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Introduction: Definition of R value

Theoretical definition

The R value is defined as the leading—order production cross section ratio of
hadron and muon pairs in the annihilation of electron—positron:

o’(efe~ — hadrons) _ op_,

o’lere” —uru—) ol

R

That is, according to Feynman diagrams

O (

A direct result from the QED theory:

0 (s) = 47;;;?2 BLL(’%Z L); with BH — \/1 _4}”2




Introduction: R value by pQCD and experiments
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R value were measured by many Collaborations:

BESII,

KEDR, VEPP,

DA®NE, DM2, DASP, PLUTO, Crystal-Ball, MARKI, MARKII, CLEO-c, AMY, JADE,
TASSO, CUSB, MD-1, MARKJ, SLAC-LBL, MAC, 72, ......

BESIII



Introduction:  Why R value important
QED running coupling constant Ac.(s) — one of the most important QED parameters

The contributions to Ax(s) can be distinguished to three pieces: 8 At large R test charge
®® ®® sees screened ¢ charge
® ®
AOC(LS] =1 OC(O]/OC(LS] Aoclepton( ] + Aochqld( ] + A'O('top( ] ®® ®® Test Charge

®
®
® Adepion () can be calculated analytically using the perturbative theory. %

® At small R test charge

e Since the top quark is heavy, Aoctop( s) is small (107 ~ 10~ 10 for BESIII region). % @O  seesbarce charge

o Ay 1}1( ) should be calculated by using the R value: ®@«—Test Charge

’ o® %
(5) XS < R(s") ©
Axl) (s) = — R ds —
Xpag (5) 37T eL}h TS (s! —s—ie) a(s) = a (V)
Fractional contribution to Aocf; '1 (M2): 7 1-Aa(s)
Phys. Rev. D 97, 114025 (2018) Eur. Phys. J. C 80,241 (2020)
value error ,
( ) Source Contribution(x 10™%)
A Xiepton (MZ) 314.979 4 0.002
Ao (M2) 276.0 4 1.0
A Xiop, (M%] —0.7180 £ 0.0054

Aochl]{( ) is sensitive with the
R value over all energy region! 4




Introduction:  Why R value important
Muon anomalous magnetic moment a — the most precision test of SM

@ Magnetic moment of the muon: | /i = g, ﬁ S

@ Dirac theory: | g, = 2| = Quantum Field Theory: | a, = % => Muon Anomaly
Anomalous Magnetic Moment:
@ Standard model prediction: BNLG2 —+——®
SM _ ,QED | _.QCD  _weak FNAL g2 +— gt |
a," =a,  +a; - +a] ’ Tak s .
Phys. Rep. 887, 1 (2020) 1 42 > | fractions of 5(a,) caused ;
@ Direct measurement " New physics ? : by error of R value from
. *—'_—*  different region.
(Exp. average BNL & FNAL) . Sgement e
Phys Rev. Lett. 126, 141801 (2021) 175 180 185 190 195 200 205 210 215 ""’"E_' o #ﬁﬁ L e LE
=> Discrepancy of 4.2 o! a, 10’ - 1165900 g T SRR S
37 s G rees
@ Hadronic contributions dominate uncertainty of aiM 3 o e
§ 2 +‘¢$‘* l**;*a,' E
» Hadronic Light-by-Light Scattering (HLbL) & Hadronic Vacuum Polarization (HVP) = =" BESIT Mo
- e
The HVP contribution, i.e., atOHVP is calculated in terms of R value with the dispersion relation: [ e . ey

> \ BESIII measured 2 Cross
GLO-HVP _ X1y, dqR(S]K(S]  section using ISR return
'u 37T T2 . method with (3770) data :

)
dm5



Introduction:  Why R value important
Muon anomalous magnetic moment a — the most precision test of SM

New calculation of aLO -HVP from the lattice QCD approach decreases the discrepancy between

