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Self-Modulation Instability Suppression

Self-modulation is an instability
-> requires feedback loop

Seed wakefields - modulate bunch density
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Self-Modulation Instability Suppression

Self-modulation is an instability Prediction from theory: for sufficiently large positive
-> requires feedback loop plasma density gradients, SM growth is suppressed

C. B. Schroeder, et al., Phys. Plasmas 19, 010703 (2012)
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Self-Modulation Instability Suppression

Self-modulation is an instability
-> requires feedback loop

Seed wakefields - modulate bunch density
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Self-Modulation Instability Suppression

Self-modulation is an instability
-> requires feedback loop

Seed wakefields - modulate bunch density
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Plasma Light & Streak Ca

mera Measurements

le7
3.0 @
25 A - ,“, .
a
- %
w 201 s *
“_E: A '."
S r E .
15 ] 4 . -> Slopes for +,- asymmetric
; ..“-
a Ve
10 4 - o
I N 2 . Nye = 2x10% ecm3, N, = 5x10%° p+/bunch,
. 3 2 1 0 -1 -2 -3 RIF: +200 ps
G\\ Grad. [%/m]
) i 0.5%/m 0% -0.5%/m . -1%/m __~2%/m
5 o LY. 0 = ) X, ‘¥ I .
-100 -100 1 -100 o -100 1 -100 - AR -100 - 5 -100 1 :
X ¢ .‘ ’ ;
-200 1 -200 A -200 { -200 - 7y -200 1 -200 1 -200 1
& -300 - g -300 - & -300 1 2 -300 4 ’, % 2 -300 - 2 -300 A \ & -300 1
- o - ..‘.' - ',._‘ - - -
-400 - -400 1 -400 - -400 1 ' ~400 - -400 - ! -400 1
=500 1 =500 1 -500 A -500 - -500 1 -500 1 =500
TS
-600 1 . -600 1__ ' -600 {__ i i -600 __ ' ‘ -600 1 -600 1 Splttmg . -600 __ ’ '
-2 0 2 -2 2 -2 0 2 -2 0 2 -2 0 2 -2 0 2 -2 0 2
x [mm] x [mm] x [mm] x [mm] x [mm] x [mm]
core more intense core shorter
4/11

(C\ERNE ATVARE—

07.11.2024

M. Turner et al.



Comparison Simulation / Measurement
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Comparison Simulation / Measurement

Regime where plasma light ‘likely local’
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Measurement at High N,
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Measurement at High N,
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Plasma Light Increases for Small Positive Gradients

Asymmetry in halos
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Plasma Light Increases for Small Positive Gradients
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Summary & Conclusions

Large positive n, gradients suppress the development of the self-modulation
C. B. Schroeder, et al., Phys. Plasmas 19, 010703 (2012)

(SM) process.
* This occurs as changes in the plasma wavelength impact the instability's feedback loop
« Experimentally observed, including for negative gradients
* Process is asymmetric, faster for the positive gradients

e Suppression observed with 5x101° protons/bunch and gradients of +2%/m.

predicted to increase the wakefield amplitude by compensating for

wakefield phase shifts occurring during self-modulation.
e Observed with a bunch population 3x10* protons/bunch

« Consistent with larger energy gains observed with small + gradients in 2018
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