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» AWAKE Project
*\Withess production
* 3D simulations for unresolved phenomena in 20
» Future collider studies based on PDPWA
* Possible layouts using existing infrastructure
* Design 1ssues
» Plasma Acceleration Research Station (FARS) Project
* Optimisation for various regimes of CLARA
*Plasma sources
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* PIC simulations for CLARA and CLARA Front End

¥ Instrumentation
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* 2D mask based emittance diagnostics (a.k a pepper-paot) for space charge dominated beams

* Phase space tomography

* Novel emittance diagnostics

* Beam spectrometer terminated with a segmented beam dump

*Plasma lens
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Qutline
» AWAKE Project

o\/\/Itness production

*3D simulations for unresolved phenomena in 2D

» Future collider studies based on PDPWA,
* Possible layouts using existing infrastructure
«Design issues
¥ Plasma Acceleration Research Station (PARS) Project
» Optimisation for various regimes of CLARA
* Plasma sources
v iIMPACT Proposal
* hLlti-burch PWA
« PIC simulations for CLARA and CLARA Front End
¥ Instrumentation
» 2D mask based emittance diagnostics (a.k.a pepper-pot) for space charge dominated beams
« Phase space tomography
» Novel emittance diagnostics
= Beam spectiometer terminated with a segmented beam dump

o« Plasma lens



AWAKE Project

AWAKE project, a proton driven plasma wakefield
acceleration (PDPWA) experiment is approved by £
CERN. The PDPWA scheme consists of a E 200- {
seeding laser, a drive beam and a witness beam 2 1l
to be accelerated. The primary goal of this <
experiment is to demonstrate acceleration of a =
16 MeV single bunch electron beam up to

1 GeVina 10m of plasma. 0 20 40 60 80 100
L, m

\ SPS-LHC
SPS-Totem

A. Caldwell, K. V. Lotov, PHYSICS OF PLASMAS 18, 103101 (2011).



AWAKE Facts

2013
e Approval of project at CERN including funding profile.
2014-2015
e Design, procurement and installation of the equipment, development of plasma cells.
* Modification and installation of the beam line and the experimental facility.
2016
* First proton beam to the AWAKE experiment, beam—plasma commissioning.
¢ Beginning taking data
2017
e |nstallation of the electron source and beam line and diagnostics.
¢ Delivery and installation of the electron photo-injector, commissioning of the magnetic spectrometer.
More data taking!
International Effort

16 institutions in 9 countries across Europe and Asia.
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AWAKE Project

Production of a Withess Beam

g

Baseline Proton Beamline

specifications for

AWAKE e beam.

Electron Beam Line
Table 1: Specifications for the simulation studies.

Parameter Baseline Range of interest Flazma Cell
Beam energy (MeV) 16 10-20
Energy spread (o, %) 0.5 - Bection Roecty
Bunch length, (o, ps) 4 0.3-10 SIS
Beam focus size, (o, pm) 250 250-1000 - -
Norm. emittance (rms, mm-mrad) 2 0.5-5 Expenmental Liagnostics

Bunch charge, (nC) 0.2 0.1-1
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AWAKE Project

Production of a Withess Beam
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Baseline Design for AWAKE Witness Beam

100
RF T:eids SImuiated b‘y SuperFash aﬂd i
Ir:m.n:lln‘lg Wave Structure

i ; g " 30 Call TWS

1
B |

B iy, 3 GHZ 15 MVM I | W sl ™
1 C I C p 15 .-.I_.-" '\""\-\h‘
E‘* 20k 43 3
= %
> 0 =13 3
< .
uJ 'ED" ] " /! 5
L T R S R SRR P at: e 10 ’ ;

5 : E : . 5o om0 200 150
'ﬂ]""\\“aﬂjndn'g Wave Cavity ek e bk pet hi Ehass | )

2+1/2 Cell RF Gun : :
___aj o s i Ed e _:.: '?JHE. -Il'_:“':l r'-"1"'1-"--"'l'r'| ..... . ................. . ................. - ............... &

0 o0 100 120 200 250 300
Distance (cm)

