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Spontaneous symmetry breaking
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Summary and outlook had/spec

New, precise data for m_ = 330,283 MeV

Robust systematic analysis
Small statistic uncertainties

p trajectory at various m, points

Ordinary behavior Sub-percent errors

o found as a BS, VB and resonance

Systematics — param. model dependence

Lighter m_ — problem worsens

A “model-free” o resonance??
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-0.31(0) -0.28(0) +0.40(0) -0.28(1) +0.32(0) -0.37(0) +0.30(0) -0.19(2) -0.26(1) +0.08(1) -0.04(0) -0.14(1) -0.00(0) -0.00(0) +0.02(0) +0.06(0) -0.01(0) -0.00(2) -0.09(1) -0.01(1)

. -0.29(0) +0.18(1)- -0.11(0) . -0.06(2) .+0.24(1) +0.21(O). -0.02(0) +0.05(0) -0.15(0) -0.27(1) -0.01(0) +0.01(2) +0.33(1) +0.03(1) -0.10(1)

-0.20(1) +0.38(0) -0.31(1) -0.25(1) +0.28(0) +0.27(0) +0.20(1) +0.34(3) -0.13(1) -0.20(1) -0.03(0) -0.10(1) -0.01(0) -0.01(0) +0.02(0) +0.05(0) -0.01(0) +0.03(3) -0.06(1) +0.02(1) +0.38(1) -0.07(1)

-0.10(1) +0.38(1) -0.42(1) -0.08(0) -0.02(0) -0.00(1) -0.02(1) +0.05(0) -0.04(1) -0.00(0) +0.10(0) +0.00(1) +0.01(0) -0.01(1)
-0.07(1) +0.22(1) +0.32(1) -0.06(0) +0.16(1) -0.04(0) -0.27(0) +0.11(1) +0.02(0) -0.02(1) -0.12(1) -0.00(1) +0.07(1)
-0.05(0) -0.02(0) +0.02(1) -0.05(1) +0.03(0) +0.01(1) +0.00(0) -0.01(0) +0.05(1) +0.00(1) -0.02(1)
+0.29(1) -0.31(0) +0.35(1) +0.51(2) -0.36(1) -0.32(1) -0.31(1) -0.24(4) +0.25(1) +0.14(2) +0.11(1) +0.35(2) -0.02(0) +0.06(0) -0.11(0) -0.15(1) -0.01(0) -0.08(3) +0.16(1) -0.01(1) -0.42(1) +0.22(1)

+0.27(1) -0.03(0) +0.04(0) +0.45(1) -0.22(0) -0.01(0) -0.30(1) +0.03(1) +0.31(1) +o.05(1)--o.34(0) +0.26(0)--0.16(0) -o.17(1).+0.27(1) -0.08(0) +0.82(1) -0.05(0) +0.19(1)
)

-0.33(0) -0.29(1) -0.31(0) +0.40(0) +0.35(0) +0.32(0) -0.37(0) -0.22(1) -0.23(0) +0.11(0) -0.02(0) -0.06(0) -0.02(0) +0.00(0) -0.03(0)

