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1. INTRODUCTION 

·one of the mosi effective methods 6f.the electr~·n ring ooserving iri the ERA 
compressor without its· destruction. is this one with the ·use of synchrotron 
radiation (SR) of electrons. In this paper, the results of inf~ared synchrotron;. · 
radiation using (Ll A.~ 0.3+45 J.Lkm) for the diagnostics or:the compre~sed in the 

·.ERA electron ring of charged ·particles are given. · 
. /' ' . -~· . 

--'2. PARAMETERS OF THE ELECTRON RING/· 
~ '-~ 

Taking into account the parameters of the colle~tive accelerator, the spectrum 
of eleCtrons in the ERA compressor for the most part:is in the infrared region (IR) 
of.optic~il spectra L1 A.~ 1-100 Jlm and' A.·.> 1 J.Lm (Fig.1); That is why the 

. . . ' . ' . . . ' ' :._ I,"! ·. ~ . . .. :.- : 
·methods and diagnostic systems by·SR were based on the best apparatus of IR. 
technique (optical materials, radiation detectors). · · . . 

.. There were elaborated some methods of measuring the following parameters 
and charged-parti~le electron ring characteristics on the last phase of its com
pression in the ERA compressor (equilibrium radius - 6-:-3 em): 

- -electrons number in thering ~ Ne; . . . . .. 
. ~.equilibrium ragius R. and small c'ross-section dimensions a71 ' aR.; 

··~ R(t) -tiaJectoriesanddynamics of compression;. . .· . 
_::_ angle divergence of electrons- SR in the· ring. 

3. METHODS 

Basing on th~se methods there were elaborated measureinerit systems for the 
diagnostics' of current and geometrical ring parameters [1,2]. . . 

3.1. Number ofElectrons. The electron number measurement method is based' 
·. on the -direct depende~ce of SR·intensity on. the electrons nu!!lber and the SR 

registration Is made in the spectral region A.> · A. , when the radiation intensity is . ' . ·. ' . c _. .,. 

.independent of the. electron energy[3]. There are two variants of SR intensity. 
measurement: the approximate one [4] when the radiation is measured, only in the 
median plane by the detector, and the more precise one [5] when the detectors 
system controls the solid· angle, where the most part of the SR is .concentrated. 
The first method~is good by simplicity ofthe apparatus and bad by the' absence of. - . . . -.. 
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,. Fig. I.· Spectral distributions of tlJi· synchrotron radiation from ERA electron 
' ring and radiation region used f?r diagnostics · -. · 
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operative, for every accelerator • pulse,·~ information· about the SR angular 
distribution. · . 

3.2; Geo~etric Charact~ristics. ·. The ring geometric parameters· method 

!
'. · , consists of th. e foll.ow. ing.: the image. of sm·a·I.I.ri.ng coag .. ulate c.ross-secti.on, being, 

. 1 in the field of view .of 2m IR optical channel [6], is (ocus"ed on the sensitive 
] surface of the detector with linear elements displacing and is registrated ·by the· 
,11 ·· channel. ' · · · · · . . . . . 
·.JI . 3.3. Angular Divergence.··· Th~ import~nt . element in the ··electron-ring 

. diagnostics in the compressor is the angular-divergence of SR in the direction 
r. . perpendicular to the median ring plane. Its measurement permits not only to 
1 determine the SR intensity with a high accuracy, but alsogiv~s the information 
j iibout .the electron energy and· the SR ·angular distribution (axial betatron 

oscillation). The base of the method is the· registratiqn. of SR arthe .outpu_t of _the 
-chamber with the help of the multielement IR detector, which length overlaps the 
m~st cif SR flow in the direction perpendicular to the plane of particle direction. 
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:~/""E~PERIMENTAL APPARATUS AND RESULTS 

. 4: L Instrumeni~ .. The election-ring diagnostics process in dudes ·thefollowing 
ope~ations: the. SR taking out. from the vacuum chamber through special- high
vacuum window [7], for the SRwave length~ A A.~ J:.:-8 11m; SR 'transport with . 
minimal losses with the help of. 2,meter optical track and its transferring. to the 
detector; multiple for one acc~leration cycle registration of the radiation by the 
detecting blocks_: measurement transformer of SR intensityto the electric signal; 

- · isolation of useful sign~! on th(! · background ··of . pulse 1 electromagnetic . 
interferencies 'ofthe amplifier, · 
it~ ·amplifying" and 'transport to 

; the electron. registration b"Iocks 
and , information storage; .. 
measument results pro_cessing 
and the results receiving .. 
· The scheme e~plaining the 

. geometr)' of· :. SR and· its 
. registration is given in' Fig.2 

\ . -
(see also Fig.3). . 

T~e ring· diagnostics in the 
compressor was . ' made 
"simultan~ously . by - a few . 
detectors. The. compressor· 
blQck scheme and diagnostic 
systems ~re given in Fig.3: 1.
vacuum .. cnamber. electron ring 

'•. 