Enitance Mo Trmveding Weeae Struchume, 3 GHE, 15 M Matefimy Trpd
Camciar Magnes MTVT
Diagnastica
il and
Traaresfpr firr

Lasiw [Hagrashics

() 1ra nas 1415 150 Fopa i g



(i mirad)

3.5

Baseline Design for AWAKE

14

12

10

100 200 300 400 0 100 200
Digtance (em) Digtance (cm)

Bxy (M/rad) 6.1/ 6.3
Clxsy -06/-086
Oy (M) 556 / 577

exiy (Mm mrad) B Ll

E(MeV) 16.16

z‘lE (%) 0.3

300

Magnetic field for compensation solenoid is 2744 (auss.

0. Mete et al., AWAKE Tech. Note, CERN EDMS 1516468

E (MeV)

17

Cl Seminars / 9 MNov 2015

Withess Beam
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Effects of phase jitter on beam dynamics

In simulations, phase error can be generated as the phase difference between the beam and the RF,

v Klystron is the common source of error for both SW and ATS,
» 2.99855 GHz, 1° corresponds to ~1ps, measured phase jitter in CTF3 ~200fs,

» Phase jitter simulations for AWAKE injector; 300fs (1a) over 500 samples around -1° off-crest phase
(~46h to simulate with Parmela).
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Mumbar of Samples
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Effects of phase Jltter on beam dynamics
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Booster Section from 5 to 10-20 MeV

Travelling Wave Structure

» ATS = Accelerating Travelling wave S-band, ._l

» 15 MV/m constant gradient, 21/3 phase
advance and at 2.99855 GHz,

» 30 cells is just under 1 metre long. 1739 2772

— &}
E | -
|  FARMELA Model
'
08
|
a 100 200
Chsinnce |G|

...In collaboration with Graeme Burt, Bob Apsimon (Lancaster University) 13
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Effect of Frmglng Fle\ds and

- PAHMELA TRWAVE Mndal F-on
PARMELA TRWAVE Model F-oft
CST Field Map off crest, F-on

- CST Field Map on crest, F-on

N W BB O ) N D W

200
Distance (cm)

100

300 400

* Fringing fields on/off in PARMELA,

e CST model: no transmission through the structure when fringing fields were not

e ST model: on crest results in 8 mm mrad,

iNncluded,

o_ (mm)

0.5}
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Dhase

- - PAHMELA TRWAVE Mndel F-on

- CST Field Map on crest, F-on

PABRMELA TRWAVE Model F-oft
CST Field Map off crest, F-on

200 300
Distance (cm)

100

e CST model: minimum emittance occurs 15° off the crest (2.3 mm mrad),

compromises the energy spread (~1.2%, next slide).
(reference PARMELA model)” model.

400

Closest to the “perfect

14
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Radial Field

e ransverse electric field induced due to the changes in longitudinal field in radial
direction - Panofsky-\Wenzel theorem.

E_ (MV/m)
- o ®
Lr Mo ri a3 Lri

—
T

% 20 40 60 80 100
Z position (cm)
e Non-negligible radial fields in the order of severa kel can be induced through field
change due to the small iris (~10mm).
® This might cause a "kick” especially in the entrance of the structure where the gamma

13 lower.
15
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Mitigation: External Focusing

Incident, Reflected Power
Bucking Coil

Emittance Meter Matching Triplet
Focusing Solenoid

Corrector Magnets Travelling Wave Structure
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I\/Iltlgatlon Extema\ Focusing
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3D Simulations for Unresolved Phenomena in 2D

Slide from Alex -
O Alexey Petranim /e .
Action of radial forces on test electrons - Y Petrenko (CEFWJ

Red lines show the Trajeciories of plasma electrons. Dots show Irjecisd sleCirons rmarked by the back dots

the 16 MeV electrons from the injected beam, will be captured Eﬁ_ﬂl’ially:
4.0 ! ! T - T i 5=-19.3 cm
151
3.0}
—~ 23}
:
8 N

5 K
15 {Hllﬂ] r (mrad)
1_3.15

08 }n=0.02% - oo . ] | .

