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+* Basic concepts in Accelerator Physic & Beam Dynamics (BD) in the frame of HBB machines:

@)

@)

O

Relativity — beam Rigidity

Main beam optics: Dipoles, Quadrupoles, Sextupoles, Solenoids

The transverse phase-space, emittance & brightness. The longitudinal phase-space
Accelerators cavities basic concepts

Sketch of a High Brightness Linear Accelerator (LINAC) for Thomson/Compton sources

STAR-Il upgrade, a real LINAC; some BD and machine images

s* Useful codes for space charge dominated beam simulations

©)

©)

The Astra code & examples of its use
Examples of the Astra Use
Cain, a Montecarlo quantum code to simulate electron-photon interactions & examples

Simulation of Three different scattering cases, what will be done this coffee-break in the laboratory



Relativity basic concepts

Important:
When we speak of beam particle energy in an

accelerator,

Mostly we use the I.S., with few exceptions:

The Beam energy: eV (keV, MeV, ...)
Mass: eV/c?

we refer to Kinetic Energy! (unless specified)

[leV =1.6 x 1019) ]

Proton=1.67x107’ kg
[Electron = 9.11x103! kg

- 938 MeV/c?]
—20.511 MeV/c?]

Proton @ B=0.9 - 1.94 GeV/c]

_v_Ppc
'B_c_ E
1 2
y=——= > By=+vr-—1
J1— B2

momentum p = ymv
total energy E = ymc?
kinetic energy K = E — mc? = mc?*(y — 1)

E =/ (mc?)? + (pc)?

From an ATP Tennis player like Matteo
Berrettini its service is about 90 J i.e.
(5.6x10%° eV)

Extreme-energy cosmic ray (EECR) are
typically protons with energy 2 10'® (0.8 J)
(LHC beams: 7 x 102)




Beam Rigidity

It’s a relation between:

radius - magnetic field - momentum - charge

HOW HARD (or EASY) is it to defect PARTICLES?

ICentrifugal force
ECF = —macr = —Mlw X (v X1)]| = —nm)(ouzr)i> =

entripetal force (or generally Lorentz Force)
Fcp = q(v X B)r

vtz/\

—m-—r [GeV
r p -

8 [T] = 0.11[T] -

— [ e [ o
oim | soserrs | zmosss
icovir| 104|700 _

Room-temperature Superconducting
coils coils

P, [LHC
P, [LEP]

Linear scaling from LEP



Particle velocity as function of kinetic energy 1/2

Vv
P =— P =1 Particle at light velocity ¢
C
1 B S 1
0.8+ 1 0.8}
- glectrons - electrons
0.6 — protons | 28 —protons
Q. Q.
0.4 y 0.4
0.2} 1 0.2}
0 r : : : r
0 1 2 3 4 5 Lh 5 10
Energy (MeV) Energy (GeV)

Electrons are ultra-relativistic @ few MeV

Protons @ few GeV (mass ~2000 times electron mass)




Particle velocity as function of kinetic energy 2/2

E, = 0.511 MeV or 938.27 MeV

Eiot = Exin + E,

Etot B = 1__

P = BEo;

Bp =3.33103p

Energy lost o2
per turn AU = ——
3€p p

For Proton:
E(TeV)*
AU, (keV') = 6.03ZLV)
p(m)
For e-beam:
E(GeV)4

AU, (keV) = 88.46

p(m)

@ Ultra High energy m, becomes negligible

_ Rigidita Bp [Tm]
Energia [MeV]
p e
1 0.14 0,005
10 0.44 0.035
Med. applications ——

100 1.45 0,34

1.000 5.66 3.34
10.000 36.35 33.36
100.000 336 336
1.000.000 | 3335 3335

LHC=

p=5km,AU=0.7 keV

7 TeV

FCC= 50 TeV
p=10km, AU=5 MeV




Basic optics for accelerators — 1/3

Dipole fields to change beam direction

Deflessione - -
(campi m?g‘:l’;ﬁci) Bending Strength of a deOIGeeV
From rididity Bp[Tm] = 3.33 [[C]]
2 Y [ ] 0.2998 - B [T
m GEV
Quadrupole fields to focus or defocus the beam
"' | Ss— | | The gradient is:
N =—————
® N \\\\—%/ S G '1‘ . de . dBy
i W ' ml  dx  dy
Iren g 'T' B 5
B ) (el =5
g  mJ R

]

N

Linear Force with displacement (x):
E. = qvGx , F, = quGy




Basic optics for accelerators — 2/3

Sextuples . .
' { + Current In
7, c 0
v/ Fast recap: fields behaviour
,"/ + Pole . .
¢ % Dipole - constant field
+ Bed ~
o O]
+ Current Out B
O Y
orc EJ:;_e—tz}lon\ : Fai
7{_ 20 Quad - linear variation / "
| d’B

-5

Sextupole - quadratic variation

Quadrupole ‘

Incoming beam )
Desired focus

" L
Low energy focus High energy focus




Basic optics for accelerators — 3/3

Solenoid VS Quads, Same solution

Martin Reiser

/iron
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Ingo Hofmann prstab 16, 041302 (2013) .

