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I have been asked to summarize the current experimental situa-

tion concerning the leading non-strange Regge trajectories. The 

u It i mate goa I, of course, is. to use the experi menta I data to determine 

all the amplitudes for a given reaction, but such a goal has only 

approximately been achieved in the case of the wei !-studied elastic 

scattering. I refer you to G. Fox 1 stalk 1 at the Cal Tech Conference for 

a summary of the latest word in amplitude phenomenology. We shal I here 

limit ourselves to a summary of the gross structure over a large 

interval of momentum transfer. We shal I further limit ourselves to those 

reactions or combinations of reactions which isolate a single leading 

trajectory in the t channel. We assume the validity of the Regge 

theory with nonsense wrong signature zeroes ( NWSZ) and use the formu I a 

do/dt (v ,t) = G(t) 

together with the positions of the NWSZ dips to provide information about 

the trajectory, and rely on the internal consistency of the data to 

justify these assumptions. In general, several hel icity amplitudes 

contribute to a given reaction, each with a different v dependence, 

necessitating corrections to the aeff' but we neglect this effect 

considering the present state of the data. We are aware of the known 

~ecessity of introducing lower lying trajectories, absorptive 

corrections and/or Regge cuts into NWSZ models but these wil I also be 

ignored. For justification we appeal to the observation that 

ampl i~udes which have a single unit of hel icity flip in the s channel <n=l) 

are least subject to such corrections. 2 Most of the reactions we 
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comment on here satisfy this condition. We emphasize that much of the 

data comes from 'ITN interactions at intermediate energies (2- 5 GeV/c) 

since Regge shrinkage makes the b.est statistics at large It! ·avai fable 

here. Photoproduction reactions wi II not be considered. 

;We wi II discuss: 

I. Reactions in which on I y one I ead i ng trajectory can be 

exchanged (p, A2) 

II. Reactions in which we can isolate the leading trajectory 

by lsospin <P
1

, w0
, f 0

) 

III. Reactions in which we can isolate the leading trajectory 

by Parity (8). 

I. The classic example of the success of the Regge model is, of course, 

the 'IT· p -+7i 0 n charge exchange reaction. 
3 

New measurements at I arge 

momentum transfers by the. Case Western.Reserve group at Argonne have 

enabled us to extend the ~~ff analysis to larg~jtj. In Figure I we 

show a compilation of·Barger and Phi II ips4 which includes this data, 

superimposed on a.eff = 0.55 + t. This reaction also forms part of 

• 
the elastic iTN scattering trio and a recent measurement of the R 

5 
parameter has a II owed a mode I independent determination of the 

amp I itude at 6 GeV/c. We shall talk more about this but now mention 

only that while a pure p exchange model is obviously wrong, as 

witnessed by· the observed polarization, it is act.ually not far from 

the truth. The NWSZ dip, corresponding in this~case of an odd 

signature trajectory to the value of t for which a. = 0; is seen at 

all energies6 near t = -0.6. This dip is also observed in the 

t . + 0 ++ t . . 7 
reac 1on 'IT p-+ 'IT ~ a several energ1es. We remind you of this data 

.. 
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in Figs. 2 and 3. 

The only other class of reactions believed to be dominated by 

the exchange of a single leading trajectory is eta production, 

0 + 0 ++ 
1r p + n n and 7f. p + n 6. For many years the A2 trajectory as 

determined from the reaction 1r-P + n°n was thought to be shallower 

than the p trajectory. 8 About a year ago we9 determined this 

trajectory from the reaction 1r+p + n°6.++ with the results shown in 

Fig. 4. The best fit value, a.eff = 0.87 + 1.75 t, is considerably 

steeper than the old A2 trajectory, a.eff = .34 + .35 t, while the chi­

squared· for a trajectory degenerate with the p trajectory is not too 

bad. 0 10 Subsequently, the n n data was reanalyzed by Spiro and Derem 

who showed that the effective trajectory became steeper as one included 

only higher energy data, perhaps due to the presence of s-channel 

W I . 't II effects. e have s i nee redone the deta i I ed Regge amp i tude i..!_ 

+ . 0 ++ of Krammer and Maor for 1r p + n 6. at momenta between 2.3 and 8 GeV/c 

and find a best fit with a.= 0.58 + 1.01 t. That this is not the 

same as the a.eff previously shown as a best fit, is due to the 

additional constraint on the form of G(t) and to the different v 

dependence of the contributing amplitudes (chi-squared= 120 for 

90 OF). To test the rei iabi I ity of such a Regge fit at Intermediate 

energies we have partial wave analyzed these best fit Regge amp I itudes 

and show the result in comparison with our measurements of this 

reaction down to threshold in Fig. 5. The agreement is remarkable and 

indicates the absence of important s channel contributions. 

