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BESIT Outline
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* Physics prospects

* Summary
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BESII
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* Hadron form factors « Light hadron spectroscopy |+ XYZ particles

. Y(217_5) résonance e Gluonic and exotic states * D mesons

* Mutltiquark states * Process of LFV and CPV * f,and fp,
with s quark, Zs * Rare and forbidden decays |+ D,-D, mixing

* MLLA/LPHD a':‘d.QCD * Physics with T lepton * Charm baryons
sum rule predictions
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BESIII Detector

R inner:

R outer:

Length: 2582 mm
Layers: 43

63mm ;

810mm

Crystals: 28 cm(15 X))

Barrel: |c0s0|<0.83

Xiao-Rui LYU

RPC MUC

BMUC: 9 layers — 72 modules

EMUC: 8 layers — 64 modules

HFCPV2018, %541

Endcap:
0.85 <|cosB| < 0.93

TOF
BTOF: two layers
ETOF: 48 crys. for each




BESII

BESIII Detector Performance

MDC MDC EMC
Exps. Spatial dE/dx Energy
resolution resolution resolution
CLEO-c 110 pm 5% 2.2-2.4 %
BaBar 125 pm 7% 2.67 %
Belle 130 pm 5.6% 2.2 %
BESIII
<5%
2.4¢
115 pm (Bhabha) /o

TOF
EXps. Time
resolution
CDFII 100 ps
Belle 90 ps
BESIII

68 ps (BTOF)
60 ps (ETOF)

MUC: Efficiency ~96%
backgroun level: < 0.04 Hz/cm*(B-MUC), < 0.1 Hz/cm?*(E-MUC)

Xiao-Rui LYU

HFCPV2018, %541




BESII

Data/MC consistency

* For tracking efficiency « For photon detection efficiency
data/MC difference < 1% data/MC difference < 1%
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BESII

BESIII upgrade

0 MDC: Malter effect found in inner chamber in 2012,
add water vapor to the chamber to cure the aging

problem
— New inner chamber, built by IHEP, is ready now

— Cylindrical GEM Inner Tracker (CGEM) as the inner
chamber ongoing : Italy group in collaboration with other

groups
[J Other possible upgrade plan is under discussion

Xiao-Rui LYU HFCPV2018, %541



BESII Cylindrical GEM Inner Tracker in a
nutshell

BESIII is building a cylindrical GEM detector (CGEM-IT) to replace the
BESIII Inner MDC to recover some efficiency loss due to aging and to
improve the secondary vertex resolution.

3layers -0 * Low Material budget < 1.5% of X,

‘ for all layers

* High Rate capability: ~10* Hz/cm?

 Coverage: 93%

* Spatial resolution s, ~130 mm in 1 T
magnetic filed

* Operation duration at least 5 years

Read-
Each layer composed by a ——
triple cylindrical GEM /,”1”5\ The CGEM is co-funded by the
/ ,_"fﬁl SN VMawie European Commission Research

2mm™ ¢ -r NN and Innovation Staff Exchange
A AR 2mzm\ ) qnng, N, | GEM2 (RISE) project 2015-2018.
: GEM1
BB eh 3mm\‘ ¥ Cathode

8 A A GE
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BESIT Expected performance of CGEM
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Track fitting with Kalman Filter
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BESII

Data/MC discrepancy

€data’ Emc-1 2010 2016 2019?
Tracking eff./track ~2% ~1% ~0.5%
PID/track ~2% ~1% ~0.5%
Photon eff./photon ~1% 0.5-1% ~0.5%

Control of systematic errors.

Xiao-Rui LYU HFCPV2018, %541 11



BESII BESIII existing data samples

6x10° x108 “ 2.9 fb? 4040 4180 4260+4360 4600
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BESII

BEPCII upgrade

* Increase of beam energy 2.30>2.35>2.45 GeV
« = 2.35GeVin 2018 summer (done)
« =» 2.45 GeV in 2020-21, change ISPB (Interaction region
SePtum Bending) magnet

« Top-up injection

Data taking efficiency increases by 20~30%
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BESII

Future BESIII data Set

Year budget is not considered

Best Wishes

Energy physics highlight Current data Expected final data
# of events # of events
or integrated luminosity or integrated luminosity
1.8 - 2.0 GeV R values N/A Scan: 3 energy points
cross-sections
2.0- 3.1 GeV R values Scan: 20 energy points No requirement
cross-sections
J/¢ peak ngg;l Ha,dro.n & Glueball 5.0 billion 10.0 billion by 2019
armonium decay
1(3686) peak Light hadron& Glueball 0.5 billion 3.0 billion
Charmonium decay
(3770) peak D°/D¥* decays 2.9 fb~! 20.0 fb~!

