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Abstract 
Now the stage of the 30 MeV portion of ARIEL (The 

Advanced Rare Isotope Laboratory) e-Linac is under com-
missioning which includes an injector cryomodule (ICM) 
and the 1st accelerator cryomodule (ACM1) with two cav-
ities configuration. In this paper, the progress of the micro-
phonics investigation and suppression of ICM and ACM1 
is presented.   

INTRODUCTION 
ARIEL e-Linac is a continuous-wave (CW) electron lin-

ear accelerator utilizing superconducting bulk niobium 
technology at 1.3 GHz. The accelerator is divided into 
three cryomodules [1, 2]: a single cavity injector cryomod-
ule (ICM) and two accelerating cryomodules (ACM) with 
two cavities each. The ‘Demonstrator’ phase of ARIEL 
was installed for initial technical and beam tests [3]. Then 
ACM1 cryomodule, high-power RF distribution system 
and LLRF system were updated for 2 cavities [4]. During 
commissioning, acoustic noise from the environment vi-
bration generated by cooling water pumps, cryogenic sys-
tem and vacuum system affect the ACM1 RF performance 
and final beam energy stability. 

   PONDERMOTIVE EFFECT 
Both ICM and ACM1 are working in phase-locked loop 

(PLL) self-excited loop (SEL) in CW mode. Unlike the 
ICM with one cavity and one SEL loop, the two ACM1 
cavities are driven by a single klystron with vector-sum 
control of the two cavity SEL PLL. As such there is no gra-
dient regulation for each individual cavity in the 
ACM1 [5]. Individual tuner loops are established to main-
tain the cavity frequency with respect to the established ref-
erence phase. Microphonics can excite mechanical reso-
nances in one cavity, perturbing the RF resonant frequency, 
which can couple to the other cavity via vector-sum regu-
lation. The modulations of the RF field between the two 
cavities can drive a ponderomotive instability through Lo-
rentz force detuning. The threshold for excitation of this 
instability is impacted both by ambient microphonic noise 
that can seed the instability and the precise settings of the 
two cavity phase loops. The coupled oscillation can deteri-
orate the e-Linac final energy stability outside specification 
and needs to be controlled.  

 During the commissioning, the ACM1 cavities gradi-
ents were limited by the ponderomotive effect when the 
summed voltage was higher than 17 MV. The ACM1 cav-
ities pickup signals showed oscillation in counterphase 

(Fig. 1) while under vector-sum regulations impacting the 
energy stability and ultimately the loop stability. 

 

 
Figure 1: The ponderomotive oscillation of ACM1 pickup 
signals. The yellow waveform is 1st cavity pickup signal 
and the green waveform is 2nd cavity pickup signal. 

NOISE OF PICKUP SIGNALS  
To identify the noise peak for each cavity, the ACM1 

was switched from vector-sum mode to single cavity mode 
and the pickup signals were analysed by phase noise ana-
lyser (R&S®FSWP26). Figure 2 shows that there is a noise 
hump from 10Hz to 400Hz in each pickup signal and indi-
cates the noise sources are universal for all three cavities. 

  

 
Figure 2: pickup signals noise analyses. During the test 
the ACM1 was setup in single cavity mode with closed 
amplitude and phase loop with low proportional gain; the 
ICM was under operational mode. 

The coupling between microphonic noise disturbances and 
Lorentz force has been measured on ACM1 cavities. Am-
plitude modulations of various frequencies were added 
onto the amplitude loop driver while keep the amplitude 
loop and phase loop closed and fixed tuners position. Both 
cavities were measured at the similar e-field level. The pa-
rameters of the first 5 strongest microphonic disturbances 
coupling to Lorentz force are listed in Table.1.

 ___________________________________________  
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Table 1.  Noise Peaks of ICM and ACM1 Pickup Signals  

 Frequency 
(Hz) 

Power 
(dBc/Hz) 

Q 
 

K  
(Hz/(MV/m)2)

ICM 40.70 -31.60 68.7  
124.66 -43.57 53.7  
60.01 -48.38 85.7  

300.09 -49.76 241.6  
46.08 -51.26 36.5  

ACM1  
1st cavity 

59.96 -30.20 96.7 0.2294 
119.96 -36.33 66.6 0.1601 
35.57 -36.66 57.4 0.2359 
48.30 -42.19 60.4 0.3694 
29.66 -42.28 84.7 0.1575 

232.18 -43.11 114.9 0.0727 
ACM1 

2nd cavity 
120.04 -28.87 135.3 0.1386 
35.27 -42.08 93.7 0.1664 
60.02 -44.77 199.9 0.0937 
29.60 -45.15 59.2 0.1597 
47.90 -45.77 159.7 0.0712 

MECHANICAL VIBRATION SOURCE 
The external vibrations couple to the mechanical system 

constituted of the cavity and auxiliary components and ex-
cite mechanical modes at resonance. An accelerometer 
(Dytran 3100D24T) was attached to different positions 
around both cryomodules to measure the mechanical vibra-
tions with Agilent 35670A under different conditions. The 
results are shown in Fig. 3.  

