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Abstract

1) Theoretical arguments + lattice simulations give motivations for a relatively
narrow, second resonance of the Higgs field with mass
(M) 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(41)=530+830 GeV,
exhibit a (2.5-0 excess + 3.3-6 defect) suggesting the existence of a new
resonance of mass (My)*XP = 700 GeV

3) Other excesses suggesting a new resonance in the same mass region:
1) ATLAS yy events—> 3.3 ¢ at 684(8) GeV
i1) CMS (b-b + yy) channel-2> 1.6 ¢ at 675(25) GeV
ii1) CMS vy produced in pp double-diffractive scattering—>3.3 ¢ 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 m, = 125 GeV

At present, the excitation spectrum of the Higgs field is described in terms of a single nar-
row resonance of mass my, = 125 GeV associated with the quadratic shape of the effective
potential at its minimum. In a description of Spontaneous Symmetry Breaking (SSB) as a
second-order phase transition, this point of view is well summarized in the review of the

Particle Data Group [ 1] where the scalar potential is expressed as
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By fixing mppe ~ 88.8 GeV and Appc ~ 0.13. this has a minimum at |p| = (®) ~ 246
GeV and a second derivative Vi, ((®)) = m3 = (125 GeV)2.
Appg = L1 with L = In (Ay)
m?, = Appe @2 = L1«
Infinitesimal quadratic shape (V"' ppc(«@®) / @)= L1120 if Ag> O

Infinitesimal depth (Vppc(¢®) / «@?) = L1220 if A;> O



Some basic inconsistency?

Now, vanishing quadratic shape = free-field fluctuations =" Triviality "
But RG-invariance of V 4 ()
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No anomalous dimension at the minimum for V ¢ («®>)
Vacuum energy density V ¢ («®@>) should be RG-invariant
Otherwise, why should «®> be Ag - independent ?

Different scheme for the effective potential?



Standard picture 1 1
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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 ®* (in 4D)?

This is better explained by the toy model
v N_ L 9o L, 4 909

lu_\'(,j’) = 3”’ b +j/\Y (l_’_FlllY //I ) (4)
where ;¢ is some mass scale and € is a small parameter. (The real case is like € ~ A but here
we treat € as a separate parameter.) For ¢ = (, as one varies the m? parameter, one has a
second-order phase transition, occurring at 1~ = 0. However, for any positive € no matter

~ wiae . ., 2 ] oy .iaip

how small, one has a first-order transition, occurring at a positive -~ = m:. Both the critical
m? and the minimum are exponentially small 1 exp(—1/¢), This toy model illustrates that
an infinitesimally weak first-order phase transition becomes indistinguishable from a second-
order transition if one does not look on a fine enough scale.

Lattice simulations—> (weak) 1st order phase transition



Ising limit of ®* in 4D, traditionally adopted for lattice simulations,
(e.g. Liischer&Weisz) > Landau pole at the lattice size

A non-trivial spectrum for the trivial Ao* theory
F. Gliozz1*

aDipartimento di Fisica Teorica, Universita di Torino,
via P. Giuria 1, 10125 Torino, Italy

log(A/m.) < A/gr + Blog(gr) +C' +--- (1)
el
1
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Where ¢ 1s a real field associated to the nodes x
of the lattice and i denotes the unit vector in the
pi-direction. Once m, and g, have been fixed, the
renormalization group trajectories (the “lines of
constant physics”) in the plane of the bare pa-
rameters flow toward higher values of the bare
quartic coupling A and terminate at the A — oo
limit [5], where the action (2) reduces to that of
the Ising model (3) with ¢, € +1. In other terms,
the 4D Ising model 1s the limit theory which sat-

urates the the triviality bound (1): at fixed g, is é
the best approximation to the continuum Limit .




SSB in cutoff ®* - weak first-order phase transition (see

P.H. Lundow and K. Markstrom, PRE 80(2009)031104; NPB 845(2011)120)
Picture below from S. Akiyama et al. PRD 100(2019)054510)
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FIG. 7. Spontaneous magnetization in the thermodynamic limit
with D, = 13. Error bars, provided by extrapolation, are within
symbols. T.(D., = 13) estimated by X' of Eq. (15) is within
the gray band.




