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On Particle Physics

V.F. Welscskopf
1973.6.4.
I wonld 1like in very short words to describe the

present ideas in particles physiecs. One of the
ditfercnces of particle physics und other physics is
the following that the rutlo between the cxcitation
energies und mass enerples. For the atoms, the
excltution cnergy i of thc order of u fow voltes and
the mass enerpgy 1n the casc of the electron is half a
million volts. So this is

s mc® .. 1078

In the nucleus the excitation energy is of the
order of a million volts or so and the mass enerpgy 1s
of the order of thousand million volts. So

5 g~ 1073

and in the nucleon you know the nucleon has the
excltution energy of five hundred million volts or
more, SO

A/MC2 ~ 1

and thils makes the very important difference in the
wholc phenomena, in the thinking, in the theory and -
in the experiment. Whut's the difference? The
difference 1s that onc ever in any Internal znergy
exchunge inslde the nucleon, one cen creuate palrs
becausc the energy is of the sarme order ns the mars.
30 palrs can be created and therefore tihe con:ont ~*
number of particles is not wory uwppilewhls 1o pertid
physics. For example. the hydropyn ntom consists of
two particles, proton i eissnron, bat the proton,
if you wssume for moment thui ine : ~r.tun L eory .8
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right. I use the word straton (St.) because 1t is
very much bectter than quark, it iIs a much nicer name.
end if you apply the straton thecory ore can not say
really that the proton consists of three stratons. It
cornsists of three stratons plus n pairs und thut
brings in a very different espect, T would like to
speak about one aspect:

I. You know the spectrum of the proton is:

1hls 18 the stranperess zero, the strangeness -1 and
sc on and 1t seems that the spectrum poes on and on
und becomes denser and denser and we belleve (although
i1t is & bip question mark) that the level density is
&n, expornential, eKE but this is questionable, but it
locks that way. Now we cen understand this level
density very simply from the straton model. Because
iropine we have a proton with three strutons, and now
I caa to 1t cnergy, then this meuns this is three
gtratons plus n palrs, and now that n of covrse will
be equsl to EZm. I leave out the C square. Now,
however, 1f we hcve n pairs, becsuse of the spin, there
ure many stutes poeacible. How mony states? wWell,
there are three spins. You krow three spins because

it léT?éotopic spln tid strargeress spin. So the
number of statcs 1is 3n {three to the power n), that is
the number of stutes. 8o therefore the density of
levels will be equal to <& = 37 = 5E/2m and thet is
the sume as eKE. So in this simple way we can under-
ctand that the creating of palre pive risc to the
cxpou5¥1u1 level density. Arnd for ths mase, what is
the mass of the straton? Now 1t is: 1t fits bost with
the cxperiment, that the effective mess of the ctrowo.

.

ie ebout mD/S. becausé we know this glves the right
volue £2: $he mangnetic moment ond also glves rouphi;
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the right distance betuzen Lo levals. This Is of

thic crder of a few hondwed thruszond volts accordling
to this feramloa. 5o itoin i a veasoncdle mass of the
straton. Wow coves ithe wolnt, nn interesting polnt.
If this 1= 80, then let e opein iook ui this here,

if I aeliver enerpy to the proton, we crrate pairs,that
weans this 1e different fror an ordinnry r'ece of
matter. In the molecu}e or in the solid state if you
8dd cnerpgy you ircreusc the kinetic enerpy of the
constituent. In the wvnreton, If you ada ererpy you
create pairs, that weans you do not increacse the
kinetic enerpy und so therefore the kinetle enerpgy

is elways of ihe orier of m and the kinetvic enerpgy is
the semec as the teuperature: Ek-v m ~- kT. So ore
can say that it is imposslble to raise the temperature
of & proton to hiigncr than roupghly this. Because 1f
jou pﬁt encrr~y Into 1t, you don't ralsze the temperature,
you create ncw palrs and thcot can ¢all this herec the
melting of the vaenrm. Can you say that In "hinese?
"the melting of vuacamum”. Because if you put enerpy
into it you creciz vew palrs, just like if you put
heat fnto a sclid., the sclid 1s melting. Therefore
th.s is the maximum temperoinre of the universs.
Tenperature cun nover be hicher than this. Then if
this 1s true, thiz ma7 be of impertsnce fo1* cosmology.
Now we know that thls 1s correct, the level density
formula, becaure we Lnow Iror etotistlcal mechonlics
vhut the level density ies exporentlal. In this cuase
the kmmux = f%ﬂ. So thut 1s un inveresting property
of purticle phygics. But let me repsav thot this is
very uncertain. It follows from the St. theory bui



