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Summarys:

During thé period 1-3-76 to 31-7-79, we studied
theoretical models as well as experimental techniques
for "inclusive reactions" in various proceedings and
review articles. The special emohasis has been on the
reactians P-r-p-—-'ypl‘;—)( and P«ra’,% d+X o It is
hoped that study »f the current literzture on this
topic will enahle us to propose a model for such
reactions. During this period, some theoretical models
for inclusive reactio-s have been proposed. e noticed
that for initizting the work on a specific resesrch
problem, it was necessary to examine the experimental
techniques as well. The proceedinqs,_review articles
and books have been studied with the aforementioned

reactions in view.

Detaziled Report

This research project was started in August 1976.
At thét time our field of interest was Exclusive Reactions.
When we started scanning the literature on Inclﬁsive
Reactions, it was realised that enormous work had been
done in this field which was expandiyg at a very raoid
rate. During the first year we concentrated on Gribov ‘s
reggeon calculus and study of literature on inclusive
reaction. DPuring the second yesar we continued to sﬁrvey

the literature as descrihed below., We have, inter alia,
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stuidled the following revi-w articles.

1. Phenemenology of Inclusive reactions by E.L.Berger.
2. Inclusive processes at Hiah Enerqy by V.Exhela et al,
3. Lectures on Inclusive Reactions by R.C.Arnold.

4, Particle Productilon i Ha;ron Physics by S.Humhla.

o) Regge Phenomenolnoy of Ineclisive Reaectlons by Chan,

6. Reggeon Calculus hy Baker,.

7, Intro“uction te Particle Production in Hadren
Physirs Ry S.Humhle.

We studied in detail the dynamics underlying inclusive
reactions as well ss the expe-imental techni-~ues,
Remembering that t he siicle particle distrihution 1s

a function of three variables, say, s, ay Ty we analysed
the varlation of distributions with s, e also considered
the veriatlon of distributions with g and r for fixed s,
Benecke, Chouy Yang and Yen consider elth-:r the Lzboratory
or projectile rest fr2me. For example, in the laboratory
frame, thelr limiting fragmentation hypothesis is that

j;fs,qh ;r) approaches an asymptotic limit for large s,i.es,

A
£l ) ! (1)
..--"-)

Gl P fT) -
provided J’ 1s held fived as J-»oo Since initially the
tarqet particle b is at rest in this frame, while the
beam particle (projectile a) has a momentum incressing
with s, they consider such detected particles c with

finite momentum qL as representinn fragments of the



A L
target particle. That is to say, f (q

S , T) reflects

the break-up of the target particle b and is independent
of the projectile except i- determining an overall
normalization factor. A handy notation for this proecess
i{s given by

, B )

which mesns the fr=4gm-ntation of b into a particle ¢
under the impact of particle a. A similar statement
to (1) holds in the projectile rest frame, i e. for

b

the process @ ——>C

P = P (2]
L9, T) = (4,7) 2

when &D is held fired as J—=>920 . The extension of this
l1imiting fragmentation hypothesis to the case of two =
and more-particle distributions is immediate.

The intuitive argument for the limiting
fragmentation hypothesis is based on the geometrical
{(droplet) picture for diffractive scattering considered
by ™Mu and Yang; Byers and Yang and Chou and Yang. In
this model the two colliding particles are interpreted
as two spatially extended objects. As the energy
increases, the nrojectile undergoes increasing Lorentz
cont-action as seen by the target, i e. in the Lab.

frame. However, it is =21so observed that in the case of
’



elastic ttéttgfinémGQQ;/Ht”énd'tnérefdre'ZISO‘ .

2L
35 well:as ¢ , -afffare-tly all apnrcach asymptotically . .. ..

