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

t ion calorimeter

The Refз 1-9 report about the irregularities connected

with the dynamics of a nuclear cascade process in a dense sub»

stance (the absorber of an ionization calorimeter) observed at

energies above 200 GeV by means of the setup "Pion"
 L
"» i,

The caloriraetrio data were analyzed by studying the

fluctuations of the forms of cascade showers in the calorimeter.

To specify each cascade the following set of parameters таз

used: the depth. x
L
 of the i-th interaction (the generation

point of the i-th iouisation maximum of a cascade shower) ;

the distance between the i-th and the k-th interactions, ('
iK
 ;

the share of the primary energy E
o
 taken by the secondary

particle generating the i-th maximum, li
L
 =» —- •

Using the parameter oc
L
 one can determine, whether the

i-th ionization maximum in the given cascade unit is due to

the primary or the secondary interaction* The x -distribution

for primary maxima is described by the exponent

w , ~ exp (- a:/;\) O)

jvhile for secondary ones by the dependence having



Ш
г
 ~ х • е*р [- 'х/L)

type maximum» where L is a complex function of the relation

between the nuclear length and the ones up to the i-th

interaction*

The distribution functioa of the parameter £)2 sis© has

the exponential form W^<gyp(- Zizl< С> ) and is determined by

the interact ion lengths and the mean number <n> of secondary

hadrons contributing to the second maximum ef the cascade curve.

If all the secondaries are uuelaens and SF -mesons» then

<£?= — t When <«.? и1, then the energy spectrum of secondary

maxiisa -u - ~=- ie
t
presunebly

t
the spectrum of leading had»

rone ixi the laboratory reference frame»

We had also made use of the ratio £
г
/у characterizing

in the ultsrarslativistie limit the cue momentum »f the seconda-

ry particle { a
c
 ia the oas Xorenta-factor) and in the non-

relati-zietiii limit the mass ef the secondary.

The irregularities observed in these works consist in

the fact that at £„ £ 200 Ge'7 among the cascades with U ^ 0*5

there appear an admixture ef events, the first and the second

ionization raaxima &£ whiah are distributed over the calorimeter

depth according to (2) type rule, where tb.e parsiaeter Ь сох—

reepoads to tfee int«waotioa length'-2 Л • In the vicinity of

200 GeV the distribution ur(£(2) also changes due to the rise

of a "long path" ээшрохдогё with<£>^2 л ( 20& oi* events in the

200 - 400 GeV raage aad~ 50% for energies ia excess of 400 Ge7),

The regularity of the E$./y distribution is simultaneous*

ly violated. Per E
o
 < 200 GeV this distribution coincides with

the expected one obtained from the measured N(E
O
) and V ( U.)



spectra{ however, for energies In excess of 200 QeV there

arise an additional iwrimm on the part of higher £
г
Д

с
 values»

As the above anomalies are correlated, it proves pos~

sifale to evolve the events accountable for them • The proce-

dure is based en the assumption that the unknown process is a

binary reaction in which all the energy is transmitted to two

secondary partioles ( X*partioles)
t
the interactions of whioh

with a matter are relatively weak in nature.

In the framework of such a model one can obtain the

characteristics of this phenomenon in more detail* The T-par»

tioles were found to have VX
r
 ~ 10 GeV/c

2
 mass, the mean life-

time %1 %, Ю""**' see and the preferred forward and backward

one directions of flight near the reaction threshold (200 -

400 ) 3oV, With the increase of E"
o
 the angular distribution

approaches the ieotropio one.

Ill The behaviour of calorifetrio cascades at energies higher

than 1 ToV

The utilization cf data obtained with the large ioniza-

tien calorimeter t
11
J consisting of 10 arrays of ionization

ohambers interleaved with 10 ош thick iron filters and having

the effective solid angle of 1.54 m
2
 stored, allows one tc

proceed to energies up to 10 TeV. From the viewpoint of the

hypothesis of the generation of observed "anomalous
11
 cascades,

the energies above 1000 GeV are of interest already because

the information at these energies could reveal the presence

or absence of the energy dependence of the process in question

-ft. j.



and will help to choose between two T-reaction versions:

i. The long-lived T-particles (fj ̂  Ю"*
9
 sec) having the

interaction length in iron Л
т
 — 2 Л «

ii. The relatively short-lived T-partioles weakly interacting

with matter (t7« Ю"*
10
 вес

 t
 Л

т
 » Л ).

If the latter version took place and the estiaates of

the тв.09 and the lifetime were correct, then at energies above

1000 GeV one couldn't anticipate exaotly such effects which

were observed in the calorimeter
 n
Pioa

n
.

Indeed, although the cross вес felon of this reaction is

rather large (aceerdiag to Refs 3»6
?
9 » the estimate of

lower bound on the cross section иаЗЕвв ~ 40 sabr» for E
o
 ~

1000 QeV ), in the vicinity of 1000 GeV it is likely to

reach plateau» At the oamo tiia*,. with the increase of energy

all the aor« T-par'cioles will leave the calorimeter and de-

cay outside of it» Hence, the probability to observe the cha-

racteristic cascades produced by th© IP-particles naaet quick-

ly reduce. The T-evente detected by th« calorimeter are either

of the £«ш» of *ne-aaxlmum oaecades ( whec only one of the T-

prirtielse decays within the absorber } or two-maxima ones

with near energies E, and B
a
 as at largy E

o
 mainly the events

with T-particlee ejected at 5l /2 in the cms are selected*

Fresunably» one can gain the inforjatioa on the T-evente

from the analysis of опе»шах±ашв cascades only on the grounds

of the x, -distribution and only with sufficiently lar^e

statistics. Two-maxima T-cascadee would have the U. -values

close to Oo5 • !* ie easy to see that in aaoh a case the analy-



sis of the E
2
/V

c
 -distribution ie of no use,; In the/(u) «0.5»

aoast limit the distribution

will cimply fellow the primary WE
O
) spectrum» 0» the other

hendj the loss of a part of the siost energetic events coxmee-

fcsd with the production of I-partlcies should lead to the dis-

tortion of the measured E
U
 spectrum ohisfly for и ъ 0#5 oao-

cades ( for ezjaix-gias £o s. 1000 GeV approximately a half of th&ee

cascades are tbs T-events ) 0 2
sor thaea reaaous let us turn to

the experiment»

