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RFQ Hizlandirici Tasarimi

Hizlandiricilar temel olarak, bir turden kararli yuklG parcaciklari
(elektron, proton, iyon, vb.) alip elektrik alan kullanarak yiksek hizlara
cikaran ve manyetik alan kullanarak demet halinde bir arada ve
yoringede tutan makinelerdir. Radyofrekans dortkutuplu (RFQ) ise, cok
amacl kullanim icin proton veya iyon demetlerini hizlandirir.

Demirci-Pro, bir RFQ ile iyon kaynagl ve dusuk enerji demet aktarim
hatti (miknatis tasarimi ve yayinim olcimu sistemi icerir) tasarlamak icin
moduler grafik araytzi saglayan bir yazilim cercevesidir.



Main ‘ Beam_{]| Beam_1 ‘ Beam_2| lon Source| LEBT |
r—demirci Texts

Demirci-Pro Yazilim Cergevesi

demirci Graphics

Demirci Designer v1.9.9
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RFQ’ya girecek demetin enerjisi
ve akimi, Kilpatrick degeri, RF
frekansi ve RFQ uzunlugu
belirlenmelidir.

Bu degerler belirlendikten sonra
Demirci-Pro grafik ara ylzinde
bir RFQ'yu tasarlamak icin
gereken 4 ana parametre
(eszamanl faz (o), kanatlar arasi
gerilim (V), minimum aciklik
varicap! (a) ve hicre kiplenim
(m)) icin grafik Gzerinde strukle-

birak yontemiyle tasarim
kolayligi saglamaktadir.



Demirci-Pro’nun Diger Programlarla Etkilesimi

beam dynamics codes
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lyon Kaynag

Main | Beam_0| Beam_1| Beam_2 lon Source | LeBT | PPot |

Demirci Designerv1.9.9

29.11.2020

Angle [degree] 0 i‘

Angle [degree] 0 i‘

— IS Texts IS Graphics
Nb Electrodes | 2 il 0025
Define Geometry |
Plasma e- Temp [eV] 5
— 002
Current density [A/m2] 38 =
Boundary1 (Xmin] [V] 0 =]
Boundary2 (Xmax) [V] 60000 = o
Boundary3 (Ymin) [V] 0= ,
Boundary4 (Ymax) [V] 0= z
Mesh size [m] 00125 = 001
plasma depth [m] 0006 =
Y-start point [m] 0.004 2]
#Mesh in X 601 ; 000s
#Mesh in Y 201 ;
# particles 1000 ;
Mass [MeV] 38272 = 0 ‘ ‘ . w -
— 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Extract Beam at [m] 005 o xim)
¥ Choose lon Charge Negatﬁ 0025 0
MagneticFisld N
™ AddBField
0.0z -99.1
Refresh Preview |
Stop IBSImU | Run IBSimu | 13 -454.2
Load IS | Save IS | <]
0005 -8330
0 - . . ! . . . : Test
] 0.00 0.0 0.03 0.4 003 0.06 007
& (m)
Sek Electrodes
— Info for Electrode #1 — Info for Electrode #2 oK
B xt [~ [r3-040_0.axt [~
Load DXF | Load DXF |
Position z[em] 0 i‘ Position zfcm] 5 i‘
Voltage[V] 0 i‘ Voltage[V] 20000 i‘

Ilyon kaynag: tasarimi ve simiilasyonlari, IBSimu
paketine bir grafik arayuz araciligiyla saglanir.,
IBSimu paketi Demirci-Pro'ya entegredir. Iyon
kaynaklar1 genellikle plazma odasi ve vakum
altinda tutulan cekim elektrotlar1 olmak tizere
iki kisimdan olusur.

Iyonlar, gerekli parametrelerle iyon demeti
olusturmak icin ¢ekim bolgesine yuksek voltaj
uygulanarak gaz dolu hazneden cekilebilir. Iyon
kaynagl kurulum parametrelerini tanimlamak,
Demirci-Pro iyon demeti parametrelerin
degerlerini ayarlamak icin basit bir kullanic
arayuzu kullanir.

Onemli bilesenlerden biri plazma ve topraklama
elektrotlaridir bunlarin tasarimlarinin  sekli
performans agisindan gercekten énemlidir. Iyon
kaynakl elektrotlarinin, dxf formatinda Demirci-
Pro'ya aktarildiktan sonra voltajlari, z konumlari
ve aclilar1 ayni zamanda ayarlanabilir.



