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P a rt 1 1 o f th e a rtic le d isc u sse d th e d isc o v e ry a n d

o b se rv e d p ro p e rtie s o f c o sm ic ra y p a rtic le s. T h e -

se e n e rg e tic p a rtic le s a re p ro d u c e d d u rin g v io le n t

a stro n o m ic a l e v e n ts. W e d isc u ss p o ssib le so u rc e s

o f c o sm ic ra y s d e te c te d o n E a rth in th is a rtic le .

S u p e rn o v a e e x p lo sio n s o f d y in g sta rs a re b e lie v e d

to p ro d u c e c o sm ic ra y s w ith lo w e n e rg y . T h e d e -

te c tio n o f u ltra -h ig h e n e rg y c o sm ic ra y s is h o w -

e v e r d i± c u lt to e x p la in . O n o n e h a n d , th e y m u st

o rig in a te o u tsid e o u r G a la x y a n d o n th e o th e r,

th e c o sm ic m ic ro w a v e b a ck g ro u n d ra d ia tio n p e r-

v a d in g th e u n iv e rse m a k e s it d i± c u lt fo r th e m to

tra v e l la rg e d ista n c e s in in te rg a la c tic sp a c e . S o ,

th e y m u st b e p ro d u c e d in th e n e ig h b o u rh o o d o f

o u r G a la x y , b u t a re th e re e n o u g h e n e rg e tic p h e -

n o m e n a ta k in g p la c e in th is re g io n o f th e u n i-

v e rse ?

1 . W h e re a re C o sm ic R a y s P ro d u c e d ?

It w as su gg ested in 1 96 0 b y B ern a rd P eters of T ata In sti-
tu te o f F u n d a m en tal R esearch , M u m b ai, th at low en ergy
cosm ic ray s origin ate in ou r G alax y. O n e p ossib le so u rce
is a cata cly sm ic even t th a t d estroy s m a ssive sta rs. T h ey

are called s̀u p ern ova ' a n d th ese ex p losion s ca n b e v ery
en erg etic. S h o ck w av es em an a tin g from th ese ex p losio n s
in itially h it th e su rro u n d in g gas w ith a sp eed ex ceed in g
10 7 m /s b efo re slow in g d ow n a fter » 1 0 4 years. O n e
can ask if th ere is en o u gh en ergy in th ese sh o ck w aves

to a ccou n t fo r th e to tal en erg y b u d get of cosm ic ray s.
W h en on e ad d s u p th e tota l en ergy d en sity fro m th e d e-
tected ° u x es o f cosm ic ray s at d i® eren t en erg y ran g es,
on e estim ates a to tal en ergy ° u x of » 3 £ 10¡8 W att p er
sq u are m eter. T h e to ta l k in etic en erg y in a su p ern ova
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Observations

support the idea

that cosmic rays

detected on Earth

are produced in

energetic

phenomena like

supernovae.

sh o ck w ave is » 10 4 4 J , an d from th e estim ated rate of
su p ern ova in o u r n eigh b o u rh o o d o f th e G a lax y (ab ou t
on e p er cen tu ry ), th e to tal p ow er d ep o sited b y su p er-

n ovae is » 2 £ 1 0¡7 W att p er sq u are m eter. In oth er
w ord s, su p ern ovae n eed to u se » 15 % o f th eir to tal k i-
n etic en ergy in to a cceleratin g cosm ic ray s to accou n t for
th e en ergy b u d g et o f co sm ic ray s in o u r G alax y. T h is
is q u ite feasib le in th e fram ew o rk of sh o ck w ave accel-

eratio n o f p a rticles th at w e d iscu ssed in P art 1 o f th is
series.

