BNL 30185
CLIOY - w\LTSY

—

1.0W~p_ PHYSICS

P.L. Braccini - CERN T.F. Kycia - BNL

L-L. Chauy - BHNL S$.J. Lindenbaum - BNL

G. Glacomelli -~ U. of Bologna R.S. Longacre - BNL
M. valdata-Nappi - U. of Pisa

on?
I. INTRCDUCTION RAADY ER
UIN R’
: . ar s wd (55 ‘ ‘
This group examined the prrcesses with large crnss sections, namely

total cross sections, elastic scattering, particle production at low o _

and diffraction excitatioen. These are fundamental processes whose experi-

mental study has always teen on~ of the main aims of the physics proaram of

each new accelerator in a new anarcgy domain.

The main fea%ures of “hese larne cross secticn prccesses may be

studied experimentally using relatively simple set ups at an =arly s*"age
-1

-2
‘rec

of phase I Isabelle opera*lon.l Lumincsities cf = 1030 cm are

quite adeguate %to perform 'reci:icn exreriments. Higher luminosities will

ke needed to study elastis scattering at larger angles, rfart:icie prrodu-ticn

ar medium values of pt and =he ;ireducticn of new flavour.

The larce cross secticn processas are characterized by {rnatures which

change slowly, logarithmically with c.m. energy (ln 3 physics=). The ne
large range of anergies which will beacome availabla at Isabelle will
tha rossibility of performing a jetailed study of the =2neray ierendences of
*ha processes under consideraticn. It will alisc bte pessible 2 perfrrm de-

~ailed comparisons with similar experiment= in pp coliisicns.
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I TOTAL CPCSS SECTICN AND ELASTIC SCATTERING AT SMALL ANTITS
The measurement of the eclacric diffsrantial rress =ec-: v af ~m~.1 mr-
Mmentum %“ransfar t may ba . ed % datermine the imacisary rav: ~f the T-rward
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non-spin-flin Sart of the nuclear scattering amplitude, wihich, tarough the

Ooptical theorem, gives the toctal cross section. The forwasrd real part may

be Jdetermined from tihe study of elastic scattering in the Coulomp-nuclear

interference reqgiin or frem total cross sections via distersion relations.
The total cross secticn, (Jcoc)' and the ratic o7 the real to 1maginary

part of tne forward scattering amglitudes (0) characteriie our hnowledge of

this field. Figure ! shows a ceorpilation of pp and pp total cre.a segtions

- o . a - - .
and of c-values for wp interacticas.- The energy dependence cf the pp total

-
s

Cross sectlon 1s knocwn: after having reached a broad minimum, arcund vs = 12

GeV, it rises with a dependence which 13 not well established, but could ke of

LK

3 - . - ., ys -
the ln*s type. P cross sactions have reached a glateau at o5 - 8 GeV. As

the energy 1ncreases Jpp goes from negative to positive values. The full
curves in Fig. Ll represent results ¢f fits to the cxperifental puints; the

by

shaded areas recrese:.t extrapciaticns located within Ln: sténda:d deviation.

New measurzments of atot ard 9 in pp collisions ~:ll presumably becone

34U GV and later

[
)

avallable from the CERN ISR and SFS collicers (up -o
from the Fermilab co:lider (up o 16Gu=-20U0 GeV).
Cne would like answers to the folluwing guesticns: Will arcc(pp) Keep

increasing? If so with wnich s-degendence? 1Is P, Geing To reach a maxamam

"

-

and start decreasing towards zZero? Are tiwre new thresnolds 1n the total

ross section? When will Jeor ‘EF! pbeccme «gual to Test 5p)? Can we under-

0

stand thecretically the rise in ccoc? In fact our under=tandaing of this fieid

is limiteé¢ and procecds via specific models.2:? Figur= . shows examples of

predicted energy dependences for J t(gp) and 7 (P} at algher energies.

co tot

It i: cledar that 20 answer these gquesticns cne necds precision mea-

surements at higher -:nergies. Here Isabelle gplays an 1mportant role.



p and Ufot are best obtained from a combination of measurements:"

1) elastic scattering in the C-M interference region (1077 <'t| < 1072

(Gev/c)2) (the cross sectien depands on g, Tt and on the slope of the Aif-

fraction pattern b);

il) measurement of drot from the total intaraction rate;

iii) simultaneocus measurements of total interaction rate and elasti=z
scattering in the Coulomb-Nuclear interference reaion;

iv) from elastic scattering at slightly larger angles.

A single interaction region could be used for simultanscus measuraments

af (i) the elastic scattering in the 107} <{tl < 107! (Gev/z)? region, {ii)

the total collisicn rate (iil) elastic scattering at intermediate %.
Figure 3 reuvresaents a simple conceptual sketch of how rfhe experiments

might be arransed. It 13 ~lear that they might be done very differently.