SM
a; and ”u P
ST —T11
Nature (London) 593, 51 (2021) Source Contribution(x10™"")
=P 116584718.931 + 0.104
T tatee O Fete age 153.6 £ 1.0
| Thiswork . -, OV (R-ratio) 6931 £ 40 !
el L a O (attice) 7075 + 55
(:'W:i :t :34: r—-' B ﬂ a NLO A —98.3 1+ 0.7
Blum et allm L ) = a NLO-HVP 12.4 i 0.1
Borsanyi et al:14 - = _ ﬂf_ILbL 92 £ 18
Davier etal3| o ; n"M 116591954 + 58
Keshavarzi et al.* |- e (1 Lf{p 116592061 + 41
ot atasL ol Aa, 107 £ 71 (1.50)

1 1 1 i 1
660 680 700 720 740
aLO—H\;’P ( %1 01 O]

The R-ratio approach still gives the best prediction to a; 0"
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Bird’s-eye view of
BEPCII and BESIII

BEPCII and BESIII: BEPCII

”
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53 Physics energy region |
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___________________________________

H.€Ts Three Generations of Matter

BEPCII: Beljing electron-positron collider 11 7
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BEPCII and BESIII: BESIII

Main parameters

Main Drift Chamber Muon Counter

Small cell, 43 layer Resistive plate chamber
0,,=130 um, dE/dx~6% B Barrel: 9 layers
O/p=0.5%atlGeV  _admm || - Bl Endcaps: 8 layers

———
~— ————

Wi N [ N Gspatial’ 1.48 cm

Time Of Flight e
Plastic scintillator -
or(barrel): 80 ps

of{endcap): 110 ps
65 ps with MRPC ETOF

P& Electromagnetic Calorimeter
S Csl(Tl): L=28 cm (15X,)
Energy range: 0.02-2GeV
Barrel oz 2.5%, 0,6mm
Endcap o 5.0%, 6,9mm

SC Magnet 1.0T

BESIII: BEijing Spectrometer |1 8



Methodology: R value measurement

Experimentally, the R value is determined by

obs
R — Nhad o kag

O—?L ui:int. €tl‘ig ‘C—had(l —|_ 6J

o N ﬁl;’;’l Numbers of observed hadronic events.

® Npkg: Number of the residual background events.

o (T?L . (8) = 86.85 nb/s: Leading order QED cross section for ete” — utu.
e Ly Integrated luminosity is measured by analyzing Bhabha events.
® cyig Irigger efficiency ~ 100%.

® &},4: Detection efficiency of the hadronic events.

e (1+ d): ISR correction factor.

Determination of ¢},4 is the most challenging task!

Two different signal simulation models are developed and investigated intensively.



at least one n° + 1prong

Methodology: data analysis strategy

( R scan data J
Reject Bhabha and
Di-gamma events

Select good charged
and neutral tracks

Physics R value ~ analysis independent

obs
R _ Niaa — Nokg

n ‘ — -
O gLPLLll1t.t tl‘]g‘thad ( 1 —+ b]

€had ?

(1+6)7?

|

( 3-prong events J
Ioose criterions

2-prong 3-prong
hadronic events hadronic events

( 2-prong events J
toug Crlterlons

!

[24-pr0ng events)
no cutfapplied

|

(Hadronic events) N©bs

had

observed R value ~ analysis dependent




Signal simulation: hadronic generator

General hadronization picture Lund string fragmentation model
D i — .
q 5% ~é_a'é_,:;‘ 3‘_5:“‘":"::4{:;‘ "
SRR oy TR S
— vl
g, =
v:\ c~-qr\+;:.
= EW = Perl. QCD g =Hadprr

At BEPC energy region, Lund area law formula:

T

Ll

2

m
P ¢ 1
don (g — my,ma,---my) = (27)*6(1 - E :

Jo(1—

n

2)8() k) D Moy p[?d®,

87,

LN
Il
[y
L
=
Lo
==

Transverse momentum (Gaussian-like form): A, = exp(— Zk

=1

Longitudinal momentum (Lund area law): M ,, =exp(i{.A,)

