
Fusing Vectors into Scalars
at High Energy Lepton Colliders

IAS program HKUST - 10 Jan 2019

Andrea Tesi

with Dario Buttazzo, Diego Redigolo and Filippo Sala

[1807.04743/JHEP11(2018)144]



Boeing 747 maiden flight in 1969

initial debt of the project 2b$, it was worth the risk

(CLIC is very ambitious, but first technical notes from the mid ‘80s…)

NEW PHYSICS



At high energy lepton colliders

we can collide (massless) W and Z’s

[EWA, Dawson 1984]
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ŝ

s
) log

s

ŝ
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potentially large cross-section for renormalizable interactions at high energies



At high energy lepton colliders

longitudinal W-fusion is the reason for the increase in the Higgs rate

[SM, plots from 1608.07538]
[see also Kilian, Kramer, Zerwas 1995]
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Not all the lepton colliders are the same

these colliders are HELCs
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HELCs can have similar precision in single Higgs production:
high energy ≈ high statistics
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HELCs sensitive also to on-shell NP

largest effects from the following interactions

|DµX|2, |H|2|X|2
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VTVT
<latexit sha1_base64="2BVALqrqTF05QKDtxi9zHrdVtw4=">AAACHXicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmWFviAJZTKZtEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJaI8kPJHDACvKmaA9zTSnw1RSHAecDoLpY+EPXqhULBFdPUupH+OxYBEjWBvJ9dz+qIvMeP6o3rCb9hJomzglaUCJzqj+44UJyWIqNOFYKdexU+3nWGpGOJ3XvEzRFJMpHlPXUIFjqvx8GXmObowSoiiRZoRGS/XvRY5jpWZxYDZjrCdq0yvE/zw309G9nzORZpoKspYiVybmhIbrYvGEVJFaZYoyjnSCiqpQyCQlms8MwUQy8y1EJlhiok2hNdOXs9nONum3mo7TdJ5bjfZD2VwVruAabsGBO2jDE3SgBwQSeIU3WFgL6936sD5XqxWrvLmENVhfvxlSosU=</latexit><latexit sha1_base64="2BVALqrqTF05QKDtxi9zHrdVtw4=">AAACHXicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmWFviAJZTKZtEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJaI8kPJHDACvKmaA9zTSnw1RSHAecDoLpY+EPXqhULBFdPUupH+OxYBEjWBvJ9dz+qIvMeP6o3rCb9hJomzglaUCJzqj+44UJyWIqNOFYKdexU+3nWGpGOJ3XvEzRFJMpHlPXUIFjqvx8GXmObowSoiiRZoRGS/XvRY5jpWZxYDZjrCdq0yvE/zw309G9nzORZpoKspYiVybmhIbrYvGEVJFaZYoyjnSCiqpQyCQlms8MwUQy8y1EJlhiok2hNdOXs9nONum3mo7TdJ5bjfZD2VwVruAabsGBO2jDE3SgBwQSeIU3WFgL6936sD5XqxWrvLmENVhfvxlSosU=</latexit><latexit sha1_base64="2BVALqrqTF05QKDtxi9zHrdVtw4=">AAACHXicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmWFviAJZTKZtEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJaI8kPJHDACvKmaA9zTSnw1RSHAecDoLpY+EPXqhULBFdPUupH+OxYBEjWBvJ9dz+qIvMeP6o3rCb9hJomzglaUCJzqj+44UJyWIqNOFYKdexU+3nWGpGOJ3XvEzRFJMpHlPXUIFjqvx8GXmObowSoiiRZoRGS/XvRY5jpWZxYDZjrCdq0yvE/zw309G9nzORZpoKspYiVybmhIbrYvGEVJFaZYoyjnSCiqpQyCQlms8MwUQy8y1EJlhiok2hNdOXs9nONum3mo7TdJ5bjfZD2VwVruAabsGBO2jDE3SgBwQSeIU3WFgL6936sD5XqxWrvLmENVhfvxlSosU=</latexit><latexit sha1_base64="2BVALqrqTF05QKDtxi9zHrdVtw4=">AAACHXicbVDLSsNAFL2pr1pfVZduBovgqiTd6LLoxmWFviAJZTKZtEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJaI8kPJHDACvKmaA9zTSnw1RSHAecDoLpY+EPXqhULBFdPUupH+OxYBEjWBvJ9dz+qIvMeP6o3rCb9hJomzglaUCJzqj+44UJyWIqNOFYKdexU+3nWGpGOJ3XvEzRFJMpHlPXUIFjqvx8GXmObowSoiiRZoRGS/XvRY5jpWZxYDZjrCdq0yvE/zw309G9nzORZpoKspYiVybmhIbrYvGEVJFaZYoyjnSCiqpQyCQlms8MwUQy8y1EJlhiok2hNdOXs9nONum3mo7TdJ5bjfZD2VwVruAabsGBO2jDE3SgBwQSeIU3WFgL6936sD5XqxWrvLmENVhfvxlSosU=</latexit>