Ttt

constat values. Hence, whatever the dvnamical mechanism

which controls and transfers momentum and cuantum numhnrs'
between the matter in the pro;ect11e and the matter in the
'target,vlt does not seem to change aopreC1ably as the |
" énerqgy increases- and-the projectile is still further
‘conTracted. “In- the same way,. it is arcued, one micht
“expect the excitation and bresak-up.of_ the tarcet al;p .
.to“be;asymptotjqally indnpendent nf the energy, and
therefore that the sinale- and many-particle distributions

appwoach limiting values, deg o

_ During the last few year§ ISR and-FNAL-have — ...
been producing%Véij intefesting results from which. .. __ _ _

there has been considerable progress-in.understanding -

vthe hlnh-nnergy propertles ‘3nd the underlying.regularities

R,

of d1ffraction mechanlsms. A number of experiméntsare - meee--

be hg perforaed to invntig:ta in detail the mags and ~ - —

four-momentum transfer dependenée of the inclusive = = = == ~emm.

q

propertles of Spec1f1c fln:l states throughout “the

ISR e~e~agy r3nge. A rather suhstantial amount of data on

S P D S S S e £

double diffractive p*ocecses, whch ‘were unamblauously

20 — e et g

cross;sectlons as well as the productlon ad decay T o
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2) The Tebonsnce Composition of f

1déntifled and Messurédy 15 providing us wit new togls
13 study tHe dvhamical propertiés sharsd by differe-t
¢1d38ed 6f diffractive reactioné. Within the Framewstk
of multiparticie reactidné difftraétion disssociaticn is
knawn to play a domiﬁawt réie in the hiahzenergy behaviour
6F fzhady 3811184808, with + 8m31l Esmpared t8 the
avérage value at éach snaray. Saveral thesfatical expastas
£3nd 9631 ~ith 3%chaane af vacuum Auzatuil AURMAFS)
$92tariratian relatidnd 3fenn vaFioud réesctions, pin=
Pparity selactisn fuia, helieity consdrvation in aﬁafaafia%é
téfe~encd frames, 3-d $3 oas To €ondider fundamental
suestiond whieh micht be relevant td the ov-r2all pléture
of the ‘ewy hich=eneragy Tesults; we note the Fallowing
pointst
3) The $=densndence of tha diffrattive compondnt

5 wiee buatve reactionssy in particular, the

ehergy devéndence dF tha produttion Eross=

-~ g

section for isobat Statesi

b)) The thasd depende-ce df the inelnsive diffractive

-‘tﬂa t % ‘s

e
D

nal
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In particulary do invariast mass distrihntions
Teach a 1imitinc behaviour with increasing s as

3nclusive Spectra in the Ffragmentation region do?



d) The slope-mass correlation and shrinking phenomena
as possihle universal properties of diffraction.

e) The relevonce of impact-paramet=r models in
describing structures in tre differential cross-
sactione and the mass dep2ndrfnce of the helicity-

flip amplitudes.

h
e

The dynemicz1l connections between sincle and
double diffraction. In particular, is. factorization
adscuate tn describe also the hehaviour »f
differential cross-sections?

It has been known for some time that
inclusive pp scattesring at hiah energy is characterized
by a large guasi-elastic peak associsted with the
diffractive preduction of hich-mass states., It also
app?ars that the mean mass of the diffractive peak and
the multiplicty are correlated, the dominznt contribution
occuring for the two and four-prong events.

It is interesting to ask what we can learn
from the fre~uency distribution of the different topologies
and from the energy, mass and momentum transfer dependeices
of the process onthre dynamics of diffraction.

The Pisa-Stony Brook 47T-hodoscope counter
system at the ISR was placed in coincidence with the
CERN~Roma sma2ll-znale magnetic spectrometer, which accepts

o]
naecative particles and neutrons a3t essentially O with
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O.4<:x <Q.8. The Collatoration studied the semi-inclusive

—

reaction
+ n charged tracks
7

P+P —_—

measuring rapidity correlations 2ad ass-~-iated mul!ti=-

il i

plicities as a function of the detected particle and
ijts reduced longitudinal momentum.

The trigrer, which selected interactions
containing a hich-momentum oarticle‘noino in the direction
of one of the incjident protons, provides a sample of typical
diffractive-1like interactio-s.

Figure shows the multinlicity distributions

-— -

associated with a 7T, K , p, or n, the latter selected

in different x inte-vals. A pezk is observed at n = 2

: ch
.
when a2 neutron is detecta2ds the peak beccmes more

prominent at. high x. Similarly a peak is present for

n = 4 when the detected particle is a ﬁF: Smooth
ch .
distributions are obtained if the requirement of the

"leading®™ particle is removed from the triggef. A possible
explanation of the peaks is in terms of a process of

the type :
+

P+ pPap +C
s P

L’n 77:'-’ p77+ﬂ: y K

-

“where C indicates a cluster of particles. These "leading”

clustars have the same charge and baryonic numher as the

.



incoming vrotons and are typical of low-multiplicity
events. For neutrons with n =2 and TF =ith'n = 4,
ch ch

effective cluster masses peaki-~qg arouxd 1.5 CeV and
mzss-correlated slopes were observed which are sugrestive
of diffrsctive excltation, with kaons and antiprotons being
produced in mecre centr2l cellisi ns with hich-r multiolicities.

