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I. Int roduction 

Tbe problem of e consistent relativistic de6cri~tlon of de cays 
hee attracted att ention for a 10Dg time (an extens i ve t ibliography 
can be found in Ref . I). It ie conr.ected with Bome peculiar difficul
ties. One of them concer ns the tact tr~t one canno t regard the com
monly used formUla 

P.,(t) = I <y, ••- lH''l' )1 2 ( 1) 

ae an exact expres s ion of the decay l aw tor a fre e unstable parti c
18/1 ,2/. This is eo because (1) re l ies on t he as sump tion that the 
unstable particle is chara c terized by 8 one-d imensional subspace dY u 
of the state Hilbert e pece spanned by the vector ~ . However, the 
translational Invariance together with the re c t t hat the momentum 
operators have purely cont1nuous epectre requi re ~u t o be i nf1nite
dimensional. 

Making. phyei cally reasonable choice of this Bubspace, we have 
been able 1n Ref.2 to deriTe a conaistent decay-law tormula (cf.(5 ) 
below) . It gi~es 8 non-deca, probabili tl P~(t) which depend. not 
only on tbe .... di8tr1bution ot the initial state 1V • but aleo on 
ita tbrea-. oaentQA spread . rortunately, this does not complicate the 
standard treatment of decay8, because the deviations of P, (t) f rom 
the aiaple for.ula related to (I) are very smsll prov i ded t he initial 
s patial looa11Eation of the particle ia not e~tremely sharp . The .sti
mat es performed in Ret.2 ehow that thia is true in practically every 
decsy experiment , hence the deoa¥-law dependence on kinematical chBr a
cteriatica of the initial etate 1s negligible within the l i mit ot ex
perimental errora. 

There i. a possible exception, however. It concerns the proton 
de cay which ie sought vi8orouely at present in ordsr to confirm (or 
to refute) this prediction of varioue grand unified theorie.I'I . The 
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recent experiaentel re8ulte give the lower bound or 10,2yr 141 on 
tbe proton lifetime whicb eeemB t o be l onger than the pre4ietion of 
the eost popular SU(5) aodel of ,rand unifi cation (about 10'lyr, 
however, .ith large uncertainties 'I). Before elaiaing it a8 inade
quate , one auet be Bure that tbe decay i8 not suppre8sed by an additi 
onal ettect. Tbere have been 80ae .peeulations on this point r.cently. 
In most of thom, the deoay .10w40.n is regarded ae a consequence of 
the ehort-tiee non-ezponentiality at the deesy 1 • .15-91 t it appears 
that the etlect is negligible unleas eome hi ghl y queetionable pre&!
BeB are a8de/6 , 10/. Kiglietta and Rimini/111 predict that the alow
down regl on 18 followed by the region of accelerated decay. Again , 
this region i s experi mentally hardly accessible . A poe8ib l e dynemicsl 
mechenis. f or the slowdown of decay wee discussed by Ooldhaber e t 
81./12/. 

Ano t her suggestionl1'1 i8 that the deesy a1,ht b. aod1fied by 
the spreading at the proton wavepacket .hich 18 very f •• t in the time 
8cale given by the theoretically expected llf.tl.e. Suoh • poeeibill 
ty cannot be excluded 8 priori , ond the prlelnt puper 18 devoted t o 
discussi on at this problem. Our treatment t. bUled on Lhe uboye -men
tioned decay-law formula because the l etter proylde., I I ntl tu.r&l tra.ae
.ork in which the ettecta of the s iz. Mnd ohape or the initial wave
packe t on the decay l aw can be etudied. Such en ~n~ly. t . ehould yield 

aor e rel iable r eeult than the rough orswoent .mployed i n Ret. l} 
.h1eh , by t he way , leade to t he effective proton Itt, Lt.e .s large 
Be 10}6yr .S) 

As we have mentioned, the appropriate oonoluoiono ot Ret.2 do 
not apply t o pro t on. The esti matea which .orkod offective ly tor t he 
other unatable part1cl e. gave 8 very weak r •• trlotlon In t h18 cae e 
because of the extra.ely long 1itetio';'·I. 3inoe the tu.k at tinding 
finer eat ima tes 18 difficult, one muet approach the probl •• directly 
by calculating P~(t) , or rather the decay probabilIty 

Q'1'( t) 1 - P'1'( t) 	 (2) 

Thls will be done in the fol l owing aections tor a reali.tic choice of 
the mass distribution; in order to Bi.pl ify t he calculstiono, •• 
neglect s~in of t he proton a nd sSBume the wavepecket to bo spheric.lly 
symmetriC. 