Important differences to remember:

*7 Solenoid _ “
20 e
R optimal only up
=] Ul to a few MeV.
i VEery compact @ |-—--severrees
) 0.1 low energy 0.5 0.6
[12/15{2012] TraceWin - CEAJDSM/IfufSACM
404 Quads Triplet e
~ 20- PeTER it
E 4 e 2 55— —
\EJ of‘::"m
%20 < breaks the symmetry but
40 much more versatile: |
' 011 very wide energy range &8
w0 Quads 1 -and:less chromatism [——
221 4 compared to solenoids
E 0=l <] <]
P20 Sorneg.
-40- = . Jr""’«"
0 0.1 0.2 03 0.4 0.5 0.6

Positiclm (m)

- solenoids work well only at low beam energy: few MeV for electrons.
- solenoids give larger beam quality degradation if the beam is large (sig_x) into the optic (chromatism effects)




Bunch transverse Phase-space & emittance — 1/5

x ..._._...._._..._.)._...._._
PZ
Paraxial approximation
o Px Px ] :
X _pz<<1 _)PZ_Tan(H)_e

X
X
& X e @ w v

1 1 2 3 4
Reference particle \

Other particles Phase space

No external fields — Drift propagation




Bunch transverse Phase-space & emittance — 2/5

x ..._._...._._..._.)._...._._
PZ
Paraxial approximation
o Px Px ] :
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Other particles Phase space

No external fields — Drift propagation




Bunch transverse Phase-space & emittance — 3/5

x ..._._...._._..._.)._...._._
PZ
Paraxial approximation
o Px Px ] :
X _pz<<1 _)PZ_Tan(H)_e
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No external fields — Drift propagation




Bunch transverse Phase-space & emittance — 4/5

Paraxial approximation

/ Px

Py
x'==«1 —>F=Tan(0)50
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Reference particle
Other particles

Phase space

No external fields — Drift propagation




Bunch transverse Phase-space &

emittance — 5/6

Phase space

® Reference particle
[ ] Other particles

Free space propagation

4
I beam
""" 5 irectioln

» Emittance = Area of phase space

» Horizontal phase space (x, x’)
> Vertical phase space (y, y’)
> Longitudinal phase space (Time-Energy)

For linear fields (t) the emittance will be constant

/




Bunch transverse Phase-space & emittance — 6/6

rms-geometrical emittance

= /3)’\/ x2)(x"?) — (x - x') Ellipse equation (The Area is £m)
o =P Py

I o .] p . ¢ ] p o
can be normalized z,j Y,J

Twiss parameters

Martin Reiser — Theory and Design of Eharged Particle Beams

%' (mrad)

X. - P
, _ e
E ,r e x(mm}
Mo =7 (/ T
Cr Beam Current {% I

Centroid density Moving rod
’ 9 _ Flg 3.26 Tran:&space ellipse described by equation profile (or slit)
'-.IJJ'I‘AF'I-';_‘ — 0° = l px2 + 2ixx’ + fix'? and relations for several important points

I P

on the circumference of the ellipse.

Fig. 3.1 Method of measuring the trace-space distribution of a beam.

» Beam brightness definition: p=2L __4 (B,) = 21 2]
Current density x unit solid angle aQ - dsad fdedQ menxeny Lm




Brightness or Emittance Degradation

A focusing channel

Paraxial focus

1.0 ,
X
Lens exit
0-5!’"
Paraxial focus
P e e
0.0 ”
Entrance
-0.5
-1.0 t t
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
1.0 !
0.5+
0.0 == =
Entrance - X
I!
/,
-0.5
-1.0

215

10 —G5

Considering that for any position x the
divergece of the particleis x' = cx®

2 2
€2 = x2x'2 —xx' = c2(x2x2n — xn+1)

with n=1 the staight line gives rms emittance
equal 0. For n#1 the emittance is not 0, also if
the two distribution area are 0



¢ The Brightness

Brightness Current
m
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Accelerators cavities basic
concepts:

Resonant Modes, Phase velocity,
Standing & Traveling, low B cavities




Accelerat

The Acceler:

RF CAVITIES

—High frequency RF accelerating fields are confined in
cavities. \

—=The cavities are metallic closed volumes were the e.m
fields has a particular spatial configuration (resonant \
modes) whose components, including the accelerating B
field E, oscillate at some specific frequencies fg
(resonant frequency) characteristic of the mode.

