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INTRODUCTION

Problem: o (i) o(k)
Study of the meson-baryon interaction in the S=-1 sector. N P
10 channels involved in this sector: AR //

K p,K'n, A, n°2°, n*2~, n 2%, nA, n2° K*E~, KOE° B N o7 B
Framework:

QCD ( with quarks and gluons as degrees of freedom), but...

1. Low energy regime requires an Effective Lagrangian, with hadrons as degrees
of freedom, which respects the symmetries of QCD. (Chiral Perturbation
Theory, ChPT)

2. Presence of resonances (e.g., A(1405)) makes the use of nonperturbative
scheme mandatory. (Unitarized Chiral Perturbation Theory, UChPT)

Goal:

1. Find a reliable set of parameters of he Chiral Effective Lagrangian, paying
special attention to the NLO coefficients, by fitting to the existing data.

2. Give predictions for new/not measured observables from the different obtained
parametrizations.



CHIRAL EFFECTIVE LAGRANGIAN (Meson-Baryon interaction)

Lorr(B,U) = L) (B,U) + L) (B,U)

Leading order (LO)

_ 1 1 _
£} (B, U) = (Biy"V,B) — Mg(BB) + ED(Byﬂys{uw B)) + > F(BY"ys [u,, B])



CHIRAL EFFECTIVE LAGRANGIAN (Meson-Baryon interaction)

Lorr(B,U) = L) (B,U) + L) (B,U)

* Leading order (LO)

~ 1 1 _
£ (B, U) 4 (Biy"V,B)|- My(BB) + ED(Byﬂys{uw B)) + > F(BY"ys [u,, B])

 Weinberg-Tomozawa term (WT) N

VWT: \/_ Ml—M])NlN] \\.//

l] fZ(

. Dominant contribution.
2. Interaction mediated, basically, by the constant f of the leptonic decay of the

meson, 1.15f-F < f <1.22 2P, f."P=93 MeV.
3. Key point: Special attention is paid to K™p — K E reactions
There is no direct contribution from these reactions : Cy—, ,0z0 = Cg-) ,gx+z- =0

4. Next terms in hierarchy could play a relevant role in these channels!!!

—



CHIRAL EFFECTIVE LAGRANGIAN (Meson-Baryon interaction)

Lorr(B,U) = Ly} (B,U) + Lyzy (B, U)

« Leading order (LO)

_ _ 1 _ |
Ly3(B,U) = (Biy"V,B) — Ms(BB) +|_§D<By”)/5{uw B}) + 5 F(By"ys[u,, B]) ‘

A

« Born terms \ / ~ 7

1. Direct diagram (s-channel Born term) o
D _ yD
Vi =Vi(D,F)
~— D+F=1.26

2. Cross diagram (u-channel Born term)

Vi = Vi(D, F)




CHIRAL EFFECTIVE LAGRANGIAN (Meson-Baryon interaction)

Lor(B,U) = £} (B,U) + L34 (B,U)

Leading order (LO)

_ 1 1 _
£} (B, U) = (Biy"V,B) — Mg(BB) + ED(Byﬂys{uw B)) + > F(BY"ys [u,, B])

* Next to leading order (NLO), just considering the contact term

£ (B, U)

= by (B{x.,B}) + bp(Blx4, B]) + bo(BB)(x.) + d1(B{w,, [u", B]})

- d, (B [uﬂ, [ut, B]]) + d3(Bu,)(u"B) + d4(BB)(utw,)

<>

Vli\],'LO - V?]I'LO (bO' bD ) bF} d1; dzr d3' d4)

Not fixed low energy coefficients ‘ parameters of the model!



Unitarization via the Bethe-Salpeter equation:
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subtraction constants
for the dimensional
regularization scale
u = 1GeV in all the k
channels.
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With isospin
symmetry
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6 PARAMETERS!




FORMALISM

Fitting parameters

Finally:.

— yWT D C NLO _ - — NLO
Vij =VIT+VE+ V5 + VY r=a-veytv| > T

Fitting parameters:

« Decay constant f
* Axial vector couplings D, F
« 7 coefficients of the NLO lagrangian terms by, bp,br,d4,d,,d3, d4

6 subtracting constants  agy, @rq, Ary, Aya, Ayy, Ags

Lorr(BU) = LY (B,U) + LE)(B,U)




Some remarks on the results we got from this model:

A. Feijoo, V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015)
New scattering data should be taken into account:

K p =K p, K'n,n°A 20, 2, n X K+tE~, K°E°

« Channels traditionally employed
» Channels never employed before

« The model reproduced successfully the scattering data.
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e The obtained values for NLO coefficients were more reliable.



A new fit which includes the Born contributions was performed.
A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016)

New parametrization was obtained for :
f, bo, bp, br, di, d3, d3, ds,agy, Agy, Arx, Ayy, Ays, aKE»
ta

We reach a very good agreement with all the experimental da
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Interesting finding when checking the relevance of each term

employing this new parametrization:
The contribution of Born terms is at the same order as the NLO one!!!



