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Abstract

We report on studies of the loss maps for particles travel-
ling from the end of the ThomX’s linac along the transfer line
to the end of the ring first turn in preparation of the machine
commissioning. ThomX is a 50-MeV-electron accelerator
prototype which will use Compton backscattering to gener-
ate a high flux of hard X-rays. The accelerator tracking code
MadX is used to simulate electrons’ propagation and com-
pute losses. These maps may be projected at any localisation
along the bunch path or plotted along the bunch path. This
information is particularly relevant at the locations of the
monitoring devices (screens, position monitors,...) where
loss predictions will be compared with measurements.

ThomX

ThomX is a 50-MeV-electron accelerator using Compton
backscattering to generate a high X-ray flux.

The beam is produced at the photocathode and accelerated
in a 3 GHz accelerating section before going into the trans-
fer line (TL). This line may be used in two configurations,
one straight after the linac with diagnostics (OTR screens,
faraday cup,..., see [1,2] ) to characterise the beam, and an
other one bent at 90° by two magnets to shape the beam for
the ring injection. This second configuration includes a dis-
persive line to characterise the beam energy spread. In the
TL there are three diagnostic stations (SST) used to visualise
the beam shape with several screens and a camera each.

Once the beam is ready to be injected in the ring, an
injection dipole propagates it through a septum to the ring.
A fast kicker in the ring is used to correct the injection angle
and allow the beam to propagate on the optimal ring orbit.
Each time the beam passes through the Interaction Point
(see Fig. 1) itencounters a laser beam stored in a Fabry-Perot
cavity. Some electrons may transfer part of their momentum
to 1 eV photons coming backward and increase the photon
energy up to 70keV (hard X-rays). To feed the Fabry-Perot
cavity a fibre laser need to be close to the beam pipe but it
is sensitive to radiations induced by electron beam losses.

The machine commissioning is expected to start soon. In
preparation we study particle losses.

MADX TRACKING CODE

Beam losses are predicted by tracking particles with the
accelerator tracking code MadX [3] - developed by CERN -
and checking when they are outside the beam pipe aperture.
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Figure 1: ThomX overview. The electron beam is generated
in the photo-cathode (in blue) then accelerated within an
accelerating section (in pink). The transfer line (in orange)
is divided in two configurations, one that goes straight to
a beam dump for initial settings and an other one that is
bent towards a dispersive line and then to the ring (in cyan).
Each time the beam passes through the Interaction Point
(IP in yellow) it interacts with a laser beam to generate X-
rays (in green) by Compton backscattering. After about
400 000 turns (20 ms) in the ring, the beam will be extracted
through the extraction line (in red) to a second beam dump.

Moreover the tracking module allows one to recover where
particle losses occurred. These lost particles are no longer
tracked.

LIMITING APERTURE AND BEAM
PARAMETERS

ThomX’s TL and ring has been implemented in MadX
and the aperture of each element has been defined based on
mechanical data. In the TL the pipe is circular with a radius
of 17.5 mm whereas in the ring its shape is more complicated
(see Fig. 2) .

The ring’s shape was simplified by taking the maximum
ellipse completely fitting in the ring pipe. This ellipse has a
semi-minor axe of 12 mm and semi-major axe of 20 mm as
shown on Fig. 2 in blue line. The beam losses are slightly
overestimated in the ring.

SIMULATION PARAMETERS

Lattice

Some simulations have been done to predict the beam
parameters at the exit of the accelerating section.

The emittance is ¢ = 5.0x10~® mrad in both plan and
Twiss parameters are:
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Figure 2: Drawing of the ring’s beam pipe from the front.
Real pipe is shown with hashes. Aperture shape used in
MadX ring’s representation is in blue line. Units : mm.

* Br=pBy=432m
*a,=a,=110

Hence, the nominal beam size is o = @ = 1.5mm.

MadX was also used to calculate a periodic beam solu-
tion in the ring and the TL quadrupoles’ strength to match
beam parameters at the entrance of the TL with this periodic
solution. The lattice used there is slightly different from the
one presented in the project’s TDR [4].

Random Selection of Particles

To simulate relevant particles it was chosen to select them
within the phase space of the beam described above but with
an emittance ¢ multiplied by k2 such that the beam size is
kxo.

For each particle, the code selects randomly (x,p,) - and
then (y,p,) - with a uniform random distribution until it is
within the beam ellipse. An additional 35 mm long square
cut on x-y plan is added as the particles outside this square
cut are well outside the beam pipe. The selected particles
are then propagated, using MadX, from the beginning of the
transfer line to the end of the first ring turn.

