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ABSTRACT 
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The appu-ently anomalous energy dependences of the pp and 

pn elastic polarizations at low energies are used to motivate the 

existence of a low lying vacuum trajectory a with intercept a 0 < 0 

cc;>upling more strongly to baryons than to mesons. The a is iden

tified with the medium range attractive NN force in one boson 

exchange models at lower energies. We conjecture that the a 

trajectory undergoes some nondiffractive renormalization.at 

plab ~ 30 GeV/c in analogy with recent models of. the pomeron. The 

possible presence of other low-lying trajectories is briefly discussed. 
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I. IOLARIZATIONS 

1 
Recent measurements of the pp and pn elastic ·polarizations 

between 2 and 6 GeV/c have indicated an unexpectedly rapid decrease 

with energy of the n = 1, I = 0 NN amplitude (we denote net a

channel helicity flip by n). We propose that this effect is asso-

ciated with a low lying vacuum trajectory a • We shall relate the a 
+ ,o 

to a Reggeized continuation of the 0 exchange needed in. models of 

low energy NN 
2 

scattering. There, the 
c 

a provides a crucial medium 

range attractive farce with a large coupling. In quark language,. th~,: 
"'~ 

a can be considered as a leading 2q2q exotic state, coupling ·0 '" 

primarily to baryons. 3 The a coupling to mesons. is suppressed in ~ 
-· 

this view since it cannot be planar and thus violates the Iiztika-Okuh&. 
. 4 

Zweig rule. All this is consistent with meson-nucleon scattering, 0 

which exhibits a mare "normal" behavior than does NN scattering.5 

While previous phenomenological fits
6' 7 have invoked a low lying vacu.;e. 

trajectory which could be interpreted as the a coupling to 1t1t (asc..r~ 

distinct from the f' coupling mainly to KK), the resulting coupl15 

are smaller than those we shall invoke for NN scattering. 

At this point a theoretical remark is in order. As in the 

case of the leading vacuum trajectory, renormalization effects could 

be expected to exist for the a , transforming it into sane renor

ma.lized trajectory oR. In the schemes of Ref. 7 and 8 it is necessary 

to imagine, e.g., KK and BE nondiffractive inelastic thresholds 

renorma.lizing the leading vacuum trajectory with intercept below one 

(the f generated by cylinder corrections to the planar bootstrap in 

Ref. 8 or the bare pomeron P in Ref. 7) into the bare pomeron of the 

Gribov calculus with intercept above one. 9 Such renormalization is 
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expected above 30 GeV/c on the basis of inelastic KK, BB production 

10 data; the same conclusion is reached via detailed two-body phenom-

7 enology within this context. It is alsq indirectly implied by pp 

ll 
polarization data at Serpukhov which implies a change in energy. 

behavior. This transition cannot be fixed from pp polarization data 

since none exists between 17.5 and 45 GeV/c; however we will fit data 

to 17.5 GeV/c. 

It is important to note that the association of the a mass 

ma phenomenologically determined in low-energy NN scattering withthe 

cr trajectory depends on whether or not one belives that the a deter-

2 2 
mines a pole in the S rna trix at t = rna • If it does, ma is to be 

determined by the renormalized trajectory If it is only regarded 

as corresponding to a. term in an effective lagrangian, it is to be 

determined by the unrenormalized trajectory exa • We sba.ll illustrate 

the point with a mathematical example in Section III. 

The unrenormalized trajectory ex. (t) = -0.4 + t that we will a 

be using corresponds to a mass parameter ma = 600 MeV, sensibly close 

to values of ma derived in NN potentials. A renormalized traj~ 

aa(t) = -0.2 + t would yield a mass parameter ma = 450 MeV, 

corresponding to the true mass of the a meson if it exists. 

