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Outline!

•  What makes a Higgs a Higgs?!

•  spin, CP, etc!

•  Electroweak properties, custodial SU(2)!

•  Key measurements versus global fits!

•  Singlet imposters?!

•  dilaton!

•  radion!

•  plain singlet!

•  Triplet imposter?!
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Current status of “the particle”!

•  Whatʼs!

Itʼs not a mirage, but who is it?!
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Future status of “the particle”!

Itʼs not a mirage, but who is it?!
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Future status of “the particle”!

Itʼs Omar Sharif!!
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What makes a Higgs a Higgs?!
•  Spin 0 boson!

•  Spin 1 is excluded, but spin 2 is hard to exclude!

•  CP even!

•  Pure CP odd should be ruled out or in this year!

“the particle” can have many non-standard properties and still 
be the Higgs boson of electroweak symmetry breaking, e.g.!

•  CP mixture!

•  composite!

•  Nonstandard BR to gg or gamma-gamma from other 
light-ish colored/charged exotics in the loops!

Y. Gao, A. Gritsan, Z. Guo, K. Melnikov,, M. Schulze, N. Tran, arXiv: 1001:3396!
A. De Rujula, JL, C. Rogan, M. Pierini, M. Spiropulu,  arXiv: 1001.5300	



(insert 100 references here…)!
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Electroweak properties!

•  The Higgs is the neutral CP even component of a 
complex SU(2)_L doublet with hypercharge 1!

•  In terms of the accidental SU(2)_L x SU(2)_R global 
symmetry of the SM this is a (2L, 2R)!

•  So under custodial SU(2)_C the doublet is a 1+3!

•  Even assuming a spin 0+ particle, how do we 
determine these very fundamental electroweak 
properties?!
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Electroweak Higgs imposters!
•  If we assume that the imposter is not associated with 

some additional (tuned) violation of SU(2)_C, then we 
can enumerate all possible electroweak imposters!

•  Since “the particle” couples to ZZ and gamma-gamma, 
it must live in the custodial decomposition 1 + 3 + 5, of 
which only the singlet and 5-plet are CP-even!

•  The custodial singlet may also be an SU(2)_L singlet!

•  The custodial 5-plet could be part of some SU(2)_L 
triplets, or something more complicated!

•  For simplicity we will call them “singlet” and “triplet” 
imposters!

•  Mixed cases are possible but ignored here!
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Motivations for Higgs imposters!

•  For the electroweak singlet imposter, we also need to 
know if it has tree-level couplings to Ws and Zs!

•  If it does, we call this a dilaton/radion imposter!

•  If it does not, we call it a “plain” singlet imposter!

•  Dilaton imposters are motivated by EWSB from new 
approximately conformal strong dynamics!

•  Radion imposters are motivated by warped extra 
dimensions!

•  Plain singlets and triplet imposters could be features 
of an extended Higgs sector !
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Key measurements versus global fits!

•  Because we can enumerate a rather short list of 
imposters, it makes sense to ask for each imposter what 
are the key measurements (the smoking duck) that can 
exclude it?!

•  This gives guidance (and motivation) to the experiments, 
and makes the physics clear!

•  Global fits are important too, to get the overall picture!

•  But note that global fitters make assumptions, so it is not 
always trivial to make comparisons!
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Dilaton imposter!

•  Couplings to W, Z, and fermions same as SM Higgs, 
modulo overall rescaling by            , where               GeV 
and f is a new physics scale!

•  Couplings to gluons and photons are enhanced by 
requirement that theory goes conformal at high scale!

•  Other authors have observed that for mD = 125 GeV 
and  f = 1 TeV you can make a pretty good Higgs 
imposter!

B. Coleppa, T. Gregoire, H. Logan, arXiv: 1111.3276!
V. Barger, M. Ishida, W-Y Keung, arXiv: 1111.4473!
S. Matsuzaki, K. Yamawaki, arXiv:1201.4722	
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Dilaton imposter!

•  Choose mD = 125 GeV and f = 1 TeV!

•  The gluon coupling-squared is enhanced by !

•  The photon coupling-squared is enhanced by!

•  So compared to the SM Higgs, we have: !

•  The gg decay mode dominates (93% BR), but by 
coincidence the total width is not so different from a SM 
Higgs:!
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Dilaton imposter!
•  Now we can compare the signal strengths for diphoton, 

ZZ, and WW to the measured ATLAS/CMS values:!

