Dogrusal Hizlandiric:
Tasarimi

 Kovuk Tasarimi

— 1) Kovuk igerisinde istedigimiz alanlari verecek
geometriyi buluyoruz.

— 2) Kovuk duvarlarinda kaybolan enerjiyi en az
indir, kovuk igerisinde depolanan enerjiyi en
ylksege ¢ikar.

* Demet dinamigi tasarimi

-1 Elargaaklarla alanlar arasinda ki eszamanliligi
sagla,

— 2) Demetin en kiguk alana sikistirilip
hizlandirildigindan emin ol.



Enerji kazancr:

e s AW=gELTcos¢)
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Kovuk tasariminda onemli
parametreler



Eksen Uzerinde olusan en yuksek
alanlarin ortalamasi

* Eszamanli parcacigin hareket ettigi eksendir.

 Hizlandirma icin en ylksek ne kadar elektrik
alanimiz oldugunun gostergesidir.

* Kovuk geometrisine, kovuk kipine, ve RF
frekansina baghdir.
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Shunt Impedance

Ortalama elektrik alanin karesinin birim
uzunlukta kovuk duvarlarinda harcanan
glclice oranidir.

RF giicunin yararli bolgede (pargaciklarin
gectigi bolgede) ne kadar iyi toplandigini
gosterir.
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Kalite faktorid (The Quality
Factor), Q

Kovuk icerisinde depolanan enerjinin bir periyotta
kovuk duvarlarinda harcanan enerjiye oranidir.

Geometriye ve yuzey direncine bagldir.

700 MHz te bir 6rnek

Superiletken (niobium): Q=10 (sicakliga bagli)
Normal iletken (bakir): Q=104 (kovuk kipine bagli)
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The Transit Time Factor, T

— Degisen alanlarin etkisini iginde barindiran katsayidir.

— Hizlanma boglugunun uzunluguina ve pargaciklarin hizlarina baghdir.
(elektrik alana bagli degil)
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Odev: Transit time factor

Exercise:

Calculate the TTF for a pillbox cavity where E,=E,
L=gap length

B=reduced velocity

A= RF wavelength

Distance travelled during on RF period: Bc/f = BA

(hizin sabit oldugunu varsay)
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Effective Shunt Impedance

 Hizlandiri tasarlarken bikilabilecek
daha pratik bir parametre.

* Parcaciklarin enerji kazanimi ile
kovukta birim uzunlukta harcanan
glic arasinda bir iliski verir.

2
* Shunt Impedance bize kovugun 7T2 = (EoT)

optimize edilip edilmedigini verir. P, /L
Effective shunt empedance ise bize

kovugun optimize edilip

edilmedigini ve yapinin demetin

enerjisine uygun olup olmadigini

verir.



Kilpatrick siniri

Kilpatrick field
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f=164%E?xexp <T>

Yizey alani = (cesaret katsayisi) *Ex
W.D. Kilpatrick 1950 lerde

GuUnUmizde ylzey alani 2*( Kilpatrick alani )na
kadar c¢ikabilir.



Baska nelere dikkat edilir

 Demetin akimi
* Mekanik olarak tretim kolayhgi

 Uretim sirasinda hassasiyet (bazi yapilarda
klicik hatalar buylk elektrik alan
bozulmalarina sebep olabilir)



DTL- Siriuklenme tiplu dogrusal
hizlandiric
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DTL - Hucre yapist
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Drift tube

- I¢ burun yarigacpt

~ * Dis burun yarigapi

B » Aciklik yarigap!
» Kose yarigapi
» Siriklenme tipl capt.



Sap (stem) ¢apinin etkisiEffect
of Stem Diameter

A cell at 3MeV (Beta=0,07973) ...

-We should choose the stem o
diameter as small as pOSSible. 100.00000
-We have thSiCG' limitations: 80.00000
-They must hold drift tubes 60.00000

-They supply cooling water to drift tubes

40.00000

20.00000

Linac4 Stem diameter= 2.8cm

60.00000
50.00000
40.00000
30.00000
20.00000
10.00000

0.00000

0.00000

Shunt impedance (MOhm/m) vs Stem

Diameter (cm)
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Z*T*T (MOhm/m) VS Stem 0.00000 0.50000 1.00000 1.50000 2.00000 2.50000 3.00000 3.50000

Diameter(cm)

0.00000 0.50000 1.00000 1.50000 2.00000 2.50000 3.00000 3.50000

Stem diameter does not affect
the transit time factor. Tisa
function of E inside the gap and
particle beta.
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Aciklik yarigapinin etkisi

Transit time factor vs. Bore A cell for 3 Mev (Be‘l’a=0 079)
Radius (cm ‘.
. (cm) -We should choose bore radius as
osoom |44y small as possible.
0.60000 * oy s -We have physical limitations:
0.40000 ¢ -Beam passes through drift tubes and
Zzzzzz bore diameter must be bigger than the

0.0 05 10 15 20 25 largest beam size.

