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Rare Charm Decays

* Processes:
Standard Model is dominant (SM)
Standard Model contribution is highly suppressed (SM + New Physics)
Standard Model contribution is forbidden (New Physics)

» Branching ratios of about 10-° or smaller
FCNC: Flavour Cahnging Neutral Current
BNV: Baryon Number Violation
LNV: Lepton Number Violation
LFV: Lepton Flavour Violation
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Rare Charm Decays

* Charm hadron: contains up-type heavy quark
complementary information to B and K sector in NP search

- Strong GIM mechanism in charm decays

- Constrain effects from New Physics ! ”
v r
- Processes are forbidden at tree level in o . LS )

i i > G
the SM, but allowed in loop and box diagrams W
q <« q 4 << q
- Short distance contributions at one-loop level box diagram penguin diagram

GIM cancellation is almost exact

BF = 0(109) 541 W

- Long distance contributions “ % 5 b:) WW< )
Vector Meson Dominance (VMD) a oho T:n nole L S )
BF = O(10-%)

- Away from long-distance contributions, potential for New Physics to be visible

- Test of Lepton Universality, by comparing decays to electrons vs muons 4
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Experimental Scenarios

Decay Chain

Benefit

Extremely clean environment
DT method, almost bkg free
Quantum coherence

High trigger efficiency

Easy detection of neutrals and
electrons

Clean environment
High trigger efficiency
Easy detection of neutrals

Boost: time-dependent
analysis

Large production rate
Large boost: excellent time

resolution



Latest Rare Charm Decays Investigations

* Flavor Changing Neutral Current

2019: DO -> K-n*e*e” (BABAR, PRL 122, 081802)

2021: J/y -> De*v, (BESIII, JHEPO6 157)

2021: D*(sy -> hI*lI- (LHCb, THEPO6 044)

2021: DO -> h*h-p*p (LHCb, arXiv:2111.03327, submitted to PRL)
2022: DO -> nOvv (BESIII, PRD 105, 071102)

» Lepton Flavor Violation

2020: DO -> hh'lI*I- (BABAR, PRL 124, 071802)
2020: DO -> X%=u* (BABAR, PRD 101, 112003)
2021: D*(s) -> hetu® (LHCb, THEPO6 044)

* Lepton Number Violation

2019: D -> Kne+e+ (BESIIT, PRD 99, 112002)
2020: DO -> hh'l*I* (BABAR, PRL 124, 071802)
2021: D*sy -> hlI*l* (LHCb, THEPO6 044)

* Baryon/Lepton Number Violation
2020: D* -> A(Z%)et, D* > A(ZY)et (BESIII,PRD 101, 031102)
2022: DO -> pe- + c.c. (BESIII, PRD 105, 032006)



FCNC Processes

* In SM, FCNC is strongly suppressed by GIM mechanism and can happen
only through loop diagram, leading to a very small BF, 10-?, theoretically

» The suppression in charm decays is much stronger than those in B and K
system due to stronger diagram cancellation than the down-type quarks

- However, it can reach 10-¢ under LD contribution

- Sensitive to New Physics

SD contributions : r i; e %i(j‘/

q <« 7 q q

//

LD contributions :
o § il?%




FCNC Processes

0 _ - + -
- 9fblat7,8,and 13 TeV D >hh

- D™ -> DO%*, DO -> h*h-p*u-, h = &, K

» Decays described by:
q%=m?(uw), p2=mé(h*h-), 6, 6y, ¢

- Differential decay rate depends on

LHCb
arXiv:2111.03327
Submitted to PRL
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FCNC Processes ~ LHcb
arXiv:2111.03327

DO -S> h+h_H+M- Submitted to PRL

: 4— y 1 ”‘_Eo_z ~ -~ 0:5;: 3 E Rl
e IO ——rp— = %+ Null-test observables:

-05F E 4-05

02 ~ ~ 0:52: 3 , _:5 -~ <SS—7> Gnd (A2—9)
0 T ] i,= inagreement with the SM

o0sE a Jos

02 . ——+— . 3 = null-hypothesis

—0sE 3 305
05 a 205

NI = ~— I - Constrain parameters of

-0.5F E 4-0.5

02~ ~ OF — s physics models

1+ 1

=
i
T
In Lk
o
i

21 y Los
3 1r ] 0.5f ———— 05 . .
et L e '35 g=——e——————, = * First full angular analysis

o

n

T
T
|

, | o , 4 0.5t , , . F , , _ 305
500 1000 500 1000 400 600 800 400 600 800
mir ) [MeVie?] m(r ) [MeVic?]

