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Piceure 1: o the Beginning

According to last veek's lecture, there were 10° parcicles. Yo the:
is only one experizent in high energy physics - shovn at the top of the
f1est plccure. Mot all the 10° parcicles are alloved as beams or targec -
there are oaly around 20 combisatious rangiag from 'p to vd. Hovever, any

Of the final pacticies may be chosea from our 10° candidaces aad ve can

have from tvo (low enersy) to a mean of 15 = 20 particles (ISR = CERN Incer-
secting Storage Rings) 1a the final state. Disvegacdig conservation lavs

and fact that 80Z of those 15 particles vere pions, ve find some 10% resc-
tlons. My task s chus 10% cizes more difficult than last veek's speaker.
Iwon't bore you by taking 10°* cines as long - rather it will be suffi-
cient Lf my salary refleces grascer complexity of my subject.

As ocdained by the menu, T will first categorize scactering processes.
Thea T vill describe the various "theorecical” idess that have proved useful.
This will mataly refer €0 2 = 2 scactering; but in the lasc section, I will
ceveal hov the Regge pole idess have proved successful in inclustve reactions.

As befics ay (offictal) status as an experimencalist, I vill ndtcace
how the various Caltech high eaergy scattering experiments vill revoluctontze
enerally suggest vhich aess will see greatest pro-

our kaovledge and more
sress in the veary years to come.




Apprax. ‘
otee | %o of CrstSackin
.3
Spacies [Lew |2 Jwigh
OlrSamallesimansumd |Emacyy | §avie [Enocyy
TRorad
do/dt o
(gebion ho AL 257207
R and A
dafdt
RO
w.‘; 400  |wewt |15 [T
Mabix 0%,
Mast Fall wdk Geacyy |€lamants
wine My\ipark
Bvesks (1 . &
P P %
o] g ‘*5.(“"‘:‘“ 2000 |nowe |wowe| to
? N s %
mest Fall with Eaacyy | 3y
an
de
dpud(@ | 4o AW | AL AL




Plceure 2: Clerteal Classiffcacion

The reader will remesber that the observed particles fall tato two
Classes: Firsc, the "scable” parcicles (r, K, p, A, etc.) which Lf they
decay at all do so veakly. Second, the wnscable parcicles (5, 8(1238)...)
which decay in the mare bat of an eyelid | feral in length and fluctering
at the speed of light. The lacter are only seen as resonsnces (bumps ia
the mass distribution) of their strong interaction decay products.

Lat us consider the four classes
of resctions n turn and so define our subject.
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The staplest reactions tavolve scable particles; ve have some 40 of
Chese.  The ate described by quancum sechanical smplitudes.

In the case of spinless parcicles, thare fs buc one such ssplitude
“hich 13 a function of the tavariants s and t. The basic seasuremeats
are total cross-sections which ate a In A(s,c=0) sad differencial croms-
section do/de alAGs,0)|%. Here s 1s decernined by lab momencum p,,,

(8¢ nigh saersy, s = Zap,,, vhere & is the terget mase) sad € by the
scactering augle. As defined, ¢ 1a < 0 n the physical cegion sad € = 0
corzesponds to forvard scattering (cos 9.y, = 1) aad the wst megative
alloved value of ¢ £a ¢ = -u at high eaergy, sad this corresponds to
backvard scacteriag (cos 8., = =1). The ususl sessurement s thus
several t-values for fixad 5.

Although ¢ 1a, 2 explatned above, £ 0 fa the physical Tegion che
axioms of quantum field theory show A(s,t) to be an analytic function vhen
continued ta the complex & aad € plane. Thus, oue studies ACs,c) theoret-
teally for all values of o and €.

proces:

Today's lecture 1s, of course, the theoretical and expertmental scudy
of the form of A(s,t), L.e., vhy particles are produced vhereas last veek's
lecture vas on vhat particles were produced and what vers their properties.

Theortsts concentrate on stable parcicle reactions because the mes-
suremencs [A(s,0)[? are stmply related to the bastc quantus mechantcal
amplitudes A(s,c), and there are 5o technical problems in either imple
meating theoretical notious for the process of spplying thea to the data.
Espertaencally the resccions have & very vell defined sigaature; md as
there are (at m0sc) tvo particles fa the final state, no great difficul-
tles 1n couning the eveats. Correspondiogly, the present daca is at times
very accurate; future data will be of the same type and fill in the picture
4t higher energtes and different someatum transfe
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Spinless parcicle scaccering is culy a theorist's dresa. The simplesc
real reaction tavolves at lesst two spin ¥ particles. Then there are tvo
quantun sechauical amplitudes: spin waflip N(s,t); spiaflip F(s,c).
do/dc measures [N|? plus |#|% and ts less clearly relaced to N and 7 sepa-
Cately; che cheorist has to work twice as hard to predict both smplitudes -
(2 we vill see this ts a noncrivial d1fficuley) - even then structure ta
one (e.5., a zero) may be cbacured 1a the Sessurements do/de by the other

amplicude.

