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ABSTRACT

Possible hadron and photon experiments at 20 TeV jrtationary-target proton acce-
lerator have been conaidered in order to aee typical limitations and posslblll-
ties of the experiments in this new energy doaaln.

, INTRODUCTION

The aim of our study is to analyze 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" hadronic experiments,

- hadroproduction of particles with new flavours,

- nuon pair production,

- high-p_ experinents,

- experiments with hyperons and

- photon-bean experiments.

Our approach In this study waa the following:

1) we tried to define the experimental limitations, as well as sew possibilities, on the

basis of tha present-day knowledge and experimenta;

11) for our selected topics, we mads a kind of preliminary design of the experimental set-

ups in order to see what do experiments look like;

111) besides, we compared tha possibilities of tha experiments at VBA with those of tha pp,

pp, ap and e+e"-collidera, that might exist by this time (1999).

Before starting tha discussion of actual VBA experiments we would like to remind tha

reader that VBA is the fixed-target proton accelerator with the accepted energy of 30 TeT.

Its circumference is 75 km. Tha typical hadron beam at this accelerator is about 3 km long.

Dua to the huge center-of-maas y-factor the experimental aat-upa will hare "one-dimensional"

Ceoaetry: 1 km is needed typically in the forward direction, and only 1 • laterally. The

angle of diffraction acattering will be aa small aa 10 mlcroradlana (1 cm over 1 km); 90* la

the center of mass corresponds to 10 mrad in the laboratory.

For designing the VBA experiments the numerical information is needed, aa an Input:

beam intensity, apatial resolution in detectors, field in magnets, etc. wo adopted that lm



348 Group VII

1999 the following characteristics could be achieved:

- external proton beam average intensity will be 3-10 per sec for a 10 sac

corresponds to the limit of 3*10 protons per pulse, given in Section III of this 1

- spatial resolution In charged particle detectors will be 20 micron regularly

5 Micron in special cases (see Section VIII);

- Magnetic field in the standard spectrometric magnets will be 8 to 10 Tesla. ^J&J.:

2. EXAMPLES OF HADBOHIC EXPERIMENTS ;
' : i

- "i

We will consider first the "classical" experiments which are to be performed a n

ton accelerator, entering a new energy domain: total cross-sections, elastic scatt

ling In particle production, search for new particles, etc.

3.1 Elastic Scattering

Let us start with the elastic scattering of "', K , p and p. Although pp *nd pp

scattering will have been studied at even higher center-of-mass energy V» by this tt

colliders, still it will be of interest to see the energy variation for irp and K*p el*M

scattering and how it relates to the rise in the total cross-sections. Further, alll

tides can be scattered off the neutron in a liquid deuterium target, and with the

luminosity pp elastic scattering can be followed down many decades.

The first s'tep is to form a secondary beam and to identify the beam particles. As i

shown in last year's study ', such beams are straightforward, typically scaling ia Is

with momentum p as y/p. o^/p-lO"5 (±200 HeV/c at p - 20 TeV/c) is easily achieved. '

Using three synchrotron-radiation detectors (Ar, Xe and Hal) sensitive to X-rays «C<

ferent energies, Willis found1' that v/k/p separation could be achieved over the raaa«Sli

50 TeV (see also ^tion VIII). ~*a^

Hext we consider a nagnetic spectrometer for the forward scattered particle

We emphasize that this is not an optimized system, but rather an existence proof that

Fig. 1. A typical spectrometer for the study of the elastic scattering at 20 TeV. Rj ** :*
liquid hydrogen target. B is 40 meter long 8 Tesla superconducting magnet. »•»*
M i l as in the next figures, we denote the high-accuracy track detectors by **^
< 'fculti-wlre-chamber'-type). ^
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tic scattering is relatively easy to Measure at these energies. If we take a% « ±20 micron

resolution for the chambers •ensuring the coordinates, than

2"x 2x20 micron
200 meter

: to.2 aicrorad. (1)

Tbis gives "p « ±4 MeV/c at p •> 20 TeV/c. Multiple scattering in i 30 a liquid hydrogen

target gives ±3 HaV/c, so that the total p^-resolutlon is

oj,T - ±5 HeV/c, (2)

good enough even for the Coulomb region ( P T < 50 MoV/c). With the aagnet aperture of 5 cm

the acceptance Is A0 - 0.2 arad, Ap T « 4 GeV/c at 20 TeV/c.

Assuming a 40 a bend of 8T (magnet B in fig. 1), the bend angle at 20 ToV/c is o m

c s mrad, and <̂ ,/p •= «{,/« « 0.2 alcrorad/5 Brad, ao

op/p - ±4«10-
S, or « ±0.8 GeV/c. (3)

while this is not enough to isolate elastic scattering by itself, the resolution is compa-

rable to that In a background-free FNAL experiment which alao locked at the recoil proton.

Since the recoil kinematics are quite siBilar at different energies,tho experiment

here will look much like the two-arm elastic experiments at present energies. In particular,

any pion produced must carry away less than a few <rp of ennrgy, aay E^£2 GeV in laboratory

system, and slaply 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

::as target such as used in recent Serpukhov, CERM and FNAL experiments should be adequate.