= 06} R R Flasma electrons are gjected from plasma at
g1 | S8 B et the density ~0.1% of nominal (~ 10712 1/cm?),
I gg | A This results in strong focusing electric field
" ﬂﬂ 15 10 i s 10 extending for several mm outside plasma.

18
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Qutline

» AWAKE Project
*/\/itress production

« 30 simulations for unesoled phenomena in 20

»Future collider studies based on PDPWA
*Possible layouts using existing Infrastructure

*Design Issues

»PARS Project
«Optirnisation for various regimes of CLARA
*Plasma sources
viIMPACT Proposal
» M Lt-bunch PYWA
»PIC simulations for CLARA Frort End for sirngle beam
v INstrumentation
+ 2D mask based emittancs diagnostics (a ka pepper-pot) for space chame dominated bearms
*Phase space tomography
«[\ovel emittarce diagnostics tests in Argonne for space charge dominated regime
Beam spectromeater temminated with a segmentad beam dump

Plasma lens

19
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An electron-positron collider

o e’ source
51 _
LHC
-4 { Proton
- . |
Ny Electron beam energy with
# plasma density step-up,
I 1  —— T —

0 2 4 6 8 1012 14 16
L, km

A. Caldwell, K. V. Lotov,
PHYSICS OF PLASMAS 18, 103101 (2011).

For this PDPWA-based e* e~ collider design, half of the LHC
bunches (1404 bunches) are used for driving electron acceleration
and the other half for positron acceleration. Taking into account
that the ramping time of the LHC is about 20 min and assuming
that the loaded electron (and positron) beams have a bunch
charge of 10% of the drive proton bunch, i.e. electron (and
positron) bunch charge of N.=1.15 = 10'"%, and the beam spot
sizes at IP are the same as that of the CLIC beam, as shown in
Table 1, the resulting luminosity for such an e* e~ linear collider is
about 3.0 x 10* em 2 5", which is about three orders of magni-
tude lower than that of the ILC or the CLIC.

G. Xia, 0. Mete et al.,
NIMA Volume 740, 11 March 2014, 173-179

e source

2 Km 2 Km 2 Km Z Km

e’ e
Plasma IP Plasma Proton )

1 TeV e*/e" beam in 2 km of plasma

» Via plasma step up and self modulation instability.

LHC radius, 4.3 km

» Transfer and matching of protonsé&plasma.

» Dedicated e source

» 2 km plasma section (0.5 GeV m™).

» 2 km beam delivery and final focusing section.

» ‘Used” protons to be extracted, dumped or may be
recycled.

20
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An electron-proton collider

LEPILHJ\ Utilisation of existing CERN infrastructure

prospects of a cheaper and more compact
solution than LHeC.

Layout 2

SPS by

f

Ramping times
LHC = 20 mins, LHC pre-injectors ™ 2 s.

Layout 1 ¢ A

SPS protons can excite the plasma
PIC simulations: 1 GV m™ = accelerates e beam up to 100 GeV in 170 m of plasma.

Parasitic e’p collisions”
establish collisions between 100 GeV e beam and 7 TeV LHC protons.

"LHC collisions can continue in parallel

of the linac. Using the LHC beam parameters, for example,
Np=1.15 x 10", , = 7460, f5=0.1m, e =3.5 ym and assuming
the electron beam parameters as follows: Ne=1.15 x 10'° (10% of
the loaded drive bunch charge), E.=100GeV, n,=288 and
Jrep =2 15, the calculated luminosity of the electron proton collider
is about 1 x 10" em “s ' for this design, which is about three to

