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Uberblick

@ Motivation: Muon-Anomaly (g — 2),
© Measurement of o(ete™ — atr—ntn™)
© Measurement of o(ete™ — KTK™)

@ Impact of New Data from BES-III

© Summary
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Motivation: Muon-Anomaly (g — 2),

The anomalous magnetic moment of the muon (g — 2),
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Measurement of o(ete™ — ntn~ ntn ™)

+ -

ete” >t

Phys. Rev. D85, 112009 (2012), based on 454 fb™*

supersedes our previous publication, based on 89fb~! of the data:
Phys. Rev. D71, 052001 (2005).
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Measurement of o(e"e™ — 7

Analysis path for o(ete™ — ntn ntn™)

Invariant 47 mass distribution
after pre-selection
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Measurement of o(ete™ — nfn— ntn ™) BEEEES

Analysis path for o(ete™ — ntn ntn™)
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Measurement of o(ete™ —

troataT)

ISR Selection

Analysis path for o(ete™ — ntn ntn™)

3 3] 700,
Invariant 47 mass distribution z R oo 80
i = .| = s uds
after pre-selection 9 o il
. 2 i 2 200
Heart of analysis: w ™
.. il
background & efficiency A T R N
. M, (GeV/cY) M, (GeV/eT)
as function of My, 025 10
2 S f Line = 45471
202 S0
. . . . m1]15 §l
Normalize with Luminosity £ B =
. . £ o1f I
and radiator function W: 2. 5
* 2F @
Lisr = Lint - W(s, Ecum, 03) R T R S s e 2
PRD 77, 114005 (2008) M, (GeV/e') Ecy (GeV)
Andreas Hafner ISR at BABAR RadioMCLow

5/32



Measurement of o(ee™ i
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ISR Selection

Analysis path for o(ete™ — ntn ntn™)
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Measurement of o(ete™ — nfn— ntn ™) BEEEES

Analysis path for o(ete™ — ntn ntn™)
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Measurement of o(ete™ — nfn— ntn ™) BEEEES

Summary of systematic uncertainties

Systematic uncertainties in %:

Mar <1.1GeV/c? <2.8GeV/c? < 4.0GeV/c?
KYK ntny, KOKEnFy +1.0 + 1.0 +3.0
Tmtr ete y +3.0 - -
Continuum background - + 0.5 +1.0
Additional background + 04 + 0.4 + 4.0
Track-rec-efficiency +3.0+1.4 +3.0+14 +3.0+14
~-rec-efficiency +1.3+04 +1.3 £ 0.4 +1.3 £ 0.4
L +1.0 +1.0 + 1.0
AFK-PHOK-difference —-1.0+£0.2 —-1.0+02 —-1.0+£0.2
FSR corrections + 0.5 + 0.2 + 0.1
Xar < 30 +03 +0.3 +03
Global efficiency + 10.0 + 1.0 + 1.0
Sum + 10.7 + 2.4 + 55
RadioMCLow 6 / 32
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Cross section for ete™ — w7

ole'e’ - ') (nb)
g b
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Measurement of o(e"e™ — 7

Systematlc uncertainties
2.4% in peak region (1.1-2.8 GeV)
11% (0.6-1.1 GeV)
5.5% (2.8-4.0 GeV)

Jhb visible

Ecy (GeV)
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@ < 1.4GeV: agreement with previous
BABAR results, SND and CMD-2 data

@ > 1.4 GeV: highest precision (DM2, 20%)




Measurement of o(ete”™ — nrn~7ntx ™)

MC generator issues of this analysis

AFKQED vs. PHOKHARA 7
@ Influence of internal structure on efficiency
@ Simulation of NLO ISR
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Measurement of o(e"e™ — 7

Internal structure in various Ecy energy slices

AFKQED based on (EPJ C18, 497 (2001))
T 2
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Measurement of o(e"e™ — 7

Internal structure in various Ecy energy slices

AFKQED based on (EPJ C18, 497 (2001)) First column (4 entries/event):
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Measurement of o(ete™ — nfn— wtn ™) BEEESEESE

Internal structure in various Ecy energy slices

AFKQED based on (EPJ C18, 497 (2001))

. First column (4 entries/event):
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Measurement of o(ete™ — nfn— wtn ™) BEEESEESE

Internal structure in various Ecy energy slices

AFKQED based on (EPJ C18, 497 (2001))

