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Future Plans for Zgoubi Include Enhancements to
both Performance and Usability

Implement a Zgoubi graphical interface in Sirepo. (40%) GUI

Implement single-click execution of Zgoubi on available linux clusters. (25%)
Update the Zgoubi code base to the Fortran 2018. (60%)
Re-implement Zgoubi's particle update algorithm. (50%) § performance
Parallelize Zgoubi using Fortran 2018. (35%)
Implement symplectic tracking for field maps. (10%) .

. . . capabilities
Add closed-orbit correction to Zgoubi. (75%) F. Méot

Assess and improve the spin dynamics in electron and ion rings
for the eRHIC design. (starting soon)

Benchmark Zgoubi with BMad and other codes used for
simulating JLEIC ring designs. (starting soon)

science
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Streamline Zgoubi Simulations:
Implement a Sirepo Interface for Zgoubi

ZGOuBI

i= Simulation
e e® := Simulations

Lattice - RingWithSextupoles

# Los Alamos Proton Storage Ring #2 &

& A

0‘ : ) NQ
/ \
L | )
] .
! l
o  J
N\, K4
L 4 L 4
\ " " 4 | 10m
Twiss Parameters | |
Beamline Editor - RingWithSextupoles 4

drag and drop elements here to define the beamline

D
D

/A radiasoft

o C
o C

*** Lattice 4 Bunch *** Twiss (4l Visualization
Beamlines
Name Description
BL1 (D1,QD,D2,SBEND,D2,QF,D1)
[ BL2 ] (D1,QD,D2,SBEND,D2,QF,D3,SF.C
[ BL3 (D4,SD,D3,QD,D2,SBEND,D2,QF |
[ Ring ] (BL1,BL1,BL1,BL1,BL1,BL1,BL1,E

(BL1,BL2,BL3,BL1,BL1,BL1,BL2,E

Beamline Elements

® QUADRUPO

@ SEXTUPOL

Description

B1=12,CS_0=0.2401,CS_1=1.863

B_0=-2.68,CS_0=0.1122,CS_1=6.

B_0=1.95,CS_0=0.1122,CS_1=6.2

B_0=-0.24,CS_0=0.1122,CS_1=6.

B_0=0.16,CS_0=0.1122,CS_1=6.2
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#. - P
+ New Beamline
Length Bend
9.022m 36.0°
9.022m 36.0°
9.022m 36.0°
90.22m 0.0°
90.22m 0.0°
_ New Element
Length Bend
2.508m 36.0°
2.286m
450.0mm
300.0mm
1.486m
500.0mm
500.0mm
500.0mm
500.0mm

. *Sirepo



The Sirepo Interface for Zgoubi: 2 % Sirepo
Build (or Import) a Lattice '

v '® N
“.& ZGOUBI :i=Simulations . Los Alamos Proton Storage Ring #2 & 4 Bunch -~ Twiss Gdl Visualizaton &~ ©- [N~
Q
Lattice - RingWithSextupoles L JESEP N Beamlines
+ New Beamline
= = Name Description Length Bend
0‘ NQ
BL1 (D1,QD,D2,SBEND,D2,QF,D1) 9.022m 36.0°
* L
/ \ [ BL2 ] (D1,QD,D2,SBEND,D2,QF,D3,SF.C 9.022m 36.0°
& .
«» (D4,SD,D3,QD,02,SBEND,D2,QFI  9.022m  36.0°
[ Ring ) (BL1,BL1,BL1,BL1,BL1,BL1,BL1,E  90.22m 0.0°

(BL1,BL2,BL3,BL1,BL1,BL1,BL2,E  90.22m 0.0°

o U o
3

Beamline Elements

w L
N\ /
e o Name Description Length Bend
* of ® BEND
- ] ﬂ |
10
Twiss Parameters | i B1=12,0S_0=0.2401,CS_1=1.863  2.508m  36.0°
© DRIFT
. . . . \J
Beamline Editor - RingWithSextupoles 4 [ D1 2.286m
a» 450.0mm
drag and drop elements here to define the beamline
300.0mm
o © QUADRUPO
a» B_0=-2.68,CS_0=0.1122,CS_1=6.  500.0mm
o B_0=1.95,CS_0=0.1122,CS_1=6.2 500.0mm
@ SEXTUPOL
a» B_0=-0.24,CS_0=0.1122,CS_1=6.  500.0mm
[ sF ] B_0=0.16,CS_0=0.1122,CS_1=6.2 500.0mm
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Build (or Import) a Lattice—cont. )

