arXiv:nucl-th/0008026 14 Aug 2000

M asses of the Sub-Nuclear Particles

Theodore M. Lach

The masses of the quarks and leptons are for the most part a mystery to particle

physicists.  Currently there seems to be no correlation between the masses of the

elementary particles.  This paper is an attempt to formulate a theory that would

begin to explain the relationship between the sub-nuclear particle masses.

                         A key premise of the Standard Model is that there are 3 and only 3 generations

of quarks and leptons.   The currently accepted masses of these elementar y particles are:

( 1 )

Table 1.

Generat ion # 1                            Generation # 2                          Generation # 3

Up quark  =  3 MeV, (1-5) Char med quark = 1.25 + 0.1 GeV Top quark  = 175 + 5 GeV

Down quark  =  6 MeV

(3-9 MeV)

                                                                                                 Strange quark  = 100 MeV

                                                                                                 (75-170 MeV)

Bottom quark  = 4.2 GeV

+ 0.2 GeV

Electron = 0.5109989MeV Muon  = 105.6583 MeV Tau  = 1777.1 MeV

                         The neutr ino masses in the standard model are still a hotly debated issue, yet

most current references put the upper bound of the three neutrinos at:

Table 2.

                                                                               Electron neutrino = 10   ev         (5 ˘ 17 ev)

                                                                               Muon neutr ino     = 270 KeV    (200 ˘ 270 KeV)

                                                                               Tau neutrino         = 31  MeV     (20 ˘ 35 MeV)

                         In an attempt to determine why the quark masses predicted in the CBM  (2),

Checker Board Model of the nucleus, do not fit into the standard model, I will deviate

fro m the S.M. and assume that my quark masses in table 3 are correct and that there are

more than 3 generations.

Table 3.

                                                                                                         ^up~ Quark = 237.31 MeV

                                                                                                           ^dn~ Quark = 42.39 MeV

                         I will tr y to fit these new masses in table 3. into a self-consistent theory of the

masses of the sub nuclear particles.   In the rest of this paper I will use the terms ^up~

and ^dn~ to refer to my predict ions of the mass of the quarks in the proton and neutron,

and will use the terms ^u~ and ^d~ to refer to what up until now the S.M. has called up

and down.   This paper will intend to prove that the u and d quarks do exist but they are

not the same as the up and dn quarks.   In this paper I will use the term family o f up

quarks or family o f dn quarks to refer to all 2/3 or ˘ 1/3 charged quarks in this model.  I

will also use the term electron family and neutr ino family for the same purpose.

                         The fir st step in this process is to assume that a NEW generation of quarks exists

between the electron generation and the muon generat ion.  I came to this conclusion

slowly over many years of consideration.  This resulted in a vo id for the lepton particles

that go along with the up and dn quarks.  I thought a name for these ^new~ leptons

should be  ^nu~ (pronounced ^new~, and the Greek letter for n or ~ n ~).  Consequent ly,

the  new particle in the electron family could be called the nuon.  To fit into this pattern

or structure, I decided the nuon must have a mass o f about 7.57 MeV.  Figure 1 shows a

curve fit of the 4 lepton masses including the newly hypothesized 7.57 MeV nuon.

                         Recent discover y o f neutr ino oscillat ions have led to the hypothesis that at least

one new ^ster ile~ neutrino must exist. ( 3-6 )

  Some theorists put the mass of this new

neutr ino between the mass of the electron and the mass of the muon neutr ino.  In a

recent special issue of Fer mi News in an article by Mike Perr icone, he states that there

is a quip amo ng neutrino circles, no one knows who said it fir st, but it says:  ^Ster ile
neutr inos are like cockroaches.  Once you get one in your theory, there´s no stopping

them.~( 7 )

                         Interestingly, back in 1985, John Simpson, a Canadian Physicist at the

Universit y of Guelph,  thought he had discovered a new neutrino with a mass of about

17 KeV. ( 8,9 )  In 1991 and 1992  there was a great debate about whether to accept this

data.  At the end of this debate, the proponents of the standard model apparent ly

convinced ever yo ne that this ^Neutr ino from Hell~ would not fit into the standard model

and it needed to be abo lished.  Stuart Freedman, a ver y well respected neutrino

physicist, is apparent ly quoted as saying that he is st ill impressed that more than six

different kinds of exper iments have shown an effect, and all at the 17 KeV mark.  ^It is

ver y surpr ising that different exper iments get the same value for these things.  It is hard

to believe that it´s a bunch of rando m systemat ic errors.~( 10 )

                         Therefore, my just ificat ion for adding this new generat ion is based upon: 1. The

up and dn quarks predicted by CBM are too heavy to be the u and d quarks, 2. The

suspicio n that there is a new neutrino (sterile or not) between the electron and muon

neutr ino to help explain neutrino oscillat ions, and lastly 3. The fit of the leptons along a

straight line in Figure 1.   (It is interest ing to note that slope of this line  ( ln (0.511 /

1777.1)    = -3e)  represents  a slope of ^e~ to better than 1 part in 10,000.)

