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Abstract
A simulation is coded to calculate the beam loading in

the cavity of CiADS and the response of the LLRF system.
In the pulse operating mode, the fluctuation of amplitude
and phase of the cavity field contributed by the transient
beam loading is traced. During the simulation the effect of
beam current fluctuation, and timing jitter were determined.
The deviation margin of relational parameters is lined out
to meet the requirement for cavity stability with amplitude
0.1% and phase 0.1∘.

INTRODUCTION
The CiADS linac is a superconducting proton linac which

consists of an electron cyclotron resonance(ECR) ion source,
a low energy beam transport(LEBT) line, a 162.5MHz radio
frequency quadrupole(RFQ) accelerator with four-vane type
copper structure, a medium energy beam transport(MEBT)
line, a SC section which is the main accelerating section,
and a high energy beam transport(HEBT) line. The projects
need a high stability to deliver 500MeV,10mA proton beam
in CW operation mode[1].

The interaction between the beam and the cavity fields
when the beam pass through the cavity in accelerating mode
are referred as beam loading. It may degrade the beam
quality even beam loss, So it is necessary to compensate it.

The required amplitude stability of cavity field is 0.1%,
and phase stability is 0.1∘. In order to meet the specification,
traditional PI feedback algorithm can hardly regulate the
cavity field affected by heavy beam loading. It is therefore
essential for the LLRF system to implement feedforward
and other advanced control methods.

The purpose of this paper is to determine the effect of
beam fluctuation, and timing jitter with feedforward system
in the cavity field.

This topic was identified as being of importance to CiADS
LLRF system in proving it the threshold of relational param-
eters.

CAVITY MODEL
In order to simulate how the cavity will behave when it

is excited by a RF field, a model of the cavity should be
used[2], the equation of the cavity model as below:

𝑉𝑛+1 = 𝑉𝑛(1 − 𝜋
𝑄 )𝑒𝑗2𝜋△𝑓 (𝑛) + [𝐼𝑏(𝑛) + 𝐼𝑔(𝑛)] + 𝜋

𝑄 (1)

where 𝐼𝑔(𝑛) and 𝐼𝑏(𝑛) are the current caused by the beam
and the generator. 𝑉𝑛 is the voltage of the cavity excited by
both 𝐼𝑔 and 𝐼𝑏.
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Figure 1: Cavity Model.

Then according to the equation, we can build a model
in Simulink, which shown in Fig. 1. And some necessary
cavity parameters for the simulation is given in Table 1.

Table 1: Parameters Used in the Simulations.

RF Parameters Value Unit

𝑉𝑐 0.994 MV
sync phase -44.1 deg
R/Q 153 𝑀Ω
𝑓0 162.5 MHz
𝑓𝐻𝐵𝑊 100 Hz

Figure 2: Feedback and Feedforward mechanism.

FEEDBACK AND FEEDFORWARD
MECHANISM

When the beam is accelerated in pulse mode, it causes
repeated perturbation. In the case of low beam power , the
feedback control is an effective way to deal with it in the loop,
However in the case of the heavy beam loading, in the first
few tens of microseconds, because of the delay and high gain
of the feedback loop, there will be obvious oscillations of the
cavity. So the repetitive perturbation cannot well suppressed
by it and may cause the power overshoot[3].

Feedforward control is a technique for compensating the
error [4]. Figure 2. shows the typical mechanism of feed-
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back and feedforward. The principle of FF control system is
to generate an opposite signal of pulse beam to the cavity
when the beam arrives. Ideally it can completely eliminate
the effects of the beam loading. However The inaccurate pa-
rameters may cause instability in the loop, so it is necessary
to determine the effects of different parameters, and line out
a deviation margin to meet the requirement.

EFFECTS OF INACCURATE
PARAMETERS

Fluctuation of the Beam Current
The inaccuracy of the beam current magnitude refers to

the deviation of the real setting point to the design value.
For more specific, there is a ripple of the beam.

The pulse beam with ripple can conclude as follow:

𝐼𝑏 = 𝐼[1 + 𝐴 cos(𝜔𝑡)]𝑒𝑗𝜃 (2)

The simulation result of beam current ripple(Fig 3.) shows
that when the frequency of the ripple 𝜔 = 0, the deviation
of the cavity field is the largest. By adjusting the frequency
of ripple, we could find that as the frequency increases, the
fluctuation decreases.

(a) Amplitude

(b) Phase

Figure 3: Beam current fluctuation with different frequency

As shown in the Fig. 4, the frequency of the ripple is 0Hz,
when the magnitude of ripple 𝐴 ≦ 0.02 , the influence of the
ripple could be ignored.

So the frequency of the ripple should greater than 2500Hz
and the magnitude fluctuation of the beam should less than
2%.

(a) Amplitude

(b) Phase

Figure 4: Beam current fluctuation during with different 𝐼𝑏

(a) Amplitude

(b) Phase

Figure 5: Beam arrival time matching errors
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Injection Time Jitter
During the operation, beam arrival time may change, and

the mismatching time between feedforward and beam current
may cause the field in the cavity unstable. When 𝐼𝑏 = 1𝑚𝐴,
timing jitters affect the cavity field can be seen in Fig.5.
Figure 6 shows the beam arrival time matching errors with
different beam currents.

The result is that when the timing jitter within 1𝜇𝑠 the
cavity field can meet the requirement, so the influence of it
can be ignored.

(a) Amplitude

(b) Phase

Figure 6: Beam arrival time matching errors

CONCLUSION
Feedback combine with feedforward control algrithms

is an effective way to supress the beam loading. A LLRF
simulation model was built to verify the effectiveness of
beam fluctuation and timing jitter. The margins of feedfor-
ward control for those perturbations were given. And the
simulation result shows that as long as the perturbation is
whithn the deviation margin, the cavity field stability can
meet the requirement for the cavity stability with amplitude
0.1% and phase 0.1∘. In further research the pre-detuning
of the cavity and the resonance between the ripple and the
cavity could take into consideration.

REFERENCES
[1] S. Liu, Y. He, and Z. Wang, “Beam dynamics design of ciads

superconducting section,” 13th Symposium on Accelerator
Physics SAP 2017, Jishou, China, paper THPPC082.

[2] J. Ma and G. Huang, “Microphonics simulation and parameters
design of the srf cavities for ciads,” presented at the 10th Int.
Particle Accelerator Conf. (IPAC’19), Melbourne, Australia,
19-24 MAY 2019, paper WEPRB044, this conference.

[3] R. Zeng, “Control performance improvement by using
feedforward in LLRF,” in Proc. 3th Int. Particle Accelerator
Conf. (IPAC’12), New Orleans, USA, pp. 3476–3478, May
2012.

[4] Z. Gao, “Study on transient beam loading compensation for
China ADS proton linac injector II,” vol. 40, no. 5, p. 057 005,
2016.

10th Int. Particle Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-TUPTS045

MC4: Hadron Accelerators
A17 High Intensity Accelerators

TUPTS045
2029

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I


