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Different mode of production at different energies
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EW boson 
collider?

We can have an analytical insight with EWA
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Weak bosons can be described as partons!

[R. Ruiz et al. arXiv:2111.02442]
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Discovery potential
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Proton vs Muon

Pair production MX = 0.9 × sμ /2
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Pair production
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well described
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W luminosities
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W luminosities

ΦW+
λ1

W−
λ2
(τ, μf ) = ∫

1

τ

dξ
ξ

fWλ1/μ (ξ, μf) fWλ2/μ ( τ
ξ

, μf)

~ 0.25

0.8/0.25 ~ 3.5 
Muon 14 TeV ~ Proton 50 TeV
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Precision potential
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The quest for New 
Physics

Direct search (Bumps)

E > EcolliderE

SM

Indirect (scouting tails)

⇒ New physics is heavy

Important to assess the potential of a muon collider in indirect searches

New physics effects can lead to unitarity violating behaviours at high energy

High energy tails Less statistics, more sensitivity
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Measurement of 
the Higgs potential

The LHC has found a scalar particle that behaves like the SM Higgs.
It couples to masses.
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Measurement of 
the Higgs potential

h
H trilinear coupling missing

The LHC has found a scalar particle that behaves like the SM Higgs.
It couples to masses.

Quartic coupling is missing too!

Is a low energy lepton collider enough?
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Higgs potential in 
the SM
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<latexit sha1_base64="hfOe5uGnezlC9ZJsF4O+CPa5TVc=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4qkksqItC0U03QkX7gCYNk8mkHTp5ODMplNDfcOOvuHGhiEtd+TdO2wjaemDgcM653LnHjSnhQte/lNzS8srqWn69sLG5tb2j7u41eZQwhBsoohFru5BjSkLcEERQ3I4ZhoFLccsdXE381hAzTqLwToxibAewFxKfICik5Ki6RWXYg85p5YeVK4FT65on5rBrWvg+IcMfJ729HjtqUS/pU2iLxMhIEWSoO+qH5UUoCXAoEIWcdww9FnYKmSCI4nHBSjiOIRrAHu5IGsIAczudXjbWjqTiaX7E5AuFNlV/T6Qw4HwUuDIZQNHn895E/M/rJMI/t1MSxonAIZot8hOqiUib1KR5hGEk6EgSiBiRf9VQHzKIhCyzIEsw5k9eJE2zZJRLFzflYvUyqyMPDsAhOAYGOANVUAN10AAIPIAn8AJelUflWXlT3mfRnJLN7IM/UD6/AWMen/U=</latexit>

HH and radiative corrections to single Higgs 
FCC ~ 5%

[A. Abada et al. 

Eur. Phys. J. C 79 (2019) no.6, 474 ]

Challenging even at FCC!

ILC ⇠ [�10, 10]

CLIC ⇠ [�5, 5]

FCC ⇠ [�2, 4]

<latexit sha1_base64="I8Vz88HCiT/RclXwCBJZ8nzq8aE="></latexit>
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�3 = �SM (1 + �3) = 3�SM

<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>

� = �SM + c2�3 + c3�4 + c4�3�4 + c5�
2
3 + c6�

2
4 + c7�

3
3 + c8�

2
3�4 + c9�

4
3

<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>
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<latexit sha1_base64="gCb6sJrIpQTFgEsVI+FNRad4zWc=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgQkqixcdCKLpxWcE+oAlhMpm0QycPZm6EEgr+ihsXirj1O9z5N07bLLT1wIUz59zL3Hv8VHAFlvVtLCwuLa+sltbK6xubW9vmzm5LJZmkrEkTkciOTxQTPGZN4CBYJ5WMRL5gbX9wO/bbj0wqnsQPMEyZG5FezENOCWjJM/edgAkgXu363DnBxePMMytW1ZoAzxO7IBVUoOGZX06Q0CxiMVBBlOraVgpuTiRwKtio7GSKpYQOSI91NY1JxJSbT9Yf4SOtBDhMpK4Y8ET9PZGTSKlh5OvOiEBfzXpj8T+vm0F46eY8TjNgMZ1+FGYCQ4LHWeCAS0ZBDDUhVHK9K6Z9IgkFnVhZh2DPnjxPWqdVu1a9uq9V6jdFHCV0gA7RMbLRBaqjO9RATURRjp7RK3oznowX4934mLYuGMXMHvoD4/MHhvGUlQ==</latexit>
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�3 = �SM (1 + �3) = 3�SM

