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Motivation of ISR study at BaBar

Low energy e*e” cross section dominates in hadronic contribution to

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

Direct e*e” data in 1.4 - 2.5 GeV region have very low statistic

New inputs for the hadron spectroscopy at low masses and charmonium region

ISR at BaBar gives competitive statistic

BaBar has excellent capability for ISR study

* All major hadronic processes are under study (green == published)
ete” — 2uy, 2wy, 2Ky, 2py, 2Ay, 22y, AZy, A ALY

e'e” — 3my

ete” — 2(mtn)y, KKy, K*K oy, 2(K*K")y

e*e” — 2(mtn)n'nVy, 3(mrr)y, KYK2(wt )y

e*e” — mwrn nlnly, wrtaalnOnly, wrniny L.

e*e” — K*K iy, K*tKmy (KK*y, ¢atly, ¢my ...)

e*e” — mwrnwtn n?/my, KYKwtan/my

ete” — KKqnn'/my , KgK| KK mtn—, KgKgmrn—(K+K")

Some reactions are being updated to full BaBar data with ~500fb-"
(talk by V. Druzhinin on e*e™ — 2py)
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BaBar measurements summary
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0.5-2% syst. errors 4-15% syst. errors 2E, GeV

To calculate R in the energy range 1-2 GeV the processes
mt 3nf, wrdnd, KK, KK mm, KK nn® are under study.
The wtn2a° is still preliminary. Work is in progress.
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Recently published: efe™ — atnntn

PRD 85 112009 (2012)
Based on 454 fb-! dataset (statistical uncertainties are shown)
Our result is more precise than the current world average (<3% systematic error)
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Recently published: e'e™ — K*K~

arXiv:1306.3600, Phys. Rev. D 88, 032013 (2013)
Our result is more precise than the current world average

Based on 232 fb 1 dataset
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ete” — KoK, KK mm, KeKsr n(K¥K)

We present new preliminary results on the
study of the processes:

e'e” = KgK;

e'e” = KK mtm
ete” = KcKgm'm
e'e” = KKgK*K™

Based on 469 fb! integrated luminosity.
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Ks selection (in ™ decay)

A loop over all Kg candidates with ISR photon in 0.375 < 0,55 < 2.4 rad.,
Ey >3 GeV, and select events with:

m  Good quality K coming from IP and decays in 0.2-40 cm range.
m  No electron ID for both charged tracks

m 0.472 <m(K)) <0.522 MeV/c?

m Both pions are in 0.375 < 0 < 2.4 radians — good region of DCH
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Additional requirement: O or 2 tracks with DocaXY < 0.2 cm
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ete’— ¢y — KgK| v (without K, detection)

Assuming e*e- — ¢y reaction

—F++ FE- Use ¢ mass to get E ;o5
—
=_E +p + (I) - 2 2 2
=|"]EY © © Ec _Eo_po_m(b
)/ W —_— —
Y 2(E0 ~Po’ ”V)

Using energy-momentum conservation and detected Kq
we determine K, mass and direction:

2

mZ(KL) =(E++E_ _ECV _EKS)z _(p++p_ _pyc _pKS)

Using this events we can study K, detection.
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Background subtraction (1)

We apply additional cuts to the Kg mass and use side band events to estimate
background (non-Kg) to calculated K, mass.
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We subtract (normalized) simulated signal events from K side band to obtain
background distribution and fit it with p,+p,*x8. It counts only 0.8%

of all selected events.

This background comes from the Y'Y events with conversion and mis-identified electrons
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Background subtraction (2)

Major background comes from events with real K. We found negligible contribution
from uds continuum background (e+e- -> KoK, (1)) is very small if any, nothing is seen in
YisrY combinations).
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Major contributions come from (cumulatively shown) e+e- -> K K| 21%, KgK, 7%

and ¢MY ISR processes. We subtract (normalized) MC from data and fit the difference

with “ARGUS” function. 4572 (5.6%) and 1586 (2.4%) for m,,>0.47 .
We estimate ~0.5% systematic error to total number of events for background uncertainty.
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KK,y events at ¢
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We have very clean 810121285 events for data (447434+669 MC) .
Calculated K, mass strongly depends on ¢ mass used and Kg momentum.



dTheta, rad

dTheta, rad

How K, cluster in Calorimeter looks like?
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2. Search for K| cluster using kinematic fit :

