AN

» Los Alamos

NATIONAL LABORATORY

E5T.1943

WG 8 Summary

Bruce Carlsten
Wel Lu
Daniel Schulte

September 20, 2019




WG 8

Advanced and novel accelerators for High Energy Physics

Charge:

« Examine key challenges

* Discuss suitable concepts and identify topics for future R&D or innovation
iIncluding electron and positron sources, acceleration of positrons,
luminosity, final focus, damping ring and efficiency

From Steinar Stapnes: Need luminosities of > 103> cm sec'?

Relevant metric: Luminosity/ MW — 100 MW beam (10 pA at 10 TeV) with 10%
efficiency needs ~GW of wall-plug power

(US HEP considers ~ 300 MW upper power limit for multi-TeV collider)
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The promise of advanced accelerator for High Energy

Physics has been recognized for 40 years

First Advanced
Accelerator
Concepts Workshop

January 1982 _
Forty years is a long

_ time for a technology
US Office of HEP to mature

started funding AAC
series of workshops in
recognition of the
potential future impact
on HEP machines
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The promise of advanced accelerator for High Energy

Physics has been recognized for 40 years

First Advanced Both RF photoinjector and
AT G Tt Accelerator SRF cavity technology
it Concepts Workshop have been matured within
January 1982 this time period

US Office of HEP
started funding AAC
series of workshops in
recognition of the
potential future impact
on HEP machines gt
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Mostly we’ve been thinking about these four advanced

accelerator schemes for future e+/e- colliders

Dielectric Laser Accelerator

Wakefield

Electron beam

Beam direction

Dielectric
Layer Cladding  Wakefields  Drive Beam

Laser Wake Field Accelerator

Trapped
electrons

Intense laser
/ 7, - pulse duration

lonization Front

Instantaneous Ay - plasma wavelen

electron density

Pasma Wake Field Accelerator

e Witness e Driver
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Novel normal conducting RF acceleration is now

emerging as another multi-TeV collider technology option

Dielectric Laser Accelerator
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Main technology issues for a future multi-TeV linear

collider = WGS8 focus areas

 Overall wall-plug efficiency
—Increased transformer ratio (for beam-driven approaches)
« Average power (for laser-driven approaches)
* Energy spread
« Emittance of generated beam
« Emittance preservation
 Positron acceleration (not an issue for DLA, DWFA, NCRF)

Our community is steadily making progress in all these areas

Gamma-gamma and non-perturbative QED colliders won’t need positrons and
advanced accelerator technology can be applied now
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Progress on high-power lasers will lead to high

average power LPAs

KALDERA: goal is 3kW average with >100 TW peak power at 1 kHz

Cryogenic Composite Thin Disk Laser Has Been Built at DESY
Pump option for KALDERA

slide: M. Pergament (DESY)

16-pass amplifier output

1200.0 >

50% optical-to-optical
>

Output ( mJ)
Lol
8 38
o

0.00 0.50 1.00 1.50 2.00 2.50
Pump pulse Energy (J)

~  Compiled operations:

" 20hrs: 05J@100Hz 200 W avg pump power

. - 10hrs: >1J@100Hz 200 W avg pump power
© 4hrs: >1J @200 Hz 400 W avg pump power

05hrs: >1J@500Hz 1 kW avg pump power

% CEEL

201A FAACEH | aamans Wim San 17-20 2018

Wim Leemans (plenary)

Los Alamos National Laboratory
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A plasma dechirper can provide a low energy spread

beams (0.13%)

Measured results on Simulated results on  Simulated results at the
Screen3 Screen3 exit of the PD

Energy chirp dominated energy spread 1

t [ps]
o

» Energy spread ~1% > the requirement of ~0.1% for the
applications of FELs and colliders 1

» Relatively large acceleration phase span leads to large 1
energy chirp (positive linear).

t [ps]
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~ Plasma dechirper (PD) -1
Electron beam
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Linear positive chirp  On-axis longitudinal wakefield Energy chirp reduction

Y. P Wu, et al., Proceedings of IPAC 2017,1258 (2017) 456 46 464 456 46 464 456 46 464
Y P Wu, etal, PRL, 122:204804, 2019 Energy [MeV] Energy [MeV] Energy [MeV]

Jianfel Hua
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Rotating the longitudinal phase space can also provide

a low energy spread beams (0.12%)

Beyond the first conceptual beamline design

Angel Ferran Pousa

~15m

lonizing lonizing

Laser 1 Laser Laser

. . Final energy spread:
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R

|
/
Objectives:
* Low energy spread, 1 GeV beams. Laser 2
* Less demanding laser parameters:
+ 5J(2x2.5 J) system.
+ Don't rely on plasma mirrors. —___ Laser driver goes through plasma lens.
» Enough space for diagnostics * Wy~ Tmm, a0~0.04, induced focusing fields <<1 T/m
\ z[m]
| Entrance of Exit of Entrance of Exit of

first plasma 4 4 tsecond plasma second plasma |

\‘ _ 5 Lfirst plasma § | 1l
=R .
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11, e . . . . . | | rem oved .