SSB in pure ®* 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:
m, from quadratic shape of V (¢==xv) and My from zero-point energy

By introducing the mass-squared parameter M?(p) = 1Ay the 1-loop potential can be

expressed as a classical background + zero-point energy of a particle with mass M (), i.e.

Vicioop() = )ji - 1;;:&:? In ﬁif; (9)
Thus, non-trivial minima of V.z(() occur at those points » = +v where
M} = L)_J = A2 (é}:p[—thg} (10)
2 3A
with a quadratic shape
my, = Vi gop(£0) = ;—: = %Mﬁ ~ %?f < M} (11)

where L = In 1\_:& Notice that the energy density depends on Mj and not on mp, because

f:]—]m)p =W —]m)p[::tr) = 1282

(12)

therefore the critical temperature at which symmetry is restored, kg7, ~ My, and the sta-
bility of the broken phase depends on the larger My and not on the smaller my,.

[n both approximations

M2

o0 T , &
my = I"';f.ri'[:i.' )~ <& .'1!3_;

)=~ 64~+2 "o
A= AA A
L+ = Ing
P(p) = )\f
V2 = 02(0)
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m, # M,, = propagator G(p) has not a single-pole structure

id

m3, being V() at the minimum, is directly the 2-point, self-energy function |II(p = 0)].

On the other hand, the Zero-Point Energy (ZPE) is (one-half of) the trace of the loga-
rithm of the inverse propagator G—'(p) = (p?> — II(p)). After subtracting constant terms
and quadratic divergences, matching the 1-loop zero-point energy at the minimum gives the
relation

ZPE ~ ——

3
1 (3)

_— (2m)t p! 6472 Pl 6472 ﬂ-f?{

L [rew dip IB(p) — (IP(p)) | Paxe My A
In — In

L

This shows that M3 effectively refers to some average value |(I1(p))| at larger p?.

9 Therefore, if my, = My, there must be a non-trivial momentum dependence of T1(p) é

~

Check with lattice simulations of the scalar propagator.



Lattice simulations of the scalar propagator

Available online at www.sciencedirect.com
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Comparison of perturbative RG theory with lattice data
for the 4d Ising model

P.M. Stevenson

4
S=Z{—2xEqs(xmw,a)w{x)?+A(¢(x>2— 1)2} (1
x =l
which is equivalent to the more traditional expression
o 2 1 80
4 2 !
S = E[E > (dugo(x))” + Em%qbg(x)“ + E¢éi|. (2)
X =l
where 3,,¢0(x) = ¢o(x + /1) — ¢o(x). The translation between the two formulations is given by
1 -2 61
@0 =V 2k, méz ( ) — 8, g0=—5. (3)

K K



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

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

C=(p*+m’)G(p)
Standard one-pole propagator > { 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 p?
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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
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Figure 1: The lattice data of ref.[ 8] for the re-scaled propagator in the symmetric phase at
k = 0.074 as a function of the square lattice momentum p°. The fitted mass from high p°,
miare = .2141(28), describes well the data down to p = (). The dashed line indicates the
value of Zyop = 0.9682(23) and the p = 0 point is 2kxmi,,, = 0.9702(91).



Lattice propagator in the broken phase
(P.Cea., M.C, L.Cosmai, P.M.Stevenson, MPLLA14(1999)1673
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Propagator on a 76*lattice: 2 flat ranges—>2 mass-shell regions
(M.C. and L.Cosmai, IIMP A35 (2020) 2050103; hep-ph/2006.15378
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Figure 2: The propagator data of ref.[8], for & = 0.0749, rescaled with the lattice mass
My = iy, = 0.0933(28) obiained from the fit to all data with p* > 0.1. The peak at p = 0
is M7 jm3 = 1.47(9) as computed from the fitted My and my, = (2rx) Y% = 0.0769(8).
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Figure 3: The propagator data of ref.[8] at k = 0.0749 for p* < 0.1. The lattice mass used

here for the rescaling was fived at the value my, = (26y) Y2 = 0.0769(8).
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Two-mass structure of the lattice propagator

By computing m? from the p — 0 limit of G(p) and M from its behaviour at higher p?,
the lattice data are consistent with a transition between two different regimes. By analogy
with superfluid He-4, where the observed energy spectrum arises by combining the two
quasi-particle spectra of phonons and rotons, the lattice data were well described in the full

momentum region by the model form [7]

1—1(p) 1 1+ I(p) 1

™ ~ (4
2 pr4m; 2 p?+ M} %)

G(p) ~

with an interpolating function /(p) which depends on an intermediate momentum scale pg
and tends to +1 for large p* > p% and to —1 when p*> — 0. Most notably, the lattice
data were also consistent with the expected increasing logarithmic trend M% ~ Lm? when
approaching the continuum limit °.



