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Beumg Electron- P03|tron Colllder [ (BEPCII)

. 2004: started BEPCII/BESIII
< construction

» 2008: test run

i 2009 - now: BESIII physics run
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Beljing Spectrometer |11 (BESIII)
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Main projects of BESIII Physics

Light hadron spectrum = J/¥ data
Charmonium < ¥(2S) data

Charm D physics < W¥(3770) line shape scan

TW(4040) |.

. @:\P(4190) shape

BES_III Heavy charmonium —P(4415) scan
physics Mass TXN L

T
Decay channels

Uncharm R(s) fine scan (u,d,s)
QED & QCD «afs), (9-2),

Inclusive distributions
R&QCD Exclusive distributions ~ scan

Correlation functions

Form factors

Fragmentation functions



The main physical projects for R — QCD scan

e R value between 2.0 — 4.6 GeV
e y-family line shape and resonant parameters

e Form factors of mesons and baryons



What i1s R Value

The Born cross section of e"e” annihilation into hadrons normalized by
theoretical u*u- cross section.

0 —{— — ,.M__.=+= ‘ - —
P o, (ete” —~* —hadrons)

O-f,tf,t(e e — f# %/LL /LL )

Feynman diagram of R value ] hadrons

Groups ever measured R value: BESIl, VEPP, DA®NE, DM2, DASP,
PLUTO, Crystal-Ball, MARKI, MARKII, CLEO-c, AMY, JADE, TASSO, CUSB,
MD-1, MARKJ, SLAC-LBL, MAC, yy2...... !



R value measurements at BESI|I

4.5 [ » BES, Phys. Rev. Lett. 88, (2002)101802.. ‘
- @ BES, Phys. Lett. B677, (2009)239  3.5% ‘ w‘
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The significance of R value to the SM



R value 1s the direct evidence of number of color

Quarks have, besides flavour, a new quantum number
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R value measurements test QCD prediction
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R value is the input parameter of o(s)

Electromagnetic coupling fine structure constant when | r:: M S
SO\ W A
K_??;&- (_;//Q_,f
momentum transfer approach zero: > =S
o 1(0) = 137.03599911(46) AN
: : : : AN
In high energy processes, vacuum is polarized. The effective N

coupling interaction is energy dependent, the so called EM

running coupling constant: = "
\

_ 0 S "
als) = - &&(S} | \Effective coupling

According to the contributions to vacuum polarization

Aa(s) = A, (8)+ Ao, (s)+Aab? (s)

@ leptonic contribution:
Aag,.(M2)= Y = S s La3o () = 003142
Aaer(Mz)= ) | gol=g 5 = 5A3-A)In(3)]= 003142

l=e,ut



R value i1s the i

Ao

nput parameter of o(s)

e top quark very heavy, contribution very small

dev M ‘22-

Acvyop(MZ) = — —

457 m?

—0.00007(1)

e quarks with flavors (u, d, s, c, b)

172
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Ady,q(Mz) oz ds PV
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T Ve by scan & ISR |~
0.0004 —\‘I—'E ————— Jil N
| ik ”
| P
! ) ?,: sum
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0.0 2o b~ so " w0 " wo |mprove the precision of R value can decrease

the uncertainty of Aal(s) effectively. 13



R value Is the input parameter of (9-2),,

The Dirac equation of a charged fermion in electromagnetic field (A4,B)

5} 1

— 2 = fi
-iﬁ.a-p = [—(P + EA}E | 5.5 edlp

2m C 2me
point-like fermion has magnetic moment

—3

e ﬁ . e —
7 = — 15
2me me

—i

fi=—

define Bohr magneton:
eh
2mce
the magnetic moment of bare fermion:
L= gppS g=2
Considering the radiative correction of the vertex

