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CxeMa skcnepuMeHTa Ha Y-70
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Manbin yron marmba kpucranna (~ 0.5-1.0 mpan)
Manas asivHa KpucTtasuia BAOJIb NMPOTOHHOIO Ny4YkKa

MHOrokpaTHOCTb NPOXO0XAEHUSA NPOTOHOB Yepe3 Kpucranan



Kpucrannsi-nonockun (U®BJ)

Si(111)

Pasmepbl ® 3 x 1 x 60 mm3



O-kpucrannsbi (MNAOD)

Pasmepbl ® 5 x 5 x 50 mm?3







[lonlyyeHHble pe3y/bTaThbl

ANvuHa KpUCTannosB No NyuKy 2-7 mm
3D DeKTUBHOCTL BbiBOAA 20-85%
MHTEHCUBHOCTDL BbIBEAGHHOIO Nyuka ~1x1012

PaanaunoHHaa CTOMKOCTDL ~1020
(npoaonxaet paboratb € 3hhekTUBHOCTLIO ~ 40%)



3aBUCUMOCTb 3(P(PEKTUBHOCTHU
BbiBOZAA OT AJINHbI KpUCTaJsina
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Kak eLle YME@HbLWUTb AJZINHY
M30rHyTOro KpuUctasnasja BAOJib Nyyka?

Ncnonb3oBaTtb 3 deKT ynpyrow
KBa3uMO3aN4YHOCTM.



Reflection of Gammo-Rays From Bent Quartz Plates

0. 1. SUMBAEYV
All-Union Scientific Research Institute of Metrology
(Submiunted 10 JETP editor October 16, 1956)
J. Exptl. Theoaret. Phys. (U.S.S R.) 32, 1276- 1279 (April, 1957)

N INVESTICATING the coherent reflection of x-

and y-rays from the 1340 planes of quartz plates
cut from an @-quartz single erystal so that the 1340
planes were normal to the plane of the plate and
the side edges were parallel to the optical axis of
the crystal, Lind, West and DuMond® found that the
dependence of the integrated reflection coefficient
on the wavelength for plates elastically bent to a
cylinder of 2 meters radius is close to quadratic,
Their measurements of the integrated reflection
coefficient for the same plate in the unstressed
state led to a dependence close to the linear, ie.,
the dependence characteristic of ideal crystals.
Lind et al. do not attempt to give an explanation
of the observed effect noting only that “. .. the
quartz might, however, become mosaic-like in struc-

ture in some elastically reversible way not now un-
derstood.”

Ke felt it would be of interest to verily the quad-
ratic dependence of the reflection coefficient on the
wavelength discovered by Lind, West and DuMand
and to find an explanation of the effect. The meas-



EXPERIMENTAL INVESTIGATION OF THE ELASTIC QUASI-MOSAIC EFFECT
Q. . SUMBAEY

A. F. Ioffe Physico-technical Institute, USSR Academy of Sciences
Sobmitted December 14, 1967
Zh. Eksp. Teor. Fiz. 54, 1352—=1360 (May, 1968)
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FIG. 4. Position of compared plates in
the single-crystal quartz block.

ent orientations (the indices of the planes coinciding SRR S R
with the normal cross sections are indicated on the ; : ey :
curves)™ FIG. 5. Ky, Snx-ray line obtained with a two-meter Cauchois

spectrometer using compared plates of 1 mm thickness. Receiving slit =
The purpose of the present paper is 1o present a 250u; N — number of 7 quanta registered in 30 sec; [ — linear dis-

comparison of the experimental and calculated param- placement of the end of the gne-meter arm of the crystal drive, The
eters of the diffraction process for different values of vertical scale is doubled for the = 11° line.
the flexure coelficient k({y), and particularly a verifica-



B.M.CamcoHoB u E.l'.JlTanuH, O HEeCKOJIbKMNX
BO3MOXXHOCTSAX U 0CO6EHHOCTAX MCNOJIb30BaHUS
M30rHyTOro Kpuctasisia B Kpuctann-anppakLimoHHbIX
npubopax, NMpenpuHt JINA® N587, 1980, JleHuHrpan
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AddekT ynpyrom KBasmMo3anyHOCTU B KPEMHUMN:
ncKkpussieHue nnockoctu (111), HopMmanbHOMU
60/1bLLMM rpaHSaM U3rnbaeMomn NJIacTUHbLI