. First column (4 entries/event):
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Measurement of o(ete™ — nfn— wtn ™) BEEESEESE

Internal structure in various Ecy energy slices

AFKQED based on (EPJ C18, 497 (2001))

. First column (4 entries/event):
% 1.0-1.4 GeV/e* DATA :[\
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8

— Partial Wave Analysis needed

4
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Measurement of o(ete™ —

Cross section

Internal structure in various Ecy energy slices

AFKQED
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Measurement of o(ete™ —

Cross section

Internal structure in various Ecy energy slices
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Measurement of o(ete™ —

Cross section

Internal structure in various Ecy energy slices

PHOKHARA 5 (standalone)
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Measurement of o(ete™ — nfn— wtn ™) BEEESEESE

Impact on systematic uncertainty (peak region: 2.4%)

@ Intermediate resonances different for AFKQED and PHOKHARA 7:
slightly too less vs. slighty too much

@ Acceptance is identical (level of 0.3%):
— tested via difference between generators
— tested with angular variation of cuts

o Differences in M;,, between data and simulation at high energies!
— uncertainty in the peak region not affected
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Measurement of o(e"e™ — m

NLO ISR
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Measurement of o(ete™ — nfn— wtn ™) BEEESEESE

NLO ISR in AFKQED

Quality of radiator function W in AFKQED?

Exclude hard NLO ISR radiation: Q? = (par + pryse)? > (8 GeV/c)?

Via the relation: do%:,(m) =21 W(s, x, 03) - ors(m)

OLO, 47 Wio

ONLO 4Ty, @2>(8CeV/c)2  WNLO4mvy,Q2>(8 Gev/c)?

—

131

12F
11f
1F +++W'«H++h.k+++++++4—ﬁ+++ ++++H—HJF 4

0.9F

S0/ OnLo, Q% 8 Geviey

0.8

1Y 4 ST A I ISP PP PP IFEPIPS ISP B |
0 0.5 1 1.5 2 2.5 3 35 4 4.5

2
M, [GeV/cT]
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Measurement of o(ete™ —

+

NLO ISR in Phokhara 7
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@ Radiator function strongly
depends on this requirement

o NLO with Q2 > (8 GeV/c)?

not equivalent to LO
radiator function!

— small additional
correction needed

(1.0 £ 0.2%)
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Measurement of o(ete™ — ntn~ ntn ™)

Cross section

Impact on (g — 2),

BABAR results:

47T’LO[O 98; 1.8] GeV = (13.64 £ 0.0355¢ & 0.365ys:) - 10710(2.6%)

DEHZ 2003: all results but BABAR 2007:
a410[0.98; 1.8] GeV = (13.95 + 0900y, + 0.23,54) - 10-10(6.7%)

DHMZ 2011: all results but BABAR 2012:
a,"t9[0.98; 1.8] GeV = (13.35 £ 0.1045¢ & 0.524;) - 10710(4.0%)

— BABAR more precise than previous world average by a factor of 2.6
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Measurement of o(ete”™ — KTK™)

ete = KK~

about to be submitted to Phys. Rev. D, based on 232 bt

PRELIMINARY
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Measurement of o(ete”™ — KTK™)

Efficiency obtained from full simulation (AfkQed):
— data/MC corrections of utmost importance:
trigger, tracking, K-ID and mis-ID

Unfolding bkg-subtracted and data/MC corrected mass spectrum

PHOKHARA
— Geometrical acceptance
— 2Morder ISR corrections

@ ISR effective luminosity from puy(y): KK/puu ratio

Andreas Hafner ISR at BABAR RadioMCLow 18 / 32



Measurement of o(ete”™ — KTK™)
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1 §_| " =
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Measurement of o(ete”™ — KTK™)

A phenomenological fit to the form factor

Fi(s) = (ag BWy+ay BWy +ag BWy) /3 Kuehn et al. g +ay +agn =1,
+ (a,, BWP +ay BWPI + apr B"Vﬁ" +apm BWPHI) /2 ap+ ap +apr + apn = 1,
+ (a, BW, +a, BW, +ayr BWn + aym BWon) /6 Qy, + Ay + Qi + gy = 1.
o 10% T T T T T T w104 ErrT T T I T
= BABAR B

o ]
§<
2 ]

