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1 LINAC (SW)

1.1 Introduction

The main piece of for the acceleration are the two linac sections, providing >125 MeV each. The structures are ordered from the ACCEL company and are identical to the ones used for the SLS injector and the non SC-concept presented for TESLA 
. The structures are of the travelling wave (TW) type and with damping material in the end cells which removes the need for an external power dump.

One naked linac structure, fed by a 35 MW klystron can give a maximum energy gain of 77 MeV in standard configuration. Since this is insufficient, a SLED system is added to give a low cost increment of the beam energy with a factor of 1.8. The no-load energy gain/linac is thus 138 MeV which drops to some 120 MeV at 250 mA beam current.

Table 5‑1. The LINAC system

Length
5.2 
m

R sh
52 
M/m

Q
10.000


Damping
0.5


Fill time
0.7
s

Decay time
1.38
s


6.7


Phase shift
3.8
s

Frequency
3
GHz

Klystron power
35
MW

Energy gain (no SLED, 0 A)
77.35
MeV
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Energy gain (SLED, 0 A)
138.7
MeV

Energy gain (SLED, 50 mA)
136.5
MeV

Peak gradient increase by SLED
x 2.63


Peak integrated gradient increase by SLED
x 1.793


The electron beam is recirculated once more through the linacs, and thus the design goal of 500 MeV is achieved.

A very important feature of the recirculating system (see later chapter) is that it must be isochronous, that is the path length should be independent of particle energy. With such a system, the beam will see four linacs rowed after each other.

When the head of the beam pulse reaches the first linac for the second time, the electron gun is switched off. The beam head thus bites its tail and the linac will see a constant beam-loading. Since the round-trip time in the recirculating system is 100 ns, we see that the pulse length will be 100 ns as well while the linacs are accelerating electrons during 200 ns.

The performance of the complete system is defined more by the RF-gun (see preceding chapter) than the linac. The gun delivers a 2.3 MeV bunch into the first linac section with a length less than 3 ps which ensures a small energy spread in the accelerated bunch. 

The linac has to be able to operate in several operation modes (Table 5‑2).

Table 5‑2 Operation modes

Energy
Mode


1 
100-125
SLED
Inject MAX I and MAX II 

2 
250
SLED
Injector for MAX I, SR and pule strecher.

3 
500
SLED
Injector for MAX II and the new ring.

4 
30- 75
Classical
driver for IR-FEL.

5 
200-500
SLED
UV-FEL.

1.2 Specifications & performance

The beam exiting the linac has to suit the demands imposed by the tree storage rings (Table 5‑3). As previously stated the emittance and energy spread are defined by the electron beam characteristics from the gun. 

The linac itself will focus the beam both vertically and horisontally. Dure to the fairly low energy (2.3 MeV) enetering the first linac the focal length in the first cells is short, which might produce a "beating" in the beam size. This has probably no significant effect on the performance, but can in principle be avoided by a better mathing of the incoming beam.

Table 5‑3. The linac design and performance.



MAX I
MAX II
New ring

Desired
Electron energy (MeV)
250
500
500


Pulse length (ns)
100
100
100


Pulse current (mA)
>40
>40
>40


Rep rate (Hz)
10 (50)
10
10


Emittance (nmrad)
10-50
5-25
5-25


Energy spread(%)
+-0.5
+-0.2
+-0.2

Simulated
Emittance (total, nmRad)
50 @ 40 mA


Emittance (sigma, nmRad)
(15 @ 40 mA


Energy
546 MeV @ 50 mA, 35 MW


DE/E (total, %)
< 0.12


DL (total, mm/ps)
0.7 / 2.3

The linac will suffer from beamloading at higher currents, but a current of 50 mA (Fig. 5‑1), the desired current for the storage rings, only lowers the total energy gain from 138 MeV, 0 mA, to 136,5 MeV/section. This gives the opportunity to run the klystrons below peak power, which radically increases their lifetime.
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Fig. 5‑1 Energy gain at 50 mA beamloading per linac section with SLED structrues. (time in s, energy i MeV).

The emittance, energyspread, beamsize and bunch length has been simulated by tracking through a standard linac structure in the code PARMELA. The results are given in Fig. 5‑2 and Table 5‑3.


Fig. 5‑2 Beam sizes at linac exit (lengths in cm, angles in mRad, dE in KeV) 

1.3 SLED / LIPS

SLED
 and LIPS are two different names for nearly the same (SLED the name used at SLAC, Stanford and LIPS the one used at CERN, Génève). The method uses a storage cavity for RF-fields which is pumped up by the klystron (Fig. 5‑3 T1). The klystron is then rapidly phase shifted 180 deg (Fig. 5‑3 T2) and the stored fields are rapidly extracted and directed to the accelerating structure.  At the same time the 180o phase shifted fields are not matched to the SLED cavity and totally reflected from them and directed to the linac. A 3dB hybrid crossing ensures that the power travels in the desired directions. A significant increase in the accelerating fields is achieved by paying the cost of a shorter pulse.

