
A ubiquitous pseudo-scalar 
in composite Higgs models

Lara Mason

work in progress with Alan Cornell, Aldo Deandrea, Benjamin Fuks

�1

12 September 2019


LFC19: Strong dynamics for physics within and beyond the Standard Model at LHC and Future Colliders 
ECT*



�2

CH models and this talk

• Light scalars in composite Higgs models

• Result from breaking of U(1) symmetry and occur ubiquitously

• New implementation using FeynRules/Madgraph

• Full LO treatment including quark loops in couplings to gauge bosons

• Should not ignore b quark contributions

• A case for targeted searches in the low mass region at the LHC




Introduction

• Composite Higgs models will be accompanied by light 
states generated by the same dynamics


• First signs of compositeness?

• Possibility to use partial compositeness for (top) mass 

generation


• We are interested in a theory with an underlying fermion-
gauge completion


• Motivations: origin of EWSB and addressing the hierarchy 
problem


This talk: pseudo-scalar which is always present in 

models of this nature due to U(1) breaking
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Composite Higgs theories 

• Extend the SM 
• Introduce strongly coupled gauge fermion sector 
• Avoid fundamental scalars (no SO(5)/SO(4)!)

• Underlying theory in terms of gauge and fermion DOF that confine at low energies

• Higgs bound state arises due to the breaking of flavour symmetry

• Choose scenario where Higgs is a pNGB of the broken symmetry

• How to provide mass to fermions?

• Provides masses to gauge bosons as usual

Global symmetries in the effective low energy model are determined (QCD, U(1)..)

 ,�
<latexit sha1_base64="GczNH3u09zMsCUOvyxHoIPSuveA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5TdVtBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+otmFT0asX664VXcOtEq8nFQgR7Nf/vIHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSbtW9erV2v1lpXGTx1GEEziFc/DgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB4qKkDw=</latexit>
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pNGB Higgs

• Consequence of broken global symmetry

HF � Gcus � GSM
<latexit sha1_base64="TWIjMBl82EfWjGPO35EU4k/odco=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiRV0GVR0G6EivYBbQiT6aQdOpmEeQgldO/GX3HjQhG3/oA7/8Zpm0VtPXDhzDn3MveeIGFUKsf5sXIrq2vrG/nNwtb2zu6evX/QlLEWmDRwzGLRDpAkjHLSUFQx0k4EQVHASCsYXk381iMRksb8QY0S4kWoz2lIMVJG8u1izb+GXakTSRS88VOs5Xj+fX879u2SU3amgMvEzUgJZKj79ne3F2MdEa4wQ1J2XCdRXoqEopiRcaGrJUkQHqI+6RjKUUSkl05vGcNjo/RgGAtTXMGpOj+RokjKURSYzgipgVz0JuJ/Xker8MJLKU+0IhzPPgo1gyqGk2BgjwqCFRsZgrCgZleIB0ggrEx8BROCu3jyMmlWyu5puXJ3VqpeZnHkwREoghPggnNQBTVQBw2AwRN4AW/g3Xq2Xq0P63PWmrOymUPwB9bXL04jmpc=</latexit>

Gcus = SU(3)C ⇥ SU(2)L ⇥ SU(2)R ⇥ U(1)X
<latexit sha1_base64="gipA1aWi46IDL/o0fhv46Q2jems=">AAACJnicbVDLTgIxFO3gC/E16tJNIzGBDZkBE92QEFnowgU+BkhgMumUAg2dR9qOCZnwNW78FTcuMMa481PswJgIeJIm55x7b27vcUNGhTSMLy2ztr6xuZXdzu3s7u0f6IdHTRFEHBMLByzgbRcJwqhPLEklI+2QE+S5jLTcUT2pt54IFzTwH+U4JLaHBj7tU4ykshy9eu3EOBITWIUPVqFSdOqwK6lHRCLLRed2Ud7/SqtgFp22o+eNkjEDXCVmSvIgRcPRp91egCOP+BIzJETHNEJpx4hLihmZ5LqRICHCIzQgHUV9pHbZ8ezMCTxTTg/2A66eL+HM/TsRI0+IseeqTg/JoViuJeZ/tU4k+5d2TP0wksTH80X9iEEZwCQz2KOcYMnGiiDMqforxEPEEZYq2ZwKwVw+eZU0yyWzUirfnedrV2kcWXACTkEBmOAC1MANaAALYPAMXsEUvGsv2pv2oX3OWzNaOnMMFqB9/wDulqG/</latexit>

