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ABSTRACT

For pA production the main amplitude of an M = 1 pion
vanishes at t = O, and for p production the M =1 pion has a

zero in the physical region near |t| =1 of the order of mﬂ2

0
in the NN vertex. We fit the sharp peak of the o4 production data

at 8 GeV/c with the M = 1 pion interfering with the A Pseudo-

1
threshold relations at t = OnA - mN)2 are essential to this fit.

Even better fits are obtained with a square root zero in all vertices

involving the pion at to,_as assumed in the early np charge-exchange

fite. We also achieve a fit to the p production data at 8 GéV/c,

4.2 GeV/c,and 2.75 GeV/c with this model. Here the daughter of the Ay

serves to compensate for the zero in the NN vertex. TIn both reactions,

to limit the number of free parameters, we restrict ourselves to t-

ds

channel amplitudes for the zero helicity p by fitting Poo E% .
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INTRODUCTION .

" The reactions N —pA and =N —)pN present an interesting
chéllenge,to Regge-pole phenomenélogy. Both reactions should be
strongly influenced By_the pion exchange, but thé M= 1 pion used in
_fits to pion photoproductionl and np charge éxchange‘2 present diffi-
culties. The M = 1 pion couples to the NN vertex at t = 0, and

has a zero in the physical region at ft’ = t, of order mﬂg. Both

0
the nonzero coupling to the NN vertex and the displaced zero are
essential features of.the photoproduction and_ np 'charge—exchange fits.
Moreover, a recent photoprodﬁctiéh sumrule5 of'Bietti_and Roy-Chq

supports the conspiring pion with a zero in its residue at ]t‘ =1.5 mﬂg.

Through factorization these features of the M =1 pion have a profound
effect on.the pion contribution to p production and pA production.
Recent data’ for <p —apOAf+ at 8 GeV/c exhibit a sharp peak
'in the forward direction with a width appréiimately mﬂg. This peak is_
easily explained in the absorption modél by the pion pole with its
coupling taken from the widths_df the p and the A, and an absorption '
factor to bring the mégnitudé down fo fif the data at largerv ltl. 3
Howevef,jjlthe Regge-pole model, a'recent'argument of Le Bellaé5 shoWs
that the helicity nonflip coupling of the M = 1 pion must vénish at

t =0 for pA production. The ingredients of the argument are_that

the residue for zero helicity p, B

. 1
LN ¢ bas a (t)2 singularity,
np— N , _

while the M = 1 pion must couple to the NN vertex. As we shall
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show in Section IB, this.fesidue must actually vanish for a parent
trajectory (i.e., M =1 pion), so the (t)% must be in the xnp
vertex. By factorization this implies a full factor of t 1in the
sense residue of the” x for np eT5AJ There seems to be a clear
disagreement between the data and the dominance of thé M=1 pfon!
We propose.a pure Reégéfpble exchange model which caﬁ reprodqee
the data with the M = 1 .pion.- To obtain the sharp peak we introduce
the A, trajectory to interfere with the M =1 pion; We further

1

assume that the Al couples to the ﬂp‘ and‘ NA channels at t = O.

Note that if the Al- contribution.vanishes at t =0 Dbut iS'finife
for some other range of *t, -analyticity still réquires an infinite
daughter sequence.

The idea of an interference modei is'to allow the pion contri-
bution, which is vanishing near the edge'of.the physical region, to
grbw rapidly and-intérfere"destructively.With the slowly varying
contribution of another singularity. it:is impdrtant to realize that

so that

t in for the p A production at 8 GeV/c is about 1.k mﬁ%

even. if there is a zero in the pioh amplitude near this point (in
addition to the zero at t = 0), interference is still possible.

. When there is.a square root zero in the NN vertex at to,

factorization and analyticity require this Square root zero to be in

all pion vertices. This zero occurs at:about 1.5 mﬂg. When the zero »

in the xNN vertex is a full zero, analyticityAdoes not demand that
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the Zero exist in the other vertices. In this casevmost.of the inter;.
féfenée 6ccurs béfore :tmin and affects our fits mostly through theu
émearing due to the width of the 'p‘ and the A. In both>éaéés; we
vfind that'the pSeﬁd&threéhold’singularity in the sense amplitudé for
the Ay is essenﬁial to the fit. This is true even though we have
properly used the bseudothreshold relations to eliminate the bole in
the formulae for the éfoss séétion. The'intricacies of oﬁr fits are
explained in Section iI. |

