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Wake Excitation Particle Acceleration
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Cavities cf Plasmas

SCRF Cavity

Plasma
wakefield
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Setting the scale

Plasma frequency depends only on density
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LWFA & PWFA

® Two main methods of exciting a wake-field in a plasma
a) Using a high-powered laser (LWFA)
b) Using electric field from intense particle beam (PWFA)

® Each has advantages & disadvantages - for PWFA:

Advantages

Disadvantage

> Particle beams may be praduced at high average pawer [up ta MW's; for hign-lurinosity applicatiors
< 100 W average poweer of state-of-the-at TW o PW lgser technclogy
> Particle-beam production g eficlent [~10 % from the wall plug)
« 1 % wall-plug eficiency for high-intensity lasars
> Drivar-Daam statility [« 1 %)
bast Pigh-pover lesers fluztuate - 1% In Intenshy
> No dephasing of clasmra wakefizld and gectron beam
- laser pulse vedoeity less than ¢, eaetons outn waka
> Diffraction lengths longer than energy depletion scales for boams of Lm nemalized cmittance
diffraction longek of lzser pulse choter thar agplction distancas = liMits winess ocam eregy

- Requiras a large conventicnal acceleralor
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FLASHForward@DESY results
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Probe Unperturbed
bunch-pair dataset
. : FPerturbed
Fropo a
sunch - cataset

Bunch separation, C.77 ns - 6C0 ps

Rate limits in Plasma

Demonstrates >10 MHz repetition

Rate in Ar - lighter gases faster.
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Diagram and image courtesy: F. Pena, J. Beinortaité
[1] R. D’Arcy, BF, et al., Nature 603, 58-62 (2022)
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Hybrld Asymmetric Linear Higgs @
: Factory (HALHF)

e The basic idea is — there are enough problems with a
PWFA e-accelerator; e+ is even more difficult. Bypass
this for ete- collider by using conventional linac for e-+.

e For this to be attractive financially, conventional linac
must be low energy => asymmetric energy machine.

e This requirement led to (at least for us) unexpected
directions —the more asymmetric the machine
became, the better!

B. Foster, Warwick, 11/23
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Relativistic Refresher

E.E, s/4 (1)
and

L.+ E, =7y/s. (2)
where £, and F are the electron and positron energies,
respectively. govern the kinematics. These two equations
link three variables; xing oope therefore delernnines the
other twa. For a given choice of pasitron and centre-of-
mass energyv, the boost becomes

1 /27 /s
?=3( p':s)- (3)
oL,

-— v,' S

. It turns out that the (an) optimum (see below) for E__ =250
GeVis to pick E, = 500 GeV, E = 31 GeV, which gives a boost
in the electron direction of y ~ 2.13.

B. Foster, Warwick, 11/23 12
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F{iCn'h"y" .‘oﬁ.’f?(.}l‘h' ~3.3 km

lurn-around loops

Positron  Damping rings _ (31 GeV ev/drivers)
source (3 GeV) Driver source, _
Interaction point R < RF linac (5 GeV) 5 81 gFVIm?/Sjr' r Electron
(250 GeV c.0.m.) e* gt et ( eV e/drivers) source
. DD DDIDDDIDDIDDIIDDIDIDDIIDIIIIDIIDIIDDIDIDDD)] e
— e e — R
i RF inac
Beam-delivery system Plasme-accelerator linac (5 GeV &)

Beam-delivery svstem Positron transfer line , ~ - e R
with ’.urn-arorzndyloop (31 GeV e*) (500 CeV e) (18 slages, ~32 GeV per slage)
(31 GeV e?) el A7
Scale: 500 m

« Overall facility length ~ 3.3 km — which will fit on ~ any
of the major (or even ex-major) pp labs. (NB. A service tunnel

a la ILC is costed but not shown)

B. Foster, Warwick, 11/23 13
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Facility length: ~3.3 km
. o ’ lurn-around 100ps
source (3 GeV) Driver source, -

