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THE ROLAND MAZE PROJECT�J. Gawina, I. Kurpa, K. J�drzej
zaka, P. Plu
i«skiaB. Szabelskaa, J. Szabelskia, and T. Wibiga;baThe A. Soªtan Institute for Nu
lear Studies90�950 �ód¹ 1, Box 447, PolandbExperimental Physi
s Department, University of �ód¹Pomorska 149/153, 90-236 �ód¹, Poland(Re
eived De
ember 17, 2001)A
tually planned and entering �rst stages of realisation in US proje
tsjoining experimental studies in the area of very high energy physi
s and
osmi
 ray physi
s with the broad edu
ational program dire
ted to highs
hool students inspired us to analyse possibilities of realisation of similarproje
t in Polish 
onditions.PACS numbers: 98.70.Sa, 95.85.Ry, 95.55.Vj1. The Maze Proje
tRoland Maze was a 
o-dis
overer of Extensive Air Showers of 
osmi
rays. The array built by him on the roof of È
ole Normale Supérieure inParis made possible the observation of simultaneous registrations of highenergy parti
les in two dete
tors separated by � 30 m. His name has beenpla
ed together with the name of Pierre Auger in the headers of the �rstpapers of 1938 [1℄ reporting about the dis
overy.In early �fties, when the 
osmi
 ray laboratory in Lodz was being formed,Roland Maze 
losely 
ollaborated with Polish physi
ists. It is not easy toestimate nowadays his role in 
reation of the Lodz group and its �rst s
ienti�
a
hievements. He was together with Aleksander Zawadzki, Juliusz Hibner,Jerzy Gawin and Jerzy Wdow
zyk (among others) the 
o-author of manypapers, whi
h established the position of Lodz among distinguished 
entresof high energy physi
s in the world.Comparing the s
ale and goals of presented proje
t with those of theinternational and over 100 mln $ Auger Proje
t, it seems justi�ed to 
all ourenterprise the Roland Maze Proje
t, as a tribute to this great s
ientist.� Presented at the XXVII Mazurian Lakes S
hool of Physi
s, Krzy»e, Poland,September 2�9, 2001. (349)
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al motivationCosmi
 ray studies are re
ently intensively developed, espe
ially in theregion of the upper limit of energy spe
trum (see Fig. 1.), where severalsingle 
ases of parti
les with energies ex
eeding 1020 eV (� 50 J) have beenobserved. Su
h energies are 100 mln times higher than those whi
h 
anbe studied in laboratory experiments and most probably higher than thosethat 
an ever be a
hieved in experiments built by human hand. Apartfrom the obvious, but extremely 
ompound, problem what is going on withmatter during 
ollisions with su
h enormous energy release, the questionwhat astrophysi
al me
hanisms are at all able to produ
e parti
les withsu
h energies is also very intriguing. If we add to this that the nature ofthese parti
les is also unknown (they 
an be protons, 
ompound atomi
nu
lei, gamma quanta, neutrinos or even yet undis
overed new parti
lespredi
ted by theories beyond the so 
alled Standard Model), it should not besurprising that to �nd answers to at least some of these questions, just now,the large ground level arrays are being built (Auger Observatory [2℄) andquantitatively 
ompletely new satellite experiments (OWL, Spa
e Wat
h,EUSO [3℄) of budgets rea
hing hundreds of mln $ are being planned.

