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Abstract Beam Transport (LEBT), and then accelerated to 3 MeV

The European Spallation Source (ESS) will be th ya four-vane Radio Frequency Quadrupole (RFQ)' A
world’s most powerful next generation neutron source. IE_edmrg_ll_ESergky Bﬁam Tran,srli(_)rt (.MEBT) and SD(;'&T\ljbe
consists of a linear accelerator, target, and instruments f inac ( _)ta _et € proton’s kinetic energy to ev.
neutron experiments. The linac is designed to accelera eFrpm this point onwards, the accelerator uses supercon-
protons to a final energy of 2.5 GeV, with a design bearéucg.ng RF (S.R.F) techn_ology— spoke resonators, and t.WO
power of 5 MW, for coliision with a target used to pro- amilies of elliptical cavities — to accelerate the beantso i

duce a high neutron flux. Several stages of RF acceleratigﬂalI energy of 2.5 GeV. A 100 m High Energy Beam Trans-
are required, each using a different technology. The higﬁ.ort (HEBT) then transports the beam, and focuses it on the
beam current and power require a high degree of control qrget, which is approximately 500 m from the source.

the accelerating RF, and the specification that no more than

1 W/m of losses will be experienced means that the excita- OPEN QUESTIONS

tion and decay of the higher order rr_lodes must be very well Several open questions will be directly addressed by the
understood. Experiences at other high power machines alﬁg_ Modeling Work Unit:

imply that an understanding of the generation and subse-

quent trajectories of any field-emitted electrons should be geam j10oss The specification for the beam loss limit is

understood. Thermal detuning of the HOM couplers du@ \y/m and this is derived from a consideration of the load
to multipacting is a serious concern here. This paper Wil he cryogenics due to absorption of the energy of the lost

outline the RF modeling plans - including the construction,;icles, as well as the avoidance of activation of beagnlin

of mathematical models, simulations of HOMs, and mu'i:omponents. Since the maximum beam power observed in

tipacting - during the current Accelerator Design Updalg,e machine is 5 MW, it is possible that only small pertur-
phase, and will discuss several importantissues for ESSyations are all that are required for the beam loss limit to

be breached.
INTRODUCTION A primary concern related to the beam loss is that dis-
Buption of the phase space by Higher Order Modes (HOMS)

X . be sufficient to cause excessive beam loss, and there-
Accelerator D Update (ADU) stage, will be thé"&Y _ : . » &l
an Accelerator Design Update ( ) stage, will be re these will be directly studied by the RF Modeling ef-

world’s most powerful next generation neutron source, anfc? ;
is designed to accelerate bunches of protons to a final et
ergy of 2.5 GeV for collision with a target designed to pro- _. . . . . )
duce a large neutron flux for several instrument beamlines, F_|elq emission / Multl_pactl_ng It is known that f'eld.

. . - emission (FE) and multipacting (MP) can cause consider-
The time structure requires a repetition rate of 14 Hz

with 5 MW peak power on target, a beam current of 50 mAé\ble problems with the operation of high power supercon-

g ducting (SC) cavities [3], and so it is of significant impor-
0,
and a duty cyle of 4% resulting in 2.86 ms long bunches, tance for the successful operation of ESS to understand any

issues arising.

The primary issues are related to the impact on the qual-
ity factor (Q) of the cavity due to absorption of the RF
power by field emitted electrons, increased load on the
cryogenic system due to FE electrons being lost in the cav-
ity walls, and thermal detuning of the HOM coupler (if

. . . . present) causing excessive power to be coupled out into the

The accelerator is a single pass linac without an accy: . " . :

: Sr : OM electronics. In addition, excessive MP can result in
mulator ring and, as shown in Fig. 1, consists of several . ) .

. . cavity quenches, and disruption to the phase space of the
acceleration technologies.

The proton source is a compact Electron Cyclotron Resb-eam'

onance source (ECR) similar to the VIS source [1] in Cata-

. LLRF stability The stability of the accelerating RF is
nia and the SILHI source [2] at CEA Saclay. The 75 keV, . . . )
beam this generates is transported through a Low Enerfundamental in preserving the quality of the beam reaching

e target, as well as to make sure that the previously men-
* stephen.molloy@esss.se tioned beam loss limit is not breached. This is of particular

The European Spallation Source (ESS), currently i

Figure 1: Schematic layout of the ESS accelerator.
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importance in the case of a proton linac, since the quasi-
relativistic velocity of the particles implies that errars
phase/amplitude will result in a beam arrival time error at
subsequent cavities, thereby allowing errors to accumulat .
along the length of the linac.
It may be seen that the beam loss and FE/MP questions
are tightly correlated, and that they are part of the larger

guestion on the installation, or not, of HOM couplers.
Figure 3: A re-scaled, “TESLA-style” HOM coupler.

