n' — nmw in unitarized Resonance Chiral Theory J

Sergi Gonzalez-Solis! and Emilie Passemar?
LInstitute of Theoretical Physics (Beijing)
Chinese Academy of Sciences
2Indiana University and JLab (USA)

1807.04313 [hep-ph], to appear in EPJC

The 9th International Workshop on Chiral Dynamics
Durham, NC (USA), 20 september 2018




Outline

o Introduction: framework and motivation
9 Structure of the decay amplitude

e Fits to experimental data
@ ChPT at one loop with resonances
@ Unitarization of the ChPT amplitude

0 Summary



Introduction: framework and motivation

Chiral Perturbation Theory

Gasser and Leutwyler, Nucl. Phys. B 250, 465 (1985)

@ Low-energy EFT of QCD for light mesons i.e. 70, K*, K% K° ng
SCSB

associated to SU(3), ® SU(3)r — SU(3)y exhibited by QCD
@ Perturbative expansion in terms of p*> and my: L= Lo+ L+ ...
F2 F2 %ﬂerﬁns ) nt . K;
= I(U;/LL“) + T<X+>7 d) = ( 77: 7%“%;%% I; ) ;
K K —%7]8

/3
u =e"F , x=2BM, xi=uTquiuXTu, uu=iuTD“UuT,

Ly = Ly{u,u”)? + Lo{uyu® Y (ubuy ) + Ly(ugufu,u’) + ...
A n1 not included due to the axial anomaly

. 2 .
A Valid ﬁ_g < 1: polynomial cannot reproduce resonance poles

2
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Sergi Gonzalez-Solis (ITP) Chiral Dynamics 2018 20 september 2018 3/38



Introduction: framework and motivation

Large-N¢ U(3) ChPT
@ Axial Anomaly is absent; ; as the ninth Goldstone boson

@ Degrees of freedom: 79, K* K° K° and the n and »’

S=+1

n) _[cos® —sinf) [ns s=0
n']  \sinf cosf | \m

\S=-1

Q=1 Q=0 Q=+1

@ Simultaneous triple expansion in terms of p* ~ m, ~ 1/N¢

F? F? F?
Ly = —(upu”)+—(x+)+ —=miln*detu,
4 4 3
T5T3E st s ot K*
o = ™ *%7"3*%”8*%7}1 K° .
K~ K -Zns+ mm

M
/\ 1 heavier than some resonances & > 1
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Introduction: framework and motivation

Resonance Chiral Theory

Ecker, Gasser, Pich and de Rafael, Nucl. Phys. B 321, 311 (1989)

@ Resonance as explicit degrees of freedom

2
S
[:RXT =LY +Lg+ ‘Ckin

Ls = cq(Sguyu') + ¢ (Ssx+) + caS1{uuu) + 81 (x+) ,

%a8+%08 1 ag 1 kY
Ss=| @ ~pat s K|, Si=on
K 70 -25
/6 8
Ls= 2;2[1(58(8 ®)(0"®)) + 4By, [(SsM) - 4f2(88(<I>2M+M<I>2+2<I>M<I>))]
o
f‘j H{(8,8)(9"®)) + 4By Sy [(M) - 4f2<(¢> 2 M + M + 20 M))]

Resonances spoils power counting, no systematic EFT but a

model based on the Large-N¢ limit as a guideline
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Introduction: framework and motivation

Recent experimental activity on 7 and ' physics

@ Phenomenology of  and " among their main objectives

2

Ch

BESIT

e

n—ete vy
n—m'yy @
,'7/ N 777_(_071_0[3]

n—ete vy
n—>7tTTy M
n—>ete ete 1
n—>ntrete 1

n —ete v m

n' = 70y .

n - wete

1’ — 47 (g

n' — 37 (9]

n = atrete 1o
n' = nrw )