TRt

10kl FF fit to facilitate the comparison

10° {4 with other experiments & determin 10° | -
10 F B
1 10? ==
104 E E
10—2 L L L 1 1 1 1 1 1
1 12 14 16 18 2 22 24 1.005 101 1.015 102 1.025 103 1.035 1.04
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—I 1T T T T - 0. T T T T T
& 08F Eeasarre 3§ o == BABARF
é 06E saR 4 g 02ff- comn
2 oaf 38 b } 1 1 3
2 02 E
[ W TURRNNS: | i PN S
= 02| E 'g‘ E *‘h +t '} l+ ++
04fF E 01F E
065 3 020 3
085 E R
a5t - - L 03C L L L L L
1 1.05 11 115 12 1.01 1.02 103 1.04 105 1.06
\s'(Gev) \5'(GeV)
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Measurement of o(ete”™ — KTK™)

Comparison to previous experiments
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The ® parameters

me and e obtained from the fit of the form factor

BABAR PDG
mg = 1019.51 +0.02(+0.11) MeV | me = 1019.455 + 0.020 MeV
e = 4.29 £+ 0.04(£0.07) MeV My = 4.26 + 0.04 MeV

— good agreement
243 >
From integrated ® peak: I'§ x B(® — KTK™) = %?—;aiCFS

BABAR:

rffxB(QD — KTK™) = 0.6344-+0.0059,,40.0028;+£0.0015 ., keV (1.1%)
CMD2:

e x B(e — KTK™) =0.605 + 0.002 + 0.013keV(2.1%)
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Charged kaon form factor at large Q?

Predictions based on QCD in asymptotic regime (Cheryak, Brodsky-Lepage, Farrar-Jackson)

@ Power law: Fx ~ as(Q?)Q~" with n=2
—in good agreement with the data (2.5-5 GeV n = 2.10 £ 0.23)

@ HOWEVER: data on |Fk|? factor ~ 20 above prediction!
@ No trend in data up to 25 GeV? for approaching the asymp. QCD prediction

1025...‘....|....|...‘|‘...|y..|....‘ E
2 = CLEO 3
B8 - BABAR =

S — fotic QCD prediction

12—\‘{‘_\\‘ asymptotic QCD predi ion

107 b5 =

107 =

10° 2

104 -

10‘5:.|||\....I....I...w|w||||w|.||..||\x|||:5

15 2 25 3 35 4 4.5
\s’(GeV)
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Measurement of o(ete”™ — KTK™)

Impact on (g — 2),

BABAR results:

ald K 7:10[0.08:1.8] GV = (22.95 + 014551 & 0.224,¢) - 10720(1.1%)

DHMZ 2011: all results before BABAR:

ai " H0[0.98;1.8] GeV = (21.63 % 0.274ga % 0.684ys) - 1071°(3.4%)

— BABAR more precise than previous world average by a factor of 3
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Measurement of o(ete™

— KTK™

)

Other high multiplicity channels: eTe™ — 77~ 7%(7?)

ata—x0r0 mta o
‘E S0 PRELIMINARY | o) j % ;gANBSR ]
‘e 450 0 sND i o DM2 3
e = cMD2 %\ : ADM2
s do[ * BABAR ﬁ S “ 1
B
b
1ot %T ‘ J 2 4 . 1
& ‘% % ”+ I F WL M++&2%*m~~
% 30F % % ¢ T“DL J, ot - 3‘;"—‘ %% ese0eteses’s?)
) A ’
i g ! .
2 " ++ ‘ # + +‘.H 7 a,, units in 10710
sE, V%?.' L’ l ‘l Channel azad”‘o Ostat  Osyst
or % ‘ # o~ 507.80 1.22 256
g PPN rtra®  46.00 042 1.42
L ‘ ‘ ‘ ‘ ‘ at = m0n0 18.01 0.14 1.24
1000 1200 1400 1600 180(;‘30" [12\0/[(:;)\/] Total 6923 14 39
[EPJC66, 1 (2011)]
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Measurement of o(ete”™ — KTK™)

Other high multiplicity channels: eTe™ — 77~ 7%(7?)

