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Definition of the R-Value

e Ratio of leading-order production cross section of hadrons and muon pairs in e*e” annihilation:

( )
o%(ete™ - hadrons)  op,4

R = =
d%ete™ - utu) O
\_ Y, o( )
* With g, from QED:
R =
0 __4ma’ P (3-BR) o
[GW(S) == 2 : z Jand [ﬁu = \/1 —4mﬁ/s] o )

- Important quantity in particle physics to test the Standard Model (SM)!
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Running of the Fine Structure Constant: Aa,,
* R-value contributes in determination of running QED coupling constant at Z pole 2 a(M%)

— Precision test for the SM & essential for electroweak precision physics!

a(0)
AOfem(s) =1- a(s) Aalepton(s) + Aahad(s) + Aatop(s)]

7

top quark contribution

from perturbation theory

Hadronic Vacuum Polarisation contribution:

as “ R(s'
[Aa}%(sh_gm ds'—— ) ]

gy, S (s'—s—l€)
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Running of the Fine Structure Constant: Aa,,

a(0)
Adem(s) =1 - @ — Aalepton(s) T Aaﬁsa)d(s) T Aatop (s)

Aalepton(lwg) 314.979 £ 0.002 g
Dhamep | 2e0sio T am ;
Adtyop(MZ) —0.7180 + 0.0054 3

Eur. Phys. J. 80 (2020) 241

— Over a wide energy range the R-value is an important input!
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Anomalous Magnetic Moment of the Muon a,

* Discrepancy of 4.2 o between SM prediction & direct measurements

e Hadronic contributions dominate by far the uncertainty of aﬁM

* Hadronic Vacuum Polarisation (HVP): e
. HVP
. am,, 2 o R(s) K(5) S HLbL
. . . _ _ (¢ R(s) K(s)
Dispersive approach: |a,, ( -~ ) men ds =
* R-value needed as experimental input
§ BNLg2 | — o
SHVP 02( aHVP) -
g e g : FNALg-2 +——@
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R —— —e—+
. J/Y,P(2S) Standard Model Experiment
(5 1.8Gev-3.7Gev) Average
BN > 3.7GeV 175 180 185 190 195 200 205 210 215

a,x10° - 1165900

R-Value Measurements at BESIII - Yasemin Schelhaas




Beijing Electron-Positron Collider Il (BEPCII)

e Energy range: 2.0 GeV < +/s < 5.0 GeV
* Peak luminosity reached: £L=1.1-1033cm™%s™ 1 at ¢ (3770)

e World‘s largest T-charm data setin e™e™ annihilation!
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Beijing Spectrometer Ill (BESIII)

. RPC:8
RPC: 9 Electro Magnetic ayers MUOI'I Chambers (MUC)

Iayers Calorimeter

SC Superconducting Magnets
Solenoid
B%;rFel Electromagnetic Calorimeter (EMC)
Endcap
ToF Time of Flight System (TOF)
SC
Quadrupole

Multilayer Drift Chamber (MDC)

q ———

M. Ablikim et al., Nucl. Instrum. Meth. A 614, 345 (2010)

e Cylindrically shaped general purpose detector with four main layers
e Superconducting solenoid magnet providing a 1 Tesla magnetic field

* Can cover 93% of the full solid angle - photons at polar angles above 21°
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Determination of the R-Value

Residual background events

e MC simulation

Integrated luminosity * QED background processes

* Determined from large angle N\  Beam related contributions from data
Bhabha scattering b
* 0.8% uncertainty R Nﬁag — kag
: O ez ® . ]
O-HM . 'Cint . * Epad * (1 + 5) Initial State Radiation (ISR)

correction factor

* Feynman diagrams

e Structure functions

Trigger efficiency for « Agreement better than 1.4%
hadronic events ~ 100%

Leading-order cross section - ~N
ofete” > utu” Detection efficiency for inclusive hadronic events

* Most crucial source for uncertainties!
* Evaluated using two different generator models
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Analysis Workflow
2.23 GeV to 3.67 GeV
( R scan data )

) Reject Bhabha and
Information from EMC (Di_gamma events j

Good charged track selection (prongs)

(Select good charged &
and neutral tracks Isolated photons
Directly counted
2-prong events 3-prong events >4-prong events .
(2r g ) (3 g ) (24-prone ) as hadronic events

