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Introduction

The question of whether a facility for fixed
target physics should be provided at the 33C must be
answered tefore the final technical design of the SSC

can be completed, particularly if the eventual form
of extraction would influence the magnet design. To
this end, an enthusisstic group of experimentalists,
theoreticlans and accelerator apecialists have
studied this point. The accelerator physics issues
were addressed by a group led by E, Colton whose
report is contained in these proceedings. The

physics addressable by Fixed target was considered by

many of the Physics area working groups and in
particular by the Structure Function Group'. This
report is the summary of the working group which
considered various 3SC fixed target experiments and

determined
be required.

which types of beams and detectors would
The members ¢f the group were:

5. Childress - Fermilab

G. Gollin - Princeton University
®. Heinz¥* - Indiana University
L. dJdones.- U. of Michigan

S. Loken - L.B.L.

J.G. Morffn - Fermilab

J. Ritchie¥
D. Stork* - U.C.L.A.

C.R, Sun* - SUNY at Albany
W. Walker -

- Stanford

Duke University

The members singled cut by an
individual contributions which

asterix have submitted
follow this summary.

This is not the first document to address the
topiec of a Fixed Target Facility (FTF) at the SSC.
There was a Fixed Target Subgroup of the PSSC whose
summary 1s contained in the final PSSC repert and, in
particular, there was a Fixed Target Workshop held in

January the at Woodlands, Texas. The table of
contents of the proceedings’® of this workshop 1is
reproduced 1n Fig. 1. 4s can be seen, a great deal

of thought has already gone into this topic. Rather

than just rewrite some of the original work that was
carried out for the Texas Workshop and to [facilitate
reference, the workashop contributions of thoae

authors who were also members of this
are included as appendices to this summary. The
interested reager is strongly encouraged to refer
directly to the Texas Workshop proceedings for
further results. :

working group

Physics

Although the main thrust of the Physics at the
88C will be the investigation of the 40 TeV (c.m.)
cellider interactions, there are many interesting and
crugial topies which either are sclely addressable by
Fixed target methods or whers a ixed target facility

would make a significant contribution, As is
mentioned in Reference 4 and Appendix 1, a fixed
target program would provide the opportunity to vary

both beam and target particles and, with the
lepton beams, the desired quark flaver in the
interaction could be emphasized. 1In particular the
following topies, with relevant references, have been
examined:

use of

1. Comparison of Measured Structure Funections
with Predictions of Quantum GeometroDynamics.

The recent publicaticon of calculated nucleon

structure functions based on the MQM/QGD
phenomenological approach showa that the
difference between this approach and QCD

should be apparent at large Q7 since MQM/QCD
predicts a 1/Q% (higher twist!} dependence
and not a 1/1nQ* effect.

2, Measuring QCD via Deep Inelastic Structure
Functiona: ref. 1, ref, 5, ref. 6,
Appendixz 1 and Appendix 2. It would appear
that an S88C fixed target program would be
supericr to HERA capabilities as presently
envisioned.

3. A-dependence of Structure Funetions and

Fragmentation: Functions: Appendix 1, ref.
5.

4. Beam Jetr Fragmentation: Fixed Target
experiments cffer the oppeortunity to study
both the current jet and target jet. This

is very difficult with collider events since
the target fragments tend teo be swallowed by
the beam pipes,

5. 3Study of Like-sign Dimuons: Appendix 1, ref.
5.

6. Extraction of Gluon Distributions: ref, 1,
Inelastic scattering data over a wide range
of x and Q° is c¢rucial to the determination
of G(x;Q7).




7. Measurement of Higher Twist Effects:
Appendix 1, ref. 1. All present
experiments have attempted to . elude higher
twist effects by going to high Q. Precise
measurements of F {(x,Q) and xF, (x,Q7)
over a large range 5f x and Q° woula allow
us to extrapolate back to the "higher twist
region” (low Q°) and measure the effects,

8., Tests of Superweak Models: ref. 7 Depending
on what takes place at BNL or other lower
energy facilities before the startup of the
S5C, the use of an S35C high energy kaon
factory could be gignificant,

9. Measurements of Charmed Baryon Magnetic
Moments: ref., B,

Further fixed target physics can be found in
the individual contributions and summaries of the
other physiecs and detector groups.

Fixed Target Beams

The accelerator area Tixed target group have
proposed® several ways of extracting a beam for fixed
target experiments. Either the 20 TeV protons would
be extracted directly, cr the secondarles from the PF
interactions would be extracted. Two mainT %Bp?? of
beams have b?ﬁ“1§°ﬁ$é ered; neutral beams ' 7' and
lepton beams "' 7' For both types cf beams, the
overall conclusion 1is that the extracted proton

preoduced beams are far superior and are required by
the physics one would like to perform. Details of
the various types of neutral and lepton beams
considered can be obtained directly from the
references. The calculated yields of K®° 's (ref.7)
can be summarized in the fellowing %able which
assumes an extracted proton beam of 4,2x10*? 20 TeV
protons per hour oh a 1-i target., Twe geometries
have been considered, 0° productlon (.5 pater) and 2
mr {.lustr).

