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Abstract 
1) Theoretical arguments + lattice simulations give motivations for a relatively

narrow, second resonance of the Higgs field with mass
(MH)THEOR = 690 ± 10 (stat) ± 20 (sys) GeV

produced at LHC mainly via gluon-gluon Fusion (ggF)
2) The ATLAS ggF 4-lepton events for invariant mass m(4l)=530÷830 GeV,

exhibit a (2.5-σ excess + 3.3-σ defect) suggesting the existence of a new
resonance of mass (MH)EXP ≈ 700 GeV

3) Other excesses suggesting a new resonance in the same mass region:
i) ATLAS γγ events 3.3 σ at 684(8) GeV
ii) CMS (b-b + γγ) channel 1.6 σ at 675(25) GeV

iii) CMS γγ produced in pp double-diffractive scattering3.3 σ at 650(40) GeV
4) Negligible correlation among these data
5) Having a definite prediction in some energy range, local significance should not

be downgraded by the “look-elsewhere” effect
6) The present situation is unstable because the cumulated statistical evidence has

reached the traditional 5-sigma discovery level



Presently accepted view: the  mass spectrum of the Higgs field
consists of a single narrow resonance of mass mh = 125 GeV

 λPDG ≈ L-1      with L ≈ ln (ΛS)
 m2

h ≈  λPDG ‹Φ›2 ≈    L-1 ‹Φ›2 

 Infinitesimal quadratic shape (VꞌꞌPDG(‹Φ›) / ‹Φ›2) ≈ L-1  0 if   ΛS ∞
 Infinitesimal depth                  (VPDG(‹Φ›) / ‹Φ›4 )  ≈ L-1  0 if   ΛS ∞



Some basic inconsistency?

 Now, vanishing quadratic shape free-field fluctuations = ꞌꞌ Triviality ꞌꞌ
 But RG-invariance of Veff (φ) 

 No anomalous dimension at the minimum for Veff (‹Φ›) 
 Vacuum energy density Veff (‹Φ›) should be RG-invariant

 Otherwise, why should  ‹Φ› be  ΛS - independent ?
 Different scheme for the effective potential?



 Standard picture

a classical, double-well potential with perturbative quantum corrections.
Traditional 2nd-order phase transition. Is this so obvious?

 For instance, in the presence of gauge bosons, SSB is a (weak) first-order
phase transition (the Coleman-Weinberg massless limit corresponds to the
broken phase). What about the cutoff version of pure Φ4 (in 4D)?

 Lattice simulations (weak) 1st order phase transition



Ising limit of Φ4 in 4D, traditionally adopted for lattice simulations, 
(e.g. Lüscher&Weisz)  Landau pole at the lattice size





SSB in cutoff Φ4  weak first-order phase transition (see 
P.H. Lundow and K. Markstrӧm, PRE 80(2009)031104; NPB 845(2011)120) 

Picture below from S. Akiyama et al. PRD 100(2019)054510)



SSB in pure Φ4 as a weak 1st-order transition means that the massless theory is in 
the broken phase as in the 1-loop and Gaussian potential. These have 2 mass scales:

mh from quadratic shape of Veff(φ= ±v)  and MH from zero-point energy



mh ≠ MH propagator G(p) has not a single-pole structure







Lattice simulations of the scalar propagator



Stevenson’s analysis of the lattice propagator  
(data from Balog, Duncan, Willey, Niedermeyer, Weisz NPB714(2005)256)

For κ=0.0751 in the broken phase, he reports the rescaled propagator data.  

Standard one-pole propagator  ζ has a flat profile

Left: re-scaling with the mass 0.1691 from the p=0 limit
Right: re-scaling with the mass giving a flat profile at larger p2

2 2ˆ(p m )G(p)  



Lattice Checks
(M.C. and Leonardo Cosmai, Int. J. Mod. Phys. A35 (2020) 2050103; hep-ph/2006.15378

 A consistency check: no two-mass structure in the symmetric phase



Lattice propagator in the broken phase
(P.Cea., M.C, L.Cosmai, P.M.Stevenson, MPLA14(1999)1673



Propagator on a 764 lattice: 2 flat ranges2 mass-shell regions
(M.C. and L.Cosmai, IJMP A35 (2020) 2050103; hep-ph/2006.15378



Two-mass structure of the lattice propagator



The proportionality relation between MH and ‹Φ› ≈ 246 GeV
The large MH (and not the small mh) determines vacuum
stability. Thus, SSB could originate in the pure scalar sector,
regardless of the other parameters of the theory





Comparison with the traditional upper bounds on the 
mass of the first resonance

 The basic relations of our picture are

 Thus from the third relation in (2) we deduce mh « MH for a very large L. But 
MH is cutoff independent. Therefore, by decreasing L, MH remains fixed but mh
increases and approaches its maximum value (mh )max ≈ MH   for L~1, i.e. for a 
cutoff ΛS which is a few times  MH 

 Therefore this maximum value of mh corresponds to 

in good agreement with the upper bound obtained from the more conventional 
first two relations in Eq.(2)

See Lang’s complete review arXiv:hep-lat/9312004
 Viceversa, without performing our lattice simulations, we could have predicted 

(MH)Theor = 670 (80) GeV by combining the cutoff independence of MH , the 
third relation in Eq.(2) and Lang’s estimate of (mh )max



