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MUON PHYSICS AND STRUCTURE FUNCTION

J.J. Aubert

Centre de Physique des Particules de Marseille, France

There have been many contributions to the SPS Workshop on muon physics
and structure function and I have the hard task of resuming them. If this

summary is not perfect, it is my responsability and it might not reflect

the work of contributors.

The resumé is also schematic and does not cover all arguments, more

detailed information is available from the sub-group's contributions.

Hopefully, in order to provide a useful manuscript, I have made a
summary of what is known, what is little known, and what can be improved
upon. In what is known, I have given a list of published results but have

only given reference to the collaboration involved in this field at CERN.
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1. STRUCTURE FUNCTION

1.1 What is known

1.1.1 Measurement of F,, sz_i

The structure function have been extensively measured on isoscalar
target and H, or D, targets (example in Fig. 1). The range covered
in x is 0.05 to 0.65 and in Q? from 2 GeVz/C to 200 GeVz/C.

The limitations are mainly due to systematic error*. Normalization
errors are still in the range of 2.5 to 5% depending on the experiment.
Calibration errors, mainly on the hadronic energy measurement induce
systematic uncertainties, the measurement with a calorimeter provide a
lower uncertainty than the substraction method (Eh = El - Eg’) as
long as the absolute errors are the same. In practice, energy is easily

measured in air gap magnet and the two approaches (one being used by

neutrino experiment, the other by muon experiments) are similar.

More precisely, F, on isoscalar target (Iron, C....) is limited by
systematic, F, on H, and D, is statistically limited at large
x, ¥F3(x,Q2) and q (x) measured on heavy targets by neutrinos are

limited by systematics and by statistics.

1.1.2 Q? Evolution of structure function

The Q% evolution is predicted by QCD and can be computed without any
assumption with the Altarelli-Parisi equation. The experimental data
supports the QCD picture and as (or equivalently A) is determined.
We should point out
- that the value of as is mainly determined by the behaviour of
F,(x,Q%) for large x i.e. for singlet structure function even if at
large x the sea contribution is small;

- that non-singlet structure function xXF; and FB . Fg do not give yet
an accurate value for A;

- that the error on A (as) is mainly induced by the systematic error on F,
and by theoretical uncertainty on higher twist;

- that the nucear effect Fge/F]z2 observed by EMC still allow a QCD test
with structure function measured on nucleus provided it is not a higher

twist effect.

.
w

G. Smadja, private communication in a luminy workshop, Nov. 82, unpublished.
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Nevertheless, the Q? evolution of the structure function has
provided the best evaluation of as, this is certainly true if the three
. . . + - .. .
to two Jets ratio observed in e e annihilation depend strongly on

fragmentation.

1.1.3 Gluon structure function

In deep inelastic scattering one cannot measure directly the gluon
structure function, it appears in the Q? evolution of F,(x) correlated
with as and also in a less correlated way with the distribution of the sea
a (x,Q%). Furthermore, it has been measured only on nuclear target which
might not be the same as for the proton. Nevertheless, since a (x) is very
small at large x it constrains the gluon distribution, excluding broad
distributions. The overall momentum carried by gluons is around 50%. This
information is confirmed from the open charm muon production analysis with

the photon gluon fusion model.

1.1.4 OLLET_measurement - R -

At large x (x > 0.35) CDHS has shown that using a depletion of

events at large y provides a very good limit on R measurement, the error on

R is then around 0.03.

At medium x it is measured by the classical method where systematical
errors dominate over statistical ones and R is determined with an accuracy
of 0.1 in both muon and neutrino experiment. Overall R is compatible with

zero for x > 0.1.

1.1.5 The distribution of the strange quark and charm quark

From charm production induced in neutrino interactions the strange
quark is measured, from the open charm production in muon nucleus
scattering C(x) is measured with its Q? evolution; strong limit on
intrinsic charm has been given. Some warning should be given as all these

measurements have been carried out on nuclear targets.

1.1.6 Ratio of u valence over d valence

%%- can be measured by comparing F, results on H, and D,
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from muon and neutrino measurement or by a direct comparison of
FYP with FhP. A typical result at high Q2 is shown in
Figure 3, d/u = 0.57 (1-x).

2
1.1.7 The ratio FLe/F2
F D,
er/F behaves differently than expected from the naive quark parton model

(Fig. 4).

For large v (< v > = 60 GeV), large Q% (< Q% > = 50 GeV)
i.e. small distance Ar = 1.310°!'* the additive quark parton model
cannot predict correctly the quark density inside the nucleus. It is a
disruptive observation and even if it should not be so suprising it will be
of practical importance (H, targets are light and not as easy to handle

as nuclear targets).

1.1.8 The structure function G, and G,

A combinaison of G, and G, has been measured at SLAC at small Q? and

at medium X.