This techaical problem sy be solved by polarization sessuremsnts.
Such experiments are the largest vircually wncouched field vhere scattering
experinents can be done at current (< NAL) accelerators. I will sot dvell
on the subject, I covered 1t in my colloquiva last year.
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Pieeur

400 Lean Years

There are a lot (1.

around 400) of the next class of reactions;
namely, resonance production reactions. This mdght have been thought to
be 3 good idea. However, the current daca is of sufficiencly poor quality
chat 1c has not been very helpful in understanding the bastc dynamics of
amplicudes (Regge poles and cuts, ecc.) and has been most useful for syme-
€ry scheses relacing simtlar amplitudes.

The lov statistics follovs as
most of this data comes from untriggered bubble chamber experisents. Soon
cesonance reactions will come of age for data from spectrometers and
triggered bubble.chasbers vill be 100 co 1000 times better and should test
and extend our knowledge of dynamics.

Note:
Disadvanc: (1) Many amplitudes; even 7N + 4 has &, ¥ = oN has 6.
Advancage: an

Resonsnce decay gives information on the relative
stze of amplitudes; this 1s culy obeatned with pola-
rized cargecs in scable parcicle Teactions.

Disadvancage (1) (111) Possible theorecical difficulty that can't
"~ 1%™ due to background from v'p + Or'p.
Won't know 1f real trouble until we get data.

pure
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The third category of daca is the remaintng 80% of ct
the true multiparticle reaction. Some 2000 of these have been measured,
mataly jusc production cross-sections. The full theory must now predict
the amplicudes which are functions of at least 5 (in 2 = 3) contimuous
varisbles. This is oaly possible in restricted regions of phase space
(e-5., the so-called multiregge region) and maybe expertmencs can be de-
signed 1n the fucure to probe these spectal regions.

The scudy of chese reactions vas revolucionized by the concept of fa-
sections for productng 1 or
dtacussed by chief

(1) The theorecical description is techaically staple (i.e., there are
only three continuous variables s, p, and 7 . Of these s drops out at
high energy as inclusive cross-sections scale.

(1) Cross-sections are large which allovs ISR me
aever measure acn-diffractive tuo-body reactions) and accurate discussion
ac current energles vich bubble chasbers. Thus, experimentally the subject
1s booming.

(111) Recent theorecical devalopments (Mueller) have related che
theories of inclusive and exclusive reactions’ vhich is very preccy; to
really cest this requires accurate experimencs - but they are perfectly
possible and this vill be a field of great advance in the future.

uzemencs (ISR can

“An exclusive experiment is one of the types discussed n pictures 3-5

where all parcicles ia a specific final scate are measured.
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Picture 7: Meet Mr. Regge - Al Dolled Up and Looking Fine

Geli-ann and Ficestone have explained to you how all cbserved reso-
nances 1ie on Regge poles. First, they are scraigh lines, a = oy +a’ a’;

condly, o 1s universal (same all trajectories) and arownd 0.85 to 1
(Ge¥/e)™2. This universality is great prediction of dual sodel:
ture shovs three crajectortes.

e pte-

First mesons: the p - A, = § particles occur when = physical values
1, 20r 3. They fora a trajectory ith ay=z.5. It happeas that forces
are EXD (exchange degenerate) for aesons and 3o you get a particle for
every phystcal value of a.

Turatag to baryons, N - ¥ (1688) - ¥"(2200) occur vhen § = k, 5/2,
9/2 vith a) = - .3 aad are not EXD

8(1238) - 4(1950) - 4(2920) occur when § = 3/2, 7/2, 11/2 with ay = O
and are oot EXD.

Both these last two trajectories have s EXD partmer vhich fills fn
wmoccupted J and lies a bic lover in a v. o’ ploc. This spliceing is ex-
pected vhen - as 1t happens for baryons - & (small) force perturbs & domi-
nanely EXD (exchange degenerate) force.
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Picture 8: For Every Uorld, There Are Tuo More Tuisced Ones

Now constder 17p elastic scatteriag; it has the direct (s) channel
8 trajectory shown tn A.
But T can tum around a «* and a p to get,” as shown tn B, pp ~

which sees the o, Ay, § trajectory at ¢ = lg...) + I can view these as
exchange forees  qao | €=
s> EX
[ (3
which give s*(*) behavior at large s and fixed ¢ in physical region, (1.
£0) for che baste procs 5.

