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Agenda

3/27/18

WG session 1 (Tues 9:00am-10:15am) Introduction + Strategies

9:00-9:45 Introduction, goals of the workshop Discussion
9:45-10-15 Strategies toward a SWFA collider  Discussion

WG session 2 (Tues 10:30am-11:45am) Accelerating structures

10:45-11:00 Dielectric Wakefield Resonator Accelerator, Sergey Shchelkunov
11:00-11:15 PASER, Levi Schachter

11:15-11:30 New structure design at AREAL, Vasili Tsakanov

11:30-11:45 A dielectric disk structure for improved the efficiency, John Power

WG session 3 (Tues 1:00pm - 3:00pm) [joint WG3+WG6+WG7] Simulations tools

13:00-13:30 SWFA ‘State-of-the-art and Future needs’, Philippe Piot
13:30-14:00 DLA ‘State-of-the-art and Future needs’, Cowan & Niedermeyer
14:00-15:00 Simulation Similarities and Differences between DLA and SWFA, Jorge Vieira

WG session 4 (Tues 3:30pm - 6:00pm) Drive bunch Physics

15:30-16:00 ECHO, Igor Zagorodnov

16:00-16:20 Shaping via Emittance Exchange John Power

16:20-16:40 shaping simulation + some experiment at PITZ Francois Lemery
16:40-17:00 DWFA experiment at LUCX Alexei Lyapin

17:00-17:20 Dielectric Wakefield R&D programme at Daresbury lab Yuri Saveliev
17:20-17:40 Phase mapping with two-beam interferometry method in DWA Dan Wang
17:40-18:00 Discusion

WG session 5 (Wed 10:45am-12:15pm) Opportunities for collaboration & facilities

10:45-10:55 Facility: Yale Accelerator (Sergey Shchelkunov); Daresbury (Yuri Saveliev), DESY, Sinbade (Francois Lemery; TTX (Dan Wang); LUCX in Japan (Alexey
Lyapin), CERN Candle (?), AWA at Argonne (John Power) , FAST at FNAL (Philippe Piot) AREAL Vasili Tsakanov, FACET (?); ATF (?)

WG session 6 (Wed 1:30pm - 3:30pm) Witness-bunch Physics

1:30-2:30 0:35 positron and electron emittance discussion
2:30-3:30 1:00 positron and electron shaping discussion

WG session 7 (Wed 4:00pm - 6:00pm) Discussion on report write-up

4:00-6:00 Summaries of WG & Writeup
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Structure-based Wakefield Acceleration (SWFA)

Two methods to couple the energy drive = main:

e Two-Beam Acceleration (TBA)

 Collinear-Wakefield Acceleration (CWA) —
»10 GHz-1 THz

> " >Cy|indrica| vs. Planar
main beam | > Dielectric vs. Metallic
% . 7 OUTLINE:
- ﬁ.-..;‘f’.ifam 1. Consider ‘Current Status’
main beam and ‘Future Needs’:

1. Drive Beam
2. Structure
SWFA can accelerate e- and e+ (using e- drive) 3. Main Beam
2. Integrated LC
3. Test Facilities
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Frequency Choice: 10 GHz-1 THz

Breakdown improves with shorter RF pulse
Breakdown improves with frequency?

TBA CWA

Gradient (favors THz-scale)

*  GHz-scale structures (favored) ~ W, ~Q/ar2
O — r/Q "~ freq (the accelerating gradient
main beam increases < with frequency at a fixed
! power)
%  BBU instability (favors GHz-scale)
| drive beam — Wperp ~Q/a’"3
- ST g TSRS G TSI - - D

CWA: corrugated metallic waveguide
° THz-scale structures

no waveguides
These are hybrids of TBA and CWA

Cu

] [

’a Witness bunch Drive bunch

Xy b, , b , b,
al2 % 77
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/ channe /§ \/ channel /
i Zé %§ §\:g % v t
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Sergey Shchelkunov (Yale/OmepaP, USA)
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Drive Beam (DB): Current Status (1/3)

TBA

CWA

/_G

.

