


Yiikli Parcaciklarda Isima

m [ymeli hareket yapan yiiklii parcaciklar 1$1ma meydana

getirirler.

Antenlerde degisken akim artip
azalirken radyo dalgalar1 yayinlar

Bremstrahlung (frenleme 1s1nimi)
1s1masinda cekirdekle etkilesen elektron
1S1ma yapar

HPFBU 12-19._$ubat 2012 Kars Kafkas
Universitesi



Sinkrotron Isimasi

Sinkrotron 1s1masi, yukli parcaciklar radyal olarak
ivmelendirildiklerinde (dairesel bir yoriingede hareket
ettiklerinde )

yayinlanirlar

[k olarak 1947 yilinda New York’ta 70 MeV’lik

General Elektron Sinkrotron’unda gozlenmistir.




Boyuna velinime Hizlandirma

Enine Durum
Boyung Durum

—>
—>

Radiation field cannot
separate itself from the
Coulomb field

Radiation field quickly
separates itself from the
Coulomb field

"

Dairesel hizlandirma Isima Giiciinii ¢cok biiyiik 6lclide artirmaktadir. Bu olay dairesel
hizlandiricilara ciddi bir enerji limiti koymakla beraber, sinkrotron 1s1nim

kaynaklarinin yapilmasina olanak tanimaktadir.
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Thmal edilebilir.



Sinkrotron ISimasinin Acisal dagilitni

Lorentz-Transformation

N\

Moving frame Lab frame
of electron

e
G
%

% i% opening angle
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Sinkrotton ISsinimi Kaynaklar

Bending Magnet (BM)

Insertion Device (ID)

Egict Magnet: Dairesel hizlandiricilarin zaten var
olan elemanlaridir. Parcaciklar1 sabit manyetik alan
ile dairesel yoriingede tutarlar.
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Isinim Aletleri (Insertion Devices)
Egici magnetler arasinda ayrilmis bos bolgelere 1sinim tretmek
i¢cin yerlestirilirler.

Elektron demetini periyodik olarak hareket ettirecek periyodik
manyetik alan tiretirler.

Wiggler (Zigzaglayici) ve Undulator (Salindirict) olarak
siniflandirilirlar.

photon beam line

focusing vacuum

rf-cavity chamber

injection

Insertion device
beam line
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Salindiricilar: Elektronlar zayif
manyetik alanla periyodik olarak
salindirilirlar. Parcaciklar, dalgaboyu
peryodik hareketin y?’ye orani olacak
sekilde periyodik pikler seklinde
olusurlar

)
o
c
3
E
(24

Zigzaglayicilar: Elektronlar kuvvetli
manyetik alanla periyodik olarak
salindirilirlar. Burada pargaciklarin
hareketi tam sintissel degildir. Foton
Spektrumu Kritik foton enerjisine kadar
stireklidir.  Spektrum Infrared’de hard
x-ray bolgesine kadar uzanir.
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Photon Energy [keV]




Egici magnet iIsimasi Wiggler isimasi

K<3 undulator

K>3 :> wiggler
b
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:> Undulator 1simasi

4000 6000 8000 10000
Energy
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SPECTRAL DISTRIBUTION OF
SYNCHROTRON RADIATION

FROM SPEAR (p=12.7m) .
e

ot poov el et

gpewet 164 B ¥

15.7

0.0l 0.l |
PHOTON ENERGY (KeV)
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The Electromagnetic Spectrum

House Baseball Proteln

1 i

10" 10 10 10° 107 0"

wavelength (m)
I T
Vishia Light

RadioWaves Mcrowaves  Infrared  Ubizwiolel SoftX4ays Hard X+2ys  Gamma Rays

anargy (aV)

10" 107 0" 10 10" 10" 10° 0 10° 10°
Microwave Light ‘Synchrotron Radicactive
Source Radio Tubes Bulbs Radiation Elements
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Virtual Experiment to
Measure Photon Counts

