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Abstract

Thelaterd and longitudind profiles of the EAS developmen show specifc features dependig on the primary
mas due to various particle interaction parametes influencirg the developmet of the particle cascad in the
atmosphereThe large muon detecto of the ANl Cosmc Ray Obsevatory on Mt. Aragas gives a goad op-
portunity to measue muan arrival times In view of apossibk extensio of the muan undegrourd installation
EAS simulatiors have been performed They conside various detecto configuratios with respetto the EAS
core position The obseved mumn time dispersiam show specift trends with increasig radid distane ard pri-
mary mass Particulary, simulatiors basel on the GEANT packag had been dore to study the faked detector
signak due to secondarig generatd in the surroundiig material A design for upgradimg the muan detector
array is presentd which implies additiona fag timing photomultiplies attache to the existing scintillation
detectors.

1 Introduction:

The temporé structue of the Extendel Air Shower (EAS) muan componehmays rathe directly the lon-
gitudind shower development The obseved time dispersiam of the EAS particles arises mainly from two
sources (1) Differert tranwverse momené of the secondarig producel in the hadronc cascad togethe with
multiple scatterig during transpot in the atmosphes produe a transersa dispersion (2) Difference in
the velocities ard in the pah lengths Thes dispersios are reflectal by the variation of the arrival times of
particula particles at a fixed radid distance In suficient large distance from the shower core arrival time
guantities related to thes effects becone experimentaly accessiblgthus providing usefu information for the
identificatian of differert primaries.

Protan and iron induced particle cascads behave differently in the atmosphere On average due to the
smalle interaction lengh of iron primaries their cascadswill develop earlie a highe altitudes in the atmo-
sphere Thisfeatue togethe with the lower longitudind momentun of the resultirg secondarigas compared
with proton inducead showers of the sane primary enggy, lead to a higha probability for muors with longer
pah lengths Dueto differert fluctuations on obsevation level muors originating from protan primaries show
broade arrival time distributions relaive to the ariival time of the core as compare to iron induced showers
ard additionaly they are shifted to slightly highe averag values with respet to the shower front (Rebé et
al., 1995) Sud investigatios had been carried out for exampk in the Havereh Pak experimern (Ambrosio
et al,, 1997 ard Agnetta et al., 1997) Most recenty the KASCADE experimen studial various aspect of
particle arrival times distributions (Haeusle et al., 1999 Bade et al., 199 and Antoni et al., 1999).

2 TheANI cosmrcray observatory:

The ANI cosmc ray obsevatoly islocated at 3200 m a.s.l on Mt. Aragats Armenia Presentf it consists
of two independenyl running EAS experimens (Fig. 1). The MAKE T ANI experimert is instrumentd with
scintillation detectos for electron-photno detection and a calorimete preseny out of operation The second
experimen (GAMMA) consiss of a surfa@ efy detecto array and an undegrourd detecto array equipped
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with scintillation detectors for muon detection. The threshold for muon detection has been determined to be
between 2 and 5 GeV, independently by detector simulations (Zazyan & Haungs, 1998) as well as by flux
measurements. The variation of the threshold energy values is due to the varying thickness of the material on
top of the muon detectors location. This requires very detailed detector simulations to obtain precise results.

The detectors used for the muon underground detectors |
are built into pyramid-shaped housings as shown in Fig. |, | .. e w . . MAKET
2. The dimension of the scintillator plate i80 - 100 - 5 RS, .
cm?. Currently the signal readout is done via Russian
FEU-49 photomultipliers with a rise time of about 30 ns. |
The attached readout electronics is basically designed for
the purpose of pulse height measurements. With a spe-
cially optimized readout electronics as it is used for tim- |
ing requirements of the surface detectors (determinatidff0 . .
of shower arrival direction) an overall timing resolution%0 7 CAMMA / :
of approx. 4 ns could be achieved. The presently obtain- : .
able timing resolution could be expressed as the Gaussian |
sum of the effects from the scintillator, the geometrical”” |
shape of the detector and of the electronic together with = —2° ¢ 2 50 75 10 o I onain ol
the currently used TDC (laboratory made) modules which,

have 5 ns digitalization steps (Erlykin et al., 1989). Flgurg L Schemgtlc site map showing the two
cosmic ray experiments of the ANI cosmic ray

