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OUTLINE

Introduction

Tau decays into two mesons

m 7~ — 7 7°v,: The Pion vector form factor

m 7~ — K Ksv,: The Kaon vector form factor

m 7 — Ksm v, and 7= — K nu,: Kz form factor

T — 3mv; (preliminary results)

Outlook



INTRODUCTION




QUANTUM CHROMODYNAMICS
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m asymptotic freedom: aol

"like QED", but only at high energies 0 %
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¥ Tdecays (NLO)

m confinement:
at low energies the gluons bind the
quarks together to form the hadrons 0
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= QCD @ (M) =0.1184 +0.0007

10 Q[GeV] 100

m Approaches to describe the Low-energy regime of QCD:

1. Lattice QCD simulations: determination of SM fundamental
parameters from first principles (quark masses, as)

2. Chiral Perturbation theory

3. S-matrix theory: based on analyticity and unitarity
arguments (dispersion relations)




TEST OF QCD AND ELECTROWEAK INTERACTIONS
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m Inclusive decays: 7~ — (ud, us)v, 0@ |
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Full hadron spectra (precision physics)
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Fundamental SM parameters:
aS(mT)a mSa |VUS|
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=QCD «(Mz)=0.1184 £0.0007

m Exclusive decays: 7= — (PP, PPP,...)v;, ' 0 QiGev) ™

specific hadron spectrum (approximate physics)

W‘ Hadronization of QCD currents, study of Form Factors,
resonance parameters (Mg, I'g)
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7 DECAYS INTO TWO MESONS

T Vr

m 7 — P v, : F.x (decay constants)

m 7 — (2P) v, : good control &= Vigd 4 Vis
m 7~ — (3P) v, : reasonable good control

m 7 — (> 3P) v, : poor knowledge

Gr . -
—=V v )V (1 = )u(p-) (P~ P|d' " ulo),
5 Vorm(Py, )y" (1= 77)u(p-)(P"PT|dy"ulo)

Af,,—, H — p/0 A,,Q — p/0
Cppxo{ (pf — ik — %q) Fy P (s) + %Q“Fg ? (5)}

M (17 = P P,

(P~ P|d'y"ulo)

dr(r— =P Pu;) GV, mfshddC s \?
ds = 76873 Ew “pp’ - NTZT

X

{(+ ) Wm0 3255 O 0

Dp—po = Mo —Mpo, Corpo : Clebsch — Gordon




7 DECAYS INTO TWO MESONS

dr (r— — P~ P°,) Gf2:|vu1|2 TSha(l (1= S ’
ds 7683 "

. AN - po
{(1 4 ) X o (S)FY P () +3=5E N2 (5)IFE " <s)2}

7.

Ap po — mi_ - m%o

m 7~ — 7 7%, Pion vector form factor, p(770), p(1450), p(1700)
m 7 — K Ksv,: Kaon vector form factor, p(770), p(1450), p(1700)
B 7 — Ksm v,: Kr form factor, k*(892), K*(1410), K3, Vus

m 7 — K vz K*(1410), Vis

m 7 — 7 v isospin violation




TAU DECAYS INTO TWO MESONS




THE PION VECTOR FORM FACTOR: MOTIVATION

m Enters the description of many physical processes

) ¥
hadronic:

e high-statistics data until de = mass
e sensitive to p(1450) and p(1700)
e our aim: to improve the description
of the p(1450) and p(1700) region




THE PION VECTOR FORM FACTOR: MOTIVATION

m Enters the description of many physical processes

Y

hadronic:
770
o<7r #

m BaBar measurement of 7= — K~ Ksv- (PRD 98 (2018) no.3, 032010)

: :
| egood quality data
: o e sensitive to p(1450) and p(1700)
o H. Ju e our aim: to improve the description
A7 { [ iul | ofthe p(1450) and p(1700) region
Rt
0 \T\ Ry




THE PION VECTOR FORM FACTOR F{/(S)

m How to determine Fj(s) experimentally?

» 7= — 7~ 7°u; (Belle PRD 78 (2008) 072006) and et e~ — 77— (BaBar PRD 86 (2012)

032013)
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m What do we know theoretically on the form factor?
» Its low-energy behaviour: given by ChPT (Gasser&Leutwyler'ss)
» Its high-energy behaviour (~ 1/s): given by pQCD (Brodsky&Lepage'79)

» For the intermediate energy region: models




PION VECTOR FORM FACTOR: CHPT O(p*)

Gasser and Leutwyler Nucl.Phys.B 250, 517 (1985)

NSO e

F)loer — 1+ 228 An(5.1) + 2An(5.12)
ChPT = F2 967r2F$r K>, [
m32 8m% 5 op(s) +1 m?
Ap(s, ) = log—2+ —P_= 3(s) 1 = S)=14/1—4—P
P(//’L) og M2+ s 3+UP()Og O’p(S)—1 ’UP() 45
0. '/-_.,//””—"ﬂﬂ
1/*}./ T
= it
= 01 . N.H‘H
o Belle (2008) V
001, __ ChPT at p*
0.001

0.0 05 10 15 20 25 30 m
s [GeV?2]




PION VECTOR FORM FACTOR: CHPT WITH RESONANCES
m Resonace Chiral Th. (RxT) /\/\/\/\.<1r - Mﬂ T ’

2
FvGy s FRG=F2 M;

Fi(s) =1+ ,
F2 M2 —s M2 —s
m Expansion in s and comparing ChPT and RyT
2L4 (1) S

Fi(s) = 1+

1
S — AL (s, 1?) + —Ak(s, 12
F72r 967T2F72r( (7“)"1'2 K( )y )>

Fi(s) = 1+(AZ%)+<;%>2+~--

m Chiral coupling estimate: Lg(M,) = 2

m Combining ChPT and RyT

M2 s 1
FI(S) = g 42(5.4) + s, 12)|

T M2—s  96m2F2




DISPERSIVE REPRESENTATION

m Dispersive approach

disc| wzv<] = w@

discFy(s) = 2ior(S)Fu(S)TI(s) = 20Fy(s)sins}(s)e ™),

1 [, discFy(s’
FV(S) = —5 ds//lsciv(.) 5
2it Jume S —S— e

m Analytic solution (Omnés equation)

Fv(s) = P(s)Q2(s), (s) =exp {S /:O ds'(w} ,

T Jue (S —s—lg)
T s T T s T T
’\A/\/\/‘<—’\/\/\/\N<+W/\/\©< +’\AN\/@<+...
s ™ T 0 0 7T s