Av. Photon Density
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Brilliance (Patlaklik)

Parlaklik (photons/sec/mm2/mrad2/0.1%B.W.) 6
boyutlu faz uzayinda foton yogunlugu olarak

V d°F
Acisal Aki1 Yoyunlugu E—
photons/sec/mrad2/0.1%B.W dx'dy’

= / Bdzxdy

Toplam Aki (photons/sec/ P
0.1%B.W) = Bdxdydz' dy
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SPECTRA

m Sinkrotron Isinim kaynaklarinda undulator,
wiggler ve egici magnetlerden uretilecek 1sinimin
ozelliklerini belitlemede kullanilt:

B Spring-6den 1t Tanaka ve H. Kstumura

tarafindan yazilmistit:
http://radiant.harima.riken.oo)p/spectra/
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Progtamin kKurulmasi

spectra_win.exe’ye Cift tkla>NEXT->NEXT->NEXT

Welcome to the SPECTRA Setup program. This program wil Setup will install SPECTRA in the following folder.
install SPECTRA on your computer.

It is strongly recommended that you exit all Windows programs Toinstal to this folder, click Next

before running this Setup program.

: To install to a different folder, click Browse and select another
Click Cancel to quit Setup and then close any programs you have folder.
unning. Click Next to continue with the Setup proaram.

You can choose not to install SPECTRA by clicking Cancel to
exit Setup.

WARNING: This program is protected by copyright law and

int tional treaties. X
International treaties. 3 4 C:\Program Files\SPECTRAS.1
Space Required: 10240 KB Browse... |

Space Available: 43567720 KB
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v |
(. 5 SPECTRA 8.1 - C:\Program Files (x86)\SPECTRA8.1\prm\lhec\storage._ri [E=EE T
File Select Calculation Run Open Utility Configuration Help
Accelerator Specification

Storage Ring I

Bunch Shape: Gaussian I Energy Spread 0.0011

Electron Energy (GeV) '87 Bx(m) 24 oy
Average Current (mA) ,1007 By(m) 5-8 oy
Circumference ,14357 ndm)

Bunches ,24357 Ny(m)

Gz (mm) ,207

Peak Current (A) 1.17505 1/y(urad) 63.8749

Natural Emittance (m.rad) 5.98-9 oxlum) 3757 Oy(urad) 15.66
Coupling Constant 0.003 Gy(um)  10.12 Gy(urad) 1.744

gy(m.rad) 5.882e-09 ey(m.rad) 1.765e-11 ¥ox 0.2451 1oy 0.02731

Light Source Description

Linear Undulator I

I” Link Gap & Field

I~ Segmented Undulator
I Special Magnet Setup Zy(um)  375.741 Zy(urad) 15.9562

Zy(um) 10.353 Zy(urad) 3.54184
Gap Value 20 £1st(peak:eV) 14525
B(T) 0.26105 £3rd(peak:eV) 43642 4
Periodic Length (cm) 3.2 Fluxst 4.11454e+14
l—

or(um)  2.19789 Gp(urad) 3.08254

Brillianceqst 4.74079e+19
4.5

L‘"alb"e"?:; ('T'o)d T Peak Brilliance  5.57064e+20
umber ot menods Bose Degeneracy 0.00014334

K Value 0-78 Total Power (kW) 1.23622
£1stleV) [14562.7
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W% SPECTRA 8.1 - C:\Program
File Select Calculation Run Open Utility lConﬁguration| Help
—Accelerator Specification————————— Beamline

Storage Ring |

Accelerator

Bunch Shape: IGaussian Light Source Source Type @ Linear Undulator

Calculation Control Solve Equation of Motion Vertical Undulator

Electron Energy (GeV) 8
Average Current (mA) 100

Circumference 1435

By(m) Duplicate Helical Undulator
Elliptic Undulator

Nx(m) Change Name

Delet
Bunches 2436 ny(m) o Wiggler

o (mm) 20 V' Untitled EMPW

Peak Current (A) 1.17505 1/y(urad) 63.8749 Bending Magnet

Natural Emittance (m.rad) |5.9e-9 oxlum) 3757 Gy(urad) Asymmetric Figure-8 Undulator
Coupling Constant 0.003 Gy(um)  10.12 Gy{urad) Multipole Field

