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* Plasma Wakefield Acceleration at CLARA FEBE will make this facility the first in the
UK to achieve energy doubling.

* This project will foster both national and international collaborations.

* Early studies using PIC codes of QV3D an~ """ Ao mmmtemdn Lot MIATEA ~fonfee ~

at energy doubling is feasible at CLARAEF Phased approach to high-repetition-rate staging @ CLARA
* The focus is on the PWFA experiment, bu
explore alongside this experiment
* Betatron diagnostics

* Plasma beam dump Phase 1 Single bunch (“Day 1”) Goal: Beam-quality-preserving inter- Goal: Plasma and plasma-source
(year 1%) — NO acceleration stage optics temperature mapping
(deceleration only) (no acceleration) (low repetition rate)
: , . Phase 2 Twin bunch (optimised) Goal: Beam-quality-preserving inter- Goal: Acceleration with novel
(year 2-3%) — high-gradient and nonlinear stage optics temperature-stabilised stage
acceleration (plasma acceleration 250 = 500 MeV) (high repetition rate)
Phase 3 Fully leveraged CLARA + Goal: Beam-quality-preserving staging @ high repetition rate
(year 3-5%) FEBE (two beam-driven stages™**, 250 = 500 = 1000 MeV)

*conservative timeline assuming no additional funds secured beyond pre-existing baseline contributions from Oslo, Oxford, and Cockcroft

35,5 65&%3%[) R. D’Arcy | 4th CLARA Users Meeting | Dec 2024 | Daresbury Lab




1 2 3 4 5 6 7 8
— Y J1
E; :: _— e Ry TN 2 .
khead BN
- [ k AGND
A
Or Led
During cap discharge ?ge Lam]i)lperdRR-_"lfligE'_t is Ofgd}? not l;se" mes/sageli)n panel
asma generation), ndicat 1s working and t afe t work on
7 g?:charggPSU;azlouF cuies Pleed s wortng s o temorke
A 9mA approx. .

H e E i ]_/t O /1 e te ( j |i ] [ \ ( )10 g T / Ry Could operate the PSU externally by making small remote control box ?

Equivalent SM MOX96021006FVE
— L - @30KV = 9W (DC) per R. Equivalent 10M
6mA total current @30KV @30KV = 9W (DC) per R.
S0KV rated 3m.KA Vtota:] gurrem @30KV
i o +V JHVI  MainsIn ECCL4 plugtosocket | ype g gocket
I | . (83-1r-rx) (ECC14)|  Mains lead filter ?
HV PSU interlock requires door closed and 5 minute timer to have passed
- HV discharge circuit is almostcomplete HY PSU ——

PS/FR30P10.0F22 o) Interlock (Open = Off) Cabinet Door and Thyratron Heater interlock

. . . O _ 13-9 - °) V Monitor 0-10V
+ IAA, commercial Tritec Devel Ltd ==
Remote On Digital Chmmon
U M . - J5
AC ot 30V ~ Clip on fefritel 1320 ) 1y Enable 2.5-15V ON, 0-1.5V OFF
== ! T .
o | Bcomeco — o) Fault Status Low = OK, High (5V) = Fault (HV off)
can witnstand >X raung 1or PN | | | | o connebclted to GND) H Mommon =
l v El A R S 13-23 o) Mode Status Low = Voltage mode, High = Current mode
- o = Disial Common” .
o B (Stud) < (I3-15 ¢y Remote HV ONStatus (Use Digital Common) Switch between
sl dooriibie 12W Wrewound ? J3-3 = : J3-16 T J3-15/16 allows HV ON
g Pl G e 1 M 4 2|5 o) Remote HV ONStatus (Use Digital Common) to be done remotely
=0 @] i
& ;.L 13-10 ;0) I-Monitor (Use Signal Common) 0-10V
O . i . z"; g.; . NB Some Analog in/outputs require setting to REMOTE on PSU
s e 2| |= Check if this model has Arc status fitted ?
PR — 5V Mains to 6V 5 Min Timer
e §§};§?§%§f§iﬁf Transformer (2 Interlock for :
W?? [‘Ei’eéé"‘?s OV output ( HV PSU. DIN External IEC Mains Socket
s rrin windings) Bpumies
::l Ii::lcftoc:rise of Heater required to
e ) before PSU TV on
Grid 1 . Mains lead filter ?
Mains In | IEC Mains Lead ains ‘ead Hlter ! External IEC Mains Socket
5-30V, 1-100us Coax BRI
Trigger In Electrical o) BNC Socket
Trigger In Optical Optical FDMA Optical FSMA Socket

HV PSU has Gnd

connected to case °
and this Earth and
Ground connected EAR, T: H/ a 1 n e

via case.

External IEC Mains Socket All Bulkhead BNCs to be have signal and ground isolated from mechanical fixing e.g. 031-10-RFXG1

Case Earthed but from where ? One of IEC Leads ?

