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Annomayun. OOHOU U3 OCHOGHBIX 3A0a4 COBPEMEHHOU (DU3UKU YCKopumenell A6isaemcs yeeiuieHue dHepeuu
VCKOPEHHBIX 3aPSNCEHHbIX YACMUY, U3YYeHUue CMOJKHOBEHUS KOMOPLIX NO360AUM YUEHbIM GbIUMU 3a npedeibl
Cmanoapmmuoti mooenu. QOnaxo, ¢ nogvluienuem SHepeul CoaKHOBEHUSL NYYKO8, B03PACAlom mpebo8aHus Kax
K 000py008aHuio, Max u K Xapaxmepucmuxam camozo nyyxa. OOHou u3 npobaem npu pabome ¢ npoOmMOHHbIMU
nyukamu seIsemcs ygeauueHue (hazo8020 00veMa NYuKa, MAK HA3bIGAEMOe «HAZPEBAHUe» NPOMOHOS
screocmeue 60aIbUL020 pa3dpoca KUHEMU4ecKou dHepauu nyykd. B oauwnoli cmamve paccmampugaemcs
B03MOJICHOCIb  UCNOAL308aAHUA  usiyuenus Basunosa-Uepenxosa 01 0XAancOeHUsi BbICOKOIHEPSEMUUHBIX

NPOMOHHBIX NYUKOE.

Introduction. The Large Hadron Collider (LHC) is a two-ring-superconducting-hadron accelerator and
collider built with the aim to reveal the physics beyond the Standard Model with center of mass collision
energies of up to 14 TeV [1]. As much as proton colliders, LHC has the problem related to proton beams
“heating”. In other words, the beam has the wide energy spread due to its transverse motion. To meet this
challenge, the method of electron cooling was developed by G.I. Budker [2]. Nowadays, as the problem of “hot
protons” arises with the beam energy growth; to satisfy such conditions new methods of protons cooling are
investigated.

In the article the possibility of the use of dielectric targets, installed in the acceleration gap, for proton
cooling is considered. The idea is based on the concept of polarization radiation arising as a result of dynamic
polarization of media atomic shell by relativistic charged particle moving uniformly. There are different types of
polarization radiation that differ by the character of optical inhomogeneities and the media where charged
particle moves. When the charge moves with constant speed in media (or vacuum) along the boundary of
dielectric target, the charge can lose its energy for Cherenkov radiation.

Approach. Let us consider the problem of radiation arising when a proton moves rectilinearly and
uniformly in vacuum at the distance d from the dielectric target with permittivity e(4) (Fig.1). According to the

conditions of the LHC experiment, diamond is chosen as a target material.
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Fig. 1. Accelerated proton beam moving near the dielectric target with permittivity (1)

There are several approaches for theoretical calculation of Cherenkov radiation characteristics. The one of
them is the so-called method of images [3]. The method is based on the possibility to represent the field of
charged particle as the ensemble of dipoles fields, arranged along the trajectory, and their imagines. Thus, by the
Reciprocity theorem we can obtain the field of arbitrarily moving charged particle.

Assume that the target has infinite geometry along x and z axes as well as in negative direction along y-
axis. When Cherenkov condition is satisfied only in the media of the target (¢6°>1), all energy is radiated into the

target. Intensity distribution along the generating lines of the Cherenkov cone is given by following equation [3]:

daw 8mxhc [(eB? —1)(gg+ &) cos? @ + (1 — )] (eB? — 1) sin ¢
dz f f (e — g9)[(gg + €) sin? @ + £f?%(e cos? ¢ — gy sin? @)]

X exp {~d X [(c ~ £,)B? — (e ~ D sin? p]"2), 1)

where ¢ is the azimuth angle, § is the particle velocity at the speed of light units, €y =1 is the

permittivity of vacuum, ¢ is the permittivity of the target as a function of wavelength A, a = 1/137 is the fine
structure constant, [Jc = 0.2 (eV/um) is the conversion constant.

Results and Discussions. The dependence of permittivity on the wavelength for diamond, obtained from

Sellmeier’s equation [4], is presented in Figure 2.
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Fig. 2. The dependence of permittivity on the Fig. 3. The spectra and angular distribution of

wavelength Cherenkov radiation
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The calculations are made for the wavelength region within 0,3...3 mm (submillimeter waves). Such
range is chosen because of the absorption properties of the target material are negligible in the concerned region.
In this connection, the thermal degradation of the target will be decreased. As can be seen from Figure 2, the
frequency dispersion (wavelength variation of the refractive index) is quite small (about 1%) and it decreases
with the wavelength growth. The spectra and angular distribution of Cherenkov radiation are presented in Figure
3. Note that the results are obtained from the equation (1) after integrating over the azimuth angle for the beam
with the concentration of 10" and d = 1 ¢cm upon condition that the beam covers the distance of 10 cm over the
target. From the spectra we see that the proton beam will lose its energy for Cherenkov radiation more
effectively in the submillimeter wavelength region.

The dependence of energy losses on the impact parameter d that obtained from the equation (1) after full
integration is shown in Figure 3. From the obtained dependence we can conclude that the efficiency of the proton
beam cooling has exponential dependence on impact parameter. The impact parameter will be defined according

to the conditions of nonintersection with the target surface as well as effective damping radius of the particle

Coulomb field, i.e. d < yBA/(4m) (where y = /1 — B2 is the particle’s Lorenz-factor).
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Fig. 4. The dependence of energy losses on the impact parameter d

Conclusion. According to the calculation, energy losses of the proton beam are 6,9 keV for required
impact parameter value of 1 cm and the target length of 10 cm. As proton beam will moves within 26,7 km
accelerated ring with the energy of 12 TeV, it will pass over the target 6,5-10° times. It gives us 44,85 GeV of
energy losses for the ring per second. The CERN requirement is 273 MeV energy losses per second. According
this estimation, our method complies with the requirement and it can be applied for CERN experiments in proton
beam cooling. Therefore, the relevance of further development of the theoretical method for the energy losses
estimation has been shown. The aim of our future work is to develop the theoretical model for energy losses

estimation allowing for finite size of the target, using the method of polarization currents [5].
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