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Outline

»R value in continuous region

» High mass charmonia parameters



What is R value

o, 0 hadrons
Definition
lowest
0 4 — o~ . .- . order
P — Thad (ete™ —~* — hadrons) R— 25072
o 0 4 - — ~ 4 ,,— flavor
U““ ('Ej € — / — [{ [[ ) o color
e’ o

R value 1s the inclusive hadronic cross section in e*e™ annihilation normalized by
Born cross section of 4.

Significances: error of R value has important influence upon the precise test
of the Standard Model (SM), such as calculation of the running electromagnetic
coupling constant o(s), anomalous ¢ magnetic moment (g-2), global fit of the
Higgs mass, direct test to the pQCD prediction on R, (s).
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R expression in experiment
R value is measured by

Tobs T
R e N had ~— N bg
erp —

,u,u L‘L”JFFML(E( I+ hcba )

N?bs - number of hadronic events;

N}, :number of background events; /. :

{J'

€trg :trigger efficiency; € haq - hadronic efficiency;

(1 + Jops ): effective ISR correction factor.

In expression R, ,

» data analysis — N/ N,, L €ty

each quantity is obtained by

g

» theoretical calculations ——— (1 + ,,)

» Monte Carlo simulations —— ¢

(0]
had,

integrated luminosity;



Previous measurements
»1In 1998 & 1999, scan data were taken between 2-5 GeV
»Energy step: in 3.7- 5.0 GeV are 10-20MeV, elsewhere is 100MeV
» Generation simulation: tuned LUARLW and JETSET

> Detector simulation: software based on EGS4

» Event selection: hadronic events with N, ., > 2-prong are selected

> Statistic error: about 2~3 %

> Systematic error: about 5~8 % (event selection and efficiency are dominant)

> Results: PRL 84 (2000) 594, PRL 88 (2002) 101802
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Present measurement

» In 2004, data at 2.20, 2.60, 3.07 and 3.65 GeV were taken

» Statistical error: small, about 0.5%

» Generation simulation: LUARLW is retuned with improved way

» Detector simulation: is updated by GEANT3 based software

»Event selection: improved, N, ;>

» Systematical error: about 3.3%

Integral luminosity

1-prong events are selected

Observed number
of hadronic events

/5 (GeV) (nb=1) ALIL (%) || N2%(nyy >1-prons) S (Nyq >2-prong)
2.200 121.50+1.1044.00 3.41 2862 2480
2.600 | 1215.98+4.084+23.96 2.00 24026 21511
3.070 | 2272.20+6.64430. {}n 1.35 33933 31063
3.650 | 6456.831+13.24+87. 1.38 83767 77660




Effective ISR correction

Feynman figures of initial state radiation:

(b) References:

(a)
>M~E " >:~E“ G.Bonneau Nucl. Phys. B27, (1971) 281-397

bE h F.A.Berends Nucl. Phys. B178, (1981)141-150
A.Osterfeld SLAC-PUB-4160(1986)

(<) (d)
%E " Qﬁ“‘é " precision is ~ 1% for O(a3), it agrees
B‘M’\E h >~O‘E o

Kureav & Fadin’s calculation within ~1%

Observed total hadronic cross section: ‘TTb _ Nhaa
s j_"

R value may be measured by

T nNT

T bs Nhad

Procedure A: o' —= —2b¢ = R= ——_"""°

€ o, Le(1+0)

or T AT
0 _ Yobs . p Nhad

Procedure B: 0O PR — -

e 1 —|_(5r:Jbs B JﬂHLE[“] [J- + dmbs} \/
(14 ) and (1 -+ o,,4) are theoretical and effective ISR correction factors

€ and €(0) are efficiencies with and without radiation



Lund area law

Hadronization picture : —_—

Hadron production via string fragmentation:
e —|— e~

= qq = string = mq + mog + -+ - + My,

Imtiaa

Effective matrix element (gluon emlssmn 18 neglected)

