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ON THE COSMOLOGICAL CONSEQUENCES 

OF  PROTON DECAY 

R .  Pop i f

I n sti tute of App l i ed Physj cs, Be l grade 

R e cogn i z i ng i de nti cal de pendence of both gravi tati onal and 

electromagneti c force s from d i stance  (1 /r2 ) , as  wel l as Naxwell ' S  s uc ­

ces s with res pect to  hi s un i f i cati on of  electr i c and magneti c i nte­

racti ons  i n  the theory of u n i fi ed electromagneti c i nteracti on, 

E i nste i n s pent a great part of hi s l i feti me studyi nd the pos s i bi l i ty 

of u n i fyi ng grav itati onal and electromagnet i c i nteract ion s. Though 
. .  

most of phys i c i sts con s i der the basi c i d ea of un i f i cati on of all · 

i nteracti on s  shoul d be the ri ght one , i t  i s  more and more c l ear 

today that i t  was far from any s ucces s i n  E i n ste i n ' s  ti me , · both 

becau se  many of the i mportant experimental data were u nknown and, 

al so, becau se the way to make i t  operable by further general i zati on 

of E i n ste i n ' s  theory of grav i tati on seems to· be harde st one, ; f not 

i mpos s i ble. 

The contemporary fast progres s  of hi gh-e nergy experimental  

phys i c s, followed and preceeded by the fast  devel opment of the 

theory of e l ementary parti cles, opened a new way toward u n i fi cati on 

of i nteract i on s 1 , whi ch i s  fundamentally eas i er than E i n ste i n ' s  wa y, 

because  i t  i s  wi thi n the s cope of experi mental  check i ng. That way 

started w ith We i n berg-Sal am u n i f i cat ion of electromagneti c and weak 

i nteracti"ons, whi ch i s  s upported by ava i labl e . experi mental data, 

awa i ti ng however f i nal e xper imenta 1 -tests i n  the d i s coveri e s  of t_hree 

bosons (W+-and z0
) at e nergy pos s i bly as h i gh as 300 GeV .  Bes i de s  

of  thi s un i f i cat ion of  electromagneti c and weak i nteractions wi t,hi n 

the quantum flavordynami c s  (QFD ) ,  the d i scovery of col or-charge 
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opened a way toward a new theory of strong inte raction ,  so-called 

quantumchromodynami cs ( QCD ) , whi ch i s  based on Gel l -Mann's i deas. 

Gi o r gy and Glashow, howeve� , tr i ed to f i fld a way for the unif i cation 

of electromagneti c ,  weak and strong i nteract ions .  for whi ch the f irst 

encourag.ment came from .the ex�er.imenta l di scovery of Y boson at 9 .  4 6 

GeV , as pred i cted for boson made of bot�om quar ks pa ir.  

· There  are several . g roups - cand i dati ng to be the basis for thi

theory  of uni f i ed i nteractions •. S i mplest of them, SU (S ) pred i ct s  

the existance of 24 fi �ld bosons : photo·n ,  3 W bosons , 8 g l uons and . 

1 2  leptoquarks. The l eptoquar ks ,  however . possess a new remarkable . 

proper ty: they med i ate the transformati on of quarks i nto leptons. 

Th i s r e sulted . i n a p r ed � ction that the p�oto� may decay g i vi ng a 

pos itron and a neutral p i on ,  the posi tron and p i on com i ng out wi th 

roughl y SOO MeV energy each. 

The pro�on decay i� theoreti�all� � red i cted wi th 1 1 1 2 as l ong 

a s  1 031 - 1 034 years . The attempts are bei ng made to detect this  

d e cay in  the exper iments i nvol v i ng the r eg i stration of  correspo�d i ng 

coi nci dent pul s�s from Cherenkov detectors observi ng �n  underground 

pool wi th several thou�n d s  tons of water. Such experi ment i s  li ke l y  

to detect proton decay i n  1 -2 years i f  .
11 1 2 : 1 03 1  _ years ; however .

i f 11 1 2 is  near er to 1 03 4  year � we may wai t  a long per iod before 

this  decay i s  proved i n  a d i rect exper i ment. 

