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1V < Introduction

The construction of a high-luminosity electron-positron storage ring; inthe center of mass
energy range between 900 and 1700 MeV, has recently been proposed. In the preliminary proposal it was
suggested that a luminosity from one o two orders of magnitude higher than that obtainable from machines
presently operating in the above energy range, was achievable.

The design study presented in-this paper confirms the preliminary proposalo, conclusions
over an energy range that has been extended to 2400 MeV. The proposed machine (A.L.A:) isan e’ e”
storage ring with a maximum energy of 1.2 GeV per beam, two 3 m long interaction straight sections,and

a luminosity arcund 10 em™® s™" in between .8 and 1.2 GeV per beam.

High luminosity is mdinly obtained:
- by making the vertical betatron functions; ﬂ: at the interaction point low (low-§);

- by means of an optical structure, that allows the "invariant" M*

operating energy.

z))to be changed as a function of the

The "low B" technique is well understood and ¢xperimentally proven. The method of varying
M*, so as to cover a large energy range with a luminosity (in our cdse) proportioral to the beam energy,
Lo E, although it has niot yet been exploited on existing machines, is related to very simple and well
understood principles, and should present no special problems. The method has been included,in various
forms, in themost recent projects s%,%)

Inthe ALA design, high valus.of M are associated with values of @, (momentum compaction)

higher than those generally used. Our maximum value of @, is however not too far from that (a, =.17)of

the russian ring VEPP 2-M 9 The stability of the structure in all three dimensions,is guaranteed by letting
the field index in'the bending magnets (1) be equal to .5.

. The following limits have been also set:
1. - Maximum current: 150 mA per beam.

2. - Maximum beam ~beam linear tune shift: §,= .06.

The limit on the maximum storable current (on which the'maximum obtainable luminosity depends)
is deterniined both by the injection rate, and by an educated giiess onthe maximum current per beam that can



be stored without too many longitudinal stability problems,

Normal operation is with one bunch per beam, but the magnetic structure and the RF system do
allow for two bunch. operation.

The maximum valug of the interaction parameter, &, is consistent with the values obtdined by
operating storage rings”»®)» %) and with the design values assumed for PEP ) and PETRA.Y

The maximum peak currents (given the maximum current stored in one bunch gnd the RF
frequency) are much lower than those obtained at SPEAR and only a few times larger than those that have
been run at ADONE,

The installation on Adone of a 51.4 MHz RF system identical to that proposed for ALA, will
allow the assumption on the maximum storable current to be tested.

A problem encountered in operating Adone is the very strong dependence of luminosity on energy
(L & E") below ~900 MeV (the expected natural behaviour is L oc E'). Although the departure from linear
beam-beam theory has not been understood in detail, it'has been suggested %) that it could be explained by a
diffusion progess, in competitipn with radiation damping. Since the damping time at a given energy is
inversely proportional to the bending magnet radius (@), ALA is designed to have a short bending radius,
(@ =2.5m) by letting the field in the bending magnets be equal to 1,6 T. The damping time at a given energy
is about three times shorter than that of Adone, It is therefore expected that ’g‘M will stay constant as a
function of energy above ~ 500 MeV,

As far as injection is concerned, we remark that at the present design study level, it is still
an open question whether it will be more convenient, from the point of view of cost, performance and interference
with other activities, to injeat into ALA directly trom our linear accelerator, or to use ADONE as a booster.
Here too more information will be provided by the experience with the 51 MHz RF cavity to beinstalled in

Adone. X
The machine lay-out is shown in figure 1),
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DESIGN.CRITERIA.

2.1. = For a relatively low energy ring like ALA the stored electrons radiation energy loss is also relétively

low, so that the choice of a bending radius for a given maximum energy is not ¢ritical. A small radius has
the advantage of shortening the overall length-of the ring and increasing the damping of synchrotron and
betatron oscillations.

. Because all instabilities compete with damping and since damping is also expe'ctéd'to affect

the dependence of luminosity on.energy (as it has been explained in the introduction), we propose for ALA
a bending radius of 2.5 m, which is the minimum value that can be had for a maximum energy of 1.2 GeV

and a bending field not exceeding 1.6 Tesla.

2.2.~Let us recall that the maximum luminosity can be expressed as follows:

2.3.

4
L =K, -E—QM 1§M(b—* +E—)cm 5™ 6D}
Z

where:
K, = 1.06x 10®s™ GeV™ and depends only on the chosen units
R,0 are the average radius and the bending radius respectively (¢m)
M is anoptical parameter which determinés the beam cross section at the interaction point m
h is the number of bunches per beam
3x ,BZ are the betatron functions at the interaction point (em)
&, 1s the maximum linear tune shift.

If we assume §,, to be independent of E, it follews that, fora given optical structure and for a given number of
bunches, luminosity is proportional to the fourth power of erergy (L o E*).

The number of particles to be stored in order to obtain the luminosity given by (1) is-

3

N=Ky g M hE 2

where Ky=6.41 x 10" GeV” and depends only on the chosen units.

Dividing (1) by (2) the "'specific luninosity" is obtained:

L_ K & 1 1
N~ X¢ R E (Bz * ﬂ;&-) 3

The number of particles (and hence the stored current) must also stay below-the so-called longitudinal limit™
which, in our case, is always higher than the transverse limit given by (2).

-~ The design aims are:.

a) High luminosity at maximum energy..

Injection and longitudinal instabilities set-a limit on the number of particles that'can be stored;
the maximuri luminosity is therefore proportional to the specific luminosity. We assume I‘max =150 inA.

From (3) it can be seen that the specific luminosity increases when R and , are decreased
("low ') A low R is always convenient. A lower limit on R is however set by the 1ength "of the bending
magnets, free space for experiments, injection, RF cavities, .controls and other beam -optics requirements., .
In the ALA design:R is 11.14'm.