) > wta g

@ Experimental precision for n-n" observables is increasing

@ Better theoretical predictions are demanded

@ To have a better and more complete knowledge of QCD at low-energies

[1]Adlarson et.al. Phys.Rev. C 94 6 065206 (2016) ; [2] Nefknes et.al. Phys.Rev. C 90 2 025206 (2014)
[3] Adlarson et.al. ArXiv: 1709.04230
[4] Adlarson et.al. Phys.Rev. C 94 6 065206 (2016) ; [5] Ablikim et.al. Phys.Rev. D 92 1 012001 (2015)
[6] Ablikim et.al. Phys.Rev. D96 (2017) ;[7] Ablikim et.al. Phys.Rev. D 92 5 051101 (2015)
[8] Ablikim et.al. Phys.Rev.Lett. 112 251801 (2014) ; [9] Ablikim et.al. Phys.Rev.Lett. 118 1 012001 (2017)
[10] Ablikim et.al. Phys.Rev. D 87 9 092011 (2013) ; [11] Ablikim et.al. ArXiv: 1709.04627
[12] Aaji et.al. Phys.Lett. B 764 233 (2017)
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Introduction: framework and motivation

Motivation for ' — nrr

@ Main decay channel of the n": BR(n' — nr%7%) = 22.3(8)%,
BR(n' » nrtn™) =42.9(7)% PDG [2017]

@ Cannot be described within SU(3) ChPT

@ Advantageous laboratory to test any of its extensions Large-N¢
U(3) ChPT and Resonance Chiral Theory

@ G-parity conservation prevents vectors to contribute: analysis of
the properties of scalar resonances

@ Study of the -n’ mixing
@ Access 7 scattering and phase-shift

@ New data very recently released the A2 and BESIII collaborations
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Introduction: framework and motivation

Kinematics and Dalitz plot variables
2
® s=(py —py)

2
@ t= (pn/ — Dt )

2
@ u=(py—pr)

— 2 2 2
@ s+t+u=my +m,;+2mzg

= only two independent variables,
e.g.sandt -

m, [GeV?]

0.08
o< cos Oy

0.10 0.12 0.14 0.16
m, [GeV?]
1.5

T—

1

0 X =L (Tr, - Tr,) =2 (- 1)

P m,7+2m7r&_1
max Q

2
_ mp+2mg (mn/—mn) -
===

S
-1
QmWIQ

@ Q) =my —my-2mg
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Introduction: framework and motivation

Dalitz plot parameters: current state-of-the-art
@ Dalitz plot to compare experiment and theory

IM(X,Y)P = [NP(L+aY +bY?+cX +dX?+...)

@ a,b,c,d are the Dalitz plot parameters

T T a[V] 7] Ix] [X7]
GAMS-4 (2009) ~0.067(16)(4) -0.064(29)(5) =0 ~0.067(20)(3)
GAMS-4 (2009) -0.066(16)(4)  -0.063(28)(4)  -0.107(96)(3) 0.018(78)(6)
A2 (2017) -0.074(8)(6) -0.063(14)(5) — —0.050(9)(5)
BESIII (2017) -0.087(9)(6) -0.073(14)(5) 0 -0.074(9)(4)
Borasoy et.al.’05 -0.127(9) -0.049(36) 0 0.011(21)
Fariborz et.al.’14 -0.024 0.0001 0 —-0.029

n >t alY] b[Y?] [X] [(X?]

VES (2007) —0.127(16)(8)  —0.106(28)(14)  0.015(11)(14) ~0.082(17) ()
BESIII (2011) -0.047(11)(3)  -0.069(19)(9)  0.019(11)(3) -0.073(12)(3)
BESIII (2017) -0.056(4)(3) -0.049(6)(6) 2.7(2.4)(1.8) - 1073 —0.063(4)(4)
Borasoy et.al. 05 Z0.116(11) ~0.042(34) 0 0.010(19)
Escribano et.al’10  —0.098(48) ~0.050(1) 0 ~0.092(8)
Escribano et.al’10  —0.098(48) —0.033(1) 0 -0.072(1)
Kubis et.al.’17 -0.148(18) -0.082(7) 0 ~0.068(11)
Kubis et.al.’17 -0.041(9) —0.088(7) 0 ~0.086(22)
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n' - nrrn: Leading order
@ ChPT Lagrangian at O(p?)
F? F? F2

cr = 1 —(uyut) + I(XJ,) + ?m 2In? det u
o Expanding in powers of ¢
£ = (0,80"®) + 21f (2(9,9) - (9,2)®) (B("®) - (9"®)®))
2 2 4 P° N no contribution
+By {~(M®?) + (1/6/*)(MP*)} + O T
n U
e o= M%O_,mm = é\l{é (2\/5003 260 — sin 29)
BR(n' > nr*n”) | BR(n > nr’7")
Leading Order 1.1% 0.6%
PDG 2018 12.6(7) 22.8(8)%

