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[1] A. Pukhov et al. “Phase Velocity and Particle Injection in a Self-Modulated Proton-Driven Plasma Wakefield Accelerator’, PRL 107, 145003 (2011) Energy Loss (GeV)

[2] E. Oz et al. “Optical Diagnostics for Plasma Wakefield Accelerators”, AIP Conference Proceedings 737, 708 (2004)
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IMPLEMENTATION - SETUP

Plasma entrance

Laser pulse
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WHAT EXACTLY ARE WE MEASURING?

Wakefields #

—>Energy in coherent motion of electrons
and electric field E

Claim:
Cameras / PMTs Light diagnostics measure a

—>Light measuement quantity related to wakefields
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WHAT EXACTLY ARE WE MEASURING?

Wakefields -

—>Energy in coherent motion of electrons
and electric field £

lon motion, wave breaking, collisions
—>Energy in random motion of electrons

Inelastic collisions (ionization,
excitation)

—>Light emission

-

Cameras / PMTs Light diagnostics measure a
—>Light measuement quantity related to wakefields

Claim:
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WHAT EXACTLY ARE WE MEASURING?

Wakefields -

—>Energy in coherent motion of electrons
and electric field £

- - kil

Assumption 1:

lon motion, wave breaking, collisions

> Energy in random motion of electrons Energy in wakefields is proportional

to energy locally deposited in plasma

Inelastic collisions (ionization, Assumption 2:
excitation) Light emitted is proportional to
enght emISSIOn / energy depOSited

. Claim:
Cameras / PMTs

Light diagnostics measure a
- Light measuement quantity related to wakefields
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Light emitted is proportional
to enegy deposited?

Laser pulse energy deposited (Ejn, — Egue) [M)]

» Laser induced plasma

—> Laser pulse deposits energy
while propagating

Light signals and deposited
energy follow similar trend

*Data for the laser pulse energy loss curtesy of Dr. Gabor Demeter: G. Demeter et al. “Generation of10-m-lengthscale plasma columns by resonant and off-resonant laser pulses”, Optics & Laser Technology 168 (2024)
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Light signal (all cameras) [a.u.]
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Light emitted is proportional
to enegy deposited?

Laser pulse energy deposited (Ejn, — Egue) [M)]

» Laser induced plasma

—> Laser pulse deposits energy
while propagating

« Light signals and deposited
energy follow similar trend

« Physical model of laser pulse
propagation through rb vapor
describes data well




VALIDATING ASS

UMPTIONS
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Deposited energy [m)/m]

Light emitted is proportional
to enegy deposited?

» Laser induced plasma

—> Laser pulse deposits energy
while propagating

« Light signals and deposited
energy follow similar trend

« Physical model of laser pulse
propagation through rb vapor
describes data well

- Also along Z!




VALIDATING ASSUMPTIONS
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Light emitted is proportional
to enegy deposited?

» Laser induced plasma

—> Laser pulse deposits energy
while propagating

« Light signals and deposited
energy follow similar trend

« Physical model of laser pulse
propagation through rb vapor
describes data well

- Also along Z!

« Light signals of individual
cameras proportional to
energy locally deposited.




VALIDATING ASSUMPTIONS Foralaser pulse » Light emitted is proportional
and up to 12 mJ/m 7| to enegy deposited!

» Laser induced plasma
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VALIDATING ASSUMPTIONS

An
Linear Theory: —b «1
np

€

q
W.(¢.r) = S R(r) / (G 1) cos(kpe - (¢ — ¢'))dC’
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e dR(r)
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W‘T‘(C’ /r) —

q
f_ n6(C,7) sin (ke - (¢ — ¢'))dC”

Wakefield amplitude ~ n,

ve=[ - N E’H Wa(Cr)? + (WelC.7)?)

Energy in electric field ~ n,2

av, = [ W, (¢, 7)dV; - L
v Vo

Energy lost to deceleration ~ n,?

1
§AUb = Ug = Ukin

Energy loss of drive bunch = Energy in wakefields
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Energy in wakefields
proportional to energy
locally deposited?

* Linear theory: deceleration of
drive bunch = energy in
wakefields behind bunch




VALIDATING ASSUMPTIONS
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Energy in wakefields
proportional to energy
locally deposited?