RyT + OMNES: EXPONENTIAL REPRESENTATION

B Resummation of final-state interactions to all orders (omnés)

Fo(s) = Pn(S)exp{sn/:o ds’ 53(5')}

T Jyme (S)'S' —S —Ie

m Get a model for the phase from 7 — =7 scattering at O(p?)

s—m2 sa2(s)
T = w 71 — m\7J 1 =0, T! _ s

m Omneés exponentiation of the full loop function

2
Fy(s) = My expy — > 5 (s, 1?)
VT e s o6r2f2 T

[ 60



RX’T + OMNES: EXPONENTIAL REPRESENTATION
oM, K T

m Incorporatation of the (off-shell) p width W®<
1 W,K T

ro(s) = — é‘:’r St [A+(5) + 2Ac(s)] = 9’;";; [0(5)0(s — 4m2) + ox(s)6(s — 4m3)] .

Guerrero, Pich PLB 412, 382 (1997)
M2 s 1

F(s)IAres = o s e A<+ JAcs. )] -
OPO T M2 — s — M, ,(s) 9672F2 2

—— ChPT at p*
— Our fit

sl Belle (2008) WWW

0.001
0.0 0.5 10 15 20 25 3.0

s[GeV?] m




RyT + OMNES: EXPONENTIAL REPRESENTATION

m Incorporation of the p/(1450), p” (1700)

M2 +s <A/ei<251 4L 6ei¢2> S 1
= 3res  __ 14 _ R _ Aﬂ— —A
v (S)‘expo Mf) s IM/,rp(S) exp € 967T2F72_r < (S) =+ 5 K(S))

s el sl (M2))
— - exps — ——=——=———ReA(S
M2, —s —iM, T, (s) { M3, 03 (M2)) (s)

p p

S eld)z Srp// (Mz//)
s . — T ReA(s) ¢
W sy T ) exp{ 3 ) A
where
M/ " 0'3(5)
Cypr(s) = Tprpn =20 7m0
PP PoF \/g U%(M;/’pu)




RyT + OMNES: EXPONENTIAL REPRESENTATION

e Belle (2008)
f —— ChPT atp*

— Our fit: exponential representation

0.010

0.001: ‘ ‘ ‘ ‘ ‘ L
0.0 0.5 1.0 1.5 2.0 25 3.0

s [GeV?]
M, = 775.2(6)MeV, 7 = 0.15(4), ¢ = —0.36(24),

M, = 1438(39)MeV, [, = 535(63)MeV, 6 =—0.12(4), ¢, = —0.02(45),

M, = 1754(91) MeV , T, = £12(102) MeV,  xGor = 0.92

[ 60



RyT + OMNES: EXPONENTIAL REPRESENTATION

e Belle (2008)
f —— ChPT atp*

— Our fit: exponential representation

0.010

0.001: ‘ ‘ ‘ ‘ ‘ L
0.0 0.5 1.0 1.5 2.0 25 3.0

s [GeV?]
M2 = 762.0(3) MeV, TP = 143.0(2) MeV,

pole __ pole __
M7 = 1366(38) MeV, T} = 488(48) MeV,

pole __ pole __
myc = 1718(82) MeV , s = 397(88) MeV ,




DISPERSIVE REPRESENTATION

m Drawbacks: Constraints from analyticity, unitarity and chiral
symmetry not fully respected

m Dispersion relation with subtractions:

53 Scut s/
oz1s+0;252+/ ds’ o(s') ] ,
/A

Fi(s) = :
v(s) = exp T Jumz  (S)3(S' —s—e)

> Low-energy observables

1
Fi(s) =1+ ¢ (P)s+ cjs* + djs® + -,

2ropY _ 2L(k) 1 M2 w2
(r')Vlcnpr = P prR 2log 2 + log 2 +3],
T - 1 Rl [Secut ¢(S/)
<I’2>V = 6041 , Cy = 5 (a2 + af) , Q= ? /Mn3r ds/ S/k+1 .

> s...: cut-off to check stability




DISPERSIVE REPRESENTATION

m Dispersion relation with subtractions:

53 Scut S/
Fy(s) = exp |auS + %52 + / ds’ o(s) ] 7
7

T Jym2 (s")3(s' —s — Ig)

m Form Factor phase ¢(s)

150

» 1m2 < s < 1GeV: mm phase from Roy

(Garcia-Martin et.al PRD 83, 074004 (2011)) 5100

[
B

» 1< s < m2:"Pheno" phase shift 50

e 3res 0! t
ImFV (S) o 05 10 15
= S RS Vs [Gev]
ReFy (s)[expo

tan ¢(s)

» m2 < s: phase guided smoothly to 7

[ 60



DISPERSIVE FITS TO THE PION VECTOR FORM FACTOR

m Fits for different values of s.,; and matching at 1 GeV

Parameter Scut [GeV2]

Fits m2 4 (reference fit) | 10 %)

Fit1 ] o, [GeV~2] | 1.87(1) 1.88(1) 1.89(1) 1.89(1)
a, [GeV™4] | 4.40(1) 4.34(1) 4.32(1) 4.32(1)
m, [MeV] | =773.6(9) | =773.6(9) =773.6(9) | =773.6(9)
M, [Mev] | =m, =m, =m, =m,
M, [MeV] | 1365(15) 1376(6) 1313(15) 1311(5)
I, [MeV] | 562(55) 603(22) 700(6) 701(28)
M,.[MeV] | 1727(12) 1718(4) 1660(9) 1658(1)
r [MeV] | 278(1) 465(9) 601(39) 602(3)
y 0.12(2) 0.15(1) 0.16(1) 0.16(1)
[0S —0.69(1) | —0.66(1) —1.36(10) —1.39(1)
0 —0.09(1) | —0.13(1) —0.16(1) —0.17(1)
®2 —0.17(5) —0.44(3) —1.01(5) —1.03(2)
x2/d.o.f 1.47 0.70 0.64 0.64




m Form Factor phase shift for different values of s.