£ (m.rad) 5.882e-09 gy(mrad) 1765e-11 ¥ox 0.2451 Yoy Field Mapping

Periodic: User Defined

User Defined

Figure-8 Undulator

—Light Source Description

Linear Undulator |

E Iélggn(lse?\ge&d ':;::ﬁjlator Orlum) - 219789 Or(urad) - 3.08254

I Special Magnet Setup T (um) 375.741 Se(urad) 15.9562
Zy(um) 10.353 Zy(urad) 3.54184

Gap Value 20 £1st(peak-eV) 14525

B(T) 0.26105 garg(peakeV) 436424

Periodic Length (cm) |3.2 Flux4st 4.11454e+14
Brillianceqst 4.74079e+19
4.5
Lma'b"e"f‘g ('T;)d |140 Peak Brilliance  5.57064e+20
umber ot Fernods Bose Degeneracy 0.00014334
K Value 0.78 Total Power (kW) 1.23622
£1steV) 14562.7
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= F——
j SPECTRA 8.1 - Ci\Program File =
Help
Energy Dependence Brilliance

Spatial Dependence Partial Flux

K Dependence Total Flux Energy Spread [0.0011
Power@Fixed Point I

Sx(m) 24 Oly
Near Field Sy(m) 5.8 Oy

Coherent Radiation Nx(m)

Bunches [2436 ny(m)
Gz (mm) 20

Peak Current (A) 1.17505 1/y(urad) 63.8749

Natural Emittance (m.rad) 5.9e-9 Gy(um) 3757 Gy(urad) 15.66
Coupling Constant 0.003 Gy(um)  10.12 Gy(urad) 1.744

gy(m.rad) 5.882e-09 gy(m.rad) 1.765e-11 ¥ox 0.2451 Sy 0.02731

Light Source Description

Linear Undulator I

I Link Gap & Field oum)  2.19789 op(urad) 3.08254

I~ Segmented Undulator
I~ Special Magnet Setup Zx(um)  375.741 Zye(urad) 15.9562

Ty(um) 10.353 Sy(urad) 3.54184
Gap Value 20 £qstipeakeV) 14525
B(T) 0.26105 £3rg(peak:eV) 436424
Periodic Length cm) [32  Fluxg 4.11454e+14
Brillianceqgst 4.74079e+19
Total Length (m) 45 Peak Briliance  5.57064e+20
R Bose Degeneracy 0.00014334
K Value 0'78 Total Power (kW) 1.23622
£1st(eV) [14562.7
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File Select Calculation Run Open Utility Configuration Help

—Accelerator Specification

Storage Ring I

Bunch Shape: IGaussian j Energy Spread |0.0011 Dectra [UyumUIRMod Ul MicTosoft PowerPol
|24 -

Electron Energy (GeV) 8 Bx(m) O s Gozden Gegir Gorandm
oL
Y

|5.8
Average Current (mA) 100 By(m) % A
nm [0 nx ¢ | = €

0

Circumference 1435
Bunch 2436 Ny(m) | Ny ( Metin  Ustbilgi WordArt Tarih
unches .