The results can be Bummarized briefly a8 to110wa. Th. oa l oulated 
decay probabilIty is actually le8a then the "theoreticol" on., but it, 

*) 	I n this connection, Bee alno Ref . 9 • 
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decre••e 1, inaisn1flcant. Up to h1,her order teres, we have*) 

Q.,(t) '" rt [ 1 - 0(8) 1 	 Do) 

Where a(g) i. a po.ltive quantity d~pendlng on the function g 
wbich cbar.cterice. the thr.e-aoaentua distribution ot the initla l 
atate (cf.(4) below). A roRgh e.tl.ate yleld8 

e(g ) ~ 0 (Aq)-2 	 Db) 

where Aq 1. the poaition apr.ad of "If and the coetticient c ia 
of or41r at 10-28 (82. Hence tha correction aight be 8ub.tantial onq 
for a proton which i, 100ali.e4 inlt18l11 to a vo l w.8 of aubnuolear 
8ice, but in tb1. oaa. tne ar,wa,nta leading to (3) are no lonaar 
applioable. Since we are not interested in the proton. bound In nuc
lel**) , the relatione (,) ebow that the decay undar conaideration 
cannot b••uppr••••d bl 80.e -kinematlcal fragmentation- .8 .ug~88ted 

i n aef. 1, . fbi, aupvorto the co..on opin10n that there i. no other 
kel to the proble. tban a thorouch inve.tigation ot the 4JD8_1c.l 
.eob&n18. tha t ,o.~ the proton 4ec81 . 

2. 	Th. 4eoa, 1•• 

Accor41nc to 8.t .2 , the proton .av.func tion (in p-r epre••ntatlon) 
a t the 1n!tl. l ti.. t. 0 1••••u.ae4 to be of the tora 

1(a,p) • t(a)l(p) 	 ( 40) 

In 	taot , • 1. a two-coaponent function here , but If w. ne,leot apin 
of 	the protoD, it oan ba ra,.r4ed 8 •• Bc.ler one. Par technioal rea
aou, one •••ue. that • i, allpporte4 bl the ball :a,.. {I' : 1P'1<t:! 
ot a ra41aa t • tha tlUlOt10B ., beloqa to the Hilbert apaoe ct 
.hloh 1. the o.rrler of the 'lreot 1nt.aral ot (QD1tarr. lrra4ao1ble) 
r.pr•••atatloB8 at the Pol.oar' croup reterr1na to tke 1.olated a78
t .. toraed ~ the protoD ltallf and ita deoal product.!2/. !h8 .... 

• , 	 liDo. rt ~ 10-21 dRrlac the as- ot our Uni.lr.e, the l1near 
.pproxi..tloD to the deoll 1•• i. pritt, «ood ••eoall tbat the 
roll at ...11-tl"~ZpODIDtl.11tie. i. nel11lible, .a pOinted 
out, e.I., in ••t.6.tt, alolll that the decI, 1•• toraul. (5) which ia the backbone of 
our Don.lderatione hal be.a 41riYed for a trae ua.table plrtlol•• 
Blnca ORr eonclualona .pp17 to real experiaent. 01117 in the CI
••a .hen the proton. 1nyol••1 o.n be regar4e. I. tree 1n a ree
.onable approxta.tioD ; oo...nte on thia pOinta are ,iven in 
aet.14. tuel••r effeot. Ire conaldered particul.rl, 1n Ret.15. 
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diatributioD It(.)/2 w111 be speo1fied later ~ Seotl on 4. 
The subspace 3fu c :t which corresponda to the proton aloDe 

oonsietB of all functions of the torm (48) with 8f: L2 (B£. ) . In order 

to write down the decay l aw explicitly, one needs the projection Eu 
onto Jr . Its action csn be conveniently express ed using a suitable 
orthono~mal basie in ~u ; 1n this way we obtslu1'4/ 

~ £ 2 

~ 1 f 2 J p dp 
Pl'(t) 	 L. d.. lt(II)1 2 2 1/2 h k (p) x 

klf .0 0 2(,. +p ) 


(5) 

