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R - basic input parameter in SM
experimental error of R — uncertainty of SM calculation

below 5 GeV use measured R value, above 5 GeV use pQCD prediction of R
* Hadronic contribution to

- QED running coupling conszant a6Ep(S) s
A( ;1:1](1( ) — _ﬁR / (ZS/ \[:_—‘ L f
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- Anomalous magnetic moment of the muon a_ = g, -2
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Global fittmg of most probable nggs mass in SM

Charm quark mass m (m_) determination;

Resonance structure and components in open charm region;

X, Y, Z particles and other possible new resonances.



R value measurement with BESII data
(1998-2008)



R value measurement with data

R value measured with
1 Nhad — Nbg

o L -(1+0)

pu+u

Tasks in experiment:

N,,, observed hadronic events
N,, background events

L  integrated luminosity

g,.q detection efficiency for N, _4
I1+6  radiative correction factor

o,, Born cross section of u pair production in QED.



How R value measured?

Observed cross section (no physics):
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BESII: R value measurements
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Determination of o, with R value
Phys. Lett. B677, (2009) 239

E.m (GeV)| R al? () o' 25 Gev2) | ol (M2)
7
+0.03040.125
2.60 2.18]0.266 5 530_0.126
4+0.0294-0.103 +0.044 +0.012
3.07  |2.13]0.1027 02191031 g 5990044 1 g 11710012
4+0.01540.104
| 3.65 [2.140.2071001540.10:
M. sys~35%; . stat~05-1% _!
e perfect agreement with pQCD T~
o’.p\erfect agreement with y,

" s o s e

— 7-decays (Baikov, Chetyrkin, JK)
at¥ (m2) = 0.332 £ 0.005,,, + 0.015,;, = > (M2) = 0.120 +0.019

e relative importance of a?-terms for BES e.qg. at 2.606 GeV:
0.266 = 0.030 £0.120 = 0.286 ...

low energies (~ 2 GeV) of special interest
validity of pQCD? = s-dependence!



BESII: Heavy vector charmonia line shape

Confirmed charmoniums family in BESII era
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BESII: Heavy W family parameters fit

Kamal. K. Seth
Phys Rev. D72, 017501 (2005)

Simplified considerations used:
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“It 1s very gratifying that two independent
measurements, made 20 years apart, are

in such good agreement”.

"1.:|| Flll I—ulu

‘ ot

(MeV) (MeV) (keV)
PDG [1] 4040 = 10 5210 0.75 = 0.15
CB [6] 4037 = 2 85 = 10 0.88 = 0.11
BES [7] 4040 = 1 890 =6 0.91 = 0.13
CB + BES 40394 = 0.9 88 =5 0.89 = 0.08

M2 re re
PDG [1] 4159 = 20 78 = 20 0.77 = 0.23
CB [6] 4151 = 4 107 =10 0.83 = 0.08
BES [7] 4155 =5 107 =16 0.84 = 0.13
CB + BES 4153 =3 107 =8 0.83 = 0.07

M ry re
PDG [1] 4415 = 6 43 = 15 0.47 = 0.10
CB [6] 4425 = 6 119 = 16 0.72 = 0. 11
BES [7] 4429 = 9 118 = 35 0.64 = 0.23
CB + BES 4426 = 5 119 = 15 0.71 = 0.10

A B ¥

DASP [3] Polynomial 2.1
CB [6] 14.2 = 3.5 [.5 0.4 0.99
BES [7] 13.7 =45 [.5 = 0.5 1.23




Theoretical problems in resonant parameters fit

The measurement of R value and the resonant parameters are closely
related and affected by the following factors:

v What 1s the correct Breit-Wigner form for wide resonance?
v How to introduce intrinsic/effective initial phase angle?

v How amplitudes interfere between final states?

v How guarantee the unitary of the interference?

v How the total widths depend on energy?

v How to express the continuous charm backgrounds in fit?



