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Motivation: The Muon g-2 Puzzle
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Hadronic Cross Section

Muon anomalous magnetic moment:

= 8u2
au =73
Precise test of the Standard Model:
sM _ QED EW_ Had
a, =ag +a; +a,

Long-standing discrepancy (4.2 o)
between theory and experiment for
muon g-2,

Main uncertainty of af,M rising from
hadronic (quark and gluon) loop

contributions aif“d.
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https://pdg.lbl.gov/2022/reviews/rpp2022-rev-g-2-muon-anom-mag-moment.pdf

Motivation: Evaluating the Hadronic Contribution

contribution (x10~11)
source 10
value | error

ag™ | 116 584 718.93 | +0.10

,R(Is) |

agy 536 | +1.0| |
a[LO] 6931 | +40 ||
a*[NLO] 983 | 07 |,
alPL[NLO] 92 =+18
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a,’ 116 592 061 | +41
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’ Theory calculations on aﬁ‘“d relying on the experiment inputs. ‘

® QED @ EW HVP @ HLbL [m] (= = = = Q>
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https://pdg.lbl.gov/2022/reviews/rpp2022-rev-g-2-muon-anom-mag-moment.pdf
https://doi.org/10.1103/PhysRevD.97.114025
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Introduction: The BABAR Experiment

s of 2008104707 0000

[ BaBar

f—  PEP Il Delivered Luminosity: 553,34/l
BaBar Recorded Luminosity: 531.32/ib
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded ¥(3s): 30.23/fb
BaBar Recorded ¥(2s): 14.45/1b
Off Peak Luninosity: 53.74/1b
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@ Designed primarily for the research of CP-violation in B-meson decays,

@ General-purpose design of detector and high quality of data suit for a large
variety of studies,

@ Ten years data taking to collect 531 fb~! luminosity mainly at Y(4S).
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https://doi.org/10.1016/j.nima.2013.05.107

Introduction: Initial-State Radiation Technique

@ High energy photon emitted via the

initial-state radiation by the beam particle,

hadrons @ To decrease the center-of-mass (c.m.)

energy, Vs’, allowing a distribution of
energies for remaining system.
, 2E;,
=18 -
x=1l-%= N
. @ Most ISR photons are emitted along the
beam directions,

e Large luminosity needed due the
suppression with a factor of 7/a:

W(s,x) — a (272x+x2 _ )(_2)

7x \ sin® 0, 2
e High acceptance, even at threshold,

o A large number of hadronic final states
measured at BABAR.

a
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. BABAR
Hadronic Cross Sections from BABAR ISR Contributions
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As of 2017~

@ The LO hadronic VP contribution calculated via
dispersion relations from correspoding hadronic
cross section measurements:

a®[Lo] = I (2)? [m°;; dsES) Rya(s)

s

2
T

"\

cross sections, nb

TTTTm
—

=

o (e*te” —y*—hadrons)
Riaa(5) = Sotee—m

@ Perturbative QCD (pQCD) can be used by theory
for the energy region above ~2 GeV, 10

TTTTm T

T

@ Need experiment inputs for the energy region below
that, and BABAR provides significant contributions. 1~

picture from D. Brown’s talk at "DIS2023"
o F = = £ DA
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ete™ — 37 Process

The Process of ete™ — ntn 7' at BABAR

s 7
a had L0VP a 410V error squared
KKnin) other

3%

@ The 2n largest contribution mode,
ete™ — 31, ~7% to aﬁad[LO] and ~19% to
its uncertainty,

o The relative uncertainty on the 37 channel
is over 3%, almost 5 times relative
uncertainty on the 27 channel,

.

@ Measuring e*e™ — n*x~ 7" to improve the
precision is important for al}lk‘d[LO]
calculation.
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[ | Events from Data
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@ The 37 channel was analyzed with the full
BABAR dataset, 469 fb~!,

@ ISR photon: with highest energy over 3 GeV,
@ Require only 2 "good" tracks with opposite charge,
@ At least 2 additional good photons, with

Myy €(0.10, 0.17) GeV/c?,

o Kinematic fit, and further cuts to suppress
background.
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https://doi.org/10.1140/epjc/s10052-020-7792-2
https://doi.org/10.1103/PhysRevD.104.112003

Expected Mass Spectrum for Resonances
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@ Sharp structure of mass spectrum from resonances, over 4 orders of magnitude below 1.1 GeV,

o It is essential to unfold the detect efficiency effects,

o Fit to the 37 mass spectrum with four models, allowing or not for Lorentzian smearing and
leaving the p — 37 branching fraction as a free parameter or forced to zero,

e To extract Py =T'(V — e*e™)B(V — atn~n).