It has beon 2mphas:zad that for these measurements it 15 imrortant

ro have stable clean beams, with very low angular divergence (5§ 0.03 mrad

. . s N o ~ -y -
in the crossing reaion). A luminosity of 10°? cm™2sec™i cenid be adeguate,

tut it has "¢ ke «nown with gcod accuracy. As demonstrated at the CEPN~IZR
a simultaneous measurement of the total interaction rate, of the forward

elastic rate and of the luminosi%ty wia the “an de Meer method are nacessary

to obtain result= at the lavel of 1% accuracy.

~h2uld ke done at a number 2f different primary 2nerzias.

The measur-ments

ITI. ELASTIC 3ITATTERINN:
~

differantial crnss secticn for pp elas=tic

scattering frr =~ 0.01 (GeV/m)- and for 20 - vs o A3 AV re: {1y 2

narrow peak a1+ =mall ancles, prebably with two sleopss; (1iv A dip 1= &« = 1.2
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decreasing capidly, at larger angles. As the energy increases Che slope
(vr slopes) cf the Lorward .eak becomes steeper (shrinking of the forward
peak), while the location of the Jdip moves towards sSmaller t-values (Fig. 4).

Data for ﬁp - Ep concern only low enargies (see Fig. 3).

For experimental reasons we may Jdivide the angular pattern in three
regiens, for {t| < 0.05 (CN interference region; it has already been dis-
cussed in Section 2), 0.05 <« {ci < 1 (diffractiun region proper) and
{el > 1 (large angle region).

The data on elastic scattering are mostly interpretad 1n me=rms of
optical mcdzls, geometric scaliné, et>., all of which emgnasize scme
aspects.3 In the geometrical description of diffractive icattering the
number and locations of the dips are related to the value of tne total
zross section. > Only the first dip was seen in both gr and §p lnteractions.
The lccation in t of the first dip should decrease as Jt:t increases, i
agreement with current pp and Ep data. At the energies of the CERN and
Fermilab Ep coliiders and of Isabelle, the teotal cross scotions fer 59
and Pp are =2xpected to be about the same and to LnCrease with znergy.
Therefore, the motion of the first dip for both po and ¢ should te the
3ame. The sacond dip, if seen, should have a similar mocion,

Both the first and seccnd dig should be observed at the three mentioned
accelerators. It is instead unlikely that the third 2di1p will be seen.

With wxperiments on elastic scattering at Isabells cne would like 0
answer t“he following guestions:

i) What is the exact t-dependence of elastic scattering in the dic-

fraction region proter?; LS the slopeb a function of ¢?



1i) Will shrinking continue? how fast? Will one eventually have
equal slopes for pp and Ep elastic scattering, b(pp) = b(ip)?

iii) Is the dip-bump structure at 1.5-2 (GeV/c)? of defractive type?
If so, why does one not see a second minimum? What happens at It[ > 10
(Gev/c) 2?2

iv} Does Ep nhave a behavior similar to pp?

Experiments at Isabelle using relatively simple equirment, shculd pro-

vide many answers tc the above gquestions.

We have already discussed the elastic scattering at el < p.05 (Gav/c) 2,

The study of scattering in 0.05 < |t| < 1 GeV could be performed easily mea-
suring only the angles of the scatter=d protons for scattering in the vertical
plane; at larger angles the elastic cross section becomes considerably smaller
so that also momenta have to be measured in order to separate elasti~ scat-

tering from the inelastic. Two correlated spectrcmeters (s sketches in

Fig. 3) can easily measure elastic scattering. The spectrometers car be

short if the ~hambers have good spatial resoluticns (v 0.2 mm). Fecr measure-

ments for iti < 1 there is no rate probiem. The dip-bump structure in the
elastic scattering can be measured with luminosities of a few times 1930,

for t > 5 GeV one needs instead L > 103! cm~23ec™l.

IV. PARTICLE FRODUCTION-SINGLE INCLUSIVE SPECTPRA

TYecs3Ss

It may be worthwhile recalling that at v3 = 53 GeV the total

section is - 40 mb, the =2lastic -ross section is ~» 7 mb, the diffra-“ive

processes cross sec4tion iz v 10 mb and the inelastic non-diffractive is

"~ 23 mb. Extensiwe mea=urements on single inclusive spectra have sh.wn:

i) A slew increase with energy »~f multiplicities of the produced par-

(Fig. 6). A% vs = 7Y GeV ona axpacts

ticles, whi<h <~nsist mainly of pions q.

fnﬁh> N 25-30, 2% of which should be picns.