First tests with | f , | [ _/r ) \ , - J‘-—JL
flat-top beam with  _3 0 2 -2 0 2 -25 0.0 2.5 -25 00 25
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DESY. | Multistage Plasma Accelerator for GeV, ulira-low energy spread beams | Angel Ferran Pousa. 13/098/19 Page 13
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New approaches for improving emittance preservation

appear very promising

 Active plasma lens important 8 — ‘ ‘
| — Vladimir Shpakov 3D PIC Simulation; without ion motion
too p | === Model; without ion motion
(plenary) = 0 3D PIC Simulation; with ion motion *l"

. Hosing stabilized by bunch- <§ ) === Model; with ion motion : I'" Erﬁp I:
. . . . . = ] in ],
Induced ion motion — Weiming é H ﬁ..ﬁﬂ. ”:lh'::miln'h ',{n

. b ARG T ii
An anfj Carlo Benedetti ) ” qn'l"u'-ﬁ:l:l":i:::"u"u":'l"l!'::.:!H':

» Co-axial hollow plasma channels " W InAns + pH
for TeV acceleration - Alexander 0 ﬁ‘iﬂi Iy Dk hm £
PUkhOV 0 20 40 60 80 100 120

kgoz
« Using channeling radiation for ”

beam control (focusing and
steering, and maybe also
radiation) — Sultan Dabagov
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Co-axial hollow plasma channel can stabilize the ion

hose instability

Final energy spread 0.2%
Final emittance 1.5 um

Accelerating gradient 2 GV/m
Loaded transformer ratio is R=10.5
44% driver-to-witness energy efficiency

Alexander Pukhov
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While positron acceleration still seems to be difficult,

promising approaches are being identified

Emittance

Carl Lindstrom (plenary) pointed out 28 . .
plasmas are asymmetric — the blowout _26f | e T
regime is defocusing for positrons. £ MWMMWWWMWMWWWWWWWWWWW _

A new concept for accelerating A
positrons is needed, will likely be one of

1 1 1 1
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th ese apprO aCheS propagation length
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o
o
o
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Linear Wakes Nonlinear Wakes

. 0.1 g 4
Wake Inversion Hollow Channels al g /
;Z-m Wﬂmm go.s |
o §0.2 /
Denys Bondar — conditions for uniform o !

. . . 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
focusing for a train of positron bunches propagation length propagation length
Severin Diederichs — positron transport and Siyi Yu - Improved transport and
acceleration in beam-driven, pre-ionized, efficiency for positron acceleration in
finite plasma column a quasilinear PWFA
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Non-perturbative QED collider may reveal new physics
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Can be built without positrons

Vitaly Yakimenko
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X << 1: classical regime: Quantum
effects are small, pair production is
exponentially suppressed

x = 0.1, x <~10: transition to
guantum regime: Recoil and pair
production are important

X = 10: quantum regime:
Importance of pair production
cascades, the radiation field is a
perturbation

- X =1700: fully non-perturbative

regime: Perturbative treatment of
the radiation field breaks down



Non-perturbative QED physics can be looked at with

FACET-II
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Gianluca Sarri (plenary)
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Gamma-gamma collider may be an intermediate HEP

step

Particle pair Mass [GeV] o(e’e” — XX) [fb] o(yy— XX) [fb]

Circe2 + ISR, unpol. Circe2, unpol.
ddy 1009 0.61 0.07
[Laser Y dete+ct0r [Laser ¥ E.E,, 1006 0.89 1.2
main linac __ R PN " __ main linac . o — =
—*—M*—_ bib, 1997 019 LI
c c- (e 1866 0.28 0.22
oL 1869 0.95 0.37
Ver Vel 1867 46 7
T 1869 025 0.37
VaLVuL 1867 0.11 [
Gamma-gamma collider can do much of o o — T
the physics of an e+/e- collider while not dudy o — ooe
. . . ERER . 5
requiring positrons 988 0.3 048
CRCR 989 0.53 .2
b,b, 2032 0.07 0.01
_ [ 2108 0.26 0.16
Suited to PWFA accelerator technology o 1856 14 038
VuRVuR 1856 021 038
5%, 1365 031 0.86
vl 954 ~0 ’
257 954 ~0 7
. . Xl 955 2.7 14
Erik Adli ;‘%%{ 1294 1.1 i
pavel 2262 053 b
Py 2262 1.3 13
H'A® 3046 0.04 7
H™H™ 3046 0.10 0.08
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Gamma Factory

