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A 100 TeV SYNCHROTRON/COLLIDER BASED
ON THE NUCLOTRON-TYPE CRYOMAGNETIC SYSTEM

A.M.Baldin, A.D.Kovalenko

The approach to superhigh energy hadron synchrotron/collider of new generation is
considered. Physics motivations post LHE collider as well as extrapolation of the Nuclotron-
type cryomagnetic system parameters for very big accelerator are presented.

The investigation has been performed at the Laboratory of High Energies, JINR.

Cunxporpon/kosnaiinep Ha 3nepruio 100 T»B,
OCHOBAHHBIH HA KPHOMATHHTHOH CHCTEME THIA HYKJIO TPOH

A.M.banoun, A.J1. Kosanenko

PaccMOTpeH moaxola K CO3JaHHI aJpOHHOIO CHHXPOTPOHA/KOJUTaiAcpa CBEPXBBLICOKHX
BHEpruil HOBOTO NoKaeHH . [IpeacranieHs coobpaxeHus no PU3HYECKOH I pobeMaTHKE KO-
Jaiiaepa cyuectseHHO Bhiliie 14 T3B H naHHbIE 5KCTPanNosILMH KPHOMAarHH1 HOH CHCTEMBI THIIA
HYKJIOTPOH U OYEHDb GOMNBLIOND YCKOPHTENA.

PaGora suinonHeHa 8 JlaGoparopuu Beicokux dHepruiit OUSH.

Such a title was proposed to us for the talk at the Mini-Symposium organized by Emest
Malamud and G.William Foster in the frames of APS/AAPT Annual Meeting to be held in
May 2—S5, 1996.

The paper is only a brief description of our presentations and does not cover a set of
very interesting ideas presented by other participants from the leading; scientific centres and
firms of the USA and also from Japan, connected with new superferric magnets and
prototype work at Fermilab, microtunneling challenges and opportunities for the use of new
types of superconductors as well as geological tests in the Fermilab region. We started from
the usefulness of our point of view on the construction of superhigh energy accelerators of
the next generation, taking into account the Dubna experience in the construction and
operation of the Nuclotron cryomagnetic system [1]. Notice thut the most sensitive
economic estimates made by us were very close to the estimates by American physicists.
But the main parameters of a new generation of colliders such as maximum energy and
reasonable luminosity which determine the cost of construction need to be discussed in the
context of future development of high energy physics.
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1. Beam Energy and Luminosity

The idea to attain superhigh energies during many years was motivated by the search
for new elementary p:rticles with heavier and heavier masses, the existence of which was
dictated by the princigples of invariance and, respectively, by the most fundamental laws of
nature. This strategy was justified by the discovery and investigation of W, p, K, J/ vy, T,
T, W, Z and t-particles. But the cross-sections for the heavy particle production in the

processes of primary point-like particle collisions decrease as © = l/m2 (m is the mass of
the produced partice) ind, due to this fact, extremely high luminosities and essentially new
approaches to the purticle registration are needed to observe its production. In this
connection, without changing the main goal of high energy physics — discovery of basic
laws of nature, we nced pay more attention to the study of the regularities, dictated by
infrared aSymptotic of gauge fields and, first of all, to the investigation of multiboson
processes in electrowe ak interactions.

The study of suct processes is important due to the following:

At first, the muliibosonic processes are connected with the violation of the sum of
baryonic (B) and lestonic (L) numbers in the Standard Model. Hence, it could be
responsible for baryosynthesis at high temperatures in the early Universe [2]. Next, the
solution of the problein of multiparticle processes in the weak interaction theories will make
it possible to discover new basic laws dictated by the nonperturbative field dynamics.

The cross-sections for the processes with (B + L) violation and multiple production of
electroweak bosons can substantially be larger than the cross-sections for the new heavy
particle production. There is a lot of papers (see, for example, [7]) where the large cross-
section of such proce:ses (up to the unitary limit) was argued.