Resonant parameters extracting at BESII
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- Reanalysis of data presented in BAI 02C. From a global fit over the center-of-mass energy
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Phase angle fixed in the fit to 6 — (130 £ 46)°.
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R value measurement with BESIII data
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R value from threshold to Z
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Projects of BESIII Physics

Light hadron spectrum < J/W data
Charmonium < W(2S) data
Charm D physics = W(3770) data

=W(4040)
Heavy charmonium “W(4190)

BESIII 4 ~W(4415)

physics Mass =X,Y,Z

Decay channels

R(s) fine scan (uds+c)
QED & QCD (s), (g-2)
Inclusive distributions
R&QCD Exclusive distributions
Correlation functions
Form factors
Fragmentation functions

Uncharm



Data samples taken at BESIII

]/

§(25)
W (3770)

T scan
Y(4260)/Y(4230)/Y(4360)/scan
4600/4470/4530/4575/4420
J /W line-shape scan
R scan (2.23, 3.40) GeV
R scan (3.85. 4.59) GeV
R scan (2.0, 3.08) GeV

Y(2175)

2916 pb~1
24 pb~1

806/1054/523/488 pb~1
506/100/100/42/993 pb~!

100 pb~1
12 pb~t
795 pb~1

~525 pb~1

~100 pb'!

Taking data Total Num. / Lum. Taking time

225+1086 M
106+350 M

200942012
2009+2012
2010~2011
2011
2012~2013
2014
2012
2012
2013~2014
2014~2015

2015 ,,
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Present status of R value measurement

1 Nhad_N

bg

o, ., .L°8had‘(1+(5)

Nyaa » Npe = €vent selection: almost finished

L  — integrated luminosity: finished, error ~ 1%

€., —> hadronic generator LUARLW tuning: in progress
I1+6 — calculations: finished

Error analysis: on going



Functions of LUARLW

LUARLW can simulate ISR inclusive continuous channels and J*¢ = 1--

Il

—
—

4

g§ = string = hadrons

7" = { g7 = string + string = hadrons

9999
\

{
R

\

(4040)
= W (4160)

(4415)= DD.D*D* ., DD*,DD*.D.D,. D, D>, D2 D:.

= string + string + string = hadrons

ete =" = J =4

= ¢

e, /1+;1_. rtr-

v* = qq = string = hadr

resonances from 2-5 GeV, phenomenological parameters need tuning.

vt = p(T70), w(782), $(1020), w(1420), p(1450), w(1650), $(1680), p(1700)

-

v =ete, ;1+;1_
qq = string = hadrons
gqq = string + string + string = hadrons

vgG= ~+ string + string = ~v + hadrons

L e
qqg = string + string + string = hadrons
~Gq= v+ string + string = v + hadrons , N
(1]

rta=Jfp, x0T/, 70T b, nd /P, YXess @M

ete” =~ = (3770) = 4

= DD.D*D*.DD*.DD*.D.D,;

= DD.D*D*,DD*,DD*.D.D,.D,D:;

-t = X(4160), X(4260) - - - with JPC =1""

v =ete”, utpu~-, 77~

D°D°, D+D-

~* = qq = string = hadrons

Ggg = string + string + string = hadrons
vGg= v+ string + string = v + hadrons

rta=J/p, 7070/, , 70T/, ndfd, YXes



Picture of Lund string fragmentation
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Basic formula of LUARLW

The lowest cross section for the exclusive channel

: “S'-J”((M = Mq, Mo, *++ My _q)

S . ' do(eTe” = q4)
olete” 3 my,my, - m,) = /(IQW
v qu(}'

The QED cross section for quark pair production
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ISR sampling in LUARLW simulation

In the MC simulation, produced events are classed into two types

@ non real radiation: tree level, virtual and soft radiations events.

