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11HKHH B.A. H AP· P9 - 12725 

HccneAoBaHHe TOPM03Horo H3ny4eHHA 3neKTPOHOB, 
pacceAHH~x Ha aToMax ocTaT04Horo ra3a 
e aAre3aTope KYTH 

npoBeAeHO 3KCnepHMeHTanbHOe HCCneAOBaHHe TOPM03HOro 
H3ny4eHHA 3neKTPOHOB, pacceAHH~X Ha aTOMaX OCTaT04HOro 
ra3a B KaMepe aAre3aTOpa. noKa3aHO, 4TO 

a/ B~6opoM reOMeTPHH H3MepeHHA MO~HO CBeCTH K MHHH
MyMy BKnaA <)loHOB~X 3¢>¢>eKTOB OT H3ny4eHHA 3neKTPOHOB,"noTe
pfiHHbiX"e pe3ynbTaTe ynpyroro pacceAHHA Ha aToMax ocTaT04Ho
ro ra3a; 

6/ nOBeAeHHe HHTeHCHBHOCTH TOpM03HOrO H3ny4eHHA 
B 3aBHCHMOCTH OT 3HeprHH y-KBaHTOB, 3HeprHH 3neKTPOHOB, 
AaBneHHA ocTaTo4Horo ra3a xopowo cornacyeTcA c pac4eToM. 

Pe3ynbTaT~ 3KCnepHMeHTOB MOryT 6~Tb nono~eHbl B OCHOBy 
cnoco6a H3MepeHHA KOnH4eCTBa 3neKTpOHOB B KOnb4e B KaMepe 
aAre3aTopa KonneKTHBHOro yCKOPHTenA TA~enbiX HOHOB. 

Pa6oTa B~nonHeHa B 0TAene HOBbiX MeTOAOB YCKOpeHHA 
OH.s!H. 

Coo6meHHe 06bellHReHHoro HHCTHTyTa RJlepHbiX HCcnenosaHHll. Lly6Ha 1979 

lnkin V.D. et al. P9 - 12725 
Investigation of Bremsstrahlung on Residual 
Gas in KUTI Adgezator 

Experimental investigation has been performed of 
bremsstrahlung of y-ray electrons scattered on the re
sidual gas atoms in the adgezator chamber. It is shown 
that 

a) selected geometry of measuring can be reduced to 
minimum of background effec ts of radiation electrons lost 
because of elastic scattering on residual gas atoms; 

b) the behaviour of intensity of bremsstrahlung as 
a function of energy of gamma-quanta, electron energy, 
residual gas pressure conform well with calculation. 

The experimental results can be taken as a basis 
for measuring a quantity of electrons in the ring of 
adgezator's chamber of heavy ion collective accelerator. 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research . Dubno 1979 
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BBE.QEHHE 

B yCKOpHTene, OCHOBaHHOM Ha KOnneKTHBHOM npHH4Hne, OAHHM 
H3 napaMeTpOB, xapaKTepH3Y~~HX 3¢¢eKTHBHOCTb yCKOpeHHH, 
HBnHeTCH 4HCnO 3neKTPOHOB, 3aXBa4eHH~X Ha paBHOBeCHY~ op-
6HTy, - Ne . .QnH H3MepeHHH 4HCna 3neKTPOHOB B KOnb4e B Ha
CTOH~ee BpeMH npHMeHH~TCH, KaK npaBHno, HHAYK4HOHH~e MeTOA~, 
B OCHOBe KOTOpbiX J1elKHT HCnOnb30BaHHe KaTyWeK pa3Hb1X MOAH$H
Ka4HA, C nOMO~b~ KOTOP~X onpeAenHeTCH H3MeHeHHe MarHHTHOrO 
nonH KOnb4a npH C>KaTHH Ill. 0AHaKo 3TH MeTOAbl HMe~T PHA HeAO
CTaTKOB, CBH3aHH~X C BnHHHHeM H3MepHTenbHOA CMCTeM~ Ha napa
~eTp~ KOnb4a /MCKa>KeHMe nOnH, 3¢¢eKT 3KpaHMpOBKH M T.A./. 

