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Introduction

The contributions to a, and its uncertainty

e
no= g,uﬁs

(8u—2)/2 a, =0 (Dirac equation)
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The contributions to a, and its uncertainty

B= g”2m
(g# _ 2)/2 —- aiM — aSED + alvl/eak + aZadronlc
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Introduction

The contributions to a, and its uncertainty

- e
wo= g,uﬁs

. SM ED k hadroni
(g“ — 2)/2 = a, = aS +a;vllea + aua ronic

Contribution [-1071°]  Uncertainty [-10719]

QED [1] 11658471.8951 0.0080
weak [8] 15.36 0.1
hadronic VP [5, 11] 683.7 4.3
hadronic LbL [10, 4] 11.9 4.1
theory total 11659182.8 6.0
Experiment E821 [14] 11659208.9 6.3
Experiment-Theory 26.1 8.7
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Introduction

Discrepancy between SM prediction and direct
measurement from Eur.Phys.J., C71:1515, 2011 [5].
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Just a fluctuation?
30 effect, thus reduction of uncertainties necessary! J
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Introduction

Connection between a, and oyp,q
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Introduction

Connection between a, and oyp,q
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The BABAR Experiment

SLAC/LBLILLNL getron
SLAC-Based B Factory:
PEP-Il and BABAR

Experimental specifications

Energy: /s ~ 10.58GeV (E.- ~9.0GeV, E.+ ~ 3.1GeV),
Luminosity: £~ 500fb~1 (mostly 7(45))
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The BABAR Experiment

Experimental specifications

PID (DIRC)

e (

M Detector (IFR)

Central Tracker (DCH)

Energy: /s ~ 10.58GeV (E.- ~9.0GeV, E.+ ~ 3.1GeV),

Luminosity: £~ 500fb~1 (mostly 1'(4S))

Vertex Tracker (SVT)
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Introduction

Initial State Radiation (ISR) events at BABAR

hadrons

ISR selection

@ Detected high energy photon: E, > 3GeV

lisR (r'

\F
=
hadrons |/
BABAR

— defines Ecy & provides strong background rejection

@ Event topology: visr back-to-back to hadrons
— high acceptance

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

@ Continuous measurement from threshold to ~5GeV

— provides common, consistent systematic uncertainties
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Cross section eTe™ — whn ™

ete” >t

Phys. Rev. D86 (2012) 032013 [13]
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Cross section ete™ — w1 m—

Resulting cross section

ete” > atn™
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Cross section (nb)
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107755 1 5 25 3
Ecm(GeV)
Ecnm(GeV)  Syst. unc.
0.3-0.6 0.8 —1.4%
0.6-0.9 0.50%
09-12 0.65%
1.2-3.0 1.4 -53%
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ISR physics at BABAR

e dominant background ()

@ CS calculated relative to
pt Ty

o half of BABAR dataset used,
new analysis in progress

Contribution to g, — 2
au(v/s <1.8GeV) =

(514.09 4 222, +3.115y5¢) x 10710
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Cross section ete™ — 7tn ™

Pion form factor

10 =
i ] o Fitted with Gounaris-Sakurai
1= = . .
parameterization [9]
10'e E @ motivated by VMD
107 @ allows comparison to other data
10705 1 15
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Cross section ete™ — w1 m—

Pion form factor

10 =
i ] o Fitted with Gounaris-Sakurai
1= = . .
parameterization [9]
10'e E @ motivated by VMD
107 @ allows comparison to other data
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Cross section ete™ — w1 m—

Pion form factor

10 =
i ] o Fitted with Gounaris-Sakurai
1= = . .
parameterization [9]
10'e E @ motivated by VMD
107 @ allows comparison to other data

—_

~n
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il
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ECM(GeV) ECM(GeV)
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Cross section ete™ — ntmn—x0

Phys. Rev. D70 (2004) 072004 [2]
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Cross section et e™ — ntx— x0

Resulting cross section

ete™ — 7T+7['_7T0

e dominant bkg 777070

o BABAR
#}L o SND ? o disagreement with DM2 around
2
ﬁ A DM2 1.6GeV/c

Cross section (nb)

% Hﬂ% @ energy range
. ‘»‘%‘%w‘:o-.- R— 1.05 < Ecm < 3GeV
" » M; (GeV/c)
SyStemati; Enfg;ainties Contribution to g, — 2 (comp. [6])
° au(v/s < 1.8GeV) =
(46.20 4 0.4044a1 + 1.404y5t) x 10710
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Cross section ete™ — wt 7w~ 70

