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Hadronic Cross Section and Hadronic Vacuum Polarization JG’U

[— Hadronic vacuum polarization _l

Anomalous magnetic moment of the muon (g-2), Running electromagnetic fine structure constant
L~ dtem(M3) = -
HVP _ = :
af"? = | dsK(s) Opaa(s) 1 - Aa(MD)
A (5) 2 L d had
ahad(MZ) S

412 S(S - Mg)

ahad(s) —
ow:(e*e” - Hadrons)

Ohad(s)
Oeeopu(S)

Rpga =

Achim Denig Status of e*e™ hadronic cross section experiments



3

Hadronic Cross Section and Hadronic Vacuum Polarization W
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Measurements on R — Energy Scan vs. Initial State Radiation 6|
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Measurements on R — Energy Scan vs. Initial State Radiation [k
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* No systematic variation of E, .
* High statistics thanks to high luminosity
* Radiative corrections (H,,4)

PHOKHARA event generator
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Measurements on R — Energy Scan vs. Initial State Radiation
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* No systematic variation of E, .
* High statistics thanks to high luminosity
* Radiative corrections (H,,4)

PHOKHARA event generator
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Measurements on R — Energy Scan vs. Initial State Radiation
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* No systematic variation of E, .
* High statistics thanks to high luminosity
* Radiative corrections (H,,4)

PHOKHARA event generator
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Hadronic Vacuum
Polarization (HVP) for (g-2),

from dispersive Analysis
a>M = 11659 181.0 (4.3) x 10710

U

Estimate of (g-2) Theory Initiative
based on dispersive approach
(including higher orders):

( 693.1+4.0 )- 1010
was (= 687..694 + 2.4..4.1)-1010




Hadronic Vacuum Polarization Contribution to (g-2),

Optical theorem (unitarity) and analyticity:

Data-driven approach; K(s): known kernel function
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Most relevant Channel: ete™ — n'n (until 2023)
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- ISRKLOE 0.6%
- ISR BESIII 0.9%
- Energy Scan CMD2 0.8%*
* limited in addition by statistics
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Most relevant Channel: ete™ — n'n (until 2023)

MO T HEP1803 (2018) i P - W inter- —— CMD-2 03/06 372.4+3.0

1200 @g : ¥ ference 1 ———— SND 04 371.7+5.0

£ 1000 g { — . BABAR 09 3767 +2.7
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i =
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0 Most recent evaluations of HVP:

) :zg EIIECS)IITI gg;’ = Davier, Hocker, Malaescu, Zhang (DHMZ)

) r2 70 - averaging via 2" ord. polynomial interpolation

- Energy Scan CMD2 0.8%* - systematic correlat. propagated via pseudo-data (MC)
* limited in addition by statistics = Keshavarzi, Nomura, Teubner (KNT)

- data subjected to a clustering procedure

- fit over all data sets taking into account correlations

Achim Denig



12

JGlU

2020 Whitepaper Estimate of HVP

Merging of KNT, DHMZ estimates + input from ChPT/dispersive fits: CHHKS for 2m, 3t channels;

DHMZ19 KNT19 Difference
@ 507.85(0.83)(3.23)055)  50423(1.90)  (3.62 D Z-(

e 46.21(0.40)(1.10)(0.86)  46.63(94) 042

nt i 13.68(0.03)(0.27)(0.14)  13.99(19) ~0.31

7t 1 7070 18.03(0.06)(0.48)(0.26)  18.15(74) ~0.12

K*K- 23.08(0.20)(0.33)0.21)  23.00(22) 0.08

KsK, 12.82(0.06)(0.18)(0.15)  13.04(19) ~0.22

0y 4.41(0.06)(0.04)(0.07) 4.58(10) ~0.17

Sum of the above 626.08(0.95)(3.48)(1.47)  623.62(2.27) 2.46

[1.8,3.7] GeV (without c?) 3345(71)  34.45(56) ~1.00

Tjw, (25) 7.76(12) 7.84(19) ~0.08

[3.7, 00) GeV 17.1531)  16.95(19) 0.20
Cotal M0 D 694.0(LOBS)1OO.)y (0. pvagep  692.8(2.4) 12 D reasonable agreement