1.2.1 The shape of the gluon distribution

It is very difficult to measure on H, because of statistical
limitations with neutrino experiment and even on nuclear target the shape
of the gluon distribution has to be put by an ad hoc method in the analysis
of a (x,Q2). Technical progress in the analysis suggested by Fumansky,
Petronzio and reported by the charm collaboration might improve the
situation. Nevertheless, the gluon distribution is not coming from a

straight direct measurement.

1.2.2 R with high accuracy

At moderate x, 0.1 <x < 0.3 neutrino experiment can improve the

situation.

At small x, x < 0.1 nothing of good standing exists and this can be

done with muon experiments to an absolute accuracy of 0.1.
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1.2.3 Q2 evolution of non singlet structure function

- xF,;(x,Q?) can certainly be improved with higher statistics, and
better experimental conditions (better resolution from the hadronic
calorimeter and broad band beams or better quad band beam). These

measurements will also improve the measurement of a(x,Qz).

- (F - F) (x,Q%) is unlikely to compete with xF; due to smearing
correction in extracting F3 from FEZ at large x, still at low x the

limitation 1s statistical.

1.2.4 Uv/dv is poorly known at large x and small x

At large x it is difficult but not impossible to improve the situation
for x > 0.65. It is difficult if one uses ng and ng because neutrino
interactions on Hydrogen provide poor statistics and if one uses FyP ., FEDZ
then smearing correction and Fermi motion effect in deuterium have to be
taken into account. It might even be impossible if the quark inside D,

do not behave as predicted by the naive additive quark parton model.

At small x it can be improved up to a limitation due to sea
contribution and it would be interesting to see how it reaches 1 when x

goes to zero.

1.2.5 u/d is poorly known

Improvement would need high statistics neutrino experiment with

hydrogen target. It is not easy.

1.2.6

FB structure function is limited by statistics at large x 0.3 < v < 0.7.
This indeed can be improved in a WH, experiment with a long target, typical

work which will be achieved by BCDMS.

1.2.7

F, have not yet been properly measured at low x, x < 0.05. It should be done

and can be done to understand

- the behaviour of R = 0L/oT which should strongly differ from zero
(otherwise it will contradict present knowledge on QCD, intrinsic
transverse momentum...);

- the Q2 behaviour can indeed confirm QCD but could also disproove QCD;

- the shadowing on nuclear target is not really understood as far as x or

Q% +o0.
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1.2.8

F, has not been determined at x close to 1. It is interesting for
the separation of higher twist terms but is is also prohibited by smearing
correction up to now, either by Av at small y or by Apv at large y. The charm

detector with its nice hadron calorimeter could do some good up to x = 0.87

1.2.9

The low W region has not been measured except at SLAC.

1.2.10
. D
iron 2

F,'°"/F, is not understood. (See paragraph 5).

1.2.11 Structure function G, - G,

Only the combination corresponding to longitudinal polarisation is
known, nothing is known for the transverse polarisation nor any information
on neutron polarisation. Improvements are possible on longitudinal

polarisation at low x and for higher Q2.



TABLE 1

to reach small
x and Q?

x 2 0.0003

Q2% > 0.15 GeV

Experiment Beam Improvement Year
Expected
CDHS and CHARM improved set up xF3(x,Q%) 1983-1984
run in broad beam q(x,Q?)
BCDMS muon beam Fg high Still 110 days
40 meter H, target statistics approved
0.1< x <0.7 1983-1984
EMC Shadowing NA28 new trigger system F%(X,Qz) 21 days approved

x and Q% + 0

1983

EMC Structure
function on

polarized target

a longitudinaly
polarized target
exist with a

polarised muon beam

measurement
of G, G, on
proton mainly
at low x but
with a large

Q% range

need ~ 100 days|

of running time
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1.3.2 What can be done with more running time by existing set—up

TABLE 2
Experiment Beam Improvement Improvement Beam Requested
EMC use NA28 set-up Fb(x,Q?) 80 days running
at
R(x) at smaller x 120,200,280 GeV
_ p,n 101 8
BEBC data on H;, D, xF 8°10° °p
(with the calorimeter) - ap,n
- xG(x)
40000 events Vp
20000 events GP
2
CHARM quad neutrino beam xF,;(x,Q )
(improved the neutrino a(X,QZ) at 510" °P
means energy compared larger Qz

to a broad band beam

without loosing too much

in intensity)
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1.3.3 Conclusion

There has been a large amount of work carried out on structure
function at SPS with first class results. Nevertheless, to complete what
can be done will certainly need more than the approved program which
already extends beyond 1984. As seen as an example in fig. 5 for the
improvement which will be achieved in the Q? evolution of F, at large
x by BCDMS, the effort is worth it. Furthermore, new achievements will
come mainly from high statistic, good understanding of systematic error

which can be best achieved at SPS.