Yayinim Olgiim Sistemi

Gelen demet 6nce tuzluk plakasini isitir ve
bu da vyalnizca dnceden tanimlanmis sayida
demetcik gecisine izin verir. Bu demetler
daha sonra parildayan bir ekrana carpar ve
Olcim kutusunun icine ayna vyerlestirilmis
bir diazlem kullanarak parildagr bir
gozetleme deliginden goéren bir kamera
tarafindan yakalanan 15181 yaymasina neden
olur. Kamerada elde edilen resim, daha
sonra demetcik parametrelerini belirlemek
icin analiz edilir.
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Yayinim Tasarim ve Ol¢iim

Demirci Designer v1.5.9
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hole radius [mm] 'Ti‘
1sthole pos [mm] Wé‘
#of histo bins 'Wé‘
Position min [mm] 15 =
Position max [mm] Eg
Angle min [mrad] ’_E(]i‘
Angle max [mrad] ,7502‘
Rebin ’—1§‘
noise th =
fitwidth [mm] [ oaz
#sigmas l_aﬁ
[gmuiaton [<]x |7

Loaded: /media/hakan/hl/dem
Working on Tuzluk.root

Found 32 initial candidate |
ound 12 useful peaks to
x@PP detected e_n:0.00

delta X: 30.00[um] delta
ideal e_n:0.

Histograms saved.
Working on Tuzluk.reot
Found 33 initial candidate |

— PPot Graphics
UMY Lambgorebpas T T 77 ‘beans after PPot Beam on Scintillator
{
{ LI 28 A od e B
{ EE R s
( I T N TN
( ¥ d ko b RiAE S
{ PN on A f s Bk 3
¢ Bk A dEial
{ LI TR RN LY
[ L B FE TR OFS
{ H AR i
P rr s Pt b
t
‘beam on Scintillator Beam on Scintillator beam after PPot X Xp
A i T
F w Y
w ¥
P E .
o 3 r w s,
y .
I
L] L 10 1% L] 5 10 1% 15

Demet yayilimiicin tuzluk tasarimi ve élcim.
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Main | Beam_0| Beam_1 | Beam 2| ion Source | LEBT PPol |

—PPot Texis

Demirci Designer v1.9.9
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Dusuk Enerji Demet Aktarim Hatt)

© (2 Demirci Designer v1.9.9

Main | Beam_0 | Beam_1 | Beam 2| lon Source LEST | pPot |
—LEBT Texls LEBT Graphics

Dustk Enerjili Demet Aktarim (DEDA)  wewem 22 ey e

hatti, iyon demetini iyon kaynagindan — me e || o
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Parametrik lyilestirme

Demirci-Pro, CERN program kuttphanelerinden Minuit
minimizasyon paketi ile uyumlu calisacak sekilde
hazirlanmistir.

kanat gerilimi (V) icin birkac (3x7) kare nokta (m)

hlicreye sahip tipik bir RFQ tasarimini gésterir. O w0 % i e e e e
cell number
D|ger hucreler bunlarla Eklent|||d|r. EXT PARAMETER 7 PARABOLIC
NO. NAME VALUE ERROR
1 Al 1.41626e—01 1.36988e—-06
L C 1 T - 3 A3 31305380_01 1.883690-06
Demirci-Pro, chi2'yi minimize etmek icin bu 3 (m, a, ¢) A 3107709c-02 2.361020-06
e .. o . . 5 A5 6.50810e:02 4.34491e:06
X7 parametreleriicin en iyi degerleri otomatik olarak 5 A5 239574 01  6.090150-07
8 ml 1.09607e+00 6.81087e—06
1 9 2 1.49781e+00 1.32449e—-05
bUIablllr. 10 $3 1.021062+00 5.692562—05
11 m4 2.19027e+00 3.23057e—-05
: S~ 12 5 1.80589e+00 1.11223e—-04
chi2 = (E-Etarget) 2 + (L-Ltarget) 2, KP <KPmax icin 1 hhe 1593230i00 1.005170—04
14 m7 2.99458e+00 1.27174e—-04
15 5 pl b —8.98322e+01 8.12716e—-05
./demirciOptim.exe -t 2.0 -z 112 16 f2 -5.98458e+01 5.96581e—04
5 ) 17 3 —3.11863e+01 1.46920e—03
RFQ exit energy is: 2.00129 MeV, corr 18 f4 —1.52524e+01 7.44362e—04
RFQ total length is: 1.13216 m. cor 7 o2 S el B S o
Ps(kW/m):56.94795 W/cm/Quad:142.36989 21 7 ~2.97642e+01  7.36707e-04
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Miknatis Tasarimi (SMQMDesigner)
I