Basic phenomenology of the heavy resonance. I 



Basic phenomenology of the heavy resonance. II



MH : heavy but relatively narrow resonance
( produced mainly by the gluon-gluon Fusion mechanism)



The widths Γ(HWW) and Γ(HZZ) are much smaller 
than conventionally. But new processes…

 H hh h=h(125)
 Hhhh, HhWW, HhZZ…
 Due to the H-h overlapping difficult to estimate precisely the 

total width Γ(Hall)
 Approximately, we expect Γ(Hall) = 30 ÷ 40 GeV
 Therefore, signatures of the second Higgs resonance: 

i) mass around 700 GeV
ii) produced at LHC mainly through gluon-gluon fusion
iii) total width 30 ÷ 40 GeV



 Search for experimental signals in the LHC data

 1) ATLAS 4-lepton events for invariant mass 560-800 GeV
 2) ATLAS   γγ events for invariant mass 600-770 GeV
 3) CMS  (b-b + γγ) final state   
 4) CMS γγ events produced i pp double-diffractive scattering



The process H 4-leptons 



ATLAS full 4-lepton cross-section m4l = 560÷830 GeV
see Fig.5 of JHEP 07(2021)005; arXiv:2103.01918v1 [hep-ex] 



Restricting to gluon-gluon fusion (ggF) events
(Table taken from  https://www.hepdata.net/record/ins1820316)



Interpretation

 ATLAS 4-lepton ggF events indicate a (+2.5σ) excess in the
bin 680(30) GeV followed by an opposite (-3.3σ) defect at
740(30) GeV

 Simplest interpretation: a resonance with a mass MH ≈ 700
GeV which interferes with the background and produces the
typical (M2

H – s) effect



Background + resonance to describe the ggF-events

 Red continuous line = background + resonance
 Blue dashed line = ATLAS background only



More signals in the same mass region 

 i) ATLAS high-mass γγ events

 ii) CMS search for a new state X through the chain
pp X  h(125) + h(125)  (b-b + γγ )

 iii) CMS search for high mass  γγ pairs produced in pp
double-diffractive scattering

pp p + X + p
and then X  γγ



ATLAS γγ spectrum: a (local) 3.3 σ excess at E=684 GeV
see ATLAS Coll. PLB 822 (2021) 136651 



Fit to ATLAS γγ with background only (χ2 =14) 



Fit to ATLAS γγ with positive interference (χ2 =8÷11)



Fit to ATLAS γγ with negative interference (χ2 =9÷12)



The process X=Hh(125)+h(125)2b-quark jets + γγ



CMS analysis of the cross section for the process
pp X  h(125)+h(125) (b-b +γγ) (Report CMS-PAS-HIG-21-011)

 At 600 GeV, observed and estimated 95% CL coincide for a value 0.16 fb
 In the plateau 675(25) GeV, the limit placed by the observed number of events

is 0.30 fb, about twice the expected background with a 1.6 σ excess



Double-diffractive pp scattering producing a state Xγγ
with the same quantum numbers of the vacuum

(«Diffractive excitation of the vacuum» M.Albrow, arXiv:1010.0625 [hep-ex])



CMS analysis of  γγ produced in pp double-diffractive 
scattering (Report CMS-TOTEM Coll. CMS-PAS-EXO-21-007)

 For a m(γγ)= 650(40) GeV 76(9) events OBSERVED vs. 40(6) EXPECTED 
 In the most conservative case this is a 3.3 σ effect (the only significant excess)



 Conclusions: having a prediction (MH) THEOR = 690 ± 10 (stat) ± 20 (sys) GeV, 
local excesses (or local defects) should maintain intact their statistical 
significance and not be downgraded by the “look elsewhere” effect 

 Therefore, the correct perspective is that we are faced with :
i)   a 2.5-σ excess AND a 3.3-σ defect around 700 GeV in the ATLAS 4-leptons
ii)   a   3.3 σ excess at  684(8)  GeV in  the ATLAS γγ channel

iii)   a   1.6 σ excess at 675(25) GeV in the  CMS (b-b+γγ) channel
iv)   a   3.3 σ excess at 650(40) GeV in the CMS  exclusive γγ produced in pp

double-diffractive scattering
 The correlation of these measurements is very small. One could argue that 

the cumulated statistical evidence for a new (relatively narrow) resonance 
(MH) EXP ~ 700  GeV

has reached  the traditional 5 σ discovery level
Of course, also systematic uncertainties, but present situation is unstable
It could soon be resolved with two crucial missing samples from RUN2:
a) full CMS invariant-mass data for the charged 4-lepton channel
b) full CMS invariant-mass data for the inclusive γγ channel



Low-statistics partial CMS results: 4-leptons



Low-statistics partial CMS results: inclusive γγ

 A 1-σ excess at 640(30) GeV followed by a 1.5-sigma defect at 750(40) GeV. 
(same qualitative pattern as present ATLAS 4-leptons, with much less statistics)



A remark on radiative corrections
 With two resonances of the Higgs field, what about radiative corrections? 
 Our lattice simulations indicate a propagator structure

 This is very close to van der Bij propagator

 In the  ρ-parameter at one loop, this is similar to have an effective Higgs mass

 How well, the mass from radiative corrections agree with the direct LHC result
125 GeV?



From the PDG review: positive MH-αS(Mz) correlation
(Important: NuTeV is not considered larger MH )



First remark: NuTeV not included by PDG



Second remark: the importance of αS(Mz)
Schmitt present most complete analysis



Higgs mass from LEP1