2.4,

— 4

Tor pptics reasons it is convenient to make 3;" very low and 5; lower than its average value

“in the machine, but higher than ﬁf 1t is however uselesgs to make‘(};E lower than the bunch length, For ALA
we sét ﬁl = ,2m, 5x =1m,

The value of &, (which appears in (3)is g natural limit, deduced from experimental observations
on existing machines. We assume §,= .06, in agreement with existing experimental data.? 9,99

The specific luminesity and the number of stored particles being thus determined, the value of
" h/Q) at maximum energy is obtained from (2). The choice of @ = 2.5 m has been already discussed.
Operation with more than 1 bunch per beam cpmplicates the lc‘ngitudinalr stability problem, and rrequims
the beams 1o be kept separate in all crossing points along the machine where §; is higher than -g¥. In the
present design we therefore assume h =1 leaving the possibility of letting h become 2, if it will be
concluded, on the basis of further work, that it is convenient.

g and h being fixed, the value of M¥ at the maximum:énergy is determined. We assume (o store
a maximum number of particles Nug, = 2.2 x 10" (corresponding to 150 mA per beam), and get L (Em,) =
=1.4x 10"cr® §' ; from (1) one then obtains M~ (Ema ) = .82 m.

b) Luminosity versus energy slope.

For energies lower than Ems it is necessary to increase of M* (Emax) if the slope of L (E) is to
be decreased with respect to the natural E*dependence (see (1)). Assuming the optical strycture is capable
of providing any desired value of M", one could-let M¥* depend on E as follows:

M* = M., (E/Emsd , @)

From (1) and (2) one then gets:

n

L = Leny (B/Emsd N o= Ne  (B/En) )

max

and the beam transverse dimensions dre given by

2en

o= gy 5 (E/En) = 6)

If the humber of stored particles is constant, and equal to Ng
With this choice we get

n must be equal to 3.

max’

N =cost = Ny L = Lines (E/Emay)

M* = M:max (Emax/E)a o = gﬁmax‘ ’(}-:4»“/}—:")1‘/z @

Formulae (7) hold as long as the opticdl structure and the acceptance allow .M* to follow law (4).

The structdre of ALA allows M* to be varied continuosly between .3 and 4 meters, at fixed Qy
and Q,. Moreover, all operating structures can be reached from the injection configuration .1 Other
copsiderations (see Section 3) constrain M* to stay below ~3 m. A luminosity decreasing linearly with
energy is thus obtained in between 1200 MeV and about 800 MeV. Belpw 800 MeV the behaviour of L is the
natural ome (proportional to the fourth power of energy) as shown in fig, 2J,

— A beam parameter very important for high energy physics experiments is bunch length, The proposegd
optical structure and RF frequency lead to the "natural" (r.m.s.) source lenght as a function of ¢nergy
shown in tig. 3,
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All existing storage rings however exhibit an anomalous bunch lengthening'?)’“) 19 A complete

theory of the effect is not available, but according to recently developed models™® one can try to extrapolate
from the existing data.

. ) ‘
Scaling from ADONE ~ the obtained lengthening is negligible. Allpwing for the uncertainties of
the procedure and the limitations of the model,an upper limit of & factor of 1.5 = 2 over the natural diménsions
at ~800 MeV can be set. The natural bunch and source lengths versus energy are shown in Fig. 3). A very

careful vacuum chamber design should make it possible to further improve this figure.

A source length much shorter than that indicated in Fig. 3) would call for a higher RF frequency,
implying higher costs and a certain amount of development work. A brief discussion of the possibility of
raising the RF frequency (which also allows B ¥ minimum to be lowered and therefore the maximum
luminosity to be increased)is given in Appendix 1.

Another important parameter is the c.m. epergy resolution. With the proposed bending radius,
the FWHM of the center of mass energy distribution is

Re™ _ s E("') MeV ®

3.~ OPTICAL STRUCTURE

3.1, - Summarizing the conclusions of the preceding Section, the optical structure must:

a) allow for low values of 8, B, at two crossing points (g% =1 m, pz = ,2 m)
b) allow M* to be varied over a factor of at least 4

c) have o=2.5m

d) keep R as low as possible.

1t is also necessary to make the betatron wave numbers, Qx and Qz , not too low and preferably
odd. The design figures are Qx = Qz = 3.2 and are practically the highest obtainable with the proposed
structure.

Since at injection Bz has to be higher than in operation,an injection configuration from which
the operating configuration can be smoothly reached is also required.

The described project aims must be obtained taking into account some important constraints such
as:

e) free length of interaction straight sections >3 m

f) straight sections conveniently located along the ring for injection, RF cavities, beam staratlon at injection,
and control instrumentation

g) cost minimization and non critical operation(in practice the maximum values of 8,,'8, and ¥ should be not
too high and conveniently located along the machine).

3.2.- Inlow-f storage rings the optical structure 1s usually divided in two parts: low=f insertion and periodic
struycture; in order to léave the optical functions in the periodic part unperturbed, it'is necessary to match
them to those of the low-f# insertion. This requirements is fulfilled by lettingthe insertionhave asmany degrees
of freedom (normally number of quadrupoles) as the number of conditions to be satisfied. It must be kept in
mind, hpwever, that a large number of degrees of freedom, and hence of quadrupoles, increases the length and
cost of the storage ring.

For long machines, such as SPEAR, PEP or PETRA, the insertions are a relatively small
fraction of the whole machine; this is not true for short machines such as ALA. For ALA it is. therefore not
convenient to design a matched structure: each machine quadrant should be looked at as an insertion with
bending magnets; matched to the next quadrant by symmeti'y only. In this way the conditions to be met in a
machine quadrant are only 4, namely g%, 'Z* » Qq and Q;,and no constraint is set on the values of g at the
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symmetry pomt However, if only 4 quadrupoles per quadrant are provided, there is no possibility of
varying M™

In order to fulfill conditioh b) a quadrupole symmetrically placed between the two magnets
of each quadrant and controlling the value of the dispersion ¥ (see figure) is added.

e S e i i - /;/
' e /___—_\ Y,
M Qe "

It also convenient to add a sixth quadrupole mainly to satisfy condltlon g) at constant f,,

Bz’ Q,’ sz !

3.3. - The resulting optical structure is shown in Fig. 1. The values of M* are given,-asa funct1on of energy,
in fig. 4a.. Fig.-5 shows functions B,, B, and 9 for the extreme cases M* = 3 m and M .82 m.

