
----

I 
~ 
I I 

~ V) 
~ \J 

l-lJ 

~ 
'~ 

~ 
-1__1 

...­_m_:r�
==:..D-0�i ~Illig�
!!!!!!!o-..D-;;;;;; ........-0� 

STATE RESEARCH CENTER OF RUSSIA� 

INSTITUTE FOR HIGH ENERGY PHYSICS� 

·~eRMILAf J 
"CT 

'BRAp· .• 
~ t I ,I 

~.:> i'?_ t /').J l(, '\...,£'Y V , _L {' V C 
V.M. Biryukov, Yu.A. Ch~snokov, V.N. Greth, 

A.A. Ivanov, V.L Kotov, V.S. Selesnev, 
M.V. Tarakanov, V.l. Terekhov, S.V. Tsarik 

High Energy Beam Line� 
Based on Bent Crystal� 

Protvino 1995 

.:r rVE-' 

mEP 95-14 



M-24UDK 539.1.07:539.12.18 

Abstract 

Biryukov V.M. et ale High energy beam line based on bent crystal: IHEP Preprint 95-14. ­
Protvino, 1995. - p. 3, figs. 2, refs.: 2. 

A peculiarity of the beam bent with crystals is the independence of the crystal deflector 
~.strength e = LD/Rc ("oJ 0.5 rad of the particle energy (LD is the dechanneling length, Rc \is the critical radius). The possibility of abrupt bending with crystal of a beam fraction at 

a large angle allows one to make over a short base a non-traditional beam line to carry out " 
physical experiments. At IHEP, a 150 mrad bent crystal was used to create a test area, to 
work in parallel with other set-ups consuming practically no power. A 100 mm long Si crystal, 
placed in the halo of the intense extracted 70 GeV/ c beam, extracts along the ("oJ20 m base 106 

.protons/sec beyond the 2-meter iron-concrete shield. The beam high quality (low emittance and 
high stability) allows one to carry out the program of the studies of channeling and testing the 
microstrip detectors. 

AHHOTan;HJI 

BHpIOKOB B.M. H .np. KaHaJI TpaHcnopTlIpOBKH ~aCTlIll BbICOKHX 3HeprHH, OCHOBaHH:hIH Ha 
npHMeHeHHH H30rHyToro MOHOKpHCTaJIJIa: TIpenpHHT HcI>B3 95-14. - TIpoTBHHO, 1995. - 3 c., 
2 pHC., 6H6JIHOrp.: 2. 

Oc06eHHocTb OTKnOHeHHJI nytIKa tIaCTHll H30rHYTbIM MOHOXpHCTaJIJIOM 3aKJIIO~aeTC'l B TOM, 
liTO CHna XpHCTaJIJIHlIecKoro .ne$neXTopa e = L D / Rc ("oJ 0.5 rad He 3a.BHCHT OT 3HeprHH 
~aCTHll (LD - ,ZIJIHHa .llexaHaJIHpOBaHHJI, Rc - XpHTHtIeCKHii pa.nHyC H3rH6a). 3Ta B03MO)f(HOCTL 
OTXJIOHeHJUI 'tIaCTH nytIxa Ha 6onblliOH yron n03BOJIJleT Ha OtIeHL XOpOTKOH 6a.3e OpraHH30BaTL 
HeTpa.nHllHOHH:hIii XaHan 'tIaCTHll .nJIX npOBeneHHJI $H3HlIeCKHX 3KcnepHMeHTOB. B HcI>B3 KpH­
CTaJIJI XpeMHHJl, H30rHYThIH Ha yrOJI 150 Mpa.ll, 6bIJI HCnOJIb30BaH .llJIJI C03.llaHHJl TeCTOBOH 30HhI, 
KOTopasr MO)f(eT pa60TaTb napaJIJIeJIbHO c .npyrllMH yCTaHOBKaMH, npaKTH'tIeCKlt: He nOTpe6JIjIJl 
3HeprHH. 100-MM xpeMHHeBbIH xpHcTann, pa3MemaeMbIH B ranD HHTeHCHBHoro nY~Ka npOTOHOB 
C 3HeprHeH 70 r3B, Ha 6a3e Bcero ,....,,20 M BhIBO,l(HT 106 npoToHoB B cexyH.ny 3a .llByXMeTpoByIO 
:>Kelle300eToHHYIO 3a.IIlHTY. BLIcoKoe Ka~eCTBO nY~Ka (MaJlbIH 3MHTTaHC 11 npOCTpaHCTBeHHaJI 
CTa6J1JIbHOCTb) n03BOJIJlIOT BhInOllHjITL nporpaMMY HCClIe.llOBaHHH: no KaHaJIHpOBaHliIO 11 TeCTH­
pOBaHHIO MHKpocTpHnoBhIX .lleTeXTopoB. 
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Nowadays bent single crystals of silicon are applied to operate high-energy particle 
beams. As is noted in [1] the peculiarity of the beam bending with crystals is the inde­
pendence of the crystal deflector strength e = LD / Rc ,...., 0.5 rad of the particle energy 
(LD is the dechanneling length, Re is the critical radius). 