—The modes are excited by RF generators that are
coupled to the cavities through waveguides, coaxial
cables, etc...

=The resonant modes are called Standing Wave (SW)
modes.

—The spatial and temporal field profiles in a cavity have
to be computed (analytically or numerically) by solving
the Maxwell equations with the proper boundary
conditions.

Courtesy E. Jensen

19



Ramo, John R. Whinnery - Fields and Waves in Communication Electronics — Circular pipe guides

Wave Type

Field distributions
in cross-sectional
plane, at plane of
maximum trans-
verse fields

below 2
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Fig. 13. Field profiles of the deflecting TM4-like mode.



Dispersion curve and Phase Velocity v,

E. = EoJy (ko) exp [i(wt — B2)]
to accelerate v, = cf

E, = jnEq[1 —(w/w) ]* J; (k.r) exp [j(wt — fz)]

Hy = jEoJ, (k.r)exp [j(wt — pz)] ™
01
where J, and J, are Bessel functions, w, is the cut-off frequency, k.= w./c, f=w/v,,
B2=k*—k2, k=w/c and g is the intrinsic impedance of the medium. For these so-
lutions to exist, the propagation constant § must be real; this condition is fulfilled @
only if v,>c.

we. 2
HYPERBOLA (- -8%=(—%)

Into a cylindrical guide:
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Fig. 2. Brillouin (or ¢»-f) diagram showing propagation characteristics for uniform and
From Lapostolle (1970) — Linear Accelerators periodically loaded structures.




SLAG-PUE—%EBE» Disk loaded cavities SLAC-PUB-3221

; - ] 1 1
' i . o
Fig. 3.3. Diagrsem showing the important features 1 , : BEAM & U:, w Al |E
2a (______..___)

of ¢ five-cell v-mode structure with magnetic
field coupling.

-7 ""“'\
i

4+ B2

FREQUENCY

1 i 1 t
0 ks 2r  3x Anx -

3 T 3 5
PHASE SHIFT PER CELL

e EERRLTY

Fig. 3.4. Dispersion diagran for
a five-cell structure with “flat”
1-node.



o Low Beta cavities § < 1

{o) _1 .7 f:B% r_
[ T k=T Tl ! ) _
ol Pl - py ! DTL — Drift Tube Linear Accelerator
el I ey N ol IO $/cen
drift tubes radio-frequency cavity
(5) ( power source
I — [! —— II — IL’—-\I breen -.I- 4 2 1 —— \-éd\ beam
y =) J] [ )
prOTOﬂ y N7/, W7/ \\//
y 1)1™==72| "<=="'3 S=-"4 =
() source | | ‘ ‘
© 2012 Encyclopaedia Britannica, Inc.
L0 L L LI
I N I
I — I — I — ' — J ¢ /cel /N 71‘““‘

Eur. Phys. J. Plus (2021) 136:446
- https://doi.org/10.1140/epjp/s13360-021-01312-3

ggst;f:fsl:%wmc Fig. 31 Example of a buncher for a 40-kW 16.4 GHz linac, consisting of four B, = const sections: six cells
| . . . ~ > s
FIELD DIRECTION COUBLING with Bpp = 0.3, eight cells with By, = 0.5, four cells with By = 0.6, and two cells with By, = 0.7. The

cavITY available power restricts the length due to low field amplitude A

Fig. 31. Evolution of x/2-mode iris-loaded structure to 7-mode side-coupled structure.

Sergey V. Kutsaev (RadiaBeam Tech) — Electron bunchers for

industrial RF linear accelerators: Theory and design guide



TW & SW cavities—1/4

travelling wave structure:
need phase velocity = ¢
(disk-loaded structure)

bunch sees constant field:
EZZE 0 COS(¢ )

standing wave cavity:

bunch sees tield:
E_ =E, sin(wi+¢ )sin(kz)

=FE, sin(kz+ ¢ )sin(kz)




TW & SW cavities — 2/4

Standing Wave case; e.g. of an
Energy Recovery Linac (ERL) case
2.0
1.5 1
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037 e
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ey I | WU ) S | B |
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TW =SW1 + SW2

SLAC-PUB-2295
March 1979
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Figure 1




TW & SW cavities — 3/4

SLAC-PUB-2295
March 1979

3= ejwtin2é cosB (z+4d)
-,

A= ej ti 2a cosﬂ z (6)

both of which are made up of one TW going left and one
going right. The "trick" is to add them with the proper
phases to have the TW's going left cancel and those go-
ing right add. This can be achieved by multiplying

I by ej(Bod-'n/Z) and ¥ by ejm'z. Then:
I +
PRICR I RINPIR &SP d}: s el WE~By2)
™

and it follows that the amplitude and phase of the TW
are:

2 Az + 52 - 2AB cos Eod
[TW|* = 7 (7
4 gin Bod
B-AcosR d
tan 6 (z) = 0

Asin Bod (8)

F{x.tt)

20

Traveling Wave case =
two SW’s dephased

T

25

26



TW & SW cavities—4/4

Low Beta cavities § < 1

0.8 -
0.6 -
0.4 -
0.2 - |
0.0 1 i | | ||
| ‘ | ‘ |
—0.2 1 (]| [ 1]
| | | |
\ \ (11 1) \
0.4 A ‘ J i ‘ 1 [
z .




e.g.: 3 meters long SLAC type S-band module

Travelling wave _— —
structure

o] - fum EE

TlOC\/T

COUPLER COUPLER m leav

MATCHING IRIS APERTURE

Grad(3GHz) ~ 35MeV/m
Grad(100 GHz) ~ 200 MeV/m

Circular waveguide Grad(30THz) ~ 3.5GeV/m
mode TM,,, has v,>c
Parameter \ symbol Units Value
Frequency w/2m Hz 2856 MHz
It needs to SOIOW. d.0W11 Length \ L m 3.048
the wave using irises : Cell radius b cm 4.17-4.09
Iris radius \ a cim 1.31-0.96
Cell length \ d cm 3.50
Parameters of the SLAC constant-gradient Travelling- Phgf .bhlf.tl pel_‘feﬂ \¢ 2“/3
isc thickness \h. ci 0.584
Wave (TW) structure. Quality Factor - 13.000
From G. A. Loew, R. B. Neal, “Accelerating Structures Shunt impedance per meter (?"g_ ) MQ/m 52-60
in Linear Accelerators” (1970) Filling Time 7 nsec 830
Group Velocity Vgr Yoc 2.0-0.65
Attenuation T “nepers” | 0.57




Sketch of a typical High Brigthness

electron LINAC




A typical ideal High Brigthness electron BeamLine

RF-Compressor SLAC gstructure :
OOORERO00ANA0 OODAEROOORRED sLAC structture .

® \ C -

Second Solen. akray
-Position
-Intesity

First Solen. arra
-Position
-Intesity

Gun Solenoid:  First Acc. Cavity Second Acc. Cavity Third Acc. Cavity

-Position -Position -Position -Position
-Intensity -Inj.phase -Inj.phase -Inj.phase
v -RFE -RFE .\ -RF Ejeqx
The Gun:

-Laser Longitudinal profile
-Laser transverse dimension
(relative uniformity)

-Inj. phase in RF Acc.Field
-RF E

19 parameters, some strongly coupled (non linearly) to each other
In-blue harder parameters to be set (12/19)

peak In-black easier parameters to be set (7/19)



GIOTTO = Genetic Interface for OpTimising Tracking with Optics

From 2007 up to day, the code is grew in power and versatility
What makes the difference:

Nowadays “quasi-classic” optimization techniques >> elitism; advanced mutation
operators; hitt chimbing; regeneration from best sofutions; parattelization (Open-VIPT, VIS-mpi)
fitness function freely defined by the user, by using all the tracking code’s outputs (Astra)
or by a dedicated post processor for the Lcomb configuration:

En, Den, SigZ, Xemit, sigX, Yemit, Sigy¥, emitY ....

Constraints freely defined by the user

Namelist (nml) can be imported into a DB and each nml variables can be used as a Giotto

variable to be optimized (genes) (ex. Phi(1)...Phi(50),maxe(1),maxb(1), sig_x,sig_clock ---
No limit in the number)

switches from Genetic Optimizations to Statistical Analysis. Each variable can be analyzed.
The sampling interval can be sampled in uniform or Gaussion way — very fast stat. analysis.

GIOTTO soon on the ASTRA reposity -- https://www.desy.de/~mpyflo/
or write to alberto.bacci@mi.infn.it or marcello.rosseti@mi.infn.it



mailto:alberto.bacci@mi.infn.it
mailto:marcello.rosseti@mi.infn.it

Radio-Frequency Photo-Injectors

UCLA/SLAC/BNL
S-band next gen. RF Gun Qeff = Nelectrons/Nlaser—photons

Qi (Cu photo—cathode)=5-107"
W, =4.2eV, hv=4.6eV

Q=1 nC needs U, = NV Quunen _ g A
eff

Photo-Cathode Emissivity J <10 kA/cm?
(t)Prompt emission on a ps time scale

Thermoionic Injectors
Cathode Emissivity J <20 A/cm2



themperature emittance (@ photo-cathode

\ (real emittance)
T r’ [ By
R g}]h _ \ﬂzy/\/<r2><r’2>—<rr’)2
Ro
O, = 7

T, (or r’ is relative to the difference between
[Photo Energy - Photo-Electric working function]