Measurements of diffraoctive excitation of

1

protons are reported %ty two aroups at FNAL using the

missing-mzss spnroach Pracision measurements of M2 and t
were possikle hy usinc arravs of srlid-state deteczors for
the slaw recril -srntone. The resvlts o35 bhe divided, for.
nase of comparison, into twn ceneral classes; the low-mass
oTr Tresonance region, typically M 41 4 (GeV) , and
the higher-mass interval ext?wdiig up to abhout 50 (Gev)2

(or roughly 0.1s).

In the resonance region the Dubna-FNAL.
Rockefeller-Rochecster Collabor2tion carried out measurements
on the internal jet target, both on hydrogsn and on deuterium.
In-the latter crse, by observing the recoil deuteron,
they isolate the pure isoscalar exc-2inge compnnunt in

the nroton excitation. The missing-macss snectra for the

reraction

P+ pap + X (3)
for 0.01¢ || { 0.05 2nd P = 175, 260 2nd 400 GeV/c
L ,
= ) show that the cross-sections at fived t apnears
L 1-b 2 2

rather enn cgy-indormondsaty a sharp peak at M1 ~ 1.R GeV
X



.l

falls very rapidly 2as [t‘ increazces. Breit-""ivner fits
issl-te 2 N(1400) whose diffe-entisl cross-section is
in g~0d sarecemsnt with lower~cnergy data.
A more comnlax structure is seen in the re>ction
p +d=>d + X 4)
2 2
cwing to the excellant mass resnlutisn, AM = '8.07 {(Ge¥)
X
on the averrge. The pricez to pay for using tre deutron
28 - toracet lies in the complicction of the deuteron form
factor. The elzstic pd tedistribution is domped “y a
f-ctor exp (-40 it } which contzins the deuteron form
f-ctor, the nucleon-nuclesn slove, 3nd 2 small Glauber.
contriibutioa. 2
’ b g
In order to ott-in the proton-nucleon cross-

soction it is assumed th-t the deuteron inelastic crose-

sectiasn factorizes in the same way as the elagtics

(p+¢->x+ &) = [ (P+p_>><pr &3

au:cm dt M

o ?'2 o ,_I'OV b 3 REYyt+ 6273 tz
This factoriration hypoth251s 1s successfully tested
by comp:riné the pd results at P = 180 and 275 GeV/c
with correspoadian data on p + piq;p + X at the‘same £
At Soth en§rgies the a3gra2cment is very ~n0od.

If background is taken iants account, the

general prope-ties of the cross~sections change very

little hetween 20 2nd 230 GeV : structures appear at
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2 2 2 2
M = 1.9 GeV and M = 2.8 GeV , probably to be
igentified with the N§l400), H(1688) p tkw.

Tho tadimstribiutions: for fixes Mi are exponsntial
with no sisn of thre turn over 2t least down to | t},u §.03
(GeV/c) . The slope parameter, b(Mz), seems to be a function
only of Mi, indepaident »f pL. :

In the rsson=nce recgion b(M ) falls

g X
fram.— 20 (GeV/c)

very rapidly

to the average value of 7.1 + 0.5 (GeV/c)

the slope for thae N (1400) bump is comparable to the

welie 5.8 16.1°#% 2.7 of seaction (3).

In geieral, pp and pd data disnlay very

similar features both in the mass spectra and in the

slope-mass depsndence and compare very well with results

at laboratory momentz below 30 GeV/c. By intearzting

the diffeorential cross-sections we get estimates of the

tot21 nroduction ~ross-section for the N(1400) bump.

The compariscn with lower enerqgy data is consistent with

a small enerqgy d-~sndznce.

Muttiplicity distridution
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We also studied in detail
the tripple Regge behaviour for inclusive reactions. In the fragmentation
regien 1 — 3, with a fixed ¥ and s> oo we would expect Regge

behaviour as

A(12 =3X) —> >— Y(f/ X U‘?) )’f(t} . t(“”e ) (1)
E T Sk S 2M ‘ G
__L','rat.u‘:)
& £ T
where L i il Yy /-/'0(6. v (2)

is the signature factor. If we insert (1) into the optical theorem, viz.