 

 
(a) 

 
(b) 

Figure 3: ICM and ACM1 vibration signals under opera-
tional condition: (a) ICM; (b)ACM1 

The water pumps for Klystrons cooling, the roughing 
vacuum pumping bellows and the couplers air cooling flow 
have been identified as external vibration sources. Most of 
the noise peaks in Fig. 3 can be found associated with an 

external source except 40 Hz signal in ICM and 35 Hz sig-
nal in both ACM1 cavities. Cryogenic test result reveals 
the ICM 40 Hz noise is related with JT valve status as 
shown in Fig. 4. The 40 Hz noise is also found in ACM1 
1st cavity with much less amplitude.   

 
Figure 4: ICM 40 Hz noise and JT valve status. After turn-
ing off JT valve the 40 Hz noise peak value decreased 
about -17 dB.  

 
The 35 Hz is a mechanical mode of cavity as shown in 

Fig. 5.  The external vibration source has not been identi-
fied. But it shows correlation with couplers cooling air 
flow rate and the cooling fans status which was attached on 
the coupler warm section of the outer conductor.  

 

 
Figure 5: the simulation of 35Hz mode of cavity. 

REDUCE EXTERNAL VIBRATION   
To improve the beam energy stability, some vibration 

damping improvements are implemented on both ICM and 
ACM1 based on the former test results.  ACM1 was 
switched back to vector-sum mode for beam delivery and 
the vibration damping improvement was implemented step 
by step with the results shown in Fig. 6. 

The ACM1 waveguide damping is temporary proof-of -
principle made by wood and rubber inserted between the 
waveguides and the upper stainless-steel floor near the 
ACM1. A permanent and optimized damping will be im-
plemented on both ICM and ACM1 waveguide systems in 
the future. 

The ICM vacuum roughing bellows are now fixed and 
coupler cooling fans are turned off. The most of noise 
peaks have been reduced as shown in Fig. 7. The coupler 
cooling air flow optimization and the waveguide vibration 
absorber installation will be done soon.  

DISTURBANCE CAUSED BY LN SYSTEM 
 The cryomodules use LN2 for thermal shielding and 

coupler cooling. The LN2 supply valve is regulated by the 
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cryomodule LN2 exhaust temperature. The ACM1 RF 
power shows a correlated fluctuation with the LN2 supply 
valve status as shown in Fig. 8. 

 

 
Figure 6: Noise spectra from the phase signal as a function 
of ACM1 vibration damping. After fixing the roughing bel-
lows and turn off cooling fans most noise peaks are reduced 
especially the 120 Hz peak; After the cooling air flow is 
reduced, the noise peaks continue to be reduced with only 
3 noise peaks higher than -60 dB; Further damping of the 
waveguide and the addition of a roughing pump damping 
pad, the 232 Hz noise peak reduced about -10 dB. 

 

 
Figure 7: ICM vibration damping. 

 

 
Figure 8: The RF power fluctuation with LN2 supply valve. 
The initial regulated temperature was 130K and the reverse 
power showed 2 kW fluctuation (forward power in yellow 
and reverse power in red). Then the ACM1 LN2 regulated 
temperature decreased to 120 K and the LLRF parameters 
were optimized, the RF power fluctuation has been reduced 
(forward power in green and reverse power in black). 

 
After the improvements in Fig. 6, Fig. 7 and Fig. 8 had 

been implemented, the electron beam was delivered to the 
final beam dump with 22 MeV (8+7+7) final energy, and 
the beam energy stability was measured by the BPM which 

is shown in Fig. 9. The 1mm beam fluctuating translates 
into about 0.12% of energy fluctuation.    

 

  
Figure 9: The beam test results with LN2 supply valve reg-
ulated at 120 K. There was still some fluctuation on RF 
power (forward power in blue and reverse power in green) 
which became more significant after few LN2 supply valve 
opening period (LN2 level in violet and LN2 supply valve 
position in black). The beam energy (red line) had disturb-
ance which correlated with LN valve status. 

 
Then the LN2 supply valve was switched to constant 

open mode as shown in Fig. 10. 
 

  
Figure 10: The beam test results with LN2 supply valve 
constant open. The fluctuation on beam energy and RF 
power caused by LN2 valve has been reduced (in red) and 
the overall beam energy stability is about ±0.1%. As the 
LN2 supply valve (in black) is under constant open mode, 
the LN2 tank refilling process (LN2 level in violet) will af-
fect beam energy (in red) and RF power (forward power in 
blue and reverse power in green). More optimization need 
to do on LN2 system. 

DISCUSSION 
The stability of ICM and ACM1 cryomodule has been 

improved and the final beam energy stability is about 
±0.1%. In the next step the optimized waveguide damping, 
coupler cooling air flow rate, water system vibration damp-
ing and LN2 system upgrade will be done. The JT valve 
mechanical installation and supporter need to be investi-
gated to eliminate the 40 Hz noise. The pickup signals 
phase monitoring regarding to the reference signal will be 
set up on EPICS. The effect of the LFD driving pondero-
motive instabilities needs further investigation with the 
threshold presently at a vector sum of 18 MeV. 
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