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Self-modulation

A proton driven plasma wakefield acceleration experiment was proposed by A.Caldwell et al. in
2009.

The CERN SPS bunch has length ~12cm (120mm), but short (<1lmm) bunches are needed for
efficient acceleration.

How to generate short proton bunches?

To generate short proton bunches a technique viz. self modulation was proposed by N. Kumar and
A. Pukhov in 2010.
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A long (L > Ap) , relativistic particle beam propagating in an overdense plasma is subject to the
self-modulation instability via transverse wakefields of a plasma wave.
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Self-modulation at PITZ
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Effect of Plasma Density Variation
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Plasma Density (10"°cm™)

Plasma density vs Energy modulation Bea density modulation with beam size
with beam size fix at ~26um and beam fix at ~26um and beam charge100pC
charge 100pC

U_H HIiPACE: courtesy C. Benedetti, T. Mehrling, A. Martinez de la Ossa, J. Osterhoff, C.B.
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Methods of Density Measurement

Electron
EMSY, TDS, etc.
1) Plasma: Self_ beam
Modulation
f?
Plasma ,,
2) Gas:

Measurement M Density relation

UV absorption

White light absorption

Hook Method

A low energy laser

pulse will be sent to the
gas. The absorption will
be recorded at the end.

Strong transition of Li Absorption coefficient

first excited state to y(w) < ng
second leads to

determine the density.

Hooks formed at white nol oc A2

light interference
pattern are related to
gas density.
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UV and White Light Absorption

Li Gas

Wi UV or
(< White Light

Energy meter
or
Spectrograph
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Hook method for gas density measurement

Consists of
Medium B [oerestr ] grating and
screen
L (camera)

X
Laser
) / I; ya
M,

/B 1 Z1 ZZ

Hook method: Mach-Zehnder interferometer

Hook Method: The grating disperses the fringes with different wavelengths A; in different x-
directions. Because of the wavelength-dependent refractive index n(4) of the atomic vapor
the fringe shift follows a dispersion curve in the vicinity of the absorption spectral line. The
dispersed fringes look like hooks around an absorption line, which gave this technique the
name hook method (Fig. 1).

n, < A?

400 600 800

Wavelength (pixels)

Fig. 1: Hook interferogram (current figure is for
Rubidium vapor, courtesy: E. Oz, IPAC 2014 )
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Calibration of diffraction grating for hook method

Used for calibration of the diffraction

grating:

1) Two lasers of slightly different
wavelengths 4, and 1,.

2) Screen (camera).

Diffraction equation:
dsing =mAi

d: grooves spacing in the grating
0: angle of diffraction for a particular A
m:order of diffraction

A
0 = sin-1 um
. <1.66)

m=1,d=1.66 um

Angle of diffraction for the two lasers: 6,
and 6,

Distance between grating and screen: x

Difference between first order diffraction
for both wavelengths:

Ay = x(tan 8, —tan8,)

and hence
Ay = Al — ).2

Calibration setup for diffraction grating

Diffraction pattern for the 670 nm and 632.8 nm.

From right to left 0, 12t, 2 order diffraction

pattern. 0 order diffraction overlaps for both

lasers because it is just a reflection from
grating.
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First order diffraction for the 670nm and 632.8nm
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Wavelength distribution of white light interference

The calibration achieved by this method is 0.05 nm/pixel or 11.34 nm/mm
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« Lithium gas density for PITZ plasma experiment will be measured with
Hook method.

« Calibration has been done for diffraction grating using two lasers and it
comes out to be 0.05 nm/pixel or 11.34 nm/mm.

« Expected gas density: ~10*°cm™2 - can be measured with this method.

« Plasma density will be measured by different methods as well.

Thank you

ﬁ HELMHOLTZ

Gaurav Pathak | 10 March 2015 | Page9 | GEMEINSCHAFT
Test Facility N}




Back up for simulations
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Beam properties before plasma
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Beam properties after plasma
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Divergence increase ~ 1 order

Modulation is observed more in the tail of beam.

Beam is compressed transversely due to strong transverse focusing force of plasma.
Different compression in x, y direction is due to asymmetrical transverse beam size.

To decrease divergence - Beam matching can be applied
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Beam matching phenomena

Purpose of beam matching:

> Acceleration of the bunch of charges particles to high energies requires
synchronization and phase focusing

The synchronization is achieved by The Phase focusing is achieved by
matching the rf or plasma frequency with matching a proper phase angle between
particle velocity the rf-wave and the beam bunch

l

Prevent emittance growth
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Beam matching for plasma accelerators

Accelerating decelerating
+ +
Focusin def i
8 accelerating efocusing decefterating
+ +
defocusing focusing

1 . h = t.
Beam matching for blowout regime synchronization

+
8 C C 0 phase focusing
X—,Vm =,y = +
mwg ™ wg” ™ Maximize the E field
° ; 1250 « For beam matching with plasma density of 10'>cm™3
5 s - the twiss parameter B,,(1.6mm) and corresponding
al 1% beam size g, (4.5um) are quite small.
3' .\, 1150« With feasible beam size (~50um) from PITZ
E 1400 g accelerator corresponding plasma density comes out
2f N \ ° be 6 x 101°cm ™3 for matching case.
gi Mo 1% « This concludes that perfect transverse beam

matching can not be achieved with “desired” beam
and plasma parameters for PITZ self-modulation
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Plasma Density (cm?) experi ment.
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Beam matching for plasma accelerators

Beam density @ 15.4mm
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Beam density modulation

Beam density @ 15.4mm
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Longitudinal wakefield

Longitudinal wakefield near the beam axis @ ~5mm

Longitudinal wakefield near the beam axis @ 4.5mm
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Where R(0) is the unitless transverse component.
Both R(0) and R’ are increasing function of k.

Plasma focusing for high energy beams — P.Chen, \‘/
IEEE, 1986 DESY Z ﬁ HELMHOLTZ
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Optimizing the strength of the modulation
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Beam Size (um)

Beam size vs Energy modulation with plasma

density at 10'>cm =3 and beam charge

100pC

Plasma density vs Energy modulation with
beam size fix at ~26um and beam
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Beam Charge vs Energy modulation with
plasma density 101°¢cm~3 and beam size
~26um
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