=} F = E E DAl
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https://doi.org/10.1103/PhysRevD.104.112003
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Mass Spectrum in Different Invariant Mass region
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@ In agreement with previous values,

@ Rare decay p — 7t~ ¥ observed (> 60).

Py BABAR Previous

P, 569.8+3.1+8.2 eV 557+11 eV (PDG)

P, 184.1x1.1£8.0 eV 192.5+4.3 eV (PDG)
B(p — 3m) | (0.88£0.23+0.30)x10~* | (1.017952+0.34)x10~* (SND)

bp —(99 £9 + 15)° —(135%7 £ 9)° (SND)
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Cross Section for ete™ — n*n~ 7% Measured at BABAR
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@ Cross section for e*e™ — 7t~ 70 has been measured at BABAR from threshold up to 3.5 GeV,
o Systematic uncertainties are 1.3% and 4-15% for the region below and above 1.1 GeV,

35
M, (GeWc )

@ Reasonable agreement between SND (blue triangles) and BABAR (black points), except a sizable

difference observed near 1.25 and 1.5 GeV/c2.
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https://doi.org/10.1103/PhysRevD.104.112003

N i
Contribution to the Muon g-2

TABLE VI.  Values of af,’f for different mass intervals. The first TABLE VIL. Contributions to the systematic uncertainty in

three rows represent the BABAR result, while the last three are the aﬂ”(O.GZ <M, < L1 ch/cl) from different effects.
calculations [1,49-51] based on previous ete™ — rtaa" mea-
surements. Effect Uncertainty (%)
M. GcV/cl af,"' % 1010 Lum.in.usity ) 04
Radiative correction 0.5
0.62-1.10 4291 £0.14 £0.55 £ 0.09 Detection efficiency 1.1
1.10-2.00 295+£0.03£0.16 MC statistics 0.15
<2.00 45.86 + 0.14 4+ 0.58 Background subtraction 0.073
<18 [1] 46.21 +0.40 + 1.40 Gaussian smearing 0.0007
<1.97 [49] 46.74 £0.94 Lorentzian smearing 0.003
<2 [50] 4432+ 1.48 Unfolding procedure 5
<1.8 [51] 462+06+06 Total 1.3

a}" = (45.86 +£0.14 £ 0.58) x 10717

@ LO hadronic contribution to muon anomaly magnetic moment is calculated with the
measured cross section below 2.0 GeV,

o Agreement with calculation based on previous measurements, more precise by a factor of ~2,
@ Previous relative uncertainty on the 37 mode is over 3%.

=} F = E E DAl
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https://doi.org/10.1103/PhysRevD.104.112003

N <~ — 2K3 Processes
The Processes of ete™ — 2K3m at BABAR

K*K~ 70720720, KOK*n* 70

Three channels for the 2K37 mode measured at BABAR for the first time:

7% and KOK*n¥ntn™,

Only K*K~7*n~ 7% has been studied previously for the 2K37 mode,
Similar technique used as e*e™ — 7" 7~ 710ysR,
Total integrated luminosity used is 468.6 fb~! (at Y (4S): 424.7 fb~1),

Intermediate resonances (narrow), 77, p and K*, have been measured.
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N ' — 237 Processes
Observed Intermediate Structures at BABAR (I)
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Observed Intermediate Structures at BABAR (1)
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@ X(2400) and ¢(2170) decays to K;K3r final states, (=PRD 107 2023) 072001]

@ Clear J/y and (2S) peaks in the 2K 37 final states.
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Cross Sections Measured for ete™ — 2K3n
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@ Three channels of the 2K37 mode have been measured for the first time with ISR
method at BABAR,

@ The cross sections of 2K3m extracted in the invariant mass region below 4.5 GeV,

@ The precision of the 2K3x cross section is around 10%.
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Summary

The muon g-2 puzzle is important for SM precise test, even a potential
gateway to New Physics (NP),
o

Precision studies of e*e~ annihilation into hadrons in low energy at
BABAR with ISR technique,
°

calculation,

These measurements provide important experimental input for aﬁa

d
The new measurement of e*e~ — 7*7~ 7" improved the precision of
112003

a'ad calculation from this channel by a factor of ~2, ="PRD 104 (2021)

Measurements of the cross section and substructure associated with

e*e” — 2K3m modes help to improve knowledge of the hadronic
contributions to aﬂad, =PRD 107 (2023) 072001.
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