DIFFRACTIVE FRAGMENTATION IN HIGH ENERGY PHOTON REACTIONS

D. FRIES
Introduction

I would like to discuss the subject of my talk in three parts;
I intend:
1.) to review some aspects of inelastic reactions
in general, and of diffractive inelastic reactions
in particular.

2.) to present experimental evidencc for a ?D signal
in inelastic photon reactions which has a similsr
energy dependence between 4 and 18 GeV as tha
diffractive "elastic" g photo production.

3.) to discuss some relevant models which may provide
an explanation of the effect.



Experimental Information

The experimental data which were used for this study are film
data from a multi-preng photo production experiment which was
carried out by the SLAC Streamer Chamber (STC) group} In this
experiment the 3SLAC 2-meter Streamer Chamber was used to take
pictures of hadronic multiprong photo production processes.

We used a Bremsstrahlung photon beam of 18 GeV tip energy and
a target of gaseous hyvdrogen. These - so far unpublished experi-7
mental data - are still being analysed; therefore, the results

presented here are preliminary.

Inelastic reactions at high energies

Inelastic reactions can be classified in two groups:

I. quasi two body reactions of the type

K
a+b+a +p*

> .
where a and Bk may be stable particle or some resonant

states which decay. This reaction can be called "exclusive'.

IT. general multiprong events of the tyne
a+b + c+d+e+ ...

the reactions is bheing called "inclusive" when only one of
the final state particles was observed.

Inelastic rcactions in particular of the type 1II) have gained con-

siderable interest in recent years as well from theoretical as
from experimental point of view. One reason for this interest
centers around the idea, that the nucleon may be made out of

constituents. As possible candidates are being listed:

-a

Quarks, partons or bare conventional particles. Onz suspec

that the gcneral features of inelastic reactions at high e zidcs



reflect the nature and the distribution of the fragments
of the nucleon.

The field developped rapidly when SLAC experimentalists dis-
covered that inelastic eP scattering at high energies showed
unexpected featuresQ: the data seem to be consistant with the
idea that in inelastic electron scattering the virtual photon
scatters from pointlike constituents of the proton, which

have some momentum distribution and, according to models of
Feynman, Bjorken and PaschosB, an average charge different from
one. Their properties become visible under kinematicsl condi-
tions where they can be treated just like a free gas; that is,
at large x, where one defines

X = =, "scaling" parameter

v = E-E' , E,E' initial resp. final
Electron energy

four momentum transfer sqguared

carried by the virtual photon

In fact Benreck et al.u have hypothesized that at high energics
reactions such as

PP, w¥P, X*P and ep (1)

have the fcllowing general features in common:

the distribusion of kinematical quantities of the final stzte
particles approach a limit at increasing energiecs. More con-
crete: the differential probability to observe a given momentun
of a final state particle becomes independent of the incident
energy. Since this proverty is due to a fragmentation of thc

target and/or of the projectile particle, one should observe it

in the laboratory system or in the rest system of the incown

projectile resmectively. Inelastic e p sca

s L
cering

u

t
example where the target fragmentation lcads to a limiting



distribution. Experimentally one observes that

[N
L iy = 2w ¥ W, (x)
E E'sew dt? ht%gz M qq

2

the differential cross section for the excitation of any target
X .

mags M (M = proton mass) with a four momentum transfer q2,

reaches a 1limit independent of the energy of the incident

electron. (o = Fine structure constant. W (x) = Structure function)

There also exists now experimental information on a growing
number of hadronic inelastic reactions which exhibit limiting
distrivbutions when viewed in the rest system of the tar{ret5
(beam). Hence this may be interpreted as a consequence of the
fregmentation of the targctvbf the projectile respectively .

Diffractive_inclestic reactions

Inclastic reactions which are diffractionlike or show the
pattern of diffraction dissceiation constitute in the spirit

of the fragmentation model just a special, restricted class;

a) they have a limiting distribution in t, that is to say,
the differential cross section %% wecomes indevendent of
the incident energy.

