and 2.3 x 10~7 for
Dt -t~ etetand D* » K~ ete®.
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Summary

* In recent years, BESIII have searched for various rare charm meson
decays.

Upper limits of many processes have been determined, providing stringent
restrictions on the parameters of the future theoretical development.

 With 20 fb~1 of 1 (3770) data samples, more and better results for rare
charm-meson decays are expected.
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