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ABSTRACT
Possible hadron and photon experimenta at 20 TeV stationary-target proton acce-~

lerator have been considered in order to see typical limitations and possibili-
ties of the experiments in this new energy domain,

1, INTRODUCTION
The aim of our study is to amalyze typical hadron and photon experiments which could

be performed at the stationary-target Very Big Accelerator (VBA) with proton beam energy of
20 TeV. We have covered the following experimental topics:

- "standard"” badronic experiments,

- hadroproduction of particles with new flavours,

- muon pair production,

- b.igh-p,r experiments,

- experiments with hyperons and

photon-beam experiments.

Our approach in this study was the following:

1) we tried to define the experimental limitations, as well as siew possibilities, on the
basis of the present-day kmowledge and experiments;

11) for our selected topics, we made a kind of preliminary design of the experimental set-
ups in order to see what do experiments look like;
ii1) besides, we compared the possibilities of tbe experiments at VBA with those of the pp,
PP, ep and ete~-colliders, that might exist by this time (1999).

Before starting the diwcussion of actual VBA experiments we would like to remind the
reader thut VEA is the fixed-target proton sccelerator with the accepted energy of 20 TeV.
Its circumference is 75 km. The typical hadron beam at this accelerator is about 3 km long.
Due to the huge center-of-mass y-factor the ox'per!nc;ltnl set-ups will have "one-dimensional”
geometry: 1 km is needed typically in the forward direction, and only 1 m laterally. The
angle of diffraction scattering will be as small as 10 microrsdisns (1 cm over 1 im); 90° im
+ the center of mass corresponds to 10 mrad in the laboratory.

For designing the VBA experiments tlLe numericsl information is needed, as an input:

k. bean intensity, spetial resolution in detectors, field in megnets, etc. We adopted that im
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1999 the following characteristics could be achieved:
- external proton beam average intensity will be 3-1012 per sec for a 10 gec .“m
corresponds to the limit of 3'1014 protons per pulse, given in Section III of this m" ]

-

- spatial resolution in charged particle detectors will be 20 micron regularly sad- "!

S5 micron in special cases (see Section VIII);

~ magnetic field in the standard spectrometric magnets will be 8 to 10 Tesla,

EXAMPLES OF HADRONIC EXPERIMENTS

We will consider first the "classical” experiments which are to be performed ag:
ton accelerator, entering a new energy domain: total cross-sections, elastic scatt
1ling in particle production, search for new particles, etc. A
2.1 Elastic Scattering

let us start with the elastic scattering of ir xt, p and p. Although pp and ”.
scattering will have been studied at even higher center-of-mass energy \s by this- ﬁ,‘*
colliders, still it will be of interest to see the energy variation for ﬂ'tp and l*p‘
scattering and how it relates to the rise in the total cross-sections. Further, ail
ticles can be scattered off the neutron in & liquid deuterium target, and with the
luminosity pp elastic scattering can be followed down many decades,

The tirst step is to form a secondary besm and to identify the beam particles, As wmy.
shown in last year's studyn, such beams are straightforward, typically scaling ia }
with momentum p as p. o p-10"'5 (£200 MeV/c at p = 20 TeV/c) is easily achieved, - ”"
Using three synchrotron-radiation detectors (Ar, Xe and Nal) sensitive to x-nn';“

ferent energies, Wwillis found1? that 7/K/p separation could be achieved over the nn‘l

~tion VIII).

50 TeV (see rlso

A A e
T 20TeV MWC

[}
0 200

Fig. 1. A typical spectrometer for the study of the elastic scattering at 20 TeV. Ky is:
liquid hydrogen target. B is 40 meter long 8 Tesla superconducting magnet.
well as in the next figures, we denote the high-accuracy track detectors by “

("Multi~wire-chamber "-type).
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tic scattering is relatively easy to measure at these energies. If we take o = 420 micron

resolution for the chambers measuring the coordinates, then

= @ 20, 2x20 micron
% a "L " 200 metor

This gives "p_r- 44 MeV/c at p = 20 TeV/c. Multiple scattering in a 30 cm liquid hydrogen

= 40,2 microrad. (1)

target gives 13 MeV/c, so that the total pT-resolut‘.lon is

%y +5 Mev/c, (2)
good enough even for the Coulomb region (p.r-e 50 MeV/c). With the magnet aperture of 5 cm
the acceptance is Af = 0,2 mrad, Ap.r = 4 GeV/c at 20 TeV/c.

Assuming a 40 m bend of 8T (magnet B in fig. 1), the bend angle at 20 ToV/c is am=
c 5mrad, and ¢, /p = g;/a = 0,2 microrad/5 mrad, so

0, /p = $4°10~5, o = 30,8 Gev/c. (&)
vhile this is not emnough to isolate elastic scattering by itself, the resolution is compa-
rable to that in a background-free FNAL experiment which also locked at the recoil proton.

Since the recoil kinematics are quite similar at different energies,tho experiment
here will 1look much like the two-arm elastic experiments at present energies. In particular,
any pion produced must carry away less than a few ¢, of enargy, say E.~<2 GeV in laboratory
system, and simply measuring the recoil direction will give strong discrimination against
the inelastic reactions,

Special care must be taken to detect the recoil in the Coulomb-interference region. A
zas target such as used in recent Serpukhov, CERN and FNAL e:periments should be adequate.

