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Beijing Electronw Positronw Collider 11

h’r’rp //engllsh |hep cas.cn

2004 started BEPCII/BESIII constructlon

v Double rings 10“3

v Beam energy: 1-23°GeV

v" Design luminosity: 1x1033 cm2s! @
P(3770), achieved in 2016

2009 — today: BESIII physics runs N
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2004 started BEPCII/BESIII constructlon

v" Double rings o A5

v Beam energy: 1-23°GeV

v" Design luminosity: 1x1033 cm2s! @
P(3770), achieved in 2016

2009 — today: BESIII physics runs
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BESIII Datasetl

J/‘?&/Ol‘ld Ial‘gest E
Y3790 3S) ang :
0) Samples -

v 101° J/p event
v 448x 1061 (2S) event

v Large dataset for XYZ studies
v Scan data between 2.0 and 3.8
GeV, and above 3.735 GeV
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Unique dataset for open charm studies (used for the results in this talk):

3.773

4.178
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Single tag and Double tag method

Any Final
State

D
Tag mode K

Single tag: Channels with low

background, ...
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Single tag and Double tag method

‘/rv Signal Final
(g\ A State
A

D
N/
Tag mode K

Channels with low

Single tag:
e background, ...

N Channels with high
Double tag: backgrolltpci, undetected
particles, ...
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Seawchvfor LN Violationw in D decays

e Lepton Number (LN) is conserved in Standard Model (SM)
* v massless LH particle

* Experimental evidence that m, # 0
e New Physics scenario

e v nature: Dirac or Majorana particle?

* Majorana neutrino can be manifested through the
processes violating LN by two units: AL =2
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Seawchvfor LN Violationw in D decays

PRD 99, 112002 (2019)

e Lepton Number (LN) is conserved in Standard Model (SM)
* v massless LH particle

* Experimental evidence that m, # 0
e New Physics scenario

e v nature: Dirac or Majorana particle?

* Majorana neutrino can be manifested through the
processes violating LN by two units: AL =2

> @ BESIIIL, using 2.93 fb! at Vs=3.773 GeV:
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Seawchvfor LN Violationw in D decays

PRD 99, 112002 (2019)

» Single tag method

o AFE = Ep — Epeam

MBC - \/Ebeam |ﬁd|2

90% Confidence level

JoT ] e
Uil NI

Events/ 1.0 MeV/c
(6]

T T L 3] D° » K netet <28x107¢ (%)
0_ ‘\ l‘ -

: PRI Dt - Kdn~etet <33x107°

+ + o _ o

mT‘ ‘| D %‘K’Wee E Dt - K nletet <85x107¢ (%)

8l o L |\ 5
° HT—| Bl ||| | | thm best limits on these channels up to now!!!
05 | | [NRIRAR ||f
1.84 185 186 187 188 1.89 (*) from E791 Collaboration [PRL86, 3969

Mgc (GeV/c?) (2001) BRUL ~ 1074 - 1075]
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Seawchvfor LN Violationw in D decays

PRD 99, 112002 (2019)

» Single tag method

» Search for Majorana neutrino in the decay chains D° — K~etv,,(r7et), DT — K2etv,,(n7e™)

UL on BF at the 90% CL

03 04 05 06 07 08 O
m, (GeV/c®)
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Seawchvfor BN Violationw in D decays

» The excess of baryons over antibaryons in the Universe suggests the existence of
baryon number violating (BNV) processes

> BNV described in SM ext_ensions and GUTs Hipg bs
» Prediction of BR of D*—A¢" no more than 1072° (PRD 72,095001) X
( € € "
% ot 5(d) Vi . SM extension:
7 under six operators
C [ U c . K 5(d) A(B_L) =0
q q q q

—

G

SM extension:

under seven operators
A(B-L)=2

These decays amplitudes may be comparable (PRD 72,095001)

_/
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Seawchvfor BN Violationw in D decays

PRD 101, 031102 (2019)

> 2.93 fb! at Vs=3.773 GeV

» Single tag

» Dt — Aet, Dt

— ¥%* (A(B-L)=0) D*— Aet, Dt X%+ (A(B-L)=2)

(a) D*>Aet

_: Mpc = El%eam - |ﬁd|2

Events / 4.5 MeV/c?

