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Beam Dynamics Code
— TEMF, TU Darmstadt

— Moment approach
Particle density distribution fct.:

f(r,p,7)
Space coordinates: 7= (x,y,2)
Norm. Momentum: p = (p,,p,,p,)
Equivalenttime: 1 =c¢-t

— Vlasov equation



Beam Dynamics Code
— TEMF, TU Darmstadt
— Moment approach
— Vlasov equation
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* Approach: Discrete set of characteristic
moments for f(7,p, 7):

6D — 1D time integration
e Moment definition:

<u>=f u f(7,p,7)d2 Q={r,p}
Q

— First order: u € {x,y,z,px,py,Pz}
— Higher order: p e {(x—<x>)1- ... - (p,—<p,>)', ...}
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e Second order:
Mgy =07 = ((x — (x))?) Moy = (2Y)ave = {((x — () (¥ — (¥)))
Myy — 0-122/ Ma’:z — (xz>avc
M,, = g Myz — <yz>a'vc

M, Mxy M, Myy Myz M,,
MxPx MxPy MxPz Mypx Mypy Mypz MZPx M M

ZPy ZPz
Mpxpx Mpxpy Mpxpz Mpyp M

Time evolution:

o<p> 0 [ ,Ou Of
or _E/#fdﬂ_/f87+u87dﬂ

y PyPz Mpzpz
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e Second order:
Mgy =07 = ((x — (x))?) Moy = (2Y)ave = {((x — () (¥ — (¥)))
Myy — 0-122/ Ma’:z — (xz>avc
M,, = g Myz — <yz>a'vc

M, Mxy M, Myy Myz M,,
MxPx MxPy MxPz Mypx Mypy Mypz MZPx MZPy MZPZ
M

PxPx Mpxpy Mpxpz Mpypy Mp_ypz Mpzpz

Time evolution:

Id<pu> 0 B op
or _E/#fdﬂ_/far—l_ﬂ
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e Second order:
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Time evolution:
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VCodeCR [TEMF, TU-Darmstadt] - [S_DALINAC.V]

{] File Edit View Run Beamline Tools Window Help - & X
Sl = » - 676 PP FEF D o 2 @@,
Gl g mm XY mm-mrad EmX EmY

Transverse Section

Z[mm]-X[mm]:

v
P
9
b
1
Long. Section
Z[mm]-Y[mm]): | }------- e e e e e e e e e e el s e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
; o N o a A A A N A
B e e ] | e L e el e e e L s e e e L e B G R e e e B e D S L
e s 10 i » 2 ) 3 @ 55 ) 55 © s |
Long. Section ;
X[mm]-PX[mrad] =
MeV EnSpread CES mrad
115

Y [mm]-PY [mrad]:

Trans. Phase Space

Zlmml—‘l’z[ke'\'k

Long. Phase Space
For Help, press F1 CAP|INUM||SCRL




Data input:

* Ensemble file
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Data input:
 Ensemble file

* Field parameter file

It's Monday, go to work!

(oA

N3ANTT

SNOHLYH

AINN 3

LI3LISH3,



DAINOHLYA

V-Code

LIBLISHIAINN

Data input:
 Ensemble file

* Field parameter file
 Beam line file

We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Th



Radio Frequency Quadrupole

LILISHIAINN IHINOHLYA

N3ANIT

ISAC 35MHz RFQ (Triumf)

/o
v

4
=
&7

}// & 4 rod type

/)

4 vane type -
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Radio Frequency Quadrupole




Radio Frequency Quadrupole
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Radio Frequency Quadrupole

CST Studio Suite

p .
S RFQ 4rod Construction Bl =
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Electrode Modulation
[ Type2: Analptical Fiod modulation (|
L_irm : Inpi