Form-factor/CKM
decay constant

3.8-4.6 GeV R value Scan: 105 energy points No requirement
XYZ/Open charm
4.180 GeV D, decay 3.1 b1 6.0 fb~!
XYZ/Open charm
XYZ/Open charm Scan: 30.0 fb~1
4.0 - 4.6 GeV Higher charmonia Scan: 12.0 fb~! 10 MeV step/0.5 fb~! /point
cross-sections 30 energy points
4.60 GeV A /XYZ 0.56 fb~1 1.0 fb~!
4.64 GeV A /XYZ N/A 5.0 fb—!
4.65 GeV A /XYZ N/A 0.2 fb~!
4.70 GeV A /XYZ N/A 0.65 fb~1
4.80 GeV A:/XYZ N/A 1.0 fb~!
4.90 GeV A /XYZ N/A 1.3 fb—!
YFA; 4.74 GeV Charm Baryons N/A 1.0 fb~!
Y.X. 4.91 GeV Charm Baryons N/A 1.0 fb—1!
EcZe 4.95 GeV Charm Baryons N/A 1.0 fb~!

Xiao-Rui LYU HFCPV2018, %541 14



BESII

% 4800 State Decay modes Seen by
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BESII

Y (4260): e'e” 2> w'a” J/y

s e*e~(yisg) = wtm-Jly at BaBar pre-2017 N post-2017
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R 80:" 80:_3)-+-c'c n'n |y , BESIII
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BGS]]IY(426O)-)Y(422O) what's nature?
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BESIT Some ratios at 4.23 GeV(@BESIII
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Y (4220) has strong coupling to spin-singlet states

More decay modes to be searched for
HFECPV2018, %1
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BESII

And the new Y's

by Ryan Mitchell

© E
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More precise data are needed

Xiao-Rui LYU HFCPV2018, %541 10



BESII

The Zc¢ Family at BESIII

Zc(3900)*? Zc(3900)°? Zc(4020)*? Zc(4020)°?
PRL 110, 252001 (2013) PRL 115, 112003 (2015) ~ PRL 111, 242001(2013) PRL113,212002 (2014)
%’ 1: S 1:: Preliminary _7,' | ;: o
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DT: PRD92, 092006 (2015) / " 3 I oo
20 . ¢ s g T
%40 r . + Jr ]
- 5 e
o ET) a5 406 41 4.15 0 .‘ 39 " Y o ' 4.02 4.04 4.06 4.8 e o o -Zoaﬂl\:l(ﬂ)(éngz)
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_ + —_ * k
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Which i1s the nature of these states? Quantum numbers?
Different decay channels of the same observed states? Other decay modes?

sophisticated couple channel analysis on these channels are ongoing
Xiao-Rui LYU HFCPV2018, %/ 20



BGS]]I The Y(4630)/Y(4660) after BEPCII energy upgrade
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Phys.Rev.Lett. 104 (2010) 132005
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* Y (4660) baryonic coupling > 10 mesonic
coupling (unexpected!)

* Another missing large mesonic decay?

Or Y(4660) 1s a charmed baryonium?

21



BESII

L1neshape of ete™ - ATAT

0.8

e Belle
064 | ® BESIII

by G/U//o :

Belle: PRL101, 172001 (2008)
BESIIl: PRL120,132001(2018)

T I T I ¥ I L]
4.55 4.60 4.65 4.70 475

« Some tension between BELLE and BESIII dataon ete™ —
ATAZ

* BESIII future data above 4.6 GeV will follow a sharp rise of
the Y (4660) or a flat cross section near threshold?
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BESII

BELLE-II versus BESIII

ISR produces events at all CM energles BESIII can reach
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BESIT

H iStO ry Steve Olsen, CHARM2018

70 years ago

K-mesons

quark
discovered -- gssociated production — strangeness — SU(3) -- model
Dec. 1947 < 16 years » Jan 1964
16 years ago
)_((3872) -- molecule? — diquark? — molecule? — diquark? -- .,
discovered  _ ginyark? — molecule? — diquark? -- molecule? -- ***°
Aug. 2003 < 16 years » today