Again - as in C - I can turn around the two ¥ mesons to get T p = ¥ p
which sees the isospia (I = 3/2 and) I = s resonances. For our basic
reaction 'p to *'p, this corresponds to backward scattering

e ;

s>

behaving 1tke s*) for large s and fixed u. Note ve have introduced the
varisble u vhich is linearly related to s and t. The svop €+ u just
forvard + backvard

corresponds to cos 8
cering. At bigh energi:

crossing and mathematically it corresponds o ana-
1ytically contiautng the scattering amplitude which is 4 fumction of two

complex variables. This function represents the three different scattering
processes r'p + ¥'p, pp + *'x” and ¥p + ' p in three different regions of
the real s-c plane. This is illustrated in the

xt figure.
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So 1f we look at a scattering process, 5, at low energy

e direce channel resonance:

i after this enersy,
222 ¢ fixed €, u. They
Piceure 9(a) -

Gy % 2 CaV/0), ve
forvard and backuard peaks develop wich da/dc o s
are described by che Regge poles 1n cisted proce
which 1s dravn co scale = shovs this kinemacically for ©'p = 1.

Lat there be Regge poles - and chere vere and 1c vas good."

satd, g, 9)
shovs that 1t £s also crouded.
also show the (begianing of) physical regions of the

s seacioned in piccure 8. The same amalytic fumction,
different regions gives the scactering amplicude for

the different processes.



Plap Gev/e
os 10s™les 265 _es
Bicture 10 200]- 00234
Lite mistory
of
o 150
Scatteing . Eampp—
it 79 o
100~ atzez0)
a0 l
sof i Serpukron]
R -
/3 Gevre

TTRRESHOLD' P gg + 08 GeV/e

AT THE 40234) RESONANCE'
Piay * 03 Gev/e

’. 1000~
do/ar
mb/
Gover
\ n
555 e o7
1 (GeV/e)2
o
Pnn 207 Gevje
40
do/ar
mb/
(Gev/cF Sackward peak
T

"8
t Gev/e)®




Picture 10 shovs ¥ scaccering in the Tesonance region and the develop-
Concurrently the

ment of the forvard/baciards peaks as enecgy iacrea
obvious resonance pesks 1n the cross-seceson dissppear.
Recurntag co Picture 9 sote chat the width observed fn ¢ never gecs
say bigger even though the smount of space (|c|tanges) grovs as s does.
In Piccura 9 cop NAL/ISR energies are (before phocographic reduction) 25/75
Nature has 25/75 yards of t-space to use but

yards avay, respectively.
oaly cares to use=T1 ca of 1ir ac each ead.
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11: Acceleracors

So to show true acope of current accelerators, ve must tavent
logarichatc graph paper and the next slide shovs current sicuation.

For s 5 51 ve have resonsnce region whera va can find direct chamael

Regge poles by the phase shift techaiques discussed last veek. Then

there 1s a transition region vhere forvard/backvard peaks develop sad the
concept of duslicy vas spavned. Hera phase shife snalysis is hacd because
1¢ you have several resonances of varying spias ac & given ssss, chey add
4 to give cbserved forvard/backvard pesks hich get sore and more pro-
nounced as enecgy tacreases. Agatn, in this trassicion regiom, & high

energy theory like
the necessary kinematic condition s >> a’ is ot valid.
dynanics (o' = 1) suggest chat 1 (Gev/c)? 1s & good scale for both masses
(.., kineaatics) and dyusmics. So s = 10 (py,, = 5) is current asymp-
totic domain vhere ve try to quancitatively test high energy models. We
Wil see that Regge poles do indeed emerge ta this domatn. Hovever, there
1s also some evidence that there are other effects (cuts?) which only be-
come apparent ac higher energy. So & = 100 may be trus asympeotis. If
©his 1s so, NAL is vell placed to study ic vhereas Serpukhov and the lover
energy sachines canot study chis region.

Agatn gote the size of cross-sections. Nou-diffractive (s.g., s =
exchange) processes are too small to be measured at ISR with ics low lumi-
nostty. It (ISR) can, hovever, see alastic scactering very vell. NAL will
be able to do & reasonable job on nou-diffractive processes up to s = 400.

“units are alvays GeV/c for mass. Remesber the mass of the proton
0.938 GeV/c and that of the pion is 0.1 GeV/c.
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Piceure 12: Mr. Regge, ALL Dolled Up,
Is Ambushed on Uay to the Fatr

Enough of Introduction. Picture 12 starts our cosparison of Regge
theory with experiment. Of the three basic prediccions - shriskage, WSNZ
and factorization - the first, shrioksge, is most distinceive. Its dis-
covery 1n xp = *'n seven years ago probably conviaced people chat Regge
poles extsted (it vas before I vas fuveated, 80 I can't say).

Note that theory predicts that ve should have Regge cuts (branch poincs
in the j-plane) as vell as Regge poles. Ouly if the cuts are veak, vill
we be able to see the poles. Liken unto the days in L. A. when the smog
1ifes, chis does not appesr to occur too oftea. However, as Picture 13
shovs, the cuts are veak ta v 'p = +’a and ve see shrinkage at the predicted

s
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Picture 13: Shrinkag

(2) This shos how shriska
slope of do/de with tncressing energy.