G. Xia, O. Mete et al.,
MNIMA Volume 740, 11 March 2014, 173-179

21
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Proton Driven

. ( -
» Phase slippage e -
» Interaction of “driver” beam with plasma el ©PuBuelociyof wakefleldsisthe same g5 the
velocity of the driver, protons. Electrons may
» Interaction of “witness" beam with plasma e overrun the wakefields - no acceleration.
» Positron acceleration (in case of ep collider) e -
- Bunch lengthening due to
Production of accelerating field by using energy spread and focusing
a hollow plasma for positron Issues of protons.
acceleration. 4
- b §
“

quadrupole magnets Electron beam scattering b‘f plasma

/ l \. electrons and ions - luminosity
7w )

degradation through emittance
growth

%
electrons,

& i
B () B ,

., plasma layer e /;—"
e A‘LH

%
%
Ty e e R L T e e e
I
' vacuum channel )/
_.;r' .-r"' b
positron beam

proton driver ’

/ - 22

cladding
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Key \s:s'u'es'ih Collider Design

O X7
Protons Electrons
1 (?":‘f —Yio) 2
5=kpﬁ5:$ {}"ef—?eﬂ) 1- 1 T T T T T T T
EEmfmeL‘mp - ( ll'yfr_l_ III?;:D_])-
10 1 - Il
| — 1, =450, v, = 1.0e6
otherwise the electrons will overrun the protons. === v,=450,y, =2.0e5
For a single stage PDPWA based e e~ collider design, a 7 TeV . By 7
LHC proton beam will excite plasma wakefields and accelerate g
electron bunches to 1 TeV (assuming electron injection energy of B 6t il
10 GeV which is far less than 1 TeV), yjp = 7000, yor —ye0 = 2 x 10°. %‘
If we assume that the amplitude of wakefields is eEg.c/meCap ~ 1, 2
then the phase slippage is « i Il
(s
S —— -
2= 5 -
kpAs =2 x 10° 1 (y; —7000)/(y /7% — 1~ V7000 - 1]]
0
100 500

The calculation shows that the phase slippage length (or | —— " N "
: . . — . 2. Phase slippage between the SPS proton beam and the electron beam as a
maximum acceleration lED,gﬁ'l] is about 4 km dsSUming the function of y; of the proton driven beam for a single 500 GeV stage and 100 GeV

plasma density of 10" cm 7 for a final proton beam energy of{ stage electron beam production.
around 1 TeV. Therefore a 2 km acceleration channel meets the G. Xia, O. Mete et al,,

h 1 : +a— Hlider Aacio
a2 reauiTement for an e e _collider Z222n NIMA Volume 740, 11 March 2014, 173-179

23
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Key Issues in Collider Design

Assume a gradient of 1 GeV/m: e*/e” acceleration = several hundred - few thousand meters,

» Issue |: guiding of the drive beam over such long distances,
* Focusing: external by quads, transverse plasma wakefields.
» Issue ll: Moreover, drive bunch lengthening due to finite momentum spread,
e 7 TeV LHC beam, Ap/p = 10 spread leads to 0.01 pm/m,
* |nitial LHC bunch length 7.55 cm >> 20 pm after 2 km of travel in plasma - negligible!

* Lengthening should be carefully considered for the self modulation regime.

L Ap mZc?
Ad =~ ~ 22T g
IAA? D p2c2

24
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if . . .
/Key Issues in Collider Design

&mﬁy—T%@Nmﬁ>

.Y

Diffusion equation representing the
emittance growth.

— Z = 37(Rb), Ae = 0.13 pum, Ag = O pum
- -7 =31, Ag = 0 um, Ae . =0um

—— £ = 3, Linear Regime np > nb _
- — — Z =3, Non-linear, blow—out regime np < nb|;
Geant4 Result @500 m

B=0.02mn =06x10""m™ s
gas

“““““ AREE S do (QZT'[] )5_. 1
_.-'III T 2 2 2
f“'; b ds) v (6 + H'm.i"n.)
;’!J ion Coulomb scattering cross section.
| 107
Elastic/inelastic scattering of the witness -
particles, LA
* by plasma ions -- assumed stationary, 107
» by plasma electrons (insignificant in i I
the blow-out regime?) -- mobile. -
—— £
Black = estimations modified from the o
model' for beam-gas scattering in a <
damping ring,
Blue, red ™ preliminary model,
Green ™ Geant4 result®,
Realistic model development and 10713

GEANT4 simulations in progress.