VLVL
<latexit sha1_base64="rSWdCdgDx7M9CH2whoAxIRAHOt0=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl048JFBfuAJJTJ5KYdOsmEmYlQQj/Drf0ad+JW/BjBSZuFbT1w4XDOvcOZE6ScKW3b31Zla3tnd6+6Xzs4PDo+qZ+e9ZTIJIUuFVzIQUAUcJZAVzPNYZBKIHHAoR9M7gu//wJSMZE862kKfkxGCYsYJdpIruf2ho/YjOcP6w27aS+AN4lTkgYq0RnWf7xQ0CyGRFNOlHIdO9V+TqRmlMOs5mUKUkInZASuoQmJQfn5IvIMXxklxJGQZhKNF+rfi5zESk3jwGzGRI/VuleI/3lupqNbP2dJmmlI6EqKXJmYYwhXxeIJqSK1zBRlHGuBi6pwyCRQzaeGECqZ+RamYyIJ1abQmunLWW9nk/RaTcdpOk+tRvuubK6KLtAlukYOukFt9IA6qIsoEugVvaG5NbferQ/rc7lascqbc7QC6+sX/hOitQ==</latexit><latexit sha1_base64="rSWdCdgDx7M9CH2whoAxIRAHOt0=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl048JFBfuAJJTJ5KYdOsmEmYlQQj/Drf0ad+JW/BjBSZuFbT1w4XDOvcOZE6ScKW3b31Zla3tnd6+6Xzs4PDo+qZ+e9ZTIJIUuFVzIQUAUcJZAVzPNYZBKIHHAoR9M7gu//wJSMZE862kKfkxGCYsYJdpIruf2ho/YjOcP6w27aS+AN4lTkgYq0RnWf7xQ0CyGRFNOlHIdO9V+TqRmlMOs5mUKUkInZASuoQmJQfn5IvIMXxklxJGQZhKNF+rfi5zESk3jwGzGRI/VuleI/3lupqNbP2dJmmlI6EqKXJmYYwhXxeIJqSK1zBRlHGuBi6pwyCRQzaeGECqZ+RamYyIJ1abQmunLWW9nk/RaTcdpOk+tRvuubK6KLtAlukYOukFt9IA6qIsoEugVvaG5NbferQ/rc7lascqbc7QC6+sX/hOitQ==</latexit><latexit sha1_base64="rSWdCdgDx7M9CH2whoAxIRAHOt0=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl048JFBfuAJJTJ5KYdOsmEmYlQQj/Drf0ad+JW/BjBSZuFbT1w4XDOvcOZE6ScKW3b31Zla3tnd6+6Xzs4PDo+qZ+e9ZTIJIUuFVzIQUAUcJZAVzPNYZBKIHHAoR9M7gu//wJSMZE862kKfkxGCYsYJdpIruf2ho/YjOcP6w27aS+AN4lTkgYq0RnWf7xQ0CyGRFNOlHIdO9V+TqRmlMOs5mUKUkInZASuoQmJQfn5IvIMXxklxJGQZhKNF+rfi5zESk3jwGzGRI/VuleI/3lupqNbP2dJmmlI6EqKXJmYYwhXxeIJqSK1zBRlHGuBi6pwyCRQzaeGECqZ+RamYyIJ1abQmunLWW9nk/RaTcdpOk+tRvuubK6KLtAlukYOukFt9IA6qIsoEugVvaG5NbferQ/rc7lascqbc7QC6+sX/hOitQ==</latexit><latexit sha1_base64="rSWdCdgDx7M9CH2whoAxIRAHOt0=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl048JFBfuAJJTJ5KYdOsmEmYlQQj/Drf0ad+JW/BjBSZuFbT1w4XDOvcOZE6ScKW3b31Zla3tnd6+6Xzs4PDo+qZ+e9ZTIJIUuFVzIQUAUcJZAVzPNYZBKIHHAoR9M7gu//wJSMZE862kKfkxGCYsYJdpIruf2ho/YjOcP6w27aS+AN4lTkgYq0RnWf7xQ0CyGRFNOlHIdO9V+TqRmlMOs5mUKUkInZASuoQmJQfn5IvIMXxklxJGQZhKNF+rfi5zESk3jwGzGRI/VuleI/3lupqNbP2dJmmlI6EqKXJmYYwhXxeIJqSK1zBRlHGuBi6pwyCRQzaeGECqZ+RamYyIJ1abQmunLWW9nk/RaTcdpOk+tRvuubK6KLtAlukYOukFt9IA6qIsoEugVvaG5NbferQ/rc7lascqbc7QC6+sX/hOitQ==</latexit>

only pair production also single production upon EWSB when X is SM singlet
X|H|2

<latexit sha1_base64="Ugdw5As1cJ3npwPfKlQVuBtzZhM=">AAACHXicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbddFnBPiCNZTKZtEMnkzAzEUraz3Brv8aduBU/RnDSZmFbDwwczrn3cub4CWdK2/a3tbW9s7u3XzooHx4dn5xWzs47Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXHD7nffaFSsVg86UlCvQgPBQsZwdpIbt/toWlz+lzve4NK1a7ZC6BN4hSkCgVag8pPP4hJGlGhCcdKuY6daC/DUjPC6azcTxVNMBnjIXUNFTiiyssWkWfo2igBCmNpntBoof7dyHCk1CTyzWSE9Uite7n4n+emOrzzMiaSVFNBVlJkysQc0WBVzE9IFaplpjDlSMcorwoFTFKi+cQQTCQz30JkhCUm2hRaNn056+1skk695jg157FebdwXzZXgEq7gBhy4hQY0oQVtIBDDK7zB3Jpb79aH9bkc3bKKnQtYgfX1Cz68ots=</latexit><latexit sha1_base64="Ugdw5As1cJ3npwPfKlQVuBtzZhM=">AAACHXicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbddFnBPiCNZTKZtEMnkzAzEUraz3Brv8aduBU/RnDSZmFbDwwczrn3cub4CWdK2/a3tbW9s7u3XzooHx4dn5xWzs47Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXHD7nffaFSsVg86UlCvQgPBQsZwdpIbt/toWlz+lzve4NK1a7ZC6BN4hSkCgVag8pPP4hJGlGhCcdKuY6daC/DUjPC6azcTxVNMBnjIXUNFTiiyssWkWfo2igBCmNpntBoof7dyHCk1CTyzWSE9Uite7n4n+emOrzzMiaSVFNBVlJkysQc0WBVzE9IFaplpjDlSMcorwoFTFKi+cQQTCQz30JkhCUm2hRaNn056+1skk695jg157FebdwXzZXgEq7gBhy4hQY0oQVtIBDDK7zB3Jpb79aH9bkc3bKKnQtYgfX1Cz68ots=</latexit><latexit sha1_base64="Ugdw5As1cJ3npwPfKlQVuBtzZhM=">AAACHXicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbddFnBPiCNZTKZtEMnkzAzEUraz3Brv8aduBU/RnDSZmFbDwwczrn3cub4CWdK2/a3tbW9s7u3XzooHx4dn5xWzs47Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXHD7nffaFSsVg86UlCvQgPBQsZwdpIbt/toWlz+lzve4NK1a7ZC6BN4hSkCgVag8pPP4hJGlGhCcdKuY6daC/DUjPC6azcTxVNMBnjIXUNFTiiyssWkWfo2igBCmNpntBoof7dyHCk1CTyzWSE9Uite7n4n+emOrzzMiaSVFNBVlJkysQc0WBVzE9IFaplpjDlSMcorwoFTFKi+cQQTCQz30JkhCUm2hRaNn056+1skk695jg157FebdwXzZXgEq7gBhy4hQY0oQVtIBDDK7zB3Jpb79aH9bkc3bKKnQtYgfX1Cz68ots=</latexit><latexit sha1_base64="Ugdw5As1cJ3npwPfKlQVuBtzZhM=">AAACHXicbVDLSsNAFL3xWeur6tLNYBFclaQbXRbddFnBPiCNZTKZtEMnkzAzEUraz3Brv8aduBU/RnDSZmFbDwwczrn3cub4CWdK2/a3tbW9s7u3XzooHx4dn5xWzs47Kk4loW0S81j2fKwoZ4K2NdOc9hJJceRz2vXHD7nffaFSsVg86UlCvQgPBQsZwdpIbt/toWlz+lzve4NK1a7ZC6BN4hSkCgVag8pPP4hJGlGhCcdKuY6daC/DUjPC6azcTxVNMBnjIXUNFTiiyssWkWfo2igBCmNpntBoof7dyHCk1CTyzWSE9Uite7n4n+emOrzzMiaSVFNBVlJkysQc0WBVzE9IFaplpjDlSMcorwoFTFKi+cQQTCQz30JkhCUm2hRaNn056+1skk695jg157FebdwXzZXgEq7gBhy4hQY0oQVtIBDDK7zB3Jpb79aH9bkc3bKKnQtYgfX1Cz68ots=</latexit>

off shell new phyisics can be tested in similar way (WW scattering)
[Contino, Grojean, Pappadopulo, Rattazzi, Thamm]