@ Reason for this difference: amplitude is chirally suppressed (vanishes when M2 — 0)
@ Higher order effects? e Resonances exchanges (ao, fo,0) 7w, w7 final state interactions
Sergi Gonzalez-Solis (ITP) Chiral Dynamics 2018 20 september 2018 10/38



Structure of the decay amplitude

n' - nrw: Scalar Resonance contributions

n

+ ’
cq: dominant

: cm : suppressed
(2v2cos20 -sin26) [ 24cn (mf —m3) (26mm] +Ea(s-2m3)) (=)

MReS(S, t, u) —
9F7 Mgl -5

(2(:,,,,, (m?T - 4m§() + 3cq (m?7 + mf], - s)) (2(:,,,,m3r +cq (s - Qm%)) 12Cd(77n,m727 5 5

- M2 — s + M2 (mw - mK)
Sg SS

3 (407712771;1T - 2cqgemm? (m% + mf], +2m2 - 2t) +cq? (m% +m?2 - t) (mf], +m2 — t))

+ +(teou);p.
Mz, —t
5 Leading Order

Source Cm cq BR (%) M

ag — 17 (GUo'09) 80 26 <16 ¢ 4 Resonances

Res. saturation (Ecker’88) 42 32 ~ 35 3

K scattering 43 30 ~ 27T ——— < 3

Jamin et.al. ‘00 76.7 | 24.8 ~13 % Z:

85 13 ~1 1g2

PP > PP 5

Guo et.al "1 315 | 156 | ~1 1 Leading Order

Guo et.al '12 41.9 | 19.8 | ~4

E'Sget'a" 14 411 | 398 ;282(8) §% 028 030 032 034 03 03 040 042

. Moo (GeV)
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Structure of the decay amplitude

n' - nrw: Scalar Resonance and loop contributions

T, Kn, 1

s-channel

0

- nan « 10

0
dm”n 20

dr

Sergi Gonzalez-Solis (ITP)

+ + i
+ +
K,m,m
t,u-channels
5 Leading Order
+
4 Resonances
Leading Order
3 —» + Resonances
+ Loops
2
1 Leading Order

&26 028 030 032 034 036 038 040
Mo 0 (GeV)
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Fits to experimental data

Fits to experimental data A2 Gol. 170904230

L
T2 14

B L [ L
b 02 04 06 08 1

@ We relate the experimental Dalitz plot data with the differential
decay distribution from theory through

dQNevents _ dF(U’ - 777TO7T0) Nevents AXAY 5

dXdy dXdYy Ly B(n - nrln0)
@ Nevents = 463066 (analysis ) and 473044 (analysis Il)
@ AX =AY =0.10
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Fits to experimental data: ChPT at one loop with resonances
@ Fit1: Mg = Mg, = Mg, = May and éq,m = cq,m/V/3 With ¢4 = cm
Fit parameters: Mg =973(5)MeV, ¢4 =cm =30.1(4) MeV, X?lof =1.22

1.2
1.1
> x
&[> «
—|2= 10 -
s> s
|12 X
5 =09 =
: = A2 data (analysis 1) : = A2 data (analysis | )
0.8 o A2 excluded fit data (analysis Il ) 0.8: o A2 excluded fit data (analysis Il )
— This work: ChPT at one-oop+resonances — This work: ChPT at one-loop-+resonances
0'6.0 0.2 04 0.6 0.8 10 12 07 .0 -05 0.0 05
X Y
1.2, 12
°Q 11 %
%
= S
£ s g
o~ = 10| = 1
s Bt
sla s
— |5 09 2z
s s
E : [ = A2 data (analysis | ) E Q = A2 data (analysis | )
- 0.8f] o A2 excluded fit data (analysis Il ) - 0.8 o A2 excluded fit data (analysis Il )
— This work: ChPT at one-oop-+resonances — This work: ChPT at one-oop-+resonances
07 0.28 0.30 0.32 0.34 0.36 0.38 0.40 o7 0.70 0.72 0.74 0.76 0.78 0.80 0.82

Moo (GeV) Mo, (GeV)
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Fits to experimental data: ChPT at one loop with resonances