¢ Light-cone area

M



Signal simulation: LUARLW

Few-Body States in Lund String Fragmentation Model hep'ph/9910285

Bo Andersson', Haiming Hu'+?
' Department of Theoretical Physics, University of Lund, Solvegatan 14A, 22362 Lund, Sweden
2 Institute of High Enerqy Physics, Academia Sinica, Beijing 10039, China
E-mail: bo@thep.lu.se

Abstract
The well-known Monte Carlo simulation packet JETSET is not built in order to
describe few-body states (in particular at the few GeV level in eTe™ annihilation as in
BEPC). In this note we will develop the formalism to use the basic Lund Model area
law directly for Monte Carlo simulations.

Main features of the LuarrLw model:

» A self-consistent inclusive generator.

» Initial-state radiation (ISR) process is implemented from 2m to 5 GeV.

» Kinematic quantities of initial hadrons are sampled by the Lund area law.
>

Phenomenological parameters are tuned based on comparisons between data and MC. ,
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Signal simulation:

Function of LUARLW: it can simulate ISR inclusive continuous channels and resonant JPF¢ = 1--
resonances from 2m_ -5 GeV, parameters need tuning by data.

= plT70), w(T82), & 1020, w1420, ol 1450), w1650, @(1680), p( 1700

i

gj = string = hadrons

gqq = string + string = hadrons

qggj = string + string + string = hadrons
eTe™ = "
—, o ptuT, 7T

~* = gq = string = hadr

- ':,I":_.I':' -

'_+'_ jr i -|I:I7|_

“Jj, 70T, nd Y,

— I_-'-.._.. 4
= J f=

qgg = string + string + string = hadrons
+ string + string = v + hadrons

TXers O1

i

ete” =~ =L (3TT0) = ¢
(4040 = DD, DD~ DD . DD*.D.D.;
(4160 = DD, DD DD . DD*.D.D,.D,D; \
{4415V = DD, DD DD DD*. D.D,. D, D, [ D:.

X(4260)--- with JP9=1""

P -+

LUARLW

=ete™, utp~
g7 = string = hadrons

ggg = string + string + string = hadrons

vgg = v+ string + string = ~ + hadrons
1],

=T = ete™ Ir.: [T, T

Dp'pe. ptn-

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

nta=Jfp, 707N, 70J P, nd i, Xes

Good generator: MC simulations and data agree well for many final state distributions.



Methodology: Monte Carlo simulation

) ) )
/ ! \f |
Hadron production at vertex: Particles decay: Detector simulation:
LUARLW JETSET table GEANT4

' BESIII MC data | 14



Events

Signal simulation:
N, IS the multiplicity of good charged tracks at detector level

b4 W5=2.2324 GeV

2
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IIIIIIIIIIIIIIlIIIIX
+

(2]
™
(=]
(=]

10

s=3.5611 GeV

=
(%)
E=
(=41
o

10
N

prg

MC data production by LUARLW
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Event
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i
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Events
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T

(%)
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LS
T
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20000

=R
T

(%)

NIJ g

-
<

100

L L

WJ5=3.0500 GV

WJ5=3.5424 GeV

Nprg

05F . T
0F o
05E
0 2 6 8 10
Nprg
B J5=3.6710 GeV
05F . +
] s
05E
0 2 6 ] 10

The LuarLw model can reasonably reproduce the N, distributions in data *






Signal simulation: MC data production by LUARLW
P9 is the number of isolated photon in 2-prong events at detector level

