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It is argued here that detected in experiment [1] evegmis— pp+ nit with anomalously high
multiplicity of mesons (up to n=36) may be explained as satjakemission oh;/2 o-mesons
(pairs of =mesons in ®(0™) state) by incident proton in the time of formation and dissgance
of repeated short-lived rotational states, which may anigeripheral inelastic collision with im-
pact parametel ~ 2Ry ~ 1.0(£+0.01) f. Proven in [2],[3] model of "black balls" for colliding
nucleons is used, where nucleons are treated as probabdttybutions of internal events with
sharp boundarp < 2R, of inelastic NN-interactions. With this mechanism of thaaton con-
sidered pairgtir can be emitted from an area on the surfRgef incident proton, remote from
center of proton target at a distartge > b. Predictions follow from such assumptiong = 12h
for angular momenturh, ~ bsP; of emitted 7t pair andP, ~ Py — 12hn, /b for final longitu-
dinal momentun®, of incident proton after emission af; pairs ofrmesons. These predictions
may be tested with obtained in experiment [1] data for evesitts large number ofT mesons.
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1. Introduction

Detected in experiment [1] reactiomsp — pp -+ hit with anomalously high multiplicity of
mesons have no satisfactory explanation. In the events with maximum otbseméem;; = 36
with mean energy 7BleV of 1T mesons in centre of mass system the more than 95 % of kinetic
energy of collided protong/s— 2m,oc2 ~ 7,90GeV is spent on emission of these mesons. In
existing hypothesis [1] such events are regarded as a possible rfefsuthation of gluons cascade
in central collisions of protons. But estimated probability of this is hundrédenes less than
observed cross-sections.

In "black balls" model of NN interaction [2], [3] alternative mechanisnreimesons multi-
plicity production is possible. Nucleons are treated here as probability distriis of constituent
inner events. Non-equilibrium probability distribution of interacted nucleiffierd from unob-
served inner distribution of free nucleon and has a sharp boufdary0.50f, as "black" ball. If
impact parametep > 2R, then only elastic scattering occurs, andb ik 2Ry then inelastic inter-
action appears (with probability 1 at energy/s > 5GeV). Some justifications of "black balls"
model for NN interaction are given below.

In the case of peripheral collision rotational state forms of two-protosiesywith moment of
inertial = 2mR(2). With angular momenturh = bPy ~ 2Ry of incident proton rotational energy
of (pp) systemE;« = L?/21 is much greater than energy of incident proten= 50GeV and
must be compensated by decrease of potential erdogy —E, . Shifted by energAE ~ E;q
nonequilibrium state may exist only short tifig ~ h/AE.

Transfer of longitudinal momenturdPy to proton-target leads to the decrease of angular
momentumdL, = bdPy ~ 2Ry0Py. For conservation of total angular momentum (in laboratory
coordinate system) simultaneously with momentum trandfy incident proton has to emit a
meson with such parametbfes > 2Ry and longitudional momenturBys, that its contribution
Lmes = bmesPmes €quals to decreasing of protons angular momenting:= 2Ro(6Py + Pres) = Limes.
During the time of inelastic interactioit;y ~ h/2cR, such nonegilibrium rotational states can ap-
pear and disappeav Atjn; /Ot;or > 1 times. Emission of-meson, which carries even momentum
Lo = bgPs (and further disintegrates into the observednesons), can be repeated for each ap-
pearance of short-lived rotational state. In such events all obs@rmeelsons may appear in small
volume outside nucleons at a distafige~ 2R, from the point of contact of interacted protons.

Made below estimates for detected in [1] event with maximum numjet 36 give the value
Ls = 12h and the determinate longitudinal momenta of final protons. Testing of thedietiwas
can lead to some conclusions about possible mechanism of observed multiplacityction.