Fig. 4b shows the behaviour of the momentum ¢ompaction, a. as a function of. energy (namely
for the different configurations corresponding to the different working energies). The bunch length, and
therefore the source length,depeiid on € . The damping partition numbers are indipendent.of a. if the
field index the bending magnets in n = .5, :

Since the source length is a very important parameter; it is not convenient to increase @
(and hence M™) too much. We have set Qe = -25.
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Fig. 4 -M*, 0O;asa functior; of energy.-
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3.4. - Aperture.

3.4.1. - The aperture requirements are set by beam dimensions in the operating configurations and by injection.

The maximum required aperture for operation occurs at about 800'MeV, where beam dimensions
are largest ® 1In order to calculate it, we have assumed to leave a free aperture for the beam (in‘interaction)
of at least + 8¢, @ being the natural r.m.s. transverse dimension of-the beam itself. In addition X5 mm
must be added in order to allow for residual closed orbits and. * 15 mm for the vacuum chamber (with bake-
—out) and assembly tolerances. In the vertical direction, one also has to consider beam separation at the
crossing point.

It 1s assumed, according to present knowledge )9 that bunch lengthening doés not appreciably
affect the required aperture.

From the above considerations we get the following indicative values for the aperture:

Horizontal Vertical

Quadrupoles ....cvvvrvusveees.. 150 mm 80.mm
Magnets........ociviiiivneen.  150mm. 70 mm

Particularly important, from the point of view of costs, is tc keep the magnet gap as low as
possible. '

3.4:2. - The apertures required for injection are much lower than those computed in 3.4.1.if ADONE is used
as.a booster for injecting positrons.
If instead positrons are to be injécted directly from the LINAC the indicated apertures are
criti¢al all around?? and, in any case, at least 8 quadrupoles in the "injection bump' region must
be enlarged to ~ 200 mm diameter. '

A more detailed study of all aspects of the problem is needed before deciding whether to use
ADONE or enlarge the machine aperture.

3.5. - The proposed optical structure is rather flexible. In particular, it'is possible to cover the entire Q, ,
Q. range in between 2 and 3.3.

The main structure parameters-are listed in Table 1.

= Table {1 =

OPTICS- PARAMETERS

N. of pericds .....oovivuiiane 2

" N.of crossings .... 2x3m
N.: of magnets - ..... ]
N.. of quadrupoles .. 24
Circumferénce ....... ceen AN 70 m
Bending radius (@) ..oviiiaiiiaiiinen 2.5m
Horizontal betatron wave number 3.2
Vertical betatron wave number 3.2

Irteraction configuration [Injection configuration

Invariant.(M) ........ [ 80+ 2.28m 55 m
Trivariant at crossing ™" ... .81 & 3,00 m 80m
Momentun compaction (&g) .vveiivieiorrsennraasanon vsasiedes | 10+ .25 .036
Horizontal betatron wavelength at crossing (g veeivvooniinans Im 3m
Vertical betatron wavelength at crossiig (lg;*) Ciiveien [P 2m im
Dispersion at crossing {(4%). . P - .16 #-1.21m 1.2m

e .. 26.9¢ 27.4m 17.9'm

;" 13.3+ 153 m 245 m
P 4.0+ 5.1m 4:3m
Horizontal chromaticity (pd#)/Gx4p) =2.30 = - 2.67 ~1.38
Vertical chromaticity (PAM/@W;4p) +vvveviiirssinnsiorvesnnes -1.53 % ~1.91 -1.77

Note: A * iridicates value at x-ing point.—
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3.6, - Hexapoles,

. e 2D
The introduction of hexapolar corrections is desirable to cure the head-tail instability.” It
is sufficient to provide two families of hexapoles, which can invert the natural chromaticity of the ring,
bringing it to small positive values.

‘The chromaticities of ALA, as shown in Table 1), are not high and their correction with two
families of 4 hexapoles is not too difficult .2

‘Since hexapoles introduce non-linearities which can reduce the effective aperture, their final

location on the ring will be determined by means of tracking programs‘.za)’“)

4L, - MAGNET SYSTEM

4.1, - General description.

Bending magnet and quadrupole cores are designed to be of laminated construction (glued
laminations). The selection of a laminated structure is justified in Ref. 5),

The bending magnet core is C-shaped since this gives definite advantages,such as ease of
assembling and accessibility to the vacuum chamber, over an H~shaped core.

Symmetry requirements and equipment cost reduction require the quadrupole cores to be
constructed in 4 parts (the standard lamination comprising one pole-and 1/4 of the joke). Modern techniques
allpw the 4 parts to be assembled very economically by means of welded-on connecting plates. The need for
fast access to the vacuum chamber makes it preferable to assemble the core in two separable halves,
symmetrical with respect to the horizontal plane. Assembly tolerances and position reproducibility will be
guaranteed by reference pins on the plates coupling the two halves.

4.2. - Power supply.
The optimized current density results from the minimization of several costs such as:

- power consumption and cooling
- ¢oil dimensions and construction
- core size and construction.

The optimization has been performed on the basis of 50,000 running hours, and, at present
costs, a current density of about 5 A/mm?® is selected.The resulting power needs are;

- bending magnets P =500 KW I =1600 A
- quadrupoles P =230 KW to be divided among different power supplies with
maximum currents lower than 600 A,

The technical solution selected for the power supplies is a 12 phase SCR rectifier bridge, keeping
the current ripple below 1/10%° Regulation is provided by high gain feedback loops on the SCR's. The output
current is regulated to better than 1/10° ®

4.3, - Align_ment.

Since we are considering a storage ring similar to ADONE, with an accessible center, it
seems reasonable to rely on the same methods used at that time, such as precision theodolite, precision
level and invar wires for direct distance measurements. Obviously, the problem can be solved even if the
machine center is not accessible, by constructing a reference figure made out of polygons conveniently
connected each other and repeated along the ring.

A detailed alignment plan has not been designed at this stage of the project; general criteria
are discussed in Ref, 26) and 27) .
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Bending magnet and quadrupole characteristics are listed in Table 2.

—- Table 2 —

MAIN CHARACTERISTICS

BENDING MAGNET

28)

29)

QUADRUPOLE LENS

Gap height
[T T U € o
Free diameter
Core magnetic length
Bending radius .......ciiiiiiiiiiiniiain
Maximum field or gradlent
Nominal current

I S S I I I
..................