Elastic scattering of the neutron will require a neutron detector with good spatial
and energy resolution (Hodoscope hadron calorimeters, see Section VIII).

For hyperon elastic scattering one pight make the forward magnetic spectrometer shor—-
ter, especially at lower energy. As abown below (§5), a rather clean 27 beam can be achieved
sith momenta above 15 TeV/c., This beam has a decay path of 600 m, and even with the long
spectrometer of fig, 1 about one third of the X would survive,

2.2 Total croas-sections

The nature of the rise of hadron total cross-sections, which first manifested itaelf
-2 the "Serpukhov effect”, has no theoretical explanations until now. So, it is important
*n study how are the total crosa-sectiona rising with energy for hadrons with different
i:ark structure. To answer this question precise measurements at VBA are nesded,

This is again a simple extrapolation of experiments at prasent energies., One could use

.

7 standard transmission counter technique or the elastic scattering spectrometer{fig. 1),
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centered at O = 0, although its precision is far more than required. A 2-meter lomg u““—. 2
-

cross-section and multiple scattering would give a transverse momentum kick of 110 Mev/p

the beam, L
To allow the extrapolation to 6 = O one could use fast matrix logic with the beag

NSt L
spectrometer wire zhambers to record events having small angle scatters (P'l' = 60 to 300 l-vh,'
el £

1t] = 0.004 to 0.1 (Ge¥/c)2). The magnetic bend in the spectrometer could be utilized te

mit this extrapolation to elastic and near-elastic scatters,

out problems. This is an order of magnitude better than with pp snd pp-colliders. g
L

A deuterium target would also be used in order to measure total cross-sectioms om.

determine absorptive corrections in other hadronic experiments.

Again, total cross-sections for hyperons could be easily measured with a shorter

apparatus,

2.3 Inclusive reactions

) 3

It would be very interesting to check the scaling in the inclusive particle productiom .

processes using various deary b . A ding to the field-theoretical spproach a bresa- .

king of the cross-section scaling is expected for the central (pioniza&tion) region. Also, .
there are some cosmic-ray indications of scaling violstion above 10 TeV¥ even in the trlp-;-
tation region, Feynman x> 0,2.

The study of the inclusive x-distributions at large x for various combinations og bo-
and target particles will show also how the quark-counting rules ({1-x)2) are fulfilled .t_
very high energies, '

Reactions of the sort

aparTe .. (4 -
at large x could be easily studied with a simple aet~up like in fig. 1. Although one could”
identify »~ in the spectrometer with the synchrotron rld:l.‘t:lon, other processes such as
T4+ p K"+ ... ()]
with a fast X~ wi)l have much lowsr cross-sections and will not present much bnck‘round‘ to
the first reactiom,
Exchange reactions, such as (5), will be much more difficult to see due to the back-

ground from (4), and further studies of synchrotron-radiation particle idertification ere

needed.
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Particles produced at 90° in the center of mass with py>> m will lnn> a laboratory
angle of uya:m mwrad for a 20 TeV bean, The laboratory momentum would them be pjg),n100py.
Separation of */X/p will be difficult at pp 33 GeV/c. 2%, 3 , K, and A would all give a
clean signature, however.

particles emitted more bacloard in the center of mass would be easier to ideatify
with Cerenkov counters.

2.4 Mew particle searches

The center-of-mass energy for a 20 TeV proton beam incident on a nucleon at rest is
VS = 0.2 TeV. This is much less than will have been available from pp colliding beams (6 =
= 2 TeV at FNAL Tevatron and 6 TeY at MK, Serpukhoy) for some years before 20 Te¥ VA ma-
chine, However, the fixed-target accelerator will have the advantags of much higher (107!)
luminosity: ¥ -4-1037 :-2 lec—l for 2-1012 inzeracting proions per lec.' This is fiva orders
of magnitude beyond even a pp-collider auch-as ISABELLE. Thus, VBA could discover very ra-

rely produced particies of mass M £100 Gev/c3,

.

2,4.1 Monopoles
One could look for these objects as they fly out of an interactiom, e.g. by their in-

tensive Cerenkov radiation. Alternatively, 6::- could autopsy s beam dump to look for mono-
poles deposited over a long period of time., The integrated luminosity achieved over one year
of ruming would be enormous:
£ « 1015 ca~%/year. (s)

2.4.2 Quarks

Here one would tune a secondary beam to a "supermomentum” (like in early experiments
at Serpukhov), say, 24 TeV/c for ordinary, charge-one particles, but only p = 8 Te¥/c for
q = 1/3 quarks. This would correspond to x = 0.4 for light quarks and xx 0 for M = 80 Gev/c3
quarks. With a negative besm one could go to somawhat lower momenta before being overwhelmed
by »~ end ¥,

2,4.3 Neavy penetratiag particles

One could form a beam out of the forward particles coming from a beam dump. For exanple,
particles produced at rest im the center of mass would have Y = 100, and the h'borntory no~

2
wentmm cf a M = 30 GeV/c object would be p = 3 TeV/c, The thickness of the beam dump would
be adjusted to keep the flux to 106 particles/sec, 80 that background could be kept to a
low level. Then Cersnkov coumtera could be used to reject muous and to measurse the masses

of these particles (y = 100 is easy for gas differential Cerenkov comters).
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By keeping the beam dump reasonably thin, the experiment would be sensitive to partiee
les with absorption cross-section as large as a few millibarns, For example, & 5 n iron g
would be 25(35) absorption lengths for pions (protons), but only 2.5 absorptiom lengths for
particles with 1 mb/nucleon absorption cross-section. This would give a factor-of-tem loss
of such particles. The multiple scattering in 5 meters of iron gives o',_- 4350 MeV/c, less
than might be expected from the production mechanism.