2. Ground of " black balls' model of interacted nucleons

Nucleon is extent particle and may be imagined as some distribution of probalufipessi-
ble inner events, which is unobserved for free nucleon. Probabilitysisati quantity, so probabil-
ity distribution is not "distribution of matter" and can be changed simultaneousiate volume
without effects of lateness, if transfer of energy and momentum is aldieght case of interacted
nucleons their inner distributions are nonequilibrium and can differ vergtnirom inner state of
free nucleon.
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Cross-section of inelastic NN scatteriogg =~ 32mb is nearly independent from energy (in
wide energy range/s ~ 5— 100GeV), so it may be treated as geometric cross—sectinlﬁ%ébf
"blac balls" scattering with radiuRy ~ 0.50f. Present scattering theory describes a diffusion
of plane waveyy = e ¥ by some objects and is some kind of Fraunhofer's "theory difraction in
parallel beams", which does not consider collisions of extent particlese€ ratio for scattering
of identical particles with "black balls" interaction

Od = TIRG = Oina /4

has been obtained in [2]. Observed elastic NN cross-sectipr: 8mb is nearly independent
from energy and equals tg/4 of inelastic. This confirms that nonequilibrium inner probability
distributions of interacted nucleons in energy ragge~ 5— 100GeV may be treated as similar to
"black balls" with sharp boundaty~ 2R, of inelastic interaction.

It may mean that intersection of inner distributions leads to such strong diseetonf col-
lided nucleons, which is prohibited for instance by law of conservatiomefgy. Therefore non-
equilibrium probability distributions of interacted nucleons may be "comptédsesizeR < b/2
and stay safe in elastic events whih> 2Ry, while in inelastic events compressed to de Ry
these distributions become disturb and emission of secondary particle's agtuprobability~ 1.

In this case NN interaction must be treated as interaction of whole probabilitipditons, rather
than interaction of some inner events from these distributions.

The difference of angular momentudih. = h separates the neighbouring elastic and inelastic
possible events witihb ~ hc//s. The valueAb defines "time of interactionsitix = 2Ab/2c,
during which possible events may be determined (elastic with keeping of mgabednelastic with
disturbation of compresed &, nonequilibrium distributions).

"Black balls" model can explain empirical dependence of NN cross-seftbm energy

Oiat (v/S) ~ 40mb(1/s/70GeV )5, /s> 70GeV,

where value 4@nb is NN total cross-section at energys < 70GeV, and empirical parameter
70(+£10)GeV may be connected with a sieg~ ch/140GeV of "free" inner events (or inner events

in interacted nucleons at energys < 70GeV). Thickness of bordeAb/2 ~ hc/2,/s of inelastic
interaction limits the size of possible evemts: Ab/2 of nonequilibrium distributions. If <rg
then inner events with size r may be perturbed, so probability distributions of perturbed events
can became excited even whign- Ry and interaction can became inelastic in event With 2Ry.
After increasing of protons energhe = d/sthe part of coherent (indistinguishable) elastic events

dolPP = —gPPdr/r = o{PPdE/E

transforms into "total" events (elastic or inelastid)ﬂ%ﬁ”p) = d’aép’p). This equality and "black-

balls" expressiomép’p) = at(oﬁ”p)/S for coherent elastic cross-section give the equation
dag® = 1/5- a3 'dE/E.

Solution of this equation (with empirical parameEgyr~: 70GeV anddy = 51R%)

aeP (E) = (E/Eq)"/°ap
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describes observed increasing of total NN cross-section to enrgsgy 30TeV. (During (pp)
interaction at large energy "virtual" inner events may be turn into real gezticles with mass
~ 2Eg/c?. Detected in LHC boson with mass 126GeV /c> may be possible observation of such
particles.)

"Black balls" model was used in [3] for explanation of large cross-seeti@mb of the events
n+p— n+p+mrm with "reflection” nucleons (where directions of longitudinal momenta in
system of centrum mass are reversed) ahdtate ofrr™ m~ pairs of mesons, observed in experi-
ment [4] with incident neutrons momentusy ~ 5.2GeV /c, and for explanation of 8 narrow peaks
in distribution on massed ;; of pairst™ T~ mesons, observed in such events. These peaks were
treated as result of quantization of angular momenityrs bp,, of rotational state of two-nucleons
system with initial spirs, = —1 and its transition in state witg, = 1 andL = Ly — 2 with emission
of differenceAU, s of potential energy of spin-orbit (np) interaction.

