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Abc,tr-act 
Thz methud of thD di~ti’ f,vtnr t ,tc’r ei\sc- c f 

t IIF e::tracteri beams ~ whi 1 e l-eeping the 

=3ve?r-age ‘. I I r r P,l t value lrlvar iable, 15 
presented. 

!I? r ere-lt year-5 producing 1” tenc,e and 

rl 1 mr)‘: t curt t lnualc, GeV energlec, elrw t rcn beams 

fur f<vndamen tal rn.:es tigat 1 nnc, Cl f c 1 er: t r-on 
a (1 d photon inter rlc Llnns wi t.tl hadr-nrls and 

,ii.!C 1 -? i ;a t t tie rl i 9 ‘.ar 1c es 1 C5’, tr1art nne 
frt-in) [ 11, tin5 hr~comt~ iritpor t,vlf . 

Itie t~w,er<~t~nn of siuch lx=am:; 1-s real izd 
rr<1rr,1 y bj twc met hcds. The fll r,t met.hod z.5 

r 2.7 t J r,n n f t he mu1 kiple -sta;lt= a racetr-ac:b 
ICI:< rottons, of SERAF (USA) ot- !-iAMI (FRG) type 

:tt1d the ser_ilnd one is creation of the 

str-PtI-:tleri rf electron beams, pre acceler-ated 

PI thet- in 1 inacs (srtch as fiF---7000, USSR) or 

iri f-lie 6’1 rc: t r-I.ll1 synrrhr-c t r ai, (EL SA, Bonn I 

[ L--7]. 

nnc-1t:,rt=, rethod of the duty fat. tar- increase 

1 5 5 u q g es t Ed in tt,1s paper, wtlich 9eemc3 to be 

mnt-z ec”nom LI.: f may become more optimal and 

rmr c rnmpet.i tlor\ able. This method inc: ludes 
r~c-r3r-astr-t~1 tion of the worming electron 

‘s/fir hs ot, on<: t i? qet the d~-rrPas@ of I tw 

-Ittr *t ir,rt uf ‘IccEltlr JI LO” per-l.odr, and tCIe 
rr2agneti.c f.iFldr; fall ln the synchrotrons fur 

Incr-easirlg dur at ian mf the heam e:: trac t ion, 

kdt’1 I P I,eepir’g ~nvar Iable the ai/er-age value of 
’ t>e c,ynrhr-utr-url’zj 1nten51t,,. 

I.Ir,~~ally tlcct~c,r: synchrotr-r:,nE; operate a? 
TV-$‘: Hz repeti tinrl rate of acr:-e1erattnr\ 
,-‘“r Ip=;. s,:t 117 rtl7,~ r,f rzreatlrry a flat. top 111 

f h E rnagrret 1 c f 1-14 for e:~tractl”n of a 

mctrlochromntlrr ~v;c~rg~ beam t. he equivalent 

repetition ratt= f 
E 

of the acceleration cycles 

r CI r~Tjpnl~r!lrir.j l,,, drv r-~a-ies and 1 t leads to the 

rdert-case c>T the crtr-vent average value of the 

ac. r el rZr.AtPri nr e:: trac ted beam ( Iabf . 

CI-ltls~~ql tvr, f I 1 , fur holding Iab ValLLe 

i r: ‘V .\ t 1 ‘3 t! 1 (1 , :t 1G r,eCeEsar y f C) keep the 
total time lnvarrable too, X( Tf + Ta + Tft). 

.Tt,or; for 1”~ r easing the flat tnp riur aliorr Tft 

it 15 tIEr-esS~ry t.t-J use all the pac,sJ.bil 1 t-ifs 
f,,r :ic=, r r~,i’%it>cj t’lc? iLlIn of 1 r, t r-r “I1 1 c> Cl f t hr= 

<I, c (-ulcer at1011 t ImE 1 and thr nlagilr~t i, field 
a 

-, -- I 
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Fb. 1. 