() Plots such as (a) are sot quancitacive Best is to take do/dt
ac fixed ¢ (interpolaced, Lf necessary) and various lab somenca (s).
Then 2 Regge pole predicts that log do/dt v. log s should be a scraight
Line whose slope gives che valus of the Regge trajectory fusccion at this
t-value. Piceure 13(5) shovs a typical c-value whers Regge theory is
Clearly a great success. We call the o deterstaed thus from experisent,
ete

() Statlar success cccurs ta ¥ a at all ¢ valu
cesults of many fits such as 13(b) are shovn in 13(c). Note that che §
Regge crajectory deteratned this vay and that fouad from the o = Ay = §

corresponds to an tncrease of the

and the

particle masses are in splendtd accord.
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Low seattstic data from
Thus, one can
——

%0

Clouds on the horizon at higher energy?
Serpukhov sees signs of deviations from this simple picture.
als0 obtatn a_(0) from the cotal cross-section differences T
(Picture 16(a)). The value gotten disagrees wih that from v p = 1

1n the same energy range (Picture 14(b)) by two standard deviations. This
The effact is not

- taken at face value - violates dispersion relations.

staciscically large as the o (0) = .58 line on the 14(a) graph show
Also there 1s 5o evidence for shriakage at Serpukhov energies.

there 1s oo evideace agatnst it as the Regge pole curve shovs n

Bue

Picture 14(c).
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Picture 15: yp—m*n
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Study at NAL
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Pccure 15: Mr. Regge, ALl Dolled Up,
Is Trampled On by Scanford Militancs

Ve will see tndirece evidence for deviacions of N CEX from Resge
pole cheory (at currenc enecgies) lacer (Pictures 19, 20). Hovever,
some (s08t?) reaceions shov blatant vialation. Picture 15 shova a3 g0 -
daterained a5 1n 13(6) and (c) - but for & diffeceat ceaction - aamely,
19 = *n. Gemerally all photon nduced processes shov uo sheiskage s
G €2 (Gav/e)?. This may be bacause the Regse poles are small snd ve
seetng some new phenoassa - perhaps ve have Teached ssyapcocia already?
Alcernactvely, 1t say be aa accident resultisg from the combiaation of aamy
Resge poles and assorced cucs. It is clearly necessary to scudy such pro-
ac higher eaergy. This 1s not possible directly for phocoprodiction.
Hovaver, siatlar features are cbserved for the vector doatnance related
reactton 17p + 0% (replace 0¥ by & photon) which ac current smerstes exhibies
the same lack of shriakage seen ta photon processes. This and related
cesctions vill be studted 1n Caltech’s NAL spectroseter experimeat.
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Picture 16: On the Second Day, He Rose Ag

We now come to the second Regge prediction which is the preseace of
3 zeo 1n the amplitude vhen the so-called signature factor (e *"% (%)

in Picture 12) vanishes. This will lead to 4 dip in do/dc plocted v. ©

cure Nonsense Zeroes (WSNZ) are seen in the top three dis

ferent values of o and thres different exchanged particle

Hovaver, 1n each
case, they are in the posicion predicted by sisple Regge theory. Namely:

Resceion | Exchan Stgmacure Factor sz
-tm
bp = +% ° « 0= a, =
» 1 , -0
-tr fe-u
"p'noﬂﬂ A, . Az'l a =-1
2
.. ctrtag ex-Ls
o p® | Mucteon B ‘1 P
wy-.z

A splendid confirmation of theory? Yes but, like shrinkage, the sicu-
atton 1a spocey.

Thus, o exchange 7 p = on do
does N exchange *'p = po* have any u=S- .2 diy
tising campaign to note that the Caltech NAL 7 p = v
by-product, study v p = wn (s decays ato +%). They vill have an example
of & Regge success and » Regge failur

There 1s some, but Lt 1z not perfact, correlation betveen the fatlur
of the tvo Regge predictions of shrizkage snd WSWZ. For instauce, WSNZ are
absent 1 all photoproduction ceactious (excepe Yp + 1) nd these - a3
axeaplified tn Plcture 15 - shov %o shrinkage.

B0t show sny €7~ .6 dip and metther

Ve may contioue our adver-

Oa expertaent vill, as 2




Pickure 17: :u\adza.hicv\

& [y

J
=308 Jep= — = 2 Jee Jo
Jow gen'

<

=

< v <

:) Data ey
‘)vev-e:.-*""vv‘ i £p > P P.= F
M TR T T e pP
Tests Pomaranchld Faskoigation Aak
a  p* reachons Pomarandu® e;w Y

GY mop e wn TR TN works welt

e WOt W et

and all ractons ﬂuuas\m&‘v&
Haon W it tests Mdﬂ.«u«r%

cexpy + Fackodzaiion
G mepe M wep oy BOa o cakad
T %o A

s A

exampls whidh works & 207, ¥ it Tass
EXD + Su(d + Faetokzalon.