Achim Denig
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2020 Whitepaper Estimate of HVP I

Merging of KNT, DHMZ estimates + input from ChPT/dispersive fits: CHHKS for 2m, 3t channels;

DHMZ19 KNT19 Difference

@ 507.85(0.83)3.23)0.55)  504231.90)  (3.62 D |
T 46.21(0.40)(1.10)(0.86)  46.63(94) ~04
et 13.68(0.03)(0.27)(0.14)  13.99(19) ~0.31
7 nn’ 18.03(0.06)(0.48)(0.26)  18.15(74) ~0.12
K*K- 23.08(0.20)0.33)021)  23.00(22) 0.08
KsK, 12.82(0.06)(0.18)(0.15)  13.04(19) 022
'y 4.41(0.06)(0.04)(0.07) 4.58(10) —0.17
Sum of the above 626.08(0.95)(3.48)(1.47)  623.62(2.27) 2.46
[1.8,3.7] GeV (without c2) 3345(71)  34.45(56) ~1.00
I, $(2S8) 7.76(12) 7.84(19) ~0.08
3.7, 00) GeV 17.1531)  16.95(19) 0.20

Cotal M0 D 694.0(LOBS)1OO.)y (0. pvagep  692.8(2.4) 12 D reasonable agreement

> aflVPO= 693.19.8) exp(2:8) 55t(0.7) yocp = 693.1(4.0) x 1071° Whitepaper estimate

experimental uncertainties: \energy region [1.8;3.7] GeV; usage of pQCD by

. . KLOE/BABAR tension:
domitated by 2m uncertainty ./ DHMZ, while KNT follows data-driven approach
leaving out KLOE or

Achim Denig BABAR, respectively Status of e*e™ hadronic cross section experiments
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2020 Whitepaper Estimate of HVP I

Merging of KNT, DHMZ

ut from ChPT/dispersive fits: CHHKS for 2m, 3t channels;

DHMZ19 KNT19 Difference
507.85(0.83)(3.23)055)  50423(1.90)  (3.62 D |
46.21(0.40)(1.10)(0.86)  46.63(94) ~042
13.68(0.03)(0.27)(0.14)  13.99(19) 031
8.03(0.06)(0.48)(026)  18.15(74) ~0.12
23.08(0.20)(0.33)0.21)  23.00(22) 0.08
12.82(0.06)(0.18)(0.15)  13.04(19) ~0.22
4.41(0.06)(0.04)(0.07) 4.58(10) ~0.17
__~Sum of the above 626.08(0.95)(3.48)(1.47)  623.62(2.27) 2.46
[1.8,3.7] GeV (without c?) 3345(71)  34.45(56) ~1.00
I/, w(2S) 7.76(12) 7.84(19) ~0.08
[3.7,00) GeV 17.1531)  16.95(19) 0.20

Cotal M0 D 604.0(LOGSLOO.D,O0.Npvaoen  692824) (1.2 D reasonable agreement

> aflVPO= 693.19.8) exp(2-8) 55t(0.7) pqep = 693.1(4.0) x 1071% Whitepaper estimate

experimental uncertainties: \energy region [1.8;3.7] GeV; usage of pQCD by

. . KLOE/BABAR tension:
domitated by 2m uncertainty ./ DHMZ, while KNT follows data-driven approach
leaving out KLOE or

Achim Denig BABAR, respectively Status of e*e™ hadronic cross section experiments




2024: SM — Theory vs. Experiment. (g-2),

J6|u

(2020)

Selected new results
since White Paper (2020)

< 5.00 >
+——
Significance will likely decrease Fermilab
with an updated SM prediction (2023)
< 5.10 >
L +—o—
SM: e+e- HVP Fermilab+BNL
T.I. White Paper (2023)

SM: e+e- HVP
using only CMD-3
data below 1 GeV

17.5 18.0 18.5

19.0 19.5 20.0 20.5 21.0
a,x10° - 1165900

Post-2020 Whitepaper:
= BMW Lattice QCD HVP
= CMD-3 data on mt+m-

Achim Denig



2024: SM — Theory vs. Experiment: (g-2),, Gl

<

5.00

>

Significance will likely decrease
with an updated SM prediction

+—e—+
Fermilab

(2023)