GF /HF
<latexit sha1_base64="fQwKK7FQzPlXQDdRGWz9F1ZWgNA=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU02qoMeiUHusYD+gDWGz3bRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrW9sbhW3Szu7e/sH9uFRW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+G7md56oVCwWj3qSUC/CQ8FCRrA2Uufer180/Lpvl52KMwdaJW5OypCj6dtf/UFM0ogKTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoQJHVHnZ/NwpOjPKAIWxNCU0mqu/JzIcKTWJAtMZYT1Sy95M/M/rpTq88TImklRTQRaLwpQjHaPZ72jAJCWaTwzBRDJzKyIjLDHRJqGSCcFdfnmVtKsV97JSfbgq127zOIpwAqdwDi5cQw0a0IQWEBjDM7zCm5VYL9a79bFoLVj5zDH8gfX5AymSjsw=</latexit>

Coset:

• Explicit breaking of the global sector by, for example, bare masses for the hyperquarks

GSM = SU(3)C ⇥ SU(2)L ⇥ U(1)Y
<latexit sha1_base64="+T99PfOV1U2JEa61HtG7FvStq/I=">AAACFnicbVDLSgMxFM34rPU16tJNsAjtwjLTCroRil3oQqFSp620w5BJ0zY08yDJCGXoV7jxV9y4UMStuPNvzLQjaOuBwLnn3MvNPW7IqJCG8aUtLC4tr6xm1rLrG5tb2/rObkMEEcfEwgELeMtFgjDqE0tSyUgr5AR5LiNNd1hN/OY94YIG/q0chcT2UN+nPYqRVJKjH104cf16DM9g3cqXC04VdiT1iEjKUsG5+imtvFlw7hw9ZxSNCeA8MVOSAylqjv7Z6QY48ogvMUNCtE0jlHaMuKSYkXG2EwkSIjxEfdJW1Edqlx1PzhrDQ6V0YS/g6vkSTtTfEzHyhBh5rur0kByIWS8R//Pakeyd2jH1w0gSH08X9SIGZQCTjGCXcoIlGymCMKfqrxAPEEdYqiSzKgRz9uR50igVzXKxdHOcq5yncWTAPjgAeWCCE1ABl6AGLIDBA3gCL+BVe9SetTftfdq6oKUze+APtI9vijSb2w==</latexit>
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This model (+ new implementation)

This model: SM loops, full LO
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Underlying fermions

We have  �   in two different irreps of the hypercolour group


EW-charged � :   generate the Higgs and EW symmetry breaking upon condensation

                           multiplicity matches minimal coset


QCD � :               partial compositeness

                           carry QCD colour and hypercharge

 ,�
<latexit sha1_base64="GczNH3u09zMsCUOvyxHoIPSuveA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5TdVtBj0YvHCvZDukvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSo9+otmFT0asX664VXcOtEq8nFQgR7Nf/vIHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8Xmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC85ZdXSbtW9erV2v1lpXGTx1GEEziFc/DgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB4qKkDw=</latexit>

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

SU(4)/Sp(4)
<latexit sha1_base64="fErQaP4ZJaf57+UrvcooGrruD04=">AAAB8nicbVBNT8JAEN36ifiFevTSSEzwgi2S6JHoxSMGCySlIdtlCxu2u83u1IQ0/AwvHjTGq7/Gm//GBXpQ8CW7eXlvJjPzwoQzDY7zba2tb2xubRd2irt7+weHpaPjtpapItQjkkvVDbGmnAnqAQNOu4miOA457YTju5nfeaJKMykeYZLQIMZDwSJGMBjJb3mV+sVlKzF/v1R2qs4c9ipxc1JGOZr90ldvIEkaUwGEY61910kgyLACRjidFnuppgkmYzykvqECx1QH2XzlqX1ulIEdSWWeAHuu/u7IcKz1JA5NZYxhpJe9mfif56cQ3QQZE0kKVJDFoCjlNkh7dr89YIoS4BNDMFHM7GqTEVaYgEmpaEJwl09eJe1a1b2q1h7q5cZtHkcBnaIzVEEuukYNdI+ayEMESfSMXtGbBdaL9W59LErXrLznBP2B9fkDsayPkA==</latexit>

SU(5)/SO(5)
<latexit sha1_base64="YnbBk3zKSDnx1VTf+ew49llOhmk=">AAAB8nicbVBNTwIxEJ3FL8Qv1KOXjcQEL7iLGj0SvXgTgwsky4Z0S4GGbrtpuyZkw8/w4kFjvPprvPlvLLAHBV/S5uW9mczMC2NGlXacbyu3srq2vpHfLGxt7+zuFfcPmkokEhMPCyZkO0SKMMqJp6lmpB1LgqKQkVY4up36rSciFRX8UY9jEkRowGmfYqSN5De88uXpWePe/N1iyak4M9jLxM1ICTLUu8WvTk/gJCJcY4aU8l0n1kGKpKaYkUmhkygSIzxCA+IbylFEVJDOVp7YJ0bp2X0hzePanqm/O1IUKTWOQlMZIT1Ui95U/M/zE92/DlLK40QTjueD+gmztbCn99s9KgnWbGwIwpKaXW08RBJhbVIqmBDcxZOXSbNacc8r1YeLUu0miyMPR3AMZXDhCmpwB3XwAIOAZ3iFN0tbL9a79TEvzVlZzyH8gfX5A4JVj3E=</latexit>

