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Akis

Proton Hattli Tasarimi

Proton Hattinda Guncellemeler
* Yeni Kalict Miknatisli lyon Kaynag
* Yayinim Olciimdi icin Yeni Veri Alim Sistemi

DEDA Hattinda Olcumler
* Parildak Ekran ile Demet Profili Olcimii
 Tuzluk Yontemi ile Enine Yayinim Olcimi
* Faraday Bardagi lle Demet Akimi Ol¢cim{

* Sonuclar ve Tartisma



Proton Hatti GUncel Durum
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Magnetron:
* 2.45GHz
* 800 Watt

* Ayarlanabilir gii¢ || *

Iyon Kaynagi:

e 20kVv-1.2mA

* Kalict Miknatish
>875 Gauss

Hidrojen

Manyetik alan
* Vakum seviyesi: 1.2e-6mbar

Solenoid 1:

* SuSogutmal

* Sarim Sayisi : 1682

* Direng: 3.8 ohm

* Uygulanan Akim:15 A
* Manyetik Alan:0.18 T

Olgiim Kutusu (MBOX):

e Tuzluk (Yayinim)

* Parildak Ekran (Demet Profili)

* Faraday Bardagi (Demet
Akimi)

* Vakum seviyesi: 1.3e-6mbar

Solenoid 2:

* Su Sogutmal

* Sarim Sayisi : 4000
* Direng :16.8 ohm 1
* Uygulanan Akim: 6.4 A
* Manyetik Alan : 0.18
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Olcim Kutusu (MBOX) ve Olcum Aletleri:

Talyum katkili Sezyum iyodiir (Csl:TI) Tuzluk
inorganik Parildak

« Demet Akimi Olgimu « Demet Profili Olciimi  * Enine Yayinim Olgiimi
Faraday Bardagi Parildak Ekran Tuzluk
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Yeni Kalict Miknatish lyon Kaynagi

* iyon Kaynagi Siniflandirmasi: Kalict Miknatisli Mikrodalga Desarj iyon Kaynagi (PM-MDIS)

2.45 GHz frekansinda ¢alisan magnetron ile plazma olusturabilmek icin elektron siklotron frekansini saglayan 875 Gauss
manyetik alanin plazma odasinda saglanmasi gerekmektedir.

* Gerekli manyetik alan 32 adet Neodyum N40 tipi miknatis ile saglandi.

\ % CST Benzetim

|~ Olgiim

l
N

W

mm

Manyetik Alan Icin Simulasyon — Olciim Karsilastirmasi

CST Manyetik Simulasyonu

Sevim Aciksoz — Yuksek Lisans Tezi, 2022
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Yeni Kalici Miknatisli lyon Kaynagi

Kalici
Miknatislar

Kalici Miknatish iyon Kaynagi ve DEDA Hattinin Kesit Gériinimii

Plazma Plazma Toprak
Odasi Elektrodu  Elektrodu

Sevim Aciksoz — Yuksek Lisans Tezi, 2022
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Yayinim Olcima Icin Yeni Veri Alim Sistemi
-EndUstriyel Kamera

* Cihaz: Hikrobot / MV-CS060-10GC-PRO
e Sensor tipi: Sony® IMX178, CMOS, rolling shutter
e Cozundurliuk: 3072 x 2048

* Maximum kare hizi: 19.1 fps / 30.7 fps (sikistirma ile)
* Pozlama stresi: 25 ps - 2.5 sec
* \Veri arayuzu: GigkE Olciim Kutusu
* Gug: PoE Cami

* Lens odak uzakhgi: 16mm
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Parildak Ekran Ornekleri:

Talyum katkili Sezyum iyodiir (Csl:TI)
inorganik Parildak

El Yapimi Floresan Ekran
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Parildak Ekran Ile Demet Profili Benzetimi ve Olcim

[
0.05

x (m)
I

3/12/2023

IBSimu Benzetimi

Demet Yogunlugu

400000 A

300000 A

200000 ~

100000 4

Demet Profili

—— X Profil
" Y Profil

/q w/\r \

A
VY \"""
—IZO —i 5 —I10 —I5 lI) f'; lID ll5 2I0

Eksen (mm)
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File

Pepper-Pot Analysis  Real-Time Pepper-Pot Analysis

LEBT Design Texts
Import Beam Create Beam
LEBT length [m]: 1,6700
Beampipe diameter [m]: 0,0500
Magnet Design
Magnet 0 Magnet Type: Solenoid
Center [m]: 1,2400
Leff [m]: 0,1410
Add Magnet  Field [T]: 0,1900

Remove Magnet Set Magnet

Activate Pepper-Pot Set Pepper-Pot
Screen position [m]: 1,0000
Screen size [m]: 0,0600
screen resolution [pixels]: 301
Drift step size [m]: 0,0100
Run LEBT

