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8y - 2 in the standard model

_ e _
* Gyromagneticratiog: | uU=¢ S
2mc S _
L
—> The relationship between angular U

momentum L (or s) and magnetic moment u

* Dirac (tree-level) result for a charged
lepton |: g, = 2 (exactly)

* Radiative corrections alter the prediction: g;=2 (1 + a)),
introducing sensitivity to new physics through loops

g -2
2
The muon anomaly a, is much more sensitive to virtual heavy
particle production in loops than the electron anomaly a.:
the relative virtual terms scale like (mu/me)2 =~ 43,000

* The “anomalous” moment a, =



8y - 2 in the standard model

QED EW hadronic

In the standard model, a,=a; " +a,” +a,

QED N 11 Aoyama, Hayakawa, Kinoshita, Nio;
=116584718.951+0.080x%x10" PRL 109 (2012) 111808

NN i\

Calculations up to 10t order in Qlqep

" =153.6+x1.0x107"

Gnendiger et al., PRD88 (2013) 053005



8y - 2 in the standard model

hadronic had ,LO-VP had ,NLO-VP had ,LbLS
=d +d +d
u u u u
Y
Leading-order hadronic vacuum polarization
a, """ =6923+42x107" “\
Davier et al., EPJC71 (2011) 1515 a .

[6949 + 43 x 107" Hagiwara et al., J. Phys. G38 (2011) 085003 ]

Higher-order hadronic vacuum polarization i
L AN
a, """ =-98.4+0.7x10™" u

Hagiwara et al., J. Phys. G38 (2011) 085003

Light-by-light scattering
al“tt =105£26

u

Prades et al., arXiv:0901.0306 (2009)

Diagrams from Jegerlehner and Nyffeler,
Phys. Rept. 477 (2009) 1



8y - 2 in the standard model

Summary: individual SM contributions:

a QD 116584718.951 + 0.080
7 B 153.6 + 1.0
7 G 6923 + 42
7 I -98.4+0.7
3 il 105 + 26

Total SM prediction compared to measurement

5, B 116591802 + 49
7 B2 116592089 * 63
Data - SM 287 + 80

Davier et al., EPJC71 (2011) 1515

all in units of 1011

3.6 o difference
between data and SM
prediction (3.3 o with
Hagiwara et al. result
for auhad,LO-VP)

Uncertainty in the SM
prediction dominated
by LO-VP term



LO hadronic vacuum polarization term auhad'LO'VP

Energy scale too low for perturbative calculations

Lattice calculations not yet adequately precise
[M Della Morte et al., JHEP 1203 (2012) 055] m

The most precise result for auhad'Lo'VP obtained from low-energy
e*e” = hadrons data and an integral over a dispersion relation

2 . R o(e'e” — hadrons)|

alro-vE - (amu ) f KSR, ua ds "™ o(ete = utu) | Fep. 277
u 2

, : 2009) 1

37 m2 S K (s) = kinematic factor (2009)

T

¥ * 1/s?term - low-energy contributions dominate
* Need precise measurements of R, _, at low Vs

e Use sum of exclusive channels for E < 2 GeV:
background to inclusive channel from

e*e" - e*e’and e*e” - u*u events very large &
inclusive detection efficiency not precise
below 2 GeV [generic MC (Jetset) doesn’t work]

e*e” - hadrons production

through a photon coupling Perturbative calculation or inclusive

o(e*e” = hadrons) data used for E > 2 GeV



LO hadronic vacuum polarization term auhad'LO'VP |

Channels contributing the largest uncertainty in a "¢t0-VP; | Aq hadlO-VP

had,LO-VP o
Channel | Aa ™ € ool T
(x101%) 4 F
s |
* T 28 B 102k
O10°E;
@ E
*  mton 15 @
m _’
7]
L1 01 A 12 O 10
Q —
X KK 7 -
1
T 5 E . o
T
* KK 4 107 *
kKK, 4 D .
[Davier et al., EPJC71 (2011) 1515] 102 ki i iii

e Contribution of the 't state
to the dispersion integral: 75%

* The 3m, 4i, and KK channels the next most important

* Final states with kaons important above the ¢ mass

* New results shown below (but not yet accounted for in a edt0-VP)
Bill Gary, FPCP, May 29, 2015 7