SU(4)⇥ SU(4)/SU(4)
<latexit sha1_base64="qflM84zvTmxddvZAhzI1lXLRlUg=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbO1IIui25cVnTaQjuUTJppQzMPkjtCGerGX3HjQhG3/oU7/8Z0OgutHkg4Oedebu7xYsEVWNaXUVhaXlldK66XNja3tnfM3b2WihJJmUMjEcmORxQTPGQOcBCsE0tGAk+wtje+mvnteyYVj8I7mMTMDcgw5D6nBLTUNw9unUr9BPeAB0zh7HGa3X2zbFWtDPgvsXNSRjmaffOzN4hoErAQqCBKdW0rBjclEjgVbFrqJYrFhI7JkHU1DYke6KbZBlN8rJUB9iOpTwg4U392pCRQahJ4ujIgMFKL3kz8z+sm4F+4KQ/jBFhI54P8RGCI8CwOPOCSURATTQiVXP8V0xGRhIIOraRDsBdX/ktatap9Vq3d1MuNyzyOIjpER6iCbHSOGugaNZGDKHpAT+gFvRqPxrPxZrzPSwtG3rOPfsH4+AYT5pQT</latexit>

Once the underlying dynamics are specified, we may only have the following patterns

SU(Nf )⇥ SU(Nf )/SU(Nf )
<latexit sha1_base64="1mU313BNwAs4jE6aE5cthF578KY=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECxC3dSZKuiy6MaVVHTaQjsMmTTThmYeJBmhDF258VfcuFDErd/gzr8xbWeh1QMhJ+fcy809fsKZVJb1ZRQWFpeWV4qrpbX1jc0tc3unKeNUEOqQmMei7WNJOYuoo5jitJ0IikOf05Y/vJz4rXsqJIujOzVKqBvifsQCRrDSkmfu3zqVay846ioWUony13F+e2bZqlpToL/EzkkZcjQ887Pbi0ka0kgRjqXs2Fai3AwLxQin41I3lTTBZIj7tKNphPVQN5uuMUaHWumhIBb6RApN1Z8dGQ6lHIW+rgyxGsh5byL+53VSFZy7GYuSVNGIzAYFKUcqRpNMUI8JShQfaYKJYPqviAywwETp5Eo6BHt+5b+kWavaJ9XazWm5fpHHUYQ9OIAK2HAGdbiCBjhA4AGe4AVejUfj2Xgz3melBSPv2YVfMD6+AcamlsI=</latexit>

SU(Nf )/SO(Nf )
<latexit sha1_base64="CjmaT1Javsp7/3z0Kh0kDSKR7Zs=">AAAB+HicbVDLTsJAFJ3iC/FB1aWbicQEN9iiiS6JblwpBgsk0DTTYQoTptNmZmqCDV/ixoXGuPVT3Pk3DqULBU9yc0/OuTdz5/gxo1JZ1rdRWFldW98obpa2tnd2y+befltGicDEwRGLRNdHkjDKiaOoYqQbC4JCn5GOP76e+Z1HIiSN+IOaxMQN0ZDTgGKktOSZ5ZZTvfWCk9PWXdY9s2LVrAxwmdg5qYAcTc/86g8inISEK8yQlD3bipWbIqEoZmRa6ieSxAiP0ZD0NOUoJNJNs8On8FgrAxhEQhdXMFN/b6QolHIS+noyRGokF72Z+J/XS1Rw6aaUx4kiHM8fChIGVQRnKcABFQQrNtEEYUH1rRCPkEBY6axKOgR78cvLpF2v2We1+v15pXGVx1EEh+AIVIENLkAD3IAmcAAGCXgGr+DNeDJejHfjYz5aMPKdA/AHxucPP7KRhg==</latexit>

