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A FEW REFERENCES

ANA references:

ANAR?2017: https://indico.cern.ch/event/569406/
ALEGRO18: https://confs.physics.ox.ac.uk/alegro2018/index.asp
Towards an Advanced Linear International Collider: https://arxiv.org/abs/1901.10370v?2

ANA

ALEGRO LOI for Snowmass 2021 Towards an Advanced Linear International Collider J

Snowmass21 SWFA LOI’s (https://snowmass21.org/loi)

Modeling Needs for Structure Wakefield Accelerators

Short-pulse wakefield structure R&D for high gradient and high efficiency acceleration in future

large-scale machines
SWFA demonstrators with integrated technologies for future largescale machines

Bright Electron and Positron Beams and High-Charge Electron Bunches for Beam-driven
Structure-WakeField Accelerators

Structure Wakefield Acceleration (SWFA) Development for an Energy Frontier Machine

Beam Physics Challenges & Research Opportunities for Structure-based Wakefield Accelerators
Etc.
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FINDING COMMON GROUND BETWEEN THE 4
ANA SCHEMES: DLA, LWFA, PWFA AND SWFA
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FINDING COMMON GROUND BETWEEN THE 4 ANA
SCHEMES: DLA, LWFA, PWFA AND SWFA

CTE’s (critical technology elements)*
O CTEL1. Polarized e- source at the full LC operational parameters including damping ring

 CTE2. Polarized e+ source at the full LC operational parameters including damping ring

T U CTE3. Main Beam Physics \
O CTEA4. Drive Beam Physics (Power Source) Relatively
specific
U CTES. Advanced and Novel Structures R&D
\D CTE®G. Staging of Multiple Acceleration Stages to High Energy 4

O CTE7Y. Beam Delivery System: Emittance preservation, chromaticity control, etc.

O CTES. appropriate main-beam parameters at the IP

*also need theory, simulations, exp’t facilities, diagnostics, etc.

7% U.S. DEPARTMENT OF _ Argonne National Laboratory is a
§ @ SENERGY U5 Berormentof Eneray aborotcry
< managed by UChicago Argonne, LLC.
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FINDING COMMON GROUND BETWEEN THE 4 ANA

SCHEMES: DLA, LWFA, PWFA AND SWFA
= Stepping Stone Facilities

= Light Sources
= Tabletop FEL

DESIGNS
Strawman = Mature

_ Complete TABLES
= Mutli-user XFEL
VALUE UNITS COMMENT
" Medical, Security S o o stev AR ]
= Cargo Inspection, VHEE, etc. e e ARG
= HEP machines e e
= Higg’s Factory O-OEE s
= |LC afterburners NA
" e+e-1,310,30 Tev 30015.000 eV / GeV modlar desin, encabi
= Gamma colliders gy
= Combined ANA HEP machine? 010410001 micrometer  miero-mete for 3ToV AFLC
= E.g. LWFA e- source > SWFA linac > PWFA afterburner 18/km for 3TeV AFLC
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STRUCTURE WAKEFIELD ACCELERATION
(QUICK INTRODUCTION)
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SWFA OVERVIEW e e X 5
KEY = Beams & Structures

= Drive bunch excites EM wave in a slow-
wave structure

= Wakefield is used to accelerate properly
delayed trailing main bunch
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TWO SWFA SCHEMES
Collinear Wakefield Acceleration Two Beam Acceleration
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CWA uses single beamline
 Pros

TBA uses two parallel beamlines

* Pros

* Cheaper? One beamline, One structure, No . . . .
* Decoupled drive/main beam optics design

couplers ) . .
» Two different structures allow simultaneous high
« Cons . : g :
gradient and high efficiency acceleration
+ Challenges associated with combined beam . Cons
dynamics of drive and witness bunches.
+ Cost?
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" SWFA Roadma
E CWA p
T baseline
@) TBA improved design ?
ot o
(0]
C
>
Lg <§E long./trans. shaping é
o Ll
A m BBU control g
13,
- material é
5 convention: § tructures
S geometry o -
L <
— novel structures ©
P p=
Zz =2 e+ injector w DR Alternative
< ﬁ injectors
= m e- injector w DR e.q. DR free

https://arxiv.org/abs/1901.10370v2 (Towards an Advanced Linear International Collider)



https://arxiv.org/abs/1901.10370v2

SWFA DESIGNS: SsTRAWMAN > MATURE
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mature

