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ilecentfy a group at the High Energr Laboratory of the Joint Institu'de of Nuclear Research

(OuUna) obtaineil nith the accelerator of the Insti.tute of HigJr Enerry Physics (Serpukhov)

rrery interesting d.ate on the narroving of tbe cone ln elastic pp scatterln8 [l]. Considering

the r€gion of  very ror  l t l  =  .2 s  0.1 (cev/" )Z,  io  vhich

l n ( d o / d x r ; -  C -  t ( O  ^ 2

the authors of [f] measured the coeffictent b(6) as e fi lrctLon of the energy (of t =

h(E.- -  Gev))  in  the region 10 Gev S E,^-  s  65 Gev.--'-rab -- " raD
We consicler here this d.epenilence theoretical\y vith a-llovance for the contributions of

eeveral poles antt branch points. We shall show that the branch points hard\y change the

effeetive slope 2olff = db(E)/AE. For pp scattering, the value of olft shoulcl ' be-close to
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the slope crf(O) of the Poneranchrrk-pole traJectory (o!r, - ci(O) j 1g-2), i.e., tbe experi-
nental d,ata are lnconpatible with tbe asaunption that $(o) 

= o, A.s the tine, for nN
scattering (ancl partlcularly for Fp scattering), the effective narroning of the cone shouLdbe
stiu snsLler [e] even^for El-rb * 65 Gev, and" ite neaeurement calls for a high *"rr"""yf).

For rrery snall rt it suffices to talre into account the contributions of the Regge poles( t )  / ^ \
M'-' and of the flrst brancb points (aolrUte rescatterin* M:;, [5, f]). For the poueranchuk

traJectory,

-  , i l ! t '  =  ypa - IP*2 -  rp ( l  -  l " r 2 )  ,

-  , t t g  -  -  ( r p  vpp /  4 t " )  . - r e *2 "  -  -  ( vpYpp  /4 \p l ( l -  
" ' j " ' )  

,

a,ntl for any other traJectory

- ,i l(: ' - ,i ,oro.-ro 
*2 - ,rico yo'( I - ro ,<2 ) ,

- in[27 - -,,'oeoffi*ot^*] - ffi 1' -

FA9  o  =  I  , ,  p ,  A ru r .A . ,  . r=J - r t o )  ,  E  =E la6  s  f ec ,  yp t  t q

Ypr Y" *d Yppr Yap are qr.rentities rith the d.imension of length squared antt detemine the
residues at the poles and the contributions of the rescatterings at the pomeranchqk pole
( tnn = ya '  = yp)  1n the ' ropt ica l - "  or t re ikonal ' r  approximat ion [B]) ,

l o  = R o 2 +  a j ( n )  h E - 5 ) ,  o  =  P ,  P i  l o u r . A . ,
a

nith R' the persrneters that determine'[.7] tUe dependence of the residues oo "2, and a
' t  '

4 o  -  o o +  i  ( c t g  
*  

" . ( o )  ) o o ,

vhere o* = tl is the signaturu tnl = in", where,na i6 the 1rsual signature factor at t = O).
Recognizing that dolarz = t* i t lult l  lul2), Jh"r" M = 

b * I*#pM., *",= r l t) * *$) ,"
the ampJ-itucle vithout spin ft ip, " = (r/2\)l. ln;r"v* is its spin-fl ip part (accurate to
terrrs proportional to r2), a.nd. thet ypp t yp < 4trpr "& .. 1, a # p, we obtgin, taking into
account the terms linear in rt:

f  
t ,  0 - Rzp. 

+ 
- a(E) + ci(ol lnt * 

. i" ;*, ,

x 2 \

r;il?/'

( r )

. 2 )vnere

T p p s c a t t e r i n g , 0 3 f f $ o . 1 . 0 . 2 a t E 1 a b f u 6 5 o e v . T h e r e a s o n f o r t h i s [ t . l ] i s
that the Pt and t.r traJectories-yield. a narrov angular distributions and rapidly fade out with
increasing E1"6. Their contributions almost cancel out in the pp case, and are add.itive in t
the pp case. In the rN case the to traJectory nakes no contribution at all.

c \ 2-'We shal1 henceforth neglect terms of the type ina'/2(R* + ct{) conpareil vithgnity.
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,l
I  

tzr)
F+ a 'p )

a2, + ai, (

n2, +a2, +1";
" (, .  = 

*[, , , .  
- Rf + (o i- ai, t  € + u"

2

^(8, = 14n*vpt a 
lt#,1 {, . ffi)

is the snaLl- contributlon of the spln-flip a,nplitude. [tre branch points PP nalre a snall

constant contribution to (l), ypp/8 (. O.t of 4), ancl the renaining a,P bra^uch points cha,nge

C" @\y l i t t le  ( the last  ter t  in  (2)) .

fhe values of the para,meters y.r y.1r nl, o"(O), and o!(O) r corresponding to the experi-

nental aata [2] on do/dt *d otot in the region EI.b " LO - 25 OeV are listed in the table.