Bee 3TO 3acTaBnHeT HcKaTb 6onee yHHBepcanbHbiA cnoco6 
M3MepeHMH napaMeTpOB 3neKTpOHHOrO KOnb4a 6e3 KaKMX-nM60 
B03AeAcTBMA Ha Hero. BnepBbl.e yKa3aHMe Ha B03MOlKHOCTb MC
nonb30BaHHH TOpM03HOrO M3ny4eHMH Ha aTOMaX OCTaT04HOrO ra3a 
AnH onpeAeneHMH xapaKTepMCTMK 3neKTPOHHOrO KOnb4a 6blnO CAe
naHO B pa6oTe !2/. Uen b~ AaHHOA pa60Tbl HBnHeTCH 3KcnepMMeH
TanbHOe M3y4eHHe 3Toro npo4ecca, a TaK>Ke pa3nM4H~x ct>oHo
BbiX 3$$eKTOB. 

B Ka4eCTBe np04eCCOB, KOTOp~e MoryT BHeCTM Cy~eCTBeHHY~ 
OWH6Ky B pe3ynbTaT npM perMCTpa4MH TOpM03HOrO M3ny4eHMH, 
MOlKHO Ha3BaTb cneAy~~Me: 

1. TopM03HOe M3ny4eHMe 3neKTPOHOB, nonaewMx Ha cTeHKM 
KaMep~ B pe3ynbTaTe pe30HaHCOB H HeyCTOA4MBOCTeA 3neKTpoH
HOrO KOnb4a B aAre3aTope. 

2. XapaKTepMCTM4eCKOe M3ny4eHMe aTOMOB M MOHOB. 
3. TopM03Hoe M311y4eHMe, o6ycnoeneHHOe 3neKTPOHaMM, 11 no

TepHHHbiMM11 e pe3ynbTaTe ynpyroro pacceHHMH Ha aToMax 
ocTaT04Horo ra3a B aAre3aTope. 

TopM03HOe H3ny4eHHe OT CTeHOK KaMep~, B~3BaHHOe 3J1eKT
poHaMH, Bbl6biBWHMM M3 KOJ1b4a npH pa3Horo POAa pe3oHaHcax, 
6yAeT HOCMTb xapaKTep AMCKpeTHbiX MMnynbCOB C AnMTeJlbHOCTH
MM /0,1710/ MKC. HCKJ1~4HTb ero MOlKHO MeTOAOM BpeMeHHOA ce
neKI..IMM. 
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XapaKTep~cT~4ecKoe ~sny4eH~e aToMos ~ ~oHos ocTaT04Horo 
rasa nem~T s o6nacT~, KOTopaH oT~enHeTcR aMnn~TY~Ho~ ceneK
LI~e~ ~~~cKp~M~HaTopoM c Enopor a:? 70 K3B/. 

OcHOSHbiM $OHOSbiM 3$$eKTOM HSnHeTCH TOPMOSHoe ~sny4eH~e 
3neKTpoHos, nonasw~x Ha cTeHK~ KaMepbl s pesynbTaTe ynpyroro 
pacceHH~H Ha aToMax ocTaT04Horo rasa. 

04eH~M KOn_~4eCTSeHHO COOTHOWeH~e Mem~y ~HTeHC~SHOCTbiO 
~sny4eH~H Ha aTOMaX OCTaT04HOro rasa ~ ~HTeHC~SHOCTbiO ~S

ny4eH~H 3neKTpOHOS CO CTeHOK KaMepbl. 
nerKo s~~eTb, 4TO OHo onpe~enHeTCH cne~y10~~M sblpameH~eM: 

JOCT. f'Cl33 
-2 
Z OCT. l'Cl33 

J CTeHKH 
----------------2------- ' 

anoTepb N Z CTeHKH 
/1/ 

rp,e ZocT. r<l3a - cpe~H~~ sa pH~ H~pa aToMos 
ZcTeHKH - sa pH~ H~pa MaTep~anos CTeHK~; 

ocTaTQ4Horo rasa; 
N ~S!e_ · 6 · 10 23 

-
A 

4~CnO aTOMOS S aT/CM 2 CTeHK~ 
- nnOT HOCT b , A - aTOMHbl~ sec; 
paCCeHH~H Ha yron 0Kp11T • np~ 
P z 6onbwe, 4eM y~epm~sa10~aH 