0° 2mr
K®/107 sec Ux10**  Bx101?
¥ Decaya/100m-107 sec 1x10'?  Bx10'!
Average K° momentum 2 TeV 210 GeV

Average momentum for decays 1 TeV 120 GeV

Typical 2 body opening angle 0O.5mr Umr

KL/neutron /6 3/4
For ¢ and b production, ref. 9 assumed a lumunosity
of 107* and predicted @ flux of 4 charm and 0.8
bottom paticles after channeling through - 2 meters
of tungsten which protects the detectors,. The
calculations of reference 11 for a high energy pnotcn
peam yields (for 4.2 x 10'%protons/hour) 107
monochromatic photons per second with an energy of
9.0 + 0.5 TeV,

Since many of the interesting physics toplics
listed at the beginning of this summary invelve
lepton beams, a significant effort has gone into the

design of these beams in order to offer maximum
physies potential for minimum investment in dollars
and reagl estate. A summary of conventicnal 20 TeV
lepton beams and yields can be found in  Appendix I.
At this meeting an attempt was made to desigh an
efficient high energy single source muon and neutrine
beam. The source 1s a beam dump designed to allow
maximum decays of the produced U's, F's, and B's. It
would appear that a 14m long dump composed of a mix
of thin tungsten sheets with air in between +to give
an effective Interaction length of 2m (- 4.8% W)
would minimize the reabsorbtion of D's and still
permit the gathering of a sufficient large flux of
muons at the downstream end of the dump. The muons
are subjected to a large angle bend with a
superconducting string such that 3km downstream the
neytrine beam and final muon beam are 10~15 meters
apart. The flux of muons through the neutrino
detectors is minimum since the . detector is on the
high momentum side of the bend. The neutrino flux
passing through an r=1m detector at this position 3km
from he dump is shown in Figures 2 & 3. With the
event energy distribution shown in Figure 4. With a
relatively modeat 100 ton neutrino detector at this
position, event ratea would be {for 10'°® protens on
the dump):

2.7 Tev

Z%10° events: <E >

v TX107 events: <E\> = 3.0 TeV
where is the sum of . and . and . f{i.e. -~
50 millidn of each!). The" muon "f1fix entéring the
superconducting dipole string just downstream of the
dump is shewn in figure 5. At the 3Km position all
muons with E < 8 TeV have been swept away and the
integrated flux with E > 8 Te¥ is = 107/10'?p with
<E > = 10 TeV. Muon event rates would then be
siflilar to the rates shown in Appendix 1., An attempt
is now in progress to use the magnet dealgn suggested
in Ref. 12 which could improve the flux
considerably. This is sufficient rate to accomplish
the physics program outlined earlier without
sericusly affecting the collider program,

Detectors and Experiments

Varicus designs for experiments and  the
corresponding detectors are given in references 4,7,
§, 10, 1. The hard scattering spectrometer of
reference U is constructed with conventional elements
at a modest cost of $44 - which includes a VAX! The
K® decay experiment of reference 7 is similar to that
used in Fermilab E731 and is also qulte inexpensive,

A number of designs for high energy muon and
neutrino detectors have been proposed, Most are
based on minimal upgrades of existing detectors. The
improvements include improvement of spatial
resolution (to = 100 pym) and increasing the field
integral {JBcl) and/or increasing the lever arm.
These detectors could be installed at the S35C for
rather low cost,

The principal concern in evaluating detector
alternatives is whether they provide resclution
adequate to satisfy the goals of the experiment,
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The requirements are wmost  stringent for the
determinaticn of structure functions. Here the rapicd
variation of «c¢ross-section and the need for high
precision place large demands on the detector.

We have carried out a Monte Carlo simulation to

evaluate the effect of detecgtor resolution on the
systematic errors in the determination of the
structure functions F.,. For the purposes of this

study we characterize détector performance with the
following parameters,

o(ED)/EO = 0.01 at 15 TeV
alpi/p = 0.01 p/10 TeV
olu) = 0,03 or
o{v)/w = 0.01 + C.7/Vv
These would, for example, characterize the CCM
(Chicago Cyciotron Magnet), with a 45m lever-arm,
The results of this simulation are summarized in
Table I. Over the entire kinematic range accessible

to an SSC muon experiment, the systematic errors due
to detector resoluticn in the determination of

structure functions Fi (x,0%) are entirely negligible.

t should be noted that the determination of

E -E' by calorimetric measurement of the hadronic
eﬁerg? ig critical for measurements of F (%, Q°) near
the elastic 1limit x = 1. In this region because of
the small values of - and the rapid variation of F as
a function of ¥, there will be significant smearing
in x and large systematic shifts in the reconstructed
x. Even crude determination of « directly can reduce
the systematic errors to a negligible level.

In summary, straightforward extrapolations of
existing muon and neutrinc detectors will provide the
main determination of the structure functions and
will at the s3ame time permit study of other lepton
processes. The cost of these fixed target detectors
will be quite minimal and essentially negligible when
compared to the 1/4 - 1/3 blllion dollars which the
collider detectors are estimated teo ceost,

Conelusions
After carefully examining the various aspects of
fixed target physics at 33C energies, we have come Lo

the rollowing conclusions:

1. There are a large number of extremely

interesting physics topics which are either
solely addressable or Dbest studied at a
fixed target facility (FTF).