Xiao-Rui LYU HFCPV2018, %[ 24



Multiquark
Hybrid
Hadrocharmonium

Molecule
Threshold effects
Cusps

States or/and interactions

7¢(4020)

What is the role of threshold

--Many new observations near thresholds: D*D,D*D*, DD, ...
* Phase variations appear in many process: not unique for resonance

To have a complete picture, more investigations are desired, e.g., the
consistency among direction productions and B hadron decays B - KY,Y - X

Energy-dependence _ For XYZ, the picture is still
Patterns in productions and decays [ °l€ properties  unclear

orld-wide

experimental () .

efforts
Xiao-Rui LYU HFCPV2018, %541
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351 Charm facilities

 p — p collider: LHCb (RUN1-4 50 fb-': 10"
reconstructed D)

* ¢'e colliders (more kinematic constrains, clean environment,
~100% trigger efficiency)
— Belle-II(50 ab-!: 1nb charm cross-section)

— Threshold production (BESIII)
» (Can not compete in statistics with Hadron colliders & B-factories! ! !
* Quantum Correlations (QC) and CP-tagging are unique
* Only hadron pairs, no extra CM Energy for pions

* Systematic uncertainties cancellations while applying double tag
technique

* p — p collider: PANDA ...
* e-p/y-p production (Glue-X...)

Xiao-Rui LYU HFCPV2018, %541 26



ol Double Tag (DT) techniques

100% of beam energy converted to D pair (Clean environment,
kinematic constrains v Recon. )

D generated in pair = absolute Branching fractions
At y(3770) charm production is D°D? and D¥D~
Fully reconstruct about 15% of Dg) decays

AE = ED - EBeam
¢ 2 2
MBC = Beam o p D

€ Double tag techniques: Hadronic tag on one side, on the
other side for leptonic/semileptonic studies. Neutrino is
reconstructed from missing energy and momentum
(Double tag efficiency is high.)

Xiao-Rui LYU HFCPV2018, %541 27



BGS]]I Precision measurement of CKM elements
-- Test EW theory

see Minggang's talk
CKM matrix elements are fundamental SM parameters that
describe the mixing of quark fields due to weak interaction.

(d'\ V;dV V;b \ /d\ 5 CKM matrix

s :‘ V.iVaVes S/

C

BESIII + B factories +

o' ) V. V.V, N\b ) LQCD

Three generations of quark? Unitary matrix?

/ BESIII + B factories +
Expected precision < 2% at BESIII LHCb + LQCD

 Precision measurement of CKM matrix elements
* A precise test of SM model
* New physics beyond SM?

Xiao-Rui LYU HFCPV2018, %1 28



BESII

Purely Leptonic:

* Extract decay constant /), incorporates the strong interaction effects (wave
function at the origin)

* To validate Lattice QCD calculation of /5, and provide constrain of CKM-

D s, Leptonic decays

unitarity
G2 f2 2
+ + FIDE, 2 2 m%
(D", = 0Ty = 2|V miymp+ | 1—
(D 2) . | Veags) |© Mg Df,, m2
(s)
T | T T T T T T T T | T T T T T T T T T T T T I T T T T T T T T | T T T T I T T T T l T T T T l T T T T I T T T T "I T T T T
LQCD PRD90(2014)074509  249.0+0.3+1.5 .
gFLaED(;B(zoos)oszooa 209.0£9.3+2.6 CLEO T(EV VIV, 252.8+11.245.5 ——
CLEO TH PV, 258.0+13.315.2 —
BESIII (2.9 fb) CLEO THRV)V, 278.3+17.614.4  ——
PRD89(2014)051104(R) ~ 203-25.3%1.8 BABR THE'VV VTV, 244.6+9. 1142 ——a—
BESIII (20 fb') BELL T(EVIMV IV, 262.2+4.8+7.4 —
Expected 203.2+2.0+1.8 — BESIII@4.009 11V, T (m*V,)v, 241.0£16.3:6.6 =t
CLEO nv, 257.6+10.3+4.3 —
};Eggso(zm 2)054510 208.3+3.4 — BABR KV, 265.9:8.4£7.7 -
BELL nv, 249.8+6.6+5.0 —_—
Fermilab Lattice + MILC +1.0 BESIII@4.178
PRD90(2014)074509 212.6£0.4 5 B 32 fi! KV 249.1+3.6+3.8 -
BESII@4.178 249,142 6+3.8 1
PRI BTSRRI v e v b ey b L 6fb‘1EXpected ® T
160 170 180 190 200 210 JlllIllllllllllllllllllllllllJllll
for (MeV) -50 0 50 100 150 200 250 300
f, (MeV)
S
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BESIT Ves and Ved