N

10000 — * WJ5=22324 GeV 10000 — * 5= 24000 GeV 5000 C “J5=2.8000 GeV 20000 “J5=3.0500 GeV
@ r @ C 1 - £ 15000
— — = =t »
= - = B = 4000 = E
L 50001 2 s000f 2 C 2 10000F
[ - [ - &8 C m -
- - 2000~ s000[-
05 _ — . 4 1 05F N N 0.5F — . - < ¢ 05E N .« .
ok - . 0 - T 0E of
05E . . . . 05E . . . . 05E . . , . 05EF . . . .
3 2 2 2
2 4N3_pIg 6 8 10 2 4N3_prg 6 10 4N2_prg 10 ] 4 e 8 10
150 150 150 150
— = 4000 = r
40000 . 5 =3.0800 GeV 2000 N5 =3.4000 GeV . Vs =3.5000 GeV 8000 5 =13.5424 GeV
o, 30000 o 1500 ,, 3000 % s00ob-
= E = o = - = C
w — w C w2 — ] L
2 20000F 2 1000 D 2000F 2 000
<8 E (1] E |'_|J F - LIJ - -
10000 500 - 1000 2000
C - C = E m F m
0SE - - - . 0sE— P I
05E 05F 0.5E 05E
B 2 2 2
0 2 4N2_prg6 8 10 0 2 4N3_prg6 8 10 0 2 4N2_prg6 ] 10 2 4 gt 8 10
150 150 150 150
_ r — 1000 — 4000
o J5=3.5611 GeV 2000 WS = 3.6002 GeV C Vs =3.6500 GeV c 5= 3.6710 GeV
- - C —
3000 C ) E 3000
Z - Z 60001 g 3000E Z -
5 2000 5 - 5 E 5 2000F i
= = ¥ 2 —
> B = 4000 - 2000F = TF
68 F - A C - &) r - 88} E -
10002— . 2000 . 1000 - 1000:— .
C - C E - - -
0.5F .+ 4 05F T - - 05F ~ <~ 4 0.5F T .+
0k e = 0 - = = 0E - = 0 A
05k 05E 05E 05E
3 2 2 2
2 DE— 8 10 2 4N3_prg6 8 10 2 4N2_prg6 3 10 0 ] 4 org® 8 10
180 150 180 150

2- . . . . . .
N, ' distribution is crucial to suppress backgrounds in 2-prong events 17



Signal simulation: MC data production by LUARLW
E/(pc) is the ratio of deposited energy and momentum of charged tracks

- v
i %ﬁ - il %u - .”I ”Hl i H”“ y
Il < Ml = L e

E/(p
. g 10000:— [
“' %ﬁ 5000_ 1'- b Iullul
= Il

Do e e = uim’ 4!|H|M|umh”“ I,

E/(pc) E/(pc) E/(pc) E/(pc)
Background with E/(pc) close to 1 is significantly suppressed in data.



Signal simulation: calculation of ISR correction factor in LUARLW

Jgacf(fjJr B A hadr(')ng)- ________________________ , ; a

R definition: R =

(etem =" —ptp~)

,u,u
< / AL ____ii}r).( __________________
R measurement: R = ————40mt 20nmsmmmee e g
O_ﬁ}’u LFI‘r’th,(uf(l + ())
PR P @ o\ |
Definition of (145) = .
ISR factor T TERTL
e; q Radlator ____________________________________
P @ N ' Input of line-shape of
i Vertex correction Rmfullenergyreglon
0 . X, 0 N
_ O, 4(s) o op_4(s")
tot ¢ . had ' r had
o — &« . + Fen(x, dx
Total hadronic cross section: Thad (8) = OVert [T J S TR

. Maximum fraction of i

(1T+0)(s) = (}_I'_'?"ltd( /O_h’ld{ S ) ' Line-shape of | radiative initial pjoton

' vacuum polarization factor | i m ™



Signal simulation: calculation of ISR correction factor in LUARLW

Line-shape of total hadronic cross section and (1+0) by different schemes

~_
‘QI 3
=107 — ~—FD Scheme
o — -
- B WU Scheme
§ & - —KF Scheme
© NT Scheme
| | | | | | | | | | | | | |
2 3 4 B
\N's (GeV)

e Scheme error:

1.5

0.5

I
- i I —FD Scheme
- WU Scheme
B ~KF Scheme
- 1 NT Scheme
SR
T A |
2 3 4 5
N's (GeV)

for same input c%(s"), difference between different scheme is considered as theoretical uncertainty

e |nput error:

for the nominal scheme, the change of (1+ 8) by error of ¢°(s") line-shape is accounted as input error



Systematic uncertainty

According to the experimental definition of R, its uncertainty is roughly expressed as

(AR)Z B (AN)2+ (A(T?Lu)2+ (A,»f;mt‘)er (Aemg)2+ (Aam)2+ {A(l + mr
R Sys : N G{El 25 ’)‘(‘:'il"lt‘ Efl‘ig €had (1 -+ 6) ‘

where X
net obs
N N “Yhad __ Nhad kag
€had €had

In practice, the uncertainties are addressed in following different aspects:

e LEvent selection: all implemented selection criteria are slightly varied.
e Background estimation: different methods and background simulation models are used.

e o' : uncertainty is negligible due to the high precision of QED.

e
e L, : uncertainty is directly cited from published results.
® gl £trig approaches to 100% with an uncertainty less than 0.1%.

e Signal simulation: A different signal simulation model, HYBRID, is developed.

e ISR correction factor: considered in calculation precision and uncertainty in Uh .q(8).



Systematic uncertainty: the hybrid model
The first attempt of exclusive simulations in determination of hadronic efficiency

Phys. Rev. D 97, 114025 (2018)

100 ! Full hadronic R rali?
1 rrn
10 KK — — lOz i .
i e nn”  — ; . . .
| _— 2 | Inclugive simulation
|  — S ______________________________
- 0-1_" — = 10"
o — &)
0.011 F—— 8
— +
0.001 — A 10 *
- O |
— et - . . . i
0.0001 o . Exclusive simulation by
1 : PHOKHARA @ ConExc
le-06—— ——mmEm———— b e
L

. 0 2 4  s[GeV]
___________________________________________________________ - + . inclusively measured hadronic cross section
The main features of the nyBrip model: + : sum of exclusively measured cross section

e Combination of THREE different well-established simulation models.
e As much as currently known experimental knowledges are implemented.

e Different ISR and VP correction schemes are adopted. 22



Systematic uncertainty: the hybrid model

Construction of HYBRID generator

® HYBRID is consisted of cONEXC, PHOKHARA and LUARLW components.

PHOKHARA is used to simulate 10 exclusive processes with known cross sections
and intermediate states, e e~ — 271, 371, 47T etc..

conexc simulates 47 exclusive processes with known cross sections according to
PHSP model, such as e™¢™ — KK~ 7t’, KIKEntF, K™K~ 7te, 57t, 67t and yisg/ /.

As much as exclusive channels containing intermediate states are implemented in the
coNexc with their contributions to the related inclusive channels are excluded.

LuarLw model is partially used to simulate remain unknown processes, in which
a set of chosen parameters are tuned after comparing nysrip simulations with data.

Processes simulated by pHOKHARA or coONEXC are prohibited in LuarLw to avoid
excessive generation of some specific processes.

The residual double-generatings among the three components are negligible.

A lot of efforts have gone into engineering the nHysrID generator!



Systematic uncertainty: the HYBRID model

N, ., IS the multiplicity of good charged tracks at detector level

- - . - 30000 - 10010
30000 s =2.2324 GeV 30000 E- s =2.4000 GeV r s =2.8000 GeV - “J5=3.0500 GeV
C n » - L
© i & : £ 200001 2 I
= 20000 = 20000 = 20000 = -
5} r 0 - E ) N L S0
Z F s = ook -t
= 10000 — == 10000 :_ a8} 10000_— [m A N
05F + T 0.5F N 0sF . T
0 - = )3 + * 0f - -
05k 05E 05E
2 4 6 ] 10 2 4 6 ] 10 0 2 4 6 g 10
NPI% Nprg Npra
x10° -
c /5 =3.0800 GeV 10000 \5=3.4000 GeV 20000 J5=13.5000 GeV - W5=35424 GeV
150 — I E 40000
2] F ] r vy 15000 v B
= C = B = o = B
";) 100 :_ 2 5000~ :I: 10000 :_ G: 20000 __
o E sa r w4 E [ L
50 i 5000 L