We do not‘claim that the .Al offers the only explaﬁatiop of:.
the data within the Regge hypothesis;'othef-péies or bﬁtsvmight do as
well. It would be attractive on pﬁysiCal groﬁnds to have the sharp
peak due to the rapid variation of the pion amplitudes, and an inter;
ference effect seems to be the ohly way -to achievé this for the  M=1
pion. But, as emphasized above, even'in this modelvthe_analyticity
proﬁerties atvpseudothreshold are at léast as iﬁportant as the pion
pole in obtaining thé sharp peak. | |

vThe data6 for ﬂ+p —>p+p at 8 GeV/cvexhibit»éﬂbroéd pegk

(width = 15mﬂ2) with a slight turnover in the forward—dire¢tioh.

Again the absorption model provides a fit,starting‘with anaelementary” -
pion that vanishes at t = 0. The M =1 pion also vanishes at t =
but unaided it would give a dip at t. = l~ﬁo.2'm£2 (due fd the zero in

0

the NN vertex) not observed in the data.: The A .and-its daughter
—_— _—---\ — . ' .

give a way out of this difficulty. The daughter contributes to the

same amplitudes as the pion and contributes at t ¥'O, since its residue
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is singular. As we explain in detail below, the interference of the x
and the daughter compensafes for the structure in the x residue at
to; while reinforcing the dip at t = 0.

In testing this model, we have endeavored to intréduce a
minimum of uhknown parametefs. As morerdata becpme availabie,a ﬁore
detailed fit may.be Justified. _TQ this end we restricted ourselves to

do

a fit of Poo 3T 2 2% this involves the pion pole but not all the

helicity amplitudes. In pa", production for [t| < O.l(GeV)Q, boo is
about 0.85 so that clearly these amplitudes must be mostly responsible

for the sharp peak. The pseudéthreshold relations at

t o= (mA -‘mN)2 A hmﬂg fur#her restrict the pg?ameters.

For o productiOn, 00 is.aboutiQ.5 and increaSing.for sﬁall
t.6 Since fhe Ccross seétion varies by £wo decades fof ftl'%etween Zero
aﬁd O.S(GeV)g.the-fit is not strongly affected by thé_exact;shape of’
Poo @assumed. In addition; weAfif_the cfoés section of tﬁé é;fprqdu;_
tion at 4.2 and 2.75 GeV/c to check thét the energy_dependeﬁce can be

accounted for. The intercept of the A trajectory at. t =0,

1
aA(O); is a parameter common to both fits, and a value of aA(O) = 0.2 to 0.4

is suitable. By using the known couplings to the pion pole and only one

exponential parameter for each trajectory, we reduce theinumbef of

parameters to three for pA.>and four for o productioh,‘plus:

% (0)- | -
Clearly better fits could be obtained by allowing more free

parameters, but the test of this model would be less convincing.
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In Section I,'we present the formalism for pA production (part A)'_‘

and p production (part B) and in Section II, a discussion of the fits

2 to the data.
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I. TFORMALISM AND PARAMETRIZATION

A. TFormalism for pa. Production

We define our s and t channels as

+ 0 ++
g1 1P -p A

.

+ 0 - 4+
t: wp —-p A

Since the NA pseudothreshold [t = A? = (mN - mége] is near the

T

s-channel physical region, the pseudothreshold relations' among the

t-channel helicity amplitudes that contribute to the density matrix
P60 should be included in our formalism. For the kinematic'singularity

free amplitudes ft,

1

3In ‘v’|-
- [(D(S: t)] 'A%‘N - T
[t - (my +m)%](s - &2

t.
xé&ﬁ;QO

£ , (1)

