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Semi-leptonic τ / D → S-wave or radial excitations

November 27, 2012
P. Roudeau

Separate S-wave
and radial excitations

Resonance shape
(BW, GS, 

Blatt-Weisskopf,…)
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Radial excitations (JP=1-)
State decay

ρ(1450)
M=1465 ± 25 MeV
Γ=400 ± 60 MeV

ππ
4π
ππ/4 π = 0.37 ± 0.10

K*(1410)
M=1414 ± 15 MeV
Γ=232 ± 21 MeV

Kπ (6.6±1.3)%

LASS (1988)

PDG,
educated guesses

Properties of these states 
are not well established
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τ → ππ ντ … back to LEP ! (BF~ 25 %)

- Related to e+e- → π+ π-

- QM: β, γ real neg. and pos. 
respectively

-BW(0)=1, no Blatt-Weisskopf
factors

τ → ππ ντ
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τ- → K0π- ντ … b-factories (BF~ 1 %)

- S-wave + (?) K*(1410) needed
- no angular analysis yet , unfortunate
to separate J=0, 1 components. 
- fits are questionable

τ → K* ντ in red

Belle



5

τ- → K0π- ντ … analyzed by theorists

- S-wave from theory
- K*(1410) needed
- K*(1410) rate is model dependent
- low mass S-wave Kπ is large 
compared with K*0(1430)

S-wave

K*(1410)

dashed line full line

Belle data

1414 ± 15
232 ± 21

PDG 2012
(LASS 1988)

M. Jamin, A. Pich and J. Portolés, 
arXiv:0803.1786
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Conclusions/remarks on τ decays

- βρ = 0.27+0.05-0.03
- βΚ*= 0.31+0.04-0.03

β includes the difference between B(K*→Kπ)~1 and B(K*’→Kπ)=(6.6±1.3)%
or B(ρ→ π π)~1 and B(ρ’ → π π)=(37±10)%(?)

Consider βV= β x √ B(V → p1 p2) / B(V’ → p1 p2)

Large statistics
at b-factories remain

to be analyzed. 

B(τ→ K*(892) ντ) = 1.20 ± 0.07 %
B(τ→ K*(1410) ντ) = 0.15 +0.14 -0.10 % Aleph
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D+ → K-π+ e+νe 

- analysis in 5D
(some projections below)

- large statistics
- non-negligible background

BaBar
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D+ → K-π+ e+νe 

- analysis in 5D

BaBarK*(892) only K*(892) + K*(1410)
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D+ → K-π+ e+νe 

-β= 0.23±0.05(stat.)±0.07(syst.) 
higher (?) than in τ (0.08±0.01).

-phase ~ 0, not 180°
(consistent with LASS)

β = r mK* /mK*’ ΓK*’ / ΓK*

co
up

lin
gs

g(
D s*

DK
*)

τ and D s.l. decays
are different

BaBar
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Estimate of radial excit. prod. In B s.l. decays

Using βV = 0.3 one may estimate (?) a 10% D*’ production rate relative to the D*.

But …..
- how couplings g(Ds*DK*(‘)) compare with g(Bc*BD*(‘)) 

- in the D(*)π channels one needs also the values of B( D(*)’ → D(*)π ).

B(D+ → K*(892) e+νe) = 5.52 ± 0.15 %
B(D+ → K*(1410) e+νe) = 0.3 ± 0.2 %
B(D+ → K1(1270) e+νe) = 0.2 ± 0.1 %



11

S-wave
State decay

K0*(800) (?)
M=682 ± 29 MeV
Γ=547 ± 24 MeV

Kπ (?)

K0*(1430)
M=1425 ± 50 MeV
Γ=270 ± 80 MeV

Kπ (93±10)%

PDG

LASS (1988)

- LASS expt. K p → Kπ N

provides constraints on the phase S-wave

90°

0° at
threshod



12

S-wave in τ decays

- missing angular analysis to have an accurate determination
of the S-wave contribution. Component « fixed » from theory.
- the K*

0(1430) is not dominant, « large » effect close to threshold.

Depends on SU(3) violation (no contribution in the ππ channel).

S-wave

B. Moussallam, 
EPJ, C53 (2008)

V. Bernard, D.R. Boito and E. Passemar,
arXiv:1103.4855 
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S-wave in D →Κπ lνl decays

Observed first by FOCUS in D+ →Κπ μ+ νμ, accurately measured by BaBar.

-analysis in 5D allows to separate the
different angular momentum components
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S-wave phase in D →Κπ lνl decays

Watson theorem:  below the inelastic threshold , 
same hadronic phase in Kπ elastic scatt. and in s.l. 
decays (for amplitudes of same I and L). 

NO CONSTRAINT on the amplitude magnitude.

S-wave phase
from D+ →K-π+ π+

BaBar

Blatt-Weisskopf factors ?
Why neglected for S-waves?

S-wave phase
from D+ →K-π+ e+νe
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S-wave amplitude in D →Κπ lνl decays

The S-wave amplitude is essentially a constant
within the physical region. 

Quite different from the K0*(1430) 
Breit-Wigner.

x =

m < 1.4 GeV
m > 1.4 GeV

S-wave amplitude
from D+ →K-π+ π+
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D+ → K-π+ e+νe 

The S-wave component is about 5% of the Kpi final state. 

It is dominated by low mass events and not by the K*
0(1430) (!).

It is almost impossible to separate the K*
0(1430) contribution.

BaBar PDG

K*0(892)

mass, width

Blatt-Weisskopffactors

BaBar
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Ds
+ → K-K+ e+νe 

- The S-wave component is compatible
with f0 production 

-It is about 5% of the φ final state
(with large uncertainties). 

- First measurement of the S-wave in BaBar.

- Ds
+ → f0 e+νe , f0→π+π- meas. in CLEO

BaBar
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S-wave in charm s.l. decays (summary)

- What is the S-wave Dpi system? Is the D*
0(2300) equivalent to the K*

0(1430) ?

- What are the cq states which correspond to the K*
0(800) or f0(980)?

- What constraints from unitarity, analyticity can be verified by the Dπ S-wave?

- Over what range is it elastic ?

-The S-wave phase can be constrained below the inelastic threshold
(mainly in the Kpi channel). At threshold, constraints from chiral theory.

-The S-wave amplitude is not a simple sum of BW distributions

- K*
0(1430) or f0(1500) are not dominant.
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Conclusions

- the Kπ S-wave contribution in D s.l. decays is accurately measured

- what is the Dπ S-wave made of ?

- Radial vector excitations in τ and D s.l. decays are at the level of 5-10% (with large 
uncertainties) relative to vector states.

- Properties of radial excitations in Kπ and ππ systems are still not well established

- There are large statistics available at B-factories (τ decays) which can help to improve
this situation. 
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Backup
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τ- → K0π- ντ … analyzed by theorists
Expt. (PDG 2012):
B(τ- → Kπ ντ) = (1.277 ± 0.036)%
B(τ- → K* ντ) = (1.20 ± 0.07)%

Chiral pert. Theory The channel can be related to K→πeν.
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