Elastic scattering of the neutron will require a neutron detector with good spatial

and energy resolution (Bodoscope hadron calorimeter*, -see Section VIII).

For hyperon elastic scattering one Bight make the forward Magnetic spectrometer shor-

ter, especially at lower energy. Aa ahown below (8 5), a rather clean £~ beam can be achieved

'•.th momenta above IS TeV/c. This beaa has a decay path of 600 a, and even with the long

^c-etrometer of fig. 1 about one third of the £~ would survive.

-•2 Total cross-sections

The nature of the rise of hadron total cross-sections, which first manifested itself

•-• the "Serpukhov effect", ha* no theoretical explanations until now. So, it Is important

'••• study how are the total cross-sections rising with energy for hadrons with different

. :.irk structure. To answer this question precise measurements at VBA are needed.

This Is again a simple extrapolation of experiments at present energies. One could use

•-•• standard transmission counter technique or the elastic scattering spectroaeter(fig. 1),
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centered at 6 « 0, although its precision is far aore than required. A 2-meter long

hydrogen target would give an attenuation of the beam by a factor of 0.7 for a 40 mb

cross-section and multiple scattering would give a transverse momentum kick of ±10 Mev/e

the beam.

To allow the extrapolation to 0 « 0 one could use fast matrix logic with the beam • •-

spectrometer wire chambers to record events having small angle scatters (pj « 60 to 300

|t| » 0.004 to 0.1 (OeV/c)2). The magnetic bend in the spectrometer could be utilizsd t*

mit this extrapolation to elaatic and near-elastic scatters.

The accuracy in total cross-section determination aa high aa 0.2% can be achieved wli

out problems. This is an order of magnitude better than with pp and pp-colliders.

A deuterium target would also be used in order to measure total cross-sections cm

• ':-V
rons. Similar information from heavier targeta would have physics Interest in this energr-

gion (rising cross-sections) and would give also the "engineering" Information required te

determine abaorptlve corrections in other hadronic experiments.

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

apparatus.

2.3 Inclusive reactions

It would be very Interesting to check the scaling in the Inclusive particle production --^

processes using various secondary beams. According to the field-theoretical approach a brae- ..."
. *ivr

king of the cross-section scaling is expected for the central (plonizatlon) region. Also, -'•??•.

there are some cosmic-ray Indications of scaling violation above 20 TaV even In the fr

tatlon region, Feynaan x> 0.2.

The study of the. Inclusive x-dlstributions at large x for various combinations of

and target particles will show also how the quark-counting rules ((l-x)n) are fulfilled at

very high energies.

Reactions of the sort

»"+ p •• *~+ ... (4)

at large x could be easily studied with a simple set-up like in fig. 1. Although one could

identify *~ in the spectrometer with the synchrotron radiation, other processes such aa

»~ + p •• tr + ... (5)

with a fast K~ wiJ.l have much lower cross-sections and will not present much background to

the first reaction.

Xxchange reactions, auch ac (5), will be much sore difficult to see due to the back-

ground from (4), and further studies of synchrotron-radiation particle identification are

needed.
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Particles produced at 90* in the center of aaas with p T » a will have a laboratory

angle* angle of l/y^elO arad for a 20 TeV beaa. The laboratory aoaentua would than be

#• Separation of »A/p will be difficult at pj. >3 GeV/c. *', if , K, and A would all give a

clean signature, however.

Particles emitted more backward in the center of aass would be easier to Identify

with Cerenkov counters.

2.4 Hew particle searches

.-. The center-of-aass energy for a 20 TeV proton beaa Incident on a nucleon at reat is

& Vs « 0.2 TeV. This Is auch less than will nave been available froa pp colliding beaas <v§"-

I I m a TeV at FJML Tevatron and 6 TeV at UK, Serpukhov) for some years before 20 TeV V M aa-

chine. However, the fixed-target accelerator will have the advantage of auch higher (107!)

lualnoalty: £ *4«10 ca see for 2*10 interacting protons per sec. Tbia i« fiva orders

of aagnitude beyond even a pp-coZlider such «s XSABEUI. Thus, VBA could discover very ra-

rely produced particles of aass K «100 6eV/ca.

» 2.4.1 Monopoles

p' One could look for these objects aa they fly out of an Interaction, e.g. by- their ia-

*£• tensive Cerenkov radiation. Alternatively, one could autopay a beaa dump to look for aoao-

poles deposited over a long period of time. Vhe integrated luminosity achieved over one year

of running would be enormous:

£ - 10 4 S ca-2/year. (6)

2.4.2 Quarks

Here one would tune a secondary beaa to a "suparaoaantua" (Ilka la early experlaents

at Serpukhov), say, 24 TeV/c for ordinary, charge-one particles, but only p « t TeV/c for

q m 1/3 quarks. This would correspond t t i > 0.4 for light quarks and x * 0 for K « I O OaV/c'

quarks. With a negative beaa one could go to somewhat lower momenta before being overwhelmed

by *~ and 2 .

