Simulation study for Self-modulation

Experiment at PITZ

> Self-Modulation
> Beam matching in plasma

> Optimizing the strength of the modulation

G. Pathak', C. Benedetti?, M. Gross3, T. Mehrling3, A. Martinez de la Ossa?3, J. Osterhoff3,
Y. Renier3,C.B. Schroeder?, F. Stephan3

T Universitat Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany
2 Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA,
3 DESY, Notkestrasse 85, 22603 Hamburg, Germany

ﬁ HELMHOLTZ

| ASSOCIATION

H{PACE



Self-modulation

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

The CERN SPS bunch has length ~12cm (120mm).

How to generate short proton bunches?

To generate a short proton bunches a technique viz. self modulation is proposed by N. Kumar and A. Pukhov in
2010. 2
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A long (L > /'lp) , relativistic particle beam propagating in an overdense plasma is subject to the self-modulation
instability via transverse wakefields of plasma wave.

This principle can be applied to the long electron bunch also.

Because of its very favorable condition with electron beams, an independent experiment is proposed to set up a
plasma oven in the PITZ beam line to study the self-modulation of electron beams when they passes through laser
generated lithium plasma.

To reflect the key properties such as energy modulation in the beam via electric fields of plasma waves HiIPACE
simulations have been performed for the case of PITZ beam and plasma.
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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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synchronization
+

phase focusing

+
Maximize the E field

+ For beam matching with plasma density of 10'>cm™3

the twiss parameter B,,(1.6mm) and corresponding
beam size o,.(4.5um) are quite small.

With feasible beam size (~50um) from PITZ
accelerator corresponding plasma density comes out
be 6 x 101°%cm™3 for matching case.

This concludes that perfect transverse beam
matching can not be achieved with “desired” beam
and plasma parameters for PITZ self-modulation
experiment.
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Beam matching for plasma accelerators
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Beam density modulation
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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.
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Optimizing the strength of the modulation

SelfModBeamPhaseSpace_time_000497.93

22.4
S Initial Beam Parameters
: 4 3
S B mean _—
222 i -; . P, = 22MeV /c
. Xrms = 27um
T 22 ] _
S s N Yrms = 26um
L r
f'N el o Ziong = 6mm
' » Q = 100nC
Front part : :
216l ot | Moy With Plasrr;a; Denglty
beam 10 ne, = 10">cm~
214, 5 o 5 4 0
z-<z> [mm]
1.2 1.2 ; T T T T T T T T T ; T T T T T ’ T T T T T ’ T 25
= ™ Tl T T T T T T T T T LI | LI - 0.44 julati Energy(p-p) modulation at the fron
Tl T [l 2 RS il 7 L ) e 7
Em _1o§ EOM-_ 3 £ 1208
2 172 & a2l 12°2 & os) <
2 o09f / {09 g @ - z ¢ =
3 1 8% ¥ 041t {208 = d15 3
S 08 {08 2 & L T 8 ol E
2 orf Jor 8 T 040F s 5 8
3. s 2 omf 158 % E
E 0.6 -‘o.sg g ’ .§ E 03l 410 g
= 051 {os & F 038F 10 2 3
T 1 @
Soab o {04 5 '§ 0.37 | 8 T, Jos @
2 o0 T, 1o, 8 E 1082 =2 u
2 03 03 = - 036 w = =
. 0.2 - L 1 L 1 L - . 1 L o, | 0.2 g 0.35 L I I T T SR SR T 0.0 E-l, 0.1 PR R TR SN ST S R 0.0 =
20 25 30 35 40 45 50 55 60 65 70 75 80 b 04 06 08 10 12 14 16 18 20 22 i 40 60 8 100 120 140 160 180
Beam Size (um) Plasma Density (10"cm) Charge (pC)
Beam size vs Energy modulation with plasma Plasma density vs Energy modulation with Beam Charge vs Energy modulation with
density at 10'>cm =3 and beam charge 100pC beam size fix at ~26um and beam plasma density 10'°cm~3 and beam size
charge100pC ~26um
Z ﬁ HELMHOLTZ
Gaurav Pathak | 03 Feb 2015 | Page 10 phote injector | GEMEINSCHAFT
Test Facility N}




Summary

+ Simulations were performed by varying the different parameters and it shows that
decreasing beam size and increasing plasma density and beam charge contribute
to increase in the modulation of beam energy.

« Study of beam matching reveals that decreasing beam size will help to increase the
energy modulation however such a small beam is hard to achieve for desired

plasma parameters.
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Beam Charge variation
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Longitudinal wakefield near the beam axis @ ~15mm
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