Select (best) Kg (and cov. matrix)
Select ISR photon (use alignment and resolution corrections)
Loop over remaining clusters with E > 0.2 GeV to look for K, candidate

Use angular resolutions from Method 1
Select event W|th best X for 3C fit in KSKLy hypotheS|s (P(KL) float)

2

N
I\\‘

Signal
- region

Events/unit
>
LN
S
S
l

200 |- |

|
Xz(data)—XZ(MC) (Events/unit XZ)

10 21
L T . | || [|| fi?; T,
0 5 10 15 20 25 30 35 2 4550 0 5 10 15 20 25 30 35 40 45 50
% (K sKp) X (KSKL)
Low bkg. with )(2<15. KK, 0, om, KgK 2

15



lity
b”l
ba
0

tion pr

tec
de
C
EM
K

15
2<
by %
d

R
s,
en

ev

For

ing
us
KL)
AL
lcu
ca

e

W

H
OUJ

\S}

2
V/c
Ge
10015
ts
ven
ES

1P
] et
"32:".' 2
s sges
E> 5 ] a.»q
AH r«....«‘ S5
ooy !v" QQOOQQ 2 00000'04
oRo% '«»:..«o, ko b
S ] .m»...». B8 S
'.»':.;........ oo 202K % ]
".00000000 o ......»..» 5
'000. 000'. 00.00000000000'00000 3
....z......... »«». 0~00~0~0~ %
e o205 ..»»»»:» »o‘ﬁ,..»»»q
....... ..m....«»... 2 ...»... 2
»».»02,0»0».... % ...o:.... ooi.»o.
«..»o».»»»»»‘z.g«» 2% 2% »»».
SR R ..m... »....m» ..z.....@»....‘
S ».....««. 00#0:00#0~00 »0:.»».«»»..».
s o ........0:. ........ 55 ............. 55
R % 235 X ...z.... S5 »..m» s
......... S v.....a,.. S S5 ..............0.
..»».» 000’4000000 ..»».»»..»o: »...»o».»
»».».»..4».&«.».0’».... 5 % ...4,... s
b m.om».m..m 'o0000~.000-00:~o.'00:~.000~.0 & X
»»w.»».. ......z.. e 25 35 ..»«.» 2% 2K
% 5 ..»4.«» .«»»'» ..01«..«»« ooas S
...»o:. 25 ...:.......z........ 2 »»‘3.. 25
et 58 % 2% 0»000 »«w «of.»».. S
b L ....{». ....»z. »0’:,~0 o .‘Z,»»q
2 o oo 5 o»«‘o...» .#0202,»»«. &
55 jaass X2 2 o5 a0:00~ 5 .ooo..».»»q»
vesy 0000 00000# 2 o ooy 000## b0~0000004’000
28 S R R 2 2 ».»»4,».«««»).
4 s o 25 0000.00000~a00
ek S ».»02..» o s
s % .»»a' ».«»«»'» 2
4 R 2R o5e%es %3 »»»o»»o Sosss
4.»«.0:. ..»»... »...»...«..
..o:;...» ,0‘,..00 :.:»»:0_.',.;.0
o S 55 2 .n.. 2
[ bt »».««oz".,».-
2 2::’.',;222:":2:;".?”
s 5 ..»».m.
S ::2:{‘::0';4';::’0""
X .’2:;32:‘3:,2”‘ =
% .%:;.ﬁi“::«’
25 .:‘:12:‘?‘2:"'&
z:’»z.;:‘:::::‘z;‘tzo'
:“:z;,}::;:::"
mm...m
%’
S
[

).
eIty
e

6%
SS (~3
a

¢ m

100}

Jl |
Ge
/ . 15

-100}-

4
0.

| 1

L h ‘ 54
0.
52
0.
5
0.
0 48
46
0.
44
0.
42
0.

I!,“'vh“,.,%

2
fic
) GeV
(K,
m

‘ L
L | ‘ 54
| .
L N ‘ 52
Il O.
L ‘ 1 I 0'5
Il ‘ \6 L 0.48
L 0 4
| "
L ] ‘ 44
| "
L 1 ‘ 42
0.
4
0.