T T T I T T T T T T T T ] T T T T I

CKMFitter 0.22520+0.00065 .
+ — Siil: b ision and
PRD84(2011)114505 D >7"€™Ve 0.225£0.006+0.010 B E "I . eSt prECISIOI‘I dan
BABR 0 - n -
D"—»me*v, 0.206+0.007+0.009 —— d
PRSI 2015j052022 O systematic dominant
PRDO2(2015)072012 D'T €V, 0.2155:0.002740.0095  —=—
CLEO +
BESIII 2.93 b +
PRD89(2014)051104 D'—>u*v,  0.2152+0.0056+0.0022 -
1 .
Effe”c'tgg fo D'-u'v,  0.2152+0.0021:0.0022 - 1.00 T T
1 L 1 I L L 1 L | L L 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 : :
0 0.05 0.1 0.15 0.2 L -
|V d| 0.98 — Indirect =
c - B physics “um 7
T T T T I T T T T I T T T T I T T T T I T T T T I T T [ % ]
CKMFitter 0.97343£0.00015 . | 1
DELPHI W' ¢§ 0.94+0.32+0.13 )
CLEO/BELL/BABRBESIII D’ KI'y, 0.9750.00740.025 - _ 0.96 | Blifoct i
CLEO CRAA D 0.988:0.044:0.022 - a
CLEO T(pT V. 1.00940.052+0.021 — > i )
CLEO TV 1.08820.069+0.018 — - i ]
BABR (e T uv Vv 0.956:0.036+0.056 ——— 0.94 — ]
BELL T(e'V TV, T TV, 1,025£0.019+0.029 - i i
BESII@4.009 WV, T TV, 0.9440.0630.027 — B Nucleon & Kaon 7
CLEO 1, 1.007+0.040+0.018 —_— B ]
BABR BV 1.040+0.033+0.031 - 0.92 — —
BELL HY, 0.976:0.026::0.021 B .
BEGHI4.178 TR 0.974:0.01440.016 = I % ]
321 = excluded area has CL > 0.95 | -
BES|||@4178 u‘\, - 0.90 ) I | I I | | I | | I | I I | I | | |
6 1o Expected " 0.97420.010:0.016 019 020 021 022 023 024 025 0.26
1 1 1 1 I 1 1 1 1 I 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 I 1 1 |V |
-1 -0.5 0 0.5 1 cd
V_|
cs

Xiao-Rui LYU HFCPV2018, %541 20



BESIT D sy Semi-Leptonic decays

Semi-leptonic: form facotr (FF)

* Measure |V | x FF

* Charm physics:
* CKM-unitarity = | V|, extract FF, test LQCD
* Input LQCD FF to test CKM-unitarity

1 T T T T T T T I T I
T T T I T T T T I T T T T I T I T | I I
HPQCD 0.747+0.011:0.015 HPQCD 0.66620.02+0.021
BESII 0.7840.04+0.03 BESII 0.7310.1420.06 =
D> Ke'v, D'-»re'y,
0.695+0.007+0.022 ——
Ee_,"?( e'v,, D’'» Kp'v, Belle ,  062420.02+0.003
' D—-nrev,D—-nu'v,
BABAR 0.727+0.007+0.009
D'»Ke'v, BABAR 0.61£0.02+0.005 —_—
CLEO 0.739:0.007+0.005 D> we'y,
D'->Kewv, D'>Kew, CLEO 0.66620.019:40.005
BESIII 0.73680.0026+0.0036 D’—me'v,, D= nle'v,
D'- Kev
BESIII 0.637240.008+0.0044
EESAIL , 0.748+0.007+0.012 D'> we'y,
BESIII 0.7246+0.0041+0.0115 BAES|‘|| 0.6216+0.01150.0035  =e=
D'— K €V, D-n e'\
B;ESKIII 20fb! 0.7368+0.001:0.0036 BJESIII 20fb’! 0.6372+0.0031+0.0044
e V D-n=n e’ \
I 1 1 1 l 1 1 1 l 1 L 1 l 1 1
1 L 1 L l L 1 L L l 1 'l 1 1 l 1 1 il L 1 l 1 L L