S
ST

the congtraint can be written

PP S S - RGNS
$-%;00 c(s) “25;00 I a 2100
22

]l
N
Q
e

2 -2-; . t>
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‘ . , . . _ ‘ L4 . N 2
when t = A?. In these relations wéithave Ofs,£) .= Egﬁt? PN(t) Péﬁt)ksln Gt] s

 the Kibble function, aqdn;C(s)a;,(htiPﬁ.P£§Zt2¢t;é§éisThese;
constraints remove the apparent pole at‘ fv= A? in the product

do

P00 aF Th1s latter quanflty is given by

o B . L = S ‘{1—§1
00 4t 6 7 s ¥ t - N [t - (my +_mA32] 2300

+ oGs, 1 | SR e

7t

3 L

5 2,00
The only trajectories thaf couple to thé..ﬂpr  vertex fbr

zero helicity p have unnatural spin parity [P = —(-)J], I=1,

and negative G ‘parity. The only mesons listed in the Rosenfeld.].
tables® with these quantum numbers are x(0), 'Al(l+),' and _nA(léhO).
In our model, we include the x and the A, and the first daughter

of ‘Al denoted by d which could be identified with x,(1640). It
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is important to notice that the existence of the daughter sequence for
an unequal mass channel is a consequence of analyticity at .t = O. : -

Once the Al is assumed to couple to the N — pA amplitudeethe

daughter sequence:is needed to cancel the singularities of the lower-

order terms in the expansioﬁ of the vAl contribution. Thus for the

process =N — pA, the contributioh of 'd to the cross section is

cancelled at t =.0. However, in the process nll —pN, the d

9

trajectory will satisfy type-II” conspiracy in cbnjunction with the

Al trajectory, and its contribution can interfere with the pion

contribution.
The amplitude ft 1 ﬁurnéd out'to.be unimportant in fitting '
2 200 | | o , |
2 2
the data,and in order to introduce as few parameters as possible into

our model we set it to zero. The pséudothreshold constraints in.

Eq. (2) can then be satisfied by the simple‘relations

f‘t - A | f‘t :
3 -500 T c(s) “EE00

-t o -t ‘
B1 " VP H a0 &)
5 E’OO _
. when
]
2
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Again, in order‘to introduce as few parameters as possible we assume
that the contributions.qf each pole to thekabové thrée amplitudes have
the same t—behévior apart from obvious factors such as the nongense
factors in the spin-flip amplitudes. This restrictibn reéults'in making
the spin~-flip amplitudes in Eq. (4) proporfional. We thus write the

crogs section asg

do 1 ' 2 ST '
‘ 6h 5 s k - ' o :
where
' 2 2 2 2.2 2N : 2.2
k() = (m "= &) " - (my +m )"0/ (6 - )Lt - (my +m)7T"
The Reggeized amplitudes £, and f, are written as
: : -inC, . v
=t ﬂr’ lxe Loy i
f cc f = —— T t 8/8
11500 1 L; sin- ot 1 (t) ( / o)
‘ . , -inai. o ' &
=t - A 1l +e i, i o .
Tl i500 ® fp o7 Z c(s) Tsin na, 2 (t) (s/25) (6)

with the following parametrization:



a (t)

a, (t)

()

ARG

The factor

continuing

G
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]
'
B
+
ot
Q
=
Q
o
<
e

I
Q
~—~
O
A
+

~ 1.12(Gev)2

n
o

+

ﬁ

.,
2

o

)

B

28R

o aﬂ(t) t +t ' bﬂ(thmﬂ

Il
[

2 S i
aﬂ(A ) m "+ t

A
-

o aA(aA +1) e

). - (7)

G can be related to the known width of the p and A by

the cross sectlon to the pion pole (t 2):
m 6 T \2 ' 1
- R (I S ‘
= hﬁ ) g q ’ y . (8)‘
‘ m p A : -

7T
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where

1
9, = % mp2 - hmﬂe)2 Y
1 T
ay =z Dy - Gy e m)E Iny - Gy - m)DE L (9)
. , | |

The factor of t in the pion sense residue, 'Yi“(t), is

é consequence of the M = 1 pion, first pointed out by Le Bellac

(see Introduction). For the case of a square root zero at to in

the xNN vertex, analyticity and factorization also require a zero

at to for all residues involVing the pion. Fits to np charge

exchange (assuming the A, coupling to the NN is small) suggest that

tO is about mﬂg. With a full zero in the NN vertex, there need

+ not be a zero in the ﬁﬁA vertex. However, one might expect a zero
with a different displacement from t = 0 due to the NA mass
difference. In any case, for the "full zero" fit, we place the zero

at larger negative t "so that it does not affect the sharp forward

peak.