Hz-scale DB mature
mature (M4, =86%)

3GeV submodule #1 3GeV submodule #50

Drive beam structure (100us consists
- of 1000 beam pulses, 1,=65A)

3ibunches

SQnC/bunch Th=769p - : g
o ..
: . Lg

:m IJ

150 GeV Module 10

e THz-scale DB technology
??)
Drive and Witness in same focusing

not mature, (layout? 1 4.="

channel

\ /Good progress

DB Shaping for high R for effici

— DB BBU studies for THz-scale
structures
1000 — .
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‘ V| o Multiparticle
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Drive Beam (DB): Current Status (2/3) Shaping

* Longitudinal shaping (relevant to CWA and PWFA) have made considerable

progress the pass few years Record High R = 5

Drive beam shaping with laser Drive And Witness With Wakefield On

(a) E Ig?e,r (C)
~ L 3‘. e- beam
H Igh TR cathode 22 f t

re- bunch

n
[—]

oy
= =]

=
=3}

Energy [MeV]

o
LI

_ s (cm) -10 0 10 20
100 time [ps]

Longitudinal Phase Space Diagnostic

REgun solenoidal lens

Francois Lemery (DESY SINBADE, Germany) Q. Gao (Tsinghua/Argonne)

* Transverse shaping to match Structure (CWA and PWFA and DLA)
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Drive Beam (DB): Current Status (3/3) BRU

e Drive beam BBU for CWA

Numerical and Theoretical Studies of BBU in CWA

1000 —— ,
1l L |—2-particle
i v o Muliparticle

W, ~ Q/a 800r | Y-Fixed Q=1nC
~ 3 Quadrupole i I; Fmd Q=1UI'IC
Wi Qla erinel {THIRES -~ Fixed Q=100nC
/ (31 Y 1
Wo 5 (i \
£ NN \

Tapering quadrupole B'

— 7 [BAZEANNZE AN AN NN

Witness beam L /\

__..._ 2-a ZDY——
Drive beam / 0'24;W° 200
W A v A Vv A Vv A V)

Wakefield accelerator imbedded into quadrupole wiggler : 15 2 25

a [mm]

A. Zholents (ANL , USA) C. Li (Tsinghua/ANL, USA)
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Drive Beam (DB): Future Needs (1/1)

e Extend DB shaping experiments to further increase Ezand TR (CWA)

Q1000 35
Ly < 1
— £ o § // 1. TR=5 (Record )
% 600 jf ~1IR/ 120 R
’ T 400 / 115
o /, 1+ 10
Triangular Bunch &—200 K 5
-
K. Bane et. al., (1985) S 0 ' — 0
° * kL /2n"° 8

* Experimental demonstration of BBU control (planned exp’t APS) —

* Can we keep shaped DB emittances low for THz structures?
(simulations & experiments)

* Efficiency: Study alternate means of DB generation (TBA and CWA)

e Can we generate DB with an SCRF linac? O &
* > toincrease the repetition rate = to increase luminosity? 17“% 357 cllr cavies, 44V ?ﬁf“"’;‘,mv
* Optimum DB injection energy (e.g. 2.2 GeV CLIC) R )
 Can we use energy recovery to boost overall efficiency i,% = !‘Z EoN
iy —

3/27/18 SWFA overview, ALEGRO18, Oxford, UK 8



Structure: Current Status (1/2) h Power Test
* EXPERIMENTS: Few structures have been tested with geam at high fields

Vasili Tsakanov, (AREAL, Armenia) exotic
1000 . ANHM 100 nm Metamaterial Unit cell design \

structure

I‘ralllng train of micro-bunches Trlgger bunch
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' - )llll N‘*ﬁc
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i : — Levi Schachter (Technion, Israel)
K—LR"W%-‘AN'"-USA) ----- ' Alexei Lyapin (RHUL, UK) & )