K J d.(2ji Y1f(Jl.jl) g(p) e%p{_l t(m2+ p2 ) 1/2Jj2 
U 

where Ylf are the spherical functions, p = Ipl ,and fb i 18 8 

co.plete system at functions w1th s uppor ta in [O,i] which 
k 

tult!l 
the orthonormal1ty condition. 2

P dpJ 
~ 

de It(m)l2 J 2( ..2. 2)1/2 hj(P) hk(P) = djk (6) 
·0 0 p

Suppose now that the In1tlal wave t unctlOD 18 s pherically symmetric, 
1.e., 

,/,<m,p) t(m)g(p) 	 (4b) 

where g: [O,f] ..... t . This , 1s c ertainly an ad hoc assumpt1on, but 
it gives us a possibility of evaluating the decay probabili ty f rom(5). 
At the same time, our conclueione a re no t like ly to alter Qualitati 
vely if the initial atate is no t r otationally invariant (or if we 
take the spin into account) . Por the wavefunction (4b), one can 8im
pli fy (5) using orthonormality of the epheri cal functions it yields 

~ £ 2 
dp P,,(t) = 4~ L)' IJ d" It(a) 12 J p2 2 1/2 ~(p) x 


T 11:.0 0 2(m +p ) 

(7) 

x g(p) expf_1t( ..2.p 2 ) 1/2J12 

Since they belong to Jr , the t~ctionB (m,p) ~ t(m)hf(p), t(m)g(p) 
are square integrsble/2/ with respect to de 8 p2dp/ 2 (a .p2 ) 1/2 • ~h. 
integrations can be then interchanged by lubin1 theoree and we cen 
write 

Pl(t) 4'1" ll! hk(p) g(p) G(p, t ) P2dPl2 (6) 
k 0 

where 

4 
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It(a)l2

G(p,t) • 	 ! expi_lt(,,2'p2)1 / 2} d" (9)
2(m2.p2) 1/2·0 

~e orthonoraalitl condition (6) no. reads 
£

J hj(p) hk(p) G(p,O) p 2dp • Jjk (10) 
o 

!bi. relation Buggeats yet another retoraulation the decay l aw (8) 
eqg,ale 

Py.(t) • 4~ 1..1<~' . t)GI2 
k 

( 11.) 

where 
of (9» 

at(p) cg(p}G(p,t)G(p,o)-l (notice that 
and <.'.>0 1. the 1nner produ.ct in 

G(p,O»O 1n .i•• 
L2 «(0,t),G(p , O) p2dp ). 

SInce {h1l: l 1. an orthonor.al ba.le in this Hilbert epace accordIng 
to (1 0 ), the P.r.eTal equality 11e1d. 

P",(t) • 4~II.tl~ ( l lb) 

or 

• 
p.,.(t) • 4:t J IS(p)l2 IG (p,t>l2 G(p,O)-lldp 	 ( 1 2) 

o 
.here G( p,t ) i . «iT.n bl (9). The tor.ula ( 12) 1. 8esential tor our 
followt.. o.lcula tloB8. 81ne. P,(O} & 1 bI definition, the function 
I baa to t~ltl1 the nor..llaation condItion 

£ 

4.t f IS(p)l2 G(p,O) p 2 dp • 1 
(1 " o 

Co.blaine th. l •• t two relatione with (12), .e can e.pre•• the decay 
probabllU, 

• 	 ;(p,O) - IQ(".)I 2Q,.U) • 4..- J IS(pJl2 

, 2 
p dp 	 (14)

Q(p,O)o 

,. 'i'pl. propertie. of 'Yl!l 
lotlc. flr.t that the deo., 1•• li~en bI (12) 1a well-defln. 4. 

Aa •• haT' .entton.d, 0(P10) ia po.lU',-e tor .ach P€ [O,eJ IUIle". 
t(.).O •• • • In [.0''0). bQt th1. i. apo.aible .inee 'Y' i •• W1tt 
.ector in ~ . In t.ct, the ••• 'latribution ie nOrJIBll&.d cO!lTentlo_ 
1I&1lz .1 

!-It(a)l2a. • 	 (15) 

sa 
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it fixea 	the normalization of g thro~h (1). We have IG(p,t)l~ 

