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Demeti Tanisi: Neleri
‘gormeliyim’?

“* Konum
* Acl

* Profil
* Eneriji
* Akim
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1. Sezon - Gorelilik

8.3
Der Unterschied z

.s%gangenheit, Gegenwart und Zukunft
ist nur eine HIUsSion, wWenn auch eine hartnédckige...

Albert Einstein

“Gecmis, su an ve gelecek arasindaki fark, inatci bir
illuzyondan ibarettir...”
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1 - Demet Konumu

(Beam Position)
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YUklU cubuk yakinlastikca elektroskobun bacaklari acilir.
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1.1. Demet Konum Olcer

(Beam Position Monitor)

Electrostatic pick-up

¢
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1.1. - Demet Konum Olcer

(Beam Position Monitor)

https://videos.cern.ch/record/2697274



https://videos.cern.ch/record/2697274
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1.1. - Demet Konum Olcer

(Beam Position Monitor)

The Experimental Setup

an Design and Construction of Button Type
@ Beam Fosition Monitor

‘ YOCER
V- A AMNEIIZELE S 05 W VE O7CANS
0 d ‘ N b s forl N ‘ . Av ,.
V 4 E e-ma i oguskocer@®ogriv eculr

Abrszrace

Signal Comparison

AY
- Covoe
1V, pht V!u{t a,a 14V
X=— = postlion = — — .=ﬁ : ‘.'=.
—»x Sk Viigne + Viepe SV ERTTRS
- Schenw of Cruss secton of Duttor 3CM cutput when the wire is located at Hutton BPM cutput when the wire (g ocated at
beam-pipe S rum froam the center <15 nm fecen the o=ater.

The voltage amalitude difference hetween the

e signals versas the wire (e bezam) position from
“ __,f'f the cencer has been plotiec and is presented on the
- ‘/’" leit.
_ '/" [t is observed that the reltion between Lhe
v beam displacement and the voltage amplitude
e - diferance 15 hinear.
x /-‘,
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)
Torhinh Pay

2.1. Demet Profil (+Konum)
Tel Taray|C| (Wire Scanner)

Beam Wire Scanner
Profileur de faisceay a fil
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- 2.1. Demet Profil (+Konum)
Tel Taray|C| (Wire Scanner)

Encoder Motor

D ["/Computer

Scintiliator

-
}\}l PMT

7

Motor driver ‘;‘:;‘r‘%
Demeti tarayan ince bir tel (mikro-metre SLAC SLC high e ﬁ\‘:'.*’“'
metresi bir kalinlikta). Gelen (birincil) resolution 3 axis - - }
demeti degil o demetin metal telle scanners 5"// ¢ =| |
etkilesmesinden kopan parcaciklarin » . at 8 |
olusturdugu akimi veya olusan " 5 1/
parcaciklari algilar, tabii olusan e 4
parcaciklar fotonsa parildar + Foton b) HOAE

Cogaltici Tube ihtiyac duyabilir.

E. Bravin, Cern Accelerator School on Beam Instrumentation 2 16 June 2018, Tuusula, Finland

CERN “flying wires”

11
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..................

2.1. Demet Profil (+Konum)
Tel Taray|C| (Wire Scanner)

Solder
34um
Carbon

Fibre

Grounding
Wire

Insulated
Standofis

Kapton Film
Insulaton

Ayni anda hem yatay hem disey eksende 6lcum alabilir. Tabiki demetin icerisine 45 derece aciyla girip o
eksende hareket ediyor.

12
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................

2.1. Demet Profil (+Konum)
Tel Taray|C| (Wire Scanner)

Ayni anda hem yatay hem dusey eksende
Olctm alabilir. Tabiki demetin icerisine 45
derece aclyla girip o eksende hareket ediyor.

13
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| 2.2. Demet Profili (+Konum)
IKincil Parcacikli 1zgara (Secondary Emission Grid )

Secondary Emission Grids

* Tellere carpan parcaciklar, telden
elektron koparirlar, kopan elektron
telde akim (sinyal) olusturur.

* Tel Caplarn 0.05 - 0.5 mm araliginda
teller arasi mesafe mm mertebesinde.