R

wiss i Decay mode BU-(90% CL)

Ae” 1.1x1076

{ Toe* 1.7x107¢

1.8 1.82 1.84

1.86 1.88 1.82 184 1.86
M, (GeV/c?)
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1.88 first time searches
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Seawchvfor Dt < yetv, radiative decoays

PRD 99, 072002 (2019)

» P —l*vdecays are helicity suppressed
» Radiative decays avoid helicity suppression

» B(D*—ye'v,) <3.0 x10™ (Cabibbo suppressed): PRD 95, 071102 (2017)

» Dgt—ye'v, is Cabibbo favored process

» BF is predicted to be of the order of 107# - 1072 in the light front quark model

(MPL A15, 2087, PLB 562, 75)

C
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7% W
S Ve S Ve

\

Tree-level Feynman diagrams contribution
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L——er‘l' V.

Long distance contribution
described by the VDM
model (MPL A27,1250120)

BF of the order of 1073
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Seawchvfor Dt < yetv, radiative decoays

> 3.19 fb! at Vs=4.178 GeV
» Double tag + Blind analysis

Single Tag

Tn T nt

I Knn*

30F K'Kn
20}
10

-
o
T

o
T

Events / (2 MeV/c?) (x10°)

Candidates / (30 MeV)

Candidates / (10 MeV)

-y
a

Y
o
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PRD 99, 072002 (2019)
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B(D*,—ye've) < 1.3 x104 @ 90% C.L.
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Singly CS decays D—wTtTt

PRD 102, 052003 (2020)

» Multibody hadronic decays important to understand the decay dynamics of both
strong and weak interaction

Important input to the beauty sector for SM predlctlons
2.93 fb-! at Vs=3.773 GeV

Double tag 200E

e*e —qq, yJ/\u/\y(3686) non- DD MC
- w(3770)—D°D° MC

v(3770)-D*D  MC
= —#— data

Y VYV

DV et

100

ST:
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_ - - 2001
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DT: S S
0 tr0 et 02020 S 1005 o
e DV ann’n ", ntnn’n'n 3 S N R SR W P
« D' rn'na’xnt nd & F
e (A
. 15 E D'— i nf nond E
Clear ® and 1 signal 3 Ay t5
10;— * ,"'u. f
5 e
55: ,,:-" : g
O:

) 2
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Singly CS decays D—o Tttt

PRD 102, 052003 (2020)

1.88 —
- i 2D unbinned maximum likelihood fit 1s
Pl 5 performed to Mpsi¢ and Mpc2 in the
i R signal region
1.86 FoRT B —
sig _ _ £ . n@/n _ A7JBKGV
_ A y Npr — J Ngg' — Noeax
Al -
= | |
()] 1 -. -]
g P S VAP OIS ot B P
o0 188 -
» 0 i
< I l
1860~ i
_ |« BKGI: only one of the two D mesons are
1.841L L P incorrectly reconstructed

1.84 = 1.88 « BKGII: e'e — qqgbar
Mg (GeV/c®) « BKGIII: PHSP
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Singly CS decays D—o Tttt

PRD 102, 052003 (2020)

BKGI

1.86 —

19M9

1.88 — '
&
: Byt

(GeV/c?)

1.88

sig
BC

e

1.86}.. ¢

184J- KA L (e ) . |

2D unbinned maximum likelihood fit 1s
performed to Mpsi¢ and Mpc2 in the
signal regio

n
31g — BKG
DT _ peak

1.84 1.86 1.88
Mee (GeV/c?)
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Bkg with same final
states but without m/n
(from sidebands)

Small peaking bkg from
CF processes
D'—K%w/m (from events
surviving K% mass veto)

* BKGI: only one of the two D mesons are
incorrectly reconstructed

* BKGII: e'e— qgbar

« BKGIII: PHSP
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Singly CS decays D—o Tttt

PRD 102, 052003 (2020)

- D°—on'n
100} 1oL
[ i /o data \
— I . fit result
§ * i s — - - signal
s | ' 1} BKGI
B ‘ el — - = BKGII
S | 20¢ — . BKGIII (PHSP)
.§1505 15; \
5100} 10f
sof  f% | L oLoade 5
R Cs s netre B - T e (R AT Y
184 1.85 1.86 1.87 1.88 1.84 1.85 1.86 1.87 1.88 1.84 1.85 1.86 1.87 1.88
Mg (GeV/c?)
Improved BF measurement Decay mode B8(x1073)  Bppg(x1073)
First measurement — 0 tz~ 13340164012 1.64+05 |
_ . D™ S wrnta’ 3. 0.83 +0.25 b J
No evidence is found — DO 5 or70 =110
_ _ , D' S otz T06+0.18£0.07 1.09£0.16
Consistent with previous results Dt - prta® 247+093+0.16 1.38+0.35
(PRD101,052009; PLB781,368) SJ— < 238 0.38 4+ 0.13
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Doubly CS decays Dt—K*1tr1r 10

PRL 125, 141802 (2020)