£5(0) 1(0)

BESIII: best precision and systematic dominant

Xiao-Rui LYU HFCPV2018, %[ 21



BESII

Tests of lepton flavor universality

wy 7 (1-7)  SM prediction: Rp=2.66:0.01

L F(D(t_) =T _ mu(f*s)
%ot = T(Dg, > wv,) L (1 e )2' BESIII: R =3.2110.64 (preliminary)
L TR 10 difference?

Semi-leptonic modes

D’— xT*v Data LQCD D*— nl*v

“.‘u : AT/A (1=e) +— =
% 4+ AT/AQ? (=) —— -
9 Riry —+ —
‘n ]
§ 2] &X
b1.5
4 ey
0.5- , , : :
0 1 2 0 1 2
q%(GeV/c) qX(GeVZ/c?)
R(D}) R(D") R(K™) : R(K") R(x™) : R(7)
SM 9.74(1)  2.66(1) 0.975(1) 10.975(1) 0.985(2): 0.985(2)
2.93/{b@3773MeV; BESIIT  10.19(52) 3.21(64) 0.974(14) :1.013(29‘) 0.922(37) 1 0.964(45)
3.19/fb @ 4178MeV e ——— N ;
o ' ?
Future 20/fb @3773MeV data will improve these test. 20 difference’

Xiao-Rui LYU HFCPV2018, %541 29



BESIT

Status of D — D mixing and CPV

LK. Li Beauty 2018

Wi @

E

C%O
Decay Type Final State '
DCS 2-body(WS) | K'a * * 2 * %
DCS 3-body(WS) K n n® ol®) % V Ao
] &~ A, f,(b‘.l
CP-eigenstate (even) h" h N - " Acp Vap YV
(odd) K3 |
e
Self-conj. 3-body };%2 ,7;( '/ 5 / VA ¥
S 8
decay 00 7
571' m ) Dalitz
Self-conj. SCS n*nnd VYagp Yan® Vag
3-body decay KTKn" v Ac
SCS 3-body KeK*m™ V Acp Vs
Semileptonic decay K" vy v v v
K nm | v Ry v *
o - (d)
Multi-body(n>4) mrm "Acp ‘/f\clp
K+'K'77T+J'TW r'Ar /AT /'hecjp /A(p
Ken'm ' | Va,
#(3770) - D°DP via correlations v sk

In D° — D° mixing measurements: % for observation (>5a);  for evidence (>30); Vfor measurement published; o for

analysis on going. A, stands for measuring CP asymmetry using T-odd correlations.

Xiao-Rui LYU

HFCPV2018, %[
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BESIL petermination of v/(¢5 angle in CKM

» The cleanest way to extract y is from B->DK decays:

Am,

-1_0; Y €

r % : sol.w/cos28<0

- Summer 18 : (excl. at CL>0.95) —
_1.5II1I|IIII|IIII‘IIJI‘\III'IIII

-1.0 -0.5 0.0 0.5 1.0 15
p
0
o(y) ~5
Xiao-Rui LYU

current uncertainty o(y) ~5°

however, theoretical relative error ~10-7 (very small!)

use for “direct” vs “indirect” (“tree” vs “loop” disagreement)

over-constrain the Unitarity Triangle
» Information of D decay strong phase is needed

[JHEP 1401 (2014) 051]

Best way is to employ quantum coherence of DD production at threshold

1.5I\\IIIIII|II0‘IIII\I\\\III

I %
excluded area has CL > 0.95 ! %o

10

20

20 fb-! BESIII
P(3770) data

HFCPV2018, %541

15 LI L L L L
|” | excluded area has CL>0.95 %
: Y
- oY &
1.0 — E _a% —
- 'sin.2B E
05— |
- . Amd
e D
0.0 [ PSS —
Ve
05 : -
-1.0 ; ‘Y : £K —
- sol.wicos28<0
r Phase Il E (excl. at CL > 0.95) —
_1_5_\| v b b b ey
-1.0 0.5 0.0 0.5 1.0 15 2.0
0
o(y) ~0.4
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BESII

