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Motivation

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

a, = (9-2)/2 of muon
- Direct e*e” datain 1.4 - 2.5 GeV region have very low statistic
- 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

e'e” — 2uy, 2wy, 2Ky, 2py, 2Ay, 22y, AZy, A Ay
e*e” — 3my

e*e” — 2(mtn)y, KKy, KfK nlntly, 2(KHK")y
ete” — 2(mrn)nOnly, 3(mra)y, KFK2(mwHm)y
e*e” — wra nfnly, wraalnfOndy, iy L.

e*e” — K*K Yy, K*Kmy (KK*y, ¢pmdy, ¢y ...)
e*e” — mtnwtn n'/my, KKt n/ny

Are being updated to full BaBar data with ~500fb-"
July, 2010 ISR at BaBar, E.Solodov



BaBar measurements summary
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To calculate R in the energy range 1-2 GeV the processes
ot 3n?, i 4n?, KK, KK, KK mm, KoK o
must be measured. The n*n2n0 is still preliminary. Work is in progress.
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ete” = K*Kntn, K*K ntn?

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

ete” — K*Kma'm

ete” - K*K alr’

ete — K*K K*K
(arXiv:1103.3001v1)

Our previous publication, based on part of the data:
B. Aubert et al. (BaBar Collaboration),
Phys. Rev. D76, 012008 (2007).
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ete” — K*Knn, KI K nn’

In the new study, base on full BaBar data set (454 fb-!):

We know many ISR processes for better control of background

We know tracking and photon reconstruction efficiency with better accuracy.
More intermediate states are separated.

All above allows to decrease systematic uncertainties. Important for g-2
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* Systematic error 4% (was 8%) » Still no other measurements
 Error dominated by acceptance * Systematic error 7% (was 11%)
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Kaon substructures for KtK-ntm, nfn0

Charged combinations from K*(892)° bands

A2 ‘ @\l B | ||||IIIIJ_/-\ 7{{II\‘\I!I\\I{[II\\II7(‘\] *lllll‘Ifll‘\\Illll\Illa
o | 121 K*0(892 1% | 102000 -
> () |20 & o) 13550 (0) 1% | fl< w27dp) |
D15 n - 8 . {1500 E
= i 1 = - qon - 1
o | |~ % & = 1000] .
S 1B L5 = i <— K,(1400) |
S : 1 7 : \ : é 500} B
PR T Vil v - E 177\.”1“.[.;1“..“[\_70; O:IIJl‘lllll L._:
s 2 1152 115 2 25 3 H 115 2 25 3
m(K*n) (GeV/c?) m(K" ") (GeV/c?) m(K K") (GeV/c?) m(K 7™) (GeV/c?)
(\]3 2 T 1 \ 1 1 1 1 ‘ 1 1 I (\]§2000*I I I | I I I T { T T T T* \]8 _‘\l
> | (@) % el () | %2000
O B . | ] O
O 151 R ngOOV | & i
—~ B 1< o
“e [ 4 1 <1000 18
S 18 _ | | o100
= Ir 1 2 500 12
i T 1= | &
[ Pr v el 0 LALA LA Lot g 07[‘,,1‘\”‘.|HH[||H\7
1 1.5 2 1 1.5 2 |1 1 15 2 25 3
m(K*n") (GeV/c?) mK'n’, Kn") (GeV/c?) m(K'K*) (GeV/cD)

Cross section dominates by K*°(892)Kr final state. K,(1270,1400) —>K*(892)K, K*(892)x , and

BUT..... K,(1270,1400)— Kp(770) are seen.
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Kaon substructures (2)

No ;| 1 | L LI | T TT | T LNQ :I 1 | T T L | L | T J: Count number Of K*(892)0 and
> LA | = 800f . gy K, (1430)° by fitting K*7~ mass
2 2000[- 1)) (o) 18 ¢ (b) 1 MY R |
O \ > 600l § in every 40 MeV bin of K-tt mass.
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e N ] K*0(892) K*0(892)
& o 1Z ZOOj " o " ]
Z ‘__ | =z JWW ; K*0(892)K,'(1430)° + c.c. is seen, mostly
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Cross section dominates by K*+(892)Kn? final state, the same as for K"K t*nt™ final state, but
~30% (1750 % 60) events are from K*(892)*K*(892)- - compare to <1% K*(892)°K*(892)° from
K*K-m+m— study (548 + 263). No other structures are seen in Kn’n® or KK .
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Events/0.01 GeV/c’

Inclusive ete—K" Kr, KK p cross sections
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Mass and width of p are fixed
ISR at BaBar, E.Solodov



Selection of ¢(1020)wt*w, 7!

