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Definition of R-Value

hadrons

lowest

R =3[(2/3)2+(1/3)> + (2/3)?] =2 foru,d,s
=2+3(2/3)? =10/3 foru,d,s,c
=10/3 + 3(1/3)? = 11/3 foru,d, s, c b.
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R-Value below 5.0 GeV
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* Improve precision of a(M%) — essential for
precision test of the standard model

240
a = 1 — A’ AC((S) — AC((S)lep + Aav’(S)had
~ a(0)M2 f"o dsR(s)
Aa(Mz) = 3r e am2 S(s — M3) — ie

* Hunting for new physics from g — 2
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PDG2018: 3.50 deviation
Aa, =a, " —agM = (268 + 63 +43) x 1071
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BESIIl R scan

e Phase l: test run (2012)

@ Ecm = 2.232, 2.4(2), 2.8, 3.4(2) GeV, 6 energy
points, ~12/pb

(two separate beam samples at 2.4 and 3.4 GeV)

e Phase ll: fine scan for heavy charmonium line
shape (2014)

@ 3.800 — 4.590 GeV, 104 energy points,
~ 800/pb
e Phase lll: R&QCD scan (2015)
@ 2.000 — 3.080 GeV, 21 energy points, ~ 500/pb



BESIIl R scan

2013—2014: /s = 2.2324 ~ 4.5 GeV, at 131 energy
points with total L = 1036.3 pb~1!

=104 points ==
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Above 4.0 GeV, XYZ data with large luminosity can be
used for R-value experiment




R value experiment

In experiment, R values are measured with

1 . Nhad_Nbg
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Tasks in experiment:

N, .4 hadronic events

N
L

8had
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background events
integrated luminosity
detection efficiency

1+0 radiative correction factor

Ouu

Born cross section of u pair production in QED



Subtract background events
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Beam associated background, e.g. BESII R-value
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Hadronic event selection

£ e

[R scan data]
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reject Bhabha
and Di-gamma
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neutral tracks selection

2-prong events 3-prong events >=4-prong
candidates candidates hadronic events
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Initial state radiation correction

ISR: remove high order effects from g°25 = o ,e(1 + 6).
Leading order [0 (a?) diagram(a)], all the high order
contributions

hadron hadron
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Initial state radiation correction

eFourschemes are compared to calculate ISR.

» G.Bonneauand F. Martin, NP B 27(1971)387

» F.A. Berends and R. Kleiss, NP B 178(1981)14

» E. A.Kuraev and V.S. Fadin, Sov. J. NP 41(1985)3
> A. Osterheld et al., SLAC-PUB-4160, 1986. (T/E)

e(2) + multi-soft photon = (4)

e(1) —(4) are consistent within1%in the continuum
region



te~ conlisions

Hadronic event generation in e

EW Perl. QD Hadmon Cheshesc ior

saton Multiplicity distribution of primary
LUND area law\(LUARLW) model  hadron:
u"
P(n) = ——explco + c1(n — p)
+c(n — p)?]

with u = a + b Ins + cIn? s.
hEP-ph/991028 R ’ I_x Pa ra mEterS a, b, C, CO, Cl,
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Event type generated by LUARLW

ete— = " = p(TT0), w(7T82), @ 1020), w(1420), p( 1450), w1650}, ¢(1680), p(1700)

i

i = string = hadrons ¢ =
40 = string o & posrns
te™ = 4% = ¢ gqq = string + string = hadrons t =
e e Lo i Ta e c y*
| 9999 = string + string + string = hadrons I & hadrons
c <
4

efe” > y* > J/Y or Y(2S) or Y(3770)

J/Y - hadrons

to = 4* = X(4160), X(4260) - -- with JPC=1—- )~
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Generate hadronic events with hybrid generator

+: cross section from R-value measurement
+: Sum of exclusive cross section (76 modes )

o * PHOKHARA
% 10° (Phys.Rev.D75:074026)
@) - _
3wl ete” > KTK™,
o 10p + +
G - e e - ’)/T[ T ,
s ete” - ntn n°
: ete” - AA
0
* ConExc:

(Chin.Phys. C38, 083001)

Q1B PHOKHARA + ConExc +
Missing: LUARLW 71 exclusive modes
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* Optimize parameters with response function

Components of hybrid generator

ISR : up to a? accuracy with radiative functions

VP : HADR5SN

ISR factor: with R-related cross section

Known decay: PHOKHARA + ConExc

Missing decay: LUNDARLW controlled by 12

paramEterS
f(po+op.z)=al” —|—Z(L

—|—ZZ(L
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x)dp;

x)Op:dp;

~MC(po+dp,x),
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Optimize LUARLW parameters in hybrid generator
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Fig. 5. Comparison of data to the MC distributions at 3.06 GeV, where the MC sample is produced with
the optimized parameters. (a) multiplicity of charged tracks, (b) cosine of polar angle of charged tracks,

. (c) Energy of charged tracks, (d) multiplicity of photon, (e) energy of photon, (f) cosine of polar angle of
photons, (g)azimuthal distribution, (h) pseudorapidity and (g) thrust. Where the points with errors are ¢data,
and shaded histogram is MC distribution.



* R scan data collected at 131 energies.

* The integrated luminosity are measured with about 1%
precision for all points.

* The parameters of generator LUARLW are optimized
* The hybrid generator parameters are optimized

* The memo of R value measurement between 2.232-3.671
GeV is being reviewed in BES Collaboration.

 The data analysis for 3.85 — 4.59 GeV at 104 energies are
in progress.

Thanks for your attention
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