                         Next, I accept the S.M. masses o f the char med and bottom quarks.  Since these

particles are so heavy, their relativist ic effects within the J/ y  meson and the upsilo n Y

meson are small and therefore we can use non-relat ivist ic Q.M. to determine the

intr insic mass of these two quarks.(11)  Seeing how the four leptons fit on a smooth

curve in Figure 1, a similar technique was used for the dn like quarks.  Using the mass

of dn at 42.39 MeV and the mass of the bottom quark at 4238 +  006 MeV  based upon

the work of Voloshin (12), it seemed that the strange quark should be 424 MeV and the

d quark should be 4.2 MeV.  A mass of 4.2 MeV for the d quark is close to the standard
model´s predict ion of 3-9 MeV, since the uncertaint y o f this est imate is ver y model

dependent.  See Figure 2 for a plot of the dn family quarks.  It seemed interesting that

when the curves for the electron family and dn quark family were extended, they

seemed to converge at about 413-424 GeV.  I believe most theorists expect a

convergence like this to occur, result ing in the grand unificat ion at a super massive lo ng

sought after Higgs Boson.

                         The mass differences of the K

-
and K

0
 , and the mass differences of the p

-
  and

p

     0
          mesons suggest that there is a ^dn- like quark~ which must be 4 MeV more massive

than an ^up- like quark~.  My model would suggest that the dn quark (42.39 MeV) is 4

MeV heavier than the u quark. (38 MeV). Using the 424 GeV point as a pivot point, the

mass of the up quark, (237.31 MeV) and 1500 MeV for the mass of the Char med quark

based upon Alvarex ( 13 ), one can then draw a straight line through these four points.

(see Figure 2) This value of the mass of the u quark  is significant ly outside the range of

the S.M. theoretical est imate of 1-5 MeV.

                         The reader will note that a massive quark generation (generat ion #1) was

inserted between the 424 GeV Higgs mass and the Tau generat ion (generat ion #2).

Quoting the quip from before, once you let one of those cockroaches in, more will be

sure to fo llow.  Figure 2 suggests that there is a 67 GeV massive up quark (Mup), and a

massive dn quark (Mdn) of 42.4 GeV and an associated electron family member of 27

GeV.  In support of this new massive generat ion, a paper was published in 1984 by over

130 physicists as part of the UA1 collaboration at CERN.  This paper established

exper imental data for the existence of a quark with mass between 30 and 50 GeV, with

the most likely value at about 40 GeV.( 14 )

   This finding was later rejected, but as one

can see from the proceedings of the fir st Aspen Conference on High Energy Physics in

1985, the report was much discussed and appeared at that time to have significant

supporting evidence.( 15 )

                         One addit io nal interest ing feature of this new model is that the curves o f best fit

though the data points are equally spaced.  Note the exponent of the curve fitt ing trend

lines differ fro m one another by an approximate amount 0.435 ˘ 0.425.

                         I now refer the reader to figure 3.  Here I have added the best estimates of the

upper bounds of the neutr ino masses to the curves in figure 2.  To fir st order a straight

line through these upper bound masses seem to extrapolate to the same po int (Higgs

Mass), yet the fit is off by about 75 GeV at generation # zero, a small difference on the

scale of this plot.  This degree of deviat ion is not too surprising since the upper bounds

of the estimates of the neutr ino masses change quite often.  I suggest the reader notice

how nicely an opening for a 1.7 KeV neutrino (a John Simpson like neutr ino) would fit

into this model.  Although this 1.7 KeV is an order of magnitude lower than what

Simpson found, it must be understood that exper imental refinements in neutr ino mass

determinat ions usually end up with the refined numbers being lower.

                         I need to say so mething about the top quark.  This model predicts a mass o f the

top quark of 10 GeV.  This is significantly at odds with the particle / resonance

discovered at Fermi Lab in 1995 that determined  the mass o f the top quark at 175 GeV.

