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The AWAKE experiment

Seeded self modulation of a long proto

First electron acceleration results

Conclusion and Outlook




6V/m gradients for acceleration
Application for high energy physics
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relativistic

proton
bunch

bunch carries much more energy then an electron bunch or laser

Q PW laser, 1 PW, 10 fs ~10J

Q SLAC, 42 GeV, 2x1010 e- ~ 1307
Q ILC, 0.5 TeV, 2x1010 e- ~1.6 kJ
Q SPS, 400 GeV, 3x10! p* ~19 kJ




Luminosity using typical LHC parameters

o, poiasliEan L=fN,-N, / 41,0, ~ 5 102 cm'?s"

7 TeV protons / 3 TeV electrons

0 2 4 6 8 10 12 14 16
Possible applications: L, km 73

= Fixed target or beam dump experiments at 10s ¢




Parameter Protons

Momentum [MeV/c] 400 000
Momentum spread [o] +0.035
Particles per bunch 3-10"!
Charge per bunch [nC] i
Bunch length [mm]
Norm. emittance [mm-mrad] 3.5
Repetition rate [Hz] 0.033
1o spot size at focal point [um] 200 +£20
B-function at focal point [m] 5
Dispersion at focal point [m] 0

120 (0.4 ns)

750m proton beam line

Plasma frequency: @, = (4mnye’/m,)'?

Plasma wavelength: A, = 27/,

Wake amplitude: Eyg = msca,/e = mc/e

In Awake: n, =7- 10" cm=3, A, = 1.2 mm

To drive wake efficiently driver bunch length need

For example for 6, ~1 mm we get E g ~ 1 GV/m

- Profit from transverse wake field to initiate sel
leading to micro bunching at the scale of the p
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Electron source system Acceler: trons intillator screen . Protons from SPS

Laser beam

70 Mev
FF structure

- Electron beam

10 mRbPlasma
Electron

Imaging station 1 % 3 i Source

‘ OTR, CTR screens

Yl ‘
e Quadrupoles

Electron Merging

Electron 4 :
Electron bunch I Long proton bunch Proton microburches SPECTRMEET " - I.T ; Y
'I Fe M K « _'-(-('.-Cc-# : : \
\ dump _

Imaging
I lonising laser puise Captured efectrons station 2 Start of

Plasma Cell

10 =3 [ %] = =T -io
Eimm}




ATWAKE—

This is our LINAC

or (~200 °C)
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Electron source system

Laser beam e-source laser
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d BPM's for proton, electron and laser alignment
hind plasma cell for proton defocusing (halo) detection
for time resolved measurements with the streak camera and

stics to measure micro bunching frequency with heterodyne sys

Rb vapor, 10m 1
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ATVAKE Seeded Self MOdU'G'l'ion (SSM) @V
Experimental observations =

Npy=2.1x10"cm3

AWA/(E Marker _ , _
p“%hWh "~ Laser : "~ Laser
U

Pulse Z . Pulse
s 50ps 50ps !

F". Muggli A “fG_—,_/C‘*'ZOOpS

F. Batsch

U Stable and reproducible modulation observed over a long time.

U Phase stability checked with marker laser; - suitable for electron injection
O Proton defocusing clearly visible

O Modulation frequency according to theory

O In this case 131 GHz standing wave accelerating structure
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¢ Gradient @
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