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EXPERIMENT "PAMIR"-IV, ANALYSIS OF SUPERFAMILY WITH HALO OF
ELECTROMAGNETIC NATURE DETECTED IN DEEP XEC

Collaboration of Experiment "Pamir"*

1.Introduction. The family Pb2-11 was detected in the multi-
layer lead -XBC with total thickness of 100 c.u. exposed at
the Pamirs. Bach lead layer was 1 e¢m thick, the first re-
gistering layer being located under 2 em of Pb(=4 c.u.).
The family comprised a narrow group of gamma-rays which
near the maximum of cascade development%==14 Cel.) produﬁed
a dark spot of optical density D> .4 over area S= 25mm".
The narrow group of gamma-rays was traced up to 14th layer
corresponding to 30 c.u. Deeper in the chamber, for the
space of TO c.u. no hadron cascade was observed. Thus, the
pure electromagnetic halo could be assumed. :
Preliminary results of the analysis of the family Pb2-
11 has been presented in /1/. We consider here in more de-
tail the methods of estimation of energy of primary par-
ticle and height of nuclear interaction responsible for the
observed halo. ‘

2.Longitudinal and lateral characteristics of halo. To de-
termine 2. By -released in. -halo, - -
scanned by two instruments at various depths in lead. From
the measured optical densities we Inferred the density of
number of secondary electrons n(r) and subsequently the
total number of particles N(4mm) within a circle of radius
4 mm. When determining Z E 4 , restriction of the scanned
area should be regarded. The ratio of the total number of
secondary electrons in lead to the particle number within

a circle of 4 mm,K(4 mm), was calculated for maximum of an
electron-photon cascade(EPC) induced by primary gamma-ray
end eleotron with various energies Ey . The value of K(4mm)
weakly depends on E, and is equal to 24. Thus, = Ey=K(4mm)
p: 5 N(4mm)-tdt, where 2 =7.5 MeV. After taking into acco-
unt the scattering of shower particles within a gap, the
total energy was found to be ZE, =560 and 610 TeV,respec-
tively, for two scanning instrumenis.

In /2,3/, the EPC from one or few high-energy gemma-
rays have been shown to dominate halo production. To eva-
luate the height (Caj.) and the energy (E,) of the primary
interaction producing the halo, experimental characteris-
tics of halo were compared with the characteristics calcu-
lated in /2,3/ for air-lead EPC induced by high-energy
gamma-ray. The Table below lists the interaction parame-
ters used in three calculational versions.

The choice of the best version of celculations was
mede by comparison of experimental and calculated lateral
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distributions for 9 depths in the chamber, because the com-
parison on a single depth turned out to be insufficient.
As an example the distribution n(r) for three depths are -
plotted in Pig.1. The best agreement of experimental and
calculated distributions is obtaﬁg%% for version II,

e : .

If lateral distribution in
the halo at various depths are
available, the transition curve

for the halo longitudinal deve- %

lopment within circles of vari-
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Fig.1. Lateral distributions
n(r) for the depths in XEC
equal to 8 c.u.?a), 14 c.u.(b)
and 20 c.u.(¢). Experimental
data is observed with scanning
gystems of University of Tokyo
(.) and P.N.Lebedev Physical
Ingtitute (x). Curves present
results of three versions of
caleulations listed in Table

Fig.3 presents the experi-’

mental energy spectrum of gam- |
ma-rays in the halo and calcu~ |

lated spectra for three ver-

sions of calculations and for |

version II with E,=1000 TeV.
The best description of expe-
rimental date gives version II
with E,= 1000 TeV. :
Experimental lateral cha-

racteristics and mltiplicities|
obtained for gamma-rays within |

halo area for two different
threshold(4 TeV and 10 PeV)
were compared with calculated
ones/6/ and thus the values
EO‘IOOO TeV andta,f 3"5 Colle

Yerslons oF o o
calculations L X "W~

ons
Ba, LEV . - - - -
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ous radii in the chamber can
be obtained. Fig.2 presents
the experimental and calcu-
lated transition curves for
a circle of radius 4 mm. The
best agreement is also
achlieved for vers}on II.

3.lateral and energy distri-
butlons  of Individual gamma-
10.0obtaln"”
ristics of individual par-
ticles in the halo, spois
from them were photometered
at a depth of 6 c.u. taking
into account overlapping
/4,5/. :

VAR,

17

Fig.2. Transition curve
N(4mm). Symbols are. the
same as in Fig.1.
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were obtained.

Distribution of the relative transverse momentum zik
for gamma-rays in the halo and for all gamma-rays in the
family are shown in Fig.4. The distribution for all gamma~-
rays has two maxima. The first maximum corresponding to the

-

meximum is caused by the

nent with characteristic nuclea

- component with momentum p_,. ~2.
*IV”16>Ej é 107 eV/c, i.e. typical valle for
R§? ”“—‘fn gouigmb scat;ering og eligtrons
8 — e - in the EPC, 1s caused mainly by
N —v— ({00 gamma~rays in halo. The second

compo=-

8

trensverse momentum ppy.17~2+10
eV/c. The height of nuclear in-
teraction(ta;.) derived f£rOm the
dependence z,(%:)/7/ is equal to
Ton™5 coue. both for gamme-rays in
the halo and for all particles in
the femily.

The same analysis was also ap-
plied to the integral distribution
of relative transverse momenta of
. particles with respect to the di~

\\ dlrection of the particle with the
410 ETev\  40p|highest energy (z,), and obtained
! s cnllegtimation of the height is 7.~
4 c.u. also both for gamma-rays
in halo and for all particles.

of gamma-~rays im the halo.4-Conclusion. Summarizing the re-

Calculations ar de Sulivs ol e analysis, we can in-
tﬁree seision: §i§%ed §§ fer that the observed halo is

Table and for version II ceused by the EPC induced by a
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Fig.3. Exjerimental and
calculated energy spectrum

with Eo= 10 PeV . gingle gamma-ray with energy
Eo ~1000 é%pahd production height %u;: 3=~5 c.u. The family

is due to the muclear interaction which has occurred at a
height of 3-5 c.u. above the XEC.

It is important that the values
of B, and Tai;: obtained by analysing
the halo development in the chamber

and by analysing the lateral and
energy distributions of family par-
ticles are in & good agreement.

Thus, the information on the lon-
gitudinal and lateral characteristics
of electromagnetic halo allows esti-
metion of the parameters of primary
integgction grggucing the ?a%o. 61
. ergy o e primary interaction

Fig.4.Distribution g;,; can be obtained as a sum of
of z;, for gamma- energy of gamma-rays and hadrons out-
. rays_in halo(dashed)gide halo/1/ and above estimated
- end for all gamma- eonergy of halo equal to 700-1000 TeV,
reys in the family gnd the result is Eijnt 1200-1500TeV.
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The transfer of the large energy fraction into the
electromagnetic component is an important feature of - the
family. The observed event can be treated as detection of
the chagge1exchange process 7 *—~7° with Peynman variable

x'}" * i’. [
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