@ Dalitz plot slope parameters A2 Coll. 1709.04230
@k Tf -_':b.). = Dalitz Parameters (A2):
© ot Eie a[V]=-0.074(8)(6)
w e e e 1 B[Y2] = -0.063(14)(5)
'::.: == i " d[X?] = -0.050(9)(5)

1.0

05

> 00

-0.5

—n Dalitz Parameters (this work):
a[Y] = -0.095(6)
b[Y2] = 0.005(1)
I d[X?] = -0.037(5)

~10 087 T < 77 — T

-10 05 00 05 1.0
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Fits to experimental data ChPT at one loop with resonances

Fits to experimental data: ChPT at one loop with resonances
@ Fit2: Mg = Mg, = Mg, = May and éq,m = cq,m/V/3 With ¢4 # cm

Fit parameters: Mg =954(47)MeV, ¢4 =28.0(4.6) MeV ,cm = 53.4(52.0) MeV, Xczlof =1.23

Dalitz parameters: a=-0.093(45), b=0.004(3), =-0.039(18)
@ Fit3: Mg = Mg, = Mg, = Ma, and ey, = 41.1(1) &y, = 18.9(9) (Pich'14)

Fit parameters: Mg =968(11) MeV, ¢4 =29.8(9)MeV, ¢&4=21.2(1.2) MeV,Xﬁof =1.24

Dalitz parameters: a=-0.092(5), b=0.004(2), =-0.041(11)
@ Fitd: Mg = Mg, = Mg, = M, With c;r, = 80(20) and &g, = ca,m/V/3 (Guo'09)

Fit parameters: Mg = 926(5)(25) MeV, ¢g = 25.7(4)(1.9) MeV , x3 ¢ = 1.22

Dalitz parameters: a=-0.090(7)(3), b=0.004(1)(0), =-0.041(7)(1)

@ The Dalitz plot parameters remain stable independently of the allowed parameters to fit

@ We also have tried a fit letting all couplings to float i.e. ¢,,,, ¢m,, cq @and g4, but in this case
the fit becomes unstable since there are too many parameters to fit

Sergi Gonzalez-Solis (ITP) Chiral Dynamics 2018 20 september 2018 16/38



Fits to experimental data Unitarization of the ChPT amplitude
Unitarity

@ Unitarity relation

ImMn —Snrmw = Z (277) 6 (pn +p1tp2— pn) nanﬂ'ﬂMn'—’n

see talk by T. Isken

@ Two-particle unitarity relation for the partial-wave decay amplitude

Im (mg(f)_,mw(s)) = ox(s)(t 7T7T_,,r,r(s)) mg(f)_,mw(s) x 0(s—4m?2),

Im (mggﬂmﬁ(s)) or(s) ( 7T7H7r7r(s)) mgimﬁ(s) x0(s— 4m3r) ,

V2(t,m2,m
Im (m némw(t)) = M( 7rn—>7rn(t)) xmngmm(t)e(tf(mﬂ+mn) ),

)\1/2(u mmmn) (

Im (mi,gém,r(u)) = " 7rn—>7rn(“)) x my gnm (w)f(u—(mx + mn)Q) ,
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Unitarization of the ChPT amplitude
N/D unitarisation method applied to ' - nnw
@ Amplitude at one-loop in Large-N¢ U(3) ChPT with resonances

Mnl—)?’]’ﬂ'ﬂ'(s) — . "

@ N/D representation of M7 777 (s)

77 —’777T7F(8) [1 + Nii(s)gmr(s)] 1RIJ_,,77W(S)

L/

V.
Miae o[

crossed channel
Resonance Exchange c{?:;g et

f/\ 0.7 n
ag
Kor.x T

t,u-channels

gT(ﬂ'(S) = aﬂﬂ'(:u') - - 167r2 (aﬂﬁ(u) + IOg W 0'(8) IOg ZEZ;Jr}
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N/D applied to ' —» nrr

@ Amplitude at one-loop in Large-N¢ U(3) ChPT with resonances

Mn’—>777r7r(8) ZM(S)(2) +M(S)Res(s,t,u) +M(S)Loop(s,t,u) (2)
@ N/D representation of Eq. (2)

m717;7—>777r7r(8) = [1 + Nii(s)gﬁﬂ(s)] 1RIJ—>n7r7r(8) (3)
where
NIJ(S) _ 7ffr}lr(S)(2)+Res+Loop 7
R717J—>n7r7r( ) _ m717;]—>n7r7r(5)(2)+ReS+Loop7