fall time 
Tf 

(f1g.la) to the min i met 1 

xceptable values and on 4Lcwku t (1 f t’lls 

decrease Only to p!-ovide cnr I Pspr,ndlng 
Increase of t.!w flat top duration. Thdfc is 

the essence of the third method nf gener-atrng 

a 1 ml-15 t crortt ir,uocls beams lI1 thr 4(7--cI~11 1 eci 

sufx?r cycle c,.yllrrhrotron-stretr-hPr. 
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Fiq’lre lb shows duty factclr AS a fttrrr t :[,I, 
31f the -,.,tlc~e of the tntcl1 dur at,ut, I’f t I Ii‘ 

;rcceleratlot> per-lad and field fall (Td +Tf j or 

I I 

of t-he pulse frequency of the clectrumagnet 
windzngr; pnwer- and thr flat top tfl~ra:~rv, (T , 

It 
whpr-c duty factor determined by the re1,3timl 

df : TfL __.. -.- _-.-_._ -.- 
1. +T +T 

-Ir)n % 

a f ft 

charac terr:es t. he value of the tlP -a:,, 

“macroscopic crmti.nui ty” (withortt btu>a-tllrlg). 
As the basic point of the super rycl* 

sync7hrntrnn--str-~tc.her is to kwp I 
d !I 

c 0 II !i t: a I 1 f , t.het1 duty far tor value at so PT 
frequency is considered to be equal to 0 (f iq 

lb! > because the flat top of any dolt a’ ion it 

t.hic, frequency , formed at the magrletic field 

sinusoid maximum, decreases I 
ab 

at nrlzr. 111 

figutme 2 the curves of lab decrease and Tf t 

irlc rs=ii‘Trp fllr ,m trlvvjr,q tliqh vnlue5 Pqt”a 1 5 r-1 

Hz. ar e shrwn fr3r r-ompar i son. 
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If. 1. ~~t*vtt f rem f iyure 
f r eq\.rc tL!i”=: c 2 

ttw 
:: i’ t : ,11;\ 1 %aIL,PT of ff 71. fal P 

, ili:r?; t/1 ! tlz r anyc! OF 15O-ZEi’> f-12 at whir11 
du!i’ far-ff,r- ~111 be in 70.-80 ?. limltr,. It 1s 
p-u~.,i~d t”lat tt,eJr, df .~alues are suitable for- 
za,, ‘r’m”j 0 u t: the- wide r-anqe of t.tvc 
‘!.irld:lr:ler’ t 3: e::pr~,-1mr~ntn a5 wrzl! ai for m3l illy 
3 t;r r E’s 11 zal 1011 cf t he synchrotr-cxn 

r c:rr-espuudlny oper.~t.ic~rr noticeably easy. 

17 ~7 5 i 4 v c, . I I ‘iEl?l,lZ t I3 ht. ‘!::~l”tlJE?IIt. at. f*rs! 
‘7 get 0 cp9rimental frzqucrlr-y :~IC-TDJ~~ up to 
7 r. in!- 19~~’ t-l.- with cnrr-espnr~d iny deer-ease II f 
the end ar~elerat~on energy to 4.5Z.9 GeV at 

+ hr_ \‘cre..,an synrhr-otr-on _ w 1 t. k t-hat it 15 
~;~37nible to ~ncr-~ase df up to 23 -50 :/.. ~LT, 15 

5fr:‘t~ j.r flgut-e lb. fJbCalnlng ectr.Il synr:hrot.t-on 
qp’er-at Low 1.5 not diffi.nult, .-15 jr\ t.hlc, case. 
1;P’l. I+ 15 pc-175i t:le to use the e:c, 5t.1ny 
“lr:t- tr r!tn igrlet cc~nrl~nyc, and RF system WL thocr t 
,1,,y ! tL3llqe?, set and , the arrtl~eved injectlor 
r-rteryy 7’5 rlev ~~11 bc PnclPlyh f17r gettirtg 
-‘I r Flr~ratlLJ11 I’:1 i.11 ?rn‘\l 1 1 I,, f EI‘3L.C 0 f t.t1e 