M = Mqggp(eTe” — GG)JVILUND (_5’6’ — My, My, - My
String fragmentation:
Mrunp(qq — my, ma,---my) = C, M1 My,

Transverse momentum (Gaussian) M, =exp(—=»_k?) 7 =7~

Longitudinal momentum (Lund area law):

1 { vy -
M, = exp(i{.A,) S s—) AN
Simulation of ISR has been built in LUARLW with the angle .« ¢
and momentum distributions S
- 9 2 q(r) “q(r)
G sin“ @ dkdS), k x

72 (1 —a?cos?6) k 2 ] g DEEE E



Comparisons between data and LUARLW

@ 3.65 GeV
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Error analysis

According to experimental expression
was
R — had
‘exrp -
;L;LLEI‘TgEhad(l + O)

the effective number of hadronic events is defined

AT TMC
.“S:T _ ""\'hl‘.ld h — '“\ obs
INhad — — y WNECTC End — NMC

€had gen
Main error estimation:

[ T e -
AR [ ANpea., AL A€y, A(140).,
— (22 () ()2 (i )?
‘H' \fl 1 ' had L Ef--"g' (J'—i_h}
Extra error from the track reconstruction
A€ = Z P(nep)B(ner; ens Otric) Error Ag,, due to tracking efficiency (%)

le

nen=1 2.200 0.35

P m.ultlppmty .dlSFI'lbl%thIl 2 600 0.32
B : binominal distribution —

: 3.070 0.29

o, © tracking error (2%) 650 0.26
n, :number of charged track in one event 00

n,. :number of wrongly reconstructed tracks in one event



Errors of the effective number of hadronic events

(including event selection and hadronic efficiency)

Selection type Cut condition Systematic error of ANpaa/ Npaa (70)
2.2 gav | 2.6 gov | 3.07 cav 3.65 Gav
Mbt=2 0.20 0.24 .36 0.37
Viy < 2 (cm) 0.45 0.15 0.40 .90
charged cosf| << 0.84 1.13 0.75 0.78 1.21
track p < Fp(l + CI.11,.,.-"I1 + E7) .05 0.02 0.02 0.01
level tiof = tproton + 2(NS) .06 0.05 0.09 .13
Epse < Min(1l,0.6E%) 0.67 1.01 0.92 .64
neutral — — — — —
all tracks Epse: = Max(0.5,0.28E}) 0.96 0.50 0.74 1.10
= 3-prong Nyood = 3 — — — —
=2-prong Noood = 2 — — — —
the < 1657 0.87 0.90 .62 .54
|AR| =34 or |AZ| =60 (cm) 0.92 0.83 0.87 .65
e e e e N =L e e e — :
level | if Xrat. > 0.5 — e 0.63 0.18 0.03 0.15
: if p = 1 GeV, ppe =1 — 1 .19 0,04 0.02 0.14
N, =2 0.12 0.01 0.01 0.15
\N E, =01 GeV 0.97 .15 .13 .40
(\e Nhit layer = 2 0.51 0.14 .11 0.07
O chgtrk = 25° 0.62 .68 0.20 .66
1-C fit, Prob(y*) = 0.01 for 7 (.40 .50 .12 (.09
_________________________ Total error for & Nped/Npaa | 2.058 | 205 [ 188 | 2.33




Preliminary results

g sf q Results show:
z P amma . (
: S Earkl : \\((\\(\6 ®Precisions of new measurements
° T 'g' ';'é';"{mo) Q(G are about 4.8% at 2.20 GeV, and
* BES (2002) 3.3% at 2.60, 3.07 and 3.65 GeV.
4 - @ BES (this work)
| { } | } 4 ® Values of R for selecting more
| | il :: than 1-prong and 2-prong events

measured with the procedure A
and B are done, their differences
are about 1%.

i A 1| e

3
Ecm (GeV)

R values measured with procedure B - Procedure A:

Vs(GeV) | R(Nyq = 1-prong) | R(Nyq = 3’—pl<)11u) R — Nhad
2.200 217+0.04+0.10 | 2.17+0.04%0 10 T FuuLlE(1+9)
2.600 2.194+0.014+0.07 2.20+0.02+0.( Procedure B:

3.070 2.1440.0120.05 | 2.1540.0140.( o Ny.y
3.650 214+0.01+£0.06 | 2.16+0.01x006 | = 70 Le(0)(1+ 0mpe)




Determination of &,

Solving equation: Remp T Osts TOgys — RQ(;D (&5)

V3(GeV) a'? (s) o' (25GeV?)