2.4.3 aeavy penetrating particles

One could fora a beaa out of the forward particles coming froa a beaa dump. For example,

particles produced at rest la the center of mass would have y « loo, and the laboratory ao-
2

aentum cf a H - 30 GeV/c object would be p - 3 TeV/c. The thickness of the beaa dump would

be adjusted to keep the flux to«10< particles/sec, so that background could be kept to a

low level. Then Cerenkov counters could be used to reject auous aad to aeasure tba masses

of these particles (y - 100 Is easy for gas differential Cerenkov counters).



352 Group VII

By keeping the beam dump reasonably thin, the experiment would be sensitive to partle-

les with absorption cross-section as large as a few •illlbarns. For example, a 5 m iron d**.

would be 25(35) absorption lengths for plons (protons), but only 2.5 absorption lengths for

particles with 1 mb/nucleon absorption cross-section. This would give a factor-of-tea loas

of such particles. The multiple scattering in 5 meters of iron gives of « ±350 HeV/c, l w a

than might be expected from the production mechanism.

2.4.4 Heavy long-lived partlclea

This la similar to the last two searches, except that now one wants to be sensitive

to strongly interacting partlclea of charge q • ±1. Again a secondary beam, is formed, aad

Cerenkov counters are set to give sensitivity in the region y #103. Special emphasis is

given to y at 100 to pick up particles produced near raat in the center of mass. One would • • -

then sweep out the maas range by running for few daya at each of aeveral momenta. • -;-

For total beam flux of 106/sec (mainly ** and protons) this would give an upper li-

mit of one heavy particle per 1011 light onea. With a beam, of 1 km length and a life-time

of 10~8 aec, only 5% of the y m 100 particles would survive. The short-lived particle beam

of length 100 m, deacrlbed below in |5, would push the life-time limit to 10~9 sec for

heavy particles, produced with x«0, and to correspondingly shorter life-times tor lighter

particles with higher y.

3. HADBOHIC PRODQCTIOH OF MEW FIAVDWtS

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

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

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

of decays of particlea, providing their life-time It t ) 101* sec, Just the case of hadrons

with new flavours (charm, beauty . . . ) .

3.1 Decay properties and production dynamics

One might expect beauty-hadrons to decay with r - 10~**-10~13 sec. This corresponds

to the average decay length of 1 to 10 cm for a 10 TeV particle with the mass of H - 5 GeV/c2

(table 1).

For badrona,containing top-quark (if it exists), the estimation of r is less reliable.

However, even if they decay rapidly (r< 10"•'^ sec), top-hadrons nay 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 slgnal-to-backgrouaa

ratio for parent top-hadrons.



Hadron and photon experiments 353

The recent data on chained hadron production at the ISR enerflea Indicate that the

central production contributes to this process less than expected. Other mechanisms giving

particles In the fragmentation region sees to be Important. Stellar situation Bight 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

Quark

c

b

t

Mass of
particle
]JBeV/ca]

2

5

5

16

Life-time
[sec]

3'10~13

io-»

10""

« 10"14

Decay length
[cm]

45

6

0 . 6

« 0.2

Production cross-
section

[microbarn]

200

10

10

1

At the ISR energies, \fs ~ 50 GeV, recent experiments auggest that chanaed hadrona are

produced with a cross-aactlon of the order of 0.1-0.2 •llllbarn. Taking into account the

•ass difference of c- and b-quarks one can estimate the production cross-section for the

b-hidrons at 20 TeV as -10 •icrobarn. With the beaM of 5*10s protons one b-hadron would be

produced in a target 0.01 absorption lengtb thick.

Due to the strong angular colllaatlon of secondaries, produced at a stationary target,

the ger wtrical acceptance of a vertex detector Is close to 100%. Of course, not all decay

•odes are equally easily observed. The reduction factor of 0.1-0.01 has to be taken Into

account.

3.2 teparlmental possibilities

Existing detectors such aa high-resolution bubble and streamer chambers and high-pres-

sure drift chambers enable us to see the decay vertex of charmed particle. Scaling up the

length of these detectors with the energy of the Investigated particles (fig. 2) we keep

constant the posaibllity to separate the production and decay vertices (both the decay

length and the error of vertex determination. In the beam direction, are~5).

Beauty-hadrons are expected to be heavier than charmed particles. On* would than ex-

pect that the lower limit of the life-time ct which the decay point can be distinguished

from the production vertex will be larger for baauty-hadrons(the decay length la -1/M).
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TARGET

Fig. a. Thaachaaa of the new-flavour production experlaent. Mote tha scaling: £~1, *«-l/t,
£b . (5a . conat.

•awavar. tha praclalcm of the locallxatlon of tha decay vertex lacreesee wltk H. Aa

a coasequauc* tha lover limit of tha llfa-tla* of beauty-hadroaa at which wa can dlatla-

CUlah a decay vertex will ba about tba aaae aa that for chanwd hadroan. *

Ona alght axpact *!wt arantual progTaaa In tha datactor tachnlqua will lowar tha pre-

aant llalta of tha accaaaibla dacaya to < 10~14 «ac at tha T M tlaa (5 •icron accuracy la da-

taetors daflnlac tba vartax).

