Pis’ma v ZhETF, vol. 98, iss. 11, pp. 739 – 742 © 2013 December 10

Deflection of 100 MeV positron beam by repeated reflections in thin crystals

S. Bellucci^+, Yu. A. Chesnokov, P. N. Chirkov, M. Ćosić^∗, G. Giannini^+, V. A. Maisheev, S. Petrović^∗, I. A. Yazynin

+INFN-Laboratori Nazionali di Frascati, Via E. Fermi, 40 00044 Frascati (Roma), Italy

Institute for High Energy Physics, RU-142281 Protvino, Russia

∗Vinča Institue of Nuclear Sciences, 11001 Belgrade, Serbia

Поступила в редакцию 10 October 2013

The phenomenon of the deflection of a charged particle beam due to channelling in a bent crystal is thoroughly investigated and successfully applied for the extraction of the beam in high-energy accelerators, at the energies of about 10 GeV and higher. However, a big practical interest lies in the task of bending and extracting charged particles with energies below 1 GeV, for example, for the production of ultrastable beams of low emittance for medical and biological applications. That is why a novel crystal technique, namely thin straight crystal targets, is investigated in this article, using crystals as elements for extraction and collimation of the circulating beam in a ring accelerator. The advantages of reflection in straight crystals in comparison with bent crystal channelling consist in the small length of straight crystals along the beam that reduces the amount of nuclear interactions and improves the background. Experimental results were obtained for the bending of a 100 MeV positron beam with using five sequential straight crystals.

DOI: 10.7868/S0370274X1323001X

The phenomenon of the deflection of a charged particle beam due to channelling in a bent crystal is thoroughly investigated and successfully applied for the extraction of the beam in high-energy accelerators, at the energies of about 10 GeV and higher (see, for example, Refs. [1–3]). However, a big practical interest lies in the task of bending and extracting charged particles with energies below 1 GeV, for example, for the production of ultrastable beams of low emittance for medical and biological applications. However, for low energy, i.e. below 1 GeV, the bent crystal channelling is not efficient. With usual channelling bent crystals (about 1 mm in length) only 10% efficiency was achieved for the deflection of sub-GeV energy particles [4] in a beam line.

More serious problems arise when a circulating beam is extracted from a circular accelerator, since crystals required for this task must have large transverse dimensions exceeding the crystal length. In addition, the bending angle of the crystal must be ≳ 1 mrad in order that the deflected beam could be easily separated from the circulating one. Potentially, quasimosaic bent crystals [5] or thin flat crystals [6, 7] can be used for this purpose; nevertheless, in both cases, the particles deflection angle must be increased by several times.

That is why a novel crystal technique, namely thin straight crystal targets, is investigated in this article, using crystals as elements for beam deflection. The advantages of reflection in straight crystals in comparison with bent crystal channelling consist in the small length of straight crystals along the beam that reduces the amount of nuclear interactions and improves the background. This work is devoted to the experimental results obtained using the new crystal method – fan-type reflector for bending a particle beam with the use of thin straight crystals.

The method is based on particle reflection from very thin straight crystal plates, whose thickness is equal to an odd number of half-waves of particle path oscillations during channeling: L = (n + 1/2)λ, where λ ∼= πd/θ_c, d = 2.3 Å – interplanar distance in silicon. The effect of particle deflection by a thin crystal is shown on Fig. 1.

The deflection angle equals approximately the doubled critical angle for channelling θ_c = ((2U_0)/pv)^(1/2), where U_0 ∼ 20 eV is the potential of the planar channel in silicon; p and v are the momentum and velocity of the incident particle, respectively. Several oriented crystal plates unfolded like a fan can be used to increase the deflection angle (Fig. 2).

In order to ensure maximum beam deflection in this construction each successive crystal is deflected through an angle of about 2θ_c. As a result, the total deflection angle may be as large as 2θ_cN, where N is the number of crystal plates. If the spread of the fan and the plate thickness are nonoptimal, the beam is deflected through

Письма в ЖЭТФ том 98 вып. 11 – 12 2013 739

Fig. 1. Effect of particle trajectory bending in a thin crystal

Fig. 2. Fan-type reflector for bending the particle beam with the use of thin straight crystals. The reflection of particles trajectories from nuclear planes is schematically shown

a smaller angle, and the obtained pattern is more difficult to interpret.

The results of the first Monte-Carlo simulations of beam bending by fan-like reflector are reported in [8]. In [9] preliminary experimental results for 50 GeV proton beam bending with such a technique are given. In Fig. 3 the real device is shown which was used in the experiment. The device in Fig. 3 was cut out with the help of precise machining from one piece of silicon and bent further with the help of glueing the bottom part to a metal cylindrical mirror. Thus each subsequent crystal plate is turned on an angle of 1 mrad compared the previous one, which is checked by a laser. So the full bending angle of the beam is about 5 mrad, according to simulation by the method in [8].

The necessary experimental setup was realized in the beam test facility (BTF) area at LNF (Fig. 4) [10]. A low emittance beam of 100 MeV positrons was obtained using a special iron collimator. The beam divergence achieved was about ±0.5 mrad which is appropriate for efficient particle deflection observation, because of the critical channelling angle θ_c = 0.7 mrad for 100 MeV positrons.