J:




FCNC Processes BESIII

PRD 105 (2022) LO71102
DO -> nOvv
+ 293 fbl @ 3,773 GeV

Missing mass

KOO  ae

- Decay chaine‘e - DODO. DO -5 nOvy
DO -> K-, K'n®, Krmmm?

[l D° decays involving Kt
D° decays not involving K°
Y g K/

Non D° decays

K*(892)°n0

* First experimental search

Events/0.03 GeV?/c?
o

* No long distance contributions 0.4

* Double-Tag method | M,

» Energy difference: AE = Epopar = Epeam

N . - 2 —
Beam constrained mass: Mg.= JEbeam/c4 — |ppo|?/c?

. . N .
* Branching fraction: Bg;y = sig

, a indicate the tag mode
BTEO_,W ZaNtaagggag,sig/ggag 9

» Background: model obtained with data-driven method

10



FCNC Processes BESIII
PRD 105 (2022) LO71102
DO -> OV

EMC energy not associated Fit with MC shape
with signal and tag decays N, =14 + 30

sig

T 1 1 LI B LI N | LI LI N | LI | LI | LINL N | 400
I I I I I I I — -
0.15 s [ —4%—Data = eeeees Wrong tags

350 E = Total fit + = = == Other D° decays

— — K! control sample - 0. oD -
300 E D"— n°K X Signal Shape

== D"-n°K¢X control sample
0.1 —— Shape of D"—n°K°X

250
200
150

Event/ arbitrary unit
Events / 40 MeV

100

50

Pull
o

Upper limit at 90% CL: B, = 2.1 x 104
First experimental search for DO -> t9vv
Plan to collect about 20 fb-! at (3770) 11



LFV Processes

+ The LFV process is forbidden in SM, however, flavor non-conserving
mixing among generations has been observed in neutrino oscillations.

» The smallness of neutrino masses leads to a very large suppression of the
predicted branching fractions [!1. So, any significant sign of a LFV signal could

indicate physics beyond the SM.

Predictions at 10-13

:Zlo
! T

Loops

Contact Terms
><,

Compositeness

Ac; = 3000TeV

[1]L. Calibbi et al. Riv. Nuovo Cimento 41, 71 (2018)

UsyUoy|? = 8x10-13
l UN eN|

w * d

Leptoquarks

M, = 3000 fxwaea TeV /c?
N

gllm, = 10”/,xg#u

YZZ

q q

New Heavy Bosons /
Anomalous Couplings
M,, = 3000TeV /c? 12
BR(Z - pe) < 10717



LFV Processes BABAR
PRD 101 (2020) 112003

- 468 fb1 @ Y(49) DO -> XOerp* o
Total
+ 39 fb! “off peak” (40 MeV below Y(4s)) - Sigral
wemen Background
+ Decay chain e*e” -> cc, D** -> DOr* g D ke
=
- 8 decay modes: DO -> XOezy* < m * 4
XO = 720/ 77/ KSO/ ,0/ C(), (0/ K*O(->K_7Z-+) E l-l-.'"' 1 i
' BaBar
;j D’ plezy
- 3 normalization modes :
DO -> K'n*rtn, KK, mmtmt B l H
, , N 7 i e e
* Full reconstruction of signal modes S 0ED's petut
=
+ Maximum likelyhood fit to Am = m(D**) - m(DO) i
N go € E B u; BABAR .. . B-*{BAR“ .
* Branching fraction: 5, = e _horm ~norm e R R SO COL CR s
Nnorm Gsig ['sig B(X ) Z .t ~ i
+ Signal: Cruijff function, Mw%

¢ mode: 2 asymmetric-sigma Gaussian 014 0145 015 0155 015 01
Background: Argus function

13



LFV Processes

* No signal found

DO => )(Oei’l_l')T

BABAR

PRD 101 (2020) 112003

» Upper limits calculated at 90% confidence level using Feldman-Cousins method

* 1-2 order of magnitude more stringent constraints

B 90% U.L. (x1077)