3 Monte Carlo simulations: observatory located on Mt. Aragats, Armenia.
In view of a possible extension of the present detec- 1 or 2 photomuliplier
tor setup to study muon arrival times a large number of ounting holes

MC studies were carried out. These studies mainly con- Q Q Feor Al

.. . 40
ferent external conditions. In the frame of these simula- o

tions the time resolution and the arrangement of the detec-

tors are modeled. For the time resolution a hypothetica}écm

value of 2 ns is assumed. It is supposed that the muon un-

derground detector array with its 150 detectors Wity

each, is fully instrumented to measure muon arrival times.

Furthermore, it is worth to stress that due to the large area

of the muon detection system it is possible to subdivide

the whole system in 3 subsystems with sufficient numbeg | Scintillator
of detectors. This allows us also to investigate correlated ! 100cm ‘
features of the observed arrival times (Badea et al., 1998). .
As possible trigger sources for an imaginary readout sy5i9ure 2: Sketch of the detector housing used for

tem the surface arrays of MAKET and GAMMA are con{h& ANI muon underground installation.

sidered, i.e. only showers are evaluated which have their core inside the detection area of these experiments
and show up at least 2 muons in any of muon detector subarrays.

The particle output data delivered from the air shower simulation program CORSIKA (Capdevielle et al.,
1992 and Heck et al., 1998) (version 4.60 with NKG, GHEISHA and VENUS option selected) with proton
and iron primaries at fixed energies between10'> eV and1 - 10'¢ eV are used to feed the simulation
program containing the described model. The choice of the experimental conditions leads to a range of possible
core distances of 100 ... 120 m for showers triggered from the GAMMA installation (assuming not the full




instrumentation of the GAMMA surface array) and of 190 ... 230 m for the MAKET installation respectively.
The detectors register the arrival time of the first muqi) @t each detector position. On an event-by-event
basis mean and median of the arrival times of all hit detectors are calculated. Finahyc.., and 7,,eq
distributions are obtained and kept for further analysis for different primaries, energies and core distances.

4 The proposed timing experiment:
A realistic first phase of such an timing device installation is a prototype setup with the readout of 32
channels. In order to have a sufficiently large core distance such an installation has to be done with detectors
at the end of the muon tunnel. Fig. 3 shows a block diagram of the proposed starting and testing phase of the
timing experiment. The two running experiments at the ANI site use already the Camac readout system. So
we decided to use also Camac based readout hardware. Other parts of the system could be implemented in

any other appropriate standard or adapted for the specific needs.

We have chosen to use the model 3377 Camac TDC (LeCroy Research Systems) for the readout of the
timing signals. However the choice implies the use of level translators to adapt the discriminators output
signals to the ECL inputs of the TDC as it is only provided with ECL inputs for working in complex and fast
readout setups. This TDC has 32 independent channels with a full scale range between 8 nsaadd32
with an programmable resolution between 0.5 ns and 4 ns. The full scale range has to be chosen according
to the expected size of muon arrival times and dead time considerations. As this TDC is in addition multi-hit
capable a new degree of freedom is introduced in this timing experiment. Up to now this is not considered by
our simulation calculations.

N\

The experiment plans to use
constant fract.ion discrimir_mat_ors OHO e N0 —
(CFD) to obtain the best timing PCICAMAC
resolution, though this is not the intertace

cheapest solution. It is planned to
IN 31
COM

install these CFDs directly at the
CLOCK

photomultipliers site. Eventually
an additional fast pre-amplifier is
needed in this setup. Tests must | cro
show if this can be avoided. The
design of these CFDs is already A A
done and a few test exemplars are

available. "' GATE
As the pulse height readout /

of the detectors is also neces-
sary to estimate the muon number,

the detectors have to be equippedﬁ TRIGGER N/

CAMAC

with two different photomultipli- - MAKET ANI EXT.
ers each one suited for a specific - Woon Muliplicily cloch sienat
purpose. For some of the detec-
tor boxes this is feasible by the factFigure 3: A block diagram of the electronics needed for a possible first
that they have two mounting holesphase (32 detectors instrumented) of the proposed timing experiment.
for the photo-tube holders. For the
remaining detector boxes another solution has to be found.