T h ese are n ot ju st th eoretical estim ates a n y lon g er. T h e-
re are n ow h ard ev id en ces fo r p article a cceleration in su -

p ern ova sh o ck w aves th at h ave b een o b tain ed w ith m o d -
ern X -ray telesco p es. T h ese telesco p es h ave n ow d etect-
ed em ission of X -ray s from h igh ly accelera ted p articles
on th e rim of su p ern ova rem n an ts. A n ex am p le is a
rem n a n t o f a su p ern ova n a m ed S N 100 6 sin ce it w as su r-

m ised from o b servation s th a t th e ex p losion to o k p la ce
in y ea r 1 00 6, a n d it m atch ed w ith th e C h in ese record
of ° a rin g of a star. T h ese ob serva tio n s su p p ort th e id ea
th at co sm ic ray s d etected on E arth are p ro d u ced in en er-
getic p h en om en a lik e su p ern ovae. B u t th eoretical calcu -

la tio n s sh ow th a t su p ern ovae a re n ot en ergetic en o u gh to
accelerate p articles to en ergies ¸ 1 0 1 6 eV . C o sm ic ray s
m ore en erg etic th an th ese m u st b e p ro d u ced elsew h ere.

A s d iscu ssed in P art 1 , th e sp ectru m of cosm ic ray s ac-

celera ted in sh o ck w aves d ep en d on th e fractio n al en ergy
ga in (/ 1 = ta ) an d fra ction al lo ss of p a rticles p er collision
(/ 1 = te). It tu rn s ou t th a t th e ra tio o f th ese fra ction s is
clo se to u n ity fo r sh o ck w av es, an d so on e ex p ects a cos-
m ic ray sp ectru m close to E ¡ 2 . T h e ob served co sm ic ray
sp ectru m (E ¡2 :7 ) is som ew h at steep er th a n th is, a s so m e
cosm ic ray s are th ou gh t to lea k o u t of th e G ala x y w ith
h igh er en ergy p articles lea k in g o u t fa ster th a n low er en -
ergy p a rticles. S o , th e n u m b er of h ig h en ergy co sm ic
ray s is ren d ered sm aller th a n ex p ected from su p ern ovae

sh o ck a cceleration .
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Figure 1. The supernova

remnant SN 1006 as seen

in X-rays by Chandra tele-

scope.Thecoloursarearti-

ficial (coded according to

energy of X-ray photons).

The ‘blue’ glow around the

rim isbelieved toarise from

cosmic ray particles accel-

erated by the supernova

shockwave. The region in-

side the shock wave also

shines in X-rays, but its

spectrum is different from

that of the X-rays from the

‘blue’ region.Theobserved

spectrum of the ‘blue’ re-

gion shows that these X-

rays are produced by ener-

getic particles gyrating

around compressed mag-

netic field lines, just as ex-

pected in the models of

acceleration of particles in

shockwaves.

(Courtesy: NASA)

T h e leaka ge o f cosm ic ray s tak es p lace o n acco u n t o f th e
m agn etic ¯ eld of ou r G alax y. C h a rged p a rticles gen er-
ally sp iral arou n d m ag n etic ¯ eld lin es, w ith th e sp iralin g

rad iu s (ca lled th e g̀ y ro ra d iu s') b ein g larg er for m ore
en erg etic p articles. F o r ex a m p le, th e ty p ica l stren g th of
m agn etic ¯ eld in ou r G a lax y is a few m icro G a u ss (com -
p ared to a b o u t a G a u ss o n th e E arth ). F or th is stren gth ,
a 1 0 9 eV p ro ton w ill gy ra te a rou n d th e m ag n etic ¯ eld

lin es very tig h tly (g y ro ra d iu s » 3 £ 1 0 1 0 m ), w h erea s a
10 2 0 eV p roto n w ill essen tially trav el stra ig h t (gy ro ra -
d iu s » 3 0;00 0 lig h t y ea rs). (A s a m a tter o f fa ct, th is w a s
th e b asis of th e B ern ard P eters' h y p oth esis m en tion ed
earlier th at low en erg y cosm ic ray s a re p ro d u ced in sid e
ou r G alax y.)