My model does not suggest what the 175 GeV particle might be (perhaps a co mbination

of massive quarks fro m generation 1, perhaps two Mup and one Mdn), and since the

half- life of this excited state is only 0.4 yoctoseconds (0.4 X 10

˘24
 seconds) ( 16 )  it is

hard to make detailed studies of this particle.   I suspect that the reason the top quark in

my model has not been found is that its mass is almost identical wit h (and therefore

hidden by) the Y  (S4) upsilo n meson which decays into two bottom quarks (somet imes
referred to as naked bottom).  This may be why the Y  (S4) meson resonance is broad,

unlike the other upsilon resonances and also is not tied to the other resonances by

photon decay transit ions. ( 17 )

                         This model predicts a mass of the strange quark significant ly heavier and outside

the range of the currently accepted value (75-170 MeV) based upon the standard model.

Michael Shaevitz, a member of the NuTeV team, is quoted as saying, ^what we have

found is that the strange content is much smaller than expected [based upon the standard

model], about one-half the amount of the up or down quark sea.~ ( 18 )  The hope is that

this new predicted mass of the strange quark would help explain this finding.  Also

regarding the sea of quarks in the proton, ^Michael Leitch (of the Los Alamos Nat ional

Laboratory) and his co lleagues on another Fer milab exper iment, nicknamed NuSea, [ in

1998] uncovered an even more startling inconsistency [ in the standard model].  The

number of antiup quarks in the proton sea is not the same as the number of ant idowns.~

( 18 )  Perhaps the predicted masses of the ^up~ and ^dn~ quarks will reso lve this

problem also.

                         Is there any just ificat ion for a  Higgs Mass at 424 GeV?  In 1996, according to

William Car ither s the co-spokesperson of the CDF co llaboration at Fermilab, CDF had

^observed an unexpectedly large number of `hard,´ or vio lent collisio ns between quarks,

�This is just the sort of effect you would see if the quarks were not fundamental

particles but had some sort of internal structure.~  According to Cuido Altarelli o f

CERN, ^I f quark substructure was true, then its relevance [the CDF findings]  would be

ver y, ver y large~. ( 19 )  What was found in this exper iment were two jets, one with an

energy of 424 GeV.  Could this be the first evidence o f the Higgs Mass this theory

predicts?    Is it just coincidence that 424 GeV is almost exact ly10

4
 time larger than the

predicted mass o f the dn quark and 10

2
 times larger than the most precise est imate of the
bottom quark?  It is interesting that the init ial slope of the electron family line ( ln

(27,000/424,000)) is approximately ^e~ the natural logar ithm.

                         It is interest ing that the three curves for the sub-nuclear particles (with the

exception of the neutrinos)  fit so neatly onto equally separated curves on a semi log

plot.  What this implies is that there is a simple geo metric mean relationship that ties all

of these sub-nuclear particles together.  Example: 42.39 is the geometric mean of 237.31

and 7.57 MeV  (That is how the value o f 7.57 was selected).  7.74 MeV would have

been selected if we wanted to exact ly fall on the exponent ial ^e~ slope line between the

Tau and the electron.  Also within  a particle family ( say dn  quarks) 42.39 is the

approximate geometric mean of 424 and 4.24 MeV.

Therefore all the masses of the sub- nuclear particles fit into one equation:

                                                                  M
                                                                            (F, G)

                                                                                          = H e

                                                                                                              - k G
                                               (1)

 where:

k
    1

        (F = 1 for the up quarks) =  1.8693

k
    2

        (F = 2 for the dn quarks) =  2.304

k
    3

        (F = 3 for the electron family)  =  2.7287

G = Generation number for the particle: for Higgs G =  zero,  for Electron  G = 5

H is the mass of the Higgs boson.

F is the family number of the particle t ype.

One concer n is that the muon does not fall on the line as well as it should.  It is about 12

MeV below the line, but perhaps this is due to corrections needed to be made to

exper imental data, based upon the existence of a new  7.6 +  0.2 MeV lepton.

                         This equat ion can also be rewr itten as:  log (m/H) = constant for a given family.

As Frank Close points out in the book ^The New Phys ics~, ^Renor malizat ion requires a

dimensio nal parameter to set the scale of the logar ithm.  This is called the

renormalization scale [ in my theor y that value is H].  It is arbitrar y in pr inciple, but in

fact, for any given calculat ion, so me renor malizat ion scales are more convenient than

others because of the presence of logs of m/H.  If all the masses and mo menta in a

process are of the same order of magnitude, it pays to choose [H] in the range to

minimize the effects of the logs and make the perturbation theory better behave.  It is

this logar ithmic dependence on the renor malizat ion scale which is responsible for the

renormalisat ion group dependence of parameters on the distance or mo mentum scale,

fir st discussed by Gell- Mann and Low.~ (20)  Therefore, from a dimensio nal analysis it

seems like a log (m/H) function o f mass, has so me basis for being considered part of

this theory.  Whether this model suggests a 6
th
 generat ion (and more cockroaches)

perhaps related to super cold temperatures, is difficult to speculate.

