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1) B0 decays to K1
+(1270)π- and 

K1
+(1400)π-
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Motivations for study of B0→K1
+π-

1. B0 (B0)→ a1±π   time-dependent CP fit:

• αeff = (78.6±7.3)o                         [BABAR Collaboration, hep-ex/0612050]

• Δα=α-αeff is due to non-negligible penguin amplitude

• Set bound on |Δα| using flavor SU(3) symmetry
                                                  [Gronau & Zupan, Phys. Rev. D73, 057502 (2006)]

• relate B0→a1
+π- with  ΔS=1 decays: B→a1K and B→K1Aπ 

2. Branching fractions as test of factorization
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Similar considerations can be applied in order to obtain
upper bounds on j sin$"" "!

eff%j in terms of ratios of rates
involving K1A, the strange quark model 3P1 partner of a1,
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The SU(3) decompositions of the amplitudes in the numer-
ators are similar to (11) and (12),
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We now discuss upper bounds on R!!A and R0!A in
terms of physical processes involving the mass eigenstates
K1$1270% and K1$1400%. The state K1A is an almost equal
admixture of these states,
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with 33+ # % # 57+ [22], while the orthogonal state, the
strange SU(3) 1P1 partner of b1$1236%, is
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where the two pure penguin amplitudes, identified by their
final states, involve an arbitrary relative strong phase.
Thus, one has an upper bound on !"$K0
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which determines an upper bound on R!!A defined in (20).
A similar expression holds for an upper bound on R0!A,

in terms of the mixing angle % and CP-averaged decay
rates for B0 ! K!

1 $1400%$" and B0 ! K!
1 $1270%$". This

bound can be shown to hold in spite of the fact that these
processes involve both penguin and tree amplitudes.
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IV. CONCLUSION

We have studied the extraction of " from time-
dependent decays B$t% ! a,1 $1260%$- in the quasi two-
body approximation. The four observables, S, #S and
C, #C, determine the angle "eff in Eq. (8) up to a four-
fold discrete ambiguity. A twofold ambiguity in "eff may
be resolved either by other constraints on ", or by assum-
ing that the two added angles on the right-hand side of
Eq. (8) differ by much less than 180+. This follows from
j arg$t"=t!%j . 90+, valid to leading order in 1=mb [20],
and an assumption of small jp,j=jt,j, testable through
relations such as Eqs. (14) and (15).

We have used flavor SU(3) to obtain upper bounds (17),
(19), (23), and (24) on j"" ",

effj. This requires measuring
CP-averaged rates for either B! ! a!1 K0 or B0 ! a"1 K!
and CP-averaged rates for either B! ! K0

1$1270%$! and
B! ! K0

1$1400%$! or B0 ! K!
1 $1270%$" and B0 !

K!
1 $1400%$". The resulting upper bound, Eq. (29), as-

sumes an unknown relative sign between "" ""
eff and ""

"!
eff . In B0 ! &,$- these two shifts are expected to have

opposite signs because jp,j=jt,j are small and arg$p,=t,%
lie in opposite hemispheres [23], as shown in a global
SU(3) fit to B ! VP decays [24] and in QCD factorization
including 1=mb-suppressed terms [25]. This reduces the
bound on j"" "effj in B0 ! &,$- by a factor of 2 [23]. It
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depends on
BF(B→a1K)

depends on
BF(B→K1π)

K1A = mixture of
K1(1270) and K1(1400)

BF(theory)
Laporta et.al., Phys. Rev. D74, 054035 (2006)

BF(experiment)
ARGUS Collab., Phys. Lett. B254, 288 (1991)

B0→K1+(1270)π- 7.6x10-6 (never measured)

B0→K1+(1400)π- 4.0x10-6 <1100x10-6

±
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(7) → .F0 π+:).F0→ .+)π−)))

! (#,-<C-<-#A-)-CC-A,')(#A%+6-6)*#%&)(#)'&',-B$,(A'

! G,H-<)',<$#>-)<-'*#$#A-')(#),H$,)B$'')<->(*#

! 6(CC-<-#,)$#>+%$<)6(',<(I+,(*#'

! J(B+%,$#-*+')KL)C(,),*)-?,<$A,)'(>#$%)&(-%6'
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Experimental considerations

• K1 (1270) and K1(1400): wide overlapping axial-mesons

• B0 → K+π+π-π- shared between several resonant final states
         => necessary to account for interferences

• At B Factories:

large dataset => can measure these N-body decays (here N=4)

...but generally too small for full amplitude analysis

• Preliminary working solution:

a. treat N-body decay as sum of quasi 2-body decays

b. differentiate final state by mass and angular distributions

c. assign systematic uncertainty for interference effects

4

K1(1270) K1(1400)

Mass 1272 ± 7MeV 1402 ± 7MeV

Width 90 ± 20MeV 174 ± 13MeV

!

"#$%&'(')*+,%(#-

! .1)/)0).1/12345)5)$#6).17)/)0).1/18445)5

! 9(6-:)*;-<%$==(#>)$?($%@;-A,*<)B-'*#'

! '$B-)C(#$%)',$,-)/.1
(7) → .+)π − π +5

! D2E*6&)$==<*?(B$,(*#

! 9-)<-A*#',<+A,).1
(7) → .F0 π+:).F0→ .+)π−)))

! (#,-<C-<-#A-)-CC-A,')(#A%+6-6)*#%&)(#)'&',-B$,(A'

! G,H-<)',<$#>-)<-'*#$#A-')(#),H$,)B$'')<->(*#

! 6(CC-<-#,)$#>+%$<)6(',<(I+,(*#'

! J(B+%,$#-*+')KL)C(,),*)-?,<$A,)'(>#$%)&(-%6'

K1(1270)

K1(1400)
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PEP-II and BABAR detector

5

PEP-II

Lpeak = 12x1033 cm-2s-1

Lint = 421 fb-1

349 fb-1 used for B0→K1
+π-

379 fb-1 used for e+e- → ρ+ρ- 
(343fb-1 @ϒ(4S) + 36fb-1 offpeak )

BABAR

Silicon Vertex Tracker
5 double-sided layers

Drift Chamber
40 layers

Electro-Magnetic Calorimeter
6580 CsI(Tl) crystals

Cherenkov Detector (PID)
144 quartz bars

11000 PMT’s

1.5T Solenoid
(super-conducting)Instrumented Flux 

Return

e- (9GeV)

e+ (3.1GeV)
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Event selection

K1
+ selection:

• 1.1 < m(K1
+) < 1.8 GeV

• |H|<0.95   
(H = cosine of angle between normal
to K1

+ decay plane and primary π- , in 
K1

+ rest frame)

• 0.8 < m(K+π-) < 1.0 GeV

B candidate selection

• |ΔE| < 150 MeV

• mES > 5.25 GeV

Veto events compatible with 
B→D(*)π and (cc)K* hypotheses 
(mass cut)

6

B0 → K1
+(1270)π- ! ! ! ! B0 → K1

+(1400)π- !  
! ! → K*0(892)π+!   ! ! ! ! → K*0(892)π+!   
� � � → K+π- ! ! ! ! ! ! → K+π-

� � → K*0(1430)π+ 
� � � → K+π- ! !
� � → K+ρ0 ! !   ! !
� � �     → π+π- ! !