2 / > o 5
JIC(@’/J):Z“};'\/Z D/(/U-CX{A</Z 3)} (2)
we get 3
‘ ) ¥ )
fih,9) = H/J {A(/ZJ"‘"/Z:U}—} Zx R
t) t)
xf(t)j s
] 12 4% By
X D.w{cwz {A(ia—izst, Mt )} (3)

where A(i2 — 32) is the Reggeo’n-particle scattering amplitude.
Now if s ) ¥ D t})m then

S
__M/ M, ~3
Ca’t@ S ) 2 = = (
Verz Veam oM, 3% s Ve M >>t e "
andfocruzaoom can put
. 5 K ¢ K 3 04(0)
. 2 b 7
ol JALE2 = e Z;—éz“) ¥ (o)l =) (5)

glving
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AT AM* i i,k

: 5 /& "/d /J.*,
$edf o B = X (&) 7 it
t '3

E)= Xt .2, “( (o)
d

< ) K (/5K
;«j(c)g(t)( e 31 (o) D/(tc}//\/

/ d(t)+ 0‘(«)) K(t/ Q(Lf)

L ¥ g <t)( 2 it ( (6)

Lk
The Reggecns i, j have mass t = (pi - p3) but k has mass tz _—

z/

since the optical theorem is for forward scattering. All the couplings

id K
and signature factors have been incorparated inte G L( t).
i3

7

This expression is valid in the so=called 'triple-Regge’
, ~ limit when M2 and s/ﬂz —> 00, However, this is really a misnomer
T i because, s/l2 glves the angle between the planes containing 13 and
\"'-\. 23, and letting this angle tend to infimity is really a helicity limit,
\\ However, the leading helicity pole occurs at \ =« so the fact that we

- \are taking 2 mixed Regoe-helicity pole limit in (6) does not make any

/f' i?\ifference to the formula to leading crder in M,

X

E . : Wehbwthat s/lz—»ooinpliesthatx—ﬂ y__)y
/_ : "‘\“ so t\:ais triple-&egge region is only a small part of the xs or 73
/’ \ plot(mar the kinematical limit. Clearly (6) can only be applied
fer large s since if we suppose that we need M /s > 10, and
~ S/li > 10 for the Regoe expansion to be valid, with s, =1 Gev2
: this means a>10 Gev=,

Eqnatian (6) can be .zTewriften

‘ l.d K ogu)_,,a {t)- oLLt) AO(K(D)
f(é’iﬂ) Z @/ggt)(/—x) (70) (7)

£,4,K

and if 32 is sufficiently large that only P is needed in the sum
over K, and if the leading i and j trajectory with the quantum
numbers of 13 is denoted by i, then



B p e, P ,_?-ft\l(t)'(
gf(/;,»ﬂja -/Y(t) {(t) cO)X(tb/( ) (-%>
il R X (E)
(/w) e (%)
so £ ; is a function of x, or HZ /s, only which again corresponds
to Feynman scaling. And by looking at the s variation at fixed l2 ’
or the M2 variation at fixed s, for different values of ¢, one can
determine oc"._(t) directly.
Rather comprehensive sets cf fits of (6) to the high
energy data have been made by Roy and Roberts and Fielcd and Fox.
In pp 5p X, since 15 - pp has the quantum numbers of the vacuum

the leading term will be the triple-Pameron term

o PP P z,out) m,, zggpzt/
el g :
§ith =25 6, 9 (5)" (20)F (@)
which with & (t) = 1+o&;(t) gives i
[+2
PR e T bt
ke ) () (/o)
! o “PPP
or, also from (6), y
?’3/(7_[:) 2kt
2 G A
d I+X.a~.’t (”)

cénuw)' ~ETT ﬂp (m*)
The secondary terms come fron replacing 1,3,k by R, where

K(t) = o.§+o<;2t so we can write
PPP RR P PPI? RP,P
i (12)

where for example

RR P RRP (%) « X (t

e (%) 2 %(0)-2 )

f =L Gppp (4) =

RR P zac( t)
o 14
4, C7>Pp( )(Mz) (13)
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The terms in (12) all have i=j. There could alsc be cross terms
like fpﬁ” 2 which are usually neglected.