" ®
“.& ZGOUBI  i=Simulations . Los Alamos Proton Storage Ring #2 & Lattice @ 4 Bunch  *~Twiss [a Visualization %~ @ ~ p v
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*
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& -
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(8L1,BL1,BL1,BL1,BL1,BL1,BL1,E 90.22m 0.0°

(BL1,BL2,BL3,BL1,BL1,BL1,BL2,E  90.22m 0.0°

o U o
3

\

L *
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- ] ﬂ |
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Build (or Import) a Lattice—cont. )

" ®
“.& ZGOUBI i=Simulations ' Los Alamos Proton Storage Ring #2 & s Lattice = 4 Bunch  *Twiss [d Visualizaton &~ @ ~ P v
Q
Lattice - RingWithSextupoles L JESEP N Beamlines
+ New Beamline
‘ = = \ Name Description Length Bend
2 &
BL1 (D1,QD,D2,SBEND,D2,QF,D1) 9.022m 36.0°
* &
/ \ [ BL2 ] (D1,QD,D2,SBEND,D2,QF.D3,SFC  9.022m 36.0°
& .
O (D4,SD,D3,0D,02,SBEND,D2,QFI ~ 9.022m  36.0°
[ Ring ) (BL1,BL1,BL1,BL1,BL1,BL1BL1E  90.22m 0.0°

(BL1,BL2,BL3,BL1,BL1,BL1,BL2,F 90.22m 0.0°

o U
* mmm *

Beamline Elements
L ) l

\ v 4

New Beamline Element Bend

Basic Advanced All Elements ?1 ,CS_1=1.863 2.506m 36.0°
AUTOREF BEND CHANGREF 2.986m
DRIFT MARKER MULTIPOL 450.0mm
QUADRUPO SEXTUPOL YMY 300.0mm
1.486m
«» B0="268,CS0=0.1122,CS_1=6.  500.0mm
[ oF ] B_0=1.95,CS_0=0.1122,CS_1=6.2 500.0mm
® SEXTUPOL
aa» B_0=-0.24,CS_0=0.1122,CS_1=6.  500.0mm
[ sF ] B_0=0.16,CS_0=0.1122,CS_1=6.2 500.0mm
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The Sirepo Interface for Zgoubi:
Build (or Import) a Lattice—cont.

_» Sirepo

BEND © « M BEND (2 I
Bending magnet, Cartesian frame Bending magnet, Cartesian frame
Main Fringe Fields Main Fringe Fields
Name SBEND Entrance Exit
Length [m] © 2.50774920140843 Integration Zone [m] 0 0
Skew Angle [rad] © (] Fringe Field Extent [m] 0 0
Field [kG] © 12 Wedge Angle [rad] 0 0
Integration Step [m] @ 5e-3 Fringe Field Coefficients Cy 0.2401 0.2401
Alignment @ Adjust Entrance and Exit Frame j Fringe Field Coefficients C; 1.8639 1.8639
Longitudinal Shift [m] @ 0 Fringe Field Coefficients C; -0.5572 -0.5672
Transverse Shift [m] © 0 Fringe Field Coefficients C; 0.3904 0.3904
Z-axis Rotation [rad] @ 0 Fringe Field Coefficients C, 0 0

Save Changes Cancel Fringe Field Coefficients Cs 0 0
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Build (or Import) a Lattice—cont. )
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Beamline Elements
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Name Description Length Bend
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Build (or Import) a Lattice—cont. )
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The Sirepo Interface for Zgoubi:

Generate a (matched) bunch

ZGOUBI i= Simulations " Los Alamos Proton Storage Ring #2 & ** Lattice - Twiss [ Visualization Lo O - f’“ -

A\radiasof

Bunch A Horizontal Phase Space S A
Particle Distribution Phase Space
300 X
Particle Type Proton j
200 2.5
Reference Rigidity @ 4869.14813176
Number of Particles @ 1000 100 2.0
Match Twiss Parameters @ g'
Y 1.5
Beamline RingWithSextupoles j >
-100
1.0
-200
0.5
-300
0.0
-1.5 -1.0 -0.5 0 0.5 1.0
Y [mm]
Vertical Phase Space S B A Cross-section Phase Space S LA
1.0
0.5
% —
© £
3 E °
N N

-2.0

300
-1.8
200 -1.6
1.4

100
1.2
1.0
0.8

-100
0.6
-200 0.4
0.2

-300
0.0

-1.5 -1.0 -0.5 0 0.5 1.0

Z [mm]

-1.5

2.0
- i'
A5 10 05 0 05 1.0 )

Y [mm]
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The Sirepo Interface for Zgoubi:
Generate a (matched) bunch— cont.