* Her telin kendi elektronidi var, pahal :(

* Demetin sekKlini (profilini) dlcer.

14
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..................

| 2.2. Demet Profili (+Konum)
Ikincil Parcacikli Izgara (Secondary Emission Grid )

15
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14. ULUSAL PARCACIK HIZLANDIRICILARI ve DEDEKTORLERI YAZ OKULU (UPHDYO-XIV)

| 2.2. Demet Profili (+Konum)
Ikincil Parcacikli Izgara (Secondary Emission Grid )

200

50

25

Arbitrary Uil

Shoot 1D: 1 on LNFD1.3SGW.0144

175 4

200 A

xp = —Q.902 +D.0744 mm ‘

o= 343+ Q105 mm

| |h”|| I I I

-20 -1C 0 10 20
Honzorta! Position {mm)

S. OQur, ‘Extra Low Energy Anti-proton Ring Commissioning’

16
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2.3. Demet Profili (+Konum)
Gecikmeli Tel Odasi (Delay Wire Chamber )

i

ANODE CATHODE

=

INI] AV )
-
Z
0

=

Kahvelab https://indico.cern.ch/event/489217/contributions/2184759/attachments/1282817/1906648/
hizalcalis 2016 geto.pdf

17
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2.3. Demet Profili (+Konum)
Gecikmeli Tel Odasi (Delay Wire Chamber )

nde GeTo Teller

&l

Demet hatti iizeni

— i —

Kahvelab https://indico.cern.ch/event/489217/contributions/2184759/attachments/1282817/1906648/
hizalcalis 2016 geto.pdf




2. Sezon - Karsilikli Etkilesim

“Ucuruma baktiginda ucurum da sana bakar.” F. Nietzsche
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2.4. Demet Profili (+Konum)
Demet Gaz lyonlasmasi (Beam Gas lonization)

CERN Proton Synchrotron https://indico.cern.ch/event/838902/contributions/3519028/attachments/
1891603/3119681/2019-08-08-LIU PS-Update on BGI data analysis activities.pptx

20
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2.95. Demet Profili (+Konum)
Ekranlar (Scintillators)

Torhinh Pay ’ betiary

Beam Wire Scanner
Profileur de faisceauw
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)
Torhinh Pay

’ TTALAR

2.95. Demet Profili (+Konum)
Ekranlar (Scintillators)

* Screen with graticule
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2.3. Demet Profili (+Konum)
Ekranlar (Scintillators)

Al,O, Al,O;:Cr Z2r0,:Mg Herasil
Csl:TI YAG:Ce Quartz:Ce
AVYA school on Low Energy Antimatter Physics 25-29 June 2018 (,r,,,\.'
haec.zhang@cockaoft.ac.uk

<
i

Bazi Parildak (Scintillator) Isimalan

23
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2.3. Demet Profili (+Konum)
Ekranlar (Scintillators)

24
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2.4, Demet Boyuna Profili - Parildak Ekran

-y
B 1214

838 1120,9.
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Scintillators

[ RF Arrontanre vorciie Swnrhranniice Phaceo
3.7 Optical transition radiation screens

At eleciron acce.erators with relativistic pecrticles the profile is defermined from the eleciro-
magretic radiation at =n mtercepting thin metallic il by the so callsc Opiical "L'ransition
Radmtion OLUK, Lle OLUR = s pure classieal gooclredyns:iic process including special relalivily,
ae produced Ly 4 chiarged particle passes [rom one medivy ionlo apcther, AL Ube vacuu:n i ronl
ol uhe full, vhe particle boas a ceroaiz clecoro wogouetic Geld corigurstion, whics b dillerent from
tLe fGeld fimide e medivm, becouse e ol bas o teomnplex) diclecurse constonl Jdillerent frorm
varinm. By rppraaching the fnll, the partlele’s electea wragnetie Aald leada o a time dependent
palarizatian rr the il bawndary. The change of trla palarization emi=a the radintion, which
conhives nohevently fram diffarent nnintz at the fnil 17 a chararrerstic inrensity and anpgv'er
disr=ihFion.

