New technologies for colliders

Overview of recent progress of plasma based
acceleration

Jorge Vielra

GolLP / Instituto de Plasmas e Fusao Nuclear, Instituto Superior Téecnico,
Lisbon, Portugal
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Proton Synchrotron 59 Super PS /6 LHC 08
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NETWORKING IN THE IMMUNE SYSTEM = NANOTECH BATTERIES
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Plasma Waves

Y Burton Richter; Nobel prize ‘76
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18 91040, O A
e~ plasma oscillation driver
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E,.,~ 100 GV/m for n =10"® cm™
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GeV class e- with sub-percent energy spread
W.Wang et al. PRL 117, 124801 (2016)

10 e- plasma oscillation driver
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8 GeV peak energy gain in a laser driven plasma
accelerator (Gongalves, PRL 122,084801 (2019)
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Lasing at 2/ nm using laser plasma accelerators

e- plasma oscillation driver
W.Wang et al. Nature 595,516 (2021)
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Particle physics strategy update Concept of a plasma based linear collider
Picture:W.R Leemans and E. Esarey, Physics Today 62, 3, 44 (2009)

Capillary

2020 UPDATE OF THE BURDPEAN STRATEGY
FOR PARTICLE PHYSRCS

by e Emvopean Sirategy Groep

Eurcpean @
Jpdne
-

Positron production target
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What are the requirements for a particle physics collider?

Parameter [ units | CLICAiKe (ee+) | ILC-ike (e-fe+)
ch charge I pC [ 833 { 3200 '
Zatic . 80% o- BO% o/ 30% o+

jol eneegy GeV 175 235
¥ energy GeaV 190 250
relative energy spread o 08 1
relative energy sproad % 0.35 0.1
bunch length ym 70 300
bunch length um 70 300
nomalized emstance HV pmn / nen 0.890/19 957125
o0 growth budget MYV pm / 0.010/1 05/5
normalzed emittance YV /e 0.900 /20 10/30
ch separaton [ ns [ 05 554
of bunches per tran - 52 1312
D rate Mz 50 s
+ lergth I " | 250 800
EMcioncy: wal-plug 1o drive beam 1 % [ 58 .
sency: drive beam 1o main beam % 22
| [ 10" 34 em-28-1 | 1.5 1.8
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Parameter Units ILC-like (e-fe+)
oh charge | 200 |
arnzatic . BO% o« / 30% o+
ial enecgy GeaV 235
¥ energy GeaV 250

relative energy spread %o 1
relative energy sproad % 0.1
bunch length ym 300
bunch length pum 300
normalized emstance HV pmn / nm 0.890 /19 957125
oo growth budget MV pm / nen 0.010/1 05/5
normakzed emittance HYV /e 0.900 /20 10/30

h soparaton ' ns 0.8 554

of bunches per tran - 1312

D rate Mz 5

» length [ m 600

EMcioncy: wal-plug to drive beam | % .

. drive beam 1o main beam %

m’ [ 10734 em-2 &1 1.8

-
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e R .. il
Eundtcharw pC 3200
E v R IR v 15 GeV stages
oneryy GeV 235
PSS GeV 250 v Up to 190 GeV
tmummw % ‘ v High gradients have been established
relative onergy sproad % 0.1
bunch length ym 300
bunch length pum 70 300
nomalized emstance HV m / 0.890/19 957125
growth budget MV pm / e 0.010/1 05/5
Eﬂ’mmwm 4 1 ren 0.900 /20 10/30
soparaton [ ns 0.5 554
Lumuommo«m 1312
boo sote Mz s
length | m 600
EMcioncy’ wal-plug to drve beam [ %
EfSciency: drive beam 1o main beam %
M [ 10734 em-2 &1 1.8
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[ Parameter Units ILC-like (e-fe+)
bunch charge I #€ 3200
ipohnuoon . BO% o/ 30% o+
initial enecgy GeV 235
’ﬁfdm GeV 250
initial relative energy spread o 1

finad relative onergy sproad % 0.1
anitial bunch length pm 300
finad bunch length pm 300
rmunwuwmrw pm / nm 95125
emittance growth budget MV pm / nen 05/5
!ﬁummwm /e 10/30
&:und\w [ ns 554
imtwuolbtmwm 1312
beo rote Mz s
?omﬁwlongth I . 600
EMclency: wal-plug to drive beam ’ %

