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Pseudo-goldstone bosons

Populate final states

Spontaneous symmetry breaking
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Light Scalars: the σ

Debated for over half a century!!
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Non-ordinary resonance

Extremely broad object at phys. mπ
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Compositeness?
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The  : Why lattice QCD?σ

Interesting “modeled”  dependence mq

Exp. “data” is not data
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c⌧⇡+ = 7.8 m

One beam (maybe)

For meson-meson “data” is always modeled

Can be related to its compositeness

1301.1738

Studied through its final products
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The  : Why lattice QCD?σ
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The  as intermediate state σ
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Lattice QCD
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I = 1 ππ
Similar spectrum to 
previous masses

Allows us to study the 
 dependenceρ resonance mq

mπ ∼ 283 MeV

mπ ∼ 330 MeV

Preliminary
Preliminary

0.10

0.15

0.20

24 32 24 32 24 32 24 32 24 32 24 32 24 32 24 32 24 32 24 32

⇡⇡

KK̄

L/as

000 T1m 001 A1 001 E2 002 A1 002 E2 011 A1 011 B1 011 B2 111 A1 111 E2

0.10

0.15

0.20

22 26 22 26 22 26 22 26 22 26 22 26 22 26 22 26 22 26 22 26

⇡⇡

KK̄

L/as

000 T1m 001 A1 001 E2 002 A1 002 E2 011 A1 011 B1 011 B2 111 A1 111 E2



The  resonanceσ Arkaitz Rodas 11

Lattice QCD

Preliminary

 I = 1 ππ
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Pole in II sheet  0 in I sheet↔
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Lattice QCDI = 1 ππ
1212.0830

This work
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I = 0 ππ

Extremely different behavior

Large positive derivative at threshold

Crosses  far from thresholdδ(s) = π/2

Large negative derivative at threshold
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 σLight Scalars: the σ
Extremely precise, shallow bound state

VB vs resonance

Lower broader a → σ
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Summary and outlook 
New, precise data for mπ = 330, 283 MeV

 trajectory at various  pointsρ mq

 found at both masesσ

Robust systematic analysis
Small statistic uncertainties

Ordinary behavior Sub-percent errors

Lighter   problem worsensmπ →

A “model-free”  resonance?? σ

Systematics  param. model dependence→
 MeV  Very shallow bound statemπ = 330 →  MeV  Either VS or resonancemπ = 283 →
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Extra slides
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Lattice QCD

Similar spectrum to 
previous masses

Around 60 “elastic” levels for I=0

I = 0 ππ

mπ ∼ 283 MeV

mπ ∼ 330 MeV
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t`(s) =
1

⇢(s) cot �`(s)� i⇢(s)

II sheet poles

I sheet clear of poles

My fits

<latexit sha1_base64="ewDXALEmqnRDMxlpjdYfO2t7Sq8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDy2rtvlap3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn02PLA==</latexit>�

Analiticity

Unitarity
<latexit sha1_base64="/Me9wa9eaSAmxNMd13FGzuL47JU=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxK3ZREiroRCm7srlJ7gSaGyXTSDp1MwsxEKCFv4MZXceNCEbdu3fk2TtMutPXAwM/3n8OZ8/sxo1JZ1rextLyyurZe2Chubm3v7Jp7+20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KPrid95IELSiN+pcUzcEA04DShGSiPPPGl6DmHsPq3Xs7I8vXICgXBqZ2lToyz3NM48s2RVrLzgorBnogRm1fDML6cf4SQkXGGGpOzZVqzcFAlFMSNZ0UkkiREeoQHpaclRSKSb5vdk8FiTPgwioR9XMKe/J1IUSjkOfd0ZIjWU894E/uf1EhVcuinlcaIIx9NFQcKgiuAkHNingmDFxlogLKj+K8RDpBNROsKiDsGeP3lRtM8q9nmlelst1eqzOArgEByBMrDBBaiBG9AALYDBI3gGr+DNeDJejHfjY9q6ZMxmDsCfMj5/AD2qnDI=</latexit>

SII
` (s) =

1

SI
` (s)
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Exp. Problem 
<latexit sha1_base64="NJG3s9HK18N/Ghc4pnrJNOYsI8s=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF71VMG2hjWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMlv5Pwx/NuqexW3BnIMvFyUoYc9W7pq9OLWRqhNExQrduem5ggo8pwJnBS7KQaE8pGdIBtSyWNUAfZ7NgJObVKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Osi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD5FG4K3+PIyaVxUvMtK9b5art3lcRTgGE7gDDy4ghrcQh18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8AXETjno=</latexit>