beam ity
Lo TE I
U D
radiotion 4\
COmRe [
. s
beam pipe

lens + f:lhcr intensified

A CCD camera

Fleme 3.24: The schema of an OTR acresn weasnrement

A typicel setup of an UL measurement 35 saown o Lig. 3.24 'L'he toil is inserted unde:
43" wita reepect to the beam path :n most cases. 'L'ae fci. is rmade of Aluminum or A .uminum
cocted on Myler with a thidmes: 1 pm or logs. The Hgnt i comlezed [n che Drward directlon ce
w as an 9C%, heeniae toe metallie surfaee acta as aomirear. Denending en tha partio’e avnrgy,
tte engnlar d'ane'bntion ‘s peaked at the angle # = 1/~ with 4 the velativiat'c Larentz factor, sce
helaw. For typina’ valieg, 100 th 1000 beam patinles yie'd 1 ptoter In tre aptiesl wavelenp~h
range. With zppropriate opticz, an image of the foil is recerded with a CCD camera. In maos:
czses an image amplified CCD device is :3ed due 10 the relatively .ow number of photons.

25
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2.4. Demet Boyuna Profili - Parildak Ekran
(Scintillators)

OTR Screen

o

Exit window

H Intensifier

CCD

(i

Lens

Figure 1.13 — OTR monitor working principle (left) and first beam observations with OTRs
on the LHC (right) [18]

OTR & LHC First Beam

26
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' 2.4. Demet Boyuna Profili -
Streak Camera

STreak camera

Streak cameras uses a time
. N dependent deflecting electric
crreck tibe fr’eld fo convert ﬁn‘ze information
» in spatial information on a €CO’

Mitsury Uesaka et o, NIMA 406 (1998) 371

§ ' 200fs time resclution cbtained using
reflective optics and 12.5nm bandwidth
optical filter (BOOnm) and the
’ dhosphar Hamamatsu FESCA 200
Photo-cathode 5

(i) Initial veleeity distribution of photoelectrons | narvow bandwidlth optical filter
(ii) Spatial spread of the slit image: small siit width
(ir) Disgersion in the aptics

T. Lefevre “Longitudinal Beam Profile Measurements " - 2™ Ditanet Schoo! on Beam diagnostic - Stockholm 2011
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' 2.4. Demet Boyuna Profili -
Streak Camera

slit

\

Streak tube
vV
!f
|
’ Time
Optics| -—l— | ’3 e
{' \ { a Ei Ia)
N ¥ =
“ 13} S
' Phosphor
Photo-cathode Screen

J
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CHANNEL DIA.: d

:-m”é’g‘:v‘. ——)~" ¢=2-100um
'.’.'/, mq_,.

LENGTH: L

CHANNEL WALL
INCIDENT ,__ ¥

INPUT SIDE
ELECTRODE /

‘ STRIP

—J— 2= N
ELECTRON NAY .

7w
CUR
el
VD

Multi Channel Plate Cok Kanall1 Plaka

| 80pm-2mm

OUTPUT SIDE
ELECTRODE

’
—
——3
—
=

QUTPUT

"S53 ELECTRONS

28
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2.4, Demet Boyuna Profili -
Streak Camera - CCD

2t Sty

Charged Coupled Detector - Es Yiiklesmeli Algic

29
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& webb.nasa.gov/content/observatory/instruments/nircam.htm

NIRCam was built by the University of Arizona and
Lockheed Martin.

IN DEPTH: Technical Details For NIRCam
The NIRCam has ten mercury-cadmium-telluride

(HgCdTe) detector arrays. These are analogous to CCDs
found in ordinary digital cameras. The NIRCam is a
science instrument but also an Optical Telescope
Element wavelront sensor, which provides something
similar to instant LASIK vision correction.