Z*T*T (MOhm/m) vs. Bore Radius (cm)

70.00000

60.00000 * &
L 4
Shunt Empedance is almost i -
constant for different bore 1000000 .
radius values 20.00000 *
10.00000 ¢
0.00000

. . 0.0 0.5 1.0 1.5 2.0
Linac4 bore radius=1 cm 15



Suriklenme tipl ¢apinin etkisi

Shunt impedance (MOhm/m)
vs. Drift tube Diameter (cm)

92.00000

90.00000 * o .

88.00000 *
86.00000 ®

84.00000
82.00000
80.00000
78.00000 L
76.00000

4.0 5.0 6.0 7.0 8.0 9.0 100 11.0

Transit time factor is almost
constant for different drift
tube diameter values

Linac4 drift tube diameter= 9 cm

A cell for 3 Mev (Beta=0,079)
-We should choose drift tube
diameter small as possible.

-We have physical limitations:
-Inside drift tubes, there are quadrupole
magnets to focus the beam. We need
strong permanant magnets, they have to be
in specific size.

Z*T*T (MOhm/m) vs. Drift tube
Diameter (cm)
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Kose yarigapinin etkisi

Shunt impedance (MOhm/m) vs.
Corner Radius (cm) A cell for 3 Mev (Beta=0,079)

o -We should choose corner radius as
' ® . .
88.00000 ot blg as POSSlble.
L 4 . o« e .
87.50000 R -We have physical limitations:
87:00000 o -Big corner radius will result in smaller place
£6:20009 ¢ for quadrupole magnets inside drift tubes
86.00000 * *
85.50000
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Z*T*T (MOhm/m) vs. Corner
Radius (cm)

42.00000
41.80000 DU
41.60000 ®

41.40000 *

41.20000
41.00000 -
40.80000 *
40.60000 *
40.40000 . . . . .
0.00000  0.50000  1.00000  1.50000  2.00000  2.50000
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Diz uzunlugun etkisi

Transit time factor vs. Flat Length

(cm)
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Yiz acgisinin etkisi

Transit time factor vs. Face Angle
(degree)
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Hizlanma boslugu uzunlugunun
etkisi

Transit time factor vs. Gap Length
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— Tank ¢ap!

— Sap ¢apil
— Agiklik yarigapi

— Sturiklenme tiptl gap! )
Ozgiirlik
arfiyor

— Dig burun yarigap!
— Kose yarigapi
— I¢ burun yaricap!

— YUz agisi
— Hizlanma boslugu uzunlugu



Design Procedurelll

* Fiziksel kisitlamasi olan parametrelerinin
degerlerini belirle.

 Geometriyi degistirve T, Z, ZTT icin ylksek
degerleri veren geometriyi bul. Bu islemi
degisik hizlar icin tekrarla.



Tank boyunca yiz agisinin
degisimi

-Siurdklenme tiplerinin boylari uzadigi igin, fank boyunca frekansi
sabit tutmak igin yliz agisinin degerini arttirmak gerekebilir.



352 MHz'lik bir DTL F = 352.00652 MHz
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Eger yiiz agilarini degistirmezsek elektrik alanlar
bozuk ve frekans tank boyunca sabit olmayabilir.

File HardCopy Display View Zoom Help

352 MHz'lik bir DTL F = 354.85379 MHz
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Tasarim icin kullanacagimiz programlar
(superfish pakati icerisinden)

* DTLfish: DTL hiicresinin 4te birini alip optimize
eder. Optimizasyon sirasinda tank capini,
suruklenme tupu capi, hizlanma boslugu
uzunlugu ve yuz acisini otomatik degistirerek

yapar.

