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® 540 m downstream from injection point
® Dispersion =0
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Tracking Error Sources

* The error sources which induce position x displacement
areliii

* Error E field: Space charge of the beam and guide E field

Which one is the most important???

How much we should reduce the error source???
A simulation code will answer but it is worth
while to check analytically

 I|nitial velocity of the detached electron (or ion)

* Electron-gas molecule collision -> Outside of this
presentation




Eq. of motions (preliminary)

E (x,y,z,t) = E';(x, v,z)+ E(x, Y,z t)

B(x,y,z) = B, (x,,2)
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Eq. of motions (preliminary)

a=—iwl—wd —iv“a,dt

Initial velocity l If a and 0 is constant value
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Initial position is (0,0) ' On the detector plane
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Eq. of motions (preliminary)

The position displacement due to initial TKE and error fields can be expressed as,

. 7 (= ! ~ ~ 1 . . ~
#(t = TOF) = %{e—l@l’w )+ ez} 4 5. pL - i(a - ay8) — (e + e‘l%) +i(& - a,6) - TOF
Therefore,
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Vo = /Z'ZE = 5.9E5VTKE [%], where TKE is in unit of [eV]




X position displacement due to error E
field (preliminary)

In case the magnetic field error is negligible small, the position x displacement
can be expressed as,

Ax(t = TOF)
- %vo {COS((P +¢’) + cos ((P’ T g)}

1
+ Z{\/axz + a,? - sin(@ +1y,) + ax} —a,-TOF

‘ In a real IPM chamber,

Gyro motion Gyro motion E X B drfift (Ez X By)
Initial TKE Field error: Ex, Ez Field error: Ez
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X position displacement due to error B
field (preliminary)

Geometrical shift Gyro motion E X B drfift (Ey X Bz)
Bx/B Field error: Bx/B, Bz/B Field error: Bz
Ax(t = TOF)
1
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Python based particle tracking code

Python based particle tracking
code to design beam monitors
which utilizes charged particles
like IPM (detached electron and
ions), Laser wire scanner
(detached electron), Faraday cup
based CT (secondary electron
escape), etc.

The fields in which the particles
are moving,

— Beam space charge effect

* Only 2D electric field: Relativistic
beam condition

— 3D electric and magnetic fields
from another code which will be
used to control the particle motion

— Space charge effect of the tracked
particles ensemble are not
included -> single particle motion

Was used to check CPS IPM
(under development)
performance

Beam profile is 3 D Gaussian profile and stable -> Frozen model
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pe(x, )P " 2no,0, P 207 207 | @m)/2B,Ca; P (.00,

B(x,y,z): Guide B field

Es(x,y): Space charge E field
Assum.: Lolentz B=1 -> Es(z)=0, Bs=0

Ec(x,y,z): Cage E field
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Python based 3D particle tracking code
Profile simulator for IPM design

Gaussian profile

Beam intensity of bunch train

2
1 exp{_(xxo)” =) |
2no,0y,

2a% 203 J (2m)172B, Ca,

Successive Over Relaxation (SOR)
to estimate Poisson eq.
*Assumed to be 2D: Relativistic
*Rectangular grid

Grid data from
POISSON/Superfish (2D)

* Rectangular or Cubic grid

vl - (z—B,Ct+ 50)2
2(B,Car)

Set parameters: Beam profile,
Residual gas, Number of
Macro Particle (MP)

Z Mhunch® expd — (t — it nTB)Z
2 2m)1/2Ca, P 20,2

/

t=t+At

Evaluate the normalized beam space
charge electricfields (Es) at each
rectangle grid location

and magnetic field

CST STUDIO SUITE (3D i |
STUDIO SU (3D) \TLoadgrid data for cage electric field

lonization cross section

Single differential cross section
for H, He, H,, CH,, NH;, and H,0
Double differential cross section
for H, and He

/I Evaluate ionization cross section

|

Generate MP: Estimate initial
conditions (Xo, Yo, Zo, tor Vxor Vyor Vao)

Estimateinstantaneous beam
intensity

\
Estimate the fields at a MP position:
Linear interpolation

|
Compute MP motion while t~t+At,
and estimate the next positionand
momentum

Ay

~~

3D particle tracking
4th order Runge-
Kutta method

MP reach the detector?

No
Yes

Post processing

Flow chart of the simulator



But in a real case, the profile could be
far from the Gaussian-shape: J-PARC MR

Transversal profile Longitudinal profile

OTR@M3SOBT 008.030.png _ Space charge dilution by
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SOR method
Beam Potential Convergence at the Grids

1.0E+00 600

1.0E-02 \\//ﬂ)emmn S

-B-Number of iteration
1.0E-03 / \ 300
1.0E-05 \ 100

1.0E-06 ! | ‘ ‘
1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01
Convergence criterion

Default value

Number of iteration

[y]
o=
o

Deviation form the value at 2.5E-7

About 470 iterations are needed to obtain a potential value at each grid point



Es calc.: Grid size selection

Beam size: ox=ocy=1mm

Potential energy (V)

Es (V/im)
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Tracking error vs. time step

4t dorder Runge-Kutta
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Initial conditions of a detached
electron

9 1e4  Single differencial cross section of different gases

— H
8l — He H
[ T H2 |
Single differential cross section (H, He, H2, T i
CH4, NH3, H20) : | — o
Or “4
Double differential cross section (H, He) §37
are used for initial TKE of detached electron |

TKE of a detached electron [eV]

e Ref.
— "Differential cross section for ionization of helium,neon,and argon by high-velocity ions"
* J.H.Miller et. al., Phys. rev. A, 27 (1337), 1983.
— "Analytic representation of secondary-electron spectra”
* J.Chem. Phys. 87 (12), 15 Dec. 1987

"Electron production in proton collisions with atoms and molecules: energy distribution”
* M.E. Rudd et. al., Rev. Mod. Phys., 64, No2, 441 (1992)



An example of tracking

Final position
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[E—
n
1

Intensity (a.u.)

Cross check with PyECLOUD

(Cross check with ESS code are now on going)

Only includes
Esx,Esy

PyECLOUD
—Initial

—Traking

-1.5 -1 -0.5 0 0.5 1 1.5 2
X (mm)



Calculation time using my 5 years old
laptop PC
*Intel Core i5 2.5GHz(4 CPUs): 64bit
*8.2GB memory

* SOR: Space charge E field -> 1079 s (18min)
— Grid size: 70X 70
— Conversion criteria: 1E-6
e Tracking -> 124s (2min) / 1000 macroparticles

— Time step: 0.005 ns
— 600step/3ns

0.14 : . . i
H fitting_initial
1 0.12} P rOfI Ie — fitting_tracking ||
- Initial




Demonstration

How to use the code



In the near future upgrade

* Es calcu.
— Non-Gaussian beam profile: SOR method

— Analytical solution for Gaussian beam (Same as
ESS code)

— Non relativistic 3D Gaussian beam: Taking into
account, Esz, Bs(x,y,z) fields