2 . U ltra -H ig h E n e rg y C o sm ic R a y s

T h is estim a te sh ow s th a t th e u ltra -h igh en ergy co sm ic
ray s can n o t origin ate in ou r G a la x y a n d m u st co m e
from elsew h ere. T h e m a gn etic ¯ eld in ou r G alax y is
n ot stro n g en ou g h to h o ld th em w ith in ou r G ala x y, so
th ey w ou ld easily esca p e if th ey a re p ro d u ced in sid e th e

M ilk y W ay. E n ergy of th ese p articles are com p ara b le to
b rick s fallin g from a tab le, or th at o f a ten n is b all b e-
in g h u rled at g rea t sp eed , b u t p acked in to a su b a tom ic
p article!
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Universe is pervaded

by an electromagnetic

radiation field, which

is supposed to be a

relic from the early,

hot phase of the

universe.

T h e en ergy sp ectru m o f co sm ic ray s to o sh ow som e d if-
feren ces b elow a n d a b ove a critica l en ergy o f » 6 £ 10 1 9
eV . T h is su g gests th a t p articles ab ove th is en ergy lev el

con stitu te a d i® eren t gro u p o f p a rticles th a n th o se p ro -
d u ced b y th e u su a l sou rces of ou r G alax y th at w e h ave
d iscu ssed in th e ¯ rst p art of th e a rticle. S o, th ey m u st
b e p ro d u ced ou tsid e th e g alax y.

C a n th ey b e p ro d u ced v ery far fro m ou r G a la x y an d still
reach u s? F irstly, th e in terga la ctic m ag n etic ¯ eld { al-
th ou g h very sm all, w ith B » 10¡9 G au ss { w ill ch a n ge
th e d irection of its tra jecto ry to so m e ex ten t, giv en th e
la rge d ista n ces in v olved in th e in terga la ctic jou rn ey of a

p article. S o, th e d irection of a rriva l of a n u ltra-h igh en -
ergy co sm ic ray m ay n ot really p oin t tow a rd s its region
of o rigin . If it w ere n o t so, on e w ou ld h av e lo oked for in
th at d irection fo r so m e ex tra ord in ary o b ject ca p ab le of
acceleratin g p a rticles to v ery h igh en ergy.

S eco n d ly, alth ou g h ga s in h ab itin g th e in terg ala ctic sp a ce
is very ten u ou s { w ith d en sities as rid icu lou sly low a s
» 1 0¡ 1 3 p er cu b ic m etre { it d o es co n tain a ¯ eld of ra -
d iatio n . W e k n ow th at th e w h ole u n iverse is p ervad ed
b y a n electrom agn etic ra d ia tio n ¯ eld , w h ich is su p p osed
to b e a relic from th e ea rly, h ot p h ase of th e u n iv erse.
T h is is called th e cosm ic m icrow av e b a ck grou n d ra d ia -
tio n (C M B R ).

3 . C o sm ic M ic ro w a v e B a ck g ro u n d R a d ia tio n

W h en th e u n iv erse w a s you n g , sm all, h ot an d d en se,

m atter in it w a s in th erm a l eq u ilib riu m w ith rad iation .
W e k n ow fro m th erm o d y n a m ics th a t in su ch a ca se,
w h en m a tter a n d rad iation in teract stron g ly an d k eep
on e an o th er in eq u ilib riu m { a s m u ch ra d ia tio n is a b -
so rb ed b y m atter as is em itted b y th em an d th e ra d ia -

tio n acq u ires so m e sp ecia l ch a racteristics. T h is is called
a b lack b o d y rad iation a n d it h a s a sp ectru m th at is w ell
stu d ied , called th e P la n ck ia n sp ectru m . T h e sp ectru m
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p eak s a t a certain w avelen gth w h ich is d eterm in ed o n ly
b y th e tem p eratu re o f m atter th at th e rad iation is in
eq u ilib riu m w ith . T h e sp ectru m d rop s at b oth low er

