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I. Some features of a cascade shower development in an ioniza-

tion qglprigéter

The Refs 1-9 report about the irregularities commecied
with the dynamics of 8 nuclear cascade process in a dense sub=
stance (the abserber of an ionization calorimeter) obaserved at
energies above 200 GeV by means of the setup "Pion"{9'10].

The calorimetric daté were analyzed by studying the
fluetuations of the forme of cascade showers in the caelorimeter.
To specify each cascade the following set of parameters was
used: the depth x;, of the i~th interamction (the generation
point of the i-th ionization maximum of a cascade shower) ;
the distance between the i-th and the k~th interactions, (,;
the share of the primary energy E_ takem by the secondary

particle generating the 4i-th maximum, U, = E‘ o

Using the parameter X; one can determine, whether the
i-th ilonization maximum in the given caascade unit is due to
the primary or the secondary interaction, The x =distribution
for primary maxims is described by the exponent

W, ~ exp (- x/r) )
#hile for secondary ones by the dependence having



W, ~ x exp(-x/L) (2)
type maximum, where L 18 a complex functicn of the relation

betwasn the muclear length and the ones up to the i-th
inferaction.

The distribution function of the parameter ¢, slsc hss
the exponentisl form w,,~exp(-C,, [<€>) ond is determined by
the interection lengths snd the mean number <n. > of secondary
hadrons contribuiing to the second maximum of the cascade curve,
If all the secendaries are miclacns snd I -mesons, then
<l>- <—'}> » When <n> al, then the onergy spectrum of secondary
maxima U= %§ .is, presumably, the spectrum of leading had-
rone in the laboratery refersnce frame.

We had also made use of the ratio Ea/7j-c characterizing
in the ultrarslativistisc limit the cms momentum of the seconda~
ry partiocle { §, 18 the oms Iorsatz~factor) and in the non~
ralativigtis limit the mase f the secendsry,

The irregulariities chsorved in these works ceonsist in
the fact that at £, > 200 GeV among the cascadea with U > C,5
there appear an edmixture of eventa,the first and the second
iovdzation maxims of which ars distributed over {the calorimeter
depth accerding te (2) iype rule, where ke parameter & coxe
regpoiils te the interaction length~2 » , In the vicinlty of
200 GeV the dlstributien w (! (2] 8leo changes due to the riee
of a "lopg path® oompoment with<{>~2 A ( 20% of evente in the
200 = 400 GeV raage and~ 50% for energies in excess of 400 GeV),

The regularity of the E,/y distribution is simltanecuse
1y violated, For £_< 200 GeV this distribution coincides wiih

the expected ome cbtained from the measured N(E.) and N ()
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spectra; however, for energlee in excess of 200 GeV there
sriee an additional maximum on the part of higher E‘;_,/rc values,

As the abeve ansmalies are cerrelated, it proves poa=
elble te evolve the events accountable for them , The proce-
dure is based en the assumption that the unknewn process is a
binary reesctien in 'lh:l.ch all the snergy iz transmitted to twe
secondary particles ( Tepartioles),the interactions of which
with a matter are relatively weak in natura,

In the framework ef cuch a medel eme can obtain the
characteristios of this phenomenen in mere detaill, The T~parw
ticles were found te have T, ~ 10 Gev/c? mesg, the mean life-
time t) >, 10-11' sec aund the praferred forward and backward
ons directions of flight near the reactlion threshold (200 =~
400 ) SeV, With the incrense ef E_ the arngular distribution
approaches the isotropic ene.

........................................

...........

The utilizetion ¢f data obiained with the large ionlza-
tien calorimeter [ g ocngisting of 10 arrays of ienization
chambers interleaved with 70 om thick iron filtere and having
the eZfective aolid angls of 1.54 w sterad, allews one tc
preceed o energles up te 10 TeV, From the viewpeint of the
hypothesis of the generation of observed ‘"anomalous" cascades,
the energies above 1000 GeV are of interest already because
the inforisation at theage energies counld reveal the presence

or absence of the energy dependence of the preoess in question
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and will help to choose between two Tersaction versions:
i. The long-lived T-particles (T z 10”7 sec) having the
interaction length in iron A, ~ 2 A

ii., The relatively short-lived T-particles weakly interacting

with matter (t) = 10770 gec 4 Ar > A ).

If the latter vergion took placs and the esiimates of
the mags and the Lifetims wexre correct, then at energles above
1000 GaV one couldn't anticlipate eoxmotly suck ¢ffects which
were observed In the calerimetexr "Ploau®,

Indeed, although the cross section of this rsactiem ie
rather large (scocrding to Refs 3,6,%9 , the estimate of
lower bound on the cross section makes ~ 40 mbn for E ~
1000 GeV ), in the vioiniiy of 1000 GaV it is likely to
reach platesu, At the same time, with the incresse of ensrgy
2ll the more¢ DT=pariicles will leave the calorimeter and de~
cay oulside of it, Henoe; the probabllity %o observe the chaw
racteristic cassados produced by the T~particles must quicic=
1y reduce. The Tngvente detected by the csloerimeter ars sither
cf the form of wne-maximum carcades ( wher only osne of the 7=
phirticler docays within the absorber ) or two-maximka ones
with near energies E, end E, ae at largy £, mainly the events
with T=particles ejested at i1 /2 in the cms are selectad.