X 

\ . , . . , 
Fig.2: Geometry of synchrotron radiation and its registration 
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- ' Fig.3. Block-.scheme of diagnostic systems 

compressor; 2 :-electron (electron-i~n) ring; 3-:- SR; 4 ..:..:_ ~indow; 5.- optical 
track; 6 - detector for ihe ring geometrical parameters measurement; 7 ,8, 11. _::._ 
amplifiers; 8 ....,--:. one~elemerit IRdetect6r in the.medianplane ofthe ring coag~late; 
10 - multielement IR detector wJth preamplifiers block; measuring the angular 
diverg-ence of IR;-12 -control source (light-diode AL 107 b); 13 .:...._ block oC 
electronics and computer. . . - . 

4.2.Measuring theNumber of Elect~ons:The electrons number in the Ne ring 
can be. calculated if one~~lectron SR power w1 is kno~n and SR total power W: 

N _.w e-;-
1 

-· 

(1) . 

is measured. Thetotal SRpower,can be determined if we know: the coefficient of 
SR flow -uslng, from ·n-geometriCai ·factor determined by solid angle of. SR 
detector; the, coeffiCient of spectral passing T(A.) of infervaf ~nvironment (window, 
filters, optics) and thi'SR polarization )Jroperties; relative ~pectral characteristic 
E(A) of the receiver.. ' . . . . ' . ' . ·· 

In general case the signal on the·r~diatio~ receiver can~e' thefollowing: .. · 
-. 

- ' 00 . ~ . 

. u5R=NeS ri J wl(A.) E(A.) 1:(X)d A.; ·. (2) 
0 

where Sis the calibration c~~stant of the receiver (V /W) measured with the help 
of the known methods [8] at the tungsten source. > . . . .. 

The synchrotron radiation intensity registration is made in the median plane 
of the electron-ring · one-dement infrared'-~ detectors: silicon._· photodiode 
(0.3+1.1 J.lm), selenid pl~mbum photoresistor. (0.7+4.6 .J.lm), · InSb-photoresistoi 
(0.7+7 flm, 77K), GeAu-photoresistor ·(1.8+8.6 J.lm; 77K) · LiNb0

3
-piroeJectric 

(I +45 J.lm). · ::.. . -
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Fig.4. Signal correlation UsR and U1 .. . : .. · \· . . . ' . -

To verify the. linear· dependencies be~ 
tween intensity of' registered SR_' and . the 
number of. electrons in the' ring, there was 
examined the·. c~rrelation of th~ receiver, 
registering the SR signals in different spectal 
regions (silicon photodiode SP, · selened 
plumbum·· photoresistor· PR), · · and · oL~the' 

.·detector, registering y-radiation created when· 
·the · electrons· resat on the ·wall · oC the 

'30 
. 4N 

d~t 
20 

'10 

chamber at the end of the accelerator cycly, - 0 1-....;..~~~--.L.-:-,,-L-~-
the. intensity . of b~~king· ~adiati~n WaS__ . f 2 ·• J II~• IOU 5 

proportional to the electronnum?er.. · - Fig.5. Elections number "in the ERA 
The made investigations have shown the compressor 

SR receiver ·· and detector signal linear 
correlation USR and y-quanta U . The investigation results are shown in Fig.4. The 

·. y . . . . ' . 
electri:ms number measurement results during one of KUTI-20 experiments are . .. . :. . . . \ . . 
gtven m Ftg.5. . · ·. . . .. . · . 

· 4.3. Equilibrium· Radius ·and Small Cross-Section; Ring geometrical. 
parameters in the compre~sor were measured by two detecting systems. ·At the 
prototype. of collective accelerator (PKUTI) the measurements were made i!_y the 
system .with 50-elemenrphotoregister made of photoresistors InSb [9] cooled by 
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Fig.6. R(t)~trajectory 
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Fig.7. Cross-section of the 
electron ring 
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the liquid nitrogen. At the KUTI-20, the system with .1 0-eiement detector made of 
plumbum selenid [10] wa~ used. Both of them are one-coordinate systems which 
permit one to measure the small cross-section dimension. of the ring, paralielly to,· 
the median ring plane (aR), or perpendicularly (a2) .. Sys:ems operating is 

illustrated in Figs.6 and 7. In Fig.6 the ring.R(t) trajectory measured for one:ofthe 
acceleration regimes is shown. In· Fig.7. the instant dimension of small cross...:-
section of the ring is given. · ' . · •. · · ·.· · · · · . ~ · . · 

.. 4.4 Results 'o! f.1easuring the- Anguhzr Divergence .of 'Synchrotron Radiation. j 

Angular SR distribution • measurement for 'one-element deteCtor meter of electrons' .. 
number was made simultaneously by two pliotoi-~ceiver: the silic~n orie, moving 
· ; . · · - ··· . perpend.icul~rly to the orbit surface and 

USR' mV I • the ~ulse. one oi'PbSe, placed at'a zero 
angle-to the orbit phine. The angularSR 
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·· ·distribution for ~·large. interval. of w~ve-:
le~gths. (Ll A.~ i J.lm) was cakulated by 
the average multi~pulses value [ 11]. ' . 