2
/e
) GeV
(K,
m

ta
da
for
ts

n

ve

6e

17
5+

92
113
IN

bta
o)

e

w

AR
btr
su

ts

n

ve

de

n

ou

kgr

bac
4
81
e
Af

¥ hAx
fiul

6%

tec
de

t K,
u

itho
w

S

L
um

with n
ring
pa

m

co

By

C.

M

for
ts

n

ve

oe

40
Ot

52
L
93
1
1=

I
.
IC
eff
x2 cut
Iso
a
es
ud

1]}

IN

Used

es.
lys
na
ALY
Il o
ina

IN

16



Events/0.001 GeV/c>

signal in ete — KgK, reaction

Use events with x2<15 and reconstructed parameters of K5 and K| to calculate m(KsK,

Data-MC difference
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Events/0.001 GeV/c?

Fit to ¢ parameters (preliminary)

Fit:

0,=1409 £33 +42+15nb
m = 1019.462 + 0.042 + 0.050 £ 0.025 MeV/c?
', =4.205 + 0.103 £ 0.050 + 0.045 MeV
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Track overlap 0.6%
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m = 1019.483 + 0.011 + 0.025 MeV/c?
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T, =1.235+0.006 +0.022 keV

PDG2010-2012

m =1019.455 + 0.020 MeV/c?
T, =4.26 £0.04 MeV

I, = 1.27 +£0.04 keV

Bys, = 0.342 + 0.004

B, *Bysi = 1.006 +0.016
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Events/0.001 GeV/c’

Region above ¢: m(KsK|)>1.06 GeV

Huge background from processes with xV. This background is reduced by
a requirement Ey(max) < 0.5 GeV (gives ~3% data-MC difference in ¢ region).
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Systematic error ~10% (~30% for 0<0.3 nb),
dominated by background subtraction procedure. 21



s it ¢(1680)

ofs) - PO Asuom | Ax e, g
52 \/P(m(p) \/P(mx) bkg

P(s) = ((s/2)2 - m12<0 )3/2

A(s) = I'(m~) m’4/0," m

s —m? +i/sT(s)

P.(s)
[(s)=I* Y B,- —L——
(s) = 2 )
Ajao0) =45 4, — A, f=K*K’¢n’¢‘7WT’KSKL

o, = 0.46 £ 0.10 + 0.04 nb
m = 1674 + 12 + 6 MeV/c?
I, =165 + 38 + 70 MeV

@ = 3.01£0.38 —fixed to 7t

[,o By = 143+24+15+6.0eV

12 14 1.6 18

(GeV) Simultaneous KgK; and K*K- (and =) fit is needed to separate
1=0,1 states and w(1420, 1650), p(1450,1700) contribution >



What we know about q>(1 680)

T T T
1] PﬁBar(g(f(l)Z)(K ,T(s)) 10_— —— PﬁBarQ%Z)(KSKL I'(s))
——  BaBar(2011)(¢mt'n, I'(s)) | - ——  BaBar(2011)(¢n'mw, I'(s)) -
A | B PDG(2010)(Our estimate) 1l * B PDG(2010)(Our estimate) |
. — Belle(2009)(¢m ', no I'(s)) | - —— Belle(2009)(¢m ', no I'(s))
: —— BaBar(zooS)(KK*+¢n,r(s)§ : —— BaBar(zoos)(KK*+¢n,r(s)§
5| —— DM2+DM1(1988)(I'(s)) ! st ——  DM2+DM1(1988)(I'(s)) !
1 = DM2(1988)(K (Kr) | [ - DM2(1988)(K (K |
i —5 DM2(1988)(K'K") 111 o DM2(1988)(K'K") 1

- —— DM1(1982)(hadrons) : - . DM1(1982)(hadrons)

— DM 1(1982)(K (Km) ! L DM 1(1982)(K (Km)

0§ 765 17 175 18 1% 19 195 2 0 01 02 03 04 05 06 07 08 09
m($p(1680)), (GeV/c?) I'(¢(1680)), (GeV)

Energy dependence significantly increase width.
BaBar has measured ¢(1680) parameters in major decay modes:
$(1680) > KK, KKn? (K*K), ¢m, ¢mw, KK, (preliminary) - still no info in PDG
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KsK mt*mty event selection

Select (best) Kg (use cov. matrix)

Select ISR photon (use align. corrections and res.)

Two tracks (only) with DocaXY<0.2 cm (not from Kg no K ID)
No more tracks inside (1cm in R x 3 cm in Z) cylinder.

