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A charged lepton with charge qℓ and mass mℓ , has a magnetic moment, 𝜇⃗ℓ, connected to 

its spin, 𝑆ℓ, by a gℓ factor:
Dirac predicted gℓ = 2 for electrons in 1928 
[Proc. Roy. Soc. Lond. A 118, 351 (1928) ]

Standard Model quantum corrections involving 
QED, the strong and weak interactions modify the value of gℓ  by ~0.002
The anomalous magnetic moment, 𝑎ℓ , quantifies deviation from 2:

a𝜇 is one of the most 
precisely predicted and 
measured observables 
in particle physics

𝑎!"# = 𝑎!
$%& + 𝑎!'()*+,-. + 𝑎!%/

aμ(exp)=116 592 059(22)×10-11 (0.19 ppm)
World Average from BNL + Fermilab
Phys. Rev. Lett. 131, 161802 (2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161802


Hadronic vacuum polarization (HVP) contribution to 
the anomalous magnetic moment of the muon (aµ) can be 
obtained by measuring cross sections of e+e− → hadrons
with the largest input from (73%) 
and also calculated with
Lattice QCD
Current tensions exist between:
•predictions from 
dispersion approach and direct  
measurement,
•predictions from dispersion approach
and lattice QCD
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arXiv:2505.21476 (2025)

Phys. Rept. 1143 (2025) 1-158

3

, depict range of methods to extract aµ (see Backup Slides)

https://arxiv.org/abs/2505.21476
https://doi.org/10.1016/j.physrep.2025.08.002


Cross section for e+e− → X obtained at reduced energy 𝐬′ by measuring 
the radiative process:

e+e− → X gISR
• X any final state (e.g. μ+μ− or π+π− )
• gISR is from Initial State Radiation 
• 𝐬′ = s (1 – 2 Eg∗ / 𝐬 )

• Eg∗ is the energy of gISR in the 
e+e− centre-of-mass (CM) frame 

• 𝑠 = (𝒑#$)𝝁 - (𝒑#&)𝝁 is the square 
of the CM energy of the e+e−  system

J. Michael Roney                                       LWWI 2026 4



Hadronic vacuum polarization (HVP) contribution to 
the anomalous magnetic moment of the muon (aµ) can be 
obtained by measuring cross sections of e+e− → hadrons
with the largest input from (73%) 
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Current tensions also exist between:
•measurements from KLOE, BaBar and CMD-3 

(KLOE vs CMD-3: > 5σ tension at r peak)
CMD-3 Collaboration
Measurement of the e+e−→π+π− cross section from
threshold to 1.2 GeV with the CMD-3 detector
Phys. Rev. D 109, 112002 (2024)

Previous 2009 BaBar result (partial data)

This talk presents a new preliminary BABAR
measurement of the cross section with its 
FULL DATA SAMPLE plus a  new & independent method 
aimed to improve precision.
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PEP-II: asymmetric e+ (3 GeV) ⎼ e− (9 GeV) collider located at SLAC  
Operated from 1999 to 2008 at 𝚼(4S/3S/2S) resonance energies
Collected 424.2 fb-1 at 𝚼(4S) ( 𝒔 = 10.58 GeV) + 36.2 fb-1 off-resonance
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PEP-II: asymmetric e+ (3 GeV) ⎼ e− (9 GeV) collider located at SLAC  
Operated from 1999 to 2008 at 𝚼(4S/3S/2S) resonance energies
Collected 424.2 fb-1 at 𝚼(4S) ( 𝒔 = 10.58 GeV) + 36.2 fb-1 off-resonance

Initial state radiation (ISR) strategy: large range of center-
of-mass energies probed after g !"#$emission from e! or e"

Monte Carlo (MC) signals: & with 
Phokhara9.1 generator

MC backgrounds:

q$q %q &$'($)($*($+,

X %-&$.p /0$.1 2$3$p#($4$4$4$,
𝑠= 10.58 GeV

p+

p-
gISR

q*p
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2009 analysis:
•Runs 1 to 4 uses partial data sample of 232 fb-1

•pp /µµ separation using particle identification (PID) dominant systematic
•Momentum selection on each track: p > 1 GeV/c (more reliable µID),
•Signal MC uses AfkQED generator
•Normalize to e+e- →𝜇+𝜇- gISR process
•Total relative systematic uncertainty (0.5 − 1 GeV/c2) = 0.50%

Phys. Rev. Lett. 103, 231801 – 2009 Phys. Rev. D 86, 032013 – 2012
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.231801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032013
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New 2025 analysis:
•Runs 1 to 6 uses full data sample of 460 fb-1
•Different method for p /µ separation:

Uses different polar angle distributions of p- and µ- in CM frame
arising from p being spin 0 and µ being spin ½

Removes explicit PID requirement and related systematic uncertainties
• Track pT > 0.1 GeV/c (replaces p>1GeV/c requirement in 2009 analysis) 
• Still normalize to e+e- →𝜇+𝜇- gISR process
• Signal MC uses NLO Phokhara9.1 generator (+AfkQED for systematic studies)

2025 analysis uses cosq*:

Blue (2025): 
pT > 0.1 GeV/c

Red (2009 analysis) 
p > 1 GeV/c 

⇒2025 analysis improved with: ×2 larger lumi, larger p!"#

acceptance,  and a different 𝜋𝜋/𝜇𝜇 separation method

! *! = angle between " ! and #ISR in " +" ! CM

! !
p/µ distributions in the ISR process follow the original polar angular 

distributions of the corresponding Born processes:

p+

p-
gISR

q*p
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!" #$%&'()$*+,$)-+of additional radiation ! 2-dimensional selection against background 

." /%012(3+,$)+of data with data/MC corrections ! pp and µµ mass spectra 
" 42$%5$%0+on absolute normalization of )3(*6$%0+corrections, )3$00&3+corrections and 

,$))&5+'(--+-7&*)3( , independently for pp and µµ: 8+5$,,&3&%)+42$%5$%0-

9. Conclusive comparison of µµ spectrum shape vs simulation ! 1%42$%5$%0+:,+µµ to compare 
normalization to ;<=+73&5$*)$:%

>. Successful QED test ! µµ spectrum unfolded to !" , i.e. centre-of-mass energy of final state 
including Final State Radiation (FSR) ! Initial State Radiation (?@AB+21'$%:-$)C+

5. pp spectrum unfolded ! *3:--+-&*)$:%+$% !" , blinded contribution to aµ computed to                      
first check uncertainties

8"+After extensive review and approval from the collaboration, 
pp cross section and *:%)3$41)$:%+):+(µ are 1%42$%5&5
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p+

p-
gISR

q*p

!"#$%&p+p! '(#)*+,&-
For both !! g and " " g processes, the event definition is enlarged to 
include the  radiation of one g in addition to the already required gISR

Perform Two Fits:  
LARGE ANGLE (LA) Fit:  The additional g is detected in the EMC, so its energy and angles are used in the fit. 
The extra photon can be  either from FSR or from ISR at large angle (LA) to the beams (0.35 Ð2.45 radians)
The threshold for the additional photon is kept low (50MeV). 

SMALL ANGLE (SA) Fit: The additional g is assumed to be from ISR at small angle (SA) to the beams and 
undetected Ðthe fit assumes this additional g is perfectly aligned with either e+ or the e! beams. 
This 3-constraint fit ignores additional photons measured in the EMC: returns energy of the fitted collinear ISR g

Each event characterized by two c2 values: c2
LA and ! 2

SA
We report   ln(c2 + 1) to better visualize the long c2 tails

Events without extra measured photons only have c2
SA and are plotted separately. 

In the case of several extra detected photons, FSR fits are performed using each photon in turn and the fit with 

the best c2
SA is retained. 

(The pion mass is assumed for the two charged particles)
11
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p+

p-
gISR

q*p

!"#$%&p+p! '(#)*+,&-

Larger background in ppg process are  suppressed with optimized 
BDT-based 2D-𝜒2 selection (98-99% signal efficiency).

Sample plots of ln(𝜒2LA -1) vs ln(𝜒2SA -1) 
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| 𝐜𝐨𝐬𝜽 ! | fits on background-subtracted data distributions with:
• templates of "" g and ## g and KK g from MC simulation

+ small data/MC corrections studied separately
• data-driven templates of ee g process (no reliable simulation)  

using cut-based and BDT selections

Fits performed twice: in pion mass (m!! ) and muon mass (m"" ) charged 
track hypotheses to get both ## g and "" g spectra in their respective basis.

Data | 𝐜𝐨𝐬𝜽 ! | distribution adjusted by a linear combination of normalized 
templates in > 300 mass bins: 2 MeV/c2 bins between 0.5 - 1 GeV/c2,
10 MeV/c2 elsewhere.