Other Resources

» Space Telescope Science Institute has a technical
page on NIRCam

e Archive of NIRCam images

e Qur page about the detectors in our instruments

NIRCam Engineering Diagram

30
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' 2.4. Demet Boyuna Profili -
Streak Camera

Streak camera examples

Observation of SMeV electron bunch train using cherenkov
Sweep speed of 250ps/mm

melDs

Measure of bunch length using OTR and OSR

Sweep
speed of
10ps/mm

o = 4.5ps (1.4 mm)

&
c = 8.9ps (2.7 mm)

T. Lefevre “Lorgitudinal Beam Profile Measurements” - 27 Ditanet School on Beam diagnostic - Stockholm— 201!

32
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3.1. Demet Akimi -
Faraday Kupasi (Faraday Cup)

33
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3.2. Demet Akimi -
Direkt Akimdan Akim Olcer (DC Current Transformer)

_geN _geN fc
™

!
be t

where ¢ is the charge state, N the number of particles, / unit of length and £ =v/c the particle speed.

Active transformer

https://cds.cern.ch/record/1005058/files/p297.pdf

34
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3.2. Demet Akimi -
Direkt Akimdan Akim Olcer (DC Current Transformer)

How to measure the DC current? The current transformer
discussed sees only changes in the flux.

The DC Current Transformer (DCCT): look at the magnetic saturation
of the torus.

paenedirlaition [’\-’ | kHz modulatior ]

* Modulation of the primary
windings forces the torus into
saturation twice per cycle.

* Secondary windings sense beam @RS
modulation signal and cancel
each other.

* But with the |, the
saturation is shifted and |,,, .. IS
not zero driving de-voltage e
* Adjust compensation current ) ' T measared current o
until I..... Is zero once again.

s‘('l.‘.'.'."ng demodulato

compensation

CC Transtormer Oparation, see |1

Ia{, USPASO9 at UNM ﬁ Accelerator and Beam Diagnostics 22
W

https://uspas.fnal.gov/materials/0QUNM/BeamCurrentMonitors.pdf

35
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4 .

3.2. Demet Akimi -
Direkt Akimdan Akim Olcer (DC Current Transformer)

https://cds.cern.ch/record/1005058/files/p297.pdf

36
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3.3. Demet AKimi -
Ceper Akim Olcer (Wall Current Transformer)

Wall Current Monitor
* Put a resistor over the gap and measure its

voltage. o>
0.7~
06~
0.5~
5 04-
Al
— - 0.1~
Vgap - Rgap Lyeam al _J \ \ \ L
Vout 0.2, ; ; : .
0 200y 400y 600y 800,
/ Time (s)
003+
\ :
= :
e ¢ :
| [ llll-
+ P SEEp— 0T L ae e e e T a0k 10a

! \ Frequency (H2)
:
:

] ]

‘ ‘

No DC in image current

https://uspas.fnal.gov/materials/0QUNM/BeamCurrentMonitors.pdf
37



Demet Tanisi
. Medlcal beam dellvery (K Noda)
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NIRS 2015

Parcaciklarin Konumu, Acisi, Enerjisi, Yogunlugu oOlculmek dnemili.
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4- Demet Yayinimi (Acisi)
Emittance

ylL
Particles beam

i s
. .Q_

. .
M

P

::i v

! 0-',‘::..;
e 2®

- .

e

»
,
.
~

-
.-

39
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~ 4.1. Demet Yayinimi (Konum + Agi +
Yogunluk)

L

bearmlet

laraday cup

Ajlea1dA} sjuawiniisul 8dUeIWe 9sIaAsuel)

3
o
o
"
[=
=
o
o
=
<
5
=}
>
(-]
=
W
>
(]
®
N
o
]
£
=
<
=
o
>
-~

beam

H | Ly

slitx] slit w2

‘s'..-v\o 1129

 Iki yarik ve Faraday Kupasi ile yayinmim &l¢iimii (Slit-slit-faraday
cup emittance meter)

40
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4.1. Demet Yayinimi (Konum + Acgl +
Yogunluk)

- Ccamera

. "t~ lens
beam pipe

glass

—

—
——

1

— 5

|

i

-
®
L e———

pp plate scintillator

< Tuzluk yontemi ile yayinim ol¢iimii (Pepper-pot Emittance Meter)



4.1. Demet Yayinimi (Konum + Acl + Yogunluk)
Tuzluk yontemi ile Olgcum

Lekran

L

.. / Lekran — Ldelik
.1 s f6040a7=7
| Ldelik L

—Kkran




4- Demet Yayinimi (AcisI)