; 1e+0.061F0.157 F0.033F0.076
iRl SR
PR R T 1)
3.65 0.205 757911 0.092 0.188 5’009 0.080
alV (25Gev?) = 0.198F7033
o (M2) = 011372919

PDG2006

as(Mz) = 0.1170 4 0.0012




Fitting of heavy charmonia parameters

The 4 heavy charmonia with J7¢ =1  are
H(3770)  (4040) 1 (4160) 1H(4415)

Their properties are characterized by the Breit-Wigner
amplitude and resonant parameters:

® nominal mass M
_ M~/Telh Efi'(j ® total width 1.,
W2 —M?+iMT@y: ® clectronic width 7,

® initial phase angle o0

DD:

DD.D*D*. DD*, DD* D.D.,:
DD.D*D*.DD*. DD* D_.D., DD*‘
DD.D*D*.DD*. DD*. D_.D,. D. D* D*D*

g by



K. Seth’s results rro722005)017501

K. Seth fitted R values measured by CB and BES, and obtained the resonance

parameters of y(4040), y(4160) and y(4415). The values of parameters were
updated in PDG2006 mainly based on K. Seth's evaluation.

MO r re | ¥
(MeV) (MeV) (keV) g_ )y : *CB
PDG[1] | 4040 £10 |52+ 10 [0.75 £0.15] ~ 4 E f ' 1d.0.£20.99
, CBI6 4037 £2 | 85+10 |0.88£0.11| 2F
74040 ) f
| BES[7] | 4040+1 | 89+6 (0.91+£0.13) HF
CD+DBES[4030.4 £00] 88£5 [089£008] ¢
M® T r® ME
PDG[I] | 4150 £20 | 78+ 20 [0.77 £023| Fag™as™ o o i s
1(4160) | CB[6] | 4151+£4 |1074+10/0.83£0.08 \s (Gel)
| BES[7] | 415545 [107+£16|0.84 £0.13| 3 *g 3
CB4+BES| 4153 +3 | 107 £8 [0.83 £0.07 ié_:,_d:
MO T [ 1@ | ¥
PDG[1] | 44156 [43+15 [0.47£0.10] ¢
1)(4415)| CB6] | 4425+6 |119+£16(0.72£0.11| 5|
| BES[7] | 442949 |118+35]0.64+0.23] 16}
CB4+BES| 4426 £5 [119+£15]0.71 £0.10] ¥

8 30 4 41 42 43 44 45 40

Conclusion: Vs (Ge)
CB and BES measurements are in excellent agreement



Breit - Wigner amplitude

» In quantum mechanics, wave function for a unstable particle
w (1) = W(O)e—fmre—r/Zr — |1ff(0) |€f€3€—1r(M—fF/2)

initial phase factor

»The amplitude as the function of energy W is
- id,
/l'r(f iWt gy K, -e at moment of production
(

W — M,) —il,/2

\r(ﬂj —

» Usually, Breit-Wigner amplitude is written as
3Ly e LT, T, e

T — — = - — =
: II — ﬂ_[in — 1 ]__:T;x"Q II — jl_[.r — E']__r;x"g_
»If we consider a special process with initial state e*e~ and decay final state f

LB, BIT, o 1y/re.Tf @

177 =
: W — M, —il',./2 W — M, —il',./2

J
Li

»In relativistic case, negative energy state (W— —W) should be included

LT < Ff %MT“}’.'P{ | M, 1_;1_;?5 o
- = = €

W — M, + il /2 —U-"' — M, +:I',./2 W2 — M?+iM,T,

TS = |

r



Problems in fitting

> Interference

® interferential summation of amplitudes with the } =T f
o T E S T
same channel f, but decay from different r ﬁ

® non-interferential summation of different decay T, _ Tf
channels f } res| res!

