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Outline

* Motivation
 Current status
« BESIII charm datasets

* A selection of recent charm FCNC-related results:
e« DV — 70y [PRD 105, L0O71102 (2022)]
« D7 — h(h’)ete™ [arXiv:2404.05973, accepted by PRL]
e DI — yp(770)™ [arXiv:2408.03980, submitted to JHEP]

* Prospects & summary



Summary of charm decays

Charm provide a unique environment for

BFs expected in SM
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testing the SM rare/forbidden decays and searching for NP

_ Complementary information to B and K
Cabibbo favor sectors with down-type quarks

Single Cabibbo suppressed
Doubly Cabibbo suppressed

Radiative decays

Long distance:
Vector meson Dominance (SM)

Short distance FCNC (SM+NP)

(NP)
Forbidden decays: LNV. LFV. BNV

DO—KY%/dy/wy/py
D*g—K™*y/pty

D% —>yy/VV'(I1-)/ hV(I*1-) hh'V(I*1)

D%*—yyINI*-/hI*I-/hh'I*1-
D> ptu-lete-

D—(hh)utut/(hh)etet
D—(h)ute~
D—(h)pe—

Rare decays



Flavor Changing Neutral Currents in charm

» ¢ — u processes forbidden at tree level in SM, only

allowed in loop and box diagrams H
« Strongly suppressed due to GIM cancellation: . 4

« Expected SM BF ~O(10°)

3
* NP might manifest in the loops box diagram
D — Xt~ & D — yX dominated by Long -Distance « S
contributions L 10 e ! yor ’f
 Vector Meson Dominance (VMD) 2" 7" 4 o :

—

« BF ~O(10°8) for D — X¢* ¢~ =2

< 10794

« BF up to 10 for D — X =

& 107114

S
« No VMD in D — Xv¥ N L

Q101
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Results on rare charm decays (D°)
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https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare charm.html



https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare_charm.html

Results on rare charm decays
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Still lots of unexplored channels...

https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare charm.html
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Electromagnetic CsI(Tl) Calorimeter (EMC)
cE®H25+ ™ 1GeV (barrel)

cE®H- 5+ ™ 1 GeV (end-caps)
B E P C I I & B E S I I I Time-of-Flight (TOF) Main Drift Chamber (MDC)

ot >90 ps (barrel) or¢ >130 pm (single wire)
ot > 120 ps (end-caps) opith>05+ ™ 1GeV

Superconducting solenoid (1 Tesla)

AN - ZINT N rITE

Beljmg Electron P05|tron Colllder II(BEPCII) o/
s P Sl ST , '

- Double storage ring ~240 m | L

5100
(2373}

2004: Started upgrade BEPCII/BESIII

B > /s =2.0~4.9 GeV

> L =1x10% cm~2s1(April 2016)
\ 'f’ " 2008: Test run

A '~ 2009-now: T-charm physics runs

,\
AT S

M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010)




Charm datasets @ BESIII

 Pairs of charm hadrons produced near threshold w/o additional hadrons
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CLEO-c¢ BESIII CLEO-c BESIII

« ete™ — (3770) — DD, Liny =2.93+4.98 (+12) fb~!
* ete” — DD}, \/s=4.128 — 4.226 GeV, Liny=7.33 fb~!

« Advantages:
* Low background level
 Full event info, neutrino kinematics can be inferred
» Absolute branching fraction measurement possible with one 5(5) tagged

« Superb EMC performance one/y / 7"



Double-Tag method

» Fully reconstructed D at tag side (ST)

* Requiring signal decay at the other side
(DT)

ST yields:

N%l(‘s)=2>< NDI_) X BST X SST

DT yield:

N,S)";’“a'=2>< Npp X Bsp X Bgig X Es75i9

The signal branching fraction:

Signal side

D{}




PRD 105 (2022) L071102

D vy Missing mass
O T S—
22 ~-Data ,
2 B oo oo s
 First search on charm hadron decays into v¥ >
i 0.0
final states = By

Events/0.03 GeV*/c
o

* Reliable modeling of Kg backgrounds crucial for
this analysis with D — 1°K; X decays as
dominating residual background

* Two steps based on data-driven methods:
0

» Model K] energy deposit (EI];{,[C) using high-purity
samples of ]/ — ¢K*n* K] and Jji — K*n* K}
* Model energy deposit of X (Eé%c) and Kg kinematics
using data sample of D’ — n’K¢(n* ™)X
KO
* Epme = Epnie + Eimc

— — K! control sample -

--- D°-n°%K2X control sample 7

0.05

Event / arbitrary unit

01 gEE —— Shape of D°-n°K{X =
i
E
E

Eenc [GeV]
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BESII

DY — 70y

Fit with MC shape

Nsig

* First upper limit based on 2.93 fb”
data @ 3.773 GeV:

B (DO — 7'(01/17) <2.1x10™* @90% CL

TABLE I. Summary of systematic uncertainties on the signal
yield and detection efficiencies.

