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Introduction(1)

O We present our new results on a measurement of the efe—mnim’ cross
section in the energy range 0.62- 3.50 GeV with the Belle Il detector at the

SuperKEKB collider

OO0 We measure the cross section using ISR technique for the efe—tmfimly o5
events, taken at the fixed c.m.s 1/s=10.58 GeV.

M = —9”2_2 = agED +afWV + q]VP+ affLbL
O ntn n'is the second largest source on the uncertainty
in the theoretical evaluation of muon g-2. iy 28V (a,HVP Error)
Tt x
et m*
HVP

.
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Introduction(2)

OWe measure the ete™ » ntn~m® cross section with 2.2 %
accuracy at the w mass region.

OThe accuracy of a 3" is da 3"/a 3" ~2%

O My task is to explain how this accuracy is achieved.

O Detailed description is available at arXiv:2404.04915. The same
draft is just submitted to PRD.

g-2 Theory Initiative Mini-workshop
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Key items

O SuperKEKB/Belle Il
OO0 Trigger, ISR technique

[0 Event selection to extract ete—tt' iy, process

[0 Background estimation
O Signal extraction and Unfolding
O Efficiency corrections

O Cross section and aﬁ”calculation

--Blind analysis--

OStudy/optimization of analysis methods and corrections have been fixed using
MC/control data, before examining the signal.

g-2 Theory Initiative Mini-workshop 4
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SuperKEKB

O Asymmetric ete collider at KEK
m /s =M(Y(4S)) =10.58 GeV
B World record instantaneous luminosity : 4.7 X 1034 /cm?/s
B ~90% data taking efficiency : 1-2 fb-'/day

Belle Il detector
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" Belle Il detector Trigger & DAQ

Upper half cross sectional view of the Belle Il detector.

= Belle Il consists of vertex and central drift chamber for tracking, Cherenkov for Particle ID,
calorimeter for photon and electron detection, and K-long and muon detectors. 3m

= All detector components, except calorimeter, magnet, outer KLM, are newly built in Belle II. A
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Trigger for ISR events

O Special trigger lines are prepared, in Belle II, to detect low-multiplicity events such as ISR, 7’s

O This analysis uses Dark matter.

O Single (> 1) high energy clusters in calorimeter with > 2.0 GeV.

O (This trigger line is scaled down by factor of 2 in high luminosity runs.)
O Independence between energy triggers and track triggers (Single track trigger etc.) allows us to
_ _measur‘e\each trigger efficiency in data.
OWe ppy events to measure the enery trigger efficiency in data.

OEfficiency for energetic ISR in

I / / /.-,[,,/7 barrel reg|0n 99 9% 1.0F-----———m T AT e e TR T RS TR T e T
dUncertainty is 0.1%. go.s- |
Y
502:0.6-
v i
0.4}
= Belle Il 2019
0.2 JLdt=4.6 b
* 1 GeV cluster trigger
0.0 05 1.0 15 2.0 25 3.0
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ete"—1mnnly,q selection

Reconstruct two tracks + three photons : e*e'—>rt+Tt'rt°v,SR—> TCTUYYY sk

OFour-mom. kinematic fit (4C-KFit)

M Fit to positions and momenta
B Constrain to initial ete- four-momentum

B Select small X2 to extract signal-like event, y*(2m3y) < 50.

m* m9-decay photons
= From IP mC>01GeV 10°
- e > 0.2GeV, N M(YY) < :I_ Ge\//CZ NX
|Wide mass range for m® mass fit] 5
_Geve > b 4GeVer « (Fit M, dis. in each Ms,to extract '
P the signal _
o
3 3 10
ISR photon £
m ECMS > 4 GeV S reverr———
W |n barrel ECL for trigger " e

MU;Y} (Ge;..f}r:?] -

AC-Kfit X2 distribution (MC)

Belle Il Simulation
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Background suppression (1)

A) Dominant background is from e*e— 'nmnly, since we X2,c(213Y) versus X2,c(215y)
allow any number of photons in an event. 3
— Reconstruct mrm®rdy (with additional 1) - 3rty signal cccfioiiiiaeE
~ 4C kinematic fit under rrreTOny (2n5y) hypothesis,—p 5F <1111t piiiiiiiaes
and x2,.(2m5y) > 30, Lg— SR 100
SN S S s R
AN 2?:::--.lllll---------::;gg%%---
can reduce this background effectively. 9 prriiniiiiiiiiiiifiiiieeEEEEE
X15 ------ EEEEEEEEEE®E = nmEEEEEEE
R SR 21510
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Background suppression (2)

These kinematic selections are quite effective.
Remaining background is already quite small,

~1 % in the w, ¢ resonance regions,and ~10 % at M5, = 1.05 GeV.

