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A first step towards the dynamics of EWSB!
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               t’ Hooft Naturalness

         A small parameter is natural 
if setting it to zero leads to an enhanced symmetry

Higgs mass preserves all the SM symmetry



mh ⇠ 125GeV

             Compositeness

⇤IR ⇠ ⇤UVe
�8⇡2/g2

UV

 Nambu-Goldstone boson

Enhanced shift symmetry!

⇤UV ⇠ 1018GeV
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Dimensional Transmutation



             Composite Higgs models Sketch

 ⇢
q, `,W,B

Elementary Strong

Partial Compositeness Goldstone boson

H 2 G/HyL, yR, g, g
0

Kaplan, Georgi ‘84
Contino, Nomura and Pomarol ’03
Agashe, Contino and Pomarol ‘04
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⇥
g/g⇢

g⇢

q

⇢

Dibosons provide the smoking gun!

 Pappadopulo, Thamm, Torre and Wulzer ‘14

W

VL, h

      Direct searches: Spin-1
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      Direct searches: spin-1/2

Top partners

t, b

 

  Simone, Matsedonskyi, Rattazzi and Wulzer ‘12

yL, yR

 ⌘ X5/3, T, B

VL, h
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Lower mass threshold!

 

t, b

 
yL, yR

VL

      Direct searches: Single production

8
Simone, Matsedonskyi, Rattazzi and Wulzer ‘12



           Cascade decays

 

⇢g⇢

Have kinematical advantage!

D. Greco and DL '14
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       Bounds and Projections

ξ=����� ξ=����

� �
�
-���
�
��

-
�

��
��
��

-
�

� ��-�

��� ��-�

� ��-�

��� ��-�

���� ��-�

� �
�-
�

���
��
-�

�
��

-
�

��
�
��

-
�

�� ���

ρ�→��
ρ�→��
ρ�→��
��→��/�

��/���/� [���]

20

20

20

20

20 20

� � � � ��

�

�

�

�

� ��� � ���

�ρ� [���]

�
� �

/�
[�
��

]

� [���]

DL, L.T. Wang and K. P. Xie ’18 
10

g⇢ = 3
<latexit sha1_base64="HTlqaSMJoTa2kJ5d8R9clMvDdGs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpcfRoK/GEl2j+qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/nF8/QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux9NGSKEsOnlmCimL0VkTFWmBgbUsmG4C2/vEratapXr9buLyqNmzyOIpzAKZyDB5fQgDtoQgsICHiGV3hztPPivDsfi9aCk88cwx84nz9Dvo/9</latexit>

M⇢ = 2MX
<latexit sha1_base64="yQU5vZXZIrj60stPXDmPJ7iwPt0=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohcvhQr2A9p1yaZpG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtjzrRx3W8nt7K6tr6R3yxsbe/s7hX3D5paJorQBpFcqnaINeVM0IZhhtN2rCiOQk5b4ehm6rceqdJMinszjqkf4YFgfUawsdJDLeiqoURXqIJqQTsoltyyOwNaJl5GSpChHhS/uj1JkogKQzjWuuO5sfFTrAwjnE4K3UTTGJMRHtCOpQJHVPvp7OoJOrFKD/WlsiUMmqm/J1IcaT2OQtsZYTPUi95U/M/rJKZ/6adMxImhgswX9ROOjETTCFCPKUoMH1uCiWL2VkSGWGFibFAFG4K3+PIyaVbK3lm5cndeql5nceThCI7hFDy4gCrcQh0aQEDBM7zCm/PkvDjvzse8NedkM4fwB87nD3XTkS4=</latexit>

M⇢ = MX
<latexit sha1_base64="w6k3Xjkc5KQNkyY6Ee/aTLmQDbY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6EohcvhQr2A7rLkk2zbWg2WZKsUEr/hhcPinj1z3jz35i2e9DWBwOP92aYmRelnGnjut9OYW19Y3OruF3a2d3bPygfHrW1zBShLSK5VN0Ia8qZoC3DDKfdVFGcRJx2otHdzO88UaWZFI9mnNIgwQPBYkawsZLfCH01lOgGNcJuWK64VXcOtEq8nFQgRzMsf/l9SbKECkM41rrnuakJJlgZRjidlvxM0xSTER7QnqUCJ1QHk/nNU3RmlT6KpbIlDJqrvycmONF6nES2M8FmqJe9mfif18tMfB1MmEgzQwVZLIozjoxEswBQnylKDB9bgoli9lZEhlhhYmxMJRuCt/zyKmnXqt5FtfZwWanf5nEU4QRO4Rw8uII63EMTWkAghWd4hTcnc16cd+dj0Vpw8plj+APn8weowpDI</latexit>
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g⇢ = 3
<latexit sha1_base64="HTlqaSMJoTa2kJ5d8R9clMvDdGs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpcfRoK/GEl2j+qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/nF8/QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux9NGSKEsOnlmCimL0VkTFWmBgbUsmG4C2/vEratapXr9buLyqNmzyOIpzAKZyDB5fQgDtoQgsICHiGV3hztPPivDsfi9aCk88cwx84nz9Dvo/9</latexit>

