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Beam energy: 1.0 — 2.3 GeV ,;'/ \\
Peak Luminosity: ;? . ‘}'

Design: 1X10* cm2s-
Achieved: 0.85 X 1033 cm-2s-1

Optimum energy: 1.89 GeV
Energy spread: 5.16 X 10

Circumference: 237 m

In 2015, BEPCII made successtul test with t

Beam energy measurement: Using Compton backscattering
technique. Accuracy up to 5x10->

—

“ p-up mode!




BESH The BESIII Detector

Magnet: 1 T Super conducting

NIM A614, 345 (2010)

MDC: small cell & He gas
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S,/P = 0.5% @1GeV
dE/dx=6%

EMCAL: Csl crystal
AE/E =2.5% @1 GeV

Data Acquisition:
Event rate = 3 kHz

Gy, = 0.5~0.7 em/NE Throughput ~ 50 MB/s

n TOF:

cr= 90 ps Barrel
110 ps Endcap

Muon ID: 8~9 layer RPC
— Ore=1.4cm~1.7cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 us

The new BESIII detector is hermetic for neutral and charged particle
with excellent resolution, PID, and large coverage.



BESIT  Data Samples at BESIII
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e 4100~4400 MeV: 0.5/tb coarse scan X 2.3 fb! 0.5 fb’!

e 3850~4590 MeV: 0.5/1b fine scan BEPCII can reach here:
* In 2015, we finished energy scan at 2000~3000 MeV
 In 2016, we will take 3/fb Ds data about 4170 MeV

(about 5 times of CLEO-c data)
Machine luminosity is optimal near y" peak



————m e ———

[
1) QED QCD-calculable QCD-non-calculable

2) Hadronization/Fragmentation

3) Detection

Collins Fragmentation Function

Fundamental test on QCD




BE€SH collins Fragmentation Function

The perturbative QCD fragmentation function (FF) 1s an important probe

in experiment to test and calibrate QCD theory.

J. C. Collins, Nucl.Phys. B396, 161 (1993)

Dth(Z, Phj_) — D?(Z; Pﬁl)

E XPhJ_)'Sq
ZMh J

+ Eﬁq(zs Pﬁj_ﬂ(

D,: the unpolarized FF

H,: the Collins FF

—describes the fragmentation of a
transversely polarized quark into a
spinless hadron A.

—depends on > = 2F;/\/s, PaL
—leads to an azimuthal modulation of

hadrons around the quark momentum.

SIDIS

Transversity (< Collins FF

e+ e-

Collins FF (<) Collins FF




* Collins effect: cosine modulation.

BES]]I Probes of Collins Effect in e"e- Machine

ete™ - qqg = hi1ho X

sin> 0>

Hi (1) Hi (22)

cos(260 )WF [

1 + cos? 05

D1 (21)D1(22)

* The Q2 evolution of Collins FFs has not

been validated.

* Low Q2 data from e*e  collider is useful.
BEPCII: similar Q? coverage with SIDIS
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o e Q?
| | I —>
3-10GeV? 25GeV/?2 100GeV?2

* 62 pb! @3.65GeV: continuum region in-
between the J/y and y(2S) peaks

* Back-to-back charged pion pairs:
— Unlike-sign pairs (t" ")
— Like-sign pairs (m" ™ & m~m")
— All Charged pairs (T T )

* Take their ratios to cancel acceptance effect
RU
RL(C) ~1 + AUL(C) COS(Z(I)O)




BESII Measurement of the Asymmetries

62 pb! @3.65GeV

A, . BESIT
—&— Ay .
- A, _prediction

¥~ A . prediction

arXiv:1505.05589
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submitted to PRL

Collins effect studied as a function of
several kinematic variables

Nonzero Collins asymmetries are
observed.