Relative contributions of different
channels to the uncertainty in a hedt0-VP

- iIsospin

KTK~ 7 \‘

W+W_ﬂﬂﬁo
PRELIMINARY

ato—ntno—

“Isospin” refers to unmeasured processes, with cross sections estimated
using isospin relations: largest contributions are KKt and KKitr

From Andreas Hafner (Moriond 2015), using results from Davier et al., EPJC71 (2011) 1515

Bill Gary, FPCP, May 29, 2015



Partial list of experiments: R, _, at Vs < 2 GeV |

_Experiment _|_Collider Energy range

KLOE
DM1. DM2
CMD2, SND
CMD3, SND

BESIII

CLEO-c

Babar

Single fixed energy
_  Orenergy scan

e
‘Y*

CMD3, SND, BESIII

DAJNE Frascati 1.02 GeV
DCI Orsay 1.35-2.4 GeV
VEPP-2M  Novosibirsk  0.4-1.4 GeV
VEPP-2000 Novosibirsk 0.3-2 GeV
BEPC-II IHEP, Beijing 2-4.6 GeV
CESR Cornell 3.67-4.17 GeV
PEP-II SLAC 10.6 GeV
_ ISR method
e
or v Measure o (ete” - X)
Versus m,, = my = Vs’
e’ VisR

KLOE, BESIII, Babar

Bill Gary, FPCP, May 29, 2015 9



Cross section [nb]

10

Current status of published results: ete" - '

Most precise published e*te” - "t measurements: Babar & KLOE

i 1 I 1 T T 1 I 1 1 T 1 I T 1 T 1 I T 1 1 1 :
— * TOF & KLOE10 A
=— P » OLYA °*SND -
= interference = CMD . DM1 =
B * CMD2 * DM2 7]
F » KLOEO8 ° BABAR _E
& Average -
- . ]
= HL -i:@ d, =
? Hf ”"li :
B ete STt excited ,{, l_;" i3 7]
= p states ’L 'f‘ T &
n 1 | 1 1 L 1 | 1 1 1
0.5 1 2 2.5

Compilation from Davier et al., EPJ C71 (2011) 1515 [ [GeV]

Signal MC (Babar): AfkQed [based on Czyz & Kiihn, EPJ C18 (2001) 497]

Babar:

PRL 103 (2009) 231801
PRD 86 (2012) 032013
large angle ISR = tagged

KLOE:

PLB606 (2005) 12 [2001 data]
PLB 670 (2009) 285 [2002 data]
PLB 720 (2013) 336 [2002 data]
small angle ISR = untagged

PLB 700 (2011) 102
large angle ISR [2006 data]

(KLOE 2013): Phokhara [Czyz, Grzelinska, Kiihn, & Rodrigo, EPJ C39 (2005) 411



Current status of published results: ete" - '

- 02— L B B B L R T N
- - BABAR Fit ] mt* form factor:
i KOEOS 1 B = o)
R - . KLOE08 ] T S — T~ 0-71'7[' S
w' 0.1 © KLOE10 (tagged) ma?(0)Br
0.05F ° KLOE12 = B,. = pion speed
* ] £ o = s
-0.05 % & —E N; 0.1
0.1 _: i'\
- ] !hl:ll‘l o
0.15F = P ”""Wl"ll I\Wl"ﬁ
-0.2 EI Ll I LA 1l I Ll il I Ll 11 I Ll 1l I Ll 1l I Ll 1l [ Ll 1l I Ll 1l I L1l IE _0_1
S5 055 06 065 0.7 075 0.8 085 09 095 1
\I;[GeV] ) = N B NN TR B PSP B R
05 055 06 065 07 075 08 085 09 095 1

Vs (GeV)
The Babar and KLOE measurements are consistent below the p resonance, but

differ by up to ~6% at for Vs’ >m,

- An important source of remaining uncertainty for e*e” - w*w" and thus for
the SM prediction of a 240V