5.10

<

®

SM: e+e- HVP
T.l. White Paper

(2020)

Selected new results
since White Paper (2020)

@

>

+—e—
Fermilab+BNL

SM: e+e- HVP
using only CMD-3

data below 1 GeV

17.5

18.0

18.5

19.0 195
a,x10° - 1165900

20.0 2\%

Achim Denig

Post-2020 Whitepaper:
= BMW Lattice QCD HVP
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2023 Shock: CMD-3@Novosibirsk e"e— n'm

1v:2302.0883
= New result from CMD-3 collaboration @ VEPP-2000 collider in Novosbirsk Sy “

= Energy scan (from threshold up to 1.2 GeV) method, no ISR! P (N7r+7r— A¥) gg (L4 Gure-) - Ecte
» Form factor extraction via selection of rut/ee ratio S 04— (L4 Optn—) - Extn-

= Highest statistics data sample of all experiments, systematic uncertainty 0.7% on p peak

-> Significant deviation from previous ISR and energy scan experiments ! Why? No answer !

Differential spectrum

(g-2) Integral a;" (600 — 880 MeV)

I 0.2 5 E
= ‘ before CMD2
250.15f . :
01 . - SND
Hevistion 0.05, s E_ —i KE.OE comb
m —in i — —_—— BABAR
CMD3 fit _0.05F E_ —_— BFS
. 455 ‘ E CI;.EO
T 3 — SND2k
—0.15EE E— p— - C[:VIDS
0.3 IV P IT A IS TP PIT TL Y
. 360 365 370 375 380 38 390

a™™ (0.6 <\s<0.88GeV), 107"
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:NEW 2023 Shock: CMD-3 (@ Novosibirsk e'e — n*n

Scrutiny of CMD-3 result within the Theory Initiative
= Very open replies by F. Ignatov = no major showstopper observed
Very powerful analysis with many and impressive internal cross checks

Monte-Carlo generator for energy scan cannot be independently varified
= Unfortunately no (real) blind analysis

Achim Denig Status of e*e ™ hadronic cross section experiments
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WNEW/| 2023 Shock: CMD-3 @ Novosibirsk ete~ — m'n & 2
S

Scrutiny of CMD-3 result within the Theory Initiative energy release )Z P
= Very open replies by F. Ignatov = no major showstopper observed in calorimeter P

= Very powerful analysis with many and impressive internal cross checks '
= Monte-Carlo generator for energy scan cannot be independently varified wE
= Unfortunately no (real) blind analysis

tracks in DC

Most impressive feature: mn/ee ratio determined
o independently by two complementary methods

/s =500 MeV

> /5 =900 MeV

p+ P+ «— - Momentum based
i - Calorimetric agreement ~ 0.2% around rho peak
' e |
;*EO_M i 4"”35 |
e e P s e P- i T l T AR |
. Vs =956 MeV < - : Vs =548 MeV ::; of | II' " i '
: e

LXe Energ:

n

Vs, GeV

Status of e*e™ hadronic cross section experiments
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NEW BABAR Radiative Correction Studies