Unit power
Turns per pole o .iviii it iiivineniavvoconas
Conductor cross section
Cooling hole @
Water circuifs  o.vviviieiniiioiienenensons
At cooling water
Pressure drop «iveeviverersvsnnveoncnnans
Water flow ....
Core weight ..ttt iiiiiiiiinennes
Coil weight cein

....................

...........................

.........................

..........................

..........................

70 mm
300 mm

1963 mm
2500 mm

16 K Gauss
1562 A
0;0246 Ohm
60 KW

32

18 x 18 mm?
9 mm

4

20°C

11 Ate

45 1/min

12 tons:
0,75 tons

150 mm

500 mm

800 Gauss/cm
412 A
0,0552 Ohm
9,5 KW

50

12 x 12 mm?
7 mm

4

20°C

L 11 Ate

7 I/min
0,63 tons
0,28 tons

Cross sections of bending magnet and quadrupole cores are-shown.in figs. 6) andf.7).
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Fig. 6 - Bending magnet.-
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5.

- VACUUM SYSTEM

5.1. ~ General description.

The total outgassing rate due to synchrotron radiation is given by:

—3 . _f_g_“'/s
Q = 1.93x10 lDy[l-—(ec)]

Q = total outgassing rate in Pa.l/sec (1 Pa =7.5x 10° torr)

i = total stored current in mA

D = desorption efficiency in molecules/photon

¥ = beam energy/electron rest mass

€, = photon energy threshold for desorption (~10 eV) 3 Hcy?
& = critical energy of synchrotrcn radiation spectrum: &, = 5 )

Introducing & in the above expression of Q one gets:
Q = 1.93x107° iD (y-316 ¥p) (o in meters)

Taking for D the value measured at Adone, D= 3 x 10°° mol/photon (this value can be
decreased by means of particular treatments such as Argon glow-discharge) we get at maximum current
and maximum energy:

Q = 3.33x107° Pa - 1/sec

Taking into account the apertures of the magnetic elements indicated in Table 2 and the
dimensions of other machine parts such as bump, inflector, RF cavity, beam instrumentation, fittings,
pumps, etc.), the vacuum chamber overall inside area. is:

Assuming the specific outgassing rate (without beam) after bake-out is q = 10™Pa.1/s-cm
one gets a total outgassing Q = qA; = 10* Pa.l/sec.

For a final limit pressure of 2 x 10° Pa without beam the required overall pumping speed is:
S = Q/p=5x10° 1/s

In addition, the outgassing rate due to synchrotron radiation is about 30 times larger than
the no-beam vacuum chamber rate and occurs mainly inside and near bending magnets; distributed pumping
in the bending field is therefore required to take care of the beam induced load. Titanium sublimators at
suitable points along the machine may be also added.

A better vacuum in the experimental straight section can be easily obtained because of the
favourable machine geometry: the gas source is in the bending magnets, relatively far from the crossing
point, and the impedance between magnets and interaction straight section is high. A suitable pump
distribution will ensure a ten-fold pressure drop.
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All calculations are made for a stainless steel vacuum chamber. In the final design, however,
an alternative solution with an aluminium vacuum chamber should be carefully studied.

5.2. - Fore-vacuum system,

We assume an average initial specific outgassing g = 10° Pa-1/s-cm, so that:

Q = qAp=10"% 10° Pa.l/sec

it

For a pressure at the pumps p 10°Pa, we get S = Q/p = 10° I/s which is the total pumping speed of the
(turbomplecular) pump system. Eight 200 1/sec pumps, suitably distributed along the ring (with
roughing pump added) are foreseen.

5.3. - Vacuum system summary.

- Vacuum chamber:

S USRS O

Material: $.5. A1SI 304 L

Size; bending magnets: rectangular 190x60 mm
quadrupoles: circular @ 150

Area: 10° cm? ;

Overall length: 70 m

~ Vacuum system:

2000 1/sec distributed pumps inside bending magnets
400 1/5€C titaNIUM PUMPS & v vttt vvtunieeennnnssrensneneeasenesooeennnonses 22

200 1/sec turbomoleculal PUMPS «uveven vttt tttneeeneeienoneonenonnnncnnnns 8

15 m /h roughing pumps wWith trap «oue ittt ittt iinreeiiveneensnnss 8

lonization vacuometers (B.A. Type) (107 + 10°Pa) .v.vvuvvenennn.. civaees 22

Pirani type vacuometers (1000 & 107 Pa) o ureetnnrernnrenrnnreneneenenesnnns 8

M8ss SPRCIIOMELErS tvvivrnreroveerenvasnnnens et et e 4

L0 L 1 < 8

- Performance:

Pressure with turbomolecular pumps only ....iiiineiiiiiriniiiiennnrnnsons 10°Pa

Pressure with titanium pumps .....vviviiinenenerneenna. N 10°Pa

Pressure with titanium pumps after outgassing .......... s e 2 x 10° Pa

Average pressure with beam without distributed pumping «...evveeverennienn.. 6 x 107 Pa

Average pressure with beam with distributed pumping ............ eeieaae 1%+ 2x107Pa

Pressure with beam in experimental straight sectionS. ... eeeerneernrnnnens 1+2x10"Pa
5.4 - Particular care should be taken in avoiding sharp discontinuities in the vacuum chamber, to prevent too

large higher order mode losses.

6. - Radiofrequency system

For a maximum energy Em.,= 1.2 GeV and a bending radius ¢ = 2.5 m, the energy loss per
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turn is:

4
eV = 88.5 —g— =73.4 KeV

and for an overall beam current If = 0,3 A the power to be-supplied to the beams (excluding higher order
mode losses)is:

Wg = Vip=22 KW

For a maximum cavitf ‘voltage Vmax = 250 KV and a 1 MR shunt impedance (Rg) the power loss to the cavity
is:

We = Vimax /2 Rg = 31.25 KW

The characteristics of the systéem are summarized in the following table.