The next fundamental generation of experiments concerning structure

function will come from ep collider.
It should also be noticed and it should be stressed in Chapter 5 that

we might not have yet fully appreciated the consequence of the

2
FEQ/FE abnormal behaviour.

2. WEAK INTERACTION

2.1 What has_been learnt

In muon nucleon scattering there are interferences between the
electromagnetic and weak processes. There are different experimental ways
of looking at this. One is to measure the asymmetry in cross section

corresponding to u* and u~ with opposite helicity.

u+, _ o u- 2

B = 6] +( A) g —()\) = - K (a -v ) Ao g(y) Q
M)+ T o

where

2 G 2 bk 2

KQ = 72 Tna Q =1.79 10 Q

al-l

v, ) axial and vector lepton coupling, in the standard
model (G.W.S.) a_ = - 1/2 2

vM=-1/2 + 2 sin ®

6 ! v

AO =5 (ad - 2au) ay» a, are the axial coupling, of quark u and d

v =0 so B is essentially parity conserving.

BCDMS has done the B measurement with a very interesting result
slope = (-1.47 £ .37) 10" GeV~?
sin? ¢, = 0.23 £0.07 (st) £ 0.04 (syst).
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2.2 What can be done with the existing set-up

. . +, - .
Instead of comparing cross section of u (u ) at a given
helicity, one can compare the cross section at different helicities

A and A,

Then one defines A%

+ s
+ o (xpD=-o0 (X)) A= A, )
AT = = - K(——) (v A g(y) xa V)Q
+ +
o (A)= 0 (A,) Hoo " ©
_ 6 } . 6.3 10 .2
vV = 5 (2vu Vd) + in the standard model V = 5 (f 7 sin

x . . . .
A are parity violating asymmetries.

The A measurement is more difficult than B since the effect is smaller

by a factor 2 to 3 and it requires u coming from backward decays of the .

With a denser target, 40 meters of Cu BCDMS can do the A" and AT
measurement. A would repeat the Slac measurement at Q? much larger
(x100) it will give an accurate measurement of sinzew. At is
insensitive to sinzew but is needed to measure the coupling in a model

independent way (a d .
independent way ,vand v, Ao)
Table 3 shows what could be needed and the accuracy achieved.
TABLE 3

A" 100 days at SPS running at 450 GeV

2

7 1
b A= 0.8 1.6 10 wu/spill 2.5 10 PPP
7 12
L A=0.0 0.410 u/spill 5.7 10 ppp
+> will give 1.6 10'%u~ for each polarity for a total of 2.5 10'%

A" 40 days at SPS running at 450 GeV

sin%0 = 0.23 = 0.014

a (v -1/2v,) = -0.333 £ 0.036 | | -0.45 £ 0.12
M u d

v (au—l/Zad) = -0.03 % 0.05 lold Slac measurement | -0.23 * 0.

38
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Indeed these measurements look feasible, systematics are under
possible control and there is no competition from doubler since no high

luminosity experiment is approved.

There has been a detailed study of the charged current weak
process uN»+v + "X", Tt is of interest since muon beam can be, for each
sign, of left or right helicity and as only left-handed currents are
supposed to exist in the standard model, zero cross sections are expected

from right-handed current.

This process is indeed of great interest but a detailed feasability
study is still to be carried out, in particular, on the required resolution

to be achieved by the hadronic calorimeter.

HADRONS PRODUCTION BY MUONS

3.1 What has been learnt

We will not review all the data but just give a few examples of the

main results.

3.1.1 The quark parton model picture works well

A typical example is just the scattering of sea quarks at low x which
. + - .
induces an equal rate for m and m and the scattering of u quark

. . . + -
at large x which gives a higher rate of m compared to 7 .

3.1.2 QCD and gluon effects have been seen

(a) P broadening. Without gluon emission the P of the observed
hadrons would be fixed by the intrinsic transverse momentum of quarks and
by the fragmentation process. Including gluon emission broadens the
distribution, it is definitely observed in many places and particularly in

muon nucleon scattering (Fig. 5);

(b) the quark gluon fusion model work for open charm production, it more

or less reproduces the differential cross-section with the right magnitude;
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(c) factorisation breaking and scaling violation in the hadronisatiom.
Indeed QCD induced scaling violation also in the hadronic final state. The
factorisation breakings are of prime interest since they are induced only
by second order QCD effect. The existing data supports this QCD picture

even if the statistic significance of the result is not superb;

(d) hard gluon emission and evidence for two forward jets (Fig. 7). In the
gluon bremstralhung process, hard gluons are emitted at large angles and
will induce a hadron jet. The observation of the forward produced hadrons
has shown planar events with a distribution of transverse momentum relative
£o the plane and in the plane typical of two jets structure. The energy
flow of the events where one has a large P hadron shows the typical two
iobes structure. All these observations support the two forward produced

jet mechanisms;

{e) hint on quark and gluon jet difference. Gluon jet emission 1is
characterised by a planar events and/or an event with a large P hadron.
Therefore, one looks for quantum number behaviour as a function of pg

(or planarity). With 500k events from NA2 one measures 2000 fast p and p-

As an example one can see in Fig. 8 that the ratio

—:—B:—: is around 8% at low py and increases to 40% at

T +K +p
large Prs at large Py one gets predominantly quark and gluon jets and
one measures roughly as many antiprotons as (m™+K"). This is an
interesting evidence for quark gluon differences. It should be pointed out

that this result needs a huge statistic to get significant results.