First measurement at medium energy,
which is closer to SIDIS experiments
[t helps to understand the energy
evolution of hadronization=>QCD

sin’0,/(1+cos’0,)
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Studies of the Zc states

Search for tetraquark in QCD

CCEPPELI Ly, 2015
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BCSIIL Hadron Landscape

Aghg
Two-body Zoks
Thresholds BoFc
Molecules oo To R Hadron-physics challenges:
| ddg u:LTg 2 « Understanding of
Gluonic | established states:
Excitation 994, g9 precision spectroscopy
: « Nature of exotic states:
- search and spectroscopy of
qQq #ggt ::1 E;:Dns | tharmf’”izusm unexpected states
Mesons o fah K v, % ¥(23)
LEAR BESIII
| |' | | — |
1 2 3 4 5 6

Mass [GeV/c?]

At BESIII, two golden measures to study hadron spectroscopy,
esp., to search for exotics

* Light hadrons: charmonium radiative decays (act as spin filter)

* Heavy hadrons: direct production, radiative and hadronic transitions11



8SSH QCD predicted states

Plons, charmonium, etc (q

_|-
- ;

S

>' Protons, neutrons, etc

| ﬂ" Conventional

Meson

CCEPP 5L8k H L,

Glueball

2015

‘Exotic
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BESI Discoveries of the charged Z,*’s
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BESM Neutral partners of the exotic Zc 2Eg)

OVe

©a®

* Search for isospin partners for the charged Z¢(3885)* and
7c(4025)* states in open-charm decays
v ete™ 2 nt? (DD* + D'D*)?
v ete™ > nl (DxOD*0 + D*'D*)?

14



seSII Search inete™ -» ¥ (DD")"

Compared to the analysis of the charged Z_(3885)*, backgrounds
are high due to T° detection.
We shall reconstruct the two D 1n the final states:
=» Lower signal efficiency: one thirds of the charged mode
* Combine the two 1sospin channels

- - 'i-
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ete > DD n’ - D*'D'n~ " ete” - D°D*'n’ - DODOrOn”

D*—K n*n* K n*n*n0, Ksn*, Ksn*n®, Ksn*n*n-
Do—>|('1r+ wnl, Knn'n*

In total, 39 channels are analyzed!

15



BESIT Observation of the Z_(3885)°in
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An 1sospin triplet 1s established
Zc(3885)i/ 0

IHEP, PKU, SDU, TSU, UCAS 16




BESIM  Searchinete™ - (D*D*)°

This process 1s more challenging: huger backgrounds and lower yields
We decide to:

detect the two D 1n final states

=» Low signal efficiency

choose the clean mode D"—>K-n'rt*
combine the two 1sospin channels

In total, 16 decay channels
are analyzed!

—————
- '.'1.

!: at®y )
“““““ D*—K-n*n*
DO—K-n*, Kn*'n?, K n*n*
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BESIHT  Observation of the Z_(4025)° in

ete™ o ﬁO ( D*D*)"° PRL115, 182002 (2015)
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Another isospin triplet is established: Z.(4025)*/

PKU, UCAS 18




seSII

7¢(3900)+?
PRL 110, 252001 (.2013)
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Which is the nature of these states?

The Zc¢ Family at BESIII
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Different decay channels of the same observed states? Other decay modes?
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BESI Future experimental efforts to
understand these new findings?

at BESIII

« Search for more decay modes : my’, DOD** light hadrons ...
 PWA of the found charged Zc states: signal statistics is desired.

* Coupled channel analysis if we want to identify whether they
are the same state

* eg,Zc~> ndly, DD*; Z’c 2> nh_, D*D*
at other experiments

* Itwill provide very valuable knowledge if we do searches in 5
decays

20



Charmed meson decays at threshold

DO-D° mixing parameter y.p, Ds hadronic decays

21



BESII Charmed Hadron at Threshold

4 Threshold production at 3.773, 4.01, 4.17 GeV, 4.6GeV

e'e >DD,DD DD, A} A

4 Double Tag (DT) techniques: (partial-)reconstruct both
D//A . mesons

4 Charm events at threshold
» Only the hadron pairs, no extra CM LS

-
energy for pions: clean backgrounds \ /

» Ratio of signal to background is
optimum et

+

I
> Lots of systematic uncertainties cancel =~ go**
while applying double tag method v \

-

22



o If D° in CP eigenstate,
Cl = 1: D9 must be in opposite

@ CP eigenstate

Quantum Correlations (QC) and CP-tagging are unique

.-"'..