Decay mode Ngg (candidates) €sig (%) B (x1077) BABAR Previous
D° — nle*yu¥ -034+20+£09 2.15+£0.03 —-0.6 £48 £2.2 8.0 860
D° — K%e*u¥ 0.7+ 1.7+£0.7 3.01 £0.04 19+46+19 8.7 500
DY - K*0e®,T 08+ 1.8+0.8 231 £0.03 28+6.14+26 12.5 830
D" — pletuT 071704 2.10 £0.03 -1.8+44+£1.0 5.0 490
D° — et ut 00£14+£03 343 £0.04 0.1£38+09 5.1 340
D° = we*uT 04+£23+£05 1.46 £0.03 1.8+£95+19 17.1 1200
D° = ne*u™ 6.1 £97+23 22.5 1000
with 5 — yy 1.6 223 +05 2.96 £0.04 7.0+£105+24 24.0

with n = 7tz a° 0.0£28£0.7 246 £0.04 0.4 +258 £6.0 43.0

14




LNV Processes

Lepton number (LN) is conserved in the Standard Model.

Neutrino oscillation —m, # 0—New Physics scenario.

Nature of neutrino: Majorana or Dirac?

V1
* Majorana neutrino can violate LN by two unit ;i or (ZT)
1 1
» LNV is introduced in many New Physics models Vi
Dirac

=l
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(a) DO » K-7~1T1* (CF)  (b) D* - R9%%~1*1* (CF) (c) D° —» K—=~1*1T (DCS) (d) DT — K~ x01*1+ (DCS)
15



LNV Processes

BESIII

PRD 99 (2019) 112002
2.93 fb'l @ 3.773 GeV b -> Kze'e T T
15 F a -
Single-Tag analysis mf_ H | H ‘ | | | _
o 30 AT T
3 channels investigated ﬂ”' 'ﬁl'l#ll | il |+TH'|T¢M :
of | L | JNUE
AE = Ep — Epoon, MBC:\/E%mm_‘J_’)D‘Q' N S
:.:% 10 ‘ (b) -

Requirements on AE to suppress background Z .} 0 H\ ‘ ‘T H‘ | H
, , > +|‘T‘|ﬁ|| ||‘1J||||l | 3
Branching fraction: £ ofitldl -'—' %
B Nsig u 5::::I::::I::::I::::I::::;
D—Kretet — o ] - C .
. Tl (0
Channels investigated | UL @ 90% CL Sﬁ-TWthT%T%T&IIﬁI‘ - Hﬂ' w ]

- . ‘ ST
D() — K_Jf_€+ €+ <2.8x10°¢ of | T ,-'|~T.+ | %l ! "!”uw

+ 0 — + -+ % 184 ims 186 187 168 189
DT — KS][ e'e <3.3x10 My (GeV/c?)

DT — K_yr()g+e+ <8.bx10° First searches

16



LNV Processes BESIII
PRD 99 (2019) 112002

D -> Kre*e?
Search for Majorana neutrino
104 & (a) - 3 (¢)
55 3 10-1§_
22 107 F : 107 .
% 10-7;— . 10 —\/. f
'E BE ] |E N_PE 10-5? | ] ]
_,c_u,10' ?HIHHIH:=IHHIHHIHHIHHI=Hil? Ew 10?::'::::,::::|::::|::::|::::|::::':=:|
a4 [ | 1g g
'E'E 10 (b) 10‘1; (d)
S 10° 102 |-
S 10° W‘* -~ 10° o
107 10 1//&,;‘/\/‘\/.
107° £
100 3 04 05 06 07 08 09 1 03 04 05 06 07 08 09 1
m,, (GeV/c®) m, (GeV/c?)
. . BF related to mixing matrix
Different m, hypothesis tested elements
2 ,
befween 025 Gnd 1 GeV/C F(}nb,,,* V“/_m (}nbm )) ‘V@_m (}nb_m)‘“l

r(}nbm ’ Vi)bm (}nbm )) N ‘ Vébm (}nbm ) ‘4 17

[Chin. Phys. C 39, 013101 (2015)]



BNV & LNV Processes

- Asymmetry of matter and anti-matter
» Universe evolution

» BNV: even a small amount would have major consequences on the universe and
its evolution.