⇡+<latexit sha1_base64="9Oey/MQJJT4Bd9Xvqr+GNBVVJF8=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCEBIpthuh4EZ3FewDmhgm00k7dCYJMxOhhLh046+4caGIW//AnX/jpO1CWw9cOJxzL/feEySMSmXb38bS8srq2nppo7y5tb2za+7tt2WcCkxaOGax6AZIEkYj0lJUMdJNBEE8YKQTjC4Lv3NPhKRxdKvGCfE4GkQ0pBgpLfkmxNBVKPUzN6F32WmeX9SsOnQ5UkPBswee+2bFtuwJ4CJxZqQCZmj65pfbj3HKSaQwQ1L2HDtRXoaEopiRvOymkiQIj9CA9DSNECfSyyaf5PBYK30YxkJXpOBE/T2RIS7lmAe6szhRznuF+J/XS1VY9zIaJakiEZ4uClMGVQyLWGCfCoIVG2uCsKD6VoiHSCCsdHhlHYIz//IiaZ9ZzrlVvalWGtezOErgEByBE+CAGmiAK9AELYDBI3gGr+DNeDJejHfjY9q6ZMxmDsAfGJ8/A1KZ8w==</latexit>

c⌧⇡+ = 7.8 m

<latexit sha1_base64="GqduSMm+tcihPPzcAahYg2KNU8I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBAEIexKUI8BL4qXiOYByRpmJ73JkNnZZWZWCEs+wYsHRbz6Rd78GyePgyYWNBRV3XR3BYng2rjut7O0vLK6tp7byG9ube/sFvb26zpOFcMai0WsmgHVKLjEmuFGYDNRSKNAYCMYXI39xhMqzWP5YIYJ+hHtSR5yRo2V7m8fTzuFoltyJyCLxJuRIsxQ7RS+2t2YpRFKwwTVuuW5ifEzqgxnAkf5dqoxoWxAe9iyVNIItZ9NTh2RY6t0SRgrW9KQifp7IqOR1sMosJ0RNX09743F/7xWasJLP+MySQ1KNl0UpoKYmIz/Jl2ukBkxtIQyxe2thPWposzYdPI2BG/+5UVSPyt556XyXblYuZnFkYNDOIIT8OACKnANVagBgx48wyu8OcJ5cd6dj2nrkjObOYA/cD5/AMF/jXw=</latexit>

K+
<latexit sha1_base64="hTH1D02iw4grw1T3P/LPmQ8WYLU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMePEkEc0DkjXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdD31m0+oNI/kgxnH6Id0IHmfM2qsdN98POsWS27ZnYEsEy8jJchQ6xa/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/OTp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/JTLODEo2XxRPxHERGT6N+lxhcyIsSWUKW5vJWxIFWXGplOwIXiLLy+TxnnZuyhX7iql6m0WRx6O4BhOwYNLqMIN1KAODAbwDK/w5gjnxXl3PuatOSebOYQ/cD5/ANVIjY0=</latexit>

W+
<latexit sha1_base64="iv8GEecQ0zOk9KRmIvokk7d/+Vg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWsGmhDWWz3bRrN7thdyOU0P/gxYMiXv0/3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHvpapIrRNJJeqG2JNORO0bZjhtJsoiuOQ0044ucn9zhNVmknxYKYJDWI8EixiBBsr+f4gS/VsUK25dXcOtEq8gtSgQGtQ/eoPJUljKgzhWOue5yYmyLAyjHA6q/RTTRNMJnhEe5YKHFMdZPNrZ+jMKkMUSWVLGDRXf09kONZ6Goe2M8ZmrJe9XPzP66Umug4yJpLUUEEWi6KUIyNR/joaMkWJ4VNLMFHM3orIGCtMjA2oYkPwll9eJf5F3busN+4bteZtEUcZTuAUzsGDK2jCHbSgDQQe4Rle4c2Rzovz7nwsWktOMXMMf+B8/gDccY9W</latexit>

Vus

<latexit sha1_base64="Ogka3HjTV4szsnSGHJzch6zOcOQ=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4CokW60YouFHcVLAPaEKYTCft0JkkzEyEEipu/BU3LhRx60+482+ctFlo64ELh3Pu5d57goRRqWz721hYXFpeWS2tldc3Nre2zZ3dloxTgUkTxywWnQBJwmhEmooqRjqJIIgHjLSD4WXut++JkDSO7tQoIR5H/YiGFCOlJd/cx9BVKPWzm/HFqVWDLkdqIHj2wMe+WbEtewI4T5yCVECBhm9+ub0Yp5xECjMkZdexE+VlSCiKGRmX3VSSBOEh6pOuphHiRHrZ5IcxPNJKD4ax0BUpOFF/T2SISznige7MT5SzXi7+53VTFZ57GY2SVJEITxeFKYMqhnkgsEcFwYqNNEFYUH0rxAMkEFY6trIOwZl9eZ60TiznzKreViv16yKOEjgAh+AYOKAG6uAKNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wcuQ5dH</latexit>

c⌧K = 3.7 m

Mesons decay 
One beam (maybe)

Not two beams

“Data” is not data
Virtual pion

For meson-meson data must be always modeled

Some systematic uncertainties unknown
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Amplitude analyses
• Unitarity 
• Analiticity 
• Crossing