SU(Nf )/Sp(Nf )
<latexit sha1_base64="XUyDYsuhnjuZRiQAQX/QGJsifiM=">AAAB+HicbVBNT8JAEJ36ifhB1aOXRmKCF2zRRI9EL54MBgsk0DTbZQsbtttmd2uCDb/EiweN8epP8ea/cYEeFHzJZF7em8nOviBhVCrb/jZWVtfWNzYLW8Xtnd29krl/0JJxKjBxccxi0QmQJIxy4iqqGOkkgqAoYKQdjG6mfvuRCElj/qDGCfEiNOA0pBgpLflmqelW7vzw9KyZzLpvlu2qPYO1TJyclCFHwze/ev0YpxHhCjMkZdexE+VlSCiKGZkUe6kkCcIjNCBdTTmKiPSy2eET60QrfSuMhS6urJn6eyNDkZTjKNCTEVJDuehNxf+8bqrCKy+jPEkV4Xj+UJgyS8XWNAWrTwXBio01QVhQfauFh0ggrHRWRR2Cs/jlZdKqVZ3zau3+oly/zuMowBEcQwUcuIQ63EIDXMCQwjO8wpvxZLwY78bHfHTFyHcO4Q+Mzx9yW5Gn</latexit>

                                                                                                 , 


                                                                and


                                                                

And we find that our minimal cosets are
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Partial Compositeness

L ◆ yLq̄L qL + yR ̄tRtR + h.c
<latexit sha1_base64="8nsVKa7kvjhkyADMo6x5B+I6e38="></latexit>

Chimera baryons - tend to be heavy and beyond the reach of the LHC


• Cannot accommodate enough partners to realise PC for all fermions:

• Spin-1/2 top partners

• Top quark mixes with a composite state of the new strong sector with 

the same quantum numbers: suppresses FCNC and CP-violating terms

  �
<latexit sha1_base64="QTFb82RluuLBoZyOJTYxnxw4IFc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQtlsN+3SzWbZ3Qgl9G948aCIV/+MN/+N2zQHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vVv4vSeqNEvEo5lJGsR4LFjECDZW8n2pWV5kwobVmlt3c6B14hWkBgXaw+qXP0pIGlNhCMdaDzxXmiDDyjDC6bzip5pKTKZ4TAeWChxTHWT5zXN0YZURihJlSxiUq78nMhxrPYtD2xljM9Gr3kL8zxukJroJMiZkaqggy0VRypFJ0CIANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66jbp3VW88NGut2yKOMpzBOVyCB9fQgntoQwcISHiGV3hzUufFeXc+lq0lp5g5hT9wPn8ARtiR1g==</latexit>

 ��
<latexit sha1_base64="HItlwl/JlHBlOf6tXDPp6X/FuXw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQtlsN+3SzWbZ3Qgl9G948aCIV/+MN/+N2zQHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vVv4vSeqNEvEo5lJGsR4LFjECDZW8n2pmU8meQ2rNbfu5kDrxCtIDQq0h9Uvf5SQNKbCEI61HniuNEGGlWGE03nFTzWVmEzxmA4sFTimOsjym+fowiojFCXKljAoV39PZDjWehaHtjPGZqJXvYX4nzdITXQTZEzI1FBBlouilCOToEUAaMQUJYbPLMFEMXsrIhOsMDE2pooNwVt9eZ10G3Xvqt54aNZat0UcZTiDc7gED66hBffQhg4QkPAMr/DmpM6L8+58LFtLTjFzCn/gfP4AIfORvg==</latexit>

One generic feature is that the Higgs potential is largely determined by the top sector, which contains the top quark and a set of 
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Models

• M1-M12 including partial compositeness for the top

• Varying group structures

• Limit number of fermions so we don’t lose asymptotic freedom

• HC: confining gauge interactions

• Custodial symmetry preserved

• Coefficients are computable: determined by the dimension of the 

underlying fermionic representation.

Ingredients: HC group, choice of fermion representations,

 EW coset, QCD coset

•
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Models

Constants C are determined by
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Particle Spectrum

U(1) singlets: mass eigenstates { �  } 

Coupling to gluons via the Wess-Zumino-Witten anomaly term 

a, ⌘0
<latexit sha1_base64="I0oI96QkxZZ4mGBXFhlaIU8IGwc=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBg5TdKuix6MVjBfsB3bVk02kbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nikKDxjxW7Yho4ExCwzDDoZ0oICLi0IpGN1O/9QhKs1jem3ECoSADyfqMEmOlrlvKyFkAhjwEiWICJl237FW8GfAy8XNSRjnqXfcr6MU0FSAN5UTrju8lJsyIMoxymBSDVENC6IgMoGOpJAJ0mM0On+ATq/RwP1a2pMEz9fdERoTWYxHZTkHMUC96U/E/r5Oa/lWYMZmkBiSdL+qnHJsYT1PAPaaAGj62hFDF7K2YDoki1NisijYEf/HlZdKsVvzzSvXuoly7zuMooCN0jE6Rjy5RDd2iOmogilL0jF7Rm/PkvDjvzse8dcXJZw7RHzifP9nckzc=</latexit>