* Optmizasyon sirasinda baktigi parametre
frekanstir. Hicrenin salinim frekansini girdi
dosyasinda belirttigimiz frekansa ulastirmaya
calisir.




DTLFISH girdi dosyasi
Tt COENN & -~

Dosya Dizen Bigim  Gaérdndm  Yardim

PARTICLE H+
InitialEnergy 5

FILEname_prefix HPFBU2015
SEQuence_number 1
FREQuency 750

BETA 0.10282654
DIAMeter 25
G_OVER_Beta_lambda .2
EOQ_Normalization
CORNER_radius
INNER_nose_radius
OUTER_nose_radius
FLAT_Tength
STEM_Diameter
DRIFT_TUBE_Diameter
STEM_Count
BORE_radius
PHASE_length
DELTA_frequency
MESH_size

INCrement

START

LA O P Pl L
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i Start codes for DTLFISH:

i 1 No tuning

i 2 Adjust tank diameter

; 3 Adjust drift tube diameter (not recommended)
; 4 Adjust %ap

i 5 Adjust face angle

DIameter PREVIOUS
BETA 0,105
START 5

DIameter PREVIOUS
BETA 0.111
START 5

DIameter PREVIOUS

BETA 0,112
START 5

ENDFILE

g2 —>

-PARTICLE: parcacik tiri

-InitialEnergy: DTL tankinin baslangig enerjisi (DTLFISH kullanmiyor fakat baska
program tarafindan kullanihyor!)

-FILEname_prefix: ¢ikti dosyasi yazilacaginda verilecek isim.
-SEQuence_number:?

-FREQuency : Tasarimi yaptigimiz RF frekansi

BETA : Tasarladigimiz 6rnek hiicrede pargacigin hizi
EO_Normalization  :EO degeri (Eksende olusan max alanlarin ortalamasi)
CORNER_radius Kbse yaricapl

INNER_nose_radius i¢ burun yaricapi

OUTER_nose_radius :dis burun yaricapl

FLAT length :dlz uzunluk

STEM_Diameter :sap capi

DRIFT_TUBE_Diameter :suruklenme tlpi gapi

STEM_Count :bir tpl tutan sap sayisi

BORE_radius acikhk yarigapi

PHASE_length : yarim hicre igin faz farki (kipin yarisi) DTL igin 180.
DELTA_frequency :istedigimiz frekansa bu kadar yaklasinca program
duracak.

MESH_size 0.05

INCrement 2

START
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Kullanma kilavuzundan

:
L
D
;
g
:
Rc
:
F
;
d
:

Initial energy of a DTL tank used by program DTLCells.
Particle velocity relative to the speed of light.

Cavity length [cm].

Cavity diameter [cm].

Bore radius [cm].

Ratio of gap length to .

Gap length between noses [cm].

E, value to use as the field normalization [MV/m].
Product of E,T to use as the field normalization [MV/m].
Radius at the outer end of the face-angle segment [cm].
Radius at the inner end of the face-angle segment [cm].
Radius near the bore [cm].

Length of straight segment between the nose radii [cm].
Drift-tube face angle relative to vertical [degrees].
Diameter of the drift tube at its midpoint [cm].

For a half cell [degrees] (default is 180 degrees).
Diameter of the drift-tube stem [cm].

Number of drift tube stems.

Starts a problem using current parameters.
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Yardimci programlar

Parmila (simdilik sadece hicre bolarini hesaplamak icin): DTLfish te
degisik hizlarda ornek htcreler olusturuyoruz.

Parmila 6rnek hucreleri alip bizim programa girdigimiz rf faz
iliskisine gore her hlicrede hizlanmayi hesaplayip hicre boylarini tek
tek hesapliyor.

Bir hizkanma boslugundaki hizlanma bir sonraki stiriklenme
tUpundn uzunlugunu etkiliyor. Bu sebeple adim adim gidilmesi
gerekir. (bu islemi kendiniz de yapabilirsiniz)

Parmila bu islemi yapmak icin 6rnek hicrelerin 6zelliklerine ihtiyag
duyar. Ornek hucrelerin geometrik parametrelerininveya T, Z, ZTT
gibi parametrelerinin dogrusal arttigi géz ontinde bulundurulur ve
gercek hucrelerin 6zellikleri hesaplanir.

Hesaplandiktan sonra gercek hiicrelerin 6zellikleri bir cikti dosyasina
yazilr.




