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Fits of CNP
i = Ci − CSM

i
to experimental data for mesonic
b→ sµ+µ− decays :

Bs → φ µ+µ−

B → K µ+µ−

B → Xs µ+µ−

B → K∗ (→ K π) µ+µ−
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[inspired by : Briceño@INT2016]
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Elastic Scattering on the Lattice

Calculation is done in box of length L

φ(L) = φ(x+ L)

Discretized momentum space

We obtain discrete energy spectrum
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Lüscher’s formalism :

We obtain multi-hadron spectrum E
~P,Λ
n at different total momenta ~P

COM Energy :

√
sn =

√
(E

~P,Λ
n )2 − (~P )2

Solve for scattering momentum k :
√
sn =√
m2
π + (k

~P,Λ
n )2 +

√
m2
K + (k

~P,Λ
n )2

Quantization Condition [Lüscher NPB1991] :

det



infinite
volume

cot δJ −

finite
volume

M(k)


= 0

Determine δ(s) at discrete values of sn.
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Irreducible Representations

L
2π
~P Little Group (LG~P ) irrep (Λ~P,r) spin content dimension

(0,0,0) Oh A1g J=0,4,... 1
(0,0,0) Oh T1u J=1,3,... 3
(0,0,1) C4v A1(A2) J=0,1,... 1
(0,0,1) C4v E J=1,2,... 2
(0,1,1) C2v A1(B3) J=0,1,... 1
(0,1,1) C2v B1 J=1,2,... 1
(0,1,1) C2v B2 J=1,2,... 1
(1,1,1) C3v A1(A2) J=0,1,... 1
(1,1,1) C3v E J=1,2,... 2

TABLE – All the highlighted irreps are the ones we consider in this analysis. 4

~P =
2π

L
(0, 0, 1), Λ = E : cot δ1(

√
s
~P,Λ
n ) = w

~P
0,0

(
k
~P,Λ
n , L

)
− w ~P2,0

(
k
~P,Λ
n , L

)

4. Luka LESKOVEC et Sasa PRELOVSEK. “Scattering phase shifts for two particles of different mass and non-zero
total momentum in lattice QCD”. In : Phys. Rev. D85 (2012), p. 114507. DOI : 10.1103/PhysRevD.85.114507.
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Lattices

Nf = 2 + 1 Clover fermions

Isotropic lattices (C13, D6) by Orginos et al.

Label N3
L ×Nt a (fm) L (fm) mπ (MeV) mK (MeV) Nconfig

C13 323 × 96 0.11403(77) 3.65 317(2) 527(4) 896/1048
D6 483 × 96 0.08766(79) 4.21 178(2) 514(5) 60/690

Gumaro Rendon July 26, 2018 8 / 17



Interpolating operators

q̄q operators : K∗+i (p) =
∑
~x

ei~p·~xs(x)γiu(x), K∗+ti (p) =
∑
~x

ei~p·~xs(x)γtγiu(x),

Kπ operators : OKπ (p1, p2) =

√
2

3
π+(p1)K0(p2)−

√
1

3
π0(p2)K+(p1).

O
~P
Kπ,Λ =

dim(Λ)

order(LG)

∑
R∈LG,~m∈Z3

χ(R)OKπ

(
~d/2 +R(~d/2 + ~m), ~d/2−R(~d/2 + ~m)

)
O
~P
K∗,Λ =

dim(Λ)

order(LG)

∑
R∈LG

χ(R)Ri K
∗+
i (~P ),

where ~d = L
2π
~P .
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Wick Contractions
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Thresholds

C13
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Elastic at Kππ threshold?

P. Estabrooks et al. I K+-p -+ K-¢r+ +n, K±zr-A ++ 521 
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Fig. 16. Argand diagrams and projections of the real and imaginary parts of the Kn partial waves 
of solution B obtained from a combined K+~r-/K-n + partial-wave analysis. For MK7 r < 1.3 GeV, 
the points are calculated from the phase shift results of fig. 12b (and table 3b). The points for 
MK~ > 1.3 GeV are the same as those of  fig. 15. The unitarity circles are chosen to have unit 
diameter. The S-wave plotted is the I = I S-wave obtained by subtracting from the full S-wave 
amplitude the I = 3 amplitude obtained from the effective range curve of fig. 12a. 

5.5. Comparison of Kn a n d  nn  scattering 

The s imilarity  b e t w e e n  the Kn partial waves  o f  fig. 15 and the nzr partial waves  
(see ,  for e x a m p l e ,  fig. 6 o f  ref. [ 1 7 ] )  is truly remarkable: 

( i )  bo th  Kn and nTr sys tems  have leading P-, D- and F-wave resonances;  

( i i )  b o t h  sy s t em s  s h o w  evidence  o f  S-wave resonance behavior  in the region o f  the 

∼ 0.9 GeV

5

5. P. ESTABROOKS et al. “Study of K pi Scattering Using the Reactions K+- p —> K+- pi+ n and K+- p —> K+- pi-
Delta++ at 13-GeV/c”. In : Nucl. Phys. B133 (1978), p. 490–524. DOI : 10.1016/0550-3213(78)90238-9.
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Operator bases for each irrep

L
2π
~P Little Group (LG~P ) irrep (Λ~P,r) # of Operators dimension

(0,0,0) Oh T1u 2×Oqq + 3×OKπ 3
(0,0,1) C4v E 2×Oqq + 4×OKπ 2
(0,1,1) C2v B1 2×Oqq + 3×OKπ 1
(0,1,1) C2v B2 2×Oqq + 2×OKπ 1
(1,1,1) C3v E 2×Oqq + 2×OKπ 2

TABLE – Number of operators used for each irrep.
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Operator bases for each irrep
Example

~P =
2π

L
(0, 0, 1), Λ : E, polarization : x

O1
qq = K∗+x (~P )

O2
qq = K∗+tx (~P )

O3
Kπ = OKπ

(
2π

L
(−1, 0, 0},

2π

L
(1, 0, 1)

)
−OKπ

(
2π

L
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2π

L
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)
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O5
Kπ = −OKπ

(
2π

L
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L
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)
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(
2π

L
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2π

L
(−1, 1, 1)

)
+OKπ

(
2π

L
(−1, 1, 0),

2π

L
(1,−1, 1)

)
+OKπ

(
2π

L
(−1,−1, 0),

2π

L
(1, 1, 1)

)
O6
Kπ = −OKπ

(
2π

L
(1, 1, 1),

2π

L
(−1,−1, 0)

)
−OKπ

(
2π

L
(1,−1, 1),

2π

L
(−1, 1, 0)

)
+OKπ

(
2π

L
(−1, 1, 1),

2π

L
(1,−1, 0)

)
+OKπ

(
2π

L
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2π

L
(1, 1, 0)

)
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Preliminary Results
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Preliminary Results
δJ=1(s)
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Outlook

Add irreps with mixed S&P waves.

Increase statistics.

Determine B → K∗(→ K π)`+`− form factors using BHWL formalism.
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