2.4.4 Heavy long-lived particles

This ia similar to the last two searches, except that now one wants to be :onl:lti—vo

to strongly interacting particles of charge q = +1. Again a secondary beam. is formed, sed . . ' .

Cerenkov counters are set to give sensitivity in the region y ‘103. Special emphasis 1g

R I ]
ol

given to ¥y =100 to pick up perticles produced near rest in the center of mass. One would - -

X

then sweep out the mass range by running for few days at each of several momenta, R
Tandd

For total beam flux of 105/sec (mainly 't and protons) this would give an upper li-
" -3

mit of one heavy particle per 1011 1ight ones. With & beam of 1 km length and a life-time

of 10-8 sec, only 3% of the Y = 100 particles would survive., The short~lived particle beam
of length 100 m, described below in §5, would push the life~time limit to 10"? sec for
heavy particles, produced with xx0, and to correspondingly shorter life-times for lighter

particles with higher y.

HADRONIC PRODUCTION OF NEW FLAVOURS

Secondaries are produced with high-energy stationary-target accelerator with much

larger y-factor, and their decay vertex can be separated from production point much easier

than for colliding beam machines. This enables us to obtain a nearly background-free sample

of decays of particles, providing their life-time is r 3 1014 sec, just the case of hadrums
with new flavours (charm, beauty ...). -

3.1 Decay properties and production dynamics

One might expect beauty-hadrons to decay with f = 10-14-10~13 gec. This corresponds

to the aversge decay length of 1 to 10 cm for a 10 TeV particle with themass of M = 5 GoV/cz

(table 1).

For hadrons,containing top-quark (i it exists), the estimation of 7 is less reliable.
Bowever, even 1f they decay rapidly (r< 10-34 sec), top-hadrons may be recognized since
their decay products contain quite often beauty-hadrons (t+b-.,. is the main decay chan-
nel). The observation of a beauty-hadron decay vertex would enhance the signal-to-background

ratio for parent top-hadrons,




SO TRETEY, O e

~

RO RHESC AWM T e o

Hadron and photon experiments 353

The recent data on charmed hadron production at the ISR energles indicate that the
central production contributes to this process less than expected., Other mechanisms giviag
particles in the fragmentation region seem to be important. Similar situation might be ex-
pected for b~ and t-hadron production. In order to understand the production dynamics, ex-

perimental data on new flavour hadron distributions and flavour-antiflavour correlations

are needed.
Table 1
Hadroproduction of 10 TeV particles, containing c,b,t quarks
Mass of Life-time Decay length | Production cross-
Quark { particle [lee] cn] section
GeV/czl [licroblrn]
c 2 3.10713 45 200
5 10713 6 10
b
5 10714 0.6 10
t 16 <« 10~14 <« 0.2 1

At the ISR energies, Vs ~50 GeV, recent experiments suggest that charmed hadrons are
produced with a cross-section of the order of 0.1-0.2 millibarn. Taking into account the
mass difference of c- and b-quarks one can estimate the production cross-section for the
b-hadrons at 20 TeV as ~10 microbarn, With the beam of 5-10° protons one b~hadrom would be
produced in a target (.01 ahsorption length thick.

Due to the strong angular collimation of secondaries, produced at a stationary target,
the gerietrical acceptance of a vertex detector is close to 100%. Of course, unot all decay
wodes are equally easily cbserved. The reductiom factor of 0,1~0.01 has to be takem into
account,

3.2 Experimental possibilities

Existing detectors such as high-resolution bubble and streamer chambers and high-prea-
sure drift chambers enable us to see the decay vertex of charmed particle. Scaling up the
length of shou detectors with the energy of the inveriigated particles (fig. 2) we keep
constant the posaibility to separate the production and decay vertices (both the decay
length and the error of vertex determination, in the beam direction, are~3),

Beauty-hadrons are expected to be heavier than charmed particles. One would then ex-
pect that the lower limit of the life-time &t which the decay point can be distinguished

from the production vertex will be larger for bsauty-hadrons(the decay length is ~1A0).
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Fig. 2. Theschems of the new-flavour production experimeat. Note the scaling: I~EK, Sa~1/R,
& = (32 = const.

Nowsver, the precisiom of the localization of the decay vertex iacreases with M. As
a comsequence the lower limit of the life-time of beauty-hadroma at which we can distim--
guish a decay vertex will be about the same as that for charmed hadroms.

One might expect that eventual progress in the detector technique will lower the pre~

sont limita of the accessible decays to £ 10714 sec at the YBA time (5 micron sccurscy in de-

tectors defining the vertex).