2-prong 3-prong
hadronic events hadronic events

(Hadronic events) > N ﬁgfi

Additional cuts needed
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LUARLW: Nominal Model for Signal Simulation

Self consistent inclusive generator

Based on JETSET for low energies

Kinematics of initial hadrons determined from

Lund area law [arXiv:hep-ph/9910285]

Generation of resonant and continuum states

ISR implemented from m_, to+/s

A
Y

Bl Fr——y
-

-

EW Per. QCD Hadrorr Deteclor

Phenomenological parameters tuned to data leaton
Hadronisation procedure in e*e- annihilation

Used in most previous R-value measurements
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Alternative Model: HYBRID Generator

* New event generator with as much experimental input as possible

 Combination of three established event generators:

* Phokhara: 10 exclusive channels, hadronic models tuned to experiment
* ConExc: 47 channels with cross sections from experiment
* LUARLW: remaining unknown processes
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Full hadronic R ratio
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Comparison of LUARLW and HYBRID Generator

"sr

\s =3.4000 GeV

—LUARLW
—HYBRID

e Effective energy spectrum of simulated
ISR processes at /s = 3.4 GeV

 LUARLW and HYBRID generators

A S S e /s’ spectrum directly reflects the

[
(e
IS

T [T |||||| lllllllll IIIIIIII| Illlllﬂ] [ TTIT

0.5 . + - , fraction of ISR-returned processes
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Comparison of LUARLW and HYBRID Generator with Data

LUARLW
r’110000:— N's = 3.4000 GeV § . ?0522%: Ns =3.4000 GeV § 2000_ .y
§ 5000|- E‘) § 10005— go 1000;—
- H E <5 = 3.4000 GeV a 500;— H H . é I 5 = 3.4000 GeV
ﬂ o - o . i E & a
_Z(E i ! o Wk i 0 1+”ﬂ1+ ¢ *p“*‘n“ﬂ#ﬂ”“*ﬁ +?“7f +Y& it ?+ _z(z) i = el Y t _g§ :...».,MM"M.OM.
"o 2 4 6 8 10 0t 05 0 05 1 "o 2 4,6 8 10 - 05 1
Npr, cosd N ® E/(pc)
HYBRID
10000~ s=34000GeV | €0 r A P s=3.4000GeV |
) | S g 2000_ O + . 1500; g
g sonol. P 1000} § 1000~ %
o H u E - {5 = 3.4000 GeV/ & 500~ H H ;'_,‘é
L H o E ﬂ H =
0'31 ................... By T 0 '(1, gttty +++++H++++++“+++++++H +++{+++{++++++*+H++ 0'(5,: ............. e :
5 3 3 6 8 10 ol 05 0 03 1 k5 ) T org® 8 10
Nprg cosO Niso
* Nprg: Number of good charged tracks (prong) Good agreement of both
2 |
. NISI(’) 8. Number of isolated clusters in 2- prong events generator models & data!

* cos(0), E,and p: polar angle, EMC deposited energy, and measured momentum in MDC
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Results of R-Value Measurements between 2.2 and 3.7 GeV

« .. +---£+..+.-+--;.+--¥.+..%-+rn+..+..+.f*§+"*..-T.L__.L__L...-h!’_ﬁ*w

Phys. Rev. Lett. 128 (2022) 062004

21—
e BESIII (this Letter) ® BES + VY2 A CrystallBall
= KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 I 1 1 1 1 I 1 1 1 1 I 1
2.5 3 3.5
Vs (GeV)

e Accuracy better than 2.6% below 3.1 GeV & better than 3% above
* Inthe energy region from 3.4 to 3.6 GeV:

e Larger than KEDR result by 1.90 & larger than pQCD prediction by 2.70
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Lint [pb_l]
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Further R-Value Measurements at BESII|I
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This work:

* 14 R scan data points
 2.23t03.67 GeV
e ~110pb*

For future analyses:

21 R scan data points ¢ 104 R scan data points
2.00 to 3.08 GeV * 3.851t04.59 GeV
~550 pb-!  ~800 pbt

* Large amounts of additional data available (139 scan data points with > 10> hadrons each)

High accuracy R-value measurements in continuum and open-charm region
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Alternative Approaches for further R-Value Measurements