—> Need new precise data to resolve the discrepancy

Bill Gary, FPCP, May 29, 2015 11



BESIII; ete” -

New results from BESIII | (preliminary)

e*e” - 'y data at Vs’ = 0.6 - 0.9 GeV collected at the ¢(3770)
resonance with the ISR technique (tagged ISR photons)

Ldt = 2.9 fb!(of around 9 fb! collected between 2.1 and 4.6 GeV)

1400 _l T T T ] T T T T T T T T I T T T T T T T T I T T T T 1]

- % mﬁ —+ BESII ]

1200 — _ 4 ** KLOE 08 ]

T [ PRELIMINARY s 4~ KLOE10 ]

= 1000 — r % KLOE 12 —

sﬁ - ﬁ *% —— BaBar -

;: 800 — ¥ p—m u'ﬂn_:;_ —f— CMD-2 ]

— %_ . —]

h - 4 interference ¥ .
: 1 =

+ﬂ) 600 — & 1

° F P + .

g L e -

v —ﬁ * %‘& N

| - ]

g .

G o ]

200 — M‘*‘&g.

0.6 | 1 1 |0-|65 | | | | 0|.7 | 1 1 1 0-|75 | | | | 0!3 1 1 1 | D-las | | | | 0'9

Vs' [GeV]

Bill Gary, FPCP, May 29, 2015
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IF 7

BESIII; ete” -

45

40

35

30

25

20

0.05

below the p peak; lie slightly

below Babar above m,

IFHIZI / BESIII fit - 1
(=]

BESIII data lie above the KLOE
data over the full energy range by
about one standard deviation

01

IIII|IIII|IJ\I

015 T 1T | T T T T | T T T T T T T T T T | LI T
E \ 1 trTTTT 4 - — i ]
= — BESNfit - BESIHIfit -
= BES]]I ¢ BEsl : i —— BaBar —
E PRELIMINARY ] " PRELIMINARY ]
- = ~ 005~ + {E‘ -
E ] s L e I |
= = = 4 e
- 3 E 0 i I |||ﬁ'| ! ' |II| ATAATT |Ii'.l_ L T . 'sl L@J |l I 'IIII Hl
C 7 o “ il " N L L
= - - - | # \ il
E 7 L f ]
= E By .
o = - p—w interference region .
E ] 01— . —
= = - difficult to model and unfold ]
L 0.65 . . . : 07 L L v_ 0 75 L L L 0.8 : L L L 0.85 L . . : 0.9 70»1 %76 1 1 1 1 07165 1 1 1 1 0|7 1 1 1 1 0‘75 1 1 1 1 0|B 1 1 1 1 07|85 1 1 1 1 079
[GeV] Is' [GeV]
U.1b|_ L B LI N L L B B L B B LI IR B
C Ksllln BESIII fit
- —4— KLOEO08
. 01—
BESIII data agree well with Babar - 4 KLOET0
B PRELIMINARY —#— KLOE12

IR !
—01% 065

Bill Gary, FPCP, May 29, 2015
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BESIII; ete” -

L I L L B
BaBar ~3% difference
between Babar and
—— KLOE12 | KLOE
% Sm N AaMTHJ'E—,LO-VP
’ ¢ = KLOE 10 ~ 10 x 1011
PRELIMINARY versus total
1 KLOEO8 | yncertainty in
a had,LO-VP Of 42 x 10-11
: . ! BESIII u
P (T SN T NN T SO TN TR NN SO SN TR SO NN SO SN SR SO (N SO T ST M. me s e s

:3(-31()I — 365 370 a7a 380 385
aZ*2(600 - 900 MeV) [10™°]

BESIII preliminary result for a ™9V between KLOE and Babar but closer to Babar

e BESIII plans to publish this summer with reduced uncertainty as the luminosity
determination is improved

* Measurements of ete” - '’ and wtrn® 0 also planned (the two channels with
next largest contributions to the current uncertainty in auhad'LO'VP)

* Will measure inclusive o(e*e” - hadrons) in 2-3 GeV region with ~3% precision,
bettering world’s best result (BESII) by factor of 2 ; test perturbative result