3-step strategy for the fits:
• 1st fit between 0.9 < | 𝐜𝐨𝐬𝜽 ! | < 1 to obtain the ee g normalization
• 2nd fit between 0 < | 𝐜𝐨𝐬𝜽 ! | < 0.9 after subtracting ee g from data
• Extrapolation of results to | 𝐜𝐨𝐬𝜽 ! | = 1 .

⇒ Closure test of accuracy of the fit on simulation show resulting spectra are consistent with initial inputs
J. Michael Roney                                       LWWI 2026 13
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! ! g

Mass spectra obtained from angular fit with corrected templates (masses 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

"" g ! ! ! !" Preliminary ! ! ! !" Preliminary

black: stat
red:     syst.

black: stat
red:     syst.

! ! g!! g

!"#$%"&'($")$*+,-$./0$1234$5µµ 46217,-$
89),%(,0,$!"#$%"&'($")$61+,-

!"#$%"&'($")$*+,-$./0$1234$5 ! ! 46217,-$
89),%(,0,$!"#$%"&'($")$61+,-

https://cds.cern.ch/record/2759945
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Compare the "" g data spectrum with QED prediction
obtained by correcting the simulated Phokhara
spectrum for:

•ISR photon efficiency difference with data,

•Shortcomings** related to overestimation of ISR "NLO"
and absence of NNLO in Phokhara, and

• Imprecise description of vacuum polarization effects.

** ! A! AR Paper: "#$%&'()*&'+'#$%,'-..../0'12/203

The data/QED ratio is fitted with a constant:

Compatible with unity within 0.71% precision
⇒Validates the µµ/pp separation procedure

15
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111103
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! ! ! !"
Preliminary

!"#$%&'(#)*&)+&*&,'$-*$" -)%$# -''#(&-*,%$"&*.$*.,$/-(++0$
1#2-3&4-*&#)$(#)*3&5+*&#)'$5,&)6$&)(2+%,%$&)$*.,$+)7#2%,%$
%-*-$,),368$'1,(*3+0$5+*$)#*$&)$*.,$5-3,$(3#''$',(*&#)

obtained with Phokhara
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Bare cross section for p+p- process obtained from unfolded data spectrum using:
where 𝜖pp( 𝑠’) is the acceptance of the selection (total efficiency) for pions.

⇒ equivalent to:

Resulting in reduced systematic uncertainties from cancellations of common error sources or corrections

! ! ! !"
Preliminary

! ! ! !"
Preliminary

(log scale and 
full $%scale)
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Overall, the 2025 cross section is in good agreement with 
our previous 2009 measurement, except at large masses.

Not as precise at low & high masses because muons 
dominate these regions resulting in less precise 
determination of pion fraction in the angular fit.

�ð��2025 and 2009 results are compatible and
in excellent agreement

�ð��the averages yield the most precise 𝒂!
"#

measurement from a single experiment.

Energy range
[GeV]

2025
𝒂!

"# ± stat ± syst 
[10-10]

2009
𝒂!

"# ± stat ± syst 
[10-10]

0.3 - 0.5 58.0 ± 5.5 ± 1.7 57.6 ± 0.6 ± 0.6
0.5 - 1.4 456.2 ± 2.2 ± 1.7 455.6 ± 2.1 ± 2.6

Energy range [GeV] 2025-2009 average 
(preliminary)
𝒂!

"# [10-10]
Below 0.5 58.2 ± 0.8
0.5 - 1.4 455.9 ± 2.1
Below 1.4 514.1 ± 2.5
Below 1.8 (1.4 - 1.8 from 2009) 514.4 ± 2.5

&! &!"
!"#$%&%'(")&! &!" *+*,-."/00-0#.1%/'-

&! &!" *++2-."/00-0#.1%/'
.+$/0-



J. Michael Roney                                       LWWI 2026 19

𝒂!
"# !"#"$%&'&!$()#&± $)&$&!*+,+)%&±-).&!*/*+)%× -# ! "# %&below 0.5 GeV,

𝒂!
"# (2025) = (456.2 ± 2. 2 (stat.) ± 1.7 (syst.) × 10−10 ) between 0.5 - 1.4 GeV,

Report 2025 measurement of 𝒂!
"# (the contribution of pp channel to

𝒂! )measured by B! B!" via ISR in new blind analysis using full data 
statistics 460 fb-1. Independent of method from the previous 2009 
measurement, which used 232 fb-1

•Separation of pp and µµ final states in data carried out with fits of 
angular distributions. PID requirements removed in this work 
(dominant systematics in the 2009 study).
•Unblinded µµg spectrum compared to QED prediction, compatible 
with unity within uncertainties.
•Unblinded pp cross section found to be in good agreement with the 
2009 measurement, leading to the values of:

both consistent with the previous 2009 results. 
Comparable statistical errors and reduced systematics between 0.5 - 1.4 GeV (still preliminary).