RESULTS |
Comparison between models

WT+NLO  WT+NLO+Born

agy (1073) | 6.55+0.63 1.77 +2.38
ap (1073) 548 +7.5 552 +13.5
azz (1073) | -2.29+1.89 2.33 +3.17
apn (1073) | =142+ 127 8.00 + 5.04
a;z (1073) | =5.17 £ 0.07 6.5 +20.6
ag= (1073) | 27.0+7.8 -9.04 + 3.63
flfa “1.20+0.01 .21 £0.03
by (GeV™1) | =121 +0.01| | —=0.70 +0.23
bp (GeV™1) | 0.05+0.04 0.31 +0.20
br (GeV™)) | 0.26+0.15 0.65 + 0.41
di (GeV™") | -0.11 +£0.06 0.17 £ 0.26
d, (GeV™1) | 0.65+0.02 0.17 £0.11
d; (GeV™1) | 2.85+0.04 0.37 £0.16
ds (GeV™Y) | -2.10+0.02 0.01 +0.09
D - ~0.90+0.10
F - 0.40 + 0.08
loss| | om|

Very different sets of fitting parameters.

No accuracy gain of the fitting parameters.

The subtraction constants related to
WT+NLO+Born are more natural sized.

Which are the most realistic values for
the NLO coefficients?

Where does the difference in the physical
interpretation lie ???

The goodness of the fits is almost equal.



ISOSPIN BASIS DECOMPOSITION

Comparison between models
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ISOSPIN FILTERING PROCESSES

Scenarios consisting of processes which filter isospin could provide
more constraints in order to get more reliable values of NLO coefficients.

* Inclusion of the experimental data from nA, nX° channels in the fitting
procedure, pure I = 0 and I = 1 processes respectively.

Until then the scattering data used in the fits come from:
Kp—KpK'nnAn2,nty",n 2t K*5~, K50




WT+Born+NLO

Considering K~ p — nA, nX° scattering data in the fit
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It also simulates the contributions of

Inclusion of high spin and high mass resonances allows us to study the
accuracy and stability of the NLO parameters (by, bp, br,dq,d;, d3, dy).

higher angular momenta of the other

channels via rescattering in the energy regime above K= threshold.

Resonance I (J¥) Mass (MeV) I’ (MeV) I'g=/T

0(327) 1850-1910 60 - 200

A(2100) 0(37) 2090 -2110 100- 250 < 3%
A(2110) 0(37) 2090 - 2140 150 - 250

A(2350) 0(37) 2340-2370 100 - 250

$(1915) 1(37) 1900 -1935 80 - 160

$(1940) 1(37) 1900 - 1950 150 - 300
1(Z27) 2025-2040 150 - 200 < 2%
¥(2250) 1(?7) 2210 - 2280 60 - 150

—

Only for the KN — K& reactions:

- + +

Tl =THS, +Toy +Tos +To

K~ (k") K(k'#), n(k'#)
N - ~ P e - -
S o My, I'y 7
INYR S QR CEING
p(p*) E(p™), A(p'")
Y= A(1890), £(2030), £(2250)
Only for the KN — nA reactions:
tot _ mNLO 3/2%
Tijo,s,SI — Tij,s,sr + Ts,st



RESULTS lI: WT+Born+NLO vs. WT+Born+NLO+RES

Considering K~ p — nA, nX° scattering data in the fit
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Y Rn Rc ap(K_p - K_p) AEls rls
WT+NLO+Born 2.36 0.188 0.659 -0.65+10.88 288 588
WT+NLO+Born+RES  2.36 0.189 0.661 -0.64 +10.87 283 587
Exp. 2.36 0.189 0.664 -0.66 +10.81 283 541

+0.04 +0.015 +0.011 (£0.07) +1(x0.15) +36 92




agn (1073)
aza (1073)
Ars (10_3)
aa (1073)
a,s (1073)
ak= (1073)
Slfx

by (GeV™D)
bp (GeV™1)
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RESULTS lI: WT+Born+NLO vs. WT+Born+NLO+RES