: - . RF linac (5 GeV RF linac |
Interaction point - —\ ) (521 (3aV a+idriverg) Elaciron
(250 GeV co.m.) e* 2 e 3 source

o
= rrssaes S —
RF inac
. lasme- lerator linac -
Beam-delivery system l?aZe:' igczegeil?)e: ;age) beeve
with turn-around loop '
(31 GeV e?) Scale: 500 m
e_
e+
e+ BDS

e @- BDS

e Overall facility Iength ~ 3.3 km (NB. A service tunnel ala ILC is
costed but not shown)

o fits on ~ any of the major (or even ex-major) pp labs.

B. Foster, Warwick, 11/23 14
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o Asymmetric machines less energy efficient than symmetric — energy lost “in
accelerating the C.0.M.” For equal bunch charges => 2.5 times more energy
required for same C.0.M. energy.

« Can be reduced by introducing asymmetry into beam charges — increase
charge of low-energy beam and decrease high-energy s.t. N2 = NN, constant

=> L conserved.
o P/Py=(N.E+N_E )/(N*sqrt(s))
« Optimum is to scale et charge by sqrt(s)/(ZEp), i.e. factor ~ 4.

e Producing so many e+ problematic — compromise by scaling by factor 2 (2*e+,
B* e).
e Reduces energy increase to 1.25. Also reduces bunch charge in PWFA arm.

B. Foster, Warwick, 11/23 15



« Geometric emittance of bunch scales with 1/E .

. Lower-energy e* beam must have smaller 5 function at I.P. —use 5, /
3y =3.3/0.1 mmc.f. CLIC 8.0/0.1 mm.

o In contrast, high-energy e- beam - [5 function can be increased.

« More interesting is to increase the e- emittance AND reduce the 3
function => normalized emittance can be 16 times higher for the

same L => increased tolerances in PWFA arm.

* Beam-beam focusing effect on L must be simulated with Guinea Pig.

B. Foster, Warwick, 11/23 16
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Beam-beam Effects

e Guinea-Pig results:

E (GeV) o: (pm) | N (10™")

€nz (M) €ny (NIM) Bz (mm) | By (mm) L pb™") [Lo.r (nb™")| P/Po
31.3 / 500 5 / 10 / 10 35 /| 3! 0.10 / 1.6
Rl B L) (S ] | d < ) < [ . Je ). . SO .
31.3 /500 | 75/ 75 1/1 10 /R0 | 35 /280 | 33/65 |0.10/ 020 0.04 0.54 1.25
31.3/500 | 75/ 75 1/1 10 /1160 [| 35 /5601 | 3.3/33 |0.10/0.10 0.81 0.46 1.25
e |LC

« HALHF

B. Foster, Warwick, 11/23
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e “Conventiona

relaxeoc

e € dCCe

I”
requirements wrt HAHLF, sti
erated to 5 GeV and then col

e+ sources are not trivial — that for ILC, which has

| under development.
ide with target to produce

e+ which are accumulated, bunched and accelerated to 3 GeV
and then damped in 2 rings (~identical to CLIC but bigger e+
bunch charge (4*1010e+).

« May be possible to use spent et bunch after collision rather than
dedicated e- bunch, with cost savings.

B. Foster, Warwick, 11/23
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 Split in 2, to accelerate e- PWFA drive beams from 1 -5 GeV & then
both et and e- from 5 GeV to 31.3 GeV.

e Assume gradient of 25 MV =>1.25 km long.

 Delivers total average power of 21.4 MW => including e+ power and
€ ~ 50%, wall-plug 47 MW.

e Assume warm L-band linac — CW SRF could be used but would change
bunch pattern.

« Before drivers, e+ bunch accelerated with 180¢ phase offset.