200f

— Roy [6](s)]

—_—— Scut=m§ e
— 1507 __ Seut=4 GeV?
[72]
s —— sou=10 GeV?
8100, 7 s
@
S

50"
8.0 05 15 2.0

1.0
s [Gev]

m The results can be found in tables provided as ancillary
material in 1902.02273 [hep-ph]



m Modulus squared of the pion vector form factor

; Belle da{a (2008) |
10t — This work (Seu=4 GeV?)
««+ This work (Sgyt—>o0)
o~ 1 ...." E
@
E__> 0.100:
0.010+
0.001: ‘ ‘ ‘ ‘ ‘ 4
0.0 0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?]

m The results can be found in tables provided as ancillary

material in 1902.02273 [hep-ph]



VARIANT (I)

m Fits for different matching point and with s.; = 4 GeV

Matching point [GeV]

Fits Parameter 0.85 0.9 0.95 1 (reference fit)

FitT [ o, [GeV—2] | 1.88(1) 1.88(1) 1.88(1) 1.88(1)
o, [GeV~4] | 4.35(1) 4.35(1) 4.34(1) 4.34(1)
m, [MeV] | =773.6(9) | =773.6(9) | = 773.6(9) =773.6(9)
M, [MeV] =m, =m, =m, =m,
M, [MeV] | 1394(6) 1374(8) 1351(5) 1376(6)
M, [MeV]l | 592(19) 583(27) 592(2) 603(22)
M,.[MeV] | 1733(9) 1715(1) 1697(3) 1718(4)
I, [MeV] | 562(3) 541(45) 486(7) 465(9)
vy 0.12(1) 0.12(1) 0.13(1) 0.15(1)
O —0.44(3) | —0.60(1) | —0.80(1) —0.66(1)
o —0.13(1) —0.13(1) —0.13(1) —0.13(1)
(o —0.38(3) | —0.51(2) —0.62(1) —0.44(3)
x2/d.o.f 0.75 0.74 0.68 0.70




VARIANT (||): INTERMEDIATE STATES OTHER THAN 77

m Fit A: ) — KK and p" — KK
mFitB:p — KK+ p/ — wn

Scut = 4 GeV?
AUl Fit A Fit B reference fit
a, [Gev=2] | 1.87(1) 1.88(1) 1.88(1)
a, [GeV~4] | 4.37(1) 4.35(1) 4.34(1)
m, [MeV] | =773.6(9) | =773.6(9) | = 773.6(9)
M, [MeV] =m, =m, =m,

M, [MeV] | 1373(5) 1441(3) 1376(6)
M, [MeV] | 462(14) 576(33) 603(22)

M,.[MeV] | 1775(1) 1733(9) 1718(4)
[y [MeV] | 412(27) 349(52) 465(9)

0% 0.13(1) 0.15(3) 0.15(1)
®1 —0.80(1) | —0.53(5) | —0.66(1)
J —0.14(1) —0.14(1) —0.13(1)
(02 —0.44(2) | —0.46(3) | —0.44(3)
x2/d.o.f 0.93 0.70 0.70




DISPERSIVE REPRESENTATION: SINGULARITIES AT S = Syt

m Modulus squared of the pion form factor s.,; = m., 4 GeV?
‘ ‘ e Belle data‘ (2008) ‘
— (Sou="E GeV?)

— (Se=4 GeV?)

10:

1
L 01
0.01:
0.001 ‘
0 1 2 3 4
s[GeV?]




VARIANT (I11)

m Dispersive representation of the pion vector form factor

Scut 1(</ (o ¢] /
\7/r(s) = exp [S/ ds’ (51(5) S E ds’ 6eff(5) i ] Z(S)
4

T Jumz ()(s'=s—ie) 7 /s, (SN —s—ig)
m Properties for . (S)

P Sef(Scut) = 07(Scut) @nd des(S) — 7 for large s to recover 1/s

bet(S) = ™+ (67(Scut) — ) SCSUt

» Integrating the piece with d.g(S)

(1, 3i(s m)) S —

81(seut) s Z & S

Fi(s) = e~ (1 — ) <1 — >
Scut Scut

s e A
waﬁﬂ%%_%Jﬂg

_ V Scut vV scut —S
vV Scut + vV Scut — S m




VARIANT (I11)

The resulting fit parameters are found to be
a, = 2.99(12),

M, = 1261(7)MeV, T, = 855(15) MeV,
M, = 1600(1)MeV, T ,» = 486(26)MeV ,
v = 0.25(2), ¢ = —1.90(6),

d = —0.15(1), ¢ = —1.60(4),
with a x?/d.o.f = 32.3/53 ~ 0.61 for the one-parameter fit, and
a, = 3.03(20), @, =1.04(2.10),

M, = 1303(19)MeV, [, = 839(102)MeV,
M, = 1624(1) MeV, T, = 570(99) MeV
7 = 0.22(10), ¢ = —1.65(4),

0 = —0.18(1), ¢ = —1.34(14),
with a x*/d.o.f = 35.6/52 ~ 0.63 for the two-parameter fit.

o6 &




m Form Factor phase shift for different parametrizations

250
— Fit 1 (reference fit)
—.—Fit1-p
200 —— Fitl
o — —FitA p
g 150+ - Fit singularities s
o) /
o) /
S, /
0 1007
<
50t /:,,“’f
J
'//
8.0 0.5 1.5 2.0

1.0
s [Gev]

m The results can be found in tables provided as ancillary
material in 1902.02273 [hep-ph]



m Modulus squared of the pion vector form factor

/’/’/.\.‘i\. ]
10- & .
A |
o~ 1 ’* e E
E‘% e Belle data (2008)
'-'_~ 0.100: — Fit 1 (reference fit)
—.— Fit1—p
0.010;—= Fit!
— — FitA ]
+++ Fit singularities |
0.001¢ ‘ ‘ ‘ ‘ ‘ .3
0.0 0.5 1.0 1.5 2.0 25 3.0

s [GeV?]
m The results can be found in tables provided as ancillary
material in 1902.02273 [hep-ph]