19155 selected events

Efficiencies
(includes BF of secondary decays)

B0 → K1
+(1270)π- : 2.43%

B0 → K1
+(1400)π- : 4.67%
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Extraction of yields: ML fit
Apply unbinned extended maximum likelihood (ML) fit

• Fit variables:

1. mES = √E2
beam - p2

B   (defined in ϒ(4S) frame)

2. ΔE = |EB - Ebeam|      (defined in ϒ(4S) frame)

3. event shape variable: linear Fisher discriminant
=> distinguish spherical B from jetty continuum events

4. K1
+ mass

5. K1
+ angle variable H

• Fit components

a. signal K1
+(1270)π- and K1

+(1400)π- 

b. continuum qq  

c. B decays to a1
+π-, D-(→K+π-π-)π+, K*+(1410)π-, K*0π+π- 

(yields fixed for a1
+π- and D-(→K+π-π-)π+)

• Simultaneous fit to all decay modes

7

(mK1 ,H) 2D PDF
for some components}
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Systematic uncertainties

Interference systematic calculated from simulated experiments:

1. generate samples with K1
+(1270) <=> K1

+(1400) interference

• use different values of unknown relative phase

2. systematic taken as difference between fit to samples generated 
with and without interference

8

Source K1
+(1270)π- K1

+(1400)π-

Additive errors [events]

    Interference +85 +56

    PDF parameters ±2.6 ±7.3

    K1
+(1270) mass and width ±13.4 ±9.7

    K1
+(1400) mass and width ±5.7 ±15.0

    K2
*+(1430)π- contribution ±4.4 ±14.9

    K1
*+(1680)π- contribution ±2.4 ±15.3

Multiplicative errors [%] ±7.5% ±7.5%

Total [in BF units 10-6] +9.3 +3.5

-38 -90

-4.5 -5.0
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B0→K1
+π- Results

Figures made sPlot background 
subtraction technique
[Pivk + Le Diberder, Nucl. Instr. Meth. A 555, 356 (2005)]

Shown: mES and ΔE (above),
and K+π+π- invariant mass (left)

Data points obtained from fit to 
mES, ΔE, and F only
=> no K1

+ information included
9

3

TABLE I: Fit results for the decay modes B
0
→ K

+
1 π

− and

B
0
→ K

′+
1 π

−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
quantities reported. All results are preliminary.

Fit Quantity K
+
1 π

−
K

′+
1 π

−

Events in the sample 19155
Signal yield (ev.) 109 ± 29 318 ± 46
Fit bias (ev.) −3.2 ± 1.2 18.5 ± 2.0P

n
(ε(n)

×
Q

i
B

(n)) (%) 2.43 4.67
B (10−6) 12.0 ± 3.1+9.3

−4.5 16.7 ± 2.6+3.5
−5.0

Significance S (σ) 2.8 3.8
90% CL UL 21.3 21.4

yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.

The main sources of systematic errors in the decay
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FIG. 1: sPlot projections onto a) ∆E in the K
+
1 π

− decay, b)

∆E in the K
′+
1 π

−decay and c) mES in the K
+
1 π

− decay, d)

mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-

K1
+(1270)π- K1

+(1400)π-

Signal yield 109 ± 29 318 ± 46

Significance 2.3σ 3.0σ

BF [10-6] 12.0±3.1+9.3 16.7±2.6+3.5

90% C.L. UL <25.2 <21.8

BABAR
Preliminary K1

+(1400)π-K1
+(1270)π-

ΔE ΔE

mES mES

K1
+(1270)

K1
+(1400)

K*+(1410)

K*0(892)π+

-4.5 -5.0
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Discussion

a. Measured preliminary BF larger but not incompatible 
with predictions

=> possible evidence for the decay B0→K1
+(1400)π- 

• significance limited by interference uncertainty

b. These results provide half the measurements necessary 
to set bound on |Δα(a1

+π-)| using flavor SU(3)

• a1K: study in progress

10

BF(theory) [10-6] BF(experiment) [10-6]
BABAR PRELIMINARY

B0→K1
+(1270)π- 7.6 12.0±3.1+9.3  (<25.2 @90% CL)

B0→K1
+(1400)π- 4.0 16.7±2.6+3.5 (<21.8 @90% CL)

Laporta et.al.
Phys. Rev. D74, 054035 (2006)

-5.0

-4.5
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2. Observation of e+e- → ρ+ρ-

11

Prelim
inary results
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Motivation

• e+e- annihilation processes provide tests of QCD and of 
hadronic production

• 1 virtual photon processes (C=-1)
→J/Ψηc ; →φη [BABAR, Phys. Rev. D74, 111103 (2006)] (no prediction)

Large discrepancy between theory and experiments
=> poor understanding from 1-photon process only

• 2 virtual photons, TVPA (C=+1)
→ρ0ρ0 ; →φρ0 

[BABAR, Phys. Rev. Lett. 97, 112002 (2006)]

• cross sections compatible with theoretical expectations

12

4

We report the observation of e+e− → φη near
√

s = 10.58 GeV with 6.5 σ significance in the
K+K−γγ final state in a data sample of 224 fb−1 collected by the BABAR experiment at the PEP-
II e+e− storage rings. We measure the restricted radiation-corrected cross section to be σ(e+e−→
φη) =2.1 ± 0.4(stat) ± 0.1(syst) fb within the range | cos θ∗| < 0.8, where θ∗ is the center-of-mass
polar angle of the φ meson. The φ meson is required to be in the invariant mass range of 1.008
< mφ < 1.035 GeV/c2. The radiation-corrected cross section in the full cos θ∗ range is extrapolated
to be 2.9 ± 0.5(stat) ± 0.1(syst) fb.

PACS numbers: 13.66.Bc, 13.25.-k, 14.40.Ev

The large data samples of the B factories provide
an opportunity to explore rare exclusive quasi-two-body
processes in e+e− annihilation, such as final states pro-
duced through one virtual photon with negative C-parity
(J/ψηc or other double charmonium states) [1, 2], and
two-virtual-photon annihilation (TVPA) with positive C-
parity (ρ0ρ0 or φρ0) [3]. The process e+e− → J/ψηc and
other double charmonium processes are observed at rates
approximately ten times larger than the expectation from
QCD-based models [4]. Various theoretical efforts have
been made to resolve the discrepancy between experi-
mental and theoretical results [5, 6, 7]. Another avenue
to explore this puzzle is provided by the related process
e+e− → φη. A recent observation of ψ(3770) → φη at
a branching fraction of (3.1 ± 0.6 ± 0.3 ± 0.1) × 10−4 [8]
also stimulates a search for Υ (4S) → φη.

We report the observation of e+e− → φη, which is
analogous, in the s quark sector, to the process e+e−

→ J/ψηc, since the η meson has an ss̄ quark-pair com-
ponent. The Feynman diagram for the most likely pro-
duction mechanism is shown in Fig. 1. However, since
η is not purely ss̄, the cross section for this production
mechanism is determined by the projection onto the ss̄
component of the η meson. A calculation using the QCD-
based light cone method with relativistic treatment for
the light s quark is possible and therefore can provide a
theoretical estimation [9].

The φη combination is a vector − pseudoscalar (VP)
final state. The production rates for e+e− → VP can
be described by form factors, which are predicted in
QCD-based models [10, 11, 12]. Different models pre-
dict different dependences on center-of-mass (CM) en-
ergy squared s. The recent measurements of e+e− →
VP (ωπ0, ρη and ρη′) from BES [13, 14] investigated the
s dependence of the cross sections and form factors in the
energy range from 3.65 to 3.773 GeV. It is interesting to
investigate the s dependence over a wider energy range.
Since CLEO measured the cross section for e+e− → φη
at CM energy

√
s = 3.67 GeV [8], a measurement of the

same process at
√

s = 10.58 GeV provides a meaningful
test of the s dependence.

