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1.1 Equations of Motion
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1.1 Equations of Motion
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1.1 Equations of Motion
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A Many-
Particle System
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1.2 Ray Equations
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space-charge forces

Definition of an artificial reference
particle located always at the bunch center
of mass 7, = zy2

\ 4 A 4

Relativistic Factor: Normalized Velocity: Normalized Momentum:
Reference Particle Yo BoZ Do = Yobo?
SEQM v
to - 7;)0 - Zoz,\
dyo ~ '\A
d_ = nE;(z02)
= d(mc2y,)
0 = - = -
———=q(EG) + foc x B®)) - oc
dto = Yo / ° d)/o
dzy ¢ Yo? — 1 d — dzy d — ﬂoci - dt. nck, (7o) Bo
dt, dtydz dz, 0

—



1.2 Ray Equations

Moving Frame

We report all the particle coordinates with
respect to the moving frame by a 6D vector
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1.2 Ray Equations

Moving Frame

Solenoidal Magnet
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1.2 Ray Equations
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1.2 Ray Equations

Ray Equations in
Larmor Moving
Frame

Larmor Moving Frame
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2.1 6D Envelope Equations
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2.1 6D Envelope Equations

6D Integrals
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2.3 Bunch Distribution

Dynamics independent of the bunch
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3.1 Space-Charge Forces
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3.1 Space-Charge Forces
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3.1 Space-Charge Forces
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3.1 Space-Charge Forces

Specifications  Eyx[MeV] og[%] ox[mm] oy[mm] o,[mm] g, lum] ey [um] en [pum]
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3.1 Space-Charge Forces
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3.2 Solenoidal Magnet Forces
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3.2 Solenoidal Magnet Forces
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3.3 Quadrupole Magnet Forces
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3.3 Quadrupole Magnet Forces
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3.4 Electrostatic and RF Forces
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3.4 Electrostatic and RF Forces
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3.5 AWAKE Experiment

Injection of a compact and high-quality electron bunch at a right phase allows for a propagation
over long distances with preserving emittance.

AWAKE—

Buncher

RFGun

Mirror

Plasma Cell




3.5 AWAKE Experiment

Beam
Characteristics

Type Bunch Charge | Bunch Length | Energy Spread Emittance Length Energy
2nd = 200 pC < 200fs < 1% <2um < 5m = 200MeV
Parameter RF Gun Buncher Acc. | Acc. 1l
RF Frequency 3.0 12.0 12.0 11220
Characteristics | \jax Gradient  120MV /m 50MV /m 80MV /m 80MV /m
N. Cell 1.5 30 120 120
A[nm]  wlev] r[mm] tlps]  qlpc]
Laser
Characteristics 262 431 1020 1.0  100-600




3.5 AWAKE Experiment

Solenoid. 1 Solenoid. Il Solenoid. 111 Solenoid. IV
! l ! ! ' [ \ \ [ \
X X X R R 0 00 O ) O O O O O O 0 1 ) BRI 5 B O 0 0 1 1 1 ) O O ) I
RF Gun
Buncher Acc. 1 Acc. 11

— e BN T E——8
X X X B0 5 0 B B B S I 0 0 0 0 O O O O O IR 5 0 I O B O O O O R

Ly L ’ L, . ) Ly 7

d; d, d3
L=45m

A 4

S Band RF Gun Very High X Band Buncher for Very Strong X Band Acc for Very Compact
Quality EBeam Generation Bunching Acceleration

—




3.5 AWAKE Experiment
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The design and implementation of accelerators capable of providing high-quality bunches require pre-
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2.2 Perturbation

Perturbational Methods
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3.5 AWAKE Experiment
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