Solenoid |

et DEDA Menu
Material 2?‘
- l—ﬁi‘ TR A J— R

RL [ 153 SSE LSS
L2 IV 2= R ottvttvoshbusen
R: [ arg |
«“ 03 ||ttt l
pal | 20 % F b

P 23l | I — .
2 Eg L SMQMDeS|gner

N1 2000 il Material; 1=Air or Coil
MeshX 01 il

e -
Solenoid / Quadrupole

Quadrupole |
—Magnet Texts

Material l—zi‘
T
H1 ,—j_lji‘
T

Output: sf file

H3 | 105 3
Ha [ 543 2
DO | 022
D1 |23
b2 [ 233
b3 | 553 Material; 1=Air or Coil
N (4) 5000 3  Wite| ? | Close P
Mesh | 005 2] H em) D (em) Sfp lot

Poisson run
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Geometrik Tasarim

Solenoid = m| X

B3
22 >

sy -El SR P S e

Ekranda miknatislarin fiziksel boyutlarini belirleyebildigimiz icin bobinlerin Gzerinden
gececek akimi ve malzemeyi de belirleyebiliriz Simetrik alan dagilimi elde etmek icin
bu bobinler aynidir ancak tasarima gore akis yonleri farklilik gosterir.
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Tasarim Girdi / Cikti Dosyalar)

=

—

void MyMainFrame::write_param_quad(){
ofstream fileoutl; ofstream fileout2 ;
fileoutl.open("quadrupolrx.sf'); fileout2.open("quadrupolnx.sf");

/* default geometry parameters (in cm)

doubleh 0=5.0 ; doubleh_1=15.0 ;

doubleh 2=8.0 ; doubleh _3=10.5 ;

doubleh 4=5.43; doubled 0=0.2 ;

doubled 1=2.0 ; doubled 2=2.3 ; doubled 3=5.5 ;
*/

fileout1 <<"QuadrupoleR Magnet" << endl;

fileoutl <<"&reg kprob=0, " << "mode=-1, " << "kmax=1000, Imax=1000, "

<<"mat="<<mat1<<", " <<"icylin=0, "<< endl;

fileoutl << "nbslo=0, " <<"nbsup=0, " <<"nbslf=0, " <<"nbsrt=0, "

<< "dx="<<mesh <<"," << "dy="<<mesh << " &" << endl;
fileoutl<<"\n";

// writing points for frame
fileoutl << "&po x="<<-h_1-h_0<<",y="<<-h_1-h_ 0<<" &" << endl;
fileoutl << "&po x="<<h_1+h_0<<",y="<<-h_1-h_0<<" &" << endl;
fileoutl << "&po x="<<h_1+h_0<<",y="<< h_1+h_0<<" &" << end|;
fileoutl << "&po x="<<-h_1-h_0<<",y="<<h_1+h_0<<" &" << endl;
fileoutl << "&po x="<<-h_1-h_0<<",y="<<-h_1-h_0<<" &" << endl;
fileoutl<<"\n";

void MyMainFrame::write_param_sole(){
ofstream fileout ;
fileout.open("solenoidx.sf");