NLO H{-"w e Phys. Rev. D 108, L111103 310‘2 Yoo, ' RN
. U e g o Lu . S .. TRy
‘ 1 S10° .
\‘ \ l ) . « Signal data .
o \‘“ ' }l\\ Requlres 7 é 104} © PHOKHARA % '
5 y\ F 7" L ,O ot © 1.2t Before NNLO corection |
sk Ysa s Yia arge s On a 3 § 081 .....:.....'...;.......'.;“.,..;..,.,,....b...,n.'.A.,.'ATl}1...
NNLO ’nea,-,- rg@ a é 06
ng eff ng/e 1.2 After NNLO correction
RYAR e €cts 3 od PR TN ||| I
. . % % Y A 3 06 S )
et Tal Ta e gt T T e et & e 05 1 15 25- 2.?68 v? 35 4 45
|\ R i \ ®
| | el . . , .
YlSRzlvsA Yisk YsaYia YISRiYM 31072 %."' o, rn.YISRYSA 1
g, 10° e, y 1
o « o o s « Signal data fai
Detailed study of NLO and NNLO radiative corrections gro+| o Prooum “ ;
= Kinematic fits for 1~ yisra ¥ ), B U Visrra ¥ (V) : .’ ._.:?f.ff’..’f;‘?.ff},‘ff';,"ff."i’.",....h.‘....:..‘_'.J‘J.'..__
=  Comparison with PHOKHARA (NLO full correction) and % = g peemre
. . . 1 ........................... :: ........... ... .......
AfkQED (collinear approximation beyond LO) generators 2 sl L it T | |W |
. . . . . . E.yn.(Gev) ‘
- NNLO radiation observed at 3.5% level (missing in PHOKHARA) ®)

- Phokhara prediction for small angle ISR photons at NLO too high by ~25% (AfkQED better)

Achim Denig
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NEW

BABAR:

Possible Consequences from BABAR Findings (?)

arxiv:2312.02053
- rather inclusive selection and therefore weak dependence from PHOKHARA

- however: in original BABAR 21t paper 2% correction applied to AfkQED due to claim that
PHOKHARA provides better NLO correction = only valid for acceptance?

—> claim: small effect on published BABAR result due to PHOKHARA NLO limitations
KLOE/BESIII: - less inclusive selection regarding NLO

- claim: possibly large effect due PHOKHARA NLO limitations,
BESIII: good agreement data-PHOKHARA in 2 distribution (?)

-
o
S

Events /1

20 40 60 80 100 120 140 160 180 X'LQOO
4C

Achim Denig
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T
gNEW Possible Consequences from BABAR Findings (?)

arXiv:2312.02053

BABAR: - rather inclusive selection and therefore weak dependence from PHOKHARA
- however: in original BABAR 21 paper 2% correction applied to AfkQED due to claim that
PHOKHARA provides better NLO correction = only valid for acceptance?
—> claim: small effect on published BABAR result due to PHOKHARA NLO limitations

KLOE/BESIII: - less inclusive selection regarding NLO
—> claim: possibly large effect due PHOKHARA NLO limitations,
BESIII: good agreement data-PHOKHARA in 2 distribution (?)

excellent PHOKHARA-
KKMC comparison (?)

1.021

(b) RATIOS

[ A PHOKARA.O2KKsem.O3exp
KKsem.02/KKsem.O3exp

-
(=}
£

1.015

Events /1

101

1.005-

10?

0.995-

1 i ‘ ‘ ; ‘ 099:_ [Acta Phys.Polon. B36 (2005) 2387] 1
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'4C

0.985;— H u’y

SR Y Y TYOYS OO0 PYOYY FYUN VSN FYORY PYEY VRN PO
Status “0 01 02 03 04 05 06 07 08 09 1

Q% [GeV]
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| M E
g NEW| Hadronic Cross Section Data after 2020 Whitepaper

BESIII t*r~ (600 < Vs < 900) MeV, update of covariance matrix = central value unchanged
Energy scan measurements above 2 GeV of multi-hadronic channels (spectroscopy)
Total hadronic cross section measurement above 2 GeV

New SND scans of m*rt4n? above 1 GeV (> 3% uncertainty)

New SND scan of m*r~ channel, (525 < Vs < 883) MeV
—> systematic uncertainty > 600 MeV: 0.8%; after publications issues found

New BABAR ISR data on ri*rt4n®, 2(ri*ir)3n°, KKnirem
New BABAR ISR analysis of m*t7t¥ channel, (0.62 < Vs < 3.5) GeV

- systematic uncertainty: > 1.3%
- fit to M, including o(782), w(1420), w(1680), ¢(1020), p(770)

First BELLE-II ISR analysis of hadronic process: m*t7t’ channel, (0.62 < Vs < 1.8) GeV

—> systematic uncertainty: >2.2%
—> integral value higher by 2.5 sigma than BABAR
Main limitation (~1.2% error): NLO rad. correction = confirmation of BABAR findings

Achim Denig
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Inclusive R-
Measurement via
Energy Scan

Phys.