For that reason, it mi ght be useful tp i nvesti gate i f  there 

are some cosmolog i cal i ndi cati ons of the proton decay. From the 

contemporary  _cosmo 1 og i:ca 1 theor i es and obse rvat ions , one may take 

the data for the rad i u s  of �ni verse R = 3xlo2 8  cm and th• dens ity 

of uni ver se p =l o- 30:l g /cm3 • What observable effects could resul t 

from 1 04 5  - 1 05 0  p roton decays i n . the uni ve rse per year? 

In gene ral .  the f i nal r esul t of p roton decay i s  the s l ow

i ncrease of gamma rad i at i on everywher e  i n  the universe. This  effect 
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i s . howe� e r .  unobservab l e .  though the gene ra l presence of gamma 

rad i a ti on w i th i n the uni vers e , comi ng from � ther phyi i ca l  mechani sms , 

does not contra i nd i c ate the proton deca y .  

T h e  s i mpl est consequance of proton deca y  i s . t he emissi on . of 

h i gh  ene rgy pos i trons from a ny cosmi c object�- wh ich l ea ves tha ;  

obj ect ne ga t i v e l y charged. H�weve� , the care must b e  ta ken  tha t  

S O O  Me V pos i trons d o  have  a l i m i ted  range i n  a ny mate r i a l · a nd ·�nl y 

t hose pos i trons comi ng from the perfpheri of cosmi c  obj ects �a y 

be emi tted toward t he s urround i rig space . Al so .  the d ens i ty � i�tri bu-
....... 

ti on wi t h i n a ny obj ect may , ,v e rn the .  e x i s tance �f a -�rad i ent tif 

cha rge dens i ty a nd the forma ti on of e l ectri c fi e l d  · wi t � i n such cosmi c 

obj ect . H ere , the  cons i d e ra t i Qn$· a re made  for typi e a  1 �osmi  c obj ects : 

a pl a ne t  ( Earth ) ,  a s ta r  ( Sun) , a ga l a xy ( t he Ga l axy } a nd th� ��ni vefse  

as  whol e . 

Sta rt i ng w i th  a s t a r  · ( Sun ) . :·i t i s  eas i
°
l y  seen  that  5 0 0 · Me� pos i ­

trons com i ng from the Sun surface  a re .. not bound- by gr.a v i ta ti on-.iiowe ver 

they woul d b e come bou�d by the . ne ga.t i ve :  Sun .  charge after ·. so,ne- ioo 
mi l i on years  of pos i tron emfs i on, ·  i f  t h is woul d be - .the only phy_s i cal 

effect a t  the  surface.  Howe ve r ,  a - c�h t i nua l compens a t ion -of S�� ·s ·  

nega t i ve s ha rge i s  ma de · by the emi s i on of l ow · ene rgy e l e�trons · fro� 

t he Sun surface . The desti ny of �he se l ow e nergy e l ectr�ns i s  to be 

trapped w i th i n t he i nter - pl a ne ta ry dus t . what  i s  i ne v i ta�l e · ff one 

ta kes . i nto · account the  d a ta for � h i s  du�t : t h e  dens i ty _ a bou� 4 � o-22

g/cm3, wi th dus t  pa rt i cl es most l y :b�tween 1 0�8 - 1 0-5 g ,  �i�� a . ·

ma x i mum a r�und 3 · 1 0- 7 g . i . e .  3 0� 60�m . Therefore , a gr�dtia l  ne ga t i v e

cha rg i ng of t h e  s pace a round the Sun wou l d  ta ke .place , wfth th i s : 

ne g a t i ve  cl oud goi ng fa r beyond �he  P l uto , result i ng in cont i nuati on· 