Finally, lat u» conaldar tba axparlaanta, which ara not acalad, but which ara baco-

•loc poaalbla only abova 10 TaV, whara tba dacay laottha ara 1 aatar. Tba acbaa* of auca

an axparlMnt la abown on fig. 3. Tba lntanaa £*" baaa (15) la dlractad onto tha tunfataa

targat-duap, -19 aatar thick. Tha targat aarraa aa a atrong abaorbar tor ordlaary badroaa

(-15 aba. langtha). A» for tba naw-flavour hadrona, aeaa of tbaa hava auch aaallar abaora-

tion croaa-aactlon, «aDS< 10 wto. Tha typical air—plaa ara F-aaaon, with (ca) quark atrvct*-

ra, and (cad)*-baryon (which could ba recognized via lta characteristic dacay inta E+...)

Aa tha result of dlffarant abaorptloa tha aecondary flux could ba atroagly .mtiched by

flavour partlclaa.

4. WOK PAIK WODBCTKW

There ara aavaral laportant raaaona for studying lapton pair production up to tha

hlgbaat poaalbla saaaaa, using tba fixed-target accelerators.

Ail,

I6T«V.
KH-15X.Mi.5m ofW)

f" fCSj-mason 7m&

BTjcsdl-oanron 12mb

Fig. 3. Tha achaaa of tba enrlchaeat of new-fivvour iivjc using the dlffaraaca la tha abeorp-
tloa (see text).

M
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4.1 Structure functions and QCD

It la fairly well established that lepton pair production, for values of K/Vs >0.09,

proceeds through quark-antlquark annihilation. Thus the cross-section reflects the quark

distribution functions of the Interacting hadrona. In nucleon-nucleon Interactions leptom-

palr production provides a measurement of the sea quark distribution in the nucleoa. For

unstable, or rare particles like w, X, p,X it provides practically the only way to measure

the energy distribution of the constituents.

Many of these structure functions have, or will have been measured with lower energy

'% machines. One of the important contributions of V M is the measurement of structure func-

tions at far higher c/t*3) values.

QCD predicts how these functions should evolve with Qa. The new measurements will test

these predictions. One striking result would be a departure from the QCD-behavlour at high

Q 2 if the theory were Incorrect or If, for example, the quarks had a substructure. The pair

of 100 OeV mass probes distances of

I^»2«10"1S cm. (7)

Lepton pair production at large p^ Is thought to be due to QCD processes rather than

U
the electromagnetic annihilation of on-shell quarks aa at low pj,. Tbus high-fsy pair produe-

*
* tie* can be used to Isolate these effects. The klnematlcally available p, range at a 30 TeV

' machine is expanded by factor " compared to existing fixed-target accelerators.

I 4.2 Bsavy off bouea statea

The cc and bb bound states have both been discovered In lepted-palr production. At

least one sore new quark Is expected and Its aass appears to lie above the current generation

of e*e~ •achines. Still other quarks awy well exist.

In searching for new flavour bound states, pair production experiments offer a broad

•ass acceptance, high resolution and rery high luminosity. For exaaple, a leptoa pair expe-

rlBMSit vsiag 10 1 2 lateractlag protons per second from V M sees aa effective lMRlaoslty of

2.1037 oa"3sec~1, 10s higher thaa that of MAHUS-llke pp-oolllders.

4.S weak-electroaegaetlc Interference

Am I S shown below, leptoa pair experiment with 30 TeV machine would see a vttry strong

Intermediate Z*-boeon signal as wall as a large event rate from the nearby mass continuum.

Substantial interference effects are expected between the resonance and the coatloutn.

This Interference naalfests Itself as aa asymmetry between the «+ — d »~ momsntnm dist-

ributions. The effect is large at muom pair masses M > 40 GeY/c2, the asymmetry is expec-

ted to be hlgber than SOX. The study of this phenomenon would provide measurements of the
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quark-Z* coupling constant*.

4.4 Cross-sections and event ratea

Laptoa pair production studies at tb* existing nachlnes have found that the prodnetioa

croaa-aaction by protona scalea with Incident energy aa

where r . H ^ /,# present data
21 la well described by

f(r) -8-I0"33 exp(-r/0.035) ca^GeV2. <•>

we uaed these relations to obtain the cross-section (fig. 4) for 0.4 TeV (SPS), 3 T«r

(WK) and 30 TcT (VM) stationary-target nachlnea. Also abowa is the cross-section for p*-~

collider of O.44O.4 TeV (I8ABBXI). I'".".

Tbn croas-section of 30 TeV protona la lower compared to an ISABOife-llke aacMae.awt

It Is auch aore than coapensated by tb* higher luminosity (10s) out to aasaea over ioo GeV/a)

In fig. 4 we Introduced thla lualnoaity factor in the cross-section in order to coapare di-

rectly the counting rates of VHA and ISAHtXLI. ~ •"

A unique feature of the fixed-target accelerator la the ability to produce high-eaar-

gy secondary beaaa. Fiona ai-< especially interesting for lepton pair production aince they

carry a fast valence antlquark. A plon beaa of 7.5 TeV/c with »10*° pions/aec can be proda-

ced with VBA proton beta. The expected auon pair prcduction cross-section for these pions

la shown In fig. 4. It is an application of the fit to the present data of

io/ikpp m 3.5-10-3* exp(-r/0.066)/M* ca2 GeV^. <M)

Again we Introduced a factor of 10~3 to coap«asate for the difference in the luainoaities.