Fig. 1. Cosmi
 ray energy spe
trum.
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t 3511.2. Important te
hni
al problemsThe main di�
ulty is due to the fa
t that the �ux of parti
les with en-ergies above 1020 eV is of the order of 1 parti
le per square km per 
entury(or even lower), so the dete
tor area has to be su�
iently large to obtainrequired result in reasonable time. The biggest a
tually working experimentAGASA [4℄ 
onsists of parti
le 
ounters spread over an area of 100 km2.During � 20 years of work it has registered 17 su
h events [5℄. In the pro-je
ted Auger experiment 1600 dete
tors will be spread over 10 times biggerarea. The main goal of su
h experiments is to determine (or rather estimate)in ea
h registered event the energy of the parti
le whi
h has initiated in theatmosphere a phenomenon 
alled an extensive air shower, i.e. the 
as
adeof parti
les (mainly photons, ele
trons and muons) with lateral size at theobservation level measured in kilometers. Su
h estimation is performed bas-ing on measurement of parti
le density in a shower in a few points separatedby several hundreds meters (1.5 km in the Auger experiment). Moreover,measuring the times of shower arrival to di�erent dete
tion points one 
andetermine the dire
tion on the 
elestial sphere from whi
h the primary par-ti
le has 
ome.The single dete
tor is essentially a very simple devi
e. It usually 
onsistsof a few s
intillation (or Cherenkov) 
ounters 
onne
ted to the ele
troni
 sys-tem with a simple 
oin
iden
e trigger and 
onverters of time and amplitudeof signals to digital 
odes. The essen
e of large area experiments is a methodof syn
hronization and 
ommuni
ation between dete
tors and a system of
olle
ting and storing the data. A non-trivial problem is also maintainingstable and reliable performan
e of the system (servi
e) and providing powersupply to the dete
tors separated in total by tens of kilometers.2. Con
ept of the Maze Proje
tIn the proposed experiment the dete
tion points would be pla
ed in thebuildings of Lodz high s
hools. Their net is dense enough (see Fig. 2) tomake possible the observation of parti
les starting from energies of 1018 eV,for whi
h expe
ted frequen
y of interesting registrations is mu
h greater(several thousands times) than for the 
ases from the narrow region above1020 eV. So, one 
an expe
t �rst interesting experimental results already inthe preliminary stage of realisation of the proje
t with a small number of de-te
tion points. While the large experiments are dedi
ated ex
lusively to bigs
ien
e, in our Proje
t ea
h station (s
hool) would 
onstitute autonomousair shower array. Small, but developed enough to provide results whi
h 
ouldthemselves serve as the material to interesting studies related to 
osmi
 rayphysi
s and to independent developing of data analysis methods.
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Fig. 2. Map of high s
hools in the Lodz region.For available spa
ing between dete
tors in a station (of the order of� 10 m) the 
han
e of observing highest energy showers in one separatestation is very small, but a spe
ial trigger system may provide full e�
ien
yof registration of showers with energies � 1015 eV falling on the dete
tionarea (100 m2). For a spe
i�
 realisation (dis
rimination levels) one 
an ob-tain sensible frequen
y of events 
ounted in 1 min�1. To make possible theindependent observations in a separate station (high s
hool) ea
h of themshould be equipped with 4 s
intillation 
ounters of area � 1 m2. The ele
-troni
 system should enable us to measure the relative times with a

ura
y of� 5 ns (that would give angular resolution of � 5Æ) and to measure the sig-nal amplitudes from all the dete
tors. The system of 
onverters and masterelaboration would be 
onne
ted to a PC-
lass 
omputer, on whi
h prelimi-nary data analysis and storing would be performed. The s
heme of a singledete
tion station is shown in Fig. 3.
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Fig. 3. The s
hemati
 view of the single Maze Proje
t station.



The Roland Maze Proje
t 353To make possible the 
oordination of work of all the stations, whi
h isthe essen
e of des
ribed Proje
t, the GPS system seems at the moment tobe the best for time syn
hronization. In the standard version GPS providesabsolute time with su�
ient a

ura
y (� 300 ns) to syn
hronize events in dif-ferent stations. It seems reasonable to in
rease a

ura
y to several nanose
-onds to make possible the additional determination of parti
le dire
tion in
ases of simultaneous registrations in several stations that are expe
ted forthe highest energy showers, studies of whi
h are the main s
ienti�
 goal ofthis Proje
t.Communi
ation between stations would be realised via Internet (Fig. 4).Permanent 
onne
tion to the net is not demanded, as the data stored in
omputer memory 
an be sent to the 
entral server only on
e per sometime. The server would put the data in order, store and ar
hivise them, andmake a

essible for ea
h group on demand. In this way ea
h group takingpart in the realisation of the Proje
t would be able to independently analysethe whole gathered data and perform its own original studies.
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Fig. 4. The idea of the Maze Proje
t network.The �rst stage of the Proje
t realisation would be devoted to detaileddesign of dete
tors and the basi
 software for the station. In the same time,a series of le
tures in high s
hools will be organized to introdu
e studentsand tea
hers to the area of high energy physi
s, astrophysi
s and 
osmi
 rayphysi
s, and also to demonstrate assumptions and 
apabilities of the MazeProje
t. In the 
ourse of the works on prototype stations and software theseminars devoted to parti
ular solutions would be organized for tea
hers andstudents.