Sll



11) Limited transverse momentum of the secondaries; typically one has
an exponentlial decrease with <p.> v J.35 GeV/c (See Fig. 7).

1ii} Approximate scaling of the inclusive cross sections. From the
plot of Fi1g. 3 in terms of lakboratory rapidity one expscts an 1ncrease
of the invariant cross section at y = 0 of about 40%.

Thesc featurezs are explained in most theoretical models of particle
productions, though there is, to our knowledge, no mode! which satisfactorily
explains all of them.

In cunjunction with the aknove points one will like to know:

i) What is the enerqgy dependence of the charge multiplicity? Will
1t become of a simile lns type?

ii) For low p_ what is the shape of the invarianc <ross section (ex-
wonential, Gaussian, ...)? Does the average value of B, reacl: a constunt
value or rLacrease w:ith s?

ii1] When a lurge rapidity range is available, a- will Le at Isavelle,
dues one have a real rapidicy plateau in cross section, Cr dows the y = 0
cross section Keep Lncreasing?

The general features of inclusive production of long lived charged
hadrons may be easily obtained using single arm spectrometers. Cne needs
at least two such srectrometers, one at very small angles and one at large
angles, around 30°. In order to achieve good particle identirication,
spectrometers have to be instrumenced wich Cerenkov counters, time of
flight counters, ani new types of detectcrs, like transiticn radiators
and 4E/dx cnambers.

The small angls: spectrometer may be placed in the =ame narrow angle
5

hall together with “he total cross section and elastic scattering set ups.

The spectraneter should be aple to handle = 260 GeV,/c varticles, which means

+13



that the spectrometer may be very long because of the need of long Cerenkov
counters and long lever arms. The use of transition radiation detectors
and dE/dx chambers in place of Cersnkov counters and the use of high reso-
lution tracking chambers would allow a cznsiderable reduction in the length
of the spectrometer.

One could also consider a medium-angle single~arm npectronet;r used
in conjunction with the intermediate-t elastic scattering set up.

In order to complete the survey of inclusive production one may also
consider: (a) the use of a set of lead glass counters to measure the in-
clusive yield of v's (and therefore of 70 mesons), (b) a neutron calorimeter

to measure (at small angles) the inclusive yield of neutrons. Both are

sketched in Fig. 3.

v. CORRELATIONS AT LOW P,

A dominant feature of particle production at low P, is the presence of
short range correlations in rapidity, with a correlation length of about 2
units of rapidity (see Fig. 9). These and other types of correlations
were extansively studied at the ISR, and were interpreted in the framework
of various theoretical models - in particular the cluster model. The
average features of each cluster (mean charged multiplicity = 1.8, average
mass * 1.3 GeV, average transverse momentum * 0.65 GeV) are not too dissimilar
from those of a resonance; it may he that most of the clusters are resonances.
It is in fact known (mainly from high energy bubble chamber experiments) that
most pions are not produced directly, but come from the decay of resonances.
If we limit the discussion to the simplest rapidity correlations, one may
ask the following questions: at higher energies does one still have short

range rapidity correlations with the same correlation length? And what

413



about rapidity correlations among identified particles, L.e., Kr, Kp, etc.?

Also: Jdo long-range rapidity correlations exist?

In order to perform pseudo-rapidity correlations among charged particles
one ne=ds a large solid angle apparacus, which detects charged particles with
a reasonable § resolution. The scintillation counters and/cr the wire chambers
surrounding the interaction region as shown in Fig. 3 for the measurement of
the tocal cross sections may be satisfactory. If, instead, one wants also
the sign of the parﬁicles one needs a magnetic field over a large region
and the set up becomes complex, as is described in the next, secticn. Rapidity
0¢g

correlations of charged particles with mY‘'s and neutrons could inst=ad be done

still with the set ups indicated in Fig. 3.

VI. CHARACTERISTICS OF MULTIPARTICLE PRCDUCTICN

The bulk of the measureable inelastic cross secticn at Isacelle anergies
will be composed of multiparticle events with low .- I:w the context of QCD
these events would be produced by soft QCD processes. A systematic study
OE thelir characteristics could be acccmplished using a large solid angle
multiparticle spectrometer with charged particle identirfication capability
and y-ray detection capability.

A Jescription of a proposed spectrometer system for Isabelie, sketched
in Fiq. 190, is appended.6 It has novel features, like fast charged particle
identification based on iocnization loss and transition radiaticn detector
chambers.’+3 In addition relatively cheap particle tracking decector systems
wlth magnetlc momentum determination are possible using new narrow gap drift
chamber systems technology, which was recently develcped at BHL for MPS 11.3

* -

The spectromecer may identify p, 5, K™, n7, and the j-rays from xd

decays in the low to medium P region. It will also have good umomentum

3~
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resolution and will ke sensitive to the identification of particles with
Q ¥ 1, for example quarks, etc.

