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Introduction

The contributions to a, and its uncertainty

L e

Ho= gﬂs

(gu _ 2)/2 — aEM — aSED + alvileak + azadronic

Interaction Contribution [-1071!]  Uncertainty [-10711]
QED [1] 116584 718.951 0.080
EW [9] 153.6 1
hadronic VP [6, 12] 6837 43
hadronic LbL [11, 2] 119 41
total theory 116591 828 60
E821 experiment [15] 116592089 63
deviation exp-theo 261 87
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Introduction

Discrepancy between SM prediction and direct
measurement from Eur.Phys.J., C71:1515, 2011 [6].
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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
q e q
q et q
had 1 >
e ]

Kernel function  cross section
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Introduction

Connection between a, and oyp,q
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The BABAR Experiment

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-Il and BABAR

High Enorgy Ring
(upgrade of axiating fing)

Both Rings Housed in Current PEP Tunnel

Experimental specifications

Energy: /s ~ 10.58GeV (E.- ~9.0GeV, E.+ ~ 3.1GeV),
Luminosity: £~ 500fb~1 (7(4S))
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The BABAR Experiment

Superconducting
Solenoid

PID (DIRC)

Vertex Tracker (SVT)
M Detector (IFR) Central Tracker (DCH)

Experimental specifications

Energy: /s ~ 10.58GeV (E.- ~9.0GeV, E.+ ~ 3.1GeV),
Luminosity: £~ 500fb~1 (7(4S))

K. Griessinger (U Mainz) 7t~ 7970 and 7t 7~ n at BABAR June 2017 6 /20



Introduction

Initial State Radiation (ISR) events at BABAR

Jisr [ ¥
hadrons = =
hadrons /|
BABAR
ISR selection
@ Detected high energy photon: E, > 3GeV
— 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
7t~ 7970 and 77— n at BABAR June 2017
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Cross section e e
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Cross section e"e™ — ntn— 7070

Resulting cross section

o(nb)

ete” > ntrn—n
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300 | ys)
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ob el T‘TTW\“‘\‘T’W‘M -
0.5 1 1.5 2 25 3 35 4.5
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Ecnm(GeV)  Syst. unc.
1.2-27 3.1%
2.7-3.2 6.7%
> 3.2 7.1%

. Griessinger (U Mainz)

0,0

e dominant ISR-bkg 77~ 370
removed using data

@ most precise measurement to
date

@ widest energy range
0.85 < Ecm < 4.5 GeV
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Cross section e"e™ — ntn— 7070

Resulting cross section
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Cross section ete™ — w7~ 7070

Contribution of 77 270 to g, — 2

~ 50
Qo
<
=
S 450 oSND
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o 3BE &#ND
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251
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151
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sk
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Ecw (GeV)

1 oo 1 — ﬁ
had __ s
ghed = e /m2 S o Ku(s)o(s)ds
w0 s

Before BABAR (Eur.Phys.J.,.C31:503,2003) [5]

a,(1.02 < /s < 1.8GeV) =
(16.76 & 1.31 £ 0.20,,,4) x 10710

K. Griessinger (U Mainz)



Cross section ete™ — w7~ 7070

Contribution of 77 27% to g, — 2

=
£
OSND

%:; =ADONE yy2 1 oo 1— 4mZ
+ AADONE MEA had s
S = — -
: a, 2.3 /2 5 Ku(s)o(s)ds
. m 1+ =—
o &ND w0 s

& 0OLYA

° eBaBar

PRELIMINARY Before BABAR (Eur.Phys.J.,C31:503,2003) [5]

i 2,(1.02 < /s < 1.8GeV) =
i (16.76 = 1.31 4 0.20,pq) x 10710

A New result in the same energy range

e - a,(1.02 < /s <1.8GeV) =

25 3 35 4

Eou (G&)  (17.4 £ 0.1gpat & 0.64yst) x 10710

K. Griessinger (U Mainz) 7t~ 7970 and 77— n at BABAR June 2017 10 / 20




Cross section ete™ — w7~ 7070

Contribution of 77 27% to g, — 2

fé o, had _ 1 /°° 1_4_?;(()()(1
'aT) &ND au - 4 m20 1 @ TR
¢ ot
PRELIMINARY New result starting at lower limit
I a,(0.85 < /s < 1.8GeV) =
| I (17.9 4 0.1s¢at = 0.65yst) x 10710
A New result in a wider energy range

1 \ - 3,(0.85 < /s <3.0GeV) =

25 3 35 4

Eow @) (21.8 & 0.1g¢at == 0.75yst) x 10710
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Cross section ete™ — nrm 1

Cross section, nb

+

Cross section e"e™ — 7r+7r7'r]