Ac" decays

See Yue's talk

EPJC 77,895 (2017) PRL 116, 052001 (2016) PRL113, 042002 (2014)
Mode  |f HFLAV2016 |7 BESIII (%) |PDG 2014 (%)| BELLE (%)
pK2 1.59+0.07 [1.52+0.08+£0.03] 1.15+0.30
pK m* 6.46 +0.24 |[5.84+0.27+0.23| 5.0+1.3 |6.84+0.241020
pK2r" 2.03+0.12 |1.87+0.13+0.05| 1.65+0.50
pKortn~| 1.69+0.11 |[1.53+0.11+0.09| 1.30+0.35
pK ntn®| 5.05+029 [4.53+0.23+0.30| 34+1.0
Ar™ 1.28+0.06 [1.24+0.07+0.03| 1.07+0.28
Antr 7.09+0.36 |7.01+0.37+0.19] 3.6+1.3
Artr 7T 3.73+£0.21 |[3.81+0.24+0.18 2.6+0.7
¥Ox+ 1.31+£0.07 [1.27+0.08 £0.03| 1.05+0.28
IR 1.254+0.09 |[1.18+0.10+0.03| 1.00+0.34
Stata™ 464+0.24 |4.25+0.244+0.20| 3.6+1.0
tw 1.77+0.21 [1.56+0.20+0.07| 2.7+1.0
Ae v, 3.184+0.32 [3.63+0.38+0.20 2.1+0.6

Improved precisions significantly with factors of 4~10

Xiao-Rui LYU

HFCPV2018, %541
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BESII

Features in studying A, decays

BESIII Belle(-II) LHCb
Production yields * & 1.8, 8. 8¢ 1. 8.0.8.8.¢

Background level 1. 0.2.0.8. ¢ * ok * ok

Systematic error 10,288 ¢ * &k * X
Completeness 1. 8.8.8.8.¢ * Kk *
(Semi)-Leptonic mode 1 8.8.8.8.¢ 1.8, ¢ *
Neutron/K; mode 1 2. 8.8.0 Kk w
Photon-involved 2. 0.0.0.0.¢ 2. 0.0.0.0 ¢ s
Absolute measurement 1. 0.2.0.8. ¢ 1.8, ¢ ke

BESIII has overall advantage in studying the charmed baryon decays

Xiao-Rui LYU HFCPV2018, %1 26



BESII

* So far, only mode Ae*v, 1s measured
* Many more semi-leptonic modes can be established at BESIII!

modes Expected | 0B/B
B[%]
Al'v, 3.6 3%
ANy, 0.7 17%
(pK~, Zn) I'v, 0.7 17%
n/"v;, 0.2 30%

400

200

-0.2 -0.1

Xiao-Rui LYU

1
0

Umiss

Prospects for A, semi-leptonic decays B
2M A} pairs

SL
DO B(Kev)=(3.55+0.05)%
D+ B(K0ev)=(8.83+0.22)%
Ds B(phiev)=(2.49+0.14)%
Ac B(Aev)=(2.1+£0.6)% (PDG2014)
=(3.63+0.43)% (BESIII)
=(3.6320.11)% ( new BESIII)
AC+9207’CO e
100 —
Signal shapg
50—
-0.2 -(:.1 (l) OI.1 0:2
Umiss

HFCPV2018, %1

oB/B

1.4%
2.5%
5.6%

29%
12%
3%



BESIL  Other relevant At potentials

* Studies on new Cabibbo-suppressed modes

5|0 190%

* Many neutron modes will be firstly measured: : e
50 50
to test isospin symmetry o
has been measured L i unknown
« Al hadronic weak decays . e
. . EKtnt
v Decay asymmetry parameters in two-body hadronic o K R o
weak decays, such as Af— BP and Af— BV e e | T
=>» to measure the relative phase between the S- and e T
P-wave decays e e e
t measured; ”@“3"3’ 'g al
v" We can provide precise measurements on this y;algn} R
observables el Pl |,
fions pw® 0 R 0 =gl y:o
 Search for A} low rate decays and rare decays oL N
P — L 4 Art0n
v’ Weak radiative decay A{— y27; predictions of BF | & .
are 10* ~10-° : expected sensitivity ~10-4 it [ e [" T
anp m +n0
v" FCNC, lepton number/family violation, baryon - e | ki
. . . . « e . » _ 5 ::nn:‘zngim_ Au-fvu
family violation ...: expected sensitivity~10 e R P
N modes A, Z, E modes

We will find more the Ac-decay Mosaic!