This analysis uses 204 fb−1 of e+e− colliding beam
data collected on the Υ (4S) resonance at

√
s = 10.58

GeV and 20 fb−1 collected 40 MeV below the Υ (4S)
mass with the BABAR detector at the SLAC PEP-II
asymmetric-energy B factory. The BABAR detector is

e
s

e

s

s

s
_

_

_

+

FIG. 1: Possible Feynman diagram for e+e− → φη.

described in detail elsewhere [15]. Charged-particle mo-
menta and energy loss are measured in the tracking sys-
tem that consists of a silicon vertex tracker (SVT) and
a drift chamber (DCH). Electrons and photons are de-
tected in a CsI(Tl) calorimeter (EMC). An internally
reflecting ring-imaging Cherenkov detector (DIRC) pro-
vides charged particle identification (PID). An instru-
mented magnetic flux return (IFR) provides identifica-
tion of muons. Kaon and pion candidates are identi-
fied using likelihoods of particle hypotheses calculated
from the specific ionization in the DCH and SVT and
the Cherenkov angle measured in the DIRC. Photons are
identified by shower shape and lack of associated tracks.

To reconstruct φη in the K+K−γγ mode, events with
exactly two well-reconstructed, oppositely charged tracks
and at least two well-identified photons are selected.
Charged tracks are required to have at least 12 DCH
hits and a laboratory polar angle within the SVT accep-
tance, 0.41 < θ < 2.54 radians. The laboratory momenta
of the kaon candidates are required to be greater than
800 MeV/c to reduce background. The two tracks se-
lected must both be identified as kaons. We fit the two
tracks to a common vertex, and require the χ2 probabil-
ity to exceed 0.1%. The photon candidates are required
to have a minimum laboratory energy of 500 MeV. The
invariant mass distribution of K+K−γγ, after requir-
ing the invariant mass of KK to be near the φ mass
(mKK < 1.1 GeV/c2) and that of γγ to be near the η
mass (0.4 < mγγ < 0.8 GeV/c2) is shown in Fig. 2 (a).
We accept events with a reconstructed invariant mass of
K+K−γγ within 230 MeV/c2 of the e+e− CM energy.
There is at most one entry per event in the region of
interest.

Figure 2(b) shows the scatter plot of invariant masses

sample of 225 fb!1 collected by the BABAR experiment at the Positron-Electron Project II e"e! storage
rings at energies near
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p # 10:58 GeV. The distributions of cos!$, where !$ is the center-of-mass polar
angle of the " meson or the forward #0 meson, suggest production by two-virtual-photon annihilation. We
measure cross sections within the range j cos!$j< 0:8 of $%e"e! ! #0#0& # 20:7' 0:7%stat& '
2:7%syst& fb and $%e"e! ! "#0& # 5:7' 0:5%stat& ' 0:8%syst& fb.
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The process e"e! ! hadrons at center-of-mass (c.m.)
energy
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p
far below the Z0 mass is dominated by annihi-

lation via a single virtual photon with charge-conjugation
parity C # !1. The high luminosity of the B factories
provides an opportunity to explore rare, low multiplicity
final states with C # "1 such as those produced in the
two-virtual-photon annihilation (TVPA) process depicted
in Fig. 1. The TVPA process has been ignored in the
interpretation of the total hadronic cross section in e"e!
annihilations as input to calculations [1] of the muon g! 2
and the running QED coupling %. We report the first
observation of the exclusive reactions e"e! ! #0#0 and
e"e! ! "#0, in which the final states are even under
charge conjugation and, therefore, cannot be produced
via single-photon annihilation.

This analysis uses a 205 fb!1 data sample of e"e!
collisions collected on the !%4S& resonance and 20 fb!1

collected 40 MeV below with the BABAR detector at the
Stanford Linear Accelerator Center (SLAC) Positron-
Electron Project II (PEP-II) asymmetric-energy B factory.
The BABAR detector is described in detail elsewhere [2].
Charged-particle momenta and energy loss are measured in
the tracking system which consists of a silicon vertex
tracker (SVT) and a drift chamber (DCH). Electrons and
photons are detected in a CsI(Tl) calorimeter (EMC). An
internally reflecting ring-imaging Cherenkov detector
(DIRC) provides charged-particle identification (PID).
An instrumented magnetic flux return (IFR) provides iden-
tification of muons. Kaon and pion candidates are identi-
fied using likelihoods of particle hypotheses calculated
from the specific ionization in the DCH and SVT and the
Cherenkov angle measured in the DIRC. Electrons are
identified by the ratio of the energy deposited in the
EMC to the momentum and by the shower shape; muons
are identified by the depth of penetration into the IFR.

Events with four well-reconstructed charged tracks and
a total charge of zero are selected. Charged tracks are
required to have at least 12 DCH hits and a polar angle
within the SVT acceptance 0:41< !< 2:54 rad. The mo-
menta of kaon and pion candidates are required to be
greater than 800 and 600 MeV=c, respectively. Among
the four selected tracks, two oppositely charged tracks
must be identified as pions, and the other pair must be
identified as two pions or two kaons. Events in which one
or more pion candidates are identified as an electron or
muon are rejected (lepton veto). We fit the four tracks to a
common vertex and require the &2 probability to exceed

0.1%. We accept events with a reconstructed invariant mass
within 170 MeV=c of the nominal c.m. energy (Fig. 2).

In the process e"e! ! '"'!'"'!, there are two
possible pairings of '" mesons with '! mesons.
However, only one combination appears in the kinematic
region of interest (m'"'! < 2 GeV=c2) for both pairs. We
label the pion pair with a c.m. momentum vector pointing
into the hemisphere defined by the e! beam direction
'"'!

f and the other as '"'!
b . Figure 3(a) shows the

scatter plot of the invariant masses of '"'!
f and '"'!

b

from e"e! ! '"'!'"'! events and Fig. 3(b) the plot
of invariant masses of K"K! and '"'! pairs from
e"e! ! K"K!'"'! events. We observe correlations of
masses in Fig. 3(a) indicating the production of #0#0 final
states and in Fig. 3(b) indicating the production of "#0

final states.
To extract the number of e"e! ! #0#0 and "#0 signal

events, we perform a binned maximum-likelihood fit for
nine rectangular regions (tiles) in the two-dimensional
mass distributions, as shown in Fig. 3. The signal box is
the central tile (tile 5), defined by the mass ranges 0:5<
m'"'! < 1:1 GeV=c2 and 1:008<mK"K! <
1:035 GeV=c2. For e"e! ! K"K!'"'!, the expected
number of events ni for each tile i can be expressed as:

 ni # fSi S" f"i N" " f#
0

i N#0 " fBi %s#0 ; s"&B; (1)

where S is the number of "#0 signal events, N" is the
number of "X background events, N#0 is the number of
#0X background events, and B is the number of residual
background events, in all nine tiles. The parameter fTi is the
fraction of events of type T that contributes to tile i. The
signal fractions fSi are modeled by Monte Carlo (MC)
simulation [3], and f"i and f#

0

i are obtained from the "X
and #0X background shapes, which are estimated by fitting
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q 
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q– 

FIG. 1. Two-virtual-photon annihilation diagram.
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Cross section [fb] e+e- → J/Ψηc(1S) e+e- → J/Ψηc(2S)

Experiment
[BABAR, Phys. Rev. D72, 031101 (2005)]

17.6±2.8+1.5 16.4±3.7+2.4

Theory
[Braaten+Lee, Phys. Rev. D67, 054007(2003)]

2.31±1.09 0.96±0.45
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F.Blanc        Hot Topics at BABAR 