We turn now to our analysis of th~ data. We denote by P the 

diffractive component of Refs. 7 and 8, or alternatively the more 

usual sum of a "naive" pomeron pole PN with intercept at 1, along 

with an exchange-degenerate fEXD. We denote the I = 1 reggeons 

~ - p by R. Neglecting n = 2 terms (a point to which we shall 

return)the polarizations P(pp), P(pn) for elastic pp and pn 

scattering are then 

-4-

2 P(Ppnp) ~jpn=OI 
. * 

-2 Im [(p +· a - m :t R)n=O (P + a - m:!: R)n=l l. 

(1.1) 

It is experimentally observed
1 

that for 2 < Plab < 6 GeV/c 

ex -1 
S - P(pp) + P(pn) ~ O(s eff ) .. (1.2) 

where 

(1.3) 

with a magnitude of about 0.3 at t = -0.3, Plab = 4 GeV/c. 

We can easily obtain qualitative conclusions from Eq. (1.1) 

Im(Pn=O ~=l) vanishes if P is assigned to be a single power 
exP 

-[exp(-i~/2)sl ; it·is small if small cut corrections are added? but 
ex -1 

these would yield terms of 0( s p ) in S which disagrees with the 

experimental energy behavior. The more conventional decomposition 

* P = PN + fEXD yields (PN) (fEXD) cross terms, but these would be 

wrong since they are of O(s -l/2 ). The same is true of P - m cross 

terms. * * O(s-1 ) The mn=O mn=l and Rn=O Rn=l terms ~re of which 

is the correct behavior but both terms are much too small, the factors 
2 

being mainly in phase and in any case much smaller than IPn=O I • The 

only term that can plausibly be assumed to have both the correct energy 

* dependence and magnitude is the Pn=O an=l term. This is the _only 

term we sba.ll keep in S . 

At this point it is worthwhile mentioning that a scheme involv

ing the' I= 0, C = -1 Freund-Nambu 0-trajectory at a
0 

= a't arising 

in connection with a pomeron singularity PN at a = 1 + a't inserted 

12 by hand into the cylinder coupling fails immediately in describing 
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. * 
the polarization since Im(PNO ) = 0. An aJ_ternate scheme with a heavy 

w' trajectory having aw,(0)- -1/2 in order to reproduce the energy 

dependence leads to the wrong zero struci;ure in S. 
. . 

We shall now describe a qualitative fit. to the sum S of the 

pp and pn polarizations. Using the above arguments to discard all 

terms but Pn=O and an=l we obtain 

where we have taken 

v = !.(s - u) 
2 

as an appropriate variable for continuing to small 

(1. 4) 

(1.5) 

s. We shall ignore 

the t-dependence of v so that v =2m Elab· Choosing the unrenor

malized pomeron trajectory of Ref. 7 

(1.6) 

the unrenorma.lized a trajectory 

-0.4 + t (1. 7) 

and 

A(t) A 0.76t 
0 e 

vo 1 Gel 

Ao 13.5 GeV-l (1.8) 

we obtain the results shown in Fig. 1. 

The agreement of the simple model with the data is surprisingly 

good. In particular the zero at t = -1.1 predicted by the model at 

a - a = 2 seems to be borne out experimentally. p a 

-6-

·The sign of A
0 

corresponds to taking 

(1.9) 

where 

-irr/2 a / 
-(e s)

0

(3a/sin(~aa) 
. a 

This form for the n = 0 amplitude is consistent with the 
·-.,..,, ..... 

requirement that Im an=O > 0 , which holds for any vacuum Regge pole. 

The fact that the a may undergo renorma.lization does not change t~;~ 

fact (c.f. S~ction III). 

The signs of the amplitudes are consistent wi~ 

those of the attractive a-exchange parametrized in low-energy NN ·(; 

2 
scattering. (Note the sign in the elastic unitarity Eq. (3.33) of-., 

that reference.) 

We may also fit the difference D of the pp and pn 

polarizations by making a simple assumption regarding the I = 1 

reggeons. Taking (A2 - p)n=l = R as real we obtain 

D 

Choosing 

B(t) B 0.076 t 
0 e 

leads to the results shown in Fig. 2 for Plab between 3-6. 

the agreement is quite reasonable. 