T.0. Raubenheimer, (Ph.D. thesis), SLAC-387, 1991.

200 1{]:'.]{] 1500 2000
s (m)

2A. Caldwell et al, Nature Physics 5, 363 (2009).
25
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Key Issues in Co\l'der Desugn

|—¢-—E|

—u—E|

Pre-formed wakefields by LCODE <%
» Longitudinal (0.5 GV/m) and transverse £ iy
(0.1 GV/m) fields defined in Geant4, |

» LU (Z=3,a=6.941 g/mol) 0.4

» and Rb ((Z = 37, a = 85.468 g/mdl) ) gasses b Iy B Sl LY
i d RBlineh |E"I-.'J"Tr'!'?ﬁj."|'l:HFﬂ||!'-'I:3|:|,l.lm
were considered, oAl . L o o

Posilion (mm)
i [}

» Uniform medium: 500m long, 100mm radial

a0 1400 =
extent.
i E"EDD E 1200
Initial beam E g
| % 500 J,g 1000 :
» 10k particles at 10 GeV % %
S 400 & 800
» Gaussian distribution for beam size and g 5
divergence, with standard deviation of 3 5"
10um and 10urad. 5 200 e
100 200
0. Mete et al.,
Physics of Plasmas 22, 083101 (2015). ) D . et :
X (1) 1™ xpmllfrad:l <10~ 56
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st Issues n Co\hder DsS|gn
008 g | .
poal " ®s ';_.Ié.ﬁl"ﬁ':r. . ~‘ N .::‘t'l- o= | uu:: ' : I
According to the simulations, the largest growth is Ef:f! :
induced by the multiple scattering of the beam particles by 5 ﬂi"
plasma particles. Rb gas yields two orders of magnitude -
larger emittance growth (41 mm mrad/m) than Li gas ool
(0.5 mm mrad/m) in average over 500 m, as expected, since nm!
the scattering cross section is proportional to the square of ' E
the atomic number. Both cases are compared to the vacuum t:] ot 400 M, Li gaa. | (b b 00 1w P
case where beam travels through vacuum under the effect of 4 : _ : : , , — ke
the transverse and longitudinal wakefields, and an average E &__ﬂ__g_q—g—u—-ﬂ—ﬁ—E—ﬂ—ﬂ——E—ﬂ—H"'ﬂ—ﬁ—H--u—?. |
emittance growth of 6 nm/m was calculated due to effects T —
other than scattering such as plasma-beam mismatch. E_ f —"—ngum I

0. Mete et al.,
Physics of Plasmas 22, 083101 (2015).

0,04 + a R
47 015 D o |£Inm|u;:_: 01 015 02 1{]'1 ‘_ 10° |
(c) at 200m, Li gas. T i SR
10°2 10 |
poal, | 3.! E B s L o
i | 107 2 P
i E - !
n02: i p E « .-"I :
g o | 10 10 i
E E;.' B i 1ﬂ-5r 1{]'2 s i _I
o0} " E 0 2 a 8 B 10
008 ! i s (m)
| .“:'-E 1 1 i 1 1 | 1 1 !
003 i 0 50 100 150 200 250 300 350 400 450
L0 { I'I"I}

0F 015 47 005 @ Q05 0f 045 08
= [rmm)

(e) at 300m, Li gas {f) at 300m, Rb gas, 27
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Minimum impact factor, can be related t© the effective

Coulomb radius of the nucleus, R (ion impact is larger than
neutral atom case - due to the potential including the
electronic structure of the ion).