~ GCp,O) for all p,t t and theretore O~ P",ct)~ Pl'CO) = 1 ae 1t 
must be. Since the lntegrated functions 1n (9),{12) have t - indepen
dent aajorante, the do.lnsted-convergence theorem implies the tuncti 
ons G(p,.) and P,<.) to be continuous. In a s i milar way, one can 
prove 

lim Pr(t) = 0 	 ( 16) 
t • ., 

it is enough to change the integration var i abl e t o ~ =(m2+p2) 1/2 
in (9) and to apply the Riemann-Lebesgue l emma whi ch ahows that 
G(p,t) ~O aa t ........ oo • 

In the C6ee ot the proton decay, however, Olle had to wait too 
long betore the limlt (16) might become physically intersst1ng. The 
tollowig tect 18 much more important: the dependence of P~(t) on 
kinematical characteristics (i.e. , on the shape ot g) is suppressed 
it the three-momentum spread i8 small enoQgh. In order to eee this, 
consider the s calins transtormetion g-+ 8Jt 0 < X1t'1 • whereI 

g~(p) c(~)g(p/~) 	 (178 ) 

The normalization tactor here iB obtained from (13) to be 

£ 	 .\ -1 /22Ic(")1 = 	 ,,-3/2 ( 4.1r f Ig(Y )1 G(X y , O) l dYj (I 7b ) 
o 

Then the decay law P* ,~(t) refer r ing t o t he r escaled function ga< 
is given by 

• 
P1,k(t) = J Ig(y)12'G(l!y ,t ) 12 G( lry, O)-ly2dy x 

o 
( 18) 

& 2 \ -1 
'< ( J Ig(y)1 G(lry,O ) l dy) 

o 
Slnce the tUDction 0 1s eaelly aBen to be bounded s nd ge: L2 CO,t:) 
due to the assumpt ion, one cen uae the dominated- convergenc e theorea 
and perform the 11mi t Jf ~ 0+ under the integrale. I t ho l ds 

2j If(m)1 e- ll1t dID.11m G(ky,t) = 
H~O+ • 2m

0 
80 the relation (16) yields 

2 
Ijlf(m)1lim P,. ",(t) = . - imt d= 12 (l ' f~:)l2 dmt . ( I 9) 

1C-+Q-t' a 2m
0 	 0 

6 

We s e e t ha t t he l imi t i 8 i nde pendent ot g, Moreover , it the masa 
distri bution If( . ) 12 hoe 8 s harp peak around e va l ue M . we can 
approximate the above expression repl acing ( 2m)-' by (2K)-' , It 
gi ves 

11m P", k(t) "" I;"" If( m)l2 .-imt dm 12 	 (20) 
a'~0+ T' .0 

i.e.,tbe 	standard expres sion related t o the tormul a (1). 

The central queetion ie now whether we are near enough to this 
limi t situation in actual experimenta l arrangemen t a. We will diecus e 
it i n the fol l owi ng sections. 

4. Cho i c . of If ( .)l2 

One haa t o specify rirat the .aBe dietribution enter ing l nto 
( 12) through ~9 ) . I n any rea li s ti c theory, it shoul d be of 8 aore or 
18S8 Breit-Wigner shape . with the princi pal contribution r esul t lng 
troll the pole approxiastion to so lution of the tull dyneaical prob
18.11/ , We chooee it in the f ora 

o ID < mO 
If(m) 12 • (21)

{ _ {(r/ 2") [(m_II)2 + t r 2rl + <.>(m ) } m~JlI.O 

where II 	=9'6. 28 aeV, tut her .0 i8 t he threshold mesa and 
-60 'Ir .:S 2 J( 10 aev correspondiD8 to the l i f etime r ~ 10 yr. The func

tioD ~ 	 i& supposed t o obel t he fo l l owi ng restrictions (71g.1) 

(f/ 2,,)((m-II)2+i r2J- I • ~·O+B 
Iw(m) 1.( ( 22)

{ 
(r/2.) [("0- 11) 2 + ir2j-1 I..-III~ ~B 

where we 	 hay. denoted B z; 2(1&-.0) '. Thill quant1t1 1e of the .... order 
8S II, bacaulis th. low.st op.n channel In the etandard thsoryl'/ 111 

+ 0 p ...... l1 which glvee . 0 ·"5.47 ••T • 
One cen u.e ( 15) and (21) to fin4 the normall~t10n tactor • 

in (21 ) , 	 or aore exactll, to der1Ye the estlaate 

2
I. - I I ~ + 0(r jB2) 	 (2')* 

11nce r/BJ510-6' ••e eet .= 1 in the tollowlng . Witl: th1. 11cense, 
one cen write 

