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Muon (g-2): SM and Experiment
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FNAL confirms tension with (dispersive) SM (4.20!)
Uncertainty dominated by HVP and HLbL

Tension also between Lattice and Dispersive HVP

Better understanding strictly needed!
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Initial State Radiation: Scan at Fixed Energy

[ Brodsky, de Rafael, 1988 ]
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Initial State Radiation: Scan at Fixed Energy

© BESII Preliminary I Access to threshold region
E s .
CMD2 I Normalization fixed over full
{ GG2
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{ND | Consistent data-taking
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HVP evaluation <2 GeV mostly determined by ISR:

ot (80%): KLOE (0.6%) & BaBar (0.7%) | CMD2(0.8%) & SND (1%)
« 0 (7%): BaBar (1.3%) | SND (4%)

« K*K (3%): BaBar (1.2%) | CMD3 (2%), SND (7%)
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Cross section [nb]

Initial State Radiation: Scan at Fixed Energy
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HVP evaluation <2 GeV mostly determined by ISR:

« it (80%): KLOE (0.6%) & BaBar (0.7%) | CMD2(0.8%) & SND (1%)
« 0 (7%): BaBar (1.3%) | SND (4%)

« K*K (3%): BaBar (1.2%) | CMD3 (2%), SND (7%)
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Initial State Radiation: Analysis Strategy

Detect full hadronic system

polar angle distribution of ISR photons (MC)

Untagged analysis Tagged analysis

o el
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ISR photon undetected i ISR photon detected

 High statistics, small background
* No FSR

* Only higher masses accessible

-
<>
T

events/0.01

* Access to had. threshold region

« Background at high masses

Untagged analysis energy thresholds

KLOE ~350 MeV BESIIlI ~800 MeV BaBar~3 GeV
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Cross section [nb]
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140, E>18GeV: 7%
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1o
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—— CMD-2 03,06 3724+ 3.0
SND 04 371.7£5.0
—— BaBar 09 376.7+£2.7
BESIII 16
superseded by this work 368.2£25+33
L CLEO 18 376.9+6.3
KLOE 18
avg. of KLOE 08/10/12 366.9 + 2.1
— BESIII (This work)  368.2 4+ 1.5 & 3.3
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ar™ 0 (600 — 900 MeV) [1071]

Largest contributor to both HVP and oyyp
KLOE, BaBar, and BESIII ISR measurement (! a,/a, <1%)
Long standing KLOE-BaBar discrepancy

ISR technique, but different analysis strategy
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it KLOE

Several measurements, result as combination:
I Untagged analysis of 140 pb -' @mg (KLOEOQbS)
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I Untagged analysis of 240 pb -' @mg (KLOEOQS)

I Tagged analysis of 250 pb-' @ 1 GeV (KLOE10)

KLOEO8 with normalizationto e*te "
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Systematic uncertainties:

I EXperimental:

0.6%

(Background, Tracking, Luminosity)

I Theory: 0.5% !

0.2%

(Radiator function, FSR)
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ete ! ' : KLOE

140, E>18GeV: 7%
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Several measurements, result as combination:
| Untagged analysis of 140 pb - @mg (KLOEOQbS) s
I Untagged analysis of 240 pb -' @mg (KLOEOQS) %1000
I Tagged analysis of 250 pb -' @ 1 GeV (KLOE10) | 600:

I KLOEOS8 with normalizationto e*e-" !+l -(KLOE12) *°f
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ete’l m'mn: BaBar ’
Single measurement: BaBar
o
Tagged strategy o) iOSE 1ood ¢
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e"e’! m'm: BaBar ’

S|ng|e measurement: [BaBar Collaboration Phys. Rev. Lett. 103 (2009)] BaBar
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I Direct estimate of FSR contribution
[BaBar Collaboration Phys. Rev. D 92 (2015)]
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ete’ | 1t : BESII A

Single measurement:

| ST S e e R I R e o e i I e

I Tagged strategy é P

—+- BESII

1 29fb' @" (3770)
I Neural network for "/! separation

I Kinematic Fit (! *!-")

\ I Cross check QED prediction (" *"°)
\ I Measurement of #, for J/"
8 I Measurement statistically limited

HSE—]

I Systematics dominated by radiator
function (+ luminosity)

data / MC
S -
T@ T
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. e*e’! mtmina Nutshell

[ Phys.Rep 887 (2020) 1-166 |
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ee’ ! 1t Perspectives 8.

Reanalysis of full dataset (2x)
New approach to pu/mn/KK separation:
I Minimal PID conditions (negligible systematics)
I Fit angular distribution ( $°) in !! rest frame
Larger angular and momentum acceptance (8x)
Results expected in 2023
p p /| 40000 ”-”-‘-"--,..,_..”m.. nn +++++*++W#++ KK‘
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luminosity / R ratio

ete 'l 1t

Perspectives 8.

:E ~~#+-— using the luminosity

s E_ + using the R ratio ‘l \
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 Plan to achieve 0.5% accuracy

* New analysis on

going:

I Several strategies under test
I Detailed study of 2" events (ISR@NLO & ISR+FSR)

I First results in 1-

1.5 years

 Data taking @ (3770): 2.9 — 20 tb* (2024)
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ete’! mtnn’: New BaBar Result! ’
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* Fitto VMD model — B(p —3m) =(0.88 £ 0.38) x 104
* Up to 10% disagreement with SND/CMD2 results

35

* Strong reduction of uncertainty to a,

a; (E< 2GeV)=(45.86+ 0.14+ 0.58)
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Summary

I Muon (g-2) is still a compelling subject

I Intriguing tensions:

I Experiment BDSM dispersive (e*e- data): 4.2%
I Lattice QCD DSM dispersive: 2.1%

I Crucial contribution from ISR measurement
| Latest BaBar 3! measurement

I Investigation of possibly overseen source of uncertainties

I New ISR results on 2nt channel to come from
I Reanalysis of OoldO dat&aBar (2023), BESIII , KLOE?
I New data BESIII (20 fb'@ 3.77 GeV by 2024), Belle |
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Experiments Comparison

KLOE @ DAFNE BESIII @ BEPC Il BaBar @ PEP Il
Il wlwnl) roc: 9
layers ‘ i Supesr:;n":t::hng

Endcap i

ToF

6,~ 90 ps (barrel)

6,~ 120 ps (end
caps)

El ic CsI(TI) Calorimeter - | Vertex Tracker (SVT)
Drift Chamber 6J/E<25% @ 1GeV (barrel) D MR ' "
Gy~ 130 pm (single wire) o/E<5% @1 GeV (end caps) (FR) Central Tracker (DCH)
6,/p,~0.5% @ 1 GeV/ G,y ~ (6 mm)E2 @ 1 GeV

6 m

I Experiments at colliders with different energy ranges
I ~1 GeV (KLOE), 25 GeV (BESIIl), ~10.5 GeV BaBar)

I Symmetric vs asymmetric beam collisions
I Large drift chamber in KLOE " No need for unfolding!

I Impact of FSR (at lower masses) proportional to beam energy
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