A\radiasof

ZGOUBI  i=Simulatons . Los Alamos Proton Storage Ring #2 &

Bunch A
Particle Distribution Phase Space
Particle Type Proton j
Reference Rigidity @ 4869.14813176
Number of Particles @ 1000
Match Twiss Parameters @ Yes l
Beamline RingWithSextupoles j
; .
Vertical Phase Space S B A

Z' [prad]

=20
-1.8
-1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
-1.5 -1.0 -0.5 0 0.5 1.0

Z [mm]

*** Lattice 4 Bunch *** Twiss [l Visualization o 2 o - ﬂ ~

Horizontal Phase Space S B A

300 X

200 25
100 20
1.5

-100
1.0

-200
0.5

-300
0.0

-1.5 -1.0 -0.5 0 0.5 1.0

T
©
3
5
Y [mm]
Cross-section Phase Space S B A
1.0
0.5
E
.E, 0
N

-0.5

-1.5

2.0
- i'
A5 10 05 0 05 1.0 )

Y [mm]
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Generate a (matched) bunch — cont. )

‘e
% ZGOUBI  i=Simulations ' Los Alamos Proton Storage Ring #2 & - Lattice = 4 Bunch = - Twiss [alVisualizaton &~ @~ ” -
<
Bunch A Horizontal Phase Space LS B A
¥

Particle Distribution Phase Space

300 3.0
ras e - BEaa

Bunch A Bunch A
Particle Distribution Phase Space Particle Distribution Phase Space
Probability Density Mean Value Horizontal Vertical Longitudinal
Y Gaussian j Y [m] -1.04171695e-9 Alpha 0.83333504 -0.94425989 0
Y' Gaussian j Y' [rad] 1.05029852e-9 Beta [m] 6.069332 6.6338782 1
4 Gaussian j Z [m] 0 Emittance 4.6e-8 4.6e-8 2e-14
z Gaussian < Z' [rad] 0 Cutoff 1 © 3 3 3
X Gaussian j X [m] 0 Cutoff 2 @ 0 0 0
D Uniform j DO 1 _ _
(Bp/BORO) Horizontal Vertical
Dispersion [m] 3.31242 0
Dispersion Derivative [rad] -0.33532635 0

Z [mm] Y [mm]

/A radiasoft Boulder, Colorado USA — www.radiasoff.net 13



/A radiasoft

The Sirepo Interface for Zgoubi:

View Lattice Parameters

‘e
e ® ZGOusBl

i= Simulations
L el

Simulation Settings

Beamline

Twiss Summary

Particle energy [GeV] ©

Particle gamma @

Beamline length [m] @
Momentum compaction factor @
Orbit5 [m] @

Transition energy gamma ©@

Energy difference @

Tune (fractional) @
Chromaticity @

Maximum dispersion [m] @
Minimum dispersion [m] @

Closed orbit maximum deviation

m] ®

Closed orbit minimum deviation

m] @

Maximum beta [m] @

Minimum beta [m] ©@

Closed orbit RMS deviation [m] @

RMS dispersion [m] ©

RingWithSextupoles

1.735274452
1.849436407
90.224
0.2256970818
0
2.104926948

0

Horizontal

0.254059634
0.06118138587
4.07913686
2.54570295

7.7049917e-7

-7.65844165e-7

11.6845897
3.71808947
4.28720024e-7

0.63471242

" Los Alamos Proton Storage Ring #2 &

Vertical

0.2499258355
0.165473148
0

0

0

12.4426201
3.8065672
0

0

Boulder, Colorado USA

. *Sirepo

s+ Lattice ¥ Bunch Visualization #®~ ©- P~

Twiss Parameters S B LA

12

10 H

(¥ @ Horizontal beta [m]
& @ Vertical beta [m]
& @ Horizontal dispersion [m]

Optics S B LA
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The Sirepo Interface for Zgoubi:
Visualize the Beam

ZGOUBI i= Simulations " Los Alamos Proton Storage Ring #2 & *** Lattice 4 Bunch -+ Twiss [ Visualization o (2 I w -

Simulation Settings A Simulation Status A
Beamline RingWithSextupoles v Simulation Completed
Number of Runs 10 Start New Simulation
Diagnostic Interval 1
Horizontal Phase Space < LA Cross-section Phase Space S B LA
Pass 10 Pass 10
H Q
> E
5 N

Number of Particles
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The Sirepo Interface for Zgoubi: 2 % Sirepo
Share your Work— Effortlessly! )

v '® N
e ® ZGOUBI i Simulations  ,#" Los Alamos Proton Storage Ring @ *** Lattice 4 Bunch  *Twiss [l Visualization fo (2 I p -

