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BESIII: Beijing Spectrometer 111,
the main detector for BEPC II.
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BESIII Experiment
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Linac: The injector, a 202M long
electron position linear accelerator that
can accelerate the electrons and

SRS positrons to 1.3 GeV.

L5
- accelerator with a circumference of 237.5M.
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:- A powerful general purpose detector.

:- Excellent neutral/charged particle detection/identification with a large coverage.

: v Precision tracking
v~ Csl calorimeter

v  PID via dE/dx & Time of Flight

MDC: small cell & Gas:
He/CsHsg (60/40), 43 layers
0p/P=0.5%@1GeV, O4edx=6%
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Crystals: 28 cm(15 X,) :
Barrel: | cos0|<0.83

iRinner: 63mm;

ER outer: 810mm
:Length: 2582 mm

; ' :BTOF: two layers :
ETOF: 48 scintillators for each :
MUC: 9 layers RPC :

MRPC --- new ETOF
(8 layers in Endcap)
orp=1.4~1.7cm

Time of Flight
or=100ps in Barrel
110ps in Endcap
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Charm Datasets
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4.03/4.14 GeV 4.009/4.178
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BES

CLEOc BESIII

2010-2011: 2.92 fb! @3.773 GeV
2011: 0.48 fb! @4.009 GeV
2016: 3.19 fb! @4.178 GeV

Threshold data: charm meson produced in pair
-> double tag method
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Double Tag Method
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Single Tags
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Single Tags
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Single Tags
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Bridge to precisely measure

= Decay constant f, ), with input IV | CKMtter

= CKM matrix element IV 4| with input f-9¢P,
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In the SM:
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Bridge to precisely measure

= Decay constant f, ), with input IV | CKMtter

= CKM matrix element IV 4| with input f-9¢P,
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CKM Matrix Element & Decay Consta

BD* — p*v,) = (3.71+0.19 £0.06) X 1079
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CKM Matrix Element & Decay Consta

B(D* - utv,) = (3.71£0.19 £0.06) X 1071
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fiye = (2032 5.3+ 1.8) MeV
|V.,] = 0.2210 + 0.0058 + 0.0047
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Constant.z”
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta

B(DF > utv,) =(549+0.16 £0.15) X 107
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta

B(D§ — u*y,) = (549 £0.16 £ 0.15) x 1073
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CKM Matrix Element & Decay Constant.z”
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Decay Consta
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CKM Matrix Element & Form Fact

— Single pole form

| W ‘ - 1 — /\/'5,“,”
; I\.\_\r\‘l\.\‘l\\ k — ISGW?2 model

V ) 2
: ) = " q f+(q2) - f+(q12nax) (1 + ISIG2W2 (qma.x q ))
X e — Modified pole model
g

S ((12) — 02 02
(1 — /\,/é”l")(l — & A«/é“,“)

f +(q2) — Series expansion model
fi(t) = P(t)qil(t, to)ao(to) (1 + Z?‘k(to)[z(t, to)]k)

@ partial decay width

dl py+, G2|V q|? _E L
522 £ = 8,;3,,;1) Pp pr( 2)|2( P)2 [%mD|PP|2+O(m§)]
Wo = (m% + m% — m3)/2mp, Fo = Wo — Ep + m3/2mp
® measure V45 to test the unitary of CKM matrix
® measure the form factors £/ (0) to calibrate the Lattice QCD

calculation

@ test lepton universality via R =T, /I, .
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CKM Matrix Element & Form Fact

— Single pole form

| W ‘ - 1 — /\/'5,“,”
; I\.\_\r\‘l\.\‘l\\ k — ISGW?2 model

V ) 2
: ) = " q f+(q2) - f+(q12nax) (1 + ISIG2W2 (qma.x q ))
X e — Modified pole model
g

S ((12) — 02 02
(1 — /\,/é”l")(l — & A«/é“,“)

f +(q2) — Series expansion model
fi(t) = P(t)qil(t, to)ao(to) (1 + Z?‘k(to)[z(t, to)]k)