Considering K~ p — nA, nX° scattering data in the fit

Natural sized values
for all

Very homogeneous and
accurate values

1.27 +£ 0.12 1.52 + 0.21
—6.1 +12.9 —2.6 +13.9
0.68 +1.43 2.1+1.2
—0.67 £ 1.06 0.76 £ 1.21
8.00 + 3.26 10.1 = 3.7
—2.51 + 0.99 —2.01 + 0.74
1.20 + 0,03 1.18 + 0.03
0.13 +£ 0.04 —0.07 = 0.01
0.12 + 0.01 0.13 +£ 0.01
0.21 +£ 0.02 0.27 + 0.02
0.15 £ 0.03 0.14 £ 0.03
0.13 £ 0.03 0.13 £ 0.01
0.30 +£ 0.02 0.40 + 0.02
0.25 +£ 0.03 0.02 + 0.02
0.70 £ 0.16 0.70 £ 0.15
0.51 £ 0.11 0.40 £ 0.11
- —3.88 + 9.58
- —-14.3 £ 14.4
- 541.31 = 290.0
- 500.0 + 426.8
- 2210.0 = 39.1
- 2040.0 + 14.88
- 150.0 + 52.4
- 150.0 £ 43.1
- 89+ 11.8
- 6.20 + 8.21
- 839.7 + 406.7
- 1910.0 + 44.70
- 200.0 + 120.3
1.14 0.96

16% improvement on the
goodness of the fit




ISOSPIN FILTERING PROCESSES

New scenarios consisting of processes which filter isospin could provide
more constraints in order to get more reliable values of NLO coefficients.

* Inclusion of the experimental data from nA, nX° channels in the fitting
procedure, pure I = 0 and I = 1 processes respectively.
Until then the scattering data used in the fits come from:
Kp—KpK'nnAn2,nty",n 2t K*5~, K50

J-Lab proposal for the secondary K; beam for the reaction K n — K%z,

pure I =1 process.
A. Ramos, A. Feijoo, V. Magas, arXiv: 1604.02141 (Conference Proceedings).

A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016)..




ISOSPIN FILTERING PROCESSES

Prediction for K n — K%EZ~ reaction

(pure I = 1 process)
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ISOSPIN FILTERING PROCESSES

New scenarios consisting of processes which filter isospin could provide
more constraints in order to get more reliable values of NLO coefficients.

* Inclusion of the experimental data from nA, nX° channels in the fitting
procedure, pure I = 0 and I = 1 processes respectively.
Until then the scattering data used in the fits come from:
K p—KpK'nnAn2,nty ,n= 2t K*5-, K5O

 J-Lab proposal for the secondary K; beam for the reaction K n — K°=~,

pure I =1 process.
A. Ramos, A. Feijoo, V. Magas, arXiv: 1604.02141 (Conference Proceedings).

A. Ramos, A. Feijoo, V. Magas, Nucl. Phys. A 954, 58 (2016)..

Ay — J/YnA, J/Yy KE decayment, pure I = 0 process.
A. Feijoo, V. Magas, A. Ramos, E. Oset, Phys. Rev. D 92, 076015 (2015).




|Ap) = \/——Ib(ud du))

au + dd + 3s

b
b >

u

|
] ,/

Weakw Hadronization

\/_E Is(ud — du)) ﬁ |s(utt + dd + s5)(ud — du)) =

B

_ 2
Kp)+ IRn) + 2 )



ISOSPIN FILTERING PROCESSES: A, — J/{ ¢B

Ay, b have I=0 — ud quark pair has I1=0

* We assume that u and d quarks act as spectators

 After the weak decay the combination of ud with s can only form A (1=0)
states
R. Aaij. et al. [LHCb Collaboration], Phys. Rev. Lett. 115 072001 (2015).

<
V2

1
|Ap) = —=|4(ud — du))

N slud — du))

Weak decay
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T A ‘e B,
\\ X‘__
~ (P] ¢ \*
L ~ ¢
N j

hTL'OZO — hTC+Z—: hTL'_Z-I_ — hK+;:-— — hKOEO — 0,
V2
hi-p = hgon =1, hya =~

e Meson-Baryon loop function G; (i = K~ p, K°n, nA)
* Scattering amplitude t; p
employing Model 1 (WT+NLO) and Model 2 (WT+NLO+Born+n chan)
* The Vp factor absorbs the CKM matrix elements and the kinematic prefactors
« We study the particular cases B = K*Z~, nA



ISOSPIN FILTERING PROCESSES: A, — J/{ ¢B

Ap — J/YnA J/P KE

(pure I = 0 processes)
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Promising data from LHCb would be very useful to constrain our
models!



Chiral Perturbation Theory with unitarization in coupled channels is
a very powerful technique to describe low energy hadron dynamics.

The KN — KZ channels are very sensitive to the NLO terms of the
lagrangian as well as to the Born terms, so they provide more
reliable values of the NLO parameters.

Experimental data from processes which filter isospin have been
shown to be very helpful to reproduce properly the whole meson-
baryon channels of the S=-1 sector and to constrain the fitting
parameters.

Addition of resonant terms in the scattering amplitude could play a
significant role in the KN — KZ,nA reactions giving a significantly
better agreement with experimental data.



THANK YOU
for your attention!!!




INTRODUCTION
UChPT as nonperturbative scheme to obtain scattering amplitude.