B) Background not containing true % : ete— etey, LY, UrUy

— m/e D L(m/e) >0.1 Note that these background processes
— M2, (') > 4 GeV?/c4 do not create any n° peak in M,,,

C) Charged kaon : ete—K*KmtVy
— /K ID L(n/K) > 0.1
D) Remove events in which high momentum =° mis-identified as a ISR photon.

Those events are from non-ISR qg (dominated by m*nmn®n® and ttt (t* - n*r,) .

g-2 Theory Initiative Mini-workshop 10



Entries per 25 MeV/c?

O We obtain the number of evens in each M(3m) bin by fitting M(yy) with signal and background..

O Dotted points show the data.

Extracted signal: e*e—mmnly e,

O Histograms show the background expectation after applying data-MC correction factors.

250 | 0.7825 < M5,<0.7850 GeV
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O Background is 0.5% at the w peak.

Entries per 25 MeV/c?

Any combinatorial
background can be
removed by a fit.
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Validation of the background predictions

We prepare background enhanced data as a control sample to validate the background MC.

O ete-—K*KTOy: ;
+11-170170 2
Invert T/K-ID L(r/K) > 0.1 = L(1/K) < 0.1 Reconstruct mmnomly and select x2(4my) < 30
© ;o | Belle Il Preliminary { Data o
> (Lot =191 10" KKy S 400 f Belle Il Preliminary 4 Data
O 50 F k*'Kn% control sample Cn*rnd S 3BOE ¢ [Ldt=19110" I oy
5 50 F v — 300 F 4my control sample Oty
= 40 f S 250 F [ZOthers
(O] = E
2 30f g 200F
o Q o
2 : 150 F
£ 20F 2 100f
mo 10 £ sf
8 ! 0
c - = - I S
E % y [ % % 1-51 i T+*++‘l*++.001'1++'"+*1 "'i “'l’+'..' 4 7."¢,'¢6.¢¢“‘¢$.‘
- ER 82 s [t e M
& Qs : 75 2 ' 3 35 ® 06 07 08 09 1 ) 11 12 13

«  The contamination from other processes is A slight data-MC difference is assigned as correction factors

- for the background data
negligible.. J ydata N NControl
Signal — 1gna1 M
Control

g-2 Theory Initiative Mini-workshop 12
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Unfolding

O The signal spectrum is unfolded to remove the effect of finite detector resolution
B Typical mass resolution is around 7-10 MeV/c?

O To check how well this detector resolution is simulated by MC, we use the narrow peaks at w,
®, and J/yp in data.

W In particular, J/y is useful since it's resolution is determined only by the detector effect.
B We found about 1 MeV/c? difference on the resolution, and 0.5-1.5 MeV/c?

mass shift between data and the MC and correct these differences in the MC.
Transfer matrix

1.05 . : - _
__ [Belle Il Simulation ... Mass resolution
Ng 8 et Belle Il Simulati
r E Belle Il Simulation
%) ~ : _16000 3 —— Original MC
& 10950 “14000 f _
= . 12000 | J 7y - Corrected MC
e 0.9 i
S- 10000 |
35 0.85[ < 8000
QD ! - @ 6000 [
? 0.8 E 4000 —
o : 2000 f
2 0.75[ i o L. e
= T L -0.03 -0.02 -0.01 0 001 002 003
: ! | Ly A M, (GeVic?)

A PRI PPN IATITETN AR A
0'5.7 075 0.8 0.85 09 095 1 1.05
Measured Spectrum (GeV/cZ)g‘Z Theory Initiative Mini-workshop 13
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Cross section calculation

Unfolded signal spectrum

Cross section Nunfolded i

O-ee—>3n(Mi(37T)) —

/' g(Mi(BT[)) ' Leff(Mi(BT[)) '/,rrad
3n mass at i-th bin / . e o Radiative correction
Effective luminosity
Corrected Efficiency rrqq = 1.0080 + 0.0007
Leff Correction is <1 %.
ji::; =Limgfft;;%in Wi(s,s' 8 )sin@'de )

q ] 2 2 N
:Lim.?w..f"':ﬁ & 4+ 5 1n1+E’_.5 .‘:C ‘
s m\sls—s) 1-C 5
(4)

where Lip 1s the integrated luminosity of the data set,
f% i, 18 the minimum polar angle of an ISR photon in the

c.m. frame, and C' 1= cos 82,

g-2 Theory Initiative Mini-workshop 14
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Systematic uncertainty for ete—m*n'nt® cross section

O Major systematic uncertainty comes from n efficiency and MC generator.