Cycle over remaining photons with Ey>0.2 GeV

Best 2 for 3C fit (K, momentum float)

x?>> 100 and Im,,, -0.135I>0.03 for the KsKnz®y hypothesis

yyL
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KsK ™y selection

2

Events/unit

—_
S
)

10

Control
region

E™y (GeV)

0.2 20 3
m(yy) (GeV/c)

Huge background from events with it°. Cut E,max<0.5 GeV does not help much.
Known background does not explain what we see — use observed side band for the

background estimate.



KsK tt™ mass distribution
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1580 events after background subtraction
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eter — KK mt*m™ cross section

Events/0.05 GeV/c”
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No other measurements are available



Some m
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Very clear K*(892)* signals with
1322 £ 70 for K** (Kqt) and 1362 + 78 for K** (K )

Plus 183 + 48 events for

K,(1430)

How large is K*(892)*K*(892)- ?
Fit slice in m(K_ x*") for number of Kgrt™

Very clear signal with 913 £+ 37 events (70%)
of K*(892)*K*(892)  correlated production!
And 90 = 16 for K*(892)*K,*(1430)™* .

We have negligible contribution from K*(892)°K*(892)°
from our K*K-7t™7t™ analysis! And relatively large for
K*(892)*K*(892) from our K*K-t’7t” analysis.
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Events/0.004 GeV/c’

Events/0.004 GeV/c>
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seen as expected
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KsKs(2m, 2K) in ISR study



KsKgmttn (K*K")y event selection

Select 2 (best) Kg (use cov. matrix)

Select ISR photon (use align. corrections and res.)

Two tracks with DocaXY<0.1 cm (not from K5 0-1 K ID for i or 2 K ID)
No more tracks inside (1cm in R x 3 cm in Z) cylinder.

Best x? for 4C fit assuming KKt (K*K)y hypotheses
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KsKgmtn (K*K™)y selection
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KsKgmtn (K*K") mass distribution

Events/0.05 GeV/c’
S
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1479 events after background subtraction
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129 events — assume no background
(shaded: ¢(1020)KsKs)
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Events/0.05 GeV/c>
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Corrections: -6% (1%/track), -1.5% for ISR gamma
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o(K K t'm) (nb)

ete— KsKqmtn (K*K") cross sections

e I Preliminary 1
04l SH |
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K ) (nb)
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o
S
e}

0.01

-9 ot
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L |

Preliminary
JAp is excluded

ﬁ

No other measurements are available
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Some mass distributions (1)

Ev./0.04 GeV/c*

S ‘ T ‘ T ‘ T No 7\ T ‘ T ‘ T ‘ = \7\ &\8 | B ‘ ] ! ] !
I NERRN | Z000
400¢ 13 40| i S |
IR Il )
L d O i | % |
2001 | 1 = 200} | 21|
e 1 | - J 1.5
STITNRET AT SINOREEI NN bl
m(K') (GeV/c?) m(K ) (GeV/c?) [
Very clear K*(892)* signals with

829 + 49 for K** (Kgw*) and 856 + 50 for K* (Kgw) 0%
Plus 116 + 40 (70+34) events for K,(1430)*

Ev./0.04 GeV/c?

8]

=3

S
T

How large is K*(892)*K*(892) ?

Fit slice in m(Kgn™) for number of Kgt*

Very clear signal with 742 + 30 £ 100 events (50%)
of K*(892)*K*(892)  correlated production! Ly
No K*(892)*K,*(1430)* seen. ’

oL e N ‘
0.6 0.8 1 1.2 14 1.6 1.8 2

m(Kr") (GeV/c?)




Some mass distributions (2)

If we exclude K*(892)*K*(892) by |m(Kgr) — m(K*)|<0.15 GeV/c? in both combinations:

N N T
2 ol | Sl
> S af :
@) @)
w) w
o S
= =
Z =
g 40 7 S 40| -
O >
LE 84
20 — 20 |- _|
0 Ll Ll ‘ Ll | ‘ Ll ‘ Ll | ‘ Ll ‘ L Ll ‘ Ll | Ll Ll l\_'J-Ll\ \nr 0 I_ L L L L ‘ L L L L ‘ L L L L ‘ L |_||_I\_|-'-|_\,\_| L ‘ L L L
0O 025 05 075 1 125 15 175 2 225 22.5 1 1.5 2 2.5 3 35 3
+ -
m@E ) (GeV/c) m(KKy) (GeV/cd)

Plus some number of K*(892)Ksr events
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m(K*K) (GeV/c?)