SWFA LINEAR COLLIDER
TWO BEAM ACCELERATOR: Compact Linear Collider (CLIC)

797 klystrons \ . 797 klystrons
1ISMW139ps | || circumferences | | 15MW,139ps
el delay loop 73.0m . eds
drive beam accelerator CR12922m drive beam accelerator
- CR24383m

25km 2.5km
delay loop b < delay loop
Drive Beam
decelerator, 24 sectors of 876 m

a‘m
Se———— 275 km 275 km / —
TA e~ main linac, 12 GHz, 100 MV/m, 21.02 km e* main linac TA

X. -

48.3 km =
CR combiner ring Main Beam
TA  turnaround
DR damping ring
PDR predamping ring
BC bunch compressor booster linac, 6.14 GeV
BDS beam delivery system
IP  interaction point <BCT
W dump e- injector, e* injector,
2.86 GeV e e~ et e* 2.86 GeV
R PDR N DR DR || PDR o
398 mjl421m 421m {398 m
CLIC CDR

https://project-clic-cdr.web.cern.ch/CDR_Volumel.pdf
- 100 MV/m loaded accelerating gradient (~200 ns)
- X-band normal-conducting metallic decelerating/accelerating structure
- ~7% overall efficiency

U.S. DEPARTMENT OF _ Argonne National Laboratory is a
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strawman

SWFA LINEAR COLLIDER
TWO BEAM ACCELERATOR: Argonne Flexible Linear Collider (AFLC)

) 18km X
7.5km linac 7.5km linac
e generatiol e* generation b
main beam structure [100us
=22nsrf QUIse . consists of 20 beam pulses, |,=6.54)
*267MV/m loaded gradient Energy booster linac e
*Machine Rep=5Hz "S;L"I

150 Gev Module 1 150 Gev Module 10 150 Gav Module 1() 150 Gev Module 1

W. Gai, C. Jing, J.G. Power, JPP 78, 339-345 (2012)

- ~300 MV/m loaded accelerating gradient using short RF pulse (~20 ns)
- 26 GHz normal-conducting dielectric decelerating/accelerating structure
- Efficiency under systematic study (7-15% depending on technologies development)
(D ENERGY T3 Argonne &

UChicago Argor




pre-strawman

SWFA LINEAR COLLIDER
COLLINEAR WAKEFIELD ACCELERATOR: Very preliminary design

0.5TeV

e

100GeV 5-beamline
Stage# 1

¢V 5-beamline
Stage #5

- DWA, 300GHz, ID=2mm, £,=3.75, L-50cm,
E=112MeV/m

1km, 100MeV/m

0.5TeV

e
GeV 5-beamline

RIS

Stage#5

{=)

e
0GeV 5

4L

-beamline

Stage #1

BE);-\ML\NEltS module #1] BEAMLINE #5 module #5i
.
" ..
100GeV
BEAMLINE#2 module #1] 5Gey cev
¢ N E
BEAMLINE#1 module #1] BEAMLINE#1 module #2]- - ==~~~ - -~ BEAMLINE #1 module #50 1Ktz
500pC/bunch  gz=10um " 2GeV, 20m, 2GeV, 20m, 2GeV, 20m, :
‘Y fill factor=0.9 fill factor=0.9 fill factor=0.9 = 1KHz
A M #40 / 1 VN A ””/‘ #1 40 =
M o L o | w2 | £
| - 56 7ns e, . | | KHz
o 1ms '
Dump @
80Mev
66.7ns delay line
x60
compression
rings 1.3GHz CW SRF

U.S. DEPARTMENT OF _ Argonne National Laboratory is a

ENERGY U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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3336p: —
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20
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Courtesy of C. Jing
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strawman
SWFA LIGHT SOURCE
COLLINEAR WAKEFIELD ACCELERATOR: multi-beamline XFEL

Stepping ~300 m .
Sto ne Spreader & ~5GeV  Undulators

. compressor ~—————ay (W |, o
Facility P — 2
“MHz E-gun SRF: 1GeV_ -~ o L »
n,—""._r,lnl, T —— Ty e I

g 1 ) ) P e - =12
L[ 4 WO:‘ —3—) SR —;—-’ ©
Laser N = | <
R ¢ — ¢ @
~3W 5 ﬁ{ﬁé—w ==
Low energy ¢