/* default geometry parameters (length in cm)
doubler 0=6.0; doubler_1=15.0 ;
doubler 2=17.0 ; doubler_3=21.0;
doublez 0=10.0; doublez_1=20.0 ;
doublez 2=23.0; doublez 3=25.0;
%
/
fileout <<"Solenoid Magnet" << endl;
fileout <<"&reg kprob=0, " << "mode=-1, " << "kmax=500, Imax=500, "
<< "icylin=1, " <<"mat="<<matl << ", " << endl;
fileout <<"nbslo=0, " <<"nbsup=0, " <<"nbslf=0, " <<"nbsrt=0, "
<< "dx="<<meshx <<"," << "dy="<<meshy << " &" << endl;
fileout <<"\n";
// writing points for frame
fileout << "&po x="<<r 0-r 0 <<",y="<<z 0-z 0 <<"&"<<endl
fileout << "&po x="<<r 3+r 3<<",y="<<z 0-2z 0 <<"&"<<endl
fileout << "&po x="<<r _3+r_3<<",y="<<z 3+z 3<<" &" << endl;
fileout << "&po x="<<r 0-r 0 <<",y="<<z 3+z 3 <<" &"<<endl;
fileout << "&po x="<<r 0-r 0 <<",y="<<z 0-z 0 <<"&"<<endl
fileout << "\n";

-}
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Poisson/Superfish lle Etkilesim

Solenoid Magnet

&reg kprob=0, mode=-1, kmax=500,
Imax=500, icylin=1, mat=1,

nbslo=0, nbsup=0, nbslf=0, nbsrt=0,
dx=0.1,dy=0.1 &

&po x=0,y=0 &
&po x=42,y=0 &
&po x=42,y=50 &
&po x=0, y=50 &
&po x=0,y=0 &

&reg mat=2, &
&po x=6, y=10 &
&po x=27,y=10 &
&po x=27,y=35&
&po x=6,y=35 &
&po x=6,y=34 &
&po x=23,y=34 &
&po x=23,y=11 &
&po x=6,y=11 &
&po x=6, y=10 &

&reg mat=1, cur=5000, &
&po x=6,y=12.5 &

&po x=21,y=12.5 &

&po x=21,y=32.5 &

&po x=6,y=32.5 &

&po x=6,y=12.5 &

48 solenoidx

QuadrupoleR Magnet

&reg kprob=0, mode=-1, kmax=1000, Imax=1000,
mat=1, icylin=0, nbslo=0, nbsup=0, nbslf=0, nbsrt=0,
dx=0.05, dy=0.05 &

&po x=-20, y=-20 &
&po x=20, y=-20 &
&po x=20, y=20 &

&po x=-20, y=20 &
&po x=-20, y=-20 &

&reg mat=2, &
&po x=-8, y=-15 &
&po x=8, y=-15 &
&po x=15, y=-8 &
&po x=15, y=8 &
&po x=8 ,y=15 &
&po x=-8,y=15 &
&po x=-15, y=8 &
&po x=-15, y=-8 &
&po x=-8,y=-15 &

Soleacid Mageet

29.11.2020

@ quadrupolnx

oS —

&reg mat=1, &

&po x=-5.43, y=-10.5 &

&po x=-10.5, y=-5.43 &

&po x=-10.5,y=-2 &

&po x=-5.5,y=-2 &

&po nt=2, x0=-5.5, y0=0, r=2,theta=90. &
&po x=-10.5,y=2 &

&po x=-10.5,y=5.43 &

&po x=-5.43,y=10.5 &

&po x=-2,y=10.5 &

&po x=-2,y=5.5 &

&po nt=2, x0=0, y0=5.5, r=2,theta=360. &
&po x=2,y=10.5 &

&po x=5.43,y=10.5 &

&po x=10.5,y=5.43 &

&po x=10.5,y=2 &

&po x=5.5,y=2 &

&po nt=2, x0=5.5, y0=0, r=2,theta=-90. &
&po x=10.5,y=-2 &

&po x=10.5, y=-5.43 &

&po x=5.43,y=-10.5 &

&po x=2,y=-10.5 &

&po x=2,y=-5.5 &

&po nt=2, x0=0, y0=-5.5, r=2,theta=180. &
&po x=-2,y=-10.5 &

&po x=-5.43, y=-10.5 &

@d quadrupolrx

Quaamupsien wagear

&reg mat=1, cur=5000, &
&po x=-10.3,y=-2.2 &
&po x=-5.3,y=-2.2 &
&po x=-5.3,y=-4.5 &
&po x=-10.3,y=-4.5&
&po x=-10.3,y=-2.2 &