CENTRAL RESULTS

m Fit results (central value =+ stat fit error + syst th. error)
ar = 1.88(1)(1) GeV ™2, ay = 4.34(1)(3) GeV 4,
M, = 773.6 £ 0.9 + 0.3 MeV ,
M, = 1376 £ 6138 MeV, T, = 603422723 MeV,
My = 1718 £ 4731 MeV, T, = 465+ 975 MeV,
v = 0.15 £ 0.017 3%

oo, ¢1 = —0.66+0.011577
§ = —0.13+£0.01735°, ¢, = —0.44 +0.0375:05

0.90 >
m Physical pole mass and width

MO = 760.6 + 0.8 MeV, TP = 142.0 £ 0.4 MeV,

MP'e = 1289 £ 8152 MeV, [P = 540 £ 167735 MeV,
pole
My

1673+ 4755 MV, 20 = 445+ 8777 MeV




p(1450) AND p(1700) RESONANCE PARAMETERS

Reference Model parameters Pole parameters Data
M, T, [MeV] MPPLe, P21 [MeV]
ALEPH 1328 & 15,468 + 41 1268 £ 19,429 + 31 T
ALEPH 1409 + 12,501 + 37 1345 + 15, 459 + 28 T&e
Belle (fixed [F7(0)[?) 1446 +7+28,434+16+60 1398 £8431,408£13+50 7
Belle (all free) 1428 £15+26,413 =12+ 57 1384 4+16+29,390 =10 +48 T
Dumm et.al. — 1440 + 80,320 =+ 80 7
Celis et. al. 1497 £ 7,785 + 51 1278 4+ 18,525 + 16 T
Bartos et. al. = 1342 £ 47,492 + 138 efe-
Bartos et.al. = 1374 + 11,341 £ 24 T
This work 1376 + 678 603 £ 22123° 1289 + 8152 540 + 1617 T
Reference Model parameters Pole parameters Data
(M, T 1) [MeV] (Mg?,‘e, rgi‘,le) [MeV]
ALEPH =1713,= 235 1700, 232 T
ALEPH 1740 =4 20, = 235 1728 + 20,232 T&e
Belle (fixed |[F7(0)[?) 1728 +17 4+ 89,164 + 21752 1722 418,163 +- 21755 T
Belle (all free) 1694 == 41,135 £+ 36750 1690 == 94, 134 £ 36743 T
Dumm et.al. = 1720 =+ 90, 180 + 90 T
Celis et.al. 1685 + 30,800 + 31 1494 + 37,600 =+ 17 7
Bartos et.al. — 1719 = 65, 490 & 17 efte-
Bartos et. al. — 1767 =+ 52, 415 & 120 T
This work 718 + 479 465 + 911 1673 & 4155 , 445 £ 8177 T

—94 —53

—49




LOW-ENERGY OBSERVABLES

References (rT (Gev—2) ¢l (Gev—*) Sum rule seur (GeV?2) Fit Eq. (42)
4 10 o0
Colangelo etal. [55] 11.07 + 0.66 3.2+ 1.03
Bijnens etal. [32] 11.22 +0.41 3.85 £ 0.60 @1 1.52 1.66 175 1.88 £ 0.01 =0.01
Pich etal. [6] 11.04 £ 0.30 379 £0.04 22 426 430 431 4344001 £0.02
Bijnens etal. [33] 11.61 £0.33 4.49 +0.28
de Troconiz etal. [56] 11.10 £ 0.03 3.84 £ 0.02
Masjuan etal. [57] 11.43 £ 0.19 3.30 £ 0.33
Guo etal. [58] - 4,00 + 0.50
Lattice [59] 10.50 + 1.12 3.22 +0.40
Ananthanarayan etal. [60] 11.17 £ 0.53 [3.75, 3.98]
Ananthanarayan etal. [61] [10.79, 11.3] [3.79, 4.00]
Schneider etal. [48] 10.6 3.84 +0.03
Dumm etal. [7] 10.86 & 0.14 3.84 + 0.03
Celis etal.[8] 11.30 + 0.07 411 +0.09
Ananthanarayan etal. [62] 11.10 £ 0.11 -
Hanhart etal. [63] 11.34 4 0.01 £ 0.01 -
Colangelo etal. [39] 11.02 £ 0.10 -
PDG[42] 11.61 +£0.28 -
This work 11.28 + 0.08 3.94 +0.04




KAON VECTOR FORM FACTOR

dr(r= = K=K°v,)  G2|Vyq4[? s \?2 2s
T — M (11— = 14+ — ) o3(s)|FE(s)?
dv/s 76873 7 M2 E ax(S)IFv(S)°,

m Chiral Perturbation Theory O(p*)

2L! S
Ferk—(S = 1+=2-
kek=(S)lcnpr i F2 19272F2

[Aﬂ'(s7 :u’z) + 2AK(S7 MZ)] y

—W [AW(Sa Mz) _AK(Sa,Uz)] :

m Extract the | =1 component

Foko(S)lonpT =

2L! S
F6(5)|ChPT = Fy+k—(S)—Fyogo(S) = 142

1
A.(s, 1?) + —Ak(s, 12
F72r 967T2F72T|: (ﬂu)+2 K(?/J’)

m At O(p*), the pion and kaon vector form factor are the same

m Assumption: we consider that both are also the same at

hiiher eneriies




KAON VECTOR FORM FACTOR: OMNES EXPONENTIAL REPRESENTATION

m Different resonance mixing contribution than Fj(s)

) M2 + s (&e"@ + Se"<f32) < ;
IA = . — A, -A
v(s) M2 —s—iM,T,(s) " Re| = Somar ( (5)+3 K(S)>
se’¢1 Srp ( p )
_5 : e — b Ref(s)
M2, —s —iMyT (s) { ™M, 0% (M2,)
~ s el { Srpw(Mp,,)

5 : xpd — 207" pop (5)h
M;,, —S— lMpH rp//(S) WME’),,U%(M;,,) }

0(s — um?2).

5 a3(s)
Copr(S) = Ty pr 7
ol p ( ) PP M;;/,p” U%(M2/7p//)

m Extract the phase tan ¢xk(s) = ImFk(s)/ReFl(s)

m Use a three-times subtracted dispersion relation

[ 60



FIT RESULTS TO BABAR 7~ — K™ Ksv/;

Parameter | Fit dispersive | Fit exponential
G =1.88(1) =
ao = £4.34(1) =
M, [MeV] | 1467(24) 1411(12)
I, [MeV]l | 415(48) 394(35)
5 0.10(2) 0.09(1)
o —1.19(16) —1.88(9)
x2/d.of 2.9 ER
100 o BaBar data (2018) -
-- Our prediction
% 80 — — Our fit (exponential):
(] 1
X — Our fit (dispersive) -
g 60
e
i
£ 40
Z
—
20|
ob Ao e

1.0

12 14
Mkks [GEV]

1902.02273 [hep-ph]

rer JTIT
—— KK
—_— rot+KK
1200 1300 1400 1500 1600
Mg (1a50) [MeV]
JUT —
KK
TeeKK
300 350 400 450 500 550

I (1450) [MeV]