Taking advantage the QC of DD pairs, we can study the D

mixing and CPV in a unique way
» Sstrong phase in D decays : KT strong phase [PLB734, 227 (2014)]

» DV-D mixing parameters: y-» measurement
4

23



BSSH Ycp measurement

PLB744, 339 (2015) =

y.p reflects the life-time difference (BESIII: 2.93 fb!)
between D in CP-eigenstate and Din + Single Tag decay rate (CP tags)
flavor-eigenstate +Tcpeoc 2|Acps [P F y)

4+ Double Tag decay rate (Flavor tags +

We measure the y_using CP- CP tags)
tagged semi-leptonic D decays,
which allows to access CP
asymmetry in mixing and decays.

2
+Tyep. o< A1 |Acpy]
4+ Neglect term y? or higher order

, Y p (FI;CHFCP— _ rl;CP—rCP+)
“ cF 4 1_11;(2'P—1_1t:'P+ 1_11;(:'Ii'+1_1(:P'—
CP Tag é? K
e* e 4 Reconstructed modes:
«—
@ +Flavor tags: Kev,, Kuv,

4+ CP- tags (3 modes): Kon® K, Koo

K 4+ CP+ tags (3 modes): K'K*, n*n-, Konn®,
Flavor Tag
e(u)

e(u)

24



Vcp Measurement

PLB 744, 339 (2015)
HFAG-charm
Single Tags (ST)
_ _ . - = . | . E791 1999 IJ' 3 J'I 0.732 = 2.890 + 1.030 %
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w %78 186 188 w97 es 1ss 188 Belle 2009
2 2
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Double Tags (D T) Belle 2012 }q 1.110 = 0.220 = 0.110 %
T T -. &"‘\ ] T T T ]

‘:‘q E

80 -
S | S % 0.720 = 0.180 = 0.124 %
g 60 S 6 i, Kuy L
g 40 b ; 40 BESIII 2015 H ° 1 -2.000 = 1.300 = 0.700 %
3 | 8
£ o) 5
> [ w ababoi¥ i
w 0 ; Norld average H 0.835 = 0.155 %

01 005 0 005 0.1 0.1 -005 0/ 005 0l KT TR PP PO PV POV OV TV OO

U (GeV) ' Unniss (GEV) 43210123435
K n%background
€ Ycp (%)

BESIII result: 4 Most precise measurement with QC

Yep = (—2.0+1.3+0.7)% charm mesons
4+ In the limit of no CP violation: y., = y

THEP, UCAS 2




BESI D.f-»n'Xand D." - n'p™

To provide more experimental data PLB750, 466 (2015)
in Ds hadronic decays.

100

DT method for B(D,7—n'X)

* 9 ST modes

* Fitto a 2D: M(mtmn) vs Mg (ST)
‘BF(Ds* — n’ X) = (8.8%1.8+0.5)%, AR MRS

consistent with PDG = (11.7+1.7%+0.7)% within ~10. My (GeV/c?) M) (GeV/c?)

Events / 2 MeV/c?
(4]
o

ST method for B(D,* - n'p™) o
* Relative to B(K'K*mt™)
* 2D fit: My (ST) vs

helicity angle (p* decays)

] 100 (-

g

Events / 0.04

Events / 2 MeV/c?
8
3
T | T I

lgll T

o
T

BF(Ds* — n’p*) = (5.8£1.4£0.4)% "~ e st U

Mm (GeWcz)‘

First Ds publication at BESIII!
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Charmed baryon A decays at threshold

A . hadronic and semi-leptonic decays

27



BeSII A} : cornerstone of

charmed baryon spectroscopy

(a) Charmed baryons
3.1 2

Quark model picture:

a heavy quark (c¢) with a 7 -
unexcited spin-zero - e i
diquark (u-d) @ . pihzcn 7

Heavy Quark Effective Theory: 5 - pq — s
more reliable prediction of heavy-light = 7 1= B +
quark transition without dealing with P + -
light degrees of freedom that have net E 1 =

Spin Or 1sospin. .