B. Foster, Warwick, 11/23 19
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Muachine parameters Unit Value
Center-cf-mass energy GeV 250
Center-cf-mass boost 2.13
Bunches per train 100
Traia repetition rate Hz 100
Average collision rate kHz 10
Luminosity cm™? s} 0.81 x 10*
Luminosity fraction in top 1% 57%
Estimated total power usage MW 100
Colliding-beam parameters e et
Beam energy GeV 500 31.25
Bunch population 10" 1 4
Bunch length in linacs (rms) am IR 75
Bunch length at IP (rms) pm 75
Energy spread (rms) Y 0.15
Horizontal emittance (norm.) pm 160 10
Vertical emittance (norm.) fm 0.56 0.035
[P’ horizontal beta function mim 3.3

[P vertical beta function mm 0.1

[P horizontal beam size (rms) nim 729

[P vertical beam size (rms) nm T.T
Average beam power delivered MW 8 2
Bunch separation LS 80
Average beam current pA 16 64

B. Foster, Warwick, 11/23

HALHF Parameter Table

HF hnac parecmeters

Average grad.ent MV/m 25
Wall-plug-to-beam efficiency % 50
RF power usage MW 17.5
Peak RF power per length MW/m 21.4
Cooling 1eq. per length kW/m 20
PWFA linac and drive-beam parameters

Number of stages 16
Plasma density em ™ 7 x 10"
In-plasma acceleration gradient GV/m 5.4
Average gradent ‘incl. optics) GV/m 1.2
Length per stage" m 5
Encrgy gnin per stage” eV 41.9
[nitial inection erergy GeV 5
Driver energy GeV 31.25
Driver bunch population 10" 2.7
Driver bunch length (rms) pm 42
Driver average beam power MW 1.4
Driver bunch separation ns 5
Driver-to-wake eff.ciency % 72
Wake-to-beam efficiency % 53
Driver-to-beam efficiercy % 38
Wall-plug-to-beam efficiency % 19
Cooling req. per stage length  kW/m 100

“ The first stage is half the length and has half the energy gain

of the other stages (sce Section V. 4).

22
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HALHF Parameters cf
ILC & CLIC

Parameter Cnit HALHF ILC CLIC
e e’ e Je” e Je’
Center-of-mass energy GeV 250 250 380
Center-of-mass boos: 2.13 - -
Dunches per train 100 1312 352
Train repetition rate Hz 100 ) 20
Average collision rate kHz 10 6.6 17.6
Average linac gradient MV /m 1200 25 16.9 51.7
Main linac length km 0.41 1.25 7.4 3.5
Beam energy GeV 500 31.25 125 190
Bunch population 10" 1 4 2 0.52
Average beam current nA 16 64 21 15
Horizontal emittance (norm.) pm 160 10 5 0.9
Vertical emittance (norm.) pm 0.56 0.035 0.035 0.02
IP horizontal beta function min 3.3 13 9.2
IP vertical beta function mm 0.1 0.41 0.16
Bunch length nm 75 300 70
Luminesity em~2 g1 0.81 x 10*4 1.35 x 103 23 x 103
Luminosity fraction in top 1% 57% 73% 57T%
Estimated total power usage MW 100 111 168
Site length km 3.3 20.5 114

B. Foster, Warwick, 11/23
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.. G Cost Estimate

Tun-around ops
(3 GaV o arivers)

Posircs  Dampeg rings

SOuUCe (3 0eV) Driver source
1VGr Rt powrd et —n, T W0 (5 G o F}er.): ‘
GeV ek -
{250 GV :om) o 010 ——— " e ven)

= F nac

-G L) - ~ .
Beam cofvery sysem Posstoon ¥inster ine e Y, Sy Plasna-acosiarakr kna: (£ GeVe)
¥ 5ys (500 v @) (16 stages. ~32 GaV shoe)
with tum-anound op (31 GeVer) § stages, ~32 GaV per shge)

o Geve)

 Scale from existing costed projects wherever possible —
mostly ILC — very rough — not better than 25% accurate.