383

Systematic uncertainty (%)

Source
Vs < 1.05 GeV? Vs > 1.05 GeV
Trigger efficiency 0.1 0.2
ISR photon efficiency 0.7 0.7
Tracking efficiency 0.8 0.8
0 efficiency 1.0 1.0
X2 criteria efficiency 0.6 0.3
Background suppression efficiency 0.2 1.9
MC generator 1.2 1.2
Radiative correction 0.5 0.5
Integrated luminosity 0.6 0.6
Total systematics 2.2 2.8

g-2 Theory Initiative Mini-workshop

15
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ISR photon &tracking efficiency

O We measure ISR photon efficiency using etfe—p*py
O We measure charged track efficiency using efe——t*t~ (0.3%/track).

O We check track loss due to shared hits in the drift chamber using e*e—m*mmn events.

O The Inefficiency, f, due to track loss is found to be 5.0% in data and 4.0% in MC
__ N(A@p<0)-N(Ap>0)

2N(Ap<0)

O Total correction factor for trackingis (-1.4 + 0.8)%.
A distribution in data

2500 [
c % Belle Il PrellTlnary
«° S 2000 | [Ldt=191fb
5@ - o - —Ap<0
S T T <t -
O o 1500 | ) I— Ap >0
Q | . t 11| Track loss
\ f 8 1000 |
y Ap >0 d t
2 L
£ 500
L 5
X
oL b b bnn b 1y T W P
0 01 02 03 04 05 06 07 08 09 f

g-2 Theory Initiative Mini-workshop .
| Ap | (radians)
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n° efficiency correction

O Measure r° efficiency using events in exclusive process ete— wy — mrnly

_ 4 — 0 © - Belle Il Preliminary
N (Full reconstruction : yjgrr  m~m") > 8000 [ [Ldt =191 b | Data
.0 = -
TN (Partial reconstruction : yygrrtm™) 2 6000 = [ ]y

, S 4000 : Back d

= Reconstruct the process using only n*m~y;sz § : Ezeckgroun
without using m° information. g 20001
« Count w—ttnrn? signal in M(rtm~n2,,) 0

% 0 -t 4. +'+ {+ ettt +‘il++’:
Recoil momentum a P
- -5t . .
- . ) 08 08 09 09
J{ of m+m Y sk 06 065 07 075 5 5
M(z* 7 7%, ) (GeV/c?)
+ > | Where n.ﬁ’ecmom.entum Precoil is determined by 1-C fit to 'y, s
......... with a hypothesis that recoil mass equals m° mass
e s ' e’ O o are independently evaluated by the data and MC
OData/MC ratio = 0.986 £ 0.006,.,
O Systematic uncertainty related to m%is 1.0%, dominated by
ISR bhoton the uncertainty of the background in w signal.

g-2 Theory Initiative Mini-workshop 17
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Higher-order ISR effects in MC

0 Recently BaBar reports issues on the small-angle additional photon emission in
PHOKHARA MC, (PRD 108 (2023)11, arxiv:2308.05233.

O We also confirm that, although the total radiative correction r,.,4 is small (1%

level), 15-20% events contain additional ISR photons in the generator. This additional photon
emission affects the efficiency of kinematic selection of events using %2 .

0 By taking into account additional NNLO effects, we assign 1.2% uncertainty on
this issue as the uncertainty of the generator. (We need complete NNLO MCs.)