<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>

� = �SM + c2�3 + c3�4 + c4�3�4 + c5�
2
3 + c6�

2
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2
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<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>
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<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>
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2
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<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>
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�3 = �SM (1 + �3) = 3�SM

<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>

Huge effects in SMEFT  
caused by trilinear shift
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<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>
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<latexit sha1_base64="cKwt3s+GEyi7+kRUHMOoV5zIV78=">AAACK3icbVBLSwMxGMz6rPW16tFLsAgVoexqQT0IpV68CBXtA7rLks1m29DsgyQrlKX/x4t/xYMefODV/2G2XcG2DgQmM/ORfOPGjAppGB/awuLS8spqYa24vrG5ta3v7LZElHBMmjhiEe+4SBBGQ9KUVDLSiTlBgctI2x1cZX77gXBBo/BeDmNiB6gXUp9iJJXk6HWLqbCHnFN4CX95enczgmVowmNoeYTJzD3K/AGK4+wylXT0klExxoDzxMxJCeRoOPqL5UU4CUgoMUNCdE0jlnaKuKSYkVHRSgSJER6gHukqGqKACDsd7zqCh0rxoB9xdUIJx+rfiRQFQgwDVyUDJPti1svE/7xuIv1zO6VhnEgS4slDfsKgjGBWHPQoJ1iyoSIIc6r+CnEfcYSlqreoSjBnV54nrZOKWa1c3FZLtXpeRwHsgwNQBiY4AzVwDRqgCTB4BM/gDbxrT9qr9ql9TaILWj6zB6agff8A69+kfA==</latexit>

�4 = �SM (1 + �4) = 4�SM

<latexit sha1_base64="dErB2Q6R4uaFEGMDp+Ki3kM7MQU=">AAACK3icbVBLSwMxGMzWV62vVY9egkWoCGVXCupBKPXiRahoH9Bdlmw224ZmHyRZoSz9P178Kx704AOv/g+z7Qq2dSAwmZmP5Bs3ZlRIw/jQCkvLK6trxfXSxubW9o6+u9cWUcIxaeGIRbzrIkEYDUlLUslIN+YEBS4jHXd4lfmdB8IFjcJ7OYqJHaB+SH2KkVSSozcspsIecmrwEv7y9O5mDCvQhCfQ8giTmXuc+UMUx9llJunoZaNqTAAXiZmTMsjRdPQXy4twEpBQYoaE6JlGLO0UcUkxI+OSlQgSIzxEfdJTNEQBEXY62XUMj5TiQT/i6oQSTtS/EykKhBgFrkoGSA7EvJeJ/3m9RPrndkrDOJEkxNOH/IRBGcGsOOhRTrBkI0UQ5lT9FeIB4ghLVW9JlWDOr7xI2qdVs1a9uK2V6428jiI4AIegAkxwBurgGjRBC2DwCJ7BG3jXnrRX7VP7mkYLWj6zD2agff8A8M2kfw==</latexit>

Huge effects in SMEFT  
caused by trilinear shift
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<latexit sha1_base64="lfeBrITs6ksnmvIVRizEuRw6o2c="></latexit>

Quartic deviations less sensitivity 
sign hardly distinguishable
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SM distributions
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Production in forward region at high energy!
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Production in forward region at high energy!

Detector studies have shields in the forward region due to beam-induced background
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Production in forward region at high energy!