�ð��This consistency obtained with an independent and fully blinded procedure shows the robustness of 
both analyses, which combined provide the most precise measurement of 𝒂!

"# from a single experiment.

#! #!"
Preliminary



!"#$%&'()*+,-
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WP2020: Phys. Rept. 887 (2020) 1
WP2025: arXiv:2505.21476
WP stands for the white paper of the muon g-2 theory initiative
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!"#$%&'()'"*'+,-./'0&12/'33(4'56)678'3937:

22

https://doi.org/10.1016/j.physrep.2025.08.002
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!"#$%&':4'"*'+,-./'0&12/'33(4'56)678'3937:

23

https://doi.org/10.1016/j.physrep.2025.08.002
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From Zhiqing Zhang Presentation 
at Lepton Photon 2025



#.-' ! /'+*-01*2%0*.3-'4.1'+*44,1,30'5"--'1"36,-
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• ISR photon: 0.35< q
Lab

!
< 2.40 rad, E𝛾 > 3 GeV, E*# > 4 GeV

• 2 opposite-charge high quality tracks: 
• pT > 0.1 GeV, 0.4-2.45 rad
• at least 15 drift chamber hits, 
• xy distance of closest approach to interaction point (IP) (doca) < 5mm and |dz| < 6cm

• Allow more photons and other quality tracks per event

• Vxy < 0.5 cm. Distance from vertex of two tracks and IP in transverse plane this suppresses electron 
backgrounds from photon conversions generating displaced two-track vertices

• Veto electron contamination

• Two NLO radiation fits performed per event give goodness of fits input to BDT 
selection to further suppress backgrounds

26



Hadronic vacuum polarization (HVP) contribution to 
the anomalous magnetic moment of the muon (aµ) can be 
obtained by measuring cross sections of e+e− → hadrons
with the largest input from (73%) 

Current tensions also exist between:
•measurements from KLOE, BaBar and CMD-3 

(!"#$%&'%()* +, : > 5σ tension at r peak)
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Previous BaBar result from 2009 (partial data)

This talk presents a new preliminary BABAR
measurement of the cross section 
with its FULL DATA SAMPLE plus a  new & 
independent method aimed to improve precision.

CMD-3 Collaboration
Measurement of the e+e−→" +" − cross section from
threshold to 1.2 GeV with the CMD-3 detector
Phys. Rev. D 109, 112002 (2024)

27
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2009 analysis:
•Runs 1 to 4 uses partial data sample of 232 fb-1
•pp /µµ separation using particle identification (PID) dominant systematic
•Momentum selection on each track: p > 1 GeV/c (more reliable µID),
•Signal MC uses AfkQED generator
•Normalize to e+e- →𝜇+𝜇- gISR process
•Total relative systematic uncertainty (0.5 − 1 GeV/c! ) = 0.50%

Phys. Rev. Lett. 103, 231801 – 2009 Phys. Rev. D 86, 032013 – 2012

New 2025 analysis:
•Runs 1 to 6 uses full data sample of 460 fb-1
•Different method for p /µ separation:

Uses different polar angle distributions of p- and µ- in CM frame
arising from p being spin 0 and µ being spin ½

Removes explicit PID requirement and related systematic uncertainties
• Track pT > 0.1 GeV/c (replaces p>1GeV/c requirement in 2009 analysis) 
• Still normalize to e+e- →𝜇+𝜇- gISR process
• Signal MC uses NLO Phokhara9.1 generator (+AfkQED for systematic studies)

! 2025 analysis improved with: ×2 larger lumi, larger p!"#

acceptance,  and a different 𝜋𝜋/𝜇𝜇 separation method
28
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"" g ! ! g
Efficiency corrections determined 
for | 𝐜𝐨𝐬𝜽 ! | templates and fitted 
masses due to data/MC 
differences, e.g. in 2D-𝜒" selection 
or trigger and tracking efficiencies
(corrections initially blinded).

Large effect of corrections on 
mass spectra (at most ±5% 
difference to uncorrected 
spectra), however they tend to
cancel when combined

Overall, total template and
mass corrections are rather flat 
(larger errors in 𝝆 region
from templates in muon mass).
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&! &!"
!"#$%&%'(")

! ! ! !"
Preliminary

⇒ Justified by the successful QED test and the                       
slow/smooth  variation of global template/mass corrections