Rev.

Lett.

128

(2022

)

062004




§ NEW Inclusive R Measurement

Above cms energies of ~ 2 GeV inclusive measurement of R, 4 Background Contributions

T Evaluated with MC:
ED keroun low, low multipliciti
(large QED background below, low multiplicities) - BabaYaga@NLO, Phokhara, KKMC

C T I ER
% 1 ’ 1
Master formula: / C e e e R BTN T

1 N N * BdkRC, Diag36, Galuga, Ekhara
R had — /Vbkg ete” s ete™ X
had ( ) — : * Beam related background
Optp— L €had (1—|—5)\
/ I Radiative Corrections
CMS Energy Luminosity Efficiency *  Twoschemes tes.tEd
. ) . ) * Feynman diagram
* 14 points Determined with large Ratio of generated and .
. 29GeV to 3.7 GeV i * Structure functions
.2GeV to 3.7 Ge angle Bhabha scattering reconstructed events «  Agreement within 1.2 %
e >10° had. events from Monte-Carlo

Achim Denig Status of e*e™ hadronic cross section experiments
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Inclusive R Measurement

[NEW

Background Contributions
Evaluated with MC:
* BabaYaga@NLO, Phokhara, KKMC

/ ete” mete , ptu vy, 7T
* BdkRC, Diag36, Galuga, Ekhara

1 . Nhad — kag efe” —ete X
Oputu— L €had - (1 + 5)\

Above cms energies of ~ 2 GeV inclusive measurement of R, 4

(large QED background below, low multiplicities)

Master formula:

Rhad(©) =

Beam related background

/ | Radiative Corrections
. . . . e T h
CMS Energy Luminosity Efficiency Wo senemes tesftEd
. ) . ) * Feynman diagram

* 14 points Determined with large Ratio of generated and .
. 29GeV to 3.7 GeV i * Structure functions

.2GeV to 3.7 Ge angle Bhabha scattering reconstructed events «  Agreement within 1.2 %
e >10° had. events from Monte-Carlo

Analysis strategy: select all events with > 2 tracks

= Reject back-to-back 2-prong events (Bhabha, Di-Muons)
= Remaining background from ISR and QED events (e*e™ - eTe™/ utu~) subtracted from MC

Achim Denig
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New R.

mnc

; Measurement from BESIII

After years of developments, tuning, and cross checks two complementary inclusive MC
‘ generators (fully theoretical LUARLW, data-driven hybrid MC) have been found to be in

agreement on a level of 2.3%

= Energy range covered: 2.2 < Vs <3.7 GeV
= Statistical uncertainty <0.5%

Systematic uncertainty <2.6% below 3.1 GeV

~3.0% above

= Above 3.4 GeV deviation observed with:
- KEDR/Novosibirsk on the level of 1.9¢
- pQCD theory on the level of 2.7c

World’s most precise R;,, measurement !
Some deviations from pQCD seen ?!

R

&
g
'

e BESIII ® BES A CrystallBall
= KEDR * MARK-I ¢ PLUTO ---pQCD+JAp and '
1 1 I 1 1 1 I 1 1 1 1 I 1
2.5 3 3.5

s (GeV)

Next step:  Analysis of high statistics energy scan in entire range 2.0 — 4.6 GeV

Achim Denig

Status of e*e™ hadronic cross section experiments




28

J6|u

Messages learned from Inclusive R Measurement

Remember: - Selection requires = 2 tracks, which are not back-to-back

- Detector acceptance starts above 21° Efficiency
> For Iow-multiplicity finaI hadronic states (™, ! -
ntn n® ntn nx0, ...), the probability to
be not selected Iarge relatlvely large Zoes
- Total event efficiency at 60% .... 70% level
” . R Scan [PRL 128 (2022) 062004]
2.0 2.2 2.4 2.6\/§/ éSeV 3.0 3.2 3.4

For the determination of the event efficiency, a precise MC generator for
ete”™ - Hadrons is needed (possible model dependence difficult to estimate)

‘ Is there a way to increase the detection efficiency?