Subsystem Original | Comment Scaling | HALHF Fraction |
cost factor cost
(MILCU) (MILCU)
Particle scurces, damping rings 130 | CLIC cost |69], halved for ¢ damping rings only® 0.5 215 14%
RF linac with klystrons 548 | CLIC cost, as RF power is similar 1 Y 35%
PWFA linae A77 | TLC cost [AT], sealed by length and multiplied hy 6P 01 | 48 %
Transfer lines 477 | ILC cost, scaled to the ~~4.6 km required® 0.15 72 5%
Electron BDS 91 ILC cost, also at 500 GeV 1 01 6A
Positron BDS 91 |ILU cost, scaled by lenzth® 0.25 23 1%
' Beam dumps 67 ILC cost (simlar beam power) = drive-beam dumps® 1 80 5%
Civil engineering 2,055 |ILC cost, scaled to the ~10 km of tunnel required 021 | 476 31%
Total | 1553  100%

-]

Swiss detlator ‘rom 2018 — 2012 1= approximately 1. Conversion uses Jan Ist 2012 CHF to § exchange rate ol D.Y7S,

Cost of PWFA linac similar to ILC standard instrumented beam lines plus short plasma cells & gas systems plus kickers/chicanes.
The factor 6 is a rongh estimate of extra complex:ty involverd.

‘1'he positron transter ne, which 1= the tull length ol the electron BDS, domnates. this plus two ‘urn-arounds, the electron transport
to the position source plus small additional beam lines are costed.

@ The HALHF length is scaled by vE and the ccst assumed to scale with this length.

Length ol excavanion end beam hne taken trom Fuaropean XFEL dump.

-3

B. Foster, Warwick, 11/23



Cost Estimate

ol 10O
Psiron D& l.nv‘>_J nngs o e (31 GeV eorves)
BVwce (3 YY) yiver »ourc
Interacson point -~ RFlnac (5GeV) o ["" =Y
. » ~ N 5-31 GaV e Jawvers
250 GeVc.om) ( e 1 0 © ) = 31 GeV evlaivers)
~.
e
. Beim-delvery sysiem
Ream-delivery system POSItron lranssy line e Plasma-a00eier alor hn

e Snowmass study ITF of various accelerator costs
gives ILC Higgs Factory Total Project Cost (TPC) (=
US accounting) of S7 —12B (2021 S). Scaling this
by the value estimate (YEuropean accounting) of
HALHF/ILC@Snowmass gives HAHLF TPC ~ $2.3 —
3.9B: c.f. EICTPC = ~< $2.8B. Direct estimate by
ITF people (Seeman/Gessner) gives $4.46B.

B. Foster, Warwick, 11/23
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« Dominated by powe'r"to produce drive beams.
«(100*16*4.3nC + 6.4nC)*100 =>47.5 MW @50% eff.
e« Damping rings: 2*10 MW.

e Cooling —assume similar to CLIC => 50% of RF power
(corresponds to 20 kW/m).

« For magnets and other conventional sources assume ~9 MW.

« Gives total power requirement ~ 100 MW - similar to other
propasals.

26



ﬁ 5 Experimen tat ion at H A L H F @

e Boost is smaller than
HERA - HERA detectors
very similar to those at
symmetric machines.

* Measurement of L via
Bhabha (ete- -> ete-)
- rate reduced by
1/(0y)? & et scattered
into barrel — but not a
problem. Singles rate
good for machine ~

optimisation (LEUSHERO® =eem

B. Foster, Warwick, 11
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e Preliminary study
(M. Berggren,

A. Laudrain(DESY))

with long ILD barrel:

~ 20% degradation
of Higgs resolution.
« “Proper” detector
-gesigh required.