•  This is pretty much exactly on the current measured central 
values! Maybe we have a dilaton imposter with f = 1 TeV!!
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Dilaton imposter: key measurements!
To exclude the dilaton imposter we need one (or both) of two 
key measurements. The first one involves VBF production:!

•  This is so suppressed that to exclude the dilaton imposter you 
basically just have to show that VBF production isnʼt zero!

•  Since CMS has observed an excess in the dijet channel 
dominated by VBF production, the dilaton imposter is already 
disfavored at some level!

•  The critical issue is how much gg production can “contaminate” 
the VBF channel!
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Dilaton imposter: key measurements!
Here are the current numbers in the dijet gamma-gamma 
channel from CMS, in a mass window 121-129 GeV, 2011+2012 
data combined:!

MVA observed	

 Cuts-based 
observed	



MVA expected	

 Cuts-based 
expected	



35	

 41	

 22	

 29	



•  CMS estimates that 75% of SM Higgs signal in this channel 
would be from VBF production, and 25% from gg, 
corresponding to 6.4 VBF events and 2.1 gg events!

•  If you want a dilaton imposter, you have to believe that the 
entire excess is an upward fluctuation in the background + gg!

•  With no systematics, this is excluded at 93%-98% CL!

•  We will wait for CMS and ATLAS for the real exclusion!

See the CMS public twiki!
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Dilaton imposter: key measurements!
We could also exclude the dilaton imposter by looking at 
associated Higgs production, which should be greatly 
suppressed:!

•  This is consistent with current LHC data, but not with the 
Tevatron excess!

•  The combined Tevatron excess excludes a 125 GeV dilaton at 
99.8% CL!

•  So letʼs see if the next round of LHC analyses confirm or 
disconfirm the Tevatron bb results!!
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Radion imposter!

•  This is actually more or less the same thing as the dilaton, by 
AdS/CFT duality!

•  There is an fudge factor of one over the warp factor kL, but 
since kL ~ 30 this doesnʼt spoil the prediction of gg 
enhancement!

•  It is hard to see how the scale f can be as small as 1 TeV, but 
this was also true for the dilaton!

K. Cheung, T-C Yuan, arXiv: 1112.4146!
B. Grzadkowski, J. Gunion, M. Toharia, arXiv: 1202.5017!
Y. Tang, arXiv:1204.6145	
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“plain” singlet imposter!
•  This means a SM singlet scalar that only couples to vector 

boson pairs via dimension 5 operators !

•  We assume these couplings get generated at one loop, 
otherwise we donʼt have a candidate for an imposter!

•  So 3 free parameters determine all 5 diboson couplings:!
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singlet imposter: key measurements!
•  The crucial physics point here is that, for mS = 125 GeV and no 

tree-level couplings to W or Z, phase space strongly favors 
decays to diphotons or Zgamma over decays to WW* or ZZ*!

•  So we can measure the ratios:!

•  Because of the huge phase space enhancement, the first 
ratio will be too large unless we tune!

•  All three ratios are predicted in terms of!

•  Fit the first two to current data and predict the third one!
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singlet imposter: key measurements!

•  Even though no “Higgs signal” has been observed in Zgamma, 
ATLAS and CMS have measured Zgamma production well 
enough already to exclude this singlet imposter!
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triplet imposter: key measurements!
•  This really means a custodial 5-plet, so it could be either 

some variation on the Georgi-Machacek triplets or something 
more complicated!

•  The model-independent prediction is for the W/Z ratio:!

•  To compare to data, fit this ratio simultaneously with            , 
which is measured in data but not predicted for a generic 
triplet imposter: !
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triplet imposter: key measurements!

 With current data the triplet imposter is slightly favored…!
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triplet imposter: key measurements!
•  While the triplet imposter is consistent with current LHC data, 

it is not consistent with the Tevatron excess, since the triplet 
has no dimension 4 coupling to bb!

•  So letʼs see if the next round of LHC analyses confirm or 
disconfirm the Tevatron bb results!!
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Conclusions!

•  Plain singlet imposter is excluded!

•  Dilaton/radion could be excluded soon by establishing 
a firm lower bound on a VBF signal!

•  Triplet imposter could be excluded or discovered by 
reducing uncertainty on the W/Z ratio!

•  Mixed cases more difficult, need a comprehensive 
longer-term look-alikes program !