%) w.uw fails (coudd M cukS or

" conSpiracy")
Vaclusive Rrachons ia Fubture

o) Tast ia



cortzation

Ve now come to the third staple Regge predicticn listed ia Pcture 12.
As tlluscraced in Piceure 17, i¢ clatas chat the amplitudes T for four pro-
cesses are related by:
TG - B) | TS = 3'D)
o - B

Unforcunately, it ts hard o test dizaccly. The pleture tadicates
that {c fs satisfied to 20% for the ratio of muclesn rescusace p (1688)
production to elastic scatceriog for 7 aod proton besms. This is meant
to test the factorization of the Pomeraachuk siagularicy. The data is of
dubtous quality and other recent data makes oue doube thac N production
is, 1n fact, staple Pomeranchuk exchang

Other cests can be found but they need additicual asswmpcicns. It 1s
detinttaly known to fail for v exchange processes n & Tacher preccy aad
vell-defined vay. This special mature of v axchange has never beea
faccortly understood theoretically.

.

NAL data vill cest Pomeranchuk factorization froa taclusive resctions.
We must avait this. Also Caltech's AL spectromater experiment vill give
*r scactering parameters aad allov the factorizacion test

ar e (N 208 -
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Gecmatrical Potnt of View

Some years ago, it was thought that so-called absorption corrections
would correctly describe deviations from Regge pole theory. Now ve know
this doesn't work but this vay of looking at things shoved up scme impor-
tanc systematics. Actually originally the basic formulae vere sort of
guessed tncuitively. Now they have been justified by a mew rigorous
theory; 1t's & pity they vers disproved Fhescmenolextcally so many years
before theorists took a intarest in the subject.

So far we have looked at data fn terms of ¢ - nov consider conjugace
variable & (angular somencus) or Tather impact parameter b = 1/k; k = /3/2
1 transfora £(b

c.8.3. momentum. Introduce Fourier-Bes

o o | a0 1,050 4o
o
6o o f f 3,0/
o

(n is the number of units of spiaflip; in Picture 4, a = O for N,
a=1for F)

Now 1f T take pp elascic scactertng around 20 GeV/c, its £(b) fs
peaked near b = 0 and disappears for b 2 1 fa. The large component at small
b is just reflection via wnttarity of central collisions giving many
inelastic events. According to the absorption sodal, the simple two-body
s are squeezed out of center and are dominated by peripheral col-

s an ampli-
ely,

proc
Listons nest b = 1 fa. This, o undotng Bessel ersmators,
cude 5, (0/6) vhere B = 1 fa. Ths predices’ dips chat depend on o, o
an0en L tes6ia ez, £e el The mdel predices -
dependence and not s dependence ac all. Also t-dependence variss vich
helictey £lip n. In staple Regge theory, seroes are iadependent of o
FSNZ depend cnly on a(c) vhich ds amplicude tndependenc).

“Ustag the knovn zeroes of J ().
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Picture 19: Crossover and WSNZ

Let's consider the reactions and dips of Fig. 16, in this new model.
The absorption prediction agrees splendidly with nN CEX vhich is n = 1
and has a d1p ac ¢ = =.6, 7'p bacivard vhich {s o = O and vanishes at

4 =2 (remember n = 1 gives do/dt a ~t; n = 0 g0 ¢ factor. Thereby
da/dc shape gives n-value). Both these dips are also given correctly by
USNZ. Hovever, Regge WSNZ correctly predicted that = - nd should have
90 d1p at -.6 vhereas our absorpeion model can see no reason for a dif-
fereat d1p scruccure here as cospared with W CEX. Both are deminancly
8= 1 reactions and should vanish at € = -.6. One up for Mr. Regge.

Hovever, the other tvo reactions ia picture 19 are negative evidence for
the absorpeion aodel. Thus, they are definite Re

fatlures; bue accord-
ing to the absorption models, they msy be mixtures of many amplitudes
and the predicted dips tn one are filled tn by other emplicud
Nore postcively, absorpeicn agrees with the "crossover” in picture 19
which reflect zeroes of IaN(s,t) for o and  exchange. These crossover
canpot be fitted fn WSNZ which preddct them at -.6 Dot at the ob-
served -.2.
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Ricture 20: My Kingdon for an Amplirud

The absorption model locks even worse if we examine che Re and Im parcs
of the doatnant TN CEX o = 1 amplitude. The real part {s very large near ia-
pact paramecer b = 0 - it had a double Zeto ac ¢ = =.6 faking an absorpcion
stagle zero.

The situation vith the ¥ CEX p exchange amplitudes is sumarized in
Picture 20. Absorption agrees with the imaginary parts of boch N and F am-
Plitudes. Hovever, it disagrees with ReF which as discussed above has a
large component at saall tapact parameter. Regge theory agrees vith real
and tnaginary parcs of ¥ but falls for Ial; ReN is unclesr at presenc. These
amplicudes were extracted from looking at both do/dt, polarization plus R and

Such experizens are

A parasecers, L.e., a complece sac of observable:
clearly vical fn uatangling the successes and fatlures of mode]
Statlarly, che T + n3 fatlure of the absorption model also can be con-
nected wich the real part; in Regge pole theory (vhich 1s a splendid success
15 148 & =.6 zro but the real part is smooth - fn agreement

hete), the IaF,
wich the do/de daca.