KaK cne~yeT ~s pa6oTbl !31, 

e 
KpHT 

- ~ 
= vn -2 R- ' 

TOn~~HO~ d /eM/, p /r/CM/-
a - ce4eH~e pesep<tJop~oscKoro 

KOTOPOM ~MnynbC 3neKTPOHOS 
c~na MarH~THoro nonH Bz. 

r~e n - noKasaTenb cna~a SHewHero MarH~THoro nonH, ~ -
paCCTOHH~e OT l.leHTpa KOnbl.la ~0 CTeHK~ KaMepbl. 

noTep~ 3neKTPOHOS np~ pacce~saH~~ onpe~enHTCH <tJopMyno~ 
-2 2 

211Z Ye R 
a(O) dO= ----------- (-- ). 

y2n ~ 

11 

) = r 
a(O .L 0 KpHT OK~HT 
Y4~TbiSaH, 4TO TOnbKO 1/4 3neKTPOHOS TepHeTCH sa c4eT 

yxo~a c op6~Tbl s~onb MarH~ T Horo nonH /ocTanbHble me 3neKTpo
Hbl cosepwaiOT 6eTaTpOHHble Kone6aH~H no pa~~ycy/, ~nH cooTHO
weH~H /1/ nony4aeM sHa4eH~e 

J ocT. ra3a 
3 7 4 . 

• TCT8HKH 
TaK~M o6pasoM, TOPMOSHoe ~sny4eH~e Ha ocTaT04HOM rase see 
me HSnHeTCH ~OM~H~pyiO~~M np04eCCOM. 

PaccMoTp~M ero xapaKTep~cT~K~: 
1. CneKTpanbHbl~ cocTas ~sny4eH~.R <l>(Ey• O) np~ paSHbiX yrnax 

~cnycKaH~.R y - KsaHTos onpe~en.ReTC.R <tJopMyno~ ~s pa60Tbl 151• 

An.R ~HTeHC~SHOCT~ TOpMOSHOrO ~Sny4eH~.R Ha OCTaT04HOM rase 
S e~~H~LIY speMeH~ ~MeeM 
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1 
JY = Neno2"R<t>(EY, Ee, e)rr;~n. /2/ 

3~eCb Ne - 4~cno 3neKTpOHOS S KOnbl.le; n 0 - nnOTHOCTb 
He~Tpanos s ce4eH~~ Konbl.la; R - pa~~yc KOnbl.la; <l>(Ey,Ee, O)
Ce4eH~e TOPMOSHOrO ~sny4eH~.R; To - speM.R o6pa~eH~H 3neKTpo-
Ha no oKpymHOCT~ pa~~yca R; ~n - TenecHbl~ yron, np~ 
KOTOPOM Se~eTCH Ha6niO~eH~e. 

B 3Kcnep~MeHTe ~sMepHeTCH 4~cno y -KsaHTOS c 3Hepr~e~ 
E 1 .:S Ey .:S E 2 , r~e E 1 onpe~enHeTcH H~mH~M noporoM per~cT-
P~PYIO~eill 3IleKTPOH~K~ E 1 ~ 707100 K3B; E 2 onpe~enHeTcH 
S OCHOSHOM sepxHe~ rpaH~l.le~ cneKTpa TOpMOSHOrO ~SJly4eH~H, 
KOTOpaH pasHa 3Hep r~~ 3JleKTpOHOS EO • AnH Hawero pem~Ma 
~sMepeH~~ s <tJopMyny /2/ so~~eT ~HTerpan no 3Hepr~~ oT 
<l>(Ey, Ee, O). Ha p~c. 1 np~se~eHbl SHa4eH~H 3Toro SblpameH~H 
~H 3 3Hepr~~ 3neKTPOHos: Ee=1; 1,5; 2 M3B, yron Ha6niO~eH~H 
Sb16paH paSHbiM e =TT/2. ApryMeHTOM HSnHeTCH H~mH~~ npe~eJl ~H
Terp~posaH~H E 1 • 

IF(Ef) 

M6/cpf \ 
\ . 