The MC simulations regarded both AMJ~-arrays as possible trigger source. Of course the use of the
MAKET experiment for the trigger of the device will give us larger spreads of the arrival times which can be

measured in an easier way. On the other side, due to the larger core distance the rate of events will be lower.




To simplify the setup in the first phase only the GAMMA experiment will be used as trigger source.

Any further online coupling with the GAMMA experiment is not planned in this phase. This would intro-
duce additional complications for the time critical online software of the GAMMA experiment. Modifications
may have some impacts on the actual data taking period. In the near future it is planned to use the coupling
between MAKET and GAMMA. Then the merging of event data from the two experiments will become easier.
But at the moment the low trigger rate allows us to use the PC’s clock for event tagging.

The timing accuracy of the setup is an important aspect of the measurements and depends mainly on the
detector properties. These effects have recently been studied more detailed with TDCs of higher resolution. In
a setup with 80 - 30 cm? scintillator a few photomultiplier types are investigated with respect to their timing
resolution. The obtained resolutions atg; = 1.7 ns for FEU-30 and FEU-130 phototubes ang = 1.5
ns for EMI 9902 phototubes. The influence of the final detector geometry could not be measured. So this
is the subject of tests presently carried out at the Yerevan physics institute. Considerations, based on simple
MC simulations, show that the influence coming from the detectors geometry could be estimated to be about
op = 0.4 ns. So a timing resolution of about 2 ns or better seems to be achievable with the present setup just
replacing photomultiplier and the discriminating electronics.

In Fig. 3 the schemes of additional electronics needed for the monitoring of the detectors and of the slow
control system are missing. To guarantee a proper functioning of the timing detectors and of the CFD threshold
settings they have to be monitored continuously. Assigning the timing data with the signal height information
readout by the GAMMA experiment allows us to determine the actual thresholds without spending further
ADC channels for the new experiment. After this a continuous monitoring of the rates will be done in order
to check permanently the adjustments made.

5 Status and Conclusions:

The temporal structure of the EAS muon component reflects the features of the longitudinal shower devel-
opment. For a proposed extension of the muon underground detectors of the ANI cosmic ray experiment a
number of MC simulations were carried out in order to study these effects for this setup. The achieved timing
accuracy of such a system turns out to be the crucial factor. For the ANI muon detectors the timing resolution
has to be improved to reach this goals.

Presently detector tests are performed to obtain the actual detector performance and compare it with the
expected values. When the experiment site will become accessible the installation of a few timing channels
will be started.

References

Ambrosio M. et al., Astrop. Phys. 6 (1997) 301

Agnetta G. et al., Astrop. Phys. 7 (1997) 329

Antoni T. et al., subm. to Elsevier Preprint

Badea A.F. et al., Proc. ANI workshop, Report FZKA 6215 (1998) 77

Badea A.F. et al., Proc. 26th ICRC (Salt Lake City,1999) HE 2.5.29

Capdevielle J.N. at al., Report KfK 4998 (1992) and Heck D. et al., Report FZKA 6019 (1998)
Erlykin A.D. et al., Voprosi Atomnoj Nauki i Tekhniki, ser. techn. fiz. exp. V 4(4), Yerevan (1989) 4
Haeusler R. et al., Proc. 26th ICRC (Salt Lake City, 1999), HE 2.2.38

Rebel H. et al., JPhys. G: Nucl. Part. Phys. 21 (1995) 451

Zazyan M.Z., Haungs A., Proc. ANI workshop, Report FZKA 6215 (1998) 37