Detector studies have shields in the forward region due to beam-induced background

Important to have high rapidity coverage
|⌘| < 5

pbT > 20GeV

A ⇠ 60� 70%
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Rapidity coverage

Nozzles: 
Detector must be shielded from beam radiation

5-10 degrees blind spot at 3 TeV
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Conclusions

❖ Muon collider is a dream machine 

❖ Both precision and discovery potential are top notch 

❖ A multi-TeV machine would be effectively a EW boson collider 

❖ Projected to be better than every proposed collider to measure the Higgs 

self interaction 

❖ For the quartic coupling, factor ~10 improvement over FCC 

❖ No background or optimisation on kinematics was performed
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Luminosity

Luminosities are assumed from MAP studies

Typical EW process at muon collider � =

✓
10TeV
p
sµ

◆2

· 103 ab

<latexit sha1_base64="gddjqvOBVU17F2YcmBEg+bB+5UI="></latexit>
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For N ∼ 104
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Crossing point
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Crossing point

Effectively a EW boson collider!
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Proton vs Muon

Resonance production MX = sμ
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Resonance production MX = sμ

µ�

µ+

X
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Resonance

∑
ij

Φij (
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[ ̂σ]μ
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≡

1
β
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Resonance

∑
ij

Φij (
sμ

sp
,

sμ

2 ) =
[ ̂σ]μ

[ ̂σ]p
≡

1
β FCC comparable!

Still good!
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Unitarity violation

The most well-known example is longitudinal W-boson scattering

WLWL ! WLWL
<latexit sha1_base64="T9YHkhJ0SDzbuzMjjJIW7ZMnHjo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwVBIV9Fj04sFDBfsBbQib7aZdutmE3Y0QQv0rXjwo4tUf4s1/46bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uVrer2zu7evn1w2FFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLkp/O4jlYrF4kFnCfUiPBIsZARrI/l2revfoaIGOkYl9+2603BmQMvELUkdSrR8+2swjEkaUaEJx0r1XSfRXo6lZoTTaXWQKppgMsEj2jdU4IgqL58dP0UnRhmiMJamhEYz9fdEjiOlsigwnRHWY7XoFeJ/Xj/V4ZWXM5GkmgoyXxSmHJlHiyTQkElKNM8MwUQycysiYywx0SavqgnBXXx5mXTOGu55w72/qDevyzgqcATHcAouXEITbqEFbSCQwTO8wpv1ZL1Y79bHvHXFKmdq8AfW5w85KJMz</latexit>
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The framework: 
SMEFT

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Warsaw basis truncated at dim 6.

L = LSM +
P

i
1
⇤O

5
i +

P
i

1
⇤2O

6
i + ...

<latexit sha1_base64="VCL3Z4QDx2R/VIbcAI14Mnfgpks="></latexit>
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❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Warsaw basis truncated at dim 6.

L = LSM +
P

i
1
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5
i +

P
i

1
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6
i + ...

<latexit sha1_base64="VCL3Z4QDx2R/VIbcAI14Mnfgpks="></latexit>

Dim 6 operators introduce energy growing effects 

M ⇠ MSM

✓
1 + Ci

v2

⇤2
+ Cj

vE

⇤2
+ Ck

E2

⇤2

◆

<latexit sha1_base64="+RUP+dabodjNe/+kGy/mvZsEcH8="></latexit>
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SMEFT

❖ Higher dimensional operators preserve SM symmetries. 

❖ Mappable to a large class of BSM models. 

❖ Warsaw basis truncated at dim 6.

L = LSM +
P

i
1
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i +

P
i

1
⇤2O

6
i + ...

<latexit sha1_base64="VCL3Z4QDx2R/VIbcAI14Mnfgpks="></latexit>

Not every operator generates energy growing effects!

Dim 6 operators introduce energy growing effects 

M ⇠ MSM

✓
1 + Ci

v2

⇤2
+ Cj

vE

⇤2
+ Ck

E2

⇤2

◆

<latexit sha1_base64="+RUP+dabodjNe/+kGy/mvZsEcH8="></latexit>



Luca Mantani

27

Energy growth and 
contact terms

The maximum energy growth of an amplitude can be guessed from the contact 
term generated by higher dimension operators.

Let’s consider a 2 to N scattering amplitude (mass dim 2-N):

L �
1

⇤K�4OK
<latexit sha1_base64="IgWQaurWZfhY+FFAXQ+J8JkoZUc="></latexit>

M / 1
⇤K�4EK�N�2

<latexit sha1_base64="PEBlfyVAPV70LELcDUaG67LP+Xo="></latexit>

[F. Maltoni et al. JHEP 10 (2019) 004]
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Energy growth and 
contact terms

The maximum energy growth of an amplitude can be guessed from the contact 
term generated by higher dimension operators.

