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(g-2)/2 of muon (Experiment)

Magnetic moment of Dirac particle:

. oh -
Uu=g s

2mc

- Gyromagnetic factor g for

— Point-like fermions: g = 2

— Higher order contributions (QFT): g # 2
 Muon anomaly

- a,=(g-2),/2

E821 Experiment @ BNL (1997-2001):

J. Muller et al., Annu. Rev. Nucl. Par S. Vo. 62(2012),
237

-10

A, = (11 659 208.9+6.3) 10 (0.54 ppm)

E989 Experiment @ FNAL (2017-...):

F. Gray et al., ArXiv 1510.003[physics.ins-det] (2015)

a,-.. (0.14 ppm)
E34 Experiment @ J-PARC (?2??-...):
T. Mibe et al., Chin.Phys. C34 (2010) 745

Q,=.. (0.1 ppm)
_g-2 project @ J-PARC! F' From Naohito Saito
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\\‘ Mo um Producton
~ > K ~ 25 meV) | Super Precision Magnetic Field ...
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Resonant Laser lonizatbon of
Muonium (~10% u*/s)

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam




(g-2)/2 of muon (Theory)

QED ~ Hadronic Vacuum Polarisation  Hadronic light-by-light Weak
(VP) Scattering Interactions
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ISR (@ BaBar

The BABAR experiment (1999-2008)

PEP-II: eTe~ collider, 3.1 x 9 GeV?
Vs = 10.58GeV [T (45)]

Instrumented Flux Return
Identification of muons and
neutral hadrons

u efficiency > 85%,

n misid ~ 4% at p > 1.5 GeV

Solenoid 1.5 T

Cherenkov Detector (DIRC)
Particle identification
/K separation > 3.40
at p < 3.5 GeV
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Electromagnetic Calorimeter \ C/ . .
6580 Csl(Tl) crystals AL\ N\ A\ '
Electron and photon energy : \ \ )
- measurement
Silicon Vertex Tracker O(E)JE = 1.4% EV4 @ 2.2%
5 layers of double-sided Si-strip detectors Drift chamber
Ver_‘t('ex reconstruction, tracking + dE/dX 40 |ayers' momentum measurement IS R I .
Efficiency ~ 97% for charged particles and dE/dx selection

o(p;)/ pr= 0.13% p; ® 0.45%

@ Detected high energy photon: E, > 3GeV

= High luminosity — defines Ecy & provides strong background rejection
> Loeak = 12.069 x 103 cm—2s1 @ Event topology: visr back-to-back to hadrons
» 513.7(18) fb—! accumulated — high acceptance

@ Kinematic fit including ~sr
— very good energy resolution (4 — 15MeV)

@ Continuous measurement from threshold to ~5GeV
— provides common, consistent systematic uncertainties
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ISR (@ BaBar
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0.5-2% syst. errors
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« Systematics mastered at the 10-2 level for first time in BaBar
* ISRy in EMC (thus: at large angle)
« Good quality tracks, particle identification (PID)
» Kinematic Fit (using only direction of ISR y)
 Possibly including 1 additional y: NLO!
 All efficiencies (frigger, filter, tracking, PID, fit) from data.
'/ prue ratio:
» Cancelation of ee luminosity, additional ISR, VP, ISRy
efficiency
« Correct for lowest order FSR in p*pu~ and for ISR + additional FSR,
both calc. in QED and checked in data

0
R (s < mlE) | ) R(s)
: U[um(v)](s,) (1+ 5%?{)031"#'(7)](8,) (1+ 51?;81'}{)(1 o 555&1,15‘53)




BaBar sanity check: comparision pu spectra with QED

Phys.Rev.Lett. 103 (2009) 231801, Phys.Rev.D86 (2012) 032013
g ———————————————— _

@ BT . bty f}#{. _‘ }H{ b f{ { }* ?. H{_
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needed

e MC simulation corrected for all known MC/data dierences.
* ISR vy efficiency measured in data, from pp-only reco'ed evts.

* MC corrected for known NLO deciencies by comparing to
PHOKHARA

Good agreement within (0.4 = 1.1)% ; Dominated by L, (£ 0.9%)



e'e” =-» r'm(y)y Cross Section

Phys.Rev.Lett. 103 (2009) 231801, Phys Rev.D86 (2012) 032013

2 103?/ 4 _ 14000 g
2 E - . = - i - ’
= 1025 \ Sy - =1200~Z00M f } -
S ; B = S C ',0"
g= » o ] g= - I ; =
3 10g ~ . f;‘10005 ‘
2 = % 5 2 800 =]
5 1g oo E & r
= | " = O 600 "
C +, + ] B ” -
10'1? C ’Ww .
- g~ =00r. el -
=g 2005" k ~\;
_3_| N T T A TN TN M [N SN N N SN N ST SN SN NN SN NI A E i e L~ .
10753 1 15 > K ~ 0--055"0.6 0.65 0.7 075 0.8 085 0.9 095 1
Vs(GeV) Vs(GeV)