Z. When compared with the other future high
energy leptoproducticn  faecility HERA,
physics results at the FTF can be extracted
much more easily, with far smaller smearing
corrections and with resultant smaller
errors.,

3. High energy neutral and lepton beams can be

designed to yield high intensities for
minimal monetary and real estate investment.
The example given in this report of a beanm
dump source of prompt (D,B and F) produced

leptons would yield high energy 's and .'s

for less than 10 million dollars.

4. Fixed target detectors at the FTF need be
little more than refinements of existing
detectors, No expensive R & D programs will
be required to provide detectors to do the
physics we have outlined here.

5. The socivlogical importance of a)
mere 'than a few collider
accommodate the physics community, and b)
the atructure of these additional
experiments being on a much smaller scale
than the <c¢ollider experiments, cannot be
over emphasized.

having
experiments to

Table I - Shift and Systematic Errpr in the
Measurement of XBj and (<.

Pm= 15TeV
%= 0.2 0.4 0.6
v=0.2 <02> 2210 GeV2 3730
<% Shift> {0.06% -0.2%
<ox> 8.5 x 107°]1.3 x 1072
<0® Shiftd 0.03% . 043
<og?> 2.2 x 1072|1,9 x 1072
0.4 3740 6440
0.04% 0.1%
6.8 x 1077 |1.1 x1.72
.01% .01%
1.7 x 1072 |1, 5 x 1072
0.6
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Appendix |

Leptoproduction at an SSC Fixed Target Facility

r
Jorge G, Morfin
Fermllab

At a recent three day workshop, varlous aspects
" of a poassible Fixed Target Facility (FIF) at the SSC
were examined., This report summarizes the results of
a subgroup formed to examine lepton physics within
the kinematic bounds allowed with 20 TeV protons on a
production target. The group consisted of:

G. Harigel CERN

5. Loken Lau

J. Morfin Fermilab

L. Stutte Fermilab

M. Tannanbaum BNL
with some -theoretical guldance from G. Kane
(Michigan}.

Qur goal at thia initial mesting was to organize
the group se that we could eventually answer the
following questions: what would an FIF do
particularly well; what would the increass in energy
over the Tevatron bring us; how would the FTF rasults
compare with HERA axpectations; and finally what kind
of beam Iintensity and spill structure would be
required.

In general, there seems to be no doubt of the
contribution which could be made with ultra high

snergy lepton beams. Leptoproduction has been
instrumental in understanding basic nucleen
structure. We probably would not understand the

quark parton model and QCD as well as we do today
without the input of leptoproduction experiments. It
may very well be that future lepton beams will be the
tool needed to expplora possible quark substructure
Juat as contemporary lepton beams have ylelded =0
much information about nucleon structure. An FIF at
a 20 TeV accelerator would _not only have a high
luminosity charged lepton (u ,n } facility but also
high intensity v, v and v_ beaams with which
interactions with ¥ parEicular qﬁark flavor could be
emphaaized. Following is a brief review of several
potential FTF physics topics which could be studied
with theas beams, It ia not meant to be exhaustive,
but to stimulate thought for further conalderaticn at
Snowmass this summer.

I, Structure Functiona

Of the variocus aspecta of leptoproduction which
will be discussed in this report, that which seems to
best demonstrate the basic nead and posaible
superiority (compared to HERA) of a leptonic FIF 1ia
the atudy of nucleon structure functions. Neutrinos,
electrons, and muons have provided the means for a
careful atudy of the nucleon structure function, F
has been measursd by all three of the above mentione
leptons, and xF, by neutrines, up to a Q* ~ 200 GeV?,
Scaling (approilmate) and, with increased Q! range,
scale breaking were first demonstrated using these
lepton beams. It was the Q evolution of the
structure functions that provided the first clear
test of QCD. Wnat an FTF would add to this study is
not juat the effective peak Q* of -~ 13000 CeV? with
reasonable statistics, but also the very large range
of %3y and Q* availabla to experimenters.

Within the currently explored Q* bounds, the
experimental and thecretical uncertainty with respect

to highar twist (1/Q™) contributions and  other
nuclear effects has limited the effective Q? range to
~ (25-200) GeV?. Hote that this Q range represents
only a fastor of 1.6 in 1ln Q! which (s the pertinent
Q* dependence of QCD. By extending Q* to 15000 Gev?
we Will not only double the range of 1nd? but also

perait a measurement of these non-perturbative
effects. This could be done by measuring the 1nQ?

dependerice accurately in a high Q2 range (l.e. Q% >
50 GeV?)} and then extrapolating back to lower ¢* and
measuring the deviation from the expected 1nQ?
values.. Figure 1 shows the expected QP evolution
(Duke and Owens parameterizatlion) of xF, at x=0.55
with and without a twist-4§ contribution 3conalstent
with our present crude measurements.