3.2.1 The difference between quark and gluon jets:
(a) with the completion of the analysis of NA2 more information is to come
on this sujbect. Nevertheless, NA2 data has only forward hadrons only

poorly identified and this is a strong limitation;

(b) with the completion of NA9 data taking and analysis, it looks
promising since NA9 is a 47 detector with good particle identification.
The main limitation will come from the statistic 50000 events on H,

target and 80000 events on D, target.
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3.2.2. Scaling violation, factorisation breaking in the hadronic

final state

Actually e & data can be explained by non-perturbative effects,
it needs no QCD evolution, v N data show only scaling violation with low
W events. u N data have weak Q? dependence (and within systematic error
could allow for no dependence), the behaviour can be understood together

with %,z non factorization in next to leading order QCD.

Further investigations are highly desirable, factorisation breaking in
x, ¥ is introduced by next to leading order QCD and lepto-production are
unique (x variable). Also higher twists will yield x,z factorisation

breaking but for high x and low QZ.

Future measurements need high statistics, high z and particle
identification in the full range with a minimum correlation between
variables. This can be achieved with either an improved NA2 set-up (better
particle indentification obtained with more Cerenkov counter or imaging
Cerenkov), or an improved NA9 set-up and runs at different beam energies

(e.g. 90, 120, 200, 320 GeV).

3.2.3. Study of muo-production of B B

In a 4 effective day of running with a calorimeter target (2kg/cm?)
the NA2 experiment has been looking for B B production through their semi-

-leptonic decay B1 + Cut + ... and Bz > C+ ... ending with pu* ut ut
- uE o+ L.,

or ut p~ p7, very specific final state. One candidate has been observed
in the range of the expected cross section. It is proposed to improve the
statistical significance of this result by a factor 500 to end up with a
clean sample of 1000 B B events. This will allow the same study on B B
muoproduction than it has been achieved on C C production. A 8 m uranium
target calorimeter is proposed to decrease the background contamination
from delayed events arising from 7 or K decays. The apparatus (Fig. 9)
is an improved version of the EMC set-up which will allow the measurement
of low Q2 events and will be able to stand 10°® u per burst. In a 40 day
running period it will be possible to measure

- the Upsilon muoproduction

- the open B B production

- the DD mixing up to a level of 0.1%

- wvery high statistics open C C studies.
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A good uranium calorimeter and an air gap magnet will allow to compete

effectively with the approved FNAL experiments.

3.2.4 Study of quark interaction in nuclear target

It has been proposed for a long time that the nuclear target could be
a good tool for studying the space-time evolution of hadronic final state
formation. At Slac* it has been seen in electroproduction that forward
hadrons are diminished as if there would be reinteraction inside the
nucleus, preliminary results from EMC at higher W do not show very striking
effect. An approved program with the NA9 set-up will give more information
on the forward and backward hadron than the low statistic data being
already analysed from an NA2 test run. As we shall see later, a
comprehension of the ratio ng/F%ron will also need a study of the hadronic

final state.
It has been proposed to run with a NA9 set-up (or an improved one) a

high statistic (an order of magnitude improvement) measurement on xenon,

argon and helium targets.

4, JET STUDY IN 1984-1985

N W
l,l.

- |

9
hudc&n

___________5EEEEEE:;

muceon

SN

with two jets in the forward direction.

* L.S. Osborne et al. Phys. Rev. Lett. 40 (1978) 1624.



- 38 -

It will be possible to study the difference between u, u and gluon jets.

u jets are mainly seen as a single jet for xBy > .1

uu jet decreases when xB. increases
ag J
the ratio of 2 forward jets/l jet is proportional to as so it is

possible to study the structure of three different jets (u, u, g) and
the flavour charge properties of these jets. This requires a high
statistic experiment with 47 coverage and good particle identi-

fication. Neither NA2 nor NA9 fulfill these requirements.

Table 4 shows where the competition is.
TABLE 4

Comparison of Different Jet Factories

v"s in GeV W effective Statistic
ete~™ Petra-Pep 40 40 120-30k now
v SPS or FNAL 5 -10 v 10k
ISR p p 62 vo15 ?
p p collider 540 v 100 Large
u SPS NA9 23 v 15 —50k already taken
future possible experiment 500k
u FNAL 38 v 23 50k in 19867

One can certainly raise the question on the field left by the p 5

collider. If it is difficult to make a firm statement about the years

1984-1985 the collider will certainly give high statistics and superb jets

but

will not have charged particle identification and will mainly have gluon

jets. As far as ISR is concerned, it will probably be closed by that time.
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As far as FNAL muon experiment is concerned, clearly the physics is

the same and one should weigh a few arguments:

- Who will first give a high statistic experiment with 47w coverage and
identification?
- How critical is W the effective energy?

- How critical is the number of events?

The first point is rather easy to answer, CERN beam exists and as it
has been studied (see later) possibilities exist to achieve this program

before FNAL.