OpueHTaums MNJIaCTUHDI
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HO.M.UBaHoOB, A.A.lNNeTpyHuH n B.B.CkopoboraTos,
NMucobma B XXKOTO 81, 129 (2005)
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Kpucrannbi 0.3 MM K1 2.7 MM C U3rn6om
(111) nnockocteun Ha yron ~0.4 mpap

/




Kpucrannsl onga akcnepmMmeHTa no BbiBoAy
BbICOKOMHTEHCUBHOIO NPOTOHHOIO Ny4ykKa
n3 yckoputens ¥Y-70 B UOBD

KaHanupyowume nn-tu = (111)
OnviHa no nyyky 2.65 MM

Yron narnba ~ 0.4 Mpaa




YCTaAaHOBJIEHHbIN KPUCTAJJ




BbiBOA4 NPOTOHOB U3 Y-70

NpOTOHOB B KOJibLIE 5.5-1012 p
BbiBe1€HO NPOTOHOB 4.0-1012 p

3P PeKTUBHOCTb BbiBOAA ~ 70%



JKCrepMmMeHT Ha BbiBeJeHHOM Nnyu4kKe
70 B npotoHoB B U®B3 (2002)
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NMpodunb NPOTOHHOIO NyYKa, NnpoweaLwero
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O0.U.CymbaeB, B.M.CamcoHoB u gp. (1982)

Ha6nroaeHnne acppekta 06beMHOro 3axsarta

Mucoma 8 KIT®, 1ox 36, ewin. 9, c1p. 340 — 343 5 Hoabps 1982 2.,

IKCNNEPUMEHTAJIBHOE ObHAPYXEHHE JOPEKTA OBbEMHOI'O 3AXBATA
B PEXUM KAHAJIMPOBAHHS U30THYTHIM MOHOKPHUCTAJLJIOM

B.A.Andpees, B.B.baybauc, E.A./lamackunckuii, A.I' Kpusiuuy,
JIT Kyoun, B.B. Mapuenwos, B.@.Moposos, B.B.Heawbun,
EM.Opuwun, I E.lletpos, I.A.Pabos, B.M.CamcoHos,
JL.3.Camconos, 3.M.Cnupuodenxos, B.B.Cyaumos,
O.U.Cymbaeg, B.A.ll{ecensckui

BriepBhle NoKa3aHo, YTO HIOTHYTHIH MDHD:K[}I{ETHJIJ‘I o6manaeT cnocoGHOCTRIO 3aXBATHIBATH Yac-
THIBI B PEXHM KAHAIHDOBAHHMA B HHTepBANe YrI0B MHOIro GOnbLUIMX, Yem yron JluHaxapna. [Ipo-
TOHE! ¢ 2HepryueH 1 I'aB 3axBaTeiBaHCE B npouecc KananHpoBaHua (111), (110)-mI0cKoCTAMH
< 110 >-ocwi0 Mo.Bcelt AMHe 1 CM H3OTHYTOTO Mo pagMycy 46 cM MOHOKDHCTAIA KpeMHHA B
CYMMAapHOM yrfioBoM HHTepBaie Ao 20 mpan. -
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O61bsicHeHue 3ddekTa 06 BeMHOoro
3axBaTa Yyepe3 MHOrokpaTHoe paccesiHue

A.M.TapatvH n C.A.Bopobbes,
XXTO® 55, 1598 (1985)
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0.U.CymbaesB, K Teopun 06 eMHOro 3axsata NpoToOHOB B
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npenpuHT JINA®-1201, JieHnHrpan, 1986
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npe,ﬂCKaBaHMe OTKJ/IOHEHMNA OTPAXEHHbIX YaCTUL

A.M.Taratin and
S.A.Vorobieyv,
Phys.Lett. A119
(1987) 425

and

A.M.Taratin and
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KaHanupoBaHue n o0 beMHoe oTpaxeHue
B U3OFrHYTOM KpucTanne

Channeled

Reflected




3aBUCUMOCTb HanpaBlieHnsa ABNXeHUxA
4yaCTuubl OT F.I1y6VIHbI NMPOHUKHOBEHUA
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Pacuet A.M.TapatnHa ana npoToHoB ¢ 3Hepruen 400 B u
TONWMUHbI Kpuctanna 1 mMm. Yron otpaxeHusa okoro 14 mkpag.