'~ 
,,~ 

"'~ 
X 10i ~' 

X 10-1 

~ 

"'\ 
\ 

\ 

"' -.... , 
.... , 
', ', 

' 
\E e =1 ' 

M3B\ 
\ 

'Ee= 

x to-2 1 
tU IU ;, dv ds 4. Q1 dt 4f ,. , ,, I.J '" u/M3B/ 

P~c. 1. 3Ha4eH~e ~HTerpana OT <l>(Ey• E 0 , z) KaK <llYHKLI~H 
H~mHero npe~ena ~HTerp~posaH~H E 1 ~nH paSHbiX 3Hepr~~ 
3neKTPOHOS: E 0 = 1; 1 '5; 2 M3B. Yron Ha6niO~eH~H e = 17/ 2. 

5 



KaK B~AHO ~3 p~c. 1, ceMe~CTBo 3T~x Kp~e~x o6naAaeT 
BeCbMa np~Me4aTenbH~M CBO~CTBOM, a ~MeHHO, 3Ha4eH~e ~H

Terpana B o6nacT~ E Y - 300 -7- 400 K3B 04eHb cna6o 3aB~C~T oT 
3Hepr~~ 3neKTpOHOB B BeCbMa W~POKOM A~ana30He. 3TOT ~aKT 

Mo~eT 6~Tb nono~eH e ocHoey np~ onpeAeneH~~ 4~cna 3neKTpo

HOB. 

3KCnEPHMEHTAflbHA~ 4ACTb 

an~ 3KCnep~MeHTOB ~cnonb3yeTC~ OAHOKp~CTanbH~~ y-cneKT

poMeTp c Kp~cTannoM NaJ, KOTOPbl~ pa6oTaeT B C4eTHOM pe~~Me. 
~3Y HaXOA~TC~ 8 CB~Hl.IOBOM 3KpaHe Ha paCCTO~H~~ L = 80 CM 

OT op6~Tbl 3neKTPOHOB paA~yca R= 30 CM. 8XOAHOe OKHO 3aKpbiBa

eTC~ CB~Hl.IOBbiM~ KOnn~MaTopaM~, ~MeiOli\~M~ pa3Hbl~ TeneCHbl~ yron; 

1-bl~ Konn~MaTop Ha L= 80 CM ~MeeT none 3peH~~ 5 cM, 

2-o~ Konn~MaTop Ha L = 80 CM ~MeeT none 3peHJ.1~ 2 CM. 

reoMeTpl-1~ ycTaHOBK~ noKa3aHa Ha PI-1C. 2a. 

Ha p1o1c. 26 1-1 ~ npeACTasneHa 6noK-cxeMa J.13MepeHJ.1~. HM

nynbCbl C BbiXOAa cneKTPOMeTpa nOCTynaiOT Ha BXOA AJ.1CKPJ.1MJ.1Ha
TOpa 2A1, a 3aTeM- Ha C4eT4J.1K, KOTOp~~ MOmeT pa6oTaTb CO 

CTpo60M, BBOAJ.1MbiM An~ Taro, 4T06bl ~~KCJ.1pOBaTb MOMeHT J.13Me

peHJ.1~. 

,..L 

H.(!JI1<>1e 

_ .!_ 

t ..... 

6/ 

a/ 
f- MMmpOHHOe 1011>440 

~: c~'j7JrntuRmop 
II- JaUjuma uJ c&uH4a 

I•" I I.,.~ 
PM 

1
3all\O< I JI~PUM I 

B I H<!Pa,.. 1 cwmw~ 1 a/ 

P1-1C. 2. reoMeTpl-1~ J.1 6noK-cxeMa J.13MepeHJ.1~ TOpM03HOro J.13ny4eHJ.1~: 

a - reoMeTpl-1~ J.13MepeHJ.1~, 6 - epeMeHHa~ AJ.1arpaMMa, e - cxeMa 

J.13MepeH~~. 
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P1-1c. 3. Oct.~~nnorpaMMa TOpM03Horo J.13ny4eHJ.1~ 3neKTpoHoB Ha 

aTOMaX OCT aT04HOrO ra3a, T pa
3 

B = 50 MKC/ CM. 