Let’s consider a 2 to N scattering amplitude (mass dim 2-N):

H<latexit sha1_base64="QreYb3JnMnIzlHk/fy0vj9Tjqxw=">AAACAnicbVC7TgJBFL3rE/GFWtpMBBMbyS4WWhJtKDHKI4ENmR1mYcLM7GZm1oRs6Gxt9R/sjK0/4i/4FQ6whYAnucnJOffm3nuCmDNtXPfbWVvf2Nzazu3kd/f2Dw4LR8dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLR3dRvPVGlWSQfzTimvsADyUJGsLHSQ6lW6hWKbtmdAa0SLyNFyFDvFX66/YgkgkpDONa647mx8VOsDCOcTvLdRNMYkxEe0I6lEguq/XR26gSdW6WPwkjZkgbN1L8TKRZaj0VgOwU2Q73sTcX/vE5iwhs/ZTJODJVkvihMODIRmv6N+kxRYvjYEkwUs7ciMsQKE2PTWdgS0rEU8SVOTDSx4XjLUaySZqXsXZW9+0qxepvFlINTOIML8OAaqlCDOjSAwABe4BXenGfn3flwPueta042cwILcL5+AYEul5s=</latexit>

v
<latexit sha1_base64="pyYicN8SwkQgdwEW7i59nPuBEfY=">AAACAnicbVC7TgJBFL3rE/GFWtpsBBMbyS4WWhJtLDHKI4ENmR1mYcI8NjOzJGRDZ2ur/2BnbP0Rf8GvcIAtBDzJTU7OuTf33hPGjGrjed/O2vrG5tZ2bie/u7d/cFg4Om5omShM6lgyqVoh0oRRQeqGGkZasSKIh4w0w+Hd1G+OiNJUiiczjknAUV/QiGJkrPRYGpW6haJX9mZwV4mfkSJkqHULP52exAknwmCGtG77XmyCFClDMSOTfCfRJEZ4iPqkbalAnOggnZ06cc+t0nMjqWwJ487UvxMp4lqPeWg7OTIDvexNxf+8dmKimyClIk4MEXi+KEqYa6Q7/dvtUUWwYWNLEFbU3uriAVIIG5vOwpaIjAWPL1Fi5MSG4y9HsUoalbJ/VfYfKsXqbRZTDk7hDC7Ah2uowj3UoA4Y+vACr/DmPDvvzofzOW9dc7KZE1iA8/ULy2SXyQ==</latexit>

L �
1

⇤K�4OK
<latexit sha1_base64="IgWQaurWZfhY+FFAXQ+J8JkoZUc="></latexit>

M / 1
⇤K�4EK�N�2

<latexit sha1_base64="PEBlfyVAPV70LELcDUaG67LP+Xo="></latexit>

M / vm

⇤K�4
EK�N�2�m+n

Mn
V

<latexit sha1_base64="jXUaSpcb5H3AAHBmucVH3LEpnMw="></latexit>

@µG
MV

<latexit sha1_base64="3wwJqZV4Hc0/QXrCXCfeffHq1H0=">AAACHXicbZC7TsMwFIadcivlVmCEwaJFYqFKygBjBQMsSEWiF6mpIsd1Wqu2E9kOUhRl4UVYWeEd2BAr4hV4Cpy2Ay0cydKv/z/Hx/78iFGlbfvLKiwtr6yuFddLG5tb2zvl3b22CmOJSQuHLJRdHynCqCAtTTUj3UgSxH1GOv74Ks87D0QqGop7nUSkz9FQ0IBipI3llQ+rbiARTt0ISU0R81wew+ssvfXaWdUrV+yaPSn4VzgzUQGzanrlb3cQ4pgToTFDSvUcO9L9NL8aM5KV3FiRCOExGpKekQJxovrp5BcZPDbOAAahNEdoOHF/T6SIK5Vw33RypEdqMcvN/7JerIOLfkpFFGsi8HRREDOoQ5gjgQMqCdYsMQJhSc1bIR4hQ0UbcHNbApIIHp2iWIeZgeMsovgr2vWac1Zz7uqVxuUMUxEcgCNwAhxwDhrgBjRBC2DwCJ7BC3i1nqw36936mLYWrNnMPpgr6/MHKbuitQ==</latexit>