                         This theory also does a better job explaining the low mass mesons.  The current

standard model has established that the Upsilon meson ( Y  ( S1) ) is a meson of two

bottom quarks and it has a mass of 9460.37 +  0.21 MeV.  Also the standard model has

established that the meson co mbined of two char med quarks is the eta sub c ( h
c

) and has

a mass of 2980 MeV.  Using the accepted masses o f the Char med and Bottom quarks in

table 1 we get:

Table 4.

Meson Quarks Mass of

                                                                                              meson MeV

Mass of 2

Quarks MeV

Delta Mass

MeV

Delta mass

as % of

meson Mass

Y

     ( S1) b b 9460.37 8400 1060 MeV 11 %

h
     c

                                                   c c 2980 2500 480 16 %

(Note: I am using the no menclature b  to indicate the ant i particle o f the b quark.)

Therefore the standard model accepts the mass of the composite meson to be 11% to

16% higher than the rest mass of its const ituent quarks, at least for these two examples.

How does this process work for the lighter meson?

Table 5.

Meson Quarks Mass of

                                                                                              Meson MeV

Mass of two

Quarks MeV

Delta Mass

MeV

Delta Mass

as % of

meson Mass

Eta primed s  s 957.77 200 758 79 %

Eta u  u 547.30 6 541 99 %

As we can see the % delta mass is not anywhere near 11% to 16%.   To be fair to the

standard model it believes the eta meson is a mixture of states (u u  ˘ d d )/2

1/2
.  Since the

mass of both the u and d in the standard model is ver y low, the above calculation is

approximately correct.

                         Look how the data looks if I subst itute the masses in this theor y:

Table 6.

Meson Quarks Mass of

                                                                                              Meson MeV

Mass of two

Quarks MeV

Delta Mass

MeV

Delta Mass

as % of

meson Mass

Eta primed s   s 957.77 848 110 11.5 %

Eta up up 547.30 474.6 72.7 13 %

Notice wit h the new mass o f up and s from this theory, the numbers in table 6, appear to

have the same % delta mass excess as the  h

c

 and  Y  ( S1) heavier mesons.    This adds

addit ional support for a strange quark of 424 MeV, which is significantly different than

what the S.M predicts.   Finally let me show how the p

-
 and   p

0
 fit into this model.

Table 7.

Meson Quarks Mass of

                                                                                              Meson MeV

Mass of two

Quarks MeV

Delta Mass

MeV

Delta Mass

as % of

meson Mass

p

      -
          dn u 139.5699 42+38 =  80 60 43 %

p

       0
                                                   u u 134.9764 38 X 2 = 76 59 44 %

Note the delta mass % are not in the 11% to 16% range anymore, but these are ver y

light mesons, and that may account for this change.  I would like to point out how this

theory has a rest mass of the dn - u  meson (80 MeV) that is 4 MeV more massive than

the two u quarks (76 MeV) of the p

0
, as it should be.  I believe these few examples help

add addit ional credibilit y to this new model.

Table 8.

Meson Quarks Mass of

                                                                                              Meson MeV

Mass of two

Quarks MeV

Delta Mass

MeV

Delta Mass

as % of

meson Mass

r +  u s 770 237+424=661 109 14 %

B 0 s b 5379 MeV 424 + 4240 715 13 %

                         On a more speculat ive note, table 8 shows how  the rho plus and B zero mesons

fit into this pattern assuming they are co mposed of the strange ˘1/3 quark instead of the

d   (˘ 1/3) quark.

If this model is correct, we have not yet found the lightest meson, the d d  meson.  It

should have a mass o f about (4.2 X 2 + 50%) or about 12 MeV.  Perhaps it should be

called h

                           d

                              .   Perhaps h

                                                                        ´
                                                                          (primed) should be renamed h

s

 and h  should be renamed h

up

.

p

       0
           could be renamed h

                                                                              u

                                                                                 but that would be more confusing than helpful.

Conclusio n:

                         This paper attempts to present a self-consistent theory of the masses of sub

nuclear particles based upon the assumpt ion that the masses of the up and dn quarks as

determined in the CBM o f the nucleus are correct. However, all this effort is academic

unless a 7.6 +  0.2 MeV nuon lepton can be found. This may be difficult since a number

of low energy nuclear pheno menon exist in this energy range, for example the typical

binding energy per nucleon to name just one.  The validit y of this theory may also be

strengthened by the 7

                                                                       th
                                                                             rediscover y o f the John Simpso n neutr ino especially if turns out

to have a mass closer to 1.7 KeV than 17 KeV.

