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1 have beenkasked to summarize the current experimental situa-
Tion_édncerning the leading non-sTEange Regge fréjecfories. The
ulTimafe goal, of course, is to use the experimental data to determine
all the amplitudes for a given reaction, but guch a goal has oniy
apbroximafely been achieved in the case of the well-studied elastic
séaTTerinQ. | ‘refer you to G. Fox’sfalk! at the Cal Tech Conference for
a summary of the latest word in amplifude phenomenology.  We shall here
~1imit ourselves to a summéry of the gross structure over a large |
interval of mémeﬁfum-Transfer. We shall further limit ourselves to those
reactions or combinations of reactions which isolate a single leading
_Tra]ecfori in the + channel. We assume the validity of the Régge

theory with nonsense wrong signature zeroes (NWSZ) and use the formula

a -2

do/dt (v,t) = 6(t) v °off
+ogéfher wiTh.The.pbsiTidhs of The NWSZ”dfps to provide information about
the Tfajecfory, and rely on the internal consisTengy of the data tfo
Justify Thése assumpfions. In generél, several helicity amplitudes
contribute to a given reaction, each with a different v dependence,
.necessiTanng corrections .+o the Qg but we neglect this effect
considering Thévpresenf state of the dafa. We are aware of the known
necessity of introducing lower lying Trajécfories, abéorpfive
corrections and/or Regge cuts into NWSZ models but these will also be
ignored.‘ For jusTificaTioﬁ we appeal to the observation that
amplifudes which héve a siﬁgle unit of helicity flip in the s channel (n=1)

are least subje¢+,+o such correcﬂons.2 Most of the reactions we



e

" comment on here satisfy this condition. WefemphaSPZé’+ha+ much‘o¥ the -

data’ comes from aN inféracfions.§+ PnTermedia+e:energies (2 - 5 GeV/c)
" since Régge;shriﬁkage makeé-fhé_beST sTaTisficsua+ Iérge.IT[‘avaf[able
hete} vPﬁOTOproducfion'reécfions WIli'noT be cqnsfdered. . |
 We wiI| discuss: |
. I. Reactions in which only one.leéding Tkajecfory can be
' exchanéed (p; A2) | .
,’II. Reacfidns fn_whicﬁ we can jsojaTev+he Ieading Trajecfory
by 1;ospin (PI, w’, )
N III}? ReaéTions in waich'we can_isoléfe Tﬁeiieading trajectory

_ by_PariTy (B

I. The classic example of the SUCCesslbfifhe Regge mode! is, of course,
the 1 p »7°n charge exchange reaction. New méasuremenTSSIaT large
mbmenTUm”Trahsfers by Thé'Casé"Wééférn‘Réserve'groUp at Argonhe have

eff

show a cbmpijaffpn of -Barger and Phillips4 whi¢h'includes this data,

enabled us to extend the a analysis To'lakgé[+|. In Figure i_wef

'_SQperimposed on apg = 0,55 + 1. THis reaction also forms png of
 +he'éIas+fc ﬁN?scéTTeriﬁg trio and a recent méasureméﬁf of the R
.paramefers has al16wed,a mode | fhdependenf defermina+ion of the
ahplffude a+v6 GeV/c. We shall talk more abouf'This buf.now mention
"only Thaf whilé:aupufe p exchange médgl is obviously wrong, as
'QiTneéééd’By The'obsétved pélarfiaTioh, i+_b actuaily nof far‘from
+he.+fu+h. The NWSZ dip, correépondivhg in this case of an odd "
-sighéfure Trajécfory to the value éf'f fofvwhich d F,O;'is seen at
"allyenergies6 near t - -0.6. This dip‘is'alsp observed in the

Lo F + - .
reaction = p » 7°A * at several energles.7 We remind you of this data




in Figs. 2 and 3.

i The Onlyrdfher class Qf reactions believed to be dominated by
the exchénge of a singie leading trajectory is eta production,
n-p'» ﬁon and n*p > ﬁ°A++. For mény years the A2 trajectory as
deTefmined from the feacfidn n_p 4 non' was thought to be shallower
+han_+he o ’rrajecfory.8 About a yearvago'weg.deTermined this
Trajeéfory from the reaction ﬁfp > n°A++ with the results shown in

Fig. 4. The bes+>fif value, o = 0.87 + .75 1, is considerably.

