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* Introduction
 The BaBar experiment and data set
« 2009 vs 2025 new analysis procedure

* Overview of Analysis procedure

Kinematic fits

. Angular fits

. puy spectrum comparison to QED prediction

Determination of ISR luminosity

e+te——TUTU (Y)ygr Cross section

Comparison with 2009 BaBar results and contributions to a;
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« Summary and conclusions
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Introduction: Anomalous Magnetic Moment and Hadron Vacuum Polarization
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The anomalous magnetic moment of the muon (a) is one of the most precisely predicted and
measured observables in particle physics

a,. — (g — 2)# % Dirac predicted g = 2 for electrons in 1928
=

9 [Proc. Roy. Soc. Lond. A 118, 351]

In SM calculation:

aSM — 4QED | | had | (EW

7 0 p 7
0,001 ppm P @ 0,01 ppm
I
2 00 k =
3 Srhr HVP
Riaa(s) = 7 S2 ole*e” — hadrons(+y)] Hadronic Vacuum Polarisation
V(0

Hadronic vacuum polarization (HVP) contribution to a, can be obtained by measuring cross sections
of e"e” — hadrons

* largest input from e'e” — w'n~ (73%)
» also calculated with Lattice QCD

a,""P10 data-driven prediction has the largest uncertainty = The focus of the study
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Introduction: Anomalous Magnetic Moment and Hadron Vacuum Polarization
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Current tensions exist between:
* predictions from dispersion approach and direct measurement;
» predictions from dispersion approach and lattice QCD

PRD109 112002 (2024) [ \ httDS://ar?(iV.Or,Q/Ddf/ZSOS.21476
E_ - béfore CMDZ SNL{}ED-z —_— I
E . CMD2 BaBar  se—p—
:— * SND - th—[ll m__“_“““—“"“—“—“"“—_““"“—“-““h““"“““
F | —a— KLOE comb SND20 s
= e BABAR(2009) o, P
E s BESII Lo 3V A 1]
= : , ~ CLEO WP25
= .__.._. SI;!DZk FNAL-25
E . CMD3 ]:‘I\:ALrZB
= (0. @\/s<0 88 (r}eV); : i : FNAL-21 ‘J
o Oy SR BNL-06
360 365 370 375 380 385 390

n+n— -10 —10 ~30 —20 ~10 20
ap, (10 ) 1010 X (a SM —a exp)

Current tensions also exist between:
* measurements from KLOE, BaBar and CMD-3 (KLOE vs CMD-3: >5c tension at p peak)

CMD-3 Collaboration:
BaBar Collaboration:
KLOE Collaboration: s 3
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) The BaBar experlment
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* Asymmetric ete™ collider operating at center-
of-mass (cms) energy Vs close to 10.58 GeV
« Total integrated luminosity of 514 fb—!
collected, mostly at the Y(4S) resonance
(424.2 b~ 1)
 Initial-State-Radiation (ISR): the
emission of a photon in the initial state
allows to exploit a lower cms energy e (9GeV)

range, from threshold to Vs /5 = 10.58 GeV
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ISR Approach to Measurmg e'e”—-n'n /p’ n Cross Sectlon
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Previous BaBar results from 2009 (partial data)

This talk: new BaBar measurement of ete™— y g mHn~/utu~ cross section with full data
samples plus & independent method aimed to improve precision

» Yisr is from Initial State Radiation
Lowgst—order (LO) ISR

9 [ et il gt Lowest-order (LO) FSR -
. ! . ¥ \\«\/\J S -
» Reduced energy: s' =s(1—-— — sy ' (s)
\/g B e o g A P SN ARAANL ~
A N s
* - u //, . e b )
where E*, is the ISR photon energy in y L e i

|
the ete™ cms, and s the squareof the - ____________ e cst e e s o0 s
ete~ beam ene rgy Next-to-leading-order (NLO) ISR E

> Higher order radiation considered SN 2T AnK Pl
with additional y at ISR and FSR \ - ({3’“)/\ // / S (87) A~
levels ) i \/% W\ \\\ ' J ’Y* N .