Source(s) of e+e- → ρ+ρ- process

• ρ+ρ- system: C=(-1)L+S ; P=(-1)L 

• photon: C=-1 ; P=-1

• Possible ρ+ρ- production processes:

1. 1-photon annihilation: favored solution (L odd, S even)
=> e+e-→ρ+ρ- can contribute to understanding this process
No quantitative prediction on the cross section

2. TVPA: suppressed by charge configuration

• could be allowed in case of FSI

3. ϒ(4S)→ρ+ρ- : suppressed by isospin (I=0 → I=1)

=> in the following, assume 1-photon process
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F.Blanc        Hot Topics at BABAR 

Analysis of angular distributions
• Assume favored 1-photon (JPC=1--) process

=> 3 amplitudes: F00 , F01 , F11 with distinctive angular 
distributions (integrated distributions):

• θ* = angle between ρ± and e± beam (in CM frame)
θ± = ρ± helicity angle
φ± = azimuthal angle of π± in ρ± rest frame

• Prediction: [Lepage and Brodsky, Phys. Rev. D24, 2848 (1981)]

  |F00|2 ~ 1/s2  
  |F10|2 < 1/s3     =>   |F10|2 ~ |F11|2 < 0.01 |F00|2

  |F11|2 < 1/s3                     (at B Factory energies)
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where the variable ϕ± is the π± azimuthal angle around
the direction of the ρ± measured with respect to the
plane formed by the ρ± and the incoming electron. Be-
cause of our limited statistics, we only examine the pro-
jections thus losing all sensitivity to the strong phases of
the amplitude. The projections on different angles in full
ranges can be integrated as:

dN

d cos θ∗
∝ 3

4
(sin2 θ∗|F00|2+2(1+cos2 θ∗)|F10|2+2 sin2 θ∗|F11|2)

(3)

dN

d cos θ±
∝ 3

2
(cos2 θ±|F00|2+(1+cos2 θ±)|F10|2+sin2 θ±|F11|2)

(4)

dN

dϕ±

∝ 1

2π
(|F00|2 + (4 − cos 2ϕ±)|F10|2 + 2|F11|2) (5)

From the two dimensional mass fit, we can calculate
a ρ+ρ− signal sWeight [18] from the PDFs, yields and
covariance matrix for each event (including those events
outside the defined ρ± mass window) based on its π+π0

and π−π0 mass and we use it to weight each event to
get the angular distributions. We subdivided each angle
into bins to produce an efficiency table from phase-space-
based Monte Carlo (MC) and used the inverse of the effi-
ciency to weight each event to make efficiency correction
for angular distributions. The background-subtracted
and efficiency-corrected distributions for cos θ±, cos θ∗

and ϕ± are shown in Fig. 3. We fit the five angular distri-
butions to the Equ. 3 , 4 and 5 with re-integration over
our acceptance simultaneously by minimizing χ2. The
normalized amplitudes (|F00|2+4|F10|2+2|F11|2 = 1) for
the three components are: |F00|2 : |F10|2 : |F11|2 = 0.51±
0.14(stat) ± 0.02(syst) : 0.10 ± 0.04(stat) ± 0.01(syst) :
0.04±0.03(stat)±0.00(syst) where the systematics is es-
timated from the imperfect MC efficiency correction and
small bias from independent toy MC study, the statisti-
cal uncertainties are also appropriately scaled from toy
MC study, the fitter underestimates the statistical uncer-
tainties at about 6% level. We float |F00|2, |F10|2 and a
normalization parameter in the fitter, the value of |F11|2
is derived by 1

2
(1−F00|2 − 4|F10|2) from the fit with full

co-variance matrix. We found 97% anti-correlation be-
tween |F00|2 and |F10|2. The |F00|2 deviates from 1 with
a significance more than 3 sigma, which disagrees with
the QCD prediction [13]. By setting |F00|2 = 1 in the
toy MC, the significance is estimated from the difference
between returned average fit value and the value from
data divided by the uncertaianty on the |F00|2 from toy
MC scaled with data.

The amplitude |F00|2 is predicted to have 1/s2 depen-
dence, while the |F10|2 and |F11|2 are predicted to have
< 1/s3 dependence, which means that they are very small
at our energy. This can be further tested in the large ini-
tial state radiation sample at the B factories.
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FIG. 3: The s-weighted and efficiency corrected a) cos θ+ b)
cos θ− c) cos θ∗ d) ϕ+ e) ϕ− distributions. The red dash line
is the contribution from F00 component, the blue dot line is
for the F10 component, the blue dash-dot line is for the F11

component, and the red solid line is the total fit.

The systematic errors on the e+e− → ρ+ρ− cross sec-
tion due to the uncertainty of amplitudes fit is estimated
by varying the amplitude values. The systematic un-
certainty from the two-dimensional fit is estimated from
the difference in yield obtained by floating the mean and
width in the fit. The systematic uncertainties due to
PID, tracking, and photon efficiency are estimated based
on measurements from control data samples. The pos-
sible background from related modes with an extra π0

is estimated by using extrapolations from four-particle
mass sidebands. The systematic uncertainties are sum-
marized in Table I.

The cross section including radiative correction for
e+e− → ρ+ρ− is calculated from:

σ =
NObserved

L× B(π0 → γγ)2 × εMC × (1 + δ)
(6)

where NObserved is the extracted number of ρ+ρ− signal
events from on- and off-resonance data, L is the inte-
grated luminosity, B(π0 → γγ) is the branching fraction
of π0 → γγ, εMC is the signal efficiency obtained from
Monte Carlo simulation (MC), and δ is the radiative cor-
rection calculated according to Ref. [19] with value of
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where the variable ϕ± is the π± azimuthal angle around
the direction of the ρ± measured with respect to the
plane formed by the ρ± and the incoming electron. Be-
cause of our limited statistics, we only examine the pro-
jections thus losing all sensitivity to the strong phases of
the amplitude. The projections on different angles in full
ranges can be integrated as:

dN
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∝ 3
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(|F00|2 + (4 − cos 2ϕ±)|F10|2 + 2|F11|2) (5)

From the two dimensional mass fit, we can calculate
a ρ+ρ− signal sWeight [18] from the PDFs, yields and
covariance matrix for each event (including those events
outside the defined ρ± mass window) based on its π+π0

and π−π0 mass and we use it to weight each event to
get the angular distributions. We subdivided each angle
into bins to produce an efficiency table from phase-space-
based Monte Carlo (MC) and used the inverse of the effi-
ciency to weight each event to make efficiency correction
for angular distributions. The background-subtracted
and efficiency-corrected distributions for cos θ±, cos θ∗

and ϕ± are shown in Fig. 3. We fit the five angular distri-
butions to the Equ. 3 , 4 and 5 with re-integration over
our acceptance simultaneously by minimizing χ2. The
normalized amplitudes (|F00|2+4|F10|2+2|F11|2 = 1) for
the three components are: |F00|2 : |F10|2 : |F11|2 = 0.51±
0.14(stat) ± 0.02(syst) : 0.10 ± 0.04(stat) ± 0.01(syst) :
0.04±0.03(stat)±0.00(syst) where the systematics is es-
timated from the imperfect MC efficiency correction and
small bias from independent toy MC study, the statisti-
cal uncertainties are also appropriately scaled from toy
MC study, the fitter underestimates the statistical uncer-
tainties at about 6% level. We float |F00|2, |F10|2 and a
normalization parameter in the fitter, the value of |F11|2
is derived by 1

2
(1−F00|2 − 4|F10|2) from the fit with full

co-variance matrix. We found 97% anti-correlation be-
tween |F00|2 and |F10|2. The |F00|2 deviates from 1 with
a significance more than 3 sigma, which disagrees with
the QCD prediction [13]. By setting |F00|2 = 1 in the
toy MC, the significance is estimated from the difference
between returned average fit value and the value from
data divided by the uncertaianty on the |F00|2 from toy
MC scaled with data.