X = S
<latexit sha1_base64="XW6OAT+kdgPwzWmEPdsv/FIYRV4=">AAACF3icbVBNS8NAFHzxs9avqkcvi63gqSS96EUoevFY0bSFNpTNZtMu3WzC7kYoob/Bq/013sSrR3+M4KbNwbYOLAwz7z1mx084U9q2v62Nza3tnd3SXnn/4PDouHJy2lZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj+9zv/NCpWKxeNaThHoRHgoWMoK1kdxa9/apNqhU7bo9B1onTkGqUKA1qPz0g5ikERWacKxUz7ET7WVYakY4nZb7qaIJJmM8pD1DBY6o8rJ52Cm6NEqAwliaJzSaq383MhwpNYl8MxlhPVKrXi7+5/VSHd54GRNJqqkgSykyZWKOaLAs5iekCtUiU5hypGOUl4QCJinRfGIIJpKZbyEywhITbaosm76c1XbWSbtRd5y689ioNu+K5kpwDhdwBQ5cQxMeoAUuEGDwCm8ws2bWu/VhfS5GN6xi5wyWYH39AgyxoBc=</latexit><latexit sha1_base64="XW6OAT+kdgPwzWmEPdsv/FIYRV4=">AAACF3icbVBNS8NAFHzxs9avqkcvi63gqSS96EUoevFY0bSFNpTNZtMu3WzC7kYoob/Bq/013sSrR3+M4KbNwbYOLAwz7z1mx084U9q2v62Nza3tnd3SXnn/4PDouHJy2lZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj+9zv/NCpWKxeNaThHoRHgoWMoK1kdxa9/apNqhU7bo9B1onTkGqUKA1qPz0g5ikERWacKxUz7ET7WVYakY4nZb7qaIJJmM8pD1DBY6o8rJ52Cm6NEqAwliaJzSaq383MhwpNYl8MxlhPVKrXi7+5/VSHd54GRNJqqkgSykyZWKOaLAs5iekCtUiU5hypGOUl4QCJinRfGIIJpKZbyEywhITbaosm76c1XbWSbtRd5y689ioNu+K5kpwDhdwBQ5cQxMeoAUuEGDwCm8ws2bWu/VhfS5GN6xi5wyWYH39AgyxoBc=</latexit><latexit sha1_base64="XW6OAT+kdgPwzWmEPdsv/FIYRV4=">AAACF3icbVBNS8NAFHzxs9avqkcvi63gqSS96EUoevFY0bSFNpTNZtMu3WzC7kYoob/Bq/013sSrR3+M4KbNwbYOLAwz7z1mx084U9q2v62Nza3tnd3SXnn/4PDouHJy2lZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj+9zv/NCpWKxeNaThHoRHgoWMoK1kdxa9/apNqhU7bo9B1onTkGqUKA1qPz0g5ikERWacKxUz7ET7WVYakY4nZb7qaIJJmM8pD1DBY6o8rJ52Cm6NEqAwliaJzSaq383MhwpNYl8MxlhPVKrXi7+5/VSHd54GRNJqqkgSykyZWKOaLAs5iekCtUiU5hypGOUl4QCJinRfGIIJpKZbyEywhITbaosm76c1XbWSbtRd5y689ioNu+K5kpwDhdwBQ5cQxMeoAUuEGDwCm8ws2bWu/VhfS5GN6xi5wyWYH39AgyxoBc=</latexit><latexit sha1_base64="XW6OAT+kdgPwzWmEPdsv/FIYRV4=">AAACF3icbVBNS8NAFHzxs9avqkcvi63gqSS96EUoevFY0bSFNpTNZtMu3WzC7kYoob/Bq/013sSrR3+M4KbNwbYOLAwz7z1mx084U9q2v62Nza3tnd3SXnn/4PDouHJy2lZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj+9zv/NCpWKxeNaThHoRHgoWMoK1kdxa9/apNqhU7bo9B1onTkGqUKA1qPz0g5ikERWacKxUz7ET7WVYakY4nZb7qaIJJmM8pD1DBY6o8rJ52Cm6NEqAwliaJzSaq383MhwpNYl8MxlhPVKrXi7+5/VSHd54GRNJqqkgSykyZWKOaLAs5iekCtUiU5hypGOUl4QCJinRfGIIJpKZbyEywhITbaosm76c1XbWSbtRd5y689ioNu+K5kpwDhdwBQ5cQxMeoAUuEGDwCm8ws2bWu/VhfS5GN6xi5wyWYH39AgyxoBc=</latexit>

real singlet

L = LSM +
1

2
(@µS)

2 � 1

2
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SS
2 � aHSS|H|2 � �HS

2
S2|H|2 � aS

3
S3 � �S

4
S4

<latexit sha1_base64="XW0YwmlacXT2+6VHlofQNsHJrUA="></latexit><latexit sha1_base64="XW0YwmlacXT2+6VHlofQNsHJrUA="></latexit><latexit sha1_base64="XW0YwmlacXT2+6VHlofQNsHJrUA="></latexit><latexit sha1_base64="XW0YwmlacXT2+6VHlofQNsHJrUA="></latexit>

+c
↵
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S

f
F F̃

<latexit sha1_base64="oM4KJzXmzdCGWLsRR8Ygotq98AQ="></latexit><latexit sha1_base64="oM4KJzXmzdCGWLsRR8Ygotq98AQ="></latexit><latexit sha1_base64="oM4KJzXmzdCGWLsRR8Ygotq98AQ="></latexit><latexit sha1_base64="oM4KJzXmzdCGWLsRR8Ygotq98AQ="></latexit>

• Interplay between Higgs physics (single/double production) and direct searches
• Easy example to compare different machines (total singlet)
• An endless list of models with a low-lying scalar singlet (will not mention them, personal reasons)

�
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mixing angle



Interplay with Higgs physics seen in the EFT

[see complete list by Jiang, Cragi, Li, Sutherland]

integrating out the singlet, we generate:

L = LSM +
cH
⇤2

1

2
(@µ|H|2)2 � c6�H

⇤2
|H|6 + · · ·
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correlation between precision Higgs physics and direct searches



the correlation between mixing and masses
is a hint of the underlying physics

L = LSM +
1

2
(@µS)

2 � 1

2
m2

SS
2 � aHSS|H|2 � �HS

2
S2|H|2 � aS

3
S3 � �S

4
S4
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m2
S ⇡ M2

⇤ , �HS ⇡ g2⇤, �S ⇡ g2⇤ aHS ⇡ g⇤M⇤, aS ⇡ g⇤M⇤
<latexit sha1_base64="h+unU5LtbW/OVwJyO/BRwDgWMd4="></latexit><latexit sha1_base64="h+unU5LtbW/OVwJyO/BRwDgWMd4="></latexit><latexit sha1_base64="h+unU5LtbW/OVwJyO/BRwDgWMd4="></latexit><latexit sha1_base64="h+unU5LtbW/OVwJyO/BRwDgWMd4="></latexit>

with the naive scaling

the mixing angle has a slow decoupling � ⇡ g⇤v
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what are we testing?