» MC signals: mmt~ygr(y) & 1 e VY 5 ke N 7/
Tu"ysr(Y) with Phokhara9.1 |
generator

» MC backgrounds: ete —>K*K~ysr(Y), qq (q=u,d,s,c), T+, Xy;sg X=n1/K+mm?,...).
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New Analy31s from the 2009 to the 2025 approach

PRI1.103.231801 (2009) PRD86.032013 (2012)

> Runs 1 to 4 (232 fb! at Y'(4S))

> Runs 1 to 6 (full data sample of 460 fb~1 at Y(4S))

l. Garzia — PhiPsi2026 — Pisa, 8 June 2026


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.103.231801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032013

Y Pl s

B i o i

New Analys1s from the 2009 to the 2025 approach
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x 102 )
Ill 2009 ANALYSIS 1600 T 0:-75) GeVier
» Runs 1 to 4 (232 fb™! at Y'(4S)) 1400 2 amy MC 3
» Particle identification (PID) for n/u separation = dominant 1200 E- E
systematic - .
1000 £ 3
800 E 502s: . E
600 £ p;>0.1 GeVie & —
@{ {;@ 400 £ 2900 YO\
"/ NEW 2025 ANALYSIS & NEW METHOD 200 |- p~1GeVic T -
» Runs 1 to 6 (full data sample of 460 fb~1 at Y(4S)) 0 S 0'5 B

> Removes explicit PID requirement and related systematic

uncertainties 22500

» Different method for 1/p separation: 20000

o Uses different polar angle distributions of 1 and p in c.m. 17500

frame arising from 1 being spin 0 and p being spin 12 12288

da (efe” = ptu™) ~Bul + cos? 6, +(1— B2%) sin? 6,.] n 10000

dcosd, 5 Tt 7500
A\

do (ete™ = atn™) ~sin? 0, -/ ¥ a7 v 5000

dcos 0, YisR 2500

0%, distributions in the ISR process follow the original polar 0

angular distributions of the corresponding Born processes
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New Analys1s from the 2009 to the 2025 approach

S ———— T e T ——
x 102 )
Ill 2009 ANALYSIS 1600 T 0:-75) GeVier
> Runs 1 to 4 (232 fb7! at Y'(4S)) 1400 Ay MC =
» Particle iFientiﬁcation (PID) for /p separation = dominant 1200 E- 3
systematic 1000 = 3
» Selection of charged tracks with momentum p>1GeV/c (more = =
reliable for p-ID) 800 E 2025 ! E
600 £ p;>0.1 GeVie & =
> 400 £ 2900 YO\
@;@ NEW 2025 ANALYSIS & NEW METHOD 200 |- p1Gevie =
> Runs 1 to 6 (full data sample of 460 fb—1 at Y(4S)) 0 S 0'5 B
> Removes explicit PID requirement and related systematic :
uncertainties 22500
» Different method for m/p separation: 20000
o Uses different polar angle distributions of 7t and p in cm 17500
frame arising from 1 being spin 0 and p being spin 12 15000
» Track pr> 0.1 GeV/c (replaces p>1GeV/c requirement in 2009 Eggg
analysis) 7500
5000
2500
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New Analys1s from the 2009 to the 2025 approach

T e

" 2009 ANALYSIS

> Runs 1 to 4 (232 fb7! at Y'(4S))

» Particle identification (PID) for w/p separation = dominant systematic

» Selection of charged tracks with momentum p>1GeV/c (more reliable for p-1D)
> Total relative systematic uncertainty (0.5-1 GeV/c?) = 0.50%

» AfKQED generator for signal MC

L b (R L w-rm'-.-fh— ey D bl
FEE s e A B A B 8 A AN

i
e e i

Q{{d@ NEW 2025 ANALYSIS = NEW METHOD
> Runs 1 to 6 (full data sample of 460 fb—1 at Y(4S))
> Removes explicit PID requirement and related systematic uncertainties
» Different method for m/u separation:
o Uses different polar angle distributions of  and p in cm frame arising from m being spin 0
and p being spin 12
» Track pr> 0.1 GeV/c (replaces p>1GeV/c requirement in 2009 analysis)
» NLO Phokhara9.1 generator for signal MC (+AfkQED for systematic studies)

o Independent method to check 2009 BaBar results
o Blind analysis: offsets (constant multiplicative factors) applied on mass spectra at
different steps
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Overv1ew of Ana1y81s procedure

o I T T e e e o P — e e
. S T . e e 3, A e

o

1. Kinematic fits: for both uuy and 7y processes, the event definition is enlarged to
include the radiation of one photon in addition to the already required ISR photon =
2-dimensional selection against background (slide 9)

