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BACKGROUND AND MOTIVATION

- Future linear colliders - - - - - - - - - - - - - — — — — — — — — — — — — 1
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BACKGROUND AND MOTIVATION
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- Two-beam acceleration (TBA) - — — — — 1 | Shortpulse ————————————
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- Beam loss
- Energy reduction
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BACKGROUND AND MOTIVATION

— Argonne Wakefield Accelerator facility (AWA) -————————————————— -
15 MeV main beam 70 MeV drive beam
Single bunch —_— <+—— 1.3 GHz bunch train
Max ~60 nC Max ~600 nC

- Two independence beamlines - Beam shaping by DEEX
- World’s highest charge drive beam - Start-to-end structure development
- Flexible beamline configuration - Separated high power test-stands

Short-pulse TBAR&DatAWA ————— — — — — — — — — — — — — — — — — — — — —
- Drive beam power source
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Advanced Accelerator

Development Strategy - Main beam acceleration
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- Staging acceleration to high energy s
m Multi-structure High fidelity R Hl e
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CONCEPTUAL DESIGN OF THE HIGH ENERGY
DEMONSTRACTOR AT AWA

- Proposed layout - - - —- - - - - - - - - --—-- - - - - - " —"—-—"—————— — — —i
: 15 MeV main beam 70 MeV drive beam |
| Single bunch — <+—— 2 x 8-bunch trains |
| 0.1-3nC 40 nC/bunch, 640 nC total |
| - A billih i B e s |
: - o ; . ".‘ _ — -; AHE 1 C._ :
| B[00 00— ) a0 |
| b lep s ppeit L Lappemed |
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: - 2 stages - Drive beam: 70 to ~20 MeV |
| - 2 pairs of structures per stage - Main beam: 15 to ~500 MeV |
Short-pulse T BAR& D atA WA —————""—+"+"—"——————————— — — — — —

- Drive beam power source

Advanced Accelerator

Development Strategy - Main beam acceleration

267 MeV/m GeV/m

¥
- Staging acceleration to high energy Ei
| Multi-stage [ Multi-structure | High fidelity =_—
. >100MeV] >GeV e B

| High current bunch train acceleration
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500 MEV SHORT-PULSE TBA DEMONSTRATOR

- Timing control for staging acceleration
- Structure optimization consideration for the maximum energy gain
- Preliminary structure design results
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STAGING ACCELERATION

~ Drive beam distribution
- Fast kicker: i
30 kV, 2 ns rising, 2 8
- Septum -
Static, 13
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STAGING ACCELERATION

— Drive beam distributionl

- Fast kicker: 1
30 kV, 2 ns rising, 2 &8
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STAGING ACCELERATION

— Drive beam distribution
| - Fast kicker: 1 T
| 30 kV, 2 ns rising, 2 &8
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STAGING ACCELERATION

— Drive beam distribution - - - - - - - - - - - - - - -------———— — — -

- Fast kicker: ;
30 kV, 2 ns rising, Z &

- Septum - k, 0
Static, 13 osZeoy ARG ) 4 B

> AT

train

2 x 8-bunch trains

Arrival time at each structure

S, S, S, S,
Main
Tm Tm+ Lsalc Tm+ Lstlc Tm+( Lsa+ Lst)lc
rf
(Lsa+Lst)/ c Lstl c+ATdeIay ATtrain"' Lsal c ATtrain"'ATdelay
‘ Aty .i,=2L,/c >10 ns; At ,,~2L/c -> waveguide length ~ several meter

- Train separation determined by the stage length
- Waveguide delay determined by the structure length
- Fine timing adjusted by the phase shifters
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STRUCTURE OPTIMIZATION CONSIDERATION

- rf generation via
Cherenkov radiation o - 0o oo e e e — - - >

- Wakefield superposition | r

in bunch train
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STRUCTURE OPTIMIZATION CONSIDERATION

- Power extraction -- -—- - - —- - - —- - —- - - - - - - - - - - - " " - - -\ — — — 1

- rf generation via < >
Cherenkov radiation ___ _ _ __ _________________ - —»

- Wakefield superposition |r
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L*Ignore structure attenuation P, ~ Bypers
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STRUCTURE OPTIMIZATION CONSIDERATION

- Power extraction -- -—- - - —- - - —- - —- - - - - - - - - - - - " " - - -\ — — — 1

- rf generation via < >
Cherenkov radiation ___ _ _ __ _________________ - —»

- Wakefield superposition |r
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STRUCTURE OPTIMIZATION CONSIDERATION

- Power extraction -- -—- - - —- - - —- - —- - - - - - - - - - - - " " - - -\ — — — 1

- rf generation via < >
Cherenkov radiation ___ _ _ __ _________________ - —»

- Wakefield superposition |r
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STRUCTURE OPTIMIZATION CONSIDERATION

- Power extraction -- -- - —- - - - - - - - ----------—-——— — — — — 1
- rf generation via < >
Cherenkov radiation ___ _ _ __ _________________ - —»