“I 3 I., I 1 e t 1 c. f ielrl ctynf3rnlc.r disturbances and 
1 Llrt ent.s of t hv Flectromagnet capac;ty 
teal aryes, third. tha! necessary changes in the 

c-1 e.7 t r-omagnet ~‘“wer system for get trng 
3’ rrelr*t-atlQrl 3re very ir\sLgrllficant, as 
I hallyes are reqiil red 011 ly to the capacl. tar 
b3rlki zonnrxtions of the resrlrlance c ircult. 
In fCltu1-e. a t. inr.rear;ing tile flat top 

dtkra t ion C’ P to 1n--13 msec and nther 
favor-able condo tions f beam damping) sur: h 

c,ynchrctr-or1 riper--atiorr can tx used for a long 
time 1111 mal 1ng new block wlndings i.,r 

r-r-r;lIir,n a “PW magnet.xc system with Eieparate 
furls tj oni5 for further increase of 

ff 

‘r~eq”E’“’ y.l.r! ‘5 ionslder the essentj.al 
terhrtrcaI III f f LC rrltirte, whi!rh ma)/ appear- with 
f II r 1: her LIICI. ease uf the e1ertromagnet pCNet- 
pulse frequency in the 1X-?SO Hz range. 

T~IF-’ 1f3 i 1 r,bz!.;lc 1 e whi le 50 I v,.ng t.hls 
probIe:n I!J t’louq~lt a <I bc’ tflv increase of 

macjnetic field dyvamlrr dic,tur bances jn tlw 
i:~~~~ct~or~ field, e:<r:ltfzd ora tile surface5 of 

f t-tt, clec+:romagneC poles and or, the metal cuat 
:.I f the V‘3CCICII” rhambcr, as well as the 

iI,,, CASP uf 1-llP capacrty parasitic currents 

1 C=akages, . T5C.2 latter seems to be more 

r,=,r;@ll t 1 il I f 01. t he Ycr evan synchr-otr OR, a5 
cnbl “‘y u f the pc7wcr syYt.cvll ther-c ic, 
cori?idcrr?d :lot to ke gond and, i n additlol-1, 

cur rnrit capscity leakayes ma::~mfm is wl thlll 

t!v inJer:tion fields region. n t the same 
t~rne the ma:,imum of the dynamic disturbances 
1s j.n the a’.‘erage fi.elds ar-ea and it lool:~ 
pr-nmiring, ilnce to elirn~nate t.helr infltlcnre 
: ‘> mr,, (’ 111 fflLLl1 t t Ikarl to r educe c apac i 1 y 
I r-al-ages ~ w!Gc h can be el irnrrtated by a 

t-eplar-rmF~nt. of ttv? c abler; IJY buses and LI, 

$:$ it t ing c apac- i tar tlarll~r> 11e.11 cr the tkLyrtt?t 

b! ur-l 5. tiowc?;~er . methods of rtlr-rection of t.he 

t-li,;t:.~r barIces r;rused by the I apat: i ty Currier, t 

I~<-11 ;ly(us arc vwl 1 develnped. wh~ctr Call’t be 
it1 Ed r313nt~ t ci~jnamic: ;l~*it-nrtinri r-ar-ret t iarl. 

10 t II;.!; r-.vllrjtx t LOZI i t 15 “ecI-c?ssdr-y t13 
I’, r y oat e’:per imental researches of cJynam~c 

d 1 c; t.lur hnnres in the injec-tion f :.clds wi ttl 

II: r (I 3c,e 13 f the el ectr---lm,cynf? t. pCJW2 r 
fl wlrrrinc y . I t may be real i :Pd at Yercvar1 

W1.f.S L :I ; IfIst ttrte by r-re.tt irly a magnetic 
m1-‘&3’,1!1 elne” t starld, consisting of spare 
b-3~ l:pcs of Plect~romaynet with cable w i r-14 2 n y 
six! r:r 1 t1>r i:.lr.rr power- SOUrCP “l, tll crmntr-oiled 

f I Pc(llF?“lj’ LII th- 5fl--SC’0 Hz rs,‘ge. 