K'Kn'n KK nn0
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Number of (7t7t events are selected by fitting of ¢ signal in 0.025 (0.04) GeV/c2 bin of 2K25t mass

The ,(980) parameters are not shifted from PDG values — fy,-itrt interference is small
because of kinematics.
June, 2011 ISR at BaBar, E.Solodov 9



o(¢pm ) (nb)

o(¢ £,(980)) (nb)

Cross sections for ete— ¢ wtw, ¢ 7P
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Cut m(st)<0.85 completely removes
structures above E_, =2 GeV !!
And confirms Y (2175) structure if

0.85<m(mt)<1.1 GeV/c2 (next slides)

ISR at BaBar, E.Solodov
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Decomposition of K*K n*n~ mass spectrum
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Cross section for ete— ¢ ntn (n°n°)
VMD model description

June, 2011 ISR at BaBar, E.Solodov
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Events/0.2

Angles for ete— ¢~ events
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cos(® N, cos(®_,) cos(®,)
S-wave for ¢ (7t7) S-wave for st from f,(0) P-wave for KK from ¢

¢ and 77T system are in S-wave
et Pions in 7T7T system are in S-wave
Kaons from () are in P-wave (as expected)

June, 2011 ISR at BaBar, E.Solodov 13



o(¢mr) (nb)

05

Cross section for ete'— ¢ ntn (n'n)

Consider (st as quazi-two-body reaction with two particles in S-wave.
Two possible resonances below 3 GeV can be described as:

XS is corrected by:
Br(¢p — K*K") =0.491

W \ Br(fy— ') = 2/3

o —
— s

Fﬁ f
}
9# M *#w”#f PP TY P

2 3

Ecm. Gev)

m. = m¢ - narrow

qm(S) A (s, ml)em A (s,m,) 2

o(s)= 7 \/ P_(m) \/ P._(m,)

, m3/2m FO
mx - 85— l\/EFx (s)

Phase space in S-wave ~ momentum for two particles:

A (s,m )=

1 2 2
q(s,m;,m;)= m\/(s—(mi —m;) (s—(m;+m;)

m; = m(7tr) - not narrow - use integral over st mass:

Vs—m,

q)mr (S) [ 3 fzmde Jm(S)Q(Samamq))

June, 2011

BW._.(s) - describes 7tzt mass distribution

ISR at BaBar, E.Solodov 14
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B ), GeN/c

Describe m(smtt) as a sum of two Breit-Wigner functions
normalized to unit (interference is small due to kinematics)

BW,_(m)= Nop(m) ((1 —r)bw,(m,m,) A rbw,(m,m,)
o p(ml) p(mz)

p(m)=~m* —4m?

wa(m’mx) = mrx

(m* = m)’ = (ml,)

m, = 0.972 + 0.002 GeV/c> m, =0.692 + 0.015 GeV/c?
I',=0.056 + 0.011 GeV I', =0.538 + 0.038 GeV
r=0.32 =+ 0.03 - fraction of f,(980)

Flatte approximation for f,(980) gives better fit with

a little wider width:
I‘nl“fo

m; —s—il, (T, + RLy)

I, =1/s—4mi Je = 1/3‘—4m§< ,

2
R=SEK _17420.62
g]l']'[

Afo(s) =

(and leave less room for f,(600))

ISR at BaBar, E.Solodov
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Cross section for ete— ¢ (1)

Option #1 - both resonances decay to ¢(f,(600) + ,(980))

2
o(s)= W(s) A,(s, ml)elm A, (s,m,) P,..(s) integral has sum of
3/2 bW | bW
S \/ ¢J[Jt(m1 \/ ¢mr (m2 f0 a
g ! m{nm)<3.0 s 1 m(7t)<0.85
P(x?) = 0.32 {
0.75 ‘ 0.75 HHH

R 41k
025 h 025 {

} :
#* ++H* y #}+ j{} + :
ols -+ +»u 0‘“4 mﬂ}“ﬂm.ﬂmAg.,
14 16 18 2 22 24 26 28 3 14 16 18 2 22 24 26 28 3
E. . GeV E.\,GeV

The m(7tt)<0.85 selection completely removes second resonance! Model is wrong.
Not a surprise - f,(600) has only u,d quarks, but f,(980) is SS or SSSS