+0.19(1) +0.00(0) +0.10(2) +0.03(1) -0.06(1) +0.03(1) +0.03(0) +0.03(1) -0.02(1) -0.01(1) -0.05(1)
-0.03(0) +0.07(0) -0.02(0) -0.02(0) -0.01(1) +0.18(0) -0.02(0) -0.04(1) -0.08(0) -0.18(1)
-0.04(0) -0.00(0) +0.00(0) -0.10(1) +0.02(0) -0.01(0) +0.05(0) -0.02(1) -0.06(0) -0.01(0 -0.42(0) +0.39(0) -0.00(0) +0.01(0) -0.06(0) +0.01(0) +0.01(0) +0.02(0) +0.07(0)
+0.13(1) -0.03(0) +0.05(1) +0.25(1) -0.12(0) -0.01(0) -0.15(1) -0.05(3) +0.14(1) +0.00(1) +0.19(0) +0.42(1) -0.32(0) +0.34(0) -0.28(0) -0.22(0) -0.33(0) -0.27(2) +0.13(1) +0.17(1) -0.00(1) +0.16(1) +0.02(1) +0.10(2) +0.07(0) -0.42(0) -0.03(0) +0.03(1) +0.03(0) +0.01(0) +0.02(1) -0.01(1) -0.05(1)
-0.03(0) -0.01(0) -0.00(0) -0.06(1) +0.02(0) -0.01(0) +0.04(0) +0.00(2) -0.04(0) +0.01(1) -0.18(0) -0.25(1) +0.39(0) -0.34(0) +0.26(0) +0.18(0) +0.31(0) +0.32(2) -0.07(0) -0.24(1) -0.02(1) -0.04(0) -0.05(1) +0.03(1) -0.02(0) +0.39(0) +0.00(0) -0.00(1) -0.01(0) +0.00(0) +0.00(1) +0.01(0) +0.01(1)
-0.29(0) +0.02(0) -0.02(0) -0.12(1) +0.15(0) +0.01(0) +0.28(0) -0.05(1) -0.34(1) -0.05(1) +0.01(0) -0.10(1) +0.00(0) -0.01(0) -0.01(0) +0.01(0) +0.00(0) +0.00(1) +0.00(0) -0.01(0) +0.05(0) -0.27(0) +0.03(0) -0.06(1) -0.02(0) -0.00(0) -0.03(0) +0.00(0) +0.21(1) +0.07(0) +0.10(0) +0.21(1) -0.05(0) -0.15(1)
+0.10(1) +0.03(0) -0.05(1) +0.08(2) -0.02(1) +0.03(0) -0.10(1) +0.01(2) +0.16(1) +0.02(1) -0.05(1) +0.08(1) +0.00(0) +0.01(0) +0.02(0) +0.03(1) +0.00(0) -0.02(2) -0.06(1) +0.02(1) -0.04(1) +0.11(1) +0.01(1) +0.03(1) -0.01(1) +0.01(0) +0.03(1) -0.00(1) +0.21(1) -0.06(0) -0.08(1) -0.14(2) +0.05(1) +0.08(1)
-0.00(0) +0.00(0) +0.01(0) +0.07(1) +0.01(0) +0.00(0) -0.01(0) -0.01(1) +0.01(0) +0.01(1) +0.19(0) +0.12(1) -0.01(0) +0.00(0) -0.13(0) -0.19(0) +0.00(0) +0.01(1) +0.25(0) +0.02(0) -0.00(0) +0.02(0) +0.00(0) +0.03(0) +0.18(0) -0.06(0) +0.03(0) -0.01(0) +0.07(0) -0.06(0) -0.02(0) -0.03(1) -0.01(0) +0.06(0)
-0.05(1) -0.06(0) +0.11(0) -0.00(1) +0.05(0) -0.06(0) +0.05(1) -0.04(1) -0.03(1) +0.06(1) -0.03(0) +0.01(1) -0.00(0) +0.01(0) +0.01(0) +0.03(0) -0.00(0) -0.03(1) -0.04(0) -0.00(0) +0.10(0) -0.02(1) -0.01(0) +0.03(1) -0.02(0) +0.01(0) +0.01(0) +0.00(0) +0.10(0) -0.08(1) -0.02(0) -0.03(1) +0.02(1) +0.00(1)
-0.15(1) +0.08(0) -0.09(1) -0.01(2) +0.15(1) +0.06(0) +0.14(1) -0.02(3) -0.11(1) -0.02(2) -0.06(1) +0.03(2) +0.00(0) +0.00(0) +0.02(0) +0.05(1) +0.00(0) -0.03(2) -0.08(1) +0.02(1) +0.00(1) -0.12(1) +0.05(1) -0.02(1) -0.04(1) +0.01(0) +0.02(1) +0.00(1) +0.21(1) -0.14(2) -0.03(1) -0.03(1) +0.02(1) -0.02(1)
+0.01(1) -0.00(0) -0.00(0) -0.05(1) -0.00(0) +0.00(0) -0.01(1) +0.03(2) +0.01(1) +0.00(1) -0.08(0) -0.06(1) +0.01(0) -0.01(0) +0.05(0) +0.08(0) +0.01(0) +0.02(1) -0.11(1) -0.01(1) +0.01(0) -0.00(1) +0.00(1) -0.01(1) -0.08(0) +0.02(0) -0.01(1) +0.01(0) -0.05(0) +0.05(1) -0.01(0) +0.02(1) +0.02(1) +0.03(1)