The amplitude |F00|2 is predicted to have 1/s2 depen-
dence, while the |F10|2 and |F11|2 are predicted to have
< 1/s3 dependence, which means that they are very small
at our energy. This can be further tested in the large ini-
tial state radiation sample at the B factories.
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FIG. 3: The s-weighted and efficiency corrected a) cos θ+ b)
cos θ− c) cos θ∗ d) ϕ+ e) ϕ− distributions. The red dash line
is the contribution from F00 component, the blue dot line is
for the F10 component, the blue dash-dot line is for the F11

component, and the red solid line is the total fit.

The systematic errors on the e+e− → ρ+ρ− cross sec-
tion due to the uncertainty of amplitudes fit is estimated
by varying the amplitude values. The systematic un-
certainty from the two-dimensional fit is estimated from
the difference in yield obtained by floating the mean and
width in the fit. The systematic uncertainties due to
PID, tracking, and photon efficiency are estimated based
on measurements from control data samples. The pos-
sible background from related modes with an extra π0

is estimated by using extrapolations from four-particle
mass sidebands. The systematic uncertainties are sum-
marized in Table I.

The cross section including radiative correction for
e+e− → ρ+ρ− is calculated from:

σ =
NObserved

L× B(π0 → γγ)2 × εMC × (1 + δ)
(6)

where NObserved is the extracted number of ρ+ρ− signal
events from on- and off-resonance data, L is the inte-
grated luminosity, B(π0 → γγ) is the branching fraction
of π0 → γγ, εMC is the signal efficiency obtained from
Monte Carlo simulation (MC), and δ is the radiative cor-
rection calculated according to Ref. [19] with value of

3

where the variable ϕ± is the π± azimuthal angle around
the direction of the ρ± measured with respect to the
plane formed by the ρ± and the incoming electron. Be-
cause of our limited statistics, we only examine the pro-
jections thus losing all sensitivity to the strong phases of
the amplitude. The projections on different angles in full
ranges can be integrated as:
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(|F00|2 + (4 − cos 2ϕ±)|F10|2 + 2|F11|2) (5)

From the two dimensional mass fit, we can calculate
a ρ+ρ− signal sWeight [18] from the PDFs, yields and
covariance matrix for each event (including those events
outside the defined ρ± mass window) based on its π+π0

and π−π0 mass and we use it to weight each event to
get the angular distributions. We subdivided each angle
into bins to produce an efficiency table from phase-space-
based Monte Carlo (MC) and used the inverse of the effi-
ciency to weight each event to make efficiency correction
for angular distributions. The background-subtracted
and efficiency-corrected distributions for cos θ±, cos θ∗

and ϕ± are shown in Fig. 3. We fit the five angular distri-
butions to the Equ. 3 , 4 and 5 with re-integration over
our acceptance simultaneously by minimizing χ2. The
normalized amplitudes (|F00|2+4|F10|2+2|F11|2 = 1) for
the three components are: |F00|2 : |F10|2 : |F11|2 = 0.51±
0.14(stat) ± 0.02(syst) : 0.10 ± 0.04(stat) ± 0.01(syst) :
0.04±0.03(stat)±0.00(syst) where the systematics is es-
timated from the imperfect MC efficiency correction and
small bias from independent toy MC study, the statisti-
cal uncertainties are also appropriately scaled from toy
MC study, the fitter underestimates the statistical uncer-
tainties at about 6% level. We float |F00|2, |F10|2 and a
normalization parameter in the fitter, the value of |F11|2
is derived by 1

2
(1−F00|2 − 4|F10|2) from the fit with full

co-variance matrix. We found 97% anti-correlation be-
tween |F00|2 and |F10|2. The |F00|2 deviates from 1 with
a significance more than 3 sigma, which disagrees with
the QCD prediction [13]. By setting |F00|2 = 1 in the
toy MC, the significance is estimated from the difference
between returned average fit value and the value from
data divided by the uncertaianty on the |F00|2 from toy
MC scaled with data.

The amplitude |F00|2 is predicted to have 1/s2 depen-
dence, while the |F10|2 and |F11|2 are predicted to have
< 1/s3 dependence, which means that they are very small
at our energy. This can be further tested in the large ini-
tial state radiation sample at the B factories.
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FIG. 3: The s-weighted and efficiency corrected a) cos θ+ b)
cos θ− c) cos θ∗ d) ϕ+ e) ϕ− distributions. The red dash line
is the contribution from F00 component, the blue dot line is
for the F10 component, the blue dash-dot line is for the F11

component, and the red solid line is the total fit.

The systematic errors on the e+e− → ρ+ρ− cross sec-
tion due to the uncertainty of amplitudes fit is estimated
by varying the amplitude values. The systematic un-
certainty from the two-dimensional fit is estimated from
the difference in yield obtained by floating the mean and
width in the fit. The systematic uncertainties due to
PID, tracking, and photon efficiency are estimated based
on measurements from control data samples. The pos-
sible background from related modes with an extra π0

is estimated by using extrapolations from four-particle
mass sidebands. The systematic uncertainties are sum-
marized in Table I.

The cross section including radiative correction for
e+e− → ρ+ρ− is calculated from:

σ =
NObserved

L× B(π0 → γγ)2 × εMC × (1 + δ)
(6)

where NObserved is the extracted number of ρ+ρ− signal
events from on- and off-resonance data, L is the inte-
grated luminosity, B(π0 → γγ) is the branching fraction
of π0 → γγ, εMC is the signal efficiency obtained from
Monte Carlo simulation (MC), and δ is the radiative cor-
rection calculated according to Ref. [19] with value of
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where the variable ϕ± is the π± azimuthal angle around
the direction of the ρ± measured with respect to the
plane formed by the ρ± and the incoming electron. Be-
cause of our limited statistics, we only examine the pro-
jections thus losing all sensitivity to the strong phases of
the amplitude. The projections on different angles in full
ranges can be integrated as:
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From the two dimensional mass fit, we can calculate
a ρ+ρ− signal sWeight [18] from the PDFs, yields and
covariance matrix for each event (including those events
outside the defined ρ± mass window) based on its π+π0

and π−π0 mass and we use it to weight each event to
get the angular distributions. We subdivided each angle
into bins to produce an efficiency table from phase-space-
based Monte Carlo (MC) and used the inverse of the effi-
ciency to weight each event to make efficiency correction
for angular distributions. The background-subtracted
and efficiency-corrected distributions for cos θ±, cos θ∗

and ϕ± are shown in Fig. 3. We fit the five angular distri-
butions to the Equ. 3 , 4 and 5 with re-integration over
our acceptance simultaneously by minimizing χ2. The
normalized amplitudes (|F00|2+4|F10|2+2|F11|2 = 1) for
the three components are: |F00|2 : |F10|2 : |F11|2 = 0.51±
0.14(stat) ± 0.02(syst) : 0.10 ± 0.04(stat) ± 0.01(syst) :
0.04±0.03(stat)±0.00(syst) where the systematics is es-
timated from the imperfect MC efficiency correction and
small bias from independent toy MC study, the statisti-
cal uncertainties are also appropriately scaled from toy
MC study, the fitter underestimates the statistical uncer-
tainties at about 6% level. We float |F00|2, |F10|2 and a
normalization parameter in the fitter, the value of |F11|2
is derived by 1

2
(1−F00|2 − 4|F10|2) from the fit with full

co-variance matrix. We found 97% anti-correlation be-
tween |F00|2 and |F10|2. The |F00|2 deviates from 1 with
a significance more than 3 sigma, which disagrees with
the QCD prediction [13]. By setting |F00|2 = 1 in the
toy MC, the significance is estimated from the difference
between returned average fit value and the value from
data divided by the uncertaianty on the |F00|2 from toy
MC scaled with data.