A} provides more powerful test than -

D/Ds does ! .

But experimental data is very insufficient. _ _Af s = Q



seSII

BESIII data taken

In 2014, BESIII took data above A, pair threshold and run
machine at 4.6GeV with excellent performance!
This is a marvelous achievement of BEPCII

available data set at BESIII

Energy(GeV) Ilum.(1/pb)
4.575 ~48
4.580 ~8.5
4.590 ~8.1
4.600 ~567

c(nb)

0.6 -

0.4

0.2

0+

PRL101 (2008) 172001
BELLE

i

4.5

FIG. 4: The cross section for the exclusive process

4.9 5 51 5.2
M(A; Ap)

46 4.7 438

53 54
GeV/c’

e'e —

First time to systematically study charmed baryon at threshold!

29



seSII

A" decay rates

Absolute branching fractions
(BF) has large uncertainties

O semi-leptonic decay modes have
not been fully explored; The only
measured B(Ac.— Al'v)) has
large uncertainties of 6B/B~16%

O no neutron modes have been

measured

Thorough exploration of different
decay modes and their precise
measurements are important to
test theoretical models!

0 | SID 100%
measured guessed unknown
50 50
no neutron mode
has been measured unknown
N AK*, 2K, KT
unknown other ZKn
EKtnt
_ 40 40 — —_
other NKK = 20K+ B
pK*K- < other ZKK
other N4t ~) SR K-
pnt2n other 237
other Ntm — ]
PR other NK3n +— =rtnne
pK 00 — Intnt
pKntntn 30 3 30 — $07+70
:
pROOn0, g +n0n0
not measured; KO0 E
total assigned k-t = - -
3/2 X sum of £
pKOntn and g
pKntn0 frac- = DI =
tions pK_TII+TEO 20 20 — ’_‘f E"':IID
pEO*.'t"'Tc‘ 4 — T
20 AKTKO
pPA™ - ArntnOn0
+
not measured; nKom Antntn
assigned 1/2 X 10 10 -
sum of pK-1* R0r0 An'tn
and pI?UTcU P
fractions Arntnd
P pKn* +— An”*
the normaliza- Aj.L"'v“
tion mode: _ .
50+13 % pK’ Aetv,
0 0
N modes A, X, Z modes
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seSI Absolute BFs of Ac" hadronic decays

 Absolute branching fractions (BF) of A¢™ decays are still not
well determined since its discovery 30 years ago

— BFs of all the decay modes (¥85%) are measured relative to Af— pK~n™
— Charm counting =» test SM

— However, no completely model-independent measurements of the absolute
BF of AT - pK~m™ (from Argus and CLEO very old results)
uncertainties of BFs of A} decays are 25%~40% in PDG2014

* Until Belle’s first “model-independent” measurement:
B(AY— pK~nt) = (6.84 + 0.247321)04

- PRL113(2014)042002
precision reaches to 4.7% [ (2014) ]

* However, measurement using the threshold pair-productions
via e*e” annihilations is unique:
the most simple and straightforward

31



seSII

Detection of A, pairs

Constructing p:
from final state
* Ke—»min™
« 70 S ypy

* A—pmn

+ %95 Ay

e Tt pr®

s wontr a°

CCEPP H @ H L, 2015

12 modes

ph g

pRK a7
pKgm"
pKegmtm
pK —ata"
Arn*t
Antqt
Arntm—m
¥t
Ytql
IR
XTw

.
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Events/( 2.0 MeV/c?)

Events/( 2.0 MeV/c?)

Hen, ok

228 229 23
M, (GeV/c?)

600
400 -

200

200

/ 5
300 e

225 226 227

228 229 23
MBC(GeWc )

modes NPT
pKs 1243 + 37
pK 7t 6308 + 88
pKgr! 558 + 33
pKentn— | 454 4 28
pK—atr’ | 1849 £ 71
Art 706 + 27
Art 70 1497 = 52
Artm= T | 609+ 3"
20?1 + N90 £ 32
PR 271 + 25
Yiarw 836 + 43
Ytw 157 + 22

Events/( 1.0 MeV/c?)

red)

(]
=

Events/( 1.0 M-

Events/( 1.0 MeV/c?)

tn
L I s

N arad il
0 e
2.25 2.26 2.27 2. 28 2.29 4
g (G e?)