On the second point, if the larger the W the better off one should be,
how critical it is, is a question of taste. With the same number of
incidents muons on the same target and with the same trigger requirement
(XBf > 0.01, Ou > 1/2) the integrated number of events with W > 10 GeV is
larger at SPS than at FNAL, for W > 20 GeV the situation is reversed. With
10 times more events at SPS than FNAL there would be 15 times more
interesting events where QCD effects are observable. Furthermore, for the
separation of the two forward jets one has just been looking at Monte Carlo
simultation and it is not absolutely clear that for a good separation of
dijet events at high W one should not increase the Pr cut, which could

reduce the useful sample.

On the third point, it is clear that the rate is critical, competition
. + -
with e e .... means a large sample of events. Furthermore, we have
learnt with NA2 that very large statistics can show new features with have

not been seen before.

There is for 1984-1985 a clear physics interest in carrying out a high
statistic muon nucleon experiment with 47 coverage and charged particle
identification. Competitition from the collider is serious but it may not
sweep the field since the physics is different and since charged particle
identification is important. The doubler at FNAL will come later and as
far as the approved program is concerned there is no high statistic
experiment. This study will, at the same time, achieve the goal defined in

3.2.2, namely a study of the scaling violation and factorisation breakdown.
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4.4 Proposal

Two ideas have been studied, the first one would just replace the
streamer chamber which limits actually the luminosity and increases the
target length. (The streamer chamber can be replaced by 20 proportional

chambers (u, v, t) inside the vertex magnet).

The second idea is well studied and proposes to replace the streamer
chamber by a modern tracking chamber, a TPC. Existing prototypes for a LEP
experiment might even be well suited. A more or less complete particle
identification can be achieved with three rich counters (2 gases and

1 liquid).

Overall, a gain of 10 over NA9 can be achieved in both proposals.

F D2
F°¢ /F, BEHAVIOUR

It has been observed that the structure function in the nucleus
behaves differently than expected from the additive quark parton model. Tt
cannot be attributed to Fermi motion effect (in fact, it will reinforce the
difference at large x), it is likely that there is not a higher twist effect

as it is observed at large Q? but from present data this cannot be excluded.
The observed difference implies that:

- the valence quark is softer in iron than deuterium;
- the sea carries more momentum in iron than deuterium;

- the glue carries 10% less momentum in iron.

At this stage it is certainly of prime importance to confirm the
measurement. BCDMS can do a very good job for x > 0.1 in a little running
time. They can eliminate most of the systematic errors by using a split
target of iron and deuterium. The run can be carried out by 1983 and the
results will appear in 1984. There have been different suggestions by
C. Llewelyn Smith at this workshop and we can point out a few obvious

measurements to be done.

Find out if the magnitude of the effect depends on the nucleus. Run on

D,, He*, Li, C, Ne, Ar, Xe, W... are easy to do but for running time.
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F\)p n

2 = F2 so

F \)p + F;p
2 2 =1 if there is no nuclear effect in deuterium, any
v D,

F,

departure from 1 (apart the Fermi motion) would be an evidence for a
nuclear effect in D,. The number of events needed to get the

statistical accuracy has not yet been sorted out. Neutrino interaction on

p and D, cost a lot of protons.

Looking in the hadronic final state for K/m ratio would be an

indication on the behaviour of s + g, it would need the measurement of K%
u + d and K™ particles or J/¥ production
ratio Fe/H2 (being worked on)

In the model presented by C. Llewelynn Smith where the virtual photon
interact on pion from the nucleus one should have a typical hadronic final
state with two rather small mass forward jets. Typically one should look
in the same experiment for the complete hadronic final state to correlate

eventual hadronic effect to the structure function.

It may be too early to conclude on this subject, more ideas will
certainly develop in the coming years. Nevertheless, it would be
worthwhile to think of an experiment with high statistics on nuclear

targets;

- with 47 acceptance for the hadronic final state
- particle identification
- with mixed nuclear target in the same running time to eliminated some

systematic errors (ex: D,, He", Xe...).

In a NA9 type set-up (existing one or even better an upgraded version)
60 days running time would give more than 100k events. Indeed, such an

experiment will be fine for the study of interaction in nucleus.
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CONCLUSION

These conclusions are obviously schematic and subject to personal

appreciation.

(a) Structure function

- A lot is known, final progress is expected from 1983-1984;
- further development might be needed if nuclear effect disqualifies iron
targets (it should be noticed that QCD analysis may not be affected);

- understanding of FEe/FE2 is urgently needed
BCDMS can confirm this measurement.

'""NA9" set-up can look for associated hadronic effect (it will also study

the space time evolution of hadronic final state formation in nucleus).

(b) Weak interaction

- B is measured

+
= A7 can also be measured, improved sin?@ measurement down to 0.01.