Various EW/QCD resonances are possible

Rich spectrum due to fermions with two representations


� 

�

< �� >
<latexit sha1_base64="jrxaawdUoQ5KIvEBASg6fhRruD4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh5Eil48VrAf2C4lm2bb0CS7JFmhLP0XXjwo4tV/481/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYTVZpF8sFMYuoLPJQsZAQbKz1e9ciIZXXdL1fcqjsDWiZeTiqQo9Evf/UGEUkElYZwrHXXc2Pjp1gZRjidlnqJpjEmYzykXUslFlT76eziKTqxygCFkbIlDZqpvydSLLSeiMB2CmxGetHLxP+8bmLCSz9lMk4MlWS+KEw4MhHK3kcDpigxfGIJJorZWxEZYYWJsSGVbAje4svLpFWremfV2v15pX6Tx1GEIziGU/DgAupwBw1oAgEJz/AKb452Xpx352PeWnDymUP4A+fzBwPEkHw=</latexit>

<   >
<latexit sha1_base64="BFf/SxqfH5HQxYT9LZK9gULMgFo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh5Eil48VrAf2C4lm2bb0Gw2JFmhLP0XXjwo4tV/481/Y7bdg7Y+GHi8N8PMvEBypo3rfjuFldW19Y3iZmlre2d3r7x/0NJxoghtkpjHqhNgTTkTtGmY4bQjFcVRwGk7GN9mfvuJKs1i8WAmkvoRHgoWMoKNlR6velKzrK775YpbdWdAy8TLSQVyNPrlr94gJklEhSEca931XGn8FCvDCKfTUi/RVGIyxkPatVTgiGo/nV08RSdWGaAwVraEQTP190SKI60nUWA7I2xGetHLxP+8bmLCSz9lQiaGCjJfFCYcmRhl76MBU5QYPrEEE8XsrYiMsMLE2JBKNgRv8eVl0qpVvbNq7f68Ur/J4yjCERzDKXhwAXW4gwY0gYCAZ3iFN0c7L8678zFvLTj5zCH8gfP5A01ekKw=</latexit>

�  never forms so HC group remains unbroken<  � >
<latexit sha1_base64="9yDnFVLb6jO53GRj/zUW0XqMRj0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh5Eil48VrAf2F1KNs22oUl2SbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OLqd+u0nqjSL5YMZJzQQeCBZxAg2Vnq88hPNfDJk171yxa26M6Bl4uWkAjkavfKX349JKqg0hGOtu56bmCDDyjDC6aTkp5ommIzwgHYtlVhQHWSziyfoxCp9FMXKljRopv6eyLDQeixC2ymwGepFbyr+53VTE10GGZNJaqgk80VRypGJ0fR91GeKEsPHlmCimL0VkSFWmBgbUsmG4C2+vExatap3Vq3dn1fqN3kcRTiCYzgFDy6gDnfQgCYQkPAMr/DmaOfFeXc+5q0FJ585hD9wPn8AKMGQlA==</latexit>

Two types of fermions in the underlying theory 

 there is always a combination of the two U(1)’s 

which is non anomalous with respect to the HC group

 the associated pseudo-scalar will be light

=)
<latexit sha1_base64="HMfr/LPTm2TgOdnS9fG9kiDX+Vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ekzYLaj75YpX9eZwV4mfkwrkaPTLX71BTFOB0lBOtO76XmKCjCjDKMdpqZdqTAgdkyF2LZVEoA6y+b1T98wqAzeKlS1p3Ln6eyIjQuuJCG2nIGakl72Z+J/XTU10HWRMJqlBSReLopS7JnZnz7sDppAaPrGEUMXsrS4dEUWosRGVbAj+8surpFWr+hfV2v1lpX6Tx1GEEziFc/DhCupwBw1oAgUOz/AKb86j8+K8Ox+L1oKTzxzDHzifP0N5kB0=</latexit>

=)
<latexit sha1_base64="HMfr/LPTm2TgOdnS9fG9kiDX+Vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ekzYLaj75YpX9eZwV4mfkwrkaPTLX71BTFOB0lBOtO76XmKCjCjDKMdpqZdqTAgdkyF2LZVEoA6y+b1T98wqAzeKlS1p3Ln6eyIjQuuJCG2nIGakl72Z+J/XTU10HWRMJqlBSReLopS7JnZnz7sDppAaPrGEUMXsrS4dEUWosRGVbAj+8surpFWr+hfV2v1lpX6Tx1GEEziFc/DhCupwBw1oAgUOz/AKb86j8+K8Ox+L1oKTzxzDHzifP0N5kB0=</latexit>
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Ubiquitous U(1) scalars