Another test of the model is provided by the existence and 

position of the NWSZ dip of this even signature trajectory 

corresponding to the value oft at which a.= -1. Again, from the 



' 

-4-

9 . . •. . .· 
paper of Grether and myself, we show in Fig •. 6fhe differential cross 

section summed-over several energies, and clearly see the -predicted 

minimum near- t = -1.5. More recently two other experiments have 

observed this-dip in 
~ 0 12 

the reaction 1T p -+ n n. The Minnesota group 

and_ the Case Western R - 13 · I t . t t eserve group, 1n compemen ary exper1men sa 

Argonne, have measured the differential cross section .over a very 

large t interval at 3.65 GeV/c and we show their data on the same 

graph in Fig. 7. 14 The MIT· group has also recently reported -this dip 

atmanymomentabetween 1.4 and 3.8 GeV/c. Weshowtheirgraph 

of·dip position in the Mandelstam plane in Fig. 8. 

II. We consider threeexamples in which.we can isolate leading 

trajectories from a separation into I = 0 and I = I exchanges in the 

- t channe I. Take reactions of the type TIN -+ M N where M is an i sovector 

meson ( p, TI-, A2) • S i nee the I = I component of the amp I itude changes 

sign under charge conjugation and the I = 0 component does not, the 

amp I itudes are 

- T 
0 

• 
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IIT
1
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The most complete study of such a decomposition has, of course, been 

done with elastic pion nucleon scattering. A recent work of Halzen 

and Michael 15 has provided a model independent determination of the 

amplitudes at 6 GeV/c~ In this case the I= component is the 

previously discussed p trajectory, while the I = 0 component contains 

P and P'. We show the result of this amp I itude determination for the 

I = I component in Fig. 9 together with the res u Its of a previous Regge 

pole fit of Barger and Phi II ips 16 indicating that their model is 

a very good fit. This shows again that the NWSZ dip near 

t = -.6 comes from the~= I spin flip amplitude. More recently, 

Barger and Phi II ips 4 have done this decomposition with the newer large 

angle data and we show separately their I = I and I = 0 differential 

cross sections in Fig. 10. They note that the dips at large ltl 

values appear in the It= 0 component, perhaps corresponding to the 

a = -2 and a = -4 intercepts of the P' trajectory. Here, of course, 

+ 
the polarization in n-p elastic scattering comes from the inter-

terence between the I = 0 and I = I exchanges. 

In a contribution to this conference, 17 Michael, Grether, and 

have applied the same analysi~ to the reaction nN ~ pN as was first 

suggested by Contigouris, Tran Thanh Van and Lubbatti. 18 In this case 
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0 the I= 0 exchange can on I y be the w trajectory, wh i I e the I = 

exchange ~onsists of at least n and A2 e~change • 

. We show first in Fig. II our measurement of do /dt for 

+ + n p + p pat 2.67 GeV/c. This w~s 9btained with. a maximum Jikel ihood 

f~+ of the Dalitz ~lot in each int~rval oft with'the known major 

fin~l states, eliminating the usual uncertainty in background 

subtractiol;l. This method is esP:ecially advantageous in obtaining the 

decay angular distributions of the rho. 

-. 
Fortunately the best measurement of the reactions n p + p p 

and--~+ p
0 n over a wide ra~ge of momentum tran~fers is at 2.77 GeV/c, 19 

an energy very close to our own. We then show in Fig. 12_ the combina­

tion X(t) =IT 0
1
2 • TH~ coarser intervals of the pu~l is~ed rr-p work 

make if difficult to draw any conclusions about the behavior at v~ry 

' smal I t (a f-lattening is alre~dy apparent in this datal, but a clear 

dip near t = -0.4 is observed. While the actual magnitude of this 

~0 exchange contribution is subject to uncertainties in the normal iza-
. . 

tions of the two experiment~, the p6sition of the ~ip is insensitive 
. . .; ' 

to,a wide range of relative normalizations. This dip occurs at . . 

t = -0.40 ± 0.05 GeV/c2 and, in a nonsense wrong signa-:ture zero model, 
t\ - ', 

is interpreted as the value of t at which the w
0 trajectory passes 

through zero. In Fig. 13 we show this point together with the other 

available.data concerning the w
0 trajectory. In addition to the 

0 . . 20 . 
w mass, a recent SLAC measurement of a (0) = 0.47 ± 0.09 fro~ the w. 

reaction K~p + K~p, and the result of earlier fits to the total cross 
. . 21 . . 