» Doubly Cabibbo-Suppressed (DCS) decays of charmed hadrons relatively unexplored
» DCS/CEF is of the order of tan*0. ~ 0.29%

*https://pdg.lbl.gov/2020 /tables/rpp2020-sum-mesons.pdf

DCS decays BF(X1074) CF decays BF(X1072) f Ratio(X1073) \

DO—K*mr— 1.50+0.07 DO—K-mr* 3.95%0.03 3.8x0.18

DO—K* 10 3.06+0.15 DO—K—1rtm° 14.4+0.5 2.12+0.13
DO—K m—m—m 2.651+0.06 DO—K—1mtm 8.23%0.14 3.19+£0.10
Dt*—K*tm—mt 4.911+0.09 Dt—K-—mtmt 8.38+0.16 K 5.8410.34 }

» Study of D*—>K'n'nw n0 offers unique opportunity to search for D*—K*® and to

determine its BR
» Search for CP violation in DCS decays: even if it is expected to be very tiny it offers
complementary information about CP violation in the charm sector

> 2.93 fb-! at Vs=3.773 GeV
» Double tag

19
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Doubly CS decays Dt—K*1tr1r 10

PRL 125, 141802 (2020)
Single TAG \

(s
|
E 80r Dy Kt 10 p— Kgn' sl D— K*'trtn’
R
S 60}
§ AE = ED — Ebeam
= 40} 5|
N _ 2 — 19
§ 201 MBC - \/Ebeam - |pd|
2
g 0 0 0 ~———
Z 184 18 188 1.84 186 188 1.84 186 188
\ My¢ (GeV/c2) Myt (GeV/c?) Myt (GeV/c2)
- 188 _ N;: 551
Double TAG: O 2 oo}
. . < 1.86f <
* D inthe tag side and D'—»K'n'nn? sz a 2 g
in the signal side 184 N - ¢ LY
* 2D unbinned maximum likelihood fit =~ 8% o sienal region ] e regon
ta si > ' _
toM gpC and M €xc 8 1.36] &
* D*—K'w 2D fit in the o signal and iz z # L f H
sideband regions 184F, . q  GHlt——tiX t ]
_ 1.88} o sideband P o sideband
3 § 10}
° data e BKGI E 2
fit result — - BKGII i Wil ol 1
- == signal — = peaking BKG = 4 *
: i 4 L by

i L L L L L L L AS
1.84 1.86 1.88 01.84 1.86 1.881.84  1.86 1.88 2 O
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Doubly CS decays Dt—K*1tr1r 10

PRL 125, 141802 (2020)

B ¢ data
o e

& | o>k * -3
N B other baTc]kground Decay mOde BSlg(X 10 )
= | D* > KigEnFa0 1.13 £ 0.08
% = || Di - Kia) P
= | ‘ |‘l| II] i Dt = Ktntaa° 1.17 +£0.11

— i M. ""W”'w D- > K-nata® 1.08 +0.11

I L 3 -.‘r'-l‘l]'“ ‘ :Il'l

0 0.6 0. 8 1.0 1.4 *without contributions from D™—K' w, K'n, K" &

0 (GeV/c?)

TtTETt

* Evidence of D*"->K*®
« BF(D*—K'm) = (5.7t>3_,,%0.2)x107> (3.306 of statistical significance)
B(Dt - KTr—ntx0) 4 .y

. B(D* = K—rFn+0) = (1.81 £0.15)% = (6.28 £ 0.52) tan™ 6. significantly
larger than the values (0.21-0.58)% measured from the other DCS decays
* Amplitude analysis with more data are needed

* No evidence for CP violation:
ADEKE a0 _ B(Dt - Ktnta=n%) — B(D~ — K—n~nt79)
o - B(Dt = Ktrtr—n9) + B(D~ — K-~ ntn0)
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Conclusions

The world largest datasets collected by the BESIII experiment
provide unique opportunity to study and search for rare and radiative
charm decays

» Single Tag and Double Tag techniques

» Low backgrounds
Covered 1n this talk:

* Search for LN violation in D decays PRD 99, 112002 (2019)

* Search for BN Violation in D decays PRD 101, 031102(2019)
Search for D,"—vye™v, radiative decays PRD 99,072002 (2019)
* D—onrn singly CS decay PRD 102,052003 (2020)
D*—K*n'n n’ singly CS decay PRL 125,141802 (2020)

* .... many other results shown in this Conference .....