® inclusive resonant cross section is expressed Tres {EH f 5
by the form of R value } e | Zres

» Continuous background (polynomial)

Reon = Co+C1 (W —2Mp+ ) +Co(W—2Mp+)?

»Energy-dependent hadronic width (potential model in quantum mechanics)
L+1

2M,
Lhed(W) = ri(w) f(
¥ . / qur _|_ '[;1: Z FJ" ',,.[{ r Z BL

»Objective function in ﬁttlng

2 _ [f R, o (W) RHH (W ]] (fa — 1}2 convergenc.:i updated
X A R . T 72 M [;e Eot o
A b fAR) - R values
ﬁ o _ “\.;.!J::.-’E o :\' '!’5;' ‘
eTp RHH — (1 + rl"lfJf;'“,IRﬂ-!f

0
ETIH-IH-L Ef'."::'_,rEuil-! -’r--’nr-_



Resonance parameters

V(3770) 1(4040) (4160) (4415)

PDG2004 3769.9+2.5 | 4040+10 4159420 441546

PDG2006 3771.1+2.4 4039+1 415343 442144

M CB (Seth) — 4037+2 4151+4 4425i6

IZ:I\.L:‘\-"_,J’CE] BES (Seth) — 4040+1 A1854E5 5546
BES (this work) | 3772.041.9 | 4039.644.3 41917465 | %4!_,"_1,_17_,.3

PDG2004 23.6+£2.7 52410 78120 43+15

PDG2006 23.0+£2.7 80410 103+8 62120

| P CB (Seth) — 851+10 10710 119+16

(MeV) BES (Seth) — 8046 107+16 118435
BES (this work) | 30.4485 | 8454123 | 71.8+123 | 715+19.0
PDG2004 0.26+0.04 | 0.75+0.15 | 0.77+0.23 | 0.47+0.10
PDG2006 0.24+0.03 | 0.86+0.08 | 0.83+0.07 | 0.5840.07
I.. CB (Seth) — 0.88+0.11 | 0.83£0.08 | 0.72+0.11
(keV) BES (Seth) - 0.91+0.13 | 0.844+0.13 | 0.64+0.23
BES (this work) | 0.22:0.05 | 0.83+0.20 | 0.48+0.22 | 0.3520.12

0 (degree) | BES (this work) 0 130+46 203457 23488

Notice : mass of y(4160) M ~ 4155 — 4191 MeV ;

leptonic widths of y(4160) and y(4415) are smaller than other’s results




Resonant structure

9.5
50 | PLB660 (2008)315 _
o f ’/d.0.f=1.08
40 B Probability =31.8%
35 _l_._‘___'_,r,rn—-——l = [L
3.0 | ,
s Rexp
L0 -~ —
Rthe
a 20
) Raw
1.5 | ; -—R
F F " res
10F |} ) SR R
R ] % A int
05 F |\ ‘ s e N [ R
k] - - N 4 *'H.:_ con
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Effect of phase angle

If phase angles are fixed to be 6 =0

2.9
5.0
4.5
4.0
3.9
3.0
2.5
o 20
1.5

+/d.o.f=1.4
Probability = 2.3%

1.0
0.5
0.0
-0.5
-1.0

Ecm({GeV)

The interferential curve and overall resonances shape for 0 =0
are different from ones for o0 # 0.