2. Angular fit of data with data/MC correction = yu and 7z mass spectra
» blinding on absolute normalization of tracking corrections, trigger corrections
and fitted mass spectra, independently for yu and zz: 6 different blindings
(slides 10 -12)

3. Conclusive comparison of pp spectrum shape vs simulation = unblinding of pup
to compare normalization to QED prediction (slide 13)

4. Successful QED test > pp spectrum unfolded to Vs’, i.e. center-of-mass energy of
final state including Final State Radiation (FSR) = ISR luminosity (slide 14)

5. 7m spectrum unfolded = cross section in Vs’, blinded contribution to a, compute
to first check uncertainties (slide 15)

6. After extensive review and approval from the Collaboration, i cross section and
contribution to a, are unblinded (slide 16)

l. Garzia — PhiPsi2026 — Pisa, 8 June 2026




1. Kinematic fits

- AT m-rmmw_. T

For both puy and ny processes, the event definition is enlarged to include the
radiation of one photon in the addition to the already required y;gg

£ 3

(" Lar ge Angle (LA) fit: the additional y is ) §ma11 Angle (SA) fit: the additional y is assumed t?
detected in the EMC, so the energy and angles be from ISR at small angle to the beams and
are used in the fit. The extra y can be either undetected. The fit assumes this additional vy 1s
L from FSR or from ISR at LA to the beams )L perfectly aligned with either e'e” beams y

DATA: ntrry (0.5<m<1 GeV/c?)

e RgLey
Pt B

Ik

DATA: ppy (0.5<m<1 GeV/c?)

w » Tails indicate events
with additional
radiation

» Larger background in
| Ty Process,

+1)

102

2
YisSRYLA

> 1
£ J ’ suppressed with
o optimized BDT-based
2 B 2D-y? selection (98-
. 99% signal efficiency)
o 1M
NGOG, + 1) IN(XF gaysa + 1)
9
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2. Angular f1ts

i

|cos(0%)| fits on background-subtracted data distributions with

I eey I(Data I 0'3<m1m<0‘3 1 GeV/c?

» templates of @y, puy, and KKy obtained from MC simulation 10 E e v o corected) o= 10611
> data-driven templates for eey process (no reliable simulation) . [~—*™? 1o fin= (858205 ]
using cut-based and BDT selections sk R

» Templates need to be corrected for 2 1ol

o trigger and tracking efficiencies corrections (blinded) g |

o Vertex constraint V,, selection efficiency ]

o 2D-y? selection efficiency I
» Fitperformed twice: in pion mass (m,,) and muon mass (m,,) & *° MWMH }ﬁi{!l mWH“‘%"MHﬂﬁ\“ﬁﬁui\li!r,m\!fuhi %

a o9 SRR SN S A S e o

charged track hypotheses to get both 7y and uuy spectra

T cey mata | 0.6<m,;<0.602 GeV/c?

[ —— Total fit T Corrected)

| C—Inmy (MC) | Data ¥?/ndf=13887=1.4

famy = (62.2 % 1.2)%
I ki (MC) o = (34.6 + 1.2)%

foey = (1.2 £ 0.1)%

» Data |cos(0*)| distribution is adjusted by linear combination of
templates in > 300 bins

103 |

> 3-step strategy for the fits = reduces sensitivity to
systematic uncertainty on data-drive eey determination
1. fit|cos(0*) in 0.9-1 to get normalization of eey
2. fit|cos(0*) in 0-0.9 to separate mz/uu (also KK for mass

Events / (0.01)

< 0.4 GeV/c?, the normalized eey subtracted) %1100 “ RN H W H L H G
3. Extrapolate to 1 to get full zz/uu mass spectra g ol I L A
0.0 0.2 0. 4|COS 9; |G.6 0.8 1.0
» Fit fraction (f,,) extracted from template shapes = Mass spectra blinded
10
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2. Angular fits: Corrections to Templates and Mass Distributions
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» Detailed and dedicated analysis studies of data/MC differences on PID-selected muon and pion
sample: trigger, tracking, V., and 2D-y? selections