COMBINED ANALYSIS OF F(;(s) AND 7~ — K~ Ksv;

Scut = 4 [Gevz]
Parameter Fita Fit b Fit c
[y 1.88(1) 1.89(1) 1.87(1)
az 4.34(2) 4.31(2) 4.38(3)
d1 = o = o 188(24)
le%) = a2 = a2 4.38(29)
m, [MeV] | =773.6(9) | =773.6(9) | =773.6(9)
M, [MeV] =m, =m, =m,
M, [MeV] | 1396(19) 1453(19) 1406(61)
I, [MeV] | 507(31) 499(51) 524(149)
M, [MeV] | 1724(41) 1712(32) 1746(1)
I, [MeV] | 399(126) 284(72) 113(362)
0% 0.12(3) 0.15(3) 0.1(11)
O 0.11(2) = 0.11(5)
& —0.23(26) | 0.29(21) —0.27(42)
P —1.83(14) —1.48(13) —1.90(67)
5 —0.09(2) | —0.07(2) —0.10(5)
5 =0 =0 —0.01(4)
b2 ~0.20(31) | 0.27(29) —1.15(71)
P2 =@ =@ 0.40(3)
x2[d.o.f 1.52 1.19 1.25

2
IFJI

1/NdN/dqx 10°

10,

0.1

0.01}

e Belle data (2008)
-+« Fita
——Fitb
— Fitc

0.001

0.

g

8

3

5

8

0 0.5 10 15 2.0 25 3.0
s[Gev?]
o BaBar (2018) -
-« Fita i
——Fitb
— Fitc

10 12 14

Mgk [GeV]



BELLE 7= — Ksm~ v, MEASUREMENT

T — K57T71/T Belle's data Phys. Lett. B 654 (2007) 65 [arXiv:0706.2231]

* ® Unfolded/physical 7~ —Kgr v, Belle's data

1000+ ° . B Folded/detected 7~ —»Ksr v, Belle's data E

=
o
o
T
e
.
"ee.
-

Events/bin

# Precise experimental data : i??
7~ - Ksn™ v; seemsto beagood source for é %i%
* determining the K*~(892) resonance parameters

1L Less precise experimental data. /

Our proposal : toadd 7~ — K™ ppv_ tothe fitinorder
to constraint the K*~(1410) resonance parameters

=
o
T

06 08 10 12 14 16 = 18
Vs (Gev)

% &



K7 VECTOR FORM FACTOR

m RyT with two resonances: K*(892) and K*(1410)

892.:: --822<+---'( H_ <+

ﬁgure courtesy of D. Boito

— m?. — k- Hir (0) + 7S s
Fy™(s) = - )
D(mi-, k-) D(mycsr, vier)
D(Mp,vn) = m2 —5s — kpRe[Hkx(S)] — imaln(s),
1927FF Y- s oo (s
Ky = 927k YK 7 I—n(s) _ [—ni UK‘fr( )

Ok (M- ) M- My o (M7)

m We then have a phase with two resonances

s _ =1 ImFKﬂ—(S)
67 (s) = tan [Rel-"é”(s)}




VECTOR FORM FACTOR: DISPERSIVE REPRESENTATION

m Three subtractions: helps the convergence of the form factor
and suppresses the the high-energy region of the integral

3 1 52 S3 Scut 5K7T(S/)
FS™(s) = P(s)exp |aq 2 T 5% me + 7"/5 ds’ (5P3(s —s —io)
- T K )

s
B o, =), and a2 + a, =\, low energies parameters
)V IOV

M2_t+5M‘*_t2

FE™(t) =1+

m 5. : cut-off to check stability

m Parameters to Fit: X', , A, My, yis, Myeer, yicer




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7= — K™ nuv,; ANALYSIS

Escribano, Gonzalez-Solis, Jamin, Roig JHEP 1409 (2014) 042

— Fitto T =K v,

10— — 7= FittoT 2K nv, m3
e Unfolded 7" —»K¢n" v, Belle data
1000 o 1 -=Kgn v, excluded fit points
®  'Unfolded' 7" —K 7jv, Belle data
7 -K nv_excluded fit points
5 100+ E
s oA
]
=
5]
>
M 10k E
1L 4
0.1 L + L 1 L | L
0.6 08 10 1.2 14 1.6 1.8

Vs (GeV)
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RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7= — K™ nuv,; ANALYSIS

B Different choices regarding linear slopes and resonance mixing
parameters (Scut = 4 GeV?)

Fitted value Reference Fit Fit A Fit B Fit C
Bk (%) 0.404 £ 0.012 0.400 £ 0.012 0.404 £ 0.012 0.397 + 0.012
(B )(%) (0.402) (0.394) (0.400) (0.394)
My 892.03 & 0.19 892.04 + 0.19 892.03 £+ 0.19 892.07 £ 0.19
e 46.18 £ 0.42 46.11 & 0.42 46.15 & 0.42 46.13 & 0.42
M 1305173 130818 1305"% 13101%
T 168752 2127% 174,158 184,58
kn X 107 = Tk 3605, 33713 = ke
X X 10° 239 £0.7 236 £ 0.7 23.8E£0.7 23.6 £0.7
Ay X 104 1.8 +£0.2 1.7+£0.2 1.7+0.2 1.6 £0.2
Bky x 104 1.58 + 0.10 1.62 + 0.10 1.57 & 0.10 1.66 4+ 0.09
(B}f’n) X 104 (1.45) (1.51) (1.44) (1.58)
iy X 102 — —5.475% =50 S
Ay X 10 20.9+15 =N 21.2 £1.7 =P
Ay % 10% M1E£04 1.7+£0.2 M1E£0.4 1.8+£0.2
x2/n.df. 108.1/105 ~ 1.03 | 109.9/105 ~ 1.05 | 107.8/104 ~ 1.04 | 111.9/106 ~ 1.06




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7= — K™ nuv,; ANALYSIS

B Reference fit results obtained for different values of sc:

Parameter 3.24 A 9 00
Bk (%) 0.402 £ 0.013 || 0.404 £ 0.012 || 0.405 £ 0.012 | 0.405 £ 0.012
(Bfgr)(%) (0.399) (0.402) (0.403) (0.403)
My 892.01 £ 0.19 || 892.03 +0.19 || 892.05+ 0.19 | 892.05 + 0.19
(e 46.04 + 0.43 46.18 £+ 0.42 46.27 + 0.42 46.27 + 0.41
Myger 130177, 130577 13061 13061
Tier 20717, 168752 15548 15547,
VKm = YKn = YKn = YKn = YKn
A X 103 23.34+0.8 23.9+0.7 24.3+0.7 24.3+0.7
Ay X 104 1.8+ 0.2 1.8+ 0.2 1.7+ 0.2 1.7+0.2
By, x 104 1.57 = 0.10 1.58 + 0.10 1.58 4+ 0.10 1.58 + 0.10
(BiG,) > 10% (1.43) (1.45) (1.46) (1.46)
Ty X 100 | —407T3 ~3.4*13 ~3.2%0 —52+e
A;@] X 103 18.6 + 1.7 20.9 +1.5 221+ 1.4 221+ 1.4
A;{n x 104 10.8 £ 0.3 11.1£ 0.4 1.2+ 0.4 11.2+ 0.4
x2/n.d.f. 105.8/105 108.1/105 111.0/105 111.1/105




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7= — K™ nuv,; ANALYSIS

B Central results including the largest variation of syt

————<*——— Boitoetal.'09
(T ->Kszvy)

M+ (892) = 892.03 & 0.19 MeV
rK"(ng) = 46.18 £+ 0.44 MeV
My (1400) = 1305t11% MeV

—— Boito et al. '10
(T ->Ksm v +K)3)

6 ——e— Escribano et al.'13
Ck+ (o) = 16815 MeV @ =K )
Ykr = Vkn = —34J:1|i -1072 —a— This work
R — 0
B = (0.0404 + 0.012)% 1200 1300 1400 1500 1600
Bk, = (1.58 +0.10) - 10™* Mk 1410 [MEV]

Boito et al. ‘09
T ->Kszvy)

x?/d.o.f =108.1/105 = 1.03

——e——— Boito etal. '10
(7 >Ksm v +K3)

—C— Escribano et al. '13
T =Ky,

This work

100 200 300 400 500
L+ a0 [MeV]




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7= — K™ nuv,; ANALYSIS

Events/0.02 GeV/c? (x10%)

W Central results including the largest variation of scy:

Mer = (23.9£0.9) - 1073
ey = (20.94+2.7) - 1073
M = (11.8 £0.2) - 107

ky = (11.1£0.5)-107*

isospin violation?

isospin violation?

T — K_TI'OVT (PRD 76 (2007) 051104)

-
o

-

B [T

o

06 08 1 12 14 16 18 2
M, s (GeV/c?)

Ki,
Ce———pd ISTRA+ '04
—_—h—————— NA48 ‘04
—k— KLOE '07
—h— KTeV '10
—— FLAVIANET ‘10
+K|,
—— Boito et al. '10
i Bernard 13
== Antonelli et al. '13
T — Moussallam et al. '08
e Jamin et al. '08
—— Boito et al. ‘09
—— This work [K™5]
. . — ] Thls worl‘< [Ksz™] .
20 22 24 26 28 30 32
AR R R R R R U5 (AR
ls ——————*——— ISTRA+'04
e — NA48 '04
—_—— KLOE '07
&5 KTeV '10
[———— FLAVIANET '10
T+Kj,
. Boito et al. '10
L Bernard '13
. Antonelli et al. '13
T . Moussallam et al. '08
= Jamin et al. '08
. Boito et al. '09
- This work [K 5]
. This work [Kgz™]
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7 — 37, (PRELIMINARY RESULTS)




T — 3mv; DECAYS

m Motivation:

» To investigate the axial-vector T
i iz 0,—
weak hadronic current (J}) . ZO-*
» Dynamics of the 37 system J—
» Properties of the a,(1260)
T N
m Applications: input for the
axial-vector form factor of the
nucleon . N




ELECTROMAGNETIC FORM FACTORS OF THE NUCLEON

- DIS pe rsive pa ram etrizati ons Alarcon, Weiss, Phys.Lett. B784 (2018)

TET
(Belushkin’o6, Lorenz'12, Hoferichter'16, Leupold’17, Alarcon’18) .
6f — Belushkinetal,
5 Hoferichter et al
4 W DINEFT
>
2
T2
1
n
p,n 1 > ImG?M (S) 0
Gty = — [ ds—=M N uer
9 T . s—t—Je 0.0 0.z 0.4 0.6 0.8 10
t(GeV?)
V.S 1 p n .
G ) = _ (G _ = Belushkin et al.
=l 2 Ed EM) > = Hoferichter et al.
15 W DIYEFT
Vv . cm 2=
IHlGE(t) = f+( ) ( ) (‘g 10
myV't =
5
vV k3 1 V
_ cm *
ImGu(t) = —=fL()F(t) °
V2t
0.0 0.2 0.4 08 0.8 10

t(GeV?)

where ke, = \/t/4 — m2
[ 60



7~ — (PPP)~v,: BASICS

m Generic Amplitude for a 3-meson decay of the r

M(r™ — (PPP)"vr) Vilty, 7, (1 = 75)u-((PPP)~|(V — A)*|0) ,

_ 6
V2

m Hadronic matrix element in terms of four form factors

((P(p1)P(P2)P(p3)) " |(V — A)“|o) = VIFN(Q2s1,5,) + VAR (@, 54,5,),
Q“F{(@,51,5,) + IV F/ (@, 51,5,),

+

, Qe w  QMQY
vy = (Q“ - Q )(p1_p3)u7 V;:(g} - Q? )(pz_p3)l”

Vi = et PIpiapaspsy, QU= (pit+pa+ps), si=(Q-pi),




7~ — (PPP)~v,: BASICS

m Generic Amplitude for a 3-meson decay of the 7

M(r™ = (PPP)"vr) Vilty, 7u(1 = 75)u-((PPP)~|(V — A)*|0)

_ 6
V2

m hadronic matrix element in terms of four form factors

((P(p1)P(P2)P(P3)) " |(V — A)“|o) = VIF(Q? s1,5,) + VEFS(Q@,54,52),
+ Q"F(Qs1,8,) +IVEFL (@54, 8,),

> F7,(@?,54,5,): )P =17 transition (axial-vector form factors)
> F1(Q%s4,s,): JP = 0™ transition (pseudoscalar form factor)

> F/(Q?s4,5,): JP =17 transition (vector form factor)