In the Salaa-vainberg theory the Z* has a aass of s90 GeV and a partial width to auoa

pairs -80 Mev . The production cross-section times auon-palr branching ratio <3%) Is ex-

pected to be -2'10 tlaes larger than the orsuinuua cross-section per GeV, at the saae BBSS

{fig. 4). ""^

The asyaaetry between the «* and F aoaentua spectra, '

>(•->»»> - g(P_<P. f) " ' •-

" oip >p ) +a(p <p J (U) -
- + +

which i s the result of the weak-electroaagnetlc Interference, i s shown on fig. 5. It was cal-

culated by J.Kutberfoord using papers ' . Here p_(p+) is IT(IL*) aonentiai. As i t Is seen froa

the figure, the event rate In the Bass region of H^sSO GeV/c3, where the asyaaatry (11)

has a BfiTTimai ralue,is large enough to study the interference.

4.5 JCxperiaental set-up

Jig. 6 shows a possible detector for high sensitivity auon-pair studiea. It i s aodel-

led after the CTSW-detector of K-605, FKAL. The beaa la targeted at the upstreaa end of 30 a



Hadron and photon experiments 357

-K
to

10

10""

10i-i*

-3510

10*

10"

icr4

— P+A— V.*\ir *..

— i t + A *

A/ \
\

I03 evert
•" month

20 60 80 100

[GeV/c l̂
120

4. Huon-pair production cro«»-»ection« and event rataa.
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100

0.-4

A
02

0

-0.2

- Q A

-0.6

-0.8
Fig. S. The asymmetry between muon spectra (11) due to the weak-electromagnetic Interference.._

long conventional dlpole 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 secondary particle

flux to a tolerable level. The magnetic field of 8j and B 2 magnets further reduces charged

particle background. Beryllium can be added to the acceptance regions cf the magnet to help

further.

Magnet Bj is a superconducting dipole, 30 meter long, with a field up to 5 T. The pur-

poae of B1 and B2 Is to bend parallel the muon pairs in the ».->ss range of interest.

The pairs are detected downstream in the spectrometer built around dlpole Bg. This Is

taken as & conventional magnet with 1.8 T field. The detector planes (IMC) before and after

B3 are taken to have moderate (in the scale of 1999),100 micron resolution. This should

lead to a mass resolution of

At the downstream end of the detector 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 CeV p«*

month at Kfljl~100 GeV/c
2, produced by 20 TeV protons (fig. 4) while 106 7? V V " events could

be collected in a one-year experiment.

4.6 Muon-palr production by hyperona

Pion and kaon beams of 106/sec have been used successfully to study the quark distri-

butions within these hadrons. At VBA a £ bean of such an intensity will be available (see

41
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dump °t

50 100 150 200 250

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

300 m

05), so a similar study could be envisaged for this hyperon.

Ituon pairs from 2~ nucleon Interactions would be produced by »s and dd annihilation for

x of the S" quark beyond the sea region. A measurement of d o/dM^^dx leads to the deter-

mination of the quark distribution .we note that in this case the s and <t quark distribu-

tions are not separated.

For the experiment with a 2 beam a large acceptance spectrometer could be used similar

to that in fig. 6, but somewhat shorter.

I S. BIGH-Dm SCATTERIKO

The hard-scattering models predict that at energies of 30 TeV the hlgh-pj, badron scat-

taring (pT£ 10 GeV/c) will be governed by the asymptotic QCD. The Inclusive production o£

Jeta, hadrona or single photon* at 90° in. the center of mass should follow p" 4 dependence:

Ei4<A+B-.C+...)-JLF(, - * L ) .
dp P V*

S.J Jets

Jet production at high pj> can be used as one of the most direct testa of QCD predic-

tions aince 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 presently available energies Jets are difficult to observe, 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 particles, and in a limited p-p range
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(10 -10 difference in luminosities).

5.2 Production of hadrons at large Pr

High-p_ hadrcn production becomes the direct QCD test at VBA since constituent inter-

change contributions (p^n in CM, n «= 6,8,12) which are Important at present energies, should

die out at 20 TeV, Pr^lO GeV/c. Thus, one is left with only low-order QCD diagrams of quark-

quark and gluon-quark scatterings. Using the data from hlgh-p_ Jet production one can iso-

late quark (and gluon) fragmentation functions. For QCD-test the ratios of cross-sections

obtained with different beam and target particles (A and B) or different final states (C)

should be even more reliable since any scaling violations, if present, tend to cancel in

ratios.