L Qo
: A A DA =7 - PRELIMINARY
ar < (@+ ] 5 BaBar(2007) 2
: \g #[ -tJ 4~ SND VEPP-2000 8 "%‘ﬁl’
I % T o 7] ++ O
oSt h 2 * + ]
F 7 bl 107 -
b S o S s O
L S o | T
E ; % - 102k T ++
0 1 1 1 1 1 1 1 1 El 1 1 1 1 1 1 1
T2 13 1.4 15 16 1.7 1.8 1.9 2 21 2 22 24 26 28 3 3.4
Ecm, GeV Ecm. GeV
@ Most accurate o(ete™ — 777 n) measurement to date
o First measurement up to 3.5 GeV
@ Especially above 1.6 GeV more precise than previous data
K. Griessinger (U Mainz) 7t~ 7970 and 77— n at BABAR June 2017
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Cross section eTe™ — 7r+7r7'r]

Fits to the cross section ete™ — n7m 7

Cross section, nb
Cross section, nb

107E

L
2.2
Ecm (GeV)

Model 1: p(770) — p(1450), fit: Ecm < 1.7 GeV
Model 2: p(770) — p(1450) — p(1700), fit: Ecy < 1.9 GeV
) — p(1450)
(

Model 3: p(770) — p(1450) + p(1700), fit: Ecy < 1.9 GeV
Model 4: p(770) — p(1450) + p(1700) + p(2150), fit: Ecpy < 2.2 GeV

“4": relative phase 0°, “-": relative phase 180°

K. Griessinger (U Mainz) ks June 2017 14 /20



Cross section eTe™ — w7 n ™7

Contribution of 7771 to g, — 2

HLMNT 2011 [10]

1o /1t
abad = m /2 1—2n_’gKu(S)O'(S)dS 3“(\/5 < 1.8 GeV) =
mo 1+ =7 (0.88 +£0.10) x 10710
£ @ T o DHMZ 2011 [6]
L —=— BaBar(2007)

w
T

Cross section, nb
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Cross section eTe™ — w7 n ™7

Contribution of 7771 to g, — 2

: HLMNT 2011 [10]
1 e T s
A= /m L ale)o()s (V5 < 18GeV) =

l’\)
T

o = (0.88 +0.10) x 10710

sk A @ “aw | DHMZ 2011 [6]

E 3_ \% ? ~ - SND VEPP-2000 au \/g <18 GeV) _

g S (1.15 % 0.065¢at &= 0.084yst) x 10710
«\/

o T A
F 'F % 4
<§b
1_ & ﬁ% New result

et Ts s 121 (Vs <1.8GeV) =
Eom Gev  (1.19 & 0.024¢a¢ = 0.065y5¢) x 10710

v
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Cross sections et e™ — KSKLTFO, KSKLT(OTFO, KsKim

ete” — K5K|_7TO, KsKL7T07TO, K5K|_77

efe” = KsK*=nTn¥ KsK*nTn

PRD 95 (2017), 052001
PRD 95 (2017), 092005
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Cross sections et e™ — KSKLT(O, KSKLT(OWO, KsKLn

ete” — K5K|_7T0, KsKL7T07TO, K5K|_77

E:F N\ KSKLﬂ'O ] zE:% +K5K|_7T07T0 521 || KsKiLn
X |

oy + ] 02f H, m HH +

I Whot
0 R Wwwmuﬂm . & ‘ + # ﬁ‘ H %ﬁ;ﬁ . , \ | HHHw ﬂ,*h‘«,f‘*““
I ’ ’ E,, Gev) I : ’ E,, Gevy ] ’ ’ E,, Gev)

syst.: 10-30 % syst.: 25-60 % syst.: 15-30%

¢
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M 1 Published in
ﬁ + PRD 95 (2017), 052001

o(¢m’), nb
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e” — KK w0, KsK %70, KsKin

2 KekEn0 || . | “““““““““
- ! v KK
ﬁ ﬁf% + 0.4:—
1 ﬁ % | Published in 02, H H \ !
i J ' W
L Ty e
1 1.5 2 25 3 EC.mA(GeV) 175 2 22525275 3 325EZ:1.2756V1)1
total unc.: 6-12% total unc.: 13-19%
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Cross sections et e™ — KSKLT(O, KSKLT(OWO, KsKLn