The effect of beam deflection by the crystal device was registered by a scintillator hodoscop [10] and a GEM

Fig. 3. The fan-like reflector used in the experiment

Fig. 4. Schematic diagram of the experiment

detector [11]. In Fig. 5 the beam profile is shown in the aligned and disaligned crystal position. As seen from the pictures, the crystal system in the aligned position deflected a significant fraction, i.e. about 30%, of the beam at 15 millimeters distance. This value concides with expectations, corresponding to a ∼ 5 mrad deflection of a beam. The efficiency measured is a factor of 2 lower then simulations for an ideal device with optimal thickness of each crystal plate. Further work is in

Письма в ЖЭТФ том 98 вып. 11 – 12 2013

Deflection of 100 MeV positron beam by repeated reflections in thin crystals 741

Fig. 5. Beam profile downstream the disaligned crystal (left) and the aligned crystal (right), measured by hodoscope (top picrutes) and GEM detector (bottom pictures)

progress for the optimisation of the crystal device. Also the installation of a goniometer with a crystal into the vacuum is planned for decreasing the Coulomb scattering of the beam.

This work was supported in part by Transnational Access to Research Infrastructure (TARI) INFN – Laboratori Nazionali di Frascati, HadronPhysics3 – Integrating Activity, Contract # 283286, 01/01/2012- 31/12/2014 and RFBR grant 12-02-00168-a.

1. V. M. Biryukov, Yu. A. Chesnokov, and V.I. Kotov,

Crystal Channeling and Its Application at High-Energy Accelerators, Berlin, Springer (1997).

2. W. Scandale, D. A. Still, A. Carnera, G. Della Mea, D.

De Salvador, R. Milan, and A. Vomiero, S. Baricordi, P. Dalpiaz, M. Fiorini, V. Guidi, G. Martinelli, A. Mazzolari, E. Milan, G. Ambrosi, Ph. Azzarello, R. Battiston, B. Bertucci, W. J. Burger, M. Ionica, P. Zuccon, G. Cavoto, R. Santacesaria, P. Valente, E. Vallazza, A. G. Afonin, V. T. Baranov, Y. A. Chesnokov, V. I. Kotov, V. A. Maisheev, I. A. Yaznin, S. V. Afansiev, A. D. Kovalenko, A. M. Taratin, A. S. Denisov, Y. A.

Gavrikov, Y. M. Ivanov, V. G. Ivochkin, S. V. Kosyanenko, A. A. Petrunin, V. V. Skorobogatov, V. M. Suvorov, D. Bolognini, L. Foggetta, S. Hasan, and M. Prest, Phys. Rev. Lett. 98, 154801 (2007).

3. N. V. Mokhov, G. Annala, A. Apyan, R. A. Carrigan, A. I. Drozhdin, T. R. Johnson, A. M. Legan, R. E. Reilly, V. D. Shiltsev, D. A. Still, R. Tesarek, J. R. Zagel, R. W. Assmann, V. P. Previtali, S. Redaelli, W. Scandale, Y. A. Chesnokov, I. A. Yazynin, V. Guidi, Yu. M. Ivanov, S. Peggs, M. Prest, and S. Shiraishi, FERMILAB- CONF-09-173-APC, Fermilab, Batavia (2009).

4. S. Bellucci, C. Balasubramanian, A. Grilli, F. Micciulla, A. Raco, A. Popov, V. Baranov, V. Biryukov, Yu. Chesnokov, and V. Maisheev, Nucl. Instrum. Methods Phys. Res. B 252, 3 (2006).

5. Yu. M. Ivanov, A. A. Petrunin, and V. V. Skorobogatov, JETP Lett. 81(3), 99 (2005).

6. A. Taratin, E. Tsyganov, M. Bavizhev et al., Preprint SSCL-545, Texas (1991).

7. S. Strokov, T. Takahashi, I. Endo, M. Iinuma, K. Ueda, H. Kuroiwa, T. Ohnishi, and S. Sawada, Nucl. Instrum. Methods Phys. Res. B 252, 16 (2006).

Письма в ЖЭТФ том 98 вып. 11 – 12 2013

742 S. Bellucci, Yu. A. Chesnokov, P. N. Chirkov et al.

8. S. Bellucci, Yu.A. Chesnokov, P.N. Chirkov, G. Giannini, V. A. Maisheev, and I. A. Yazynin, JINST 7, P03008 (2012).

9. A. G. Afonin, V. T. Baranov, S. Bellucci, S. A. Belov, S. Bini, V. N. Gorlov, G. Giannini, A. D. Ermolaev, I. V. Ivanova, D. M. Krylov, V. A. Maisheev, D. A. Savin, E. A. Syshchikov, V. I. Terekhov, V. N. Chepegin, Yu. A. Chesnokov, P. N. Chirkov, and I. A. Yazynin, Instrum. Exp. Tech 54, 5 (2011).

10. P. Valente, B. Buonomo, G. Mazzitelli, Nucl. Phys.

Proc. Suppl. 150, 362 (2006).

11. F. Murtas, B. Buonomo, G. Corradi, G. Mazzitelli, M.

Pistilli, M. Poli Lener, D. Tagnani, P. Valente, Nucl. Instrum. Meth. A 617, 237 (2010).

Письма в ЖЭТФ том 98 вып. 11 – 12 2013