an d h ig h er w av elen gth s. F or ex am p le, th e p eak w ave-
len g th fo r a tem p era tu re o f » 5 ;00 0 K is » 6 00 n m
(n an o m eter) a n d fo r T » 1 0 K , it is » 3 £ 10 5 n m , or
» 0 :3 m m .
A s th e u n iv erse ex p an d ed an d co oled , th is rad iation
h as a lso co oled d ow n to a p resen t d ay tem p eratu re of
» 2:7 K , an d th e rad iation n ow p eak s a t a w av elen gth
in th e m icrow ave region . T h is is w h y it is called co sm ic
m icrow ave ra d ia tio n . T h e m ean en erg y o f th e p h oto n s

is » 7 £ 10¡4 eV (1 eV = 1 :6 £ 10¡ 1 9 J ) an d th e n u m b er
of th e b ack g rou n d ra d ia tio n p h oto n s is » 3 :7 £ 1 0 8 p er
cu b ic m etre. It is th ese p h oton s th at p ose a p ro b lem for
u ltra -h igh en erg y cosm ic ray s w h ile trav ellin g th rou gh
th e u n iverse [1 ].

4 . G re ise n { Z a tse p in { K u z m in (G Z K ) L im it

W h en a v ery h ig h en ergy n u cleon collid es w ith a m i-

crow av e p h oto n in th e u n iverse, th ere is a p rob ab ility
th at th e in teractio n w ill sp lit th e n u cleon in to sm aller
p articles, like p io n s. T h e freq u en cy of su ch in teractio n s
for a certain cosm ic ray p article w ou ld b e d eterm in ed b y
th e p rob a b ility of in tera ction w ith m icrow ave p h o ton s.

G iven th e a b ov e m en tio n ed n u m b er d en sity of C M B R
p h oto n s, a n d w ith th e k n ow led g e o f th e p rob a b ility of
th e in teraction s, on e ¯ n d s th at an u ltra -h ig h en erg y cos-
m ic ray p a rticle sh ou ld h av e a co llision of th is ty p e ev ery
few m illion ligh t y ea rs. A con servative estim ate w ou ld

b e to say th at an u ltra-h ig h en ergy cosm ic ray w ou ld
n ot b e ab le to travel fu rth er th a n a d istan ce o f » 15 0
m illion lig h t years in th e in terg alactic sp a ce b eca u se of
th e ob stacle of C M B R p h o ton s. It is as if th ey h ave
to w ad e th rou gh a th ick ° u id of p h o to n s an d so on lose

th eir en erg y. T h is th eoretical lim it w a s ca lcu lated b y
K en n eth G reisen , G eo rge Z atsep in an d V a d im K u zm in



49RESONANCE November 2007

GENERAL ARTICLE

The GZK limit

essentially puts a

bound on the

possible distance

at which the ultra-

high energy

cosmic rays that

are detected on

earth can

originate.

in 19 66 an d is k n ow n as th e G Z K lim it.

T h e resu lt o f rap id en ergy lo ss fo r p ro ton s (an d oth er
n u clei) is th at th ey a re n ot allow ed to travel b eyo n d a
certa in d istan ce. C on sid er a p roto n w ith en ergy E th at
lo ses an am ou n t of en erg y ¢ E in a n in tera ction w ith
a b a ck grou n d p h oto n . S u p p ose th e n u m b er d en sity of
p h oto n s is n , an d th e in teractio n cro ss-section is ¾ . T h en

th e p ro ton w ill n ot b e ab le to go m u ch b ey on d a len gth ,

L G Z K »
E

¢ E

1

n ¾
:

F or ex am p le, if ¢ E » E , a n d n » 4 00 p er cm ¡ 3 a n d
¾ » 2 £ 10¡2 8 cm 2 , w e g et L G Z K » 1 00 m illio n ligh t
years. T y p ically ¢ E . E , an d w e get L G Z K 1 50 m illion
ligh t y ea rs fro m m ore d etailed ca lcu latio n s.