GammaFactor
y 9-orders of magnitude

larger cross section than
electrons

Partially stripped ions are
) not lost like electrons

would be at high energy
1
/*ﬁm/m
PSI First PSI in the LHC in

summer 2018

Camilla Curatolo
W. Placzek et al. - Gamma Factory at CERN — novel research tools made of light,

doi 10.5506/APhy=sPolBE.50.1191 GF'POP In SPS belng
proposed, completed by
2024
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Technology roadmaps include a step with multi-GeV,

multi-stage prototypes

AAC — Research Roadmaps (LWFA) AAC - Research Roadmaps (PWFA)

Beam Driven Plasma Accelerator Roadmap for HEP

Continuing Invention & Discovery Phase LHC Physics Program YK End LHC Physics Program
Modeling and simulations with hi-fidelity, high speed codes

In the US, the multi-stage

s rototypes will be used to
ESYEETE [ Posivons | PWFA-LC Concepts & Parameer Studies  PWFALC CDR PwralcToR  ENTMC
5 GeV+5 GeV staging Beam Dynamics & Tolerance Studies

Phasespece stapng. ficiency 5 o = iInform a down-select to a

g
2 Final focus, cooling, .. § ﬁ’: Rieation - .
2
§ e == higher energy
8 GeV linac — kHz rep rate @50-100 GeV linac(s)— O(1-10kHz)| g [Transformer Ratio > 1
Q o
< t applications (radiation sources) g jos & d . .
< PWFAApp Dov. PWFA-App PWFA-App " l I I t t h
gn of concepts for coliders % &COR TOR Construction ﬁ"""‘""‘""""“ e O nS ra IO n l I I aC I n e .
Future Facility Design FFTBD FTBD Operation & Collider Prototype
Collider tech. - . (FFTBD) Construction ring Test'
A o — B Rente
E 30 kW class § Euro XFEL XFEL Oy 3
300 kW class 2 [feuaton H
e B ontinuea researc
G Constructk
us. oEPARTMENT OF | Office of X |l
°ENERGY Science DOE HEP GARD, PI Meeting - 8/22/2018 11

’

AAC — Research Roadmaps (DWFA) " GARD-RF — Research Roadmaps requires expenmen_tal
T . progress on achieving

Super Conducting High Q Roadma

DL o, ot s ot i e beam stability and
C ' i | ——— S —m—— CONtrol, narrow energy
e e spread of the beam,
e eMittance preservation,

e and stageability

High repetition rate and high brightness e- source

Polarized emitters

2018 2023 2028
us. oEPARTENT OF T
us.cemarmentor | Office of S Office o DOE HEP GARD, PI Meeting - 8/22/2018 17
DOE HEP GARD, PI Meeting - 8/22/2018 13 - g
@ENERGY o2 . ENERGY  scenc
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There is an additional community roadmap for DLA

technology development

L e-source

e- damping ring

e- linac (15 TeV/21km)

[ high-rep (50 MHz)

.-

EEEEEE

K CEP phase locked network

6 flber lasers per
6" wafer module
1 kW per laser

Local Oscillator

DLA smgle stage

Thulium fiber laser A=2 pm

e+ preaccelerator
auxilliary
! \
e- source

Final Focus

e+ target

e+ damping ring

e+ linac (15 TeV/21km)
- !

fiber laser feeds

single 6" wafer
6 modules per wafer
6 fiber feeds per wafer

Loop
period=beam
repetition rate

A

Phase
control
1 module =23 mm long
30 stages per module
1 stage = 800 um long
[ /'4’
>3 2

I ‘Near-term exploratory R&D

Near-term Engineering
research Development

‘d&f working group

Follow-on Technology Development ]

Multi-MeV B

")
GeV-scale Multi- ‘
prototype 4

stage Prototype

Linear Collider Planning and Co

Conceptual
Design Report

Supporting Technology Development

Fabrication
R&D

1 kW avg power
fiber lasers

Implementation
R&D

: Thirty-year roadmap for a DLA collider, reproduced from the ANAR 2017 Working Group 4 Report

