Triviality and Vacuum Stability

Frank D. (Tony) Smith, Jr. - December 2006 - http://www.valdostamuseum.org/hamsmith/

Vacuum Stability or Triviality with Tquark-Higgs:

The chart | had been using
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IS based in part on the papers by Koichi Yamawaki at hep-ph/9603293 and by Michio Hashimoto,
Masaharu Tanabashi, and Koichi Yamawaki at hep-ph/0311165 and in part on my physics model:

. Pure NJL state with Tquark mass = 145 GeV and Higgs mass = 2x mT = 290 GeV, which state |
think is unphysically oversimplified with respect to the Higgs mass and a little high with respect

to the Tquark mass, so | modify it to correspond to my physics model state with Tquark mass =
130 GeV and Higgs mass = 146 GeV

. 8-dim Kaluza-Klein state with Tquark mass 172-175 GeV = and Higgs mass = 176-188 GeV,
which state | think is physically realistic with respect to the Tquark mass but unphysically

oversimplified with respect to the Higgs mass, so | modify it to a point on the Vacuum Stability
boundary at Tquark mass = 172-175 GeV and Higgs mass = 146 GeV
. BHL state with Tquark mass = 218 +/- 3 GeV and Higgs mass = 239 +/- 3 GeV

However,

if | were to take the 8-dim Kaluza-Klein state with Tquark mass 172-175 GeV = and Higgs mass = 176-
188 GeV as it is, then the chart would look like
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with the cyan 8-dim KK point being on the Triviality/Unitarity boundary instead of the Vacuum
Stability boundary, and with

. Pure NJL state with Tquark mass = 145 GeV and Higgs mass = 2x mT = 290 GeV, which state |
think is unphysically oversimplified with respect to the Higgs mass and a little high with respect
to the Tquark mass, so | modify it to correspond to my physics model state with Tquark mass =
130 GeV and Higgs mass = 146 GeV

. 8-dim Kaluza-Klein state with Tquark mass 172-175 GeV = and Higgs mass = 176-188 GeV

. BHL state with Tquark mass = 218 +/- 3 GeV and Higgs mass = 239 +/- 3 GeV

—AS Yamawaki said in hep-ph/9603293: "... the BHL formulation of thetop quark
condensate ... isbased on the RG equation combined with the compositeness
condition ... start[s] with the SM Lagrangian which includes explicit Higgsfield at
the Lagrangian level ... BHL iscrucially based on the perturbative picture...
[which]... breaks down at high energy near the compositeness scale /A ...[ 10019
GeV ]... there must be a certain matching scale /A_Matching such that the perturbative
picture (BHL) is valid for mu < A_Matching, while only the nonperturbative picture
(MTY) becomes consistent for mu > /A_Matching ... However, thanksto the presence of
aquasi-infrared fixed point, BHL prediction isnumerically quite stable against
ambiguity at high energy region, namely, rather independent of whether this high
energy region isreplaced by MTY or something else. ... Then we expect mt = mt(BHL)
= ... = 1/(sqrt(2)) ybart v within 1-2%, where ybart is the quasi-infrared fixed point given
by Beta(ybart) = 0 in ... the one-loop RG equation ... The composite Higgs loop changes
ybart”2 by roughly the factor Nc/(Nc +3/2) = 2/3 compared with the MTY value, i.e., 250
GeV -> 250 x sqrt(2/3) = 204 GeV, while the electroweak gauge boson loop with opposite
sign pulls it back a little bit to a higher value. The BHL valueisthen given by mt =218
+/- 3GeV, at \ = 10" 19 GeV. The Higgs boson was predicted as a thar-t bound state with
a mass MH = 2mt based on the pure NJL model calculationl. Its mass was also calculated
by BHL through the full RG equation ... the result being ... MH /mt =1.1) at /\ =10"19
GeV ...".
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... the top quark condensate proposed by Miransky, Tanabashi and Yamawaki (MTY) and
by Nambu independently ... entirely replaces the standard Higgs doublet by a
composite one formed by a strongly coupled short range dynamics (four-fermion
interaction) which triggersthetop quark condensate. The Higgs boson emerges as a
tbar-t bound state and hence is deeply connected with the top quark itself. ... MTY
introduced explicit four-fermion interactions responsible for the top quark condensate in
addition to the standard gauge couplings. Based on the explicit solution of the ladder SD
equation, MTY found that even if all the dimensionless four-fermion couplings are of O
(1), only the coupling larger than the critical coupling yields non-zero (large) mass ... The
model was further formulated in an elegant fashion by Bardeen, Hill and Lindner (BHL)
in the SM language, based on the RG equation and the compositenes condition. BHL
essentially incorporates 1/Nc sub-leading effects such as those of the composite Higgs
loops and ... gauge boson loops which were disregarded by the MTY formulation. We can
explicitly see that BHL isin fact equivalent to MTY at 1/Nc-leading order. Such
effects turned out to reduce the above MTY value 250 GeV down to 220 GeV ...".