For the KsKsK*K™ channel:
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Some mass distributions (3)
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Events/0.05 GeV/c>

KsK ttm™, KsKgmt*m™ signal decomposition

Events/0.05 GeV/c>

oy +Lh*+mlhﬁiw it
m(K:\\JKPr;Iiminary
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5 4
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The cross sections comparison

BaBar preliminary
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KtK et vs. KK nn vs. KoK ™ vs. KgKgrmtm™

Only K*(892)*K*(892)- contribution can be compared using iso-spin relations:

N(K*K- ) = 548 + 263 eff= 22% (K*(892)°K*(892)°)

N(K*K %z’ ) = 1750 £ 60 eff= 8%

Iso-spin relations: ArXiv:1010.4180 (Davier)
N(KgK ™ ) = 2098 + 209 eff= 5%

N(K*K %0 ) = ¥4 N(KKO mt+7)
N(KsKgmtn™ ) = 742 £ 104  eff=4.5% N(KsK ) = %2 N(KOKO )

N(KsKgmrn™ ) = N(K K sttr ) = ¥4 N(KK® mt*)

Should be (after efficiency correction) :
2188 £ 76 ~ 2098 £+ 209 ~ 1648 £ 232 Some tension (~2 sigma)

30% 63% 50% of all events — how the rest are related?
to g-2 relation?
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Events/0.005 GeV/c>

Events/0.005 GeV/c>

J/Y region

KS K m® |

lil | 'JI
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N=154 +£19

1 W
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N=285%5.1

We observe JAhp signal
in all studied channels

(Preliminary)
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J/Y intermediate states (Preliminary)

Ev./0.04 GeV/c*
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20

d 18 2% 24
m(Kgr™) (GeV/c?)

For KsKgK*K™

AL
15 F}
[ ]
[ ]
B [ ]
il|~ oo oP®e® o° ,°
| L L L L | L
1 15

2
m(K(Ky) (GeV/c?)

If K*(892) K*(892) are excluded

Events/0.05 GeV/c’
N

(A o

1 il2 14 1.6 1.8 2 29 24

m(KK) (GeV/c?)

| N (9 KgKg)=20+£5

Events/0.0167 GeV/c>

101~

7.5

Events/0.025 GeV/c?

5

2.5

)

,,,,,,,, M“W]HM

0 025 05 075 1 125 15 175 2 225 25

u.»

o E
1.2

A
1.4

R
m(KK9(1020)) (GeV/c?)

m('w) (GeV/c )

N(@f2)=11+4

43



J/Y decay results (Preliminary)

Measured Quantity Measured value (eV) |  This work Br (10%) PDG 2012
I.. =5.550.14 keV
Lee*Br(J/@ > KgKy) 1.13+0.34+0.11 0.20 +£0.06+ 0.02 0.146 + 0.026 S=2.7
[Cee*Br(J/Y -> KK\ o) 20.9+2.7+2 1 3.7+0.6+0.4 no entry
[ee® Br(J/@ -> KgKgmtor) 9.3+0.9+0.5 1.68 +0.16 +0.08 no entry
[ee® Br(J/p -> KgKK*K") 2.3+0.4+0.1 0.42 +0.08 +0.02 no entry
Foe® Br(J/W->KsKs)*Br(¢ ->K+K-) | 1.6+0.4+0.1 0.58 £ 0.14 £ 0.03 no entry
T BrU/P->f2'0)eBr(o->K+K-) | 0.88+0.34+0.04 | 0.45+0.17 +0.02 0.8 +0.4 S=2.7
*B(f2->K<Ks)

(0.48 + 0.18)+10 (Markll)
(1.23 + 0.026 + 0.20)+103 (DM2)

By -> )
By -> )
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Summary

» BaBar continues analysis of collected data and ISR study in particular

» Recently published results for e*e” — n*wntw, K'K™ reactions have the best to date accuracy.
« New analysis of KK, KK, KsKgmtn, KsKsK*K™ has been performed using 469 fb-'

* The e*e -> KK trr, KgKgmtm, KsKgK*K™ cross section were never studied before

» Using these cross sections we can reduce uncertainty in the muon g-2 calculation.