Model dependence

PLB660
(2008) 315

Similar to scheme A
but DASP BG used

7

Similar to scheme A
butd =0

Parameber

Scheme

WBTT0)

1 (4160)

(4415)

M |
(MeV /c? )

A/

B
C« |

A772.0 + 1.9
3772.8F 1.9
3772.8 + 2.0

m 4.3
4046.7T £ 5.2
4048.4 + 3.2

4191.7 £ 6.5
4198.2+ 5.4
4156.2 = 4.4

4415.1 £ 7.9
4425.0 £ 14.1
4405.2 £ 5.7

]._-f_ ot
(MeV)

A
B
C

30.4 + 8.5
32.3 1+ 9.0
30.8 £ 8.9

84.5 4+ 12.3
103.6 £13.4
109.1 + 14.9

T1.8+£12.3
61.6 £ 13.8
T4.4 + 14.2

71.5 &+ 19.0
82.8 + 26.8
103.8 = 26.0

I ee
(keV)

5 .,

A
B
C

0.22 £ 0.05
0.24 £ 0.06
0.23 = 0.05

0.83 £+ (0).20
0.93+0.13
1.21 +£0.17

0.48 4= 0.22
0.36 = 0.27
0.26 = 0.08

0.35 = 0.12
0.29 = 0.11
0.37 = 0.09

)

(degree)

A
B
C

()
()
()

136 4 46
136 + 42
0

293 £ 57
302 + 16
()

234 4 88
245 =90
0




»R values between 2.20-3.65 GeV are measured with large data
samples and improved methods, the errors are decreased. The new
measurement agrees with the pQCD prediction within errors.

»Resonance parameters of high mass charmonia are determined
considering the phase angles, interference and energy-dependent
width. The model dependences are compared. New results will be
helpful to understand the properties (states) of excited charmonia.
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Tuning of LUARLW parameters

Hadronic efficiency N MC
— L Yobs
€had — A MC

Tlgen

the reliability of efficiency depends on the consistency between data and Monte
Carlo for all distributions related to hadronic criteria.

There are many free parameters in LUARLW and JETSET, some of them
are important for determining the hadronic efficiency, such as

v" multiplicity distribution for fragmentation hadrons

n

P, = ,u_{ explco + ci(n — p) +ca(n — p)?] 5, H=Q T Y E'\p(ﬁ\/:)
n!

v ratios of vector/pseudoscalar, strange/noi‘mal mesons, baryon/meson
v dynamical parameters b and o, in LUND area law

v PARJ(1-3), PARJ(11-17) in JETSET

The values of the free parameters need to be tuned by comparing the sensitive
distributions simulated by LUARLW with data at detector level, and make them to

be consistent at all energy points.



Comparisons between data and LUARLW

) " : — ) — )
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Figure 1: Distribution of the total charged multiplicity.
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Figure 2: Distribution of charged multiplicity of the events with one good charged track.



Comparisons between data and LUARLW

e I

iy _l! -'E
: ﬂzzoomv : 2600MeV | * | == 3070MeV | * 3650MeV
. 4 HI;. v 2 r] ] [ “-;1 h T s ] ] ".u- L ] — ] I q:‘

Figure 3: Good charged multiplicity distributions.
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Figure 4: Normalized good charged multiplicity distributions.
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omparisons between data and LUARLW
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Figure 6: Vertex distribution in x — y plane for good charged track.




Comparisons between data and LUARLW

2200MeV
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—

Figure 7: Polar angle cos# in MDC distribution.
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Figure 8: Polar angle cos# in BSC distribution.



Comparisons between data and LUARLW

“‘W Mmm NW
2600MeV 3070MeV 3650MeV
2200MeV -
Figure 9: Azimuthal angle ¢ distribution.
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Figure 10:

Track momentum p distribution.



PMaemi
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Figure 12: Distribution of invariant mass of Kg

Comparisons between data and LUARLW
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Comparisons between data and LUARLW
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Figure 13: Distribution of invariant mass of ¢ — K+tK ™.
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Figure 14: Distribution of the neutral multiplicity.



Comparisons between data and LUARLW
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Figure 15: Distribution of the speed of the good charged track.
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Figure 16: Distribution of the time of flight.



Model dependence

Energy-dependence of hadronic width in effective interaction theory
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