In Pig*1 the specti'a of E"o energies аб suaaerured jfor

all the 1055 cascades with £"o ;- 700 GeV irrespective of their

ooEfigwration aad fos? 244 cascades with Ц •> 0»5 are shown
 э

She epeotra have differexst slopess the apeotruia indejc deter-

mined by твзвз ef -ehe ra@th«d of least squares t>jf
o
 ̂  1000 G S T

eveatsi is J
u
 ̂

 0
^

5
« -3*57 £ O?12 and 7̂  a l l« -3.27 ± 0*07»

5?ha £г/у, -distxdbutioa oalouiatsd fros, the measured f^frjepao-

trusi and ths^/ttj spectrum is shown in Fig.2 together with

the «MspariBtental E,/y. -distribution for cascades with U?> o,5.

1-ha â reeBivutt between the measured aad the expected distribu-»

tiona ie satiaf80tery~ ao irregularities ere ueetu

йо аод- iaconaiRtsfJicj ie seen either ia the distributi-

on of tf(*.) , ^f(a:
г
) and A/(6) lengthaC 71ga 3»4 ).

Thus,: the only experimental faot that- could be related

to tha T-©ffeot ia the ©xoeseive steepness of the primary

spectrum. If we dieeard the cascades with Uz- 0.5, then the

reraaiaing 811 events will be distributed over the spectrum



-having the index -ft
 wLtbuVt U r i

 0.5" ~
3
*

2
 *

 0 # 0 8
 <

F±
e»

2
>*

 S u c h a

large # -value could be explained by the inoreas* with energy

of the relative number of hadrona coming in groups or as a part

of showers. The rejection of traoking events leads to a seeming

12

steepening of the spectrum •

However, the fact is essential that the E
o
 spectrum dif-

fers appreciably for U ^ 0,5 events from the spectrum of all the

other events • The analogous spectra obtained with the "Pion"

calorimeter practically coincide in the range of E
o
> 150 GeV t

ft
 a l l

- -2«79 t 0.03 and %
u> 0

. 5
e
 ~

2
»

7 1
 *

 0 # 0 8
 •

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

mass rr̂ -v 10 GeV/c
2
 and the lifetime t

e

T
 ~» 0S& .10"

1 0
 seo begin

to leave in appreciable number the calorimeter at energies about

1000GeV when their decay length becomes comparable with the -thick-»

ness of the calorimeter X> .At E
o
~ 1000 &eV the decay path Act

turns to be ̂  10JC
S
, i»ei about 90% of all the 3Veventa are

lost. Therefore, if in the vicinity of 1000 G*T the T-events

такт up ~ i of all the casoades withU.»0^5« and subsequently

the cross aeotion stays more or less constant, then at lOOOOGeV

;
 the observed number of cascades with U * 0;

(
5 should reduce half

t as much because of the loss of all the X-psrticlee •$ Aseiaming

I the sl*pe of the «peotmm ef primary partioloe generating the

[I cascades of arbitrary configuration» (including the X-oasoades)

|| to be -J* - -3.2 , it is easy te establish that the less of all

'! the T-events at 10000 GeV gives approximately the same change

of the spectrum index "Jf as that observed in the experiment;

If at E
o
 • 1000 GeV the measured number of I

s
/о events

withli» 0.5 eelnoides with their real number tf*
f
 and at A/T



£, =10000 GeV V-f is twloe as little, i.e.

then the visible ohange of the index % aakee А у » (y-y J =

= £g 2 «0.3 , i.e. we shall have J* «3,2 instead of X *—3,5

Short eoneluBions

Thus, by reasons of both the methodloal and physical

nature, the above results don't give the unambiguous answer

to the problem under consideration. One can eay, however, that

our observations made with the large oalorlaeter for energies

above 1000 Ge7 as a whole don't contradict the hypothesis of

short-lived T-partioiee. ?he hypothesis of long-lived T-par~

tides faileo to explain the disappearance with energy of oor-

related anetmliss in !tne Ea/v epeotrum and in the distribu-

tions of x and 6 lengths.
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I The Eo spectrum for a l l the 1055 cascades end

for 244 cascades with U ^ 0.5«

у and the solid l i a a - a l l the cascades

о and the solid l i n e - tha cascades with

U & 0.5

aad the dashed l ine ( a l l the cascades

without the cascades 7/iih U & 0*5}

Figo2 The E./Y epectirara •* the expsrifleejsfeel and the eati>"

cipated ones fee th« eaeoadea with Û - 0c5»

The curve ia the anticipated distr ibution*

Fig*3 The d i s t r ibut ion of A'̂  - sui \, «lengths»

The eiwv&e are th© aat ie ipated did'^ifeiitions for

tlie !B©d«2 of sucosedi£ig intex'aotioiiSe

f4 The dis t r ibut ion cf t •j2"'-*-en8''hs«

The Xinae ar® th® approxiiBStioiJS to th*

mental data by ths asothud o^ laast squares,

X - ths cascades with Из- 0»5»

о - the cascades with ti< 0e5»

10
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