ata—x0r0 mta o
—E O OLYA v M3N '\.Ex ‘ "BABAR
N PRELLIMINARY . L W% ++++ sy
Taiom A oMz
¥ ! - © it
T F % Need to validate these results! ]
i% B %#} ‘ H‘W Hi OL L5 B *‘?W:&Z""""«‘“’i
) H TL A “+ ' h ' M, Gevi)
% ¥ + T <
“I v ++ ‘ # + +..H T a,, units in 10710
5P| e L’ l ‘l Channel azad”‘o Ostat  Osyst
o % | . mtr~  507.80 122 2.56
g ARy ata—x®  46.00 042 1.42
L ‘ ‘ ‘ ‘ ‘ a7 070 18.01 0.14 1.24
1000 1200 1400 1600 180(;30" [12\0/[(:;)\/] Total 6923 14 39
[EPJ C66, 1 (2011)] .
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Hadronic Cross Sections at BES-III

ISR at BES-III
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Hadronic Cross Sections at BES-III

BEPC-II accelerator and BES-III detector

e ete -collider p
o

o Center-of-Mass energy /s = 2 — 4.6 GeV i~ -
= below and in the charmonium region 7 )

e Luminosity: 0.65 - 1033571 cm 2

@ Multi purpose detector
o Data taking started 2009

o Collected data:
Jip: 1.2 billion
¥(25): 0.5 billion
" 2.9fb71
planned: R-scan [2.0 GeV — 4.5GeV |
10fb~t on ¢
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Hadronic Cross Sections at BES-III BES-III

Feasibility study of ISR analyses at BES-IIl on W”

ete” — 7T+7T’7T+7T’7/5R:
Phokhara event generator (standalone version):
— 10fb~! at BES-III correspond to 454 fb~! at BABAR

X
ey
(=}

W

BES-II1 10 fb™* LIPS

D
o

.
BABAR 454 fb™ | *

a1
o

N,,;/ 0.04 GeV

N
o

w
o

2|

o

10

el e L Ll
06 08 1 12 14 16 1.8 2
M, / Gev
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Hadronic Cross Sections at BES-III BES-III

Feasibility study of ISR analyses at BES-IIl on W”

ete™ — T visR:
e Phokhara event generator (within BES simulation framework)

e Data: pre-analysis (tagged) on 400 pb~! performed

>
2350 * BES-II
.;3;300; $ PRELIMINARY
p(770)
zoo;—
1500 +Data
£ -Phokhara
100> i
Ed
s0%
T T PR R P PR

06 065 07 075 08 08 09 095

Diploma Thesis Zimmermann
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Hadronic Cross Sections at BES-III BES-III

KLOE vs. BES-III vs. BABAR

Final State Radiation (FSR)
@ KLOE runs on ¢(1020) resonance
@ Contamination of FSR background at BES-IIl is much smaller

@ FSR description is model dependent

@ r Qx [
S | 25°<6 <155° &G 13l 25°20 =155°
b r b r T
< s KLOE Vs =1 GeV < I BES-lll s = 3.77 GeV
& E12f
W oo
+ 4 + T
& | & b }
S 5 I *
I R !
H L 4 ot
i M . T Hﬂﬁm ++ ”“‘”mﬁﬁ
T +++ . 0.9f
i RS r
1= % 0q0qq0°° L
I T W NI NI W W N S 0.8':\\\\wwu\wwu\uu\HH\HH\HH\HH\HH
02 03 04 05 06 07 08 09 1 14 02 03 04 05 06 07 08 0.9

M/GeV o T M/Gev
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Hadronic Cross Sections at BES-III BES-III

KLOE vs. BES-III vs. BABAR

Radiative Return
@ BABAR runs on 1'(4S) resonance
@ High energetic yjsg must be radiated — L;sg drops rapidly near p

- 4
s T — 8, 10 7
2 | BES-II T = F BABAR
_'310; ;':A §103§—
gt N
s =102
0 = F
F “ C
§ 210 £
L~ & §
il &1
F < F
i ! ! ! ! ! ! o b L
0 05 1 15 2 25 a 0 2 4 6 8 10
Diploma Thesis Zimmermann M/ Gev/c? M/ GeV/c?
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Hadronic Cross Sections at BES-III BES-III

KLOE vs. BES-III vs. BABAR

Radiative Return
@ BABAR runs on 1'(4S) resonance

@ High energetic yjsg must be radiated — L;sg drops rapidly near p

s = a, 10 %

£ BES-I 3 [BeR

(3 - <103k

g BES [l is statlstlcally competitive

5 — 10 "