T h e G Z K lim it essen tially p u ts a b ou n d o n th e p o ssib le
d istan ce at w h ich th e u ltra-h ig h en ergy cosm ic ray s th at
are d etected on ea rth can o rigin ate. C learly, on e n eed s
to lo ok fo r p ossib le sou rces o f th ese p a rticles w ith in a

d istan ce o f » 15 0 m illio n ligh t y ea rs. W h a t sh ou ld th e
ch a racteristics of th ese sou rces b e?

5 . S o u rc e s o f H ig h E n e rg y C o sm ic R a y s

W h en p a rticles get accelerated b y scatterin g o ® m ag -
n etic irregu larities b eh in d sh o ck w aves, it can b e sh ow n
th at th e m a x im u m en ergy atta in ed b y p a rticles is sim i-
la r to th e ca se of ch a rged p a rticles ga in in g en erg y acro ss

a p oten tial gap . If a m a gn etic ¯ eld o f stren g th B m oves
w ith sp eed v th ro u gh con d u ctin g m atter, th en
from L en z's law w e ca n estim ate th e electric ¯ eld gen -
erated b y electro m a gn etic in d u ction a s E » v B . O ver
a len g th scale R , th is p ro d u ces an electrom otive fo rce
» E R » v R B . A n d a ch a rged p article (w ith ch arge q)
can th en a ttain a m a x im u m en ergy » qv R B . S o, w e see
th at it h elp s to h av e a la rge m ag n etic ¯ eld , an d a large
regio n , to accelera te p a rticles to very h ig h en ergies (v
is of co u rse lim ited b y th e sp eed of lig h t). T h e so u rce
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Figure 2. Cygnus-A is a ra-

dio galaxy, here imaged

withradiowavesof of20cm

wavelength. Two jets of

highly energetic particles

comeout of the central gal-

axy and produce a region

ofstrongmagneticfieldand

accelerated particleswhen

they interact with the inter-

galactic gas.

(Courtesy: National Radio As-

tronomical Observatory, USA)

of u ltra -h igh en erg y cosm ic ray s m u st th erefore b e large
an d w ith stron g m ag n etic ¯ eld s.

T h ere are som e g alax ies in th e u n iv erse w h ich p ro d u ce
en orm ou s jets o f en ergetic p a rticles, w h ich are sp ew ed
ou t of th e g alax y in to th e in terga la ctic sp ace. W h en
th ey h it th e in tergalactic ga s, th ey create a n en o rm o u s
sh o ck w ave en com p assin g a larg e region . T h ese are called

rad io g ala x ies, sin ce th e h igh en ergy p articles gy rate
aro u n d th e com p ressed m agn etic ¯ eld in th e sh o cked
regio n s, a n d em it p h oton s of rad io w av elen gth s. R ad io
astro n om ers h av e d iscov ered m an y su ch rad io galax ies,
an d th e total p ow er o u tp u t o f th ese galax ies is often a s

la rge a s » 10 3 9 W att!
T h e m a gn etic ¯ eld in th e com p ressed reg io n (ca lled th e
h̀ otsp ot') is often o f th e o rd er » 10 n T (n an o T esla)

an d th e size of th e region is la rger th an 10 4 lig h t y ea rs
(» 3 £ 10 2 0 m ). S o, on e g ets a m ax im u m en erg y of
p roto n s o f o rd er 100 J (» 6 £ 10 2 0 eV ). T h is is w h a t on e
w ou ld lik e to ach ieve to b e ab le to ex p lain th e o ccu rren ce
of u ltra -h igh en ergy co sm ic ray s. T h e q u estion is { are

th ere so m e as p ow erfu l g ala x ies in ou r n eig h b ou rh o o d
w ith in ab o u t 1 50 m illio n lig h t years of ou r G alax y.