VL
<latexit sha1_base64="gFQr9icnytqTGKzFCxGTTeDOOPk=">AAACBHicbVC7TgJBFJ3FF+ILtbSZCCY2kl0stCTaWFhg4gIJbMjsMAsT5rGZmTXZbGhtbfUf7Iyt/+Ev+BUOsIWAJ7nJyTn35t57wphRbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJwsTHkknVCZEmjAriG2oY6cSKIB4y0g7Ht1O//USUplI8mjQmAUdDQSOKkbGSX23176v9csWtuTPAVeLlpAJyNPvln95A4oQTYTBDWnc9NzZBhpShmJFJqZdoEiM8RkPStVQgTnSQzY6dwDOrDGAklS1h4Ez9O5EhrnXKQ9vJkRnpZW8q/ud1ExNdBxkVcWKIwPNFUcKgkXD6ORxQRbBhqSUIK2pvhXiEFMLG5rOwJSKp4PEFSoyc2HC85ShWSate8y5r3kO90rjJYyqCE3AKzoEHrkAD3IEm8AEGFLyAV/DmPDvvzofzOW8tOPnMMViA8/UL9weYaA==</latexit>

[F. Maltoni et al. JHEP 10 (2019) 004]
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Energy growth and 
contact terms

The maximum energy growth of an amplitude can be guessed from the contact 
term generated by higher dimension operators.

Let’s consider a 2 to N scattering amplitude (mass dim 2-N):

H<latexit sha1_base64="QreYb3JnMnIzlHk/fy0vj9Tjqxw=">AAACAnicbVC7TgJBFL3rE/GFWtpMBBMbyS4WWhJtKDHKI4ENmR1mYcLM7GZm1oRs6Gxt9R/sjK0/4i/4FQ6whYAnucnJOffm3nuCmDNtXPfbWVvf2Nzazu3kd/f2Dw4LR8dNHSWK0AaJeKTaAdaUM0kbhhlO27GiWASctoLR3dRvPVGlWSQfzTimvsADyUJGsLHSQ6lW6hWKbtmdAa0SLyNFyFDvFX66/YgkgkpDONa647mx8VOsDCOcTvLdRNMYkxEe0I6lEguq/XR26gSdW6WPwkjZkgbN1L8TKRZaj0VgOwU2Q73sTcX/vE5iwhs/ZTJODJVkvihMODIRmv6N+kxRYvjYEkwUs7ciMsQKE2PTWdgS0rEU8SVOTDSx4XjLUaySZqXsXZW9+0qxepvFlINTOIML8OAaqlCDOjSAwABe4BXenGfn3flwPueta042cwILcL5+AYEul5s=</latexit>
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<latexit sha1_base64="pyYicN8SwkQgdwEW7i59nPuBEfY=">AAACAnicbVC7TgJBFL3rE/GFWtpsBBMbyS4WWhJtLDHKI4ENmR1mYcI8NjOzJGRDZ2ur/2BnbP0Rf8GvcIAtBDzJTU7OuTf33hPGjGrjed/O2vrG5tZ2bie/u7d/cFg4Om5omShM6lgyqVoh0oRRQeqGGkZasSKIh4w0w+Hd1G+OiNJUiiczjknAUV/QiGJkrPRYGpW6haJX9mZwV4mfkSJkqHULP52exAknwmCGtG77XmyCFClDMSOTfCfRJEZ4iPqkbalAnOggnZ06cc+t0nMjqWwJ487UvxMp4lqPeWg7OTIDvexNxf+8dmKimyClIk4MEXi+KEqYa6Q7/dvtUUWwYWNLEFbU3uriAVIIG5vOwpaIjAWPL1Fi5MSG4y9HsUoalbJ/VfYfKsXqbRZTDk7hDC7Ah2uowj3UoA4Y+vACr/DmPDvvzofzOW9dc7KZE1iA8/ULy2SXyQ==</latexit>