Bethe-SaIpeter equation:

f@» @» +Q.Q> +O—Q—Q+ Ty =V +Vua Vi + VG Vi G Vi +

S@< SO~ (@ Ty=VytVaG T, == [ T=0-V6)V

. M: mi;—-M:+s m: q
subtraction k k k k k
constants for the a(p) + In > * 2S in Mz Zln\/E
dimensional 2
. . 2 2 2
Scraelgeulailzatlon_ M, |q s° — ((Mk — mk) + qu\/E)
pn=1GeV in + 5 In 2
all the k channels. lém \/E §2 — ((MIZ( - mlzc) - qu\/g)

@ K = 0% = ORN

A _0y0 = Ap+y— = A —y+ = A
With isospin 4 "™ o 0 " . ™ 6 PARAMETERS!
symmetry na
aK"'E_ = ClKOEOZ aKE
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FORMALISM

Effective lagrangian up to LO
Weinberg-Tomozawa Term, WT

WT, lowest order term
_ I 1 _
£3(B,U) 2\(Biy*7V,B)}- Mg(BB) + 5 D(By*ys{u,, B}) + 5 F{BY"ys [, B])

Vz';'v’rz 4f2NN (\/_ M; — A'Ij)

Special attention is paid to K™p — K E reactions:
e There is no direct contribution from these reactions at lowest order

CK—p—>K°5° = Ck—pgtz- =0
« The rescattering terms due to the coupled channels are the only contribution
to the scattering amplitude.

pd D e s ¢F

Next terms in hierarchy could play a relevant role in these channels!!!

Lors(B,U) = L) (B, U) 2



FORMALISM

Effective lagrangian up to LO
Born Terms

_ A 1
£3(B,U) = (Biy*V,B) — Mg(BB) & = D(By*ys{u,, B}) + > F(BY"ys [, B]

Born terms
8 (Born) ~(Born)
i) v =-%" Ciik Cjik NiN, (v/s — M;)(v/s — M) (/s — M;)
! 12f2 s— M?

k=1

8 C(Born) (Born)

") ‘/z?—z jk. ik,j MA[]

2.7 1ap
O (M + My)(M; + My)
X [\/3+ My =500+ Ei) (M; + Ej)
i
L (M MZ)W M) ¢ /s 4 My = M, = M
qiq;

s+A[k—mz—m — 2E;E;
- 2(Vi + B) OV, + ) ~(Vs = M+ Mi+ M;)}

s+ MZ—m? —mJ—QEE 2q:q;
s+ M2 —m: —mf—QE'zE'J-}-?qiqj

(Vs — My + M; + M)

x In

Lors(B,U) = L) (B, U) 29



FORMALISM

Effective lagrangian up to NLO

L2 (B,U) = bp(B{xs, BY) + be{Blx4, B]) + bo{BBYx,) + d1(B{u,, [u", B]})
+d, (B [u : [u“,B]]) + d3(Bu, }(u*B) + d,(BB)(utu,)

Not fixed low energy coefficients =—=) parameters of the model!

NLO _ _~ A[ AT, i — A T
Vit = f.ZMM'] Dij —2 (wlw] T3 (M; + Ei) (M; + Ej))

Ly, koz0 # 0 Lg-p—ktz-F 0

Lorr(BU) = LY (B,U) + LE)(B,U)



APPROACH

Assumption

Assumption: the contribution of the Born diagrams would be very moderate.

This idea was reinforced by other works:

B. Borasoy, R. Nissler, W. Wiese, Eur. Phys. J. A 25, 79 (2005)

Y. lkeda, T. Hyodo, W. Wiese, Nucl. Phys. A 881, 98 (2012)

T. Mizutani, C. Fayard, B. Saghai, K. Tsushima, Phys. Rev. C 87, 035201 (2013)

Vij = VWT * x + V?}LO T=(1-V6) v :> TNLO

K p — K E reactions could be very sensitive to the NLO corrections!!!

New scattering data should be taken into account:

K_p ':>K_p,RO”,NOA,ROZO,R‘-"Z_J‘[_Z"‘ K+E_,KOEO

« Channels traditionally employed
» Channels never employed before



INCLUSION OF BORN TERMS

Results |
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RESULTS |
Results for

") (mb)

6 (Kp-—>K

= ) [mb]

4

oKp-—>K

0.15

et
=

o
=
x4

o
o
=

=
o
e

]

Mﬂ

*’lJH .

e w [GeV]
0.25 T T
" ’ Il Hl
o H’/ \l{\[lﬂ_“,l\[\UJ
<l
| ’/]Jﬂ | \I\\ILY_




RESULTS |
Results for KN — K= including ¥(2030), £(2250) resonances

o012} T NLOWRES - g Rn R ap(K ' p—= K p) AEys I'ys
O% NLO* 237 0.189 0.664 —0.69 4+10.86 300 570
-:[;‘l 0:09F NLO+RES 239 0.187 0.668 —0.66 +10.84 286 562