An extremely precise machine can face the difficulty of testing elusing new physics:

the mixing angle has a fast decoupling

• Models where singlet gets a vev induced by EWSB

• Models where                   , maybe related to an approximate Z2, aHS ⇠ g⇤m
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[realized in scenarios of vector-like confinement]

� ⇡ (
g⇤v

M⇤
)2 ⇥ m

g⇤v
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[see later]

Parametrically small mixing

S ! �S
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Single production
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identical to the SM Higgs (times a rescaling)

Total rate



Actively searched for at the LHC
Extremely clean channel for CLIC

Challengening for the LHC
Clean channel for CLIC

� ! ZZ � ! hh(4b)

• estimate the sensitivies of CLIC - 1.5/3TeV
• estimate the efficiencies on signals/bkg using CLIC card Delphes
• compare the two channels (and more)
• compare with the expected outcome of HL-LHC

Aims:

which decay channels?
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• Detector simulation with the CLIC card for stage III
• Largest background 4b2v, under control 4b

Delphes with CLIC card
[Ulrike Schnoor]
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• hh(4b) always dominant as compared to WW/ZZ
• Mass windows for parton level analysis: �4` = 5%, �2`2j = 10%, and �4j = 15%
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Results for the cross sections



��� ��� ��� ��� ��� �����× ��-�

��× ��-�
�����

�����
�����

�����
�����

��(ϕ → ��)

���
� γ

����� ���������� ���� ��� ���

���� ��� ���
���� � ���

�ϕ = ��� ���� ���� � ���

�ϕ = ��� ���� ���� ��� ���

�ϕ = � ���� ���� � ���

CLIC: single Higgs production and direct searches

agreement with [JM No, M Spannowksy]



CLIC + LHC + HL-LHC
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fast decoupling
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CLIC + LHC + HL-LHC



what if e! µ
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The LEMMA proposal

positrons on electron target, instead of proton proton

• muons with large emittance
• challenges of muon cooling

[Antonelli, Boscolo, Di Nardo,Raimondi]
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previously were considered pp collisions:



[see Zanetti’s talk at GGI 2018]
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The LEMMA proposal

45 GeV positrons on electron target

• Avoid cooling problem with low emittance
• Main challenge: luminosity (any target)
• Many more challenges

[Antonelli, Boscolo, Di Nardo,Raimondi]
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As benchmark values

we perform a parton level analysis, 
‘validated’ against the previous collider study

(backup slides)



� � � � �� ��
��-��

��-��

��-��

��-��

�� �� !���"

���
� γ

��� �� ���� �� ��-��

�� ��� ���� � ��-��

�� �� ���� � ��-��

��-�������� �� ���� �� ��-��

��-�������� � ���� � ��-��

��% ���� ����������

���� ! ��* ��"�� ��

���� ! ��*
�� ���� "�� ��

��

• notice the competition with 100TeV
• several studies underway, for example EW multiplets

A first muon-collider reach

[Di Luzio, Grober, Panico]



what if S
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is pseudoscalar?



in general a different analysis is needed

our results can be applied to ‘photo-phobic’ ALPs
where only one parameter enters the ALP decays to W/Z

[Craig, Hook, Kasko]

[Bauer, Neubert, Thamm]

cWW = c2, cZZ = c2 + tan ✓4
W

5

3
c1, cZ� = c2 � tan ✓2

W
5

3
c1, c�� = c2 +

5

3
c1
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rates, limits and interpretations
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• Not all the regions have the same relevance
• Large couplings        implies low cut-off
• Same rules for weakly and strongly coupled models

c1,2
<latexit sha1_base64="cwKHkWRdJbekaG+4GtDM+79kNvA=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDLpRpdFNy4r2AfMDCWTybShmWRIMkIZ+hlu7de4E7fixwhm2lnY1gOBwzn3Xk5OmHKmjet+O5Wt7Z3dvep+7eDw6PikfnrW0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g8nD4Xff6FKMymezTSlQYJHgsWMYGMlz/fIMEc3rZkfDOsNt+kuADcJKkkDlOgM6z9+JEmWUGEIx1p7yE1NkGNlGOF0VvMzTVNMJnhEPUsFTqgO8kXkGbyySgRjqewTBi7Uvxs5TrSeJqGdTLAZ63WvEP/zvMzEd0HORJoZKshKilzbmGMarYrFCaVjvcwUZxwaCYuqYMQUJYZPLcFEMfstSMZYYWJsoTXbF1pvZ5P0Wk2Emuip1Wjfl81VwQW4BNcAgVvQBo+gA7qAAAlewRuYO3Pn3flwPpejFafcOQcrcL5+AUDVotw=</latexit><latexit sha1_base64="cwKHkWRdJbekaG+4GtDM+79kNvA=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDLpRpdFNy4r2AfMDCWTybShmWRIMkIZ+hlu7de4E7fixwhm2lnY1gOBwzn3Xk5OmHKmjet+O5Wt7Z3dvep+7eDw6PikfnrW0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g8nD4Xff6FKMymezTSlQYJHgsWMYGMlz/fIMEc3rZkfDOsNt+kuADcJKkkDlOgM6z9+JEmWUGEIx1p7yE1NkGNlGOF0VvMzTVNMJnhEPUsFTqgO8kXkGbyySgRjqewTBi7Uvxs5TrSeJqGdTLAZ63WvEP/zvMzEd0HORJoZKshKilzbmGMarYrFCaVjvcwUZxwaCYuqYMQUJYZPLcFEMfstSMZYYWJsoTXbF1pvZ5P0Wk2Emuip1Wjfl81VwQW4BNcAgVvQBo+gA7qAAAlewRuYO3Pn3flwPpejFafcOQcrcL5+AUDVotw=</latexit><latexit sha1_base64="cwKHkWRdJbekaG+4GtDM+79kNvA=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDLpRpdFNy4r2AfMDCWTybShmWRIMkIZ+hlu7de4E7fixwhm2lnY1gOBwzn3Xk5OmHKmjet+O5Wt7Z3dvep+7eDw6PikfnrW0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g8nD4Xff6FKMymezTSlQYJHgsWMYGMlz/fIMEc3rZkfDOsNt+kuADcJKkkDlOgM6z9+JEmWUGEIx1p7yE1NkGNlGOF0VvMzTVNMJnhEPUsFTqgO8kXkGbyySgRjqewTBi7Uvxs5TrSeJqGdTLAZ63WvEP/zvMzEd0HORJoZKshKilzbmGMarYrFCaVjvcwUZxwaCYuqYMQUJYZPLcFEMfstSMZYYWJsoTXbF1pvZ5P0Wk2Emuip1Wjfl81VwQW4BNcAgVvQBo+gA7qAAAlewRuYO3Pn3flwPpejFafcOQcrcL5+AUDVotw=</latexit><latexit sha1_base64="cwKHkWRdJbekaG+4GtDM+79kNvA=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4kDLpRpdFNy4r2AfMDCWTybShmWRIMkIZ+hlu7de4E7fixwhm2lnY1gOBwzn3Xk5OmHKmjet+O5Wt7Z3dvep+7eDw6PikfnrW0zJThHaJ5FINQqwpZ4J2DTOcDlJFcRJy2g8nD4Xff6FKMymezTSlQYJHgsWMYGMlz/fIMEc3rZkfDOsNt+kuADcJKkkDlOgM6z9+JEmWUGEIx1p7yE1NkGNlGOF0VvMzTVNMJnhEPUsFTqgO8kXkGbyySgRjqewTBi7Uvxs5TrSeJqGdTLAZ63WvEP/zvMzEd0HORJoZKshKilzbmGMarYrFCaVjvcwUZxwaCYuqYMQUJYZPLcFEMfstSMZYYWJsoTXbF1pvZ5P0Wk2Emuip1Wjfl81VwQW4BNcAgVvQBo+gA7qAAAlewRuYO3Pn3flwPpejFafcOQcrcL5+AUDVotw=</latexit>