5.3 Direct high-ty photons

Direct photon production at high p^, is especially interesting since the photon has a

point-like coupling to a quark. Photon can thus participate directly In the gluon-qua-k scat-

tering

91 •• rt f (13)

or in the 'bremsstrahlung" process

»1-»91y» CM)

both giving p~ 4 dependence. Reaction (13) has a unique signature. It has a high-p^ direct

photon unaccompanied by hadrons as it is usually the case for high-pp »* production. The

direct photon nearly always has a quark jet on the opposite side,not a gluon jet. Thus,trig-

gering on single high-pp photons one can study the features of accompanying quark Jet.

5.4 Cross-sections and rates

As an example we give in fig. 7 the invariant cross-sections for two inclusive high-pp

reactions of (12)-type:direct-photon production

and plon production

+ =» + p - » ° + . . . (16)

both at 90° in the center of mass. These are the QCD predictions7). The jet production cross-

sections are typically I03 times higher.

The event rate shown on fig. 7 was estimated for luminosity £ - 3» 1C?7 cm"2/day (109

Incident " per accelerator cycle, 5 meter long liquid-hydrogen target). One sees that p T

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-pj. scattering experiment. The general

features of the experiment are the following.
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Fig. 7. Single y and ir° production cross-sections at high Pj.

For hlgh-pf events the particle Multiplicities In jets are typically.10, the angular

size of the Jet being 0.1-0.5 mrad. A typical laboratory energy for high pj, say 30 GeV/c,

is 30 GeV x (y « 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 a rule, although

one might identify *", Ks, \, y through their decay or using the difference In the electro-

magnetic and hadronic shower development In the detector.

The set-up is basically a combination of hodoscope calorimeters which allow a simulta-

neous 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 detectors (HWC). 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 fc 200 a.

I
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rig. 8. Experimental aet-up for high-pf studies. GAMS ia the hodoacope lead-glass gaaata-
spectrometer with 4x4 cm2 cells. Hadron hodoscope calorimeter is built of 10x10 cm2

cells.

Hlgh-pT triggers of different kinds could be easily arranged by applying a selection

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

6. KXPERDOMTS WITH HTPHtOHS

As in the existing hyperon beans a point-parallel short-lived particle beam could be

realized at VBA.but in much better conditlona.The mean decay length of a 15 TeV2~is 600 a.

It is 300 • for fl~ ,«o a lot of apace is available.But to be powerful for a search for short-

lived particlea also (say, with r ̂ 10" 1 1 sec), the length of this magnetic channel must be

kept as short aa possible.

6.1 The beam channel

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

hyperon beam produced with 20 TeV protons ( A 2 r 1 8 ster., Ap/p =10%, beam spot size at

target 2*6 aa). When one goes from 300 GeV to 20 TeV, the length of the shielding againat

badron caacadea changes aa ~fnK, from 10 m to 20 m only.
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For protection agalnat the "direct view" of the target 1 APj. » 0.8 GeV/c la seeded.

Thus, bending power of the channel «k is defined by

A» T - 9b x 20 TeV/c, 9 m 4 arad. (17)

With this bending the hyperon aoaentua 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 «*S0 a.

The necessary secondary beaa - prlaary proton spatial separation (d) defines the distan-

ce (f) between the targetl and the shielding In Bj:

d [aa] .0,0Se 3(a 3] (18)

For negative hyperons at 200 GeV d • 7 aa was enough. This leads to I • 12 a at 20 TeV.

For a positive beaa the aeparatlon froa prlaary protons was achieved aoatly by produ-

cing secondaries with pT>0.6 GeV/c. Very little separation can be reached this way o.t 20 TeV

unless f is increased up to 100 a. If one Halts the energy of the positive baaa to about

8 TeV the aeparatlon could be achieved for t - 12 a froa the aagnetlc deflection alone.

The auon background froa ir and K decays H^ scales as

Nll~t/E. (19)

At 20 TeV It is expected to be an order of aagnitude lower than at S00 GeV (t m 1.5 a at

29S GeV and 12 a ai 20 TeV).

6.2 Fluxes of hyperons and other particles

The fluxes of various particles have been coaputed by scaling the results froa the

CSUf SPS beaa9' with the aeasured x-dependence. Fie. 10 shows relative yields of negative

particles. Also given are the incoming proton Intensities needed for 10s beaa particles at

various x values.

The importance of designing a beaa which can transport negative particles up to the

20 TeV

B, Q, B4

TARGET!/ 3.5T 3.5T 8T 2.«T/:m 8T

ticm

TARGET 2

0 20 «0 60 80 100 120 140 m

Fig. 9. The scheme of VBA hyperon beaa. B. and Bg are 12 a 'normal" magnets with $^ «
- 0.6 arad each. B3, B 4 are 12 a superconductive magnets, A « 1.4 arad, O-, Q. are
12 a quadrupoles.
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klMMtical limit la obvious.from fig. 10. 90% -pur* £~ baam with > 10* par sac Intensity

can be obtained at 18 T*T utilizing 3*10 primary 20 T«V proton* par sec.

Othar hyperon* could also b» producad witb raaaonabla intensities (-1CGX/sac,

-10* B*/s*c, -1040~/sac, ate), but tbara la a tain* problem In tbalr identification In

the b t M (sea Ref. 1 aad Section VIII of this Workshop).