@ Chiral expansion of Eq. (3) leads
m; —>777T7F(S) = mé;]_)nwﬂ(s)(2)+Res+Loop tIJ(S)(2)g ﬂ(s)m

Im( 77 —>777r7r(8)) = tIJ(S)UW(S)mn —>777r7r(8)

$)@ 4 ...

n' —>777r7r(
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Fits to experimental data Unitarization of the ChPT amplitude

Partial waves

@ Unitarized amplitude in terms of the S-and-D-waves

M0, (s,c0805) = > 32m(2J + 1) Py(cosfs)m'” (s)
J

m%(s) mP%(s)
=321 R 0 1607 P 0
e T ) R e T
m?(s) = L i /tmax dtPy(cos )M (s,t,u)
321 A(s,m2,, m2)V2A(s,m2, m2)V2 Jeus,
s(m%,+m,27+2m,2r—s—2t)

cos -
B A(s,m2,,m2)12\(s,m2,m2)1/2’
n n K s

Py(cosbs) = 1, Py(cosby) = %[ -1+ 3((:0595)2] < X2

Sergi Gonzalez-Solis (ITP) Chiral Dynamics 2018 20 september 2018 20/38



Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: == final-state interactions effects

Parameter  Fit A Fit B Fit C A2 Collaboration |
Mg 1001(24) 983(10) 930(7)(39)

ca 29.5(1.8) 28.6(7) 23.5(6)(2.4)

em =cq =41.1(1) = 80(20)

Cq 17.0(1.0) 16.5(4) 13.6(4)(1.4)

Em =g =18.9(9) 46.2(11.5)

arr (1) 0.73(25) 0.24(12) 0.41(11)(19)

xf‘iof 220.4/197 ~1.12 | 220.1/197 ~1.12  220.1/197 ~ 1.12

alY] -0.075(9) -0.075(7) —-0.074(7)(1) -0.074(8)(6)
b[Y2] -0.051(1) -0.056(1) -0.053(1)(1) -0.063(14)(5)
c[X] 0 0 0 0

d[XQ] -0.049(14) -0.050(4) -0.049(4)(1) -0.050(9)(5)
Parameter  Fit A (ChPT) Fit B (ChPT) Fit C (ChPT) A2 Collaboration |
Mg 973(5) 992(7) 926(5)(25)

cd 30.1(4) 32.9(5) 25.7(4)(1.9)

Cm =cq =41.1(1) =80(20)

éq 17.4(2) 18.4(3) 14.8(2)(1.1)

Em = &g =18.9(9) 46.2(11.5)

Xgof 242.2/198 ~1.22 | 246.4/198 ~1.24  242.3/198 ~ 1.22

alY] —0.095(6) ~0.083(6) ~0.090(7)(2) ~0.074(8)(6)
b[Y?] 0.005(1) —0.001(1) 0.004(1)(0) -0.063(14)(5)
c[X] 0 0 0 0

d[X?] -0.037(5) -0.057(5) —0.041(7)(1) -0.050(9)(5)
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Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: == final-state interactions effects
) Cusp seen for the first time in n - 7]7T0 0

1.1] 11
> i x
hd el
|5 10f 1 IS 10
sis s|=
== 0.9 = A2 data (analysis | ) == 0.9 « A2 data (analysis |)
= o A2 excluded fit data (analysis I ) = o A2 excluded fit data (analysis Il )

0.8 — This work: 7z unitarization 0.8t — This work: zz unitarization

Cusp at4me.
0'6.0 0.2 04 0.6 0.8 1.0 12 0'—7 .0 -05 0.0 05 1.0
X Y

1.2 12

11 11
£« £
Fl&10 Il g0
=12 -3 :
vla ) ala
— |5 0.9 = A2 data (analysis | — |3 09
s = (@naly; ) s = = A2 data (analysis | )
— I o A2 excluded fit data (analysis Il ) — § .
~ — o A2 excluded fit data (analysis Il )

0.8] — This work: 7z unitarization 0. . L

— This work: 7z unitarization
o7l Cuspat4nt. 07
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Mo 0 (GEV) My, (GeV)
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Fits to experimental data Unitarization of the ChPT amplitude