(c) Hadronic final state

- A lot is known and NA9 will give full topology events;

- upsilon and open B B muoproduction can be achieved in a high statistic
experiment ;

- high statistic jet study is still to be done. 500000 events with 4w
coverage and full identification. This will give the flavour and charge

content of q, g jets, it will also give a detailed study of fragmentation

breaking, scaling violation, higher twist.....

(d) Time schedule

- The approved program is unlikely to fit into 1983-1984. Further studies
would have to carry on into 1985-1986.
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FIGURE CAPTIONS

Fig. 1 Example of structure function determination

Fig.

Fig.

Fig.
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Fig.

Fig.

Fig.

Fig.

F3;°°" by EMC, xF, and q by CDHS.

S(x) and C(x) measured by CDHS and EMC.

F2/F2 measured by EMC.

Ratio and Firon/FB2 measured by EMC.

Expected result on the measurement of the slope of the structure

function

§ Log F,(x,Q%) by BCDMS approved program.

2
8 Log Q

P broadening observed in u proton scattering.

Evidence for two jets structure

2

zpT on the plane or out of the plane of the two jets events

energy flow of the forward produced hadrons.

Forward production of fast antiproton normalised to all negative

particules in the same momentum range.

Proposed set-up for B B studies.



||l|l| 1 1 1

0_5 T T T 1 7 ll T T T T 1T rrr
0.4} 03
0.3F =120GeV e E =250/280Gev | 0.2
0.2} .
o0sF 1 o.
0.4} e o ! 4 o5
_0.0-0-0-0-0~=~ """
03 x =0.05 1 ol
0.2} 4 Fp
0.5] 4 olo
04} J
Fa yrg-0-0-0- 0" Do 0emmem &L 0.08
0.3 x =0.08 - 4
0.06
0.25 3
0‘51_ 0.04
0.4}
0.3k ~0=0=0-0—0--0-0~0~4 Oy~ y—-o-—-*= |
x =0.125 003
02} d
o.5t 0.02
0.4} -
0.3 -5 0-0~0~ 0.0_0_-0—0'--,—--6---0- n
@ : *7 o078 0.0l
0.2 v oaoa gl 1 [N SRS S T B O
3 45 10 20 40 100
Q2 (Gev?)
T TV 7V I T T T T T 71T l‘ T T T T T 1T l‘
2t ]
L — 2 R
'2_ Q(XlQ ) X =.0I5 COHS R=l ]
' —QCD - fit
A4t ) ]
z‘ . vy X=.045 i
or 'y .
pe ¢ t 1
2F -
X=.08 {
N)* ‘ 3
2 1
o C
2t W
e X=.125 ) ]
ok 4
ke PO R ) .
JdrF X=.,175 _,—i—-#—’““"—U '} Y R
(0]
A5k -
10F Lt e s 1
05 X=,225 + d{
& 2 T b,
05+ X=.275 l [ 2 $ 4 4
0;"‘———"_"—__—_ —'—_'_"_—_'_’L”"'—‘Jﬁ
OSL X=35 P} .’—*j_ ._-:
O,’ —— —— e e —— —'—H-‘L’!—_’"— _"'a;
.05 h
0 X=45 . 1 P RS e ——4—-—ﬁ
.05} 4
vl 1 Lol 1 1o 11l
3 5 [ 2 5. o 50
Q" [Gev7c?]
FIG. 1

XFy

0.

10
a2 (Gev?)

5

5

;
y
E
E

XF, (X,Q9)

|

+——' X =.045

_*

Fr -H—H—#—-f—— X =.08

_*___ X =01

I

i

—*—t—-H Frt et - xes
o
*JS* e X238

X =.45

*\H Fre Tt

)

*TT mit\ e

|
i
|
|
%
N

55
Q2 (Gevi/c?)

IOO



© 300

Number of events -

g

8

-V-“OI—Q u'. L
w

— l(tloaol!).q'

----- gJ° including slow rescaling
(mc =15 Gev¥)

- 52 -

i q? i
e 2LGev?
01k o 1393 GeV -
o A 422 GeY 3
- O 750 Cev? .
x.clx) .
—\ =
r°\° -
\
omé } : .
,/—‘\\ 1.
L. /’\ \\ ) :
L / * N .
H\ NJCH%)
/ \ _
0001F |, \\ E
L | : \ -
Q%24 133 422750 Gev? \-
1 1 1 1 | | ] 1
0 01 02 03 04 05 06 07 08

FIG. 2

X



- 53 -

n p ] T T 1 T T T T
K 7k _
EMC 0% 10 GeV x 0.03

101 02 75 GeV x 0.65 .

0.8f- 1 . s

04k Systematic

error

- j} d=0 i
0.2 .

-
1

FIG. 3

127

117

101

0971

FIG. 4

08




dInF,/dInQ’

-01

-0.2

- 54 -

| T

$ EMC

I ! Ll

120+200+280 GeV

i NA & Expected

0.4

FIG. 5

0.6

0.8



[Gev?]

~

107

dN
/Nu /dp

-—

. 107

1073k

10

- 55 -

up, 280 Gev
charged hadrons,

pbbz 6 GeV

100 s Wk 460 GeV? ]
Q2 > 5 Gev? .