OCp,t) a: 	 00 (p,t) +O,( p , t ) (248) 

7 



---

• 

r,
If (m)/2 / I 

/~ I' o 
/ 

,I~ " 0, I°i I/, 
o I'I'/ 

1\ 
\ \ 
\ \ 

\ " 
\ ,, " 

" 
'

mw("') M 

~__ ----- -T-- __ 
m. -- .J.. _ _ ___ _ 

m.+6 m 

Pig. 1- The mass dis t ribution. 

where 

r J~ BXP! -It(m2+p 2 ) 1/2J dm 
GO(p,t) (24b)

2>: II (11_11)2 + .1 r2 2(m2+p2) 1/2 
o 4 

<o(m) { 2 2 1/2 } G, (p, t) f - 2 2 1/2 exp - It (m +p ) dm (240)
2(m +p )" 0 

5 . Eval uation of G(p.t) 

Let QS f i rst esti mate the rhe at (24c ). The i nequa lities (22 ) 
yle1d 

·O+B ~ r 2 dJod r f - <IG, (p, t l l < 2~ B2+ r 2 J .9J! + 4i B 
m( .._11 ) 2 "0 • · 0'" 

~ :S In( I • .!!) r[ 1 1 II J
• 4>: 1101-"0) ' 112 In (1- "I:l+B ) <~B "I:l 

Sinee 2:8+11.0 < 411 , we obtain 

2,..
IG, (p,tll<--2 (25) 

2"·OB 

The rhe of (24b) can be evaluated by contour integration. The integrs
t ed function represents restriction to [mo'OO) of 8 function which 18 
analytic with exception of two s1aple polee at .. ±~r and two cute 
on the imaginary axle referring to the factor (m2+p2)1/2. Thu8 we 
have (eee Plg.2) 

••p!-it(m2+p2 1/21 Ir l 
Go (p,t) • - 2U 2>: 2 2 ' 12 i 1 + G (p,t) (26.)

2(m +p l (m-II- 2 rl m:II-;/ 2

i r "up{-1t[(m - iz)2.p 2]' /2J dz 
G(p,t). _ -j o '/ __ (26bl

2 2" 0 2 [(m _1z )2.p 2] 2 (mo-iz-1I12.~r2o

Here we haye u8ed the tact that the integrated function behaves 8e 
( r /4Jf) lal-' 'Lor large hDI and. therefore the integral over C (R)I 

2
vanishes i n t he 11111.1 t R -+ OQ 

Our i ntent i on 18 t o ahow t hat G{p,t) Ie g i ven 8ssent lally by 

t h e pole ter. i n (268 ) . Let us estimate the additiona l term ( 26b). 

Rem 

Im m 

m. c, 

C3 

~. +r m. tR 

'I 
<_r_ r 1 r 1 1 

~·OB • 2>li (l! - 2ii+ii ) < iii ( iii • 2B l Fig. 2 . The integration oontour for (24b ). o 
8 
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We have 
1( "0 _h_II)2+ ~r21 = (.2+~B2 ) (1+ 0(r2/B2ll ( 27 ) 

wher e the 188t term caD be agai n neglected. ~~thermore, 

/( "0 _i Z)2 + p2 12 = z4+2(m~_p2).2+(m~+p2)2" 7(.2) 

We need to estimate p(z2) from below. The minima l value l(yO) = 
= 4 p21D6 is achieved tor YO =p2_11~ , but we are i nterested in P(y) 
tor y:s:: z2~ 0 only. Ir we reetrict tberefore our attention to thoee 
values of e for which the inequality 

p ~ e ~ mO 	 (28) 

holde, then 8 stronger estimate i s possible, namely P(y) ~ (1D~+p2)2 
i. e. , 

l(mO- 10)2 + p211/2 " "0 	 (29) 

Pinally, [CmO_iz)2+p2]1 / 2 lie8 in the fourth quadrant for z ~ 0 so 
I.XP[_1t[("0_1z)2+p2J1/2JI~ 1 ho l d. r OT t~O. Comb1n1ng thiB het 
with (26) snd (29), we get the i nequality 

~ d.r 
I G2(P,t)l~ 4'''0 J 2 1B2o 	 z + 4 

which y1elds the following estimate 

r 
IG 2 (p,t) 1 ~ 4,, B ( '0) 