2 .
b) the total guantum numbers I‘,G,IZ,N carried by fragments

are those of the target (projectile)

Tn the ususl language a) and b) are expressed by demanding that
in diffraction dissoeiation the crossed channel can carry the
Quantum numbers of the vacuum (1n case of a multiperinpheral
reaction one assumes that at least one t branch has this pro-

perty).



Recent experimental evidence tends to confirm this point. For

this some examples:

1.) It has been observed that in the reaction’

p - @W)tF o

the 3 pion invariant mass accumulates in the mass region
1.0 - 1.3 GeV with very little dependence on the incident
energy. Between 5 and 20 GeV/c incident momentum cross
section and slope parameter appears to stay constant.

G(sr) = S wmb
2} = 9 (Gc'V/C)L

w 46 &XP(“H‘E)
dt

Thus a diffractive fragmentation of the projectile is

indicated.

2,) Similarly an accumation in the (P 2w) mass distribution
was found in studying the reaction

PP +P+ (Patn))

The cross section g (P nf tr ) varied only slowly with
energy when the invariant (P 2m) mass was in the region
between 1.3 and 1.8 GeV. The cross section is about .5 mb
at 25 GeV.

3,) Well known is diffractive Tsobar production. Measurements
of the total cross section of the reaction channel9

PppP+pPNY
have been made between 4 and 30 GeV incident energy. Nf‘s



which can be excited by the mere exchange of the na-
tural spin parity series show diffractive behaviour.
100 (1/72%), 1500 (3/57), 1688 (5/2%), 2190 (7/27).
The AﬁZS@ 3/2+ vhich requires Isospin exchange has a
cross section which falls off rapidly with energy. The
cross sections are in the order of .5 mb. In Fig. 1 we
plotted cross sections for NKQHOdLNIQGBS)and 8(1236) to-
gether with the total elastic P P cross section.

. o
Photonroduction of @

¥or photon induced hadronic processes at energies above 4 Ggev
the dirffractive nature of the productlon processes for 9 me-

sons 1s experimentally well established

In addition the process
-+
ypoPTT

is at high energies almost completely saturated by the reaction

channel

Yp =@ pe° (5)

which illustrates very clearly the close affinity of photons and
go Mesons. This is shown in Fig. 2 where the ratio

ypP-> et

&’FD - Fbrr‘v

was plotted. Hence we refer to the reaction (5) as to the

(6)

"elastic" ghphoto production.



Because of the dominating coupling of the photon in the
elastic reaction it would be very interesting to know some-
thing about the Y—g coupling in inelastic reactions. With
other words - referring to the fragmentation idea - , what
happens to the (-9 coupling when the target proton or the
projectile fragmentizes ?

One can hope to obtain some information about this problem by
studying the reaction

X P - ?0 + anything (7

which one classifies as "inclusive" reaction.

Analysing the Streamer Chamber data we find as the main con
tributions of hadronic final states of the reaction (7) the
following event types

}/ P - §‘P elastic 3-constraint
a/ P - 9"’ +0 % prong, inelastic, O-constraint
K P - 90 P it 5 prong, elastic, 3-constraint
X p - 9°+ -~ <+ €0 5 prong, inelastic, O—-cons‘praint(g)
Y p— P" Pﬂ"if*ﬂ"lr‘ 7 prong, elastic, 3-constraint
+, -, 0 indicate the charges of the final state particles,

where the masses are unknown. Thus the events fall apparently
into two classes

a) events, which satisfy energy and momentum conservation;
they can be fitted by a three constraint fit (3C), which
renders the identity of the masses of all final states.

b) events, which do not satisfy energy and momsntum conser-
vation. We call them zero constraints (NC). The masses of

the final state particles are not known.



We have neglected in the list (8) strange particle producsion

and higher than 7 prong events and concentrated for tnis study
cn three prong and Tive propg eventr.

Generalities of the Analysis

One realizes that it is difficult to analyse the class of the
0OC events, since we don't know the incident energy and have

for theose events no constraint to evaluate it.