" 1ol BES III incorporates advantages of KLOE and BABAR

R T TR ST 4 6 8 10
Diploma Thesis Zimmermann M/ Gev/c? M/ GeV/c?
by )




Summary

BABAR
e Measurements from threshold of the invariant mass up to 4.5 GeV/c?
@ Many measurements for the first time with high accuracy
@ Hadron spectroscopy
°

Important for theoretical predictions of (g —2),
— hint for new physics? (3.60)

BES-II

@ ISR method
— statistically competitive with BABAR and KLOE
— different systematic uncertainties

@ R-Scan important at higher energies
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Summary

Backup Folien
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My > 2.8 GeV/c?

ata~ata= 7% mit 7% — vy = v als sk fehlidentifiziert

My, < 2.2GeV/c? 2.2GeV/c? < My, < 4.5GeV/c?
N§ 400 Daten| F Daten| [ 470 MC
s 80 - 150
Q3 60 -
P o 100
£ wf -
S o - E
=100 | wE oF
ok oL oL
0 0 04 0 0.2 04
M. [GeV/c?]
n v
geringer 4770 Anteil hoher 477% Anteil
Untergrund abschétzenJ Anzahl 4770 Ereignisse 477% Simulation
in Daten bestimmen skalieren

v
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Substrukturen in verschiedenen M, Regionen

“— 4.5¢ 10 34.5¢
§ 4;_ (a) data 4;_(1)) MC 04
> E E

35F 35F
S 3E 2 3f 3
s E 10 E 10
= 25EF 25F

2F 2F 10°
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1F 15 10
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g T F 3 E
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Interne Strukturen

Substrukturen in verschiedenen M, Regionen

2
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- N © IS

IS e
o W st o= N W &
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~ w
S [ T T e e e

-
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(c) data
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1 2 3 4
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10 34.5
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— e
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Interne Strukturen

Substrukturen in verschiedenen M, Regionen

PRELIMINARY (EPJ C18, 497 (2001))
% 1.0-14 GeVic H
B
% s Daten |0l
& 5000 MC —
g
E 1 1 1 1 1 1 1 1 1
k| 2 3 4 0.5 15 2 25 05 1 15 2 25
E 14-138 GeVrc ) 2000
10000 E
F 10000 1000
1 1 1 1 1 1 1 1 1
12 3 4 0.5 15 2 25 0.5 1 15 2 25
400 z F
F 1.8-2.3 GeV/ [ s00F
r 5000 )
20000 F 2s0f- 4
"l 1 | | 1 1 | 1
1 2 3 4 0.5 15 2 25 05 1 15 2 25
E 23-3.0 Gevid
1000 \
E 100F
500F-
% S T N n
1 2 3 4 2 25 2 25
F 3.0-45Gevic [
200 500 20 lmw
r s ™ Mot | ,‘
1 1 1 1 1 1 1
12 3 4 0.5 15 2 25 05 1 15 2 25
M,, [GeV/c] M,, [GeVic] M,, [GeVic]
o’
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Substrukturen in verschiedenen M, Regionen

PRELIMINARY (EPJ C18, 497 (2001)) P o
. 1. Spalte (4 Eintrage/Ereignis):
= [ 1.0-14 GeV/d H
§ 5000 Daten 1000 a (1260)
4 F 5000 MC — 1
-'.;% 1 1 1 1 | 1 1 1 1 1 1
k| 1 2 3 4 0.5 1 15 2 25 05 1 15 2 25
[ 14 - 1.8 GeV/c E 2000
EH 20000F
10000 E
F 10000 1000
1 I 1 [T SPT 1 Lol
12 3 4 0.5 1 15 2 25 0.5 1 15 2 25
T 1s-2sceve R so0f
r 5000 )
20000 E 2s0f- 4
) 1 T 1 TR X
1 2 3 4 05 1 15 2 25 05 1 15 2 25
E 23-3.0 Gevid E
1000E- 2000F- \
E E 100
500_7/ 1000F
% S T N AT AT T, n
51(1260) 1 2 3 4 05 1 15 2 25 05 1 15 2 25
F 3.0-45Gevic [
20 so0f- 200 Mu{
F e | f‘
L. 1 1 [T T Ll
12 3 4 05 1 15 2 25 05 1 15 2 25
M,, [GeV/c] M,, [GeVic] M,, [GeVic]
o’
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Interne Strukturen