" 006l Exp. 236 0.189 0.664 —0.66 +10.81 283 541
< l £0.04 £0.015 £0.011 (£0.07) +1(£0.15) £36 92

© 003F /

%% 2
025 : : . : NLO* NLO+RES

— 02 bo (GeV ™) —1.158 £0.021 —0.907 + 0.004

E bp (GeV™') 0.082 £ 0.050 —0.151 =+ 0.008
[ o1s br (GeV™!) 0.294 £0.149  0.535 &+ 0.047

< dy (GeV™) —0.071 £0.069 —0.055 £ 0.055
Lo dy (GeV™Y) 0.634 +£0.023  0.383 £0.014

% 0o ds (GeV™!) 2.819 £0.058  2.180 £ 0.011

l dy (GeV™) —2.036 £ 0.035 —1.429 + 0.006
01.8 2 2?2 254 21.6
w [GeV)

A. Feijoo, V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015)



INCLUSION OF HYPERONIC RESONANCES
KN —-Y —> K=

Y= X(2030), X(2250)

S Y PR IK. Nakayama, Y. Oh, H. Habertzettl, Phys. Rev. C74, 035205 (2006)
~ < K. Shing Man, Y. Oh, K. Nakayama,, Phys. Rev. C83, 055201 (2011)
2(2030), JF = %+,T7/2+ ¥(2250), JF = g_,T5/2_
Lotz () = ‘gB;:?gzKﬁF‘:}I';‘j..;“au dWdaK+Hel | LI (q) = igljf?%;’cﬁrlﬂ TH%0u00K + H.e.
K

Finally, the scattering amplitudes related to the resonances can be obtained in the following

way :
- B1B2 1.0 1.0
.- 8=Ys5,,KENY; »K _s ky K Aalaol‘ 15" -y \
T5/2 (¢ gy — SNk ) TR e s _72/A2, 1 _FTIA2,
(S J 5) "’;C Hzlp ) g — MYS,"_’ + ir5/,-'2/2’ N(p exp ( / 5/2 exp ( / 5"2)
7 8=Y, ,K&NY, ,X —s' ]‘JBII\JB ]\JB Ag‘l%?,%’;]\-al k%2 |93 . A2 ]::,Z 2
< (s'.s) = " E(p 2 72 - exp (—k°/ A5, flexp ( =K /A5,
(s.5) s uz(p) My, 41T,/ ’N(P)I P( / 7,21|e P( /A7)



INCLUSION OF HYPERONIC RESONANCES
KN —-Y —> K=

Y=2(2030), ¥(2250)

The total scattering amplitude for the KN — KZ reaction taking into account the
unitarized chiral contributions up to NLO plus the phenomenological contributions
from the resonances reads:

TtOt — TI_\{LO + TS/Z_ 7/2+

ij,s,s’ ij,s,s’ S,S! + TS,S’

Fitting parameters.

Decay constant f
* Subtracting constants agy , @rgg , Ary , Ay, Ayz , ks

« Coefficients of the NLO lagrangian terms by, bp,br,dq,d,,d3, d4

 Masses and width of the resonances My, My, ,s I's;2, I'7/2
Not free at all, their values are constrained according to PDG summary

Cutoff parameters from the form factor Ag 5, A7 /2

* Product of the coupling constants (one for each vertex) for both resonances
9zys)K-9ONYs5 ;K0 9EY7,,K -9NY, 2K



RESULTS |

Results for KN — KZ including X(2030), X(2250) resonances

0.15 . : : ; 025 . . : .
——— NLO*
- WT+RES -
_ox I 02
L L
E £
T 0.09 iy 015
v v
A A
& 0.06 Lo
& %
© ©
0.03 0.05
0 0
1.8 1.8 2 22 24 26
Ey, [GeV]

vy R, R. ap(K " p— K p) AE;s T'is

NLO* 237 0.189 0.664 —0.69 +10.86 300 570
WT+RES 237 0.193 0.667 —0.73 4+10.81 307 528
NLO+RES 2.39 0.187 0.668 —0.66 +10.84 286 562
Exp. 236 0.189 0.664 —0.66 +10.81 283 541

+0.04 £0.015 £0.011 (£0.07) +1i(£0.15) +£36 =92

A. Feijoo, V. Magas, A. Ramos, Phys. Rev. C 92, 015206 (2015)
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INCLUSION OF BORN TERMS (work in progress)

Considering scattering data in addition in the fit
2 1 I I 1 1 1 2 I I ] 1 I
o) =
g 15F - E 1sf g
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INCLUSION OF BORN TERMS (work in progress)

Considering K~ p — nA, nX° scattering data in addition in the fit

WT+NLO+Born  WT+NLO+Born (7 chan)

Natural sized values
for all!