5 ion

¥ imm)
' ;

« 1[0 :

et z (mm) : ; - i=1
Joe e In non-linear bubble regime, maximum
e impact parameter will be defined by the N
bubble radius yvielding much smaller ay _ 1 P2
In a fully ionised plasma, Scattering angles. ) =« ZI:(I* (&)
maximum impact parameter -
comesponds to the plasma Debye | N
length. _ - S — o '
9 . —— e (z2') = & ]Z_]:(ﬂ:-a (2)) (=} — (=)
eokg T, o /-”7*: Fn

.i"l.-u —
n.e’
28
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Key Issues in Collider Design

» Electron acceleration can be done by proton-driven plasma quadrupole magnets

wakefield acceleration, / l \

» What about the positrons of a e*e collider?* %

-------

» Hollow plasma beam:

* Focusing of witness: Charge separation on the plasma electrons',

layer wall due to driver space charge force,

; %
IS

plasma layer
* Acceleration: Buckets (hollow plasma) are larger than
uniform plasma case " Stable acc. over long plasma

distance,

vacuum channel

cladding

_ . _ _ positron beam N\
« Witness - Wave Phasing: Possible to tune by changing proton dnver

plasma channel radius,

Driver: LHC type beam

Energy, 2 TeV Witness proton beam Plasma » 2D simulation result:
Bunch length, 100 pm Energy, 2 TeV Hollow :
Intensity, 10*! Bunch charge, 1 nC Density, 6 x 10% cm3 Energy gain 1.3 Tev.
Energy spread, 10% Injected after 0.75 mm after driver Length, 1 km » Feasible for positrons®.

L. Yi et al., arXiv:1309.5691 [physics.plasm-ph] “L. Yi et al., arXiv:1306.1613 [physics.plasm-ph]
W, D. Kimura et al., Phys. Rev. ST Accel. Beams 14 041301

‘New results from FACET for positrons —> Nature 524, 442445 (27 August 2015) 29
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PARS Project
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Operating modes Long Pulse Short Pulse Ultra-Short Pulse
Beam energy (MeV) 250 200 200
Charge/Bunch Q (pC) 250 250 20-100
Electron/Bunch N (x10%) 1.56 1.56 0.125-0625
Bunch length rms (fs) 250-800 (Aat top) 100-250 < 30
Bunch length (pum) 75-240 30-75 9

Bunch radius (gm) 20-100 20-100 20-100
Normalised emittance (mm mrad) < 1 <1 <1
Energy spread (%) 1 1 1

...In collaboration with Deepa Angal-Kalinin and other ASTeC and Cl colleagues. 31
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PARS Project
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0. Mete et al., Physics of Plasmas,
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PARS Project
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Beam quality studies

PARS Project
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Emittance growth due to scatiering for the

reference case.

»Theory (based on gas-scattenng in damping

rnngs) suggested negligible growth.

riodel Is being updated considenng ion case

where the effective potential Is modified Including
the electronic structure of ions.

PARS Project

y O Sermirargy/ @ Nov 2015

: e 4 S [ _g_-!'.'-"r=1ﬂ_ﬂm
104 ¢ Ry~ = 20m
b !
= i .Y : i 50 um
Ty 107 M| Hr=1ﬂﬂg:m
al ‘I[JE I i j EurrESp?ndLng nafnp values
;
2
™ ol
107 §
E ]
w1
107
107

10" 105 10" 107 10'% 109 102 102" 102 107
Plasma Density, np {r‘n'ﬂ}

Beam-plasma matching.

»Beta functions of the beam and plasma should

match. | = :
non-linear bubble focusing
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Qutline

« 30 simulations for unesoled phenomena in 20
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Beam spectromeater temminated with a segmentad beam dump
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P— Outline

« Witness production

» 30 simulations for unresolved phenomenain 20D
» Future collider studies based on PDFWA

» Foasible layouts using existing infrastructurs

* Design issues
» PARS Project

« Optimisation for vanous regimes of CLARA,

« Plasma sources

» iMFPACT FProposal
« Multi-bunch PWA with an undulator

» PIC simulations for CLARA Front End for single beam

» INnstrumentation

2D mask based emittance diagnostics (a.k.a pepper-pot) for
space charge dominated beams

ePhase space tomography

eNovel emittance diagnostics tests in Argonne for space charge
dominated regime

eBeam spectrometer terminated with a segmented beam dump
*Plasma lens
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What is the range to be measured?