Xy’
» Efficiency correction applied: data data data data
. ‘Strigger Etra):king Esz €X2
€ =E&mMc MC ZMC 2MC ZMC
trigger tracking Vey x2

» Additional correction for pions: fake photons and secondary interactions
> Blinded procedure: offset on tracking and trigger corrections

I O N g W4 T
Each correction has 2 components 3 z
. S 1 = Ll — — . ‘i . 3
v' Template shape corrections g L] . Ea e AT T
. B {| H o e g d Bk I l ) I
(affect z/uu separation) Lo o e e Lo £ { R
v" Mass dependence correction é % o ’
(affect 7z and pu spectra) é Template correction %”5’ ‘ Template correction
12 l‘ll 2 o0 0.4 0.6 0.8 l.‘U 112 . l:d 2
> Large effect on mass spectra o] o MW GV M= GeVie
_ ppy BABAR | _ 1| TUTUY 'BABAR |
(below £5%) that tends to LY S ety 1% e
cancel out when combined g | A
» Overall, the correction are g A (LA R I I 2 e IR AN M
rather flat = small impact A l'm RN }W S
i i o
§ oozl Mass correction g l Mass correction | ‘ ]
12 14 1.2 l,l: 2
m,, GeVi/c? My Ge‘]’/ 1
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2. Angular fits: Fitted Mass Spectrum
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Mass spectra obtained from angular fit with corrected templates
Masses also corrected for mass-dependent efficiencies

Normalization of each spectrum initially blinded with a multiplicative factor. Here shown after
unblinding

» Statistical errors computed with bootstrap method

Y V VY

M T T T T T
M T T T T T
ppy BABAR ool IR e
6000 | Preliminary - Preliminary
" <
5000 - :‘i i Error bars: T 20000 ?’[ Error bars: ]
(] & e ~ — 1qti
O Black = statistical. S : Black = statistical.
2 4000 ”m;ii Red = systematic. 1 [ : i Red = systematic.
s ) S 15000f ¥ .
2 : A
2 3000F . 2 3
= c x %
w w
g S 10000 " L .
w w !
2000[- S 8 4
gy, —_ /
O ey Tayay
"""" ey 5000 y
1000 5 /
0 ! 1 1 1 1 1 0 sasea P ! 1 et esesaseeae .
2.00 T T T T T T 2.00¢ T T T T T T ]
1.75F E 175 _ f
1.50F . L 4 1s50f . . - E
.._él.zs'—--.“ E u_g125- . -
&= 100 = _—‘ = 1‘005—. . _E
o715k ) . E >o7sk ° E
030F E 0.50 : 3
0251 E 0.25 — _
0.00 1 L 1 L 1 1 0.00 £ | 1 I 1 I 1
0.4 0.6 0.8 1.0 1.2 1.4 0.4 0.6 0.8 1.0 1.2 1.4
My, [GeV/c?] M [GeV/c?]

* bin width: 2 MeV/c2 for 0.5-1.0 GeV/c?; 10 MeV/c? elsewhere

12
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_3 HHY Spectrum Comparison to QED pred1ct1on
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wuy data spectrum can be compared to

m“ i el ol s

* includes systematics + correlations

QED prediction, obtained by correcting Ho BABAl\R S iz/ﬁdf; 82.22/128 = 0.64* 5
the simulated Phokhara mass spectrum 11s| Preliminary ~ Po=0.9955:0.0035 (stat) +0.0030 (syst)
for:

* ISR photon efficiency 'E H1oF ’ ’ ]
* shortcomings related to % Losh 1
overestimation of ISR NLO and g [ * l } ’ H ’ { { \ { { ’

absence of NNLO in Phokhara = 100 i % ‘ M ‘ ‘ LA ‘ ﬁ

[PRDI108,L111103 (2023)] a) [ # H | + + { | ‘ { ' } | ‘ 1

* imprecise description of vacuum EJZ 0.95H * ' | | } { \ }5

polarization effects = | ]