Welght O-V SB — (_)'0 (S) []_ -+ 13 111 1{70 -+ (SAR] ; (@) h }AMEh

oG
(2) real radiation: hard bremsstrahlung events.

kom N _HB ;:I:Eh
Weight: ogHB — / dk oo h
. 2

ok
The energy and polar angle distribution of real emission photon
) 2/ J1. 2
.« sin“ @ dkdS)., ks .
do"P(s) = — ——— “(1—k+—)do"(s")
72 (1 —a?cos26) k 2 '



Parameters for primary multiplicity

N-particle system partial function in Lund area law

Z n—=9> / d (I)n eXI)(—b A""‘)

Multiplicity distribution for preliminary fragmentation hadrons

P.=2Z,]) Z,

Approximate expression

TL

1 9
P,(s)= /'7 explco+ci(n—p)+ca(n—pu)

u Predicted by pQCD
1= a+ Bexp(vv/s)

Co €1, C, and a, 3, y are free parameters to be tuned



Parameters for final state hadrons

Related to ratio of baryon and meson with different quantum number

parameter | default | tuned meaning

PARJ(1) 0.10 0.10 diquark/quark production ratio (baryon suppression) (B/M)
PARJ(2) 0.30 0.28 s/(u,d) production ratio (strange meson suppression K /)
PARJ(3) 0.40 0.55 | extra strange diquark suppression (strange baryon suppression (A/p))
PARJ(4) 0.05 0.07 extra suppression of spin 1 diquark compared to spin 0 ones
PARJ 0.50 0.55 suppression of light meson has spin 1 compared to spin 0 (p/7)

0.60 0.55 suppression of strange meson has spin 1 compared to spin 0 (K*/K)

0.75 0.75 suppression of charm meson has spin 1 compared to spin 0 (D*/D)

(11)
(12)
(13)
PARJ(14) 0.00 0.09 probability that a spin s=0 and orbital L=1 with total J=1 meson
(15)
(16)
(17)

0.00 0.07 probability that a spin s=1 and orbital L=1 with total J=0 meson

0.00 0.09 probability that a spin s=1 and orbital L=1 with total J=1 meson

0.00 0.14 probability that a spin s=1 and orbital L=1 with total J=2 meson

By comparing data with MC, it is found that in BEPC energy region, some parameters
in the table are not constants, they are slightly energy dependent.



Effort and goal for LUARLW tuning

* Try to only use one set of parameters to control the
simulations of continuous states and J*¢ = 1-- resonances
between 2.0 - 4.6 GeV.

e LUARLW must agrees with data well for most of the
inclusive distributions, ratios of the mesons and baryons.



Multiplicity of charged track
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Polar Angle cos0O of charged tracks
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Momentum of charged tracks
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Deposit energy of neutral tracks
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Number of pi0
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Data sets for R scan and QCD study between 2.0 - 4.6 GeV have been
collected.

Data analysis for R value measurement between 2.2324-3.671 GeV

are almost finished, but the analysis for other data samples need
further optimization.

The LUARLW parameter tuning are in progress, which is a tough and
challenge work, and could be the largest error source for R value
measurement.

The related theoretical study about the heavy charmonia line shape
fit are doing, which are crucial for resonances fit.

Preliminary results of R measurement between 2.2324-3.671 GeV
have reported inside BES Collaboration, the analysis for energy points
are in going.
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R value measurement

1998 data Phys. Rev. Lett. 84, (2000) 594

TABLE I. Summary of R data and values.

E.n (GeV) N;_‘Jh,j Ny, L (nb™!) €had (%) (1 + 8) R Stat. error Syst. error
2.60 5617 127 2929 5411 1.009 2.64 0.05 0.19
3.20 2051 100 1093 65.71 1.447 2.21 0.07 0.13
3.40 2149 178 1353 69.33 1.173 2.38 0.07 0.16
3.55 2672 216 200.2 70.66 1.125 2.23 0.06 0.16
4.60 1497 282 87.7 81.75 1.079 3.58 0.20 0.29
5.00 1648 463 102.3 83.94 1.068 3.47 0.32 0.29

TABLE II. Contributions to systematic errors: hadronic selection. f factor, luminosity determination. 7-pair background. back-
ground from Bhabha events, hadronic efficiency determination. trigger efficiency. and radiative corrections. All errors are in per-
centages (%).