B. Pormalism for p Production

We define our s and t channels as

+ +
s w +p-p +P
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The  Reggeized t-channel helicity amplitudes which contribute to the

density matrix Pog are

: ‘17[061 o
= % t (L te ) i : i
5" = e/l (1) Z e 0 () (s/3)
: ~iqnCl,
a.-1
-t t i; e l) i 7.
@2 . = f_% %;OO/an e Kg(t) = ) sin ’Hai » Y2 (t) (S/So) 3

(10)

with kinematical factors defined in the é-physical region by

' m m - m
K (t) = T ' '
' (-6)° (0t - (m +m)%I0t - (m - m)PIF
mﬁ u > _%_
.K2<t)- = "(—-jc—)-g (l - t/ mN )
I 1n6 , = cosget - lv “t(s - u) -1,

Ly - t)[t - (m + m 1t - m - m ]
(g - )0 o )21t - ( ?

(11)
The 7Y's are reduced residues with ghost-killing_faétors and factoré

of 't included. Their exact parametrization is given below. The

.crosg section is given by

2]
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do 1 [( 2 ;b,2+(

o T = ————— |3,
00 dt 6 x s Ko

K, ) 1

g cos® o, - ;)(ngglégtlg] .

(e).

There is a conspiracy condition at t = 0 Dbetween the kinematical
singularity-free amplitudes, 5lt and ®2_:'

t=0) = 8,°(t=0) . - (13)

This relation is extremely important, since it removes the singularity
at t =0 Just outside the physical region which comesvfrom the

factors (Klg’ K2

2 1, . . g o do
cp E) in the expression for P00 T above (at
-8 Gev, t . =0.06m 7).
] min i
Only unnatural spin-parity trajectories with negative G-parity
can contribute to these amplitudes, since the gnp vertex has zero

helicity for the o and'G-parity minus one. beeover, the standard

congideration of spin-parity shows that o t

1 hag a singlet NN vertex

with G = -(-1)'p, ana ®2t has a triplet NN vertex with

G

il

-(-)IP. The only known8 mesons with these quantum numbers are for

I=1, x(07), Al(1+), 7, (1640), and for I =0, H(1"). * The

conspiracy relation written for'Regge parameters is

Y0) = 1,9(0) end o (0) = o (0) -1 . ()
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A factor of t in the g residue Yiﬂ(t)' follows immediately from

this relation if the pion is a parent trajectory; i.e., in the absence
of a trajectory one unit above the pion with opposite signature and

parity. On the other hand, the Al need not vanish at t = 0, since

it contributed to ®2, and its daughter trajectofy d‘ one unit below

can satisfy this constraint.

A dy |
T, (0) = v (0) . : : o (s)
Perhaps nA(thO) is the first member of the‘daughter tf&jéctory with

g -0, at any rate, in the interest of simplicity no additional

trajectories are assumed for the nA(l6hO) - or the _H(l+). ‘Their
t = 0 intercept would be well below the 1, if they exist at all.

The coupling of the pion at the pion pole is known in terms of

2 : o ‘ - » E
— = . - N — . t .
gNNn/hﬂ ;LLF 5 and gpm/uﬂ 2 L - (I‘p 120 MeV) We parameterize

the pion residues with this constraint at 1t = mﬂ2 and with a zero

at t = —to in the NN vertex located according to a consgsistent fit -

of n+ photoproduction ahd. np charge exchange with an M =1 'pion.lo

The exact location of this zero is not crucial to our fit. As in the -
case of pA production, the pion trajectory is parameterized with
5 .

slope 1 GeV , the A trajectory is linear passiﬁg'through the A

1 1

masg and intersecting t =0 at aA(O), and the daughter of Ai hag

a parallel trajectory. The Regge parameters are:
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. t o+t bj‘{(t—mf)
() = t 6 ———(a +1)e v al
m + t
bid 0
o, (8)[a, (8) +11 bt
) = o) A e
‘aA(O)[aA(O) + 1]
' o (t)[a.(t) +1] b't ‘ '
d A a d a , .
75 (t) = v(0) ad(*o)[ocd(o) T 1] ev  : A o B (16)
where
. » me hmﬂe' fgl ' S |
G’ =§gngpm-—R———-——m2_m2--mﬁ - (a7
o) Tt

It should be noted that in the case of a square root zero in
the NN vertex, the above residue still must have a full zero at

t = -t i.e., a square root in each vertex ﬁpﬁ and sNN. In

0’
this case, to is the same parameter as the tO for the oA -

production. Besides tO and qA(O), there are four independent

parameters for p production [YA(O), b;, b} bé] and three

1.