!Eﬁomy:mm'nbmanbum %

Luminosity | 10°34 cm-2 51 1.8

v |5 GeV stages
v Up to 190 GeV

v High gradients have been established

Energy spread

v Recent results show we are on track
v Recent experiments demonstrated AE/E < 0.01
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| Parameter Units ILC-like (e-fe+)
:'bunchdw T pl 3200
Epohnzmon BO% o/ 30% o+
nitial eneegy GaV 235
’Malmqy GeV 250
initial refative energy sproad o 1

finad relative energy sproad % 0.1
anitial bunch kength ym 300
;HdewmludehW m / 95125
WMWM pm / nen 05/5
%uunommaomwwv un / ren 10/30
é:.nd\upofum [ ns 554
rrumber of bunches per tran - 1312
:mpnh Mz 5
beamimne length | m 800
Emzmwmm %

!Eﬁdomy:&'wobo'nbmnbum 3

W 10734 cm-2 -1 1.8

4
4
4

|5 GeV stages

Up to 190 GeV
igh gradients have been established

Energy spread

Recent results show we are on track

Recent experiments demonstrated AE/E < 0.01

Open guestions

x

* Average power ( ~ 100 MW)*
*

Fmittance ( ~ 10 nm) and emittance growth

POsIitrons

*C.B. Schroeder et al, PRSTAB |3 01301 (2010)
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What are the requirements for a particle physics collider? W L5B0A

|* Parameter [ units ILC-like (e-fe+)
bunch charge | 1200
:
. BO% o/ 30% o+
P v |5 GeV stages
nitial eneegy GaV 235
initial refative energy spread % ‘ v High gradients have been established
mew % 01
nitial bunch length pm 300
- B S5 Energy spread
anmmmrw m / 957125 v R | h |
I | o Dot tan T 08/8 ecent results snow we are on track
finad normalkzed emittance HV e 1 pen 10/30 v Recent experiments demonstrated AE/E < 0.01
:b.nduopuum [ ns 554
demwm - 1312 Open questions
:ropnb Mz s y
——— — — * Average power ( ~ 100 MW)
[Eficlency: wal-phig 1 drive boam [ % : * Emittance ( ~ 10 nm) and emittance growth
EfSciency: drive beam to main beam % . S, A hybrid, asymmetric, linear Higgs factory
—— - * Positrons based on plasma-wakefield and radio-frequency acceleration
Luminosity 10434 cm-2 &1 18

B. Foster,!"* R. D’Arcy,? and C. A. Lindstrgm?

L John Adams Institute for Accelerator Science at University of Oxford, Ozford, UK
*Deutsches FElektronen-Synchrotron DESY, Hamburg, Germany

3 Department of Physics, University of Oslo, Oslo, Norway
(Dated: March 28, 2023)

*C.B.Schroeder et al, PRSTAB |3 10130/ (ZO | O) JorgeVieira | ALEGRO, Hamburg, Germany | March 24th, 2023
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Electron acceleration at the AYWAKE experiment
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F Batsch et al. (AVWAKE collaboration)
PRL 126, 164802 (2021)
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Nature 561,363 (2018)
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C. Badiali et al. in preparation (2023)

Assuming E, .. =~ 10 GV/m...
NV - 1
-t~ half-life u half-life
1O4§
I 1102
~ 10 5
E 1104 =
10°, / 110°
10 104 102 10° 102 10*
Acceleration time [ns]
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10
> 102%

100

100 GV/m...

Assuming k£

)
accel —

v half-life ik
|10
110
110+

106 104 102 10° 102 10*

Acceleration time [ns]

v/C

C. Badiali et al. in preparation (2023)
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C. Badiali et al. in preparation (2023)

~ 100 GV/m... Muon acceleration in a plasma accelerator

Assuming £

accel
Initial velocity: 0.9¢
Final velocity: 0.98¢
Tme= 000[1/m,]
- - half-life - -
10%E ﬂ 1
. 4 . a A — 4
1107 - R 5
1 4 (] =
~ 102} 19 3T } % 2
: 110 2 8, .. i g <
' - 2 —~ S 3 a
B ' 2
i B . =
10%¢ 1107 4
10° 10 102 | .1 0° 102 104 0 40 g : ‘ ‘2"5" 0 2
Acceleration time [ns] X[c/w]
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Open PhD position!

Emall jorge.vieira@tecnico.ulisboa.pt

Strong recent progress in plasma based accelerators research

Sub-% energy spread, mm-mrad normalized emittance, good for XUV/soft x-ray FEL

Challenges

Emittance preservation in staging, tolerances, power dissipation

New perspectives for HEP

Use extremely high electric fields to accelerate unstable particles

Thank you!

Jorge Vieira | Imperial College Plasma Physics Seminar | May 17,2023