Intermediate resonances: w, ¢ — ato— 0

ete” > ntr 0
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Cross section ete™ — wt 7w~ 70

Intermediate resonances: w, ¢, and J/ip — a0

ete” > ntrx0

<~ 1500 .
L2 X bl
= § 100
S )
z =
o e}
< 1000 _ o 75 E
z E
:
® © 50 B
500 B
25 B
0 e et ol o Rt o]
08 0.9 10 2 29 3 3.1 32 3.3
M, (GeV/c) M, (GeV. /Cz)
J/p branching fraction
B — 37) = (2.18 £ 0.19) %
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Cross section ete™ — nfn—ntn—

Phys. Rev. D85 (2012) 112009 [12]
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Cross section ete™ — nfn - awtn—

Resulting cross section

ete” > atnntn—

© CMD v M3N

mCMD2 & DM1

3k ADM2
oBaBar 2005

© this work

40

35

30

o(e'e’ - n'n ) (nb)

‘ @ dominant bkgs KTK— w7~
‘# and KOK*nT

o full data set

25

20

15+

@ Photon detection and tracking
systematics improved

10+

R Contribution to g, — 2

Y
| o

L L L - ooe
1000 1500 2000 2500 3000 3500

PV 2(V/s < 1.8GeV) =
Ecyi(GeV) Syst. unc (13.64 & 0.034a; + 0.364y5) x 10710

06-1.1 11%
1.1-2.8 2.4%
> 2.8 4%
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Cross section et e™

—

T T

Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))

1.0- 1.4 GeV/e*
DATA
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1 1
1 2 3 4

Entries / 25 MeV/c*
u.
g
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A

14- 18 GeV/c*
10000

1 1 1
1 2 3 4
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1 1
1 2 3 4

23-3.0GeVic

)1 2 3 4

M, (GeVic)
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First column (4 entries/event):
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Cross section ete™ — nin 7l n

Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001)) . .
o First column (4 entries/event):
B 1.0- 1.4 GeV/e*
= so00- DATA |50
a1(1260
g /\ MC (1260)
E 1 ! ! 1 Lol
S 12 3 4 05 1 L5 2 25
k- L18GeVE | ~ 0 Second column (4 entries/event):
o strong p° contribution
1 1 1 1 1 1
[T N S /A e.g. for Mar > 1.4GeV/c*:
et 2 . .
1823 Gevie 1/4th of entries in p° peak
20001 S000E 0.0 : .
P p p- is forbidden
p " 0.
T N — pin each event!
23-3.0 Gevict i
1000 2000
50027, 1000 -
31(126 )1 R o T s
3.0-45Gevre
200N soof-
\ o M o,
1 1 1 1 1 1
1 2 3 4 05 1 15 2 25
M, (GeVic) M, (GeV/c’)
(=] = = = ==
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Cross section e

Tem s atr Tt

Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))
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ISR physics at BABAR

First column (4 entries/event):

a1(1260)

Second column (4 entries/event):

strong p° contribution

e.g. for Mar > 1.4GeV/c*:
1/4th of entries in p° peak
p°p° is forbidden

— p° in each event!

Third column (1 entry/event):

27 lie within p° mass
— other 777~ 's mass plotted

£(1270), a1(1260), 7(980)...7
— Partial Wave Analysis needed
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Cross section ete™ — w7~ 7070

ete™ — 7ta 7070

PRELIMINARY
submitted to PRD, arXiv:1709.01171
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Cross section et e™ — ntn— 7070

Resulting cross section

ete” = ot 7070

g
% OSND
S mADONE yy2
,,':‘ AADONE MEA
1
0 e e dominant ISR-bkg 77370
e OOLYA .

*8aB removed using data

PRELIMINARY .
@ most precise measurement to

date

@ widest energy range
0.85 < Ecmt < 4.5 GeV

B e ey Contribution to g, — 2
Ecm(GeV)  Syst. unc. 2,(0.85 < /s < 1.8GeV) =

12-27 3.1% )
57_39 6 7% (17.9 = 0.1gtat = 0.64y5) X 10710
> 3.2 7.1%
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Cross section et e™ — ntn— 7070

Resulting cross section

ete™ - ntn 7070

T
ié E%%NE\%
+'= AADONE MEA % s E
1 £ F
H ™, ° & -+
eBaBar E &P\
6 &\
PRELIMINARY o
\*r—’ 98 0% 085 0o 092 054 096 095 1 102 104
25 3 35 4 45 M (GEV/CZ)
Ecy (GeV) 4
Ecm(GeV)  Syst. unc. Comparison to Chiral Pert. Theo.
1.2-27 3.1% (Eur.Phys.J., C24:535-545, 2002 [7])
27-3.2 6.7%
>3.2 7.1%
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Cross section ete™ — w7~ 7070

Intermediate resonances J/p — 7 w070

) — 1 L 1 L 1 L 1
3 3.025 3.05 3.075 3.