‘ eff
steeper than the old A2'+rajec+ory, % e = .34 + .35 t, while the chi-
squared for a trajectory degenerate with the p +rajec+bry is not too
bad. ‘Subsequently, the n°n data was feanalyzed by Spiro and DeremIO

who showed that the effective trajectory became steeper as one included

onlf higher energy data, perhaps due to the preéence of s-channel

effécTs. Wé‘ have since redone the detailed Regge amplitude fifl|
.of‘Krammer'ahd Maor for n+p)+ n°A++ at momenta between 2.3 and 8 GeV/c
and find a besvaiT with o = 0.58 + 1.01 . That this is not the
same as the Ogfg previously shown as a best fit, is dqe to the
additional constraint on the form of G(t) and to the different v
dependence of‘fhe contributing amplitudes (chi-squared = 120 for
90 DF). To test the réliabiiiTy of such a Regge fit at Intermediate
energies we have partial wave analyzed these best fif Regge ampli+udes
and éhow the result in comparison with our measurehenfs of this
feécTion»down to threshold in Fig. 5. The agreement is remarkable and
indiéaTes the absence. of imporTanTvs channel‘conffibufions.

Another test of the model is provided by the .existence and
position of the NWSZ dip of this even signature trajectory

corresponding to the valué of t+ at which d_= -l. Again, from the



paper9 ef'GreTheriand myself, we show in-Fig;.6”Tﬁe differential cross
section summed -over severai energies, and cleariy'eee The'predicfed

minimum near t = =15, More recenle two oTher experlmenTs have

-

observed this- dlp in the reacflon T p » non. - The M|nnesofa grOup|?

and_The Case,WesTern_Reserve,group,|3 1nvcompjemenfary experlmenfs at
Argonne, have meaeured the differential cross section .over a very

large Tt interval at 3;65 GeV/c and we show their .data on the same
graph in:Fig; 7. The MIT-group|4 has also recenfly'reporfed-fhis dip
at many momenfaabefween I 4-and 3v8'GeV/c' We show their graph

. of: d|p position in fhe Mandelsfam plane in Fig. 8.

II. We consnder Three examples |n whlch .we can |sola+e |ead|ng
TraJecTorles from a separaflon info I = 0 and I=1 exchanges in the

%~T channel. Take\reacflons of The Type nN.4'M N where Miis an isoveefor
neédnﬁ (p, n;‘Az). .Since The I=1 conponenf of the anplifude changes

IVSIgn under charge conJugaflon and the I =0 coMponen+:does not, the

o ampllfudes are

Tar'p > m'p) v (1%% T

1]
—

H

1t
—

T(n;p > mon) o d@ TI
 The superscript refers to I, while The_eubscripf refers to the meson

charge.
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The mqs# complete study of such a deéomposi+ionvhas, of course, been
done wifh elastic pion nucleon séaffering. A recent work of Halzen
and Michael|5 has provided a mode | independen+'deferminafioﬁ of the
amplitudes at 6 GeV/c. In this case the I = | component is the
preViousry discussed p trajectory, while the I = O component contains
P aﬁd P'. We show the re§u|+ of this amplifﬁde determination fqr the
I=1 COmpbnenT’in Fig. 9 +o§e+her with the results of a preQious Regge
pole fit of Barger and Phillips'® indicating that their model is
a very‘good fit. - This shows again Thafifhe NWSZ dip near
t =-.6 comes from the Lr =1 spin flip amplifudé. More recently,
Barger and Phillfps4 have done this decomposifion with the newer Iafge
~ angle data and we show separaTely.Their I = i and I = 0 differential
crbsé sections in Fig. 10. They note that the dips at large |t]|
values appear in the I_r =0 componen+, perhaps corresponding to +he-
a = ;Q,and a = =4 intercepts of Thé P'ATraJecfory. Here, of course,
the polarizafioh in ntp elastic scattering comes from the inter-
ference between the I = Oiand I =1 exchénges.

In a contribution to this conference,|7 Michael,'GreTher, and |
have applied the Sameﬂaﬁalysis to the reaction wN + pN as was first

18

" suggested by ConfigoUris,Tran Thanh Van and Lubbatti. In this case



+he"I=vO exchange,can_only be'fhe w° TraJecTory, wh:le the I = |
exchange consists of at least and - A2 exchange.