The proportionality relation between My and «®> = 246 GeV->
The large My (and not the small m,) determines vacuum
stability. Thus, SSB could originate in the pure scalar sector,
regardless of the other parameters of the theory

Since. differently from my,. the larger My would remain finite in units of the weak scale
(@) ~ 246.2 GeV for an infinite ultraviolet cutoff, one can derive their proportionality rela-
tion. To this end, let us express M7 in terms of m} L through some constant ¢y, say

N

Mz =miL - (co)? (J)

and replace the leading-order estimate \ ~ 1672/(3L) in the relation A\ = 3m3 /(®)2. Then
My and (@) are related through a cutoff-independent constant K

My = K(®) (6)

with K ~ (47/3) - (eg) /2.



Estimating M, from lattice simulations

Table 5: The values of My, as obtained from a direct fit to the higher-momentum propagator
data. The two entries at & = 0.0749, from our new simulations on a 76* lattice, refer to
higher-momentum fits for p* > 0.1 and p* > 0.2 respectively. In the last column we report
the combination (cp)~Y2 = My - (my,) ™' - [In(Ay/myyy, )]~ 2.

K My (my)~! In(A;/Mgy)]=12  (cg) /2
0.07512 0.2062(41) 5.386(23) 0.606(2) 0.673(14)
0.0751 ~ 0.200 5.568(16) ~ (.603 ~ 0.671
0.07504 0.1723(34) 6.636(32) 0.587(2) 0.671(14)
0.0749  0.0933(28) 13.00(14) 0.533(2) 0.647(20)
0.0749 0.100(6) 13.00(14) 0.538(4) 0.699(42)

» (¢,)12=0.67 £0.01 (stat) = 0.02 (sys)
» K= (4/3)7(c,) V2 =2.81 £ 0.04 (stat) £ 0.08 (sys)
= My=K @ =690 =10 (stat) = 20 (sys) GeV



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

The basic relations of our picture are (L =In(A./My))
A~ L1 mj ~ (®)? - L~ M{ ~L-mj = K*®)* (2)

Thus from the third relation in (2) we deduce m, « My, for a very large L. But
My, 1s cutoff independent. Therefore, by decreasing L, M, remains fixed but m,
increases and approaches its maximum value (m, )™** = M for L~1, 1.e. for a
cutoff Aqwhich 1s a few times My

Therefore this maximum value of m; corresponds to
()™ ~ (M) Theer = 690 + 10 (stat) £ 20 (sys) GeV

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

(my, )™** = 670 (80) GeV,
See Lang’s complete review arXiv:hep-lat/9312004

Viceversa, without performing our lattice simulations, we could have predicted
(M) theer= 670 (80) GeV by combining the cutoff independence of My, , the
third relation in Eq.(2) and Lang’s estimate of (m,, )™2*



Basic phenomenology of the heavy resonance. I

A heavy Higgs resonance H. with mass My = K(®) ~ 700 GeV, is usually believed to be a
broad resonance due to the strong interactions in the scalar sector. This view derives from the
original Lee-Quigg-Tacker calculation in the unitary gauge showing that, with a mass My
in the scalar propagator, high-energy W W7, scattering is indeed similar to vy Goldstone
boson scattering with a large contact coupling \g = 3K2. The same coupling would also
enter the H — W W decay width.

However, by accepting the “triviality” of ®* theories in 4D, the A—independent combination
3M%/(®)? = 3K? cannot represent a coupling entering observable processes. Indeed. the
constant 3K? is basically different from the coupling A governed by the 5—function

A
T dx _

In— = : (8)
A Ao B(x)

For B(z) = 32%/(167?) + O(z?). whatever the contact coupling Ay at the asymptotically
large A, at finite scales j ~ My this gives A ~ 1672 /(3L) with L = In(A/My).