Substrukturen in verschiedenen M, Regionen

PRELIMINARY (EPJ C18, 497 (2001))
% [ 1.0-14 GeVic H
» F
< 5000 Daten :Looo
& F 5000 MC —
£ 1 I 1 Loohdvinbind I AT
k| 1 2 3 4 0.5 1 15 2 25 05 1 15 2 25
14-138 GeVrc E 2000
F 20000F &pO
10000 E
F 10000 1000
1 I 1 TP VAT 1 Lol
12 3 4 0.5 1/15 2 25 0.5 1 15 2 25
400! z F
A 18-23 Gevid [ so0f
2000 5000 sk
"l 1 | 1 | 1 1 | 1
1 2 3 4 05 1 15 2 25 05 1 15 2 25
E 23-3.0 Gevid f
1000 2000F- \
E E 100F
500/ 1000F
% S T N AT AT |
1 2 3 4 05 1 15 2 25 05 1 15 2 25
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F 3.0-45Gevic [
W s00 200 [mw
: T~ A h
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12 3 4 05 1 15 2 25 05 1 15 2 25

M,, [GeV/c]

M,, [GeVic] M,, [GeVic]

v

Andreas Hafner

ISR at BABAR

1. Spalte (4 Eintrage/Ereignis):

a1(1260)

2. Spalte (4 Eintrage/Ereignis):

groBer p° Beitrag

flir My > 1.4 GeV/cz:

25% der Eintrige im p° Peak
p°p° ist verboten

= % in jedem Ereignis!
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Interne Strukturen

Substrukturen in verschiedenen M, Regionen

PRELIMINARY (EFy c18, 497 (2001)) 1. Spalte (4 Eintrage/Ereignis):
"§ [ 1.0-14 Gev/c H Daten :[\
S 5000 1000}
; /\ soooI\/\ MC — 31(1260) )
'g 1 1 1 1 | 1 1 1 1 1 1
g 12 3 4 05 1 15 2 25 05 1 15 2 25
o f m-asoeid |k ~ 0 2000 2. Spalte (4 Eintrage/Ereignis):
E E 1000 .
. 10000 groBer p° Beitrag
1 1 1 1 1 1 1 1 1
1 2 3 4 05 1/15 2 25 0s 1 15 2 25 | flir Myr > 1.4 GeV/C2:
AT E st 25% der Eintrige im p° Peak
20000 L psof 0.0 - b
[ P p p° Ist verboten
T R B ,00 in jedem Ereignis!
F 2 T .
]0005_ 2.3-3.0 GeV/c ok f2(1270) \
soofz/ 1oooi— ’ "/ E
% SR T AT, [T s
al (1260) 1 2 3 z4 05 1 15 2 25 05 1 15 2 25
X 3.0-45 GeVre L
T A
3 P | ,,
L. 1 1 [T P Lol
12 3 4 05 1 15 2 25 05 1 15 2 25
M,, [GeV/c] M,, [GeVic] M,, [GeVic]
y
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Interne Strukturen

Substrukturen in verschiedenen M, Regionen

PRELIMINARY

(EPJ C18, 497 (2001))

% [ 1.0-14 GeVic H
» F
< 5000 Daten :Looo
& F 5000) MC —
£ 1 I 1 Loohdvinbind I AT
k| 1 2 3 4 0.5 1 15 2 25 05 1 15 2 25
E 14-138 GeVrc E 2000F
F 20000F ~ pO
10000 E
F 10000 1000
1 1 1 1 1 1 1 1
12 3 4 0.5 1/15 2 25 0.5 1 15 2 25
400 T
£ 18-2.3 Gevre F soof fo(ggo)
20000 000 wab v
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[Mgther_M, | < 25 MeV/c?

v

1. Spalte (4 Eintrage/Ereignis):
a1(1260)

2. Spalte (4 Eintrage/Ereignis):

groBer p° Beitrag

flir My > 1.4 GeV/cz:

25% der Eintrige im p° Peak
p°p° ist verboten

= % in jedem Ereignis!

3. Spalte (1 Eintrag/Ereignis):

27 innerhalb p° Masse
= andere 777~ -Masse eingetragen
v

£(1270), a1(1260), 7(980)...7
= PWA ndtig

4
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