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Outline

» R value In continuous region

»High mass charmonia parameters



What is R value

By definition hadrons

lowest

0 +eo— ~F ‘ Q@ order
P — Thad (ete™ — ~* — hadrons) = 502
— O_[:] (EJ + e~ — * £_|_ 1~ ) flavor
S \© . }- [ / l[ ; - color
e+

R value is 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 x magnetic moment (g-2), global fit of the
Higgs mass, direct test to the pQCD prediction on Rycp, (8).
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R expression In experiment
R value is measured by
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Nebs - number of hadronic events;

*Yhad

N bg number of background events; L: integrated luminosity;

{J'

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

(1 + dops ): effective ISR correction factor.

In expression R

exp?

each quantity Is obtained by

> data analysis — N/ N,, L €trg

»> theoretical calculations —— (1 + ¢,

» Monte Carlo simulations —— €9



Previous measurements
»1n 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 GEANTS3 based software

»Event selection: improved, N, > 1-prong events are selected

» Systematical error: about 3.3%

Observed number

Integral luminosity of hadronic events

\r"; (GeV) L (nb™h ;'&LL (Vo) ;\’T,?g;(_wgd'::31-pl~c.ng) \}?2(( N,q >2-prong)
2.200 121.504=1.10+4.00 3.41 2862 2430)
2.600 1215.98+4.08£23.96 2.00 24026 21511
3.070 2272.20+6.64430.00 1.35 33933 31063
3.650 6456.83+13.24487.51 1.38 83767 77660




Effective ISR correction

Radiative correction:
(1) References:

(a)
>M~é " ﬂ*% " G.Bonneau Nucl. Phys. B27, (1971) 281-397

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

(<) (d)
>W‘.§ " ‘>wé“ precision is ~ 1% for O(ad), it agrees
=, —o—@eEr Kureav & Fadin’s calculation within ~1%

Observed total hadronic cross section:; ol = Nhaa
S L
R value may be measured by
T nT
F N )
Procedure A: gl = —2bs = R—=_— - hed
€ o, Le(1+49)
or T AT
Srocedure B 00 = T obs N Nhad
OERIHIE R e T 16,0, 00 Le(0)(1+3,,)

L L AN

(14 ) and (1 + d,55) are theoretical and effective ISR correction factors

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



. und area law

Hadronization picture : -

Hadron production via string fragmentation:
ete

= qq = string = my + Mg+ -+ 0y

Effectlve matrix element (gluon emission is neglected)

isation

M = Mqgp(ete™ — qq)Mrinp (_qq — M, Mo, == My )
String fragmentation:
Mrunp(qq — my, ma, -+ -my) = C,LML M,

. T - - o }J_
Transverse momentum (Gaussian) M, =exp(—> k7)) K = —g‘?
Jis i

Longitudinal momentum (Lund area law):. :

1 b B -‘f - B P 4
M, =exp(i{A,) {=5 + z.; | M
Simulation of ISR has been built in LUARLW with the angle \}'
and momentum distributions
do1B () = 8! sin®f dkdS), 1 ;,z 0(¢) NS

~— —— (1
72 (1—a?cos?26) k 2 v We W




Comparisons between data and LUARLW
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Error analysis

According to experimental expression

N7 obs
R L N ;1(1:1
‘erp T
MMLEhgehad(l -+ O)
the effective number of hadronic events is defined
T \Thﬂd — 'L\TL}E{(_
\ r""t{-:n:‘ﬁ 9 Where Ehd \T MO
Ehad gen

Main error estimation:
— =y 2 +(— 2 + — tTah2 4+ (—r 2
H' \fl ( \Thad } { L } { EfJ'Q ] [ (J‘—i_h)
Extra error from the track reconstruction

A€ = Z P(nop)B(ner; Non s Oer:) Error Ag,,, due to tracking efficiency (%)

