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Circumference of MAX IV, 3GeV, 528m 

Circumference of Colosseum 527m 
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WGU 2 WGU 1 WGU 4 WGU 3 
WGU 5 

13 units 1 unit 
2 units 

- 18 pcs: RF power units (37MW peak, 4,5usec, 100Hz), ScandiNova mod + Toshiba klystron  
-   1 pc: RF power unit (8MW peak, 3usec, 10Hz), ScandiNova mod + Thales klystron 
- 18 pcs: SLED (Q=100000, 4,5usec in, 0,7usec out), RI 
-   2 pcs: RF guns  (a therminioc, second photocathode), MAX IV Laboratory 
- 39 pcs: Linac structer (max gradient of acceleration 25MV/M, 5m long), RI 

MAX IV 3GeV LINAC  

1 unit 1 unit 
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Pre-injector: 
     - RF Gun Test Stand    
     - Thermionic RF Gun 
     - Photocathode RF Gun 
     - Optic & Energy filter 

RF Power Units: 
    - High Voltage Modulator 

    - Klystron 

    - Long-run test 

Accelerators Units: 
    - SLED 

    - Coupler & Power Divider 

    - Linac structures 

    - Conditioning  

 

Waveguide System: 
    - E- band waveguide 
    - H- band waveguide 
    - Straight waveguides 

MAX-lab, 
Sweden 

ScandiNova 
Sweden 

RI 
Germany 

IHEP 
China 

Purchased by 

Purchased by 

Purchased by 

Purchased by 

Installation 
   - Linac structures 
   - SLED & power dividers 
   - Waveguide system 

BINP 
Russia 

Made in Max-lab 

MAX IV LINAC 
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Pre-Injector 
     - 

Klystrons & RF Windows 

Accelerators Units 
 

Waveguide System 

IHEP 
China 

Installation 

RF Power Units 

 

MAX IV 
Linac 

Injector 

Conditioning Acc. Units 
 

¤ Despite our efforts, have been not been 
able to simplified more than that graph 
below. 
. 

Toshiba 
Japan 

ScandiNova 
Sweden 

MAX-lab,  
Sweden 

RI 
Germany 

BINP 
Russia 

AFT 
Germany 

MAX IV LINAC 

Uni Bon 
Germany 

Circulators 
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  - MAX IV pre-injector 
 
  - RF Gun Test Stand at MAX-lab  
        - Thermionic RF Gun 
       - Photocathode RF Gun 
        - Optic & Energy filter 

Pre-Injector 
RF Power Unit 

Accelerator Unit 
Waveguide system 
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- Two RF units 
- Two RF Guns 
- One SLED 
- One Linac structure 
- Waveguides 

MAX IV Pre-Injector 
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Thermionic RF Gun 

Soleniod 1 

C T 

Kicker 1 

Kicker 2 

Soleniod 2 

Energy Filter 

Slit Corrector 1 

Corrector 2 

Photo RF Gun 
Soleniod  C T 

¤ The MAX IV pre-injector  will cover two modes of running:  
 
1. Thermionic RF Gun 
• Thermionic gun will only be used for ring injections. 
• The bunches are leaving the gun with a period of 333 ps (3 GHz). 
• Storage ring cavities are operating at 100 MHz. Wanted bunch train 

structure 
• A bunch train should consist of 3 bunches, appearing with a period of 

10ns (100 MHz). 
• 10 bunch trains during one LINAC shot (100ns). 
• The max PRF - 10Hz. 
 
2. Photocathode RF Gun 
• Photocathode RF Gun will be used for the SPF and FEL application.  
• The short bunches are living gun with extension on time 1-2ps 
• The beam energy 4,5 to 5MeV 
• The beam charge 20 to 1000pC 
• The max PRF -100Hz 

 
3. The beam optic & energy filter will take care to have the proprio electron 
bunch to the input of L0 for the rings injection  as well as for the SPF &FEL 
aplications. 
 
¤ Both of RF Guns will be tested and characterized before installation on 
MAX IV injector. 

L0 (first structur) 

MAX IV Pre-Injector 
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Thermionic RF Gun 

Aperture Current before Energy filter / mA Current after Energy filter / mA 

Out 206 68 

1 mm 23 13 

2 mm 59 33 
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¤ The configuration of Thermionic RF Gun test stand is 
similar (identical) as  it is build in MAX IV pre-injector. 

Thermionic RF Gun Test Stand 

Th
er

m
io

n
ic

 R
F 

G
u

n
 

So
le

n
io

d
 1

 

C
 T

 

K
ic

ke
r 

1
 

K
ic

ke
r 

2
 

So
le

n
io

d
 2

 

En
er

gy
 F

ilt
er

 

Sl
it

 

C
o

rr
ec

to
r 

1
 

C
o

rr
ec

to
r 

2
 

Spectrometer 

FC 

FC 

ESLS workshop D. Kumbaro 17-18 September 2013 



11 

¤ The Thermionic RF Gun Test Stand helps on doing: 
 1. Gun conditioning 
 2. Measurements of RF Gun: electrical field, beam charge and energy 
 3. Testing bpm system 
 4. Emmitance of Gun electron beam.  
 