Source Size
Number of 7" 4.0%
7" reconstruction 2.0%
Number of charged tracks 1.6%
M2, requirement 0.7%
Signal model 0.5%
Wrong-tag background 1.7
7K X background shape Negligible
Branching fraction of 7z — yy Negligible

=14 + 30

Events / 40 MeV
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PRD 105 (2022) L071102

C—%—Data  eeesas Wrong tags
F —— Total fit + - - - - Other D" decays
— - D" %KX Signal Shape

N o o
T[T T

0.5

R R %1073

-0.2 0 0.2 0.4 11
Branching fraction



[arXiv:2404.05973]

Search for D7 — hh’ete™

First search for four-body FCNC processes of D_

Using 7.33 fb™' data @ 4.128-4.226 GeV
D] mainly from e*e~ — D;*D;, with total number of N, = = (64.7 £ 0.3) £ 10°

Single-tag method, the BF for a given channel is given by:

Nsig PRD 104 012016 (2021)

B(Df = k™ (h“) e =

2 *\D tpF € Bisier .
« 2D optimization of requirements on M, vs. AM ﬁz:m
Mg = \/(Ecm - -\/]ﬁ +]2 + mi_):) — |Ppz 1%, 5820'8

AM = M(D}~) - M(D7),

P T ] ST T I OO [ (TR, | (VLS T I E T
0.05 0.1 0.15 0.2 0.25
AM(GeV/c?) 12



[arXiv:2404.05973]

Results on Df — h(h")p(ete™)

Events / (3.5 MeV/c?)

Events / (3.5 MeV/c?)
=

— —
o o)
T | T T T T T

o))
T T T T T

DY S3aTo.d = eTe
Rarest charm hadron decay

—4-data observed by BESIIT
--- background y%d.o.f: 9.5/20
-+ signal |

AR
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o o] o | T g e - Moy

—
IIU]I S |

Iml T T T

+
T T T T T

Dy 9 p7¢,pT 9 nTn, 0> ete”

12/d.o.f: 16.2/33

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

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

€ (%})
25.1
121

B {x10™")
LIRS -1 0.03
2 006

Decay Neie
ke 8R0S

sl

Dy »ntp,6—e

DY = pto,0 > eTe”

780 forDf » n ¢, ¢p - e*e‘{ J

440 for Df - p*p,d > eTe” | ]

NB: Using D{,,— n*¢, LHCb measured
Rgr = 1.022 £ 0.012 (stat) + 0.048 (syst)

[JHEP 05 (2024) 293]
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[arXiv:2404.05973]

Results on Df — h(h")p(ete™)
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[arXiv:2404.05973] @15‘}; D - wtn0cte-
+ + % L +data
u u — =100 /d.0.f:25.8/36 - background
Upper limits on D — hh’eTe™ 3 ity
% S0 ﬁﬁ%ﬁ
 Exclusion of events with M(e*e™)e T e
[0.96, 1.05] GeV for mode t*ntVe*e™ .
s = y2/d.o.f: 36.2/35
* Likelihood scan to determine upper limits 3 +
@ 90% CL.: 2~ bt
_ g [ 1 t R
Decay Nisig e (%) B (x107?) o .
DY - nTn% e~ 7.4 < 7.0 % il b
DY = KTnete™ 9.3 el E
D} - K3ntete™ 6.7 < 8.1 §20
All first upper limits! 2|
0




Search for D7 — yp(77())+

* First search for a radiative D decay

* BF important to test QCD-based LD
calculations & predictions of CPV in D

Events / (1 MeV/(“)

decays g
+ 7.33 fb' data @ B € [4.128,4.226] -
GeV
* Double-tag method with five modes
N rDT
B(D — vyp(T70)1) = B(x0 — ﬁq)it::l :"{ ET/F:I;T

% 15000F
2000+ - Signa % :
= [
— 10000
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S 5000
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1.9 1.95 2
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8000
3000
a [
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6000 . % I g
} Dat: D, —K*K'wn® = 20008 gy _—
4000 __ Total fit =
.- Sigr % s
-« Backgroung = 1000}
20001 2, .
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15000
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7 10000}
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[arXiv:2408.24980]
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[arXiv:2408.24980]