One generalizacion of chese rasules is due to Harari.
picture (alvays) works for imaginary, mever for real parts. If Regge pole
WSNZ predice similar ¢ dependence to absorpcion ia IsA then Regge pole
theory 1s good for vhole smplitudes, including ReA vhich then disagrees vith
absorption. 1f Regge pole theory disagrees with absorpeicn for Ish, them it
(Regge theory) is a poor approximation for ReA and in fact aobody knows how

The absorpeton

€0 calculate the real part.

This 1s sot the only generalization from curreat daca, and, in fact,
there is some evidence against it. It may be tested by looking at other
amplicudes (2 = 2 o exchange, a = 1 7 exchange) for other exchanges. This
requires measuresents of amplitudes not do/dt and mesns polarization mea-
suresents of the type used in the p exchange amplitude analysis above. It
1a taportant to note thac amplitude structure does mot vary greatly vith
energy and so these questions can be ansvared ou the pre-NAL accelerators.
In fact, they are the most important experiments (in high energy scactertag)
Neat reactions are those like TN + K'A because che
(1a 2 new

4t these sccelerators.
A measures its own polarization and so determies amplicuds
situscion!). This is Caltech spectromster experiment at SLAC vhich is also
800 because at the same time, data can be taken on resctions ltke s = QA
which vill solve all the open spectroscopy questions raised last veek.
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Pieeure 21: Diferaceion

Now ve come to an taterescing class of rections - the so-called
dtftraceive reactions vhich 1n che language of Regge pole theory are
aeant to be described by the exchangs of che so-called Pomeraachuk (oF
Pomeron) singularity. The comstancy of pp total cross-sections in
Picture 21(a) (needs to be confirmed by accurate NAL messured, as K'p o,
vhich vas as constant a8 pp up G0 20 Ge¥/c, Tises at Serpukiov saergies)
Lapltes oy (©) = L. Up to 30 Ge¥/c, the do/de shrizks as sicely as =
CEX. It s not known vhether this s & property of the diffractive com-
ponenc or of lover lytag ',u crajeccories. Indeed, Lt L 5ot clear to
a0 vhether ve'1l ever know. Lat us daydress for 4 line or to. Data on
related reactions yp = 4p and K'p = K'p would be helpful. Also ln"p -
€97 vould tell us sbout o exchasge and p = pp compared vith 55 ~ 75
would shov 1£ the large © scactering had che posicive charge confugacion
. A beccer bec 13

expected (but sot provent) for diffractive proces
s0me nev theorecical tanight.

Aayhou the sev ISR data shove that diffraction 1s certataly not jusc
the exchange of & Pomeron vhich s & moving Regge pole. log (49/de) v.
Log (5y,,) should be & scratghe line at fixed ¢ 1f chis vere 8o (cf. plc-
ture 13(5)) - 1¢ 4s consiatent vith this below 30 GeV/c (sae picture 21(5))
but levels off somevhere betveen ISR and 20 Gev/c. Accuslly the ISR enersy
fatto (remeaber its enersy ractos hers 500/1500 sot range 1000, that couats)
is ot that big and the current data s scill consiatent vich many different
saymptotsc forms £12ed cut (1-9)° = behavior o/ (loge) ™! and ve can
have, say 1 8 s -1, and fic the data vithout much crouble.

In any case, the picture 21(c) shovs how striking the tev ISE daca is.
At large -t the cross-section has dropped by tvo orders of magnitude from
the CERN data and & prouounced dtp is present at ¢ -1.2 (Gev/e)’. This
Bev shepe remsins, vithin stacistics, uachenged over the TSR emergles.
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Picture 22: odels for pp Elastic Scactering

There have been many explanations of the pp elastic daca.
ost taterest at preseat has been focused on the Chou-Yang mode
understands why 1t vorks. Essenttally ve postulace that £(b), regar
a8 a maccer distribucton, should be ideatified vich the charge distribution
5(b) observed 1a ep = ep collisions. Actually more exactly ep only
the charge distribucion of one proton. In pp scattering, ve say that
£(5) 1s convolurton of charge distribucions for top and boctom vercice
Equivalently in t-space, ve get the same ansver if ve idencify the Pomeran-
chuk couplings vith those of the photon. This prediccion G'() 1s much
cisely ve ook agatn at the theory of con-

Larger than experiment. More
scituent scatcering and realize ve should identify o(b) not directly with

£06) but vrtce

S®) = exp (o)
- 1-0m) +o’®)/2
-1+ Ew)

correction

LT 00
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Picture 23: Chou-Yang Model (conc'd)

