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The Definition of R Value

The R is defined as the ratio of the leading-order production cross section ratio of hadron and
muon pairs in ete™ collisions:
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With gy, directly from QED:
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Muon anomalous ocSM & running Aa(s)

The Anomalous Magnetic Moment Electromagnetic Running Coupling
Constant of QED
asM = a¥P 4 q)reak 4 gfad
L] a?ED and a""e"‘k can be calculated precisely. Aa(s) = Aalepton(s) + Adiop(s) + Aahad(s)
m ghd = a;'ad LOvp- 4 a?ad’ NLOvp a;‘ad’l : B AQepion(s) can be calculated precisely using

the pertubative theory.
ghad LOvp. _ (Ofmu )2 K(s) KO pis) B Alop(8) is small (1077 ~ 1071 for BESIII
H 3 2 region), since the top quark is heavy.

(5) ;
Phys. Rev. Lett. 126, 141801 (2021) ® Acay,4(s) should be calculated by using R value
at low energy.
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The R program at BESIII

® First data in 2012
O 4 energy points, 2.2324 ~ 3.4 GeV
0 10 more energy points in 2011 ~ 2013
0 1.7 ~3.7 pb™" luminosity
0 30k ~ 100k hadronic events

® Second data in 2013 ~ 2014
O 104 energy points, 3.85 ~ 4.60 GeV
0 8 pb~" luminosity
0 150k hadronic events

® Third data in 2015
0 21 energy points, 2.00 ~ 3.08 GeV
O 1~100 pb~" luminosity
0 20k ~ 2000k hadronic events

[ Low energies can be accessed via ISR technique

data below open-charm threshold
2.23~3.67 GeV: 14 points ~110 pb~*
2.00~3.08 GeV: 21 points ~550 pb~1
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® Large amounts of data (139 energy points) already collected
B More data at the 1(3770) peak are on the way
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Determination of R value in experiment

Inclusive method
Nobs —N,
_ had bkg

Oﬁﬂ'cintghadgtrig(l + 5)

= N%S: Numbers of observed hadronic events

=)

S

B Niie: Number of the residual background events 2z sl N
g 8¢

= g0,(5): Leading order QED cross section for e*e™ — utu~ g

m ;. Integrated luminosity measured by analyzing Bhabha z |

events 4;

B gy Trigger efficiency ~ 100% 2

m ¢4 Detection efficiency of the hadronic events ot = . o

® ] + &: ISR correction factor s (GeV)

Exclusive method

_ ¢%e*e” > NN+ n7 +nK 4+ ntmK + --)
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Analysis strategy of inclusive method

IR scan datal

[Reject BhaBha and]

Di-gamma events

[Select good charged]

and neutral tracks

(Z-prong events]

(3-prong events)

[2 4-prong events]

,

hadroni

2-prong 3-prong
hadronic events

c events

)
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Nominal model for signal simulation: LUARLW

al

EW Pert. QCD Hadron- Detector

A self-consistent inclusive generator developed based on JETSET

Initial-state radiation (ISR) process implemented from 2m,, to \/E

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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Alternative Model: “HYBRID” Generator

Phys. Rev. D 97, 114025 (2018)
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B “hyBriD” of three well-established simulation models: coNExc, PHOKHARA, and LUARLW
® As much as well currently known experimental knowledges are implemented

m different ISR and VP correction schemes are adopted
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Comparison between LUARLW and HYBRID
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® The v/ s’ spectrum directly reflect the fraction of the ISR-returned processes.
® These two different simulation schemes result in consistent /s’ spectra!
® These two generators also result in consistent efficiency
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Comparison between MC and data
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. Nprg,

: Number and polar angle of selected charged tracks

m NP8 Number of isolated clusters in 2-prong events

® E/(pc): Ratio of deposited energy and measured momentum per track
Good agreement of both generator models and data
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Measured R values between 2.2 ~ 3.7 GeV

Phys. Rev. Lett. 128, 062004 (2022)
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Comparing BESIII R values with previously published results

B The accuracy is better than 2.6% below 3.1 GeV and 3.0 % above
® Larger than the pQCD prediction by 2.70 between 3.4 ~ 3.6 GeV
Measurement of R at BESIII
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Exclusive method at 2.0 GeV

® Exclusive measurements for \/E < 2GeV

® [nclusive measurements for \/E > 2GeV

® Tensions in transition region ) Phys. Rev. D 97, 114025 (2018)
ES ' I Inlclusive Lu:w Data
27 Exclusive Data Combination —e— |
- _ . 26} Inclusive High Data —— |
u Only pp’ nn’ mUItI'Tf> Kand CO, 77, P, ¢, b Transition pointiat 1.937 GeV pQCD ---------
at 2.0 GeV 25¢ KEDR (2016) +—=— |
2.4t
® Any pp + X or nii + X is excluded B og M
22
m Beyond 2K*2K™ are excluded 2.2 - i i
= 10.1 pb_1 luminosity, ~ 47 nb total 21 k\kfv?d ]
hadronic cross section, and ~ 350K 2r ]
hadronic events 191 ]
® For process which has 0.1 nb (2%o) cross "85 185 19 195 2 205 21 215 22
section and only 10% efficiency, still have s [GeV]

100 signal events, the 10% stat. uncern.
contributes little to the uncertainty of R.
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List of exclusive processes

Considering the published work and very simple overlay situation, the total hadronic cross section at 2.0
GeV is > 95% with assumption that R at 2.0 GeV is 2.2.

2nt2m—
\ atn—2m0
o ® Not included:
ntn=37 \
2nt2n— 0 oo

O Neutral channels like y7°
O Multi-r channels like 87, 97, ---

=m0
37+37~ / it O Other unmeasured channels
\ | 6 P,
TN — - Unknown B Ob_s;ervable in current dataset (10.1
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Summary and outlook

® |mproving accuracy determination of R value important for Standard Models tests

0 Anomalous Magnetic Moment of the Muon
0 Running of QED coupling constant

® The First round measurement of R value at BESIII

. \s =3.4000 GeV
publlshed 10" E —LUARLW

—HYBRID

O Phys. Rev. Lett. 128, 062004 (2022)

0 22324 <45 [GeV] < 3.6710

0 Accuracy better than 2.6% below 3.1 GeV and 3.0%
above 10

. .
SN N e e

0.5
® Many possibilities of R measurement at BESIIl, and -

more works are ongoing. . ! 2 e
0 Exclusive way at 2.0 GeV
O Inclusive way by ISR
Thanks for your attention!
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