The amplitude |F00|2 is predicted to have 1/s2 depen-
dence, while the |F10|2 and |F11|2 are predicted to have
< 1/s3 dependence, which means that they are very small
at our energy. This can be further tested in the large ini-
tial state radiation sample at the B factories.
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FIG. 3: The s-weighted and efficiency corrected a) cos θ+ b)
cos θ− c) cos θ∗ d) ϕ+ e) ϕ− distributions. The red dash line
is the contribution from F00 component, the blue dot line is
for the F10 component, the blue dash-dot line is for the F11

component, and the red solid line is the total fit.

The systematic errors on the e+e− → ρ+ρ− cross sec-
tion due to the uncertainty of amplitudes fit is estimated
by varying the amplitude values. The systematic un-
certainty from the two-dimensional fit is estimated from
the difference in yield obtained by floating the mean and
width in the fit. The systematic uncertainties due to
PID, tracking, and photon efficiency are estimated based
on measurements from control data samples. The pos-
sible background from related modes with an extra π0

is estimated by using extrapolations from four-particle
mass sidebands. The systematic uncertainties are sum-
marized in Table I.

The cross section including radiative correction for
e+e− → ρ+ρ− is calculated from:

σ =
NObserved

L× B(π0 → γγ)2 × εMC × (1 + δ)
(6)

where NObserved is the extracted number of ρ+ρ− signal
events from on- and off-resonance data, L is the inte-
grated luminosity, B(π0 → γγ) is the branching fraction
of π0 → γγ, εMC is the signal efficiency obtained from
Monte Carlo simulation (MC), and δ is the radiative cor-
rection calculated according to Ref. [19] with value of
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e+e- → ρ+ ρ- 
                   → π-π0 
              → π+π0 

Event selection

π0 -> γγ
Eγ > 100MeV
100<mγγ<160 MeV
mass constrained after selection

pt(π±) > 100MeV
charged pion PID
in SVT acceptance

|cosθ*|<0.8
m(π±π0) < 1.5 GeV

Signal e+e- → ρ+ρ- :
|mππππ - Ecm| < 0.28GeV
|Δp|<0.2GeV

e+e- → µµ(γ)

“feed-down” background
+ e+e-→ρ+ρ-γ radiative tailm

(π
+
π-
π0
π0

) 
[G

eV
]

Δp(Beam -(π+π-π0π0)) [GeV]
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Observation of e+e- → ρ+ρ- signal

• Plot m(π-π0) vs. m(π+π0)

• clear signal at (mρ , mρ)

• Measure signal yield with
maximum likelihood fit
in (mρ- , mρ+) plane

• fit signal ρ± mass with P-wave relativistic Breit-Wigner

• fit ρ+π-π0 and ρ-π+π0 with a threshold function

• fit residual background with 2D linear  function
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m(π+π0) [GeV]

m
(π

- π
0
) 
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Yield fit and cross section

Determine cross section:    σ = Nsig/(L × efficiency × (1+δ))

• correct for efficiency determined from Monte-Carlo simulation 
weighted by helicity amplitudes (see next slides): efficiency=12.6%

• correct for acceptance cuts (associated systematic = ±5.8%)

• radiative corrections (1+δ)=0.775 [M.Benyamoun et.al., Mod. Phys. Lett. A14, 2605 (1999)] 

• Dominant systematic from assuming 1-photon model (15%)

        σ = (20.0 ± 1.6stat ± 3.6syst ± 1.7amplitudes )fb
17
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ing π±π0 to be less than 1.5 GeV/c2. We accept events
indicated by the square area (|mπ+π0π−π0 −Ecm| < 0.28
GeV/c2 and |∆p| < 0.2 GeV/c) in the scatter plot, where
Ecm is the total center-of-mass (c.m.) energy. The events
beyond 10.8 GeV/c2 are mostly e+e− → µµ(γ) combin-
ing with fake π0s from random beam background. The
events below 10.4 GeV/c2 are feed-down background due
to missing particles and including radiative tail from
e+e− → ρ+ρ−. Both backgrounds have non-zero |∆p|
with mass deviating from Ecm, which separates them
from real signal.

Figure 1b) shows the scatter plot of the invariant
masses of π+π0 and π−π0 pairs from the accepted events.
The concentration of events in the ρ+ρ− mass range in-
dicates ρ+ρ− production. In the π+π0π−π0 final states,
each π± has two possible combinations with two π0

candidates to form a ρ±. However, only the correct
mass combination fall into the relevant range (mπ±π0 <
1.5 GeV), while the wrong combinations always have
much larger mass. The contamination in this mass re-
gion from other decays which have the same π+π0π−π0

final state is negligible.
We use a two-dimensional log-likelihood fit to extract

signals for the reaction e+e− → ρ+ρ−. Due to the fact
that the final state particle masses are far below the e+e−

collision energy, we may treat the two-body masses as
uncorrelated. The signal Probability Density Function
(PDF) is constructed as a product of two one-dimensional
PDFs, with identical PDF for ρ+ and ρ−. We use a P-
wave relativistic Breit-Wigner formula to construct PDF
for the ρ± resonance. A threshold function q3/(1 + q3α)
is used to model the background in the π±π0 system,
where q is the decay daughter momentum in the π±π0

rest-frame and α is a shape parameter. We also use a lin-
ear function to model the residual two-dimensional back-
ground instead of a product of two threshold functions:

fL = c0 + c1 ∗ (mπ+π0 − md) + c1 ∗ (mπ−π0 − md) (1)

Where c0 and c1 are floating parameters, md is the mid-
dle point between minimal and maximum invariant mass,
which is 0.89 GeV/c2.

In the fit to the data, we fix the mass and width of
the ρ± to the world average [16]. The floating parame-
ters in the fit are: α (α(π+π0)=α(π−π0)), c1, number of
events for all components–ρ+ρ−, ρ+π−π0, ρ−π+π0, and
residual two-dimensional background. We fix c0 for nor-
malization. When we fit to the data, we also require ρ±

helicity angle | cos θ±|<0.85 due to low efficiency beyond
that, where θ± is defined as the polar angle, measured in
the ρ± rest frame, of the π± momentum direction with
respect to an axis that is aligned with the ρ± momentum
direction in the laboratory frame. The mass projections
in π+π0 and π−π0 from the two-dimensional fit are shown
in Fig. 2. We define the ρ± mass window as [0.5,1.1]
GeV/c2. We first extract the number of signal events
from the fit in the full available π±π0 range (0.28-1.5
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FIG. 1: a) Scatter plot between mπ+π0π−π0 and ∆p between
π+π0π−π0 system and the e+e− system for on-resonance
data. b) Scatter plot between mπ+π0 and mπ−π0 for the
accepted events in on- and off-resonance data.
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FIG. 2: The invariant mass projections on a) π+π0 (mπ−π0 <
1.5 GeV/c2) b) π−π0 (mπ+π0 < 1.5 GeV/c2) for accepted
events in on- and off-resonance data. The blue dashed line
is the residual linear background, the red dash-dotted line
includes the a) ρ+π−π0 b) ρ−π+π0 and blue-dashed includes
both ρ+π−π0 and ρ−π+π0. The red solid line includes the
signal.