We will always have singlet pseudo-scalars associated to global U(1) symmetries,

(and a coloured octet arising from the presence of coloured underlying fermions) 

a, ⌘0,⇡8
<latexit sha1_base64="CfU0qEMXa6syVBGTUN8jOw2ZV9E=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1KSKthl0Y3LCvYBTQyT6U07dJIMMxOhhIK/4saFIm79Dnf+jdPHQlsPXDhzzr3MvScUnCntON9WYWV1bX2juFna2t7Z3bP3D1oqzSSFJk15KjshUcBZAk3NNIeOkEDikEM7HN5M/PYjSMXS5F6PBPgx6ScsYpRoIwX2ETnHHmjy4AnJYjAPwYJaYJedijMFXibunJTRHI3A/vJ6Kc1iSDTlRKmu6wjt50RqRjmMS16mQBA6JH3oGpqQGJSfT9cf41Oj9HCUSlOJxlP190ROYqVGcWg6Y6IHatGbiP953UxHNT9nicg0JHT2UZRxrFM8yQL3mASq+cgQQiUzu2I6IJJQbRIrmRDcxZOXSatacS8q1bvLcv16HkcRHaMTdIZcdIXq6BY1UBNRlKNn9IrerCfrxXq3PmatBWs+c4j+wPr8Ab1plLM=</latexit>

The presence of two types of fermions in the underlying theory guarantees that there is always 

�  non trivial mixinga, ⌘0
<latexit sha1_base64="I0oI96QkxZZ4mGBXFhlaIU8IGwc=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBg5TdKuix6MVjBfsB3bVk02kbmmSXJCvUpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLOtPG8b2dldW19Y7OwVdze2d0rufsHTR2nikKDxjxW7Yho4ExCwzDDoZ0oICLi0IpGN1O/9QhKs1jem3ECoSADyfqMEmOlrlvKyFkAhjwEiWICJl237FW8GfAy8XNSRjnqXfcr6MU0FSAN5UTrju8lJsyIMoxymBSDVENC6IgMoGOpJAJ0mM0On+ATq/RwP1a2pMEz9fdERoTWYxHZTkHMUC96U/E/r5Oa/lWYMZmkBiSdL+qnHJsYT1PAPaaAGj62hFDF7K2YDoki1NisijYEf/HlZdKsVvzzSvXuoly7zuMooCN0jE6Rjy5RDd2iOmogilL0jF7Rm/PkvDjvzse8dcXJZw7RHzifP9nckzc=</latexit>

sin↵dec = � 1r
1 +

q2 N f
2
 

q2�N�f
2
�

<latexit sha1_base64="C6AIwaFuIQs8r5czxOYwpc9c8yU="></latexit>

�  condensing: the axial  �   would be spontaneously broken, but also explicitly 
broken by a ABJ anomaly �  heavy Goldstone.

Also have �  fermions condensing �  additional axial �  spontaneously 
broken. 

Possible to construct an ABJ anomaly free linear combination �  : associated 
pseudo-scalar will be light


 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

U(1) 
<latexit sha1_base64="COZBbxAIpHSvF/IqgEUUvfKA9gw=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIiQsY2JBu6UJD2920XROy4Vd48aAxXv053vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hY6dGveuf9XqJZv1xxa+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPODp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb+8Slr1mndRq99fVho3eRxFOIFTqIIHV9CAO2iCDwQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH7tYj7Y=</latexit>

=)
<latexit sha1_base64="HMfr/LPTm2TgOdnS9fG9kiDX+Vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ekzYLaj75YpX9eZwV4mfkwrkaPTLX71BTFOB0lBOtO76XmKCjCjDKMdpqZdqTAgdkyF2LZVEoA6y+b1T98wqAzeKlS1p3Ln6eyIjQuuJCG2nIGakl72Z+J/XTU10HWRMJqlBSReLopS7JnZnz7sDppAaPrGEUMXsrS4dEUWosRGVbAj+8surpFWr+hfV2v1lpX6Tx1GEEziFc/DhCupwBw1oAgUOz/AKb86j8+K8Ox+L1oKTzxzDHzifP0N5kB0=</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