Xiao-Rui LYU HFCPV2018, %541 28



BESII

ee—>2

()+x

o ¢

+A-

B Precise determination of I'(Z} - A¥rw®) can be used for for testing heavy
quark symmetry and chiral symmetry
B measurements of I & 2.(2520) widths by Belle [PRD89, 091102 (2014)]:
BESIII has potential to improve the partial widths

BESIII will search for the more decay modes

Wise, Yan et al.; Burdman, Donoghue (°92)

Decay HHChPT Ivanov Banuls |Tawfiq| Dey |Majethiya [Fayyazuddin|Aliev
+QM et al. et al. |etal | etal et al. et al. et al.
;o Aty 88 60.7 + 1.5 87 | 98.7 [60.1—85.6] 89.0 (keV)
Xiao-Rui LYU HFCPV2018, %541

(MeV) 474490 GeV
Decay Expt. | HHChPT Tawfiq Ivanov Huang Albertus
3] [10] et al. [25] | et al. [26] |et al. [27]| et al. [28]
YT At 1.897000 | input 1.51 £0.17 [ 2.85 £ 0.19 2.5 2.41 4+ 0.07
SF o Afn? <46 D 23700 [1.56£0.17 [3.63+£027| 32 |2.79+0.08
¥ Atw- 1.837000 | 19700 [ 1.4440.16 |2.654+0.19 | 2.4 2.37 £ 0.07
».(2520) T — Afat |14.8708 | 14.570° [11.77 £1.27(21.99 £ 0.87| 82  |17.52+ 0.75
».(2520)F = Af70 | <17 | 15.2798 8.6 |17.3140.74
2.(2520)° — Afa— |15.370% | 147709 ; 11.37 +£1.22(21.21 £ 0.81| 8.2  |16.90 + 0.72

20



3¢ Summary

 BESIII is successfully operating since 2008

— Collected large data samples in the T-charm mass region

* Many exciting results have been published:
v Study of X, Y and Z states see Dayong's and other BESII| talks
v Charmed mesons and baryons
— best measurements: fj, ) & FF
— hadronic decays of the charmed mesons
— strong phases based on neutral D quantum correlation
— A, physics
 BESIII will continue to run 6 — 8 years.
- BEPCII/BESIII upgrade

trackers, ETOF, beam energy, Top-up injection, luminosity ...

* FKuture goals
roughly 50M D°, 50M D", 15M Ds, 2M A_, 10B J/y

*  We are working on BESIII physics survey for future BESIII potentials
you are welcome to join the effort.

Xiao-Rui LYU HFCPV2018, %1 40



BESII

Thank you!

I |

Xiao-Rui LYU HFCPV2018, %541 a1



BESII

100

Reaches for rare charm decays?

SM predictions and experimental reaches
10"

Cabibbo favor

10-3  |Single Cabibbo suppressed

107 Doubly Cabibbo suppressed 3 CLEO-c
10-5 —*
- Radiative decays D' —=K 0y/¢y/,0y/wy -BESIII
D' — K"yl p'y D — K™y / py | BESIII final/B factory

10" |Long distance:
108 Vector meson Dominance D® —yy /VV'(— )/ hV(—1l)/ hh'V(— 1) } LHCb

10-9 Super-B
Super-t-charm

-10
0 y Short distance FCNC D /D —yy/VI'l" [ W'l [ k'
10-
0 +, .-
10-12 br=uwu
10-13 D’ —e'e”
(o=
10-15 D — (hu'e

Forbidden decays: LNV, LFV, BNV D — (hh)e'e’ [ (hh)u*u*
Xiao-Rui LYU HFCPV2018, %541 49



BESIT 0 and y/¢; input

* D hadronic paf)ameters for a final state
A(D" - :
f: AEDO—Q = —rpe 'op
.. AM Al
* Charm mixing parameters: x = Y =51
— Time-dependent WS D? - Kt rate =
y' = ycos Sg; — x sin 8, (LHCD)
— 0, - QC measurements from Charm factory
* v/¢; measurements from B— DK
— bou:y/p;=argV",,
— most sensitive method to constrain y/¢ at present
— GLW, ADS method