1.  Groom, D.E., et.al. (Particle Data Group), Eur.Phys. Jour. C15 , 1 (2000).

2.  Lach, T.M., ^Checker Board Model of the Nucleus~, Infinite Energy.  30,  59-63

            (2000).

3.  Fukuda, Y., et.al., ^Evidence for Oscillat ions of Atmospher ic Neutrinos, Physical

            Review Letters, 81 , #8, 1562 (1998).

4.  Normile, D., Heavy News on Solar Neutrinos, Science  280 , 1839 (1998). D.

            Normile,  ^Weighing in on Neutr ino Mass,~ Science . 280, 1689  (1998).

5.  Raghavan, R.S.,  ^Solar Neutrinos ˘ From Puzzle to Paradox,~ Science  267 , 45

            (1995)

6.  Bahall, J.N., Lande, K., Lanou R.E. Jr., Learned, J.G., Hamish, R.G., Wolfenstein,

            R., Wolfenstein, L., ^Progress and Prospects in Neutrino Astrophysics~, Nature ,

            375 , 29 (1995).

7.  Perricorn, M., ^The Forth Neutrino and maybe more,~ Fermi News Letter June , 30 ,

            12 June (2000)

8.  Flam, F.,  ^Physicists Close in on a Weight y Quarry,~ Science,   254 , Nov 29,  1298

            (1991).

9.  Taubes, G.,  ^Are Neutrino Mass Hunters Pursuing a Chimera?~  Science  257 ,

            731(1992).

10.  Flam, F., ^Physicist Rock the Standard Model in Dallas,~ Science, 257 , 1044 (1992).

11.  Hughes, I.S.,^Elementar y Particles~ 3
rd
 ed. Cambr idge Universit y Press, 279-299

            (1991)

12.  Voloshin, M.B. et al., IJMP, A10 , 2865 (1995)

13.  Alvarex, M.P. et al., CERN,  NA14/2 collab., Zphy C60,  53 (1993).

14.  Ar nison, G.,  et.al., Associated Production of an iso lated Large Transverse

            Momentum Lepton (electron or muon) and two jets at the CERN p p(bar) collider,

            Physics Letters , 147B , no. 6,  493-xxx (1984).

15.  Fir st Aspen Winter Physics Conference, editor E.M. Block, Annals of the NY

            Academy of Sciences , 461 ,  p.13, 38,83,99,125 (1995).

16.  Quigg, C.,^Top-ology,~ Physics Today , May,  20 (1997)

17.  Gottfr ied, K., Weisskopf, V.F.,^Concepts in Particle Physics~ Vo l 2. Oxford

            Universit y Press, 324, 331, (1986)

18.  Stone, R.,^Explor ing the Proton Sea~, Science , Jan 22,  p. 472.(1999)

                                                    19.  Kane, G., ^Modern Elementary Particle Physics~, Perseus Books, 190, (1993).

                                                    20.  ^T he New Physics~ edited by P. Davies, Cambr idge Universit y Press, p. 453,(1994)

Mass MeV  vs.  Generation Number

Figure 1

0.511

1777.1

105.66

7.57

                                      0.1

                                          1

                                       10

                                    100

                                 1000

                              10000

Gen eration

Mass (MeV)

Masses of Sub-Nuclear Particles

0.511

4.2

42.39

424

4240

38

237.31

7.57

105.66

1777.1

                                                          424000

                                                                                            27000

                                                                                   42400

                                                                                                                67000

1500

10000

y = 423659e

-1.8693x

y = 424771e

-2.304x

y = 413026e

-2.7287x
                                          0.1

                                               1

                                            10

                                         100

                                      1000

                                   10000

                                100000

                            1000000

                                                     0 1 2 3 4 5 6

Figure 2.

Generation Number

Mass (MeV)

Masses o f Sub-Nuclear Particles

Figure 3.

0. 511

                                               424000

4. 2

42.39

424

4240

237.31

1500

0. 00001

0. 27

31

                                               424000

7. 57

105.66

1777.1

                                                                                            27000

                                                                                42400

38

10000

                                                                                                        67000

y = 423659e

-1.8693x

y = 424771e

-2.304x

y = 413026e

-2.7287x

y = 495348e

-4.8883x

                  0. 00001

                     0. 0001

                        0. 001

                            0. 01

                               0. 1

                                    1

                                10

                             100

                          1000

                       10000

                    100000

                1000000

                                          0 1 2 3 4 5 6

Generation Number

Mass (MeV)