Bill Gary, FPCP, May 29, 2015 14



CMD3: efe - i

- e/u/n A
. separation using o e/u/n
particles . separation
momentum Y using
B ; energy
_ deposition
Preliminary . : in P
- calorimeten
L8t ' ..
NIRRT TN TS T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
\s, GeV

VEPP-2000 delivered ~60 pb! from 2010-2013 in a scan (0.32 — 2.00 GeV)
Most CMD3/SND results still preliminary; expect 2-3 years before publications

Machine being upgraded (positron injector): hope to restart end-2015 or
beginning-2016 and collect ~1 fb! in next 5-10 years

Goal is to measure a,™™'9"* with a precision of 0.35%, compared to 0.7% for
Babar and 0.8% for KLOE



o,nb

o(e’e— 2(n’n %), nb

VEPP-2000: examples of other final states

ete—

NN W RN LD NN o o
T T

s [ BaBar |
o - SND(2003)7
e - SND(2011) 3

Preliminary

Tt

w S wn (2] ~
8 IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

N

-

Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il 1
1200 1400 1600 1800 2000
Ps(MeV)

ete— 2(n'mnd)

® Cmd3 (2012) {,f} Iy _[ 4
® Cmd3 (2011) ii ﬁ[{}

||||||||||||

oo

L 1 # - § N - 0 - - | - -
1400 1500 1600 1700 1800 1900 2000 2100
e MeV

e Significant improvements and
cross checks in some channels,

potentially leading to shifts in cross
section results

* First measurements in others,
replacing isospin-based estimates

ete— wnnin

O — T T T T T T T T T T ]
o ..

- - Preliminary 'D 1
= 4r + “‘ -
B L« SND .
Eo T
Tl o]
L - +
2 o
© 3 —+-

. |
0 e ] ] ]

Bill Gary, FPCP, May 29, 2015 16



The Babar ISR e*e = hadrons program

A long-term project nearing completion

Previously published results: _

e
T PRL 103 (2009) 231801 v
T PRD 70 (2004) 072004
2(rwtm) PRD 85 (2012) 112009 y
+W-ptp- K+HWK-+0~-0 +I-K+IK- e+ ISR

K*Kmtt, K*KtPn?, KK K*K PRD 86 (2012) 012008
2(mt)m?, 2(st)n, KKt n®, K*Kttemy PRD 76 (2007) 092005 2 3

- 10° ;lr ST M
3(mt), 2(mtrn®), KHK2(mw) PRD 73 (2006) 052003 §_ 5// \

g10°L7 i
K*Km, K*K'®, KK*mr PRD 77 (2008) 092002 § i % =

O 10 e D i
pp PRD 87 (2013) 092005 Sk ::;‘*” 3

PRD 88 (2013) 072009 N3 ¥

y Al T

;i IL‘ i it

¥ Ll l[
AA, ASY, 3050 PRD 76 (2007) 092006 10" I

A
wb fif] Mh.. |

0.5 1 1.5
Eeut = 1.8 GeV

Recent results (discussed below):
K*K-, tagged ISR [PRD 88 (2013) 032013]
K*K-, untagged ISR [preliminary]

KKy, KsKs i, KKK*K™ [PRD 89 (2014) 092002] Essentially the complete set of
KK, KKren [preliminary] significant exclusive channels

Ongoing studies:

01401 0 e Al et A et i A Y e

Bill Gary, FPCP, May 29, 2015 17



Tagged analyses provide high precision at low Vs’

Babar: e*te - K*K cross section (tagged ISR) |

Babar PRD 88 (2013) 032013

Exactly 2 tracks, p > 1GeV, opposite charge,
identified as kaons

> 1 photon with E* > 3 GeV
(* = CM frame)

ISR photon y,z = photon with highest E*

Yisg Must lie within 0.3 radians of missing momentum formed from all other
particles - strong suppression of non-ISR events

Background (m*mry, wrwy, mrrny, swh2nly, KHKwdy, K*Kmy, KKy, ppy)
subtracted using data-corrected simulation

Cross section corrected for detector acceptance and resolution
[AfkQed & Phokhara MC]

Bill Gary, FPCP, May 29, 2015
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Babar: e*te - K*K cross section (tagged ISR)