Basic phenomenology of the heavy resonance. 11

Therefore, to find the W W7, scattering amplitude at some scale g, one should improve on
the Lee-Quigg-Tacker calculation and first use the S—function to re-sum the higher-order
effects in vy scattering

1
A(xx = xx) ~ A~ A7) (9)

Jrauge =0

and then use the Equivalence Theorem [18, 19, 20] which gives

AW WL - W W) =[1+ O(ggﬂugc)] Alxxy = xy) = O(A\) (10)

ggnugc=D
Thus the large coupling Ay = 3K is actually replaced by the much smaller coupling

2
— 3K L (11)

B Sm}i
(D)2 _-"l-fﬁr

A\ =




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

For the same reason, the conventional large width into longitudinal vector bosons com-
puted with \g = 3K?, say '™ (H — W W) ~ M}, /{®)?, should instead be rescaled by
(A/3K?) = m?/M%. This gives

s T m ?1 COnV ; T T m ?1 .
F{H — HLHL) s ?lfz F (J‘IIH — H-‘LH-'L) ~ ﬂ-}fH {@)2 ( ]2]
Fa H

where My indicates the available phase space in the decay and m?/(®)? the interaction
strength. If the heavier state couples to longitudinal W’s with the same typical strength of
the low-mass state it would represent a relatively narrow resonance.

Due to the suppression of the conventional H-width into longitudinal W's and Z’s, the
relevant production mechanism in our picture 1s through the Gluon-Gluon Fusion (GGF)
process. In fact, the other production through Vector-Boson Fusion (VBF) plays no role.
The point is that the V'V — H process (here VV = WTW~—, ZZ) is the inverse of the H —

VBY(pp — H) can be expressed [26] as a convolution with the parton

V'V decay so that o
densities of the same Higgs resonance decay width. The importance given traditionally to
VBF depends on the conventional large width into longitudinal W's and Z’s computed with
the 3K coupling. In our case, where this width is rescaled by the small ratio (125/700)? ~

0.032, one finds VB (pp — H) < 10 fb which can be safely neglected.



The widths '(H=>WW) and I'(H—>ZZ) are much smaller
than conventionally. But new processes...

H- hh h=h(125)
H->hhh, HOhWW, HOhZZ...

Due to the H-h overlapping difficult to estimate precisely the
total width I'(H—>all)

Approximately, we expect I'(H—>all) = 30 ~ 40 GeV
Therefore, signatures of the second Higgs resonance:

1) mass around 700 GeV

11) produced at LHC mainly through gluon-gluon fusion

111) 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 vyy events for invariant mass 600-770 GeV

3) CMS (b-b + yy) final state

4) CMS vy events produced 1 pp double-diffractive scattering



The process H-> 4-leptons




ATLAS full 4-lepton cross-section m, = 560830 GeV
see Fig.5 of JHEP 07(2021)005; arXiv:2103.01918v1 [hep-ex]
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Restricting to gluon-gluon fusion (ggk) events
(Table taken from https://www.hepdata.net/record/ins1820316)

Table 1. For luminosity 139 fb~1, we report the ob-
served ATLAS ggF-low events and the corresponding
estimated background2? in the range of invariant mass ' t b _____ H
My = E = 530 + 830 GeV. To avoid spurious fluctua- !
tions, due to migration of events between neighbouring
bins, we have followed the same criterion as in Fig.5 of

ref.22 by grouping the data into larger bins of 60 GeV,
centered at 560, 620, 680, 740 and 800 GeV. These were
obtained by combining the corresponding 10 bins of 30
GeV, centered respectively at the neighbouring pairs:
545(15)= 575(15) GeV, 605(15)+ 635(15) GeV, 665(15)
= 695(15), 725(15)+755(15) GeV and 785(15)+ 815(15)
GeV as reported in ref.2? In this energy range, the errors
in the background are below 5% and will be ignored.

E[GeV] Ngxp(E) Npke(E) Ngxp(E) — Npke(E)

560(30)  38+6.16 32.0 6.00 + 6.16
620(30)  25+5.00 20.0 5.00 =+ 5.00
680(30)  26+£5.10 13.04 == 12.96 4 5.10
740(30)  3+1.73 8.7] ====p _ 571+ 1.73
800(30)  7+2.64 5.97 1.03 £ 2.64




Interpretation

ATLAS 4-lepton ggF events indicate a (+2.56) excess in the
bin 680(30) GeV followed by an opposite (-3.3c) defect at
740(30) GeV

Simplest interpretation: a resonance with a mass My = 700
GeV which interferes with the background and produces the
typical (M?; — s) effect



Background + resonance to describe the ggF-events

Table

2.

ooF-low events

are compared

The experimental ATLAS
with

our theoretical prediction Eq.(14) for

Mg =706 GeV,

~g = 0.041, P = 0.14.