* 7p Op: QC measurements from Charm factory

— GGSZ method

* ¢, 5;: QC measurements from Charm factory

Xiao-Rui LYU HFCPV2018, %1 43



BESII Time-integrated decay rates

4+ No time dependent information at Charm

threshold
4+ Anti-symmetric wavefuction: 00 N0 O
nmetric wavetuetion: -, Y(3770) — [D°DY — D°DC)/+/2
Iy = [(fD°)j[D°) — (j|D°)(i| D°)]
4+ Double tag rates: = —[Dcp+Dep- — DCP—DCP+]/\/§

AizAjz[l + r,-zrjz — Z‘r,-r]- COS( 61+5])]
4+ CP tag: =1, 8=0 or m; I* tag: r=0
4 Single and Double tag rates

Depy = [D° + D°1/v/2

Apcs _ xZ4y?
*Zf—ZCOSCSf Tf——Rva 2
C-odd f f I r CcP+ CP-
f Ru[l +71:2(2 — z:%) + 6]
f 1+ rf2(2 — Zfz) + T'f4 RM[l + rf2(2 — Zfz) + T'f4]
l+ T'fz 1 RM
I 1 T'fz 1 RM
CP+ 1+ Tf(T'f + Zf) 1+ T'f(T'f + Zf) 1 1 0
CP- 1+ rf(rf — Zf) 1+ rf(rf — Zf) 1 1 4 0
Single Tag 1+ 712 —1pzp(A - y) 1 2[1+(A-y)]

Xiao-Rui LYU HFCPV2018, %1 44



BESII New forms of hadrons

B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model.
meson ,!! baryon

B QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >=— 4

0 o
@ g
* Hybrids: qqg, qqqg..
e Glueballs: gg, ggg.. g % g

None of the new forms of hadrons is settled !

Xiao-Rui LYU HFCPV2018, %541 45
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BESIT Glueballs

 Low lying glueballs have ordinary quantum
number
0*+(1.5~1.7 GeV), 2*+(2.3~2.4 GeV), 1
0-+(2.3~2.6 GeV)
mixing with ggbar mesons

o Mg

* The mix of glueball with ordinary
qq meson makes the situation
more difficult.

* The spectrum is from unquenched
LQCD calculations

Glueball candidates: f,(1500), f,(1700),
f;(2220), ...

 J/U radiative decays are believed to be an ideal

++ -+

0+

2+

place to search for glueballs.

Jhy—yPP

> Jhy—yoe Phys.Rev. D 87,032008(2013)
> Jhy—yoe Phys. Rev. D 93, 112011 (2016)

Jy—yVV

> JAy—ynn Phys. Rev. D 87, 092009 (2013)

Jhy—yPPP

> J/y—ymom0 Phys. Rev. D 92, 052003 (2015)
Xiao-Rui LYU HFCPV2018, %541

Mg (GeV)
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B
ime-like Form-factors at BESIII%&

Space-like versus Time-like Electromagnetic Form Factors

A
e’ B
3
A i _ B
B 3 , ete” - BB
o BB s ete”
e"B—e B B, = B, BES Il
e.g. JLAB BELLE Il o
PANDA
-

-Q2=q?2 <0 —
¥=q q* =0 G* =(Mg—Mgy)*  G° = (Mgy+Mpgy)?

By = Byy

Xiao-Rui LYU HFCPV2018, %[ 47



BESII

Energy scan data

FRPT AN
810 = e BESII 2015 e BESII 2012
— 108 =
31°§ e BESII 2014 e BESIII 2011
105:; —=— SND (2011 + 2012) —=— BES (1999 + 2004)
10* é— —a— FENICE (1991 + 1993)—=— DM2 (1984)
10°= _  _ _
JENN ARIT =2 , a0 Ay
10° *: » o ® i =
SN S SR I A !
10 e od | : | ® o
- e eq » @ O o ® *
15, | | ®%ee o °
10& .
:\:.I | 1\:11 ‘;A' | ";ll L1 1 1~:A'1 ) T SR T TR S N l\:‘i
2 2.5 3 3.5 4 45
q (GeV/c)

» World leading scan from 2.0 GeV — 3.08 GeV energy region

» Nucleon and Hyperon form-factor available
Xiao-Rui LYU HFECPV2018, %1 48