+0.13(1) -0.03(0) +0.00(1) -0.13(2) -0.10(1) -0.02(0) -0.10(1) +0.05(3) +0.10(1) -0.01(1) -0.17(1) -0.17(2) +0.00(0) +0.01(0) +0.13(0) +0.18(1) -0.01(0) +0.02(2) -0.25(1) -0.02(1) -0.01(1) +0.07(1) -0.02(1) -0.05(1) -0.18(1) +0.07(0) -0.05(1) +0.01(1) -0.15(1) +0.08(1) +0.06(0) +0.00(1) -0.02(1) +0.03(1)
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Many fits fora .
gOOd En .25

1.2
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Similar spectrum to
previous masses

m, ~ 283 MeV

000 Alp 001 Al 002 Al 011 A1l 111 Al
0.20 \
0.10 | 2 \ \
22 26 22 26 22 26 22 26 22 26 . = =N
L/as o)
m,_ ~ 330 MeV
Q
[
Around 60 “elastic” levels
0.10 |
o
o
U 32 U 32 U 32 U 32 U 32
L/as
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Exercise

Unitarity

< Sheet I

T =<

eeeeeeee

1.0_0.10

The 0 resonance Arkaitz Rodas



Exp. Problem

u pt
K
W-l-
d Vi
o~

“Data” I1s not data

One beam (maybe)

Not two beams

Virtual pion

For meson-meson data must be always modeled

Some systematic uncertainties unknown
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© Analiticity
Crossing

Observables
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Light Scalars
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it scattering on the lattice

110] A,

\ AR R A\
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Lattice QCD

Hamiltonian evolution
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Lattice QCD - I—
s = |
na oX — R << T \ O n=1
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Lattice QCD e FLH218(k) — oIk0 — | s kT 4 25 (k) = 2n7

We recover o(s)

180"____________________________________________'T ______
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Classify particles using symmetries

My ~ Mg << Mg << My

They are strongly related

Masses

Compsiteness

Sizes

The 0 resonance Arkaitz Rodas



Chiral symmetry qL. R = (1 2”"’) q
My = Mg >~ 0

_ 1
Invariant r qrL.R — €Xp (—z’6’5737a> 4L,R

Noether’s theorem = Conserved currents

The 0 resonance Arkaitz Rodas



Pseudo-scalars // Pseudo-goldstone
: e 1T~
Chiral sym . 5) q

Uz

Invariant
Anw = [ qL,R

Noether’s theorem = Conserved currents
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Vectors K (700) K (700)

Ordinary mass hierarchy

_ ap(980)

Only light quarks 10(980) @ (980)
mp > 770 MeV fo(500)  fo(980)
my, =~ (82 MeV

Light+strange

K{(700) K{(700)
m7 =~ 892 MeV

Only strange _

! ’ Multiplets work...

m¢ ~ 1020 MeV
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_ Scalars Kioo)  Kg(700)

Non-ordinary mass hierarchy

a0(980)

Only light quarks

m, ~ 450 MeV P T

my, ~ 980 MeV
Light+strange

K{(700) K{(700)
m, ~ 0600 MeV
Only strange . .
Multiplets work... Sometimes

Mg, ~ 980 MeV
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