The onecchann~l 'system measure
ment of angular divergence of synchrot
ron. radiation is illustrates in Fig:8. 

·The . multi-channel· : system for · 
·measuring ·. the synchrotron radi~tiqn 
po_wer:and· the...:angular distributi_on on 

20 40 60 
.· compress-or is described. in Ref.[5]. The 

. . e. rnr~d,. . system allows one to register radiation in 

Fl.g8 ·Ang 1 h tr ·~ .. ·d·.··. d .. · 'b .· 0.7+4.6 J.lrri ;pectral region in ten ti~ .. e-· . . u ar sync ro on ra tatwn tstn ut-. -. · • . · 
ion measuretiJent resultS .for one~element IR de: . moments during .1 ms, ~hen the electron 
tector -- · ' · . ring comp~ess~s from _5.~ to 3.8 cin 

• -·· 

radius: The detector con
sists of 3o uncooled photo-.' 
resistors ·made of · PbSe,_ 
0.2x4 mm in size, with 
120 mm lorig linear ar-

, rangement.of elements. 
The· multichannel·sy

. · stem measurement· of an~ 
gular diverg~nce of SR is 
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-illustrated in Pig~9. There Fig.9. Angular distribution, measured in one of 10 moments of ring 
is shown .the instant value' compression . . . .• -

of the SR angular distri-· 
. bution, measured in one. of 10 moments of ri~g compression. The vertical _axis 
. gives us the amplitudes of signals._from every detector element; the horizontal

the ele~ent number ( the iine st~p-- 4 mm) and the arigle relatively to the mediari 
ring plane~ The system permits one to obse~ve the compression dynamics .at 
energy accelerating cycle. Semi-widthness of the distribution is 'determined by the 
energy of electrons in the ring and their betatron oscilh"ltions. 

. ~- • . r ~ , 

5. CONCLUSION> 

Methods for measuringcurrent:'and geometric parameters and for estimating 
. ring energyjJarameters 'in c~mpressor-ring using synchrotron radiation of visi-ble 
, and. infrared range (Ll A.= 0;~+45 J.lm)are presented as well as information about 

.. measuring system .created: on its, base. Spectrum of synchronous radiation is 

. mainly in infrared r~nge (wave length range. is "> 1+100 J.lm). Elements· of 
infrared optics are used - high vacuum window .made of MgF2 (analoge' 
IRTRAN-1).and 2m mirror optical channel. Radiation is registered by cooled and· 

- operating at room temperature iii.frareci' detectors prepared from Si, PbSe, InSb, 
deAu, LiNb0

3
. Results of measurin~ the number- of electrons in a ring, 

equilibrium radius and· pimensions· of small cross-section of.. ring· bunch, angular, 
divergence of synchrotronous radiation, relatively to ring medjan pla11e, are 
pr~sented. · .i 
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MaJihUeB A~A:, MaJihUeB M.A._ 
MeTO.Llhi H CHCTeMhi HHQJpaKpacuoii CHIIxpoTpOHHoii 
,llHar1IOCTHKH ::meKTpOHHhiX ny4KOB 

)lJI51 ::meKTpOIIHOro KOJihUeBOfO ycKOpHTeJI51 O,llHHM H3 31 
Ha6mo,neHH51 ny4Ka 3ap51)KeHHhiX 4aCTHU 6e3 ero pa3pywe 
OCHOBaHHh_IH Ha HCnOJih30BaHHH CHHXpOTpOHHOfO H3JIY4' 
pa6oTe npe.nCTaBJieHhl pe3yJihTaThl npHMeHeHH51. CHHXpO 
HJ!QJpaKpacHoro .nt1ana3oua (A 5 I MKM) M51 .nHamocmKl 

-4aCTHU. 

Pa6oTa Bhmonueua B Jia6opaTopHH BhtCOKHX 3Hepmi-i ( 

npenpHHT 06bei1HHeHIIOfO HHCTHTyra -llllep_HhiX IICc,qellOBaHill 

~ . 

Mal'tsev A.A., Mal'tsev M.A. 
Methods and Systems for Diagnostics of Electron, Beams 
by. Synchrotron _Infrared Radiatro.n 

The method using· a· synchrotron radiation of electron: 
effective for the ring beam observing in t~~ ERA without 

results are p.resent of the infrar!!d (A.> I 11m) synchrotron n 
diagnostics· of the compressed in the ERA ring beam of ch~ 

The investigation has been. performed at the Laboratm 
JINR. 
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