Very homogeneous and
accurate values!!!

agy (1073) 1.77 + 2.38 1.27 +0.12
arp (1077) 55.2 +13.5 —6.1+12.9
azy (1073) 2.33 +3.17 0.68 + 1.43
ana (1077) 8.00 + 5.04 —0.67 £+ 1.06
aps (1079) 6.5 £ 20.6 8.00 + 3.26
ag= (1073) —9.04 + 3.63 —2.51 £0.99
f/fx 1.21 £+ 0.03 1.20 £+ 0.03
bo (GeV 1) —0.70 £ 0.23 0.13 £ 0.04
bp (GeV 1) 0.31 + 0.20 0.12+0.01
brp (GeV 1) 0.65 + 0.41 0.21 £ 0.02
dy (GeV—1) 0.17 £+ 0.26 0.15+0.03 f——>
dy (GeV 1) 0.17 £0.11 0.13 £+ 0.03
ds (GeV 1) 0.37 £ 0.16 0.30 = 0.02
dy (GeV—1) 0.01 + 0.09 0.25 + 0.03
D 0.90 £ 0.10 0.70 £ 0.16
F 0.40 + 0.08 0.51 +0.11
X3 ot 0.73 1.14




RESULTS |

Fitting parameters

NLO* WT+RES  NLO+RES
agyn (1077) 6.799 £ 0.701 —1.965 +2.219  6.157 £ 0.090
axa (107°) 50.93 £9.18 —188.2+131.7  59.10 £ 3.01
ars: (107°) —3.167 £1.978 0.228 £2.949 —1.172 +0.296
ana (1077) —15.16 £12.32  1.608 £ 2.603 —6.987 % 0.381
anx (107%) —5.325+£0.111  208.9 £151.1 —5.791 +0.034
ak= (107°%) 31.00 £9.441 43.04+25.84 32.60 +£11.65
flf= 1.197 £ 0.011  1.203 £0.023__1.193 +0.003
bo (GeV™!) —1.158 £ 0.021 - —0.907 £ 0.004
bp (GeV™') 0.082 £ 0.050 - —0.151 £ 0.008
br (GeV™') 0.294 +0.149 - 0.535 £ 0.047
di (GeV™H) —0.071 + 0.069 - —0.055 £ 0.055
da (GeV™Y) 0.634 £ 0.023 - 0.383 £ 0.014
ds (GeV™H) 2.819 £ 0.058 - 2.180 £ 0.011
ds (GeV™Y) —2.036 + 0.035 - —1.429 +0.006 _
9=Vs 0K "INV )aR - —5.42+£15.96  8.82%5.72
9=, 0K "INV, oK - —0.61£14.12  0.06 £0.20
As/s (MeV) - 576.7 £275.2  522.7 £43.8
A7z (MeV) - 623.7 £ 287.5 999.0 + 288.0
My, ,, (MeV) - 2210.0 +£39.8 2278.8 £67.4
My, ,, (MeV) - 2025.0 9.4  2040.0+9.4
s/ (MeV) - 150.0 £ 71.3  150.0 £ 54.4
7/ (MeV) - 200.0 +44.6  200.0 + 32.3
Xd.o.f. 1.48 2.26 1.05
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INCLUSION OF BORN TERMS

_ yWT _ yD | yC o yNLO = .
Vij =V~ + Vi + Vi + Vi mmp ) 7}0

What if we include Born diagrams???

A new fit which includes the Born contributions was performed.
New parametrization was obtained for :
f, bo, bp, bg, dq, d3, d3, dy,agy, Az, Ary, Ay, gy, agz, (D, F

0.15 T T T T 025
—— WT+NLO —— WT+NLO
= 0.12 — WT+NLO+Born - = 02 — WT+NLO+Born -
E E
0 0.09 m 015}
= +
r < | ]
A
| 0.06 booak [ HI Il
a o Al
< 2 - [ . "=
-~ ”
© 003 © 005F,~ )i
I g
, \\ /// .
1 1 1 ~r Il 1 1
?800 2200 2400 2600 9800 2000 2200 2400 2600
w [MeV] w [MeV]

The contribution of Born terms is at the same order as the NLO one!!!



INCLUSION OF BORN TERMS (work in progress)

Considering scattering data in addition in the fit

Comparison between Models in isospin basis decomposition

0.25

— NLO*
cee 1=
I=1

]

w— WT+NLO+Bom 1 chan |
e & |
1=1

—— WT+NLO+Baom 1) chan
ce—- =0
|

-~
—,

e .




o(Kp-->Kp) [mb]

o(Kp-->mnL") [mb]

oK p-—->mL") [mb]