June, 2011 ISR at BaBar, E.Solodov 16



Cross section for ete— ¢ (2)

Option #2 - first resonance decays to f,(600) , second to f,(980) - Belle paper.
- Have two phase spaces: P¢0(2s) and P(s) - integralzuses one BW for each mode.

o(s) = P¢<;(2S). A, (s,m) +P¢fg/(zs). A, (s,m,)
) 1 /P(pg (m,) ) : /P(Pfo (m,)
g mEn)<30 | g, (<085 | § f-85<m<m><1 1
% P(x?)=0.011 | % P(y2) = 0.92 5 “ P(y2) = 10

04 +

02

05 05

025 025 {

i

t
t #

14 16 18 2 22 24 26 28 3 14 16 18 2 22 24 26 28 3 18 2 22 24 26 238 3
E( ., GeV E,,GeV Ecm, GeV

This approach cannot explain our data for the 0.85<m(stt)<1.1 selection

June, 2011 ISR at BaBar, E.Solodov 17



Cross section for ete— ¢ an (3)

Option #3 - first resonance decays to ¢f,(600) (A1) and ¢f,(980) (A2),
second only to ¢f,(980).

Py (5) o| AL, (s,m,)

o(¢ur), nb

0.75

0.5

0.25

2

o(s)=
S3/2

m(stit)<3.0
* P(x?) =0.75

i {1 1680141,

Y

Bttt | 4

Y

14 16 18 2 22 24 26 28 3
Ec.y» GeV

o(¢mur), nb

0.75

0.5

0.25

A /P¢O (m,)

Py, (9) A2r1(s,m1)ei‘p

2
A.,(s,m,)

S3/2 /P(pfo (ml)

m(mtrr)<0.85

14 16 18

2 22 24 26 28

Fit of total XS automatically describes all m(stit) selections.

There is no physical reasons for ¢(1680) not to decay to ¢f,(980) and have large coupling...
But no evidence for Y(2175) decay to ¢f,(600) .

June, 2011

ISR at BaBar, E.Solodov

P(x2) = 0.54 no fit!
P(x2) = 0.96 fit

3
Ecy» GeV

1/P (m2

04

02

0.85<m(7tmr)<1.1
} P(x?) = 0.22 no fit!
P(x?) = 0.38 fit

0(1680)->4f,

18



Our results for ¢(1680)

TABLE XII: Summary of parameter values obtained from the fits with Eq. (6) described in the text. An asterisk denotes a
value that was fixed in that fit.

Fit All m(7w) m(nw) < 0.85 GeV/c? 0.85 < m(7m) < 1.1 GeV/c?
o11 (nb) 0.655-0.039-+0.040 0.678+0.047+0.040 0.655%
mi( GeV/c?) 1.74240.013+0.012 1.73340.0104-0.010 1.742%
[ (GeV) 0.337£0.043-£0.061 0.3004:0.0154-0.037 0.337*
o22 (nb) 0.082-£0.024-£0.010 0.082* 0.09440.02340.010
ma( GeV/c?) 2.176-£0.01440.004 2.176* 2.17240.0104-0.008
[a( GeV) 0.09040.02240.010 0.090* 0.096+0.0194+0.012
o12(nb) 0.152-£0.034-£0.040 0.152* 0.13240.01040.010
¥ (rad) -1.9440.3440.10 -1.94% -1.924+0.24:0.12
x?/n.d.f. 48/(67-9) 46/(66-4) 38/(46-6)
P(x?) 0.74 0.96 0.40
For e+e- —> ¢(1680) —> (Tt we get: For e+e- —> ¢(1680) —> ¢ f,(980) we cannot
0, = 0.678 = 0.062 nb S AR |
m =1.733 = 0.015 GeV/c? oT.m>
_ 0~ f
I'=0.300 = 0.040 GeV I’eer LWL AR
122C
| qu =(42+2+3)eV Not clear how to present result
2 2 7 ?
(369 eV for KK* and 138 eV for ¢ ) To use g% ro(ee0) /9"y * HOW t0 calculate

June, 2011 ISR at BaBar, E.Solodov 19



What we know about ¢(1680)

From 2010 PDG (only e*e- experiments): There is NO BF table — only “seen”.
BaBar provides I',.* B for KK* and ¢m and ¢nn

There are 4 photo-production (K*K- channel) and one pp (KsKiT) experiments giving mass
~1740, and width ~0.1 GeV (but could be p(1700) as stated in PDG)