/ [ pz )

gl
P
e

«\,rr[jj-] |

— g # 2 = anomalous magnetic moment: a,= (gu-2)/2

HB =
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R value Is the input parameter of (9-2),,
The Standard Model (SM) prediction for muon (g-2):

aSM- gQED . ghadlo . had, HO aﬂad LBL aweak
= (QED) (11658 470.35 + 0.28)1071? (5-loop!)
* (had LO) (684.Tto709.0 + 6131010 (Big spread, largest error)
+ (had,HO) (—10.0 + 0.6)10°1°
+ (had,LBL) (8.0 + 4.0)10-1? (sign change since 1998)
+ (weak) (15.4 + 0.2)1071? (2-100p)
i ( i i
a{}"‘“ 9 from data via dispersion integral Recent data included CMD-2, 00| | —— Kehsfore2),
= " ; sweme = TS(5=MO)) TOF e (M)
had LO 1 T SND, BES 2-5 GeV ALEPH T. z
a, = =-— Ohag(S)K(S)dS _ . . o
i 4 Jym2 NEW: CMD-2 prelim update E
) E 0.01 .
Gr?ad bare cross-section for "€~ — hadrons, i.e. taking out radiative corrections. e
QED kernel K(8) ~ mjf /38, gives strong weight to low energy data. K 03 e 2
s (GeVo



R value Is the input parameter of (9-2),,

Discrepancy between SM and experiments:

_ 1 EB21 - Final Report: PRD73 (2006) 072
a,~" = 116592089 (63) x 10" with latest value of A=pu/1sp (Codata '06)

a," X 10t (Aay = a" —ay") x 101t
1] 116591773 (53) 316 (82)

9] 116591782 (59) 307 (86)
3] 116591834 (49) 255 (80)
4] 116591773 (48) 316 (79)
5 (52) 160 (82)

116 591929 (52)

with a #Ho(Ibl) = 105 (26) x 10

[1] HMNTO6, PLB649 (2007) 173.
[2] F. Jegerlehner and A. Nyffeler, arXiv:0902.3360.

[3] Davier et al, arXiv:0908.4300 August 2009 (includes BaBar)
[4] Hagiwara, Liao, Martin, Nomura, Teubner, Oct '09 (preliminary)
[®] Davier et al, arXiv:0906.5443vZ2 August 2009 (x data).
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R value Is the input parameter of (9-2),,

The contribution of the hadronic cross section to (g-2):

ahad _ (Cl"'???.-“ )2 /'DO lrfﬁ‘( )R(Sf)
4m?2

7 qIQ

A,

am (5GeV JQ I ___________ e ’ Iﬁr S,r r
— ( - )2[/_; d ( ea:p( ) - ds ( )RQCD(S )]

SfQ IR J5Gevy2 52

L/’Experiment error

ﬁaiau]

BEPCII/BESIII
can contribute
by scan & ISR
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Measurement of o, at by R values

Solve equation Rgep(as(s;))=Re.,(s:))£AR.,,(s;)

Obtain coupling constant at every energies, |
and then evolve them to 5 GeV with © 2ef
da (Q?) . L
Q22 _ 50,(0?)) S
dﬂg“ . ‘ ) 298 R R ((")
Weighted average S
o a.(s;) L e
1 = ' A — ct ! .l"lll - e ’
o (5GeV) Z S, Z S;——7 7
ceg (s )+ I" (IS
S; = / R(a,)da,
L"'S(S;!:I_‘j‘:
_ / — [ .
— 1/ '—2 ﬁu, n Ill l / ‘A 3'_2
errors i\dou\'\n \I,I'II J‘.-" Z ‘Ai ' ~ 1 \Illlll / Z :
J5(GeV)  ai(s) q:ji:"ffs/ﬂevzl @ (25 Gev?) al”(M2)
2.60 ﬂﬂﬁﬁiﬁjﬁéﬁiﬁ\:ﬁé‘ " 02120 _
3.07 019275050 0107 016970053 008 0-20970:055 0.11745017
3.65 02077512 00s  0-18970013 0 00