M“rynt” t a:t,,qt arrtcristic reseat-rhes may bo 

dnrt? by means nf the p~rmalln-, pr-r;t1e.; 1’81 !‘1 wt 
a-tdrl i t innal ~OWFT 5~1pr~l ‘f . It 1.1 3lff II :<‘!I’ t ii 
carry out the nK?as,.tr-emc’,,ts c;,, t hF m,l~J’:t-1 i < 
flc,ld di f fer vr, t 1 PV/F 15 h), tile t cl‘-‘. I‘.r 
me t.llnd , wh irr h c 311 bc nllii, or ~rf bb erI’LI.f.t cl:” 7:Jr:(l!. 

pnwer cnn!>tall+ ro”~pnrl~,l t rll”,IcJ, ng. 

rhc* dr[,t?rldw\~-e (,f t tit* m,+gr~r! t nt;i I l.>r;r,<l,; 
c,, the power frequency I. 5 WPI 1 nhcycd *. 1 : 
empirical e:,pression P = R (1.; t 1 .h) ~ 
nssl!r~;t~y. dynamic rrrlrr-erl!s cflm(:~.t c>trcy t-r 1 , 
e’:p-assiot~ and mea’jj.,red values 1:f t llC 
ncv11 ~near cl~stmt tj on5 caused irl eltx tr cunaqr:r ? 

ga/,‘i hy etlrly Cllrr PIlt.5 equ;l 1 ‘?. 01% ?‘Z 1 
ba~sjsL61. it is poc,sjhle to r,huw tl.al I”1 1 !: 
the power- frequency increase by 3 fact7r L: f 7 

these distor-tinns Will nut e::ceed ?. 1 .-:: , 

whlrh is. less than allnwed vall!es and 5’2 it 
j 5 qu3 t P ircrrpt<7blr’. 

No inc,u~)et..able diff.ir~llt~ns nr~ Ilmit.~ <CL;- 
r-pal irat.ior, of tile cnrr-espn,Iding c: flilllqEs : (1 
tire synchrotr-,,I1 maynr-rt power wI/lply ‘:.)’ ; t-T,-, 

rll E‘ see,1 ‘y c t , inrllrding t-1 IC? I I.7 I 1’1Vi 
cli itr~l~r.itirall irl t tw vrir~il+ny c-rn5s 5erC~ixl .xrbc 
pnrwr e:<pend 1 t I :r cs wj t h arcol.lIl t of I Ev,‘lllg 
dut.y CYC ll? invar-iable. al thnl’ytl to--%tiral 
di f f icul f.ie5 may C)CC.III . 

Howevet Lie hope th3t choir:e of t tlv CI(‘ t r.rn 11 

c,cheme wj.11 he I-eal iced in the rl~ai fl~tlrrr, 
Y~TKF t-!n-I-P ark r~ lot nf vat-iroris 5c h’~!W ; I l,i 
t.tle flol top gw1etatiun 10 the rnaqrle’~z: TlcId 
II I 1 I !:era ttfr-e wrtJ . be<5 ides, &he spos7 1.3 1 ist5 

r,f Yet evan FllysICS 1r:st.i t tltc t‘la\‘F) a blCJ 
e:cpor ierre in this; area. The final 5elec tinn 
<If t.llca scl~ernr~ may br? durlc aft s?r f i Ilrj i 79 1 tit- 
ma:: rmum vol taqe va11.1~ in the mai: tJlO( !. 

w.indj.ngs, whit h depends on t. he f ) 116: C’ f 
icmlation. It is suppo~eJ to c hLli J’i,? 

pr62 li mj uar y vu1 Cage U riot more ?~l.?il 1 s I ‘.‘. 
tna ‘C 

Mot t probable, capac j. tor- barrr c IJJ 11 br 

installed un the high-vol Cage cabI? and 
parasl tic cut.rwi t 1 eal ages. 

Wi 11-l ~nr.rva~iinq fr etq,,enCy ‘5,’ ?,) ..i!’ I I;‘ 

cJt flc?t- tectmjc:al dj f flclll C~PCS ‘5 P t= m fo I:r 

OVPI-CQ~E. Thtkc,. the estimatinrl m Ylde f*:, fir- 

syr; t Em S~lOWS t he f 01 I ow1 ng . 