Observables

QCD
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Light Scalars
<latexit sha1_base64="LPmTpl832Q3hUcD8uMQu63tCu9M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6TzjNg=</latexit>

K
<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="uB8KSR4ClqBbpbRpnqzCgAZgekw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6Ma8MqjW37s5BVolXkBoUaA6qX/1hxBKJyjJBjel5bmz9lGrLmcBZpZ8YjCmb0BH2MqqoROOn81tn5CxThiSMdFbKkrn6eyKl0pipDLJOSe3YLHu5+J/XS2x446dcxYlFxRaLwkQQG5H8cTLkGpkV04xQpnl2K2FjqimzWTx5CN7yy6ukfVH3ruqXD5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AIfwjeo=</latexit>⇡

<latexit sha1_base64="GVNo8m7/g9yOIZnX4KRu5RJSRDs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJXe53nrixItKPOI25r+hIi1AwirnU50gH1Zpbd+cgq8QrSA0KNAfVr/4wYoniGpmk1vY8N0Y/pQYFk3xW6SeWx5RN6Ij3Mqqp4tZP57fOyFmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c5L86787FoLTnFzDH8gfP5AwvQjkE=</latexit>⌘
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 scattering on the latticeππ
<latexit sha1_base64="7LTuzEICx/7uDWwjUFj/ShvkZCw=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwYtmVoh4LXvRWwX5Au5Rsmm1Ds8mSzKpl6V/x4kERr/4Rb/4b03YP2vpg4PHeDDPzwkRwA5737aysrq1vbBa2its7u3v77kGpaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wj66nfemDacCXvYZywICYDySNOCVip55YAdzUfDIForR7POAbcc8texZsBLxM/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBJsZsalhA6IgPWsVSSmJkgm90+wSdW6eNIaVsS8Ez9PZGR2JhxHNrOmMDQLHpT8T+vk0J0FWRcJikwSeeLolRgUHgaBO5zzSiIsSWEam5vxXRINKFg4yraEPzFl5dJ87ziX1Sqd9Vy7TaPo4CO0DE6RT66RDV0g+qogSh6Qs/oFb05E+fFeXc+5q0rTj5ziP7A+fwBOxuT8g==</latexit>

t ! �it
<latexit sha1_base64="K2TpKyP43bF3Z4B6BHUg6U8qXxg="></latexit>

�iS = �i

Z
d3xdtL ! �

Z
d3xdtLE = �SE
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Quantized levels in a box

Lüscher

“Data”
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Lattice QCD

<latexit sha1_base64="WKeQ9Qh/sVwMVYRlWmkxB7Vp+q8="></latexit>X

n

e
�Ent h0 |Of(0)| ni hn|O†

i (0)|0i
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<latexit sha1_base64="GB5pKfpCKl/oUWGSE1abLP5m9Sw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMeAl3iLYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLXxIz3nVTLqFoltyZyDLxMtIETLUuoWvTi9iSYjSMEG1bntubPyUKsOZwEm+k2iMKRvRAbYtlTRE7aezeyfk1Co90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1rP+UyTgxKNl/UTwQxEZk+T3pcITNibAllittbCRtSRZmxEeVtCN7iy8ukcVHyLkvlu3KxcpvFkYNjOIEz8OAKKlCFGtSBgYBneIU359F5cd6dj3nripPNHMEfOJ8/4hiP5w==</latexit>

e�iHt

<latexit sha1_base64="vyXIeLr5HguAysnRcZ6Q2WcgZZM=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBHcWGakqMuCG91VsA9ph5JJM21oJjMkd4Qy9CvcuFDErZ/jzr8xbWehrQcCh3PuJfecIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKVHpF0MSbnAnulsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NDp6QU6v0SRhr+xSSmfp7I6ORMeMosJMRxaFZ9Kbif14nxfDaz4RKUuSKzT8KU0lsyGl60heaM5RjSyjTwt5K2JBqytB2VLQleIuRl0nzouJdVqr31XLtLq+jAMdwAmfgwRXU4Bbq0AAGETzDK7w52nlx3p2P+eiKk+8cwR84nz/wRI/h</latexit>

t ! �it

Hamiltonian evolution Desired energies from GEVP

 I = 1 ππ
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Lattice QCD

<latexit sha1_base64="9AhOd7iQWKfbZ78n4Tl3t15CRqo="></latexit>

eikL+2i�(k) = eik0 = 1 ! knL+ 2� (kn) = 2n⇡

<latexit sha1_base64="HzO1gE8YjqZdgOOCdqdkH8shi4o=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1CJFwEbBIor5gOQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8a95ApNfDDweG+GmXlBzJk2rvvtFFZW19Y3ipulre2d3b3y/kFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7WB8nfntJ6o0i+SjmcTUF3goWcgINpn0UKvd9csVt+rOgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfjq7dYpOrDJAYaRsSYNm6u+JFAutJyKwnQKbkV70MvE/r5uY8MpPmYwTQyWZLwoTjkyEssfRgClKDJ9Ygoli9lZERlhhYmw8JRuCt/jyMmmdVb2L6vn9eaV+m8dRhCM4hlPw4BLqcAMNaAKBETzDK7w5wnlx3p2PeWvByWcO4Q+czx9LNI3I</latexit>