(A3

225 226 227 228 229 23
MBC(GeV;"c)

0
225 226 227 228 229 23
M, (GeV/c?)

Very clean backgrounds

S567/pb @ 4.6 GeV

Double tags

Decay modes NZL

- pKg 89 + 10
pK 7t 390 + 21
pK g 40+ 7
pKgrmtm 29+ 6
pK - ntrl 148 + 14
AnT 59 £+ 8
Artrd 89 + 11
Arta—nt 53+ 7
Yort 39 L6
y+qa0 20+ 5
Ytatw 56 + 8
Ytw 13+ 3
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seSII Hadronic branching fraction results

* 12 hadronic decay modes are being measured at the same time

based on a global least square fit [Chin. Phys. C37(2013)106201]:
simultaneous fit to the all tag modes while constraining the total A, pair
number, taking into account the correlations

to be submitted to PRL soon

v B(pK nt): BESIII
precision comparable with
Belle’s result

v BESIII rate B(pK ™) is

v Improved precisions of the

BESIII prel.
Decay modes | global fit B PDG B Belle B
pKg 1.48+0.08 | 1.154+0.30
pK—m™T 5.77+0.27 | 5.0+£1.3 | 6.84+£0.247 3.
pK gm0 1.774+0.12 | 1.65 =+ 0.50
pKegntn™ 1.43 +0.10 | 1.30 & 0.35
pKmtnl 4254022 | 3.4+1.0
Ar™ 1.20 £0.07 | 1.07 £0.28
L\ 6.70 £ 0.35 | 3.6+ 1.3
Antrn—nt 3.67 £0.23 2.6 0.7
¥ O+ 1.28 =0.08 | 1.05 =0.28
Y0 1.18 =0.11 | 1.00 +0.34
St 3584022 | 3.6+ 1.0 smaller
Yt w 1.47 £0.18 2.7 1+ 1.0

=

only stat. errors

other 11 modes significantly
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3G BF of A > Acty,

@ A\l — NeTreis ac — s/t dominated process.

@ Urgently needed for LQCD calculations.

@ Thus, measuring B(A} — Aetw,) will provide very important
experimental information for
1) testing the theoretical predications for B(A; — Aetw,).
2) calibrating the LQCD calculations.
3) addition information for determining CKM elements.

Q @ @ 11 ST modes, - clean A peak ‘
/7 except I w > wl 567/pb @ 4.6 GeV
¢
@ 2 signial region
=
o A
=
: |
e Fﬂmdebandsl Vi Lyl sidebands
| =1 Lo

1.1 1.12 1.14
M~ ( GeV/c? )
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seSII Candidate Events for A_f2>Ae™v,

arXiv: 1510.02610

— accepted by PRL
% 30} Umiss = Emiss - ﬂ‘ﬁmiss‘ B(A: — A€+V8)
&) b pp MBM [5] 1.9%
| — miss — heam — LA T Lety NRQM [5] 26%
2 20l Pmiss = Pyt = PA — Pet- SU(4)-symmetry limit [6] 9.2%
= RSQM [11] 4.4%
= 103.5 = 10.9 CM [7] 5.62%
% 10l QM [8] 1.96%
= RQM?2 [9] 2.15%
S RQMS3 [10] 1.42%
= L QCD SR1 [12] (3.0 £ 0.9)%
0.2 0.1 0 0.1 0.2 QCD SR2 [13] (2.6 +0.4)%
U, (GeV) QCD SR3 [13] (5.8 4+ 1.5)%

STSR [14] 2.22% for AT — Alty,
 First absolute measurement! STolgR [[14]] 1.583 ior ﬁi — %iw
. . . HOSR [14 4.72% for AT — Aty