.sections,· a(O) = 0.38 ± 0.04 are shown. The straight line is 

a= 0.4 + t, lyirig somewhat lower than the commonly C!Ccepted trajectory, 

a = 0.57 t .91t. Reliable measurements of X(t) at several values of 
p 

• 

• 

; 
.l 
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s would provide additional points on the w0 trajectory. 

One can also obtain the phase bet~~en the I = 0 and I = 

amp I itudes from the relation 

and we show this phase in Fig. 14 for our reactions. While the 

amplitudes are approximately incoherent at smal I momentum transfers, 

coherence sets in after the dip. Such measurements are, however, 

extremely sensitive to normalizations. 

An alternative explanation is offered by Strong Absorption 

models. 32 If zero hel icity p 1s come only from pion exchange and if 

this exchangeflips the proton helicity in the s channel (n = 1),: 

such models predict a dip in pH dcr/dt near t = -0.5. This is 
,00 

exactly what is observed in Fig. 15 but w~ note that p itself has 
00 

a smooth behavior in this region, so that this is probably the same dip 

observed in dcr I dt. 

The same considerations can be app I i ed to A2 production, and have 

23 . 24 been summarized by Rosner and M1 chae I. . Unfortunately, the best 

data is in the p1T decay mode which has a large background. The total 

cross section data show that the I = 0 exchange dominates, accounting 

for a I most 3/4 oft he cross section. Now the It = 0 exchange is the 

t
0 while the It = I exchange is the p with perhaps a bit of 1T 

and B. This is confirmed by the fact that in a II decay modes 

pi 1 ~ p 1_1 ~ 0.4 so that natural parity exchange dominates. We show 

t • t• tr 25 he d 1 fferen 1 a I cross sec 1 ons presented at the Ca I Tech Con.ference 

.in Figs. 16 anQ 17~ As expected, for an even signature 

trajectory the only evidence for a dip comes above t = -1. The odd 

II 
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$·i;~fti~tur(3.:p, -~raj~ctory ·w,lll ?blV :cpnftib~.t~;: to A
2
° production and. 

. . . . . ' 

9nemight expect a.d.ip·riear t=_-.6tbr:.s~ch,react-i~n$:· Barnham et al;26 

. have reported a l~ckof A
2 

si.gnal_·_iil-1-h.is t. interval ln the 

'7r+p ·~ A2° ~+~· f-i'R~J 'st~te at ·3.·7 ti~~~c b~t _the 'da-ra are'l'~er}t sparse. '' 
' .,.-{,, ,"$. 

I~ si~neral we need good, aata in' the n-ri~ deC:ay mode. over a. 
. .. . ~ . . . . ' ' . . . . . ' . 

Large t !;nterya 1.~ , The, +1. I i noi s;. grouJ::lf? has concl·uded' from :the near 
.··· ' ; .. ,'- + :· .. ,, :: ..... --'- ·.· .. -.. -'. ',· .. , '' ''' . , 

eq~9fity of -.tb~: A2 . and: 1,\2:-, c.ross" secti onsthat there·. is no cpheren~e 

-. be;twe~n-It=;:(fand' I= l· .. ampl ifudes.• 
' ; ' _,.. t, ", ' ' 

I . . 

-Ill. ·For r.eact i 6ns of the type 1rN ~ V N ·i:n which the vector· meson · 
:i· 

·''. 

·.·. 

' ·d·e~a/ is exbr~s~ed' 'rn't~rms of th~· ~e-~~i.ty m~trix elements, p .. , 
. , . .. . . . , - . , . ·. I _J 

remember that p
00

· + 2p
1 
i = I sd that ·we can write. 

~ ... i. 

do/dt - dg/dt ( ~00+2~p 11 >~ ~ p
00 

do/dt +; ii>
11 

·da/dt 

(~~1 ~·D; · tHe-t ~ ~ U 
..... _ ..... :.·.' 

.:·-, 

whith.,s~p'ara+es the c~os;s se'~tion i,ryto a part ~orn~sponding to 
: ".· 

vector mescn h<;wing he I icity =-'o: an9 ·a part .corresporiding't6: 
.• , . ' ' .. . .. ·,·' 

heJi.citv.·= ±: 1. · Gottfr~~d arid Jack~on28 showed th~tnatural 
. parity e><ch~ri'ge does not_populate the 't channe-l hel icity= o·. 

state; i~e~ .. p~:do/dt measures'·h~licify .• non-ti ip unnatural. 