This brings us to the first
advantage of the FIF over HERA.
proton interactiona, there are
(CC) structure functions involved and it will be
extremely difficult to extract them Indlvidually,
They clearly cannot be extracted as easily as via the
sum and difference of v and v-isoacalar target cross
sectlons or muon-isoscalar  target scattering.
Furthermore in the nsutral current (NC) case the Q°
dependence of the (ain’ew dependent)} couplings and
the structure functions are intermixed. At HERA, a
final  model independent solution wiil only be
provided when deuterons are accelerated. This will
obviously be a later generavion HERA experiment and
have a much more limited effective Q! range as well
as lower luminosity. A further implication of this
is the possibility of measuring the Q? and A
dependence of the "EMC effect™ at an FTF which Is
clearly impoasible at HERA. :

sisnlficgnt
with ¢ and e -
3ix charged current

Another Important structure function measurement
is the ratio of xF,(x.Q’) and F,(x,Q*). This ratlo
determines the absorption of iongltudually and
transversely polarlzed 1.V.H. At best, this s an
extremely difficult measurement to perform. From
contemporary {ixed target lepton beams there are some
low energy fixed x results from SLAC, several large
error measurements from earlier v experiments and a
very recent attempt by the CHARM collaboration to
measure the x depsndence of
"Fa(x,Q%)

2xF,(x,Q%)

For fixed target experiments R is cbtained by holding
x and Q* fixed and measuring the cross asectlon at
different y by varying the beam energy. This is not
the case at HERA since the xF, terms do not disappear
in the cross section ratios. At HERA one has to
measure both o(e ) and e(e ) with rixed x and Q2 at
twa different values of s, The value of R is then
obtained by taking the ratic of the sums. Note that
a 51 relative normalization error in the luminosities
at the two values of s results in (AR/R) = 0.1.

R(x,Q*) - - 1.0

Up to this point we have only compared the basle
operating principles of an ep collider and a fixed
target facility without discussing detectors and
experimental resolution, For  comparison of
experiment related mattera, the report of E. Lengo
(Univ, di. Rema)  presented at the International
Workshop on Experimentation at HERA, Amsterdam, June
1983 has been used. Various detectors are specified
through thelr resoluticn in energy and angle withaout
explicating how these resolutions can be abtained.
The 8o called "ideal® or "perfect" detector {s shown
in Flgure 2. Other detectors with relative
degradation In energy and/or angular resolution are
also presented. The effect that these resolutions



have on the measurement of a stpructure function of
fixed Q* is shown Ln Flgure 3. Witn respect to full
QCD fits, the following table summarizes the error in
A, resulting only from detector resoluticns, when a
value of 200 MeV 1s usaed as input

Detector Anon’slnglet Aslnglet
NC
perfect 20027 MaV 2002190
u(Ee)/E-.‘I /VE ) 200243 2002210
o{6_)=10mr
[
cc
perfact 200154 200800
o{E, )/E=.5/7E 2001180 -

o(ej)-10mr }

In addition there wil) be systecatic uncertalnties
which have been quanitized as rfollows: any of the
following errors will change the ilnput value by 50%
(200 MeV to 100 or 300 MeV)

a) propagator M_ or M wrong by 5 GeV

b) sinte wrongzby .035

c) Relat!ve normalization betwean E_»200 %
E,-820 GeV wrong by 5% P

This is without other posaibls sources of error such
as errors in absolute energy calibration and
radiative corrections,

The attainable resolution of possible detectors
at the FTF has not been atudied to the extent that
the projected resolution of HERA detectors has Deen.
This will certainly be a topic to address at Snowmass
thia year, G, Harigel has described one hybrid
detector in detafl in a separate report of this
workashop. In general the kinematics of
leptoproduction at the FTF will be a multi-TeV lspton
incoming and scattering off a nucleon constituent
resulting Iin a multl-TeV lepton and/or a multl-TeV
hadron shower leaving the intaracticon vartex. The
whole question of resoclution with respect to
structure functions reduces to how accurately one can
measure two of the three four-vectors (R, , & ¢ oF
h b)' In the cass of muoproduction the lnégmingumuon
cgﬁ be accurately tagged 4P /P S 1% and fine gralned
calerimetry could measure / = 1% as well as
48,/ = 10%, with these rggures coming from H.
Angaruon's ICFA report. Neutrino scattering will be
more difficult since knowledge of the Iincoming
neutrino energy will be somewhat limited. As will be
explained shortly, narrowband or dichromatic v beams
will be difficult to produce. Thus even though the
outgeing hadron shower angle and energy can be
accurately measured, a way must be found to measure
the cutgoing lepton energy and neuirinec flux to study
strycture functions with neutrinos at the FTF.

One further aspect of this tople is the moments
of these structure functions

My (@) = [ (x,0%0ax

It 1s thess moments that are directly predicted by
Qch., There have been  several experimental
difficulties In measuring these moments the most
important being; the large smearing corrections and
low atatistics at high x which are particularly
devastating for high N, the extrapolation of the

integral frol - -
gral m x=0 to x LIV where

Qz
min ZMvmax
which dominates the low N moment determination.
Obviously, the Q? range over which these mcments can
be measuraed without being adversely affected by x
will be greatly expanded at the FTF.

x

nin

The question of expected statistics both at HERA
and at the FTF is not easy to address. It despends
both on the hoped for luminosity and "reallstiec™ duty
cycls chosen. Event rates as a function of beam
type, splll structure and target at the FTF will be
summarlzed shortly. It has been difficult te find
similar avent rates for HERA which have been
corrected for losa via the Tbeam pipe, e/w
ambiguities, accelerator efficiency etc. However it
seems that {n general the event rates at HERA and at
the FTF will be comparable with effective peak Q!
15000 GeV?® for both facilities.