-~ Table 3 =
Frequency ............... et P 51.4 MHz
Harmonic number ... ... iiviiiiiiiiiinianenarionanasons 12
Number of cavities .........s Cesirea N 1
Shunt impedance (Rg) ........ e e ae i 1MQ
Maximum voltage (Vo) w.ovniiviiiiiiiiiiniinens e 250 KV
Power to the beam (Wg) ..o b et e . 22 KW
Power to the cavity (We ) oo et iin s PPN 31.25 kW
Beam current (If) .....vuveunnne e tte e h it - 0.34A

The power amplifier-is identical to the existing 51.4 MHz ADONE system. A block diagram of
the system is shown in fig. 8). A stabilizing loop on the cavity voltage and a feedback loop on ''center—of-
-mass' oscillations are nrovided. A schematic cross section of the cavity, identical to that to be installed
on ADONE, is shown in fig. 9): it 15 an aluminium cavity under vacuum.
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7. - INJECTION

7.1..~ The injection hardware for ALA includes:

- 2 fast magnetic kickers® which make a localized orbit bump in one of the two long straight sections,
where the beams do not cross. The closed orbit in the rest of the ring is uhperturbed, except for
small errors.

. : %9 N . . .
- 2 magnetic septum inflectors = (one for each beam), deflecting the incoming beam onto the perturbated
orbit.
During injection and until the interaction configuration is reached, the beams must be separated

at the interaction point. Separation is obtained by means of electric fields placed near the interaction
straight sections.

The airrangement of kickers (SB), inflectors (D) and electrostatic plates (PS) for beam
separation is shown in fig. 1. The main characteristics of the kickers and inflectors are listed ih Table 4).
The maximum electric fields required for beam separation are 10 KV/cm (for an interaction parameter

E =~ .002)."
— Table 4 —
Bl E B1 L B 1 T/2 L C \Y%
tement 4 (eyy | (G.m) | (m) Go @ | @ | @ | @ | &
SB ... 450 220 1.4 150 5 ~10 ' 6 1.6 18
D ..... . 450 1800 1.45 1240 16 ~ 80 WA 1000 .5

7.2.~ Injection can be made directly from the LINAC, or using ADONE as a booster.

7.2.1. - Directinjection from the LINAC.

Given the current, emittance and energy spread of the beam delivered by our linear accelerator,
electron injéction is not a problem. The design current can be stored in a time of the order of a fraction of
a minute.

The emittance of the positron beart at ~ 320 MeV is 10”° m.rad and the energy spread * .5%.32)

Taking these figures into account, the aperture needed for injection in the region outside the "injection
bump" is compatible with that indicated in 3.4.1, but; particularly in the horizontal direction, without any
safety margin. Moreover, the aperture of the 4 quadrupoles inside the injection bump (and the 4 opposite
ones) must be increased to 200 mm.

Scaling from the maxinun injection rate achieved on ADONE with its 8.57 MHz RF cavity,
the expected injection rate is of the order of 20' mA/min, assuming there is an auxiliary 8,57 MHz
RE¥ cavity on ALA too. Since, with the indicated aperture, the injection efficiency is expccted to drop by a
factor of 2 to3,positron injection time at 320 MeV may become as long as ~ 25 minutes.

7.2:2. - Injection from ADONE.

The sequence of operations is the following:

a) Injection of three bunches in ADONE.
b) Extraction of single bunches from ADONE:
c) Transfer and injection in a single bunch of ALA.

Extraction from ADONE has already been extensively discussed;s) it requires the installation of
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a fast kicker and a septum magnet in two consecutive straight sections (e.g. number 10 and 11). Electron
injection 1s performed directly from the LINAC.

The characteristics of the ADONE beam (emittance ~2 x 10°® m.rad, energy spread~2 x 107%)
ask for an aperture much smaller than that indicated in 3.4.1 (needed for the interaction configuration),
which is therefore more than adequate.

With the ADONE injection rate (8.57 MHz RF cavity) and assuming to transfer to ALA
at the ADONE injection energy (without acceleration) the achievable injection rate in ALA is of the order
of 30 mA/min, assuming 100% injection efficiency. The last assumption is very reasonable when a damped
bunch is injected in a single turn,

~ It is clear that, from the machine point of view, injection from ADONE is preferable. In the final
design stage, the two solutions will however have to be compared taking into account costs and
interference with other ADONE activities. In particular for direct injection from the LINAC a more detailed
study of injection efficiency is required;considering also the possibility of installing an "energy compressor"
to bring the energy spread to values of the order of + .1%, and/or of increasing the LINAC maximuni energy.

CONTROL SYSTEM

~ The control system includes:

a) Equipment supervision (power supplies, vacuum, RF, etc.)
b) Beam diagnostic and control
¢) General services (alarms, protections, communications, etc.).

, N A
The architecture of computer—controlled systems 1s by now relatively standard, ) )and a detaijled
discussion is unnecessary at the present design stage.

The characteristics of the ALA beam are similar to those of ADONE so that the need for
development of completely new techniques should not arise.

34
- Since the size of the ring is relatively small, the control system can be built around a single computer. b

The principal characteristics of the system should be:

a) Maximum hardware flexibility, by the use of modilar standard dataways (IEEE 488-1975 or CAMAC).

b) Maximum software flexibility, obtained by one or more mass—memory units coupled with an interpreter
language.

c) Edsy communication with operators.

Fig. 10) shows an example of configuration which fulfills the above requirements.

The relatively low cost of read-write and mass memories justifies their overdesign, allowing
for a higher flexibility in the development of control software and a higher program execution speed.

The operating system should allow for real time multiprogramming,in order to avoid programming
and debugging dead times.

- A good beam control and diagnostic system is essential to obtain the best storage ring performance.
The system should include:

~ On-line measurement and correction of closed orbit (24 measuring sections, precision £ 1 mm, 212
correction coils).

- Measurement of beam size by synchrotron radiation.

- Transverse feedback.

~ Longitudinal feedback on the ""center-of-mass' mode.

-~ Luminosity measurement by Bhabha scattering.

~ Accurate position and intensity measurenent along the transport channels (20 stations).
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9, - BUILDINGS AND UTILITIES

Given its size, the ring can be easily located within the Frascati National Laboratories area
dedicated to future developments.

Water and electric power requiréments can also be easily met,

At the present stage of the project the exact location of the ring and service buildings has
not been defined. In estimating costs, ecoriomy was a main concern.