Babar PRD 88 (2013) 032013

102 IIIIIIII]IIII]IIII]IIII]IIIIIIIIIIIIII —
e CLEO ® Seth et al. j g
10 ® BABAR = g
Fit 3 2
— asymptotic QCD prediction = 2
(leading order) N = é
%ﬁ F.(s)=16na (s) —= o
ﬂ Pty L j
Interference of
q)(’,")’ p(',”)’ w(*)
10.5 v v b v b b b v b by
15 2 25 3 35 4 45 5
V' (GeV)
2
Babars covers a larger energy range; results E
more precise than previous measurements g
<
@)

g, MHtOVP=229.3 + 1.8 (stat) £2.2 (syst) x 10

- 1.2% precision, versus precision of previous
world average, with 3.3% precision

Form factor F, larger than leading order QCD
asymptotic prediction by factor of = 4 : need to

test at higher Vs’
Bill Gary, FPCP, May 29, 2015

45
40
35
30
25
20
15
10

35

25

1.5

0.5

,, Ta?B3C
ox+k-Mg+r-) = mWA (Mpc+ -
Er T L e
E o OLYA E
% SND: 1998 data sample o CMD 3
E 1 v DM1 3
4 (8.5 pbt) at VEPP-2M . DM2 3
= o SND 3
o » BABAR ]
3 E
= =
=¥ =
- %_ Ti E
i L.
= L Lo, L R
1.1 1.2 1.3 14 1.5 1.6
Vs (GeV)
- R I
- DM1 3
= A DM2 —
H = BABAR E
Bk E
=T l =
= | E
- ﬁ* I o]
? . - ey WL tﬁk o
Oy L 11 | | H’I [
.6 1 65 1 7 1 75 1 8 1 85 1 9 l 95 2 205 21
Vs (GeV)
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(o nb

SND: e*e” - K'K

10F

11

|\ « MHAD2011
2, s ‘ D « MHAD2012
%%b?%o o BABAR
0.6'0500.&
°'0‘°0°°~0b0
°
o
¢%

Preliminary

‘# #’mﬁsﬁ"l’ i ¢

19000

12007400 1600 1800 2000
2E, MeV

Upgraded SND detector at VEPP-2000:
e 2011 and 2012 data samples (60 pb?)

 Agreement with Babar much improved

Bill Gary, FPCP, May 29, 2015
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Babar: ete” - K*K (untagged ISR) |

Preliminary

* Above 3 GeV, statistical precision greatly improved using

untagged untagged events

N * allows access to higher Ecm = Vs’ = m,
—> better satisfies the asymptotic condition my, - o=

—> provides a more valid test of the QCD
perturbative calculation

* Asintagged analysis, require events to have exactly two
charged tracks, with opposite charge, identified as kaons

Require events to be consistent with é - Babar simulation: | % 3000 Babar
an ISR photon along the beam axes: | = | e'e” 2 K'Kyg ° simulation: |
2 6000 | 1s 2000 | e'e” 2 K'KYgg 1
Pr k< 0.15 GeV o E
2 — 2 4000 i
IMmissl - |(pe+ + Pe- - pKK) | - ool ]
<1.0 GeV 2000 . [ '
= 0 for signal events P ——— ; 0
0 02 04 06 08 1 2 0 2 4 5 6
PT KK (GeVic) Maiss (GeV/c?)

Bill Gary, FPCP, May 29, 2015 21



Babar: ete” - K*K (untagged ISR)
Main background for m > 5.5 GeV: u*uy background

- maximum-likelihood fit of M_.. 2 distribution in bins of M
* PDF for u*uy from data with > 1 identified muon
* PDF for signal events K*K»y from simulation [phokhara]