=)
<latexit sha1_base64="HMfr/LPTm2TgOdnS9fG9kiDX+Vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDbbSbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqKDZpzGPVCYlGziQ2DTMcO4lCIkKO7XB8O/PbT6g0i+WDmSQYCDKULGKUGCt1ekzYLaj75YpX9eZwV4mfkwrkaPTLX71BTFOB0lBOtO76XmKCjCjDKMdpqZdqTAgdkyF2LZVEoA6y+b1T98wqAzeKlS1p3Ln6eyIjQuuJCG2nIGakl72Z+J/XTU10HWRMJqlBSReLopS7JnZnz7sDppAaPrGEUMXsrS4dEUWosRGVbAj+8surpFWr+hfV2v1lpX6Tx1GEEziFc/DhCupwBw1oAgUOz/AKb86j8+K8Ox+L1oKTzxzDHzifP0N5kB0=</latexit>

U(1)�
<latexit sha1_base64="1AoIkz32JsuxyiISBjDHpmVpsV0=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIiQsY2JBu6UJD2920XROy4Vd48aAxXv053vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hY6dGveuf9Hhmxfrni1tw50CrxclKBHM1++as3iEkqqDSEY627npuYIMPKMMLptNRLNU0wGeMh7VoqsaA6yOYHT9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66Ymug4yJpPUUEkWi6KUIxOj2fdowBQlhk8swUQxeysiI6wwMTajkg3BW355lbTqNe+iVr+/rDRu8jiKcAKnUAUPrqABd9AEHwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP5bTj54=</latexit>

U(1)a
<latexit sha1_base64="T/vCsW9XBm5jI0Q7I6uaXPxN4q4=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIiQsksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavlV77yP++WKW3PnQKvEy0kFcjT75a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URNdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV0mrXvMuavX7y0rjJo+jCCdwClXw4AoacAdN8IHAIzzDK7w50nlx3p2PRWvByWeO4Q+czx9WxY5R</latexit>

The pNGB �  is naturally lighter than the typical 
confinement scale, and the orthogonal �  is heavier

ã
<latexit sha1_base64="mM2qdpf3gST80P3V4LAGiFTsMAA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ie0oWw223bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIzEQjKKVHnsoZMgzOu2XK27VnYOsEi8nFcjR6Je/emHMUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bHzwlZ1YJySDWtiIkc/X3REaVMRMV2E5FcWSWvZn4n9dNcXDtZyJKUuQRWywapJJgTGbfk1BozlBOLKFMC3srYSOqKUObUcmG4C2/vEpatap3Ua3dX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmaOfFeXc+Fq0FJ585hj9wPn8AIbiQnw==</latexit>

⌘̃
<latexit sha1_base64="+vP2o/Ln6+SeqnycI65x+fIJnh0=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM1m2i7dbMLuRCihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk0hxZPZKK7ITMghYIWCpTQTTWwOJTQCcd3M7/zBNqIRD3iJIUgZkMlBoIztJLvo5AR5D4gm/YrVbfmzkFXiVeQKinQ7Fe+/CjhWQwKuWTG9Dw3xSBnGgWXMC37mYGU8TEbQs9SxWIwQT6/eUrPrRLRQaJtKaRz9fdEzmJjJnFoO2OGI7PszcT/vF6Gg5sgFyrNEBRfLBpkkmJCZwHQSGjgKCeWMK6FvZXyEdOMo42pbEPwll9eJe16zbus1R+uqo3bIo4SOSVn5IJ45Jo0yD1pkhbhJCXP5JW8OZnz4rw7H4vWNaeYOSF/4Hz+AHFOkfI=</latexit>
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U(1) pseudo-scalar a

• Light: mass up to 100 GeV 
• Small couplings to SM particles 
• Singlet under SM symmetries 
• Couples directly to SM fermions 

fa =

s
q2 N f2

 + q2�N�f2
�

q2 + q2�
<latexit sha1_base64="cVIZqC2UT6SVxNfv2TFdt1abgmU="></latexit>

L =
1

2
(@µa) (@

µa)� 1

2
m2

aa
2 � ⌃f

iCfmf

fa
a ̄f�

5 f+

g2sKg

16⇡2fa
aGa

µ⌫G̃
aµ⌫ +

g2KW

16⇡2fa
aW i

µ⌫W̃
iµ⌫ +

g02KB

16⇡2fa
aBµ⌫B̃

µ⌫ ,
<latexit sha1_base64="ld6QnyDIbPOasGYFC47PJV0Ymv4="></latexit>

LhZa =
3Ctm2

t gA
2⇡2fav

(t � V ) log
⇤2

m2
t

h (@µa)Z
µ.

<latexit sha1_base64="HhILBxg3OC1iUifvy5o0sIA7iFU="></latexit>

Lhaa =
3C2

t m
2
tt

8⇡2f2
av

log
⇤2

m2
t

h (@µa) (@
µa) ,

<latexit sha1_base64="n6D86BZSQg5w+7Dgyo2gh9UU+kg="></latexit>

Ca
t = c5

 
n p
N 

cos↵+
f 
f�

n�p
N�

sin↵

!