TS

T Vs

m Bose symmetry: FA(Q?,5,,5,) = F5(Q?,55,5,) = Fa(Q?,54,S,)

m Conservation of Ji in the chiral limit: F§(02,51,52) must
vanish with m2

m G-parity conservation: F/(Q2,s;,5,) =0
m The axial-vector hadronic current takes the form

]ﬁ = FA(QZ7S17S2)V4L + FA(02752’S1)V£L7

m Decay rate

dr(r— = o n wtv:)  GHVydl® /., 2 2Q? )
dQ2 T 32m2M, (M — @) 1+ M2 (@),

T

[ 60



TS

T Vs

m Spectral function

2 1 1 s 2
1(Q%) 76873 Q4 /Smm 1/sz,min 2
where
Wa = — [VIFa(@,$1,52) + VEFA(Q?,52,51)] X

[V1MFA(027$17S2) + V2MFA(027S2751)] )
m For comparison of theory and experiment

r(Ti — (37‘-)77/7') 1 dNevents 67T|Vub|25EW 02 2 Qz 2
= D
r(,]_, — eiljey‘r) Nevents dQ2 M?— ! i M2 a1(Q )

T

M2

T




EVALUATION OF THE AXIAL-VECTOR FORM FACTOR

Kiihn, Santamaria, Z.Phys.C 48 (1990)

m Factorization ansatz: 7 — v,;a, — vypm — 37 » <

Fa(@®,51,5:) = Fa,(Q*)Fp(s2), @
» F,,(Q?) accounts for the a,(1260)-resonance production

> F,(s;) = Q(s;) (omnés): line-shape of the p-meson (p — 77)

FP(S,')—>1, Sy = @,
» Axial-vector current
jK - Fa1(02) [Fp(52)vw + FP(S1)V2M] )
» Isospin relation: same predictions for both modes (in the

isospin limit)

FA(027S17S2) = _F7Aro,n.oﬂ.7(02.,51,52) R




EVALUATION OF THE AXIAL-VECTOR FORM FACTOR

m ChPT prediction at O(p?) (rischer, wess, z hys. ¢ 3 (1980))

2V2

O 2
/Z|C}(1%% = T3 (Vag + Vau)

m Normalization of Fq,(Q?)

2xf

Fa,(Q%) = fa1(Q2) fa (@ — 0) — 1,

m In this framework, the axial spectral function reads:

> 1 212 > 29( )
@) = s (22 o @22,

max max
S.

1 S‘\ 2
0@ =g | [ dsn{ - ViRs)P - VIR
S1,min S2,min

— 2VVeRe[Fy(s1)(Fo(52))7] }

[ 60



BREIT-WIGNER EVALUATION OF THE AXIAL-VECTOR F.F.

m Breit-Wigner with a,(1260):

m2, + Refl,, (0)

2\ |1res —
fa1(Q ) mgh — 02 + R,erla1(02) - im01 raw(Q2) ’

ra1 (Qz) = Ya,

QZ Scut ma rG (S/)
2\ 2\ 2 2 — = / 1 1
Reflo (¢°) = Mo, (@) ~ Moy (). Ho (@) = [ "5 ecel®ls,

m Breit-Wigner with a,(1260) + a,(1640):

1 m(211 + Rel—la1(o)
14 |nle® | M2, — Q2 + Rellg,(Q?) — iMa,Ta(Q)

fa1 (02) 2res

mg, + Rellg(0)
m(z] — Q>+ Reﬂa;(oz) - ima4ra§(02) 7

+ |/<a|ei¢’

S 5 N 6o



DISPERSIVE EVALUATION OF THE AXIAL-VECTOR F.F.

m Dispersive description:

4 oo /
“102+% " 5(s") ]

fa(@?) = exp om2 (s")2(s’ — @ —ie)

Imf,, (Q?) gajrcs

tand(Q%) = —
Refa, (Q2) 10
| o0 /

T om2 s/k+1 o

> «,: fit parameter that absorbs other production mechanism




FITS TO THE 7 — 7°7°7 1, AXIAL SPECTRAL FUNCTION

Fit results: mq, = 1302(8) MeV,~vq, = 493(11) MeV, on = 0.59(1), 5" = 0.64(1), X3¢ = 0.96
Ma, = 1296(6) MeV vq, = 483(10) MeV,a; = 0.60(1) ,&5" = 0.62(1),|x| = 0.10(4) ,x3,¢; = 0.88

0.6

« ALEPH (2014) T > v, " Dispersive a,+a;'
+ Dispersive a;

0.5

0. - - - - -
8005 10 15 20 25 30
?=m3, [GeV?]

e e



FITSTOTHE T — 7 7~ 7 v, AXIAL SPECTRAL FUNCTION

Fit results: mq, = 1277(5) MeV, va, = 475(8) MeV, s = 0.58(1), 1 = 0.66(1), X3¢ = 1.49
Ma, = 1273(5) MeV,va, = 466(8) MeV,as = 0.59(1), a5 = 0.64(1),|x| = 0.06(2) ,x3

0.6

=139

dof

- ALEPH (2014) T e v, " __ Dispersive a1+a;’
—.— Dispersive a;




FITS TO 7 — 37v,: LOW-Q? REGION

0.010 . rorr®n Ve - - IDispersive fit to 2077
BT T Y, — Dispersive fitto 7 ntn~
0.008}
—-— ChPT at NLO
- ChPT at LO
—~ 0.006]
<
S 0.004}
0.002}
00%0 01

ChPT: Colangelo, Finkemeir, Urech, PRD 54 (1996)




RUNNING a4(1260) MASS AND WIDTH

— Running mass m,, (0% -
—— Running width T,,,(0%)

0.0 0.5 1.0 15 2.0 25 3.0
0 [GeV?]

=



AXIAL-VECTOR FORM FACTOR

3.5

3.0t
2.5¢

< 2.0

fa,©?