5.5<M<6.0GeV

bt
wi

Nf CBabar | ”;cg | Babljc\r. ] — Fit
3 [ preliminary 3,  prefiminary | 1 e Signal
Sl A A I I R B iy bkg
B g ISR & 2y bkg
@D &
L s+ i .
ST § | Cross section: 0; = N,/ (gL;);
| : - L; from QED calculations for
o b e e ] e B ISR emission (0.5% accuracy)
Masiss (GeVieh Mbiiss (GeV7/ch)
ﬁ’{K +K— (Ce\' / Cz) J'\'Td ata 4"\‘ngg J"\‘T,u,u"r‘ JI'\‘TISR "V"r' v
5.5-6.0 42 35.3+6.7+0.6 6.0+3.7 0.7+0.4 0.4+0.3
6.0-6.5 25 108 +4.6+1.2 11.4+4.3 2.2+08 0.3+0.2
6.5-7.0 34 132+56+1.2 18.9 +5.7 1.1+05 <03
7.0-75 44 70+54+16 334470 38+13 <05
7.5-8.0 91 00+60+1.7 86.9+9.7 45+16 <05
09-Sep-2014 Bill Gary, ISMD 2014, Bologna 22



Babar: ete” - K*K (untagged ISR)

Comparison with previous results
T T T [ T T T T T T T T T T T T T T T T

— 0.2 I \ ‘
&% I O BABAR (LA ISR)
¥ CLEO
A Seth et al.
0.15 i H % ® BABAR (SAISR) |
i |l |.l§ Babar ]
0.1 |- T TW + preliminary 7
005 | I_q—-—; % : -
L 1,
0 ‘ ' ]

3 35 4 45 5
M. (GeV/c?)

Comparison with QCD

1.5 =

B (GeVZ/ch)

2
K

05

|
[ ]
v
|

BABAR (SAISR) _ |
CLEO 09f
Seth et al. + +

081

07735 4

+ + Preliminary |

MK+K. (GeV/c)

Asy NLO and CZ NLO: leading-twist NLO calculations [Melic et al., PRD60, 074004 (1999)]

ASY NLO: asymptotic distribution amplitude (DA) [Brodsky & Lepage: PLB87 (1979) 359]
— How the meson momentum is shared between the quarks

CZ NLO: Chernyak & Zhitnitsky QCD sum rule DA [Phys. Rep. 112, 173 (1984)]
At the higher scales probed in this analysis, the QCD prediction is in much better

agreement with the data



Babar: e*e” - KK, (tagged ISR)

Babar PRD 89 (2014) 092002
* ISR photon = highest energy y with EY* >3 GeV

Exactly one K¢ - st*7t candidate consistent with interaction point (IP)

* No charged tracks consistent with IP Ssovo- == €'e” > ¢y > KKy MC -

@ Data
26000

0015 GeV/c?

K, detection efficiency measured from data:

Events/0

* Plot recoil mass against the K¢y,sz System

4000]- Myee
mgec:(E++E—_E’Y_EKg)2_(ﬁ++p__13’7_ng)2 i
_ oo Babar
* Clean K, peak observed, from the dominant ,
e*e” > ¢y - KK,y resonant channel OT0m 0ar 046 048 osmoGow4
* Apply K, selection to this sample: 32000, ete > KK,
—> require an isolated EM cluster with 2 o0 in ¢ region
e <0.5radians from expected K direction g

1000

e E>0.2GeV

K, detection efficiency = 48% (2% lower than simulation)

- determined as function of the K, energy and direction *

5001

L | s | i 1

1 1.025 1.05 1.075
2

m(K(K; ) GeV/c™



Babar: e*e” - KK, (tagged ISR) |

e*e” - KK, nonresonant channel [m,= Vs’ > 1.06 GeV]

- significant background from e*e” - KK, (nmt°)

Examine all EM clusters except those
assigned to the K and y,q; ; assume they
are photons

Epax GeV

Plot E versus m,, for all yy pairs

Y,max

(the larger of the 2 y energies in the pair)

Require E, ., < 0.5 GeV to reduce nx°

background

Data sidebands used to evaluate residual
background

Bill Gary, FPCP, May 29, 2015 25



Babar: e*e” - KK, (tagged ISR)

e*e” - KK cross section above the ¢ Babar data

* cover a larger energy range

¢ aremaore precise

than previous experiments

Clear evidence for resonant
structures

®(1420), w(1650), $(1680),
P(1450) contributions ?