L �
1

⇤K�4OK
<latexit sha1_base64="IgWQaurWZfhY+FFAXQ+J8JkoZUc="></latexit>

M / 1
⇤K�4EK�N�2

<latexit sha1_base64="PEBlfyVAPV70LELcDUaG67LP+Xo="></latexit>

M / vm

⇤K�4
EK�N�2�m+n

Mn
V

<latexit sha1_base64="jXUaSpcb5H3AAHBmucVH3LEpnMw="></latexit>

@µG
MV

<latexit sha1_base64="3wwJqZV4Hc0/QXrCXCfeffHq1H0=">AAACHXicbZC7TsMwFIadcivlVmCEwaJFYqFKygBjBQMsSEWiF6mpIsd1Wqu2E9kOUhRl4UVYWeEd2BAr4hV4Cpy2Ay0cydKv/z/Hx/78iFGlbfvLKiwtr6yuFddLG5tb2zvl3b22CmOJSQuHLJRdHynCqCAtTTUj3UgSxH1GOv74Ks87D0QqGop7nUSkz9FQ0IBipI3llQ+rbiARTt0ISU0R81wew+ssvfXaWdUrV+yaPSn4VzgzUQGzanrlb3cQ4pgToTFDSvUcO9L9NL8aM5KV3FiRCOExGpKekQJxovrp5BcZPDbOAAahNEdoOHF/T6SIK5Vw33RypEdqMcvN/7JerIOLfkpFFGsi8HRREDOoQ5gjgQMqCdYsMQJhSc1bIR4hQ0UbcHNbApIIHp2iWIeZgeMsovgr2vWac1Zz7uqVxuUMUxEcgCNwAhxwDhrgBjRBC2DwCJ7BC3i1nqw36936mLYWrNnMPpgr6/MHKbuitQ==</latexit>

VL
<latexit sha1_base64="gFQr9icnytqTGKzFCxGTTeDOOPk=">AAACBHicbVC7TgJBFJ3FF+ILtbSZCCY2kl0stCTaWFhg4gIJbMjsMAsT5rGZmTXZbGhtbfUf7Iyt/+Ev+BUOsIWAJ7nJyTn35t57wphRbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJwsTHkknVCZEmjAriG2oY6cSKIB4y0g7Ht1O//USUplI8mjQmAUdDQSOKkbGSX23176v9csWtuTPAVeLlpAJyNPvln95A4oQTYTBDWnc9NzZBhpShmJFJqZdoEiM8RkPStVQgTnSQzY6dwDOrDGAklS1h4Ez9O5EhrnXKQ9vJkRnpZW8q/ud1ExNdBxkVcWKIwPNFUcKgkXD6ORxQRbBhqSUIK2pvhXiEFMLG5rOwJSKp4PEFSoyc2HC85ShWSate8y5r3kO90rjJYyqCE3AKzoEHrkAD3IEm8AEGFLyAV/DmPDvvzofzOW8tOPnMMViA8/UL9weYaA==</latexit>

Dim 6, 2 to 2 M / vm

⇤2
E2�m+n

Mn
V

<latexit sha1_base64="LD6OqRa1n2zuUej8ERRJep/YgGY="></latexit>

[F. Maltoni et al. JHEP 10 (2019) 004]
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Higgs operators

Three operators directly affect Higgs self interaction

Constrained by EWPO

We look at HH and HHH production

� = �SM +
X

i

ci�
i
Int +

X

i,j

ci,j�
i,j
Sq

<latexit sha1_base64="LW/mEfhBHViDp5B7O6G0EsANHWw="></latexit>
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Higgs operators

Three operators directly affect Higgs self interaction

Constrained by EWPO

We look at HH and HHH production

� = �SM +
X

i

ci�
i
Int +

X

i,j

ci,j�
i,j
Sq

<latexit sha1_base64="LW/mEfhBHViDp5B7O6G0EsANHWw="></latexit>

R(ci) ⌘
�

�SM
= 1 + ci

�i
Int

�SM
+ c2i,i

�i,i
Sq

�SM
= 1 + ri + ri,i.