Beam Shaper spreader CWA SC undulator

A. Zholents, et al, NIMA 829, 190-193 (2016)
A. Zholents, et al, Proceedings of IPAC2018

- High charge drive beam shaping
- High frequency corrugated waveguide structure
- Beam break-up control
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PROGRESS ON SWFA SINCE ALLEGRO’18

CRITICAL TECHNOLOGY ELEMENTS
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ELECTRON MAIN BUNCH (CTE1)

Development of a damping-ring-free electron injector for Future Linear Colliders
Repartitioning the emittance of the electron source for the IP (8 e € )
X1¢y1©z

PROGRESS & NEXT STEPS

1.Flat beam transformer installed J
2.Flat beam demonstrated

3_EEX beam"ne insta”ed J (45,45,10) (0.03,66000,10) (0.03,10,66000)
4.Demonstrate repartitioning i i

REPARTITIONING IN 2 STEPS

ARGONNE WAKEFIELD ACCELERATOR

John Power, ANL, Philippe Piot,, NIU, Kuriki Masao, Hiroshima University, Hitoshi Hayano, KEK




[Abott et al.. PRL (2016)]

POSITRON MAIN BUNCH =i o |

i
Path toward higher brightness? B2 A (CTE2)
* R&D on positrons source producing ( SR f = . ®
. ) ‘I S g..E { i
required bunch charge lags behind N J}f{ s
* Conventional concept (e- on thick T A,';,’ 1‘970 Mool Sy o,
target with adiabatic matching SECLION  puwewe it e
100 MeV Injactor wm Management 60% in polarization

yields poor brightness)

Harmonic kicker 1o CEBAF

[j] Extraction

polarizede 100 MeV polarized o 100 MeV polarized » | ~60 MeV Polarized o*

* Alternative approach are being explored “w<erusi " e 1w s

erasm: 0 mEEEEEE
* Use of PWFA for rapld acceleration? . e il
,,,,,,,,,,,,,, €

storage-ring-based accumulator ; 3
g > v Py 2,Pep, =06
* Target+rmoderator+electrostatic trap © o I, gy

Py, =6, P, =06

: 2 3 ; s
accumulation time (s)




DRIVE BEAM
SOURCE

e

(CTE4)

SHAPING

—= )/ ¢ -

G. Ha et al, PRAB 23, 072803 (2020)

[

‘N
| \\ 60nC

times (ps) beam
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- 100 nC single bunch N ‘o
- 600 nC bunch train %2 <
Ll |
S, J|I| Il _'L'\ 3 .
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Advanced CSR-free shaping technology, critical
(@ERERGY T for efficiency improvement in CWA approach Argonne &



ADVANCED AND NOVEL STRUCTURES (CTE5)
Beam drive structures

« Material: Dielectric or Metallic

« Geometry: cylindrical, planar Waveguide
* Novel: PBG, Metamaterial

« Short-pulse (TBA ~20 ns, CWA sub-ns) Rectangular

« Temperature: Room Temp vs Cold dielectric
« 250MV/m of gradient and 350Mohm/m of shunt
impedance in X-band copper structure at 45°K
« 350MV/m of gradient and 550Mohm/m of shunt
impedance in X-band Dielectric Corrugated Annular
Accelerating (DCA) at 77°K

 Frequency: GHz - THz _
« High gradient O (GV.m™1) require high frequency Multizone.

structures -- THz range since w o« by transverse
(dlp Wake) W, & 3

() ENERGY

Multibunch

20 Argonne &




(CTES5,6)
ADVANCED AND NOVEL STRUCTURES

Recent development

400 MW 1GW 150 MeV/m 267 MeV/m  Main beam acc.
Metallic disk loaded Metamaterial 250 MV/m BD test
400 MW 380 MW

0 10 20 30 40 50 60
Time [ns]

M. Peng, et al, in preparation X. Lu, et al, APL 116, 264102 (2020) M. Peng, et al, in preparation

INIES M Multi-structure
wiVG train. /‘\L\}

=

C. Jing, et al, NIMA 898, 72 (2018)

@Eﬁ’é‘ﬁa’v Argonne N ¢ Train #1+2 on
R Argonne &
menaged Stﬁgc 2 7 8 9 10 1 12 43 14 48 uonlou eoxnmlv

Beam energy [MeV]




CTES
ADVANCED AND NOVEL STRUCTURES ( )

« Recent development (Feb. 2021)

- Stage-Illl metamaterial wagon wheel power extractor structure successfully tested at AWA Major
improvements in reducing RF loss and coupler asymmetry