10*F

ILD@ILC

ILD@HALHF

L8

11 251 |

Rec0|

130"

135
 [GeV]
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Al Upgrades

Tun-arnung Kogs
(31GeV e rivers)

Postron  Camping nngs

A\',n.rra (3 CaV) Dirves e
l RF nac (5 Gaw 1F inac
.

Acion po = 31 GaV Elciron
o\ o o (531 GaV e'/orivers) P
LevYcom " x D SONCH
LS —_— N esmss -
EEL el ~ " A—_a
- g o RF e
UM GOivory SyThem FIRSIMS 00N IS |5 Gav
. P — PP o h ST S0 o C IS G&V )
Beamdaeivery system Postron ansier line (500 GeV &) (16 $23588 ~32 GEV Der S306)
with term-ar0ud I0op {31 Gev @) v SREES ~Je LV PN S9ge
(31 GeoV ¢)

e Produce e+ polarization via ILC-like scheme -
ideas exist for E(e-) 500 GeV; wiggler probably
longer and more expensive. Cost ~ 300 MILCU
minus conventional source cost.

Photon /

p;ollma!o;e Pre-accelerator
pol. wpgrade) (125.400 MeV)

- Emergy

aux. source (500 MeV) Tarcet SCRF boos‘ter / comp. RF
l' @' ) + Flux concentrator (0.4-5 GeV)
- = -« $2in rofation
! ' " . ' solenoid

150-230 GeV s e
o —

SC helcal ungulanr photn
Capture RF 5 dump
(125 1neV)

e dump
150-250 SeV
- w- buarn w BDS

B. Foster, Warwick, 11/
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ey Energy Upgrades

. Elther keep e+ energy same increases y as E increases
— experiments more and more difficult; or increase e+
energy to keep y ~ constant => more expensive linac.

« However, getting to ttbar (380 GeV) with same e+
energy => E(e-) ~ 1.165 TeV and y ~ 3.1, ~ HERA and
ttbar final state even more spherical. However,
running costs increase with y and there is a limit to

beam-current asymmetry possible because of e+
production => unattractive.

B. Foster, Warwick, 11/23 30



g !, Energy Upgrades
e Keeping y constant by lengthening conventional linac
- needs E(et) ~47.5 GeV and E(e-) ~ 760 GeV. (space

allocated and tunnel would be built at initial HALHF
construction time both for linac &BDS).

e Increases length of linac by 50%; PWFA arm also
increases as inter-stage optics proportional to sqrt(E)
=> +130 m. Capital cost ~ +200 MILCU; running costs
increase by 25% to ~125 MW.

NB. Preliminary!

B. Foster, Warwick, 11/23 31
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e Unlike circular machines, in

LCs, extra IPs just share L.
CLIC has only 1 detector; ILC

has 2 “oscillating” ones.

* HALHF can either share L or
double it — with an extra

linac!

» Cost: T-shape: larger o
footprint - 250 MILCU;
2linac - 690 MILCU

(T
) '—-1:5_'-‘\
</
)
w—r-

e« Running costs @ Higgs: T- 'S e T >
o I :\:} - e o T — v v Ww/ ........ =
shape: same; 2linac — 150 == . s ol

MW

B. Foster, Warwick, 11/23
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e Symmetry restoration!
« ¥y from Compton backscattering via lasers

e But not yet available - use XFEL driven by PWFA drive beams —
XCC idea of Barklow et al.

L B
o
3l GevYe

Barklow et al, A = \o,\ )

arXiv:2203.08484 G0-70 Gc/ o « '&OG Ve

Snowmass21 —

// \
e C* .inac Cilinac
(/ \w
B. Foster, Warwick, 1. crye RF gun cryo RF gur .