. We show f|rs+ in Flg. II our measuremenf of do/df for
T p + p p at 2. 67 GeV/c. This was obfained wifn a ma*fhum likelihccd
fit of The Dali+z pIoT in each inferval of t+ with'the known maJor |
- flnal sTaTes, e||m|na+sng The. usual uncertainty in. background
-subfracT|on Th|s meThod is espectally advanTageous in obTalnlng the -
decay'angnlar dlsTrlbuTgons of The rhe.

-Fcrfunafelyrfhe besT measuremen+ Qf The.reacfionseﬂ—b ; b_p
and «7p + 0°n over a wide range of 'momenfumgfransfens 'i-s at 2.77 Gev/c, '’
an energy very_close Tc'eur onn. vWe then snow invFig. iZeThe.ccmnina—
Tion”X(T)“=|TO|2. The coarser infervalslof The'pnblisned:w-p'work‘l
. make it aifffculf'fc draw any‘conclusfons aboufjfhefbehavior‘aflvery'
emal}‘f (a f{affening is already apparenTAin this dafa)? but a clear
dipvnear:Taé.-O.ﬁ‘is cbseryed. White the achaT magnifude of this v
w° exchange'confribU+ion is‘SubJecT to uncertainfies in the normaliza-
Tions of:The Two'e*perimenfs, the pOsiTicn-of the dip is insensifive
To;a‘wiae range cf reIaTIVerncrmaliiaT{ons. This dip cccnrs a+
vfg; {0.40~i 0.05 GeV/c2 and, in a nonsense wrong signaTure zero model;
' is'inTerpreTed‘asvfhe value cf + at which the wokfrajecfory passee
. +nroughizerqf;rln Fig. I3'wevsncw Tnjs pcinf'fogefher'WiTh'fhe other
' avaflableadafa’ccncerning the «° Trajecfcry. ln.addiTion to the
w° mass,'a fecenTnSLAC measurenenfzo'cf aé(O) =0.47 2 0.09vfrcm.+he
reacT{on Kip,; Kgp, and the result of earlier fife to Tne chaf croSsr
_.sec"l'i'ons,zl'| a(0) 5_0;38 £ 0.04 are shown. The straight line is
a_# 0;4 ; T,iying somewhaT Iower than the conmonly accepTed_TrajecTory,-

1

ap = 0.57 + .91+, Reliab[e measurements of X(t) at seVeraI values of
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s would pfovide.addiTionél points on the w° trajectory.
One can also obtain the phase between the I = 0 and I =1

amplitudes from the relation
cos 8 =10 T/ T0 Tt = (T, 17 - T 1P ra@lteiTh

and-we_show this phése in Fig. 14 for our reactions. While the
amplifudés’are apprbximafély incoherén+ at small momen+um transfers,
‘cdherence sets in after +hebdip. Such measurements are, however,’
ekfrehely sensitive to normalizations.

An alternative explanaffon is offered by Strong Absorption
models.32 If zero helicify'p's come only from pion exchange andlif
this exchangeflips the proton helicity in the s channel (n = 1),
such models predict a dfp'in pgo do/dt near T+ = -0.5. This is
exactly what is observed in Fig. 15 but we note that oo itself has
a smooth behavior in this region,vso that this is probably the same dip
observed in do/dt. |

The same considerations can be appliedto A2 production, and have
been summarized by Rosner23 and Micﬁéel.24..Unforfunafély, the best
data is in the pr decay mode which Has a large background. = The total
cross section data show that the I = 0 exchange domiﬁaTes, accounting
for almost 3/4 of t he cross section. Now the IJr = 0 exchange is the
% while the 1+ = | exchange is the p with perhaps a bit of n
and B. This is confirmgd by fhe fact that in all decay modes
Py ¢'p|_| @:0.4 so_fha+ natural parity exchange dominafés. We show
+hé differential cross secTion325 presented at fhe Cal Tech Conference
in Figs. 16 and 17, As expecfed, for an even signature

trajectory the only evidence for a dip comes above t = -l. The odd



aTure p TraJec+od ‘wﬁl! only conTrubuTe +o A2 produchon and

’Vilone mlghT expecT a dlp near T 1-‘5 fOF SUCh reaC*IONSrZBarnham ef al,

fII*fhave reporfed a Iack of A2 sugnal ln +hls T lnferval in The

I;W P > A2 funal sfafe af 3 7 GeV/c bu+ The dafa are very sparse,‘f"I

i

» ln general we need good daTa ln The nm decay mode over, a
‘:fﬁlarge T lnferval.d The III|n01$ group27 has concluded from +he near
Zf,requall+y of The A2 and A2 cross sechons Thaf fhere IS .no coherence i