Pinally, let us consider the experiments, which are not scaled, but which are beco~ e
ming possible only above 10 TeV, where the decay lengths are 1 meter. The scheme of suck '
an sxperiment is ahown on fig. 3. The intense 2- beam (§5) is directed onto the tumgstea
target-dump, ~15 meter thick. The target serves as a strong absorber for ordimary hadroms
(~15 abs. lengths). As for the new-flavour hadroms, some of them have much smaller absorp-
tiom cross-sectiom, [ R 4 10 mb. The typical exssples are F-mesun, with (cs) quark structu-
re, and (ced)®-baryon (which could be recognized via its characteristic decay into E:-...)

As the result of different absorption the secomdary flux could be atromgly enriched by new—

flavour particles. .

4. MUON PAIR PRODUCTION
i
There are several important reasons for studying leptom pair productiom up to the T
highest possible masses, using the fixed-target accelerators. ’ ;‘
,p

o.h
X m__. F [cslmeson 7mb
16TeV, 10° /9ec —— B.[C Sdl‘&lﬂbﬂ 2erb

10+15 Aabs{1.5m of W)

—
*

Fig. 3. The scheme of the enriclment of new-ilavour fitx using the differsmce in the absorp~
tion (see text).
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4.1 Structure fuinctions snd QCD

It is fairly well established that lepton pair production, for values of M/ ~0.08,
proceeds through quark-antiquark annihilation. Thus the cross-section reflects the quark
distribution functions of the interacting hedrons. In nuileon-nucleon interactions leptom-
pair production provides a measurement of the sea quark distribution in the nncloél. Yor
umstable, or rare particles like », X, p,I it provides practically tie omly way to measure
the energy distribution of the constituents.

Many of these structure functions have, or will have beem measured with lower emergy
machines. One of the important contributions of VRA is the messurement of structure fumc~
tions at far higher QZ(M%) values.

QCD predicts how these functions should evolve with Q2. The new measurements will test
these predictions. One striking result would be a departure from the QCP-behaviou:r at high
Q2 17 the iheory were incorract or if, for example, the guarks had a substructure. The peir
of 100 GeV mass yrobes distances of

Lo %2+1071% ca, @

Lepton pair production at large Py 1is thought to be due to QCD processes rather ti-n
the electromagnetic annihilation of on~shell quarks as at low py. Thus high-po peir produc-
tiom can be used to isolate these effects. The kinematically available Pp Tange at 2 20 Te¥
machine is expanded by factor " compared to existing fixed-target accelerators.

4.2 Neavy g4 bouni states

The cC and bb bound states have both been discovered in leptca-pair production. At
least one more new quark is expected and its mass appears to lie above the current gemeratiom
of e*e™ machines., Still other qusrks may well exist.

In searching for new flavour bound states, peir production experiments offer a broad
mass acceptance, high resolution and wery high luminosity. For exsmple, a leptom psir expe-
rimeat using 1072 interscting protons per second from VBA sees an effective lunimosity of
2+1037 ca~3gec=1, 105 higher tham that of ISABELLE-1ike pp-colliders.

4.3 Veak-electromsguetic imterfersnce

As is showm below, leptom pair experimeat with 20 TeV machine would see a vury stromg
intermediate Z°-boson sigaal ac well as a large svent rate from the nearby mass comtinuum,
Substantial interference effects are expscted between the resonance and the coatimuwa,

This interference nanifests itself aa sa asymmetry between the x* sed s~ momentum dist-
ributiomns. The effact is large at muom pair masses l”). 40 Gof/e’, the asymmstry is expec-

ted to be higher than 50%. The study of this phenomenon would provide measursments of the
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quark-Z* coupling constants.
4,4 Cross-sections and svent rates
Lepton pair production studies at the existing machines have found that the Productioy
cross-section by protons scales with incident energy as
dofiN,, =10}/, @
where 7 = 43, /s. Preseat data?) 1s well deseribed by
fr) = 810733 expter 0.035) cmlcev?. ' T ey
- We used these relations to obtain the cross-section (fig. 4) for 0.4 TeV (SPS), 3.-';.’

(WK) snd 20 Te¥ (VBA) stationary~target machines. Also shom is the cross-section for pge" . ..

collider of 0,440.4 TeV (ISABEILE). ' :.
Tho cross-section of 20 TeV protons is lower compared to an ISABELLE-like -aeh:ho.-‘

it is much more than compensated by the higher luminosity ( 105) out to masses over 100 Ge¥/s3

In fig. 4 we introduced this luminosity factor in the cross-section in order to compare d:l;"‘_

AT Ty
FLEPENG. 1

rectly the counting rates of VBA and ISAMELLY.

A unique feature of the fixed-terget accelerator is the ability to produce high-emsr-
gy secondary beams. Pions axw especially interesting for lepton pair production since they
carry a fast valemce antiqusrk. A pion beam of 7.5 TeV/c with >1010 pions/sec can be prode=’
ced with YBA proton besm. The expected muon pair production cross-section for these pions
is shown in fig. 4, It is an application of the fit to the present data of

do/dM,, = 3.5:10732 exp(-7 /0.086)/M,  cuZ GevZ. (10)

Again we introduced a factor of 10~3 to compensate for the difference in the luminosities,

In the Salam-Weinberg theory the Z° has a mass of 90 GeV and a partial width to muom )
pairs ~80 lova). The production cross-section times muon-pair branching ratio (3%) is ox=
pected to be -2-10’ times larger than the coxtinuum cross-section per GeV, at the same masss
(fig. 4).