- 0.90 s

The data/QED ratio is fitted with a constant ~ "°°| B
» Agreement with QED within 0.71% I N S S S SN S
» Confirms robustness of wn/pp separation 0.4 06 0.8 10 12 14

that does not introduce any systematic
bias

Ry = 0.9955 + 0.0039tat = 0.0030syst = 0.0033

data + stat
uncertainty on
corrections
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my, [GeV/c?]

rsn £ 0.00431mi—ce

Syst. uncertainty on ISR photon Uncertainty on e*e”
corrections data/MC efficiency luminosity
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4 Determmatmn of ISR Luminosity

A i T e — it g
e R e RO -
- T — o =

Effective ISR luminosity is determined from unfolded ppy spectrum dN [ILSR / d\/_

dLgf,  dNIBR/dVs'

dvs €up( s’ ol (V')

acceptance of the selection pp bare cross section
(total efficiency) for muons (without vacuum
polarization) but including
FSR contribution

14
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4. Determmatmn of ISR Luminosity

s A T, - o el R A Ty -\-.4-..\-
- ——— e e 7 T T —— Y T RN
Iy e e B S T

R e R

Effective ISR luminosity is determined from unfolded ppy spectrum dN IILSR / d\/_

dL$R dN,SR/dVs' dNMO~gen )
= = X(1— X Vs
d\/S_ E.UIJ»( 8, JIOJ»#( s’) d\/? ( fLO FSR) fu.u( S )Ug“(\/?)

nd 7
acceptance of the selection up bare cross section Phokhara removes the small 2" order polynomial
(total efficiency) for muons (without vacuum spectrum at LOFSR fit to data/MC

polarization) but including generation level contribution
FSR contribution

Unfolded ppy spectrum replaced with a smooth function to mitigate the large stiatistical fluctuation =»
justified by the successful QED test and slow/smooth variation of global template/mass corrections

14
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4. Determmatlon of ISR Lum1n081ty

RErTR—— L L s e e e e
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Effective ISR luminosity is determined from unfolded ppy spectrum dN }I,_SR / d\/_

dLISR NISR/d' / dN‘II/LC—gen
= = X (1— X !
D ) B A R

9 1N nd 1e
acceptance of the selection pp bare cross section Phokhara removes the small 2 Qrder polynomial
(total efficiency) for muons (without vacuum spectrum at LOFSR fit to data/MC

polarization) but including generation level contribution
FSR contribution

Unfolded ppy spectrum replaced with a smooth function to mitigate the large stiatistical fluctuation =»
justified by the successful QED test and slow/smooth variation of global template/mass corrections

le7

Effective ISR Luminosity: >or IB;B;rIPllelilnlin;r); L
« small at low energy: larger statistical S5l P
uncertainty there for processes with low cross > e
section = 2or / ' ]
 larger luminosity at higher energy, but nm cross 5 .t ' ;
sections drop again there g /
* Two discontinuities due to the vacuum A S ]
polarization contributions (included in 05
Phokhara but not in the bare cross section) : ]
oob——L o L L e L

0.4 0.6 0.8 1.0 1.2 1.4

Vs’ [GeV] 14
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S. Measurement of efe" 1ttt (y)y;sg Cross section
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Bare cross section for nm process is obtained from unfolded nm spectrum using:

o0 (V5 = ANy /dV's' o0 (Ve dNzx /dVs' 1
V) = L as Y NI 105 (1= uoren) % o (VF) enn (V)

» The bare cross section of the nr process is the bare cross section of the pp process weighted by the
ratio of the unfolded data spectra of the nn and up processes = reduced systematic uncertainties

due to the cancellation of the common error sources and corrections

BaBar Preliminary -

10° /
/N
."” \\
gl N

%1027 i " \\
< It !
g 1)” "
O
@
(%]
3
G

10'H

100 Il 1 1 1

0.4

0.6

08

1.0

Vs’ [GeV]
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0. Compar1son W1th 2009 BaBar result and contrlbutlon to a11

The 2025 cross section looks overall in good
agreement with the previous measurement from 200 [
2009, except at large masses BaBar Preliminary