2-8 1 I L 1 T 1 1 E
27 _ ] . Inclusive LoYv D.ata ] E \/5 — 3.6710 GeV
. Exclusive Data Combination —e— 10-1 =
Inclusive High Data ——+—— L = —LUARLW
2.6— i usive Hig — o —
Transition pointiat 1.937 GeV pQCD --------- = s —HYBRID
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Vs [GeV] \'s' (GeV)
e Exclusive measurement below 2 GeV e Use of ISR technique
* Inclusive measurement above 2 GeV * Exploit large charmonium data sets at BESII|

« Tensions in transition region * Better detection efficiency due to ISR kinematics

e Comparison of inclusive & exclusive measurements
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Summary & Outlook

High accuracy R-value measurements important to test the SM

 Running of agm (M%)
* Muon anomaly a,

* Pilot R-value measurement at BESIII published in 2022 (Phys. Rev. Lett. 128 (2022) 062004)

e 2.2324GeV < +/s <3.6710 GeV
e Accuracy better than

- 2.6% below 3.1 GeV Thank you

e 3% in the region above .
for your attention!
* Additional high statistics data samples available

e Alternative approach exploiting ISR being developed at BESII|
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Backup
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R-Value Measurements at BESII

BESII (1998) Phys. Rev. Lett. 84, 594 (2000)
BESII (1999) Phys. Rev. Lett. 88, 101802 (2002
Gamma2 '
Markl
Pluto

R Value
(4]
|

P OO0 *

5
Ecm (GeV)

e BESIl improved the precision of R from 15-20% to 6%!
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Lattice QCD Result for a>M

u
‘:
BNL g-2
O |
FNAL g-2
. N SM exp,
s T Discrepancy between a;™ anda, ": 4.2 0
= ® X e : 5
BMW, lattice QCD  Experimental 2 ) ) )
Standard Model Average S * |n tension with latest lattice QCD result
o
< e S = from BMW collaboration: 1.5 ¢
n
' O 1 &/
White Paper e
Standard Model o
175 18 185 19 195 20 205 21 215

a, x 10° - 1165900
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Analysis Workflow
2.23 GeV to 3.67 GeV

/. Identify ete™ — ete~ & ete™ — yy \ ( R scan data ) @ood charged hadronic tracks (prongs) \
* Reject them by: l e 1, <5cm&V,.<0.5cm&|cosf| < 0.93
e > 2 showersin EMC (RejectBhabhaandj * Xp = (dE/dx —dE/dxp)/0p <10
- |AG]| =16, + 6, —180°| < 10° Di-gamma events * p <0.94ppeam
e Energy deposition of second-most l * Remove when E/(pc) > 0.8 & p > 0.65ppeam
energetic shower of event > 0.65Epaam (Selectgood charged * Remove when for both tracks E /(pc) > 0.8 &
\ / and neutral tracks \ inv. mass < 0.1 GeV/c2 & opening angle < 19
{ 1-prong events (Z-prong events) (3 prong events) =4-prong events
Isolated photons \
"' 1-prong 2-prong 3-prong :
_hadronic e ‘-..;m.\:d/‘ Gadromc events) Gadromc events] Deposited energy of

shower > 0.1 GeV

Angle between shower

and nearest track > 20°
EMCtiming: 0 < T < 7009

(Hadronic events)
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2-prong events:
Analysis Workflow ﬂo g \

* Two charged tracks not back-to-back
2.23 GeV to 3.67 GeV * Number of isolated photons > 1

* To select hadronic events at least ( R scan data ) 3-prong events:
two charged tracks required l e Two charged tracks with highest & second
» 1-prong events used to tune generator (Reiect Bhabhaand) highest moment not back-to-back
Di-gamma events * Number of charged tracks with

* Events with more than 3-prongs count

directly as hadronic events E/(pc) > 0.8 less than 2

Select good charged * Number of charged tracks with rp;p > 0.25
and neutral tracks \less than 2 /

( 2-prong events ) ( 3- prong events ) (24-prong events)
2-prong 3-prong
hadronic events hadronic events

(Hadronic events) > N ﬁgfi
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CC Cross Sections
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by Nils Hisken
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Individual channels:

e Red: BESIII
e Blue: Belle

* Green: BaBar
 Yellow: CLEO
 Black: PDG

Total hadronic:

* Green: Sum of
exclusive channels

e Blue: pQCD for
Ryas - Ouu

e Red: Sum
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