4TeV ! 6TeV
<latexit sha1_base64="ynN+zpNVF1Al95/uS/7+ArWoXO4=">AAACE3icbVDJSgNBEO1xjXGLevTSGAQRCTMxqMegF48RskEmhJ5OJWnSs9Bdo4Yh/+DFX/HiQRGvXrz5N3YWUBMfFDzeq6KqnhdJodG2v6yFxaXlldXUWnp9Y3NrO7OzW9VhrDhUeChDVfeYBikCqKBACfVIAfM9CTWvfzXya7egtAiDMg4iaPqsG4iO4AyN1MocF6h74iLcY1KG6pC6SnR7yJQK7+iZseiP18pk7Zw9Bp0nzpRkyRSlVubTbYc89iFALpnWDceOsJkwhYJLGKbdWEPEeJ91oWFowHzQzWT805AeGqVNO6EyFSAdq78nEuZrPfA90+kz7OlZbyT+5zVi7Fw0ExFEMULAJ4s6saQY0lFAtC0UcJQDQxhXwtxKeY8pxtHEmDYhOLMvz5NqPuec5vI3hWzxchpHiuyTA3JEHHJOiuSalEiFcPJAnsgLebUerWfrzXqftC5Y05k98gfWxzed7Z1i</latexit>

1.3TeV ! 2TeV
<latexit sha1_base64="EOSTQabu+ugI1Tz9U1OgvSqi0T4=">AAACFXicbVDJSgNBEO2JW4xb1KOXxiB4CGEmEfQY9OIxQjbIhNDTqSRNeha6a9Qw5Ce8+CtePCjiVfDm39hZQE18UPB4r4qqel4khUbb/rJSK6tr6xvpzczW9s7uXnb/oK7DWHGo8VCGqukxDVIEUEOBEpqRAuZ7Ehre8GriN25BaREGVRxF0PZZPxA9wRkaqZPNO4USdfMuwj0mVaiPqatEf4BMqfCOFo1Ff7xONmcX7CnoMnHmJEfmqHSyn2435LEPAXLJtG45doTthCkUXMI448YaIsaHrA8tQwPmg24n06/G9MQoXdoLlakA6VT9PZEwX+uR75lOn+FAL3oT8T+vFWPvop2IIIoRAj5b1IslxZBOIqJdoYCjHBnCuBLmVsoHTDGOJsiMCcFZfHmZ1IsFp1Qo3pzlypfzONLkiByTU+KQc1Im16RCaoSTB/JEXsir9Wg9W2/W+6w1Zc1nDskfWB/fgHad0A==</latexit>



       Bounds and Projections

ξ=����� ξ=����

� �
�
-���
�
��

-
�

��
��
��

-
�

� ��-�

��� ��-�

� ��-�

��� ��-�

���� ��-�

� �
�-
�

���
��
-�

�
��

-
�

��
�
��

-
�

�� ���

ρ�→��
ρ�→��
ρ�→��
��→��/�

��/���/� [���]

20

20

20

20

20 20

� � � � ��

�

�

�

�

� ��� � ���

�ρ� [���]

�
� �

/�
[�
��

]

� [���]

DL, L.T. Wang and K. P. Xie ’18 
12

g⇢ = 3
<latexit sha1_base64="HTlqaSMJoTa2kJ5d8R9clMvDdGs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpcfRoK/GEl2j+qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/nF8/QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux9NGSKEsOnlmCimL0VkTFWmBgbUsmG4C2/vEratapXr9buLyqNmzyOIpzAKZyDB5fQgDtoQgsICHiGV3hztPPivDsfi9aCk88cwx84nz9Dvo/9</latexit>

Single production eventually dominates
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g⇢ = 3
<latexit sha1_base64="HTlqaSMJoTa2kJ5d8R9clMvDdGs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9gPbJeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpcfRoK/GEl2j+qBccavuHGiVeDmpQI7moPzVH0qSRFQYwrHWPc+NjZ9iZRjhdFbqJ5rGmEzwiPYsFTii2k/nF8/QmVWGKJTKljBorv6eSHGk9TQKbGeEzVgve5n4n9dLTHjlp0zEiaGCLBaFCUdGoux9NGSKEsOnlmCimL0VkTFWmBgbUsmG4C2/vEratapXr9buLyqNmzyOIpzAKZyDB5fQgDtoQgsICHiGV3hztPPivDsfi9aCk88cwx84nz9Dvo/9</latexit>