R << L
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Lattice QCD
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<latexit sha1_base64="9AhOd7iQWKfbZ78n4Tl3t15CRqo="></latexit>

eikL+2i�(k) = eik0 = 1 ! knL+ 2� (kn) = 2n⇡

We recover δ(s)
Our  become the x axisEn
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Multiplets
Classify particles using symmetries

<latexit sha1_base64="74BMCE/TwXwFvdz4Bhg2IZ81tzU=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRV10UXCjuwr2AW0Ik8m0HTqThJmJUEJx46+4caGIW7/CnX/jtM1CWw8M93DOvdy5J0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8ftFScSkKbJOax7ARYUc4i2tRMc9pJJMUi4LQdjK6nfvuBSsXi6F6PE+oJPIhYnxGsjeTbR8JPe4oJJPwQ1WqmqHlJfLvsVJwZ0DJxc1KGHA3f/uqFMUkFjTThWKmu6yTay7DUjHA6KfVSRRNMRnhAu4ZGWFDlZbMTJujUKCHqx9K8SKOZ+nsiw0KpsQhMp8B6qBa9qfif1011/8rLWJSkmkZkvqifcqRjNM0DhUxSovnYEEwkM39FZIglJtqkVjIhuIsnL5PWecW9qFTvquX6bR5HEY7hBM7AhUuoww00oAkEHuEZXuHNerJerHfrY95asPKZQ/gD6/MH4DmV1g==</latexit>

mu ⇠ md << ms << mp

They are strongly related 

Masses

Compsiteness

Sizes
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Pseudo-scalars //  Pseudo-goldstone

<latexit sha1_base64="hsRt/ww4xNZFz8SAxi0EGXQYVh8="></latexit>

qL,R �! exp

✓
�i✓L,R

a
Ta

2

◆
qL,R

<latexit sha1_base64="OmTQYs7AGPqUjl2xjpjjUvoF6RA="></latexit>

qL,R =

✓
1⌥ �5

2

◆
q

<latexit sha1_base64="GHkEuMyU/5225qN4J2I0rjeyJC4=">AAACFHicbVDLSsNAFJ34rPVVdelmsBUEoSRF1I1QcKO7Cn1BU8PNdNIOnUnSmYlQQj7Cjb/ixoUibl24829M2i609cDA4ZxzuXOPG3KmtGl+G0vLK6tr67mN/ObW9s5uYW+/qYJIEtogAQ9k2wVFOfNpQzPNaTuUFITLacsdXmd+64FKxQK/rsch7Qro+8xjBHQqOYXTUtOJIbmPbRElV7YLMh4l2O6DEDAVcT0L4FEp7xSKZtmcAC8Sa0aKaIaaU/iyewGJBPU14aBUxzJD3Y1BakY4TfJ2pGgIZAh92kmpD4Kqbjw5KsHHqdLDXiDT52s8UX9PxCCUGgs3TQrQAzXvZeJ/XifS3mU3Zn4YaeqT6SIv4lgHOGsI95ikRPNxSoBIlv4VkwFIIDrtMSvBmj95kTQrZeu8fHZXKVZvZ3Xk0CE6QifIQheoim5QDTUQQY/oGb2iN+PJeDHejY9pdMmYzRygPzA+fwBa7J5i</latexit>

V µ
a = q̄�µTaq

<latexit sha1_base64="FVqKAaPGNDtDRWKIyp5tZMS/Oc4=">AAACHnicbVDLSgMxFM34rPVVdekmWAVXZUasuhEqbnRXoVWhMw530rSGJjPTJCOUYb7Ejb/ixoUigiv9GzPtLHwdCJyccy7JPUHMmdK2/WlNTc/Mzs2XFsqLS8srq5W19UsVJZLQNol4JK8DUJSzkLY105xex5KCCDi9CganuX91R6ViUdjSo5h6Avoh6zEC2kh+pb594qeQ3aSuSLJjNwCZDjPs9kEImIjFxU/rGW7lWTzc9itVu2aPgf8SpyBVVKDpV97dbkQSQUNNOCjVcexYeylIzQinWdlNFI2BDKBPO4aGIKjy0vF6Gd4xShf3ImlOqPFY/T6RglBqJAKTFKBv1W8vF//zOonuHXkpC+NE05BMHuolHOsI513hLpOUaD4yBIhk5q+Y3IIEok2jZVOC83vlv+Ryr+Yc1PYv9qqN86KOEtpEW2gXOegQNdAZaqI2IugePaJn9GI9WE/Wq/U2iU5ZxcwG+gHr4wt1naKy</latexit>