Table 5‑4 Parameters of the SLED cavities

MODE
TE015

Q
100.000

Frequency
3 GHz


6.7

Diameter
200 mm

Length
300 mm

Still the accelerating fields are > 200 ns long which ensures that the desired 100 ns pulse can pass twice. The increase in peak gradient by the SLED technique is in this case 2.63 (Table 5‑4), but due to compression of the pulse, the integrated peak gradient is increased by only 1.793 (Table 5‑4 and Fig. 5‑4).

The SLED cavities for MAX lab will be developed in house.  They consist mainly of a higher mode cavity with improved Q-value (Table 5‑4).

Fig. 5‑3. Electric field strength at the linac entrance using SLED cavities.
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Fig. 5‑4 Relative improvement in peak integrated gradient by the use of SLED. (time in s)

1.4 RF-system

1.4.1 Low level electronics

The timing (Fig. 5‑5) of the different pieces in the accelerator chain is performed by the low level electronics. In principle the chain start with the feeding power into the SLED cavities (t1). 3.5 s later the gun is triggered (t2), followed by the 180 deg phase shift in the klystron power to the linacs (t3) at 3.8 s. The 100 ns chopper is triggered at 4.4 s and the klystrons are switched off at 4.5 s. 

Layout of the Low level electronics is shown in Fig. 5‑6. 

Fig. 5‑5 Timing diagram


Fig. 5‑6 Layout of the low level electronics. (The linac system is doubled).

1.4.2 Klystron and modulator

The klystron must supply 35 MW output power and for this purpose a Thomson TH2100 series has been ordered. The pulse modulator should handle the above power levels and provide a 6.5 s pulse at 10 Hz repetition rate. A conventional pulse modulator with a thyratron switch is forseen. The supplier for the modulator is not decided yet (May 99). The general parameters of the klystron and modulator are given in Table 5‑5.

Table 5‑5. Klystron - Modulator Parameters


Units
Value

Klystron Manufacturer and type

Thomson - TH2100D

Klystron Operation Frequenzy
MHz
2998,5

Klystron Peak RF output power
MW
37

Klystron average power
KW
17,5

Klystron efficiency
%
45

Klystron power gain
DB
56

Maximum RF pulse length
s
4,5

Klystron peak beam voltage
KV
280

Klystron peak beam current
A
295

Klystron perveance
A/V^1,5
2,00E-06

Input RF power
W
1,50E+02

Frequency range
MHz
+/- 10

Modulator voltage pulse width
s
6,5

Modulator repetition rate
Hz
10,00

Lifetime TH2100C
H
20000

To insure compatibility with existing systems (CERN and PSI) key components, specially the klystron tank, shall be built according and compatible to CERN standards. 

The system shall cover all necessary power supplies, as for example:

1. Capacitor charging unit

2. Power supplies for the klystron solenoid

3. Power supply for klystron heater

4. Power supply for pre magnetisation current

The control and interlock system of the transmitter covers

1. Heater Current 

2. Water Flow 

3. Body Current

4. VSWR

5. Klystron Voltage

6. Klystron Current

The control system should preferably be of the Allen-Bradley PLC5 Ethernet or CLC500 Ethernet type to fit to the lab equipment.

The control system must allow different operation modes (off / standby / running)

The standby mode mean, that the main power supplies, as for solenoid and pre magnetisation are off and the heater current is reduced to a given value.

The system shall provide state of the art technology and therefore the technical parameters according to stability and accuracy will be compared with the CERN system
.

1.4.3 Waveguide

N.A.

1.5 Support structure and alignment

The linac sections will hang from the roof. The support structure will define the "straightness" of the linac structure. The methods for aligning the structure will be the same as already used for MAX II: Water leveling system, invar cords and theodolites.

1.6 Diagnostics

e-beam diagnostics? Current transformers before and after. Screens?

1.7 Vacuum system

The linac systems can only be pumped from the ends. It is important though that the linacs can be closed if other parts of the system has to be opened, due to the long conditioning time of the sections. We intend to keep the possibility of beeing able to bake out the whole linac sections if necessary.

(consult Leif!)

1.8 Temperature control

The SLED systems are the most demanding in temperature contol and needs a precision of +- 0.05o. The most convenient is to operate all structures in one cooling system, which will give sufficient temperature control for all structures.

1.9 Conditioning

The power condtioning of the linac sections is a time consuming art, weeks rather than hours. To be able to to perform the conditioning within acceptable time with a 10 Hz system it is of outermost importance that the structures have been produced and treated in UHV manner. The production should be performed by "diamond steel" cutting and cleaning only by water following the standards of DESY.
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This system consists of an additional ”storage cavity” placed between the klystron and the linac. Energy is stored in the cavity and then quickly released to the linac. This produces a higher field in the linac, but with a shorter pulse.








� R. Brinkmann et. al., Conceptual design of a 500 GeV e+e- linear collider with integrated X-ray facility, DESY 1997-048


� SLED: A method of doubling SLAC's energy, Z.D. Farkas et. al. SLAC-PUB-1453 (1974)


� P. Pearce, A 35 MW pulsed klystron-modulator for the Swiss Light Source test facility - Calculations, Installation and Measurements, PS/LP Note 96-04 (Tech)
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