\
W
\
VN
\. \\ .
L
AN
noQCD\, \\\
\ N
' 4
.__+__‘
1 2 3 4« 5 6 7 8 9

FIG. 6



- 56 -

T T ] T T T T T T T
g Preliminary
" 0280 Gev 0 120 GeV
2 2
& I 100 < W2 460 Gev’® 40 < w?<180 GeV
3 Q%> =3Gev? Q%>=2Gev?
- Puap> 66GeV Puap>2 GeV
~ -
" Npap 24 Nyap 24 |
2 o1
z —— a(A=05GeV) | Ty =310GeV
e 2 2
-—— No QDC k2 =0.4Gev
P4
~
0.0 QCD 280 GeV
0.00!
2 2 N
p > 2 GeV
1 max O
\\
-
-1T/2 -

m/2

0.5



- 57 -

0.50[
0.40r
030
0.20

suoJpey Jje/d

0.10

TIG. &



1H LM IM  A/H €H snjededde JO M3IA UB|d 6 514

PN K 08 som Tvm
\ NOUI
(H EA
Z \\ / 1\ EM LM ETLNd
Zhllil 1 1WA Azv HG04 I 04 vou ZA
us (T8 .
: “ L \ NN ﬂ A
_ Z |1 N 17 : gHg A VHg
y 9
\ e 1 L 1394V1L JV1S
“ RINTORR! | i \ N
“Lq[ U | U8 9 YA /
(U
“ 1IVM NOYI
9/v €d
7 |
7 -0 ] S7d  00d
ﬂ ke aod" ;
TIVM NOUYI 130Hg YILIWIHOTV)

4394058V NOwl



- 59 -
DISCUSSION

A. Para: I have a comment on the possible improvement in the measurement of structure
functions. At present, the longitudinal structure function is particularly badly known and
this causes several limitations on the measurements of F, and q. Recently, CDHS has invented
a new method to determine R which is much more precise in principle. For the moment we are
limited by statistics, therefore we hope in the next two-three years, with the wide-band
beam exposure, to be able to measure R with a much better precision and are going to much
smaller values of x, down to 0.1 probably, and the absolute error on qj should be of the

order of several per cent, which is comparable to your aim.

J.J. Aubert: I appreciate that. If I have not stressed it enough in my talk, it is my
mistake. The only thing that I wanttoadd is that, clearly you will do a very good job down
to x = 0.1. However, if one wants to go below x = 0.1 (and I think this is interesting be-
cause there is not a clean agreement with the sharp increase which you expect on R for x<0.1),
this probably should be done with muon beam and definitely the accuracy is worse and is
limited by systematics to the level of 0.1. On the other hand, it is clear that the neutrino
will probably clear up the problem of the R value for x between 0.1 and 0.6 or 0.7.

E. Leader: If T were to play the devil's disciple and to ask you in a totally objective
fashion why you want to measure Fp(x), I presume the answer would be because you essentially
want to know about the structure of a hadron, and I think something which has been totally
failed to be stressed, is that it is just as important to learn about G, and G, as it is to
learn about F,, F, and Fy. If your interest is in learning about what is inside a hadron,
then the distribution of spin of constituents inside a hadron is as fundamental a question

as the distribution of the momentum inside it.

J.J. Aubert: I appreciate that. If I have not overstressed this measurement on polarized
target, where there is access to, in fact, more or less only one structure function, it is
because it is a very difficult experiment and that you cannot do on G, and G, measurement as
good a job as you can do on F,, F, and xFj. This is the fact of life and there are some
improvements which we can think of. For example, when we think of putting this polarized
target in front of a NA4 set-up, and to run with 3 x 10°® incident muon per pulse and collect
very high statistics, but still, if one does this measurement I believe clean determination
on the x dependence will be done, but only a poor determination of q* evolution can be
achieved and for the time being, if you are only looking for log q® effect, the life is very

difficult in polarized experiments.

K. Pretzl: I wonder why, in your jet factory you left the photoproduction out - after

all, they have much higher luminosities in a certain energy range.

J.J. Aubert: I have not thought about the photoproduction, and T apologize. There will
be a talk on that later to-day by Daniel Treille, but my feeling is still that if you do a
good job on something like muon event, it would be very difficult to do much better in the

same energy range.
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J. Lefrancois: I would like to be your devil's advocate in your comparison with Fermilab.
There are two subjects in connection with which I would like to question what you said.

One is the fact that one experiment could do some BB production by looking at multi-muon
here. Now they have a very good spectrameter for multi-muon at Fermilab which is the trans-
former-type experiment, which produced already some good results, and their muon beam will
be of high energy and that, obviously for BB, is the kind of thing you'd like to do, so it

seems to be a point.