I.jbeIWQQDjITf”Q;and;I; I ampllfudes @ﬁ-”lyh

III. For reacflons of fhe Type wN *-VN in, whlch The vecfor meson

decay is expressed tn Terms of The densuTy maTrix elemenfs,‘éij;eg_;

' mfgiremember ThaT p ¥ 20||v%'| so Tha+ we can wrnfe

do/dT do/df (p +2p'|) "pé do/df + 2p|' do/d+
e e | (Hel _o) = (He| r)

IIAJWhICh separaTes The cross sechon |n+o a par+ correspondlng To

P-vecTor meson havnng heI|c1+y 0 and a par+ correspondlng To_ 1 '
- "EheIICITy .I Gofffrled and Jacksonzg showedHThaT nafural>-
'“I'parlfy exchange does noT popuIaTe The T channel hel|C|Ty 0'7

.'fesfafe,%f;eif o do/df measures helnctfy non fllp unna+ura|

";prarlfy exchange lndependenf of s. Rewrlfe as

'v‘.Li_do/de—-p do/dT + (pII pI |) do/dT + (_pH+p| |) do/dT

| er et o1.% ave showd thaf 1o order _:"»/."s'-"i5n,i5t}fo+h?"f"f',if"énd}ff‘c‘h'@ﬁhef :
g¢frames,._’ﬂ-.4

do/ St messures the helicity non<flip ummatural parity

'26:
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(pII - pl—l) do/dt measuresvfhe helicity flip unnatural
parity exchange; |
(pH + p|_|) do/dt measures the helicity flip natural parity
exchange. '
We will here consider the example of the reactions

++

'n+n + % and n+p > w’A [t is already well established that the

differenfial cross section has no dip near t = -0.6 and that Poo is
sizeable;Bl both indicating that rho exchange is not the bnly
contributing amplitude. The prime candidate for the unnatural parity
confribution is the B trajectory. We show in Fig. 18 a compilation of
some of the better statistics experimem‘s32 (not meant to be complete)
of é;o' The common feature apart from the finite size is the
appearance of a dip structure in the region of ¥ = -0.2 in most
experiments. We nofe; héweQer, that in some experiments this }s a very
narrow dip while in others it is quite broad. do/dt is usually |
'sfruCTUreIess in this t region. If we take this dip as the NWSZ of
.+he B trajectory (being an odd signaTuré trajectory, the point where

Ay = 0) and require a linear trajectory passing through the B meson
mass, then a (1) = 0,12 + 0.59 t.

| Tran Thanh Van and coIIabora’rors33 have obtained reasonable
amplitude fits to the reaction m'n + w’p with such a trajectory and
_we show their fit to the s dependence in Fig. 19. We35 have done a}fff
of o . for the 1p » w®a™ data (see Figs. 20 and 21) and obtain

eff

ag %{ = (.15 % .12) + (.62 £ ,23) T, in excellent agreement (con-

e
sidering all the amplitudes involved) with the trajectory v
hypothesized from the dip posi+ion. Since the data is still rather

poor, this. interpretation:is subject to considerable doubt. In fact,
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MafhéWs.énd Muen34ﬂhavé élsdbobfained a reasonable amplffudé fit to
this reaction with dB = -0.2 + 0.8 t. An alternative trajectory which
v -aésumesINQBvexchangevdegeheracy has been successfully used by Abrams

o ze ot o %0 4y |
and Maor36 in f|T+|ngvn+p > pOAA+, w°A++ and K+p +K A . They use