For the cyan point to be on the Vacuum Stability boundary with Higgs mass = 176-188 GeV, the Tquark
mass would have to be increased to about 190-200 GeV, which 1 think is physically unrealistic because
it does not correspond to any ot the 3 peaks in the Fermilab data.

400 =

100 150 2
M, [CeV]

L 200

So, there are two physically realistic possibilities:

Vacuum Stability System
Tquark-Higgs-Vacuum System with the 172-175 GeV Tquark on the VVacuum Stability Boundary
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and 2 states of Higgs mass ( 146 GeV and 239 GeV )
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In his book Journeys Beyond the Standard Model ( Perseus Books 1999 ) at pages 175-177, Pierre
Ramond says:

"... The Higgs quartic coupling has a complicated scale dependence. It evolves according
to
dlambda/dt=(1/16 pi*2) beta lambda

where the one loop contribution is given by
beta_lambda =12 lambda*2 - ... -4 H ...

The value of lambda at low energies is related [to] the physical value of the Higgs mass
according to the tree level formula\

m_H = v sgrt( 2 lambda )
while the vacuum value is determined by the Fermi constant ...

In the ... limit of a small Higgs mass ... lambda is small and its beta function is dominated
by the ...[ 4 H ]... term coming from fermion loops. This term, proportional to the fourth
power of the Yukawa couplings, ... becomes dominant for a heavy top quark. Its effect is
to decrease the value of lambda in the ultraviolet. Since the change is not proportional to
lambda, it can in fact drive lambda to negative values beyond a certain energy. Naively,
this implies a negative contribution to the potential, which destabilizes the theory: large
field configurations become energetically favored, and the theory tumbles out of control.
The standard model description becomes inconsistent above a certain scale. This yields
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the instability bound. Should the Higgs particle prove to be light, this bound means that
something must happen to the standard model at that scale, perhaps in the form of new

contributions to the renormalization group evolution appear[ing] ... from particles not in
the standard model. ...".
Triviality System
Tquark-Higgs-Triviality System with the 172-175 GeV Tquark on the Triviality Boundary

and 3 states of Higgs mass ( 146 GeV, 176-188 GeV, and 239 GeV )
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In his book Journeys Beyond the Standard Model ( Perseus Books 1999 ) at pages 175-176, Pierre
Ramond says:

"... The Higgs quartic coupling has a complicated scale dependence. It evolves according
to

dlambda/dt=(1/16 pi*2) beta lambda

where the one loop contribution is given by
beta_lambda =12 lambda*2 - ... -4 H ...

The value of lambda at low energies is related [to] the physical value of the Higgs mass
according to the tree level formula\

m_H = v sgrt( 2 lambda )

while the vacuum value is determined by the Fermi constant ...
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for a fixed vacuum value v, let us assume that the Higgs mass and therefore lambda is
large. In that case, beta_lambda is dominated by the lambda”2 term, which drives the
coupling towards its Landau pole at higher energies.

Hence the higher the Higgs mass, the higher lambda is and the close[r] the Landau pole to
experimentally accessible regions. This means that for a given (large) Higgs mass, we
expect the standard model to enter a strong coupling regime at relatively low energies,
losing in the process our ability to calculate. This does not necessarily mean that the
theory is incomplete, only that we can no longer handle it ... it is natural to think that this
effect is caused by new strong interactions, and that the Higgs actually is a composite ...

The resulting bound on lambda is sometimes called the triviality bound.

The reason for this unfortunate name (the theory is anything but trivial) stems from lattice
studies where the coupling is assumed to be finite everywhere; in that case the coupling is
driven to zero, yielding in fact a trivial theory. In the standard model lambda is certainly
not zero. ...".

