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Abstr-act 

The layout, of the injection and ex(rartion systems of the 
BESSY 11 booster and storage ring is presented. A 50 MeV 
racetrack microtron will be used as preinjcct,or. To inject 
the beam inlo the, booster it is bent, in the horizontal plane 
by a spptutn magnet (bending angle 250 mrad ). In t,he 
multibunch mode the beam is deflect,ed ont.0 the central 
orbit by a fast kicker (NF~~~K~,..~,. = 8.7mrad). 

At full cncrgy ( 1.9 GeV ) the beam is bent with a fast 
kicker (clg,,d = 2.7mrnd) into t,he first, ext,ract,ion s~ptrtm 
~~~~~~~~~~ = 2l~rtrntl) and finally is cxt,ract,lad by :I t,ltick SIXI)- 
turn (~fi~,~~ = 220mrud). Injection into the storage ring is 
realized by t.wo septum magnets with a deflection angle of 
100 mrad and 20 mrad respectively. Four kicker rnagnets 
in t,he straight, s&ion generate the required closed orbit 
displacement of 28 mm. 

1 BOOSTER 

1,l Injectiorr 

For the injpction into the boostrr synchrotron two alter- 
native solutions were invpstigattd: 

l singleturn injection, which is thP st,andard scherrte for 
thr multibunch mode. Its advantage is t#he small nunl- 
her of injrct,ion elements: only a septutri and one fast> 
kicker are required. The drawbacks of this met,hod 
are: t,he need of a fast kicker with a fall time less than 
100 ns and the small intensity of the stored currents 
of 3.3 mA in the booster. 

. multiturtt injection, which requires three kicker mag- 
n&s with a moderate fall time of 9 ~1.5 inst,ead of onra 
fast kicker. The advantage of this rttethod is the in- 
creased st,ored current of 14 mA in the booster. There- 
fore the multil~uticti injection is an interesting option 
to reduce the filling titne of t,hr storage ring in the 
singlebunch mode from 16 minutes to 3.8 minut.es. 

Singlcturn Injection: A layout of the singleturn inject,ion 
has been developed together with the Budkcr lnstitut#e of 
Nuclear Physics in Novosibirsk [l] [2]: 
The 50 MPV beam, from the microtron pt-e-accelerator, 
is bent in the horizontal plane by a septum tnagrtct,, thcx 
bending angle being 250 mrad. The injected beam travels 
through a drfocusing quadrupole, a dipole magnet and a 
focusing quadrupolr. It finally enters t.hc fast, kickcar at, an 
angle of -8.7 mrad. The fast kicker deflects the beatn onto 

the cent.ral orbit. A t,op view of the injr,ct.iott rtapion is s- 
ketchpd in figure 1. The main paramrt,rrs of the injcctiott 
clcm?nts arc’ list,cd in t.ablr 1. 
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Figure 1: Injccfion region for fht single2urn zltjectzort Z~L~O 
the booster 

Mrtlt,itrtrtt lnjrction: Tltc> rrtult~iturt~ ittjoct,iott schc’rt~~ al- 
lows to store higher current,s. Thr gain of thcl rtiult,iturn 
injection is defitled 2~ the stored l)r~atr~ rurrrnt, achirsvc>(d 
by mult,iturn injcct.ion normalizc~d to t.lic, st.ored singlt,t.urrt 
current,. 

I / ihh&~. / Lerwh 1 d;;;kll 1 

(G) 11*1) (ps) 
septum 1,960 0.300 200 
Fast Kicker 49 0.300 0.32 

Tablt~ 1: Afain parnrnetcrs of fhc mnyrrf~fzr r~lcrrlfn(S for 

szngklurn i7~~ectzon znlo Ihc boosirr 

To reach a high gain it is necessary t.o st,udy the ittfluenc~~ 
of the multit,urn parameters and their intrr,lrl~c~ntl(~rlc~~. 
Simulations using the program MlTLTI [3] have been per-- 
formed to tune the different, parametrzrs Frcl, parameters 
al a fixed working point, arc: t,hcX optical funct.iorts xt t,hl, 
end of the transfer line (/?*, N,, D,, I): ) att~l t hrx fall t ittic, 
of the magnet,ic field of the kickr,r magnets. Assuming an 
energy spread of dp/p = 2 ‘lo-“, a horizontal (itttiti :tnc~ of 
t, = 0.5 ntm nwnd and a maximum pulse lcngt h of at = 
2.0 1~s given by the microt,rou. one rnds up with a gain of 
4.2 or a stored current. of 14 I~IA A phase space’ diagrant 
of the injected and st,orcd bc,am is shown in fignrc 2. 