150 - o0 r
——  WT+NLO+Borm 1 chan _ ———  WT+NLO+Bom 1 chan
120 + ——  WI+NLO+Bam £ S0t [ ——  WT+NLO+Bom
= 41 :
T:/c\ w0l
2 20t
% 10}
A A A 0 | . - A L J
1440 1460 1480 1500 1440 1460 1480 1500
w [MeV] w [MeV]|
100 - : . 250 T - -
WT+NLO+Bom 1) chan y WT+NLO+Bom 1) chan
{0 WT+NLO+Bom £ 200 WT+NLO+Bom :
;r: 150 y
" 100 ]
K-%
¥ 50 1
]
0 1 Iy
1440 1460 1480 1500
w |[MeV|
50 r - y
——  WT+NLO+Borm 1 chan = ———  WT+NLO+Bom 1 chan
100 ¥ WT+NLO+Barn £ 40 WT+NLO+Borm
80 -
=< 30 A
60 | Py '
F20
40 F a,
20} ¥ 10
0 : . - 0 - : :
1440 1460 1480 1500 1440 1460 1480 1500
w [MeV] w [MeV]|



FORMALISM

Effective lagrangian up to NLO

K p K =°A = nA 7y’ ty- =t K+t=" K="
¢ - < Va2 —heYad % 1.2 ¢ 4,2
I\.»—p 4(b0 + b[))rn}?\' 2(6[) + b[«)m“;'){ (51)2;;;7!- )iy (bp ;1- 1] (bp %bk )13 (bDQV'%F JHo 0 (bD _ b[‘)p% 0 0
< 2 a2 v,.2 b2
K°n A(bo +bp)my CoEZEkL  Lo—jend  CGoiels  Cooopl (bp —bp)pd 0 0 0
a°A w 0 0 % 0 0 -(bngjgp)#? (bp ;3;34_?)#?
; 2 I R ( N2
7050 4(bo + bp)m?  Zoma 0 0 0 ®p+bpiug (bp+bpiul
A 4(3bop3 +bpu3) 0 dbpm3 dbpm3 (bp —3bp )u3 (bp—3bp)u3
n - a 3 3 6 6
50 4(bop3 +bpm3) dbpm2 —dbpm32 —(bp+bp)ul (bp+bp)ud
= 3 V3 V3 23 273
R D D .. A(by + bp)m?2 0 . (bp+bp )ui o
3t l] 4(bo + bp)m= 0 (bo + br)pi
Kt=" 4(bo + bp)mi 2(bp — bp)m¥k
K=" 4(by + bp)m¥k
K p K =°A =050 nA 7y’ xty- =t K=" KOEO
K p |2do+ds+2dy di+dy+dg —CGEd)  —dicdyi2dy  di-3dy4dy U35 —2dy +dy  —dy+dy+ds (C4da + 2dg @
Kn 2y +dy +2dy  YUFD)  —diodpiddy  doddpiddy G 2d) gy gdy4dy —2da+ds —2da+ds —Ada+ 2da
71'0;'\ 2d1 0 0 d3 0 O \/-g(d%—d‘;’) — \/5(421 _‘12)
TTOEO 2((13 + di) d3 0 —2d2 + dS _2d2 + d3 dl—d%-{-?dﬁ di —dg-{-'ld:}
,’.‘\ 2(d3 + di) 0 d3 d3 —dl—S.:)ino".’dg —d1—3§2+2d3
0 2d -2 —(dy+3da) dy+3d:
n% 2ds 73 vl Y v
D Vi ! 2ds + ds +2dy —A4ds + 2ds dy + ds + ds —2ds + ds
 u
-t l] 2do +ds +2ds  —2da +ds di +da +ds
Kt=— 2d2 + da + 2d4 —dy + d2 + ds
K=" 2d2 + ds + 2d4




RESULTS Il

What happens if a third resonance is added?
For instance A(1890), as it was done in B. C. Jackson, Y. Oh, H. Haberzettl and K.
Nakayama, arXiv: 1503.00845 [nucl-th].

0.15 T T T T 0.25 T T T T
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E f—
£ £
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< \ 1y
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o, 0.06 / \ 1 Lo
M 1
b I}
0.03 | I [ - 0.05
0 1 | | | O
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RESULTS Il

Model 1 Model 2
0.2 —— Total —— Total

I | R =0 —— =0
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Results for

0.15 T T I 1 N T T 1 !
P !' \\
----- - Wize= i e WT (20 5) -
012+ — }“_I;O(NB - o ,' \ ——— NLO(m0E)
~ - = --—- WT
z ey ZosH — w0 -
~ = | \
04 \ .
<L : N\
:‘i. 0.3 _:' \\\ —
S i \
L \
2 -
| 1] il [
0.1H ) -
: e S
R — YN L S $u
‘i.s 2 22 24 26
E..[GeV]
WT (no KE) NLO (no KZ) WT NLO

