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Abstract 

De tail e d  c al c ul at io n  of the flux of c o sm i c  ray 

hadro n s  in the atmosphere i s  performed under the 

ass umpt ion that the ine l astic ity c o e f f i c ient in 

hadron-air nucl eus col l i s ion remains energy inde­

pendent up to  energi e s  around 10 16 eV . 

The predicted  fluxe s agr e e  very well  with the 

observed ones when it  is as s umed that the co smic 

ray compos i t io n  remains const ant up t o  the ener­

g i e s  a few t imes 10 15 eV and that the to tal cosmic 

ray f l ux is such as deduced from ext ens ive air 

shower I EAS I observat ions . 

Lecture based on the paper • ) . 

43 



44 

1 ,  Introduc t ion 

In the present work an att empt is mad e to ver iry certain 

hypo the s i s  about pr imary part icl e mass  compo s i t ion from the 

obs ervat ion o f  the s e condary hadrons in the atmo sphere . Due to 

the fact t�at the bas ic propert i e s  of  h igh energy interac­

t i ons are now known up to the ener g i e s  exceed ing 10 14 eV the 

accurate dat a  on inte n s i t i e s  of hadrons in the atmo sphere can 

be used for eval uat ing the properties  of high energy pr imary 

c o smic  rays , In part icul ar tho se data can be used for ver ifi­

cation o f  above mentioned hyp o the s i s  conc erning the energy 

spectrum and mas s compos it ion at energies  aro und 10 15 eV , 

The important po int which should b e  str e s s e d  here is that 

the detectors used in der iv ing the energy spectra of hadrons 

in the atmosphere are in every aspect superior to the d e t ec­

tors us ed in direct obs ervat ions of the pr imary cosmic rays 

o f  comparabl e energie s . Th e ir are a  and detect ion t ime are by 

ord ers of  magnitude  b igger and the part icle  energy is d eter­

mined by cal orimetric method appl i cat ion of  wh ich pract ical l y  

i s  n o t  pos s ib l e  i n  t h e  detectors fl own in sat e l i t e s  and bal l ­

o on s . If tho s e  advantages are comb ined with moderat e l y  good 

understanding o f  co smic ray propagat ion in atmo sphere the 

obtained r e sults  could be even more rel iabl e than most of the 

d ire c t  observat ions . For inst ance the d irect obs ervat ions are 

bas e d  on thin cal orime t er s ; in tho se  cal or imet ers the e s t ima­

t i o n  o f  energy cr i ti c al l y  depends on the val ue o f  the inel a­

s t i c ity c o e f f i c i ent for 11 °  produc tion , The SPS data c l e ar l y  

s e ems to indi c ate that that c o e f f i c i ent decreases when the 

pr imary par t i c l e  energy increas e s . 

It s eems t hat even at the sam e  energi e s  the indirect meth­

o d s  are comp e t i t ive to the d ire ct  observat ions I at l east as 

a t o o l  for ver i f ication/ but due to the powerful c o l lect ion 

power tho s e  metho d s  can b e  used at much h igher energ i e s ,  

2 ,  The pr imary cosmic r ay energy spectrum and mass 

compo s i t ion at energie s  above 10 14 eV 

Direct meas urement s of the energy spectr a  o f  var i o us nuc­

l e i  have b e en per formed up to t he energ i e s  approaching 10 14  



eV. The informat ion about the spectra above that l im i t  are 

obtained by var io us ind irec t me thods . Those methods however 

g ive answers wh ich s trongl y depend on the as s umpt ions about 

proper t i e s  o f  high ene rgy hadron interac t ions . If the val idity 

o f  the F eynman scal ing i s  as sumed it  i s  obtained that the 

exper imental data can be moderat e l y  wel l  descr ibed only under 

the as sumption that the primary flux is dominat e d  by very 

heavy nuc l e i  - prac t ical l y  it  wo ul d have to  b e  pure iron . 

