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Abstract 

The time & spacP fi1w strncl.ure of EAS front has been lll<~asun~d for till:' 
first. time with a. high st.a.t.istics i11 a core dist.a11ce rang<> l'rom 0 to i:::;o 111 b~,: tile 
GR8X/COVEILPLASTEX a.rra.y. Arrival times of shower particles ha.ve bePn 
measured with ns-a.ccura.cy. A disk t.hick11ess of .1 ns in the EAS core l1as been 

found. 

1. Introduction 

The spa.ce-t.ime strncture of E.A.S. front detected at ground level rdlects the na­
ture of primary pa.rt.icle a11d its interactions with tl1e a.t1nospherf' nuclei. The cascade 
induced by cosmic mys with energy > 1014 e\/ at. sea. level covers a. la.rge area. aud pro­
duces mainly electrons. In hadron induced showers cdso muons and secondary hadrons 
a.re generated. 
The measurement of EAS front thickness was first at.tempted by B. H..ossi [Rossi U).5:3] 
who compared the arrival times of particles in two nea.rby scintillators of a.11 a.nay. This 
method was followed by other authors [Linsley HJ62, Woidneck 1975, Linsley 1986] who 
measured the time spread of shower front. As regards to the shower front nuvat:ure, its 
knowledge is important to link times tl1<'-~a.surecl by remote detector:-.;. Usually iu such 
measurements lmv st.a.t.ist.ics is obtained. 
The COVER._PLASTEX csperirnent [Agnetta l~Hl:~] lrns measured the spacc··-t.ime fine 
structure i11 a. new and original way, using resistive plate counter detector!' (H.PC) [Am­
brosio 1994] for direct time 111ea.surcme11ts of the arrival tirne of ca.ch particle crossing 
the detector. The sampling area. was 8 rn:.! a.nd a. high statistics has been obtained. 
Data. was ta.ken at a core clistauce from 0 to I :JO rn. 
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2. The experimental apparatus 

Tlw CH EX <nray (fig. I) i11 ll<1v<'n1li Park \\'els hllilt ror ;-ray <1st.rn11u111.\· [Bru\lk<' 
19c:;c)]. A good time resolution or sci11tilla.t.ors allows a prc·cisio11 < I 0 

Oil 111<' sll\J\\Cr 
axis n·cost rnct.ion. Cor<' position is nw<1surccl wit Ii ii prccisio11 of,......, () 111 i11 t 11<' i1111t'r 
par!. of t.hc array and,......, 9 1n at the periphery. l11sid<' (;HEX a subarray or [ive I.racking 
telescopes was installed ( PLASTEX - fig. L) with the aim t.o track particles and to 
reconstruct their height of production [Agnetta 1990]. Telescopes consist of six layers 
of limit.eel streamer tubes (fig. 2) separated by ;1 layer or <1 dense 111<1.Lcrial. This t lii11 
absorber aims to separate electrons. photons and muons in the shower froJJt.. Telesrnpe 
dimensions a.r<' ,......, 6 m 2 and ea.ch plane is read by 1 cm wide x-strips a.lld 1.2 cm "·ick 
y-strips. The first t'wo telescopes. named stacks A&B are near the center of the array. 
while the other three, named C, D and E, a.re a.t the periphery, 150 rn a.way from t lie 
center (fig. 1 ). 
On the top of telescopes A, B, C and D we have installed a layer of 4 m2 HPC'. equipped 
wit.h 24 x 24 cm2 pa.ds read by a front-end tra.ckiug a11d timing electro11ics <1hl<' to detect 
the fired pads and to measure the arrival time of signals from ea.ch pa.cl \vitl1 the time 
resolution of 2 ns [Agnctta 1994]. By this way for ea.ch tracking telescope 64 time 
channels are allowed, which permit to combi1w tlw tracking informatioIJ with tirni11g 
measurements. 
For ea.ch event triggered by the GREX a.rray <1 big an1ou11t of i11formatio11 is obta.i1wd. 
The array measures the axis direct.ion. the core posit:io11. a11d esti1n;11.<'s tll<' pri1nmY 
en0rg,v: the PLASTEX telescop<'~ track the incomi11g particles a.nd t.hc HP<·~ 111casun· 
arrival times of each pad fired. 

3. Data analysis 

To measure the front profile irncl thickness we hcive a11alyzed 2.50.000 c·vc11t.s 1 ;ikc,11 
with only sta.cks :\.\:B ru11ning joint.ly with the GHEX arra._v. 1 · p to 121') I illle 11wasure­
ments in the single event. a.re allowed. corresponding to 128 pads cov<~riug 1.wo stacks. 
The delay of ea.ch particle from t.lw earliest. incoming particle is measured as a f\mct ion 
of the core dist.a.uce from the stacks. A requirement. of almost 5 fired pads cut.s Im' 
density events, and a requirement of no more tha.11 80 pads fired reduces the. possibil­
ity to have more than one particle per pa.cl. Times a.re corrected for the shower axis 
inclination. Only showers with zenith angle less t.ha.11 25° are processed. Only 60.000 
events survive to these requirements. 
The distributious presented in fig. :J show the delay time of all particles in the shower 
front from the' earliest particle arriving for three core dist.a.nee interva.ls. To avoid ta.ii 
effects dist.rib11l:io11s are fitt<:'d b:-· a l'-functio11 a.ccording the rela.t.ioll: 

d( t) = (( t. 1' <-'-ct (I) 

Tlw cmve fit is show11 superimposed 011 t.he distributions. The a.greeuw1JI lwtW<"<··11 1 lw 
fit a11d t:lw dist.ribut.ious is lwtt.<~r t ha11 I 0-·1. Fig. ·'1 shows how arrival tiuw dist.rilrnt.io11s 
cha11g<' with t.]w core' dist.a.nee i11 the range 0 - 1.10 rn. The shape of t.lw sl1own fro1JI is 
clearl» visible. 
Tlw Clll'\'f' [it jH'l'lllil.s t.o f'Valua.t.f' t.lw fro11t. t.hick1wss rtS a fu11ct iou or t.lw ('())'(' disl.f.11\C<:'. 
Fig .. i shows t.11<' a of dist.ribut.io11s for cor<' dist.a.nee i11t:erva.ls of 10 111 fro111 0 t.o I!)() 111. 
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This a(r) dependt'lle<' can lw approximated by : 

a(r) = m1 + m2 ('~) m' 
to 

(2) 

where r =core distance, r0 = 79 m (Molier radius), ·m 1 = 4.99, 111 2 = :~.ti,->. 111:1 = 2.20. 
This figure shows I hat the front disk has a thick11ess of 5 ns in t.lw cur<' and 21 us <tt 
1.50 Ill. 

The thickness depende11ce from the particle multiplicity has also been investigated. 
Fig. 6 shows a measured for various multiplicity intervals, compared with the previmfs 
curve for all multiplicities. No significant difference can be seen. 

4. Conclusions 

The front thickness of EAS detected b,v the GREX array has bee11 lll<c'<1sured with a 

large statistics in the rauge from 0 to 150 111 of the con' distance. A a ninging from 5 ns 
in the core up to 2J ns at 150 m has been measured. Precise measure11H-'11ts of the shower 
front para.meters at small core distances were made foi· the first time. \o correlation 
between a and particle density has been observed. Arrival time distributions a.re m 

good agreement with a r function in this core distance interval. 
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Fig. 2 - Layout of PLASTEX telescopes covered by RPCs. 
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Fig. 4 - Arrival time distributions of particles in 
the shower front at different core 
distances. The superimposed curve gives the 
average arrival time. Plot entries are 
reported on the top of the graph. Each 
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value. 
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