· parity exchange i.ndependent of s. Rewrite ·as· 

- i 

' . 

do/?t.= -p09·.?a/df +·: __ (.pll~~i-l),do/dt:+ cR 1_1:t-p1; 1 >, 'do_/dt 
' • •• ~--.' ' ' ..... > •' ' • ~ ~· 

. '. ' -~-· 

.· ,. ~-

._, Ade~ kt. a·I.:Zf). ha've showri tll~f"to otder· l/s. in ·both s~~ and- t~channe·l 
. · ;" ·. ·. ' 30 : 
'--· frarifes, ·. · • • ,· 1,. 

., 

, ~· . 

. < . 
...... · 

. ' 

p~ ,do/dt measures the he! Ycify· non":fiJ'p u~natur~t p.ar::)ty 
.. ·, 

. ··.: :-·:·:··.. . ·... ·.;__·· .· .. 

.•. 

'~. 

! 
! 

, I 
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(pll- P1_ 1> dcr/dt measures the helicity flip unnatural 

parity exchange; 

Cp11 + p1_ 1> dcr/dt measures the helicity flip natural parity 

exchange. 

We wi I I here consider the example of the reactions 

+ + oA++ 
7r n -+ w0 p and 1r p -+ w o It is already wei I established that the 

differential cross section has no dip near t = -0.6 and that p is 
00 

sizeable, 31 both indicating that rho exchange is not the only 

contributing amp I itude. The prime candidate for the unnatural parity 

contribution is the S trajectory. We show in Fig. 18 a compilation of 

some of the better statistics experiments32 (not meant to be complete) 

t of p • The common feature apart from the finite size is the 
00 

appearance of a dip structur-e in the region of t = -0.2 in most 

experiments. We note, however, that in some experiments this is a very 

narrow dip while in others rt is quite broad. dcr/dt is usually 

· structureless in this t region. If we take this dip as the NWSZ of 

the S trajectory (being an odd signature trajectory, the point where 

aS= 0) and require a I inear trajectory passing through the S meson 

mass, then as(t) = 0.12 + 0.59 t. 

Tran Thanh Van and col laborators33 have obtained reasonable 

amplitude fits to the reaction 1r+n-+ w0 p with such a trajectory and 

we show their fit to the s dependence in Fig. 19. We35 have done a fit 

+ 0 ++ 
of aeff for the 7f p-+ w !J. data (see Figs. 20 and 21) and obtain 

as = (. 15 ± • 12) + (.62 ± .23) t, in excel lent agreement (con-
eft 

sidering alI the amplitudes involved) with the trajectory 

hypothesized from the dip posi~ion. Since the data is sti I I rather 

poor, this interpretation is subject to considerable doubt. In fact, 
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' ' ' 34 
Mathews and Muen have also obtained a reasonable ampli~ude fit to 

this reaction with a8 = -0.2 + 0.8 t. An alternative trajectory .Y>'hich 

assumes n-B exchange dege~eracy has been successfully used by Abrams 

d M 3 6 . f . tt. + .Q A++ 0 ++ + K*O ++ an aor 1n 1 1ng n p + p u , w 6. and K p + 6. They use 

the trajectory function a(t) "' 1.12. t and are able to reproduce both 

37 the s'and t dependence of these ~eactions quite wei I. Pols e{ al. 

have obtained a reasonable fit to this model at 5 GeV/c with 

a(t) "' I. 17 t. In a contribution to this conference, the Toronto 

group38 has repeated this fit to new data at 5.45 GeV/c and find they 

need a rather steeper trajectory, a(t) "' 1.34 t, to fit the data. 

The results of these fits are summarized in ~ig. 22. That this model 

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

determined direct I y is again due to the assumption of a specific form 

of the amp I itude, i.e., a specific form of GCt) which is not the best 

fit but an acceptable fit. Clearly prec1se data at larger ~and t, 

and a clarification of the nature of .the dip near t = -.2, are 

needed to extract the B trajectory. 

Work performed under the auspices of the U.S. Atomic 

Energy. Commission. 

~) 

.. 

.. 
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Table .I. SUMMARY. 

P Trajectory 

aeff = 0.57 + .91 t 
o + o++ · 

NWSZ dip seen In both w-p -+ 1r n and 1r p -+ 1r I:. near t = -0.6 

~ TrajeCtory 

a eft = .34 + .35 t 
- ' 0 

1r p -+ " n 

0 eff 
.- .43 + ~64 t - o I 1r p -+ n n (4 < PLab < 20 GeV c) 

0 eff = .87 + I. 75 t 
+ , oA++ 1Tp+nu. 

a= .58 + 1.01 t 
+ oA++ 1T p + n u. (K & M Amplitude Fit) 

NWSZ dip nea.r t = -1.5 seen in both 
--·o -+ o++ 

1r p -+ n n and 1r p -+ n 1:. 

