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e.g. K*(892) production at 3.9 GeV with 
charged kaon beam: σ = 575 ± 19 μb.
Phys. Rev. D 4, 2583 
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Test of ChPT

In a limited kinematical region of the non perturbative QCD regime, it is 
possible to use an effective Lagrangian where π, η and K (Goldstone Bosons) 
are the fundamental degrees of freedom.

ChPT: dynamics of π, η and K ({ππ}, {πη}, {πK}) [Phys. Rev. 183 (1969) 1261, …].

   

Experimental data on the {ππ}, {πη} and {πK} at low energy: 

ππ: intensively studied.

πη: data widely available (CLAS, Mami, GlueX, ….).

πK: experimental data with hadroproduction (LASS [4, 11 and 13 GeV], BCGM [9 
GeV], FNAL [50 GeV] ...), with heavy meson (J/Ψ, D, B), lepton (τ) decays 
(CLEO, BES, LHCb, BABAR ….).   

Experimental studies↔Phenomenology (at low energy):

ππ: SU(2) ChPT very successful,    πK: poor agreement with SU(3) ChPT.  
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Test of ChPT

Buettiker, Descotes-Genon, Moussallam’04

ChPT ChPT

Data with Kaon-production (LASS):
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Test of ChPT

τ →K π ν τ

 Data from Belle

ChPT

Boito, Escribano & Jamin’10  (Fit)

Require more data 
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Strange Meson Spectroscopy

Hadron Spectroscopy plays an important to understand QCD in the non-
perturbative domain:

Quantitative understanding of quark and gluon confinement

Determination of resonance and their nature.

Validate Lattice QCD prediction. 

Kπ scattering amplitude:

S-wave: K(800), K
0

*(1430), ….

P-wave: K*(892), K
1

*(1410), ….

D-wave: K
2

*(1430), K
2

*(1580), ….

K
L
 Facility can improve the feature of the K* mesons with low mass:

S-wave: search for K(800) state, study the K
0
*(1430).

P-wave: mass/width difference between hadroproduction and meson decays.
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S-wave: K(800) (Kappa)

The indications on the presence of Kappa resonance have been reported 
based on the data of the E791 and BES collaborations. 

The results of from Roy-Steiner dispersive representation [ref] not in 
agreement with low energy experimental data.

The confirmation of this pole in the amplitude for elastic πK scattering 
requires more data at low energy.

ref: S. Descotes-Genon and B. Moussallam

https://arxiv.org/abs/hep-ph/0607133v2
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S-wave: K*0(1403)

K*
0
(1403) PDG: mass = 1425 ± 50,  width = 270 ± 80.

Recently, the Kπ S-wave amplitude extracted from η
c
→KKπ found to be very 

different with respect to the amplitude  measured by LASS and E791.

LASS (a,c) { Kp→Kπp} and 
E791(b,d) { D→KKπ }.

BaBar {η
c
→KKπ }.

PRD 93, 012005 (2016)
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P-wave: K*(892)

τ →K π ν τ

 Data from Belle

Boito, Escribano & Jamin’10  (Fit)
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P-wave: K*(892)
mass width

               (Kπ)+ n

K
L 
p         (Kπ)0 p

                 (Kπ)- Δ++

mK *
(892)

0−mK *
(892)

+-=6.7±1.2 MeV
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Strange Meson Spectroscopy 
(Kp → Kπp, Kππp, KΦp, Λp̄X)

K

K(800) : Needs confirmation

K*(892)

K
1
(1270)

K
1
(1400)

K*(1410)

K
0
*(1430)

K
2
*(1430)

K(1460) : Observed in Kππ partial-wave analysis

K
2
(1580) : Seen in PWA of the Kππ system, need           

                  confirmation

K(1630) : Seen as a narrow peak, compatible                 
                 with the experimental resolution, in the          
                 invariant mass of the Kππ system   
                 produced  in π-p interaction at high t.

K
1
(1650): reported in PWA in 1600- 1900 of m

Kππ
 

K*(1680)

K
2
(1770)

K
3
*(1780)

K
2
*(1820)

K(1830): Seen in PWA in KΦ. Needs confirmation

K
0
*(1950): Seen in PWA of Kπ (LASS). Needs                   

                   confirmation.

K
0
*(1980): Needs confirmation

K*(2045)

K
2
(2250): reported in 2150 – 2260 in Λp

K
2
*(2320): Seen in JP=3+ wave on antyhyperon-                

         nucleon system. Needs confirmation

K
5
*(2380): Needs confirmation.

K
4
(2500): Needs confirmation.