independent parameters for pA production . [Yb ’ bﬁ, bA
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II. DISCUSSION ON FITS TO n'p — p aA™Y AND np = p'p
: by
There are recent data at 8 GeV/c for pA production and-

P production6 cross sections as a function of +t' =']t - ”tmihl' The

variable t' dis used to remove the smearing of the data due to the

e

variation in the mass of the resonances.  (For p production .tmih' Y
mﬁg/li at 8 GeV/c and can be neglected). This is important for the

, 5 |
pPA. production’since tndn' = 1.k mIr at 8 GeV/c for central masses and

the peak is very sharp with a width of about mﬁe, We also consider p-

11,12

production data at 4.2 GeV/c and 2.75 GeV/c and wider angle " p/r

production datau out to |t| =O.25(GeV)2 at 8 gev/ec.
| o 4o
odt

to limit the huge number of'parameters involved in the cross section. In

In both proéesses we fit Po The reason for this is simply

order to do this we have assumed a smooth interpolation to thé measured

values of Poo’ (see Fig. la, 1lb). We felt that the uncertainty in the
form of' Pog Was not too high a price to pay for the simplification
achieved. When we consider that %%' has three times as many amplitudes

and several more trajectories (@ @, A, for p production, and A

2 2

for paA production),it is apparent that many'fits to the crOSSvsection
would be possible. Even with the uhcertainty in _pooirthe fit to

do . : ' o v
Poo = .1s & more severe test of our model. |
' The recent consistentfitlo of np charge exchange, - pE ~%nﬁ;

and n+ photoproduction gives an indication'of the location of the zero

in the 3NN vertex. There are two ty@eskxffits according fo the type

of zero assumed in the NN vertex (denoted VﬁNﬁ): (1) "square-root-
1 : “ ‘ . :
1" e — . N E.. " . 1] 2 4 - —
zero” fit V,x o (t + to} ;(2) "Full zero" fit VaE < b+t

The best fit in the sguare-root.zero case gives».to = l.5mﬁ2, ~and in
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the full-zero case gives to = 2.5 mﬁe. However, the location of these

zeros should not be taken too seriously, since the Al and its daughter

were not included in these fits. It is possible, however, to assume that

the AlNﬁ coupling and the Alyﬂ coupling are small, so that the value

of to is changed little by the addition of the Al prajectory._b(Note that
lpﬁ~COupiing by vector dqminance,v

since here we consider zero helicity p). In this spirit, we fixed. té

the Al7ﬂ coupling is not related to our A

at l.5mﬂ? in all =x vertices for the "square-root-zero" fit and at
2.5 mﬂg in the NN vertex for the "fuiivzéro”'fit. However, our
fits are not sensitive to the precise location of the zero.

In ouwr fits the parameter aA(O) piays a crucial role. The

1 for pA production and =n with 4 for

p production goes to zero for aA(t) = aﬂ(t). On the other hand the

energy dependence of @ production is that of o between 0.15 and

£
Zero (see Fig. 2). We found that the right energy dependence and sufficient

interference could be achieved for aA(O) = 0.2 to 0.4. Since a value of

qA(O) =0.,3 offered the best results, the discussion of the fits will be

given for this intercept.

A. Fits to_x'p —poaAt

We obtained two distinct types of fits for this.reaction, whiéh
can be classified by the type of zero assumed for the nNﬁ. vertex:

For the "square~root-zero" fit (Fig. 3, solid line) the zero in the
nt residues was fixed at to::0‘03 (GeV)E, although thevposition of this
zero could be shifted by about ,mﬁ? ‘without destroying the fif._ For

the "full-zero" Fit (Fig. 3, dotted 1ine) no zero is necessary in mpx and
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N A vertices, but we found that a zero at tO': 0.15 was convenient, although

not vital to the fit. Thiéizero is well outside the region of the sharp
peak and the form of our residue is one choice from many possible smooth
parametrizations with or without zeros. Also note that the "square-root-
zero" fit is more peakéd due to a larger intérference of the .z amplitude
with Al" in £ (Fig. 4). | | __

In both fits, the peak was largely produceq by-the rapid decrease
of the Al amplitude in fi; ' The tapid docrease is duelto the pseudo- .
threshold pole in this amplitude. It is an interesting feature of the
pseudothreshold singularity that it can oause a sharp peak,even though
the residue of the "pole" is zero in thekcross section. This effect is
aohieved because the helicitj~flip amplitudes are supressed . iﬁ the phys-~
ical fegion by the half-angle factors @(s,t), alloﬁing the rapidly
decreasing sense amplitude to dominate the cross section.