New data @ (3770) (~20 fb 1) will be available
* New interesting results expected
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The BESIII Detector

Nucl. Instr. Meth. A614, 345 (2010)

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

or

ToF e

o,~ 90 ps (barrel)
o,~ 120 ps (end

Electro Magnetic
Calorimeter

RPC: 8
ayers

caps)

Drift Chamber
G5~ 130 um (single wire)
o,/P~ 0.5 % @ 1 GeV

Tsabella Garzia - University of Ferrara and INFN

Electromagnetic CsI(TI) Calorimeter
op/E<2.5% @ 1 GeV (barrel)
or/E<5% @ 1 GeV (end caps)

Oy ~ (6 mm)/E'? @ 1 GeV

RPC Muon Detector
AQ/41=93%




BESIII physics progroumme

Light hadron physics
* Meson and baryon spectroscopy
*  Multiquark states
* Threshold effects
* Glueballs and hybrids
* two-photon physics
¢ Form factors

QCD and T
* Precision R measurement
* T decay

Charmonium physics

* Precision spectroscopy
* Transitions and decays

Isabella Garzia - ‘University (f Ferrara and INFN

XYZ meson physics
* Y(4260), Y(4360) properties
* Z(3900), ...

Chc:rm physics
Semi-leptonic form factors

* Decay constants fy and fp,

e CKM matrix: |V4| and | V]|

e DO-D° mixing, CPV

* Strong phases

Precision mass measurements

* T mass
* D, D" mass
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Singly CS decays DTt

PRD 102, 052003 (2020)

Entries/(0.50 MeV/c?)

—

W

N
o

o

o
E

- D°—>mt+n'

| Tag side

‘ | 3_
10F " :
' I ‘ | ’ 2:— [
de i | i
|.| . AL MR I
g X A il

151 D*—nr*n? - D’-nr’n®

| ..%ljﬁl ﬁ[ 'Ili W

Tag side 6:- Tag side

e i 1084 e Tel . e 1.86 1.88



Rawe semi-leptonic D decays

» Transition between charm meson and baryon pairs is still unexplored
» D '—pn observed by CLEO (PRL 100, 181802) and confirmed by BESIII (PRD 99, 031101)
» Observed BR of the order of 1073,
» Predicted to be of the order of 1072 (PRL 45, 1663)
» Promising candidate to study is Dyt— ppetv,
» BR prediction ~ 1078-10-° (PLB 780, 100)
» Important to study the near-threshold enhancement phenomena

Differential rate:
> N
dF(D;i_ - Xe+l/e) _ G%IV”|2p§’(|f+(q2)|2 D+ ( ’
dg? 2473 | 5

o A
V]| A

> @ BESIII: 3.19 fb! at Vs=4.178 GeV
» Double tag



Dj—ppetv,,

Single TAG D,

/’ﬁ 0°

3

II|IIII|IIII|III

PRD 100, 112008 (2019)

Double TAG

20
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Events/10MeV
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’ N

hall NP PR |

R S

b e’ not always
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2
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0 [
g 200
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w
0_ i e
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| ) ) f
0.00 0.05

1.90

1.95 2.00
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Observatiow of D*—wp*v,

PRD 101, 072005 (2020)
» Test for Lepton Flavor Universality

> RT=Bp_ 04y, /Bprogoery, = 0964 £0.037, £ 01026555 PRL 121, 171803
RO = Bpo_, sty / Bpoo ey, = 0.922 = 0.0304,, =+ 0.022,y (BESIII Coll.)

» 0.50 and 1.70 compatibility with expectations, respectively
> D*—op'v, 2@ BESIIL: 2.93 fb! at Vs=3.773 GeV for the first time

Events/(0.25 MeV/c?) (x10°)

Single TAG
wt - 80Fw+ - - w0 -0 40:_ —4— Data
40_K1t | _K T : 15F Kgnm B —— Total fit
5 B - - - Peaking BKG
10 % 30 — Fitted CBKG
201 st = - (] Simulated CBKG
0 *  0F—— —— % 20:_ +
B0 1ol Ken'nn ] = [
60} Q 10} * |
40} 5 1 st ! w f - ﬂ]llﬁll
20 K 5 E | |-IJ T$
hE= 0 pr——r - Of———— X il’ill"l’i"";Il'i;‘i'.’;';I;";‘i'@;’;’flf';l';’i'{Q_Q"i’il_iil‘ﬂ'fii
L 20Kt - K'K1 s
o9 ¢ s == 0.1 0 0.1
40} [
10 - 4 mISS (GEV)
20} j
i : i s B(Dt - wpty,) = (17.7+£1.8+1.1) x 107*
1.84 186 1.88 1.84 186 1.88 1.84 186 1.88
M, (GeV/e?) M, (GeV/c?) My (GeV/e?) B(D* .
— W v
( HV) 054014

B(D*+ — wety,)PPG (SM: 0.93-0.99)