1.75

nint contributions to a,

=
[
o

Below 0.5 58.0+£5.5+1.7 58.2+0.6+0.6

é 1.00 ‘
0.5-1.4 456.242.241.7 = 455.6£2.142.6 3
» Not competitive at low/high masses where pp 3

process dominates (more difficult rw separation)

but more precise in the p-peak region

1.4

v' 2009 and 2025 results are compatible and in
excellent agreement =» can be combined to
provide the best precision of the BaBar

Below 0.5 58.2+0.8
measurement
05-14 455.9+£2.1
v’ The averages yield the most precise a *"
measurement from a single experiment Below 1.4 (*sum considering S14.122:5
correlations)
Below 1.8 (1.4 — 1.8 from 2009) 514.4+2.5

16
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Summary and Conclusions
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(% of 2x measured)

» Contribution of 7w channel to a, measured by L L
BaBar via ISR in a new blind analysis, following SNDOS |(Eaew — # -
an independent method from previous 2009 CMD-2 | (88.6%) H—O—H .

- " <
measuremnts with full data sample of around BABAR 09 ¢9.07 H—O0—H -
460 ! BABAR 25 | (99.9%) H—O0—H °

» 7 and pp separation carried out with fits of KLOE| @72 H——0—" 2
angular distributions. PID requirements removed BESII | (728%) H—O——t
in this work (dominant systematics in the 2009

SND20 | (80.3%) H——O—i
study) :

» Unblinded ppy spectrum compared to QED CMD-3 | @8.9%) H—0——H
prediction, showing compatibility with unity Tau | r00%) VP, '
within uncertainties

> Unblinded nmy cross section found to be in good WP 25 | (Latice ased VP LO) ' B

1 1 1 1 1 1 1 1

agreement with 2009 measurement: 3 30 25 20 -5 -10 -5 0 5
a, -a®[x10"°]

aiw’m% = (58.0 & 5.5(stat) & 1.7(syst)) x 107°  below 0.5 GeV

a7 ™?9%% = (456.2 & 2.2(stat) = 1.7(syst)) x 10710 between 0.5 — 1.4 GeV

» Comparable statistical errors and reduced systematic uncertainties between 0.4-1.4 GeV (still preliminary)

This consistency obtained with an independent and fully blinded procedure shows the robustness of both
analyses, which combined provide the most precise measurement of auz” from a single experiment
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Back-up



BABAR collected data from 1999-2008

BaBar Data sets

432 fb" Y (4S) “onpeak”
(~470 x 10° BB pairs)

53 fb™ non-resonant “offpeak”
- collected ~40MeV below Y'(4S) peak

Samples of “narrow Y events
collected during last few months of

running:

- 122 x 10° Y(3S) decays
- 99 x10° Y(2S) decays

Process Cross section (nb)
bb 1.1
cc 1.3
light quark qq ~2.1
TT 0.9
ee ~40

.
a
z [ BaBar
g 500{—  PEP Il Delivered Luminosity: 553.48/fb
[ BaBar Recorded Luminosity: 531.43/fb
E BaBar Recorded Y(4s): 432.89/fb
3 BaBar Recorded Y(3s): 30.23/fb
- L BaBar Recorded Y(2s): 14.45/fb
8 400|— Off Peak Luminosity: 53.85/fb 1
L
=4
2
c
- - Rex
3001 & ]
200_—
10017———77—7— —
oflLLL T s T
T S S
25 r I
5 y I
220 I
g i I
_% 15} j. ‘ I
jas] ‘; ¢ I
T & [
;u Do F - I
£ 5F ] “Ll' ,’6 ‘? .‘
o) t bey e Maem, ..._-;._,_,Lt-“""d ,,,,,
T( 15) . TI(ZS) IT(3S) . . | T@S)
844 946 10.00 10.02 1034 1037 10.54 10.58 10.62

Mass (GeV/ic)



QED

had

EW

had _ _HVP LO HVP HO HLbL
a, =a, +a, +a,
had HVP LO HVP HO HLbL
a,[107] (unc)
WP2020 | 6931 (40) —85.9 (0.7) 92 (18)
WP2025 | 7132 (61) —87.2 (1.3) 115.5 (9.9)

QED : QED
6a|_l : a[.l.
. g:

0.2 B 116 584 718.8

o
E—: dahad ghad
1 f
P2020 (e'e" dat@
9. 43.9 6937.0
WP2025 (lattice based)
£ 618 7160.5
‘g:
EW = EW

dal; 3 a;