7n final state interactions effects
@ Perturbative expansion supplemented by FSI

ML T (8,8, u,cos 0y, cos 0,) = M(s,t t,u)(2)+Res+Loop

10 (2)+Res+Loop

Mty (L
+327rP0(0089t)1 wooner ()
+

10 (2)+Res+Loop
My (U

+327rP0(cos0u)1 RN

+

—32’/TP0(COS gt)mn Hnmr(t)(z)*'R%*'LOOp 327 Py (cos b, ) 77 "7]777\' (u)(2)+ReS+Loop
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Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: 7 final-state interactions effects
@ Fit restrictions: Mg = Mg, = Mg, = Ma, and ay = 2.0*3:} (Guo'11)

Parameter | Fit A Fit B Fit C Fit D

Mg 985(7)(20) 913(12)(32) 999(9)(14) 940(9)(47)

ca 30.6(5)(7) 24.4(1.0)(4.6) 32.3(6)(9) 26.3(5)(2.5)
Cm =cq 100.5(3.0)(50.0) = 41.1(1) =80(21)

Cq 17.7(2)(2) 14.1(6)(2.7) 18.7(4)(5) 15.2(3)(1.4)
ém =&y 58.0(1.7)(28.9)  =18.9(9) 46.2(12.1)
Xgof 243.2/198 ~1.23 | 242.9/197 ~ 1.23 244.5/198 ~1.24  242.7/197 ~ 1.23
alY] —0.094(6)(9) ~0.086(9)(14) ~0.083(7)(7) ~0.089(8)(15)
b[Y?] 0.005(1)(1) 0.004(1)(1) 0.001(1)(1) 0.004(1)(1)
d[X2] -0.031(5)(4) -0.035(8)(9) -0.049(5)(13) -0.035(7)(9)
Parameter  Fit A (ChPT) Fit B (ChPT) Fit C (ChPT) Fit D (ChPT)
Mg 973(5) 954(47) 992(7) 926(5)(25)

cq 30.1(4) 28.0(4.6) 32.9(5) 25.7(4)(1.9)
cm =cq 53.4(52.0) =41.1(1) =80(20)

Zq 17.4(2) 16.1 18.4(3) 14.8(2)(1.1)
ém =g 30.8 =18.9(9) 46.2(11.5)
Xiof 242.2/198 ~1.22 242.0/197 ~ 1.23 246.4/198 ~1.24  242.3/198 ~ 1.22
alY] —0.095(6) ~0.093(45) ~0.083(6) ~0.090(7)(2)
b[Y?] 0.005(1) 0.004(3) -0.001(1) 0.004(1)(0)
c[X] ] 0 0 0

d[x?] -0.037(5) —0.039(18) -0.057(5) —0.041(7)(1)
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Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: 7 final-state interactions

12 12
11 11
> x
&> & | x
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Fits to experimental data Unitarization of the ChPT amplitude

Inclusion of 77 and 71 final-state interactions

@ Perturbative expansion + S-and D-wave 7w and S-wave 77 FSI

M(Sa ta u, cos es,t,u) = M(S, t, U)(2)+RGS+LOOP

00 (S)(2)+Res+Loop

My s nmn
+327TPO(0080 ) 1+ Jﬂﬂ—(S)t (S)(2)+Res+Loop

02 (S)(2)+Res+L00p

+1607 Py (cos ) — 117
s 1+ .(]ﬂ—ﬂ(S)t(T)r%T(s)@)JcherLoOp

-327 Py (cos 0, )m77 _,mm(t)(2)+Reb+LO°ID 1607 P2 (cos 0, )mn e (U
10 (2)+Res+Loop
My (8
+327 Py (cos b) wnen ()
1+
10 (2)+Res+Loop
m —>NTT
+327 Py(cos by, ) woner (1)
-327 Py(cos Ht)mn - (t)(P+RestLoor _ 39, P (cos b, )mn e
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Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: == and 77 final-state interactions

@ Fit restrictions: Mg = Mg, = Mg, = Ma, and ary =2.073; (Guo'11)