354 J. Gawin et al.In the initial phase 2�4 prototype stations would be built and su

es-sively started. After several months of work (
ounting also ne
essary tests)the system should be su�
ient to 
on�rm the realised 
on
ept by showingphysi
al registrations of very high energy showers, and 
orre
t and stablework of the whole system.In the proposed version of the Maze Proje
t the dete
tion stations wouldbe separated by distan
e from half to two kilometers. Larger separationwould 
ause that a station would never (?) in pra
ti
e register an eventin 
oin
iden
e with any other, so it 
ould realise only self-su�
ient tasks,severely narrowing the sense of the whole enterprise. However, it is possibleto formulate a serious resear
h problem (from 
osmi
 ray physi
s area) alsofor distant dete
tion points. Quite re
ently reports about simultaneous reg-istrations of extensive air showers in arrays separated by even hundreds ofkilometers have appeared in the world literature ([6℄). The idea explainingsu
h phenomenon has been put forward by Gerasimova and Zatsepin [7℄ al-ready a long time ago. It is assumed that the showers have been initiatedby the fragments of atomi
 nu
leus produ
ed far above the Earth atmo-sphere, whi
h managed to separate. Experimental studies are being 
arriedout a
tually to deny or 
on�rm earlier reports.It is evident that there are no prin
ipal obsta
les to enlarge the a
tivityin the frame of the Maze Proje
t outside the borders of Lodz and start 
on-stru
ting the dete
tion nets (a few interested s
hools in one town would besu�
ient) at big distan
es and analysing the data gathered by them fromspe
i�
 point of view. We may expe
t that similar proje
ts will start alsoin other 
ountries, for sure at �rst in US. The ex
hange of information, 
on-
epts, results and a
hievements via WWW would be undoubtedly valuable.It is not unlikely, that the global network for observation of Gerasimova�Zatsepin e�e
t 
ould bring very interesting physi
al results.Other similar proje
ts around the world are enlisted below:ALTA � University of Alberta, Canada [8℄.WALTA � University of Washington, Seattle [9℄. Up to the year 2002installing of 10�20 dete
tion points is planned.CHICOS � Calte
h, California State University, University of California,Irvine [10℄. Plans assume that 10 000 students and 300 tea
hers will beinvolved.CROP � University of Nebraska [11℄. The proje
t will engage 30 s
hools.SCROD � Northeastern University, Boston [12℄. The prototype of singledete
tor has been designed and su

essfully tested.
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t 3553. SummaryWe summarize only one aspe
t of the Maze Proje
t: the 
osmi
 rayenergy spe
trum above 1018eV, we would like to point out that the 
olle
tionarea of the Maze experiment is 
omparable to the biggest existing air showerarray AGASA. Some of our solutions (e.g., four independent dete
tors inea
h station) make our planned array even better, or at least di�erent. Theresults on energy spe
trum from our proje
t are expe
ted to be of similarquality as those of other experiments published nowadays in top physi
sjournals and should enri
h the still insu�
ient statisti
s of ultra high energy
osmi
 ray events. Additionally, the a

ess to raw data and measurementdetails gives an ex
ellent opportunity to study important physi
al problemson mu
h deeper level that it is possible now with only partially publisheddata from other groups like, e.g., AGASA. This opens a new wide areafor theoreti
al interpretation of 
osmi
 ray spe
tra and giant air showerproperties.The se
ond important aspe
t for the Maze Proje
t is its edu
ationalimpa
t whi
h 
ould be even more important than the s
ienti�
 one.The experien
e gathered for about forty years by the people in Lodzlaboratory gives the perspe
tives for the su

essful realisation of the Proje
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