(l.ll) 

Again 
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We have not included the 2 GeV/c data. These data show a very 

anomalous behavior, being smaller than at higher energies. This may 

be related to the observation
13 

that the, difference of polarized 

target-beam total pp cross sections 6 = -o(f t) + a(1' Jt) is large 

at 2 GeV/c and decreases very rapidly, since 6 is determined by the 

n = 2 amplitude which we have ignored up to now. It is also worth 

noting that the. 2 GeV/c polarizations were normalized with da/dt from 

a different experiment. 

Armed with the above low-energy results we may now predict the 

pp and pn polarizations at all energies up to 30 GeV/c. Iast those 

energies at least the p~meron we have used is renormalized; 9 

qualitative estimates based on Serpukhov data indicate that the o 

intercept is renormalized upward by a (0) - a (0) ~ 0.2. If it 
. ~ a 

were not renormalized the model P(pp) would be too small at high 

energies. 

The results for P(pp) from 10-17.5 GeV/c are shown in Fig. 3. 

The agreement with the data
14 

is quite good. In Fig. 4 we show 

predictions for P(pn). Notice that mirror symmetry is approached as 

the energy is increased,-as expected in Regge models with only I = 1 

flip amplitudes. 

Next, again invoking exchange degeneracy to write 

-i1ra R e we easily find the polarization for pp 

scattering as 

[ 
· ] [ Jsin[~Cap-2a)] 

P(pp) = -2
1 

P(pp) + P(pn) + 2~ P(pp) - P(pn) 
:n:ap 

sin( 2 

(1.13) 
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The results at 6-14 GeV/c·are shown in Fig. 5. Again sensible agree-
14 . 

ment with the data is obta.ined. 

We may go even fUrther and notice that since the polarization 

+ 14 
in K p elastic scattering is given by an interference 

between the 0-~+ Pn=O and Rn=l amplitudes (the o being excluded 

by virtue of its supposedly small cylindrical KK coupling), there 

could a priori be. some similarity between P(K+p) and P(pp) - P(pn). 

That this is indeed the case is shown in Fig. 6. The prediction for 

the similar behavior of P(K-p) and {P(pp) - P(pn)} is also given. 

II. THE n = 0,2 AMPLITUDES AND OTHER U>W-LYING EXCHANGES 

In this section we shall comment on other low-energy anomalies 

and possible low-lying exchanges other than the a ' which we regard 

as established from Section I. Our conclusions will be much less 

definite. 

We first consider NN and NN total cross sections. By 

taking suitable linear combinations of these to isolate definite 

quantum numbers, it is easily established that low-lying exchanges 

coupling strongly to NN must exist. For example, between 3-6 GeV/c 

the fact that5 a + a-~ O(s-0.35) while a + a ~ O(s-0 ·15) 
pp pp ~P K-p - 15 

indicates the presence of an=O as confirmed by a(pi) + a(pi) 

between 2 and 6 GeV/c. Similarly, a_ - a ~ O(s-1 ) implies the 
pp pp 

existence of some low lying C = -lr I= 0 contribution to.the n 

amplitude (though probably not in the n = 1 amplitude as we have 

already observed in Section II). This is supported. by the energy 

behavior of a(pi) - a(Pd). Also a - ~ - O(s-2 ) implies some pp pn 

C = -1, I = 1 object. The energy dependence of the quantity 

0 
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"' da da ( -) 5 · ~ = dt (pp) - dt pp at low energies indicates the presence of low-

lying contributions as well, at least at t ~ O. (Fast -t "' 0.4 the 

""' U II energy dependence of tJ. seems to become more normal 1 indicating a 

strong t-damping of these contributions.) A third anomaly, already 

mentioned, is the difference13 ~ = a C11) - a ( f I) "'O(s-3 ) which pp pp Jl 

strongly indicates the presence of a low lying n = 2 cut1 a conspbEcy 

o~ some low-lying trajectories, or both. The type 2 conspiracy of Ref. 