Calculate Emittance Reinitialize Beam

Mass (GeV/C”2): 0.938309
Mass (kg): 1.672687720844713e-27

Charge (e): 1.0
Charge (C): 1.60217663e-19

Relativistic Gamma: 1.0000213146712609
Relativistic Beta (C): 0.006529010615311556

Energy (keV): 19.999747876120097

LEBT Design

LEBT Design Graphics

ILDA - lon Linac Design and Analysis

Beam Profile X-Y

Phase Space Y-Y

X{mm)

Beam Loss




lyon Kaynagl Sonrasinda DEDA Hatti Uzerinde Benzetim Calismasi

File

Pepper-Pot Analysis =~ Real-Time Pepper-Pot Analysis

LEBT Design Texts

Import Beam Create Beam
LEBT length [m]: 1,6500
Beampipe diameter [m]: 0,0500

Magnet Design

Magnet Type: Solenoid
Magnet 1
Center [m]: 0,2950
Leff [m]: 0,1410
Add Magnet  Field [T]: 0,1700

Remove Magnet Set Magnet

v Activate Pepper-Pot Set Pepper-Pot
Screen position [m]: 0,7860
Screen size [m]: 0,0500
Screen resolution [pixels]: 1501
Drift step size [m]: 0,0100
Run LEBT

Calculate Emittance Reinitialize Beam

Values on X axis:

Geometric RMS Emittance (n.mm.mrad):
3.4126657427080183

Normalized RMS Emittance (n.mm.mrad):
0.022281805779893294

Alpha: -6.419532151883766

Beta: 18.081469272230866

Gamma: 2.334455923551259

RMS X Beam Envelope (mm): 7.855317355980595

ILDA - lon Linac Design and Analysis

LEBT Design

LEBT Design Graphics

Space X-X

0
X(mm) X(mm) Y (mm)
RMS Beam Envelope Beam Loss Beam On S




Tuzluk Yontemi Ile Enine Yayinim Olcim
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Tuzluk Parametreleri:
* Delik capr: 100 um
e Delik sayisi: 21x21
3/12/2023

Pepper pot method for emittance measurement

Tuzluk plakasi: 50mmx50mmx0.2mm

Duygu Halis — Yuksek Lisans Tezi, 2024
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Tuzluk Benzetimi

o4 ILDA - lon Linac Design and Analysis
File

Pepper-Pot Analysis =~ Real-Time Pepper-Pot Analysis =~ LEBT Design
Pepper-Pot Analysis Texts Pepper-Pot Analysis Graphics
Import Image: Browse

Cropped Image with Summed Color ties Data From LEBT Design Tab
Rotation axis x-distance [pixsels]: :
Rotation axis y-distance [pixsels]:
Rotation angle [degrees]:
Cropped image width [pixels]:

Cropped image height [pixels]: 1

Crop the image and sum color intensities
Activate Median Filter Kernel Size: 0
Pixel filter treshold [intensity]: 0

Filter data

Distance between pinholes [m]:

PP screen distance [m]:
L . : Image with Histogram Peaks Beam Profile
X axis pixel size [pm/pixel]:
Y axis pixel size [um/pixel]: Jpam / E 3
Axis emittance to be calculated: X
Calculate 1D hist and find peaks

Calculate emittance

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 3.5692
Alpha:-5.296

Beta: 14.939

Gamma: 1.944

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 3.5692
Alpha:-5.296

Beta: 14.939

Gamma: 1.944




Tuzluk Yontemi Ile Enine Yayinim Olcimu

0w ILDA - lon Linac Design and Analysis
File

Pepper-Pot Analysis =~ Real-Time Pepper-Pot Analysis ~ LEBT Design
Pepper-Pot Analysis Texts Pepper-Pot Analysis Graphics

Import Image: Browse Image: Image_20231125205421809.bmp Cropped Image with Summed Color Intensities Filtered Image

Rotation axis x-distance [pixsels]: 1465
Rotation axis y-distance [pixsels]: 1030
Rotation angle [degrees]: 0,00
Cropped image width [pixels]: 1201

Cropped image height [pixels]: 1201

Crop the image and sum color intensities
Activate Median Filter Kernel Size: 5
Pixel filter treshold [intensity]: 150

Filter data

Distance between pinholes [m]:

1000 000 300 500 0 500 400 600 800
PP screen distance [m]:
Image with Histogram Peaks Beam Profile
X axis pixel size [um/pixel]:
Y axis pixel size [um/pixel]:
Axis emittance to be calculated: X
Calculate 1D hist and find peaks

Calculate emittance

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 3.7006
Alpha: -5.528

Beta: 12.237

Gamma: 2.579

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 5.1514
Alpha: -4.033

Beta: 8.947

Gamma: 1.930

X (mm)