II. Hadronle Shower Structurse

The principle ‘advantages of the FTF in
comparison to HERA In terms of hadronic shower
analysis will be the presence of an intrinsie
direction -4- and a minimal loss of secondaries
(limited beam pipe if any). This will allow a
detailed look at the Breit frame where independent
measurements of o should be possible, Recall that
whether a particli goes forward (current fragment) or
packward (target fragment) in the Breit frame depends
on the P of that particle with respect to Q. If
gluon hremstrahlung takes place, the P, of that
particle with respect to Q increases so tgat some of
the particles which should be classilied as forward
are incorrectly classified as backward, This creates
an inbalance of P, in the forward Breit frams. Both
the amount of thd imbalance (§ Q/2) and the fraction
of events with an Imbalance are a direct measure of
Ay

The high particle detection efficilency will
enable an inveatigation of particle fragmentation
functions over the complete x, z and Q* range and (n
particular, allow a test of x-z factorization at high
Q? where non perturbative effects should be small,

III, Liwe saign Dilepten Production
{(information gathered by L. Stutte)

The anomalously high production of 1like sign
dimuons has been seen onrly in neutrino interactiocna.
It is [furthermore the only observed reacticon in
conflict (factor 5) with the Standard Model. We do
not know a great deal about this reactlon except that
{ts rate relative to N-+u x is about 1¢ . The
upcoming helographle 15" bubble chamber run could
accumulate as many as 50 like sign dileptons so there
might be a few hundred accunmulated by the time an FIF
would be - functional. If there are still unanswered
queations which require higher energy neutrincs, only
the FTF would be able to contribute,

IV. Weak-EM Interference

The measurement of Y-Z' |Interference effects
will ba one of the more accurate ways of checking the
validity of the standard model at high Q?. One
measure of the interference is the difference in u+
and y- cross-sections with given polarizaation i. This
dlrrerengﬁ over the sum of the crgss-sectlons is of
order 10 Q%(CeV¥?) s0 that whereas the effect 1is =



.03 at Tevatron energles, vﬁlues of 0.3-0.5 would be
attainable at the FTF. It's interesting %o note that

for E = 15 Te¥, a reasonable u energy with 20 TeV
protol on target, the electroweak force actually
ddominates the  electromagnetic (single photen
axchange) force over a large part of the kinematfe
range. :
V. Beams, Extracticn and Event Rates

There could be a full range. of lepton beams at
an FIF ineluding bare target and dichromatic neutrino
beams, high {ntenaity and contrelled polarization

muon beams, and exotlic lepton beams of of v, etc.
Currently A. Malensek and I are attempting to
construct a beam dump based facility that would be

able to produce all of the above mentioned beama,
except the dichromatic v beam, using a single primary
proton  transport and minimal secondary beam
transport. It capitalizes on the extremely high rate
of prompt lepton production (via D and F's) expected
with 20 TeV protons on target and thus could
eliminate the very costly 10~20 Km long decay pipe
needed with conventional beam design. Until this
work is complete, quoted rates are from the
calculations of S. Morl contained in the previously
menticned 20 TeV ICFA workshop.
For a conventlionally designed bare target
neutrino beam, Mori assured a U4¥m decay path and
predicts = 750 events/10'*P in a 100 ton detector of
radius r=0.52 with <E > « 4.5 TeV. The average v
energy can be raised signlricantly by employing a
dog-leg arrangsments of dipoles with a collimator
upstream of the second bend (Figure HN), Obviocusly
the event rate decreasea, however the depletion
occurs mainly for E £ 3 TeV. A dichromatic neutrino
beam is, in princixle. possible by choocsing a narrow
momentum band of ‘parent x's and K's. However, to
preserve the desired dichromatic feature of E vs R
at the detector, very small beam divergence mist o3
gaintzined. The event rate would be on the order of
50 events / 100 ton-10''p., Mori's beam dump
c?}gulationa predicted an event rate for Yo of 1,2 #
A where A 1s the atomic number of the dump
paterial, Thus for a copper dump we would expect 10
events while for tungsten dump we would have 15
events per 10''p for a 100 ton detector. The
carresponding rates for v. (= U v v lare 310
events In Cu and 500 eWents In tuﬁgsten. However,
much has baen learned about D production since Mori's
report was written in late 1979. The cross-sectlion
ssams to be rising with s and the distribution
ssems to be much flatter than asaumed by Mori, Thess
new cbaervations plus the non-negligible absorption
of the D's and F's with 20 TeV protons on target will

be taken into account in the new calculations
currently underway at Fermilab,
With respect to muon beams, there are several

alternatives beling considered. The most novel beam
would use only the direct muon production which
accompanies the v prompt producticn mentioned abave
The dump would act”as a conventional target to be
followed by a doublet or triplet. The beam thus
gathered would paas through a bend and a serles of
magnetic "scrapers™ (such as are being installed (n
the new Teavtron muon beam) to se¢lect the deaired
momentum Dbite and reduce the halo. This concept has
the added feature that the muon beam elements could
act as as active shield to lower the muon background
in the prompt v detectors downatream of the dump.
The disadvantage of this scheme, assuming that the