0 

The estimates (25) snd ('0) together give 

r.z!ll r 
IG 1(p,t) +G2 (p,t)1 < "oB (Jj+4) = 0 .62 .OB 	 nil 

We sbal l show 8 little later that tbe modulus of the pole term in 

(26&) is ~(2M)-1 . Taking then the valuee ot M, mO and r into 

account, we see that one can neglect the remainder ter. and write*) 


S> 	 The estimates haye been performed for the threshold mass • ~ 
~1}5J1eV which ia given by the standard 5U(5) model (ct.Re9." 
p.'21) . If 8 more complicated Lagrangian is considered, then other 
decay cbannels Jla8y be open, e . g., p-re+ycyc (Ref.', p • .,27). 
Bo.sTer, the incresBs ot M/m to 2x 103 makee a little d1ffe
rence : the rhe of (32) can bQ again 1dentif1ed w1th G(p,t) for 

-60all practical purposes, a posaible error be1D« now of order ~ 10 
In fact, ~ ahould contain a l eo the statee referring to the pro
d~ct8 of a.oondary decays, etc. Thia again shifts the value of .0 
to lI. •e 

10 

..pi-it [(1I-1r )2 + p2J1/2J 

2J1/2 	
(32)G(p,t) = 

2 [(11_ ~rl2 + p 

6. The decay probability 

Now one hae to insert the calculated G(p,t) into (14). Betore 
doing that, however, it 1e usetul to f ind a suitable approximative 

~%preBslon to 

-exp[2t Im[<II-1r)2 + p2J1/2JG(p,0)2_ IG(p,t)1 2 	
D3l= 

G(p,O) 	 2[(II_~rl2.l]1/2 

which would make the integration in (14) eBeier. Recall that the ex
pression "2) itaelt is approximative. In view of (}1), the correspon
ding error .ill not change essentially if we replace the denominator 
in the rhs at (3}) by 2(»2+ p2)1/2 • Furthermore, .e shall assume 

that 

l « J( (34) 

In fact, .e have already restricted ~ by (28), where mO i8 at 
least seven times les8 than • , but for a reas onable initial locali 
zat10n 01 the proton, the inequality ('4) ia lulf11led even .uch 
better. In that CBse, p/M is small too and the sqUBre root can be 

expanded in powers of 

2 r r2 
z. 	~ ~-1. 

II 411 

s o 	 that we obtain 

2t 1m [(II_!rJ2 • p2]1/2 • -rt[1-~+~+"']
211 8114 

neglecting again the terms which contain rIM. The numerator in the 

rhe of (33) ie then given by 

2 'J>~ J 1 2 [ 2 4 ] •.. . ( }5) 
211 811 2 II II 

rt [ 1 - ~ +:::4 + ••• - - (rt ) 1 -:is + ~ + •• . 

The aecond term can be neglected aince rt i8 very small*). It we 
neglect also the higher powere of p2jM2 , then 

2 
~[(II_~d+p2r1/2"" dll[1 - ~l 

.) 	Ct. the first :footnote on p.3 . 

II 



eo 	the relatione (33),(35) yield 

G(p,O)2 - IG(p,t) 12 _ rt [ p2] 
G(p,O) - 211 1 - ii' (6) 

up to higher order terme. 
Substituting no. trom (}6) to (14), we get 

2Jtrt t 2 [ 2] 2Q,(t) <>: -11- f Ig(p)f 1 - 5 p dp 	 (7) 
o II 

lurthermore, the normali&atlon condition (1,) CPD be in the 88m8 way 
rewritten 8e 

-i jlg(P)1 
2 

[ , _~]p2dP "'" 	 oe) 

agaln up to higher order terma. Combining the last two relatIone, we 
can express tinally the decay probability In the tor. 

t 
2

Q'l'(t) "" rt !1 - ;, {, Ig(p ) 1 p4dp } 	 (9) 

1.e., w. obtain the tormula (,.) with 8(g) given explicitl,*) . 