* BNV is allowed in GUTs and SM extensions
* Prediction of B(D* — (/_\|+) is ho more than 10-2° (PRD72, 095001)

SM extension:

o s under six operators

\ q Tl \ q A(B-L) =0

under seven operators
A(B-L) =2

18




BNV -LNV Processes BESIII

PRD 101 (2020) 031102

F_s A(S0),+
->
+ 293 fb1 @ 3,773 GeV D A(X%)e
| A(B-L)=0
X 5(d) Y “/ u
* Decay chainee” -> D'D (8x10° events) o 5@
D* -> A(Z%)e*, D* > A(Z0)e* i |V \J,

s o 50 .
A= pr, 27> yA A(B-L)=2

- First measurement

W

- Energy difference: AE = Ep - Epeanm

Beam constrained mass: Mg.= \/ Efpum — Pp
x10° x10°
60 B L L i 20 -— L I -
oA | eesf 2 :
MC simulations 2 0l 1 2
ol 1 - I
30 asymmetric selection < | 3 Of ;
€20} 4 8 I
i @ st ]
0 -_. T X, . S [ b e
1.1 1.11 1.12 1.13 1.16 1.18 1.2 1.22
M, (GeV/c?) M, (GeV/c?)
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BNV -LNV Processes BESIII

5 > K (500t PRD 101 (2020) 031102
"> A(XY)e

{1 Signal: MC shape + Gaussian
'1% ] Background: ARGUS function
= ' . .
5 Branching fraction
B = N3/ Ny 50
First measurement
1.8 1.82 1.84 H" : 1.82 184 1.86 1.88
M, (GeV/c?)
Mode Nar e (%) BUk
f_\€+ 5.6 31.11 =0.14 1.1 x 107
Ae™ 3.4 31.18 =0.10 6.5 X 'l()_?
;06+ 4.5 16.31 4+ 0.07 1.7 x 'l()_‘_’
YVet 3.5 16.40 4+ 0.07 1.3 x 107°

20




BNV -LNV Processes BESIII

PRD 105 (2022) 032006

0 _ -
. 2.93 fb1 @ 3,773 GeV D” -> pe
+ Decay chaine'e- -> DODO, DO -> pe+c.c. ) c *
DO - K*n~, K'nn?, K'nnm* 0 P o
+ X and Y heavy hypothetical gauge bosons production mechanism

» Double-Tag method Single-Tag fit

* Full reconstruction of signal modes

=2
(=]
T

- Energy difference: AE = Epopar = Epeam

=
<
Yo——r

Beam constrained mass: My= Jggeam/c4 — |ppol?/c?

20_‘ ‘I
0 P i

1.84 1.86 1.88

Events/(0.25 MeV/c2) (x10°)

* Branching fraction: By, = _for

NSTgsig
My (GeV/c)
- Signal: MC shape + double Gaussian D° » K*n~n®

Background: Argus function

21



BNV -LNV Processes BESIII

PRD 105 (2022) 032006

DO -> pe-

+ Asymmetric shapes from MC studies
* No obvious signal observed
* Upper limits Bjo_;.+ < 1.20107° and Bjo_,,,- <2.2¢107°

* Most stringent constraints, but far from predictions

1.88 1.881
T 1871 T 1871
= > N
W < B
< 186 < 1.86[
= = T
1.85 1.85 -
1.84 184
[ L L L L | L L L L | L L L L | L L L L [ L L L L | L L L L | L L L 1 I 1 L 1 1
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05 0.10
AE™ (GeV) AE™ (GeV)
D° — pet D° - pe~
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FCNC-LFV-LNV Processes LHCb

JHEPO6 (2021) 044
- 1.6 fb-1, 2016 dataset (8 TeV) D (s) = hil

» 25 charm decays

* SM allowed decays involve FCNC or weak annihilation LFV.LFV & LNV

o Dis) - ntufe ™
» Forbidden in SM at tree level and CKM suppressed % .4 T
D(S) - K u-e

* Dominated by LD tree level contributions

Dt - K_M"'e"'

- Regions dominated by resonances in dilepton mass Dfsy—»nptet
are vetoed when fitting Dis > nete?
D) = m- Wi

FCNC DY > K etet

Resonance D* - K-ptut

D(J_g) S onteten dominated
Oy =
D(J_g) —» Ktete~

O = K

Dfs) > mro(uu)
D5y = KTo(ee)



FCNC-LFV-LNV Processes LHCb

JHEPO6 (2021) 044
D*(s -> hll

Normalization with D5y —» n*o(I*17)
Signal: double Gaussian
Background: exponential (muons) or third order Chebyshev polynomial (electrons)

= 5000 P = R ,

29 DY — mhutp LHCDH i 500 ] D — f.+e+c Total LHCDH
= D satutu z D = atete I D -
%?4000— Non-peaking EH Non-peaking =R Diomrm