GeV) and then calculate the signal events in the defined
mass window to reduce uncertainty due to ρ lineshape.
The extracted number of ρ+ρ− signal events is 308±25 in
the defined mass window, with 284±22 in the on Υ (4S)
resonance sample and 21±6 in the off-resonance sample.

Assuming ρ+ρ− is produced through one object with
JPC = 1−− (one photon or Υ (4S)), and parity con-
servation, there are three independent helicity ampli-
tudes, F00, F10, and F11 (F10 = F±10 = F0±1, F11 =
F−1−1) [17]. The angular distribution of ρ+ρ− can be
expressed as:

dN

d cos θ∗d cos θ+dϕ+d cos θ−dϕ−

∝ | sin θ∗ cos θ+

cos θ−F00 + sin θ∗ sin θ+ sin θ− cos(ϕ+ + ϕ−)F11

+
1

2
sin θ+ cos θ−((1 + cos θ∗)eiϕ+ − (1− cos θ∗)e−iϕ+)F10

+
1

2
cos θ+ sin θ−((1−cos θ∗)eiϕ−−(1+cos θ∗)e−iϕ−)F10|2

(2)

In range 0.5<mππ<1.1GeV: 

Nsignal = 308±25

significance >5σ 

From “on-off” subtraction:
BF(ϒ(4S)→ρ+ρ-)
! ! = (2.3±1.6)x10-6 
! ! < 4.6x10-6 @90% C.L.

Preliminary

linear bkg
+ ρ-π+π0

+ ρ+π-π0

+ ρ+ρ-

linear bkg
+ ρ+π-π0

+ ρ-π+π0

+ ρ+ρ-
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TABLE I: Fit results for the decay modes B
0
→ K

+
1 π

− and

B
0
→ K

′+
1 π

−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
quantities reported. All results are preliminary.

Fit Quantity K
+
1 π

−
K

′+
1 π

−

Events in the sample 19155
Signal yield (ev.) 109 ± 29 318 ± 46
Fit bias (ev.) −3.2 ± 1.2 18.5 ± 2.0P

n
(ε(n)

×
Q

i
B

(n)) (%) 2.43 4.67
B (10−6) 12.0 ± 3.1+9.3

−4.5 16.7 ± 2.6+3.5
−5.0

Significance S (σ) 2.8 3.8
90% CL UL 21.3 21.4

yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.

The main sources of systematic errors in the decay
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FIG. 1: sPlot projections onto a) ∆E in the K
+
1 π

− decay, b)

∆E in the K
′+
1 π

−decay and c) mES in the K
+
1 π

− decay, d)

mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-
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TABLE I: Fit results for the decay modes B
0
→ K

+
1 π

− and

B
0
→ K

′+
1 π

−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
quantities reported. All results are preliminary.

Fit Quantity K
+
1 π

−
K

′+
1 π

−

Events in the sample 19155
Signal yield (ev.) 109 ± 29 318 ± 46
Fit bias (ev.) −3.2 ± 1.2 18.5 ± 2.0P

n
(ε(n)

×
Q

i
B

(n)) (%) 2.43 4.67
B (10−6) 12.0 ± 3.1+9.3

−4.5 16.7 ± 2.6+3.5
−5.0

Significance S (σ) 2.8 3.8
90% CL UL 21.3 21.4

yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.

The main sources of systematic errors in the decay

E (GeV)∆
-0.15 -0.1 -0.05 0 0.05 0.1 0.15

Ev
en

ts
 / 

(0
.0

1 
G

eV
)

-10

0

10

20

30

40

50

a)

E (GeV)∆
-0.15 -0.1 -0.05 0 0.05 0.1 0.15

Ev
en

ts
 / 

(0
.0

1 
G

eV
)

-20

0

20

40

60 BABAR
preliminaryb)

 (GeV)ESm
5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29

Ev
en

ts
 / 

(0
.0

01
25

 G
eV

)

-10

0

10

20

30 c)

 (GeV)ESm
5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 5.29

Ev
en

ts
 / 

(0
.0

01
25

 G
eV

)

-20

0

20

40

60

80

100

d)

FIG. 1: sPlot projections onto a) ∆E in the K
+
1 π

− decay, b)

∆E in the K
′+
1 π

−decay and c) mES in the K
+
1 π

− decay, d)

mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-



F.Blanc        Hot Topics at BABAR 

Fit to e+e-→ρ+ρ- angular distributions
Apply simultaneous χ2 fit to (sPlot)
background-subtracted and efficiency-
corrected angular distributions

• Fit for |F00|2 and |F10|2  
with normalization constraint:
     |F00|2 + 4 |F10|2 + 2 |F11|2 = 1
          ≈1                 small            small

Results:

• |F00|2 = 0.51 ± 0.14stat ± 0.02syst 
|F10|2 = 0.10 ± 0.04stat ± 0.01syst 
|F11|2 = 0.04 ± 0.03stat ± 0.00syst 

• |F00|2 deviation from 1.0 >3σ significant
⇔ significant positive intercept at θ±=0 

• Systematics:
   1. efficiency corrections and
   2. small residual fit bias

18
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where the variable ϕ± is the π± azimuthal angle around
the direction of the ρ± measured with respect to the
plane formed by the ρ± and the incoming electron. Be-
cause of our limited statistics, we only examine the pro-
jections thus losing all sensitivity to the strong phases of
the amplitude. The projections on different angles in full
ranges can be integrated as:

dN

d cos θ∗
∝ 3

4
(sin2 θ∗|F00|2+2(1+cos2 θ∗)|F10|2+2 sin2 θ∗|F11|2)

(3)

dN

d cos θ±
∝ 3

2
(cos2 θ±|F00|2+(1+cos2 θ±)|F10|2+sin2 θ±|F11|2)

(4)

dN

dϕ±

∝ 1

2π
(|F00|2 + (4 − cos 2ϕ±)|F10|2 + 2|F11|2) (5)

From the two dimensional mass fit, we can calculate
a ρ+ρ− signal sWeight [18] from the PDFs, yields and
covariance matrix for each event (including those events
outside the defined ρ± mass window) based on its π+π0

and π−π0 mass and we use it to weight each event to
get the angular distributions. We subdivided each angle
into bins to produce an efficiency table from phase-space-
based Monte Carlo (MC) and used the inverse of the effi-
ciency to weight each event to make efficiency correction
for angular distributions. The background-subtracted
and efficiency-corrected distributions for cos θ±, cos θ∗

and ϕ± are shown in Fig. 3. We fit the five angular distri-
butions to the Equ. 3 , 4 and 5 with re-integration over
our acceptance simultaneously by minimizing χ2. The
normalized amplitudes (|F00|2+4|F10|2+2|F11|2 = 1) for
the three components are: |F00|2 : |F10|2 : |F11|2 = 0.51±
0.14(stat) ± 0.02(syst) : 0.10 ± 0.04(stat) ± 0.01(syst) :
0.04±0.03(stat)±0.00(syst) where the systematics is es-
timated from the imperfect MC efficiency correction and
small bias from independent toy MC study, the statisti-
cal uncertainties are also appropriately scaled from toy
MC study, the fitter underestimates the statistical uncer-
tainties at about 6% level. We float |F00|2, |F10|2 and a
normalization parameter in the fitter, the value of |F11|2
is derived by 1

2
(1−F00|2 − 4|F10|2) from the fit with full

co-variance matrix. We found 97% anti-correlation be-
tween |F00|2 and |F10|2. The |F00|2 deviates from 1 with
a significance more than 3 sigma, which disagrees with
the QCD prediction [13]. By setting |F00|2 = 1 in the
toy MC, the significance is estimated from the difference
between returned average fit value and the value from
data divided by the uncertaianty on the |F00|2 from toy
MC scaled with data.