It is proposed, that on distanée = 2R, between nucleons their interaction becomes inelastic
with probability ~ 1. Angular momentum of incident nucledof®, is conserved and turns into
orbital momenturnig = bR, of two-nucleons system with moment of inertia= 2mpR(2). Large
rotational energyErq = L3/2I must be compensated by strong nonequilibrium interadiidn~
—E;ot (Which may exist the time- h/AU). Transfer of momentumP to nucleon-target leads to
decreasing of momentum of incident nucleon and to decreasing of orbitaentam of system,
because nucleon-target with paramdigy = 0 gives zero contribution in angular momentum of
system. In the case of initial sp# = —1, then rotational states with kept total angular momentum
J =Lo—1 can exist because of decreasing of orbital momentum may be compegaigolosite
change of spilAL + AS= 0. So keeping of total momentudn= L + S(in laboratory system) can
explain probability~ 1 of transition from statd = Lo — 1 into state] = L + 1 during short lifetime
~ h/E;« of rotational two-nucleons system. Change of potential energy of spihinteraction
AU s =V, s(2Lp — 1) emits during of pairt* 1~ production. Quantized values of emitted potential
energy explain observed narrow peaks in masggsprobability distribution.

After overturn of spin rotation becames impossible and (np) system disitésginto "re-
flected"” nucleons (in centrum mass system). Statistical wejght = 1/16 of initial states with
S, = —1 of neutron-proton system in antisymmetric isospin state 0 (where charge exchange
is absent) and probability: 1 of rotational state formation explain observed cross-section of such
events with reflection of nucleorger; = g_1)0ina ~ 2mb. These explanations of unusual data
[4] confirm adequacy of "black balls" model.

Inaccuracy of some generally accepted ideas becomes apparenlysisaofithese data. For
instance in events with maximum mads; ~ 1,4GeV nucleons lose nearly all kinetic energy in
centrum mass system, so in final state nucleonsram pair (in 0" state) nearly do not move.
Angular momentum of such final state is nearly zero, so moved with centrus1olaserver” sees
disappearance of initial angular momentum of collided nucleons instea@piiigeof initial value.
Angular momentum is kept in laboratory system, where it was created. (Etus te conclusion
that law of keeping of angular momentum is not "relativistically invariant". Big not contrary
to the "principle of relativity of motion": impossibility to reveal "absolute" moveneeans that
results of any identical experiments, which may be made in different inedatmate systems,
must be identical. If different "observers" see one experiment, whigfate in some one system,
they can see a violation of the laws, that have been discovered by tharg dbservations of their
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"own" experiments, made in "own" systems.)

In the case of experiment with colliding beams (with the same engsgy 3.42GeV as in [4])
initial angular momenturhg = 2b,P, is created and kept in laboratory system, therefore in events
with impact parameteb # 0 final states are impossible witl;; ~ 1.4GeV of m"m mesons
pair (in 0" state) and slow nucleons. It demonstrates that completely different inetastits
may occur with the same impact paramdien experiments with rested nucleon-target and with
colliding beams, so these experiments are not identical.

3. Emission of it pairsin short-lived rotational states of (pp) system at 50 GeV

Observed in [1] multiplicity production oft mesons at incident proton energyG&/ may
also be result of emission of pairgt by rotating (pp) system, which forms in collisions with impact
parameter of incident protdm< 2Ry. Large rotational energlo ~ 2700GeV of two-nucleons
system with moment of inertiandR, in possible state with maximum value of angular momentum
Lo = 2RoPy = 253h must be compensated by decreasing of potential endilgye —E;o during
short lifetime of such statt o ~ h/E;o with nonequilibrium interaction- AU.

Transfer of longitudinal momentudP, to proton-target leads to decreasing of angular mo-
mentum of incident protodL, = bdP, and to the loss of angular momentum of (pp) system
oL = oL, because proton-target with paraméigr~ O gives zero contribution into total angular
momentum. Law of keeping of total momentum may be fulfilled (then existence diommahstate
will be permitted), if during transfer of momentud®, incident proton emits meson with such pa-
rametem e and longitudinal momenturB, e that its angular momentultjes = bresPres IS equal
to decreasing of momentum of incident proton:

After disappearance of rotational state with short lifetifiyg; next initial state of incident pro-
ton (without nonequilibrium interactioAU) may be repeated with decreased angular momentum
L = Lo— Lmes @and new short-lived rotation state may be formed with decreasing angularmhwome
and emission of next meson. Parity of repeated two-protons state withegbtyt s momenta
Lo — Lmes Lo — 2Lmess .-, Lo — Nmeskmes remains ifg-mesons are emitted (paireT mesons in
0" (0') state) with even momentuiyes.