Synchrott-OrI mayflF-~t.lrr f 1el,l llc4irqt.~, 

according tn the law 

tl 
t, (t) 7 +Y (I Lo5 t) -- t-i 

m 3:: 
sir:’ ‘1’,‘I 

,. 

wher-e ,.. 1 -y ffT q 

r -- 1s tt1c per rod 0 f n.,yrjc?t I’ 

field intell ty Irllmg 1 r,g 

wrt!lout f 1at tcJp. 

IJlifer c~flf.ji~l ukcj (‘:‘I IJI t tI F ‘1 ‘I, I 14, 1 ) I 

we shal 1 define energy gain 011 a \ilrn li i t ~,tlt~t 
t,lL .ing unto account thP synrhr?tr or) r 3. I:,%+ : 1:i 

1 “i’;&‘r. 
w T E ( GeV ) 

2 li 
s1,i .-i- t 

where 1 :Ti tt1r- duraf1<,,, vf <.I,:” tlrtl.. 

ftlc? IIeC,?‘i’,dr ;’ total ac:cPlcr-atlQrI r3+e W.LCl! 

sync hrotron radiation losses - CL E 
r ?I d 

whir. h 

mrrxt. he pr-~,v~ded by RF system 011, the tut n, 

will be defined from the expressiml: 
nT E 

EH3 .511Q h4 ______ -- ..__... E 
gz.:I(ml 

c ln .“:.!.. _ 
ma:: 7 

It 1s suitable to express A c. 1 I1 1 hr 
nt-c 

fr-ac.lJur,s Clf the I llOWll h Lrad ~Vc71CIP. krfllr II 
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must be provided by the existing RF sys tern 

WJ t,, 5t.r Hz frequency rn the Ema;<= 6 tieV level. 

1. E' . al- the magr:etir field sinusoid ma:: lrnclrn 

or on the part of the flat top, when there is 
no cr1eryy gal" and there fs ORlY lass 

compensation far the radi,atiorl. 

u 61 --- -_-_- .__._ .._.. 

,..\ 

\ 

3- 

2- 

‘- L 
0 _--_- ..- J 

0 2 4 0 e 10 
T(w) 

Fb4 

T htls -6 

A r: 
EEt.S:lC) E4 

net 
- c A Lr adz ,, -‘-~~.-~ 

miJ:< 

whet c f 1s t-he prnpor t ional 1 ty far tar- . 
Patting the e::pression (5) into (4) and 

dividing two parts cf the equation (4) by 

-6 
B8.5110 E4 .__.-__- we shall have: 

6’ ma:< 

I 

wher-e 

T s F’ Ii t 10 
-6 

-- 
A’t) = T Em,::* 88.5 

I n cone luslorl, t-he authors talc, thL5 
opportunity of expressing their gratitrlde to 

A. Ts. Flmatuni for encouragement and very 
suitable comments and to R. 0. AvaLian . I-1 _ 
H.Vartapetian, E. M. Laz rev for active 
discussions. In.destigat3.ny the espress;ron (6) for 

f:’ tt-emum, 2.t 1’3 not difficult tc3 $3 m Ee 5 re 
Y 
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which is illustrated by the curves in fig. 3. 
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The dependence of k on T is shown in 

figure 4, it is seen there that already at 
T ;= 4 Ills (f a:= acce1erat1on 

f 
250 Hz) maximum 

rate does not exceed 10% of the maximum AL. 
rad 

value and that is within the possibilities of 

ttte RF syst.em at the acceleration rate. 

Resides, it is obvious that there are n o 

additional requirements to the old RF system 

ur tu ttle new one. described in paper C71 at 

the corresponding operation of super cycle 

synchrotron-stretcher. 

So, ths considered method of the beam 

str-etching in the Yerevan synchratron 15 

wnrt-h of close studying and asslstG?nce, since 

rt. can fully be realized by the the Yerevnn 

syrlchrotron staff only. 