muon flux proves to be satisfactory, (s the inabllity
to control the polarization of the beam. To do that
we must use a more conventional beam which gathers
the parent v and K particles, makea the deaired
momentum selectlon, and allows a sufficient decay
path along a FODO to get reasonable muon {flux rates.
Whichever way cne chooses to make the muon beam, the
following %able taken directly from H. Andersons
ICFA report summarizes the expected event rates for
10** 4 % nucleons/cm?. This is roughly equivalent to
10'* (10'7) p on the production target with a 10m{im)
long Dy (Fe) target. Note that the y 2 0.2 ecut
eliminates a falr fraction of the low Qf (35 800 GeV?)
events,

[PRREESSNN [ PU—.
° .2 -4 .6 .8 1.0
.2
IR4610 53600 3529 305 11
.4
532570 12080 1140 100 2
Yy .6
189150 4125 150 w 1
.0
1444500 1575 105% k] -
1.0
w event rates {r, > 0.2) for 10"° muona «x
nucleons/cm®. _Totazl 1 events = 3.39 x 104,
correspondng p = 3.53 x 10°
The detalls of the various aplll modes
consldered at the workshop will be related in the
report of A. Bodek, Here are summarized the
consequences of the different modes, Since the
collider will probably dump "old" beam and refill

every twelve hours or 30, a slow parasitic extraction
where 10'* p are dumped over = 100 seconds twice per
day would have essentially no affect on the collider
program. A dedicated slow spill could be as many as
2 spllls/hour with 30°°p over 100 seconds. A third
possibility 1s a dedicated ping beam which would
distribute the proton intenaity more evenly in time.
One could have ~ 100 pinga/hour of length 3 usec, The
intensity per ping would be dictated by the maximum
instantaneous event rate an experiment cculd handle
and the detector target mass, For exazmple, If the
data acquisition faecility of a v experiment could
handle 5-10 events/ping then with 2 x 10'? p/ping
either the detector mass would be 1limited to 10
tons with the bare target beam or.to = 100 tons with
8 narrow band bean.

To summarize one would expasct the following
event rates per "week™ where a “"week™ 1s an effective
110 hours of comblned accelerator and detector
running i.e. 2/3 combined efficiency. The entire
extracted proton intensity is assumed to be dedicated
to the beam in questlion.

Meutrino Beams (100 ton detector, r=0.5m),

Beam Type Extraction Events
t. Bare Tgt slow parasitie 70000
slow dedicated 1630000
ping(2x10*3p/ping) 110000{10 ton
detector)



2. Dichromatie =~ (5-10)% of the above

3. Beam Dump slow parasitie v1:1500
{tungsten} kY :3;:“7300
each
slow dedicated vr:35250
.5 1100000
¥ each

Muon Beam (15 TeV, u /proton = 0.5 u‘/proton)

Target Extraction Events (y > 0.2}
Fe=1m slow parastic u:= 34000
Bt 18000
slow dedicated w_: 782000
Mo 415000

D;~10M = 0,1 x above rates.

For a dirsct comparison between HERA and the FIF
muen  beam the following table summarizas the event
rates for the kinematic region x > 0.2 and y > 0.2,
For HERA L = § x 10*! {s assumed as well as tha 2/3
combined efficlency assumed at the FTF. Muon rates
are for the 10m D, target 30 should be multiplied by
1Q for la fe target. The flve entriss In each box
correspond to: (events per “weak™)

HERA (from L. Maiani's Report)
w Dgislow parasitic
u*D,;slow dedicated
u Da;alow parasitic
LB D,:sifu dedicated
-

.1 N .8 .8 1.0
32.% 6.1 0.7 -—
30.4 3.5 0.4 .
1i0 80.0 7.7 0.2
s34 s. 0.8 -
1330 127 1.1 6.3
.4
16.6 1.4 0.2 -
b4 i.9 1.1 a,1 -
208 23.8 2.3 0.2
‘ 12.0 1.1 6.1 -
275 26.2 2.3 -
4, .6
1.8 1.4 0.2 -
4.2 Q.3 0.1 -
5.0 1.5 1.1 0.1
4.1 o4 - --
4.9 8.1 0.7 -
.2
6.8 0.9 — -
2.1 0.3 -- .-
an.1 5.1 0.4 .-
1.8 0.1 - -
36.2 2.% 0.2 -
1.0
¥I. Conelusion

It 13 hoped that this brief review of potential
physies at SSC fixed target facility will serva as a
basis for further discussion at Snowmass this summer,
In general, preliminary Indications are conaistent
with an FTF-Detector combination performing at least
as well and in many cases decldedly better than
currently envisicned HERA facilitles, This, however,
rust be confirmed by less approximate calculations
and careful consideration of likely FIF detectors.
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Appendix i

STRUCTURE FUNCTIONS
AT VERY HIGH MOMENTUM TRANSFER

Stewart G. Loken
Lawrence Berkeley Laboratory
University of California, Berkeley, CA 94720

Summar!