Repetition of such states may be possible if any other inelastic events doauot ddis is
more probable in inelastic peripherical collisions with maximum impact pararmetéR,, where
perturbation of inner states of protons may be minimum. In the events, wheren8&ons were
detected [1] with mean energy 70 MeV in s.c.m., assumed herg frsons give contribution
Elss~7,56GeV to total energy/s~ 9,78GeV. Only with the valud_; = 12h of o-meson angu-
lar momentunmbsP; such mechanism of observed mesons production would be consistemt. The
a conservation of angular momentudyh, = L, and supposition of peripherical collisidi ~ 2Ry
define the decrease of momentii, = L, /2Ry ~ 2.36GeV /c of incident proton and its momen-
tum P, = Py — ngAPR, in final state after emission of; mesons. For event with maximum number
ne = 18 final valueP, ~ 7,3GeV /c of this momentum may be predicted.
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Even numbers of observadmesona;; = 2n, are followed from this mechanism. Simulta-
neous emission and disintegration of fewmesons may explain increasing of neutral pion number
fluctuations, which were observed in events with lamgé¢5].

System of protons experiencaeg sudden accelerations in the case of snghmesons emis-
sion. Addition ofngs amplitudes of bremsstrahlung may explain detected probability of soft photon
radiation (withP, < 50MeV), which is several times larger in observed events than expected one
from other possible mechanisms of reaction with larg¢5].

Momentum of mesoR; = Ly /by with Ly = 12h and transfered to proton-target longitudinal
momentumoPy = AP, — P, are depend on parametgy of emission of this meson. In the case of
maximum valuebfjmax) = 3Ry~ 1.5 f momentum of meson must Bg ~ 125/b§,max) ~1,58GeV /c
and transfered to proton-target momentum mustBg ~ 0.78GeV /c. Then after emission of
18 g-mesons longitudinal momentum of proton-tarBgt~ 14.22GeV /c.

Without taking into account small contributions of transverse momenta aippeitex estima-
tion is E1gs ~ Eo — Ep — Epy ~ 29,30GeV for energy of these 18 mesons, so their mean velocity
Vg = 0.97¢c must be less than velocity of centre massm, =~ 0.981c, and velocity of final protons
systenv,, y ~ 0.996¢ must be more than velocity of centrum mass.

In the case of experiment with colliding protons beams this mechanism of multiplicty p
duction is impossible. Here transfer of longitudinal momentum occurs withaoter of kinetic
energy and leads to transformation of it into energy of perturbation ¢bpso Difference of pos-
sible mechanisms may result in different distributions of final particles,rebden experiments
with rested proton-target and with colliding beams.

4. Conclusions

Obtained in [1] large probabilities of eventg — pp + nrr with high multiplicity of i me-
son production may be treated in "black balls" model wih= 0,50f for NN interaction as
possible result of nonrandom emissionrof meson pairs in 0 states (oro0 mesons) with quan-
tized momentunis = bsPy; = 12h during repetitive appearance and disappearance of short-lived
nonequilibrium rotational states of (pp) system, which presumably carrimefbduring peripher-
ical collisions with impact parameter of incident protor: 2R;.

Such mechanism of large numbey production defines final angular momentum of inci-
dent proton in events withy 17T pairsLp = Lo — ng12h and final momentum of incident proton
Po~ Lp/2Ry ~ Py — gLy /b~ 50GeV /c—ny2.4GeV /c.

Momentum ofrrt pair Py ~ L /bg and transfered to proton-target longitudinal momentum
depend from parametdx; of o mesons emissioRy ~ ny(2.4GeV /c— P;. This parameter of
emissionb, must be larger than proposed impact parameter2R,, so thesatrt pairs appear on
large distancé, > 2R, from proton-target and from area of its contact with incident protomhén
case of maximum valub, ~ 3Ry the valuePy ~ n;0.78GeV /c of final longitudinal momentum
of proton-target may be obtained. Then velosigy~ Pyc?/E, ~ 0.97c of suchrt pairs must be
less than velocity of centrum mass systesa, ~ 0.981c, and velocity of final protons system
Viprp) = (Pp+ Py)c?/(Ep+ Ep) ~ 0.996c must be more than velocity of centrum mass.

These estimates may be tested by obtained in [1] data about momenta of partelesis
with large multiplicity. Interaction of particles in final states may disturb theseigtieds in in-
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dividual events, but average values may be disturbed smaller. If susimdar difference of
velocities in the events with large number of mesons will be detected, this mayplsned by
considered mechanism.
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