c1,2 ! N, g! ! 4! /
"

N
<latexit sha1_base64="D7NDLSbnzi+AJLmuC2w2Edf3cfg="></latexit><latexit sha1_base64="D7NDLSbnzi+AJLmuC2w2Edf3cfg="></latexit><latexit sha1_base64="D7NDLSbnzi+AJLmuC2w2Edf3cfg="></latexit><latexit sha1_base64="D7NDLSbnzi+AJLmuC2w2Edf3cfg="></latexit>

production from WT WT
<latexit sha1_base64="5b5OZO/6qOWmobv3qSil52A1GQs=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl047JCX5CEMpnctEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJoUcTnshhQBRwJqCnmeYwTCWQOOAwCKaPhT94AalYIrp6loIfk7FgEaNEG8n13MGoi814/qjesJv2EnibOCVpoBKdUf3HCxOaxSA05UQp17FT7edEakY5zGtepiAldErG4BoqSAzKz5eR5/jGKCGOEmlGaLxU/17kJFZqFgdmMyZ6oja9QvzPczMd3fs5E2mmQdC1FLkyMScQrovFE1JFapUpyjjWCS6qwiGTQDWfGUKoZOZbmE6IJFSbQmumL2eznW3SbzUdp+k8txrth7K5KrpC1+gWOegOtdET6qAeoihBr+gNLayF9W59WJ+r1YpV3lyiNVhfvxy8osc=</latexit><latexit sha1_base64="5b5OZO/6qOWmobv3qSil52A1GQs=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl047JCX5CEMpnctEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJoUcTnshhQBRwJqCnmeYwTCWQOOAwCKaPhT94AalYIrp6loIfk7FgEaNEG8n13MGoi814/qjesJv2EnibOCVpoBKdUf3HCxOaxSA05UQp17FT7edEakY5zGtepiAldErG4BoqSAzKz5eR5/jGKCGOEmlGaLxU/17kJFZqFgdmMyZ6oja9QvzPczMd3fs5E2mmQdC1FLkyMScQrovFE1JFapUpyjjWCS6qwiGTQDWfGUKoZOZbmE6IJFSbQmumL2eznW3SbzUdp+k8txrth7K5KrpC1+gWOegOtdET6qAeoihBr+gNLayF9W59WJ+r1YpV3lyiNVhfvxy8osc=</latexit><latexit sha1_base64="5b5OZO/6qOWmobv3qSil52A1GQs=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl047JCX5CEMpnctEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJoUcTnshhQBRwJqCnmeYwTCWQOOAwCKaPhT94AalYIrp6loIfk7FgEaNEG8n13MGoi814/qjesJv2EnibOCVpoBKdUf3HCxOaxSA05UQp17FT7edEakY5zGtepiAldErG4BoqSAzKz5eR5/jGKCGOEmlGaLxU/17kJFZqFgdmMyZ6oja9QvzPczMd3fs5E2mmQdC1FLkyMScQrovFE1JFapUpyjjWCS6qwiGTQDWfGUKoZOZbmE6IJFSbQmumL2eznW3SbzUdp+k8txrth7K5KrpC1+gWOegOtdET6qAeoihBr+gNLayF9W59WJ+r1YpV3lyiNVhfvxy8osc=</latexit><latexit sha1_base64="5b5OZO/6qOWmobv3qSil52A1GQs=">AAACHXicbVDLSsNAFJ3UV62vqks3g0VwVZJudFl047JCX5CEMpnctEMnkzAzEUroZ7i1X+NO3IofIzhps7CtBy4czrl3OHOClDOlbfvbquzs7u0fVA9rR8cnp2f184u+SjJJoUcTnshhQBRwJqCnmeYwTCWQOOAwCKaPhT94AalYIrp6loIfk7FgEaNEG8n13MGoi814/qjesJv2EnibOCVpoBKdUf3HCxOaxSA05UQp17FT7edEakY5zGtepiAldErG4BoqSAzKz5eR5/jGKCGOEmlGaLxU/17kJFZqFgdmMyZ6oja9QvzPczMd3fs5E2mmQdC1FLkyMScQrovFE1JFapUpyjjWCS6qwiGTQDWfGUKoZOZbmE6IJFSbQmumL2eznW3SbzUdp+k8txrth7K5KrpC1+gWOegOtdET6qAeoihBr+gNLayF9W59WJ+r1YpV3lyiNVhfvxy8osc=</latexit>



Double production



what are we testing?