» JAp decays to KK i, KgKgmim, KsKgK*K™  have been measured for the first time.

* PRD paper is in preparation.

September, 2013 ISR at BaBar, E.Solodov 45



Decomposition of KtK-n*x~ mass spectrum

§ BABAR preliminary
O ¢
© ¢
w
N t
= 2000 !ﬁ'
2 ﬂlﬁ\
§ ¢ |+ t |
D By
|| +
4
1000 ¢ ’:ﬂ,
| l"n * '
4 lM"o"’
{

September, 2013

4 5
m(K*“K‘n*n') (GeV/c?)

ISR at BaBar, E.Solodov

K*K mttm™
K*0(892)Krt
K*K p(770)
¢t
K,*0(1430)Kn

Tables with cross sections
(corrected for BF) are provided
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JIP, P(2S) — 2(rtt), KTtKnln0, KK, 2(K*KY)

We measure

1o Nj g - 771"3,/,-?
e B 6= - dL/dE . Ef (mJ,tr,) - C

Because of small systematic uncertainties in L (~1%) and efficiency (~3%) BaBar is
competitive for measurements, where systematic errors dominate.
(Plus new, never studied states!)

September, 2013 ISR at BaBar, E.Solodov 47



charmonium branching ratios PRELIMINARY
2w
o, yu _ N = 2(x"=7)) 2
BJ/"J" _)2(_".*._”_) . O"-nt o dﬁ/dE P o (48.9 :t 2-lstat + 1.05yst) MGV/C nb
b S
By a(mtn—) = (3.67%0.16star & 0.08gyst & 0.09c) - 107°
y | PDG _ -3
iyt | \‘w't‘m o B a(mtn—y = (355£0.23)-10
“ Y 2 ™ . . . ..
M, Gevieh)  — agrees with PDG, higher in precision

I P
A 5 5 wes)  N@ERS) =7 7 pTuT)
© #)(25)—).}/‘({) ate— J/‘U’J —)p'*“—' " Tint - dﬁ/dE - EpmC

I = (84.7 % 2.2¢ar + 1.85pst) MeV/c? nl

2t 'l

L B'l[)(25)—).l/‘dl7‘(*7r_ — 0.354 .'.t 0.0095tat :t 0-0075yst :t 0-007@)(:
| |
f PDG B
Rt - Birs)s ypymtm— = 0-336:£0.005
T 3 e CLEO
hl-“! (GeV/eY) B?})(ZS)—)J/!,{I xtx— L 0.3504 + 0.0095t3t = 0.00075yst - - 0.0077ext

— agrees with recent CLEO result (PRD 78, 011102 (2008))

September, 2013 ISR at BaBar, E.Solodov 48



JAp region for K*K n*a~, K*K n’n?, K*K K*K~

TABLE XIII: Summary of the J/ and (2S) branching fraction values obtained in this analysis.

Events/0.0067 GeV/c’

Events/0.01 GeV/c?

Events/0.0067 GeV/c*

>1000

500

32 34 3.6 3 8
mKK ') (GeV/ic?)

73
=]
T

1)
3

|l |{|| lI Ill*ll*

32 34 3.6 38 i
m(K'*K'K'K) (GeV/c?)