6.3 Sou* possible experlmeata

Many axparlaamta could be performed with the Intense and pure IS TaV 2~ beam. Soae of

them have been discussed above already (elaatic scattering, total croaa-sectlon, muon pair

production). Othar Interesting applications of hyperon beaa are the following.

6.3.1 Dlffractlr* production of new flavour atranga baryons

The £ contains already a faat strange quark. To build a atrange baryon containing c,

b or t quarks only one extra unusual quark Is needed. Thla la an Important advantage for the

production] of these states. The croaa-aactlon for the production of charaad strong* bariona

by £~ Is expected to be -0.1 mbarn.

PROTONS ON TARGET 1 PER 10* PARTICLES AT TARGET 7

210° " ^

•:£.

P [T€V/c]
C. 10. Flux** of n*g«tlr* particl*s in the VBA hyp*ron b*a*.
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The decay products would Include A, charged kaona and should ba measured by a spectro-

meter with particle Identification. (See alno 2 -dump experiment, 13).

6.3.2 2 scattering on electrons

For IS Tev X~ scattering on electrons the klaeaatical limit corresponds to Qa-1« OeT8.

Thia la another way to measure various combinations of quark distributions la the £ which

may be combined with muon-pair production information (14) to obtain more speciflc informa-

tion on the structure functions.

6.3.3 0~ scattering

Should a partlcla identification scheme be realised in tha byperon beam at a level of

I0~* or better one might perfora a number of experiments with fl~s , atudylng elaatic scat-

tering, total cross-sections, dlftractive particle production, etc.

6.3.4 Search for abort-lived nartlclea

The bea* could be used in the experiments searching for new short-lived partlclea, with

life-time r £ lo'1* sec. For the decay loss of I03 tha limit obtained for the life-tim* ia

IS TeV beais would be

r [sec] . 2«10"12 H [OeV/c2] . (30)

7. npjamaacrs WITH PMOTOW BEAMS

7.1 Photon beam

A typical high-intensity, high-purity VBA photon beaa ia shown on fie 11. It ia aca-

lad from tba existing 400 GeV machine beams. Simpler aolutiona are possibla, if tba back-

ground of neutral hadrona can be tolerated, although thia ia usually not the case for a so-

mewhat sophisticated experiment.

Tba four magnate, BJ-BJ, for bending the electrons around tba beaa-dump, or* 21X4 •

each In the SPS caae. The radiation energy loasaa In the magnets sre given by

where B la In Teslas, p la In GeV/c, majnet-lcagth L ia in meters and, particle maaa at la la

0eV/ca. Scaling such a beam to a 10 TeV photon beaa at TBA one might want to keep the aaae

acceptance and momentum resolution and consequently scale the drift-spaces »•"« the X, both,

like VPi keepinr B conatant. The radiation losses of electrons will prevent thia,A1/1 be-

coming >1. Fixing &X/X« 1 one could instead scale the drift-apace and L Ilka p, and B

like 1/p.

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

electron (and then photon) beaa. The sweeping magnet In the Incident momentum-analysed-beea
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B.

I TO TAGGING
Pb, Coll SVSTEM

0 I 2 3 4 5km
Pig. 11. High-purity, high-intensity VBA photon baaai. Bg-B. are 0.1 T aagnets, 200 • loag

each.

(tig. 12) can ba choaan to gira AK/Z « 0.1, for lnatanca. Than tba electrons become ••para-

tad in spaca from tha otbar nagativa beaa particles,the radiation losses of which mrm aegll-

gibla (21).

In conelualon, no fundamental problaas ara foreseen, provided ona bands tha alactroai

gently. Tba photon beaa will bacoM at VBA n m la's long. Tha aaaw conclusion will bold for

tha tagging system.

7.2 Flxad-targat machiaa versas ap-collidar

Collidars of alactrons on protons are baing actlvaly rtudied now. Thay Bight ba built

wall before a 20 TeV fixed-target accelerator. An example ia 20 GaV •" on 270 GeV protons10}

with luminosity 10 3 2 ca^sec"1, giving V» « ISO GeV. Such a aachlne is a aource of virtual

photons with V M X » 12 TeV.Thia latter figure is similar in energy with VBA photon beaa.

tee could envisage a tagging systea on the collider, selecting low-Q3 photons, thus

simulating real photon beam, ifor reasonable aasuaption about the geography of the colliding-

beaa experiaent a alniaua tagging angle of 10 mrad might be realistic, resulting in fl£ln"

•0.1 GeV2 and a luainosity f Cfp) «0.01 £(ep) . 10 3 0 an'^ec"1. This is an order of Mgal-

tude of the luminosity of the VBA photon beam traversing a 1 • hydrogen target.

Almost real photons from the above ap-collider will have a laboratory energy in the

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

Tig. 12. Scheme of pure e" beaa (for photon beaa) realization using the radiation lommam.
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photon* will thu* look very different, in energiea and in anglea, of the two machines.

In a study on ep collider* a number of experiments with low -Q* photons have bean abnai

to be quite feasible10*: yp total croaa-aectlona, elaatic Coapton scattering, diffractive

production of vector meson*, deep-lnelaatic Coapton acatterlng, QCD Coapton scatterlng.QCD

Bethe-Beitler and Drell-Tan diauon production.