Aµ
a = q̄�µ�5Taq

Chiral symmetry
<latexit sha1_base64="bqHPldytn77FApOp6AFLlncxsio=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWwVVJpKjLghtXUsFeoA1hMjlph84kcWYilFDwVdy4UMStz+HOt3HaZqGtPwx8/Occzpk/SDlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VZJJCi2a8ER2A6KAsxhammkO3VQCEQGHTjC6ntY7jyAVS+J7PU7BE2QQs4hRoo3l20fCz/qKCXjAwg8Lcny76tScmfAyuAVUUaGmb3/1w4RmAmJNOVGq5zqp9nIiNaMcJpV+piAldEQG0DMYEwHKy2fnT/CpcUIcJdK8WOOZ+3siJ0KpsQhMpyB6qBZrU/O/Wi/T0ZWXszjNNMR0vijKONYJnmaBQyaBaj42QKhk5lZMh0QSqk1iFROCu/jlZWif19yLWv2uXm3cFnGU0TE6QWfIRZeogW5QE7UQRTl6Rq/ozXqyXqx362PeWrKKmUP0R9bnD8g9lWk=</latexit>

mu ' md ' 0

<latexit sha1_base64="ECAqdwapHvh5+mYhm/Y0eQBIC+0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy5EKtgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3ZtpZaOuBwOGce8m5J0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKkLbRHKpeiHWlDNB24YZTnuJojgOOe2Gk5vc7z5RpZkUj2aa0CDGI8EiRrCxkt+PsRkTzLO72aBac+vuHGiVeAWpQYHWoPrVH0qSxlQYwrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LBY6pDrJ55Bk6s8oQRVLZJwyaq783MhxrPY1DO5lH1MteLv7n+amJroOMiSQ1VJDFR1HKkZEovx8NmaLE8KklmChmsyIyxgoTY1uq2BK85ZNXSeei7l3WGw+NWvO+qKMMJ3AK5+DBFTThFlrQBgISnuEV3hzjvDjvzsditOQUO8fwB87nD4ePkXc=</latexit>

LInvariant

Noether’s theorem  Conserved currents⇒
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Pseudo-scalars //  Pseudo-goldstone

<latexit sha1_base64="hsRt/ww4xNZFz8SAxi0EGXQYVh8="></latexit>

qL,R �! exp

✓
�i✓L,R

a
Ta

2

◆
qL,R

<latexit sha1_base64="OmTQYs7AGPqUjl2xjpjjUvoF6RA="></latexit>

qL,R =

✓
1⌥ �5

2

◆
q

<latexit sha1_base64="GHkEuMyU/5225qN4J2I0rjeyJC4=">AAACFHicbVDLSsNAFJ34rPVVdelmsBUEoSRF1I1QcKO7Cn1BU8PNdNIOnUnSmYlQQj7Cjb/ixoUibl24829M2i609cDA4ZxzuXOPG3KmtGl+G0vLK6tr67mN/ObW9s5uYW+/qYJIEtogAQ9k2wVFOfNpQzPNaTuUFITLacsdXmd+64FKxQK/rsch7Qro+8xjBHQqOYXTUtOJIbmPbRElV7YLMh4l2O6DEDAVcT0L4FEp7xSKZtmcAC8Sa0aKaIaaU/iyewGJBPU14aBUxzJD3Y1BakY4TfJ2pGgIZAh92kmpD4Kqbjw5KsHHqdLDXiDT52s8UX9PxCCUGgs3TQrQAzXvZeJ/XifS3mU3Zn4YaeqT6SIv4lgHOGsI95ikRPNxSoBIlv4VkwFIIDrtMSvBmj95kTQrZeu8fHZXKVZvZ3Xk0CE6QifIQheoim5QDTUQQY/oGb2iN+PJeDHejY9pdMmYzRygPzA+fwBa7J5i</latexit>

V µ
a = q̄�µTaq

<latexit sha1_base64="FVqKAaPGNDtDRWKIyp5tZMS/Oc4=">AAACHnicbVDLSgMxFM34rPVVdekmWAVXZUasuhEqbnRXoVWhMw530rSGJjPTJCOUYb7Ejb/ixoUigiv9GzPtLHwdCJyccy7JPUHMmdK2/WlNTc/Mzs2XFsqLS8srq5W19UsVJZLQNol4JK8DUJSzkLY105xex5KCCDi9CganuX91R6ViUdjSo5h6Avoh6zEC2kh+pb594qeQ3aSuSLJjNwCZDjPs9kEImIjFxU/rGW7lWTzc9itVu2aPgf8SpyBVVKDpV97dbkQSQUNNOCjVcexYeylIzQinWdlNFI2BDKBPO4aGIKjy0vF6Gd4xShf3ImlOqPFY/T6RglBqJAKTFKBv1W8vF//zOonuHXkpC+NE05BMHuolHOsI513hLpOUaD4yBIhk5q+Y3IIEok2jZVOC83vlv+Ryr+Yc1PYv9qqN86KOEtpEW2gXOegQNdAZaqI2IugePaJn9GI9WE/Wq/U2iU5ZxcwG+gHr4wt1naKy</latexit>