TRITEC Developments Ltd
Title Bold Business Centre
DpS Bold Lane, St Helens
Drawn date: Size: Number: . Merseyside, UK WA9 4TX
26/09/2023 A2 02/00xxx Revision: 0.3 Tel: +44(0)1925 220466
Drawn by: Checked by: Date:26/09/2023 Fax: +44(0)1925 227072 i .
PM File: DPS 0.3 schdoc Time: 16:05:33 | Sheet: 1 of 1 hitps://waw.ritec.biz

1 2 3 4 5 6 7 8




- ° I
schargesource
- [ k AGND
Or Led
i (phora goncraiony. Indicates ploed  is working and s s t0 e rork on
H e a]_/t Of T /1 e ‘t e C k] :r\ C) 1 O e R Could operate the PSU externally by making small remote control box ?
X e +V JHVI1 Mains In IEC C14 plug to socket [EC C14 socket
— | Sermaw (83-1r-rfx) (IEC C14)|  Mains lead filter ?
. . . . HV PSU interlock requires door closed and 5 minute timer to have passed
- HV discharge cir | Ol HV PSU S
| S C O r e C I C u I t | S O m O St C O m ete PS/FR30P10.0F22 — Interlock (Open = Off) Cabinet Door and Thyratron Heater interlock
| | . . A 1B Digital O mmonoJ3 V Monitor 0-10V
» |IAA, commercialisation; Tritec DevelopmentlLtd | | ...... _ Bl e Low - HY O High —HV O
emote On ) ) Digital Cpmmon
AC set to 230V 2 Clip on fefritel 13205 5y Enable 2.5-15V ON, 0-1.5V OFF
B L e ) 13-22 o) Fault Status Low = OK. High (5V) = Fault (HV off)

ge mode, High = Current mode

El N
§ (Stud) e se Digital Common) Switch between
—/ : "‘-‘; §4 ! [ eg) N ' — J3-15/16 allows HV ON
P zen o 2N Y & e e Digital Common) to be done remotely

3 A = 4 ‘ I mmon) 0-10V

o -

. 5 - I8 Suts require setting to REMOTE on PSU
sYvRuingg (SN NN /A8 il

I ' 500 LK {i1q. 77 il " model has Arc status fitted ?

I!'\J\’II‘-QP

ble check
sformer

C Mains L
30V, 1-100

HV] "~
and

Grot
viae

bm mechanical fixing e.g. 031-10-RFXGl1

TRITEC Developments Ltd
Bold Business Centre
. Bold Lane, St Helens
ion: 03 Merseyside, UK WA9 4TX
Revision: V. Tel: +44(0)1925 220466 ¢
Drawn by: Checked by: Date:26/09/2023 Fax: +44(0)1925 227072 i .
PM File: DPS 0.3.schdoc Time: 16:05:33 Sheet: 1 of 1 hitps://www.tritec. biz

1 2 3 4 5 6 7 8




e

HVLR1020F SOMOKY

AP RW!

|

1ip:

-

%meﬂw%f

1 GLASSMAN HIGH VOLTAG

'] (]
o |
Y B E LR ]




Pressure Pd (10cm)

Dlscharge source

Example working range for He

-3 . . \'J
n(em=) (mbar) : (Torrcm) V)
412E+13 | 022 16480  NF(pressuretoo
I R S N— low) ... i
5E+13 0.3000 2.0000 828
1E+14 0.5 4.0003 349 10° 1 g .
5E+14 3 20.002 619 =
.................................................................................................................................................................... 21
1E+15 6 40.003 967 >
5E+15 27 200.02 3172 10° 1 . } .
1E+16 54 400.03 5543 |  Z
____________________________________________________________________________________________________________________________________________________________________ _ S
5E+16 267 2000.20 22620
6.75E+16 360 2700 power limit e e B T o

pd (Torr cm)
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S. M. Wiggins ct al., Journal of Plasma Physics, 78, pp 355-
361 (2012) doi:10.1017/S002237781200006

K. S. Kim, et al,, 14th Annual Meeting of the IEEE Lasers and
Electro-Optics Society, doi: 101109/LEOS.2001.969038.
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Multl-staging scenarios

Matrix based matching

- Pseudo-inverse matching to extract a transfer matrix.

- Validation using non-periodic transfer matrix. P

- Multi-objective optimisation for determining a matching lattice.

TABLE IIl. The elements of the transfer matrices correspond-
ing to different triplet designs.

DLW, Matching section DLW, x107° Design Ry, Ry, Ry, Ry,
No drift 0.6897 -0.0033 13.1928 0.9039
Q100D510 0.7845 -0.0033 51.5138 0.9738
1.5 Q50D;10 0.7629 —0.0033 97.2900 0.9003
Q100D,150D,150 0.8118 —0.0035 129.0208 0.9870
. Q100D,200D,200 0.9157 -0.0037 139.9490 1.1135
% Q100D,200D,200D5200 0.7461 -0.0033 46.8733 0.9202
RO | .
=1 — Ry = —0.0004, Ry = —0.0001
< —— Ryp = —0.0022, Ry = 50.25 TABLEIL. The specifications of quadrupole triplet arrangements with different lattice lengths and resulting energy
—— Ryj» = —=0.003, Ry, = 74.83 spread of the multistage.
e R19 = —0.0033, Ry = 83.3
0.5 —— Ryy = —0.0035, Ry = 89.19 Design Matching section length (cm) g (T/m) r (mm) AE (keV)
Rip = =0.004, Ry, =103.7 No drift 30 20.4/111.5/7.3 50/9/138 0.92
— Ry = —0.004, Ry = ~0.0001 PME Q100D510 31 75.3//0.5/6/6.2 13.3//20/1 /151 0.54
| Q50D510 16 310.2/-0.18/219.2  3.2/567/4.6 0.46
0 i L Q100D,150D,150 40 48.8/-1.8/50.2 20/55.8/20 0.49
0 4 0 4 Q100D,200D,200 50 46.5/-3.7/47.9 21.5/268/21 0.86
Propagation Distance (mm) ) ) Q100D,200D,200D5200 65 61/1.2/10.5 16.4/807/95.4 0.5

(b) O. Apsimon et al., Phys. Rev. Accel. Beams 24, 121303 4

CLARA User Meeting | 3 December 2024