PDG2006 o:.,(\[l_%) — 0.1170 £ 0.0012 | 18



R value error — error of «

~% : P;S':- rof 3.0% 3 E%, 2.0% 1.5% 1.0%
Eem I,-:';p{."“-{:\,m Up(%) Dw(%) | Up(%) Dw(%) | Up(%) Dw(®%) | Up(®%) Dw® | Up(%) Dw(%)
2. () 7.7 5.1 1.1 0.6 24,7 137 18.4 17.8 12.1 110
2,10 8.1 45.0 41.4 200 2610 4.0 18.6 18.1 12.4 21
2.20 a8.4 35.3 31.8 40.3 25.3 143 18.6 18.3 12.5 12.2
2.30 B 3.8 32.0 a0y 25,5 4.4 149,10 18.5 12.6 124
2.40 30.2 37.2 32.4 a0 248 14.0 1017 187 12 4 125
2 50 0.6 7.6 EVR- 1.4 26.0 15.2 10.4 150 12.0 126
260 4.0 3.1 .U d1 .4 263 G 19,6 19.1 13.1) 127
270 40.2 33.5 3d.3 J2.1 26.5 5.8 19.8 10.3 13.1 129
2.60 40.6 33.0 a4.0 d24 26.7 6.0 20.0 19.5 13.2 13.0
2.00 4.0 3.3 33.9 J2.7 27.0 1.2 20.1 197 13.3 13.2
3.00 41.4 0.7 4.3 33.1 27.3 6.4 0.4 0.0 13.5 13.3
3.10 11.6 0.1 34.4 33.4 27.4 16.7 0.4 0.1 13.5 13.4
J.40 2.0 4.4 34,4 da.d 2.0 2. 20,7 20,2 14.7 13.5
3.30 42.3 40.8 35.0 a4.0 27.8 272 20.8 M4 13.8 13.7
.40 42, 41.1 a5.3 J4.2 26.1 174 21.0 20.6 14.0 13.7
350 42.9 41.5 an.a 4.6 28.3 170 21.1 M08 14.1 138
3.60 13.1 1.8 358 4.8 5.3 7.0 21.3 0.0 14.1 140
3.70 43.4 42.1 30.0 dn.l 28,7 181 21.4 21.0 14.2 141

So, «, can be determined based on R, and independent of any model, but the error
of «, larger than that of R value, it is not an “economical” way. 19



R value error — error of «

Uncertainty range of R within 1o
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Data samples of R — QCD scan

21



R<QCD scan data taking plan

e Phase I. testrun (2012)
@ Ecm = 2.232, 2.400, 2.800, 3.400 GeV , 4 energy points, ~12/pb

e Phase Il: fine scan for heavy charm resonant line shape (2013-2014)
@ 3.800 — 4.590 GeV, 104 energy points, ~ 800/pb

e Phase Ill: R&QCD scan (2015)
@ 2.000 — 3.080 GeV, 19+2 energy points, ~ 500/pb

DT Charm
6.6% baryons

4.5 :—* BES, Phys. Rev. Lett. 88, {20021191303‘

® BES, Phys. Lett. B677, (2009)239 3 §i7 r_A_]
4 - n
: |
3.5 I
3 [ Y(2175)? ’
2.5 I |
Il + ++i+l+l+ . Babar
o | |
2 | l H‘Jﬁw*ﬂ"
: .'I L L L | L L L L |
1.5 b T T 5
Ecm (GeV) L = >

to extend”?



Phase I: R-QCD scan below open charm

e BESIII collected data at 2.23, 2.4, 2.8 and 3.4 GeV
during June 8-16, 2012;

e Total integrated luminosity ~12 pb-1;

e Useful information for BEPCII/BESIII at low energy;
 The data being used for MC generator tuning;
 Necessary to establish analysis chain;

e R value measurement ;

* Baryon and meson form factors;

* fragmentation function study.