Leading-order (LO) IS

v

Py

Next-to-Leading-order (NLO) ISR NNLO ISR

_ e

®

~y

hadrons hadrons hadrons

g-2 Theory Initiative Mini-workshop et 18
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Result: cross section at w

w(782)
1800 |
Belle Il Prelimina~’ 50
_ 1600 - ¢¢¢ [Ldt=1911b" S 40 E  Belle Il Preliminary & BABAR (21) ----- Belle Il Error (Total)
O 1400 F 0’ o 5 Thi Q 3 ILdt=191 o SND (03) e Belle Il Error (Syst.)
< X ¢ IS exp. e 30F O CMD-2 (04)
c 1200 F ! % BABAR(21) £ o20FE %
B = C
'% 1000 F : ¢ SND (02,03,20 'E 10 "4.‘ % ---------------- .
Q ook ) ¥ } cMD-2(0407) S O fF——— e ]
g i . %_10? ....... -.",.".' % iowl....."‘.r‘..*.
9 000 :_ = - % 20 ;_ | 1 ] ] ]
O 400 " 5 076 0.77 0.78 0.79 0.8 0.81 0.82
i &
200 - ] 508 R ® 00g E (GeV)
0'0.‘?..|....|....|....|.E.’.g.9‘.“’9.qaé
0.76 0.77 0.78 0.79 0.8 0.81 0.82
Vs’ (GeV)

Belle Il cross section at w resonance is 5-10% higher
than that from BABAR and SND.

g-2 Theory Initiative Mini-workshop 19
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Result: cross section above 1.0 GeV

O Good agreement with BABAR results

Cross section (nb)

800
700
600
500
400
300
200
100

®(1020)

459 =
o 9
%I 1 1 I 1 | 1 I 1 1 | I 1 1 1

0'.
1

1005 1.01 1015 1.02 1.025 1.03 1.035 1.04

Vs’ (GeV)

1.05 GeV < M(3m) < 2.0 Gev

Belle Il Prelinginary 1L Belle Il Preliminary
[Ldt=191fo _ [Ldt=191 1"
¢ This exp. :g’ 10 ¢ This exp.
7 BABAR (21) - . 1 BABAR (21)
SND (02,03,20) -% 5 SND (02,03,20)
{ CMD-2 (04,07) % 6 L M +$ Méﬂ { CMD-2 (04,07)
0 : 4 4
S 4 _-fé$ f ﬁé%ﬂégﬁ Yy
O i i
2{ éé%
Fye
||9((Q|n|m|H 0 oo e by by b b |||E§896
11 12 13 14 15 16 1.7 1.8 1.9 2
Vs’ (GeV)
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Results: 3t contribution to a,HVP

a; VPR (0.62- 1.8 GeV) = (48.91 4 0255, + 1.07y5) X 10710

u
a,(31m)x10%0 Differencex1010

BABAR alone [PRD104 11 (2021)] 45.86 £ 0.14 + 0.58 -2.50 (6.9%)

Global fit [JHEPOS8 208 (2023)] 45.91 £ 0.37 £ 0.38 -2.50 (6.5%)

O 6.5% higher than the global fit result with 2.5c significance

O This difference 3x10°'° corresponds 10% of Aa =a (Exp) —a,(SM)=25x10"1°
‘Systematic uncertainty for a,

HVPLD _ © - K(s) R Yds Source Systematic uncertainty (%)
Ay T anz 2 8 had (8)ds, Efficiency corrections 1.63
" Monte Carlo generator 1.20
oo(eTe” — hadrons) Integrated luminosity 0.64
Ryad ':‘-"]' = — — 3 v . =
opilete™ = ptp~) Simulated sample size 0.15
Background subtraction 0.02
7y = o= |1 — TI(s")|2. Unfolding 0.12
4 Radiative corrections 0.50
measured Vacuum polarization corrections 0.04
Total 2.19

g-2 Theory Initiative Mini-workshop 21
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Summary and Prospects

O We report a measurement of the ete-—tt*tm® cross section using ISR events with 2.2 %
(1.6%(exp.)+1.2%(MC)) accuracy at w. This is the First ISR results from Belle Il.

See arXiv:2404.04915 for details.
O Our results are about 2.50 greater than BABAR and a global Fit.

%"V (3m) = (48.91 £ 0.25¢ £ 1.074y5) X 10720

O Statistical errors are still dominated except w and ¢ peaks. Systematic errors can also be
improved by adding more data.

O For further improvement, QED NNLO MC generators are crucial.

O We are planning to make precise measurements on the cross sections in other ISR
processes, et e">n ™, as well as 4m, pp, KKm...

O In addition, We are planning 7% n,n" production in single-tag processes L
ete” - e(e)n’,n,n", which are important for HLbL terms.