Aµ
a = q̄�µ�5Taq

Chiral symmetry
<latexit sha1_base64="bqHPldytn77FApOp6AFLlncxsio=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWwVVJpKjLghtXUsFeoA1hMjlph84kcWYilFDwVdy4UMStz+HOt3HaZqGtPwx8/Occzpk/SDlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VZJJCi2a8ER2A6KAsxhammkO3VQCEQGHTjC6ntY7jyAVS+J7PU7BE2QQs4hRoo3l20fCz/qKCXjAwg8Lcny76tScmfAyuAVUUaGmb3/1w4RmAmJNOVGq5zqp9nIiNaMcJpV+piAldEQG0DMYEwHKy2fnT/CpcUIcJdK8WOOZ+3siJ0KpsQhMpyB6qBZrU/O/Wi/T0ZWXszjNNMR0vijKONYJnmaBQyaBaj42QKhk5lZMh0QSqk1iFROCu/jlZWif19yLWv2uXm3cFnGU0TE6QWfIRZeogW5QE7UQRTl6Rq/ozXqyXqx362PeWrKKmUP0R9bnD8g9lWk=</latexit>

mu ' md ' 0

<latexit sha1_base64="ECAqdwapHvh5+mYhm/Y0eQBIC+0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy5EKtgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3ZtpZaOuBwOGce8m5J0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKkLbRHKpeiHWlDNB24YZTnuJojgOOe2Gk5vc7z5RpZkUj2aa0CDGI8EiRrCxkt+PsRkTzLO72aBac+vuHGiVeAWpQYHWoPrVH0qSxlQYwrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LBY6pDrJ55Bk6s8oQRVLZJwyaq783MhxrPY1DO5lH1MteLv7n+amJroOMiSQ1VJDFR1HKkZEovx8NmaLE8KklmChmsyIyxgoTY1uq2BK85ZNXSeei7l3WGw+NWvO+qKMMJ3AK5+DBFTThFlrQBgISnuEV3hzjvDjvzsditOQUO8fwB87nD4ePkXc=</latexit>

LInvariant

Noether’s theorem  Conserved currents⇒ <latexit sha1_base64="hRAYcPUClPWvLkicJHbnUy8OlVc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcV77JSva+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG74jnM=</latexit>

⇡+
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="u5VpqmKHJ0Qv5rZSi1TQaAgWZxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWw2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jEeCRYxgo2VOoMAKxQOqzW37uZAq8QrSA0KtIbVr0EoSRpTYQjHWvc9NzF+hpVhhNNZZZBqmmAywSPat1TgmGo/y6+doTOrhCiSypYwKFd/T2Q41noaB7Yzxmasl725+J/XT0107WdMJKmhgiwWRSlHRqL56yhkihLDp5Zgopi9FZExVpgYG1DFhuAtv7xKOhd177LeuG/UmjdFHGU4gVM4Bw+uoAl30II2EHiEZ3iFN0c6L86787FoLTnFzDH8gfP5AxlajtQ=</latexit>

d̄

<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d

Spontaneously broken

<latexit sha1_base64="PWjU5gXdBN7so2zBD1uqfQPivQ4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1EMPBS8eq9gPaELYbDft0t1k2d0IJfRvePGgiFf/jDf/jds2B219MPB4b4aZeZHkTBvX/XZKa+sbm1vl7crO7t7+QfXwqKPTTBHaJilPVS/CmnKW0LZhhtOeVBSLiNNuNL6d+d0nqjRLk0czkTQQeJiwmBFsrOSL0JcMNRpIhDKs1ty6OwdaJV5BalCgFVa//EFKMkETQzjWuu+50gQ5VoYRTqcVP9NUYjLGQ9q3NMGC6iCf3zxFZ1YZoDhVthKD5urviRwLrScisp0Cm5Fe9mbif14/M/FNkLNEZoYmZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ56LuXdUv7y9rzYcijjKcwCmcgwfX0IQ7aEEbCEh4hld4czLnxXl3PhatJaeYOYY/cD5/AOSDkQA=</latexit>

m⇡ << mp
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Vectors

Ordinary mass hierarchy

<latexit sha1_base64="xzIRGN+rI+lJtFIrH2mcWiF7UKs=">AAACCnicbVDJSgNBEO1xjXGLevTSGgQPIcxIMB4DXrwoEcwCmRB6OpWksXtm7K4Rw5CzF3/FiwdFvPoF3vwbO8vB7UHB470qquoFsRQGXffTmZtfWFxazqxkV9fWNzZzW9t1EyWaQ41HMtLNgBmQIoQaCpTQjDUwFUhoBNenY79xC9qIKLzCYQxtxfqh6AnO0Eqd3J7q+HoQUd8IBTe0XHapX/AL1Ee4w/Qc6qNOLu8W3QnoX+LNSJ7MUO3kPvxuxBMFIXLJjGl5boztlGkUXMIo6ycGYsavWR9aloZMgWmnk1dG9MAqXdqLtK0Q6UT9PpEyZcxQBbZTMRyY395Y/M9rJdg7aacijBOEkE8X9RJJMaLjXGhXaOAoh5YwroW9lfIB04yjTS9rQ/B+v/yX1I+K3nGxdFnKVy5mcWTILtknh8QjZVIhZ6RKaoSTe/JInsmL8+A8Oa/O27R1zpnN7JAfcN6/AArkmUU=</latexit>