E., (GeV) Had. sel. f factor L T-pair Bhabhas Had. eff. Tng. Rad. corr.
2.60 5.1 0.06 212 0.00 0.04 4.10 0.50 26
3.20 38 0.15 283 0.00 0.04 1.90 0.50 22
340 46 0.27 283 0.00 0.04 2.90 0.50 3.0
3.55 55 0.27 232 0.00 0.04 2.30 0.50 24
4.60 5.7 0.75 2 0.32 0.00 3.60 0.50 41

5.00 6.0 1.26 2.81 0.32 0.00 3.20 0.50 38




R value measurement

1998 data Phys. Rev. Lett. 84, (2000) 594
6 . |

5.5 |

;!

4.5 |

R Value
W

- N
g N O W O

3
Ecm (GeV)

FIG. 2. Plot of R values vs E.,,. The R values from BES are
taken from Table I with an error which combines statistical and
systematic errors in quadrature.



1999 data

R value measurement

Phys. Rev. Lett. 88, (2002) 101802-1

TABLE I. Some values used in the determination of R at a few typical energy points.

Ecm. Ny+ L e(0) Stat. Syst.
(GeV) NS N, (nb™1) %) I + Sobs R error  error
2.000 1155.4 19.5 47.3 49.50 1.024 2.18 0.07 0.18
3.000 20554 243 135.9 67.55 1.038 2.2] 0.05 0.11
4.000 768.7 58.0 48.9 80.34 1.055 3.16 0.14 0.15
4.800 1215.3 92.6 84.4 86.79 .113 3.66 0.14 0.19
TABLE II. Contributions to systematic errors: experimental selection of hadronic events, lu-

minosity determination, theoretical modeling of hadronic events, trigger efficiency. radiative
corrections, and total systematic error. All errors are in percentages (%).

E. . Hadron MC Radiative

(GeV) selection L modeling Trigger correction Total
2.000 1.07 2.81 2.62 0.5 1.06 8.13
3.000 3.30 2.30 2.66 0.5 1.32 5.02
4.000 2.64 2.43 2.25 0.5 1.82 4.64
4.800 3.58 1.74 3.05 0.5 1.02 5.14




R value measurement

1999 data

Q 6 F
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< @ BESI (1999)
= 5 F © Gamma2

d ¢  Markl
cc a <  Pluto

R Value

3.8 4 4.2 4.4 4.6
Ecm (GeV)
FIG. 3. (a) A compilation of measurements of R in the

c.m. energy range from 1.4 to 5 GeV. (b) R values from this
experiment in the resonance region between 3.7 and 4.6 GeV.



R value measurement

2004 data Phys. Lett. B677, (2009) 239

Table 1

Items used in the determination of R at each energy point.

Ecm (GeV) L (pb™') NP Nbg  €ug (%)

el?ad (%) (]+5obs) R Osta Osys

2.60 1.222 24026 193 9980 63.81 1.08 2.18 0.02 0.08
3.07 2.291 33933 208 9980 67.63 1.11 2.13 0.02 0.07
3.65 6.485 83767 4937 9980 71.83 1.21 2.14 0.01 0.07
Table 2

Summary of the systematic errors (%).

Ecm (GeV) L Nhad Nbg Aetrk €trg (1+ (Sobs) Total
2.60 2.00 2.79 0.05 0.32 0.50 1.18 3.68
3.07 1.96 2.53 0.05 0.29 0.50 1.15 3.45
3.65 1.38 2.74 0.35 0.26 0.50 1.10 3.33




R value measurement
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Os measurement
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Heavy vector charmonia structure
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R« QCD data taking at BESIII

* Phase I: test run (2012)
@ Ecm= 2.232,2.400, 2.800, 3.400 GeV , 4 energy points, ~12/pb
* Phase II: fine scan heavy charm resonant line shape (2013-2014)
@ 3.800 - 4.590 GeV, 104 energy points, ~ 800/pb
* Phase III: R&QCD scan (2015)
@ 2.000 - 3.080 GeV, 19 energy points, ~ 500/pb
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Energy calibration
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Online cross sections
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7 ONLINE LUMINOSITY OF DATA FOR R SCAN