Which is realistic - Vacuum Stability or Triviality ?
My personal present-day guessis Triviality, because:

- Inthe Triviality System decays from higher states to lower states can be on straight lines of
constant Higgs mass / Tquark mass ratio with slope about 1.1 since the ratios Higgs mass /
Tquark mass are

—146 /130 = 1.123
—188 /172 = 1.093
—239 /218 = 1.096

. The Triviality Bound point at Tquark mass 172-175 Gev and the Critical Point point at Tquark
mass = 218 GeV are both accurately described by the work of Yamawaki et al, while the point in
our usual phase at Tquark mass 130 is described by my model more accurately than by pure NJL;

. Pierre Ramond says (as quoted above) that for the Triviality Bound "... we expect the standard
model to enter a strong coupling regime ... it is natural to think that this effect is caused by new
strong interactions, and that the Higgs actually is a composite ...", and a composite Higgs =
TThar condensate is consistent with the 8-dim Kaluza-Klein model of Yamawaki et al;

. Inmy view, the T and Thar of the TTbar condensate = Higgs are bound more strongly than a
conventional quark-antiquark pair, not because of any new force such as Technicolor, but by
collective effect similar to the Quantum Protectorate described by Philip Anderson and the
Collective Electrodynamics of Carver Mead;

. The transition from my high-energy 8-dimensional spacetime phase to the (4+4)-dimensional
Kaluza-Klein phase is described by the mechanism of Meinhard Mayer based on Proposition 11.4
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of chapter Il of volume 1 of Kobayashi and Nomizu, Foundations of Differential Geometry, vol.
2, John Wiley 1969, in which the Higgs field comes from integrating over the 4-dim internal
symmetry space of some gauge boson terms whose charge is carried, in 4-dimensional physical
spacetime, by fermion-antifermion pairs of which TThar is most closely connected to the Higgs;

. Physically, at the Triviality Bound my model with 4-dim spacetime plus 4-dim internal symmetry
space could be transitioning toward a high-energy 8-dim spacetime which would appear clearly
by running up the Triviality Bound to the critical point at which our usual phase meets both the
Triviality phase and the Vacuum Instability phase at which the magenta Tquark with mass 218
GeV and Higgs with mass 239 GeV live in accord with the work of Yamawaki et al;

. The critical point BHL state is where the Renormalization Group Perturbative Picture of the
Composite Higgs breaks down, and there at the critical point, Vacuum Instability means that the
T and Thar are too heavy to form, even as part of a collective, such a light thing as the Higgs, so
that the Higgs does not form to give mass, and there is no electroweak symmetry breaking, and
all particles are massless, which may mean that the critical point magenta Tquark with mass 218
GeV and Higgs with mass 239 GeV gives us a window through which we can see the physics of
my high-energy 8-dimensional physics model.

So, in my present opinion (Dec 2006) this is the physically realistic way the 3 peaks of Fermilab Tquark
event data fall on the Higgs mass - Tquark mass chart:
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Can Experiments at LHC Decide between Triviality and Vacuum Stability ?

Experiments at the LHC may be able to distinguish between the two possibilities. If the LHC searches
for Higgs up to 250 GeV, then:

. if the LHC finds only one Higgs state below 200 GeV, at 146 GeV, the Tquark-Higgs-Vacuum
System is supported;

. if the LHC finds two Higgs states below 200 GeV, at 146 GeV and at 176-188 GeV, the Tquark-
Higgs-Triviality System is supported.

Since the Tquark peak around 220 GeV is very much lower than the peaks around 130 GeV and 175
GeV, it may be that even if LHC searches for Higgs up to 239 GeV, the 239 GeV Higgs signal
corresponding to the magenta critical point state may be too low to be easily distinguishable from
background. The LHC effort to find the Higgs is described in an October 2006 article by Andy Parker in
PhysicsWeb at http://physicsweb.org/articles/world/19/10/3, which article said in part ( including some
material from a referenced article at http://physicsweb.org/articles/world/19/10/3/1/PWexp4%5F10%
2D06 ):
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"... One of the main goals of the LHC is to discover the elusive Higgs boson, which is
responsible for the masses of all other particles ... The huge general-purpose ATLAS and
CMS detectors have been designed to make the hunt for the Higgs boson as easy as
possible ... Sometime in 2008, the first dispatches will arrive from beyond the frontier ...

... Both CMS and ATLAS are laid out in cylindrical layers of subdetectors but they use
markedly different technology. For example, ATLAS is surrounded by eight toroidal
magnets, while CMS

uses a single huge solenoid .. and different materials are used in the calorimeters ...

the huge ATLAS detector ...
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... weighing some 7000 tonnes and measuring over 26 m in length and 20 m in diameter ...
consists of a number of subdetectors, designed to identify and measure different types of

particle ... Three main subsystems, are arranged in cylindrical layers around the vacuum
pipe that carries the proton beams:

. the inner detector is devoted to measuring charged-particle tracks;
. the calorimeters measure the energy of particles;
. and the outermost subsystem is used to detect muons ...