T h ere are in d eed a few p ow erfu l en tities, like a ga la x y
n am ed M 8 7 th a t resid es in V irgo clu ster of ga lax ies. (It

ap p eared to M essier as a h a zy o b ject in a ca talo gu e h e
p ro d u ced n ot to b e m istak en for com ets, an d it w as th e
87 th en try in h is ca talogu e.) T h is clu ster of galax ies is

There are some

galaxies in the

universe which

produce enormous

jets of energetic

particles, which are

spewed out of the

galaxy into the

intergalactic space.
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Figure 3. The galaxyM87 in

virgo cluster of galaxies is

at a distance ~50 million

light years from us, and

throwsout jets ofenergetic

particles.

(Courtesy: NASA)

ab ou t 6 0 m illio n ligh t y ears fro m M ilk y W ay, a n d th is
ga la x y in p articu lar sh ow s p ow erfu l jet co m in g ou t of
it. B u t ca n on e b e rea lly certa in th at th is is at lea st

on e of th e so u rces of u ltra -h igh en erg y cosm ic ray s th at
b o m b a rd ou r E arth fro m tim e to tim e?

It is also p o ssib le th a t w h en clu sters o f ga lax ies collid e,
th e resu ltin g sh o ck w ave th ro u gh th e gas an d th e com -

p ressed m agn etic ¯ eld m ay p ro d u ce som e of th ese u ltra -
h igh en ergy cosm ic ray s. O b servers h av e d etected su ch
collisio n s of g alax y clu sters (ea ch con tain in g h u n d red s
to a th ou san d galax ies, am ou n tin g to a larg e am ou n t of
h ot gas an d m agn etic ¯ eld ) in v isib le w avelen g th s a n d

in X -ray s. B u t if th ese co llisio n s w ere to give rise to
u ltra -h igh en ergy cosm ic ray s, th ey w ou ld n eed to take
p lace w ith in » 15 0 m illio n ligh t y ea rs from u s.

6 . O th e r P o ssib ilitie s

T h ere is yet a n oth er p ossib ility th at p h y sicists h ave co n -
sid ered w ith reg ard s to th e o rig in of u ltra-h igh en ergy
cosm ic ray s. In stea d of acceleratin g slow p articles to

h igh en ergies d u rin g som e en erg etic even t, is it p o ssi-
b le th at th ere a re so u rces of ex trem ely h igh en ergetic
p articles, w h ich h ave a m u ch la rger en ergy th a n th at
of cosm ic ray s, th ose th a t d ecay d ow n slow ly to low er
en erg ies an d sh ow u p as co sm ic ray s? In o th er w ord s,

Instead of

accelerating slow

particles to high

energies during

some energetic

event, is it possible

that there are

sources of extremely

high energetic

particles, which have

a much larger

energy than that of

cosmic rays, those

that decay down

slowly to lower

energies and show

up as cosmic rays?
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The early universe

was hot, and when

it expanded and

cooled, it may

have gone through

some ‘phase

transition’ just as

one finds in water

cooling to form ice.

are u ltra-h igh en erg y co sm ic ray s d ecay p ro d u cts of still
h igh er en erg etic p articles?

A t ¯ rst sig h t, th e p rop o sal m igh t ap p ea r in cred ib le, b u t
th ere a re reason s to b elieve th at ex trem ely h igh en er-
getic p articles a re crea ted from tim e to tim e in ou r u n i-
verse, a t p la ces th a t co n tain w h at is called a t̀o p olog -
ica l d efect'. T h e early u n iv erse w a s h ot, an d w h en it

ex p a n d ed an d co o led , it m ay h ave go n e th rou g h so m e
p̀ h ase tran sitio n ' ju st a s on e ¯ n d s in w ater co olin g to
form ice. T h e state a fter th e p h a se tran sitio n m ay n ot
b e very u n iform h ow ev er, an d on e m ay en d u p w ith lo ca -
tio n s (or su rfa ces) w h ich a re a t a d i® eren t state th an th e

su rro u n d in g s. T h ese are called d efects an d th ey m ay b e
h igh ly en erg etic. T h ey essen tially co n ta in th e orig in al,
en erg etic state o f m atter in th e ea rly u n iv erse. T h ese
en erg etic en tities m ay th en p ro d u ce p articles w ith low er
en erg ies, an d som e of th em m ay d ecay d ow n to th e ty p i-

cal en ergies com p ara b le to th a t of u ltra-h ig h en erg y cos-
m ic ray s.