Ha p1-1c. 3 npeACTasneHa OCl.IJ.1nnorpaMMa TOPM03Horo J.13ny4eH~~. 
1-13 KOTOPO~ BJ.1AHO, 4TO OTCyTCTBYIOT nOTepJ.1 3neKTPOHOB J.1 4TO 
J.1MnynbC~ TOpM03HOrO J.13ny4eHJ.1~ pacnpeAeneH~ CTaTJ.1CTJ.14eCKJ.1 
BO BpeMeHJ.1. 

MoMeHT J.13MepeHJ.1~, onpeAen~eMbl~ nonomeHJ.1eM cTpo6a, p1o1c. 26, 

Bbl6paH B MaKCJ.1MyMe non~ Q- 0~ CTyneHJ.1 cmaTJ.1~, 4T06bl KOnbl.IO 

HaXOAJ.1nOCb KaK MOmHO Aanbwe OT CTeHOK KaMepbl. 3Ha4eHJ.1e AnJ.1-

TenbHOCTJ.1 CTpo6a Bbl6paHO paBHbiM M = 500 MKC. an~ Ol.leHKI-1 

BKnaAa 8 TOpM03HOe J.13ny4eHJ.1e 3neKTpOHOB, pacce~HHbiX Ha 

aTOMaX OCTaT04HOro ra3a, J.13ny4eHJ.1~ 3neKTpOHOB, nonaBWJ.1X Ha 
CTeHKJ.1 KaMepbl, 6blnO J.13MepeHO 4J.1CnO y -KBaHTOB npl-1 J.1Cnonb-

30BaHJ.1J.1 KonnJ.1MaTopa c noneM 3peHJ.1~ 2 cM. H3MepeHJ.1~ npoBOAJ.1-
nJ.1cb ABamAbl: a/ ~3Y HaXOAJ.1nC~ 8 MeAJ.1aHHO~ nnOCKOCTJ.1 J.1 C4eT 

6b!n o6ycnosneH TOpM03HbiM J.13ny4eHJ.1eM Ha OCTaT04HOM ra3e; 

6/ ~3Y 6bln CABJ.1HYT Ha 5 CM K CTeHKe KaMepbl /B 3TOM cny4ae 
B Hero nonaAaeT J.13ny4eHJ.1e 3neKTpOHOB CO CTeHKJ.1/. 0THOWeHJ.1e 

J.1HTeHCJ.1BHOCTJ.1 J.13ny4eH~~ 3neKTpOHOB KOnbt.~a K J.13ny4eHJ.110 3neKT-

POHOB, nonaBWJ.1X Ha CTeHKI-1, COCTaBn~eT 

JocT. ra3a 3 

Jc·reHK11 1 
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TaKHM o6pa30M, BKnaA B o6~HH ypoeeHb TOPM03HOrO H3ny4eHHR 
3neKTpOHOB CO CTeHKH KaMep~ /npH ycnOBHH, 4TO CTeHKa Haxo
AHTCR B o6naCTH 11 BHAHMOCTH 11 <1>3Y/ paeeH 30%. 8 HaWHX on~TaX 
paCCTORHHe OT Hee AO MeAHaHHOH nnOCKOCTH COCTaBnReT 6 CM, 
a none 3peHHR KOnnHMaTOpOB - 2 H 5 CM COOTBeTCTBeHHO, T.e. 
H3ny4eHHR 3neKTpOHOB CO CTeHKH KaMep~ Mbl 11 He BHAHM11

• 

6~n H3MepeH HHTerpanbH~H cneKTp TOpM03HOrO H3ny4eHHR KaK 
<I>YHK~HR HH~Hero nopora AHCKpHMHHa~HH Nk IAHCKPHMHHaTop 6~n 
npoKanHfipoeaH no 1'1CT04HHKaM y -H3ny4eHHR B 3HepreTH4eCKHX 
eAHHH~ax- K3B/. Ha pHc. 4 npHBeAeHa 3Ta 3aBHCHMOCTb. Cpae
HeHHe 3KCnepHMeHTanbH~X 3Ha4eHHH C TeopeTH4eCKHMH, nony4eH
H~MH AnR 3HeprHH 3neKTPOHOB E e = 1 , 5 M3B, noKa3~eaeT xopowee 
cornacHe /pHc. 5/. MHTeHCHBHOCTb TOPM03Horo H3ny4eHHR 3aBH
CHT OT AaBneHHR OCTaT04HOrO ra3a B KaMepe. Ha PHC. 6 npeA
CTaBneHa 3Ta <I>YHK~HR. 