Finally, the peak.was.enhanced further by averaging the resolts

over Breit-Wigner mass spectra for the p and the A . This averaging

decreases the width by about 20%.

B. Fits to ﬁ+pj - p+p;.
~ For both the square root and the full zero in the an—\T- vertex,
there is a full zero in the =x residﬁe for o production. The solid
1tne in Fig. 5 corresponds to a "square-root-zero" fit with té'f O;QB(GeV)E,
There is a slight indication of an inflection in the p data that‘is
reproduced for t_ =0.05 to 0.07 7('*‘fullézelro" fit, dottedll'inv'e"i.riv"Fig. 5),

but nothing is conclusive.

o
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2.2 do
) ol

From a Chew-Low extrapolation plot of (t - m 3 2 one

can see that the data at 8 GeV/c are consistent with Zero cross section
at t = 0. In our fit this feature (the dip at t = 0). wag reproduced
qualitatively by the cancellation of the gxd interferénce term with

the Al contribution at t = 0., The Chew-Low extrapolation of the

data at 8 GeV/c gives an acceptable value for the width of the 0

" We .obtain Fp X 90 MeV for the linear extrapolation from points with

[t <€L15 (Gev)g, and higher values could be obtained particularly with
the inclusion of quadratic terms in the extrapolation.

It has been pdinted out that the smallness of the contribution
of the pion pole to the cross section may be in contradiction 4o the
success of the Chew-Low extrapolation. We would like to pfesent the
following arguments against such objections: Recently K. Miller has

emphasized that the accuracy of the extrapolation of an analytic

2.2 do
)

function F(t), F(t) = (t - m Tf» from the data to a point

t, (t, = mﬂg) depends both on the accuracy of the data and the strength

: = :
of the bound assumed for the function}”’lndeed, if no bound is assumed

~ on the boundary of a complex domain which contains the data and the

point tl, the error in the extrapolatioh to tl may be arbitrarily

large. In the Chew-Tow extrapolation this bound is implemented by
the restriction to low-order polynomials (linear or quadratic). In
Regge theory such a bound is assumed for the amplitudes, hénce'for
F(t), but not necessarily for the contributions &f the individual
Regge poles. The size and the shape of the residue of the pion

Regge poles in the region of the data are irrelevant.to the
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accuracy of the extrapolation as long as F(t) is analytic and
bounded. ' N -

We may illustrate this point somewhat differently. The iunctidn

do 2 . g A L
3¢ hes a double pole at t = m = and can be written as —=—a2 + B(t).
: (t - m ") :
‘ L L
With the proper bound and analyticity of %%, the determination of g by

extrapolation is accurate as long as this residue is not very small.
(Note that in our model, as well as in other models such as absorption,
one fixes the value of gu by the experimental p-width and the =N

coupling constant). It is clear that if we rewrite %% as

2 | |
B (tg ~— + B'(t) with 52(mﬁ?)

(6 - )

in the region of the data, we have not changed any properties of

= g” such that B(t) is small

do
at

relevant to the Chew-Low extrapolation.
A more complete investigation of this model should include fits

with the A

- - + :
1 to np charge exchange, pp —nn, and =~ photoproduction.

"square-root-zero' case between

In fact, there exists a discrepancy for the
the fits to NN scattering and photoproduction that could be removed,by
a.moderate Ai and & contribution. For to;=Q.OB(GeV)21.this dis~

crepancylo occurs_between'the values_of ge/hﬁ used in NN scatterihg

(ge/hﬂ = 13). and photoproduction (gg/hﬂ = 16.8). Also for the "full-

'zefo" fit, the present value of to = 0.05 is in disagreement with the

value to = 0.03% of the photopfoduction sum rule. Again the inclqsion

of A, end d in the high-energy fits and the daughter trajectory in the v
sum ruwle could bring agreement. Since the Regge contribution to the sum

7 o, a %
rule is BT N + (t - m ) B W ¢, we would not expect the new term



L At RS

-21- UCRL-18291

to displace the zero far from to =0.03%3. Also the photoproductidn fits
will not be strongly affected, since the Al and its daughter do not
contribute in leading order at t = O.

