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June 21, 2012

1. News
a) CERN Project Leader: Edda Gschwendtner
b) Discussions leading to nominal design
c) Selected news
2. This meeting
a) Definition of tasks/organization teams for beams & expt areas
b) Discussion West area vs CNGS
c) Define steps & timeline towards CDR
d) Task group leaders & coordinators (in CB)
3. Miscellaneous
a) Name/logo competition
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Plasma cells

Dipole

This option does not 79 _ _
require expensive : e % First look at final focus of
large-aperture dipoles = BN . proton beam (Alexei Petrenko).
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Plasma cell R&D

Heat pipe oven concept + vapor cell
E. Oz, P. Muggli
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Transverse Coherent Transition Radiation (TCTR)

Introduced by A . Pukhov

Coherent Transition Radiation emitted radially around a charged beam along the

surface of a (metallic) screen

Normal (to the screen) electric field

component

Dipole-like radiation pattern

Can be modulated by beam density

Picture taken from the paper
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Transverse coherent transition radiation for diagnosis of modulated proton bunches

A. Pukhov and T.Tueckmantel
Inseue fuer Theorexische Physk I, Uriversecer Duesseidorf, (0225 Germany

sransition radiaion (TCTR) emited by a relativisic panick bunch travers-
ing 2 conducing surface is analysed. The bunch cmis dipoie-like radiation in the direction wans-
verse 10 the bunch axis when the beam radios is smalier shan the radiation wavekngih. The radiation
waveknagth is definod by whe longitudinal structure of the partide bunch. The parucular case of
protam bunches modified by propagation in plasma, but sull carrying an unmodulated currem
considerod. Radiss-modulated bunches with a consiae curront emit axilly symmesric radiasion.
Hosod bunches emit amigymmesric radiation in the plane of hasing. The TCTR held amplitude
may reach 100 kV/m for the existing provon bunches.

PACS numsbunc 4160 Dk, 52400

Coberene transition radiation (CTR) is one of the mase
hoiques wsed for diagnosis of 2 Jongitudinal

structure of charged particles bunches [1-5]. The method
particularly demonstrated its power to characterize acced-
erated electron bunches in laser-plasma experiments [&
8. And ¥ change propagating through a med;
with a particular dicleceric permittiviey is dressed by a
fickd matched to that medium. When the change traverses
a sharp boundary of two media with differese permittivi-
ties, its feld muse be adjusted. The unmatched feld can
be radiazed. The g diation is observed when a
charge pases 2 boundary between a conductor and vac-
uum. A point-like relativistic charge with the rdativissic
factor 7 emies a radiation barst that is collimated within
a cone with the opening angle 9 = 1 /y around the axis,
although the emission 3 exactly zero in the propagation
direction itself. The radiation is broadband. A bunch of
particles can emit this radiation coberenely ae the wave-
kength comparable with its Jongieudinal structure.

Recently, a concept of proton bunch-driven plasma
wake feld accelerator has been put forward [9-11). In
this concepe, a long proton bunch is sent through plasma
where it undergoes self modulation ac the plasma wave
pericd and excites a srong resonase wake Held A cese
experiment 3 in preparation at CERN. One of the exper-
imeneal challenges will be the detection and characteri-
zation of the proton bunch modulation after it exits the
plasna cell.

‘The nature of the proton bunch medulation is such
thae the proton bunch radius is modulated, bue the total
bunch currese remains the same in cach cross-soction.
For this reason, there will be no signatures of the pro-
tan bunch modulation in the forward coberent transition
radiazion. The dassic forward CIR is cast usches in
this case. Morcover, it & important in the experiment to
distingash besween the axisy mmeeric modulation mode
when the radius of the proton bunch is changing persodi-
cally [11] and the possible hosing moede when the proton
bunch centroid cecillates periodically in the transvemse
plain [12].