This 1s much tcer than before giving dip at t=T-1 in agreement vith

e, W i ponulac sme sdionst schanton o (111 1 4ip 4 45 end
10 exsce €6, This 1n antgnad fo tocalled “Tasloare” fn smlide,
b 42 10 0 che vhace 1 comen frm. (A Lo serpten, 1 Some tom
. b tha are sero 4¢ 15 nersten. Oherviee, + fied pole
423 2 1~ Ahich 1 Chowang i - can sear v susd pare.) e
pveement 13 soe precise cha chis fipuee fdicacer. Tos, che da fas
© slope chnge a¢ <=5 (ol @ (A goen from = 115 52 10 snd
his 1 stven by st
o o voreies s bout Shis. T sodel has + ssdrusle st
1, from dipole fit whereas true pp amplitude is not allowed any poles
(ep dtoae £ han o poles i rusd splicode me pole. Tots
Viotacion sy s scees 4t Lacge ¢ bt £55 12 ant 4 suld ¢ (opecialy
+iope chsge Feamasbiy 15 13 sadeupl pole whch £ iviag bh fopace
ecemeer puct o £0); thia controla smal . It 1 4t Shc ) Lare high
fopac pacimecr Soncetucion 1 sesed 20 56 dat, 3) G o pive ia
ol e moda et from 4 blacans violaeion of smalycietty hereas 1 s
Caiyetey tha sken Lage bigh pact paemec fmplastile fn f2¢ plce.
6 ey e possihle o cat che shaccn e models 1o ttraceton ¢t
sncctation un ch smpltcde fs Jac proprtionst t0
5
VL 7
St af bch axe kv Tt b b pued by Readel, Thers sz me
T R
vanishes at ¢t = 0. Experimentally this is completely untrue although - as
pointed out by Ravadal - the resonance components do appear to vanish at
€= 0. Tovewer, the cortemt epertaencl datintetons of esemsmces a5e
distinctly spurious (in view of recent v j

+ (307 data trow Serpukhov).

The sttuation is theoretically and experimentally confused. Oue can
hope for some clarification from Caltech triggered bubble chamber experiment ac
SLAC on 5", Also NAL spectromater should be able to gec useful dat:
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Plccure 24: Shrinkage sad St

It 1s appropriate nov to sumarize all this inforaacion on shrinkage.

Note chat the proton appears to be the same size at ISR energies as
ac 5 GeV/c. Remember in Picture 19 ve found dips in imaginary parts of
amplicudes corresponding co scattering off the edge of a proton of size 1
ferat. The same sort of size came out fram the amalysis of the pp elastic
ISR data. If the Pomeranchuk had slope 1 chea the slope of da/de (a «*°
a = const 420, log 3) vould Lncresse aod the cypical sise b = /Ta/S
would also tacrease. Actually even this vould ba a small effect. Anyhow
such daca confirms the ucility of amplitude analysis from 5 to 30 Gev/e
as celling us taformation about the asyaptocic amplitude.

Finally ve cote that the drastic change in the elastic daca above
30 GaV/c suggests that 1 GeV/c is not the correct emergy scale. Hore
1ike 30+ 100 GeV/c seems the asymptotic scale. Perhaps NAL will find

other tadications of energy vartation on this new scale?
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Picture 25: Symecry Schemes

e will noc discuss U3 and Zxchange Degeneracy.
Quisk Yedes
This ts very taceresciog as 1¢ probably has 5o resl fatlures and yet
L6 4 & sov-crtvial and pooely underscood symecry. T have 0 pace o
discuss ic. T will give the so-called Stodolsky-Sakurai test for 4™
peoduectson
oy 8oy = AT ey =0

which even, a3 shown {a the Picture (25b), vorks down to very low energy.
These symecries are probably sore general than %egge poles, L.e., they
can be converted {ato Regge pole coupling symecries but this is only
ceasonable for when poles dominate: they probably hold for total aspli-
cude; poles plus cuts. For iastance, they seem to give good results for
W~ 08 aod ub vhich are bad nevs for Regge pol
o=photon Analogy:
Theorists have little imaginacion. Not only has it been proposed that
Pomeron couplings ate proportional to the photon but also that vector meson
5 (and by EXD, tensor meson A,) couplings are proportional to the photon’
has betcer qualitative succe Firsc, ic gives the same Stodolsky-Sakurai
dtscribucion as quark model for o' production. Perhaps it's unfatr to hang
two theories on the same data; anyhow the quark model predicted some non-
crivial thiags for =N « 08 and TN ~ w4 a8 vell, Meanwhile, the phocon
=odel also predicts {nelastic resonance production by o, A,... exchange
at © = 0. This is ia nice agreemenc with experiment; in fact, it
the cross-sections of thase resonances and g0 explains some of

This

the difficulties in meson spectroscopy for A and 3 nonets:

Generally, the symecry field has made locs of prog
expertaents have given us mediocre data on lots of reactions other than
8317 €0 prove Regse cheory.