1.5¢

1.0

0 0

o
0.5} —-— Dispersive q, fitton n*s~ — Dispersive a,+a,' fit to 7777~ -

- Dispersive a, fit to %%~ - — Dispersive a;+a,' fit to 7°x

0. ' ' ' ' ' —
00 05 10 15 20 25 30
0* [GeV?]
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AXIAL-VECTOR FORM FACTOR

200

Dispersive a, fit to 7%7%7~
—.— Dispersive a, fit to 7777~

— — Dispersive a,+a,' fit to 2°%7%7~

— Dispersive a;+a,' fitto n~ntn™




OUTLOOK




OUTLOOK

m Tau physics is a very rich field to test QCD and EW

m Important experimental activities: Belle (II), BaBar, LHCb,
BESIII

m Form Factors from dispersion relations with subtractions

» F7(s): important for testing QCD dynamics and the SM

> Determination of the p(1450) and p(1700) limited by th. errors
» Higher-quality data on 7= — KsK™ v

» Kr form factor: extraction of the K* resonance parameters

» 7 — 37, input for the axial form factor of the nucleon

m A lot of interesting physics to be done in the tau sector



VARIANT (IV)

m Fits for different s.,; and allowing the p-mass to float

Parameter

Scut [Gev2]

Fits m2 4 (reference fit) | 10 %)

Fit1-p | o, [GeV—2] | 1.88(1) 1.88(1) 1.89(1) 1.88(1)
oy [GeV4] | 4.37(3) 4.34(1) 4.31(3) 4.34(1)
m, [MeV] | 773.9(3) 773.8(3) 773.9(3) 773.9(3)
M, [Mev] | =m, =m, =m, =m,
M, [MeV] | 1382(71) 1375(11) 1316(9) 1312(8)
M, [MeV] | 516(165) 608(35) 728(92) 726(26)
M,.[MeV] | 1723(1) 1715(22) 1655(1) 1656(8)
F, [MeV] | 315(271) 455(16) 569(160) 571(13)
¥ 0.12(13) 0.16(1) 0.18(2) 0.17(1)
o —0.56(35) | —0.69(1) —1.40(19) | —1.41(8)
0 —0.09(3) | —0.13(1) —0.17(4) —0.17(3)
(o —0.19(69) | —0.45(12) —1.06(10) | —1.05(11)
x2/d.o.f 1.09 0.70 0.63 0.66




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7~ —

K~nv, ANALYSIS

Akr = (23.9+0.9) - 1073

5 ( 127) . }isospin violation?
=(20.9x2.7)-10"
Kn

T
Ki,
e S ISTRA+ '04
—_—— NA48 '04
—A— KLOE '07
—A— KTeV '10
—a—— FLAVIANET '10
T+K| g
i Boito et al. '10
——i Bernard '13
——i Antonelli et al. '13
a —e Moussallam et al. '08
—o— Jamin et al. '08
———i Boito et al. '09
— This work [K™7]
‘ ‘ — ‘ This worl‘< [Ksz™] ‘
20 22 24 26 28 30 32



RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7~ —

K~nv, ANALYSIS

Mew = (11.8 £0.2) - 107%
M, = (1M1£05)-107*

rrrrrrrrrrrrrrrrrr T T T T T T
Ki,
A ISTRA+ '04
A NA48 '04
A KLOE '07
e KTeV '10
—A——— FLAVIANET '10
T+K13
. Boito et al. '10
e Bernard '13
. Antonelli et al. '13
T L] Moussallam et al. '08
- Jamin et al. '08
° Boito et al. '09
- This work [K 7]
HHHHHH-HHHHHHHHHThiswork[Kszr_]

0 4 8 12 16 20 24 28
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SPECTRAL FUNCTION: INDIVIDUAL CONTRIBUTIONS

« ALEPH (2014) T v,
-~

0.5

1.0

/

I— Total I

Ny — — Individual a; contribution -
+ Individual a;' contribution”

15 2.0
Q’=mj3 . [GeV?]

25 3.0



SPECTRAL FUNCTION: INDIVIDUAL CONTRIBUTIONS

= ALEPH (2014) T 7T 1T T v, '— Total ]
0.6 PAaEN — — Individual a; contributioné
/ \\ +++ Individual a;' contribution:
0.5t
0.4t
~~
[S)
= 0.3
N
0.2t
0.1t




FORM FACTORS OF THE NUCLEON

m Nucleon matrix element

NEEnINGY) = 8P') |30+ 50 (6~ P)Fa(D)] u(p),

EEINE) = 56T s [0+ EPl | ue).

m Four Form Factor to determine (t = (p’ — p)>?)
» F,(t) and F,(t): Dirac and Pauli Form Factors

> Ge(t) and Gu(t): electric and magnetic (Sachs) FFs, well-known

t

Ge(t) = Fa(t) + MFz(t), Gu(t) = Fi(t) + Fo(t)

» Fa(t): Axial Form Factor: main unkown

» Fp(t): Pseudo-scalar Form Factor. It can be related to the Axial
FF using PCAC or pion-pole approximation

2m?
Fp(t) = =X

= Fa(t
mfr—tA()



ELECTROMAGNETIC FORM FACTORS: SPACE-LIKE

0.15]
Proton B DIXEFT Neutron ™ DIxEFT
* Exp. * Exp.
— Yeetal a.10/ — Yeetal
LacD LQCD
w - ]
U]
0.05 -
.‘\NN‘-‘__,_.__ Eﬂ H{ﬁlhw
L i 0.00 i " "
1.0 15 2.0 0.0 0.5 10 15 20
@ (GeV?) @ (GeV?)
10 i N
00
25 Proton ™ DIXEFT
* Exp
-0.5,
20 — Yeetal
W DIXEFT
Laco
* Exp.
— Yeelal
Laco
Neutron
05 1.0 15 20

@ (Gev?) @ (GeV?)



AXIAL VECTOR FORM FACTOR

B Fa(t): Main Unknown

m Motivation: How to determine Fy(t) experimentally?

> v = pt Fa(Q) = 7

Vu 5

e

n P

Fa(0)
1+Q2 /M3 )*
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FITS TO THE 7 — 7°7°7 1, AXIAL SPECTRAL FUNCTION

Breit-Wigner mq, = 1271(13) MeV, ya, = 523(18) MeV, N = 1.59(7), X0 = 1.16
Mg, = 1293(10) MeV, v, = 501(11) MeV, N = 0.88(2) , X0t = 1.01

Mg, = 1293(6) MeV, vq, = 485(10) MeV, |x| = 0.12(4) , N = 0.97(5), X3o¢ = 0.86
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FITSTOTHE T — 7 7~ 7 v, AXIAL SPECTRAL FUNCTION

Breit-Wigner: mq, = 1243(6) MeV, vq, = 480(8) MeV, N = 1.43(3), X0t = 3.1
= 1259(6) MeV, vq, = 474(8) MeV, N = 0.81(2), Xior = 1.5
Mg, = 1260(5) MeV, vq, = 467(8) MeV, |x| = 0.05(2), N = 0.85(2), XZor = 1.43
0.6
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