Parameter | Analysis | . | Analysis I |

Fit 1 Fit 2 Fit 1 Fit 2
Mg 1017(68)(24)  999(33)(23)  1040(79)(28)  1020(48)(28)
cd 30.4(4.8)(9)  29.1(2.4)(1.6) 32.0(5.3)(9)  30.9(3.4)(2.2)
Cm =g =41.1(1) =g =41.1(1)
Ca 17.6(2.8)(5)  16.8(1.4)(9)  18.5(2.8)(5)  17.8(2.0)(1.3)
m =y =18.9(9) = &g =18.9(9)
- 0.76(61)(6) 0.34(22)(19)  0.98(58)(9) 0.57(38)(20)
ot 1.12 1.12 1.23 1.23
a[Y] -0.074(7)(8) -0.073(6)(9) -0.071(6)(8) -0.070(6)(9)
b[Y?] -0.049(1)(2) -0.054(1)(2) -0.050(2)(1) -0.054(1)(1)
d[X?] -0.047(8)(4) -0.047(2)(4) -0.055(6)(4) -0.055(6)(4)
ko3[ Y] 0.001 0.003 0.001 0.002
ko [YX?]  -0.004 -0.005 -0.005 -0.005
koo[Y2X?]  0.001 0.002 0.002 0.002
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Fits to experimental data Unitarization of the ChPT amplitude

Fits to experimental data: == and 77 final-state interactions
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Fits to experimental data

Fits to experimental data

@ Dalitz plot slope parameters

1.1

10 -05 00 05 10 7 -10 =05 00 05 10
X X

Sergi Gonzalez-Solis (ITP)
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Unitarization of the ChPT amplitude

A2 Coll. 1709.04230

Dalitz Parameters (A2)
a[Y] = -0.074(8)(6)
b[Y?] = -0.063(14)(5)
d[X?] = -0.050(9)(5)

Dalitz Parameters
a[Y] =-0.095(6)
b[Y2] = 0.005(1)
d[X?] =-0.037(5)

|
a[Y] = -0.072(7)(8)

v D[Y?] = -0.052(1)(2)
d[X?] = -0.051(8)(6)
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to experimental data

Dalitz Plot Parameters

Unitarization of the ChPT amplitude

GAMS-4r (2009)
A2 (2017)

Borasoy et.al. (2005)
This work

VES (2007)

BESIII (2011)

BESIII (2017)

Borasoy et.al. (2005)
Escribano et.al. (2011)
Isken et.al. (2017)
Isken et.al. (2017)
This work |

BESIII (2017) —e—
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alY]
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Fits to experimental data Unitarization of the ChPT amplitude

The role of the D-wave 77 FSI

Analysis |

Parameter ) ) )

Fit 1 (with D-wave) Fit 1 (w/o D-wave)
Ms 1017(68)(24) 996(66)(25)
Cd 30.4(4.8)(9) 23.3(3.5)(1.5)
Cm =Cq =Cq
éa 17.6(2.8)(5) 13.5(2.0)(9)
Cm =Cq =Cq 2 2
e 0.76(61)(6) 2.01(1.61)(71) M, ¥ el /lM(X’Y)D‘W“e:OIOO
3ot 1.12 1.24 10 '
aly -0.074(7)(8) -0.091(9)(4)
b[Y?] -0.049(1)(2) -0.013(1)(5) 05
c[X] 0 0 [
d[X?] -0.047(8)(4) ~0.031(6)(3)” 00
ko3[Y°] 0.001 0.001 '
kat[YX?]  -0.004 -0.001 -05
k22[Y2X?]  0.001 0.0004 '

0.92

-10-

-10 -05 00 05 10
X
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Fits to experimental data Unitarization of the ChPT amplitude

71 phase shift within the phase space
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Comparison with BESIII 2017 experimental data

@ Data is not publicly available
@ Less events than A2 (351016 vs 1.2-10°)
@ No cusp structure seen

@ Contrarty to A2 both 7' - nr%7" and ' - n=*7~ are measured

16

14 BESIII Coll. 1709.04627
%
Elx12
~ | E
=12
e 10
=&
—| o8

A BESIII 'data’ 1
06 —This work: our prediction 2 1.1
0.08 0.10 012 0.14 oq6 ~ dof
mzﬂoﬂn (GeVz)
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Summary

@ 1’ - nrm analyzed within U(3) ChPT at one-loop with resonances
@ We have illustrated a method (N /D) to resumme two-particle FSI
@ Dalitz plot parameters:

@ Y-variable is linear in s: Importance of =7 FSI

@ X-variable appear in the form cos6, = X f(Y): Importance of the D-wave
@ mn FSI effects are small

@ We are in position to provide our parameterization to experimental
groups

@ Same method can be applied for (") - 37 decays
@ See talk by T. Isken for a dispersive approach
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Hierarchy of the contributions

8,
— LO+resonances+loops —— Resonance exchange contribution
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Unitarity Violations

25

= N
(4] o

phase [Degree]
N
o

— decay
—— nr amplitude

0.28 0.30 0.32 0.34 0.36 0.38 0.40
Mo 0 (GeV)



Tensor Resonance contributions

Lt
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Ecker and Zauner, EPJC 52, 315 (2007)
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Masses and couplings

Source

MSS ]\451 Mag Cq Cm
ap — M (Guo et.al. '09) 980 = Mg, =Ms, 26 80
res. saturation (Ecker et.al. '88) 983 = Mg, =Ms, 32 42
K scattering (Jamin et.al. '00)
1400 = Ms, =Ms, 30 43
1190 = Mg, = Mg, 454 =cq
1260 = Mg, = Ms, 24.8 76.7
1360 = Ms, =Ms, 13 85
PP~ PP (P=m,K,1)
Guo etal 11 13704232 1063733 = Ms, 15642 3157393
Guo et.al'12 1397723 1100735 = Ms, 19.87%%  41.9739
Ledwig etal. 14 1279(9)  808.9(4) =Ms, 39.8(1)  41.1(1)
This work
Resonances-+loops 972(6) = Ms, =Ms, 29.9(4) =cdq
Resonances+loops 953 = Mg, = Mg, 27.8 53.2
7w final state interactions 998(19) = Ms, =Ms, 29.3(1.2) =cq
1021 = Mg, =Ms, 325 demeq = f
mn final state interactions 978(7) = Mg, =Ms, 29.8(7) =cq
wm+mn final state interactions  990(95) = Mg, =Ms, 32.0(6.8) =cq




Summary
@ 7' - nrr analyzed within U (3) ChPT at one-loop with resonances

@ We have illustrated a method (N /D) to resumme two-particle FSI
@ Dalitz plot parameters:
@ Y-variable is linear in s: Importance of =7 FSI

@ X-variable appear in the form cosfs = X f(Y'): Importance of the D-wave

@ 7 FSI effects are small

Experiment aly] b[Y ?] c[X] [x?]
GAMS47 (c=0) 09  —0.067(16)(4)  —0.064(29)(5) 0 ~0.067(20)(3)
VES 07 -0.127(16)(8)  —0.106(28)(14)  0.015(11)(14) —-0.082(17)(8)
BESIII 11 -0.047(11)(3)  —0.069(19)(9) 0.019(11)(3) -0.073(12)(3)
A2'17 -0.074(8)(6) ~0.063(14)(5) — —0.050(9)(5)
BESIIM7 -0.087(9)(6) -0.073(14)(5) 0 -0.074(9)(4)
BESIII'M7 —0.056(4)(3) —0.049(6)(6) 2.7(2.4)(1.8)- 1073  —0.063(4)(4)
Previous Estimates

Borasoy et.al.05 ~0.127(9) —0.049(36) 0 0.011(21)
Borasoy et.al.05 -0.116(11) —-0.042(34) 0 0.010(19)
Escribano et.al’10 —0.098(48) —0.050(1) 0 —0.092(8)
Escribano et.al’10 —0.098(48) —0.033(1) 0 -0.072(1)
Fariborz et.al’14 —-0.024 0.0001 0 —-0.029

Kubis et.al."17 —0.148(18) —0.082(7) 0 ~0.068(11)
Kubis et.al.’17 —0.041(9) —0.088(7) 0 —0.086(22)
This talk

Resonances —0.096(9) 0.002(1) 0 —0.036(6)
Resonances+loops —0.095(6) 0.005(1) 0 —0.037(5)

w7 FSI -0.075(9) —-0.051(1) 0 —-0.049(14)
7n FSI -0.095(6)(5) 0.005(1)(1) 0 —-0.034(5)(3)
T+ T -0.073(7)(5) -0.052(1)(2) 0 -0.052(8)(5)
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