Detail ed anal ys i s  o f  the c o smic  r ay shower s  however showed 

that the showers in generral l o o k  very d i fferent from those  

e xpected from heavy pr imar ies . That fact l eads to  the  conclu­

s ion about s e r ious v io l ation o f  the scal ing . The conc l us ion 

has been sub s e quently conf irmed by accel erator d ata from 

proton - ant iproton c o l l ider . 'l'he que s t ion of the scal ing 

val idity at higher energies is however s t il l  open . 

In the present work , as it was stated above ,we try to d is­

cuss that que s t ion us ing the data on flux o f  high ene rgy 

hadrons in the atmosphere . The s en s i t ivity of the hadron fl ux 

to the mass  compo s i t ion ar i s e s  from the fac t that it is d ete-

rmined by the energy sp ectra of nucl eons whwer eas most of 

the obs ervat ions gives energy spec trum o f  nucl e i .  

In the anal ys is  we try t o  d i s t inguish betwe en the heavy 

dominat ed comp o s i t ion and the normal mixed c ompo s i t ion obtai­

ned by extrapol at ion from l ower energies . As the heavy domina­

t ed compo s i t ion we have taken so cal l ed Fuj i compos it ion i )  
obtained from the fre quency o f  the � - ray fam i l i e s  and l ess  

extreme Akeno spectrum 2 ' used in analys i s  of  EAS data in  

Akeno . The normal mixed compo s i t ion , terme d  " cons tant - mas s 

oomp o s i t ion CMC" , was obtained by an extrapolat ion o f  the 

d irectly measured spectra of  var i o us par t i c l e s  with a s ingl e 

constant d ifferent i al slope , l' = 2 . 7 ,  up to 2 · 10 15 eV for pro­

tons and to  the po int of the same r igidity for eve ry group of 

nucl e i . The s l ope then increas es  t o � =3 . 0 . The normal isat ion 

c o e f f i c ients and breaking po ints for al l c omponene ts are sum­

mar is e d  in t ab l e  1 . A1 is the normal i s at ion co eff i c i ent b e l ow 

the A2 that above the breaking po int . 

Tho s e  thr e e  spectra in func t i on o f  energy per nuc l eus are 

given in f igue1'9 1 and in funct io n  o f  energy per nucl eon are 
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p 

He 

CNO 

H + VH 

F e  

Table  1 .  

1 . 72 104 

9 . 20 10
3 

6 . 20 10
3 

9 . 20 10
3 

6 . 20 103 

2 1015 

4 1015 

14  10 15 

26 10
15 

52 10
15 

1 . 34  106 

8 . 80 105 

8 . 6 3  105 

1 . 54 106 

1 . 2 8  106 

Not e . The spectrum i s  represented by A
1

· E  -2 • 7 

-3 .0 for E v E0 and A2 · E for E )  E0 . The  uni t s  

o f  A are I m-2 s-1 sr-1 Gev-1 /. 

g iven in f igure 2 . In f igure 1 there is also given the spect­

r um deduced from EAS observat ions b y  Wdowczyk 
3 >

. The d iffere­

nces between thos e  two methods of presentat ion are cl early 

s e en . Those d i fferences guarant e e  that the  observat ions of the 

f l ux of hadrons can d i s t ingui sh between var ious assumpt i ons 

about the pr imary mas s compo s it ion.  
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F i gure 1 .  The int egral energy spe c tra o f  nuc l e i  for 

three d i rf erent mass compos i t ion : a - Fuj i spectrum , 

b - Akeno spectrum , c - pre s ent wor k  CMC , d - EAS 

spectrum .  
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F igure 2 .  The d if f erent ial nucl eon energy spectra 

for thr ee  mas s compo s it ions cons id ered here I a ,b , 

c - as in f igure 1 / , The CMG spec trum is repres en­

t ed by 2 , 3  104. E -2 • 7 up to  abo ut 2 - 10 15 eV . 

3 .  The exper imental and pre d i cted spectra of hadrons 

in the atmosph ere  

It has b een demonstrated 4) that the rl uxes of  hadrons in  

the atmo sphere from var i o us exp er iments agr e e  r e l at iv e l y  well 

/when corr e c t ed for the di fferenc e in the hight of  tne ob ser­

vat ion l ev e l s  /. In tne f i gure 3 there are plotted data from 

two experiments 5 • 6 ) wh ich may be cons i.dered as the mo s t  acc­

urate in the ir c l as s e s  but which d iffer very s ign i f i c antly in 

r e spect to the me thod of detect ion I ioni s at ion chamber cal o­

r imeter and t - ray film  chamb e r / .  Very good agre ement o f  

the two s e t s  of  data i s  reassur in g .  