Bare (incl. additional FSR, VP removed) unfolded
olete > nn) 232 fb! @ vs = 106 GeV
Excellent precision down to threshold:

a™ ™ [2ma, 1.8 GeV] = (514.1 4+ 2.2 + 3.1) x 10~1°

7

Similar precision as combination of previous e*e- results:
a™ ™ [2m,, 1.8 GeV] = (503.5 £ 4.5) x 10710

,u

1.7 o larger than previous e*e-average: A = +(10.6 £5.9) x 107"
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e'e” -> 'r(y): VDM Fit of |F,(s)/*

Phys.Rev.Lett. 103 (2009) 231801, Phys.Rev.D86 (2012) 032013
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« | Form Factor |2 fitted with a vector dominance model p, p’, p”,w’
« p's described by the Gounaris-Sakurai model y2/n.d.f = 334/323
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Process Tt nt’n’ (Before BABAR)
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Before the BaBar measurement:
- Limited precision
- Big disagreement between experiments
- Small energy ranges

K.Hagiwara et al., arXiv:1105.3149 [hep-ph] (2011)
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o(e ¢ = T w2n’) (nb)

Process Tt n’n’(After BABAR)
Phys.Rev. D96 (2017) no.9, 092009

S0
456 OSND
ol A ADONE MEA BaBar measurement:
s - Much more precise
: «BaBar - Larger energy range
N From 0.85 to 1.8 GeV:
N - Relative precision 3.3%
| . Improved by factor 2.5
15|
1o a,(r*n~2n°) = (179 £ 0.1 + 0.6) 1071°
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Process ot

Phys.Rev. D96 (2017) no.9, 092009
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Process Tt n

Phys.Rev. D97 (2018) 052007 2

S 4
N—YYy decay is used 2

o 3

The most precise measurement
Extending energy range up 3.5 GeV 2
a," (Vs < 1.8 GeV) =(1.180.06) - 10°1°

Systematlc uncertalnty is (4 5 12)%
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Resonance model Good fit for
p(770) + p(1450) Doesn’t fit
p(770) — p(1450) E., <1.7 GeV
p(770) — p(1450) — p(1700) E., <1.9GeV
p(770) — p(1450) + p(1700) E.n <1.9 GeV

p(770) - p(1450) + p(1700) + p(2150) ~ E__ <2.2 GeV
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Process KiLKsn

First measurement of this cross section

= KsKin %
v T I
%—J‘,
e " Phys.Rev. D95 (2017) no.5, 052001
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C 1.

Systematic uncertainty is (15-100)%



Process KsK*1n

First measurement of this cross section
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Systematic uncertainty is (12-19)%
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Processes K*(892)Kn

Phys.Rev. D95 (2017) no.9, 092005
Charged K*(892)
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Process Ki Ksmt!

First measurement of Phys.Rev. D95 (2017) no.5, 052001
this cross section
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Process Ki Ksmt/mt!

First measurement of this cross section
Systematic uncertainty is (25-100)%

Phys.Rev. D95 (2017) no.5, 052001
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Process KsK*=rem!

First measurement of
this cross section

- KK*rm® -
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Systematic uncertainty is (6-12)%

More than 10 intermediate states

Intermediate state
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K
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+
Substructures in KsK 7 '
Phys.Rev. D935 (2017) no.9, 092005
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All K*(892)Kt signals include also signals from K*(892)K"(892)
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Phys.ReV. D95 (2017) no. 9 092005

Processes K*(892)K(mwand K*(892)Kn
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Process KK¢p

Phys.Rev. D95 (2017) no.9, 092005
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Total KKTt(1r) cross sections
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All modes have now been measured by BABAR

KKt is about 12% of the total cross section for Ecm = 1.65 GeV
KKt is about 25% of the total cross section for Ecm = 2.0 GeV
Precision on (g-2)/2 improved (no reliance on isospin)

a,(KKm) = (2.45 + 0.15) 1077 a,(KKmr) = (0.85 + 0.05) 10710
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Conclusion

- Using ISR technique BABAR does precision studies of low
energy e'e” annihilation.

All KKt and KKnrt modes now directly measured by
BABAR. No isospin relations needed any more for cross
sections and dispersion relations.
- Resonant substructures explored with 0(102-10%) events.

. Contributions to a,:

el (1t nnin )— (17 4--0 6) 10 10
B¢k - (2:45+0.15) 1077 2, 4¢cm) - (0.85+0.05) 10°7°

had LO

- Improvement of the total a, prediction:

DHMZ 2011 Tau2016 Conference
(692.3+4.2) 107" (692.8+3.3) 10™"°
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