L 1 L 1 L 1 L
1 3125 315 3175 32
M, (GeV/c?)

J/b branching fraction
B(Jjp — 2m27°) = (0.51 £ 0.05) % J
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Cross section ete™ — wt 7w~ n0x

Intermediate resonances J/4), wn® — w707

) — 1 L 1 L 1 L 1
3 3.025 3.05 3.075 3.

M, (GeV/c?)

J/b branching fraction
B(Jjp — 2m27°) = (0.51 £ 0.05) %

0.0

0.0

® BaBar
T v SND2016
T i 4 SND2000
T4 T * CMD2
" 0 DM2

o(e*e’ = on’ - w21 (nb)

‘% PRELIMINARY
§
-

%
‘%M

L 1 L 1 L 1 L
1 3125 315 3175 32

1.6 1.8 2 22 24

Ecy (GeV)

contribution to w7270
(32.1 % 0.2400 + 2.65y50) % J
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A = r = 0

e > w'w wiw W

Cross section e

ete” = ntn ntr xd

Phys.Rev. D76 (2007) 092005 [3]
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Cross section ete™ — ntnx~wtma— 70

Resulting cross section

ete” > atnntnx0

o)
£
= i
B
Rt 8
3 e dominant bkgs Kt K= nt 7m0
7 , and KOK*=rF70
*o 10 b .
© @ most precise measurement to
date
sk ]
i @ energy range
A M 1 < Ecm < 4.5GeV
ola?” anpte o
1 2 3

4
E;m. (GeV) Contribution to g, — 2 (comp. [6])

1ECSM_(<15e8V) Syst. e a,(v/s < 1.8GeV) =
a3 0% (0.96 & 0.09) x 10710

> 3.5 50%
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Cross section ete™ — w1t~ ata ™ =0

Intermediate resonances: w/nmt ™

ete” st atn 70

o(ete =2’ (nb)
N
3 €
~+
e
A8 B

[\
T
e
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W i, ++ ¥ +
s ++++ mwmﬁﬂ +*#+**+
1 s >

2
Ecm. (GeV)
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Cross section ete™ — w1t~ ata ™ =0

Intermediate resonances: w/nrtn—, JAp

ete st ntn 70

g
=]

o(e'e —=2(n'm)n’) (nb)
N
T
3 €
:‘ +
L8
54 8
I
Il
Events/0.01 GeV/c?
2
=]

++ 1000
++++ +++ ++++++ 500
++#‘:‘ﬂ + ++++ +H‘ + ++++++++ 4 '
o 15 2 5 3 5 325 35, 375
E. . (GeV) mQ(rTR) (GeV/c)
J/p branching fraction
B(Jhp — 4xn®) = (5.46 = 0.35) % J
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A i

A 0

Cross section e"e™ — '@ w' W T

Intermediate resonances: w/nrtx~, JAp, and ¥(25)

ete- s> atnrntrn

0

g + total ? E:ZOOO
o}i 4k uJﬂ’j;ﬂ': n 51500
N
% | ++H+++++ﬁ% ! -
© ++ ++ +++ f +++H+
+++ +i ++++ ++++++++ .
P g Vi
0 M, ‘ 'ﬁ*"i‘}ﬁﬁhﬁmﬁjm+ ¢ H+ 0
1 1.5 2
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$(25)

B(¥(2S) — 4n7m°) = (1.24+1.1) %

3 3.25 35 375
mQ2(rn)n) (GeV/cY)

branching fraction

J
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Summary

@ ISR physics has proven to be a very productive field even years after
the end of data taking at the B-factories

@ Precision measurements of hadronic cross sections have greatly
improved aEM & more final states in preparation. Shown today:

*
*
*
*
*

ete™ — mtn~ Phys. Rev. D86 (2012) 032013 [13]
ete™ — mtr 10 Phys. Rev. D70 (2004) 072004 [2]
ete” = ntr 't~ Phys. Rev. D85 (2012) 112009 [12]
ete™ — mta~7n%7°% submitted to PRD, arXiv:1709.01171
ete™ — ntr 7t r~ 70 Phys.Rev. D76 (2007) 092005 [3]

@ New results from BABAR forthcoming:
*
*

ete” —wntaTy
ete™ — 77~ (new method, full dataset)

JGlu
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Summary

Thank you!

Any questions?
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