Lattice - RingWithSextupoles L JESEP N Beamlines
+ New Beamline
= = Name Description Length Bend
0‘ NQ
BL1 (D1,QD,D2,SBEND,D2,QF,D1) 9.022m 36.0°

*
/ (D1,QD,D2,SBEND,D2,QF,D3,SFC 9.022m 36.0°
& -
(D4,SD,D3,QD,D2,SBEND,D2,QF| 9.022m 36.0°

(8L1,BL1,BL1,BL1,BL1,BL1,BL1,E 90.22m 0.0°

(BL1,BL2,BL3,BL1,BL1,BL1,BL2,E  90.22m 0.0°

o U o
3

Beamline Elements

w L
N\ /
e o Name Description Length Bend
* of ® BEND
- ] ﬂ |
10
Twiss Parameters | i B1=12,0S_0=0.2401,CS_1=1.863  2.508m  36.0°
© DRIFT
. . . . \J
Beamline Editor - RingWithSextupoles 4 [ D1 2.286m
a» 450.0mm
drag and drop elements here to define the beamline
300.0mm
o © QUADRUPO
a» B_0=-2.68,CS_0=0.1122,CS_1=6.  500.0mm
o B_0=1.95,CS_0=0.1122,CS_1=6.2 500.0mm
@ SEXTUPOL
a» B_0=-0.24,CS_0=0.1122,CS_1=6.  500.0mm
[ sF ] B_0=0.16,CS_0=0.1122,CS_1=6.2 500.0mm
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Improve Performance:
Parallelize Zgoubi using Fortran 2018

Modern Fortran provides facilities for two levels of parallelism:

Fine-grain, at the loop level—requires pure functions (no side effects allowed!)

do concurrent(iord = O:nord)
B(iord+1) = derivB(iord)
end do

Coarse-grain, at the processor level—collective operations

co_min(a)
co_max(a)
co_sum(a)
co_reduce(a, op)

and coarrays, which “answer the question, “What is the smallest change required to convert Fortran
into a robust and efficient parallel language?””—John Reid, ISO/IEC JTC1/SC22/WG5, N1824 (2010)

Coarray syntax implements a Single Program Multiple Data (SPMD) model. A single program is
replicated in units called images, and the number of images may be chosen at run time. You must still
devise appropriate parallel algorithms, but the case of non-interacting particles is essentially trivial.

real :: a[*] | scalar coarray

real, dimension(10) :: x[*],y[*] ! array coarray
real :: m(0:21,6)[*] ! matrix coarray

type(particle) :: ptcl(128)[*] ! derived type coarray

x(:)=y()[a] ! access remote data on image q
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Improve Performance:
Parallelize Zgoubi using Fortran 2018

Modern Fortran provides facilities for two levels of parallelism:

Fine-grain, at the loop level—requires pure functions (no side effects allowed!)

do concurrent(iord = O:nord)
B(iord+1) = derivB(iord)
end do

Coarse-grain, at the processor level—collective operations

co_min(a)
co_max(a)
co_sum(a)
co_reduce(a, op)

and coarrays, which “answer the question, “What is the smallest change required to convert Fortran
into a robust and efficient parallel language?””—John Reid, ISO/IEC JTC1/SC22/WG5, N1824 (2010)

Coarray syntax implements a Single Program Multiple Data (SPMD) model. A single program is
replicated in units called images, and the number of images may be chosen at run time. You must still
devise appropriate parallel algorithms, but the case of non-interacting particles is essentially trivial.

real : ?,[ *] !. scalar coarray A coindex indicates communication.
real, dimension(10) :: x[*],y[*] ! array coarray The programmer must ensure that
real :: m(0:21,6)[*] ! matrix coarray * coarray indices are properly resolved

type(particle) :: ptcl(128)[*] ! derived type coarray * synchronization occurs as appropriate.

The new Fortran standard includes new intrinsics

x(:)=y()la] ! access remote data on image q that simplify the process, e.g. random_init.
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Improve Performance:
Parallelize Zgoubi using Fortran 2018 —cont.

Opportunities for paralellizing Zgoubi:
Distribute particles on multiple processors.

Distribute lattice computations.
Distribute machine energies. \

Distribute misalighments.

One image computes a
closed orbit for the entire ring.
Then each image computes lattice

Various scans: . . . .
functions along it’s section of the ring.

dynamic aperture;
polarization studies
etc.
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The Accuracy of Orbital Tracking Affects Spm Trackmg

AX(np) [m]
10~ -2
107
10—6 L
= DKD
"'8 10—8 L
O
10—10 L
BK-MK
10—12 L
1 2 4 8 16 32 64
1S(1)=5"<")|
10 This 100-fold improvement
derives solely from better

orbital data.
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