In order to make as few assumptions as possible we procecd to

s
snalyse the OC events of the reaction (7) as follows

1) we classify the events into bins of visible energy E}

(for & < E, < 18 GeV)

cmoy, .
E = z_ ! p" {‘:HM\E,ED (9)

N = number of charged tracks

2) in order to isolate the 90 signal we compute the invari-
ant mass of + - charpged particles (all combinations)
assuming that the particle mass was M- This must clearly
be wrong for all "+" particles which were infact prctons
and not n+: However, we can exvnect that the wrong mass
assignements contribute mainly to a general broad background
in the two-particle invariant mass spectrum, on top of which

the go signal should show ub.

3) Instead of t which cannct be determined for OC events
we propase to study the distribution of the Lorentz-Scaler

quantity t'.

£ =

ol T



where M , Eg , Ik B OLAB is the mass resp. energy,
momentum and production angle of the observed 90 in
the LAB system. t' can therefore directly be mecasured.

4) 1Instead of the standard Helicity system (which is in-
accessible without knowing S,the total CM energy) we
choose to study the 9 decay angular distribution in =

90 testframe, where the direction of the @ in the
LAB system becomes the axis of quantisation. Eoth.,systems
are connected by a rotation in the scattering plane. By
computing the (rotational invariant) Eigenvalues of the

Décay Density Matrix one can make comparisons.

Results

The study of the inelastic ?O photo production is based on
about 8000 3 prong and 7500 5 prong events having @ visible
energy Ec between 4 and 18 GeV X In selecting the inelestic
90 from the data two problems arise: 1) the separation of
inelastic 3 prongs from the clastic 3 prongs, 2) the correc-
tions due to detection and trigger efficiency of the STC and

the absolute normalisation of the single rate.

A safe separation of the 3 prong 3C and OC events was obtained
by selecting with two cuts from the fit probability distribution.
Events which fitted »he enerpy momentum constiraint with a pro-

bability grecter than 1 % we

taken as "elastic" (30) cvoents.

X, . PR R . . s
A complete azcount of the STC photo production experiment ia

o be published by the SLAC group in near Tuture, who gave

kind permission o discuss .. e some of the preliminary results.

A —
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Those which have fit probabilities of 10 ° or less were con-
sidered as "inelastic" (OC) events. (The uncertainty about the
events inbetween was taken in account in estimating errors.)In .
computing ratios of inelastic and elastic rates for the same
charge topology, most corrections such as the trigger-and de-
tection effieiency,and also the absolute normalisation,factor

and drop essentially out.

Classifying events into bin of E; we have plotted the distri-
bution of the invariant masses of the +- charged particles,

as it was described in the preceeding chapter. In Fig. 3 the
elastic events are shown together with the inelastic events

for 4 different energy bins. For OC 3 prongs we plotted the two
possible mass combinations. The shaded part of the histogram
represents the invariant mass spectrum of the two "+" particles.

One recognizes the dominant ?0 signal in the elastic events.
Also in the OC events a strong QP signal can be recognized;
it is accompanied by some structure in the region of lower
7*1” masses. One can regard the + + mass spectrum as a general
random background representing phase base and the wrong mass
assignements also for the + - mass distribution. This exhibits

the gc)signal more clearly.

Yest important is the observation that the relative strength of
the ?O signal of the OC events depends very little on the
ernergy E.. In fact the energy dependence seems to be not very

different from the energy dependence of the diffractive "elastic"

90 signal.

For 5 prongs the analysis is more complicated, because of the
many possible + - combinations. In Fig. 4 the 3 consziraint ard

the O-constraint events are shown again side by side for three

-



energy bins of Ec. In the 3C cathegory 4 combinations have
been plotted. A strong 90 signal with about equal relative
strength is present in all energy bins. In the OC cathegory
one would have to plot six "+ - " mass combinations. In order
to exhibit the presence of a 90 signal on a smaller back-
ground we selected always that + - combination, which has

the highest momentum |§Q—M. Evidence of a Qo signal is again
visible in all energy bins. There is again some structure in

the lower mass region.