Online Cross Section/nb

Phase Il: R line shape scan between 3.8 - 4.6 GeV

e Data taken 2013.12.9 - 2014.1.24;
* 104 energy points in total, ~800 pb;

e >100k hadronic events each points.
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Phase I1l: R scan between 2.0 — 3.08 GeV

Data taken at: 1942 points, ~500 pb!;
Precision of R measurement expected: ~3%;
Nucleon form factors: 9-15% accuracy;
Suspicious structures in the pp invariant mass;
Hyperon form factor studies;

Studies of threshold effects (A, 2, E);
Determination of o, and charm quark mass;
Quark fragmentation functions;



Third run: R scan between 2.0 — 3.08 GeV

Data samples between 2.0 — 3.08 GeV collected in 2015

Eon Ey L yesded | theam Purpose
(GeV) | (GeV) | (pb!) | (days

2.0 =>8.95 4.6 Nucleon FF's

2.1 10.8 14.8 Nucleon FFs

2.15 2.7 2.20 Y(2175)

2175 10(+) 85 Y(2175)

2.2 13 11 Nucleon FFs, Y(2175)
2.2324 | 2.2314 11 4 Hyp threshold (AA)
2.3094 | 2.3084 2() 16 Nucleon & Hyp FFs

Hyp Threshold (X7A)
2.3864 | 2.3853 | 20 87 | Hyp Threshold (X'T )
Hyp FFs
23060 | 2.3040 | >64 27 8 Nucleon & Hyp FFs
Hyp Threshold (27X )

25 0.4805 8h R secan

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

2.7 0.5542 | 4.2h R scan

28 06136 4h R scan

2.9 100 18.5 Nucleon & Hyp FF's

2.95 5] 2.8 Mps Step
2.981 15 28 e , Mpp Step

3.0 15 2.8 My Step

3.02 15 2.8 Mpp Step

3.08 120 13.2 | Nucleon FFs (+30 pb™1)

Data: 19+2 energy points
Main goals

1. Rvalue

2. Form factors

3. New phenomenon?

4. New states?

See
Yadi and Yaqian’s talks
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J/psi line shape scan between 3.0500- 3.1200 GeV

Data have been taken around the J/psi peak at 12 energy points in 2012

Req Ecm (GeV) Int Lum (nb—1)
3.0500 14918 + 169
3.0600 15059 + 170
3.0830 4768 + 58
3.0000 15558 + 173
3.0030 14909 + 160
3.0043 2143 £+ 25
3.0052 1816 + 22
3.0058 2134 £+ 25
3.0069 2069 £ 26
3.0082 2203 = 27
3.0990 756 + 11
3.1015 1612 £+ 21
3.1055 2106 + 25
3.1120 1720 + 21
3.1200 1264 = 17

-
o
w

Cross Section (nb)

-
o
]

On line cross section and J/psi line-shape

-

Lol [ [ [
3.04 3.05 3.06 3.07 3.08 3.09 3.1 3.11 3.12 3.13
Ecm (GeV)

Physical goal: measure the leptonic, hadronic and total widths
of J/psi by following channels:

1. etes— ete-
2. e - utuw

3. e*e- — hadrons



Energy calibration

During the data taking, sever times J/psi and psi(3686) fast scan were
done, and fit the on line cross section to calibrate the beam energy.

Cross Section (nb)

—
o
w

sy
(=]
o

& J/psi - 'HI psi(3686)

T N :

g 3} . :

. (0] ) E
- W ) 3

N G102 N
N"HI»\\M“ : \\‘M_

— e N - ,+ T~ -
E _____l_ __________ —-—‘."/rf. : ____""i _________ - % +
I AR AR A A AR A A A S I W W IO I C v b b b b b b Lo
3.08 3.085 3.09 3.095 3.1 3.105 3.11 3.115 3.12 367 3675 3.68 3685 369 3695 37 3705 3.71

Ecm (GeV)

‘_\E(,m = ‘1..-! I'i{l‘: . ‘1 jr-r{ﬂr.