e about 1000 events in this region

_ | | | | * only 58 events in this region for
10 bt LU L the only previous result [DM1
E__ (GeV) (Orsay); PLB 99 {1981) 261]

Bill Gary, FPCP, May 29, 2015 26



o(KK, ') (nb)

Babar: first measurements of the
ee” 2 KK mwh, KKottm, KK K*K™ cross sections

Babar PRD 89 (2014) 092002

(=]
[=]
T

_ + Babar ;:06_ Babar_: 3 Babar |
! W Ko 17| KKt 3 | _
| | sKovow 17 | ! Keror = 2 | T _
, + 17T w ~ @ | Shading: 1
sl H ﬂ ? i : + m } : - 0> KK | ]
T m + | ol % + S i
| i 1 b oh S -
: ++++ +++++++++++ t I ++ + ++++”+++ *++¢ Y4t vre s : -L { |
0 foosseett ———————— .++++J++++ﬁ+ﬁ+' ’ - ‘ A R ‘.’. . “..-. o8 N \ FH
| 2 3 E . (GeV)4 1 — 3 E . (Gevﬁ - ril(KSKSKJ'K’) (é}eV/cz)

J /1 Branching Fraction (107°)

First measurements of This work PDG2012

I > KKt By KOKOrtn— 37 £0.6 £04 no entry

- KKt Bjjyoskokonts— 1.68+0.16+0.08 no entry

= KK KK Bjjyskokok+k- 042+0.08+0.02 no entry

Bill Gary, FPCP, May 29, 2015 27



Babar: first measurements of the ete” - K. K*mm°
and K.K*mn cross sections (tagged ISR)

Preliminary

ISR photon = highest energy y with EY* >3 GeV

At least one Ky - mt*mt candidate consistent with interaction point

At least two additional photons, with m,
consistent with m o or m,

Babar

Y

w
=]
=]

I
'_
—

Two oppositely charged tracks, one
identified as a pion & one as a kaon

Events/0.02 GeV/c*
=
(=)
|

Background from non-ISR e*e” - KK*mmOr? 7
and K.K*mnx® events evaluated from 100 -
simulation normalized to data using the i
additional ° mass peak

% 01 02 03 04 05 06 07 08 99
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Background from ISR e*e” - KK*m" and
K{K*mont® or KK*tnat® [one more or one
less m°] events evaluated from data sidebands



Babar: first measurements of the ete” - K. K*mm°
and K.K*mn cross sections (tagged ISR)
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BES result: (2.2 + 0.4) x103

Jh 1 oF —
BK%:K:‘ZW¢77 = (1.30+£0.25+0.07) - 1072 4 [PRD 77 (2008) 032005]

(Babar result around 20 lower)

—

Measurement of e*e” - KK mt°t® underway: will complete the measurement of the
e*e = KKt cross section (~25% of the total hadronic cross section at Vs=2 GeV)



Summary

Precise low-energy e*e” hadronic cross section data needed to obtain an
accurate SM prediction for a hadto-vP

Babar and KLOE results for a,™™'9* differ by ~3%; the new data from
BESIIl and CMD3/SND will help to resolve the discrepancy

New precise data on ete'— n'nn® expected from BESIII and CMD/SND
New results on ete'— ' n'n? expected from Babar, BESIII, and CMD3/SND

With the new data, hope to reduce the uncertainty in aMh""O"LO‘VP by around
50% in the next few years [Blum et al., arXiv:1311.2198 (2013)]

Babar ISR program about finished, but we have new results on final states
with K#, K¢, and K. mesons that provide new information, tests of QCD, and
first observations of cross sections and J/1 branching fractions

Thanks to Achim Denig and Sergey Serednyakov for providing
information about the BES and SND/CMD3 programs !



EXTRA



The Babar ISR e*e = hadrons program

Babar tagged ISR analyses

ISR at 10.6 GeV

> 1 photon identified in the
detector with E* > 3 GeV
(* = CM frame)

ISR photon v,z = photon with
highest E*

Boost of the recoil system
yields good efficiency for “soft”
particles, allowing
measurements of cross
sections down to the
production threshold

Can access a wide range of
energy in a single experiment:
from threshold to 4-5 GeV
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