Below we show thae the transverse coheremt transi-

tson radiation (TCTR) does contain the signature of the
bundh modulation and allows to distinguish betwoen the
axsymmetric modulation mode and the hosing. The
TCTR is emitted perpendicularly to the partide bunch
propagation direction and its amplitde does not depend
on the particks 7—factor as soon s it & large enough.

ORICIN OF TRANSVERSE TRANSITION
RADIATION

Let 13 comsiider a tramsition radiation emitted by a par-
tide bunch as it traverses normally a conductor plate.
‘T'he interaction geometry is illuserated in Fig. 1. When
an clementary charge dg exies from the conducting plate
in the normal direction with the vdocity v, the radiated
field is given by the formmula (638) from the Landau texe-
book [13}:

dg oy g
an [(n,‘:n) XF",

dg [f Yoy dv]
i wnx ‘(R i CR) x ) (1)

where ¢ is the retarded time so that
YL R({E) et (2)

‘T'he second term in Eq. (1) is gencrated by the image of
the physical charge in the conducting plate.

When the clementary charge is inside the metal plase,
its field is comnpletely scroened. Thus, the current is cre-
ated abruptly when the charge exits into the froe space.
We can write for the velocity v(t) — voB(f’' — 1,), where
1, is the time the charge exits into vacuum and O(t) is
the Heaviside step function.

‘T'he denosninazors in Eq. (3) suggest thae a point-like
charge emits the strongese Geld at the angle @ = 1/y
around the propagation direction. Yee, we will be not in-
terested in the emission in this direction, because it does



E [V/m]

TCTR in combination with EO-sampling Investigated by O.
Reimann

Electric fields with amplitudes up to hundreds of kV/m at a distance of 10mm

Signal is to first order proportional to the beam density

High frequencies (several hundred GHz)

— Make use of electrooptic sampling

But: No simple frequency response curve

E.(w, Ry) = WEE‘R exp(jw(—=2) | [ exp(jw? cos(¢))n(w,r)p dp do

1. Harmonic of detected TCTR-field
Mean beamradius: 600um, radial distance: 40mm

Typical E-field for TCTR at different radial distances
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Development of EO-sampling (for TCTR) at MPP o

» Using dispersive Fourier-transform Optical Fiber (SMF28)

* First test setup is working fine

* Development of special probes in the near future

Spacer

Probe setup with a “closed” optical path using

GRIN-Lenses and prisms: GRIN-Lens
Possible length of probe in longitudinal

(beam) direction: < 1cm Prism

EO-sampling and plasma density
measurement at MPP

GRIN-Lens with prism (GRINTECH)

0. Reimann + R. Tarkeshian



MPP Diagnostics Lab (R. Tarkeshian)
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Acceptance study for electrons in plasma at different
energies (Konstantin).

Later today — electron source studies (Tim Noakes)
- scattering in entrance window to plasma
(Scott Mandry)



Accelerator chain of CERN (gperating or agproved Eroiectsz
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Milestones

Oct 2012 (Technical Design Report) ———»  Conceptual design report
Demonstrate at least one technology for a 1m long plasma cell with 104
cm3 density, uniformity better than 5%

Define seeding scenario in 3D simulations, define experimental test

Technical design of electron beam injection into plasma + spectrometer +
dump + proton beam line.

Radiation and safety studly.

Layout of experimental area (p delivery&dump, e injector+spectrometer
+dump, plasma cell, diagnostics, lasers)

Form Collaboration & commit on work packages for CERN &
collaborators.



Milestones-Continued

Dec 2013

Demonstrate at least one technology for a plasma length 5m with 10%°
cm3, uniformity better than 2%, define baseline choice(s)
Demonstrate seeding in experimental tests, define baseline

Dec 2014
Demonstrate 1% uniformity and complete operational plasma cell(s)
installation of switch/delivery into TT61 by end of LHC shutdown

Aug 2015
Installation of beam lines, experimental area

Sep 2015
Beam commissioning, first beam to plasma



Logos & Names

VAKE







PROTON-DRIVEN
PLASMA-WAKEFIELD
ACCELERATION