RF-RELATED BEAM DYNAMICS

It has been shown [4] that HOMs may cause significant
disruption to the quality of the beam in high power pro-
ton linacs, and that this disruption is primarily caused by q
the coincidence of highly coupled RF modes with the fre-
quency content of the beam. Figure 4: The “Rostock design” for a HOM coupler.
Figure 2 shows the R/Q spectrum calculated for a high
B elliptical cavity proposed for ESS where multiples of the
bunch repetition rate (the “machine lines”) have also been The position of the so-called “notch” rejection frequency
indicated. Note that these cavities will accelerate a rafige IS Very sensitive to the geometry, and so it is possible for
particle velocities, and that the coupling, R/Q, is a fumati thermal expansion induced by absorption of FE/MP elec-

of the Ve|ocity' so it is the maximum value of the Coup"ngl’ons to alter this in such a way that significant amounts
within the beta range that is plotted. of the high amplitude accelerating mode are coupled out

through these ports, resulting in Q-droop and electronics
damage.
T FE/MP simulations using the ACE3P codes [5] have be-
gun. The trajectories of electrons emitted around the inner
walls of the couplers were simulated, with a postprocessing
1 o e step involving scaling any resonances by a tygiGec-
ondary Electron Yield (SEY) for niobium (see Fig. 5).
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Figure 2: Maximum R/Q within the beta range used by the
cavity plotted against the frequency of the mode. The red
lines indicate multiples of the 352 MHz bunch repetition
rate.
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In Fig. 2 it can be seen that several modes lie close to
primary machine lines, and may therefore be considergdigure 5: SEY curve used in the postprocessing of the sim-
to be a risk to the quality of the beam. In particular, thejlation results.
highly coupled modes lying just above the machine line at
1408 MHz require further investigation. Figure 6 shows a comparison of the MP behaviour of the
Beam dynamics studies mirroring those in [4] will com-two HOM couplers. It can be seen that the coupler showri in
mence soon, and their results will form an important parfig. 3 displays a large band of MP, this is of a much lower

of the decision on the installation of HOM couplers. amplitude that the narrow band observed for the coupléi in
Fig. 4.
FE/MP IN HOM COUPLERS Remaining questions for this study are:

Design proposals for HOM couplers for the elliptical 1. To what extent may the MP bands in Fig. 6 be le€s-
cavities are shown in Figs. 3and 4. Both of these rely onthe ~ €ned by RF processing during commisioning of the
standard technique of providing a broadband acceptance, accelerator?
butde_&gmng the structure to have_a certain inductance an%_ Through the addition of ridges, or by some minor
capacitance in order to strongly reject the frequency of the
fundamental accelerating mode. 1Data taken from the Fishpact [6] tutorial.
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Figure 6: Comparison of the MP found in the two proposec s00r
HOM couplers [7]. The green line refers to the HOM cou- . ‘ ‘ ‘ ‘ ‘ ‘ ‘
pler shown in Fig. 3, and the blue to that in Fig. 4. THO0 B esedifference (o086 og) 0 2%

tweaks in geometry, is it possible to lessen the MiFrigure 8: The integrated current emerging from the down-
bands to acceptable levels? stream end of a two-cavity system plotted against their

phase difference. The instantaneous phase difference (top
3. Are these studies affected by limitations of the simuaxis), and that observed by a particle with0.86 (bottom
lation code? For example, the ACE3P codes alwayaxis) is plotted.
emit electrons normally to the cavity wall, and do not

implement a statistical spread in the emission energy. . . . .
In addition, they do not take account of space charg It is found that wideband modulator droop and ripple of

when tracking the emitted particles. Each of these e L% induces changes ofompre thaf‘ 10° in the ogtput phase
fects may have a considerable effect on the outcon® the klystron, and 1.25% in amplitude. _Calc_ulatlons show
of the calculations. that the Pl controller struggles_to deal with high frequency
and high amplitude klystron noise due to the loop delay and
the necessity to keep proper phase margin.
MULTI-CAVITY FE/MP It is suggested that the low frequengyX kHz) modula-

As seen in [3], the statistics of the FE electrons impactO" droop/ripple is kept1%, and that the high frequency

ing in the end-groups of a particular cavity are c:orrelate&>1 kHz) i‘T’ tigr;tened 16<0.1%. h |
with the settings of neighbouring cavities, implying th& F At very low frequency £100 Hz) the tolerances may

. I ifi 0, i i -
electrons are being transported throughout the cryomodu@e S|gmf|cantly relaxed~3%), but th'fs results in the con
sumption of more power and dynamic range.
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