WEA/ overview, ALE GIiOlS Oxford, UK

* Many structures have been proposed (conventional, exotic, active)
3/27/18



Structure: Current Status (2/2) Simulation

o T

* SIMULATION:

 Particle Tracking codes (IMPACT, GPT, ASTRA, GPT, etc) are mature
» External field and collective effect (Space Charge, CSR, Wakefields)

* Structure:
* Eigenmode: CST, ACE3P, COMSOL, HFS
* Wakefield: ABCI, ECHO,

* Beam-Structure interaction: -
. [Greens Wake Function + Tracking code ) lgor Zagorodnov (DESY, Germany)
+ |fully EM PIC code

Yuri Saveliev (Daresbury Lab., UK

1.4F
12
1.0
S, 08}
< st
04}
02}
0.0k

WSim Initial

1 — Impact-T Inital

1 — WSim Final

1 — Impact-T Final

E [Mev] . . . .
Variable Gap Dielectric Wakefield Accelerator
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Structure: Future Needs (1/1) 5 e oo
215 pBsi. asb
élo z:"-\ﬂ/

Further SWFA structures studies s ~———— maw

* Experimental study of Breakdown/Breakdown-Rate (TBA and CWA) CHN S o Piy 207KV

* Experiment and Simulation of Material Properties in high fields (TB 0 2 4564 & 1012
* Observed “metallization” (Pulse S '
* Mutlipactor

* Charging
e Radiation damage
 EM Simulation Tools (TBA and CWA)

10 GV/m
* QOpen source
* Easyto use
* Light weight
* Multiphysics L GV/m

* Develop a down selection criteria
e High Efficiency Structures (TBA)
e Use CLIC method for TBA (Cost and Power)
* Need to develop CWA method 0.1 GV/m

Gradient

3/27/18

- Breakdown tests

‘ Acceleration

T-481 SLAC dielectric

E201 FACET
FACET 100 GHz Drive beam -
metallic ‘
FACET 200 GHz E201 FACET dielectric
dielectric )
- withess beams
AWA metallic TBA ‘
CLIC ‘ AWA dielectric TBA

GHz THz 11
Frequency



Main Beam: Current Status (1/2) Sources

* 10-100 GHz scale e-e+ sources
e can take advantage of CLIC main beam development

* 100GHz - 1THz scale e- sources (need lower Q, higher _
repetition rate) oe s
e e- can take advantage of recent light-source R&D ™

* S-band to X-band conventional injector
* SRF high-current capability

* Cryo-cooled RF gun (a.k.a. “Top Gun”)
* high-rep rate?
* THz RF photocathode gun 125 6V/m
e 3 cell structure fabricated
* Optical rectification (LiNb) generation of THz, door-knob couple | HI . . .
L™

0.75 mm  Axis of Cyllndncal Symmetry
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Main Beam: Current Status (2/2)

* Longitudinal shaping for improved efficiency
e Reduce Energy Spread (trapezoidal current distribution)

* Benefit all schemes (SWFA, PWFA, LWFA, DLA) £
3
 CWA diagnostics progress <

e Two Beam Interferometry

= =simulaton

—_—

Setting the drive-witness delay

14

122727
95495
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40909
13638

- 13636}
- 40909
-66.182]
- 95455
- 122

Reverse triangular main bunch

4

'.‘ * data
4231 wake from the witness beam g 0.8 ﬂ:‘
5'—‘: : . - = = E.* g l» f Beam pair
o z s 06 .
{ﬂ.} I 1 iy R “ \
: ) : — g n' ‘ ‘
$ ! : _ ' o 04 ; ¥ - i
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I F 02 i $:9¢ ; ‘
1 1 r [N
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] ) ¢ | N o— Yoy
Dan Wang (Tsinghua U., China) 30 285 W 4 "0
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Main Beam: Needs (1/2) MB dynamics

* Improve efficiency

* PoP experimental demonstration of Main

Beam Shaping main-beam
matching optics

* Does shaped MB impact Luminosity?