Achim Denig Status of e*e ™ hadronic cross section experiments
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New Inclusive Approach using ISR

Event selection:

e'e — YSRT T

= Select 1 high-energetic photon > 1.2 GeV = ISR photon

at large polar angle |cos@;sg| < 0.8
—> Restricts hadronic mass spectrum < 2.7 GeV

= Require (for time being) > 1 charged track in the event
- Does currently not include fully neutral states (e.g. ete™ — %)

Achim Denig Status of e*e™ hadronic cross section experiments
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New Inclusive Approach using ISR

Event selection:

= Select 1 high-energetic photon > 1.2 GeV = ISR photon
at large polar angle |cos@;sg| < 0.8
-> Restricts hadronic mass spectrum < 2.7 GeV

= Require (for time being) > 1 charged track in the event
- Does currently not include fully neutral states (e.g. ete™ — %)

= ISR boost confines particles into narrow cone
—> Very high detection efficiency

= Less reliant on description of hadronic MC
- ISR description in MC under control

Single measurement down to threshold (does not need scan)

ete”™ — yrm T
7r_
\\\“‘_
s & ‘
»
YiSR

= Measurement fully inclusive for Final State Radiation (FSR) and
higher order corrections of ISR Besm
= In principle able to measure fully neutral channels
Achim Denig Status of e*e ™ hadronic cross section experiments
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New Inclusive Approach using ISR: Efficiency

J6|u

Event selection:

= Select 1 high-energetic photon > 1.2 GeV = ISR photon
at large polar angle |cos@;sg| < 0.8

ISR method

Hadronic efficiency "

lly neutrals)

- Restricts hadronic mass spectrum < 2.7 GeV ::0 WWWWWWWW
= Require (for time being) > 1 charged track in the event 0:9;
- Does currently not include fully neutral states (e.g. ete™ — %) ISR method
0851 for hadronic events
ISR boost confines particles into narrow cone Eowo
—> Very high detection efficiency 075 e e
Less reliant on description of hadronic MC - - traditional
- ISR description in MC under control P ) o energy scan
Single measurement down to threshold (does not need scano)mo'O R 1;?”had /Zé]ev S

Measurement fully inclusive for Final State Radiation (FSR) and
higher order corrections of ISR

In principle able to measure fully neutral channels
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New Inclusive Approach using ISR: Challenges

1) Enormous background from QED processes: ete” sete (y)
ete” > yy(y)
ete” - utum(y)
ete” ottt (y)

2) Background from hadronic events, which are not ISR, i.e. % decays (only relevant for high hadr. masses)

3) Very limited hadronic mass resolution due to energy resolution of ISR photon detection
AE;sr/Eisgr = 3%/ E;sg[GeV] (i.e. 30 MeV for E;gp = 1 GeV)

.... many more,
for instance radiative corrections

Achim Denig Status of e*e ™ hadronic cross section experiments
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New Inclusive Approach using ISR: Challenges

1) Enormous background from QED processes: ete” sete (y)
- apply dedicated PID (particle identification) 6’:9: - Y)i()/_)
cuts to distinguish hadrons from leptons, 6’+9_ - #+ #_ )
especially from electrons ete” > 17T (y)

2) Background from hadronic events, which are not ISR, i.e. % decays (only relevant for high hadr. masses)
- Dedicated cuts to veto meson decays, which mimick ISR photons

3) Very limited hadronic mass resolution due to energy resolution of ISR photon detection
AE;sr/Eisgr = 3%/ E;sg[GeV] (i.e. 30 MeV for E;gp = 1 GeV)
- Unfolding of mass resolution using modern methods

\
. . Xa:
.... many more, D’\SC\a‘me“ 4t S“O\N da
. e g . e
for instance radiative corrections Not al\oW
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Hadronic Mass Spectrum