Next we proceed to calculate ratios with respect to the elastic
9()signa1, fitting the mass spectrum in the Q region to a
Brei@dfgner distribution and a smooth background or - when this
rendered ambiguous results - performing a crude background
subtraction by hand. Since the gP rates obtained this way can
only be approximate, we assigned large errors in order to cover
most of the systematic uncertainties. In spite of the uncertain-
ties involved,i however, one can clearly recognize (Fig 5 ) that
the ratio of the elastic and the inelastic 3 prong events shows
no major energy dependence. We obtained the rates of 5 prong
(3C and 0OC) (;O in a similar fashion. Since again the ratic
to the elastic ?O rate appeared to be constant we combined the

results of 3 and 5 prongs and plotted in Fig also the ratio
of the rate of inelastic ?'s in 3 and 5 prongs to the elastic
rate.

x

Forming ratios one has also to keep in mind that OC and 7C
events of the same visible energy Lc are produced by different

photon energies bx , becausc of the missing energy of the
neutral particles. Thus, there is an uncertainty in the encroy

scale as well.



Since the ratio's obtained this way seem to be energy inde-
pendent and because one knows that the elastic SP photo
production is diffractive, we are led to believe that photon
induced reactions at high erncergy contain a diffractive 9>
signal whjch of the order or greater than the elastic g cross

section.

Following our earlier discussion, the experimental observation
indicates a diffractive fragmentation of the target of/and of
the projectile. The projectile consisting of an isoscalar and
an isovector photon could fragmentize diffractively into an odd

respectively even number of pions.

This study shows evidence of a diffractive fragmentation of the
isovector photon simmultaneously with a fragmentation of the
target. In particular one can think of the following

1.) In a recent study, G. WO1g1parametrized diffractive
inelastic Q photo production in terms of peripheral dia-
grams. Specifically the contribution of diffractive
Isobar production and double peripheral scattering nas

been estimated.

The possibility to factorize the residue functions in the
Regge Model permits one to relate processes which have
one vertex in common;thus the following relation has been

used:

S(rpee'r)  F (PP“?’PP)
de (\\/ - o N) gk R PN

9)

jn—.,
Dat E¥ ]



G. Wolf estimated the total contribution of
#
> °
Y P> e°N (10)

(as an incoherent sum over all contributing Nxs)
to the charged 3 prong topology and found

palCACLEE S I (S Ve

Furthermore he estimated the contributions from a

double diffraction diagram of the type

and found that at energies above 30 GeV diffractive
Isobar producticn and double peripheral contributions
become comparahle in magnitude. An incoherent sun yields

about 3/d> at 15 - 20 GeV,

Our data indicate that further mechanism would neve o

be taken in account in order to explain the observed
o

o

rate of diffractive inelastic

P

‘.



2.) A very interesting mechanism could link the inelastic
90 photo production to inelastic e P scattering.
Bjorken and Paschos have discussed the similarity of
inelastic eP scattering and inelastic Compton scattering
in the frame work of the parton model. They derived the
following result which should hold in the deep inelastic

region

dZ.G_ ( ‘)“‘c& v
o TR

2EE - (v}

d'e  (ep)™ S Q?
AN dE' 2 >

where k', E' are the energies of the outgoing photon
resp. electron. (2 Q."> is the average squared charge
of a parton. V‘= E - E', and E is the energy of the in-
cident electron. One notes that (l11) states that the
ratio of the two reactions times a kinematical factor
is a constant. (11) could be used to determine this
constant and therefore the average parton charge.

Now inelastic Compton scattering at high energies -
especially if only Bremsstrahl photon beam is available -

is experimentally a very unattractive reaction (How can

one isolate the final photon amongst all the X 's coming

from WO decay). However, if the final photon in the in-
elastic Compton process converts into a 90 the "projectile"
could be observed in the final state. In fact, this final
state should be part of the firal state of the reaction

(7) which we investigate.