of s i tua t i on for pos i t ron be i ng unbound by S 6 l a r  system , �t l e ast · 

wi t h i n  t he known a ge of the l as t . O t her phys i ca l  effects , as th� 

emi ss i on of protons from Sun 's surfa ce or pnotoeffect on dust 

pa rti cl es a re be i ng automa t i ca l l y  ta ke n  care· by trappi ng too a nd 
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by compen sat ion  of emi s s i on . from Sun : s  s�rface . I n  �rder  to check 

the nega ti ve char�i ng of dust , t here · i s .  in  pri nci pl e .  a �� ss i bi ­
li ty. of  'co 1 1  ecti  ng the  dust  by · a spec.i a  1 1  y dev i sed . " ea  ti:her a 'On 

board of. a 'ipace s h i p .  WHh :r1/2 for · p�o-�on decay 
.
bei ng  1 �31 -� o35 

years , one_ may · upect · 1 o·37 _: -l·o-:- 34 _· c:0ul ombs/cm3 ; n  i nter
.
pl anetary. ·• . . 

sp�ce carrfed  by d� st pa rti cl�s �hd cat� h i n� . � 6- 13  - 1 0·1 ! Coul �mbs 

. 
pe� . )�ar  by a " catc he r� wi t h . l �  m d i ameter�

Concerning · the : Eait� • .  ti � l ,easl lj _ seen �ha� th� · -decay of' .  . . 
,_ . '. . . . � - . . . . - ' . . . . 

. 
. 

p·rotons from i.ts - surface . laJer- . re s u'lts ;i- n·· ·hrth ,:$ .negai rve - c harg i ng

. - of _ a ·bout . 1· 0· 1 3 .: . cou l.o:m�s : per 
.
se�on·d .  Tht s ·

·
; .. s much  ·le ss  tha.n n�gat i ve_

: c ha�g i  ng. of, about · 1 0·-
9 . co Jlom·b�, p.e�- second . ·whl c h  the E arth woul d

. ga 1.n .. 1 n t he ro l'e of a ' g reat  · 11·ca'tche'r ": o:r.
· the · · �:eg·a t � v� l/-ch'arged

:i-nt.e�p l a neta.ry . d·1J st ·. : T.h i  s \ 1 a·s
.
t · _effec·� ,  wou l  � ,ma ke . Ea r�h :to ·  ��come a

 . ' · !{
.
i'nd· · � f.  1 ow�ie ne�'gy' . a·c..c·,., er� to�.: . for.' . . pro':i:orts . f��o�:· t·he ' s'o 1a r' ·wi n'd • . 

. : 
.
· CU S i n� .  oniy . ab� u t

. 
l9�_J O � ·. JO_ -ry,�r'.\a tj t>.n '· '.i _� '. _pr:����_' _;·1 u·x .· ��OU��

- . � . . . . . ' . 

Ea:r.��.' .wM en ,  i s  pr�ctlc(af1; :U�o1>-se:rv.a b J. �:� r:.b.er�rfo:re , ithe· ·be.s t: pos�  .
. . .. . . - · · . · ·. . . . 

sJb le · experi ment on Earth  · or·. ·it:S. n�ar v i.ci �i ty i s  n9ih i ng  but the

menti oned exper iment ,:Wi th d frec_t o bservati � n· :of _proton· decay wi th

C herenkov detect.ors .around · aii ·:_:- _.undergroun� ,p_ooL 

ln . t'he ·ca_se· · of  .the Ga i_�·x.y ;, Jaki.�:g :�;if)-to a-ce·o�n-i · ' t·h�t . i ts

negati v:e cha rge i s.' the : s_urn of negilt he .·c ha,rg_e s of· a 1 1 .  s tars ( e ach  

of t hem - h avi .ng  .the same·· niec ha ni 'sm· me·ntioned e'a°rl
.
fer for  t he  Sun )