P' Trajectory 

aeff = .55 + .9 t· 

Dips in It = 0 cross section near t 

<Barger and Phi II Ips) 

= -3 and·t = -5 

w
0 Trajectory 

a = .4 + t wN + j:lll 

a(O) = 0.47 ± 0.09 

a(O) = 0.38 ± 0.04 

NWSZ dip near t = -0.4 seen in It= 0 cross section at 2.7 GeV/c 

8 Trajectory 

a= 0.12 + 0.6 t 

a = -0.2 + 0.8 t 

aeff = (.15 ± .12) + (.62 ± .23) t 

Dip position + B mass 
Fits-n*ri-+ w0 p 

F•t + 0 
_I S-1T n +IIi p 

+ oA++ np+wu 

n-8 Exchange Degeneracy Model 

a = 1. 12 t -

a= 1.17t 

a = 1.34 t 

at 3.7 GeV/c 

at 5.0 GeV/c 

at 5.45 GeV/c 
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Fig. I. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 
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Figure Captions 

Effective Regge trajectory for n p 
0 -+ 1T n CPLab ~ 5 GeV/c). 

Reference 4. 

Differential cross section, dcr/dt, for n p -+ n°n. Reference 6. 

+ 0 ++ Differential cross section, dcr/dt, for n p -+ n b . 

Reference 7. 

+ 0 ++ Effective Regge trajectory for n p -+ n b . Reference 9. 

Partial wave coefficients for reaction n+p -+ n°b++. Solid 

curves are Regge amp! itudes from best fit between 2.3 and 

8 GeV/c. 

+ 0 ++ Differential cross section, dcr/dt, for n p -+ n b before 

(a) and after (b) background subtraction. The solid curve is 

the Regge amp! itude fit of Krammer and Maor. Reference 9. 

Differential cross section, do/dt, for n p -+ n°n. Squares 

are the data of Reference 12 and crosses are the data of 

Reference 13. 

The position of the minima in the differential cross section 

0 for n p -+ n n. Reference 14. 

Model independents-channel helicity amp! itudes and phases 

for the It = I component of the nN scattering from 

Reference 15. Solid curves are the Regge pole fits of 

Reference 16. 

Fig. 10. Separate It= 0 and It= I differential nN cross sections at 

4 and 5 GeV/c. Reference 4. 

Fig. I I • + + Differential cross section for n p-+ p p at 2.67 GeV/c. 

Reference 17. 
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F_lg~ 1-2_. •X(t) =---('IT p + p-p)- +--(TI-P I {dcr + + ·· dcr 
2 dt· . ' dt 

- .. da· - o } -+ P P ) ·· - dt ( 7T P -+ P n) _· · 

at 2.7 GeV/c. Reference 17. 

Fig. 13. Chew~Fra0tschi plot of current data on w0 trajectory. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

Fig. 18. 

The ahgular distribution ~f the phase between the It = 0 and 

It=. I exchanges in TIN-+ pN at 2.7 GeV/c. Reference 17. 

Density matrix element, pH, in helicity frame and 
00 

H . + + 
p dcr/dt forTI p-+ p pat 2.67 GeV/c. -.Reference 17. 
00 . . 
-~ ± + + 0 + 

Ahgular distributions for 7T p-+ A2p with A2-+ Ksl(""· 

Reference 25. 

+ ~ + ± 0 
Ahgular distributions for w-p -+ A2p with A2-+ TI n • 

Reference 25. 

+ 0 Compilation of density matr~x element, p forTIn-+ w p 
00 

+ 0 ++ . and TI p -+ w t:;. Reference 32 • 

Fig. 19. Differenfial cross section, dcr/~t, for TI+n-+ w0 p. Solid curve 

is best fit of Reference 33. 

Fig. 20. The Cs-u) dependents of helicity non-flip unhatural parity 

+ 0 ++ exchange contribution to 7r p-+ w.d . Reference 35. 

Fig. 21. Effective trajectory for unnatural parity e~change 

contributioh to TI+P -+ w0 t:;.++. Reference 35. 

Fig~ 22. The unhatural parity exchange contribution, p dcr/dt, to 
00 

+ o++ + o++ · the reactions TIp-+ w t:;. , TIp-+ p t:;. _at 2.7, 5.0, and 

5.45 GeV/c. The solid curves are the best fits to the model 

of Abrams and Maar. References 36, 37, 38. 
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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 
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