< ~2.5km >
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B. Foster, Warwick, 11/23

R&D Required

Rough timeline for HALHF (and beyond)

Short term (0-5 yrs): Pre-CDR (feasibility siudv) & CDR

Timelne (approxima:e / aggressive / aspirational)

0-5 years 5-10 years 10-15 years 15-20 years

Pre-CDR & CDR (HALHF)

Simulation study
to determine
sel-consitent paramatars
{demorstraticn goals)

First proof-of-principle
experimentation

20+ years

HEP ‘w ety
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R&D Required

Short term (0-5 yrs): Pre-CDR (feasibility study) & CDR
Near term (5-10 yrs): Much Plasma R&D required!

B. Foster, Warwick, 11/23

Timeline (approximate / aggressive / aspirational)

5-10 years 10-15 years 16-20 years

Demonstration of:
Scalable etaging, driver distributior,
slabilisation [active anc passive),
Pra-CDR & CDR HALHF) | ... ad beam quaiity, high rep.
) ) rate, plasma tempora’ unlformity &
b‘ mﬁmﬂ EtUd‘,' v '_'_xj“g
lc delermmne
salf-corsistent parameters
([Camonelralon gouls)

First proof-of principle
experimentation
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@%@ /. Path to construction

« “Valley of death” in performance goal requires decoupled strategy.

E/GeV )

Strong-field QED

103 o

towards a SFQED
experiment

Source: Blac kt(rr et al., Phys Plasmas
25 083108 LU1V|

3
® = =P —Pp —p

101

el wl wnlp wp el | fOWards an X-ray X-ray FEL

FEL

100 102 103 10

# bunches / s~

B. Foster, Warwick, 11/23
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29 || Path to construction

Short term (0-5 yrs): Pre-CDR (feasibility study) & CDR

Near term (6—15 yrs): Tech. Demonstrators — strong-field QED and an X-ray FEL

Timeline (approximate / aggressive / aspirational)

0-56 years 5-10 years 10-15 years 1520 years 20+ years

Demcnstiration of; Multistage tech demonstrator Ot <8
Sealabla staging drver diztribution. | Strong-fisld QED axoserimeant A40 o &
stadilisation (aztive and oassivel (P5-100 GaV e) mER u;‘ foariest start

Pre-CDR & CDR (HALHF)

Demonstration of:

Sirmulation study Preverved beam gualily, gl rep AVQ. power tech damonstrator
o dete-mmne ’ rate, plaama temporel uniformity & X-ray FCL (20 GeY &)
cell Cooh gy

3zlf-consisten: parameters
(demanstration gos s)

First proof<ct-principle
expedimentation

B. Foster, Warwick, 11/23
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Short term (05 yrs): Pre-CDR (feasibility study) & CDR
Near term (5—15 yrs): Tech. Demonstrators — strong-field QED and an X-ray FEL
Long term (15-20 yrs): Delivery of HALHF — intense R&D required

Timeline (@ppraximate / aggressive / aspiratianal)

0-5 years 5-10 years 10-15 years 15-20 years
Demonstration of: Multistage tech demonstrator | PRy sar)
Scauole staging. river dislibulic. | Slrong-lield OED experiment ' [ A2e & timerpd
slavilisalon xdive wnd pressive! (25-100 GV &) (Facility ungranc, ==l . ']‘":'A."'f:"f"’"'. e
Pre-CDR & CDR (HALHF) , —
Damonstratian of:
Simulaticr: study Preserved seam cual 4y, hig~ rep. |Avg. power tech demonstrator
te datarmine vale, plasa lemporal un foenily & X-ray FEL (20 GeV &) (Facility uograoc) ¢
self-cons stent parameters coll codling
(cemonatration gaels) R&D into conventional-accelerater & particle-physics cencepls Higgs factory [HALHF)
— . Asymmetric, plasma-RF kFybrid
"It proof-of-prnciple Lemonstraticn of: el v faf )
&x‘;)é(il"lanl';lk‘.np High wall plug cTciensy (o diivers) & spin polarisation collicer 250-38C GeV c.o.m.)