The buildings include a 12x 8x11 m® experimental hall, equipped with a 25 tons crane, For the
ring;a ring shaped prefabricated structure, with side access, without crane and with outside shielding is
proposed.

10. - COST ESTIMATE (in MLit ~ 1977)

— MagNet sevsvevrsrnnnrraes Ceeves D 1.200
= POWEr SUPPHES v ivieinrreritorisiasanotannasns 300
~R.F. oovans fearseeaeei e e ieaan Ceveiae s 200
; VACUUM ¢ uvversovroonrsonssos teeveaveeion Ceisenn 400
—Injection ..ieiiiiniaiininn e 300
- Beam transfer .....oo0ciinn S eesreisseaesesins 400
—Controls ciiiiiiiiiieiaens Presaseess Pereiseane 700
- Buildings ....... feeeeaen o ebde e esasiaeans 700
UL UHLEIES et Ceeieens RN 400
4,600

11. - TIME SCHEDULE

Year 0 1 2 3 4
Final design v.oovvinvnyonns .
Part construction .......... cess

Commissioning and tests ...ou...

)




A L.A.-Parameter summary

BEAM CHARACTERISTICS

ERET@y (GeV) tuutrnirneinseeeeinereninennns e .15 |.62].78] 1 [1.2

Laminosity x 10° Genr® 73 | ) Poneh PET beam e S L e |

Total current (mA) 1 bunch per beam s«reereencreenisianiian i 40 75 150 {150} 150

2 bunches per beam ++--- faeeenes Cibesideeaas 80 150 | 150 -~ -

Energy loss per turn (KeV) .......... e e 2.2 5.2 113.1{35.4173.4

R.m.s. dimensions horizontal out of coupling (1b/beam) ............ .67 .83 |1.04] .92 .84

at crossing (mm) vertical on coupling (Ib/beam) .....c..vveiivann, 218 .23} 291 .27} .26

longitudinal (radiation only, Vg = 250 KV lb/beam) 49 | 67 | 95 |103} 117

. Lifetime (beam/beam bremsstrahlung + gas bremsstrahlung) Chours)...... | 16 | 14| 12 | 11 | 10

Center of mass energy resolution (FWHM, MeV) ........ e -45 1,69 | 1.10}1.80} 2.59

MAGNETIC STRUCTURE

Orbitlength (m)..ovneiiineiinsiinnnenns e e e se e 70

Average radius () «...viviiiiiieiiiineiennans Ceiee e ienaie 11.14

Experimental siraight section length (m) ........... feieeiiieaeeasa, 3

PeriodiCity  v.iviervivvrennnnresnnnnnnsn e eieaeaie. e 2

Bending radius (M) .....oiiniivinnniviosvinninneean Ciiieay 2.5

Maximum bending field (Tesla) ....i.iiieenivinen e ieeens 1.6

Quadrupole length-(m) .., ... ... ciiviinnirionns . e P .5

Maximum gradient (Tesla/m) .........c0couvrves. Cebeeenaen Cenaas . 8

Total weight (tone) | TR0 ST | elsa ceen

Magnet aperture (cm®) .........c0vi... i s PRI 7 %15
~Quadrupole free diameter (CM) .......iiivieiiiionineernrnnnss v 7.5
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FOCUSING CHARACTERISTICS

Interaction Injection
(configuration | configuration

Horizontal betatron frequency (Qx) «vvvivn.. o eeeeeeaenaos 3.2 3.2
Vertical betatron frequency (Q .......... e e 3.2 3.2
Invariant (M) M .. .iuetieiriinrinneeranenns R, . .80 +2.28 55
Invariant at crossing (M m .,....... i e .81 +3.00 .80
Momentum compaction (¢.) ..... e et be s, 10 +.25 .036
Horizontal betatron wavelength at crossing (Bx ) m ..., e 1 3
Vertical betatron wavelength at crossing (ﬂ m oo, e r e .2 1
Dispersion at crossing (¢*)m .,...., e e ere i -.16 +-1.21 1.2

T TP e e e 26.9 +27.4 17.9

T e, e e s e, 13.3 #15.3 24.5
P ettt e e 4.0 +5.1 4.3
Horizontal ¢chromaticity (p4 'Vx)/('vap) ........ et ~2.30+-~2.67 ~1.38
Vertical chromaticity (p4d v,)/(v4p) . ......... e neiieeaenans . | -1.53:-1.91 ~1.77

RADIOFREQUENCY SYSTEM
Frequency MHz .............. f e et . 51.4
Harmonic number (h) ,..........ccvuuen. e R SN 12
Number of CavVItIeS L, . iie it ieriintnnsoeanioasnonacnnsnnns 1
Maximum power to the beam KW .., .................. e i 22
Power to the cavity KW . it iiiiiirnarnnensasees 250
Maximum cavity voltage KVolt ... .. i iiniirnnnineanens 1
Shunt impedance M& ... iviveineiire i b 1
VACUUM SYSTEM

400 1/5 titanium PUMPS «ivvvnnverneenasnnnannss Ceeeeass 22
200 1/s turbomolecular pumps ........eevusnas e erceenro s 8
Distributed pumps inside bending magnets (15 m total length) ,...... 8
“Average pressure with beams (Torr) ,....,. ettt 5% 107° & 1.5x 10°
"Average pressure with beams in experimental stralght section (Torr) 5% 100+ 1.5x 107

INJECTION

Direct from NE

LINAC Through ADONE
Injection energy MeV) ....... . P N . 300 + 450 300 & 450

. N . P v . . -2 -2

Horizontal emittance at injection point (mm x mrad) ...... e 10 1.5x10 +3.5x10
Vertical emittance at injection point (mm x mrad) ....... Cetevesees 10 3.5x10% 8.2x10°
Pesitron injection rate (mA/min)  ...v..vaen. Ceebee it ~5 ~30
Electron injection rate (mA/min) ...i.ouos PN . 150 -
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 APPENDIX 1.