Search for D — yp(770)*

« 2D fit to extract signal yield Npt = 33 = 14 with statistical
significance of 2.50

40 407

— total fit E #C) —total fit

....... | 30 w signal
: + _B,.
'\

20 L Bother

0F  \ -

Events/10.0 MeV/c?
Events/0.1

M o (GeV/c?) cosBy,



Search for D — yp(770)*

« 2D fit to extract signal yield Npt =33 £ 14 w
statistical significance of 2.50

 The BF is measured to be
B (D;r — yp(770)+) =(22+09+0.2) X!

with UL setat <6.1 x 107™* @ 90% CL

[arXiv:2408.24980]

signal yield

0 20 40 60 80
I I T
| ] h l I
£
o 05|
L O 7 e -; T i 8
B(DZ— pHy)(x 107%)
I [
QCD sum rules 0.47
vector-meson dominance  (0.6-3.8) ---
hybrid framework 28 B----
weak annihilation (18-29) | eemeaaa-
light-cone sum rules 2.1
This paper 2.2+10.9+0.2 =
this paper (upper limit) <6.1
| 1 1 1 I | | | | |
20

0
B(D;— yp*)(x 10"%)



Other related BESIII results
Decay chanmel |Dataset ____ |Ref.

D — h(h(’))e+e‘ 2.93 fb' @ 3.773 GeV PRD 97 (2018) 072015

Al > Xty 4.5 fo' @ 4.60 -- 4.70 GeV PRD 107 (2022) 052002
Signal decays B (x107%) 35 ———r—r—r—r—rrrrr
DT - gtalete <14 u oy 4 —4 ]
D+_)r[c{+izoee+e;_ B SEB(AL_ -3 ¥, }’) <44 x 10 _E
Dt - K(S)Jr+e+e_ <2.6 2.5 i
DT - K{KteTe™ i1 5 - 2
D’ - K-K*ete W | F 9 ~
DY - ataete <0.7 :—‘:T - w
DY 5 K—zatete T <4.1 o G B8 =
DY = alete <04 - G
DY = pete” <0.3 e -
DY - wete <0.6 - i
D° —» K3ete™ <1.2 0.3 B
"in M, ,- regions: oL o e el B o polbe e w5000
[0.00,020) GeV/c?  <3.0 (1.5:19) 0 01 02 03 04 05 06 07 08 09
0.20,0.65) GeV//c? <07 B(Ac— Z')

[0.65,0.90) GeV/c? <19 (L0 b




White Paper
CPC 44 (2020) 040001

Prospects

10-6 10-6

Decay Upper limit Experiment Year Ref. BESIII Expected
D° — nl¢te 0.4 BESIII 2018 [35]
0 ni
D® — nete 0.3 BESIII 2018 [35]
D° 5 wete™ 0.6 BESIII 2018 [35]
) 0+ -
D’ — Kge'e 12 BESIII 2018 [35]
0 =
D° = pete 124.0 E791 2001 [36] 0.5
0 -
D" — pete 50.0 E791 2001 [36] 0.5
D° = K*0¢tem 47.0 E791 2001 0.5
20 fb-!
D° > ntnete” 0.7 BESIII 2018 0.3
D° 5 K*K-ete 11 BESIII 2018 @ 3.773 GeV 0.4
DP s Kntete 4.1 BESIII 2018 [35] 1.6
Dt - ntete 14 BaBar 2011 [37] 0.12
D* - K*ete™ 1.0 BaBar 2011 [37] 0.46
D* - n*ne*e” 14 BESIII 2018 [35] 0.5
+ + k0 o+ -
D* — n*Kge*e 26 BESIII 2018 [35] 1.0
+ 0 g+ 4 o
D* - K0K*e*e 1.1 BESIII 2018 [35] "
D* = K*ne*e 1.5 BESIII 2018 [35] 0.6
- 13.0 BaBar 201 6 fb-1@ 4.18 GeV 700
DY - Ktete i & 0
s o BaBar 201 — 1.7




Summary

« Rare D decays related to ¢ — u processes offer unique
opportunities for indirect NP searches

« With world's largest data samples near charm thresholds, and
superb detector performance, BESIII has great potentials to
make significant impacts in the field

* A lot of analyses still in the pipeline, stay tuned!
« Updated searches on D — h(h")ete™
* Radiative D, decays
* Invisible (D) — Xvv ) decays