for small mixing, just the portal coupling*

! HS ! g2
⇤

<latexit sha1_base64="sEFKKy5k+eDNjWPxkHbalWDYtN0=">AAACLnicbVDLSsNAFJ34rPUVdaebwSKIi5J0o8uimy4r2gckMUwmk3boTBJmJkIJBb/Grf0awYW49ScEJ20WtvXAwOGcc4d7T5AyKpVlfRhr6xubW9uVneru3v7BoXl03JVJJjDp4IQloh8gSRiNSUdRxUg/FQTxgJFeMLor/N4zEZIm8aMap8TjaBDTiGKktOSbp67jMh0PkZ+3HiaupBwO/Kunhuv5Zs2qWzPAVWKXpAZKtH3zxw0TnHESK8yQlI5tpcrLkVAUMzKpupkkKcIjNCCOpjHiRHr57IYJvNBKCKNE6BcrOFP/TuSISznmgU5ypIZy2SvE/zwnU9GNl9M4zRSJ8cIWudRrDkm4KBZfCBnJ+U5RxqBKYNEdDKkgWLGxJggLqs+CeIgEwko3XNV92cvtrJJuo27bdfu+UWvels1VwBk4B5fABtegCVqgDToAgxfwCt7A1Jga78an8TWPrhnlzAlYgPH9C+A/qU4=</latexit><latexit sha1_base64="sEFKKy5k+eDNjWPxkHbalWDYtN0=">AAACLnicbVDLSsNAFJ34rPUVdaebwSKIi5J0o8uimy4r2gckMUwmk3boTBJmJkIJBb/Grf0awYW49ScEJ20WtvXAwOGcc4d7T5AyKpVlfRhr6xubW9uVneru3v7BoXl03JVJJjDp4IQloh8gSRiNSUdRxUg/FQTxgJFeMLor/N4zEZIm8aMap8TjaBDTiGKktOSbp67jMh0PkZ+3HiaupBwO/Kunhuv5Zs2qWzPAVWKXpAZKtH3zxw0TnHESK8yQlI5tpcrLkVAUMzKpupkkKcIjNCCOpjHiRHr57IYJvNBKCKNE6BcrOFP/TuSISznmgU5ypIZy2SvE/zwnU9GNl9M4zRSJ8cIWudRrDkm4KBZfCBnJ+U5RxqBKYNEdDKkgWLGxJggLqs+CeIgEwko3XNV92cvtrJJuo27bdfu+UWvels1VwBk4B5fABtegCVqgDToAgxfwCt7A1Jga78an8TWPrhnlzAlYgPH9C+A/qU4=</latexit><latexit sha1_base64="sEFKKy5k+eDNjWPxkHbalWDYtN0=">AAACLnicbVDLSsNAFJ34rPUVdaebwSKIi5J0o8uimy4r2gckMUwmk3boTBJmJkIJBb/Grf0awYW49ScEJ20WtvXAwOGcc4d7T5AyKpVlfRhr6xubW9uVneru3v7BoXl03JVJJjDp4IQloh8gSRiNSUdRxUg/FQTxgJFeMLor/N4zEZIm8aMap8TjaBDTiGKktOSbp67jMh0PkZ+3HiaupBwO/Kunhuv5Zs2qWzPAVWKXpAZKtH3zxw0TnHESK8yQlI5tpcrLkVAUMzKpupkkKcIjNCCOpjHiRHr57IYJvNBKCKNE6BcrOFP/TuSISznmgU5ypIZy2SvE/zwnU9GNl9M4zRSJ8cIWudRrDkm4KBZfCBnJ+U5RxqBKYNEdDKkgWLGxJggLqs+CeIgEwko3XNV92cvtrJJuo27bdfu+UWvels1VwBk4B5fABtegCVqgDToAgxfwCt7A1Jga78an8TWPrhnlzAlYgPH9C+A/qU4=</latexit><latexit sha1_base64="sEFKKy5k+eDNjWPxkHbalWDYtN0=">AAACLnicbVDLSsNAFJ34rPUVdaebwSKIi5J0o8uimy4r2gckMUwmk3boTBJmJkIJBb/Grf0awYW49ScEJ20WtvXAwOGcc4d7T5AyKpVlfRhr6xubW9uVneru3v7BoXl03JVJJjDp4IQloh8gSRiNSUdRxUg/FQTxgJFeMLor/N4zEZIm8aMap8TjaBDTiGKktOSbp67jMh0PkZ+3HiaupBwO/Kunhuv5Zs2qWzPAVWKXpAZKtH3zxw0TnHESK8yQlI5tpcrLkVAUMzKpupkkKcIjNCCOpjHiRHr57IYJvNBKCKNE6BcrOFP/TuSISznmgU5ypIZy2SvE/zwnU9GNl9M4zRSJ8cIWudRrDkm4KBZfCBnJ+U5RxqBKYNEdDKkgWLGxJggLqs+CeIgEwko3XNV92cvtrJJuo27bdfu+UWvels1VwBk4B5fABtegCVqgDToAgxfwCt7A1Jga78an8TWPrhnlzAlYgPH9C+A/qU4=</latexit>
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<latexit sha1_base64="A/za+1KOoSV+u2bgvrk6bOzuqxs="></latexit><latexit sha1_base64="A/za+1KOoSV+u2bgvrk6bOzuqxs="></latexit><latexit sha1_base64="A/za+1KOoSV+u2bgvrk6bOzuqxs="></latexit><latexit sha1_base64="A/za+1KOoSV+u2bgvrk6bOzuqxs="></latexit>

[* JM No, M Spannowsky]



is it too small?
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as small as at LHC, but in a much cleaner environment



what is relevant for?

test of the electro-weak phase transition […]

for my purposes summarized in “large coupling and light state”
or slighlty better as

• Two step phase transition

• Thermal effects from light state

•             term

m2
! ! ! HS v2/2 < 0 , and ! Sv

2 m
2
h

2
" |m2

! ! ! HS v2/2|2
<latexit sha1_base64="gjrDXWp6pDw+0Pg7+VW71jokvDw="></latexit><latexit sha1_base64="gjrDXWp6pDw+0Pg7+VW71jokvDw="></latexit><latexit sha1_base64="gjrDXWp6pDw+0Pg7+VW71jokvDw="></latexit><latexit sha1_base64="gjrDXWp6pDw+0Pg7+VW71jokvDw="></latexit>

c6 ! H

! 2 =
! HS

2v2 sin2 " +
! 3
HS

192#2m2
!
⇡ 1

TeV2
<latexit sha1_base64="QiFGBEnN5cr88T4QaEwBjbWvlWk="></latexit><latexit sha1_base64="QiFGBEnN5cr88T4QaEwBjbWvlWk="></latexit><latexit sha1_base64="QiFGBEnN5cr88T4QaEwBjbWvlWk="></latexit><latexit sha1_base64="QiFGBEnN5cr88T4QaEwBjbWvlWk="></latexit>

vc

Tc
!

! 3/ 2
HS

6"! h
!

g3
!

6"! h
<latexit sha1_base64="kcehHwCaIiTfo2r0zOTUSjqucKY="></latexit><latexit sha1_base64="kcehHwCaIiTfo2r0zOTUSjqucKY="></latexit><latexit sha1_base64="kcehHwCaIiTfo2r0zOTUSjqucKY="></latexit><latexit sha1_base64="kcehHwCaIiTfo2r0zOTUSjqucKY="></latexit>