10— S e 10— T
| - Pﬁgasv@%wn wre — BBEGYIeTIO)
8- —— PDG(2010)(Our estimate) 8 — PDG(2010)(Our estimate) |

7 — Belle(2009)(¢nt'm, no I“(s)): : —— Belle(2009)(¢m "7, no r(s)}
6| —— BaBar(2008)(KK +¢m, r(s)§ 6| ————  BaBar(2008)(KK +¢n, F(§
7 —— DM2+DM1(1988)(I'(s)) | : ——  DM2+DMI1(1988)(I'(s)) |
P —— DM2(1988)(K Km) | P B DM2(1988)(KK) |
R DM2(1988)(K'K)) | : —— DM2(1988)(K'K)) |
2 * —— DM1(1982)(hadrons) * 2 * —- DM1(1982)(hadrons) *
7 —— DM 1(1982)(K Kn) | | = DM 1(1982)(K Kr) |

Q6 T65 17 175 18 185 19 195 2 00701 02 03 04 05 06 07 08 09
m(¢(1680)), (GeV/c?) [($(1680)), (GeV)

Taking into account energy dependent width (“standard” for recent low mass spectroscopy)
makes mass ~50 MeV higher and 100-150 MeV wider width

June, 2011 ISR at BaBar, E.Solodov 20



Cross section for ete'— ¢ ,(980), Y(2175)

T ‘ U U U

KK %z + KKt

0,*=0.093 + 0.023 + 0.010 nb
m, = 2.180 = 0.008 = 0.008 GeV/c?
r,=0.077 £+ 0.015 £ 0.010 GeV

04
| B, - 2L
1 127C

0.2

21n (Ly/L,) = sqrt (150 — 64) ~9.3 o

Vs

E__ (GeV) 06 } * 4 B
XS is corzecited by: ) < " |Good overall agreement
Br(¢ — K*K") =0.491 ﬂ } with 670 fb! Belle data
Br(fo— ntn”) = 2/3 ﬂ for KKtz channel
Br(f,— n%n°) = 1/3 02 w H++ C.P.Shen et al. (Belle Collaboration),
A fit with free interference +H++H++++**++++ + Phys. Rev. D80, 031101(R) (2009).
phase with continuum S . A
E,, (GeV)

June, 2011 ISR at bapbar, £.ouivuov 21



Evidence of Y (2175) in K+K-f, final state

3 n 5
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3 4 5
mK'Kn'n’) (GeV/c?)

Possible nature of Y(2175):
1-ssss, 2-¢" butnoBR ¢,
3- Y(2175) is similar to Y(4260): ¥(4260) = J/W fg, T,e=5.5 eV
Y(2175)= ¢fg, Tee=2.3 eV
22
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o(K'K'’K'K) (nb)
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Jhp, P(2S) — KHKmom0, K*K- o, KK KK

We measure

[ "VJ Jp—f - T :21 W
“  6x2-dL/dE -ef(myy) - 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!)

June, 2011 ISR at BaBar, E.Solodov 24



JAp region for K*K nta, K*K n’al, KK K*K"

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

Measured
Quantity

Measured

Value (&V)

J /4 or ¥(28) Branching Fraction (107%)

This work
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11.7540.8140.90
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2.1940.2340.07
1.3640.2740.07
2.264+0.26+0.16
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6.6 0.5
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0.76 +0.09
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0.94 +0.09
0.56 +0.16
1.83 +0.24 °
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0.17 £0.07 ©
0.72 +0.13 ¢
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‘ BJ/L.A_@KK obtained as 2- B,y _.ox+K—-
bNot corrected for the fo — 7% mode.
“Not corrected for the fo — a7~ mode.

4We compare our ¢fz, fz — ™7~ mode with ¢ f2(1270).

“By(25)—dfor fo =TT

Small systematic errors allow BaBar to improve BF for

major decay modes.
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Summary

Analysis of K*Kwt*7-, KK %7 and K*K"K*K™ has been performed using ISR and 454 fb-"

The K*K t*rt cross section has been measured with ~4% syst. errors

The K*K n%7° cross section has been measured with ~8% syst. errors
Inclusive cross sections for K*(892)°, K,(1430)°, and p(770)° are provided

* It is shown, that K*°K*0 production is suppressed, but K**K* is not.