The asymmetry bstween “he p" and }l- nomentum spectra,

elp_>p, ) -elp_<p,)
- elp_>p,) +2(p_<p) : (§5))

which is the result of the weak-electromagnetic interference, is shown on fig. 5. It was cal-

culated by J.Rutherfoord using plpor-" 5). Here p_(p,) 1is p-(p*) momentum. As it is seen :tro-.
the figure, the event rate in the mass region of u”.-.-so GeV/cz, where the asymmetry (11)
has a maximum value,is large enough to study the interference.

4,5 Experimemtal set-up

yig. 6 shows a possible detector for high sensitivity muon-pair studies, It is model~

led after the CFSW-detector of E~605, FNAL. The beam is targeted at the upstream end of 30 m
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Fig. 4. Muon-pair production cross~sections and event rates.
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Fig., 5. The asymmetry between muon spectra (11) due to the weak-electromagnetic interference
long conveational dipole Bj. A cooled dump is located in the forward direction to absorb the
non-interacting beam; 25 meter long dump should be adequate to reduce the sncondary particle
flux to a tolerable level., The magnetic field of BJ and By magnets further reduces chnréid
particle background. Beryllium can be added to the acceptance regions cI the magnet to help
further. - N

Magnet 52 is a superconducting dipole, 30 meter long, with a field up to 5 T. The pur-
pose of B; and By 1s to bend parallel the muon pairs in the mnss range of interest.

The pairs are detected downstream in the spectrometer built around dipole By. This is
taken as & conventional magnet with 1.8 T field. The detector planes (MWC) before and nf.tor
B3z are taken to have wmoderate (in the scale of 1999),100 micron resolution. This shoulld
lead to a mass resolution of

AM /Mﬂ = 1% .

. [
At the downstream end of the detectcr there are some iron shields each 1-2 mete: thick, for

final muon tagging.

The above detector would provide the counting rate of ~100 muon pairs per GeV per
month at n”qoo Gev/c2, produced by 20 TeV protons (fig. 4) while 108 Z° -i*p~ events could
be collected in a one-year experiment,

4.6 Muon-pair production by hyperons

Pion and keaon beams of 10%/sec hlvé been used successfully to study the quark distri-

butions within these hadrons. At VBA a 2- beam of such an intensity will be available {see
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B,
d 8 -
um 8, 2 Mg
p,TL
0%V 1t
27, 30m
arget 57, 30m MWC -
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1 i 1 1 [] 1
0 .50 100 150 200 250 300m

Fig. 6. The set-up for muon-pair production experiment.

$5), so a similar study could be envisaged for this hyperom.
Muon pairs from I -nucleun interectionswould be produced by =3 and dd emnihilation for
x of the £ quark beyond the sea region. A measursment of a?a /dl,, pdx leads to the deter-

mination of the quark distributions)

. We note that in this case the s and d quark distribu~
tions are not separated.

For the experiment with 12— beam a large ptance spectr t could be used similax

to that in fig. 6, but somewhat shorter.

o §. HIGH-p, SBCATTERING
The hard-scattering models predict that at emnergies of 20 TeV the h:lgh-pr hadron scat-
tering (p.r?.lo GeV/c) will be governed by the asymptotic QCD. The inclusive production ol

Jets, hadrons or single photons at 90° in the center of mass should follow p;4 dependence:

3
Ei%(‘+ﬂ-»C+.u)~ "—F(l --Z-FIJ. ) (12)
T dp BT ys o

T
S.1 Jets

Jet production at high pp can be used as one of the most direct tests of QCD predic-
tions since the quark and gluon fragmentation functions, which are inputs for QCD calcula-
tions, are bypassed. By observing jet-jet correlations one should be able to measure the
quark transverse momentum distribution in hadrons,

At preaently available energies jets are difficult to ob-er.ve, but in the VBA experi-
ments the jet selection should not be a problem. This type of physics will be covered partly

by colliders, but only for pp and pp cases, not for other particies, and in a limited Py range
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(105-107 difference in luminosities).

5.2 Production of hadrons at large py

lngh-pr hadron production becomes the direct QCD test at YBA since constituent inter-

change contributions (p;n in CIM, n = 6,8,12) which are important at present energies,should

die out at 20 TeV, pp 3210 GeV/c. Thus, one is left with only low-order QCD diagrams of Quarke
quark and gluon-quark scatterings. Using the data from high-pr Jet production one can iso-
late quark (and gluon) fragmentation functions, For QCD-teat the ratios of crosa-asctiona
obteined with different beam and target particles (A and B) or different final states (C)
abould be even more reliable aince any scaling violations, if present, tend to cancel in
ratios.