B. Foster, Warwick, 11/23
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Path to construction

Short term (0-5 yrs): Pre-CDR (feasibility study) & CDR
Near term (5—15 yrs): Tech. Demonstrators — strong-field QED and an X-ray FEL

Long term (15-20 yrs).: Delivery of HALHF — intense R&D required

Upgrades (20+ yrs):

Upgrade path for HALHF (many options available)

Timeline (approximate / aggressive / aspirational)

0-5 years

Pre-CDR & CDR (HALHF)

Simulation study
lc delermine
self-cons stent parameters
(Cempnetration gazle)

Slrat proof-of-principle
experimentalicn

B. Foster, Warwick, 11/23

5-10 years

Demonstration of:
Scalable staging, driver distribadion,
stabilisatio~ (aclive anc passive)

10-135 years

Multistage tech demonstrator
Streng-hield QED expeanment
(PE-100 CaVe)

Demonstration oft
Freserved bheam quality, high rep
rate plasma semporal uniformity 8

cal cocling

Avg. power tech demonstrator
X-ray FEL (20 GeV &)

15-20 years

Faciily upgrads)

Faciity upgrade) |

R&D into conventional-accelerator & particle-physics concepts

Demonsliration ok

High wall plug cfficicney (c

Energy-ef cient positron

drivers) & spr pokwsaticn

Demanstration of:

Higgs faclory (HALHF)
Asymmetrie, plasma-RF hybrd
collider (250-3B0 GeV c.o.um.)

zccaleration in plasma, high wall-plug =7 cency flassr divers),

Jtra-low emittances, ene gy recovery echemes, compact beam-delivery systems

(Faclity upgrade) 1

Multi-TeV e*—e~fy-y collider
Symmelric, all-plas ma-based
caollider (~ 2 TaVcom)
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Tuenr-aund oS
31 Gehs e'orves)

Postsn  Disrping mngs

POUCe 12 GV [woir $inore
PAeracHON PO AF Wrac (5 Gw) W e
G (o (o) (5-31 GeV evorvers)
(250 GeVoom) P {53
- ..__l_ ) [ameeeeessy
o e
A pp— 20siron ransier Ine Seam-detve y Syve PUSTE-O00Mr0r INAC (5 Ge\ ¢)
Bam-Ceivinty Syam USAON Fansie (0GeV ¢ - ey et
W B rOund 00D (31 CaV o) ) S1y)es, GeV por stage
NGV o)

« HALHF benefits from maximal asymmetry.

B. Foster, Warwick, 11/23 40



« HALHF benefits from maximal asymmetry.

 Even if et acceleration not a problem, HALHF could still
be best way forward — but requires > a decade of significant R&D.
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« HALHF benefits from maximal asymmetry.

 Even if et acceleration not a problem, HALHF could still
be best way forward — but requires > a decade of significant R&D.

« Conventional design work needed: DR with high bunch charge;
heavily loaded linac; BDS...
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« HALHF benefits from maximal asymmetry.

 Even if et acceleration not a problem, HALHF could still
be best way forward — but requires > a decade of significant R&D.

« Conventional design work needed: DR with high bunch charge;
neavily loaded linac; BDS...

« PWFA R&D: higher accelerated charge (x ~10),
nigher repetition rate (x ~¥1000), plasma-cell power dissipation
(x ~1000), beam jitter reduction (x ~10-100).

B. Foster, Warwick, 11/23
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« HALHF benefits from maximal asymmetry.

 Even if et acceleration not a problem, HALHF could still
be best way forward — but requires > a decade of significant R&D.

« Conventional design work needed: DR with high bunch charge;
neavily loaded linac; BDS...

« PWFA R&D: higher accelerated charge (x ~10),
nigher repetition rate (x ~1000), plasma-cell power dissipation
(x ~¥1000), beam jitter reduction (x ~10-100).

« Better start asap — HALHF “kick-off” meeting @ DESY on 23.10.23

B. Foster, Warwick, 11/23
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