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Выступающий
Заметки для презентации
Cascade curves for proton and iron induced vertical showers at primary energies of 1018 and 1019 eV.
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Выступающий
Заметки для презентации
Детальное изучение стволов ШАЛ и их “тонкой структуры” позволит получить дополнительную в сравнении с коллайдерными экспериментами информацию, имеющую отношение к  “физике вперед” (forward physics), т.е. характеристикам множественного рождения частиц в передней (фрагментационной) кинематической области.
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Major cornponents and parameters of
the Pamir-XXTI setup

~adeep (~3,5 )\,,,) lead-carbon calorimeter with total area of 192 m? combined with
the XREC and burst detector made in the form of solid crosswise lying series of
plastic scintillation counters with fiber optic readout (center part);

~iwo coneceriiric Shower arrays zrouncd ine calorimesiar: 2 dense one Witn 5 m sizo
of 80 X 80 mi* in area zne wiin 2 nign cdeisciion inresnold, cned anoiner mors rare
aifray with 85 m sezieine of ‘1l km® in arga zned wiin low deigciion tnresnold;

~array of wide angle Cerenkov detectors spaced throughout the area of ~1 ;un? to
determine the EAS CL lateral distribution dQ/dR as well as characteristics of the
EAS CL pulse shape, i.e., time distribution dQ/dT and d2Q/dRdT; a step in the
central part of the array is 25 m, at the periphery - 85 m (a fast CD will be either
similar to EMI 9350 photormultipliers with a hemispherical photocathode of 20¢m
in diareter or will be consist of a 19 PMT matrix placed in the focal plane of a
mirror of 1-'1.2 m in diameter);
~a fasitiming systern (“chﬂrp_n’)_ of § seiniillziion 0oinis to daisrming ing EAS
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[_ayout of: detectors in PAMIR-XX1 complex setup

()
- combined detector
(efy+p) with O O O O
0.5 cm Pb at the top,
S =1 m?, N, 4= 280
» - Sc-counter (e/y),
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B= - calorimeter section
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Spacing — 5 m
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Выступающий
Заметки для презентации
Детектор хронотрона выполнен также на базе пластикового сц.счетчика, но с быстрой электроникой без амплитудного анализатора (АЦП). Сверху сцинтиллятора размещен слой свинца толщиной 5(10) мм для повышения чувствительности счетчиков путем конверсии g-квантов в е+/e- пары электромагнитного каскада.
Центральная часть – близка по характеристикам Tibet-III ASg.


[_ayout of: detectors in PAMIR-XX1 complex setup
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Выступающий
Заметки для презентации
Оптический детектор помимо ФЭУ содержит источник высокого напряжения, предусилитель, светодиод для амплитул\дной и временной калибровок и механизм управления крышкой, защищающий ФЭУ от солнечного света и атмосферных осадков. Для обеспечения необходимого динамического диапазона (10^4) в центр кластера юудут передаваться два аналоговых сигнала – один с анода, второй с промежуточного динода.



»> To succeed In the studies of the PCR characteristics and ultrahigh-
energy y -radiation (that implies measuring of energy E; and arrival
direction 6 of the primary particle, determination of its type (mass A),
and estimation of the position X.,.. 0f the EAS axis at the observation
level), it IS necessary that the applied detector array and data
processing methods should be optimized with respect to the most
informatively demanding problems which are namely the primary mass
determination and the y-event selection.

> One must consider.the most infermatively-rich component to be the
reference component for all other measured parameters. Among the
EAS components the Cherenkov light (CL) is definitely the most
informative and makes it possible to solve all the problems within the

energy range E;=30+10° TeV.even with a small duty cycle (10%).



e Cherenkoyv partoiithe
PANMAR=>XXI SETUR

The optical part of the setup consists of two sets of detectors:

a rectangular grid of 11 x 11 wide-angle fast detectors with an area of S
~ 1.0 m? and an aperture of Q ~ 1 srad, located at a step of 25 m,
allowing to determine

- the direction of arrival of showers with an accuracy of < 0.1°,
- the axis position with an accuracy of ~1 m,
- energy with an accuracy of about 15%

and to analyze the shape of the Cherenkov pulse;

optical telescopes with mirrors with an area of ~4 m#, a field of,view. of
~30° and a pixel diameter, of ~0.8°% spaced ~100 m apart allowing to
analyze the spatial-angular distribution of: CL near the axis, whichis
Sensitive to the mass of the primary particle.

Viind thatithe propoesed method ofinucleus separation By Mass IS
essentially based on the exactid etenminaton e the dIreECHiEN G the
primary panticlieantivail:



Pamir-XXI optical

The simultaneous use of both
the spatial-angular and
Sspatial-temporal distributions
of EAS allows us to count
on the maximum separability
of events from different
primary nucler.