The measurement of structure functions provides
information on the gquark-momentum distribution within
hadrons, Precise msasurement of the evolution of the
structure function over a wide range of kinematie
variables provides a determinaticn of the sirong
¢oupling constant and the QCD parameter A,

Several types of experiments can pravide the
measurements needed for the study of structure
functions, Fixed target lepton scattering {(e, u or
v“) provide a range of beams, targets, and detectors
and have historically been a rich scurce of new data.
Fixed target experiments at the SSC can extend the
measurements to very high momentum transfer and
compets ravorably with the planned e-p colllder at
HERA. Higher energy e-p colliders using the SSC
proton beam can extend the range of zmomentum transfer
by ordera c¢f magnitude but the experiments are very
difficult. Prell-Yan measurements provide an
independent measurement of the nucleon structure
function and alsoc permit study of the structure of
pesons and, at the SSC, of hyperons, Determination of
structure functions in e*e” annihilation 1s plagued by
theoretical uncertainties and by background problems.

Introduction

The measurement of structure functions ia cne of
the mcst fundamental determinations In hadron physics.
In the gquark model the structure function Is
proportional to ths momentum distribution of quarks in
the hadron. In QCD this momentum distributicn
"evolves®™ as the quarks radiate gluons and the gluons
produce quark - antiquark pairs. This decreases the
population of high mowmentum quarks, and increases the
number with low momentum. ’

The goal of experimsnt 13 to measure the various
structure functions over the widest rangs of kinematie
varlables, with high statistics and with the smallest
systematic errors, In the next sections we review the
range of poasidle fixed target and collider
experizents that can provide these determinations,

Inelastic Muon Scattering

At high energies, mucns instead of electrons, are
used as the basic electromagnetic probe of the
nucleon. The process of interest 1s shown in figure 1.
The details of hadronic structure are contained In the
Structure functions F, and F; are functions of twWo
Lorentz invarients Q* « - and p.q.

The differential cross section for the process can
be written as

e Mwa® 1 |1+ (1-y)? Falx,Q%) - y* F(x.Q")
dydy 5 vy 2

-11-

whers ¥ = vw/vgay = V/E
v u Q¥/Qipax = Q¥/S

x = Q¥/2My = vy

Fp = ;r', -2xF,;

In the quark parton model F, 1s glven by
Fa = xL Q% [g (x) + q (x}]
L

The longitudinal structure function Fi 1s related
te the non spin 1/2 constituents, or to the transverse
momentum of quarks, and i3 experimentally small.

The determination of F,(x,Q*®) requires not only
high energy, but a large range of energy (figure 2).
At flxed x, the paximum value of Q? 18 given by Q* =
ZMEx. At low Q?, acceptance and resolution limit the
Q* rangs of experiments. Lower energy data are
necessary, and at the same time provide deterzinatlion
of F, or R = gp/07 = FL/2 x F,.

The data of flgure 2 are [rfitted using the
Altarelli-Paris{ equatlions to determine the GQCD
parameter A.f The result shown in filgure 3, is

Apg = 225 % U3 MeV.

The determination, in faet, is 1limited Dby
systematic uncertainties as shown in Table 1.

Figure 1. Feynman diagram for inelastic muon
scattering.
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Flgure 2. Structure function F,(x,Q") as a function of
Q* at fixed x. Data are from the B3FP
experiment at Femnab.?

Table 1
Source AL MeV

Magnatic fleld calibration (0.5%) <10
Beam energy (0.5%) 15
Trigger efflclency 19
Resolutlon smearing 50
93/215 Gea¥ normalization 60

Total 82,

Future axperiments at the Tevatron may be expacted
to reduce these uncertainties by at least a factor of
2.

The fixed target muon experiments can be "scalad"
to a 15 TeV beam. The counting rate scales as E-' and
can be compensated by longer targets. The ascattered
muon energy Is (1-y) E and the characteristie
scattering angle scales as E&/7, None of these
changes appear to pose sericus problems for bullders
of new-gensration fixed target experiments.

Neutrino Scattering

High energy neutrino scattering provides a
complementary technique for the study of structure
functions. The data for v and v are combined to
extract values of F,, F and xF,.

g:(awﬁ) - _gla[(l +« (1=y)%) F, (x,Q*) - y° FL(x.'Q’)]
dydv 2x ¥ :

4 oY —oV) _0_13[(1 - {1-y)%) x r,(x.e')]
dydv “ony
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Figure 3. QCD fits to the data of flgure 2,

At very high momentum transfer, Q° > MY, these
cr'0ss sections are modified by the W propagator. The
cross sectiona are then proportional to the muon case.

The value of F; for neutrinos I3 related to the F,
for muons by the mean-square charges of the quarks.
The funetjon xF, 1s the difference {n the
quark-antiquarx composition of the nucleon, Tnis
function has the experimental advantage that Its
detercination is essentially Lindependent of the value
of R. It has the additional advantage that its value
does ‘'not depend on the gluon distribution.

The kinematlies of neutrine scattering are idential
to those for muon scattering and the systematics of
experiments are comparable. Neutrino experiments at
the S5C will provide a determination of Fy and xF, up
to mozentum transfers of approximately 15000 (Gev/e)?.