16 leads to an energy behavior 

1 2 ad(o) 
~ "' ---r (s _- 2~ ) 

q(s)2 
d where a ( 0) is the intercept of the first daughter of the unnatural 

pu-ity trajectory: ad(O) = a (o) - 1. The rapid fall off of tJ. might 
u 

1 ' 
be consistent with au(O) = - 2' as shown in Fig. 7. 

It is also worth mentioning the presence of anomalies in meson-

nucleon scattering at low energies. A variety of effects, such as 

severe exchange degeneracy breaking in KN and K6 charge exchange 

reactions, 
17 

the different energy dependences of rr~p ~ ~n(~ t>), 19 and 

the need of a low lying singularity for the description of the charge 
- 0 18 . 

exchange rr p ~ rr n all point to_ the influence of such effects. 

Further study of these points is presently under investigation, 

To summarize, the study of the energy dependences of a and 
tot 

,. other data at law energies (2 GeV/c ~ Flab ~ 6 GeV/c) deems to imply 

that a trajectory one unit below the common Regge tr~jectory of inter

-cept 1/2 might be needed to reproduce the experimental data. 

Figure 8 indicates a possible pattern for these low-lying 

singularities in a first approxiMation. 

rlO-

III. THE cr MESON POTENTIAL AND THE cr TRAJECTORY 

In this section we give a mathematical example of the non

diffractive renormalization of the cr trajectory a into a R 
cr cr 

(c.f. Eq. (1.7n. In particular we shall show t~at it is consistent 

(1) to employ a one boson exc~ange (OBE) potential with a pole at 

t = m 2 at low energies, (2) not have the cr meson pole exist in the 
a 

s matrix, and ( J) to determine the mass parameter m 
2 

by using thee cr 
value of t- at which the unrenormalized trajec~ory a ( t) vanishes0' cr 
in the reggeized cr amplitude used at higher (but not too high! ) tr.' 

energies. The argument generalizes that of Ref. 20. Write the C 

a-exchange amplitude as (we take n = 0) 

. L C+i... . Jc· -inJ/2 ) dj s -e 
T(st) = -
a ' · 2ni (so) sin nJ/2 

C-i"" J
. 2 -bj 
-a - g e 

cr 

R · i where 0 > C > a
0 

, a
0

• Here . g is the coupling indue ng the reno:i';,, 

malization and b is a parameter related to the threshold sth of u~ 

1 the renormalizing effect by b ::: 2 R.n sth. If these effects are takN 

to be KK and BB inelastic production, b :: 2.
10 

As we shall 
- . . (0) 

see, b is also related to the lowest inelastic thrshold sth by 

b = tn s(O) in this example. (In principle we could have introduced 
th 

another parameter b' for R.n. s ~). ) The renormali zed tmJectory a aRc t) 

is determined by the leading zero of the denominator! 7ne crucial 
- R 

point is contained in the possibility that BJ vanishes at J = a0 • 

If it does not vanish, a pole in T
0
(s,t) at t = (m

0
R)

2 
results 

corresponding to setting a
0

R = 0. This is easily seen b:r roving the 

R - R)2 
contour to the left past j = aa • Now suppose that_ BJ - {j - aa • 

. No pole in T
0 

occurs at t = (lib R)2 and no simple result is found 

mere,~ by moving the contour to the left. Instead we expand T 
4J a 
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2 in a power series in g • For the O(g0
) term, we move C· to the left 

past j "' <Xer· . We get the contribution (c.f. Eq. (1.10)), assuming 

R.ns>b, 

-(.-¥ ;J" 
sin(~ aer) 

( ).2) 

Other terms arising from the zeros of sin nj/2 (j < 0) vanish since 

aj = 0 there. The restriction in s > b requires us to be 

the inelastic threshold. If in s < b 1 T~O) is real and is_ 

approximately given by 

2 so< t) ----
n aer(t) 

above 

(3.)) 