<latexit sha1_base64="SI8Gu9McMLxwFGqCMRJ88TKIcg4="></latexit>
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Higgs operators

Three operators directly affect Higgs self interaction

Constrained by EWPO

We look at HH and HHH production
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<latexit sha1_base64="LW/mEfhBHViDp5B7O6G0EsANHWw="></latexit>
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�

�SM
= 1 + ci

�i
Int

�SM
+ c2i,i

�i,i
Sq

�SM
= 1 + ri + ri,i.

<latexit sha1_base64="SI8Gu9McMLxwFGqCMRJ88TKIcg4="></latexit>

Sensitivity linear
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Three operators directly affect Higgs self interaction

Constrained by EWPO

We look at HH and HHH production

� = �SM +
X

i

ci�
i
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i,j
Sq

<latexit sha1_base64="LW/mEfhBHViDp5B7O6G0EsANHWw="></latexit>

R(ci) ⌘
�

�SM
= 1 + ci

�i
Int

�SM
+ c2i,i

�i,i
Sq

�SM
= 1 + ri + ri,i.

<latexit sha1_base64="SI8Gu9McMLxwFGqCMRJ88TKIcg4="></latexit>

Sensitivity linear

Sensitivity quadratic
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Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>
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Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>

High energy not helping!
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Single operator

HH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

<latexit sha1_base64="uWo5ReSIme0GfWDoZn12wsoKloI="></latexit>

High energy not helping! Many events!
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>

Higher sensitivity
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Single operator

HHH productionL3 = 6ab�1

<latexit sha1_base64="DIBoiN3e0ZaW7CsyKBzS1DLbrgw=">AAACDHicbVC7SgNBFJ31GeMramkzGAQLDbsafBRC0MbCIoJ5QHYNs5NJMmT2wcxdMSz7ATb+io2FIrZ+gJ1/42yyhSYeGDiccy5z73FDwRWY5rcxMzs3v7CYW8ovr6yurRc2NusqiCRlNRqIQDZdopjgPqsBB8GaoWTEcwVruIPL1G/cM6l44N/CMGSOR3o+73JKQEvtQtH2CPQpEfF10j7C5/gY2/vYBvYAMXGTu/jASnTKLJkj4GliZaSIMlTbhS+7E9DIYz5QQZRqWWYITkwkcCpYkrcjxUJCB6THWpr6xGPKiUfHJHhXKx3cDaR+PuCR+nsiJp5SQ8/VyXR1Neml4n9eK4LuqRNzP4yA+XT8UTcSGAKcNoM7XDIKYqgJoZLrXTHtE0ko6P7yugRr8uRpUj8sWeXS2U25WLnI6sihbbSD9pCFTlAFXaEqqiGKHtEzekVvxpPxYrwbH+PojJHNbKE/MD5/ALtYmiw=</latexit>

L14 = 20 ab�1

<latexit sha1_base64="njZX7LognaiqZzn3wAy2W33uO/w=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g0G00LAbAmohBG0sLCKYB2RjmJ1MkiGzD2buimHZT7DxV2wsFLG1tPNvnE220OiBC4dz7uXee9xQcAWW9WXk5uYXFpfyy4WV1bX1DXNzq6GCSFJWp4EIZMslignuszpwEKwVSkY8V7CmO7pI/eYdk4oH/g2MQ9bxyMDnfU4JaKlr7jsegSElIr5KurFdSfAZLlvYOcQOsHuIiZvcxkd20jWLVsmaAP8ldkaKKEOta346vYBGHvOBCqJU27ZC6MREAqeCJQUnUiwkdEQGrK2pTzymOvHkoQTvaaWH+4HU5QOeqD8nYuIpNfZc3Zmer2a9VPzPa0fQP+nE3A8jYD6dLupHAkOA03Rwj0tGQYw1IVRyfSumQyIJBZ1hQYdgz778lzTKJbtSOr2uFKvnWRx5tIN20QGy0TGqoktUQ3VE0QN6Qi/o1Xg0no03433amjOymW30C8bHN4swm6o=</latexit>

