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Is the Higgs composite?
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So  far, all LHC data is consistent with H(125)

being the single Higgs boson of the Standard Model.
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So  far, all LHC data is consistent with H(125)

being the single Higgs boson of the Standard Model.
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So  far, all LHC data is consistent with H(125)

being the single Higgs boson of the Standard Model.


There is NO sign of any Higgs physics beyond the SM:

NO extra Higgs bosons;

NO t,W,Z-partners; 

NO Higgsinos, no squarks, no sleptons, no gauge-inos, 
etc.
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If this is all there is, particle physicists 
might as well call it a day.
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So  far, all LHC data is consistent with H(125)

being the single Higgs boson of the Standard Model.


There is NO sign of any Higgs physics beyond the SM:

NO extra Higgs bosons;

NO t,W,Z-partners; 

NO Higgsinos, no squarks, no sleptons, no gauge-inos, 
etc.

If this is all there is, particle physicists 
might as well call it a day…or NOT!
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<latexit sha1_base64="ANkB7Oa4mOxAi8mMt1YoFMEmdoA="></latexit>

⇤H
>⇠ 1TeV

<latexit sha1_base64="IQ/vmYLFf6AK/L4NU8srdnHdrsg="></latexit>

W±
L , ZL

H is a product of new strong interactions (S.I.) at

These S.I. are also responsible for EWSB, so that 
there are also the composite Goldstone bosons

Let’s assume that H(125) is composite.
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What are they composites of? Who knows…?

But their constituents  must be fermions, with a 
chiral symmetry that contains  EW SU(2) x U(1), 
now spontaneously broken to EM U(1).


This sounds like technicolor. But it can’t be TC;

 the H mass is much less than                   .

So, what produces a light H with SM couplings?

                     

<latexit sha1_base64="pydmrF+/phnIGmEbPJnov+Lo8ps="></latexit>
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What are they composites of? Who knows…?

But their constituents  must be fermions, with a 
chiral symmetry that contains  EW SU(2) x U(1),  
now spontaneously broken to EM U(1).


This sounds like technicolor. But it can’t be TC;

 the H mass is much less than                   .

So, what produces a light H with SM couplings?

  …and does it Naturally!!

<latexit sha1_base64="pydmrF+/phnIGmEbPJnov+Lo8ps="></latexit>
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>⇠ 1TeV
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In “Little Higgs” models, H is a pseudo-G.B. with 
its mass protected by interlocking symmetries. 
BUT there are NO t,W, Z-partners below    a 
TeV, so Little Higgs models are finely-tuned.

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•

<latexit sha1_base64="TGpgXyo8R11grvdSqBIk1bkmdv4="></latexit>⇠
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The S.I. coupling is near, but just barely beyond, 
the critical value for spontaneous breaking of the 
fermions’ chiral symmetry, again    a TeV. (This is a 
version of walking TC.) But, again, it is fine-tuning.

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•
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<latexit sha1_base64="RR2JhJZkDOayGlHUnZMV7pto/7Q="></latexit>

⇤H
>⇠ 1TeV

H is a dilaton — a pseudo-GB of spontaneously 
broken scale invariance of the new S.I. 

Now,                     is an unknown scale!
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<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q=">AAAFQnicjZRJb9QwFIDTzgBlWNrCkYtFOxKHMkpKtwNClUBqkQapVN1EPR05npeMVceObKeLrPwi/gZ/gCNw58ANceWAM4s0mWEKjhI/ve8tjv2ew5QzbXz/y8xspXrr9p25u7V79x88nF9YfHSkZaYoHFLJpToJiQbOBBwaZjicpApIEnI4Ds9fF/z4ApRmUhyY6xRaCYkFixglxqnai5U3WMAllUlCRAdrlsRgcUJMVwG39R </latexit>•

This idea was proposed 45 years ago by E. Gildener 
and S. Weinberg (GW) in PRD13, 3333 (1976)! 
Furthermore, in the GW scheme, the dilaton scale

f = v (246 GeV)  and  H is aligned, i.e., its couplings 
to W,Z and to fermions are    exactly as in the SM!

<latexit sha1_base64="RR2JhJZkDOayGlHUnZMV7pto/7Q="></latexit>

⇤H
>⇠ 1TeV

H is a dilaton — a pseudo-GB of spontaneously 
broken scale invariance of the new S.I. 

Now,                     is an unknown scale!

<latexit sha1_base64="LcfCfsP+xXB6rIiNVDU+K7WUNsE="></latexit>'
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There are many signals of the GW Higgs. But 
almost all of them appear to be much more 
accessible at the “low-energy” LHC and its 
“modest” upgrades.

(See the papers on the title page).


BUT, there is one signal that must be 
somewhere above a TeV and which is GW-
model independent.
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<latexit sha1_base64="F+z6S8u+06k9/DEPxykpVzBf4mc="></latexit>

V = W±, Z

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•These are spin-one bound states of the S.I.

fermions with isospin I = 1 (and 0) and accessible 
via Drell-Yan production (also VBF):

Heavy VV-diboson resonances w/  

<latexit sha1_base64="kp5UmrZoAM7Iz/O2N0ESSnWmIoY="></latexit>

(Math note: Chiral symmetry of S.I. fermions ✓ (2L, 2R) = (1, 3) of weak isospin.)

<latexit sha1_base64="MiNI1T54sNa/9WcRw98n7BLkYcA="></latexit>

q̄q0 ! W±, Z, � ! XV̄ V 0 ! V̄ V 0
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MX = O(⇤H)

Heavy VV-diboson resonances w/  

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•Their mass                      is unknown…

but we look where we can!
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Heavy VV-diboson resonances w/  
<latexit sha1_base64="dhK4tTgAmR9Eel/KpvHq6z+yF7U="></latexit>

V = W±, Z

(N.B.: This is not the HVT model:                 !!)

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•

<latexit sha1_base64="czezzNJbjY7oFBR2Ao7WTBClg2Q="></latexit>•

I =1 vectors decay to pairs of S.I. “pions” 

I =1 axial-vectors decay like the a  :1

<latexit sha1_base64="SrAn0K3gPYwMDXYvjrNKTifXaU8="></latexit>
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<latexit sha1_base64="RKJcwQRMNyoCf6SWfTOSNLKx3E4="></latexit>

aH 6= ⇢H

(See also Appelquist, et al., JHEP 1601 (2016) 109; also K.L. and L. Pritchett, PLB753, 211.)
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⇢H , aH decay rates
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24⇡M4
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= O(g2)

<latexit sha1_base64="H4Azg0uvJ8cI3XVr/MuqQLCeTpM="></latexit>

(g⇢H
= O(1), M⇢H ,aH

' g⇢H
⇤H)
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' 200GeV
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<⇠ 1GeV at M ' 2TeV
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at M ' 2TeV
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WL, ZL.N.B.:  These decays are dominated by 

N.B.:  These decays aren’t ! 
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The End