Prosumsbly, one can gain the inferamtiou on the T-evenis
from the analysis of one-maximm cascades only on the grounds
of the 2, ~distributicn and only with sufficiently larye
statistios, Two-maxima T-cascades would have the U -~values

close to 0s5 « It 18 easy to see that in such a case the analy-



ais of the £, /y ~distributicn is of no use; in the flu) =045=

sopst l1limit the distribution

d!\f(m} =jf[ll. U:v)] N(Eo)d‘Ee"‘r‘\'(EO) conast . dm
will cimply follow the primary N[£)) spectrum. Oum the other
hand, the loss of a part of the most enargetic events coznec-
tod with the produciion of IT=particles shauld lead to the dls-
tortion of the meagured £, spectrvm chisfly for U =z 0.5 can=
cadeg ( for emergies £, < 1000 GeV approximately a half of thuse
cageadas are the T=avents }, For thaes reascus lot us turn o
the sxperimont,

Jn Figel the specire of £, ensrsies ue msasured fox
811l tha 1955 cascadag with £ > TO0 GeV irraspactivae of their
sorfisuration and for 244 caseades with UL > G.5 sre shown |
Yhe specirs have diffarsut sziopsas the spectruir index deter-
minad by means ef the method of lesst wguunroes byE, ~ 1000 Gov
sventa 18 7, - 0.5% =357 £ 0512 and 7y g11= =327 Y 0,07,
the E, /'\fc -Cistriniion celgulsted fron the messured N(E jspuce
trun and the { (u } specizun 1s showa in Pig.2 togother with
‘the exzperimental E,/y -distribution for cascedes with U2 0.5,
Tha agreemont beilween the msasured and the expected digiribu-
tlons lg satiufactery- no Iirregulariiles pre seen,

Ne any dlnoocnaistency is ween either in the dietribu'bi-;
en of N(,) 4 N{x;) and W (€) 1engthe( Figs 3,4 ).

Thus; the only experimontel fact thst could he related
te tbe T-eoffect 1a tho excessive stespness of the primary
spéctrum. If we dlecard the cascadea with U 2z 0.5, thea the

repeining 811 events will bs distributed over the apscirum
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‘having the 1ndex ¥ wiynoug,, . 0,5 ~3¢2 ¥ 0.08 (Pig.2). Such a
large Y ~value could be explained by the increasa with energy
of the relative number of hadroas coming in groups or as a part
of showers. The rejection of tracking events leads to a seeming

steepening of the spectrun 12 o

However, the fact is essentisl that the £, spectrum dif=
fers appreciably for U= (;5 events from the spectrum of all the
other events . The analogous sgpectra obtained with the "Pion"
calorimeter practically coincide in the range of £ > 150 GeV

¥ ana® ~279 £ 0,03 amd Yuy 0,57 =271 # 0,08 &

It was shown in Refs 3,6,9 that T=-particles with the

mags m_~ 10 GeV/c? end the lifetimeT, ~ 038 +107° sec vegin

to leave in appreciable number the calorimeter at energies about

1000GeV whep their decay length becomes comparable with the {hicic

ness of the calorimeter Xo o At E.~ 1000 GoV the decay path Ad
turns to be = 10X, , i.0s sbout 90% of all the Teeovents are
lost, Therefore, if ir the vicinity of 1000 GNV the T-events
make up ~ % of all the cagsoades with iL> 0;5, and subsequently
the cross asection stays more or less constani, then at 10000GeV
the observed number of cascedes with U> 045 sheuld reduce half
ae much because of the loss of all the T-particles 3 Assuning
the slape of the spectrum of gr:lnn-_y partioclus genexating the
cascades of erbitrery configuratiems (including the T-cascsdes)
to be Y™ = «3,2 , it 1s easy te eptablish that the less of all
the Teevents ai 1000C GeV gives spproximately the same ohange
of the spectrum index 7 as that ebserved in the experiment;
If at E_ = 1000 GeV the meamured mmber of No events
with > 0,5 coinoides with their real mumber N, , and &t N
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L en =

E, =10000 Ge¥ N4 is twice as little, 1.0,

Nf*_ _E_! ‘l-x* E‘ -h:

FT‘(EO} /('E-:)‘Z .
then the visible change of the index Y makes Ay = (¥-Y )=
= eg 2 =0¢3 , 1,6, we shall have 5* a 3,2 ingtead of X l"--»3,5

Short conclusionrs

Thus, by reasons of both the methodiocal and phyaical
nature, the above results don't give the upambiguous answer
to the problem under coxsideration, One cen say, however, that
our observations made with the larges salorimeter for energies
above 1000 GoV as & whole don't contrudiot the hypothesis of
short-lived T=particles, The hypothosia of long-lived 7T=pars
ticles failess to ®»xplein the disappearance with snergy of core
rolated anemallios in 'the E, /Uc speotrum and in the distribu-~
tioms of x* and ¢ lengths.



FIGULRE CAPTIONS

Fig.1 The E_ spectrum for all the 1055 cagcades s&nd
for 244 casoades with U= 0.5,
x s&and the 901id 1ine - all the cascadss
¢ and the golid line - the cascades with
U 2 0.5
and the daghad line (all the cascades
without the cascades with U 2 0,5)
?ig.2 The Ef’/&' apectruwn « the exporimesntal and the sntl-
cinatsd ones for the cascmdes with Uz 0.5,
The curve ig the anticipated dietribution,
Fig.3 Tho distribulicn of X, ~ and X, ~lengths,
The curves are ths anticipated disizibutionz for
the medel of succesding interastliong.
Pig.4 The dletribtutidn of { , ~lengths.
The lipes are thée approximetioas t0 tha sxperie-
nantal data oy the methed of lasuast sgquares.
X = the cascades with U= 0,5,

0 « the cascades with U< (.5,
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