Best precision to date HONR [14] 4.2% for A} — Al*ty,
* Reject several theoretical LCSRs [15] (3.0 £0.3)% for
PE A} — Al y, (CZ-type)
predictions. PDG [2 (2.1 0.6)%
First A " publication at BESIII! BESI (3.63%0.38 £ 0.20)%

(Reference No. in the BESIII paper)
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BCSII Experimental precision reaches of
charmed hadrons

golden mode oB/B SL oB/B

DO B(Km)=(3.8820.05)% 1.3% B(Kev)=(3.55=%0.05)% 1.4%
D+ B(Knm)=(9.1310.19)% 2.1% B(K%v)=(8.8310.22)% 2.5%
Ds B(Kkm)=(5.3920.21)% 3.9% B(®ev)=(2.4910.14)% 5.6%
Ac B(pKm)=(5.011.3)%(PDG2014) 26%  B(Aev)=(2.1x0.6)%(PDG2014) 29%
=(6.810.36)% (BELLE) 5.3% =(3.6310.43)% (BESIII) 12%

=(5.7740.27+27)% (BESIIT) = 5~6%

» BESIII Acdata correspond to 567 /pb taken in 2014
* We have chance to improve the precisions of Acdecay rates
to the levels of charmed mesons!
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BESI More N\c data set ?

A combined data taking proposal of studying A}

Proposal of precise study of the
charmed baryon \| decays

Hai-Bo Li, Peirongli, Leili, Xiao-Ruilyu,
Haiping Peng, Yangheng Zheng

Analyticity Violationine'e- — A_A_.?
A request for
additional integrated luminosity at threshold

Rinaldo Baldini, Marco Maggiora, Guangshun Huang, RongGang
Ping, Weimin Song, Weiping Wang, Liang Yan, Zhengguo Zhao,
Xiaorong Zhou, Kai Zhu,
and the BESIII Italian Collaboration Team

BESIII collaboration meeting at SJTU 2015.6.14
We propose one year dedicated data taking at A. threshold.
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seSII

Collins Effects at BESIII:
* First measurement at lower-Q? region close to SIDIS experiments

important to understand energy evolution in QCD

Tetraquark states studies: to understand QCD
* Observation of the neutral Z_ states:

7. (3885)*0 and Z_ (4025)*° at BESIII are established
* More efforts are needed from both theorists and experimenters

Precise study of charmed meson D/Ds decays
» D-D? at threshold: QC and CP-tagging are unique
a unique way to access D-D" mixing parameter: yqp
* First Ds publication: Ds hadronic decays involving )’
Precise study of A, decays
o For the first time, BES is able to study its decays at threshold
Absolute measurement!
o BESIII released two world-best results:
hadronic branching fractions; B(A.,"2 Ae"v,)
o We are proposing a one-year data taking;
a golden opportunity to thoroughly improve our knowledge on A_decays

More exciting results at BESIlI are expected.

Summary
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20144 S P E T

Vv IEETE R T M TAE
+ & FA: (1) Zc*(3885)>(DD*) 5 (2) Zc °(4025)> (D*D*)0
+ DA-FRAEHKYcp
* AcE T4 X Ik e DEET &3
+ D(S)JP%%E: Ds2n’X = memo 'F %
+ AR 9 Collins 4 3L\% 3 > 3% Ememo

+ Dy THBASHIL 2+1)
+ BAHARR—FHEFEFIRR

2015 B EH ST
» 7.¢(3885)'=>(DD*)  =» accepted by PRL [arXiv:1509.05620]
» 7.c(4025)°>(D*D*)* = PRL115, 182002 (2015)

» DA~FRA SRy, = PLB744,339 (2015)

» ACRFRES XL =» to be submitted to PRL soon
Ac D Ae'v, 4 % Ik =» accepted by PRL [arXiv: 1510.02610]

» Ds=2 n’X = PLB750, 466 (2015)
» Collins# 2 % 3 =» submitted to PRL [arXiv:1507.06824]

2015EE T 1E, 3MPRLEORKFEEZES, 2/PLB, 2/ AEHPRL
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Thank you!
B !
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