7. 	 ConclusiOn! 

The central quest10n concerne now asgnitud. ot the slowdown 
c oetf icient a(8) • Let U8 tiret der1Ye an upper bound tor it. Suppose 
that the tollo.iag inequality holde, 

E
!IT

o(S ) E ~ J Is(p)1 2 p4.p , J: (40a) 
o 

then one ..y aultipl1 it. rhe by the .spree.ion appeerina on the lh. 
o! ('8 ) , tho. obtaining 

.) 	!he tor.ula ('9) can be interpret.d 8e a r.sult of ao.entwa apread 
and of the relatiYistic dilatation ot litet1a. tor aoYina perticle.
Let ~o be the "theoretic.l- lit.ita. at the r.at. The lifeti•• of 
the .0.10« particle with ao.entwa p .nd ..... 1. 

t"(p) • "'0 (1_v2 )-'/2 • "'0(p2••2) 1/2/11 

The 	•••n velu8 o?er the moaentum spread 

f. 4..J"'(pllg(p1l2 G(p,O) p 2dp "".,.O{,+ ", j Ig(p)1 2 p4dP j
• 0 

correeponds j~et to eq.(,g) in our .pprosiastlon. 

12 

£ 	 2
2 

:J( J Ig(p)1 [2J:-(1+J:)Rj] p2dp ~ 0 
II 

This inequality 18 certainly fultl1ed it one requires the equare brac

ket to be non-negative tor p=£ • It yIelds 8 sufficient condition, 
namely 

£2 £2-1 
][~ 	2 (2 -2)

II II 

under which (408) 1e valid. In view of the ~88umptlon (3.), we get 

the Bought bound, 

2 
8(g)! - « , (40b)

2112 

Of couree, the value at 8(g) Ie determined by the ehepe of g, and 
not only by the three-momentum cut-o~~ £ . It, for Instance, g hae 
a sharp peak of 8 wIdth 1« £ and i te tail decaye rapidly enough in 
the 8enee that 

t •f Ig(p)f2 p2kdp « J Ig(p) 12p2kdp k;: 1,2 
o1 

then one cen estimate .(g) rateer by t2/2M2 . On this loose level, 
therefore, the value ot o(g) Ie determined by the three-momentum 
spread li p o~ ", 

< (Ap)2 
.(g) --n 	 (4'. )

2101 	 c 

where we have returned to the standard system ot unite. Continuing 
this heuristic argument, we es~reas p from the uncertainty rela
tion*' obtaining in thie way" 

*) 	Strictly speaking, the ~certalnty relation juet seye that the 
dispereion 4p i8 bounded trom below by the appropriate multiple 
ot 	 (6q)-1 , and hence it ia not immediately applicable here. How
ever, the conventional wisdom whicb replaces ~p by ~(~q)-l in 
euch eituations bae 80ae pOint. As e aiaple esample, considsr a 
spinleas particle in one-dimenslonal nOD-relativistic quantum
mechanics whose wavefunction in the p-representatlon i8 ot the 

form ~(p) <e-'/21[_</2,t/2)(P) • In the x-repre.entation, ~(x) 
has a slowly decaying tail eo the dispersion (Aq)~;:oo • Never
theless, f toras a dietinct peak whoBe width (measured, e.g., 
trom the distance ot neighbouring zeros) i8 ~~/e 

**) 	In the eenee of the previous tootnote, Aq here and in ('b) i8 
not necessarily the diapersion but simply 8 suitable quantity
characterizing the size ot the proton wavepacket. 

13 



2 
• (8) ~ ~ (lIq)-2 (41b) 

811 c 

Hene. we arrived at the relation (3b) ; Bub8tltutlQ! the nu.er l cal va
lun we find c " 1.6)( 10-28 om2 • 

It 1e clear that B more oareful analysi. 1& needed if ooe wante 
to let Boae precise etatements about the dependence o~ B(g) on the 
snape of the wav.function. We are convinced, however, that tbe reaulte 
ot Inch an effort cannot alter the principal ph¥elcal conclusion drawn 
froa the above considerations, na.ely, that the suppression of deca, 
ot • tree proton due to kinematical etfects 1& unlikely under realis
tic experimental conditione. W. expect _180 this conclusion to be pre
.erved it one relax•• the technical a8suaptloDa .ada above, 1.e., the 
spherical eyametry and neglection of the apin . 
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B 06~eAHHeHHOM MHCTMTYTe RAepHWX MccneAoaaHMM Ha~n 
BbU(OAHTb c 60pHMK "HpamKUe coo6111eHuJI OHRH" . B HeM 

6YAYT no~aTbCA CTaTbM , cOAep.~Me opMrMHanbHwe Hay~we , 
Hay4Ho- TeXHM4eeKMe , MeTOAH4eCKMe " npMKnaAHWe peaynbTaTW, 
Tpe6Y01Ute Cpcl4ttOM ny6nMKa14HH. 6Yf l,(M 4aCTbD " Coo6It.eHMM 
OHlIM" , CTaTblll, 8OIZIe.AWMe 8 CooPH" , MNeClT, KaK H APyrMe 

M3AaHMA OHHM . CTa TYC ~M~HanbHWX ny6nMKa~KH . 