Nen>1 2.200 0.35

P .multlpI|C|ty dlstrlbutlon 2 600 0.32
B : binominal distribution —

o 3.070 0.29

oy - tracking error (2%) 650 096
n,, - nhumber of charged track in one event St

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 Svstematic error of ANpaa/ Niaa (V1)
2.2 cav | 2.6 aav | 307 cav 3.65 cev
Mat=2 0.20 0.24 .36 0.37
Viy <= 2 (cm) .45 0.15 .40 .90
charged cosf| < 0.584 1.13 0.75 0.7H 1.21
track p = Byl + '3.11,.,.-"'1 + E7) .05 0.02 0.02 0.01

level tiof = proton + 2(05) (.06 0.05 (.09 .13
Epse = Min(l,0.6E%) 0.67 1.01 0.92 .64

neutral — — — — —

all tracks Epst: = Max(0.5,0.28E}) 0.96 0.50 0.74 1.10
=3-prong Nyood = 3 — — — —
=2-prong Noood = 2 — — — —

e = 1657 0.87 0,90 0.62 0.
|AR| =34 or |AZ| =60 (cm) 0.92 0.53 0.87 0.6
event = I-promg |~ 77T 1 T-:rmd E N — - — — k
level | if Xrat. > 0.5 — ¢ .63 0.18 .03 0.15
i if p= 1 GeV, ppie =1 — .19 .04 0.02 0.14
N, =2 0.12 0.01 0.01 0.18
E,o=01 GeV 0.97 018 .13 .40
oW

Nt tager = 2 051 | 0.14 011 0.07
Oychgtrk > 25° 0.62 | 0.68 0.20 0.66
1-C it Prob( %) = 0.01 for #° | 040 | 0.50 012 0.00




Preliminary results

Results show:

R Value

amma . (ﬂ - .
0 nar \-\((\\(\e’ ®Precisions of new measurements
°r -g: Pt oo \Z 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)
, \{ } | H ®Values of R for selecting more
i 11 than 1-prong and 2-prong events
|

are in good consistency.

®The cross checks of R values
measured with the procedure A
and B are done, their differences
are about 1%.

| Wﬂlﬂmﬂ i

3
Ecm (GeV)

R values measured with procedure B - Procedure A:

N had

Vs(GeV) | R(Nyq = l-prong) | R(Nyq = )—pu)nu-) R —
2.200 2.17£0.04:£0.10 | 2.17:40.0440 10 1. ounLle(l+0)
3.070 2.14i() ()li() 05 2.15i0.(_)li() ()(} \,,,”f
3.650 2.144+0.0140.06 2.16+0.01+0.06 k= ”E;:L‘L[“” 140,,. )




Fitting of heavy charmonia parameters

The 4 heavy charmonia with JP¢ =1 are

P(3770)  1H(4040)  1(4160)  1h(4415)

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

® nominal mass M
T _ M~/ Tel™" i ® total width 1 o1
W2 — M?*+iMTy ® clectronic width 7

ee

® initial phase angle o

DD:

DD,D*D* DD*, DD*, D_D.,:

DD . D*D*. DD* . DD* D.D.. DSD::_
pD,D*D*,DD*, DD*, D.D,, D.D*, D' D",

4l



K. Seth’s results PRD72(2005)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.

30 ¢
2 ¢

CB and BES measurements are in excellent agreement

(1 (
MO | il ,ret?
(MeV) (MeV) (keV)

PDG[1] | 4040 +£10 [ 52+10 [0.75 £0.15
f¢(4040) CB[6] 4037 +2 | 85£10 |0.88 £0.11
| BES[7] | 4040£1 | 89+6 |0.91£0.13
CB+BES|4039.4 £0.9| 88 £5 [0.89 +0.08

M® ) e
PDG[1] | 4159 4+20 [ 78 £20 [0.77 £0.23
) (4160) CBI6] 4151 +4 107+ 10]0.83 £0.08
| BES[7] | 4155+5 [107+£16[0.84 +0.13
CB+BES| 415343 | 107 £8 [0.83 +0.07