L30 = 100 ab�1

<latexit sha1_base64="aZorUXBDuXprAB1lx7otRV34VW8=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOxqQC2EoI2FRQTzgOwaZieTZMjsg5m7Ylj2F2z8FRsLRWzt7PwbZ5MUmnjgwuGce7n3Hi8SXIFlfRtz8wuLS8u5lfzq2vrGprm1XVdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG1xmfuOeScXD4BaGEXN90gt4l1MCWmqbRccn0KdEJNdpOzm2UnyObcvCzgF2gD1AQrz0Ljm007ZZsErWCHiW2BNSQBNU2+aX0wlp7LMAqCBKtWwrAjchEjgVLM07sWIRoQPSYy1NA+Iz5Sajj1K8r5UO7oZSVwB4pP6eSIiv1ND3dGd2v5r2MvE/rxVD99RNeBDFwAI6XtSNBYYQZ/HgDpeMghhqQqjk+lZM+0QSCjrEvA7Bnn55ltSPSna5dHZTLlQuJnHk0C7aQ0VkoxNUQVeoimqIokf0jF7Rm/FkvBjvxse4dc6YzOygPzA+fwD+5Jvh</latexit>

µ
�

µ
+

⌫µ

⌫̄µ

H

H

H

<latexit sha1_base64="pACEF8Hul2OXsoOTBd3UTMaIAKg="></latexit>

No events

Higher sensitivity
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CLIC vs Muon 
collider

3 TeV collider Sp
B

=
|L · (� � �SM )|p

L · �SM
 2

<latexit sha1_base64="FgLL7Ja8mMORB5KNriNJPrHmsfQ="></latexit>

HH
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CLIC vs Muon 
collider

3 TeV collider 14 TeV colliderSp
B

=
|L · (� � �SM )|p

L · �SM
 2

<latexit sha1_base64="FgLL7Ja8mMORB5KNriNJPrHmsfQ="></latexit>

HH
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CLIC vs Muon 
collider

3 TeV collider 14 TeV colliderSp
B

=
|L · (� � �SM )|p

L · �SM
 2

<latexit sha1_base64="FgLL7Ja8mMORB5KNriNJPrHmsfQ="></latexit>

HH
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CLIC vs Muon 
collider

3 TeV collider 14 TeV colliderSp
B

=
|L · (� � �SM )|p

L · �SM
 2

<latexit sha1_base64="FgLL7Ja8mMORB5KNriNJPrHmsfQ="></latexit>

HH

95% confidence level
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Deviations from 
SMEFT

�̃4 = �4 � 6 �3

<latexit sha1_base64="WWdFDVeGzaOnYQc54rIr1G9jBHE=">AAACEXicbZC7SgNBFIZnvcZ4i1raDAbBQsOuBi+FINpYKhgNZJdldvasDpm9MHNWCEtewcZXsbFQxNbOzrdxkmyh0R8GvvnPOcycP8ik0GjbX9bE5NT0zGxlrjq/sLi0XFtZvdZprji0eCpT1Q6YBikSaKFACe1MAYsDCTdB92xQv7kHpUWaXGEvAy9mt4mIBGdoLL+25aKQIRRuCBJZ328ej8hv0h26727T8rrn1+p2wx6K/gWnhDopdeHXPt0w5XkMCXLJtO44doZewRQKLqFfdXMNGeNddgsdgwmLQXvFcKM+3TROSKNUmZMgHbo/JwoWa92LA9MZM7zT47WB+V+tk2N06BUiyXKEhI8einJJMaWDeGgoFHCUPQOMK2H+SvkdU4yjCbFqQnDGV/4L17sNp9k4umzWT07LOCpknWyQLeKQA3JCzskFaRFOHsgTeSGv1qP1bL1Z76PWCaucWSO/ZH18A3CQnB8=</latexit>

√

s =10 TeV

L=20 ab−1
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√

s =30 TeV

L=100 ab−1

|N−NSMEFT|√
NSMEFT

< 1

δ̃
4

δ3

SM

σtot
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−1
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2

3

−0.4 −0.2 0 0.2 0.4
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Double Higgs production

[Buttazzo, Franceschini, Wulzer arXiv:2012.11555]

10 TeV