Telescopes () with mirrors
S~4m# measure angular
distribution of/light, while fast

detectors () determine the
arrival direction, the point.of
event axis Incidence and
shower.energy as:wellas
allow teranalyze spatial
distributions.



Angulardistribution o CLL as a tool for,
MASS COMPOSItioNTAEStImaton

EAS Cherenkov angular images from different primary nuclei
differ in size and shape. These differences reflect the shape of
the cascading curves, and they can be used to estimate A.

The image Is integrated
OVEer a certain area, and
the integrals In its parts
represent the longitudinal
profile of the image. As
features are the ratios
i = Si/S; of CL integrals
over shares S;, I1=1,...,4.
The widths of the
fractions vary until'the
maximum,separation of
the nucleris achieved.




EASISEparation Py MaSSES AL ORTIE PRI
particles;accorcing tor CIAD for Bamir=X0

l

Wlth background
0,03 0,08

N Fe|0,03 0,15

0,008 0,04

With background and single criterion

N_Fe| 0,05 0,17 0,01 0,10

The classification errors (probability P{N=p} /P{p=N} and
PiEe=N} /[ PIN=FEe}) for pairs p-Nand N-kFe are presented
at the best criteria. Simulated events were calculated using
the QGSJET01L model’.



Fe N
Entries 240 Entries 240
Mean —10.05 Mean 9.684
RMS 6.461 RMS 6.098

40
cri value

Distribution ofivalues of the best criterion for a pair; of, N-Fe
(E,=10 PeV, R=100'm)accounting for background.
Classification errors are 0.04




A single criterion
was found, the same
for all primary
energies and pairs,
depending only on R
and working almost
as well as the best.

 DENOMINATOR

The limits of
Integration for. the
Single criterion




EAS SEparations Py the prmaR/ PartClEmMAassesS

With background and'single criterion

N Fe| 0,05 |0.05 ﬂ,l?

With background and single criterion

.'-.. a

The single criterion ebtained for. the QGSJETOL hadron
Interaction model'was applied to the events with the
energy ofi L PEV calculated with the QGSJEI-I-04 model
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20

N

Fe
[Enties  240| QGSJETO 4,1 Entries
Mean —13.06 L [ Mean
RMS 8.587 | |[RMS

Fe —L N
240 Entries 240 OGSIET-04 | - |Entries 240
2OV | | ean —13.38| ROSJET-N-04 | =15l o750
5.388 RMS _ 8.638 | [RMS 5.45
40—

]

20—

|
—40 -20 0 20

Separation without
packground for 1 PEV.
N_FEe nucler at R=50 m

(QGSJIETNOL hadroenic
model)

40 40
cri value cri value

Separation without
packground for. 1 PEV.
N_FEe nuclerat R=50 m
(QGSJIET=11=04"hadroenic
model)




10 p-showers and 6 N-showers separated by CL. AD criterion

E,=1PeV, X =500 g/cm?, R=50m

P N

crival

The found single criterion demonstrates noeticeably.
PEtter sensitivity to the primary, mass than 1




We used the positive
experience of Works
with angular _
distribution of EAS CL
In our. analysis of the
muon component.

Muons with energy
not lower than
coming from the
vicinity ( ) of
the shower. axis were
considered.

| shower




0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
alpha_rad

The procedure for. processing the angular distribution of muons:

a) the angular distribution of individual'showers from N and Ee
at the distance of 100 m from the shower, axis With an energy.
0 100 PEV (Width ofibins 0:020; 0.010; 0:01.0; 0.083 radians);

b) I, Criteron values characternzing these events:



100 PeV 1 EeV
100 120 150 100 150 200 250 300 400

034 033 031 035 035 032 035 03 035
034 031 031 032 030 033 031 032 032

The probability of incorrect classification for pairs of p-N
and N-Fe, E,=100 PEV — 1 EeV, with the optimum criteria.
The volume ofiall'samples is 200 events.
Model @GSIETOL.
Probability ernrors =0.02 (eVerywhere).



The optimal separation criteria, found for the pairs p-N and N-Fe for
the QGSJETO01 hadronic interaction model at high energies, were
verified on the model QGSJET-11-04

Universal criteria. Bin widths are 0.015;
0.020; 0.010; 0.027 radians. k,,

The probability of QGSJET-II

120|150 100 120|150
40/0.35

Incorrect classification
for pairs of p-N and N-Fe,
E,=100 PEV — 1 EeV, with

the optimum criteria

oo o5 o
om0t ot 02005

A universal criterion (i.e., bin widths do not depend on distance) was also found
for pairs ofip-N and N-Fe with primary energies of 100 PeV for.both models.




The separation of nucleus pairs by muons Is much
worse than by Cherenkoyv light, but we managed to
find the parameter of the angular distribution of
muons which Is sensitive to the primary mass and
Insensitive to the interaction model.



Conclusions
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