E[GeV] Ngxp(E) Nru(E) x?
560(30) 38+6.16 0.0 0.04
620(30) 251500 25.66 0.02
630(30)  26£5.10 __ 26.32 __ 0.00
740(30)  3+£1.73 323 0.02
800(30)  7+2.64 387  1.40

40
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= Red continuous line = background + resonance
= Blue dashed line = ATLAS background only



More signals in the same mass region

1) ATLAS high-mass yy events

11) CMS search for a new state X through the chain
pp—=2> X =2 h(125) + h(125) = (b-b+yy)

111) CMS search for high mass +yy pairs produced 1n pp
double-diffractive scattering
pp2p+X+p
and then X =2 yy



ATLAS vy spectrum: a (local) 3.3 ¢ excess at E=684 GeV
see ATLAS Coll. PLB 822 (2021) 136651
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Fit to ATLAS yy with background only (y*=14)
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Fit to ATLAS yy with positive interference (y>=8+11)

Fit with interference of a background + resonance

. ATLAS 2-photon data in the range

00 Gey < E < 770 GeV




Fit to ATLAS yy with negative interference (y>=9+12)

Fit with interference of a background + resonance

. ATLAS 2-photon data in the range

GO0 Gl < E < TT0 GV




The process X=H=2>h(125)+h(125)-2>2b-quark jets + yy




CMS analysis of the cross section for the process
pp~> X 2 h(125)+h(125)-> (b-b +yy) (Report CMS-PAS-HIG-21-011)
CMS Preliminary 138 fb' (13 TeV)
| | Pp—X—sHH—>Ybb (Spin-0) '
—— Bulk radion (A, = 3 TeV)
------ Bulk radion (A, = 6 TeV)
—— Observed 95% upper limit
---- Expected 95% upper limit

I Expected limit = 1 std. deviatio
Expected limit = 2 std. deviatio

o(pp — X) B (X = HH — yybb) [fb]
=
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= 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
1s 0.30 fb, about twice the expected background with a 1.6 ¢ excess



Double-diffractive pp scattering producing a state X-2>vyy

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

P P

X =2 vy



CMS analysis of yy produced in pp double-diffractive
scattering (Report CMS-TOTEM Coll. CMS-PAS-EX0-21-007)
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For a m(yy)= 650(40) GeV > 76(9) events OBSERVED vs. 40(6) EXPECTED
In the most conservative case this is a 3.3 ¢ effect (the only significant excess)



Conclusions: having a prediction (My) T™MFOR= 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 :
1) a 2.5-6 excess AND a 3.3-o0 defect around 700 GeV in the ATLAS 4-leptons
11) a 3.3 o excess at 684(8) GeV in the ATLAS yy channel
111) a 1.6 o excess at 675(25) GeV in the CMS (b-b+yy) channel
1v) a 3.3 ¢ excess at 650(40) GeV in the CMS exclusive yy 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
(Mp) EXP ~ 700 GeV
has reached the traditional 5 o 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 yy channel
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Low-statistics partial CMS results: 4-leptons
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Low-statistics partial CMS results: inclusive yy

35.9fb" (13 TeV)

10— ' -
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o= - .
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e
B’ 10_1 = pT(«{1, 72) > 75 GeV
C o In(y, v,)l < 1.4442
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= A 1-o 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

1-1I(p) 1 1+ 1(p) 1
; : 5 T . - 5
2 pP4+my 2 p> + M;

with an interpolating function /(p) which depends on an intermediate momentum scale py
and tends to +1 for large p? > p2 and to —1 when p? — 0.

This 1s very close to van der Bij propagator  Acta Phys. Polon. B11 (2018) 397.
(-1<n<1
1—np 1 N 1+ 1

G(p) ~ ; :
2 2 p+m? 2 p2+ M}

(49)

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

met ~ /MMy (Mp /mp)"? (47)

In our case. this would be between my = 125 GeV and My ~ 700 GeV.