This can be seen by moving C to the right past j = 0. Other terms 

e:rlst in Eq. (J,J) but are small (c.f. Eq. (3.14>). Equation (J,J) 

f E (J.2 ~ by s·etting aer ~ o< 2o). is just the result obtained rom q. 1 

Let 

T ( s 1 t) = T( 0 )( s 1 t) + Ter( s 1 t) er er ( J.4) 

-Suppose for the moment that· Ter is small for t < 0. Then 

we may use T;o) as a good approximation to the full amplitude Ter. 

T(O) has a pole at a = 0 (recall we only assumed Sj = 0 at 
er er 

j = aerR so that Sj will not in general vanish at J = aer). 

Under the conditions stated, it is clear that if the NN one 

OBE - 2 2) d ima boson exchange amplitude . Ter = -ger /(t - mer is a goo approx -

tion to T at low energies, we may identify it as the low energy 
er · OBE 

(0) (The nonflip amplitude in Ref. 2 is -Ter ·) continuation of Ter . 

- 2 i TOBE is then to be identified as the value at The pole at t = mer n er 

-12-

2 2 which aer(mer ) = 0 1 and the coupling constant ger 

our s0 actually depends on t we have not attempted a numerical 

comparison. 

We now consider the term Ter(s 1 t) in Eq. (J.4). It arises 

2k from the zeros of sin nj/2 for terms of order g 1 k t 0. These 

terms are real and are easily shown to be small provided that we 

restrict our attention to "low" energies for renoriOOlization; here 

this means in s << 2b. Using Cauchy's theorem in the right half 

j-plane 1 we find assuming t ~ 0 1 

( J.5) 

)-1 where the Nth term results from the pole in (sin 'ltj /2 at 

j = 2N. In particular the N = 0 term is small if g2 is small. 
R 2 . 

This is the case if a - a ~ 0.2 (g ~ 0.13) · er er -
Although Ter(s 1 t) is not large at t ~ 0 1 ins << 2b it 

2 . 
is clear that it must have a pole at t = mer since Ter itself does 

(0) . OBE not have it. Our association of Ter ~th the reggeized Ter at 

higher energies involves no contradiction since T~BE is of coUrse 

never applied in analyzing data for t > 0 1 and so need not be Ter. 
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FIGURE CAPriONS 

Fig. 1. S = Pol(pp) + Pol(pn); 2 ~ Plab ~ 6 GeV/c. 

Data from Ref. 1. The continuous line corresponds to the 

parametr.ization of Eq. (1.4) 

Fig. 2. D = Pol(pp- Pol(pn); 3 ~ plab ~ 6 GeV/c. 

Data from Ref. 1; the curves are Eq. ( 1.11). 

Fig. 3. pp polarization; 10~ Plab ~ 17.5 GeV/c. 

Data from Ref. 14. The continuous line corresponds to our 

prediction. 

Fig. 4. Prediction for pn polarization at 12 .$. plab ~ 17.5 GeV/c. 

Fig. 5. Prediction for pp polarization at 6 GeV/c. Data from 

Ref. 14,. 

Fig. 6. Exhibits the similarity between Pol(K+p) and D. 

Data from Ref. 14 and the similarity between P(K-p) and 

P(pp) - P(p!i). 

Fig. 7· 6. = -cJ (1' t) + cJ ('fj; ), . pp. pp 2 ~ Plab ~ 6 GeV/c. 

Data from Ref. 13. Continuous line corresponds to an energy 

dependence 

6. = 
2q (s)2 

Fig. 8. Schematic pattern of .the meson trajectory and its daughters. 

Full circles correspond to observed particles; dotted circles 

to questionable resonances. 
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---------LEGAL NOTICE----------, 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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