N 5 3 / gth_”<ﬁ>R0
(By)={p)=+2T,/mc® =2-107 T [eV] LIS

e™ [mm-mrad]=0.64 R,[mm] +/T,[eV]



Optimize High Brigthness BeamLines is challenging -1

The electron beam is an ‘reactive’ distribution:

! A Traveli
SCiras. X —3 — | External raveling

yl Forces Electron N
SClong. X — LH’ beam < O

) 4 > Av

>
M~ .i:
— =
E:
, : P =
I _I{%T_u[&g_l s
Ao \B )7 \my) & 2
' Ps )
9= e |- —
K‘“”E-Fnuc:‘,ﬁ}«:tj U/ —
/

/ charged particle
Internal by Gauss-Amper Fs
F0r0§ (active Coulombrep.F  ,c\2 5
reaction) From M. Ferrario sketch Mag. attrac. F - (5) -

Space-Charge dominated bunches are hard to be tamed

A. Bacci, A.R. Rossi / Nuclear Instruments and Methods in Physics Research A 740 (2014) 42-47 on sc and laminar beam



CODES Model (2D cylindrical symmetry)

Space charge computation recipe:
Lorentz-transforming the particles position and field maps into the average rest frame of the beam.

It then applies static forces to the various rings of the cylindrical map assuming a constant charge density inside a ring.
This algorithm requires to have some particles in each of the cell of the cylindrical grid.

R sample particle

Tr

d
: . B FY . 0 . RP—r*+7°
In the rest frame of the circle, there is only an electrostatic hel( This L', =— — [/& O’)—%E(O’)}
from the electrostatic potential (in polar coordinates): 4/’1"501‘\/61' +4Rr \ ¢
p ( 9) AR A 1 o £ = QZE(U)
7 8)=— ¢ : 2 o2 b ap
' dme, § \/R: +r* = 2Rrsin(8) cos(¢) 2m7ed ‘jd +A4R
K( 4Rrsin(@) where
0, a’ +r* + 2Rrsin(0) z2 (R o | iR / P vaR
Y (k) = i ,d =(R—r) +z  and a=4Rr{(d” +4Rr
2w, JRT + 10 + 2Rrsin(d) E(k)= [111—/(5111(9)d9 (R—r) +z o r{(d” +4Rr)

0
in which K(k) is the elliptic intcgral
K(k)= | ——=d0

o afl—ksin(8)



After seeing:

- relativity and acceleration
- optics in accelerators

- Cavities basic comcepts

Let’s see a real accelerator

- Then come back to bem parameters




Linear Accelerator LINAC
STAR-Il upgrade in UNICAL—-1/4

1.8 m C-banc (~ 6 GHz)
acc. cavities

3 m s-banc (~ 3 GHz)
SLAC type

1.6 Cell RF photoinjector

37




Typical beam parameters for a LINAC (30 MeV — STAR case) — 2/4

acc. field

Sig X [mm]
—— Emit X [mm-mrad]
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Typical beam parameters for a LINAC (150 MeV — STAR case) — 3/4

¥a
Sig_X [mm]
3 —— Emit X [mm-mrad] ﬂ
2 _ 7‘-. YE(2) =
1 A ik
0 | | . | |
° 2 4 6 8 10
1.0 150
osd — Energy [MeV] L 125 =
100 =
0.6 ~ Sig Z[mm] 0=
0.4 4 —— E_spread [MeV] ==
i Spazio Fase Long.
0.2 - |
0.0 4 | §147< /\
O 2 4 O 8 10 El46< ’
< [m] -5.0-2.50.0 2.5 5.0
[mm]




_STAR — focusing channel — 30 MeV case

150 MeV case

2.00 i
—— Sig_ X [mm L
1.75 1 'g_X [mm] P
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Figurative affect of High Brightness in ICS

In Thomson/compton source — To drammatically improve the Spectral Density
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Some of the more used Codes for LINAC in space-charge regime

A consistent simulatin of the SC must be done by using PIC or P-P codes

Parmela (Los Alamos National Lab. , L. Youg and J. Billen, PIC/P-P(?))
Tstep (Parmela Son, from a Private Company, PIC)

Astra (Desy, Klaus Floettmann, Free Code, PIC/P-P)

GPT (Private company Pulsar Physics, Netherlands)

IMPACT-T and

IMPACT-Z (Berkeley Lab., Ji Qiang, Free Code)

Usually the Space-Charge is a main issue for Linac injectors up to 100 MeV. Typical applications: FEL,
Thomson/Compton sources or ultra short bunches for Plasma Wave Accelerators)



Let’s introduce:

ASTRA

A Space Charge Tracking Algorithm
Version 3.2
March 2017




Astra input files and free parameters

Let see the STAR-project input files

All 3D (or 2D) pic tracking code have two main algorithms:
1) Bunch extraction from cathode or particles generation, 2) bunch tracker into the beam-line.