- 510 MW peak RF power

- Generated from a train of 8 bunches

- 280 nC total charge before the structure with 61% transmission
- 128 MV/m decelerating gradient

Low-Power 600 1
High-Power Forward
Backward Output Coupler 500
Output Coupler N
100 Wagon Wheel
/ Metamaterial Cells é‘ 400
| =)
......................................................... 300 F
..................... 5
Z
Q
— 200
Beam
Direction 100 |
W\N\/\N . . .
Radiation propagates backwards as 0 1 2 34 5 6 7 8
Reverse Cherenkov Radiation Time (ns)




CTES
ADVANCED AND NOVEL STRUCTURES ( )

 Recent development at AWA

¢ "(‘ ' (]

Preliminary results

EXxpBm etitd] layout'op AWASs drj ‘ danling
N &

- 11.7 GHz accelerating structure (1 normal cell + 2 matching
cells) designed to reach high gradient with short RF pulse

- 400 MW RF power generated from PETS with 450 nC drive
beam

- ~200 MeV/m average gradient in three cells, >250 MeV/m
gradient in the middle cell, ~500 MV/m peak surface field

- No breakdown observed at high field level

500 100 100
® Forward —— CST similaion @ Transmitted [ Prdicion @ Reflecti _Pﬁd@“ﬂ
——easurement —— Measurement ——Mezsursment
400 80 L 80 R
=00l z ol 3
E3(](] H 60 g 60
E 2007 £ a0t E a0
1001 20r 20
0 0 [\ VoA . W - VY
-5 1] 5 10 15 -5 1] 5 10 15 20 -5 ] 5 10 15 20
Time [ns] Time [ns] Time [ns]

« AWA/Euclid is also in collaboration with CERN in dielectric structure R&D for
potential usage in CLIC

Ty
LLC

Argonne &




ACCELERATION soomw  PETS POWER

/
¢ acceleration / 800 MW
/
/
’ deceleration 700 MW
1 GV/m d /
N
ew recor / 600 MW
/
/ X-band MTM §
¢ E201FACET dielectric 500 MW V4
7 :
7
./AWA metallic TBA
0.1 GV/m /‘ . 400 MW P /. X-band metallic
/ P ¢ X-band MTM
' AWA dielectric TBA /
/ 300 MW MX-band metallic

GHz THz 2018 2019 2020 2021
(@ENERGY “asien, 24 Argonne &




CTE WRAP UP

CTE7Y. Beam Delivery System: Emittance preservation, chromaticity control, etc.

= Beam Delivery System (BDS) interest group (Spencer Gessner et al.)
— Improved BDS designs for ILC/CLIC
— Can we use ILC BDS at higher energy (>1TeV)
— Study plasma lenses
— CLIC BDS (few ns spacing) vs ILC BCD (~us spacing)
— CLIC BDS dispersion introduced challenging

CTES. appropriate main-beam parameters at the IP
» Plasma and Advanced Structure Accelerators Interest Group (Eric Esarey et al.)

#7559, US. DEPARTMENT OF  Argonne National Laboratory is a
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PLANS FOR SWFA
DEMONSTRATORS
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SWFA DEMONSTRATORS

e 500 MeV TBA demonstrator

o o udie T Y . i _..:‘-; TRPEET F T S 0. PR C::
| pilmdiier—a8-— 4 gl |
- . 70 MeV drive beam
: =3 : I'=H=H+. I I-W 2 X 8-bunch trains, 40 nC/bunch
Decelerated to ~20 MeV
15 MeV main beam
Low charge single bunch
Accelerated to ~500 MeV
<+— Drive beam

Waveguide delay

Phase shifter

N%,Phase shifter

Main beam —>

J. Shao et al, NAPAC2019




NEXT STEP: SWFA DEMONSTRATORS
« CWA energy doubler

Courtesy of A. Zholents
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WHAT OUTCOMES WOULD WE LIKE TO SEE?

- Strengthen collaboration between SWFA and HG Community

- Strengthen ANA collaborations
- Interest Groups per CTE’s
- Beam production (CTE1 and CTE?2)
- Accel Tech (CTES3-6)
- Plasma and Advanced Structure Accelerators (PASA) Interest Group
- Beam Delivery System (BDS) interest group (CTE7)
- IP interest group? (CTES)
- Strawmen Designs
- Combined ANA collider?

- Participate in Snowmass
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U.S. Department of Energy laboratory A
ENERGY 32 iniine rgonne