K(3100): Narrow peak observed in (Λp̄+ pions and c.c.).  
               If due to strong decays, this state has exotic         
               quantum numbers (B=0,Q=+1,S=−1). Needs      
              confirmation. 
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SM Test and New 
Physics

The determination of the CKM matrix elements V
us 

is mainly performed using τ 
or Kaon decays:

The strangeness changing scalar f
0
(t) and vector f

+
(t) form factor in the low 

energy region can be obtained from Lattice QCD, or from the study of the Kπ 
scattering (dispersion relation) [V. Bernard et al., PRD 80 (2009)].

H(t) and G(t) evaluated from Kπ scattering data and given as polynomials.    

Γ(K →π l ν )∝N|V us|
2
|f +

K π
(0)|

2 I K
l , t=(pK−pπ )

2 ,

~
f +(t )=exp[

t

mπ

2 (Λ+−H (t ))]

~
f 0(t )=exp[

t

mK
2
−mπ

2 (ln (C )−G(t ))]

~
f +(t )=exp[

t

mπ

2 (Λ+−H (t ))]
~
f +(t )=exp[

t

mπ

2 (Λ+−H (t ))]

I K=∫dt
1

mK
8 λ

3 /2 F (
~
f +(t ) ,

~
f 0(t )) .
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SM Test and New 
Physics

f
+
(0)V

us
V

us
Test of unitarity:  |V

ud
|2

     
+     |V

us
|2

      
+      |V

ub
|2    =    1 + Δ

CKM

β decay
K

l3
 or τ 

decays 
B decays
(negligible)

Deviation from
SM (New Physics)

V
ud 

= 0.97416(21)
V

us 
= 0.2248(7)

Δ
CKM

 = −0.0005(5)   

Ref: FlaviaNet KaonWG 2010
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SM Test and New
Physics

CP violation is mainly studied using B, D and K decays. 

Several decay include Kπ interaction in the final state. 

Most of the analyses, specially with three-body decay, use a model 
dependent analysis (isobar model, K-matrix, …) to describe the data, 
e.g. B→ (D → K

s
ππ) K

s
,  B→K

s
ππ,   D

s
→ K

s
ππ … 

The modeling of the S-wave Kπ components are not well established, and 
can be the main source of systematics, which will affect the accuracy of the 
fundamental parameter measurements.  

BABAR-PUB-14/011, B+→K
s
π+π0

K*(1430):
LASS Model?
Lesniac Model?
RBW?
Modified Flatte?
...

Citation history of  LASS parameterization
Nucl.Phys. B296 (1988) 493-526 
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SM Test and New
Physics
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Kπ production

The Kπ hadroproduction has been studied in LASS with charged Kaon beam. They 
parametrized the Kπ production mechanism based on multiple exchanges (Nuclear 
Physics B133 (1978) 490-524 ).

The LASS parametrization of the naturality amplitude L±
λ  

for the Kπ production: 

q: center-of-mass momentum, L: angular momentum, 

λ: t-channel helicity , by natural (+) and unnatural (-) parity exchange. 

L0=
√−t

mπ

2
−t

GK π

L
(mK π , t ) ,

L1
-
=√ 1

2
L(L+1)GK π

L
(mK π , t ) γc(mK π)exp(bc(mK π)(t−mπ

2
)) ,

L1
+
=√ 1

2
L(L+1)GK π

L
(mK π , t )[ γc(mK π)exp(bc(mK π)(t−mπ

2
))−2 i γa(mK π)exp(ba(mK π)|t '|(t−mπ

2
))] ,

Lλ

+-
=0, λ⩾2 .

GK π

L
(mK π , t )=N

mK π

√q
aL(mK π)exp (bL(mK π)(t−mπ

2
)) , aL

I
=√(2 L+1)ϵ

I sin δL
I eδ L

I
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Kπ production

Kπ Production (LASS Model)

          Only P-Wave

Assuming similar to the
Kπ production mechanism
with charged kaon beam.



 2314/10/17

Kπ production

Proton momentum VS Kaon momentum 

Simon Talk
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Kπ production

Proton momentum VS Kaon momentum Proton momentum VS Kπ invariant mass
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Kπ production

Proton momentum VS Pion momentum 

Simon Talk
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Kπ production

Pion momentum VS Kaon momentum 
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Kπ photoproduction in GlueX
                

γ p → (Kπ)
J
0 Σ+(→pπ0)      (2017 data)

K*(892)
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Conclusion

The study of the Kπ scattering is very important for:

Testing the Chiral perturbation theory at low energy.

The determination of the strange meson state parameters.

The determination of the strangeness changing form factors. 

Describing the Kπ interaction in the final state of heavy meson decays used 
to test CP violation.  

The proposed K
L
 Facility can improve the Kπ scattering study by increasing 

significantly the statistics of Kπ production with low energy.

In progress: Improving the simulation of the generated data in GlueX detector.   
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Appendix
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ChPT
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