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 BESII| experiment

* Charm datasets

* Included results (after CKM 2018):
» Search for DF - ye*v, [PRD 99, 072002 (2019)]
* Search for D - Kmete* [PRD 99, 112002 (2019)]
* Search for D* - A(Z%)e [PRD 101, 031102 (2020)]

* Summary & outlook




Electromagnetic CslI(TI) Calorimeter (EMC)
oe/E <2.5% @ 1 GeV (barrel)
oe/E < 5% @ 1 GeV (end-caps)

B E P Cl ‘ & B ES‘ | ‘ Time-of-Flight (TOF) Main Drift Chamber (MDC)

ot =90 ps (barrel) or¢ =130 pum (single wire)
ot=120 ps (end-caps) op/pP.=0.5% @ 1 GeV

Superconducting solenoid (1 Tesla)
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Beumg Electron P05|tron Colllder II(BEPCII) ¢~
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- Double storage ring ~240 m | &
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. 2004: Started upgrade BEPCII/BESIII

B > /s =2.0~4.9 GeV

>4 > L =1x10% cm~%s~1(April 2016)
2008: Test run

A / 2009-now: T-charm phy5|cs runs

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




Charm datasets

* Pairs of D) produced near threshold w/o additional hadrons

Datasamples /s (GeV) Int.L (fb~1) Used by the
> o - analyses covered
DDy : ] . . D
' D,D: 4.189 — 4.226 3.18 . in this talk
Already used in Iaté's'f""""','\'{,—'\';' .............. T S
BESIII publications on = D

ALK, 4.612 — 4.698 3.8
D} decays et ‘ e”
* Advantages: )

* Low background level
* Full event info, neutrino kinematics can be inferred

* Absolute branching fraction measurement possible with one D tagged
e Superb EMC performanceone/y / n®



Search for Dy — ye™ v,
'PRD 99, 072002 (2019)]




[PRD 99, 072002 (2019)]

Motivation

C

* Pure leptonic decays P e Ty, helicity o , "
suppressed by factor mz >< >V§<
_ W v s W "

* Enhanced by em|55|on of radlatlve photon
expected B(DF - ye*v,)~10"> - 1073

Phys. Rev. D 51, 111 (1995)

Mod. Phys. Lett. A 15, 2087 (2000)
Phys. Lett. B 562, 75 (2003)

Mod. Phys. Lett. A 27, 1250120

Tree-level Feynman diagrams

(2012) i v i
Phys. Rev. D 61, 114510 (2000) G
Nucl. Phys. B650, 356 (2003)
* BESIll reported in 2017 | e v
— L ~dist tributi
B(D+ N )/8+Ve) < 3.0X%10 5 @ 90% CL ong-distance contributions

[PRD 95 071102 (2017)]



Signal Side

Double-tag methoa :

* Fully reconstructed Dg at tag side (ST)

* Requiring one Ysoft (o) from D& and
the signal decay at the other side (DT)

4178 GeV

ST yields:

NIS)'I(‘S)=2>< NDE X BST X &g

DT yield:

N‘B‘%“al=2x Npp X Bsp X Bgig X 57519
The signal branching fraction:




Events / (2 MeV/c?) (x10%)

[PRD 99, 072002 (2019)]

Extraction of ST signals

1K T KK 1 __— Dy signal region

* 319 fb-' @ 4.178 GeV
* 14 tag modes

S
* Not. = 395412 + 1931

-
o
R

(3,1
T

~2x statistics If data at higher
energy points are also included

M,,, (GeV/c?)



BF determination

* First search on this channel, the

upper limit is set for E;, > 0.01 GeV

based on foLL(B)dB = 0.9:

B(DF - yetv,) <1.3x107* @ 90% CL

All systematic effects included

where

Eniss = 2Epeam — E’y —E, — EST - K

and

Umiss = Emiss —

=
‘pmiss | ;

ﬁmiss = _(ﬁ’Y +ﬁ€ +ﬁST +ﬁvsoft(ﬁg¢3ft))

Tsoft (ﬂ-goft )

Candidates / (30 MeV)

Candidates / (10 MeV)

[PRD 99, 072002 (2019)]
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BF determination

* First search on this channel, the
upper limit is set for E;, > 0.01 GeV

based on foLL(B)dB = 0.9:
B(DF - yetv,) <1.3x107* @ 90% CL

All systematic effects included

— e
Umiss = Emiss — ‘pmiss:"a

where

Eniss = 2Epeam — E’y —E, — EST - K

Tsoft (ﬂ-goft )

and

ﬁmiss = _(ﬁ’Y +ﬁ€ +ﬁST +ﬁvsoft(ﬁg¢3ft))

[PRD 99. 072002 (2019)]
B(D - v e'v,) (%)
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Search for D = Kme“te™

'PRD 99, 112002 (2019)]




[PRD 99, 112002 (2019)]

Motivation .
Vi or (VT)
* Lepton Number Violation (AL # 0) is forbidden in ;T Vi
SM l
* Neutrino oscillation — m,, # 0 — New Physics Dirac Majorana
needed to explain mass origin - i
* Nature of neutrino: Dirac or Majorana (Vi)? po [ N x

* Majorana neutrino can lead to AL = 2 LNV

processes C w
* LNV is introduced in many NP models: \

* 4t quark generation, SO(10) SUSY GUT, exotic Higgs, etc.