. — Machine performance could be further improved by raising the RF frequency. A higher frequency
would shorten the bunch length (which is itself an advantage for physics experiments) allowing to

A preliminary discussion on the choice of the RF frequency and on the range of parameters to

A high RF frequency associated with an optical structure having non zero dispersion at the s8)
places where cavities are located raises the problem of the excitation .of synchro-betatron resonances
since the synchrotron oscillation wavenumber tends to become comparable with the fractional part

of the radial betatron wavenumber., Also, if the bunch becomes so short that losses due to higher

“order modes in the cavities and-in the vacuum chamber become comparable to the natural radiation

loss, besides-having to supply more power to the beams,one also has to increase the RF voltage,
thereby again increasing the synchrotron wavenumber. Last,direct injection from the LINAC becomes
more difficult due both to the reduced time acceptance of the machine and to other effects, such as

Detailed calculations of all these effects will have to be carried-out before arriving:at a final
decision on the RF frequency.At this stageof the design it seems that a frequency of around 100 MHz
is reasonable. Five hundred MHz, that would be desirable because of the large amount of experience

-11i the performance study that follows we assume that the RF frequency iS"lOZ-g..MHZ-

to be made as low das 10 cm, with cnly
. e . 37 - . . . : .
minor modifications.”’The resulting optical functions in the two extreme operating configurations are

Obviously Bz in first quadrupole near the crossing region is much higher, but in the rest of
The apertures required for operation are still compatible with those specified in the text, and

The natural radial and vertical chromaticities, shown in fig. A5, are higher than those for

Al
make BZ shorter and therefore increase the luminosity.
be expected.is given.
A.2. - General remarks.
Touschek lifetime, coming into play at low energy.
made on it ad DESY, seems at present too high 29
A.3. - Optics and aperture.
The optics described in Section 3 easily allows for
shown in figs. Al, A2.
the machine Bx and fj, are practically unchanged.
are shown infigs. A3, A4.
B"! = 20 c¢m but can be corrected with the same sextupole arrangement.
A.4. -~ Radiofrequency system.

The main parameters of a possible RF system are listed in Table Al.

~ TABLE Al -

Frequency ....... e et e e 102.8 MHz
Harmonic number ........ heee ces PPN 24

N. of cavities ............. N RPN e 1

Cavity length  ..cviuiiiiiiieiieiiiinsnnnnnns PN 1m
Maximum RF voltage Cerres e a i . Ceesieie v 400 KVolt
Shunt iMpedance ..uveeseersoisssooroinossenas 4.5 MQ
Maximum power to the cavity PPN 14 KW
Maximum power tothe beam ...vvvviivenniriicennvennrennns 26 KW
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A first estimate of the higher mode losses, scaling from SPEAR 11 numbers"? and assuming
the effective chamber impedance per unif length is made ten times lower by a careful chamber design,
indicates that the overall loss (cavity + vacuum chamber) should be of the order of 3KW for a 6 ¢m
bunch length. The RT voltage shown in Fig. A6 includes this loss.

A.5. - Bunch le‘ngth.

Since the synchrotron wavenumber increasées with RF voltage, it seems necessary,in order
to avoid synchro-betatron resonances (see A.2) to vary the RF voltage as a function of energy. The
RF voltage needed to obtain a fixed natural bunch length of 6 cm at all energies is shown in fig. A6,
RF energy acceptance and total power are also shown as a function of energy in Fig. A6,

A . . . i7) .
An estimate of the anomalous bunch lengthening, according to the Chao~Gareyte model “and using

parameters scaled from the SPEAR results, indicates that bunch lengthening should be negligible at the
operating currents; it has of course to be kept in mind that such estimatés may be accurate ip to a
factor of the order of 1.5,

Comparing the source length with that obtained, by the same procedure, for a 51.4 MHz cavity,
it can be seen that the gain factor on source length varies between ~ 1 and 2 depending on energy.

More detailed studies of synchro-betatron resonances (and their possible cures) and higher
order mode losses areneeded to decide whether itis possibleto do better.

A.6. ~ Luninosity and lifetime.

According to formula (1) of the text (§ 2.2) by lowering BZ by a factor of two an increase of
luminosity by approximately the same factor should be obtained (B; > B‘: ). Actually to stay away from
synchro-betatron resonances it could be necessary to increase the fractional part of the betatron tune,
so that §py could drop from .06 to ~.05. If this will be the case, luminosity will increase, over that
computed for 51.4 MHz, by a factor of ~ 1.4 only. Expected luminosity is plotted versus energy infig.A7.

Fig. A8 shows the gas bremsstrahlung and beam~beam bremsstrahlung lifetimeés.



- 25 -

(m} |

30+

] Bz Bx

.

N |
)Nk
_ \ |

-

f 1 o T S

B s DO e SRR

5 . 10 15 (m)

Fig.Al - Optical functions for ;=10 cm - M'=362 - a_=.26 - E < 730 MeV

{m)

30 4

10 4
- ) \
- S
4 —
o >/ \.

5 10 15 (m)

Fig. A2 - Optical functions for B7=10cm - M'~.82 - 6,=.08 - E=1200 MeV



A (mm}

150

o S e, TS c WL | 'iﬂl' G A N~ I -

RN A |

5 10 I's (m)

Fig. A3~ Herizgntal aperture
——

A(mm)

e I R SN s W=

Fig. A4 - Vertical aperiure
s s



27 -

d cC (p4v)/ (v, 4p)
T Cy (paw )it ap)
\,

et ==
T ————
a N
] \ M" m)

-
"\
1
4
- a'c
4
T T T T T T T T :
5 6 7 8 9. 10 1l 12 E (GeV)
Fig. A5 ~ invariant M" horizontal and vertical chr itity. Atum b
oo 4
p o Ve (Kvolt)
e
100 /
) Pioy (KW
J ///
104 _ Egp x10°
4 /—/__—
- //
1 Ty - T T T ! T e
5 .6 7 8 e L 11 12 E (GeV)

Fig. A6 ~ RF voltage, total pewér and energy acceptance

o i



- 28 -

/ Lix ld:‘ Cn’:z 8"
L

4 A///////

e c s mmmmm— = L% 10° mA

1
<
d
e T ¥ T Ty B -
5 6 7 8 B o U 12 (G
Fig, A7 ~ L uminasity per crossing “and tereent per beam
b
T
BENEEIES S L Vce
' =
"ﬂ\
-
10 — \\\\ 7
K \\ ‘ $8
i ; \*
| T— T,
T T T T | A A i
.5 B B 8 9 10 11 12 E (GeV)

Fig.AB - Singte beam—b‘eam (50928 (742 and total (z‘m) bremsstrahlying lifetime



REFERENCES

1) - Propesta per un anello di accumulazione per elettroni e positroni a luminosita alta (ALA) e per la
misura accurata delle proprieta delle risonanze di massa 1100 € Mg+e- § 2200 MeV prodotte nella
annichilazione elettrone~positrone. LNF 77/3 (Int.) (1977).