MO e e
PDG[1] | 4415+6 [43£15[0.47£0.10
(4415)| CBl6] | 4425+6 119 £16]0.72£0.11
| BES[7] | 442949 |118+35(0.64 £0.23
CB+BES| 4426+5 |1194+15]0.71 £0.10

Conclusion:

Ginbh)
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Breit - Wigner amplitude

» In quantum mechanics, wave function for a unstable particle

1/)« (r) — I/I(O)E,—!mf —f/2t __ — |lff(0) |€I5€—!r —fF/Q)

» The amplitude as the function of energy VY IS initial phase factor
. K, - e :
W) = | () etWigs — r at moment of production
X (V) [ _r( (W = M,) —iI'./2
»Usually, Breit-Wigner amplitude IS written as
%rr‘ e'or 5 \/1_ T, e

1, = ——= —— =
W — M, — 1—3”2 W — M, — El—r;"j
> If we consider a special process with initial state e*e~ and decay final state f

é\/Bﬁl—r‘ : B;rr Ef.i{j?' E'U FF l—‘f

T7f —
: W —-M, —al,/2 W — M, —il',/2

J
Li

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

L/t it N
W= :l._,{r T E]'—‘r;fj] B IIvE - J-{E + ?.ﬂfr]-_:r‘ﬁ. :

W — M, —f—zF;Z

bo | =

b [ —

TS = |

r



Problems in fitting

> Interference

® interferential summation of amplitudes with the } . Z If
same channel f, but decay from different r «

® non-interferential summation of different decay 7. _ Tf
channels f } res| el
® inclusive resonant cross section is expressed T {jﬁ , 5
by the form of R value } es =0 o | Tres
> Continuous background (polynomial) s
Reon = Co+C1 (W —2M p2 ) +Co(W—-2Mp=x)?
» Energy-dependent hadronic width (potential model in qJLLJarlnum mechanics)
R 2M, 2L+
phad (T17) = e Z riw) rofw)=1, Z B
»ODbjective function in flttlng
5 [f R (W) — RH” (W2 (f.—1)2 convergence updated
=) = TR — MI,TI, 5
= [/ —\R -!1'5'] 7 R values

™ T .IE:'.--'
.ﬁ.--,e::- = 1 had 1 bg

4

RHH [J- + ﬁﬂh*,lﬁﬂu

IHI“_L Ef l:'_,rEuil-! (L l"|r



Resonance parameters

4(3770) (4040) U (4160) U (4415)
PDG2004 37699425 | 4040410 4159420 441546
PDG2006 2771.1+2.4 4039+1 4153+3 442144
M CB (Seth) — 403742 415144 149546
(MeV/c?) BES (Seth) — 4040+1 A155E5 445546
BES (this work) | 3772.041.9 | 4039.6:64.3 [4101.746.5 | 44151479
PDG2004 23.64+2.7 52410 T84+20 43+15
PDG2006 23.0+2.7 80410 10348 62+20
Iy CB (Seth) — 85410 107+10 119+16
(MeV) BES (Seth) — 8046 107+16 118+35
BES (this work) | 30.448.5 | 84.5412.3 | 71.8412.3 | 71.5+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) — 0.914+0.13 | 0.84+0.13 | 0.64+0.23
BES (this work) | 0.2240.05 | 0.834020 | 0.48+£022 | 0.35+0.12
0 (degree) | BES (this work) 0 130+46 203+57 23488

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

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

LA LA

PLB660 (2008)315

+'/d.0.f=1.08
Probability =31.8%

I&HH.I B

! -
axp
] Rthe
i e Raw
[ —R
. A f . res
__— ; I R
- ] C A A Int
.r_ _.': l“i . ;;' ."*-H_ ----- RCGI‘I
i R L By
T 1 | 1 | L | 1 | 1 | L | 1 | 1 | L | 1 | 1 | L | ] |
37 38 39 40 41 42 43 44 45 46 47 48 49 50

Ecm(GeV)



Effect of phase angle

If phase angles are fixed to be 6 =0
2.5
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o= 20
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The interferential curve and overall resonances shape for 6 =0
are different from ones for 6 = 0.