KaHannpoBaHMe B NNIOCKOM KpucTanrne
(Mogenb C NPAMOYrosfibHbIM MNOTEHLUMarom)
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KaHanupoBaHue n o0 beMHoe oTpaxeHue
B U3OFHYTOM Kpuctanne (Mmogernb C
NPAMOYrosfibHbIM NOTEeHUMariom)
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O6bsicHeHMne npodusis Nnyyka Ha (POTOOMYJIbCUN

Yu.M.Ivanov et al.PRL 97, 144801 (2006)

TpaeKTopuu NPOTOHOB B rOPU30OHTAJIbHOW MJIOCKOCTHU
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Volume Reflection of 1-GeV
Protons by a Bent Silicon Crystal

Yu.M.Ivanov, N.F.Bondar, Yu.A.Gavrikov,
A.S.Denisov, A.V.Zhelamkov, V.G.Ivochkin,
L.P.Lapina, S.V.Kos'yanenko, A.A.Petrunin,

V.V.Skorobogatov, V.M.Suvoroy,
A.I.Shchetkovsky (PNPI)

A.M.Taratin (JINR)

W.Scandale (CERN)

Published in JETP Letters, 2006, Vol. 84, No. 7, pp. 372-376.



Layout of the experiment with 1
GeV protons at PNPI, Gatchina
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Beam divergence ~ 160 prad
Beam size ~ 0.08 mm

Critical angle for channeling ~ 170 prad
Crystal length along beam ~ 30 pm
Bend angle of (111) planes ~ 380 prad



Collimator

Crystal mounted
on goniometer



Horizontal profiles of the p-beam vs.
crystal angle measured with PPC
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Beam profiles measured with

scintillators
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Beam profile in the angular
position of the crystal that
corresponds to the maximum

channeling.
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Beam profile in the angular
position of the crystal that
corresponds to the maximum
volume reflection.



Results

Deflection angle of reflected protons:
20, ~ 240 yrad = 1.4 - 6_
Probability of the volume reflection:
P,~ 0.7
Probability of the volume capture:
P,~0.3



BbiNOJIHEHHbIE U MJIAaHUpYEMbIe
3KCNEPUMEHTbI:

1997-04 Ha p-nyuke 70 B ( UOBI)
2005-06 Ha p-nyuke 1 B (MNAD)

2006-09 Ha p-nyuke 450 3B (SPS CERN)

2007-09 Ha et n e nyukax 180 I'B (SPS CERN)
2008-10 Ha p-nyuke 120 IN'3B (konbuo SPS CERN)
2008-10 Ha nyuke 980 I'B (konbuo Tevatron FNAL)
2011- Ha nyudke 7 T3B (konbuo LHC CERN)



B nccnenoBaHusix y4acTBYIOT:

- MA® PAH (FaTtunHa);

- THY U®B3 (MpoTBUHO);

- OUSAU (Ay6Ha)

- INFN (Ferrrara, Lehnaro, Rome, Perugia, Trieste, Italy);
- CERN (Geneva, Switzerland);

- FNAL (Batavia, USA).



Channeling experiment with
400 GeV protons at SPS CERN
(H8-RD22 Collaboration, 2006)
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Result of typical angular scan
with one of the crystals

Crystal Orientation (mrad)
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HabnoaeHnne acdbdekra
06BbEeMHOro oTpa>xeHmst oT AByX
kpuctannos (H8-RD22, 2007)
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QM2+QM1 crystals
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Goniometer position, prad
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Deflection angle 23.4 urad

Deflection efficiency 96.7 %



HabnoaeHnne acdbdekra
06BbEeMHOro oTpakeHus oT NATH
kpuctannos (H8-RD22, 2007)
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Apyrue pe3ynbTtatbl B 2007

AKcHaJsibHOe KaHaJIMpoBaHUe U 06beMHOoe OoTpaXeHHne
B U3O0rHYTOM KpUCTanne

KaHanumpoBaHue, 06 beMHOe oTpaXkeHue u paavaums
3/1IEKTPOHOB M NO3UTPOHOB C 3Hepruen 180 IN'B

KaHanupoBaHue n o6beMHOe oTpakeHue B
KpucTannax c pasHboiMm Z (anmMas, repMaHun)



Mnanbi B 2008-2010

NMpoaomxuTb nccnegosaHme 3ppeKTMBHOCTHU
KaHaJ/IMpoOBaHUS U MHOIFOKpPaTHOIro 06 LbeMHOro
OoTpaxeHus AN NpUMeHeHUs B CucteMme
kKonnMMayum nyukoB LHC

NMpoBecTu aKCcnepuMeHTbl B KoJibLlax SPS, Tevatron
mLHC
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