Input for e-bunch extraction:

enerator-startl.in + (C\Doc_Lavoro\lectu..nda\Finale\ex_1 Bunch e B
K 2 S ! \EEec main parameters

File Modifica Strumenti  Sintassi  Buffer Finestra  Aiuto

OERE 9 @ B | & 9% & éég&- T épa ?tOWOI‘kon .
&INPUT Laser pulse shaping

FNAME = 'rfgunxx.ini *

IPart=2004a tusually in this machines-are sugqgested 18888 macro particles
Species='electrons’ tdifferent kind can be-Simulated

Probe=_F. tto track marked particlegs in the bunch

Hoise reduc=.T. tHammersley sequence f{quasi-random distribution)
Cathode=.T. ttemporal dis{ribution with 2=8, and flag ad hoc
_total-= a.568 tBunch chadge in il

Ref zpos=08.8EQ

Ref clock=08.88EQ

Ref_Ekin=1_BE-6

thist z="p’,

tLt=8.68168

*rt=0. 00

Dist_z='qg" tGaussian longitudinal distribution

5ig clock=3_4E-3

LE=1_1837E-83 tEnergy of photo-electron for isotropic distribution
Dist_pz="1i" tisotropic distribution

sig Ekin=08.8ED

Dist x='radial’ ttransversal uniformity {if only %, cylindrical symmetry is assumed)
sig_x= A.338 t sig_x=R_max/2

Dist px="r"




% pls-start.in {(C:\...Linac_0_8.8m) - GVIM

=R
File Meodifica Strumenti  Sintassi  Buffer Finestra Aiuto

|

SRR 2@ B ER&ES5S

&NEWRUHN

Head='Gun128MY/m, B.5nC, START_68Mel case’
RUN= 2 ,

Loop=F, Hloop=2
Distribution = ‘rfgunxx.ini -
Xoff=8.8E0, Yoff=8.8E0
Lmagnetized=F

Emits=T

Phase3=T

Tracks=T

RefS=T

TcheckS=T

Cathode3=T

TRACK_ALL=T, PHASE_SCAH=F,
check_ref_part=F,
Z5TART=08.8, Z5TOP=8.8
Zemit=2850

Zphase=2

Hax_step=200040
H_max=0.0005

H_min=8.08vaa

!

AUTO_PHASE=T

aoujrut
!

&SCAN

LScan=F,
Scan_para="Phi{1}"
S_min=182 , S_max=118 ,
FOM{1}="bunch charge"
FOM{2)}="hor emit"'
FOM{3}="bunch length®
FOM{4}="hor spot size"
FOM{5)="phi end"

S_numb=9

Astra input files and free parameters

&CHARGE

Loop=F

LEPSH=T

*Hrad=15, Hlong_in=68
w-ad=15, Hlong_in=25
Cell war=zZ_3a
min_grid=8.8
Max_scale=8.1
Max_count=188
Lmirror=T

Linert=T

£

&Aperture
f

&FEM

i

&CAUITY

Loop=F,
LEFielD=T

FILE EFielD{1) = 'newh5._dat’

Hue{1)=2.856, MaxE{1}=123.B,Pmi{1}=—3.?u1 C_pos{1)=8.8
FILE EFielD{2) ='TWS sparc.dat'

Hue{2)=2_856, HaxE(2)=24.1, Phi(2)=-1.339 ,c_pos{2)=1.75
c_numb{2)=84

£

&SOLENDID

Loop=F

LBFielLD=T,

FILE_BFieLD{1)="GUNSOL_SPARC_++—— _poi"

MaxB(1)+<0.310647 ,S_pos(1)=0.19575
FILE_BFielLv{z)="SO0L1.txt', MaxB(Z1=08.493 .S pos{2)=9.35
FILE_BFielLD(3)="SO0L1.txt', HMaxB(3)=-0.769,S pos{3)=16.0
i