* LNV processes have been widely searched for in T,
K, D, and B decays




[PRD 99 112002 (2019)]

BD—>K;¢€+€+ —

Analysis detalls ke gnal s
ackground
AE = Ep — Epeam

* Three channels studied Mpc = \/Eb — |Ppl’
* Requirements on AE to suppress background 2%
* BF determined using single-tag method: E
- Nsig %’:5
5

2-N;§]‘5-€-Bsub
. N[gqrtD—~8.3 M, N[t)%%o~10.6 M [Chin. Phys. C 42, 083001 (2018)]
* BF Upper Iimits @ 90% CL are determined:

ByL
opper i IO

O 5 K metet 28x107° : _
[D+—>Ks”_€ et 3.3x107° ] First searches on both T e TS L

M. (GeV/c?)
Dt - K netet 85x107®% | channels so far! >




[PRD 99, 112002 (2019)]

Searching for Majorana neutrino

* Different m,,_ hypotheses

tested between 0.25 and 1

GeV/c?

* BFs are related to mixing
matrix elements:

L(my, Ve, (m,))  [Ve, (m,)*

m H!

r( HE VJ:E .[.!'”: ( DH! )) ‘ vf}b”! ( L‘,” )
[Chin. Phys. C 39, 013101 (2015)]

4

UL on BF at the 90% CL

03 04 05 06 07 08 09 1 0304 05 05 07 08 09 1
2
m, (GeV/c’) m, (GeV/cd)
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Search for DT = A(Z9e
'PRD 101, 031102 (2020)]




[PRD 101, 031102 (2020)]

Motivation

Feynman diagrams under operators

A(B — L) =0 vvitﬁt\ dimension six

* Excess of baryons over
antibaryons in the Universe — X,r<ﬁsu . <A
Baryon Number Violating | ST a
Drocesses exist _ VA \/

* BNV is allowed in GUTs and .
some SM extensions
*BFsof D - BY,B =A%, p
expected to be no more than L

0(10_29) [PRD 72, 095001 (2005)] AB—L) =2 FeYnman diagrams under operatoré
with dimension seven




- > [PRD 101, 031102 (2020)]
eo- Signal | 1  ®Signal ]
: : v | MC I & . MC ]
Analysis detalls 2
| 1=
S | = 1o —
%20-— . E :
* Baryons reconstructed from a @ ]
A 1.11 1.12 113 1.16 1.18 1.2 1.22
* Requirements on AE to Mo (GeVIE) My (Gevieh)
suppress background T proie T mpoae ]
* BF determined using single-tag «, *f + 1 ]
method: > i VU \ H 4 I
Cl _
B = Ny /(2 X Npip- x e x Byso)e Bl R 8 il e
. NquD—~8.3 M [Chin. Phys. C 42, 083001 (2018)] § 1 : *
m .
2 - - -
AE = ED o Ebcum [ Jl
Mgc = \/Efmm — |Ppl? 18 182 184 186 188 182 1.84 1.86 188

M, (GeV/c?) .



[PRD 101, 031102 (2020)]
BF Upper limits @ 90% CL are determined:

Analysis detalls m

ByL
- Ae? 1.1x107° j L(B)dB = 0.9
— 0
Dt - Aet 6.5x10~7 .
* Baryons reconstructed from . w0 s _,First searches
: Dt - x%¢t 1.3x107°
* Requirements on AE to | NS
suppress background U | o) poie T mpoac ]
* BF determined using single-tag «, *f t T :
method: >, i J ‘ \ \ ‘ , IO
é’ I |
L
B = NG /(2 X NFip- xex Byso)g  Edil i} S
tot 2 L[| @p-Te 1 @D'=x ]
. ND(iD—~8.3 M [Chin. Phys. C 42, 083001 (2018)] § 1 *}
m L i .
AE = ED - Ebcum ? [ i 1 ]
Mygc = \/Efmm — |Ppl? 18 182 184 186 188 182 184 186 1.88

M, (GeV/c?) 18



summary & outlook

* BESIIl provides large data samples near charm thresholds

* Recent searches on rare charm decays covered:
« DF - yetv,
e D > Kmete®
e DT 5 A(ZDe
* Most are first searches

* More analyses on rare/forbidden decays are on the way:
* A wide range of topics: invisible final states, LNV, BNV, FCNC, etc.
* Still great potentials on DS and Af decays

* More ¥(3770) data: | L~ 20 fb-1 in a few years [Chin. Phys. C 44, 040001
(2020)]
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