Thermionic RF Gun Test Stand 
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¤ The Photocathode RF Gun is designed, constructed, tested on test stand in MAX-lab. 
External forms and contacts with ion pumps and RF power are the same for both 
Photocathode and for Thermionic RF Guns, so we can easily use almost the same 
components of RF Gun Test Stand. 
 

Photocathode RF Gun  
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Photocathode RF Gun Test Stand  

¤ The Photocathode RF Gun Test Stand helped on doing: 
 1. Gun conditioning 
 2. Measurement of electrical field, charge and beam energy 
 3. Measurment of electron beam’s Emmitance 
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# Next Photocathode RF Gun,  will be build at Max-lab (model RBT/UCLA version of ”LCLS type” gun)   

# The specific improvements are: 
        1. Dual RF feed 
        2. A racetrack shape in full cell 
        3. Increased the mode seperation from 3 to 15MHz 
        4. The iris between two cells was reshaped to reduce its surface field 
        5. Z-coupling and increasing the radius of the edges  
        6. Reduced size deformation tuners 
        7. Improved cooling channels 
        8. New cathode mounting 
        9. Dipole and quadrupole field correctors in the magnetic solenoid 
       10. A bucking coil to cancel the small magnetic fiels at the cathode  

Next photocathode “LCLS” type RF Gun 
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The Electrical Field [V/m] 

The Magnet Field [A/m] 

The Steady-State Thermal [C) 

Photocathode “LCLS” type RF Gun 
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Pre-Injector 
RF Power Unit 

Accelerator Unit 
Waveguide system 

¤ 18 pcs SCN modulator K2, Toshiba klystrons model E37310,  
¤ 1pc SCN modulator K1, Thales klystron Th2157. 

¤ Three principal 
concepts: 
1. Spit Core 
2. Parallel Switching 
3. Pulse to Pulse Control   
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MAX-LAB K2-2 PULSE 290 kV  / 4.5 µs 

256 kV/µs 
248 kV/µs 

SCN Mod. K2 & Toshiba Kly. E37310  
¤ MAX-lab K2 Modulator Pulse 290kV/4.5µs   

ESLS workshop D. Kumbaro 17-18 September 2013 

Nr Parameter Unit Value 

1 RF frequency MHz 2998,5 

2 Max. Peak RF Output Power MW 35 - 37 

3 Max. Klystron Average RF Power kW 16 -18 

4 RF flat top pulse width variable μs 0 to 4.5 

5 Voltage Pulse width variable (80%)  μs 2.5 to 7 

6 Pulse Repetition Frequency variable Hz 0 to 100 

7 Flat top ripple or droop % ± 1,5 

8 Pulse to pulse voltage stability % ± 0.01 

9 Voltage pulse to pulse jitter ns ≤  6 

10 Modulator Electric efficiency % >80 

11 Klystron efficiency % >40 

12 RF output flange  LIL 



170kV 

133A 

SCN Mod. K1 & Thales Kly. TH2157 

¤ RF unit with 8MW peak, 3us, 10Hz for the 
for the Thermionic RF Gun.  

140A 
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¤ MAX-lab K2 Modulator Pulse 290kV/4.5µs   



FAT (Factory Acceptance Test)  

- All delivered modulators, 
have passed  Acceptance 
Factory Test (AFT) . 

- FAT contains 7 appendixes 
documents:                              
1.Set-Up for the K2 
conditioning,                     
2.List of Instruments,                       
3.Operating Conditions,                 
4.Oscilloscops Curves,                      
5. Settings and Limits                                                    
6. Pulse Stabilities 
Measurements, 7. Stability 
records pulse to Pulse                               

 

RF units, Factory Acceptance Test (FAT) 
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RF units, Site Acceptance Test (SAT) 
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RF Power Units Site Acceptance Test (SAT), have been started from 16/09 -13. 
Running of RF Power Units will be on Diode Mode  
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Pre-Injector 
RF Power Unit 

Accelerator Unit 
Waveguide system 

¤ 18 pcs SLED 
¤ 40 pcs Linac structures 
¤ all conditioned in factory 
 
(6000 accelerators cups; 240 
RF absorb cups, 38 SLED 
cavities, 25 RF power dividers: 
100%)   
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¤ Conditioning of Accelerator Units have been 
done in radiation  protected area at Uni Bon.  

Conditioning of Accelerator Units 
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¤ MAX-lab possesses all documentation concern Factory Acceptance Test for all conditioned acc. Units. Every of these FAT, contain the with 
records, list of used instruments, operating conditioning, oscilloscope records, settings and limits, pulse flatness and pulse to pulse stabilities. 
¤ Following is the list of the FAT documents.   
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Acceptance Test Protocols 

ESLS workshop D. Kumbaro 17-18 September 2013 



24 

Accelerator Unit in MAX IV Linac tunnel 
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¤ The Waveguide System components 
have provide by IHEP,  China.  

Waveguide System 
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WG1 WG2 WG3 

WG4 WG5 

¤ The waveguide system is order based on WG-Units, that help to simplify the MAX-lab requests. 

Waveguide System divided according to WG Units  
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MAX IV: Klystron gallery & Linac tunnel 

Klystron gallery 
June    September 

    2013   

Linac tunnel 
June    September 

    2013   
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