m⇢ ' 770 MeV

<latexit sha1_base64="u4EHkJ6gJKjvti772jWttpym4qY=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQRCTNBXG4BL4IoEcwCmRh6OhVt0j0zdteIYcjVi7/ixYMiXv0Db/6NneXg9qDg8V4VVfWCWAqDrvvpTExOTc/MZuay8wuLS8u5ldWqiRLNocIjGel6wAxIEUIFBUqoxxqYCiTUgu7RwK/dgjYiCi+wF0NTsatQdARnaKVWjqrWyeU29Y1QcEMPDovU3/F3qI9wh+kpVPutXN4tuEPQv8QbkzwZo9zKffjtiCcKQuSSGdPw3BibKdMouIR+1k8MxIx32RU0LA2ZAtNMh5/06aZV2rQTaVsh0qH6fSJlypieCmynYnhtfnsD8T+vkWDnoJmKME4QQj5a1EkkxYgOYqFtoYGj7FnCuBb2VsqvmWYcbXhZG4L3++W/pFoseHuF3fPdfOlsHEeGrJMNskU8sk9K5JiUSYVwck8eyTN5cR6cJ+fVeRu1TjjjmTXyA877F5bHmG4=</latexit>

m⇤
K ' 892 MeV

<latexit sha1_base64="I7cHdswnv0kj/vWD9eKg7KzlVQI=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg2ARwm4IainY2CgRTBSyS5id3CRDZnbXmbtiWPIBNv6KjYUitn6AnX/jJNnC14GBwznncueeMJHCoOt+OjOzc/MLi0vLhZXVtfWN4uZW08Sp5tDgsYz1dcgMSBFBAwVKuE40MBVKuAoHJ2P/6ha0EXF0icMEAsV6kegKztBK7WJJtf1YQY9R3wgFN/TwqEr9sl+mPsIdZmfQHNmUW3EnoH+Jl5MSyVFvFz/8TsxTBRFyyYxpeW6CQcY0Ci5hVPBTAwnjA9aDlqURU2CCbHLMiO5ZpUO7sbYvQjpRv09kTBkzVKFNKoZ989sbi/95rRS7R0EmoiRFiPh0UTeVFGM6boZ2hAaOcmgJ41rYv1LeZ5pxtP0VbAne75P/kma14h1Uahe10vF5XscS2SG7ZJ945JAck1NSJw3CyT15JM/kxXlwnpxX520anXHymW3yA877F5awmhw=</latexit>

m! ' 782 MeV

<latexit sha1_base64="tMHwwUqbTMAnaD3/gSlHKx1YT3A=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBYSLiToJYBGxslgvmAXAh7m0myZPfu3J0Tw5Hexr9iY6GIrX/Azn/j5qNQ44OBx3szzMwLYikMuu6Xs7C4tLyymlnLrm9sbm3ndnZrJko0hyqPZKQbATMgRQhVFCihEWtgKpBQDwbnY79+B9qIKLzBYQwtxXqh6ArO0ErtXF61/bgvqG+Eglvquccu9Y/8I+oj3GN6CbVRO1dwi+4EdJ54M1IgM1TauU+/E/FEQYhcMmOanhtjK2UaBZcwyvqJgZjxAetB09KQKTCtdPLLiB5YpUO7kbYVIp2oPydSpowZqsB2KoZ989cbi/95zQS7Z61UhHGCEPLpom4iKUZ0HAztCA0c5dASxrWwt1LeZ5pxtPFlbQje35fnSe246J0US9elQvlqFkeG7JM8OSQeOSVlckEqpEo4eSBP5IW8Oo/Os/PmvE9bF5zZzB75BefjG2MzmWw=</latexit>

m� ' 1020 MeV

Only light quarks

Light+strange

Only strange Multiplets work…

a0(980)

f0(500) f0(980)

K∗
0 (700)

a0(1450)

f0(1500)f0(1370)

K∗
0 (1430)K∗

0 (700)

K∗
0 (700) K∗

0 (700)

a0(980)

a0(980) a0(1450)

a0(1450)

K∗
0 (1430)