LOSS MAP
Losses Along ThomX

The localisation of losses may be represented along the
accelerator (see Fig. 3). The computing artefact between
s =13.5m and s = 15 m comes from a change of frame at
the entrance of the ring to take into account the off-axes
propagation in some elements between the septum and the
kicker during the injection. Hence, in the white box, particles
are not represented in the beam reference frame, but in the
ring reference frame.

For the Fig. 3, it was chosen to select 4x100 particles
within 4 beams characterised by 1, 5, 12 and 20 ¢ and to
represent their trajectory in x and y plan along the accelerator.
The last localisation before a particle’s loss is represented
with a red dot.
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For both 1 and 6 ¢ cases there are not any losses of parti-
cles. If the beam is as predicted by simulations, almost no
particles’ loss will occur on the TL and the ring first turn as
only a few electrons propagate outside 5 o.

The case 12 ¢ corresponds to the case where particles at
the border of the beam are exactly at the border of the pipe.
Depending on their localisation and transverse momentum,
some particles may be kept while others are quickly lost
but no losses are encountered after the first dipole of the
TL. Hence, even a very huge beam will create only a few
losses. Moreover, those losses are located at the exit of the
accelerating section far away from the Interaction Point and
its fragile optical fibre.

All the losses encountered after the first dipole of the TL
come from particles within the 20 ¢ beam but outside the
12 o one. As the 12 ¢ beam represents the maximum beam
size in x and y plan, increasing k over 12 is equivalent to
increasing the transverse momentum. Hence the losses en-
countered in the ring come from particles with high px or py
values at the beginning of the TL. A physical measurement
of beam parameters at the beginning of the TL before the
first beam injection will permit to check px and py values
and evaluate the risk of losses in the ring. Moreover, it seems
that those potential losses are mostly located after the Inter-
action Point - which is at 18 m - hence they are not directed
toward the Fabry-Perot cavity.

Projected Map of Losses

An other interesting way to represent losses is to repre-
sent each particle at one localisation - for example at the
beginning of the TL or at the positions of the SST stations -
and to project the position of the particle losses on this plot.

An example of this projected map of losses on the x-y
plan at the beginning of the TL is shown Fig. 4.

This time the 1x10* particles are randomly selected within

a 20 o beam only. One may clearly see the square cut in the .

x-y plan during the selection of particles and the circular cut
at the first element done by MadX.

The shape of losses on the 3rd quadrupole of the TL shows
that the beam losses occur at this point because of the large
vertical beam size. The same conclusion applies to the last
series of red dots before 2 m on the Fig. 3.

At the middle of the plot, a window of acceptance param-
eters can be seen. In this region particles are either particles
that will not be lost (black cross) or particles coming from
k o beam, with k greater than 12.

Finally, knowing the size of the acceptance window at
the locations of the SST stations may permit to check the
possibility for a real beam to be transmitted until the end of
the first ring turn even before trying it.

CONCLUSION

Maps of losses along an accelerator and projected maps
of losses are efficient ways to predict localisation of losses
and allow one to check beam losses even before sending the
beam in some critical part of the accelerator.

WEPAB118
2875

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



12th Int. Particle Acc. Conf. IPAC2021, Campinas, SP, Brazil JACoW Publishing

ISBN: 978-3-95450-214-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2021-WEPAB118
) . . Thme ske;ch . . —— Steerer Ring
WAL G TR 6 W O e e — BPM  mmm Quadrupole
HERE E0 TR B AT HETAETE 18 AT RETERNIN [E — ssTstation  mmm Dipole
TL EEE Septum

X along ThomX

158 computing artefact particles below 1 o

particles below 5 o
—— particles below 12 o
&8 —— particlesover12 o
» last point before loss

X (in mm)

15 20 25 30
s (in m)
y along ThomX

—— particles below 1 o
particles below 5 o
—— particles below 12 o
—— particles over 12 o
- last point before loss

y (in mm)

0 5 10 15 20 25 30
s (in m)

Figure 3: Losses along ThomX. The upper part represent the ThomX line from the TL to the end of the first ring turn. The
lower part is plots of tracking of particles in x (at the middle) and y (at the bottom) plan along the accelerator.

Map of losses x — y at localisation of 'start'

15
10
5
o 1t steerer
= ® Restof TL
E 0 e 3™ quadrupole
g Whole ring
+ passing particles
-5
-10
-15

X (in mm)

Figure 4: Map of losses along the TL and the first turn in the ring, projected at the end of the accelerating section.

On ThomX the window of acceptance parameters will ~ beam parameters but primary losses simulations show that
be calculated at the localisation of each SST station and a  beam losses are well controlled.
graphical representation of it will be added on beam images

on the TL to check the risk of losses before injecting a beam ACKNOWLEDGEMENTS
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