With a spectrcmeter of this type one may study many processes, some of
which are listed below.

1. Multiparticle event and jet behavior as a function of pt and of
x of each particle. Since one will be identifying individual particles
the detailed differences in the behavior of different particle types can be
studied as a function flpt,x,s). For example, it may be possible to observe
differences in quark and gluon jets as their production is varied from scft
QCD to hard ¢CD processes.

2. Particle correlations, clusters and the hadronization prosess. One
can study jet production with trigger selection of cluster formatinns, and
observe in detail the content of the cluster in terms of known and possibly
new resonances. Since many particles will be detected, one can do two and
avan more than two particle correlation studies.

Another possibility is a search for gluebalis.10 It has hwean peinted
out that Isabelle may te a "glueball factory", since glucns domina=e the
evolution of QCD jets and low mass color singlet gluon pairs may be found
at the end of a gluon rcascade.

3. At Isabelle energies diffractive disscciation is 2xpected “» have a
several mb cross section. Cne would expect to excite heavy N' systems,
some of which should <lecay into particles which contain heavy quarks - old
and possibly new. Lerton +riggers in the forward direction shculd prefar-
entially select this type of avent,

Cosmic ray exreriments have found so-called "C2ntaurc 2verts" at

Y
Y

modast p , whnich are charactericed by a marked absance »f 7 's zemrired



to charged particles. This spectrometer system may detect s :ch events if

they exist at Isabelle.

4. Search for Quarks. The dE/dx identifiers will be particularly
sensitive for selecting quarks. One can reach high p, as well as low P
by rearranging the spectrometer as necessary. Any Q # 1 particle could be
identified by this system provided Q is not too close to 1.

S. One particle inclusive physics with particle ideatification.
Multiparticle inclusive physics, for instance resonance production, can

also be done.

6. p-p elastic scattering from low t out to moderate and even high t can
be done with a system of this sort, possibly involving some addition or re-

arrangements.

7. One can study the polarization of A% as a function of pt and s. This

can serve as a test of QCD.
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FIGURE CAPTIONS

Fig. 1. (a) compilation of p-values for pp scattering and (b) total cross
sections for pp and ﬁp. The full curves are the results of a fit performerl
simultaneously on acot and p. The shaded areas represent the one standard
deviation region for p and the cross sections. The boundaries of these regions
were cbtained by changing the high energy behaviocur of the cross sections in
such a way that the 12 of the fit increased by one.

Fig. 2. Comparison of three parametrizaticns fitted to total cross
section data above 8 GeV/c.

Fig. 3. Conceptual sketch of a possible layout of various set ups in the
narrow intersection region at 2 o'clock. 1) Detectors rfor elastic scattering
in the C-N interference region (Roman pots); 2) Total rate and luminosity
detectors; 3) Elastic scattering detectors; 4) Small angle spectrometer;

S) Large angle spectrometer; 6) lead glass detectors; 7) neutron calorimeter.

Fig. 4. Difrferential cross-section for pp elastic scattering at ISR
energies. <

Fig. 5. Differential cross-section for 95 =lastic scattering at 50 GeV

incident energy.“

Fig. 6. The average multiplicity obtained by inteyrating 1inclusive dis-
tributions of n+, n-, K+, K-, [ 5 and for all charged j:articles, plotted as
a function of s. Dashed lines represent the resulcts of the fits to the formula
<n>=A+Blns+ cs™? (R202).

Fig. 7. Average transverse momentum for the production of pions, kacns,
antiprotons and all charged particles plotted versus lab momentum. ©On the
right are shown "temperature" scales for different particles, computed in the
framework of the thermodynamic model (R202).

Fig. 3. Inclusive rapidity distributions for different particles at
P, = 0.4 GeV/c. Data points cover the full ISR energy range.

Fig. 9. Rapidity correlations for two charged particles at the two ex-
treme ISR energies. The ridge along the main diagonal stands for short-range
correlations associated with the production of uncorrelated clusters. Results
from the Pisa~-Stony Brook Collaboration at the ISR.

Fig. 10. Conceptual sketch of a multiparticle magnetic spectrometar with

ionization loss and transition radiation particle identification.® Correcting



magnets must be used on the opposite side of the intersec-ion. A -=econd

spectrometer will be located on that other side.

The dotted spectrometer at right angles to the beam is an example
of how this type of spectrometer could be used for wide angle physics. An
cpposite arm could alsc bhe used. Another example would te placing a magnet

right over the intersection region and instrumenting both sides.
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