K∗
0 (1430) K∗

0 (1430)
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Scalars

Non-ordinary mass hierarchy
Only light quarks

Light+strange

Only strange SometimesMultiplets work…

<latexit sha1_base64="7rPaDA+44A8wzG26nI38LVjq4qc=">AAACCHicbVA9SwNBEN3z2/gVtbRwMQgWEu4kaOwCNjaCiomBJBx7m7lkye7dsTsnhiOljX/FxkIRW3+Cnf/GTUyhiW8YeLw3w+68IJHCoOt+OTOzc/MLi0vLuZXVtfWN/OZWzcSp5lDlsYx1PWAGpIigigIl1BMNTAUSboPe2dC/vQNtRBzdYD+BlmKdSISCM7SSn99Vfhb67oA2jVD0tOzS5qEthHvMLqA28PMFt+iOQKeJNyYFMsaln/9stmOeKoiQS2ZMw3MTbGVMo+ASBrlmaiBhvMc60LA0YgpMKxsdMqD7VmnTMNa2I6Qj9fdGxpQxfRXYScWwaya9ofif10gxLLcyESUpQsR/HgpTSTGmw1RoW2jgKPuWMK6F/SvlXaYZR5tdzobgTZ48TWpHRe+4WLoqFSrX4ziWyA7ZIwfEIyekQs7JJakSTh7IE3khr86j8+y8Oe8/ozPOeGeb/IHz8Q2my5iK</latexit>

mf0 ⇠ 980 MeV

<latexit sha1_base64="vpM6nbp0tIg2uT5S0q6NYsGtKdc=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4kJJI8bET3LgRqtgqNCVMprd26EwSZm7EErJ046+4caGIWz/BnX/jtHbh61wuHM65l5l7olQKg5734UxMTk3PzJbmyvMLi0vL7spq0ySZ5tDgiUz0VcQMSBFDAwVKuEo1MBVJuIz6x0P/8ga0EUl8gYMU2opdx6IrOEMrhe6GCnMWegUNjFD08MCjwY4thFvMT6FZhG7Fq3oj0L/EH5MKGaMeuu9BJ+GZghi5ZMa0fC/Fds40Ci6hKAeZgZTxPruGlqUxU2Da+eiQgm5ZpUO7ibYdIx2p3zdypowZqMhOKoY989sbiv95rQy7B+1cxGmGEPOvh7qZpJjQYSq0IzRwlANLGNfC/pXyHtOMo82ubEPwf5/8lzR3q/5etXZWqxydj+MokXWySbaJT/bJETkhddIgnNyRB/JEnp1759F5cV6/Riec8c4a+QHn7ROesJiF</latexit>

ma0 ⇠ 980 MeV

<latexit sha1_base64="tcjcw7tMBdmUc9UbDo/w0VHvql8=">AAACCXicbVA9SwNBEN3zM8avU0ubxSBYSLiT+FEKNjZCFBOF3BH2NpO4ZPfu2J0Tw5HWxr9iY6GIrf/Azn/jJl6h0TcMPN6bYXdelEph0PM+nanpmdm5+dJCeXFpeWXVXVtvmiTTHBo8kYm+jpgBKWJooEAJ16kGpiIJV1H/ZORf3YI2IokvcZBCqFgvFl3BGVqp7VLVDvosTRkNjFD0YN+jwa4thDvMz6A5bLsVr+qNQf8SvyAVUqDedj+CTsIzBTFyyYxp+V6KYc40Ci5hWA4yAynjfdaDlqUxU2DCfHzJkG5bpUO7ibYdIx2rPzdypowZqMhOKoY3ZtIbif95rQy7R2Eu4jRDiPn3Q91MUkzoKBbaERo4yoEljGth/0r5DdOMow2vbEPwJ0/+S5p7Vf+gWjuvVY4vijhKZJNskR3ik0NyTE5JnTQIJ/fkkTyTF+fBeXJenbfv0Smn2Nkgv+C8fwGM2ZkK</latexit>

m ⇠ 650 MeV

<latexit sha1_base64="uJqXmFtUGZM2Fr7ig/Np8YzOBnY=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupMxIfSwLbtwIVewD2lIy6W0bmswMyR2xDN268VfcuFDErX/gzr8xfSy09YRwD+fcS3JPEEth0PO+nYXFpeWV1cxadn1jc2vb3dmtmCjRHMo8kpGuBcyAFCGUUaCEWqyBqUBCNehfjvzqPWgjovAOBzE0FeuGoiM4Qyu1XKpaDSO6ilFbFC2cerRxbA/CA6bXUBm23JyX98ag88SfkhyZotRyvxrtiCcKQuSSGVP3vRibKdMouIRhtpEYiBnvsy7ULQ2ZAtNMx5sM6aFV2rQTaXtDpGP190TKlDEDFdhOxbBnZr2R+J9XT7Bz0UxFGCcIIZ881EkkxYiOYqFtoYGjHFjCuBb2r5T3mGYcbXhZG4I/u/I8qZzk/bN84aaQK95O48iQfXJAjohPzkmRXJESKRNOHskzeSVvzpPz4rw7H5PWBWc6s0f+wPn8AZBCmQw=</latexit>

m� ⇠ 450 MeV
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0 (1430) K∗

0 (1430)