At the LHC, bunches of some 10”11 protons at a time will be accelerated to 7 TeV. As the
protons approach the detectors, they will be focused by electromagnetic fields to increase
the chance of a collision. About 20 protons will collide each time the beams cross, most
being glancing blows. But occasionally, two quarks in the incoming protons will meet
head on, creating a "hard" collision in which the energy released can create new massive
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particles, including the Higgs boson and sparticles, if they exist. ...

Storing all the data read out from each of the billion or so collisions every second would
be impossible, so the detectors themselves will be programmed to select only the most
interesting events. Dedicated electronic "trigger" systems will inspect the data for high-
energy deposits or interesting patterns of particles, accepting only about 0.25% of the
events. Farms of powerful computers will be used to further process the surviving events,
reducing the number passed onto waiting physicists for analysis to a more manageable
100 events per second.

Even after this massive filtering exercise, over a petabyte (1015 bytes ...) of data will be
recorded each year. Small teams of physicists will work together on their chosen topic,
trying to pick out interesting "signal" events such as Higgs decays while removing
"background" events that come from known Standard Model processes. In order to do
this, we need to understand what the detectors should see from the Standard Model alone,
and what the distinctive "signatures™ of new particles will be. This is done using "Monte
Carlo simulations™: computer programs that generate millions of random events obeying
the underlying theoretical equations, starting from the hard collision and simulating the
paths and decays of all the particles created by it.

These simulations also include a virtual model of the detector, which mimics the response
of each detector element as the particles pass through it. The simulated data from this
virtual detector are then fed into the same reconstruction program that physicists will use
to inspect the real data, allowing them to compare the real data directly with the
predictions of different theoretical scenarios. Such Monte Carlo studies have been carried
out since 1984, when the case was first made to fund the LHC, and today the ATLAS
database contains simulations of over 600 different scenarios. ...

Using the design luminosity of the LHC and a Higgs mass of 250 GeV, we would expect
to produce about 10 events containing Higgs bosons every minute. This is a promising
start, especially as the detector is designed to run for up to 10 years. ...

The Higgs boson can decay in many different ways, with the probability of a particular
type of decay depending on the as-yet unknown mass of the Higgs. From previous
experiments, we know that the Higgs mass must be above 114 GeV/c2 - otherwise we
would already have seen it - while theory requires it to lie below 1 TeV/c2.

If it has a "low" mass (about 120 GeV/c2), it will most often decay into a bottom quark
and antiquark. Unfortunately, it is very hard to tell these apart from the quarks produced in
collisions in which no Higgs is present. A low-mass Higgs can also decay into a pair of
photons, but it does this much less often - only once in 1000 decays.
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However, this decay is much easier to pick out, and there are So many proton-proton
collisions that there will still be thousands of these events produced.

If the Higgs has a high... mass (above 180 GeV/c2), then it is most likely to decay into
pairs of W and Z bosons. The easiest signal to identify occurs when the Higgs decays into
two Z bosons, which each decay in turn into a pair of electrons or muons. This signature
of four leptons can be easily identified by the detector, and is not often produced by
unknown Standard Model processes. Furthermore, by measuring the momentum of each
of the leptons, it is possible to reconstruct the mass of the parent particle of each pair.
Hence, particle physicists will home in on this type of decay by looking for two pairs of
leptons in an event, the momenta of each of which "add up" to a value close to the known
mass of the Z boson. Taking this idea further, the momenta of the two Z bosons can then
be used to derive the Higgs mass. ...".
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Note that in the electroweak sector of the Standard Model, the Z boson plays the role of a heavy photon

whose mass comes from the Higgs mechanism, so the Z pair signature looks like a heavy version of the

photon pair signature that becomes effective at energy ( or at Higgs mass ) greater than the total mass of

the two Z bosons, each of which has mass about 90 GeV, or at energy ( or at Higgs mass ) greater than
about 180 GeV.

Note also that for a Higgs to decay at a high rate into a Tquark and a Thar antiquark, the Higgs mass
would have to be at least twice the Tquark mass, or 2x130 = 260 GeV for the lightest Tquark state in my
model, or 2x175 = 350 GeV for the 175 GeV Triviality Tquark 8-dim Kaluza-Klein state that is
recognized by Fermilab analysts, or 2x218 = 436 GeV for the 218 GeV Critical Point BHL state, and
none of the three Higgs states in my model ( 146 GeV, 188 GeV, and 239 GeV ) are heavy enough for
such decay into a T-Thar quark-antiquark pair.
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