7.3. Experiment* with the VBA photon beam

The future will tell, whether the competition of an ep-colllder will be as fierce aa

lta proponent* would aake us believe. One might still want to iapleaent at VBA soae of tha

experiment* mentioned above, or atill have not been done, perhapa because tha ep-collider

experiment* ure more difficult to perform than la expected now.

For aoae type* of experiments (few) a high-energy photon beaa of VBA alght have unique

features, not to be found at ep-collider*. Kb mention two of them.

The pbotoproductlon of relatively long-lived particlaa, containing c, b, t or other

heavy quarks, could be studied with the VBA photon bea*. A 10 TeV/c particle of S GeV/c2

| aaas and 10~14 aec life-time baa a decay distance of 6 aU. Such a unique signature could be

aade visible in a streamer chamber or other precise vertex detectors. One might give prefe-

rence to a photon beaa over a charged particle beaa because of lta muc2s higher efficiency

in producing particles containing heavy quarks.

The dependence on atomic number of photon-initiated processes could be studied with

the VBA photon beaa. This will give the information on the space-tlae development of final

atatea.

s. coHCiaaiow

In the atudy above we have analysed soae directions of the investigations at the

20 TeV VBA. We atteapted, by the examples of aoma real experiments, to aaka It clear what

limitation* and what new poaalblllties arlae with thia jump in energy of a factor of SO com-

pared with tha existing fixed-target proton accelerators.

We have seen that many hadronic experiments in the range of 20 TeV are ebvioua extra-

polations of the present-day experlaenta and present no special difficulties. Aa a rule they

require leas expenditure (compared with the accelerator coat) than at today acceleratora.

The accelerator with a fixed target has the unique feature of providing a rich variety

of secondary high-energy particle beams, such as nt, K*, K*, p, p, n, n,S~, y ... (as well

aa v and ft ). In addition to the beaa specie*, target particlea can also be varied (p,a,A).

Therefore* at VBA one can carry out tha Investigation* of. particle interactions in which the

possibilities to vary the quark structure of the colliding partlclaa are very wide. This can-
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mot be realized with colliders. .-,.,,_..-.̂  .

Another Important feature of the experiments at T M la connected with the use of the

advantages of ultra-relatlvlstlc kinematics. Owing to traaamdoua y-tactors the decay leagtba

become auch atratched. The production, Interaction and decay processes of short-lived parti*,

lea such as charmed particles, beautiful particles, etc., can be more eaally aeamured. The-

experlmenta on hyperon beams aa well as the search for new particles aeon to be especially »

attractive. -' >,'.;JfL

The main reason for our striving for higher energies is the wish to "touch" ds.pi. the - « •

structure of interacting particles and their constituents. If we try to characterise

30 TeT fixed-target T M by the value for the energy available in the center of aaaa

• 0.2 TeT), then it la certainly Inferior to the collldera of the near decade (pp -IgABOU, •

0.8 TeT; pp - CHUT, 0.54 TeT; and also pp - Tevatron and pp - O K ) . -..*t:;

However, one should bear in alnd that "touching" deeper the particle structure la sash,

e.g., clasalcal procaaaes aa scattering with large Pj. or with the production of high aaaaaa -

In tbe final state one finds rapidly decreasing cross-sections. Large yfm sad high lualaoal-'

ty turn out to be both necessary for the experimental investigations of such processes.

Having a luminosity 105-107 tinea higher than that of pp and pp-colliders, TBA is much

more powerful for tbe processes involving masses or transverse momenta up to tfi /2 = 100 GeT.

TBA cannot coapete with the pp-colliders in tbe investigations on muoa pair production,whoa

the masses are bigger than 150 GeT. However, here even with the colliding beams *» find oar-

selves In the area where no measurements can be made because tbe detection rate la no more

than one event per month.

The advantages of tbe 30 TaT machine and pp-colliders must ba compared for particular

experiments. For instance, TBA provides much higher detection rate for single hedrona with

large Px or Z*s if tbe mass of tbe latter onea is 90 GeV. This accelerator Is a power-

ful "Z*-factory" which produces 106 Z* •• p« decays per year. At tbe same time tbe produc-

tion of badron jeta with large pj is to be studied wltb pp-colliders. In general 30 TeT fi-

xed-target TBA and pp or pp-colliders for even higher (in the CM) energies are complementary

to each other, but not excluding, for hadron experiments.

TBA providea an excellent photon beam, on which a very interesting program can ba rea-

lised for 10 TeT range.If high-energy ep-colliders are constructed earlier, they could cover

the main part of this program (although cautioua people may say, that not a single machine

either for hlfch or for low energies baa yet been constructed).
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The Juap to such high energies of badroa and photon beaa* doaa not result la great

changes In the architecture of experiments. Soae limitations connected wit* tk« dlfflcal-

tlaa In particle Identification arc quite obvloua (at laaat today). At the aaae time there

appaar new experlnental poaalbllitlea connected with the application of calorlaeters aa

baaic detectors; with the energy growth they becoae precis* coordinate-energy.particle

detectora.
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