- Wakefield superposition |r
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STRUCTURE OPTIMIZATION CONSIDERATION

|- Power extraction ~————————— e ettt :
- . PETS
| -rfgeneration via < > Logrs = Bgperstry N,
| Cherenkov radiation ____ _ ___ _____________ 0000 —> 1—Bgrers
|
| - Wakefield superposition S
in bunch train t
I Lflar = (N—Ns+ l)trf < = >
I
: Py = P{N3
| cf K
I P1 — g9,PETS™L,PETS QIZ,FZ
L*Ignore structure attenuation 1 - Bgrers
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STRUCTURE OPTIMIZATION CONSIDERATION

|- Power extraction ~————————— e ettt :
| - rf generation via < o 2 Loere = iﬁ_g,;ETStrf N, |
| Cherenkov radiation __ _ _ _ _ ___ _ __ _________ o000 —> 9PETS |
| |
| - Wakefield superposition r |

. . . | |
: in bunch train fie = (N — Ny + Dty | < flat R |
| - |
I Pay = P1N§ I
I I
| P, = cﬂlg,iE;SKL,PETS Q2F2 |

*Ignore structure attenuation g,PETS
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- Minimal structure length for full acceleration

Lacc=7—"7—
1-Bgacc

tflat =(N—-N;+ 1)trf

- N;setto 4
- tflat = 3.8ns

- Accelerating gradient
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| - k set to 3 for >99% transmission
| - By set to the lowest energy
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STRUCTURE OPTIMIZATION

- Moderate shunt impedance

- Adjustable parameters:
Dielectric a, &,

|- Dielectric loaded structure - ———————-——-————————— o 1
| Copper coating .

| - Low surface field —

| 1 - Low fabrication cost

| - Most developed dielectric 0 ; . s ; J g
| structure 8y (MM) 8pp (M)

I

I

I

I

I

|
|
|
|
|
. 450 |
|
|
|
|
|

— Dielectric disk structure - - - - - - - - - - - - - - - - - - —-————————

Copper cup - High shunt impedance
- Easy to tune
- Can be applied to build long
0.4 0.6 0.8 1 0.4 0.6 0.8 1
structure t . (mm) toprs (M)

PETS PETS

Liccm Wi (M)

- High surface field at iris
- Structure under development

Dielectric - Adjustable parameters:
a, &, t, working mode
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- 40 nC drive beam: &,, = 80 um
conservative
- 0.1-3 nC main beam: &, = 10 pm

STRUCTURE RESULTS 400G drive beam: &, = 40

ideal .
- 0.1-3 nC main beam: g,, = 3 pm

Dielectric loaded structure ———————— — — — — — — o —

|~ 1
| Copper coating rlQ Priat | Wiossz | Woaina |
I GHz kQ/m GwW MeV MeV MVIm |
| 1 PETS o 3.75 13.9 0.27 0.34 0.83 32.6 |
| ACC ' 3.75 1.2 16.4 0.27 0.42 / / 183 109 |
| PETS 3.75 2.5 14.4 0.28 0.36 1.19 48.0 / / |
19.5
| ACC 3.75 1.2 22.7 0.27 0.42 / / 330 196 :
: PETS 2.0 3.75 3.1 11.6 0.33 0.46 1.27 52.0 / / |
| ACC ' 3.75 1.2 26.1 0.27 0.43 / / 417 242 |
| Dielectric PETS 260 3.75 2.4 15.4 0.30 0.39 1.37 55.8 / / |
L ACC ' 375 07 353 027 042 / / 502 209 |
" Dielectric disk structur¢e - - - - - - - - - - - ------ -----—-—-—-——— -
I
CO er cu rQ Pflat WlossZ gam4- G
: PP P 2ni3 | gy KQ/m GW | MeV | Mev | Mvim :
| PETS o 10.7 0.33 0.46 0.98 38.0 / |
| ACC ' 9.8 1.5 14.2 0.30 0.49 / / 209 107 |
| PETS o 16 3 15.1 0.28 0.36 1.30 50.8 / / |
| ACC ' 9.8 1.5 20.9 0.30 0.49 / / 374 191 |
: PETS 38 3.2 13.3 0.31 0.42 1.37 54.2 / / |
26.0
| ACC 9.8 1.2 28.1 0.30 0.49 / / 502 256 :
| PETS 38 2.0 24.5 0.22 0.26 1.37 54.0 / / |
26.0
| ACC 9.8 0.7 33.6 0.30 0.49 / / 553 282 |
UCHIRSUNE... (4 ENERGY (TEni gt Argonne &
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FUTURE STUDY

- StructureR&4D - - ————————————— — Beamline - ————————— .

- Dielectric loaded structure - Start-to-end simulation and
1. Transverse wakefield damping optimization of the staging beamline

I I
I I
2. Matching section design : m :
| goml b |
| I
I I
I I
I I
l I

1. Prototype test
2. Transverse wakefield damping

5 (m)

- rf components
N. Neveu, et al, PRAB 22, 054602 (2019)

I
I
I
I
I
| - Dielectric disk structure
I
I
I
I
I[ L- Kicker and septum beam test

- GW output power

o ---00

- Beam transmission

I

I

I

I

- Staging |
- 500 MeV demonstrator |
I

I

I

I

I

- Beam shaping

/ﬂ - High beam loading
‘ - Train acceleration
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SUMMARY

= A high energy short-pulse TBA demonstrator is proposed to test
critical technology elements for future linear collider

= 2 stages with 2 structures per stage can physically fit into AWA'’s
current bunker

= GW level output power and 200-500 MeV acceleration are promising
goals with structure optimization

* The structure choice is open and AWA welcomes collaborators to test
novel structures

The work at AWA is funded through the U.S. Department of Energy Office of Science under
Contract No. DE-AC02-06CH11357.
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