Compar ison with the pred icte d curves shows that t h e  heavy 

dominate d compos it i ons  .ar e rul e d  o ut . The data are reproduced.  

onl y in the case when the normal comp o s i t ion i s  taJ{en and the 
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F igure 3 .  The measured  and pr e d i c t e d  spe ctra or ha drons 

at Mount Fuj i l evel .� - Altashi et al 5 ) , + - NiKo l ­

ski S l ;  converted t o  the Mount F u j i l ev e l  / . The pre d ic­

ted spectra are shown for the  thr e e  mas s compos it ions 

and ene rgy spectra cons i d e r e d  I a , b , c  - as in f igure 1/. 

The Ellli pred ic t ions are o ot ained assum ing the same mas s 

compo s i t ion as in the CM� mode l .  

to tal f1ux i s  incre as e d  to match the tot al t l ux d educeu from 

EAS observations.  

If the primary flux was enr i ch e d  in protons the abs o l ute  

int ens ity cou1 d b e  reduc e d .  

4 . The s urv iv ing protons in t h e  atmo sphere 

The data on unaccompaning hadrons I s urviv ing pro tons I 
can be used as some sort of cro s s  - checK o f  the accuracy of  

hadron measure ment in  the  atmos phere .Now whe n the ene rgy de-
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F i gur e 4 .  The int e gra1 ene rgy spectra o f  the surv iv i ng 

protons at di ffer ent i eve 1 s  o f  the obs ervat ions , 

¢ - Mount <.:hacal t aya 5200 m 7 l  , *, .�.+ - Tien S han 3330m9 ' 
10 1 1 1 ) , + - Aragas s 3 200 m s>, � - sea l eve l 12 , F ul l  

l in e s - pre d icte d spectra o f  the surviving vro tons for 

cons idered al t it ud e s  I note that tne Chacalta ya inten­

s i t i e s  are mul t ip l i e d  by fac tor 100 and the '!' i en Shan 

by 10 for the b e t ter s e e  ! .  

pend ence of the cro s s  - sect ion i n  of hadrons interac t ion i s  

known f rom measure ments i n  S P S  and the cosmic ra y proton ene-­

rgy spectr um i s  measure d rather accurate1y we can pre d ic t  the 

s urv iving pro ton fl uxes at var ious de pths , ln f igure 4 the 
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predicted fluxes are compared with the observat ions .Rather 

good agreement is s e en except for the s e a  l eve l observat ion. 

The d i s crepancy at s e a  l evel is however understandab l e  if  we 

remember that the pre s e nte d data were col l ecte d  us ing rather 

small cal o r imeter and EAS dev i c e  and that the s e a  l evel flux 

o f  surviving prot ons i s  smal l . It should b e  als o not e d  that at 

s e a  level the smal l showers orig inate d very high in the atmo­

sphere could be al ready unde t e c t ab l e . 

5 .  Concl us ion 

The intens ity of c o sm ic ray hadrons at the moutain al titu­

d e  l evel cl early c ontr ad icts the as sumpt ion about s ignir icant 

increase o r  the average mass o f  the pr imary c o smic rays at 

energ i e s  aro und 10 15 eV. I t  s eems that wha tever the mass comp­

o s it i on o f  cosmic r ays at that ene rgie s i s  the int ens ity o f  

protons is moderately high s ince the flux o f  nuc l eons i s  

predominatly determine d  by t h e  int ens ity of  pr imary protons . 

'l'he s ignificant f l ux of pr imary protons toge ther with 

var ious observat ions of  the pro pert ies of s e condary cosmic 

rays prove that s er ious dev iat ions f�om the F e ynman scal ing 

hypo thes is exi s t s  up to  ene rg i e s  around 101 5  - 10 16 eV. 
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