For N, kN, NN-fiN scattering it is Eufficient to talce into account the Pr Pf, o, pr and

A, t ra lector les.  A.seuning ypp = y"p = ypr  o$r  191 = 
$(o) ,  and cr(O) = oo(o)  = L/2 '

ve obtain

I  y o  E l q

l t r * " t 6  - n i * +  - A r n  +  a ; ( I l i + ( C r ' t c r ) c - ' ' i  ( l )

*r"n, O - Rzp -+ - Arr + ci(o)f  +ICp'+ c1r+(c'+ co)b4'z

rAe 
A -  1  v . r t r_ ! ryn, . , r *ynt .  € l r  

l ,  [ r .  ? , r i . " ; r , - l
ANN -  

|  +^*v,

and Anolr defined.rin the sane Banner but'*lth yol = 0, are neglegib\y snatl (sinc" 
{vr 

t Z,

and y-.- r, y e-9/t are snall). the upper slgn'pertains throrrgbout to the cases of the scat-

ter1nf,rot no"hr"r"" (n*, k*, l) uy protone, ancl t'he loner to mtiparticles. The firet tetm

Values of paraneters for nN ancl NN-frN
(c l ,  v . ,  Y " r ,  R3  -  i n  (Gev /c ) -2 ) .

o co (o) ai (0) ye t+ l R2'  -R3r

r N

P

P.

P

I

0.5

0.45

0.5
0.5

1.0

2.42
2.60
0.583

0
0.3

-4.6

l.0r
{20
3.20

NN-NN
P

at

P

A2

I
0.5
0.5
0.45
0J0

0.5
0.5
0.8
1.0
n.R

5.?5
6.ff.3
3.51
0.37
0.08

-0-26

2.00
320

- 3.38
- 0.52

3.0?
4.20
4.80
3.20
r.20

287



& (oev lc )z

I
t
T
I

ruI

\

til
tnl
lel
tilI

z(wcp) .-[.'

." fr'XP

.<6,ftgtilplnf
P pole only

poles + resca

f. GeV

t  4  5 6  0 t 0  t 5  2 0 30 40 6 00 lxl t50

in (3) is consta^nt vlthin I%, so tfrat b(€) is the sum of a l inear functlon bO + afE and an
exponential\r decreasing one. A plot of b(€) for the np and pp cases is sho*n in the figure
ror cf(O) = O.l+7 (CeV7g1-2 and $(O) 

= O. The last tern in (3) changes the effective slope

d6( o Cr, + C1r:r  (C.+ CO)
4;(o) -

t4

IJ

tl

(t+ )c
e J l

{ E

vhere C, = C& = 0 for the nN case.

According to the table, in this case Cpr /2 - L.B and Co is snalJ., so that if $(O) 
= 0.5r

then o l r ,  -  0 .5.  L.B/6 ( in  c ,ev/c)- t ) ,  i .u . ,  o i r r  = o in  the region El"b "  20 Gev and or*
= 0.25 (oev/c)-' "t El"b t 60 Gev.

In the NN-fiN case the paraneters listetl in the table are on\r tentetive, since the ccm-
plete recluction of the experiurental data with alLcra,nce for tlre bra^nch points has not been
completed.  This tabLe g ives C",  = 2.80,  C.  = 2,5O, 'Cp = 0.?8,  CA,z O.Ol+,  which leacls io a

2 d e
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negtigibly snall vatr.p of the last term3) in (3) and (lr) (yielding olrr - ai(o) s Io-2). Itre

experinental data for pp [f], as seen from the figure, agree vellvlth the value oi(O) = O.\Z

(  c"v/c  ) -2.

The assrrmption that cf(O) = 0 leads to a sharp tliscrepancy with the experimental data.

Ind.eed,, lf ve lree in this case the valueg of the paraneters fron the table (but vltn nf,, =

l+.BL CeV/c)-2), thul ve get for b(6) an alnoet congtant value, b(6) = 11.0, which tl i ffers frorn

the experlnentaL data ln the figure at large and small E by nore than trro sta,nclartl ileviations.

Since fornmula (f) yields in the general case b = bO * ea$(O)q + Zv/6, vdere vnn = Cp, * C&

- (c, + co) and uFp = ar' * ao, * c, * co' tbe questlon can be statetl ln nore general fort:

it is possible, vhen cf(O) = 0] to choose the constants bgr Crr and a, * aO so as to

initate tlre grorth of ttre curve on the figure vith the eid of the last tero of b(6). It is

roogt cqrvenlent for this putpose to assuneL) ,o, i Cr^ = 0. Denoting C = C, + Cor ve then

obtain b(t) = bo ! zc/frvrren cf(O) = 0r vhere ;;" *F" andl lorer signs pertain to the cases

of pp and [p scattering, respectlvely. Ehe best agreement for pp (see the curve on the figure)

is obtained vhen bO = I2.\ and C = \.0. But ln thig case ne obtain for Fp ecattering the

utr€asonabl-y large valuee U(6) t 15 (CeV/c)-2, rhlch is nuch larger than the e:qrerimental vafues

tgl t(E) V - 13 at E ,r, 12 GeV. [trus, the value al(O) = 0 ls apparent\y inconpatible vith all

the experinentaL data.
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a l5/It det"rmlnes the difference between the dashed straight line b - bt + ln8 and the eurve

b = b(E) for tbe case pp in the figure.
\)A""ordirrg to (2), negative Co, a.nd Co, (which &re even nore convenient for therclescriP-

tion of the tlata of i i i ' trrai zero r6i.,""), €#. inpossible wtren af(0) = 0, even shen Rf' =

R ?  =  Q .
A2

l a l
t 3 l
t \ j
i l l
t 6 l
t 7 l
l 8 l
t g l

tro l

Iu ]
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