5.3 Direct high-pm photons

Direct photon production at high Py is especially interesting since the photon has a

point-1like coupling to a quark., Photon can thua participate directly in the gluon~qus-—k scat-

tering
gqa-+r9, (13)

or in the "bremsstrahlung” process

9999 (14)
both ‘1v:lng'p;‘ dependence, Reaction (13) has a unique signature, It has a huh-p.r direct
photon unaccompanied by hadrons s it is usually the case for high-pp =" production. The
direct photon nearly always has & quark jet on the opposites side,not a gluon jet. Thus,trig-
gocing on single h:l;h-p.r photons one can study the features of accompanying quark jet.

5.4 Crosa-sections and rates

As an example we give in fig., 7 the invariant cross-asections for two inclusive high-py
reactions of (12)-type:direct-photon production

+
L 4 +P-yd" + o0 15)

and pion production

DAIY LI (16)

both at 90° in the center of mass. These are the QD predictions?), The jet production cross-

sections are typically 10> times higher.

The event rate shown on fig. 7 waa estimated for luminosity L= 3+ 10%7 c-'zlday (109
incident - per accelerator cycle, 5 meter long liquid-hydrogen target). One sees that pg
values as high as 50 GeV/c are accessible at VBA,

5.5. Experimental set-up

Fig. 8 shows a possible realization of a high-pp scattering experiment. The general

features of the experiment are the following.
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Fig. 7., Single y and »° production cross-sections at high Ppe

Yor high-py events the particle multiplicities in jets sre typically 10, the anguler
size of the jet being 0.1-0.5 mrad. A typical laboratory energy for high pp, say 30 GeV/c,
is 30 GeV x (yc. = 100) = 3 TeV.

To keep the geometrical event pattern (to disentangle jets) one should abandon magne-
tic fields. Individual charged particle identification is not possible, as & rule, although
one might identify =°, Kg, A, y through their decay or using the difference in the electro-
magnetic and hadronic shower development in tha detector. -

The set-up is basically a combination of hodoscope calorimeters which allow a simulta-
neocus measurement, with high accuracy, of photon and hadron energies and coordinates (see
Ref, 8 and Section VIII for detailed description of these detectors). It is preceded by the
coordinate-measuring dct;'octorl (MWC). To avoid the overlap of hadron showers coming from two

Jets (separated by some mrad) the distance from the target to the hodoscope calorimeter

should be 3 200 m.
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Fig. 8. Experimental set-up for high-p.r studies, GAMS is the hodoscope lead-glass gamma-
spectrometer with 4x4 cm2 cells, Hadron hod pe calorimet is built of 10x10 cm?
cells.

:l!igh-p,ll triggers of different kinds could be easily arranged by applying a selectiom

on the radial moment of the cell pulse-heights (see CERN proposal P-110).

6. EXPERIMENTS WITH HYPERONS

As in the existing hyperon beams a point-parallel short-lived particle bsam could be
realized at VBA,but in much better conditions.The mean decay length of a 15 TeV X is 606 ;,
it is 300 m for I” ,s0 a lot of space is available.But to be powerful for a search for short-
liyod particles also (say, with r ;,:l()":l:l sec), the length of this magnetic channel must be
kept as short as possible.

6.1 The beam channel

The VBA hyperon beam could be scaled from existing beami. Fig. 9 shows the scheme of

hyperon beam produced with 20 TeV protons (AR = 1.8 ster., Ap/p =10%, beam spot size at
target 2x6 wa). When one goes from 200 GeV to 20 TeV, the length of the shielding against

hadron cascades changes as ~ [nE, from 10 m to 20 m only,
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For protection against the "direct view" of the target 1 App = 0.8 GeV/c is needed.

Thus, bending p of the channel 6,  is defined by

Apy = 6, x 20 TeV/c, 0. x4 mrad. 17)
With this bending the hyperon momentum resolution Ap/p »10% could be achieved -when the sepa-
ration between coordinate-measuring detectors (MWC in front of target 2 in fig, 8) is =50 m.

The necessary secondary beam ~ primary proton spatial separation (d) defines the distaa-
ce (f) between the targetl and the shielding in By:

d (] = 0.05¢" (3] «18)
For negative hyperons at 200 GeV d = 7 mm was enough. This leads to [ = 12 m at 20 TeV.

For a positive beam the separation from primary protons was achieved mostly by produ-
cing secondaries with p-r>0.6 GeV/c. Very little separation can be reached this way =t 20 TeV
unless f is increased up to 100 m, If one limits the energy of the positive beam to about
8 TeV the separation could be achieved for £ = 12 m from the magnetic deflection alone.

The muon background from » and K decays xp scales as

N g~ L/E. (19)
At 20 TeV it is expected to be an order of magnitude lower than at 230G GeV (l= 1.5 m at
295 GeV and 12 m al 20 TeV),

6,2 Fluxes of hyperons and other particles

The fluxes of various pariicles have been computed by scaling the results from the
CERN SPS bean®) with the measured x—dependence. Fig. 10 shows relative yields of negative
particles, Also given are the incoming proton intensities nieded for 105 beem particles at
various x values, .