2N



the rate of the process <yp —» 7+ anyth. would be reduced by

a factor

2 -1 -
a(f, /4m)" =~ 0.4 x 10 ?
neglecting finite width corrections for the p mass and using
the vector dominance idea, where a is the fine structure constant
2
and %) /4w is the photon-p coupling constant.
The question whether relation (11) can be tested using the SLAC STC

data is presently being studied.

Conclusion

Using preliminary results of the SLAC Streamer chamber group, we
presented evidence for diffraction fragmentation in +yp processes.
More detailed investigations concerning the p decay angular and

the momentum distribution are not yet completed.
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Figure Captions.

Fig. 1 P P reactions , total cross section, elastic cross
section, total cross section for the reaction channels
x
PP~>PN 1400
%
PP ~+P NIGSX
Fig. 2 The ratio y P +_ESE;"w

vy P> P wtaT

as a function of photonenergy

. . + - . .
Fig. 3 Invariant m m Mass spectrum for 3-constraint und O-~con
straing 3 prong events
+ +
shaded area: m m Mass spectrum
. . + - . .
Fig. 4 Invariant w m Mass spectrum for 3~constraint and O-con-

straint 5 prongs.

3C : 4 combinations of +-particles
. . . * ~ 2
0 C: one combination with max {Ixu‘selectoo
. . . . o . . . .
Fig. 5 ratio of inelastic p production over eclastic (% pron:)

o . .
s £ T F
p  production as a function of Echarged



10

40

10

~x .
T——x X X total
[ ]
Y [ ]
[ ] \
R
¥*
—0-_0_ _o.--ccm--m0--m- N 1400
____o_._—-—o D‘\‘_u\‘
\ N*
x\ 4588
l\
\

\
\ l

\

x_ ,

| >~

X
~ *
) | > Nizae ‘

5 10 20 30 Gev PLAB



68l

8i 9l b 2

{A29) ,

ﬂ\/\vmu M-am o

18 pasn\dwwom) e

G361 IS I¥IS ©
3961 OLS OvIs =

dus—dL

=Y
dd—=—d4




Fig, 3

Events/
40 MeV

40

30

J!

i

]

40

Ny

i SLAC STC
YpprT

100
B<TR<10GeY

'J u_"f o ""\"“T"ﬂﬂg’?‘—lﬁ;}:'

10<EIBI<12Gev

.y
s
12<Li§1<15GeV

me A
T T T T

601

2 83 8 & 88 3

2

SLAC STC

E[:/en!sl
YP—3charged+

0 Mev
[

Mrte” distribution
Mt distribution
(2comb)

. N
} Enasn Mk T

R€EF,, <5 GeV

il

15 LBl 19 GeV BELIpg el <19 Ge¥
304 30
I

20+ r . 201

10 4 [\PJH“{P

: A

: Jﬂh mr

o Pl s W ! !

03 05 07 A9 11 13 15 17 Gev
Mut

03 05 G7 09 #1 13 15 1/GeV
M-

neutral partictés
8% T1Pgargedl<10 Ge¥



N°© of Eventis f40o MeV

No of Events [40 Mev SLAC

&te

Y
XP"’PW*W'rr*rr' P> t-1-r 0
(4 Comt)
30 1o & E. <12 ¢eV o L0 2 Eg <11 e,
20 Ko
1o 20
Yo | 40 - -
12 & E¢ 2 1S Gev 12¢ Ec<¢IS GeV
3a B 3o
20 20 | Lﬂ_(
L
. T .
10, 15 ¢ E¢ < 1§ eV 20| 15¢ £ <18 Gev
lo 10

2 GeV
™ win

Fig. 4

Lt 13 GeV

Mutn~



av

G ‘biy

OF

2.
3
A3 @t )] 14

-]
X

u..—wJOoM

Amto.&mv ucwlw:_ov
O_+w0_.o%

mm:o..& G+¢) o_«mc_ws_nnm

Aqurppaaoun jprd A4

oljod

4%

vo

oY

144

144