|H |6
<latexit sha1_base64="9FXY/nuf8m1AGV9tJYalESI6r9M=">AAACG3icbVC7TsMwFHV4lvIqMLJYVEhMVdIBGCtYOhaJPlASKsdxWqu2E9kOUpX2K1jp17AhVgY+BgmnzUBbjmTp6Jx7r45PkDCqtG1/WxubW9s7u6W98v7B4dFx5eS0o+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wus/97guRisbiUY8T4nM0EDSiGGkjPXnupDl5vvb8fqVq1+w54DpxClIFBVr9yo8XxjjlRGjMkFKuYyfaz5DUFDMyLXupIgnCIzQgrqECcaL8bB54Ci+NEsIoluYJDefq340McaXGPDCTHOmhWvVy8T/PTXV062dUJKkmAi+lyJSJOSThspifkCpSi0xRyqCOYV4UDKkkWLOxIQhLar4F8RBJhLWps2z6clbbWSedes1xas5Dvdq4K5orgXNwAa6AA25AAzRBC7QBBhy8gjcws2bWu/VhfS5GN6xi5wwswfr6BSwbolM=</latexit><latexit sha1_base64="9FXY/nuf8m1AGV9tJYalESI6r9M=">AAACG3icbVC7TsMwFHV4lvIqMLJYVEhMVdIBGCtYOhaJPlASKsdxWqu2E9kOUpX2K1jp17AhVgY+BgmnzUBbjmTp6Jx7r45PkDCqtG1/WxubW9s7u6W98v7B4dFx5eS0o+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wus/97guRisbiUY8T4nM0EDSiGGkjPXnupDl5vvb8fqVq1+w54DpxClIFBVr9yo8XxjjlRGjMkFKuYyfaz5DUFDMyLXupIgnCIzQgrqECcaL8bB54Ci+NEsIoluYJDefq340McaXGPDCTHOmhWvVy8T/PTXV062dUJKkmAi+lyJSJOSThspifkCpSi0xRyqCOYV4UDKkkWLOxIQhLar4F8RBJhLWps2z6clbbWSedes1xas5Dvdq4K5orgXNwAa6AA25AAzRBC7QBBhy8gjcws2bWu/VhfS5GN6xi5wwswfr6BSwbolM=</latexit><latexit sha1_base64="9FXY/nuf8m1AGV9tJYalESI6r9M=">AAACG3icbVC7TsMwFHV4lvIqMLJYVEhMVdIBGCtYOhaJPlASKsdxWqu2E9kOUpX2K1jp17AhVgY+BgmnzUBbjmTp6Jx7r45PkDCqtG1/WxubW9s7u6W98v7B4dFx5eS0o+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wus/97guRisbiUY8T4nM0EDSiGGkjPXnupDl5vvb8fqVq1+w54DpxClIFBVr9yo8XxjjlRGjMkFKuYyfaz5DUFDMyLXupIgnCIzQgrqECcaL8bB54Ci+NEsIoluYJDefq340McaXGPDCTHOmhWvVy8T/PTXV062dUJKkmAi+lyJSJOSThspifkCpSi0xRyqCOYV4UDKkkWLOxIQhLar4F8RBJhLWps2z6clbbWSedes1xas5Dvdq4K5orgXNwAa6AA25AAzRBC7QBBhy8gjcws2bWu/VhfS5GN6xi5wwswfr6BSwbolM=</latexit><latexit sha1_base64="9FXY/nuf8m1AGV9tJYalESI6r9M=">AAACG3icbVC7TsMwFHV4lvIqMLJYVEhMVdIBGCtYOhaJPlASKsdxWqu2E9kOUpX2K1jp17AhVgY+BgmnzUBbjmTp6Jx7r45PkDCqtG1/WxubW9s7u6W98v7B4dFx5eS0o+JUYtLGMYtlL0CKMCpIW1PNSC+RBPGAkW4wus/97guRisbiUY8T4nM0EDSiGGkjPXnupDl5vvb8fqVq1+w54DpxClIFBVr9yo8XxjjlRGjMkFKuYyfaz5DUFDMyLXupIgnCIzQgrqECcaL8bB54Ci+NEsIoluYJDefq340McaXGPDCTHOmhWvVy8T/PTXV062dUJKkmAi+lyJSJOSThspifkCpSi0xRyqCOYV4UDKkkWLOxIQhLar4F8RBJhLWps2z6clbbWSedes1xas5Dvdq4K5orgXNwAa6AA25AAzRBC7QBBhy8gjcws2bWu/VhfS5GN6xi5wwswfr6BSwbolM=</latexit>



all in one plot

• Large number of events
• Phase diagram ‘stolen’ from [Curtin,Meade]
• Extremely small mixing still allow decay into detectors
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[need also to reconsider full invisible Z-fusion, beamstrahlung, MIM distribution….]



Conclusions

NEW PHYSICS

! +
<latexit sha1_base64="SLMCe/er2woMGFdzduJ0WDBHv9M=">AAACGnicbVDLSsNAFL2pr1pfVZdugq0gCCXpRpdFNy4r2Ae0sUwmN+3QySTMTIQS+hNu7de4E7du/BjB6QOxtQcGDufcezlz/IQzpR3ny8ptbG5t7+R3C3v7B4dHxeOTpopTSbFBYx7Ltk8UciawoZnm2E4kksjn2PKHd1O/9YxSsVg86lGCXkT6goWMEm2kdrmLnD9dlXvFkltxZrB/ibOqlGCBeq/43Q1imkYoNOVEqY7rJNrLiNSMchwXuqnChNAh6WPHUEEiVF42yzu2L4wS2GEszRPanql/NzISKTWKfDMZET1Qq95UXOd1Uh3eeBkTSapR0KUUmTIxBxgsi9MTUoVqnilMua1je9qTHTCJVPORIYRKZr5l0wGRhGrTZmFtX/9Is1px3Yr7UC3VbhfN5eEMzuESXLiGGtxDHRpAgcMLvMLEmlhv1rv1MR/NWYudU1iC9fkDlqChcQ==</latexit><latexit sha1_base64="SLMCe/er2woMGFdzduJ0WDBHv9M=">AAACGnicbVDLSsNAFL2pr1pfVZdugq0gCCXpRpdFNy4r2Ae0sUwmN+3QySTMTIQS+hNu7de4E7du/BjB6QOxtQcGDufcezlz/IQzpR3ny8ptbG5t7+R3C3v7B4dHxeOTpopTSbFBYx7Ltk8UciawoZnm2E4kksjn2PKHd1O/9YxSsVg86lGCXkT6goWMEm2kdrmLnD9dlXvFkltxZrB/ibOqlGCBeq/43Q1imkYoNOVEqY7rJNrLiNSMchwXuqnChNAh6WPHUEEiVF42yzu2L4wS2GEszRPanql/NzISKTWKfDMZET1Qq95UXOd1Uh3eeBkTSapR0KUUmTIxBxgsi9MTUoVqnilMua1je9qTHTCJVPORIYRKZr5l0wGRhGrTZmFtX/9Is1px3Yr7UC3VbhfN5eEMzuESXLiGGtxDHRpAgcMLvMLEmlhv1rv1MR/NWYudU1iC9fkDlqChcQ==</latexit><latexit sha1_base64="SLMCe/er2woMGFdzduJ0WDBHv9M=">AAACGnicbVDLSsNAFL2pr1pfVZdugq0gCCXpRpdFNy4r2Ae0sUwmN+3QySTMTIQS+hNu7de4E7du/BjB6QOxtQcGDufcezlz/IQzpR3ny8ptbG5t7+R3C3v7B4dHxeOTpopTSbFBYx7Ltk8UciawoZnm2E4kksjn2PKHd1O/9YxSsVg86lGCXkT6goWMEm2kdrmLnD9dlXvFkltxZrB/ibOqlGCBeq/43Q1imkYoNOVEqY7rJNrLiNSMchwXuqnChNAh6WPHUEEiVF42yzu2L4wS2GEszRPanql/NzISKTWKfDMZET1Qq95UXOd1Uh3eeBkTSapR0KUUmTIxBxgsi9MTUoVqnilMua1je9qTHTCJVPORIYRKZr5l0wGRhGrTZmFtX/9Is1px3Yr7UC3VbhfN5eEMzuESXLiGGtxDHRpAgcMLvMLEmlhv1rv1MR/NWYudU1iC9fkDlqChcQ==</latexit><latexit sha1_base64="SLMCe/er2woMGFdzduJ0WDBHv9M=">AAACGnicbVDLSsNAFL2pr1pfVZdugq0gCCXpRpdFNy4r2Ae0sUwmN+3QySTMTIQS+hNu7de4E7du/BjB6QOxtQcGDufcezlz/IQzpR3ny8ptbG5t7+R3C3v7B4dHxeOTpopTSbFBYx7Ltk8UciawoZnm2E4kksjn2PKHd1O/9YxSsVg86lGCXkT6goWMEm2kdrmLnD9dlXvFkltxZrB/ibOqlGCBeq/43Q1imkYoNOVEqY7rJNrLiNSMchwXuqnChNAh6WPHUEEiVF42yzu2L4wS2GEszRPanql/NzISKTWKfDMZET1Qq95UXOd1Uh3eeBkTSapR0KUUmTIxBxgsi9MTUoVqnilMua1je9qTHTCJVPORIYRKZr5l0wGRhGrTZmFtX/9Is1px3Yr7UC3VbhfN5eEMzuESXLiGGtxDHRpAgcMLvMLEmlhv1rv1MR/NWYudU1iC9fkDlqChcQ==</latexit>