⇢ ! tF ! SSDL
<latexit sha1_base64="a+alzGiViphJUux06S6mbF5FgmQ=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWWmCrosKuLCRaX2AZ1SMmnahmYmQ3JHLUN/wo2/4saFIm4Fd/6N6WNhWw9cODnnXnLv8SPBNTjOj5VaWFxaXkmvZtbWNza37O2dipaxoqxMpZCq5hPNBA9ZGTgIVosUI4EvWNXvXQz96j1TmsvwDvoRawSkE/I2pwSM1LSPPNWV2FO80wWilHzAgK+m3h6wR0hKpcubQdPOOjlnBDxP3AnJogmKTfvba0kaBywEKojWddeJoJEQBZwKNsh4sWYRoT3SYXVDQxIw3UhGVw3wgVFauC2VqRDwSP07kZBA637gm86AQFfPekPxP68eQ/uskfAwioGFdPxROxYYJB5GhFtcMQqibwihiptdMe0SRSiYIDMmBHf25HlSyefc41z+9iRbOJ/EkUZ7aB8dIhedogK6RkVURhQ9oRf0ht6tZ+vV+rA+x60pazKzi6Zgff0Cceye/w==</latexit>

⇢ ! FF ! SSDL
<latexit sha1_base64="Y7UEsdF5CaJKZFfHy/hsaAezwXQ=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWWmCrosKuLCRaX2AZ1SMmnahmYmQ3JHLUN/wo2/4saFIm4Fd/6N6WNRW08InJxzLzf3+JHgGhznx0otLC4tr6RXM2vrG5tb9vZORctYUVamUkhV84lmgoesDBwEq0WKkcAXrOr3LoZ+9Z4pzWV4B/2INQLSCXmbUwJGatpHnupK7Cne6QJRSj7gK3Om3x6wR0hKpcubQdPOOjlnBDxP3AnJogmKTfvba0kaBywEKojWddeJoJEQBZwKNsh4sWYRoT3SYXVDQxIw3UhGWw3wgVFauC2VuSHgkTrdkZBA637gm8qAQFfPekPxP68eQ/uskfAwioGFdDyoHQsMEg8jwi2uGAXRN4RQxc1fMe0SRSiYIDMmBHd25XlSyefc41z+9iRbOJ/EkUZ7aB8dIhedogK6RkVURhQ9oRf0ht6tZ+vV+rA+x6Upa9Kzi/7A+voFJ4ie0Q==</latexit>



         Muon Collider

DL, L.T. Wang and K. P. Xie  
Working in progress 14

⇢

W,Z, �
<latexit sha1_base64="LAgMvRofX26mqKI/jSZ/posUlPI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBQym7VdBj0YvHCvYDu0vJptk2NMkuSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7czv/NElWaxfDCThAYCDyWLGMHGSn6nih6ryB9iIXC/XHFr7hxolXg5qUCOZr/85Q9ikgoqDeFY657nJibIsDKMcDot+ammCSZjPKQ9SyUWVAfZ/OYpOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3m91ETXQcZkkhoqyWJRlHJkYjQLAA2YosTwiSWYKGZvRWSEFSbGxlSyIXjLL6+Sdr3mXdTq95eVxk0eRxFO4BTOwYMraMAdNKEFBBJ4hld4c1LnxXl3PhatBSefOYY/cD5/AGQVkJ4=</latexit>

g2/g⇢
<latexit sha1_base64="e5FNzrmC/WZlNG8VEBcnxyhRPSM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU92tgh6LXjxWsB/YriWbZreh2WRJskJZ+i+8eFDEq//Gm//GtN2Dtj4YeLw3w8y8IOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqCG0SyaXqBFhTzgRtGmY47SSK4jjgtB2MbqZ++4kqzaS4N+OE+jGOBAsZwcZKD9Fj7Szq99RQ9ssVt+rOgJaJl5MK5Gj0y1+9gSRpTIUhHGvd9dzE+BlWhhFOJ6VeqmmCyQhHtGupwDHVfja7eIJOrDJAoVS2hEEz9fdEhmOtx3FgO2NshnrRm4r/ed3UhFd+xkSSGirIfFGYcmQkmr6PBkxRYvjYEkwUs7ciMsQKE2NDKtkQvMWXl0mrVvXOq7W7i0r9Oo+jCEdwDKfgwSXU4RYa0AQCAp7hFd4c7bw4787HvLXg5DOH8AfO5w/095Bz</latexit>
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⇢
g⇢



         Muon Collider
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t, b



              Conclusion

- Compositeness is an elegant way to address the 
hierarchy problem.


- Prospects at high energy muon collider are under 
careful scrutiny
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