U Rtip : radius of the eletrode 255
Matcher length cross-section

Cil-Lenoicl e 5 RO: distance from the

put Hadial Matchers an
Radial Matchers TransitCells

input transitcell : ’347
axis at exact .
Lt2 : Length of the 45.867 quadiupole symmetiy
output transitcell .
I ot Nae RodHeight [base parameter) 1
Matcher length 137.773
Kappa : cutoff RodBase size 6 i-1th cell

ith cell

factor (<1) 1113

[ ok | [ Cancel | [ Hep |




Radio Frequency Quadrupole

CST Studio Suite

{ A
EZ RFQ 4rod Construction I R

LIFLISHIAINN SHIMOHLYA

% Cell No.| --- modulation parameter --- Cell Length
J/@wrmﬁ1 025 4.762
[V] Radial Matchers [¥] Tran 2 . 025 . 762
\!"mm——p-—z 025 4.762
Matcher length - - -
mimae F s 025 4.763 e
i L 025 4.763
vl e r - 025 -763
P 9 . 025 .763 Base size
factor (1) 3|10 .025 .763
.025 .763

.025
. 025
.025
. 025
. 025
.025
.028
.031
.034
. 037
.04

.043
. 046
.049

bt e b e e b e e e e e e
F N N N N N N N N N N N N N NN N N NN
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Radio Frequency Quadrupole
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Implementation

LIBLISHIAINN IHINOHLYA

General potential function (Quasistatic):

U(r,0,z,t) =sin(wt + ¢) [

Z Ag 2p172 2P cos(2(2p + 1)0)+
p=0

oo OO

Z Z A, sIas(knr) cos(2s0) Cos(knz)]

n=1 s=0

n+s = 2p+1



Implementation

LIBLISHIAINN IHINOHLYA

General potential function (Quasistatic):

0000, D

Z Ag 2p172 2P cos(2(2p + 1)0)+
p=0

oo OO

Z Z A, sIas(knr) cos(2s0) Cos(knz)]

n=1 s=0

n+s = 2p+1
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General potential function (Quasistatic):

Z Ag 2p172 2P cos(2(2p + 1))+
p=0

oo OO

Z Z A, sIas(knr) cos(2s0) Cos(knz)]

n=1 s=0

Laplace

n+s = 2p+

0%V +18V 182V 0%V
or?2 r Or 2 002 82

=0
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Implementation

General potential function (Quasistatic):

U(r,0,z,t) = sin(wt + ¢) [

@)

Z A0’2p@2p+1) cos(2(2p +
i f: An,SIQS(k@:os(Qos(kv@

n=1 s=0

n+s = 2p+1



Implementation

LIBLISHIAINN IHINOHLYA

General potential function (Quasistatic):

U(r,0,z,t) = sin(wt + ¢) [

Z Ag 2p172 2P cos(2(2p + 1)0)+
p=0

i f: An, cos(2s6) Cos(knz)]

n=1 s=0

n+s = 2p+1



Implementation

LIBLISHIAINN IHINOHLYA

General potential function (Quasistatic):

U(r,0,z,t) = sin(wt + ¢) [

Z Ag 2p172 2P cos(2(2p + 1)0)+

p=0

i f: A, sIas(knr) cos(2s0) CO@Lz)]

o k = 2n/2L
2L = B,

n+s = 2p+1



Implementation

LIBLISHIAINN IHINOHLYA

General potential function (Quasistatic):

U(r,0,z,t) = sin(wt + ¢) [

2(2p+1) cos(2(2p + 1)0)+

p=0

oo OO

Z Z@Izs(km’) cos(2s0) Cos(knz)]

n=1 s=0

n+s = 2p+1
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General potential function (Quasistatic):

U(r,0,z,t) =sin(wt + ¢) [

Z Ag 2p172 2P cos(2(2p + 1)0)+
p=0

oo OO

Z Z A, sIas(knr) cos(2s0) Cos(knz)]

n=1 s=0

A. Letchford, A Comparison of 4-Rod and 4-
Vane RFQ-Fields, EPAC98
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Implementation

Two-Term Potential Function:
U(r,0,z,t) =sin(wt + ¢) [

Ag.17° cos(20) + Ay oo (kr) cos(20) cos(kz)]
Collocation points:

"U=W/2,r=a,0=0,2=0
U =Vy/2,r=ma,0 =7/2,2=0

Multipole coefficients:

A — Vo Io(ka)+ Ig(kma) VOX
O 202 m2Iy(ka) + Io(kma) — 2a

Vo m? — 1 B EB
2 m2Iy(ka) + Ip(kma) 2

Al,O —



LIFLISHIAINN SHIMOHLYA

Implementation

Two-Term Potential Function:
U(r,0,z,t) =sin(wt + ¢) [

2 cos(26) o(k'r') cos(26) cos(kz)]

Collocation points:

"U=W/2,r=a,0=0,2=0
U =Vy/2,r=ma,0 =7/2,2=0

Multipole coefficients:

A — Vo Io(ka)+ Ig(kma) VOX
O 202 m2Iy(ka) + Io(kma) — 2a

Vo m? — 1 B EB
2 m2Iy(ka) + Ip(kma) 2

Al,O —



Implementation

LIBLISHIAINN IHINOHLYA

Two-Term Potential Function:
> E=-VU
Vor.. 2r

E, = sin(wt + ¢) 70 X? cos(20) + Bk, (kr) cos(k:z)]

Ey = sin(wt + ¢) % - X%Q sin(29)]

E, = sin(wt + dﬁ)% - BkIy(kr) sin(kz)]



Implementation

LIBLISHIAINN IHINOHLYA

Two-Term Potential Function:
> E=-VU

Implementation:

> I,(kr) : Taylor expansion

> Eprax sin(wt + @)

Ey: %@ at /4

E. onaxis

E,: Ey.E, and V.E = 0
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Implementation

Four-Term Potential Function:
U(r,0,z,t) = sin(wt + ¢) [

Ag.17% cos(20) + Ag 37° cos(66)
+ Ay olo(kr)cos(kz) + A1 2l4(kr) cos(kz) COS(49)]

Collocation points:

U z r
1 Vg/? 0 a
2 /2 0 ma
3 Vo/2 0 +/(a+p)?+p?
4 —Vo/2 0 +/(ma+p)?+p?




Implementation
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Four-Term Potential Function:

S F=-vU

E, = sin(wt + ¢) [ Ey = sin(wt + ¢) [

240,17 cos(26) + 6 Ao 37" cos(660) — 2Ag.17sin(20) — 6A¢ 57° sin(66)
+ kA ofq(kr) cos(kz)

+ kAj 215(kr) cos(kz) cos(49)] v la(hr) cos(kz) Sin(49)]
B, = sin(wt + ¢) [

— k‘Aljo_[()(kT) Sll’l(kZ)

— kAq 214(kr)sin(kz) cos(49)]



3D Field Maps

LILISHIAINN IHINOHIYA

Four-Term Potential Function:
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3D Field Maps

Four-Term Potential Function:
* RFQ Length: 1-... m
*m, Kk, z... fct(cell)

— cell per cell: n

== -ﬂ"'* ===

= Fél e I d a ccu ra cy cf 10'4 % (1 V/ m)
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Beam Dynamics Comparison

Implementation verification:
— V-Code
— CST Particle Tracker
— Track
— Toutatis



beam envelope (mm)

Beam Dynamics Comparison

1.4 . . . .
—CST: Horizontal beam envelope
1 3|—CST: Vertical beam envelope
< VV-Code: Horizontal beam envelope
1.2/ + V-Code: Vertical beam envelope
1.1¢
1 ................................
0.9r

o
0o
T

.
-\J
I

0 100 200 300 400 500 600
z (mm)

HIMOHLYA

LENENR.

LIBLISHIAINN 3

0-166 mm:;
DT

166-434 mm:
Quad
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DT
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Conclusions

LIBLISHIAINN IHINOHLYA

RFQ implementation in V-Code:
— Quasistatic approach
— Two-term potential

— Cell-by-cell components
* Accurate field parameters
 Additional geometry parameter

— Beam dynamics comparison
— Four-term potential
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