@ partial decay width
AMpety,  GA|Veq| | = Wo—E S
Lot = B || P (?)A(MesER )2 x [AmpBp[? + O(m?)]
Wo = (m3 + ms — m?)/2mp, Fo = Wo — Ep + m3/2mp
® measure V45 to test the unitary of CKM matrix
® measure the form factors £/ (0) to calibrate the Lattice QCD

calculation

@ test lepton universality via R =T, /I, "



CKM Matrix Element & Form Factc

B(D" — K e*v,) = (3.505 £ 0.014 = 0.033) %

PRD92, 072012 (2015)
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l PRL122, 062001(2019) l

Form Factor of D — Vev,

Signal mode

this analysis (x10~°)
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Form Factor of D — Vev,

PRL122, 061801(2019)
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Observation of D — a,(980)ev,

l PRL121, 081802(2018) l

D%—a,(980) ¢e*v,

—

A model-independent way to study the
- nature of light scalar mesons proposed by

PRD82(2016)034016

_\*\ D*—a,(980)%*v,
\ N 1™ 10}

E

R=1.0+0.3 for two-quark description;
R=3.0+0.9 for tetraquark description.

-
-
-
-

08 1 12 2 "o1 o0 o1 o2 We have r>2.7 @90% C.L. at BESIII

B
Q ., .
_____________________ 3 r_B(DT —f(980)et ve)+B(DT —£((500)e T ve)
—— s .__r;-'_--_--_ é 0 = _,__,'-‘...-...E—----n-,,-“',:"'n--'w: B(D+—)CLO (980)06+ Ve)

M,(GeV/c?) U(GeV) Which favors the tetraquark description.
Decay BF (x10~ %) Significance
DY — a0 (980) "eTve,ap(980)T — pw~  1.337)°2° £0.09 6.40

+0.81
Dt = ag(980)%et v, ag(980)° — O 1.66_ g = 0.11 2.90

< 3.0 (90% C.L.)

53



Observation of D — K;(1270)%ev,

First observation of D meson semileptonic decay into axial-vector mesons
Provide insight into the mixing angle of P, and °P; states Ok,

Test various theoretical calculations

Provide important input to study the photon polarisation in B — K1y by measuring
the ration of up-down asymmetries of OK and 01 (more statistics needed)

arXiv: 1907.11370 (Accepted by PRL) 40
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The BF agrees with CLFQM and LCSR predictions when Oy, ~ 33° or 57° and rules out negative Ok, case.

B(D*— K(1270)’e*v,) = (2.30 +£ 0.26 + 0.18 + 0.25) x 10~
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Theoretical Prediction: 105~10-3 level g 1 i Lk 41

Rare Decay
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FIG. 2. Long-distance contribution to the radiative leptonic
decays proceeds via a semileptonic intermediate state, et vV,
where V can be a p, w or a ¢ meson, and V turns into an on-
shell photon V' — ~ [5].

FIG. 1. Tree-level Feynman diagrams contributing to DI —
+
YeT Ve.
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Flavor Changing
Neutral Current
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Figure 7.15
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Rare Decay

Signal decays B (x107)

Dt = rtalete” <14

Dt > Ktnlte™ <15

D* - Kiztete <2.6

D+—>K2K+e+e' <11
D' K Kftete <I.1 <315
D> rtnete <0.7 <313
D> K-ntete " <4.1 <385
DY > rlete” <04 <45
D’ = pete” <03 <11
D’ - wete” <0.6 <18
pOeK(S)e e <1.2 <11
"in M, ,- regions:

0.00,0.20) GeV/c?  <3.0 (1.57L9)

[0.20.0.65) GeV/c? <0.7

l PRDY7, 072015(2018) I
PDG [9] (x10)

UL for D+ are
obtained for the
first time.

UL for DY are
greatly improved.

* Divide the Mee
distribution of K-
+tetes into 3
regions to help
separate LD

TheoreticallJHeP |t

.04, 135 (2014)]

UL on BF at the 90% CL

Lepton Number

Violaion

BMD® - K netet) <2.8x10° @90% C.L.
BD* - Kn~ete™) <3.3x10° @90% C.L.
BDt - K nltet) <85%x107° @90% C.L.
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— ———— o
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Rare Decay

Transition between charm meson and baryon Paris

arXiv: 1910.13097 (Accepted by PRD)
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