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Konzepte der Hochfrequenzbeschleunigung

e Resonator erforderlich fur

Resonator

* longitudinale Komponente E;

* Anpassung der Phasengeschwindigkeit

* /Zwei Konzepte

e Wanderwelle

E, = Fycos(o)

* Teilchenbundel entnimmt Energie
und schwacht Amplitude der Welle

* Stehende F, —
Welle

Fosin(wt 4 ¢) sin(kz)
= FEysin(kz + ¢)sin(kz)

¢ Teilchenbundel wird mit dem
Mittelwert des Feldes beschleunigt;
Feld selbst ziemlich unberuhrt

from E.Elsen
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Hochfrequenzerzeugung

e Klystron

e Geschwindigkeitsmodulation eines
Elektronenstrahls durch ein duBeres Feld
resultiert in Dichtemodulation des
Elektronenstrahls

» Elektrisches Feld wird ausgekoppelt _:_:i e

Thales

e \Wakefield

e Das Feld einer raumlich
begrenzten, bewegten Ladung
wird in geeigneten resonanten
Strukturen ausgekoppelt

from E.Elsen



Aw=T =R/L

cavity circuit
with series resistor

-1

= \/% Ohmic resistor determines quality factor!

0° normal conducting
¥ superconducting
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(TESLA)

Nl Advantage SC-RF:
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Temperatur in °K
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TESLA TDR

N / RBCS

eld may exceed critical temperature!
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Cavity

A A A A

strong em. field — heating

maximum acceleration field 35-40 MV/m

re very clean surface required
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Ausbeute

>10 >15 >20 >26 >30 >35 >40

Feld [MV/m]
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H, = 324mT

100

figures from Elmar Vogel (DESY)
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Kritisches Magnetfeld Hgp, in Tesla
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HF: walking flux tubes absorb energy!

~need SC of 1° kind!
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CLIC

wakefield accelerator

heavy boat — fast runner
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CLIC Prinzipien

QUAD

; 95 A

e Hoher Gradient >100 MV/m e POWEREXTRACTION o0
STRUCTURE ns
2.4 -0.24 GeV

 Kompakter Collider;
Gesamtlédnge < 50 km fur 3 TeV

ACCELERATING
STRUCTURES

| | . 1A
* Beschleunigung in normalleitenden 200 ns

Strukturen @ 12 GHz 9 GeV—1.5TeV BPM

¢ Beschleunigungsfeld von einem parallel
laufenden Hochstromstrahl ausgekoppelt.

* Elektrisches Feld nur bei Bedarf erzeugt

* Hochstromstrahl wird sehr effizient generiert

from E.Elsen



CLIC Layout fur 3 TeV

326 klystrons
33 MW, 139 us | | |

drive beam accelerator 2,38 GeV, 1.0 GHz

s

circumferences

326 klystrons
delay loop 72.4 m
CR1 144.8m | | | 33MW 139ps
CR24343m

drive beam accelerator 2.38 GeV, 1.0 GHz

-
1 km 1 km
delay loop | = | delay loop
@ @ decelerator, 24 sectors of B76 m

TA radlus =120m

e main linac, 12 GHz, 100 MV/m, 21.02 km

BﬂS BDS ﬁ!!!ui YYY,
P o

&* main linac TA radius = 120 m

i

48.3k m

CR  combiner ring

TA  tumaround

DR damping ring

PDR predamping ring

BC  bunch compressor
BDS beam delivery system
IP interaction point

e~ injector, 2.4 GeV

from E.Elsen

I booster linac, 9 GeY

e’ injector, 2.4 GeV



Power Extraction and Transfer Structure (PETS)

= Measured (current) 140/
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nary technology...
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Plasma Wakefield Accelerators

Laser
Electron density

DriVin” Beams: Accelerating wakefield
e Laser

&
e electron beam | : 3
e proton beam '
(-]

F.S.Tsung et. al.

0.3 mm

E.qg.: Proton Driven Plasma Wakefield Accerator:
Use 7 TeV LHC proton beam to transfer energy to
an electron beam of 7 TeV or even higher, fantastic!
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Acceleration In Plasma

Laser

PrlnC|D|e_ Electron density

. ) ] Accelerating wakefield
- Plasma is created either by using strong
Lasers or by heating

-
» A (second) laser or a particle beam creates | ¥ 3
strong electric fields which lead to charge \
density fluctutations in the plasma ‘N

-

> The mobility of ions is given by its mass —
electrons move

» Charge density fluctutation create strong
fields which can be used for acceleration

F.S.Tsung et. al.

electrical field: Plasma frequency:

m,p n_e
Ea=cy— w,=c £

€o €, M

density fluctutation n, = plasma density
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eam
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E,(GeVm™)

withess bunch!

22

2 GeV/m 11!
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AC Result with Electron Beam:

90

~____ accelerated electrons

Qo
-

-
o

energy more than doubled
in plasma !
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driving beam

42 GeV= >80 GeV
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N per MeV (a.u.)
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tally studied at SPS (E=450 GeV)

bunches are usuall long ~ 10cm
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black plasma density

odulated using long proton bunches!
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ma

A.Caldwell et al. Nature (2009)

Focusing quadru poles

Li gas cell

Electron Proton
bunch bunch

N 06 2 witness )
E = 240(MV m_l) R—= Emax < g Nmtness
4> 10% /A 0 (mm) B Narv

ar TeV accelerators with large acceleration gradients are
le, in principle!
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Laser power
Access gallery

supplies
Lasers

Proton beam line .
{

/

Laser & proton beam

RN

Items in dark blue: ventilation duets
Items in light blue: AWAKE electronic racks
Items in cvan: existing CNGS equipment (cable trays, pipes....)

Electron gun

Klystron system

2m

2m

10m

Jjunction
Electron beam line |
Plasmacell | —
(10m long) SN
Electron spectrometer
. |III
Experimental | ™
Diagnostics

CNGS target area
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