&reg mat=1, cur=-5000, &
&po x=-10.3,y=2.2 &
&po x=-5.3,y=2.2 &

&po x=-5.3,y=4.5 &

&po x=-10.3, y=4.5 &
&po x=-10.3,y=2.2 &

&reg mat=1, cur=-5000, &
&po x=10.3,y=-2.2 &
&po x=5.3,y=-2.2 &

&po x=5.3,y=-4.5&

&po x=10.3, y=-4.5 &
&po x=10.3,y=-2.2 &

&reg mat=1, cur=5000, &
&po x=10.3,y=2.2 &
&po x=5.3,y=2.2 &

&po x=5.3,y=4.5 &

&po x=10.3, y=4.5 &
&po x=10.3,y=2.2 &

&reg mat=1, cur=5000, &
&po x=-4.1,y=-5.23 &
&po x=-4.1,y=-10.3 &
&po x=-2.2,y=-10.3 &
&po x=-2.2,y=-5.23 &
&po x=-4.1,y=-5.23 &

&reg mat=1, cur=-5000, &
&po x=2.2,y=-5.23 &
&po x=2.2,y=-10.3 &
&po x=4.5,y=-10.3 &
&po x=4.5,y=-5.23 &
&po x=2.2,y=-5.23 &

&reg mat=1, cur=-5000, &
&po x=-4.5,y=5.23 &
&po x=-4.5,y=10.3 &
&po x=-2.2,y=10.3 &
&po x=-2.2,y=5.23 &
&po x=-4.5,y=5.23 &

&reg mat=1, cur=5000, &
&po x=2.2,y=10.3 &
&po x=2.2,y=5.23 &
&po x=4.5,y=5.23 &
&po x=4.5,y=10.3 &
&po x=2.2,y=10.3 &
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Solencid Magnet

1200

Manyetik Alan Dagilimi (Sarmal Miknatis)

Magnetic field data from file SOLENOIDX.SF

Problem title line 1: Solenoid Magnet
SOLENO3,

1000

—

-18-2020 15:38:46
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QuadrupoleR Magnet
I

Manyetik Alan Dagilimi (Dort kutuplu Miknatis)

Magnetic field data from file QUADRUPOLNX.SF Magnetic fi?ld da‘;a from file QUADRUPOLRX.SF
Problem title line 1: QuadrupoleN Magnet Problem title line 1: QuadrupoleR Magnet
QUADRU2 TBL _ €-30-2020 22:13:4E QUADRUL . TBL 8-18-2020 19:51:54
3000 oo gl - 2000
S
1500
2500 |-oreee
1000
2000 f-e 500
2 0
1500 fevee
[oa)
-500
1000 feoee 1000
500 o -1500
-2000

15 20

X (cm)

Dondurilmus dort kutuplu miknatis (Skew Quadrupole) tasariminin saat yoninin tersi yonde 45°
dondirilerek elde edilen bu tasarim, normal tasarim olarak adlandirildi ve demet odaklanmasi icin
bir alternatif olarak hazirlanmistir. 16



Sonuc¢ ve Yorum

= Bu calismada, Demirci-Pro yazilimindaki gtincel gelismeler sunulmustur. Burada RFQ
tasarimi ve iyilestirme ile eklentiler olarak DEDA tasarimi, gelistirilmis IBSimu
kUtiphanesi kullanilarak iyon kaynagi tasarimi, yayinim o&lcim sistemi tasarimi ve
simulasyonunun eklenmesi ve miknatis tasarimlari sonuclari gdsterilmistir. Gelistirme
asamasinda, bir RFQ Uretilecek ve EM o6lcimleri Demirci-Pro tahminleriyle
karsilastirilacaktir. Gercek Uretim geometrisini okuyabilecek, uretim ile montaj
hatalarinin etkisini hesaplayabilecek ve genel iyilestirme vyapabilecek bir yazilim
amaclanmistir.

= Burada SMQMDesigner, Demirci-Pro yazilimi cercevesinde bir arayuz olarak sarmal ve
dort kutuplu tasarim icin esnek bir tasarim kodu saglar. Hem ongorulen RFQ prototipi ile
birlikte hem de diger laboratuvar uygulamalarinda kullanilabilecek sarmal ve dort
kutuplu miknatislarin tasarim sonuclari sunulmustur.



Tesekkurler

Demirci-Pro 117F143 numarali proje ile TUBITAK tarafindan desteklenmistir.
Destegi icin TUBITAK a tesekkir ederiz.
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