« Final states ¢mtn, ¢ and ¢ f,(980) (f, — n*or, n9°) are selected
A structure with m ~2.18 GeV/c? and I" ~ 0.08 GeV has been confirmed
in e'fe” — K*K™ f,(980) (f, — n*r, n97°) reactions with ~9 o significance
* The confirmation comes from BES and Belle.
* Y(2175) state decays to ¢ f,(980) but does not decay to ¢ f,(600).
* New final states (¢t and ¢ 1,(980)) have been observed for ¢(1680) and parameters measured
« Jhp decays to K'K vt , KFKnPq® , ¢ovtne, ¢nOn® and ¢ £,(980) have been measured.

* PRD paper is submitted.
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PEP-IT e+e- collider, Babar detector

E.=3.16GeV,E. =9 GeV

PEP-IT

PEP-II
Rings ™

Positrons

High Energy Ring

ECM = M(Y(4S)):106 GeV
2000 - 2008 yrs
AL = 500 fb-1
N(B) = 10°

do(s,x)
dxd(cos0)

=W (s,x,0) 0,(s(1-x)),

W(s,x.0) =2 (

2-2x+x° X’ 2E,
, X
JTX

sin”® @ 2
0 - photon polar angle in c.m.
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7tit phase space

!!!!!!!!!!!!!!!!

PS, GeV/c

[\S}
I

The observed 77T mass distribution used to
calculated a phase space according to:

i
P, (s)= f2mdeWm(S)q(s,m,m¢)
2m

| where BW__(s) - describes it mass distribution

J\l'l | I I | I I \\MJ‘\M\‘\J\‘MJ\\
O1 T.s 2 25 3 35 4 45 5

m(¢r'n), GeV/c?

The observed it mass shape significantly differ

_ _ from pure (7t three-body phase space and
(prur quazi-two-body phase space withno 145 ~150 MeV shifted threshold and fast rise,

resonant structure. when q>f0 channel is opening.

The it mass shape contribute only to phase space!
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Width energy dependence

First resonance is presumably ¢(1680) with dominant decay to KK* + ¢1 and we see ~5-10% in
$(1020)f,(600) mode - “standard” way for I'(s):

m13P2K(S) My by (5) mqubn(S)
3/2 2 01 1/2 +02 1/2
s P, (m)) S qu (m,) S Pdm(ml)

I (s) =I7[0.7

P.(s)= q3(S,mK,mK*) - P-wave for K*K

P, (s) = q(s,m;.m,)
For second resonance we use:
m2P¢m (s)
O & (m,)
pmm 2

L(s)=T)

Using width depending on energy significantly changes the resonance parameters for wide
resonances and has small influence to narrow resonances.
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Cross section for ete— ¢ f,(980)

232 b

| 454 fb
£ g;=043=004mb  § ‘ G, = 0.093 = 0.021 nb
%0-6 m_= 2.175 £ 0.010 GeV/c go()ﬁ * } m = 2.180 + 0.008 GeV/c2
I'=0.058 =+ 0.016 GeV = I'=0.077 = 0.015 GeV
@ =-2.57 = 0.30 rad. @ =-2.11=0.24 rad.
04 04
x2 =376 v2 = 60/(61-6) |P(x2)=0.3
0.2 x2 = 80.5 02 ATEN'S x2 = 159/(61-2)
0 g
18 2 22 24 26 28 03 V8" 2 22 24 26 28 3

Significance is sqrt(80.5 - 37.6) ~6.5 0

XS is corrected by:
Br(¢ — K*K") =0.491
Br(f,— mtn”) = 2/3
Br(f,— n%x®) = 1/3

June, 2011

E.,; (GeV)
Significance is sqrt(150 - 64) ~ 9.2 ¢

Tom?
o B3 =
¢ 120C

- (23+03+03)eV
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Cross section for ete— ¢ f,(980)

~ 670 fb! Belle data

:  +‘ t

0, = 0.077 = 0.018 nb

M=2.156 + 0.011 GeV/c?

I'=0.109 = 0.022 GeV
* @ =-1.85+0.54 rad.

%2 = 57/(44-6)

t

8

2 22 24 26 28 3
E. i (GeV)

454 fb-' BaBar data

06

o(¢m), nb

04

02

M=2.179 = 0.008 GeV/c?
I'=0.091 + 0.019 GeV

¢ =-1.80+0.28 rad.

1 0, = 0.094 = 0.023 nb

2 = 41(45-6)

Threshold shifted by 40 MeV! - worse resolution? Error in scale?

f,(980) mass is shifted to adjust.

June, 2011

XS is corrected by:
Br(¢ — K*K") =0.491
Br(f,— ntn™) = 2/3
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