! !
<latexit sha1_base64="We9xNX9FCakWApHzvwYGv5ThKnk=">AAACGnicbVDLSsNAFL2pr1pfVZdugq3gxpJ0o8uiG5cV7APaWCaTm3boZBJmJkIJ/Qm39mvciVs3fozg9IHY2gMDh3PuvZw5fsKZ0o7zZeU2Nre2d/K7hb39g8Oj4vFJU8WppNigMY9l2ycKORPY0ExzbCcSSeRzbPnDu6nfekapWCwe9ShBLyJ9wUJGiTZSu9xFzp+uyr1iya04M9i/xFlVSrBAvVf87gYxTSMUmnKiVMd1Eu1lRGpGOY4L3VRhQuiQ9LFjqCARKi+b5R3bF0YJ7DCW5gltz9S/GxmJlBpFvpmMiB6oVW8qrvM6qQ5vvIyJJNUo6FKKTJmYAwyWxekJqUI1zxSm3NaxPe3JDphEqvnIEEIlM9+y6YBIQrVps7C2r3+kWa24bsV9qJZqt4vm8nAG53AJLlxDDe6hDg2gwOEFXmFiTaw36936mI/mrMXOKSzB+vwBmgChcw==</latexit><latexit sha1_base64="We9xNX9FCakWApHzvwYGv5ThKnk=">AAACGnicbVDLSsNAFL2pr1pfVZdugq3gxpJ0o8uiG5cV7APaWCaTm3boZBJmJkIJ/Qm39mvciVs3fozg9IHY2gMDh3PuvZw5fsKZ0o7zZeU2Nre2d/K7hb39g8Oj4vFJU8WppNigMY9l2ycKORPY0ExzbCcSSeRzbPnDu6nfekapWCwe9ShBLyJ9wUJGiTZSu9xFzp+uyr1iya04M9i/xFlVSrBAvVf87gYxTSMUmnKiVMd1Eu1lRGpGOY4L3VRhQuiQ9LFjqCARKi+b5R3bF0YJ7DCW5gltz9S/GxmJlBpFvpmMiB6oVW8qrvM6qQ5vvIyJJNUo6FKKTJmYAwyWxekJqUI1zxSm3NaxPe3JDphEqvnIEEIlM9+y6YBIQrVps7C2r3+kWa24bsV9qJZqt4vm8nAG53AJLlxDDe6hDg2gwOEFXmFiTaw36936mI/mrMXOKSzB+vwBmgChcw==</latexit><latexit sha1_base64="We9xNX9FCakWApHzvwYGv5ThKnk=">AAACGnicbVDLSsNAFL2pr1pfVZdugq3gxpJ0o8uiG5cV7APaWCaTm3boZBJmJkIJ/Qm39mvciVs3fozg9IHY2gMDh3PuvZw5fsKZ0o7zZeU2Nre2d/K7hb39g8Oj4vFJU8WppNigMY9l2ycKORPY0ExzbCcSSeRzbPnDu6nfekapWCwe9ShBLyJ9wUJGiTZSu9xFzp+uyr1iya04M9i/xFlVSrBAvVf87gYxTSMUmnKiVMd1Eu1lRGpGOY4L3VRhQuiQ9LFjqCARKi+b5R3bF0YJ7DCW5gltz9S/GxmJlBpFvpmMiB6oVW8qrvM6qQ5vvIyJJNUo6FKKTJmYAwyWxekJqUI1zxSm3NaxPe3JDphEqvnIEEIlM9+y6YBIQrVps7C2r3+kWa24bsV9qJZqt4vm8nAG53AJLlxDDe6hDg2gwOEFXmFiTaw36936mI/mrMXOKSzB+vwBmgChcw==</latexit><latexit sha1_base64="We9xNX9FCakWApHzvwYGv5ThKnk=">AAACGnicbVDLSsNAFL2pr1pfVZdugq3gxpJ0o8uiG5cV7APaWCaTm3boZBJmJkIJ/Qm39mvciVs3fozg9IHY2gMDh3PuvZw5fsKZ0o7zZeU2Nre2d/K7hb39g8Oj4vFJU8WppNigMY9l2ycKORPY0ExzbCcSSeRzbPnDu6nfekapWCwe9ShBLyJ9wUJGiTZSu9xFzp+uyr1iya04M9i/xFlVSrBAvVf87gYxTSMUmnKiVMd1Eu1lRGpGOY4L3VRhQuiQ9LFjqCARKi+b5R3bF0YJ7DCW5gltz9S/GxmJlBpFvpmMiB6oVW8qrvM6qQ5vvIyJJNUo6FKKTJmYAwyWxekJqUI1zxSm3NaxPe3JDphEqvnIEEIlM9+y6YBIQrVps7C2r3+kWa24bsV9qJZqt4vm8nAG53AJLlxDDe6hDg2gwOEFXmFiTaw36936mI/mrMXOKSzB+vwBmgChcw==</latexit>

Thank you!
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comparison between full and parton level analysis
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systematics or statistics?
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BACKUP

LHC and future pp machines
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