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3penos B.n. Pl - 12163 
Pa3HOCTHblit: Mel'O!l H3MepeHHS1 cpeattei1 3Hepr1rn: 1-WCl'HU 

B KonnHMHp0B8HHblX nyttKaX no H3nyqe11u.10 Baounono-llcp01tKOLW 

B pa6ore uanaraercSI pa3HOCTHhlH MeTOll H3MepCIUH1 CpC!lHCii 3UCJWIIII 

pensrrHBHCTCKHX KonnHMupoaaHHbJX qacruu no H3nY1-teHHlO Bamt11otlLJ.-4P11e11n:o­
aa. CyTh M8l'Oll8 3aKnIDt.J:aeTCS1 B TOM, ttl'O 3Heprnst -..iaCTIIU onpe:1c1rn.•Tc~, 
no paauocrH yrnoa HCnycKaHu:st u:anyttettun Baa11nooa-'!epcHKona 1 no.:J111tK,uo­

wero npu KX npoxoA.::nettuu: qepea aaa nnocKonapanne!lbm,,x pairn.aT0flil_, 
HSXOLlSIIIlHXCSI B Ofll'IPISCKOM KOHT8Kl'e. □ pHBO!HITC51 paC 1{0l'Hl,IC (10p:\1y:111 

nns onpeneneHuH cpentteil: 3Hepruu qacrttu u 0UJH.6oK ee 11a11.tepe1mn. 
.Qaercst npuMep pacqera aaaucuMOCTH aenuqua ourn:6oK onpenc11emu1 cKopo­
cru qacrm1 li{J or owu6oK H3MepeHH!I pa3Hocrn yr-110B o(Ar). Llocru; :n­
MaH TO'llHOCTb Merona. HanpHMep J]nH npOTOHOB C f3 = 0,875, ~10)hi:?r 

cocrasHrb -1 ,2 M:;,B. 

Pa6ora BbmonHeHa B na6oparopHH 11nepHsIx npo611eM OHHH. 

TTpenpuHr O61,eJlHHeHHor-o HHCruryra !IJlepHhIX 1tcc11eJlOBaH1tA. Lly6Ha 1979 

Zrelov V.P. Pl - 12163 
The Difference Method for Measuring the Average 
Particle Energy in Collimated Beams by Means 

of Vavilov-Cherenkov Radiation 

The difference method for measuring :the average energy of 
relativistic collimated particles by means of Vavilov-Cherenkov 
radiation arising when particles pass through two plane-parallel 
radiators being in the optical contact is described. The calcula­
tion formulas for determining the average particle energy and the 
measurement errors are given. An example of calculating the 
dependence . of the determination errors of particle velocity li/3 upon 
the measurement errors of the angle _difference li(dr) is presented. 
'I'he attainable accuracy of the method, e.g., for protons with 
fJ = 0.875 can be about 1.2 MeV. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Oubna 1979 

1. BBE,l(EHHE 

Bo acex npe,D;wecTByromux MeTo,D;ax /1- 41 H3MepeHHJI cpe,D;ueii .,., 
3HeprHH qaCTHU B KonnHMHP0BaHHLIX nyqKax nocpe,D;CTB0M H3ny-

qeHHJI BaBunoaa-tiepeuKoBa ucnonL3yeTCJI 0.D;HH nnocKonapannenL· 

HLIH pa,D;HaTop. 

HcnonL30Bauue BToporo pa.D;HaTopa H3nyqenHJI no3BOnJieT ,D;o· 

CTaToqHo ToqHo onpe,D;enHTL 3Hepruro qacTHU, 3aMepJ1J1 nHwL pa3 -

H0CTb yrnoB H3nyqeHHJI Ha. BLIX0,D;e H3 pa,D;HaTopoB, T.e. He npu-

6eraJI K a6con10THLIM HX H3MepeHHJIM. 

TaKoii MeTO,D; MO)KeT 6LITb npe.D;noqTHTenbHee MOHOXpOMaTH· 

qecKoro, uanpuMep, npu 11e3uaquTenLHLIX yrnax BLIXo,D;a H3nyqeHHJI, 

KOr,D;a 0TcqeT yrnoB OT BLIIlYCKHOH rpaHH B MeTo,D;e 111 JaTpy,D;· 

HHTeneH. 