The possibility of abrupt bending with crystal of a beam fraction at a large angle 
allows one to arrange over a short base a non-traditional beam line for carrying out 
physical experiments both with any available accelerators and those under construction. 

At IHEP a 150 mrad bent crystal was used this way to create a new test area. The 
scheme of the crystal beam line and experimental setup is shown in Fig.l. A 100 mm long 
Si (110) crystal, placed on the beam line NQ 8 and inserted into the halo of the intense 
extracted 70 GeV/c beam, has extracted 106 protons/sec beyond the 2-meter iron-concrete 
shield along the ,....,20 m base. Background particles emerging in the direction of a bending 
angle of the crystal are some tens of times lower in energy (P. ,....,·3 GeV/ c) than primary 
protons. It is not difficult to subtract these secondary particles and it is realized with two 
small corrector magnets M1 and M2, the collimator K and a narrow collimation hole in 
the iron-concrete shield of the beam line. Hereat the beam high quality, low emittance 
and good stability, are achieved on the plane of the deflection ("band" beam). 

The beam diagnostic apparatus involves two undersystems: the undersystem measure 
beam profile and tha.t for measuring beam intensity. The former uses two double coordi­
nate proportional chambers with 5 mm step. Chambers volume is filled with CO2 • The 
crates of preliminary electronics placed near the chambers, and those of recording elec­
tronics made in SUMMA standard, are analogous to those used in the system for beam 
diagnostics of IHEP accelerator beam lines [2]. The latter is based on the use of some 
scintillator counters operating in the coincidence mode. 

For channeling experiments aimed at the more detailed study of the structure of beams 
produced with crystal, two microstrip detector stations are intended to be installed in the 
experimental area (C1 and C2 in Fig.l). 
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Fig. 1.� The scheme of crystal beam line and experimental setup: 5 ii, 5 i 2 - deflecting and testing crystals, M1, M2 - corrector 
magnets, BS - beam stopperp, Di , D2 - proportional chambers, K - a collimator, 51 - 54 - scintillator countes, 
CI, C2 - microstrip detector stations, X - a beam absorber. 
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In the first run of the new test area, the intensity of incident protons in beam line N! 8 
was 2 . 1011p/c. About 1010 particles hit the crystal. In these conditions the number of 
particles bent with crystal and measured with the scintillator counters was "" 5 . 10spJc. 
That is in accordance with the calculational data. The orientation-independent compo­
nent of the signal (background particles) from 10 x 10 cm2 size counters did not exceed 3 
%of the channeled beam. The profiles of the deflected beam measured with the chamber 
D2 are shown in Fig.2. 

The constructed test area will allow one to continue the channeling experiments. In 
particular, it may be used for carrying out the programs to study the channeling properties 
of the crystals, to increase the efficiency of beam deflection and focusing, and to teste 
the microstrip detectors. Note that channeled beams are very suitable for a microstrip 
detector calibration due to their low emittance and high stability. 

The new test area consumes practically no power. It allows one to work in parallel 
with other beam lines without affecting other physical set-ups operation. 
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Fig. 2. Profiles of beam in horizontal (x) and vertical (y) planes. 
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