;é ] Total :é

i +_ .S

= 3000-] WM D7 2

3 1 B Di—=mmm o

2000
1000
0 | T T T T | T T T T | 1 T I_-.-Ir'ylv.’lh‘-_l T T | T T T 1 T T T T | T T T T ‘ 1 T T T | T T T T T T 1 T
1850 1900 1950 2000 2050 1850 1900 1950 2000 2050
m (7t ptp) [MeV] m(rtete™) [MeV]
Channel B 2] Fitted yield

Dt = (p— ppt) 7t (1.63£0.12) x 1075 18100 % 340
— (p—e~et) 77 (1.67£0.07) x 1076 2160 = 180
= (6= ppt) 7T (1.33£0.10) x 107> 42000 = 400
— (¢ ( )

x 1075 5320 4+ 180

24
1.37 £ 0.05

O— e e )7T+




FCNC-LFV-LNV Processes LHCb

JHEPO6 (2021) 044

Results consistent with background only hypothesis

World's best limits for 23 decays D+(5) -> hll
: . o _9
Decay Brancl;rig fraction upper hr;l)l;cF [1077] Fivyrovement
90% CL 95% CL |90% CL 95% CL | D* Dy
D(*;) — rtutp 67 74 180 210 | 1.3 2.3
D(ﬁ) — - putpt 14 16 86 9 | 1.6 1.4
D(*;) — Ktutp~ 54 61 140 160 | 79.0 150.0
D(“;) — K ptut - - 26 30 - 500.0
D(*;) —ntetu~ 210 230 1100 1200 | 14.0 11.0
D(*;) —atute” 220 220 940 1100 | 16.0 21.0
D(*;) —a ptet 130 150 630 710 | 16.0 13.0
D(*;) — Ktetu~ 75 83 790 880 | 16.0 18.0
D(*;) — Ktute™ 100 110 560 640 | 28.0 17.0
D(+S) — K putet - - 260 320 E 23.0
D(+S) — ntete” 1600 1800 5500 6400 | 0.7 2.3
D(“Ls) — metet 530 600 1400 1600 | 2.1 3.0
D(*;) — Ktete™ 850 1000 4900 5500 | 1.2 0.8
D(*;) — K etet - - 770 840 - 6.7 25




LNV-LFV Processes

468 fb! @ Y(4S)

DO -> hhll

39 fb! “off peak” (40 MeV below Y(45S))

Decay chain e*e” -> ¢T, D** -> D"

12 decay modes: D° -> hh'I*l*, hh'I*I-

hand h'=Kor

3 normalization modes
DO -> K'n*n'n-, KK'n'n, mnmtm-

LFV

Full reconstruction of signal modes

Maximum likelyhood fit to Am = m(D**) - m(D°)

Branching fraction:

N sig- €norm ﬁnorm

Bsig —

Signal: Cruijff function
Background: Argus function

Nl'lorm Esig Esig

Bl'l orm

/(0.32 MeV/c”) Entries / (0.32 MeV/c®) Entries / (0.32 MeV/c%)

/(0.32 MeV/c?) Entries

Entries

Eniries / (2.32 MeV/c™)  Entries

1(2.32 MeV/c))

BABAR

8 :_B.rzBAR
F D' > K mee

6
aF
’_) L

H Data
m— Total
=emn Signal

woe Background

_ BaBar

¥ Kk utu

PRL 124 (2020) 071802

F E):f iRK_Jre ' | i
1 b1 d
; LT

T s

D' K ety

Tlll t

BaBir

D' mrptu

8

] ' I
0.142 0144 0146  0.148

0142

0.144 0.146 0.148

Am [GeVic?] Am [GeVic?]
BaBar § Data BaBar 3
D' KKee o D' KK uw ]
=umn= Signal / ]
....... Background ]
L . . L . -n-l ]

BaBar

D' KK e D' KK'etu .I_
1, | I-H' I"RE
T

0.16 0.18 f]llﬁ f].llX

Am [GeVic?] Am [GeVic?] 26




LNV-LFV Processes

* No signal found

DO -> hhll

BABAR

PRL 124 (2020) 071802

- Upper limits calculated at 90% confidence level using Feldman-Cousins method

* 1-3 order of magnitude more stringent constraints

B 90% U.L. (x1077)