2) = M, .Bassetti "Un modo di cambiare 1'invariante M" Adone Int. Memo T-56 (1973).
M. Bassetti ""Variable 1/0 curvature function storage rings. Dimensions and damping control"
Adone Int, Memo T-66 (1974).

3) = Petra - Updated version of the Petra proposal ~ DESY (1976).

4) - A proposal for a positron-electron colliding-beam storage ring project (PEP)" - SLAC 171, LBL
2688 (1974).

5) - "Super Adone design study" INFN-LNF (1974).

6) - A.N. Skrinsky "Electron-positron storage rings at the Institute of Nuclear Physics, Novosibirsk"
Invited talk (review) given at the USSR Accelerator Conference, Dubna (1976),

7).~ F. Amman "Electron-positron storage rings: present situation and future prospects" Proceedings
of the 8th Inteérnational Conference on High Energy Accelerators - CERN pag, 63 (1971).

8) - Spear Storage Ring Group "Spear: Status and improvement program"” 1X International Conference
on High Energy Accelerators, Stanford - pag. 37 (1974).

9) - DESY Storage ring group "DOR1S: Present status and future plans” IX International Conference
on High Energy Accelerators - Stanford - pag.43 (1974).

10) - The Orsay Storage Ring Group "Status Report on D.C.1." RT-2/77 - X International Conference
on High Energy Accelerators ~ Serpukhov (1977).

11) - F. Amman "Longitudinal instability due to beam-beam interaction in electron storage rings" LNT 71/
/82 (1971,

12) - M.E, Biagini “"Cammino dal punto di iniezione al punto di layoro per ALA™ Adone Int.Memo T-90 (1978).

13) - R. Belbeoch et al. "Proceedings of the National Conference on Particle Accelerators™ Moscow -p.129°
(1968).

14) - F. Amman et al. "Proceedings of the V111 International Conference on Particle Accelereators” p.68
Geneva (1971).

15) - M.A. Allen et al. "Proceeding of the X Interndtional Conferénce on Particle Accelerators" p. 352
Stanford (1974).

J

16) - A.W. Chao, Y. Gareyte "Scaling law for bunch lengthening in SPEAR 11" SPEAR-197/PEP-224 (1976).

17) - S, Tazzari "Scaling dell'allungdmento anomalo secondo il modello Chao e Gareyte" Adone lnt. Memo
T-93 (1978).
S. Guiducci, G. Martinelli "Lunghezza dei bunches ¢ allungamento anomalo per ALA" Adone Int. Memo
T-89 (1978).



- 30 ~

18) ~ M. Preger, S. Tazzari "ALA 5 - Struttura a M variabile - Calcolo délle aperture necessarie"
Adone Int, Memo SM~18 (1978). ’

19) - W. Hardt, R.D. Kohaupt "On bunch lengthening and the Particle Distribution in Electron Storage
Rings" DESY Internal Report PET-77/03 (1977).

20) =~ S. Tazzari "Apertura per 1'iniezione - ALA" Adone 1nt. Memd E1=4(1978).

21) = C. Pellegrini "On a new instability in electron-positron Storage Rings (the head-tail effect)" 11
Nuovo Cimento 64 A p.447 (1969).

22) = M. Preger "Campi sestupdlari necessari per la correzione del crématlsmo in ALA' Adone Int.Memo
SM-19 (1978). C

23) - M.H.R. Donald, P.L. Morton, H. Wiedemann "Chromaticity correction in large storage ritigs”.

24) = M. Bassetti ""Perturbative method for chromatic and gextupolar effects, 2nd order solunon”
Technische Notiz PET-77/35, DESY Hamburg (1977).

25) - C. Sanellt "ALA: Alimentazioni Adone Int. Memo MA-36 (1978). T

26) - A. Cattoni, G. Corazza, A. Marra "R15u1tat1 dellvﬁ mlsure effettudte pgr I allmeclmento del magnete"
LNF 67/47 (Int.) (1966), .

27) = A. Cattoni "Considerazioni prellmmarl sull’ allmeamemo del Super Adone" Adone Int Memo MM=7
(1973).

28) = 'A. Cattoni "ALA - Struttura magnetica: Magiete Eufvante" Addne Iit. Memo MA L35 (1978)
29) ~ A. Cattonm: "ALA - Struttura magnetica: Lenti quadrupslari” Adone ﬁ[nt Vemo MA- 34 (1978)
30) ~ R. Boni, F. Tazzioli "Sistema di iniezione per ALA" ‘Adone Int. Memo D-8°(1978):

31) - M. Preger "Campi elettrici necessari per la separazmne del fasci-in’ ALA" Adone Int Memo SM220

(1978)
32) - F. Amman, R. Andreani "L'accelératore lindare per e"IéEtr’dhfi'“é‘*;pos'it'r‘oni*”’ ‘LN*P“'63/46':3("1963).,
33) - M.C. Crowley-Milling "The control system for sSps" CER»N Lab.I(I - CO/74—1‘\ (1974).

34) - E. Fiorentino, M. Serio, F. Tazzioli "ALA Slstema dlcontrollo - dmcusslone prehmmar e Adone
Int. Memo' SC=90:¢1978). : ‘ ' ‘ '

35) — A. Piwinski, A. Wrulich "Excitation of Betatron Jynchl otron resonances by a dlsperswn in the
cavities" DESY 76/07 (1976).

36) ~ M.Preger,S.Tazzari "Criteriper la scelta della frequenza RF per ALA" Adone Int.Memo RT=36 (1978).
37) - M.E. Biagini, M.A. Preger "ALA 6 - Strutfura con Bi =10 cm" Adone Int. Memo  SM=22(1978).

38) -~'P.B. Wilson "Stored current in PEP at 125, 200 'and 358 MHz" " PEP-123 (1975).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