Calibration:

_E';i{:'f — _E‘P'n"t?.*'t‘fi + -":—\Ef;;--”

cTT T
et __ rpreset
EElm m — “heam + ‘j‘ Ebf:' T

AE., =

Ecm (GeV)
_ AgJFIT VT PDG
*'Upsa‘(%&ﬁ) o J[ps-i(3686)




Data samples taken at BESI|I |

Taking data Total Num. / Lum. Taking time

J/u 225+1086 M 2009+2012
Y(2S) 106+350 M 2009+2012
W(3770) 2916 pb~1 2010~-2011
T scan 24 pb~1 2011
Y(4260)/Y(4230)/Y(4360)/scan 806/1054/523/488 pb™* 2012~2013
4600/4470/4530/4575/4420 506/100/100/42/993 pb~* 2014
J /W line-shape scan 100 pb~? 2012
R scan (2.23, 3.40) GeV 12 pb~t 2012
R scan (3.85, 4.59) GeV 795 pb~1 2013~2014
R scan (2.0, 3.08) GeV ~525 pb~1 2014~2015

Y (2175) ~100 pbt 2015 ,,



Status of R value measurement
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R value measurement with data

In experiment, R values are measured with

1 . Nhad_Nbg
o,.. L-g. Q+09)

H+

R —

Tasks in experiment:

N, .4 observed hadronic events
Npq
L integrated luminosity

background events

&,,q detection efficiency for hadronic events
1+6 radiative correction factor

o,, Borncrosssection of u pair production in QED.



The efficiency and ISR factor correction

Observed cross section (no physics):

o ® BESH (R Scan 93,: R
l\T s %k A -
g | ; “rol
T had - "¢ f
a — : | : t 4
— 3 x a
b ST
obs » L
2F i
. ;
2 3 4
Center-of-mass energy E,,, (GeV)

Efficiency corection: -
RN tOtal Cross SeCtiOn (phyS|CS) :ﬁﬁﬁ o '_ ﬁﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
5T — a 3:,55 B Nhad /"’ :: ::::?::: - f::::::::::::::::i_'

£ LE ; 5 5 5 4 I
ISR factor (1+0) correction:
— Born cross section

0 Niod / .
a = 1.1
Le(1+0)

R value: :

Detection efficiency (%)

+
il

- a4 -

hWs Do

i\ had

~ 00 Le(1+9)

UL

R




Present status of R value measurement

1 _ Nhad_Nbg
o,... L-g. Q+09)

p+

R =

Npag » Npg — €vent selection:

below open charm finished, above open charm in progress.
L  — integrated luminosity:

finished, error ~ 1%.

&.q — hadronic generator LUARLW tuning:

two schemes are doing, cross check, largest error source?
1+6 — theoretical calculations:

finished, error ~1.5%, including the contribution from Ac?, 4
Error analysis:

on going, final goal AR/R ~2.5-3.0%



The generators used in R measurement

Processes generators

ete—e'e BABAYAGA (OK)

5 e*e—pf BABAYAGA (OK)
>7< ete ot KKMC (OK)
‘ J——
e« § - L

Ii: j‘}'@i e'e—yy  BABAYAGA (OK)
- b !

r;,g;_: l!|~ X ete—et e X TWOPHOTON
Tl (need check)

o = mi@ ete—hadrons LUARLW
N (need tuning)

Ew Pen. QOCD Hadmn = Dewecior
‘‘‘‘‘‘ 34



Functions of LUARLW

LUARLW can simulate ISR inclusive continuous channels and J°¢ = 1--
resonances from 2-5 GeV, phenomenological parameters need tuning.