NJO. 
UHM':f'' 

4!10 

350 

!lJIJ 

2511 

200 

150 

ffJO 

90 

0 70 ''" 210 

o-!JitCn p-mltl 
CHRI1»//e npu 
P~ uo·' 

N-<~UCAO r "laNmol ,a UH~AbC 

280 350 VIO £//K3B/ 

PHC. 4. 3aBHCHMOCTb 4HCna y -KBaHTOB OT HH~Hero nopora 
AHCKpHMHHa~HH E 1 · 

8 

• 

5 

t 
q 

.......... , 
3 

-....., •- $Haw- ~(ErEo)npu Eo = 1 , 5 M3 B 
'-.......... t 4 -».cnttpu-Hm "'"'''"' npu P·c·' 

.............. 
.... ...._.... f --------l--~ 

t; , , , , o o o • t;/K'38/ j$ CJO f2S ISO m 2tJO 2?.5 25D 215 SliD . 

P111c. 5. CpaeHeHHe 3KcnepHMeHTanbH~x 111 TeopeTH4eCKHX 3Ha4eHHH 
AnR HHTerpana OT ~(Ey,E 0 ,8) B 3aBHCHMOCTH OT HH~Hero nopora 
AHCKpHMHHa~HH E 1 . 

360 

320 

280 

2'/0 

too 

f60 

f20 

80 

1/o 

Nr 

f/ 
// 

)'/r/ 

2 .3 'I 5 ·(0-8 
...-----.----.--- p /Top I 

f01 

PHC. 6. 3aBHCHMOCTb HHTeHCHBHOCTH TOpM03HOrO H3ny4eHHR OT 
AaeneHHR ocTaT04Horo ra3a. 
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HCXOAR HS cneKTpa OCTaT04HOrO [aSa B KaMepe aAresaTopa 
HaMH 6~n OnpeAeneH cpeAHHH SaPRA Z aTOMOB OCTaT04HOrO rasa, 
KOTOp~H OKasancR paBH~M 12. 

TaKHM o6pasoM, MOlKHO CAenaTb cneAYIOUIHe B~BOAbl: 

1. BKnaA <)JoHOBbiX 3<)J<)JeKTOB B TOPMOSHoe Hsny4eHHe 3neKTpo
HOB, pacCeRHbiX Ha aTOMaX OCTaT04HOrO rasa, MO>KHO CBeCTH 
K MHHHMYMY HaAne>KalliHM Bbi60pOM KonnHMaTopa. 

2. HsMepeHHOe sHa4eHHe NY B saBHCHMOCTH OT HH>KHero nopora 
AHCKPHMHHa~HH XOPOWO cornacyeTCR C pac4eTH~M, 4TO nOSBOnReT 
npeAnOnO>KHTb OTCyTCTBHe BKnaAa B TOpMOSHOe HSny4eHHe pac
CeRHHOrO Y -Hsny4eHHR ManbiX 3HeprHH. 

3. HHTeHCHBHOCTb TopMosHoro Hsny4eHHR nHHeHHO saBHCHT OT 
AaBneHHR ocTaTo4Horo rasa. 

Bee Bb1Wenepe4HcneHH~e BbiBOAbl CBHAeTenbCTBYIOT 0 BOSMO!KHOCTH 
onpeAeneHHR 4HCna 3neKTPOHOB B KOnb~e nyTeM HSMepeHHR HHTeH
CHBHOCTH TOpMOSHOrO HSny4eHHR. 

B saKnl04eHHe aBTOPbl Bblpa>KaiOT 6naroAapHOCTb B.H.l.(os6yHy 
sa KOHCynbTa~HIO, 3.A.nepenbWTeHHY H ero COTPYAHHKaM sa 
o6cy>KAeHHe pesynbTaToB, A.n.CyM6aesy sa noMOlllb B pa6oTe. 
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PyKonHCb nocTynHna B HSAaTenbcKHH OTAen 
8 asrycTa 1979 roAa. 