September, 2013

Measured Measured J /4 or 1(2S) Branching Fraction (107%)
Quantity Value (€V) This work PDG2010
rlv By okt K-t 37.9440.81£1.10 6.8440.15+0.27 6.6 +0.5
’f" By ket K- x0m0 11.7540.8140.90 2.1240.154+0.18 2.45 +0.31
Zé*" Bijy okt K- K K- 4.0040.3340.29 0.7240.0640.05 0.76 40.09
HAd Byjykeogs  Breo oxta— - Bryo k-t 8.59-40.360.27 6.9840.29+0.21 6.0 406
vl BJ,H,\...,\... Biceo gt m— - Bgeo_je— ot 0.57+£0.1540.03 0.23+0.0640.01 0.23 £0.07
rlv Bjjyimta— By it - 2.1940.23+0.07 0.8140.08+0.03 0.94 40.09
F’f"’ Byjp—pronn - By gt i 1.3640.2740.07 0.5040.10+0.03 0.56 +0.16
1"”"’ Brjpox+r- Box+x- 2.26+0.26+0.16 1.664-0.1940.12 1.83 +0.24 °
T2 Byju—os,  Boors - Bpyontne 0.69+0.1140.05 0.25+0.0420.02 0.18 +0.04 °
rlv Bijy—osy  Boxtx— Brysmomn 0.4840.12+0.05 0.1840.040.02 0.17 4£0.07 ©
’f N Bijyoos, Bogrr— Bp ntn- 0.7440.12+0.05 0.2740.04+0.02 0.72 +0.13 ¢
Tel®) B a8) Kt K mtne 1.9240.304-0.06 0.8140.13+0.03 0.75 +0.09
| ASSLS : PN 0.6040.31+0.03 0.2540.13+0.02 no entry
T8%%) B sy kb K 5o 5o 0.2240.10+0.02 0.0940.04+0.01 0.060:0.014
L4258 s) ontn  Boxct k- 0.27+40.0940.02 0.23+0.0840.01 0.11740.029
T8 Bas)—og  Boxt i - Bpyontn- 0.174+0.0640.02 0.1540.05+0.01 0.068£0.024 °

BJ/L—»¢1\I\ obtained as 2- B,y _.ox+K—-

bNot corrected for the fo — 7% mode.
“Not corrected for the fg — 7t7r~ mode.

dwe compare our ¢fz, fr — 7~ mode with @ f2(1270).

“By(25)—ofor fo =TT

Small systematic errors allow BaBar to improve BF for

major decay modes.

ISR at BaBar, E.Solodov
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PEP-IT e+e- collider, Babar detector

E.=3.16GeV,E.=9 GeV

PEP-IT

PEP-IT
Rings ™.

Positrons

Low Energy Ring

BaBAr Detector S

~
.

High Energy Ring

ECM = M(Y(4S)):106 GeV
2000 - 2008 yrs

AL = 500 fb-1
N(B) = 109
do(s,x)
=W . ,6 : ]-_ ’
dxd(cos0) (5,%,0) 1Gp (s A=)
a(2-2x+x> x° 2FE
w s 96 = - D = 4
(5,%.0) th( sin” 6 2) o s
6 - photon polar angle in c.m.
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cross section ete” - T T
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O systematlc uncertainties
2.4% in peak region (1.1-2.8 GeV)
11% (0.6-1.1 GeV)

4% (2.8-4.0 GeV)

@ hint for Ji
@ a/2(4m) = (13.6440.03+0.36)-10'°

September, 2013

4

o(e’e = n'ann) [nb)

PRELIMINARY

40
v M3N
35 ‘ ’ DM1
o DM?2
30 BaBar 2005
BaBar 2011
25
20
15
10
<

1500

2000
E py (MeV)

@ < 1.4 GeV: agreement with previous
BABAR results, SND and CMD-2 data
® > 1.4 GeV: highest precision (pm2, 20%)

@ a?%(4r) = (13.35+0.10+0.52)-101¢
(EPJ C66, 1 (2011))

1000

ISR at BaBar, E.Solodov
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$»(1020) mass

400

40—

194

L L [ Il L L
19.45

19.5

ENNS
1955 19.6
m,-1000, MeV

In MC we know all inputs and can create a “test” m(K,) distribution and compare with data.
And the only free parameter is ¢(1020) mass. By varying f mass we calculate x2 value by

fitting data-MC difference with “ARGUS” function. We obtain:

m, = 1019.483 + 0.040 + 0.036 MeV/c?: 24 keV - K® mass

uncertainty, 20 keV — K¢ momentum, 18 keV — DCH-EMC mis-alignment.
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How other distributions look like
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ISR photon polar angle, radians

g N§ 23'4000— i |
2000 | 24000 . o
S S S
g %3000 §3000
Q15004 y § 2
m |
1000 | 20001 B |
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TLen(K) cm P(Ky) GeV/c? O(K,) radians
F2000] + | Additional
[\ [a\} .
S " S IWW it 1 4 ! +1.5+0.6% correction
515007 " | § }“ P PR H due to not fully
r 1 i compensated overlap
1000 i effect
05|
500[- .
KS side ban
o 05 s B 005 025 0 0 05
d¢ radians d¢ radians

Clean events with small systematic errors - 1% from KS, 0.5% ISR photon, 0.5% background,

0.6% from overlap effect.
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