ete— = % = p(TT0), w(T82), (10207, w(1420), p( 1450), w(1650), H(1680), p(1700)

i

g = string = hadrons

ete” = 4" = ¢ gqf = string + string = hadrons
ggqq = string + string + string = hadrons
ete =4 = Jr__-"'t'—- 4
~* =ete”, utp~, 77T
~* = q = string = hadr
ete” =" =1(25)={ ggg= string + string + string = hadrons
~gq=~+ string + string = v + hadrons |,
rta=Jfp, 70xTfp, 70J b, nd /Y, vxers @1
ete™ = ~* =0 (3770) = ¢
(4040)= DD, DD+ DD* . DD* D.D,;
ete™ =" = f_*[-ilﬁ[ljl:‘-DD.D'B‘.DD‘.DH'.DSBB.DSD;; |
w(4415) = DD DD DD DD, DBBS.DSB;.D;B;.
ete— = o* = X(4160), X(4260) - .. with JF“=1"-

v =eTe™, utpu~
g = string = hadrons
gqg = string + string + string = hadrons

vgg= -+ string + string = ~ + hadrons

e
~% = e TeT, |'"’+|'"’_= o~
p'pe. prp-

~* = g = string = hadrons
ggg= string + string + string = hadrons
vqg= v+ string + string =~ + hadrons

mtr =g, m0nJfy, |, wOT S, nd Y, vXes



Picture of Lund string fragmentation
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Basic formula of LUARLW

The lowest cross section for the exclusive channel

L do(ete = ¢ ) .
olete” = my.my.m,) }dﬁqa 0 14) s (a0 = my,my.eomy 8)
v H"J
The QED cross section for quark pair production
dolete = qq a?
l 99) = N.— ezc’:f[l—l—[:t}.ﬁizﬂ—k (1— p?)sin? 7
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ISR sampling in LUARLW simulation

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

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

Weight: 5V 5B _ O’D(S)[l + Blnky+04n] }Wé

e —

=

@ real radiation: hard bremsstrahlung events.

ko a3 HE ;i,\\:’Eh
Welght gHB — / dk oo

J o Ok
The energy and polar angle distribution of real emission photon
s 2 _ a2
.« sin” & dkdC)., k= .
do"P(s) = — ————— “(1—k+—)do®(s)
‘ T2 (1 —a?cos?f) k 2 '



Parameters for primary hadron multiplicity

N-particle system partial function in Lund area law
Zﬂ — S5 /d(I)H EKp<_bV41'a)
Multiplicity distribution for preliminary fragmentation hadrons

P,=2,]) Z,

Approximate expression

P,.(s)=

T

14

) EKP[Cn —|—f?1 [-n,—;;,) + Co (T‘.ﬂ— ﬁ)g]

u predicted by pQCD
1=a+ Bexp(yv/s)

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



Parameters for string fragmentaion 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 diguark compared to spin 0 ones
PARJ(11) 0.50 0.55 suppression of light meson has spin 1 compared to spin 0 (p/m)
PARJ(12) 0.60 0.55 suppression of strange meson has spin 1 compared to spin 0 (K*/K)

(
PARJ(13) 0.75 0.75 suppression of charm meson has spin 1 compared to spin 0 (D*/D)
PARJ(14) 0.00 0.09 probability that a spin s=0 and orbital L=1 with total J=1 meson
PARJ(1
(
(

5) 0.00 0.07 probability that a spin s=1 and orbital L=1 with total J=0 meson

PARJ(16) 0.00 0.09 probability that a spin s=1 and orbital L=1 with total J=1 meson
PARJ(17) 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.