'The_TréjéEfory funcffén.d(T) = 1.12 +'and aré.able To.reproduce both
the s and t dependence of these Feactions quite well. Pols et al.>’
have obtained a reasonable fit to this model at 5 GeV/c with

alt) = 1.17 T;v.lh a ConTribuffoh to this conference, the Toronto
'Vgroup38_has repeated this fit Té'hew:dafa'af 5.45 GéV/c'ahd'fiﬁd they
needfa_rafhérvsfeeper trajectory, &(T) = I;34‘+; fo fit+ the défa.
vThe re;uITS of these fits are summarized in ng.~22._ That Thiéfmodel

eff

defermined directly is again due to the assumpfion of a specific form

also provides a decent fit with so different a trajectory than the a

of the amplitude, i.e., a specific form df G(f) which is not the best
fit but an'accepTable'fiT. Clearly precise data at larger s'ahd‘T,
and- a clarification of the nature of the dip near t = -.2; are

‘needed to ‘extract the B trajectory.

Work pe r'fox_'rned undér the auspices of the U S. Atomic

Energy-Commission.

.
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- Table I. SUMMARY

_ 8 Trajectory ‘ ]
e, =0.57+ .91t |
eff . . O. + OH . : .
NWSZ dip seen in both w p >.v'n and wp + 7 A near t=-0.6

A, Tra jectory

N R o - .0 |
Gogs = o34 +. 35 ¢t Tp+nn o _
: ) ) - .0 e
"aeff'=-'43 + v.64 t Tp+nn (4 { PLab <20 GeV/;)
: = : : .+ . o, +H
Qs = 87+ 1.75 1 . Tp*na
' @ = .58 + 1,00 + v 1r+p + n°A (K & M Amp1Ttude Fit)
NWSZ dlp near t = -, 5 seen in both = p+n °n and r p*n A
'P' Tra)ecfory 3 | .
aeff = 55 + 9t o (Barger and Phnlllps)
. Dips in I =0 cross secflon near t = -3 and 't = 5»
N, Trajectory
a= A4+t j v - N =+ dq 
, _ , o
~a(0) = 0.47 £ 0.09 - Kv‘zp + Kep

a(0) = 0.38 £ 0.04 o

NWSZ dlp near t = -0.4 seen i"'IT = '0 cross section at 2.7 GeV/c

8 Tralecforx _
a= 0.12+0.61 - _ Dip posuflon + 8B mass

Fits a*n » %
a=-0.2 +0.8t | Fitsn'n > u’p
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Figure Captions

|. Effective Regge trajectory for mp -+ m'n (P < 5 GeV/c).

Lab
Reference 4.

2. Differential cross section, do/dt, for w p - 7°n. Reference 6.

3. Differenfial cross section, do/df, for n+p > n0A++.

Reference 7.
: . . : +. o ++ '
4. Effective Regge trajectory for mp - n'A . Reference 9.
: L . + o, ++ .

5. Partial wave coefficients for reaction np > n A . Solid
curves are Regge amplitudes from best fit beftween 2.2 and
8 GeV/c.

X X . + o,++

6. Differential cross section, do/dt, for mwp » n A before
(a) and after (b) background subtraction. The solid curve is
the Regge amplitude fit of Krammer and Maor. Reference 9.

7. Differential cross section, do/dt, for m p » n°n. Squares
are the data of Reference 12 and crosses are the data of
Reference [3.

8. The posiTidn of the minima in the differential cross section
for w-p - non. Reference 4.

9. Model independent s-channe! helicity amplitudes and phases
for the I, = | component of the N scattering from
Reference |5. Solid curves are the Regge pole fits of
Reference 16,

I0. Separate IT = 0 and IT = | differential 7N cross sections at '
4 and 5 GeV/c. Reference 4.

Il. Differential cross section for w+p *‘p+p at 2.67 GeV/c.

Reference |7[
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IT I exchanges in N > oN at 2.7 GeV/c Reference 17.

fDensiTy'maTrix elemenT ;gb, in heliclly frame and

do/dl for m p > p p at 2.67 GeV/c. Reference 17.

. N+
Angular dlsTrlbullons for n p - Azp with Az'ﬁ KgKf.
'.Reference 25. o
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Reference 25.

Compilation of denslly matrix element, Poo for m'n > w9p

_and n+p -+ woA'+. Reference 32.
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is best fit of Reference 33. o |
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5.45 GeV/c. The solid curves are the best fits to the model

“of Abrams and Maor. References 36, 37, 38.
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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 Atomic Energy Commission, 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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