An i{mportant feature of neutrino experiments 1is
the abvility to determine the strange quark sea.
Multi-muon production by neutrinos proceeds by the
mechan!sns

v, + s o+
i
{3}
vyt [E} swtee
d U
The strange sea (s » 3} dominates at small x while

the contribution of d (not d) shows the valence
behavior extending to large x.

uQ-

o!;—o

-

In summary, the fixed target lepton experiments,
with both muons and neutrinos, will be a rich source of
information about the constituents of hadrons, The
experimental technigues of the Tevatron will scale to
the energles of the SSC beams.



e-p Colliders

The e-p colliding beams provide the highest
possible momentum transfer (rigure 4). At tha low
end, HERA has & maximum Q* of 10° {CeV/c)® although the
luminosity of the machine will limit the effactive §?
to that of the SSC fixed target experiments, At the
high end, an e-p facility at the SSC could extend the
range of Q* by more than two orders of magnitude.

Systematic uncertainties will dominate the study
of structure functions. While it is reasonable to
expect normalization uncertainties of less than 1% in
fixed target expeirments, s=uch accuracy will be
difficult to achleve In a e-p collider while varying
the electron or proton energles over a large range.

The effects of resolution in experiments at HERA
have been studied extensively by the proponents.2 In
the HERA detectors, the kinematic quantities are
measured by reconstructing the hadronic Jets. The
results of their study are summarized in Table 2,

Table 2
Process Detector A(non singlet) A{singlet)
Neutral current “Perfect® 200z27 2001190
"Typical® 200143 200£210
charged current “Perfect" 2002154 2001800
*Typlcal® 2002180

- The errors on the determination of A are
coaparable to, or larger than, those of current muon
or neutrino experiments. Normallization uncertainties
of 53 would contributa an uncertainty of 100 MeV,

For an e-p facility at the SSC, the large ratlo of
preton energy to electron energy nakes the detection
problems even more dirfteult.3  There has, as yet,
been no detalled study of the capabllities of this
facility for the measurement of structure functions.
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Figure 4. Q' vs v for various inelaatic scattering
experiments. The dfagonal line is the
kinematic limit for elastic scattering. The
maximum v s given by the numbers for
experiments at 1, SLAC e-p; 2, Fermilab/SP$
fixed target; 3, Fermilad Tevatron fixed
target; 4, SSC fixed target; 5, HERA a-p;
and 6, SSC e-p {200 GeV x 20 TeV).

Drell-Yan Process

The production of muon pairs provides an
alternative means to extract structure functions for
the proton and for other particles which cannot be
usad as targets.

The process 1is shown schematically in figure 5.
The muon pair momentum p* land the lnvariance mass Mup
determine the kinematical variables of the
annihilating qg pair

MY =Xy Xy 8

X = x, = xg = 2p*/Ys
where x, and x, are the fractional momenta of the quark

in the beam and target particle, respectively,
neglecting the quark transverse momenta.

The differential orcss-section 18 then given by

. s ha h, h;
dg L hmg 1% gl le(e-0,0xy) ¢ £y 0x00 (x,)
dx,dx; 38 3Xi1Xz L XiXs

with a sun over quark flavors., f0y(x) and r0;(x) are
the quark and antiquark structure functlions of flavor
i in the hadron i and Q; i3 the quark charge. °

The nucleon structure function has been determined
from Drell-Yan production by protons and antiprotons,
The data are in good agreement with the results from
inelastic scattering experiments except for an overall
norwalization econstant. This normalization 1s due to
higher order QCD corrections and I8 &ssumed to be
independent of kinematic¢ variables.

While Drell-Yan provides an important consi:;r.ency
check, low rates, and some thecretical uncertainties
make the proceas less useful than lepton scattering as

the primary source of nucleon atructure data, On the
other hand, pilon and kaon structure can cnly be
studied with this method. At the SSC, DOrell-Yan

experimenta with hyperons may be feasible.

Figure S. Drell~Yan production of lepton pairs.
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Electron-positron Annihilation

Antipraton production in electron-position
annihilation -
e*e” P X

can- be related by crossing with inelastic electron
proton scattering
e-p + eX,

The croasing relation atrictly holds only at x =
2E/W = 1,5 but it may be hoped to hold also in the
reglon c¢lose to x = 1, The cross section can be
expressed in terms of the proton structure functions
F; and F;.

.
5 dg te*e” + PX) = h«g‘,xF,(x)-lﬁ’F.(x)]
g dx x L [

Figure 6 compares the prediction with data taken
at W « 12 and 30 GeV,

Clearly the prediction 1s not belng tested in a
region near x = 1, For the reglion where data exist, the
prediction 1lies Dpelow the data, Much of the
deacrepancy is likely due to contributions from baryon

production

s*e” + hx

h = ]{ - Eﬁ

L + px etc.

These must be excluded before making the

comparison.
Coneclusions
A broad rangs of  experiments can provide

peaswrements of structure functions up to very high
momentum transfer, An SSC fixed target program will
be critical for these determinations with a variety of
beams, targets, and detectors.
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Figure 6. Scaled cross sections for p + D production ag
W = 12 and 30 CeV compared with prediction.
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