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Figure 2: Phase space diagram of multttum injection alld 
partial ncceptanrr as a f2(7tc110n uf fzme for a seplvln thzck- 
nes7 of 2 mm and a horizontal tune of the Booster of 
Qr = 4.4 
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Length (m) The layout of the septum is the same as in the case of sin- 

Quality of the injected Beam 
Horizontal emittance ci,lj 0.5 rnmmrad 
Momentum sprrad $,,,j 2 o/o0 

pulse length 2 lops 
ODtical Functions at the End of the Transferline 

Horizontal beta function O;,, 
&riJ 

Horizontal dispersion Dirll 
Derivat,ivc of the dispersion L& 
Distance between the septum and 
the center of the injected beam dx 
Angle of the injected beam relative 

to the undistorted C.O. dx’ 

0.25 m 
0.0 rad 
0.0 m 

0.0 rad 

0.5 mm 

-10.5 mrad 
Booster Parameters 

Horizontal bet, function 0.7~ 
QSR 

Horizontal dispersion DsR 
Derivative of the dispersion L& 

Horizontal -4cceptance ASH 
Horizontal tune QZ 

Parameters of the Injection Elemc 
Thickness of the septum sheet dseptu,,, 

Distance between‘ t.he septum 
and the undistorted C.O. 

Kicker fall time T 
Maximum C.O. distortion 
Maximum angle dist,ortion 

of tha C.O. 

I 
2.3 m 

0.938 rad 
0.77 m 

0.269 rad 
84 mmmrad 

4.4 
ts 

2 mm 

15 mm 
9.0 ps 
18 mm 

-11.6 mrad 
cram I 8.38 

Table 2: Opiin1izcd sel of parclrtlflcrs for 7udtil7rm in- 
lecfion ai a horzzontal fnne of Qz = 4.4 and a septum 
thzckness of d.qeptum = %nm 

: gleturn injection mode. 
In figure 3 the injection region for multiturn injection is 

Figure 3: ‘Top weul of the znjection region for the multiturn shown including the maximum closed orbit bump and the 
znjccf1071 27Lfo the boos-ler. The 30, - enuelope, the mm- 3 (T, - envelope of the incoming beam. 
mum closed orbit dzstorlion and the booster acceptance are 
il!usfratpd. 

1.2 Exlraction 
The optimized parameters of the multiturn injection are 
presentrd in table 2. 
In th? multiturn injection procr~ss three kicker rnagnr>ts 
bump the closed orbit, to the sept,um. The magnetic fields 
rcquirr,d to achieve a maximum closed orbit, distortion of 
I8 mm at t,he end of the septum arc> modest: BnLar,l = 48 
(2. &or,2 = 126 G and R,,,,,,,3 = 110 G. The length of 
each kicker is 200 mm. Injection starts when the closed 
orbit distortion is reached and decreases again. The rc- 
duction of the closed orbit bump prevent,s the electrons, 
frnm colliding with the s~ptrun foil, when coming back af- 
t,er sorn~ t,urns round the booster. The injection process 
ends when t,he closed orbit bump is reaches zero. 

The extraction system of the booster c0nsist.s of two parts: 
three kicker magnets to push t~hP closed orbit, to the ex- 
traction septa and a fast kicker. a prp - and main sept,um 
which extract the beam. 
To extract, the beam at, full energy tht, closed orbit is 
bumped to the extraction pre-scpt,um. The electron beam 
is first deflected by a fast kicker ( crp,Jt~icker = 2.7 mrad), 
then deflected by the pre-septum by 24 mrad. The main 
septum finally extracts the beam. Its bending angle is 217 
mrad. In figure 4 the layout of the extraction region is pre- 

sented. The main parameters of the extraction elements 
are summarized in table 3. 
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Figure 4: Top view of the extractzon region of the booster. 
The 3a, - envelopes fur the dzstortrd and extracted beam 

arc shown. 

The extracted beam travels through thr, last focusing 
quadrupole with a large offset of 38 mm from the magnetic 
axis. Which is significantly outside the ‘good field radius’ 
of 30 mm. This leads to an emittance growth since the 
quadrupolr gradient changes across t,he t,ransversal beam 
dimensions. 

Length / 

Table 3: Main parameters of the magnetic elements for the 
booster extracizon 

A Monte Carlo program was developed to study this 
effect. At an offset of 38 mm the emittance of c, = 0.2 
mmmrad grows by 50 % which seems to he tolerable. In 
figure 5 the emittance growth a~ a function of the beam 
offset in the quadrupole is shown. 

2 STORAGE RING 

2.1 Injection 

To inject the beam into the storage ring the closed orbit 
is shifted parallel to the septum magnet by four kicker 
magnets. The length of each kicker is 600 mm. Their 
maximum magnetic field is B,,,, = 4.44 kG. 
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Figure 5: Emittance growih as a functzon of the beam’s 
oflset when passing the last quadrupole QF at extraction. 

Storage Ring: Injection 

Length lm) 

Figure 6: Top view of Ihe inJectzon sectzon of the storage 

ring. Sketched are the 3u, - envelopes of the InJected beam, 

the maximum closed orbzt dzstortzon and the acceptance. 

The length of the main septum is 1 m, its maximum mag- 
netic field B - 6.67 kG. The corresponding numbers maz - 
of the pre-septum are 1 = 500 mm and B,,, = 2.67 kG. 
Kickers and septa are driven by sine half wave pulsers with 
a time constant of TKicker = 4,~s and 7sept,, = 200/~s. A 
top view of the injection section is shown in figure 6. 
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