Simulation of hadron production and decay

Hadmrn Db o
lsailon

—_— )

Production: LUARLW Decay: BeskvtGen  Detector: GEANT4

41



Parameter tuning and optimization of LUARLW

Scheme A: optimization fit Z. Phys. C 26, 157 (1984)

Z. Phys. C 41, 359(1988 )

® Assume LUARLW is approximately described _ = Phys. J. C 65 , 331 (2010)

by a parameterized response function

f(po+0p,a) =ay” (a +Zn '()5p; +ZZ% 1)6pidp; ~MC(po + 0p, x)

t=1 j=1

The phenomenologmal parameters in LUARLW are treated as free

numbers in fit, the optimal values are obtained by simultaneously fit
this function to the data.

e The channels ever measured by experiments use the experimental
values, and the unmeasured channels use LUARLW.

| | + total hadronic cross section,

107 | 1 . .
| : + sum of the cross section ever measured exclusive
i} i channels

Unknown channels, simulate by LUARLW

=3

=

cross section (nb)

Known channels, simulate by exclusive method

M (GeV)

hadrons



Parameter tuning and optimization of LUARLW

Scheme B: manual tuning first, optimization fit last
Choose about 30 final state distributions, such as, charged and neutral
multiplicity, cosO, deposit energy, momentum, ratios of mesons and
baryons, et al. Compare the differences between data and MC which
only using LUARLW, tune the corresponding parameters within the
reasonable ranges, again and again, until obtain a set of reasonable
parameters, then use scheme A to optimize them.

o e . 3 A e T
L= - » hadrnons .

—— {2 D>

N N0

7 ol || [ g L 2283 o 5.‘ z % zl T
3 E | T I _
i o un: LUARLW E
= et _
o= ! 1 LE' = 2?5 3 =3 5 <3 4.5 =

o E

WS eT=0"

At present, the differences of the hadronic efficiency estimated by
the two schemes are about ~2%.

Next, more effort have to do, until systematic error of the efficiency
no exceed 2%.



Online Cross Section/nb

Heavy vector charmonia line shape

Confirmed charmoniums family in BESII era
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AIm to understand resonant structure
: #
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Theoretical problems In resonant parameters fit

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

v What is 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?



Parameters of the excited charmonia resonances

Similar work like did at BESII, but improved measurement at BESII|

At BESII, parameters (M, I',,, I'.. ) of the JP¢= 1"~ conventional

charmonia (3770), (4040), p(4160), Y(4415)
remain quite uncertain and model dependent:

M, MeV [t » MeV [, keV 9, deg
y(3770) | 377292 = 0.35 | 27.3 + 1.0 | 0.265 + 0.018 PDGO09
37720 = 1.9 304 = 85 0.22 £+ 0.05 0 BESO8
w(4040) 4039 + 1 80 + 10 0.86 + 0.07 PDG09
4039.6 = 4.3 | 845 + 123 0.83 = 0.20 130 + 46 | BES08
v(4160) 4153 + 3 103 + 8 0.83 = 0.07 PDGO09
4191.7 £ 6.5 71.8 +12.3 0.48 = 0.22 | 293 =57 | BESO8
v (4415) 4421 = 4 62 = 20 0.58 & 0.07 PDGO09
44151+ 7.9 715+ 19.0 0.35 = 0.12 | 234 = 88 | BESO08
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1 Reanalysis of data presented in BAI 02C. From a global fit over the center-of-mass energy

region 3.7-5.0 GeV covering the ¥(3770), ¥(4040), »(4160), and »(4415) resonances.
Phase angle fixed in the fit to 8 — (130 %+ 46)°.
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e Reanalysis of data presented in BAI 02C. From a global fit over the center-of-mass energy
region 3.7-5.0 GeV covering the ¥(3770), 1(4040), ¥(4160), and 1»(4415) resonances.
Phase angle fixed in the fit to § — (293 £ 57)°.
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1 Reanalysis of data presented in BAI 02C. From a global fit over the center-of-mass energy
region 3.7-5.0 GeV covering the (3770), ¥(4040), /(4160), and 1»(4415) resonances.
Phase angle fixed in the fit to § — (234 £ 88)°.
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Data taking plans of phasel-lll finished, 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 (1.5-2.0%) for
R value measurement.

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

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