The cross-sectiors of multiple Higgs-particle production have also been predicted.
Special attention is d¢ voted to the instanton mechanism.

According to quite general scaling arguments [3,4] the total cross-section obtained from
the collision of instantons is written as:

tot 4an E _ M,
(1A(B+L)o<exp[—a F[E—H where EO—-OL—
w 0
The function F(¢) is called «Holy grail» function. At =0, F(0)=1 and the cross-
section is negligible, but due to multiboson channels F(g) [5,6]

Fe)=1-9/8¢"7+ .., where e=E/E, and Ey=N6nm /o =18 TeV.

Unfortunatly the existing models give no predictions for F(g) at € = 1. There exists a
point of view that the multiparticle electroweak processes with many bosons in both the
initial and final states with (B + L) violation, are not suppressed at high temperature and
thus they indeed determine the (B + L) history of the Universe.

The above-mentioned problems, in particular, those related to cosmology and astro-
physics, were discusted in many papers presented at the XXVII International Conference
on High Energy Phytics in Glasgow [7]. The contribution of the many — many scattering
at high temperature is described by expansion around nontrivial classical solutions of the
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field equations: sphalerons and, more generally, periodic instantons. However there are
some doubts [7] that few — many scattering (inverse cumulative process) can fully be
described by using classical configurations of the field. A 1nanifestation of instantion
induced weak coupling regime can be observed in hard process:s in QCD at low energies.
The same mechanism is reponsible for both the violation of (B + L) number conservation in
electroweak interactions and anomalous spin effects.in QCI) which are being under
investigation at present, in Dubna [§].

Over more than twenty years, in quark-gluon nuclear physics one has studied
cumulative processes [9] in which the energy of the particle group of the initial state is
transferred to one particle.

These results show that the cross sections for many — many and few —many processes
in gauge theories are not small and the study of them in the ener 3y range 30 TeV will make
it possible to restrict oneself to lumonisities available from existing colliders. At the same
time, the potential of discovery of fundamental laws and pheromena in this energy and
luminosuty range seems to be very essential. Thus, basing on the: prognosis of development
of high energy physics it is possible to find optimal values for the parameters of the
colliders of a new generation and to make their construction fezsible.

- A 100 TeV Nuclotron

The first estimates of the Nuclotron-type cryomagnetic system for the case of a
100 TeV range synchrotron/collider were presented at the 79th Session of the JINR
Scientific Council, January 18—19, 1996. The data are based on extrapolation of the
Nuclotron operational parameters, and the results of R&D wo-ks on the miniature iron-
shaped 2T field SC magnets have been obtained at the Laborato -y of High Energies (LHE)
since 1975.

The LHE JINR was a pioneer in designing and constricting the first, low cost
accelerator named Nuclotron which is based on low-field iron dominated SC-magnets
(Fig.1). The 6A - GeV Nuclotron was built during five yeirs (1987—92), the main
equipment of magnetic and many other systems of it were fabricated by JINR and LHE
workshops without recourse to industry.

The Nuclotron ring of 251 m in perimeter is installed in a technological tunnel with a
cross-section of 2.5x3 mZ. The pilot physics experiments wer: started at the Nuclotron
internal target in 1993. By the present time nine runs of cooling «nd beam acceleration were
carried out at this new basic facility of JINR. The total running time is 2200 hours.

The first conceptual proposal of the Nuclotron was formulaied at the beginning of the
*70s. Pulsed SC dipoles with a peak magnetic field of 6T were si1ggested to be used for the
main ring. However, after the first tests of cos ©-type high-field SC-magnets had been
performed, further R&D works were reoriented at the investigation of a miniature iron-
shaped field SC-magnets. It was the only feasible way of constr icting a new accelerator at
LHE because of very limited funds allocated to the relativistic nuclear physics program.

Five different modifications of low-field iron dominated pulsed superconducting
dipoles were constructed and tested at LHE up to 1978 [10]. A «window-frame» type
magnet provides in this case minimization of both the SC-coils cross-section, the iron yoke


























































































































































































