Sadece Esik Filtreli




Tuzluk Yontemi Ile Enine Yayinim Olcimu

oa) ILDA - lon Linac Design and Analysis
File

Pepper-Pot Analysis = Real-Time Pepper-Pot Analysis =~ LEBT Design

Pepper-Pot Analysis Texts Pepper-Pot Analysis Graphics
Import Image: Browse with Summed Color Intensities
Rotation axis x-distance [pixsels]: 1465
Rotation axis y-distance [pixsels]: 1030
Rotation angle [degrees]: 0,00
Cropped image width [pixels]: 1201

Cropped image height [pixels]: 1201

Crop the image and sum color intensities
v Activate Median Filter Kernel Size: 5
Pixel filter treshold [intensity]: 150

Filter data

Distance between pinholes [m]: 0,0020

)0 ( 300 200 0 20 0 600
PP screen distance [m]: 0,1235

X axis pixel size [m/pixel]: 27,08 Image with Histogram Peaks Beam Profile

Y axis pixel size [um/pixel]: 27,08

Axis emittance to be calculated: X
Calculate 1D hist and find peaks

Calculate emittance

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 3.7006
Alpha:-5.528

Beta: 12.237

Gamma: 2.579

Measured Parameters:

Geometric RMS Emittance (n.mm.mrad): 3.7006
Alpha:-5.528

Beta: 12.237

Gamma: 2.579

0

X (mm)

Esik & Medyan Filtreli




Tuzluk Yontemi Ile Enine Yayinim Olcimu

Ham Gorunti Esik Filtreli Esik & Medyan Filtreli



Enine Yayinim ve Twiss Parametreleri

DEDA Hatti
Uzerinde Tuzluk Benzetimi ile | Esik Filtreli Deneysel

Esik & Medyan
Filtreli Deneysel
Veri

LD
PyILDA Hesaplanan Hesaplanan Veri

Benzetim

Geometrik Yayinim

341 3.57 5.15 3.70

(mt.mm.mrad)
Alfa -6.42 -5.30 -4.03 -5.53
Beta (mm/m.mrad) 18.08 14.94 8.95 12.24
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Faraday Bardagi lle Demet Akimi Olcim

20 kV
Sol1=0.17T ---> ]

Sol2=0.19T
R =10 kQ : %
osiloskop
-

Bias =-300V

Anhk Akim=12.0V/10kQ = 1.2 mA
Duty Factor =0.4

Ortalama Akim = 1.2 * 0.4 = 0.48 mA

(E® 500y J200ms — —120,000,0s )@ 160V 295,566 Hal 2005

Guard ring’e uygulanan negatif voltaj sayesinde faraday
bardaginin icinden ikincil elektronlar geri baskilanir.

& 100y J10.0ms — —400,000,0s )[R 120 466,951 Ha



Sonuclar ve Tartisma

* Gergeklestirilen glincellemeler:

* Elektromiknatisl ve su sogutmali iyon kaynagindan kalici miknatish iyon kaynagina gecilmistir.
Boylece daha kararli plazma ve demet elde edilmistir.

* Endustriyel kameraya gecis yapilmistir.

* Demet profili ve yayinimi hesabi icin kullanilan algiclardan floresan ekran degistirilerek CsI(TI)
ekran kullanilmaya baslanmistir.

* DemirciPRO, PlotWin ve daha 6nce yazilmis olan Pyc3pA koduna ek olarak gelismis arayuzli
yveni bir Python kodu yazilmis ve diger programlarla karsilastirmasi yapilmistir.

* Uzay yuku etkisini hesaba katan PyDEDA yazilimi da gelistirilmektedir.

* Yapilmasi planlananlar:
* Iyon kaynagi ve DEDA hatti benzetim calismalarina devam edilecektir.
* Yeniiyon kaynagi elektrod sistemi optimize edilecektir.

e Parildak ekran temizlenerek veri alimi tekrarlanacaktir. T k k . | |
e 800 MHZz'de Uretilen RFQ sisteme eklenecektir. e § e u r e r .



PyILDA Ozellikleri

* Tuzluk Benzetim ve Analizi:
* Tuzluk deneysel veri analizi. (Esik ve medyan filtre ile)
* DEDA hatti Gzerinde ayni arayuzde tuzluk benzetimi.

e DEDA HattiI Tasarimi:

* DEDA hatti Uzerinde benzetimi yapilabilen elemanlar:

* Solenoid miknatislar (istenilen sayida eklenebiliyor.)
e Tuzluk

* Parildak Ekran (Degisken cozunurlik ve boyutta, alinan veri benzetim icin tuzluk
sekmesine aktarilabiliyor.)

* Demetin hareketi benzetim sirasinda gosteriliyor.
e DST ve TXT formatlarinda demet ice alabiliyor.
* Verilen demet parametrelerinde gaussian dagilimli demet uretebiliyor.
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