Raﬂge of divergence to measure at the mask.
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—mittance Diagnostics and Space Charge Limits

— —

DEfDGUSiﬂg space Charge term - F oy

-
—

-

/
— | [’_T” _1_ l:}_.f ’Y Jl
Outward pressure due to rms emittance. 32

1{]1 - —0.1nC -0.3 ps |
. ——02nC -03ps|]
1nC -0.3ps

— 0.1 nC -4 ps

: Emittance Dominated
|

' 2 2
: ——02nC -4 ps | En.ﬁf}{ >> 0 Kg
|
|
|
|

1nC -4ps
———2.33nC -4 ps |

Space Charge Dominated

Eif}”}/ << 0K,

e

___Quad Scan
Post-Booster |
Region

—

MS /PPT I
Pre-Booster Region |

500 1000 1500 2000 2500 3000 3500 4000
Position (mm) 44




Cl Seminars / 9 MNov 2015

2D Emittance Measurement System
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...In collaboration with Carsten Welsch, Ralph Fionto (Liverpool University) 45
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2D Emittance Measurement System

Intensity of individual beamlets: Fi

Mean positions of the beamlets: x; ..

x 10" Messurement, PHIMN, CERM
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Divergences of the beamlets:
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Spread on the divergences: o,

The definition of the transverse rms
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Analysis is repeated in both axes.
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2D Emittance Measurement System
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... humerical characterisation completed, tests in Argonne (AWA) 2016/Q1.

Optical Transition Radiation Interferometry (OTRI)

Beam Size and Divergence Modified technigue for beams with low
Measurements using OTRI energy using ODR-DFRI

~1mm -
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» Both techniques: Fringe visibility provides divergence,

.0 .5 1.0 1.8 2.0 2.5

» OTRI: foils well separated for high E, Angle (1] _
» ODR-DFRI: foils close together - low E.
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Phase Space Tomography

Phase Space lomography with existing Quad Scan Setup

Phase space tomography: reconstruction of the phase space distribution by using one dimensional
measured projections as a function of focusing.

Experimentally: Beam size measurements from the “existing” quad scan setup can be analysed with
tomographic algorithms to reveal more detailed information.

Analysis: Preparation of an analysis code using “Filtered-Backprojection Algorithm (FBA)” is in progress.
D. Stratakis et al., PRSTAB 9, 112801 (2006) (Maryland)

Compared to quad scan: a larger angular scan (more projections) required to cover the entire phase
space. This can be achieved either one or two quads - simulations in_progress.

4230

&

(a) PRSTABGY, 112801 (b)

FIG. 3. (Color) X'X phase space for the 0.6 mA electron beam:

(a) using tomography: (b) direct WARF.
49
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Energy Spectrometer for PWA Experiments

0 5 1015 2 32 Challenge: Measure from
B aaas i
E 0 =5.97 MeV, AE/E = 0.73 %, Intensity [mA] MEVS (@] GE,‘VS
20001
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E 1200 magﬂet. 3
D. Egger, et al., CTF-NOTE-099 i
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Plasma Lens

» Plasma responds to cancel the space charge of a R
relativistic bunch. o 06

04 Focusing force is

» Plasma ions cancel the electric field of the bunch. e

» Magnetic field of the bunch focuses the beam,

- e
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rio.
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1
3 B =z
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e
=
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B

[
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o
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T
|

- + — e - — 1 % ~ - ~ = = o
Plasma length [mim] Plasma langth [rmm]

L= |

Focusing force differs from that of an ideal lens, leading to emittance growth.
» Spherical aberration, Focusing force not linear with radius.
» Longitudinal aberration, Focusing force varies with longitudinal position in bunch.

K. Hanahoe, et al., Simulation Studies of Plasma Lens Experniments at Daresbury Laboratory, under review by PPCF.
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Conclusions

» We contribute to the search for advanced accelerating technigues
through following activities:

e designing and characterising of electron sources and Injectors with
flexible-wide range specifications,

e numerca and analytical plasma-beam Interaction; wakefield
generation, high guality beam production,

e future uses of the technology; e p, ee* colliders,

o mplementation In the local facilities; PARS at CLARA, IMPACT at
CLARA FHont End,

e |ow energy high brightness beam diagnostics with large aynamic
range.
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