“5=3.6002 GeV r N5 =3.6500 GeV E N5=3.6710 GeV
20000 20000
v - o F
1= B = 15000
w B w F
- [ = 10000
a5 10000 O a8 E
r 5000
0.5F 05F
- e 0 e S 0E - -.
+ 05E M 05E T
2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Nprg NPfg Nprg

The nysrip model gives better reproduction of the N, distributions. 2



Systematic uncertainty: comparison between LUARLW and HYBRID
Comparison between LUARLW/HYBRID and data for a few observables

® Nprg: The number of detected the good charged tracks (prong).

e cos0, E, and p: polar angle, deposited energy in EMC, and measured momentum in MDC.

o N-P: number of isolated photons of two-prong events.

150
C N 2000 = .
10000~ NE=34000GeV | 0 pop0(— MR c N5 =3.4000 GeV o 2000
S -
= C w 1500 : 2
2 < 2 T F =
3] r @ - 2 1000 8
I 5000~ EIJ 1000 - e E Eﬁ 1000
e 500 o
& E - =y
05E 01F 05F 3
o e+ T o Ebhin sttt ittt b o . N 0s
05EF T o1k A AT H"””* f+ oSk e 05
) 3 3 6 8 10 T 053 0 03 ' 3 4 org® 8 10
Npre cosf N -
2000E + 5 =3.4000 GeV
10000~ {§=34000Gev | 2 E + s=3.
r : 1500
o -
2 = o
o i & C L 1000
I 5000_— %’J 1000_ LTJ E
- e 500
=y E
05 0.1F 7 m 1 0SE
o -+t 0 Ebybh T bt i b of -
JE ' LN A L S s A R B e DE R
05k S0k _ -05E _
) - -3 - | L -
3 3 6 8 10 1 05 0 0 3 T gt 8 10 0
Nprg cos N, E/(pc)

Both the two simulation models give good consistency with data! 25



Systematic uncertainty: comparison between LUARLW and HYBRID
Effective ISR energy distributions in LUARLW and HYBRID simulations

The comparisons of the \/s’ spectrum between LUARLW and HYBRID

= \s=3.6710 GeV
107 B —LUARLW
, F —HYBRID
107 B
107 =
10* &
10° &=
0.5F _
S ' S 1 g e 8t < g b e e :
0 2 = + %ﬁﬁ'ﬁm“‘wﬁ’ﬁﬂ*ﬁﬂ*ﬂ P N MR o § O SRR
-U. — . ) . . L
0 1 2 3
\s' (GeV)

These two different simulation schemes result in consistent /s’ spectra!



Systematic uncertainty: LUARLW and HYBRID

Comparisons of resulted ep,,4 and (1 + &) between LuarRLw and HYBRID:

-~ LUARLW HYBRID e o LUARLW HYBRID P
Vs (GeV) et (%) e (%) Diff. (%) 14 8) 1+ 5) Diff. (%)
2.2324 64.45 64.50 -0.09 1.1955 1.2016 -0.52
2.4000 67.29 67.62 -0.49 1.2043 1.2118 -0.62
2.8000 72.25 73.16 -1.25 1.2185 1.2276 -0.74
3.0500 73.91 74.54 -0.85 1.1929 1.2040 -0.93
3.0600 73.88 74.54 -0.90 1.1825 1.1940 -0.97
3.0800 73.98 74.11 -0.18 1.1228 1.1357 -1.15
3.4000 74.81 75.19 -0.50 1.3817 1.4009 -1.39
3.5000 75.32 75.88 -0.75 1.3509 1.3690 -1.33
3.5424 75.58 76.17 -0.78 1.3413 1.3587 -1.30
3.5538 75.50 76.23 -0.97 1.3384 1.3557 -1.29
3.5611 75.50 76.27 -1.02 1.3368 1.3542 -1.30
3.6002 75.73 76.52 -1.05 1.3285 1.3453 -1.26
3.6500 76.00 76.89 -1.16 1.3082 1.3234 -1.16
3.6710 76.11 77.11 -1.30 1.2597 1.2718 -0.96