The amplitude |F00|2 is predicted to have 1/s2 depen-
dence, while the |F10|2 and |F11|2 are predicted to have
< 1/s3 dependence, which means that they are very small
at our energy. This can be further tested in the large ini-
tial state radiation sample at the B factories.
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FIG. 3: The s-weighted and efficiency corrected a) cos θ+ b)
cos θ− c) cos θ∗ d) ϕ+ e) ϕ− distributions. The red dash line
is the contribution from F00 component, the blue dot line is
for the F10 component, the blue dash-dot line is for the F11

component, and the red solid line is the total fit.

The systematic errors on the e+e− → ρ+ρ− cross sec-
tion due to the uncertainty of amplitudes fit is estimated
by varying the amplitude values. The systematic un-
certainty from the two-dimensional fit is estimated from
the difference in yield obtained by floating the mean and
width in the fit. The systematic uncertainties due to
PID, tracking, and photon efficiency are estimated based
on measurements from control data samples. The pos-
sible background from related modes with an extra π0

is estimated by using extrapolations from four-particle
mass sidebands. The systematic uncertainties are sum-
marized in Table I.

The cross section including radiative correction for
e+e− → ρ+ρ− is calculated from:

σ =
NObserved

L× B(π0 → γγ)2 × εMC × (1 + δ)
(6)

where NObserved is the extracted number of ρ+ρ− signal
events from on- and off-resonance data, L is the inte-
grated luminosity, B(π0 → γγ) is the branching fraction
of π0 → γγ, εMC is the signal efficiency obtained from
Monte Carlo simulation (MC), and δ is the radiative cor-
rection calculated according to Ref. [19] with value of

Contribution from:

|F00|2

|F10|2

|F11|2

Total

BABAR

Preliminary

Expect:

3

TABLE I: Fit results for the decay modes B
0
→ K

+
1 π

− and

B
0
→ K

′+
1 π

−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
quantities reported. All results are preliminary.

Fit Quantity K
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1 π

−
K
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1 π

−

Events in the sample 19155
Signal yield (ev.) 109 ± 29 318 ± 46
Fit bias (ev.) −3.2 ± 1.2 18.5 ± 2.0P

n
(ε(n)

×
Q

i
B

(n)) (%) 2.43 4.67
B (10−6) 12.0 ± 3.1+9.3

−4.5 16.7 ± 2.6+3.5
−5.0

Significance S (σ) 2.8 3.8
90% CL UL 21.3 21.4

yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.

The main sources of systematic errors in the decay
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− decay, b)

∆E in the K
′+
1 π

−decay and c) mES in the K
+
1 π

− decay, d)

mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-
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rected for the fit bias, while the branching fractions and upper
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yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-
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TABLE I: Fit results for the decay modes B
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+
1 π

− and
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0
→ K

′+
1 π

−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
quantities reported. All results are preliminary.
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Signal yield (ev.) 109 ± 29 318 ± 46
Fit bias (ev.) −3.2 ± 1.2 18.5 ± 2.0P
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B (10−6) 12.0 ± 3.1+9.3

−4.5 16.7 ± 2.6+3.5
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yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-
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TABLE I: Fit results for the decay modes B
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− and
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−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
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yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.
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FIG. 1: sPlot projections onto a) ∆E in the K
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∆E in the K
′+
1 π

−decay and c) mES in the K
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mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-
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+
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− and
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′+
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−. Signal yields in the second row are not cor-
rected for the fit bias, while the branching fractions and upper
limits include the correction. See text for a description of the
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Signal yield (ev.) 109 ± 29 318 ± 46
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yields found in the data are given in the third row of
Table I.

The daughter branching fraction product corrected for
the reconstruction efficiency is given in the fourth row
of Table I. The index n in the sum assumes the value
1 for the decay mode K

′+
1 π− and runs from 1 to 3 for

the decay mode K+
1 π− with 3 sub-decay modes consid-

ered in the fit. The reconstruction efficiency ε(n) for the
sub-decay mode n is obtained as the ratio of correctly-
reconstructed and accepted events in simulation to the
number generated for this sub-decay mode. We compute
the branching fractions from the fitted signal event yields
(corrected for the fit bias), daughter branching fractions
corrected for reconstruction efficiency, and the number of
produced B mesons, assuming equal production rates of
charged and neutral B pairs.

The statistical error on the signal yield or branching
fraction is taken as the change in the central value when
the quantity −2 lnL increases by one unit from its mini-
mum value. The significance is taken as the square root of
the difference between the value of −2 lnL (with system-
atic uncertainties included) for zero signal and the value
at its minimum. For both the decay modes, with a sig-
nificance of the branching fraction measurement smaller
than 5σ, we also report the 90% confidence level (CL)
upper limit (UL), taken to be the branching fraction be-
low which lies 90% of the total of the likelihood integral
in the positive branching fraction region.

In Fig. 1 we show projections onto mES and ∆E for
signal events obtained by the event-weighting technique
(sPlot) described in Ref [13]. We use the covariance ma-
trix and PDFs from ML fit to determine a probability for
each signal events. The resulting distributions (points
with errors) are normalized to the signal yield.

Figure 2 shows projection onto the Kππ invariant mass
for the decay modes K1(1270)π, K1(1400)π, K∗(1410)π,
K∗(892)ππ, using the same sPlot technique as in Fig. 1.
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FIG. 1: sPlot projections onto a) ∆E in the K
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− decay, b)

∆E in the K
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−decay and c) mES in the K
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− decay, d)

mES in the K
′+
1 π

−decay. Points represent on-resonance data,
solid line is the signal fit function.
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FIG. 2: sPlot projection onto Kππ. Points represent on-
resonance data, solid line is the sum of the fit functions of the
decay modes K1(1270)π (dashed, left), K1(1400)π (dashed,
right), K

∗(1410)π (dotted), and K
∗(892)ππ (fine-dashed).

Here the points are obtained without using any informations
about resonances in the fit, i.e. we use only mES, ∆E, F vari-
ables, while for the curves we use the signal yields obtained
from the nominal fit.

modes (K+
1 π−, K

′+
1 π−) include uncertainty in PDF

parameterization, ML fit bias and interference effects.
These additive systematic uncertainties are dominant.
The most important contribution comes from the in-
terference effect. We estimate a systematic error of
(+85
−38,

+56
−90) events. This errors have been estimated by

generating the K(′)+
1 (→ K∗0π+) mass spectra as the

sum of two Breit-Wigner amplitudes for different values
of the arbitrary relative phase. The relative amplitude
of the two processes has been chosen so that it results

in the fitted yields for K(′)+
1 → K∗0π+ when interfer-

φ-
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Summary and conclusions

• Measured branching fractions [10-6] for B0 → K1
+π-  

  BF(B0→K1
+(1270)π-) =  12.0±3.1+9.3  (<25.2 @90% CL)

  BF(B0→K1
+(1400)π-) = 16.7±2.6+3.5  (<21.8 @90% CL)

• first step toward constraining Δα in B0→a1
+π- decays

• First observation of e+e- → ρ+ρ- annihilations

• Measured helicity amplitudes:

>3σ deviation from simplest 1-photon annihilation 
process

• No evidence for ϒ(4S) → ρ+ρ- decay

• Is it due to Final State Interactions in TVPA?
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|F00|2 = 0.51±0.14±0.02 ; |F10|2 = 0.10±0.04±0.01 ; |F11|2 = 0.04±0.03±0.00

All results
Preliminary
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