AII' Rn Rc ap(l\’_p — I\‘ _p) AEI! F]S

WT (no KZ) 237 0191 0665 —076+i0.79 316 511
NLO (no KZ) 236 0.188 0.662 —0.67+10.84 200 559
WT 236 0192 0.667 —0.76 +10.84 318 543
NLO 236 0.180 0.664 —0.73+10.85 310 557
Exp. 236 0.180 0.664 —0.66 +10.81 283 541
£0.04 £0.015 £0.011 (£0.07) +i(£0.15) £36 02

agy (107%) —1.681 +0.738

5.151 £0.736 —1.986 + 2.153  6.550 = 0.625

axa (107%)  3363+11.11  21.61 £10.00 —248.6 +122.0  54.84 £ 7.51
ary (107%)  0.048+£1.925 3078 £2101 0.382+2.711 —2.201 + 1.804
anpa (107%)  1.580 + 1.160 —10.460 £0.432 1.696 + 2.451 —14.16 + 12.69
any (107%)  —4587+14.06 —8.577 £0.353 277.8 +£139.1 —5.166 + 0.068
agz (107%) —78.49+47.92  410+12.67 30.85+1058 27.03 +7.83
f/f= 1.202+0.053 1186 £0.012 1.202+0.119 1.197 £+ 0.008
by (GeV 1) - —0.861 + 0.014 - —1.214 +£0.014
bp (GeV ™) - 0.202 +0.011 - 0.052 + 0.040
bp (GeV ™) - 0.020 £ 0.057 - 0.264 +0.146
dy (GeV 1) - 0.089 + 0.096 - —0.105 + 0.056
da (GeV ') - 0.598 + 0.062 - 0.647 £ 0.019
ds (GeV 1) - 0.473 +0.026 - 2.847 + 0.042
di (GeV 1) - —0.913 £ 0.031 - —2.096 + 0.024

' 0.62 0.39 2.57 0.65

2
Xd.o.f.




Results for KN — K=

o(Kp ->Kp) [mb]

(V8]
o
T

- WT(@3)

NLO (@e3)

100

150 200 250 300

plab [MeV/c]

oS
(=

o(Kp->mZ) [mb]
g

WS

100

150 200 250 300
Plab[MeV/C]

6(Kp —>K'n) [mb]

[

[

o(Kp->n'X) [mb]
8

()
(=)
o

(=)
o

.
i
T

(VS
o
T

[
N
I

- WT(@3)

NLO (0 2)

100

150 200 250 300
plab [MeV/c]

h
o

N
(=]

0
50

100

150 200 250 300
P, [MeVic]

150 T T | T
—_— - WT(m0 =)
E : ;‘:'lTO(noE)_
c[:l‘ |
=l
B
/E -
a
oL -
=]
0 |
50 100 150 200 250 300
P . [MeVic]
50 T T T T
— . WT(@3)
-g 40 ——— NO(@3) |
< 30
B
20
e
£ 10
©
0 1 1 1 1
50 100 150 200 250 300
Plab [MeV/c]



Results for KN — KZ including £(2030), X(2250) resonances
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vy R, R, ap(K " p— K p) AFEs T'is

NLO* 237 0.189 0.664 —0.69 +10.86 300 570
WT+RES 237 0.193 0.667 —0.73410.81 307 528
NLO+RES 239 0.187 0.668 —0.66 +10.84 286 562
Exp. 236  0.189 0.664 —0.66 +10.81 283 541

+0.04 £0.015 +£0.011 (£0.07) +i(+0.15) +36 +92




Differential cross section of the
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Experimental data VS. the NLO
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contribution  of KN —Y — K&
reactions to the scattering amplitude.

In Sharov, Korotkikh, Lanskoy, EPJA 47

(2011) 109,
a phenomenological model was suggested in

which




INCLUSION OF HYPERONIC RESONANCIES IN KN — K=
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INCLUSION OF HYPERONIC RESONANCES IN KN — K=

Taking into account the scattering amplitude given by LS equations for a NLO Chiral
Lagrangian and the phenomenological contributions from the resonances, the total
scattering amplitude for the KN — KZ reaction should be written as:

5/2~
S,s/

7/2%
S,S/

Ttot —TLS 4T

ij,s,s/ ij,s,s/

+T

Being aware of isospin symmetry, the coupling constants for each channel have to

integrate this fact in its value.
K*E) |1<E),=1 + |KE),_,)
5(2030), 2(2250) both have |=1 =)
|KO=0) |KE)I=1 - |KE)I:0)

_ o tot _ LS 5/27 7/2F
-« Kp— K*'E m)  Tog =Tga —T)o —Tgy

5/2~ 7/2%
e K'p— KO9=0 :> Tg?str — Tgfw + Ts,(sr + Ts,{s*l

Or in a equivalent manner:

5

7



On going work ...

In order to improve results, the model could be developed taking
into account:

* Born (direct and cross) diagrams (fine tunning)

1 1
Lyg (B, U) = 5 DBy ys{uy, BY) + 5 F(By*ys[uy B])

M ~
N ’ 4
N\ Ve Ny
» /, /\\
—_—— /7
/ \ Z a N\