<latexit sha1_base64="k2otxqjX3/9+YvsoibSwq6/Lurg="></latexit>
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Coupling to bosons

a
<latexit sha1_base64="CfLjfQCBUGR0z97Xb4EG+wLD3Mo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6oKV+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxh/SpXhTOCs1Es1JpSN6RC7lkoaofan80tn5MwqAxLGypY0ZK7+npjSSOtJFNjOiJqRXvYy8T+vm5rw2p9ymaQGJVssClNBTEyyt8mAK2RGTCyhTHF7K2EjqigzNpwsBG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBQQjP8Apvzth5cd6dj0VrwclnjuEPnM8f+RiM/Q==</latexit>

• Loop couplings with 
the Higgs and Z

• Anomalous couplings to gauge bosons

Ka
V = c5

 
C 

Vp
N 

cos↵+
f 
f�

C�
Vp
N�

sin↵

!

<latexit sha1_base64="4I1/ISR4i0bwTPoXX4VmySV02ag="></latexit>

a
<latexit sha1_base64="CfLjfQCBUGR0z97Xb4EG+wLD3Mo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6oKV+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxh/SpXhTOCs1Es1JpSN6RC7lkoaofan80tn5MwqAxLGypY0ZK7+npjSSOtJFNjOiJqRXvYy8T+vm5rw2p9ymaQGJVssClNBTEyyt8mAK2RGTCyhTHF7K2EjqigzNpwsBG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBQQjP8Apvzth5cd6dj0VrwclnjuEPnM8f+RiM/Q==</latexit>
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Coupling to gauge bosons: loops

There will be a contribution to the coupling to gauge bosons thanks to loops of quarks

A(⌧) = ⌧f(⌧)
<latexit sha1_base64="wfSSVnhCeOrh8oNCno4B21EHTbE=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqJsyUwXdCFU3LivYB7RDyaSZNjSTGZKMUGoX/oobF4q49Tfc+Tdm2llo64GQk3Pu5d4cP+ZMacf5tnJLyyura/n1wsbm1vaOvbvXUFEiCa2TiEey5WNFORO0rpnmtBVLikOf06Y/vEn95gOVikXiXo9i6oW4L1jACNZG6toHV6WOxskJukTpjYLZs2sXnbIzBVokbkaKkKHWtb86vYgkIRWacKxU23Vi7Y2x1IxwOil0EkVjTIa4T9uGChxS5Y2n+0/QsVF6KIikOUKjqfq7Y4xDpUahbypDrAdq3kvF/7x2ooMLb8xEnGgqyGxQkHCkI5SGgXpMUqL5yBBMJDO7IjLAEhNtIiuYENz5Ly+SRqXsnpYrd2fF6nUWRx4O4QhK4MI5VOEWalAHAo/wDK/wZj1ZL9a79TErzVlZzz78gfX5A1hNlGM=</latexit>

⌧ =
4m2

f

M2
a

<latexit sha1_base64="X+z9SZPvExiiqNzSgwHhL6KX6Xw=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvgqszUgm6Eohs3QgX7gM44ZNJMG5pkhiQjlKELN/6KGxeKuPUj3Pk3pu0stPXA5R7OuZfknjBhVGnH+bYKK6tr6xvFzdLW9s7unr1/0FZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnHF1N/c4DkYrG4k6PE+JzNBA0ohhpIwV22dMohRfQiyTCWZ0H0X1tkt0EyLTArjhVZwa4TNycVECOZmB/ef0Yp5wIjRlSquc6ifYzJDXFjExKXqpIgvAIDUjPUIE4UX42O2ICj43Sh1EsTQkNZ+rvjQxxpcY8NJMc6aFa9Kbif14v1dG5n1GRpJoIPH8oShnUMZwmAvtUEqzZ2BCEJTV/hXiITBza5FYyIbiLJy+Tdq3qnlZrt/VK4zKPowjK4AicABecgQa4Bk3QAhg8gmfwCt6sJ+vFerc+5qMFK985BH9gff4Ae9KXWw==</latexit>
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Production Modes: ggF single production
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Production Modes

Gluon-gluon fusion alternative production modes
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LHC Production Modes

20 40 60 80 100
Mass a (GeV)

10

100

500

1000

1500
σ L

O
(p

p→
a)

(p
b)

13 TeV
8 TeV
7 TeV

�18



Decay modes
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The case for including b quarks 
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A model comparison
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Future Searches

We can use the large amount of data to be processed from the LHC to look at these lower 
mass windows

Light scalars - are they still viable?
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Thank you 

�23



Couplings
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