The importance vf designing a beam yhich can transport negative particles up to the

8 B8 B 0 B O

TARGET 2
P |
20 TeV | |
MWC
TARGET 1/ 35T 35T 87T 2.47kcm 81 167&m
t'cm
L ) 1 1 L 1 I 1
0 20 0 60 80 100 120 %0Om

Fig. 9. The scheme of VBA hyperon besm. B, end B, are 12 m "normal" magnets with 8, =
= 0,6 mrad each. B3, By are 12 m iliporconductivo magnets, 0‘ = 1.4 mrad, Q;, Q, are
12 m quadrupoles. 2
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kinematical limit is obvious from fig. 10. 90% ~-pure £ Yeam with 3 108 per sec intensity

can be obtained at 18 TeV utilizing 3-10'}

primary 20 TeV protons per sec.
Other hyperons could also be produced with ressonable intensities (~1c%%sec,
~108 E—/IOC, ~104 0 /wec, stc.), but there is a lmge problem in their idemtification in
the boam (see Ref. 1 and Section VIII of this UWorkshop).
6.3 8Socne possihle experimeats
lany experimeats could be performed with the intense and pure 18 TeV I~ beam. Some of

them have been discussed above already (elastic scattering, total cross-section, muon pair
production). Other interesting applications of hyperon beam sre the following.

6.3.1 Diffractive production of new flavour strange baryons &

The x contsins already a fast strange quark. To build s strange baryon containing c,
b or t quarks only ome extra unusual quark is needed. This is an important advantage for the
production of these states, The cross-section for the production of charmed strange barione

by £ 1s expected to be ~ 0.1 mbarn.

PROTONS ON TARGET 1 PER 10° PARTICLES AT TARGET 2
2100 a0° 10" 310

TARGE
s GET 2

ACTION AT

1

BEAM lg

A
LR

p [Tev/c]
Fig. 10. Fluxes of negative particles in the YBA hyperon beam.
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The decay products would include A, charged kaons and should be measured by a spectro-
meter with particle identification. (See alno 2-d|'qr experiment, §3).

8.3.2 = scattecing on electrons

For 18 Tev I scattering on slectrons the kinematical limit corresponds to Q7=18 Gev3,
This is snother way to measure various combinations of quark distributions in the I-Meh
may be combined with muou-pair production information (#4) to obtain more specific imforsa-
tion on the structure functions.

6.3.3 O scattering

Should a particle identification schems be realized in the hyperon beam at a lewvsl of
10™4 or better one might perform a number of experiments with ft7s , studying elastic scat-
tering, total cross-sections, diffractive particle production, etc.

6.3.4 Sesrch for short-lived particles

The beax could be used in the experiments searching for new short-lived particles,with
life-time 7 3 10~11 gec. For the decay loss of 10° the limit obtained for the life-time in
15 TeV beas would be

r [sec] = 2-20732 ¢ [gev/c3] . (20)

EXPZRIMENTS WITH PHOTON BEAMS

7.1 Photon beam

A typical high-intensity, high-purity VYBA photia beam is shown om fig. 11. It 18 sca-
led from the existing 400 GeV machine beams. Simpler solutions are possible, if the back-
ground of neutral hadrons can be tolersted, although this is usually not the case for a so-
mewhat sophisticated expsriment.

The four sagnets, By~Bg, for bending the electrons around the beam-dump, are 2Tx4 m
each in the SPS case. The radistion energy losses in the magnets sre givan by

AE/E - 307 B Lp/N? (31)

where B is in Teslas, p is in GeV/c, magnet-leagth L is in meters and, particle mass M is in
Gev/c?, Scsling such a besm to a 10 TeV photon beam at VBA one might went to keep the same
acceptance and momentum resolutiop and consequently scale the drift-spaces and the L botk.
like /P, keeping B constant. The radiation losses of electrons will preveat this, AK/E be~
coming >1. Fixing AR/E << 1 one could insteed scale the drift~space and I like p, and B
1ike 1/p.

The radiation losses of the electrons might allow a simpler method of producing a pure

electron (and then photon) beam. The lmpiu magnet in the incident momeatum-snalysed -beam
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Fig. 11, High-purity, high-intensity VBA photon beam. 83-84 are 0.1 T magnets, 200 m lomg
each.

(21g. 12) can be chosen to give AE/E = 0.1, for instance. Then the electrons become separa-~
ted in space from the other negative beam particles,the radistion losses of which are -og.u-
gible (21). )

In conclusion, no fundamental problems are foreseen, provided one bends the electrong
gontly. The photon beam will become at VBA some km's long. The same conclusion will hold for
the tagging system.

7.2 PYixed-target machine versus ep-collider

Colliders of electrons on protons are being actively rtudied now. They might be built
well before a 20 TeV fixed-target accelerator. An example ia 20 GeV ¢~ on 270 GeV protonsl®)
with luminosity 1072 ca~2sec™?, giving Vs = 150 GeV. Such a machine is a source of virtual
photons with Ve = 12 TeV.This latter figure is similar in emergy with YBA photon beam.

One could envisege a tagging system on the collider, selecting 10-02 photons, thus
simulating resl photon beam. For reasonable assumption about the geography ot the colliding
bean experiment a minimum tagging angle of 10 mrad might be realistic, resulting In an-

0.1 GevV2 and a luminoaity £¢'p) =0,01 £(ep) = 1070 ca %sec™). This 1s an order of magni-
tude of the luminosity of the VBA photon beam traversing a 1 m hydrogen target.