2. OIIHCAHHE METO,l(A * 

IlyCTb qaCTHQa co CKOpOCTblO f3 nepeceKaeT no H0pManu ,D;Ba 

nnocKonapannenLHLIX pa,D;HaTopa c a6comoTHLIMH noKa3aTenJIMH 

npenoMneHHJI n l H n 2 , HaX0,ll;JIIQHMHCJI B 0ilTHqecK0M K0HTaKTe, 

npuqeMfJ npeBLIWaeT riopor B03HHKH0BeHHJI H3nyqeHHJI BaBHnoBa· 
· 1 1 tiepeHKoBa B o6oux pa,D;HaTopax, T.e. f3 > n H f3 > 11-. O.D;Ha· 

. 1 u 2 
KO CK0P0_CTb qacTHULI He ,D;0IDKHa npeBLIWaTb KpHTHqecK0H BenuqHHLI 

1 
{30 :5 2 

n2 n2 
3 

, onpe.D;enJieMoii Ha ocHoBaHHH ycnoBHJI, qTo yron 

*HH)Ke Be3.i:te npH H3n0)KeHHH MeT0,D;a 6y,D;eT roB0PHTbCJI 06 
H3MepeHHH CK0P0CTH qa~THULI, X0TJI caM MeTo,D;npe.D;Ha3HaqeH,D;nJI 
H3MepeHHJI cpe,D;ueii 3HeprHH penJITHBHCTCKHX qacTHU B KonnHMH· 
poBaHllblX nyqKax. 
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H3Jiy'leHHJI BaBHJIOBa- qepeHKOBa He ,11,0JDKeH npeBbIWaTh yrna non-

Horo BHyTpeHHero OTpa:>KeHHJI e = 1,2 
. n3 

arcsrn --­
n1_., 

/ n 3 - noKa-

3aTeJih npeJIOMJieHHJI cpe,11,bl, B KOTOPYIO BbIX0,11,HT H3Jiy'-leHHe/. 

1-fanyqeHHe BaBHJIOBa-qepeHKOBa, B03HHKwee B o6oHX pa,11,HaTo­

pax, BbIX0,11,HT B cpe,11,f c- n 3 qepe3 nnocKyro rpaHHUY pa,11,HaTopa 

c noKa3a TeJieM npeJIOMJieHHJI n 2 no.11. yrnaMH r 1 H r 2 / puc. 1/, 
Bbl'IHCJIJleMhlMH C yqeTOM 3aKOHa npeJIOMJieHHJI: 

Jn 2132_ 1 
. 1 

r 1 = arcsm 

r 
2 

~ arcsin 

n 3 /3 

j;;i~p2_ 1-

Il3/3 

"' ,1,,17
2 ,~" 

' ' ""' ~' 

/3 

Puc. 1. Xoo Ay<1eu e cocmaeuoM paouamope. 

/1/ 

Pa3HOCTh yrnoB M = r l - r 2 /npH n l > n 2 / CBJl3aHa C ,B , 
n 

1 
, n 2 H . n3 ypaBHeHHeM 

4 

:t 

( 

i 
I 'l 

Jn2 t32-l)(n2132_0 2132-+ 1) 

sinllr:.c 
1 3 2 

n;/3 2 

f<.n~/3 2 -l)(1i~,B 2- ni/3
2 

+ 1) 

n~,B 2 
/2/ 

Pe wag ero OTHOCHTeJihHO f:3 2 , nony'IHM 

2 - b ± /1/i~-4-;;_ -. . 
f3 1,2 . 

/3/ 
2a 

r,11,e 

2 . 2 2 b 0 0
1 

+n 2 -n 3 , 

. (n 2 2 -'72 
a= (n 2n2 _

11
2

0
2) 2- 0

1 +n 3 sin
2

llr)2 
2 3 1 2 -

4 sin 2M 

B /3/ nepe.11. KOpHeM 6epeTCJI 3HaK MHHyc. 

3. OlllHEKH H3MEPEHHH 

)].u4><liepeHUHPYJ1 ypaBHeHHe /2/ no {3, MO:>KHO nony'IHTh CBJl3h 

of:3 H a(M) B BH,11,e 

a(~r)n2133cosM l ~2132-1)(n2f32-n2t32 + 1) I 
0/3 = 3 . . 1 3 2 . . 

[ 2 f.12(n2+n2 n2)] j - ,., 1 2 - 3 (n 2 /3 2 _ l)(n2132 _ 0. 2 ,B 2 + 1) 
1- .1 3 2 /4/ 

(nff32-l)(IJi,B2-ni2f32+ 1) 

3aBHCHMOCTh 

1,39037. H 

of:3 OT CKOpOCTH npH n.1/n3= 1,4800, n2/n3= 
o(i'H) = 2,909·10-4 npirne.11.eiia Ha puc. 2, H3 

KOToporo BH,11,HO, 'ITO OWH6Ka o,B CHJlhHO BO~pacTaeT npH /3 ;;; 
= _0,80. 3TO npOHCX0,11,HT noTOMY, 'ITO ,11,JIJI 3THX n1 H n2 /n_pH 

3TOM /3 / pa3HOCTh yrnoB Ar npaKTH'leCKH He H3MeHJleTCJI C /3 • 
BeJIH'IHHY CKOpOCTH ,Bo , npH KOTOpOii: o,B CHJihHO B03pacTaeT, 

MO:>KHO onpe,11,eJIHTh, HCX0,11,Jl H3 ycJIOBHJI o6pameHHJI B HYJih nepBOH 

CK06KH B 3HaMeHaTeJie q>opMYJihl /4/: 