» Same input G{fmd (s) but different ISR correction schems and VP operators IT(s).
» The two simulation models are consistent both in €,,4 and (1 + 0).

» Since there are correlations between ¢1,4 and (1 + 0), the differences in the final R values
are taken as systematic uncertainties.



Systematic uncertainty: summary of uncertainty terms

Event QED Beam Trigger Signal ISR
Vs (GeV) selection background background Luminosity efficiency model correction Total
2.2324 041 0.23 0.28 0.80 0.10 0.60 1.15 1.62
2.4000 0.55 0.27 0.15 0.80 0.10 1.11 1.10 1.87
2.8000 0.58 0.28 0.34 0.80 0.10 1.97 1.06 248
3.0500 0.61 0.33 0.41 0.80 0.10 1.76 1.01 2.33
3.0600 0.60 0.34 0.48 0.80 0.10 1.84 1.00 2.39
3.0800 0.61 0.35 0.35 0.80 0.10 1.31 1.05 2.02
3.4000 0.65 0.33 0.16 0.80 0.10 1.86 1.24 2.49
3.5000 0.60 0.35 0.62 0.80 0.10 2.05 1.16 2.66
3.5424 0.61 0.37 0.01 0.80 0.10 2.05 1.14 2.58
3.5538 0.66 0.31 0.39 0.80 0.10 2.22 1.13 2.74
3.5611 0.74 0.34 0.34 0.80 0.10 2.28 1.12 2.81
3.6002 0.66 0.33 0.38 0.80 0.10 2.27 1.09 2.77
3.6500 0.53 0.35 0.69 0.80 0.10 2.28 1.13 2.83
3.6710 0.61 0.42 0.63 0.80 0.10 2.23 1.04 2.77

» Systematic uncertainties dominated by the uncertainty of the signal simulation model.

» Last four sources are regarded as completely correlated between different energies.



Summary: results

Comparing BESIII R values with previously published results:
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3 -
L IR O +{.+{+H¥ ‘+.__}_+___.t----¢..--hf._u
o |
i ® BESIII ® BES A CrystallBall
] KEDI? | | , | | ¢ lPLI_jTI(j) | -I--pQ_CI'D—J .--"lplr and '
2.5 3.5

3
/s (GeV)
» The accuracy is better than 2.6% below 3.1 GeV and 3.0% above.

» Larger than the pQCD prediction by 2.7c between 3.4 ~ 3.6 GeV. 2



Summary: prospect

Data samples taken at BESII|
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» BESIII has collected data from 2.00 to 4.95 GeV, which can be used for R measurement.

» R measurement both in the continuum and open-charm regions has significant impacts.

» Energy scan data samples below 2.0 GeV are desired at BESIIIL.



Summary: prospect

Different methods: inclusive, exclusive, ISR return

Phys. Rev. D 97, 114025 (2018) Effective energy spectrum after ISR at 3.67 GeV
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» R measured inclusively and exclusively at or below 2.0 GeV, and a comparison between

them would be interesting.

» R measured via the ISR technique taking advantage of BESIII 1 (3770) data, the R value
from 7177t~ threshold to continuum region can be accessed.

» Both of these two attempts will contribute to understanding the discrepancy of muon
anomaly between SM calculation and experiment measurement.



Summary and outlook

e Improving the accuracy of R value is of great importance for
precision test of standard model.

e The first round measurement of R value at BESIII is published
and more results are coming soon.

e There are many possibilities of R measurement at BESIII.

Thanks for your attention!