In conclusion, we would like to emphasize that this model is not
intended to be the unique Regge~pole solution. Indeed;-considerably
better fits for pA prodﬁction could be obtained if Al were reflaced
by an interfering amplitude which was more in phase with the pion. Then.
the pion would more effectiﬁély give the peak by interferencé. Moreover,
it is possible that the explanation of the data discussed here lies in
aﬂ M=0 pion whoée contribution is modified by other.singularities
such as cuts. The main point of this paper has been to preéent a rea-
éonable pure pole model which would show that factorization énd'the
hypothesis of an M= 1 pion is th in contradiction with the recent

p~production and pA-production data.
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Table I. Parameters for n+p ~>p9A++ fits with the Al intercept
aA(O) = 0.3. The pion contribution has been normalized by Y -

the constant G = 1950 in Eg. (8).

Parameters "Square root zero" fit "Full zero" fit
Zero in x residue at 1tl;tog 0.03 (fixed) | 0.15 (fixed) .
.Al residue-7oA : - S 0.20 G ‘ - -0,22 G
bl egponential bﬂ: , | 12,0 GeV-2 7.5 C—eV-2
A pronential-'bA; : , _>4.i GeV e B 4.8 GeV-2 
X2/NO. of data points: . .._ 38/l ‘ ko /7

Table II. Parameters for _n+p - pfp fits with ‘the Al intercept at

aA(O) =0.3. The pion contribution normalized by the constant

G' =570 in Eq. (17). S 5 -

Parameters ’ "Square root zero" fit - "FPull zero" fit
Zero in wlNN vertex at ]t]:to: 0.03 (fixed) . 0.05 (fixed)
A, residue 7A(o): . 0.39¢a . "0.32.G¢'
1 exponential AR 5.1 Gev 2 5.1 GerQ
A, exponential b'A: 1.3 GeV-E_ 2.0 Gev I <
. ' -2 -2
d exponential b a4 L.7 Gev 3.8 GeV -

XE/NO. of data points: o 20/28 - 2h/e8
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FIGURE CAPTIONS -
) v,pFig.‘la. Dens1ty matrlx 000 at 8 GeV/c for x p -p N h where the -
a | line is the 1nterpolatlon used in our fit. ..
v _ ’Fig.vlb. Density matriX-”poo at 8 GeV/c 'for n.p ~§b+pi6' The smooth
- | .line interpolation was used in our flt with poo ; 0. MS for -
Itl > 0.1 [I Derado, dJ. A P01r1er, N. N. Blswas, N. M. Cason,
V.. P. Kenney, and. W. D. Shephard Phys Letters 24B, 112 (1967)}
The exact shape of poo is not cruc1al to our flts.
.fig. 2. The energy dependence of our predlcted longltudlnal cross seetionv-
for n+p‘-l—'> p«+p, i".'-e.‘,'- fdt [poo gt ] , compared w1th the experl— |
» :mental measurements for the Egta; cross sectlon.v [O Mbrrlson, '
»CERN TC Division Report v CERN/TC/Phy51cs 66-20 (1966) 1 Solid,lh
line is- normallzed to go through the p01nt at 8 GeV/c :
Fig. 3.  "Square-root- zero" flt (solld llne) and "full—zero" flt (dotted-h‘
v line to. pOO,d% for #va—ap A‘ vat 8 éev/é;u> :
Fig. b -Amplituagg'éor the ﬁséuaré4roct;zérd“ £it to pA preduétioﬁ. ‘;'

The phase of the A, in f, is measured relative to the pion

S

1
in £, and all contributions to the magnitude of £, are
included in the line labelled F,: Hence, pdb %% (xp = 0°8 ") =
fn + Re Al[ + lIm Alif + ]EEI L | -
Fig. 5. "Square—root-zero" fit (solid Iine) and ”full-zero" fit-(dotted-
| ~ line) to Poo dt (n D —>p D) at 8 GeV/c
. .~ _Fig. 6. - The "square-root-zero" fit to pOO dt (n p -0 p) (dotted llne)

at 4.2 GeV/cll with the plon contrlbutlon‘ lﬂlg; the Al
contribution ,Alfg, ahd'the xd interference term

do ‘ ' ' -
P00 T (1D =0 D) = [x|? + xd + a2, P .
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