Gz (mm) 20
Peak Current (A) 1.17505 1hy(urac Observation |

Natural Emittance (m.rad) |5_ge-9 Gy(um) ¥ Observation Point in Angle ~Numerical Conditions
Coupling Constant |0.003 Gy(um) || Distance from the Source (m) I Zero Emittance

- B I~ Zero E-spread
ex(m.rad) 5882e-09 ey(m.rad) 1.765e-11 ¥ox Initial Energy (eV) Accuracy Level [ 1

Final Energy (eV)
Energy Pitch (eV)

~Light Source Description —Output File Settings

Linear Undulator | ‘ IV Print Header
I~ Link Gap & Field or(um) Bx(urad) | ¥ Print Unit

I” Segmented Undulator By(urad) Suffix |dc0
Zy(um) v

Gap Value |20 =, (um) ||| &1st@0xyEV)

B(T) |0.26105 e1stiped| [ Easy Calc. >|-1 |Flux Densiti iihotons/sec/mrﬁ2/0_1%l
= = T
Periodic Length (cm) |3.2 e3rd(pedll v Auto Pitch: Rel. Difference|0. ) Dok eci
FI I
Total Length (m) |4.5 sty - Filtering IGeneric Filter PC(s3/s0)
i rillianc I Convolution PL45(s2/s0)
Number of Periods 140 Peak B 1P
K Value 078 Bose Da
£1st(eV) |14562.7 Total P <

.

D U L= 19 \?uUdL LU | £ T\dIS NdINAdS
Universitesi




i SPECTRA 8.1 - Untitleg

File Select Calculation [Run| Open Utility Configuration

Accelerator Specificat Create Process
Import List

Start Calculation

Electron Energy (GeV) IS—
Average Current (mA) 100
G (mm) 0

Peak Current (A) 1.17505

Natural Emittance (m.rad) 5.99-9
Coupling Constant 0.003

ex(m.rad) 5.882e-09 ey(m.rad) 1.765e-11

Storage Ring |

Bunch Shape:

Circumference

Bunches

Light Source Description

Linear Undulator |

I” Link Gap & Field
I~ Segmented Undulator

Gap Value 20
B(T) 0.26105
Periodic Length (cm) 3.2
Total Length (m) 4.5

Number of Periods 140

K Value 0,78
£1st(eV) 14562.7

Help

1/y(urad) 63.8749
Ox(um)  375.7 Gy(urad)
Gy(um)  10.12 Gy(urad)

Gy 0.2451 Yoy

2.19789
Zy(um)  375.741
Zy(um)  10.353
£1st(peak:eV)
£3rd(peak:eV)
Flux1st

Gp(urad) 3.08254
Zy(urad) 15.9562
Zy(urad) 3.54184

14525

436424

4.11454e+14

Brillianceqst 4.74079e+19

Peak Brilliance ~ 5.57064e+20

Bose Degeneracy 0.00014334

Total Power (kW) 1.23622

Gr(um)

Pt

Easy Calc. >-1 €

Jv Auto Pitch: Rel. DiﬁerenceO.S

Filtering Generic Filter 2 l

Convolution

Numerical Conditions

[~ Zero Emittance
[~ Zero E-spread

Accuracy Level |1—j|

Output File Settings

[V Print Header
¥ Print Unit

Suffix ch

T )

HPFBU 12-19 Subat 2012 Kars Kafkas
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Storage Ring |

Plot Import Clear

Close

Bunch Shape: |Gaussian j Energy Spread |0.0011
24 0
Electron Energy (GeV) |8 s’;((m) e % T
m) : oLy

Average Current (mA) 100

. nm) 0 Ny [0
Circumference 1435 3 5
Bunches 2436 ny(m) I My I
Gz (mm) 20
Peak Current (A) 1.17505 1/y(urad) 63.8749 T Energy D  Brillia
Natural Emittance (m.rad) |5.9e-9 ox(um) 3757 Oy(urad) 15.66 -

) bservation I
Coupling Constant 0.003 Gy(um) 1012 Gy(urad) 1.744 | — _ __
0.2451 G, 0.02731 V¥ Observation Point in Angle Numerical Conditions
ex(m.rad) 5.882e-09 ey(mrad) 1.765e-11 VX ; 1Oy ‘
SPECTRA: Result Viewer r—- —— — o Em'“a"ce
~Light Source Description _ P E-spread