* Linear theory: deceleration of
drive bunch = energy in
wakefields behind bunch

« Simulations: for low field
amplitudes agreement with
linear theory, but diverges for
large amplitudes
(Carolinas talk tomorrow morning)




VALIDATING ASSUMPTIONS

Energy in wakefields
proportional to energy

. Any,
Linear Theory: o, <1 locally deposited?
Seed wakefields: Wakefields of the unmodulated bunch _ _
> near plasma entrance * Linear theory: deceleration of
drive bunch = energy in
wakefields behind bunch
Seed wakefields of a half-cut Gaussian bunch _ _ .

= , » Simulations: for low field

S ey | e UEY M amplitudes agreement with
N linear theory, but diverges for
L 080123)- large amplitudes

2 (Carolinas talk tomorrow morning)
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VALIDATING ASSUMPTIONS

A
Linear Theory: ik <1
Np

Seed wakefields: Wakefields of the unmodulated bunch
—> near plasma entrance

Light measurements: Camera position at 0.5m
—> no signs of modulation obverved on bunch profiles
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Energy in wakefields
proportional to energy
locally deposited?

* Linear theory: deceleration of
drive bunch = energy in
wakefields behind bunch

» Simulations: for low field
amplitudes agreement with
linear theory, but diverges for
large amplitudes
(First talk tomorrow morning)

» Seed wakefields: Measured
light signals suggest a trend
consistent with square
dependency predicted by linear
theory (although other
dependencies are not ruled out)




Calibrated counts [a.u.]

MAX-PLANCK INSTIUT FUR PHYSIK -

VALIDATING ASSUMPTIONS

A
Linear Theory: il K1
np For small
Seed wakefields: Wakefields of the unmodulated bunch wakefield
- near plasma entrance amplitudes

Light measurements: Camera position at 0.5m
—> no signs of modulation observed on bunch profiles
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Maybe not linearly...

* Linear theory: deceleration of
drive bunch = energy in
wakefields behind bunch

» Simulations: for low field
amplitudes agreement with
linear theory, but diverges for
large amplitudes
(First talk tomorrow morning)

» Seed wakefields: Measured
light signals suggest a trend
consistent with square
dependency predicted by linear
theory (although other
dependencies are not ruled out)




Light signal
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LIGHT PROFILES
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Light diagnostics
measure a quantitiy
related to the wakefields?

Expectations

v" Growth over several orders of
magnitude along z

v' Wakefield amplitude saturates

v With seeding grows earlier

v With seeding better reproducibility

A. Pukhov et al. [1]

Z,m 10




LIGHT PROFILES
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Light diagnostics
measure a quantitiy
related to the wakefields?

Expectations

v Growth over several orders of
magnitude along z

v' Wakefield amplitude saturates
v With seeding grows earlier
v With seeding better reproducibility

A. Pukhov et al. [1]
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Light signal
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Light diagnostics
measure a quantitiy
related to the wakefields!

Expectations

v Growth over several orders of
magnitude along z

v' Wakefield amplitude saturates
v With seeding grows earlier
v With seeding better reproducibility

A. Pukhov et al. [1]
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LIGHT PROFILES Light diagnostics
. . . . measure a quantitiy
related to the wakefields!
Growth suppression with a density gradient lated to the wakefields!
>l S IR ol >\</ = - Large density gradient
_ e B0| ula0) =30 XT0 e R Jul —vaan | suppresses self-
= | R e ng% | modulation growth X
T 60 S X !
5 — 80 X gt : :
4 ~ < o e « Small density gradient
5 ] g ® K * o can compensate
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! 2. x¥ee e % o
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STREAK CAMERA IMAGES oM N R R 4" s o effects with light
Time resolved images of bunch distribution < k. o B A
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* No gradlenF: modulated p b.unch 8 to explore wakefield
« >20 % gradient: No modulation 2 . . .
(comparable to no plasma) - p_hySICS gsmg |Ight
| diagnostics
- Full suppression of self-modulation growth M

[3] C. B. Schroder et al. “Particle beam self-modulation instability in tapered and inhomogeneous plasma”, Phys. Plasmas 19, 010703 (2012)
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CONCLUSION

« Established linearity between deposited energy and light measurements
for a laser pulse depositing energy up to 12 mJ/m

« Established a proportionality between wakefield amplitude and energy
deposited / light measured in the case of seed wakefields

- Assumptions valid under certain conditions
« Light profiles exhibit characteristics of established wakefield theory

—> Lots of evidence supporting the claim that wakefields measure a quantity
related to wakefields

- Light measurements (especially in combination with other diagnostics)
can be used as a tool to investigate wakefield physics
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