Y

g-2 Theory Initiative Mini-workshop 22
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Entries

10°

102

10

Background suppression (3)

D)

i.  M(Tty,eg) > 2 GeV/c? to reduce high momentum p* — i’
ii. M(Y.rY) cut to reduce ISR candidate from Ti°-decay photon
iii. Cluster shape cut to reduce ISR-like photon in which two photons from of Ti° are merged

i) M(Tt*y gg) cut

. Belle Il Simulation

E_—n"rc'noy

|  —— Non-ISR qqgbar

|V|.. [PEPEN R RPN R BRI R
0 0.5 1 1.5 2 25 3.5 4

Entries

i) M(y,sgY) cut

50 |
303
2of

10 |

Belle Il Simulation
— n*nnly

—— Non-ISR qqgbar

SN sulunt savsouttuiite

"¢ 0%eory Mot i wobdhop 025 03

My, v) (GeVic?)

Entries

- _ -
o o (e}
[}%] w =

-
o

i) ISR photon cluster shape cut

Belle Il Simulation
— n*nnly

—— Non-ISR qgbar

25 3 935 4
ISR cluster second moment




ISR photon detection efficiency

COPhoton detection efficiency is measured using efe > u*uy events
OTaking a match between a calorimeter cluster and the missing momentum of dimuon system

DEfficiency is in good agreementw ¢ . P
S ' RTILAAN T
= H’“H
~— 05 t barrel region only
R o Noll o
\ZECLCIuster S —_— Belle Il  Preliminary
£ 4 MC JLdt = 712 b1
‘é 0.0 L L L | . . L . | L L . . 1 . L L L | L L L L | . . .
w I
1.025
SE SEVRL IETYIPIC IR T YTTReses e
ggl'oooi[ﬂﬁﬂfhﬂn sttele AR AR ARARAREY' ”
W [
0.975 |
T 2 3 4 5

belle2-note-ph-2022-017
g-2 Theory Initiative Mini-workshop pReCOiI [GeV/C] 25
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Higher-order ISR effects

0 20% excess in the small angle additional photon events in the PHOKHARA MC is reported
by BABAR
O We verify the BABAR observation in PHOKHARA in the Belle Il data.
O Signal efficiency can change because most NLO additional photon events are rejected
by X2 criteria in kinematical fit.
O Due to this effect, we confirm that the x2 efficiency by PHOHARA is underestimated by
(2.4*0.7)%.
O Using KKMC, we estimate that efficiency will also change due to NNLO effects by 1.9% in
the opposite direction.
O As aresult of these consideration, we conclude
O No correction is assigned to our results but,
0 1.2% systematic uncertainty is accounted for as MC generator-derived error
000.7%(NLO excess error) @ 0.95% (half of NNLO effect) =1.2%

g-2 Theory Initiative Mini-workshop 26
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Recent situation in muon g-2 anomaly

0 5o significance through new direct measurements from Fermilab

O Non-negligible uncertainty in theoretical predictions
O Major uncertainty is derived from Hadronic Vacuum Polarization (HVP) term
O HVP predictions are different depending on methods: e*e-data vs Lattice QCD

HVP calculation with ee—hadrons data

BNL (2006) HVP
SM (e*e" data) —e— FNAL 11 (2023) et
(20:20) 5107
R ——  EXp.
Lattice QCD Bl (BMW2020) /
§ e~ hadrons

17 175 18 185 19 195 20 205 21 215 22

11 DPRL 131 161802 (2023) [3] Nature 593, 7857 (2021)
- 2 Th Initiati El/%-r—we&eﬁe—p 27
a,x10" - 1165900 & o A o B e Rept. 887, 1 (2020)
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Recent situation in muon g-2 anomaly

O 5o significance through new direct measurements from Fermilab

O Non-negligible uncertainty in theoretical predictions
O Major uncertainty is derived from Hadronic Vacuum Polarization (HVP) term
O HVP predictions are different depending on methods: e*e-data vs Lattice QCD
O Differences among ete- experiments are also non-negligible

O Validation by independent experiments is important in HVP prediction

SM (ete- data) 2!
(2020)

—_——

BNL (2006)
L

—e— FNAL [ (

——  EXp.