R/

12 hours data taking
followed by 12 hours
seperated beam data

ONLINE LUMINOSITY/NE
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Significance of accurate energies

Experiment goal: Heavy charmonia fine structure (line shape)

5

R value

4.2

4.5 4.6
Ecm(GeV)

* Hadronic cross section 1s the function of energ Obviously, if energies have
e All cross sections together determine line-shape |~ | jreo v =i <rrers e
S0, accurate energy 1s very important for scan distorted.

Two ways to obtain the value of energies:

(D fast scan of Jp & P(3686), set BEPCII parameter

(@ measured with BEMS independently

}Consistent ?



Comparison between BEMS and BEPCII (by Jianyong Zhang)

* Only e+ energy compared

* BEPCII energies read from data base (before correction)

* Values measured by BEMS and given by BEPCII roughly change in similar trend

238 0 ————————7 T +——T7 T T T T
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Data taking planin 2 — 3 GeV

From high to low;

Fast scans on J/y, prior
to 3.08, 2.6444, 2.3960,
2.3094 GeV;

Separated-beam run.

Y(2175) to follow,
100/pb, at maximum
Cross section.

Erm Elh L Needed theam PUI‘POSC‘
(GeV) | (GeV) | (pb™!) | (days)

2.0 >8.95 14.6 Nucleon FF's

2.1 10.8 14.8 Nucleon FFs

2.15 2.7 2.29 Y(2175)

2.175 10(+) 8.5 Y(2175)

2.2 13 11 Nucleon FFs, Y(2175)
2.2324 | 2.2314 11 4 Hyp threshold (AA)
2.3094 | 2.3084 20 16 Nucleon & Hyp FFs

Hyp Threshold (XA)
2.3864 | 2.3853 20 8.7 Hyp Threshold (ZOTU)
Hyp FFs
2.3960 | 2.3949 | >64 27.8 Nucleon & Hyp FFs
Hyp Threshold (2-T7)

2.5 0.4895 8h R scan

2.6444 | 2.6434 65 18 Nucleon & Hyp FFs
Hyp Threshold (Z"=")

2.7 0.5542 | 4.2h R scan

2.8 0.6136 4h R scan

2.9 100 18.5 Nucleon & Hyp FFs

2.95 15 2.8 Mpp step
2.981 15 2.8 e » My Step

3.0 15 28 My, step

3.02 15 2.8 Mmypp Step
3.08 120 13.2 | Nucleon FFs (+30 pb~1)

Contact s: Guangshun Huang 132 2575 3796, Haiming Hu 133 9178 0929




Interference

Decay channels f.:

(3770)
5(4040)
0(4140)
(4415)

~

o~

-

o~

Coherent summation :

Module :

Incoherent summation :

Resonant cross section :

— DD:
= DD.D*D*.DD*.DD*.D.D,:
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Beijing Electron-Positron Collider 11 (BEPCII)
o e = Energy: | signuisity~ 2

& nosit =
- 2.3 GeV -9 - 2 1 < <
- SR, e

R

> . 'i = e;
W 2004: started BEPCll/BESlll
< construction

59



Beijing Spectrometer 111 (BESIII)

MUC:
d(xy) <2 cm
1T superconducting solenoid magnet Muon Chamber
i RPC: 8
ayers B ayers
\Crossing angle
SC
Solenoid - 22 mrad
o
Barrel "c’\o\
<o
ToF .\ ’ %
Endcap NN '
ToF
SC
Quadrupole N3
— , He
Time-Of-Flight System Csl Crystal Calorimeter
5t — 1-(5(?':5: Barrel Main Drift Chamber ) EMC:
o =0 P — MDC: 0F < 2.5% Q1 GeV
0t =110 ps Endeap| | 5 — 0.5 @1 GeV 5z = 0.6/vE
5(dE /dx) 0 60
JE/dx < 070