Total ete™ — KKm(m) cross sections

—~ —~ : :
-.\é :% KSK,nUnUJr H
E +H KK+ S 2xKK o' + +++ { K*K'Tﬁitr o
510 - H | KK, 7+ i 3 KK + | +++ ! 2 x KK'm'n
2 | 2% KK 2 ty
2 ”
z # u Z1s | t 5
&) Q ,O'NHN ++
++ X ++‘0 Hy f
3 # 4y + ”+ +H
+H it +¥+ = o
g T Courtesy of 25 - b \ o
4 Hm *“‘**‘**“”*‘u I P et Yorey,
A V. Druzhinin [7] gl
eyt oot soteagnatt A AAAAMAMMMARITT OIS 3 4451
0 s eses HHH| 0 lastd 1 .
15 175 2 225 25 15 175 2 225 25
E (GeV) E (GeV)

@ all KKm(m) channels now measured by BABAR
=> isospin relations not necessary any more
@ new contributions to g, — 2:
* a,(KKm) = (2.45 £ 0.15) x 10710 [4]
* a,(KK7r) = (0.85 4 0.05) x 10710
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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 a5 & more hadronic final states in preparation
@ New results from BABAR:
*x efe” = mtr 7070
* ete” = ntan
* first measurement of
ete™ — KsK %, KsK w070, Ks K, KsKEnF 0, KsKE 7T
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Summary

Thank you!
Any questions?
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7 tr~2m0% Event Selection
Full 7(4S) on peak data set of 454.4fb™"

ete” = mtr 1%70%5r

Main Selection Requirements
@ exactly 2 charged tracks

T + data
S F1 Y X signal simulation @ > 5 photons
4000 j{ % ° E,lyab > 0.05 GeV
oo | o Mo — MEPG| < 0.03 GeV
200 L by o E o > 3GeV
oo | @ 6C kinematic fit: X%ﬂ'27r0'y <30
. @ reject other hypotheses
| Y AN S S EA Lo b by T ey

e
0 10 20 30 40 50 60 70 8 90 2100

el @ Muon and Kaon PID
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Background subtraction

ete” - ntn— 7

Simulated background channels:

PRELIMINARY

Events / 20 MeV/c?
s

-

>
S
T

*‘ ‘{“
T IR

n 1 1 L
0.5 1 15 2 2.5 3 3.5 4 4.5

qq, 3, 47270, K K, T,
7t r= 370

0.0
TSR
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Background subtraction

ete™ = 7t 1070 vigr
Simulated background channels: Main issue: background from
ete” =t 370
g F PRELIMINARY
= 0 "
] 0°E
z z
5 &
R 102k :Em }
90 bk
10
L Lty
1350 1560 1750 1950 250
! ) . ENERGY (MeV)
0.5 .5 4.5
M,,(GeVic) Only little data [3] and no full
qq, 3w, 4m2n°, T, simulation available
atn =30
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Background subtraction

ete™ = 7t 7070 visr
Simulated background channels: Main issue: background from
ete” =t 370

S0 PRELIMINARY, £ st PRELIMINARY
s T g—c
] 0k g r
g é 600?
& 0L & soo;— }
400;7
300;
10 - E
200;—
1 = w RN Sy !
. ok I E N B A I oo S Lo X
0.5 0.5 1 1.5 2 25 3 35 4 4.5
M, (GeV/c?)
qg, 3w, 4m2n°, TT, = dedicated BABAR measurement
atr 370 = adjust simulation
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Background subtraction: cross check

Sideband bkg subtraction
.I,MRPRELI MINARY

T

r "“"w . -
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07 f
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Background subtraction: cross check

Sideband bkg subtraction

Comparison of both methods

a Llp
: | —PRELIMINARY, i PRELIMINARY | ‘ |
r & S == L | ‘ |
8 103§— d %ﬁ”"m . :'é_‘é 105 ‘ “
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T T T P LY
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Ny, = Ny — =1 N Less than 1% discrepancy in the
N :BL; _ifh peak region around 1.5 GeV/c?
Nis Nip
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|
ee” — KsK 7%, KsKin intermediate st.: K*(892) and ¢
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ete™ = KsK %, KsKin, KsK %70, int. st.

c

Events/0.02 GeV/c?
5

IR

Events/0.02 GeV/
Events/0.02 GeV/c?

35 4
m(K¢K, 1) (GeV/c))

O 40 o}
g | g
= S
£ 2 g
Published in -
PRD 95 (2017), 052001 ol

TR TR L
0
25 3.1 3.7 2.5 3.1 3.7
m(K (892)°K") (GeV/c?) m(K,*(1420°K’) (GeV/c?)

K. Griessinger (U Mainz) ks June 2017 27 / 20



ete” — KsKTn 770 intermediate states
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ete” — KsKTn 770 intermediate states
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ete” —» KsKTntr0 |ntermed|ate states
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ete” — KsK*7mTn intermediate states
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|
e"e” — KsKEnT79/n intermediate states: J/i

Published in

PRD 95 (2017), 092005

K. Griessinger (U Mainz)
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ete” — KsKTn 770 intermediate states: K*
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