s recently; as

the very good data 1n 1 or 2 reactions nec:
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Picture 26: ALl Tnclusive Regg

Regge poles have been usefully employed recently in taclusive

reactions (peep back ac Picture 6); the basts for this applicacion vas

discovered by Mueller. A single particle faclus:
a

reaction
<

(wricten ab(c)) can be beat iato <
SE-

o an o cos b § - 2 scaceriag e can wne he peieed cheneen
to convert ¢hta taco z
o v [
-~
s mplitude co which ve can apply Resge theory.
Now ve can tdencify ch

lintca: Pirec, ve have the fragaentation
Liste; take, wolog, fragmentacion of a vhere c comes off with a longicudinal
somentum statlar to a (fragaentation of b is obviously statlar). This is
fllustrated in Picture 26 and at high energies this should be just like
22 toral cross-sections and be described by exchange of Pomeranchuk
condary Regge trajectories lying half a unit below tn j-plane.

e sives
o A+ A
@ it e

Uhere A 104 3 are unceions of = 4nd 55" The cew ching Ragge checy cells

us aboue A is factortzation, L.s., ia scaling liate:

8b » c: c fragaenc of a)

gt
= AGb'+c: ¢ fragment of
e @)

"< = longitudinal momentum of ¢ in c.

22« transvarse soaeniim squared of €
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Plccure 27: Fragmentary Teses

This fragaeacacion factorization is difficult to test at the momenc
because few processes have reached cheir scaling limte. New NAL data
should revolutiontze this. There will be 3o many tests that these will
become our best tests of Pomeranchuk factorization. Meamwhile, ve must
use lover energy daca.

There 1s mich controversy about which resctions have (expertmencally)
and should (theorecically) reach their scaling limte (= Pomeranchuk domi-

nance) ac current acceles

cors. For 2 = 2 total cros

ections
1¢ voulda'c macter as Pomeron dominates at say 10 GeV/c. But generally

57 terms are 3x bigger 1a taclusive than fa tvo-body resctions at same
energy. Tt is beltevad tha K'p = +7+ any and pp = v+ any, proton frag-
aents should scale early vharess vp + *°+ any shoulda’c. This is tasted
in Piccure 27 which shows afcer scaling by ., ), equalicy (to withta 300)

5™ behavior of the non-scaling tera needs o be casted beccer but Lt
seems difficule o do conclusively ac presenc. There are systematic errors
when cosblatng data froa different experizeacs - the lacter are also rela-
tively lov atatiscics as they coms from bubble chasbers. One of the nicest
tests Ls shovn in the other half of pictuce 27 with yp = ¥+ any ac three
ditferent energies from the same group (1) - agreement vith theory fa
aplendtd.




Picture 28: Pionization

o [ab(c)], when divided by o4 (ab),
should have common scaling limit if
Pomeron factorizes.
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Pionteation

In the second - so-called plonization lmtt - c has x=0 in the
ribed in Regge theory by

c.m.a. and this Ls de

a
a 1N r
z T ~ T T .
L ®
>
X

and now secondary tera 1s 50 loager down by 5

x e ™
scatng aonscaltag
for each part of graph (above and balow &) shares energy and only has /s
©

each. S0 second graph 1s dova by (6 1% D=4 aoc 1/0)'
=47, e also get many factorization tests as the diagram factors at both
vertices a3 and b
Picture 28 shovs an fnterestiag test of thes
and comon valua at 8 = = cest boch secondary Regge
Agatn becter daca at NAL
aany other extrapolaticas

ideas by Ferbel. The

seratghe lnes v. 37
trajectortes and Pomeranchuk factorization.
will confirm this somevhat biased plot, i.e

aze possible.
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Picture 29: Mr. Regge, All Dolled-up

Meets Medusa But Comes Out Precey Well

The final liate 1s called the Triple Regge ltatc.
by takiag one Regge liaic and then suming

This ts achieved

,(€) can be Pomeron, o..."
see o (c) for all €

a, = Pomeron for scaling: ses
a,(0) only

©)-2a,(6)
27T and one can ho

For x near 1, ¢%/d% a (1-x)
shrinkage" ta c-dependence of (1-0"(%).

€0 see

This 1s particularly tacerescing as ic allovs us co use Regge cheory
svay from € = 0 and perhaps see sot only shriskage, buc absorpcion dips (1),
e, ecc.t

Picture 29 shova some fine data from che ISR, As flluscrated, it
can be ficted by che sum of tvo triple Regge teras
(0) &, = Pomaranchuk, o, = £ vhere the data shovs shrtakage of £t
(40 a, = £%, o, = Pomeranchuk to give the scriking peak nesr x = 1 fa
proton ddstribucion. (This can also be ficced by o) = a, = Pomeranchul
4 so-called eriple Pomeron coupling vhich tarrifies theorists as L is
seant to be zero.)

This particular application vill advance quickly as NAL/ISR pour
data 1n our eager hands.
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