Clearly, by taking different types of particle for 3
one can examine a wide range of quantum numbers for i = 13 : charge
exchange, strangeness exchange, baryon exchange, ete, Sc far, only f
a limited amount of data is available but some fits have been made.

Though the method is only directly applicable for s>1Q0 \

GeV? we can extend it to lower values using duality arguments. Thus at

low ¥° we can expect rescnances (r) to be produced which Wil be dual

to o('K (k =R) in the i2 — j2 amplitudue., Sowe expect for i = i in {8)

o T L0 ey ,Iz,)’”ff“:’i-‘” -2XT ig(™%)
(T 8 b ~ (I € (14)

for linear trajectories. This tells us how the differehtial cross-section
in the two-body process 1 + 253+ X should vary with mi at fixed sg
it should broaden in ¢ as M2 increases, This tripie-Regye behaviour
constrains quasi-twe-body scattering as well:

In the triple-ﬁegge f.’:.ts topo>pX .H:/\always found that,
for small t, G e )& G (t) but both are non-zero for t = 0.
The precise value depends on the assumptions made about the secondary
terms, but there is now fairly general agreement about this result,
Since b/:o( t) isP;n;m from fits to the pp diiferential crosse—
section this gives Y “(¢,c) directly. Then if at a given fixed value
of t we take out the factars Yppp(t)l )'(P[t) ancl ( %’ 2 )dpﬁt}
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corresponding to the couplings and propagators of the Reggeons

1,3 the remainder gives (from (5)) and the optical theorems

K PPR /&X()"
i /1./
B; (£

C)( .)1/,) ; )(:R,P (/\)/)

<

'aJ,_ML t)—
C—PP ( /

’*N

(where we have taken $s / % as the flux factor) whick is the
total cross-dection for Pomeron-proton scattering as a function

of 'energy', M, and the (mass)2 of the Pomeron, t. This leads
. Lot
to the resuli that at large 32 op PF’_—) | mb for t+0. Compared
tt
with 077 > = 40 mb this shows that the triple-Pomeron

D P
asbiice B/?P /C o) = L’ XPP(O), so Pomercns couple much more

weakly to themselves than they do to other particles. But the
coupling is not zero.
This raises a rather difficult point about the self-

consistency of P exchange. The diffractive cpress=section for 1+2->3+X

(with £ = P) is, from (6):

PP P » :
NG L e
dthz /éﬁé@f e %
So if we put o(;',(t) = d; + “/};t the total dif fractive contribution
is given by
,39‘:.-4 A /,Z, g PPP ,JJ\ t Ll-"j(mg,) :
U'? Q) = ﬁ__. ﬁ'n";?j dt G (Z‘J) < (17)

The boundary M2 — 4 is #here x =1, and &€ marks the lower limit

below which the triple-Regge approximation breaks down. Then

R at e
- putting say G /f) S ot for simplicity
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B
e 2
2 -4
2.0 g
./7(,.)) = — e Hp e (/%)
- 16 (/7 // (s /,: = (/H i (OL#',(_) =~ J—J“J‘ : //'H'L/‘.)
2x-2
~ ) s
) 0 ool e e o iR R A
S/ Y. = "—"”/"L"r(‘-,} /‘l)
if o<P\1. But if <P 1, using | g A d /
we find '\3)\/ P f ot ERS R 5
O;:,'( J) O( -—-’— LL (,.',J }) -~ Lp‘:/(tc :*/.}/ (NO)

Thouch this behaviour is compatible with the Froissart bound there
0
is evidently an inconsistency because 0<P= 1 gives

ot
C’ (7)) —= C'vufu.n.t —D((&o—« 0;/

and clearly we must have 0"'( J) < o—t( -J) as 8 —> ©00.
(223
Indeed no ordinary Regge singularity can give ¢ ~ log (logs).
¥ Al

On the other hand if G = (C) vanished at t = 0, for example

J

PPP T
G ()= (-trge

/
A

say, then (17) would give

> f,O CL M& / e
T P (a 2% g (2 RS e
—  cowland- 0ty ) (R1)

which would be compatible with P dominance. This problem,
first noted in the context of the multi-peripheral model
by Finkelstein and Kajantie has been re=-examined by many
authors, We intend to study this problem further.