P h y sicists h ave stu d ied th is p o ssib ility in so m e d etail

an d even estim ated th e en ergy sp ectru m of p articles em -
an a tin g from th ese d efects. B u t it is n o t clear h ow ab u n -
d an t su ch h y p o th etica l d efects are in th e u n iv erse, sin ce
th ey can n o t b e ob served or d etected easily. It is th ere-
fore d i± cu lt to co m p a re th e p red ictio n s w ith d etected
n u m b ers of cosm ic ray s.

T h e p u zzle p o sed b y u ltra-h igh en erg y cosm ic ray s is
d i± cu lt to so lve as th e sta tistics o f su ch en ergetic p arti-
cles is v ery lim ited . A t th ese en ergies, th e p articles are

so ra re th a t on e of th em strikes in ab ou t a cen tu ry in an
area of a sq u are k ilom etre! T o g ath er d a ta fo r a large
n u m b er of su ch en ergetic p a rticles, o n e req u ires an array
of d etectors sp rea d ov er a h u ge a rea .

7 . F u tu re S tu d ie s

A n ew d etector sy stem is n ow b ein g b u ilt sp ecī ca lly for
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Figure 4. A water tank de-

tector in the Pierre Auger

observatory in Argentina.

(Courtesy:http://www.auger.org)
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th is p u rp o se in th e S o u th ern h em isp h ere. A g rid of d e-
tecto rs coverin g an a rea of 3 ,0 00 sq u are k ilom eters a n d
w ith d etectors sp a ced 1.5 k m ap a rt in a trian gu lar p a t-

tern is u n d er co n stru ctio n in th e vast p rairie region of
w est A rg en tin a. It h a s b een n a m ed P ierre A u ger C os-
m ic R ay O b servato ry, after th e F ren ch p h y sicist P ierre
A u ger w h o, am on g o th er th in gs, d iscovered a ir sh ow ers
crea ted b y co sm ic ray s. It w ill con sist of d i® eren t ty p es

of d etectors, for tracin g th e u ltrav iolet glow em itted b y
p articles zo o m in g th ro u gh a ir, to d etect th em on gro u n d
an d also b y th eir in teractio n w ith w ater. T h e last ty p e
of d etectors w ill con sist of 1,60 0 w a ter tan k s, ea ch co n -
tain in g 1 2,00 0 litres of w a ter, com p letely d ark in sid e,
1.5 k m ap a rt. W h en cosm ic ray p articles p ass th rou gh

th em , th ey w ill em it a rad iation w h ich w ill b e d etected
b y sen sitive in stru m en ts arou n d th e w ater ta n k .

T h is o b servatory is b ein g b u ilt b y p h y sicists from ab ou t

15 cou n tries, an d it h a s b eg u n to d etect cosm ic ray s.
O n e h o p es th at w ith its la rg e a rea coverag e, it w ill so on
ga th er en ou g h statistics to co n fron t th e rivalin g h y p o th e-
ses fo r th e origin of u ltra -h ig h en ergy cosm ic ray s.

T h e m o st p u zzlin g asp ect of cosm ic ray s is th at th ere
d o es n ot ap p ea r to b e a n y n a tu ral en d or lim it to th e
en erg y of co sm ic ray s. E n erg etic p h en om en a in n atu re
u su a lly h ave a ch ara cteristic lim it u p to w h ich th ey can
en erg ize m atter, b u t cosm ic ray s seem to carry en ergy

w ith ou t a n y ap p aren t lim it. E x trem ely en erg etic co sm ic
ray s are rare in n u m b ers, b u t th ey d o ex ist, an d th erefore
p o se a ch allen g e to p h y sicists to ex p la in th eir origin .
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