- Select Data Name Select X Axis acy Level | 1
Linear Undulator | [C-\Program Files\SPECTRAB.1\denemef <] [Eresy <[l - .
™ Link Gap & Field orum)  2.19| Select File N Seloct Y A ‘)t File Settings
I~ Segmented Undulator ) pECH bR AT it = nt Header

Ix(um) 375 | EENEER ) Ener nt Unit
Gap Value 20 Tyum) 103 De
B() 0.26105 £1st(peak:eV) gﬂ"'a"“ | |de0
Periodic Length (cm) |3.2 £3rq(peak-eV) PC :
T Fluxqst PL45 |lensity (photons
TE s (m) - Brillianceqst 14PL| I 0 pnoto
Number of Periods 140 Peak Brilliancd. | sO))
K Value 0.78 Bose DegeneJI $2/50)
£1st(eV) 14562.7 Total Power (k|
I




" PLOT: C:\Program Files\SPECTRA8.1\denemel

N
®
+
-
©

()]
(&
C
8
=
o

: b

9000 18000 27000 36000 45000
Energy

x=31660,y=4.882e+16
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Datalar sizin prgramfiles’da sizin belirlemis oldugunz dosyaya kaydolur.
Cesitli sonuglar farkl grafik programlari yardimi ile ¢izdirilebulir.

=|E5] % |
o]
Yeni klasér = 0 @

»

P -
e
@O’[ ). » ZaferNergiz » AppData » Local » VirtualStore » Program Files » SPECTRAS.1 v | é9 |\ Ara: sPECTRAZI

Dizenle v Bununla paylag v Yaz

LlAc ¥

57 Sik Kullanilanlar - Ad

& Kargidan Yaklemeler
Bl Masaisti

2l Son Yerler

Degistirme tarihi Tar Boyut

129 KB
129 KB
129 KB

|_| denemel.dc0
|| denemel.dc0.dc0
|| undulout.dc0

23.01.201211:41
23.01.201211:37
23.01.2012 09:32

DCO Dosyasi
DCO Dosyasi
DCO Dosyasi

& Kargidan Yiklemeler

Dosya Dazen
EB(GeV)
3.000e+00
betax
2.400e+01

Bicim Gordndm  Yardim

EMITTANCEX EMITTANCEY SIZEx(m)
5.882e-09 1.765e-11 3.757e-04
alphax betay alphay
0.000e+00 5.800e+00 0.000e+00
Ibeam(A) period(cm) #periods KX
1.000e-01 3.200e+00 140 0.000e+00
thetax(rad) thetay(rad)
0.000e+00 0.000e+00
Energy F.Density
ev ph/s/mra2/0.1%

SIZEy(m)
1.012e-05
eta
0.000e+00

DIvx(rad) DIvy(rad)
1.566e-05 1.744e-06
deta E_spread
0.000e+00 1.100e-03

Ky
7.800e-01

Brilliance PL PC PL45

F.Dens/mmA2

1-|pL|

[y g g gy gy

.00000e+04
.00300e+04
.00600e+04
.00900e+04
.01200e+04
.01500e+04
.01800e+04
.01950e+04
.02100e+04
.02400e+04
.02550e+04
.02700e+04
.03000e+04

() AIAT-NNgV

1.984e+13
1.349e+13
.339%e+13
.996e+13
.947e+14
.926e+14
.250e+15
.972e+15
.831e+15
. 983e+15
.934e+15
.025e+14
.927e+13
.-

WOFRFNNFERFRBREON

.036e+14
.465e+14
.473e+14
. 834e+15
. 890e+15
.996e+16
.064e+16
.993e+16
.147e+17
.209e+17
. 840e+16
.658e+16
.024e+15
()

OB WSNFRF~NUVHF~NNWWL o

OLWVWWYWWVYOWWVYOWYWWOWYWWOYWYWWY

.954295e-01
.916808e-01
.941051e-01
.976240e-01
.990007e-01
.995593e-01
.998242e-01
.998962e-01
.999390e-01
.999750e-01
.999817e-01
.999847e-01
.999747e-01