Decay mode D’ — N, (candidates) €sig (%) B (x 1077) BABAR Previous
nretet 0.22 +3.15 £0.54 4.38 +0.05 0.27 £3.90 +0.67 0.1 1120
arnutut 6.69 4+ 4.88 £ 0.80 491 4+ 0.05 7.40 £5.40 0091 15.2 290
rrnetut 1242 +5.30 4+ 1.45 4.38 4+ 0.05 15.41 +6.59 & 1.85 30.6 790
natesuT 1.37 = 6.15 = 1.28 4.79 £+ 0.06 1.55+697+145 17.1 150
K-n=etet —0.23 £097 £ 1.28 3.19 £ 0.05 —0.38 £ 1.60+2.11 5.0 28 [21]
K- nmpu*tut —0.03 £2.10 £+ 0.40 3.30 £ 0.05 —0.05 £ 334 +£0.64 5.3 3900
K rn~etut 3.87 396 £+ 2.36 348 +£0.04 5.84 £ 597 +3.56 21.0 2180
K-rntetu® 2.52 +£4.60 £ 1.35 3.65 £+ 0.05 3.62+6.61 =1.95 19.0 5530
K K etet 0.30 & 1.08 £ 0.41 3.25 £ 0.04 043 +£1.54 £0.58 3.4 1520
K-K-putut —1.09 £ 1.29 £ 0.42 6.21 £ 0.06 —0.81 £0.96 £0.32 1.0 940
KK~ etu" 1.93 +1.92 £+ 0.83 4.63 4+ 0.05 1.93 £1.93 £0.84 5.8 570
K~-K*te*u® 4.09 £ 3.00 + 1.59 4.83 +0.05 393 +£2894+1.45 10.0 1800

27



Search for Rare Charm Decays at Belle I/

Belle Il will search for rare or forbidden charm decays, especially those with neutrals or
missing enerqy in the final state, for example:

= D" — yy, ¢ = u FCNC unique to Belle Il

e current UL B(D° — yy) < 8.5x 1077 at 90% CL (Belle, PRD 93 051102) is 2 orders of magnitudes higher
than SM predictions (PRD 64 074008, PRD 66 014009)

e estimated UL at Belle Il B(D° — yy) < 1.5 x 10~7 at 90% CL (with 50 ab-1)
light mesons

e7e” — ¢€ — DiagXfragDsig (K, m, ...)

signal
several channels channel

® powerful reconstruction method: reconstruct the partner charm hadron (0%, D, Ds, ...)
+ fragmentation particles, and then use energy-momentum conservatlon
to determine the invariant mass of the rest (Belle, PRD 95 011102) —> \‘ cominator
umv"/ \k'dﬂ"*"‘/ﬁ‘_“_’ -"“‘"
; :wu—r -v-m-*‘d-w'-.-‘“ -Mk*_m‘hu"'mwmw

= D — hvv, AT — puvu , strongly GIM-suppressed in the SM

Ev ents![um GeViie')

e can be used with any type of missing energy (neutrinos, dark matter,
axions, other non-SM particles)

M2, ED K x NGGVH:}
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10-6 10-6

Decay Upper limit Experiment Year Ref. BESIII Expected
DP — alete 0.4 BESIII 2018 [35]
D _
D" — ne*e 0.3 BESIII 2018 [35]
DY = wete 0.6 BESIII 2018 [35]
0 0+ —
D" — Kge™e 12 BESII 2018 [35]
D —
D" pe'e 124.0 E791 2001 [36] 0.5
D _
D" — ge*e 59.0 E791 2001 [36] 0.5
DY = KO¢te 47.0 E791 2001 0.5
20 fb-!
DY S atmete 0.7 BESIII 2018 0.3
D" K*K-ete 11 BESIII 2018 @ 3.773 GeV 0.4
D = K—ntete 4.1 BESIII 2018 [35] 1.6
D* - ntete” 1.1 BaBar 2011 [37] 0.12
DY = K*ete 1.0 BaBar 2011 [37] 0.46
DT = atalete 1.4 BESIII 2018 [35] 0.5
+ + 0 o+ o—
DT — nKgeve 2.6 BESIII 2018 [35] 1.0
+ 0 gt o+ -
D™ — KgK™eve 11 BESIII 2018 [35] 0.4
D' — K+ nlete 15 BESIII 2018 [35] 0.6
DY = atete i
s ' 13.0 BaBar 201 6 fb'l@ 4 18 GeV 70.0
DT - K ete™ - . 11 ) 7
5 3.;‘ BaBal '_011 T= 1 ]...'
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Summary

* Rare decays are a great tool for New Physics studies

* Rare charm decays
up-type quark dynamics
complementary to strange and beauty results

- Limits are still above SM predictions
* New Physics effects have not been found yet

* New results expected from BESITII, BelleIT, LHCb, and Super
Tau-Charm Factories
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