Model dependence

PLB660 Similar to scheme A Similar to scheme A
(2008) 315 but DASP BG used butd =0
N~ iz

Paramebey

Scheme

WBT70)

1 (4160)

(4415)

M

(MeV /c2)

A
e

C+ |

A779.0 + 1.9
3772.8 1.9
3772.8 + 2.0

10396 + 4.3
1046.7 + 5.2
4048 .4 + 3.2

4191.7 = 6.5
4198.2 + 5.4
4156.2 £ 4.4

44151 = 7.9
4425.0 £ 14.1
4405.2 £ 5.7

|
(MeV)

304+ 8.5
32.3+ 9.0
30.8 £ 8.9

84,5+ 12.3
103.6 =13.4
109.1 +14.9

T1.8+£12.3
61.6 £ 13.8
T4.4 + 14.2

71.5 4+ 19.0
82.8 + 26.8
103.8 == 26.0

I ee
(keV)

5 E

0.22 = 0.05
0.24 £ 0.06
0.23 4 0.05

0.83 £+ 0.20
0.93+0.13
1.21 £ 0.17

0.48 &= 0.22
0.36 = 0.27
0.26 &= 0.08

0.35 4+ 0.12
0.29 £ 0.11
0.37 4 0.09

)

(degree)

()
()
()

136 + 46
136 + 42
0

293 + 57
302 + 16
()

234 4+ 88
245 =+ 90
()




» 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

o _ *VYobs
€had — \*T

‘VYgen

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
i -
P, = p:_! expleo 4+ cr(n— p) + ea(n —p)?] L, =+ 0 E“’LP("\/:)
n!

v ratios of vector/pseudoscalar, strange/normal 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
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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 5: Vertex distribution in z direction for good charged track.
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Figure 6: Vertex distribution in x — y plane for good charged track.




Comparisons between data and LUARLW
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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
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Figure 9: Azimuthal angle ¢ distribution.
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Figure 10:

Track momentum p distribution.




Comparisons between data and LUARLW
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Figure 11: Distribution of deposit energy in BSC.
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Figure 12: Distribution of invariant mass of Kg — 77—,



Comparisons between data and LUARLW
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Figure 13: Distribution of invariant mass of ¢ — KTK ™.

Mo

[}
F

T
+  2200MeV | * -  2600MeV | “.l =  3070MeV| *

3650MeV

L] i H 1" "a L L 1
-~ M -

Figure 14: Distribution of the neutral multiplicity.



Comparisons between data and LUARLW
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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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Model dependence

DASP background'

GeV)? &
o) —a(.ﬂ,b)(36 ¢ Z

K= DD, DD*, D*D*, D.D., DD DD,

T 1-5/(3.1GeV)?

Effective interaction theory:

17— = 0°“4+0“ Hy = gn,)@,0)D'-D0,D (VPP
17— = 17“10¢ Hetr = gofunolduthy) (D7) D VVP)

1=~ = 17117 W, = qbl0.00D - D00

+gs(0,)(0,00)(0,0) - (0,D)@,D1)] (VVY)
Energy dependent width:
P3 f \ ~~V P 3 f . -~V P3 qu
]__f{ } — h(yPP ]__|l [r:,) — P‘_\(T! Pf ]__H(Q} — b(r?, [?) —+ 111,2 1_[{-} ]

T
S

GEP gY¥r @VV aregeneralized form factors, free parameters



Determination of &

Solving equation: Rﬁmp T Osts T Ogys — RQCD (as)

V35(GeV) al? (s) o' (25GeV?)
220  0.24670005T 0106 0190700550000
2.60  0.283%57051 0100 0-222707015 07066
307 0216%paE e 0188F g
365 0.205%50i1" 00 0188700 TN

alY (25Gev?) = 0.198F7033
o (M?2)

PDG2006 |
o (M%) = 0.1170 4 0.0012

0.010
0'113+0.013.
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