. . . ·3 1  . . . · . . ·. : · ·.. .•. . . , · ; · a nd fo-r proton  T 1 1 2 = 1 � years.; the ·. _prese�t cha-r·ge · o.f the Ga.l a xy·
�i ght  6e a bout · 4 · 1 62 0 · c;u l ombs . However � af��� - G�l a�Y ' i  negati vi 

charg 1. ng·, of a:bout ·3:�lO_l-� ... co:ul�m:�s- .  t�e i�o.o·. Mev : pos i tron .  becomes

bo u nd with · the .G4 l�,�y a·nd tiis · 1 i nri ts .th.e. cha rge of  , the  Ga laxy. 

 .. ·a seems
. 
� nter·e.;ti  n g  to po i nt. :he

.
re '.t_h�t ,- , _:i n : a� e�:�r; er pape�3 ,' I

. 
ha ve. s ho,wn thaJ: t he · e �per·i ment� l l y : d'e tect�dz nn:i �i htiOI)  :gam�'a 

protons , �.h i e t{ a-re:' accel  e'rated .  i n  a. · weak. . g.a lact i: c ce'ntral e 1 ·e�  tri c
f i e l d ,  i f  o ne ·a ssumes the n�ga�i ve c harge ·o f  the Ga i � xy be i ng h i gher  
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tha n . 6 · 1 01 8  coul�mbs . Th is  charge s houl d h ave bee n  produced if  the 

proton deca ys wi th 1 1 12 !.. 7 · 1 03 2  yea rs . Therefore , the e xperi me ntal ­

l y  d etected 5 1 1 k e V  gamma rays comi ng from center of the Gal axy are 

the fi rs t  experi menta l  i nd i rect i nd i cati on of proton decay w i t h  

r1 1 2 
� 1 - 1 032 years . A l so ,  the  d i rect observati on of proton decay 

i n  e xperi me nts on Earth wi th Tl /i !..� · 1 032 years wi l) directl y prove

the as sumpti on on the e x i stance of wea k  gal acti c e l ectri c fi e l d .  

Concern i ng t he  un i vers e  as whol e .  any con s i derat i on depe nds  

e n  t he cosmol og i cal mod e l  us ed . S i nce t h e  esti ma te of  un i verse  

d e n sity i s  based  mos t l y on  the observation of  v i sibl e matter , a nd 

th i s  one i s  made  most ly  from ga l ax i e s , i t  s e ems reasonabl e to 

consider a cosmol og i cal mode l , l e t us  ca l 1 it  " real i stic" one , made

out of gal a x i e s  and i n  the s tate of e xperi me nta l l y  obs erved  e xpan­

s i on w i th k nown Hubbl e constant . I n  such an  univ erse ,  500 He V 

pos i tron s s houl d be bound unti l the e xpa ns i on come s to a s tate 

with rad i us of ( re l ati v i s ti c)uni vers� h i gher than  about 1 0 34 cm, 

which is far h i gher than presentl y  e s t i mated  val ue . T herefore , i n  

th e pre s e nt un i vers e , the  pos i trons ,  coming from proton d ecay are 

bound w i th i n the un i ve rs e , wh i ch i s ,  con s eque ntl y , _  uncharged  ( Q =O ) 

The  gal ax i e s coul d happe n to be charged  ne gati v e l y  wi th 

6 · l o 1 8 �Q gal �3 · 1 0 1 9  coul ombs , whi l e  t h e  h i gh e nergy pos i tron s

coul d be trave l l i ng t hrough the  i nte rgal acti c space . T h e  whol e 

pi cture i s  i nteres ti ng l y recal l i ng  Thoms on's  mod e l  of atom , wi th 

pos i ti ve cl oud ( made of pos i trons ) and ga l axie s  as nega ti ve l y  

charged ag g l omerat i ons i n  a bound  ( cl ose d ) cosmol og i cal mode l . 
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