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



From the PDG review: positive My-04(M,) correlation
(Important: NuTeV is not considered-> larger M, )

32 10. Electroweak model and constraints on new physies

Table 10.7: Values of s Z sﬁ g, my and My [both in GeV] for various data
sets. In the fit to the LHC (Tevatron) data the o, constraint is from the
production [204] (inclusive jet [205]) cross-section.

Data ) EZ sﬁ ag(Mg) My My

All data 0.23122(3)  0.22332(7) 0.1187(16) 173.0+0.4 >2<

All data except My 0.23107(9)  0.22310(19) 0.1190(16) 172.8+0.5 907 tz

All data except Mz 0.23113(6) 0.22336(8) 0.1187(16) 172.8 +0.5

All data except My 0.23124(3)  0.22347(7)  0.1191(16) 172.9+0.5

All data except m¢  0.23112(6)  0.22304(21) 0.1191(16) 176.4 = 1.8

My, Mz, 'z, my 0.23125(7)  0.22351(13) 0.1209(45) 172.7+0.5

LHC 0.23110(11) 0.22332(12) 0.1143(24) 1724 +0.5

Tevatron + My 0.23102(13) 0.22295(30) 0.1160(45) 174.3+0.7 1007 ‘gé

LEP 0.23138(17) 0.22343(47) 0.1221(31) 182 =+11 2"—1_];,52

SLD + Myz. Tz, my  0.23064(28) 0.22228(54) 0.1182(47) 172.7+0.5 387 ‘3(1}@
A bf} , Mz, 'z, me  0.23190(29) 0.22503(69) 0.1278(50) 172.7+0.5 348_1311 €
4'1.'{1,1.-’__2. Cw.z, my 0.23103(12) 0.22302(25) 0.1192(42) 172.7+0.5 847 ‘EJ@
low energy + My »  0.23176(94) 0.2254(35) 0.1185(19) 156 +29 T




First remark: NuTeV not included by PDG

The NuTeV collaboration found S%F = 0.2277 = 0.0016 (for the same reference values)
which was 3.0 o higher than the SM prediction [89]. However, since then several
groups have raised concerns about interpretation of the NuTeV result, which could affect
the extracted g%_ n (and thus s%) including their uncertainties and correlation. These
include the assumption of symmetric strange and antistrange sea quark distributions,
the electron neutrino contamination from K .3 decays, 1sospin symmetry violation in the
parton distribution functions and from QED splitting effects, nuclear shadowing effects,
and a more complete treatment of EW and QCD radiative corrections. A more detailed
discussion and a list of references can be found in the 2016 edition of this Review. The
precise impact of these effects would need to be evaluated carefully by the collaboration,
but i the absence of a such an effort we do not mclude the vDIS constraints in our e
default set of fits.




Second remark: the importance of ay(M,)
Schmitt-> present most complete analysis

hep-ex/0401034
nuhep-exp/04-01

Apparent Excess in eTe~ — hadrons

Michael Schmitt

Northwestern University

January 22, 2004

Abstract

We have studied measurements of the cross section for e"e~ — hadrons for center-
of-mass energies in the range 20-209 GeV. We find an apparent excess over the pre-

dictions of the Standard Model across the whole range amounting to more than 4o.




Higgs mass from LEP1

TOKUSHIMA 95-02
(hep-ph/9503288)
March 1995

Remarks on the Value of the Higgs Mass
from the Present LEP Data

M. CONSOLI® anDp Z. HIOKI"

ABSTRACT

We perform a detailed comparison of the present LEP data with the one-loop
standard-model predictions. It is pointed out that for m, = 174 GeV the “bulk”

of the data prefers a rather large value of the Higgs mass in the range 500-1000



ALEPH+DELPHI+L3+0OPAL

g 0.113 0.125 0.127 0.130
my(GeV) 100 100 500 1000
TOTAL y? 43.6 37.8 36.4 38.2

Table VII. Total y? for the four Collaborations.

vy 0.113 0.125 0.127 0.130
mp(GeV) 100 100 500 1000
ALEPH 6.7 8.6 7.6 8.2
DELPHI 7.6 8.8 7.3 7.3
L3 10.3 4.7 5.4 5.9
OPAL 114 7.9 5.1 4.1
TOTAL y* 36.0 30.0 25.4 25.5

Table VIII. Total y? for the four Collaborations by excluding the data for

A'}F;;lf?].