&QUADRUPOLE

Questa & gia 1'ultima modifica



o o . Status Comment Status
Astra main in/out files format flag _ |
-09 average position of distribution will not be tracked
-95 ref. particle only: Zg = ZStop lost
-94 ref. particle only: more than Max_Step steps | lost
_014 . o e .
] B 3 1 5 G = 3 0 10 9'. pllobe rejected by space charge at the cathode | loft
- -01° rejected by space charge at the cathode lost
Parameter X v z | px | pv | pz | clock | macro |particle | status -
- } d a -90 probe particle before Zpiy lost
araor & B
— . - . < 1'-'[1:?'9: mneex ag -89 particle before Zpy, lost
Ut m | m | m |eVic|eVic|eVic — nC -86° probe particle traveling backwards lost
Table 1: Structure of particle distribution files. -85 particle traveling backwards lost
~ : ~ ~ : . : -31 article discarded by user lost
The first line of the file defines the coordinates of the reference particle in absolute S TEE
. : : e ) -30 particle preliminary discarded by user lost
coordinates. It 1s recommended to refer it to the bunch center. Longitudinal particle — ob Tarv clectron. 1 - 1
. i o e e " £ -22 probe secondary electron, lost on aperture ost
coordinates, i.e. z, pz and t are given relative to the reference pal ticle. (It the 1 secondary electron, lost on aperture Tost
-20 assive probe particle, lost on aperture lost
Name 1 2 3 4 5 6 7 8 9 Format crture lost
ref z t pz dE Larmor angle Xoft Voit pX Py 1P9E12.4 5t on aperture lost
m ns MeVi/c dz rad mm mm eVic eVic IP.9E20.12 [jperture lost
MeV/m
track seq. | stat. flag z X y ]TEIZ Er. or Ex O.O.Tqr Ey 2I5.1P.6E12.4 Whe cathode not yet started
‘ numb m 113111 mm .\- /m_ V /m . \-...-'111 Lode not yet started
Cathode i t long. sp. ch. | acc. field on charge min. grid max grid emission flag IP.7E124.L3 —
= S 5 S . not yet started
m ns field on cathode nC position position q Thod P———
cathode V/m V/m m m 1¢ cathode 1Ot yet starte
Fields z t Cavity gradient (1) (1= 1...number of cavities N¢) IP.NcE12.4
m s MV/m hode not yet started
tcheck z t nr(r) nr(z) nr(y) nz(r) nz(%) scaling 1P.7E12.4.110 tracking”
m ns Oro =0 4 Oro 00 7o counter =~
: — — — — tracking
O-r O-: yO O-r O-: ’ }/
— : : tracking
Xemit Z t Xavr Xems X rms € % norm XX aur 1IP.7E12.4 trackine
m ns mm mi mrad n mrad mm mrad —
Yemit Z t : y y vy IPJE124 tracking
_ Yaur ) T S ms € ynom ’ }‘ aur e s of generation 1. | tracking
m ns mm mm mrad 7 mrad mm mrad = =
Zemit z t Ey z zE 1P.7E12.4 . .
_ s o AFm" € z00m e Eneration 1, 2...10 | tracking
m ns Mev mm kev 1 keV mm keV )




RF-Compressor SLAC structure
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RF-Compressor SLAC structure
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RF-Compressor SLAC structure

Gunll OOO0ERO000NE0 DOOGE@OOOEBED
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RF-Compressor SLAC structure
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unu

RF-Compressor SLAC structure
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RF-Compressor SLAC structure

Gunll OOOERO000000 DOORENODOBNED spAC structure
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RF-Compressor SLAC structure

Gunll OOOERO000000 DOORENODOBNED spAC structure
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A Quantum Code, To simulate the Electron-Phothon Bunches
schattering

CAIN SIMULATION CODE

GAMMA BEAM

CAIN code
developed by K. Yokoya
Monte Carlo code
based on QED
Landau-Lifshitz approach




The Inverse Scattering Compton (ICS)

Laser: 400 nm — 10um
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Cain input file

ALLOCATE MP=50000;

SET  photon=l, electron=2, positron=3, mm=1D-3, micron=1D-86,
nm=1D-9, mu0=4*pPi*1D-7,psec=le-12%Cvel,

sigz=0.000281,

ntcut=5,
laserwl=515.000000%nm,
pulsee=0,400000,
sigLr=14.000000*micron,
wO=2*sigLr

rayl=pi *WD-‘E\Z/1 aserwl, laser parameters
sigt=1.500000%psec,

ag le=0.130900,

tadl=1.0,
powerd=(2*pulsee*cvel)/[Pi*sigt*sgrt(2*pPi)*w0A2],

SET MsgLevel=l;
SET Rand=5*40003.000000;

BEAM FILE="exp.dat’; incoming electron beam
LASER LEFT, wWAVEL=laserwl, POWERD=powerd,

TXYS=(0. 000000, 0.000000, 0.000000, 0.000000), | f §
E3=(—Sin(%ng1$),O.Qj—COS(aﬂg]E)). E1=(0,1,0), aser rererence frame
RAYLEIGH=(rayl,rayl), SIGT=sigt, GCUTT=ntcut, e
STOKES=(0. 000000, 0.000000, 1.000000), and polarization
ToL=(tdl,tdl) ;

