
 
 

A 7T Multipole Wiggler for BESSY II 
 

First Commissioning Experience 
 
 
 
 
 

Ernst Weihreter / BESSY 
 
 
 
 

Collaboration between: 
 
                                     BESSY / Berlin 
                                     BINP / Novosibirsk 
                                     Hahn-Meitner Institut (HMI) / Berlin 
 
 
 
 
♣ Basic ideas of wiggler concept 
 
 
♣ Wiggler parameters 
 
 
♣ First commissioning results: 
 
                    Beam induced LHe consumption 
 
                    Beam optical implementation in BESSY II 
 
 
 



 
 

Motivation for the wiggler project: 
 

Provide a high photon flux up to 60 keV for the HMI for 
 

♣ X-ray residual stress analysis of technical samples 
♣ X-ray magnetic scattering studies 

 
Specific design goal: 
 
                             Provide  1010 photons / sec at 60 keV in an aperture of  
                             0.5 x 0.5 mm in a 30 m distance from the source 
 



 
 
 



 
 

   



 
 

 



  
 
 



  
  
 



  
 
 



Power incident on cold chamber 
 
 
 

i)    Backscattering of SR from the first absorber                  0.25 W 
 
 
ii) Low energy radiation (0.1 – 3 eV) due to  
         vertical radiation distribution                                         0.6   W 
 
 
 
 
 
         1mm orbit offset, 1mrad angle error                              4.3   W 
 
 
iii)   Wake fields due to surface roughness                              0.01 W 
 
 
iii) Ohmic losse due to mirror currents  ∝ I2:   
                                                          stainless steel                    2.8   W 
                                                          copper                               0.04 W 
 
 
 
 
                  Radiation shield inside the beam chamber on a               
                  temperature T > 4K is recommended 



  



  
 
 



7T Multipole Wiggler Tests 
 
 
 

•  Maximum field  7.4 T after 11 quenches 
 

•  Continuous operation over                       80 hours       at     7 T 
                                                                      15  hours       at  7.2 T 
 
•  Field measurements: 
 
     Hallprobe:  i)   field on axis 

ii) horizontal field distribution for several poles 
 
 
    “Stretched wire” measurements:  integrated multipoles 
 
 
Integral field at 7T measured specified 

Second integral 2.6  10-4  Tm2 2.  10-4  Tm2 
integr. Q-pole > 1.  10-2  T 1.  10-2  T 
integr. sextupole 0.63  T/m 0.5  T/m 
 
       →     Within error bars field is according to specs 
 
 
•  LHe consumption:    ∼ 0.6 liter / hour at 7T in steady state operation 



  
 



Beam induced LHe consumption 
 
 
 
 

I=0,            B=0 :   Q= 0.5 l/h  (0.36 W) 
 

I=100 mA, B=0 :    Q= 1.6 l/h  (1.15 W) 
 
 

Beam induced consumption:   Qb = 1.1 l/h  (0.8 W) @100mA 
 

             Current dependence:    Qb  ≈  I2  
 
        20K-shield temperature:    T = 10 K  @ I = 0. 
                                                   T = 28 K  @ I = 300 mA 
 
 
Potential causes: 
 
♣ resistive wall effect in the liner  

analytical estimate:  P = 0.13 W @ 100 mA 
 
 

♣ wake fields induced by 
 

i) cross section steps in the liner and rf-spring 
 
ii) pumping slits in the liner 

 
 
iii) resonance inside the bellows 

 
 
 
 
 



 
 
 
 
 
 
 



 
 
 



 

 
 



 

 
 



 

 
 



 



 

 
 



 
 
 
 

Vertical tune shift vs wiggler field 
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HMI Wiggler at 7T: 
Measured vertical beta beat 

 



 

 
 



 
 

 
 
 



 
Resumé: 

 
 

♣ Wiggler magnet meets field specifications, max. field 7.4 T 
 
 

♣   Unexpected beam induced LHe consumption has been analysed   
          and cured 
 

♣ Optical implementation of the wiggler in BESSY II is feasible 
 
          •  Injection is possible with the wiggler at 7T 
 
          •  First attempts to minimise the beta beat are promising 
 
 
 
 

However:   All studies have been made so far at low beam currents,  
I < 20 mA 

 
 
 
 
Next steps: 
 

♣ Commissioning of the wigger interlock and safety system at full  
         beam current, I = 250 mA 
 

♣ Further beam optical studies to optimise beam lifetime at full  
         current 



7T Multipole Wiggler at BESSY II 
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