Mass spectrum after application of PID and meson veto

AAAAAAAAAAA all hadronic channels (non-ISR) B cfe

B 7 (ISR) L T I
5000 , - |
- 7w (15R) . | = Plots for /s = 4.180 GeV
K*K™ (ISR) I S e 3.1/1b
4000 other hadronic channels (ISR) ,-,':::::':é;?;, (3.1/ _ ) _
g o\ RE = No additional cuts using
2 3000 Muon Detector or
8 other selection cuts
i,

2000 +

1000 A

() fecatiES A A A R AT S A R A A A o AR | o oy e A P

0.0 O 5 1.0 1.5 2.0 25, 3.0

Vs' /| GeV
= Significant yield of hadronic events over QED background; hadronic non-ISR event yield small < 1.5 GeV
* However ... due to limited energy resolution of ISR photon, huge smearing effects (no p, ®, ¢ visible)
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Unfolding from Detector Mass Resolution

Detector smeari

had (Remainder) ~ HEEE 2(7* 7 )n® KIKP KK -7+ e ec Or s earlng had (Remainder) NN 2(7*m~)x® KK KIK—m+
[__BEaks . rlw 3n0 . 2(KTKT) . KK 7o -t . 7t 300 - 2(KTK") . KK
e ntrn® . 3(rim) 7wty (Scan)  EEE pp [ A . 3(rte) *mn (Scan)  EEE pp

. () - (7t °) K+*K=n° o ) . () - 2(rr7°) K*K=m° o )
L ke KK~ KK i 2m® KK~ KK

Q 0% Reconstructed (O

True

Events / 5MeV
Events / 5MeV

0.0 0.5 1.0 15 2.0 2.5

\/.?/Ge\/.

0.0 0.5 1.0 1.5 2.0 2.5
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Unfolding from Detector Mass Resolution

Detector smearing

had (Remainder) WM 2(7*m~)7® KK KIK~7+
-t . e 3n0 _ 2(KTKT) KK n0n®
. riron® . 3(rte) *mn (Scan)  EEE pp
m—(rtm) - (r ) K*K~=n° i |
. rino2n° KK~ e

Events / 5MeV
Events / 5MeV

0.0 05 1.0 15 2.0 25 i 00 o5 1.0 15 20 25
"o Unfolding .

Application of unfolding algorithms to arrive at true spectrum
Requires Monte-Carlo program to construct unfolding matrix

Systematically testing the bias in the unfolding procedure due to wrong input Monte-Carlo
= observation: effect on dispersion integral for (g-2), at the level of 0.3%

With larger data sets also conversion events might be used to improve mass resolution

Achim Denig Status of e*e™ hadronic cross section experiments



38

Improve Mass Resolution by using Photon Conversion Events

Utilize conversion of ISR photon in detector material,
especially the beam pipe v

) . ANANARWAY . © . A
Reduction of statistics AJd WP A %

Positron

Tracks of produced ete ™ pair to be reconstructed in the MDC

Electron
-e

Improvement of mass resolution by large factors

- Narrow resonances now separately visible

—r e s
High potential for the new high-statistics data sets = A fKKfm -
at BESIII, especially the 20/fb data sample being gl ) sl LR
currently collected e e
-> allows for cross checks between different ! —e \

analysis approaches

Events / 15 MeV
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Conclusions

J6|u

New Lattice as well as CMD-3 results challenging old e e~ data

- radiative corrections are a key issue
- difference between CMD-3 and other energy scan expts. to be understood

Luckily, new ete~ data at the horizon

- BABAR with fit to angular distributions for i/u/e separation

- KLOE with full KLOE statistics

- BESIII with 20/fb data sample (normalization to uu), new ideas R, via ISR
- BELLE-II has joined the team of ISR experiments

- further cross checks by CMD-3 and new SND data from energy scan

Achim Denig Status of e*e ™ hadronic cross section experiments
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Conclusions

New Lattice as well as CMD-3 results challenging old e e~ data

- radiative corrections are a key issue
- difference between CMD-3 and other energy scan ex

Luckily, new ete~ data at the horizon

- BABAR with fit to angular distk
- KLOE with full KLOE statistics
- BESIII with 20/fb data sample (
- BELLE-II has joined the team of |
- further cross checks by CMD-3 a
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