J.J. Aubert: As far as cross-section is concerned, there is no question. At SPS the
BB production is near threshold, so definitely, the rate is higher if you go at higher
energies. Physicswise, as far as the gluon fusion model is concerned, the measurements at
threshold are very interesting. On the other hand, if one looks at what has previously
been done with the existing set-up, there have been limitations for the same set-up which
they have now; for example with high luminosity they have not been able to look for utptu*
events. It might just be that they have not thought about it, or might also be due to real

limitations. This set-up is not as good as you think!

J. Lefrangois: I would also like to question your relative appreciation of statistics and
W. I do not have exact numbers for what has happened at PETRA, but I have the feeling that
when they increased the energy from running at 12 against 12 GeV or something like that to
running at 17 against 17 GeV, it made a dramatic improvement on the measurements of their
gluon jets; so it would seem to me that the increase in W at Fermilab might be more impor-

tant than you said.

J.J. Aubert: It is always a question of taste in the end, but I will stress the following
1) First the time scale: I mean this kind of physics may not still be so interesting in

the 1990's. 2) Statistics is fundamental and this we have seen in NA2. You never have
large enough statistics, even out of a large sample of events, as soon as you want to look
for quantum numbers and flavour identification! Apart from that, it is clear that it would

certainly be better to have larger W-values but that is not possible at SPS energies.

H. Montgomery: I have a comment to Pretzl's question: I think it is clearly interesting
to do the jets study in many different interactions but the point here is that with a
virtual photon you have a a priori argument that you have a point interaction, whereas with
the incident photon you have to work harder and at least start with a high p.?, whereas

the fact that you have a finite q® in the virtual photon interaction gives you a priori the

knowledge that you are working with the Parton model.

D. Morrison: In your list of structure functions, there is perhaps one thing that has
not been emphasized enough that although we know very good structure functions for iron, it
is very important to know the structure function for protons, as protons are the most funda-
mental thing. And to give you a very elementary illustration to this, there was a lecture
by someone from the UAZ Collaboration trying to interpret the high py data from the pp col-
lider, and he did not know which gluon structure functions to use, so he used three dif-
ferent ones, but they differed by a factor of 4 at x = 0. This is to give you some idea

of the uncertainty, that we just do not know what the proton is like. Now, the question
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how to do it: you must have a hydrogen target if you want to have F, and xF, and the only
way is with neutrinos and antineutrinos. So I think that major experiments with v and v on

hydrogen targets are necessary.

J.J. Aubert: Indeed, I would also like to stress the fact that if this nuclear effect
is confirmed, one certainly would have to do more work on hydrogen. I would still, never-
theless question one point. That is,I think F, for proton is better measured in a muon
beam. It is already well measured and its study will be completed with the BDCMS determi-
nation and the low x measurements which can be done by EMC. I do not know what kind of
accuracy can be reached on the shape of the G(x) with 40 K events, but this just lies in

your hands, and it has not been shown at this Workshop.

M. Albrow: Do I understand correctly that your definition of W in hadron-hadron col-
lisions producing two high py jet events is the effective mass of the pair of jets? Is

that how you define W, or is it q? or something like that? Is it not the py of one jet?
J.J. Aubert: No, no. What is called W, if you take for example the case pp collision,
is x; ¢ x, * V5.

M. Albrow: Then I must question your comparison of the jet factory transparency where
you say W is abut 15 GeV for the ISR. We have estimated that in a few months of special

running we can get the order of 10000 jets with W > 40 GeV and these are 80% u-quark jets.

J.J. Aubert: I appreciate that - I am also aware of it. I do not know if you will have
them, but OK.

I. Mannelli: Because of the machine closure?

J.J. Aubert: Yes, and this does not depend on us....

L. van Rossun: The SLAC results on the helicity of the valence u-quarks in protons of de-
finite helicity has become a fundamental piece of information on the structure of nucleons.
Now, concerning the equivalent of d-quarks in neutrons: From the point of view of time
scale, it looks as if the polarized target in the muon beam at CERN is a perfectly good
canpetition with the corresponding SLAC experiment with polarized electrons. At the level
of special techniques, they are also exactly equal. In both cases it would simply mean to
go from NH, to ND, targets, so the question is if this has been considered in the context
with the use of polarized target in muon beam to study the spin structure function of d-

quarks in neutrons.
J.J. Aubert: I am not able to answer - perhaps Al Edwards could answer that.

A. Edwards: If you wanted to do that, you would need to have a deuterated material,
and the neutrino polarization is not too high - 25 to 30%. If you put the polarized target
in front of NA4 and run with a beam of 3 - 10® u per pulse, it may barely be a possible

experiment.



- 62 -

I. Mannelli: Anyhow, there is progress in this material for polarized target and evi-
dently you are considering the possibility of also having higher intensity in a new situ-

ation, so presumably it is not a lost remark.

F. Dydak: We have heard that 40 days of data taking would enable BCDMS next year to
confirm the nuclear effect of EMC. Could we have an estimate of the time needed for analysis;

in other words, at which point in time could we have a confirmation of these results?
J.J. Aubert: Feltesse, do you want to answer?

J. Feltesse:

I. Mannelli: So, the answer is middle of 1984.