LASERQED COMPTON, NPH=0; \ linear compton scattering
SET MsgLevel=0; FLAG OFF ECHO;

SET smesh=si gt/3

SET 1t-0

PUSH Time=(-ntcut*(sigt+sigz),ntcut*(sigt+sigz),250);
IF Mod(1t 20)=0;
PRINT it, FORMAT—(FE 0,"'-th time step’);
PRINT STAT, SHORT: time evolution
ENDIF;
SET it=1it+1;
ENDPUSH:

DRIFT T=0;
WRITE BEAM, KIND=(electron), FILE='cain_output_electrons.dat’;

WRITE BEAM, KIND=(photon), FILE='cain_output_photons_20000.dat’;




Cain input file: to define the bunch virtually

A
25
06
7
28
s
BO
B1
B2
B3
B4
B5
B6
B7
B8
B9
o
N1
12
13
14
N5
N6
17
18

1 HEADER 'Compton Scattering’;

2 'l Very high energy Compton scattering including nonlinear scattering.
3 ALLOCATE MP=350000;

4 SET photon=1, electron=2, positron=3,

5 mm=1le-3, micron=le-6, nm=1e-9, mue@=4*pi*le-7, psec=le-12*Cvel,

6 nsec=le-9*Cvel;

7 ! define variables for electron beam

8 SET ee=60.0D6, gamma=ee/Emass, an=3.125D9, sigz=1.0*mm,

9 betax=2.7*mm, betay=2.7*mm, emitx=1.01D-6/gamma, emity=1.01D-6/gamma,sige=0.00003,
%) sigx=Ssqrt(emitx*betax), sigy=Sqrt(emity*betay),

1 ntcut=3.0;

2 1 define variables for laser

3 SET laserwl=1.*micron, lambar=laserwl/(2*Pi), omegal=Hbarc/lambar,

4 rlx=1.5*mm, rly=1.5*mm, sigt=0.9%*mm, I'l Rayleigh length and pulse length
5 pulseE=0.4000, 'l pulse energy in Joule

6 powerd=pulseE*Cvel/[Pi*lambar*sigt*Sqrt(2*Pi*rlx*rly)],

7 xisg=powerd*mu@*Cvel*(lambar/Emass)"2, xi=Sqrt(xisq),

8 eta=omegal*ee/Emass”2, lambda=4*eta,

9 angle=0.;
D or-SEF—Msgreret=<7
21l BEAM RIGHT, KIND=electron, NP=180006, AN=an, EO@=ee,
D TXYS=(0,0,0,08), GCUTT=ntcut,SIGE=sige,
> =(emitx emityv),  SIGT=sipcz, SPIN=(0.0, 12

LASER LEFT, WAVEL=laserwl,
TXYS=(0,0,0,0),
E3=(0,-Sin(angle),-Cos(angle)), E1=(1,0,0),
RAYLEIGH=(rlx,rly), SIGT=sigt, GCUTT=ntcut, STOKES=(©8,0,-1) :

LASERQED COMPTON, NPH=0, XIMAX=1.1*xi, LAMBDAMAX=1.l1*lambda ,

ENHANCE=1, PMAX=0.5 ;

SET Msglevel=0; FLAG OFF ECHO;

SET Smesh=sigt/3;

SET emax=1.001*ee, wmax=emax;

SET it=o;

PRINT CPUTIME;

PUSH Time=(-ntcut*(sigt+sigz),ntcut*(sigt+sigz),500);

POWERD=powerd,

IF Mod(it,50)=0;
PRINT it, FORMAT=(F6.0,'-th time step'); PRINT STAT, SHORT;
ENDIF;
SET it=it+1;
ENDPUSH;
PRINT CPUTIME;
! Pull all particles to the back to the focal point
BRIFT s=o;
WRITE BEAM, KIND=(photon), FILE='temp phot.dat’';
WRITE BEAM, KIND=(electron), FILE='temp el.dat';
PRINT STAT;
PLOT HIST, RIGHT, KIND=electron, H=En/1D9, HSCALE=(8,emax/1e9,58),
TITLE='Right-Going Electron Energy Spectrum;’,




STAR Linac,
X-ray source @ 60 MeV - recoil << of the energy spread Ay/y

Let consider an electron-bunch with an Ay/y of 0.003, A ss;g=1um (0.4 J), W,=20 um
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STAR Linac,
X-ray source @ 60 MeV - recoil as before but > Ay/y

Let consider an electron-bunch with ultra low Ay/y of 0.00003 and same condition as before
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STAR Linac,

X-ray source @ 1 GeV —not negligible recoil

Let consider an electron-bunch with an Ay/y of 0.0005, scattering A=1um, 1 J, W0=20um laser
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