QQQ4 a_ ()

DOOOOOO0OOO0OOO0O0O00

.000000e+00
.000000e+00
. 000000e+00
.000000e+00
.000000e+00
. 000000e+00
.000000e+00
.000000e+00
. 000000e+00
.000000e+00
.000000e+00
.000000e+00
.000000e+00

.902171e-17
.546893e-17
.728363e-17
.298187e-17
.717482e-17
.573422e-17
.684800e-18
. 895000e-18
.048319e-18
.330638e-18
.807409e-19
.056118e-19
.088370e-18

A ) o
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.570466e-03
.319232e-03
. 894853e-03
.375973e-03
.993031e-04
.407085e-04
.758462e-04
.038309e-04
.103822e-05
.496299e-05
.825542e-05
.531065e-05
.526388e-05

A A




Forizontal pian view [X-Y piane]

/wf— %\

o ﬂﬂ\x
\\h-...:.__c.-d ¢

N /

Grid size  9.5000 [m]

Betatron amplitude functions [m] versus distance [m]

150.0000

Dispersion functions [m] versus distance [m]

P

WAV WA WP

0.000 264.88

-0.7000




Enetji (GeV) 3.56
Lyistons () 400
Emittans (nm rad) 3
Betax/Betay (m) 2.5/2.5
Dx/Dy 0.22

Isinim kaynagi Wigglerl Undulatorl Undulator2

Periyot uzunlugu (cm) 10 3 4

Periyot sayist 35 45 75

Manyetik alan (1) 042 0,16 0,32

< degeri 4 1.2 1.2

Wiggler2 igin ve wigler3 igin
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Te+018

undu2-1.harmonik

undu1-1.harmonik

3e+018

2e+018 ¢
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Undulator1
Undulator2

336
1679

i (CV)

e (SV)

_jrll!'g;!gg!yk

2.6 10'%
5.5 10"

F"Lus
Fotor)s/vs1 BY

5. (eV) Total Power (kW)
Wiglerd 5459 2.0
Wigler] 5616 5:9
Wiglerd 10469 15:0.

Total Power:

(39)




Bend-, Wiggler, and Undulator Brilliances

A A R

=
5
£
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g
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&
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E
3
3
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\

1.0 GeV
1.5 GeV
2.0 GeV
2.5 GeV

SESAME’de elde edilecek foton parlaklik Spektrumu
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UYGULAMA

Table 4.2: SESAME storage ring parameters

Wi i devic

General Parameters
Enerzy

5
Torzosalmme [ om0
Verbcalowe [ 5090 |

4

(Horizomtalbeamsize | | |
Wiggler / bending /undulator ™ i ]
cal beam size

; Shunt impedance
B.F-cavity veltage

Figure 4

: Optical functions of SESAME lattice, the green line represen
dispersion. The pink circles represent hPMs.




SESAME’de Egici
magnetlerden elde edilen 1s1nimin parlaklik
spektrumunu 1.5, 2.0, 2.5 GeV elektron
enerjiler icin bulalim.

Egici magnetin egrilik yaricapi: 5.9565 m
uzunlugu  :2.34m
25GeVdeB 14T

B(T)p(m) = E(GeV)/0.2998



SESAME’de zigzaglayicilardan elde edilen
1s1n1min parlaklik spektrumunu ¢izdiriniz.

Table 2.1: Data’s of the wigglers foreseen at SESAME.

B 0 j' Nt N‘i_'li..' 1.L

0 WL L' K Xﬂ ..-'r!
W-100 100 Tim

W-120 57 murad
10mad

SESAME’de asagida parametreleri verilen
salindiricilarindan elde edilecek 1s1nimin
Parlaklik spektrumlarini ¢izdiriniz.

lamda=14 mm, k=1-2, .=1.4 m, coupling=%02
lamda=11 mm, k=1.4-2.8, .=2.4 m, coupling=%2
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