C60pHHK "KpaTKMe coo6UleHMR OHJtMl ' 6YAeT BhlXo.QMTb 
perynftpHO . 

The Joint Institute for Nuclear Research begins publi 
shing a collection of papers enti t led JINR Rapid Communi
cations which is a sect ion of the JINR Communications 
and is i ntended for the accelerated publ icat ion of impor
tant results on t he followi ng subjects : 

Phys ics of elementary pat ticl es and atomic nuclei. 
Theoretical physics . 
Experimental techni ques and methods . 
Accelerator s . 
Cryogenics . 
Computing mat hematics and met hods. 
Solid state physics . Liquids. 
Theory of condenced matter. 
Applied researches . 
Being a part of the J INR Communicat ions, the articl es 

of new col lection l i ke all other publications of 
the Joint Institute for Nuclear Research have t he status 
of official pu~l ications. 

JINR Rapid COMIII1rications wi 11 be i ssued regul ar ly. 

.ll:HTTPHX R., JKCIICp n. I-:,?,, 'i/, .. UO', 

PacnM npOTOl1a lie ~H'1'I 1 I IIU, i. ""I~,III!I"11 .' I1l1q·I .J1 I1 'II'\: ,. II 

Ilpli nOMOII~1I III'H·IIIII" IIIIJiY'II ~ II!hll' .1uif'rlY,-II,j ~UII ' ' 1.1""11.1 11,It'II,lll.1 

peJIRTIlUltc-rCkltX 111,, " 1,11111,11.1111 1 ' III Till! IIIV'!,.nllli 1111111111111' p.1 tHI'P,1 

II lbopMI.. IHIJllilIlillru Ii ''''1\11 II 1 )I,t' ~ lI lt, 1 (i11ll1oJ,IIIIII'" "1.ni'H!.I. 'I)'"p' ·111 

,lJ,JHI IIPOCTOTI.' IIJH!,I~IIII!I,Ij ' jI'lll II 1111i~l'n'II!~ I'll j 1I11'IH T I'II'1I'1 I'litl II fi" 1 

(' 111111 (1111.11'1. Ok.l 11.111.1, -'111 , 1IItl Ih~' II'''IIII'"11 P,I, 11,,,,\1 Vtll' III ,I:Il'1I1 1111 

CIH-11J1Il'lIl1lf1 r n'n"I' 111'11'1 ' 1 II II, II.I"II'H"". "1111 II If " -II 1111111111 ~ pl'lInl.III.' 

3KCIICPIi t- ll' UTOIl Inll l lbllll l-' IIIIIIY'IIIII 'I I III 11I1'1I1"IIII·HI,ttl. "'II'II/IV 

KI-tlleMa"11~(·CKIH.' lUlgolll1lt'\llIl1 11I11'1t,114.' lI,lill"H I 111'11 )" I j lllllll' ~l "11 ".Itlll 

BeponTIII>l~1 U IIP0'rIIlIUIH Q lllll I "IIP)l' II 1,1111111 ",tr", 11·1 ,1'1\1 " "1111 ,1 

Pa60Ta BbInOIIIICII<' IJ J ldC'hl ll.l 1'0plili I ""I" : 111'11" ,,"i 111111111-11 1111'111. 

Coo61leHHe O&beAKHeHHOrO H.HCTHTyTa RAep..... x Hccn('Jlo" ..lttuR. JlVn1l11 I 'Uti, 

Dittrich J., Exner P. E2-S4-S09 
The Proton Decay Cannot be Suppressed Kinematically 

Using a recently derived decay-law formula for relativistici 
unstable particles, we examine how the decay of a free proton 
could be affected by the size and shape of the wavepacket. 
For simplicity, the proton is assumed to be spherically syumet·
ric and spinless. The decay probability is found to be lessened 
comparing to the theoretically expected one, however, the effect: 
is insignificant under realistic experimental conditions. lIenee 
the proton decay is not likely to be suppressed kinematically, 
contrary to the prediction of a paper by Fleming. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JIllR. 
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