Almost resl photons from the above ep-collider will have a laboratory snergy in the

10 GeV region, three orders of magnitude lower than at VBA. The fragmentation regions of the

10 Tev
L, 10 TeV

% e, 97TeV

Fig. 12. Scheme of pure ¢ beam (for photon beam) realization using the radiation losses.
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photons will thus 1look very different, in energies and in angles, of the two machines.

In a study on ep colliders s number of experiments with low -q2 photons have been showm
to be quite toasiblom): yp totsl cross-sections, elsstic Compton scsttering, diffractive
production of vector mesons, deop—-:lnolntic Compton scsttering, QCD Compton scsttering,QCD
Bethe-Heitler snd Drell-Yan dimuon production.

7.3. Experiments with the VBA photon beam

The future will tell, whether the competition of an ep-collider will bs ss fierce ss
its proponents would make us believe. One might still want to implement at VEA some of the
experiments mentioned above, or still have not been done, perhaps becsuse thas ep-collider
experiments sre more difficult to perform than is expected now.

For some types of experiments (few) s high-energy photon beam of VBA might have unique
features, not to be found at ep-colliders. Wo mention two of them.

The photoproduction of relatively long-lived psrticlss, containing ¢, b, t or other
heavy quarks, could be studied with the VBA photon beam. A 10 TeV/c psrticle of § Gev/c?

14 sec life-time has a decay distance of 6 ia Such s unique signature could be

mass and 10~
made visible in a siresmer chamber or other precise vertex detectors. One might give prefe-
rence to a photon bu- over a charged particle beam becsuse of its much higher efficiency
in producing psrticles containing heavy quarks.

The dependence on atomic number of photon-initiated processes could bs studied with
the VBA photon beam. This will give the information on the space-time development of final

states.

CONCILUSION

In the study ahove we have analysed some directions of the investigations at the
20 TeV VBA. We attempted, Ly the exmmples of some real experiments, to make it clear what
limitations and what new possibilities srise with this jump in energy of a factor of 50 com~
pared with the existing fixed-target proton accelerators,

We have seen that many hadronic experiments in the range of 20 TeV are obvious extra-
polations of the present-day experiments and present no special difficulties. As a rule they
require less expenditure (compared with the accelerator cost) than at today accelerators.

The accelerator with a fixed target has the unique feature of providing a rich variety
of secondary high-energy particle beams, such as tt, xt, X*, p, P, 0, i,z-. Y «.. (a8 woll
as v and £ ). In addition to the beam apeciea, target particlea can also be varied (p,n,A).
Thereforoc at VBA one can carry out the investigations of. particle interactions in which the

possibilities to vary the quark structure of the colliding particles are very wide. This can-
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not be realized with colliders.

Another important feature of the experiments at VBA is connected with the use of t; '
advantages of ultra-relativistic kinematics, Owing to trememdous Yy-factors the decay 1-“'.' )
become much stretched. The production, interaction and decay processes of short-lived m“.
les 3uch as charsed particles, beautiful particles, etc., can be more sasily measured. Thy. ‘
experiments on hyperon beams aa well as the search for mew particles seem to be ospecially .

attractive,

The main reasom for our striving for higher emergies is the wish to "touch” do.p- g. - !‘

structure of interscting particles and their constitueats. If we try to characterise thu.__: :

0.8 Te¥; pj - CERN, 0.54 TeV; and also pp - Tevatron and pp - UMK).
However, one should bear in aind that “touching” desper the particle structure ia ..i.

ceora
e.g., Classical processes as scattering with large pp or with the production of high masses

in the final state one finds rapidly decreasing cross-sections. Large s and high lu:l.loo'l:
ty turn out to be both necessary for the experimental investigations of such processes.

Baving a luminosity 105—107 times higher than that of pp and pp-colliders, YBA is much
more powerful for the processes involving masses or trausverse momenta up to s /2=100 a.v.‘
VBA cannot compete with the pp-colliders in the investigations on muom pair productiom,whea
the masses sre bigger than 150 GeV. Nowever, here even with the colliding beams we find ouwr-
selves in the area where no measurements can be made because the detaction rate is no more
than one svent per month.

The advantages of the 20 TeV machine and pp-colliders must be compared for p-rticnla.r' '
experiments. For instance, VBA provides much higher detection rate for single lLadrons with
large pp Or Z°s 1f the mass of the latter ones is 90 Ge¥, This accelerator is a power-
ful "Z*-factory" which produces 10% 7z* + px dscsys per year. At the same time the produc-
tion of hadron jets with large pp is to be studied with pp-colliders. In general 20 TeV fi~
Xed-terget YBA and pp or pp-colliders for evem higher (in the CM) energies are complementary
to esch other, but not excluding, for hadron experiments.

YBA provides an excellent photon beam, on which a very interesting program can be rea-
lized for 10 TeV range.If high—energy ep-colliders are constructed earlier, they could cover
the mtin part of this program (although cautious people may say, that not a single machine

eithar for high or for low energies has yet beem conatructed).
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The jump to such high energies of hadroa snd photos besss does mot result im great
changes in the architecture of expericents. Some limitations commected with the difficml-
ties in particle identificstion are quitc obvious (at least today). At the same time there
appesr new experinentsl possibilities connected with the applicatiom of enlorlntu:s as

basic detectors; with the energy growth they become precise coc™4inate-smergy _particle

detectors,
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