Lattice QCD Bl (BMW2020)

llllllllllllllllll

SM (e*e  data w/ (;MD-3)

ee— Tt contribution to HVP

2023)

I

SNDO06

CMD-2
BaBar e
KLOE” P

BESIII

combination H—e—H

llllllllllllllllllllll

17 175 18 185 19

a,x10° - 1165900

195 20 205 21 215 22

475
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Radiative return method

O Measure the cross sectionin the energy range 0.4-3.5 GeV at fixed e*e- energy collision
O Use a process associated with energetic ISR emission
m Only less than10% of ISR photons are emitted into detector acceptance

s’ =5 — 2+/sEsg

e+

Hadronic system energy
Js'=0.4—3.5GeV

Initial ete- energy
Vs =10.58 GeV

< Y

Initial-state radiation : ISR

%S%eo%ln%ia ive_l\/lifﬁ—vgrtg%gp\/ 29
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ete"—1mnnly,; selection: Background suppression

Apply background suppression criteria to reduce remaining backgrounds
K+
e.g. cluster from detector interaction K_

B) Kaon background:

*
o e*

7 e.g. cluster from beam background

I
I
I
I
I
g . . | e*e’ — K*K'my s
> Fe A) Background not containingreal m% — 5 fe
- +
e e’ e.g., ete — etey, gtpy, Wy : € €
These bkg do not create any n° peak in M., :
—————————— I—————————————————————————————
_________________ =
I
I
I
I
/ rdecay v i
7 ; I D) Background
© y 0170 © L not containing real ISR:
C) e'e” —» m'mnn | .
) Yisr | 4 ete” — IO, T+

g-2 Theory Initiative Mini-workshop T[Odecay Y, 30
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Final-state radiation background

O Difficult to reject FSR background or extract control sample
O Estimate FSR background using pQCD prediction based on the BABAR previous analysis [PRD112003]

e~ Tt e~ T 0 : Belle Il Simulation
(:9- OF ' — Incoherent sum
> 30F |
v 0 s - _ -~ GoONstructive (0°)
T '{-"3 — — Destructive (180°)
g 20 :
o 15F
0 i 'LE 10}
L 5
el T | et T 0% . 15 25 3 3.5
M(37) (GeV/c?)
FSR emission from final-state pions FSR emission from the quark legs
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Efficiency correction : Summary

Efficiency correction (%)

Source M < 1.05 GeV/c? M > 1.05 GeV/c?
Trigger -0.1+0.1 -0.1+0.1
ISR photon detection 0.2*0.7 +0.2 0.7
Tracking -1.4+0.8 -1.7*=0.8
0 detection -1.4+1.0 -1.4£1.0
Background suppression -1.9+0.2 -1.8+1.9
x2 distribution 0.0£0.6 0.3£0.3
MC generator 0.0x1.2 0.0x1.2

Total correction -46x2.0 -46%2.0
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Tracking efficiency

O Tracking efficiency for pions is studied with the ete-—t*t~ process.
0 Data-MC differences are confirmed to be small with 0.3% uncertainty per track.

Data-MC discrepancy of tracking efficiency
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Uncertainty on background suppression

O Estimated by the ratio of signal yield before/after the criteria

O Itis evaluated using w,¢, and J/w resonances of good S/N

O In M(3m) < 1.05 GeV/c?, efficiency is (89.5 = 0.2)% for data
OData-MC difference is €4,../€mc -1 = (-1.90 £ 0.20)%

O M(3m) > 1.05 GeV/c?: the number of J/w was obtained by M(3mn) Fitting
OData-MC difference is €4,../€mc -1 =(-1.78 =1.85)%
OError is due to statistical errors in the sample
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X2 kinematic selection efficiency

O ISR and tracks y2-criteria efficiency is confirmed using etfe—p*uy sample

O Confirm effects from differences in position, momentum, and energy of ISR and tracks
O Agreement confirmed within £0.6% uncertainty

O Dependence on multi-ISR photon calculations is discussed on the next page
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‘Result: cross section at high and low masses

Cross section (nb)
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Comparison with BABAR 2021 measurement

O In quite a few respects, this analysis follows the BABAR method

O Systematic uncertainty is still nearly twice as large
B NNLO generator is needed

Belle Il BABAR (2021)
Dataset 191 fb! 469 fb
Combinatorial yy background M(yy) fit MC
ISR energy in kinematic fit Used Not used
Generator PHOKHARA AfkQed
Generator uncertainty 1.2% §
Detection efficiency uncertainty 1.6% 1.1%
Integrated luminosity 0.6% 0.3%

Total systematic uncertainty for a,(31) 2.2% 1.3%
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