0.4 ' 1544
0.1 1 10 10° 10° 10* 10° 108 107 108

-11
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WP2020: Phys. Rept. 887 (2020) 1
WP2025: arXiv:2505.21476

WP stands for the white paper of the
muon g-2 theory initiative




e'e” Data-Based HVP Calculation

Based on analyticity and unitarity, the LO HVP

contribution can be calculated using the dispersion

relation [1] over e*e” — hadrons cross sections

0.03

Arbitrary Units

0.01

/ — ~K(s)/s for (g-2),

-------- ~ 1/(s(s=M?)) for aQED(Mz)

Lepton-photon 2025, Madison, Aug 25-29, 2025

Bare: 6°(s)=o(s)(a/a(s))’

0, +,-
[e'e” — hadrons (¥,¢)] = R(s)

o
127 ImII (s) =

Gp,
|m[l\/~@r\l ] = |NVV\C hadrons |

hadrons

The QED kernel K(s) [2] has such an s dependence
that low energy data contribute most:

= The precision is driven by that of e'e” — hadrons

[1] Bouchiat and Michel, 1961
[2] Brodsky, de Rafael, 1968

Zhiqing Zhang




https:/ /arxiv.org/pdf/2505.21476
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Figure 40: Final summary of various determinations of aﬁwp’ LO discussed in Secs. 2 and 3, propagated to aﬁM. The first two panels refer to

data-driven determinations, where the three points for each e*e™ experiment reflect the “CHKLS,” “DHMZ,” and “KNTW” methods, see Figs. 26
and 27 for more details. The gray band indicates the WP20 result, based on the e*e™ experiments above the first dashed line. The 7 point
corresponds to Eq. (2.23). The last panel summarizes lattice-QCD determinations, including the hybrid evaluation [24], the three individual lattice-
QCD calculations shown in Fig. 36, and the five lattice HVP averages from Fig. 37. The blue band refers to the final WP25 result, which coincides
with “Avg. 1.” In all cases, except for the gray WP20 band, the remaining contributions to aﬁM beyond a VPO are taken from WP25, as given in

U
Table 1. The red band denotes the experimental world average, which has been updated including the final results from the Fermilab experiment.



SND06 ' i
BaBar 1 ee——— E
KLOE | - i
BESIII = I . j
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Figure 83: Summary of the current SM prediction for g, in comparison to experiment (red band and data points). The final WP235 prediction is
denoted in black and via the blue band, it derives from the LO HVP result defined by the lattice-QCD “Avg. 1” shown in blue, see Eq. (3.37). The
gray band indicates the WP20 result, based on the e¢* e~ experiments above the first dashed line. These experimental ranges, as well as the ones for
SND20 and CMD-3 that appeared after WP20, are produced as in Fig. 27; they are meant to illustrate the current situation, but cannot be interpreted
as uncertainties with a proper statistical meaning. The 7 point refers to Eq. (2.23), the numerical results are collected in Table 5. In all cases except
for the gray WP20 band the LO HVP results are combined with WP25 values for the remaining contributions, as summarized in Table 1. The figure
has been updated after the announcement of the final results from the Fermilab experiment, including the corrections to the previous experimental

points as detailed in Ref. [8].



Unfolding procedure (mass spectrum = Vs’ energy spectrum)

= 10°
10°

10°

Entries

To correct for
o the detector resolution effect (small
for muons given its relatively flat
distribution)
o the effect of including FSR photon
(mass — Vs')
Employ iterative unfolding procedure to
account for data/MC shape difference
Data-driven study of syst uncertainties,
found to be small
The block structure is due to different
binnings and selections
The asymmetric tail is due to the mass to
\s’ change



cos 0™ distributions for different mass ranges

x 10
m,, 0.30-0.35 GeV/c? m,, 0.70-0.75 GeV/c? m,, 1.25-1.30 GeV/c®
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Figure 3: The |cosfZ| distributions in three mass intervals for 77y (top) and ppy (bottom)
MC events within the geometrical acceptance selections, without momentum selection (black his-
togram), and different threshold values: p > 1.0 GeV/c (red, 2009 analysis) and pt > 0.1 GéV /c
(blue, this analysis).
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