Conceptual schematic of a 30 TeV DLA e+ e- collider

Los Alamos National Laboratory
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LPA technology development is moving towards a

multi-stage prototype

BELLA PW staging design
shows 100% bunch
capture and acceleration

100 Energy spectra
— injector
BoL
=
b % BOL after LPAL
BELLA PW laser will also be used to demonstrate %"L
multi-GeV staging W a4 after LPAZ
= I |
g -
2001 v
A. J. Gonsalves (plenary) ‘
Y b T 5 2} T 12
F [GeV]
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DWFA technology development is moving towards a

multi-stage prototype

Conceptual design of the 500-MeV demonstrator at AWA

<—— Drive beam \
o

-L!Mm!g-l}a-u-m-i—l— i L wpppit - Luppomped "

- 2 stages - Drive beam: 70 to ~20 MeV
- 2 pairs of structures per stage - Main beam: 15 to ~500 MeV

r Proposedlayout - —————————————"—"——"—"—"—"—————— — — 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 |
f)s.
| e e e L |
-_‘_v{;xﬁg-h-aﬂz:‘" st fi

| ﬁwﬂiﬂﬁﬂ*ﬁﬂbﬂwu A — SRl g b Q- iIIWII**IIWMID“E |
| e 0um000n- —A i |
I -
I

I

I

Waveguide delay

Phase shifter

g
John Power
S

Main beam —»
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Using advanced accelerator technologies for non-HEP

applications is important to drive the technology forward

Powering an FEL, Injection into state-of-the-art storage ring, novel endstation

. Injector fOI’ PETRA'IV modalities are DESY goals for advanced accelerator builders

* EUPRAXIA . 2025-2027
el At
« Compact XFEL (cyro-NCRF) 2023 ° -

Demonstrate that LPAs can power FEL

o MaRIE XFEL (Cer-NCRF) : Long term runs (week or more) .
« Dark matter/sector searches 2021 o LW e

= Feedback control

® Non-perturbatlve QED i = Injection energy, bunch length, e
: charge..... e
studies Losor plasra = [

™ s B0 A%
2019 = Dechirper, plasma lenses, low emittance
= 29 hr stability run (Maier et al.; .

« Gamma factory

DESY. 2019 EAAC]| Leemans Wim, Sep. 17-20, 2019 - Page 27

Wim Leemans (plenary)
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First applications of advanced acceleration schemes to

HEP (1 of 2) — CEPC plasma injector

. A preliminary design of CEPC plasma G

based high energy injector Driver and Acceleration Media

» Shaped Bunch Generation

10GeV 45 GeV
B Gur I . » Plasma source (1-10m)
i 45 GeV

Plasma inac| » Hollow plasma channel generation

RFGun 300MeV 240 MeV —
HER- m\,-\ - Plasma linac Il
A ™ e Accelerator and Beam Manipulation
« HTR PWFA
~ Driver/trailer beam generation through Photo-injector R POSitron acceleration

» HTR PWFA with good stability (single stage TR=3-4, Cascaded stages 6-12,

high efficiency) « External injeCtion

~ Positron generation and acceleration in an electron beam driven PWFA using ¢ Plasma deChIrper
hollow plasma channel (TR=1)
Ref: CEPC CDR

This approach is motivated by the fact
that all the required technology elements
have already been demonstrated
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First applications of advanced acceleration schemes to HEP

(2 of 2) — ILC/CLIC plasma upgrade/booster, possible y—y

. . 446 klystrons
Drive Beam circumferences | | | 20 MW, 48 ps
delayloop 73 m
CR1293m drive beam accelerator
CR2439m GeV, 1.0 GHz
2.5km
4 delay loop
@ decelerator, 4 sectors of 878 m
BC2 ”H! -”!H -”H! N N__BDS - BDS ™ !HH- ””!- H!H - ””! ace El’lk Adll
1.9 km 1.9km
TA e~ main linac, 12 GHz, 72 MV/m, 3.5 km P e* main linac TA
™\ Fam
11 km
CR combiner ring
TA  turnaround
DR dampingring
PDR predamping ring booster linac
BC bunch compressor 2.86t09 GeV
BDS beam delivery system
IP  interaction point B
B dump
e+
e~ injector PDR e* injector
2.86 GeV 389 m 2.86 GeV

The following features of the CLIC machine may upgraded with future technology :

— The Main Linacs tunnels of 2x3.5km. Assuming 1 GV/m for plasma technology, beams of up to 3.5 TeV could be produced

— The crossing angle of 20 mrad optimal for 3 TeV CM energy collisions, also likely to be a good choice for higher c.m. energy
collisions. Compatible with high-energy yy collisions

— Could be possible to modify parts of the CLIC Drive-Beam Complex to produce appropriately spaced drive beams for a PWFA-
LC

— The injectors providing 9 GeV low emittance electron and positron beams, could also inject into a main linac based on future
technology
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