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1 Experiment description

The experiment called SL_.COMB aims at the acceleration, manipulation and transport of high

brightness electron beams by resonant plasma wakefields 1) At this regard, a train of high

2), is properly generated at the

3, 4)

brightness bunches with THz repetition rate, so-called comb beam

cathode, and manipulated through the velocity bunching technique , in order to be injected

in a Ho-filled plasma discharge capillary 5) with proper distance and length. A train of driver
bunches separated by a plasma wavelength, \,, corresponding in our case to 1 ps, resonantly excites
a plasma wake, which accelerates a trailing witness bunch injected at the accelerating phase. Going
towards more compact facilities, also plasma-based focusing devices deserve deep investigation. In

this regard at SPARC_LAB 6) we are performing theoretical and experimental studies on both

active 7) and passive 8) plasma lenses to understand their effect on the beam quality and pave the
way to their integration in conventional transport beam lines. For this reason different capillaries,
in terms of size and material, are under investigation with a high voltage discharge circuit (20 kV,
200 A) to ionize the hydrogen gas filling the capillary. In addition, because of the nature of the
gas-guiding structures used, detrimental effects on the beam stability due to wakefields might rise
up requiring careful attention to minimize them.

2 Activity

The activity in 2017 was focused on the investigation of active plasma lenses under different
conditions with the aim of characterizing the effect on the transverse emittance, which is of utmost
importance if plasma lenses need to be integrated in conventional transport beam lines. With the
3 c¢m long capillary and the lower peak current (20 kV, 100 A) discharge circuit, we have observed,

as reported in 7), a partial ionization of the gas, being maximum of 30% in close proximity to
the axis. The partial ionization of the hydrogen results in an even more non-linear magnetic field,
since the current is forced closer to the axes. To get rid of the non-linearities in the magnetic
field, causing emittance degradation, we replaced the 3 cm long capillary with a shorter one, 1
cm length', and we modified the discharge circuit to produce a peak discharge current of 240 A
with 20 kV, resulting in an unchanged focal length of 20 cm, where a YAG:Ce screen is placed
for transverse beam size measurement. The one-dimensional model used confirms a higher and
more uniform ionization degree within the capillary radius as depicted in Fig. 1 (red curve). The
current is distributed approximately uniformly within the capillary aperture, resulting in a more
linear magnetic field (Fig. 1 (blue curve)).

!The 1 cm-long capillary, with 1 mm hole diameter, is made by 3D printing; one inlet is open
for gas flow at 1/2 of capillary.
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Figure 1: Calculated radial profiles of the azimuthal magnetic field (blue) and Hs ionization

degree (red) for 130 A discharge current, value at which the beam transverse size on the screen is
minimized.

Under these conditions, and with beam parameters at the plasma entrance listed in Table 1,
we have observed a more uniform beam transverse distribution as shown in Fig. 2 for the two cases.
In particular, at the current of maximum defocalization, the beam distribution is not affected
by spherical aberrations (Fig. 2b), signature of non-linear magnetic field and responsible of the

emittance growth observed in 7). Figure 2 shows a comparison between measured transverse

Table 1: Measured beam parameters at the plasma entrance.

Q (pC) 50 (5)
E (MeV) 126.5 (0.04)
AE/E (%) 0.06

€ny (mm mrad) 0.9 (0.1)
€ny (mm mrad)  1.15 (0.05)

o, (pm) 303 (6)
0y (pm) 79 (2)
oy (pm) 86 (2)

distributions in case of an ionization degree of about 30% mainly on axis (a) and of 50% over a
larger fraction of the capillary radius (b).

Simulations have been performed to validated our hypothesis and cross-check the measure-
ments. The magnetic profile, retrieved from the 1D simulation, has been included in the simulations
performed using GPT 10) and Architect 9), showing very good agreement with measured data, as
shown in Fig. 3. An emittance growth between 30 and 40% has been registered in the plasma, with
respect to the case without plasma, probably due to non linearities in the magnetic field, explored
by the outer particles of the bunch. The horizontal axis, in Fig. 3 shows a relative longitudinal
coordinate along the linac. In this relative coordinate system, the plasma lens is placed at ap-
proximately z=5 c¢m, where the emittance (solid line) starts increasing in the 1 cm long capillary.
This is the result of a beam dynamics simulation with the GPT code, assuming in the plasma
capillary a radial profile of the azimuthal magnetic field as shown in Fig. 1. The dashed line in
Fig. 3 represents the simulated emittance value in case of free space (no plasma in the capillary).



Figure 2: Beam transverse distribution measured on the YAG screen at 20 cm from the capillary
for the maximum current: (a) 100 A and 3 cm length, (b) 240 A and 1 cm length.
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Figure 3: Normalized transverse emittance as function of z. The numerically computed emittance
is plotted with solid lines, and the experimental values are overlapped with stars (&,,,) and circles

(eny)-

Since the the emittance is measured through the conventional quadrupole scan technique about
5 m downstream from the plasma lens and the Twiss parameters are backtracked to the flag at
about 20 cm from the plasma, the data of measured emittance (x and y) with (star and dot) and
without plasma (hexagon and circle) are both drawn at z=20 cm.
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