* Transverse dynamics

* Flat beam needed at IP
(cylindrical/planar)
* Transport and emittance preservation
(simulation & experimental demonstration
 CWA: Transverse stability

* Does drive beam instability effect main
beam?

e Can we combine drive beam BBU control
with Main beam dynamics?

e Simulation & Experimental tolerance study
needed

CWA stages
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Main Beam: Needs (2/2) Low Emittance

e Sources of low-emittance beam

 Damping ring: Conventional approach is to use a damping ring. Can damping
ring produce nm emittance (optimization of DR lattice (e.g. MBA) and energy
will be needed (e+/e-)
* Low charge: A path toward low emittance is low charge:
* trade off between charge and emittance (needed for THz-scale structures)
e Multiplexing (next slide)
* Phase space manipulation: Advance method based on phase space
manipulation combined with high-brightness sources (leveraging on FEL
advance) could be considered (e-)
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Main Beam: final focus (1/1)

e Simulation: Does Longitudinal Shaped MB change Luminosity in some
unanticipated way?

* Multiplexing: Feasibility of multiple low-emittance beams to increase
luminosity should be considered (funneling, multiple simultaneous
collisions, time delayed collisions?)

CWA: 1 TeV
Spreader &
compressor . *
SRF: ~400 MeV ‘ A IP
E-gun ~500 kHz PA /
—_— T |
m’r‘/’ {(‘\'\' l—m@ ‘%:é?:’-’:—’ ------ \: ‘ﬂk’
- Beam ST
Laser 5mA, 2 MW _‘
Shaper N ?
3W ~ 5 MeV _0
‘ >4
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Integrated Linear Collider (1/1)

* Start to end: 3-50 TeV concepts are lacking.
* TBA (3 TeV strawman based on CLIC exists, other TeV’s needed)
* CWA (not even a strawman exists)

* Site Power: Can we reduce site power to acceptable limit (~200 MW)
e State of art
 efficiency of ~7% are anticipated in fully fledged design (CLIC)

e Paths to improved efficiency
* Designing higher r/Q structure (TBA)
« Shaping the main bunch (TBA and CWA)  'rf-main
e Shaping the drive bunch (CWA) Ndrivermain
iv i - . beam
« Reducing emittance, to reduce power for fixed Luminosity Luminosity o« \/7
&
y

* Heat Load: Carry out the R&D required to meet the target
e Can High-repetition rate Structures be cooled?
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Test Facilities (courtesy of Erik Adli) 12/22 facilities discussed

https://docs.google.com/spreadsheets/d/1JcwlLLzrdK9rQprMalU2tZslYZvA4rjy1TQ2WG8x8eFXE/edit#gid=0

CLEAR (prev.
Name CALIFES) CLARA FlashForward Sinbad PITZ
RADEF
SPARC_LAB Max IV injector PRAE (clinac) FLUTE
|ATF2-Japan LUCX ATF ATF2-BNL AWA FACET-II
Yale Beam
ESTB FAST CESR-TA Physics Lab TTX AREAL
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https://docs.google.com/spreadsheets/d/1JcwLLzrdK9rQprMaJU2tZslYZv4rjy1TQ2WG8x8eFXE/edit#gid=0

SWFA Roeadmap

Chapter WG6

* Introduction to SWFA
* Frequency Choice

* Drive Beam
e Current StatUS long./trans. shaping
* Required R&D

e Structures

* Current status
* Required R&D

metal. vs. diel.
* Main Beam
* Current status

conventional structures
cyl. vs. planar
* Required R&D

° Fi n a | FOC u S novel structures

baseline

scheme

improved design ?

drive
beam

BBU control

Main beam injectors designed

wakefield
structure

e Power
* Test Facilities S

£ € A.It?rnative
 Roadmap g3 o, DR free

e- injector w DR

3/29/1
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