2 
f.l • 2= 2 n 2 
,., o - n1+ n2 - 3 

/5/ 
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0 I t r , Q6 · d1 · da · ,.,,,., · /3 -
d4 d6 faB 

Puc. 2. 3aeucUMOCl1lb 0(3 0111 (3 011.R pa3HOCl1IHOZO Memoc)a /ni/n3= 
= 1,4800, n2/n 3 = 1,39037/ npu o(M) = 2,9 ·10 - 4 pao. /floe) 
lllKaAoil {3 noKa3aHbl HeCKO/lbKO · 3Ha'leHuil KUHelllu'leCKOU 3Hep-

zuu npo1110Hoe . E a c111pe111<u. y1<a3b1ea,0111 nopozu u311y11eHU.R e 
paouamopax/. p' 

H3 /5/ BH,IJ,HO, 'ITO H3MeHeHHeM_ DOI<a3aTeJieii npe_JIOMJieHHJI 

n1 H n~ MO)KH0 nepeMemaTb 3Ha'leHHe f3o ~ o6naCTb ff, y.u.a-

JieHHYlO OT 1faMepJ1eMoii CI<OpOCTH qacTHUbl. H3MeHeHHe 3HaMeHaTe­

JIJI n 2 + n 2 - n 2 = K B cl>opMyne /5/ Ha BeJIH'IHHy 1'1K npHBO,IJ,HT 
1 2 3 

K CMemeHHlO 1'1f3o, paBHOMY 

L\K Af3 = --
0 /JoK2 

/6/ 

OWH6Ka H3MepeHHJI 3HeprHH npOTOHOB C f3= 0,875 /Ep = l I'3B/ 

cornacHO puc. 2 COCTaBJI.lleT o(f3) = 1,7-°I0-
4
,a AEp·= 1,23 M3B. 

6 

I 

( 

II 

I 

IlpH f3 = 0,75 TO'IHOCTb H3MepeHHJI CI<OpOCTH Jiy'IWe / 0{3 = 
=· 0,53-10 - 4 /, a OWH6I<a onpe.n.eneHHJI :rneprHH npoTOHOB yMeHb­

waeTCJI ,IJ,0 i\Ep = 0,11 M3B. TaI<HM o6pa30M, ,IJ,OCTH)KHMaJI TO<{­

HOCTb H3MepeHHJI pa3HOCTHblM MeTO,IJ,OM He Xy)Ke TO'IHOCTH .n.pyrHX 

qepeHKOBCKHX MeTO,IJ,OB • 

B 3a1<mo<1eHHe OTMeTHM, 'ITO onpe.n.eneaHe f3 no cl>opMyne /3/ 

cnpaBe.D.JIHBO, ecnH <1acTHUa na.n.aeT nepneH~H1<ynJ1pHo I< noeepx­

HOCTH pa.n.HaTopOB. B CJiyqae HaI<JIOHHoro na.n.eHHJI qaCTHU Heo6-

XO,IJ,HMO H3Mep.!1Tb pa3HOCTb yrJIOB HJJiy'leHH.!I Ar l H t'lr 
2 

, T.e. 

no o6e CTOPOHbl OT ny<1Ka qaCTHU / puc. 3/, a .n.eiiCTBHTeJibHYlO 

cKopocTb onpe.n.enHTb KaI< cpe,n.H1010 /3 = ~ [f3 lhr 1) + f3 iAr2)],r.n.e 

f3 1 (Ar 1 ) - CKOpOCTb, Bbl'IHCJieHHa.11 no cl>opMyJie /3/, B I<OTOpoii 

L\r 3aMeHeHO Ha i\r 1• a f3 2 COOTBeTCTByeT pa3HOCTH yrJIOB Ar 2 • 

KpoMe 3Toro, cl>opMyna /3/ cnpaee.n.JIHBa, ecnH H3MeHeHHeM 

CKOPOCTH 3a c-qeT HOHH3aUHOHHblX noTepb 'laCTHU B pa.n.HaTopax 

MO)KHO npeHe6pe<1b. B npoTHBHOM cnyqae {3 e nepBOM npH6JIH)Ke -

HRH MO)KHO C'IHTaTb paBHOH CKOpOCTH qacTHUbl Ha rpaHHUe pa3-

.n.ena pa.n.HaTopoB. 

f 
C\, 

4 

p 
Puc. 3. CxeMa npu6opa 011.11 pa3Hoc111Hozo Memooa U3MepeHu.11 
3Hepzuu no u311y11eHu10 Baeu11oea- qepeH1<oea: 1 - coeoeHHblil 
nAOC1<0napa1111eAbHblU pac)uamop; 2 - UH111ep<f,epe11,"uoHHblU (PU/lb111p; 
3 - . <f,011101<aMepa C (POKYCHblM pacCIIIOJIHUeM f ; 4 - <f,0111on11e111<a. 
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