—mittance
., dzx
r = —
dz
/
Px = Pz

/
Px = /Vrelﬁrel m Cc X

- Hizlandiricillarda Demet akimi mili-Amper mertelbesinde

le=16x10"" C
1 mA=6x10" e prL



4- Demet Yayinimi (Acisl)
—mittance

Xmax =17.352 mm X'mex -292.202 ma:

(CE, 33/) Sene: (QE, pr‘) €normalize — ,Yrelﬁrele

Kanonik Eslenigi - > Hamilton Mekanigi - > Korunum; Yayinim 44
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4.3 Yayinim (Emittance) - 4Kutuplu
Miktanis Yontemi

o1)¢ -~
quadrupole magnet profile measurement

transverse focusing const. k (e.2. SEM gnd)
beam envelope

45
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Ik
949

’4 Turk F|z|

14 L TR

4.4. “'Yaylnlm (Emittance) - 3 veya Daha
Fazla Ekranla Olcme Yontemi

Method A

Reference point where profile monitors
S, a, v will be determined

see Enrico Bravin's lecture

46
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5.1. Enerji Olcimi - Ucus Suresi
(Time of Flight)

— [T

"\

Haorizontal 6@ Beam )) Horizontal q am ))
Position ® Position ®
N N

Vertical Vertical
Position Position

v= L/t, t difference in time between two signals for
low energy beam, otherwise determination of
energy via bending magnets. .
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' 5.2. Enerji Olciimii -Manyetik
Spektroskopi

dipole magnet

Incident beam

bend radius
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3. Sezon - Zorundalik :)

Der Mensch kann zwar tun, was er will,
aber er kann nicht wollen, was er will.

Arthur Schopenhauer

ISTEDIGIMIZi YAPABILIRIZ
AMA ISTEKLERIMIZi SECMEKTE OZGUR DEGILiz.
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CERN Linac4 Beam Diagnostics

CERN-ATE-2010-222

Table 2: LINAC 4 Diagnostics Overview

Location E [MeV] BPM BCT SEM GRIDS WS BTV BLM

Diagn. Bench 3-12 MeV 3 2 2H+1V - - -
LEBT 0.045 - ] 2HITV - -

MEEBT 3 2 2 1
DTL 50 2 - - - - 2
CCDTL 102 7 | 2H+2V 2 1
PIMS 160 6 ] 21112V 2 - 3
TL t0 PSB 160 12 7 3H+3V 3 1!

DL 160 - ] 1 -
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ELENA Halkasi - CERN
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< Extra Low Energy Anti-proton Ring, CERN’iin en kiiciik halka
hizlandiricisi, ¢cevresi 30 metre.
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TARLA (Ulusal Lab.)

TARLA demet diagnostic elemanlar

YAG:Ce Demet gorintileme ekranlar

Kamera

FCT/ICT

BPM

Beam Dump

Slit mask

Makropulser Thermocouple Feedthrough

Makro pulser Current Feedthrough

Beam Loss Monitor

Digme tip antenli demet pozisyon monitori (NTG marka).
Demet Pozisyon monitord analizori (Libera single pass)
Faraday cup icin elektrometre (Keithley 65178B)

FCT (Fast current transformer Bergoz )

ICT ( Integrating current transformer Bergoz)

FCT/ICT analizori ( Bergoz IntegrateHoldReset Beam Charge Monitor) .
Demet Kayip Monitori (TARLA Yapimi).

Faraday cup|
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19%
Ayricalt

Problemler: Sicaklik, Radyasyon

https://cds.cern.ch/record/1005058/files/p297.pdf
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lleri ydntemler

Laser Wire Scanner : Photo-neutralization
High power laser _ -
g Photo-neutralization A
hvy ¢
A
Y=m/2 /
”
—0——o0
H- H J
* First ionization potential for H ions is 0.75eV
* Photo-neutralization cross section : o~ 4,10 c¢m?
B
e o Detection system based on
e /7 AN * The measurement of released electrons
‘s of / \ using a magnet and a collecter (faraday
g / \ cup, MCP...)
; 2r /ﬂ \
@ | '/ \ - Measured the conversion of H info H
§ /s \ with a current monitor
‘-/‘) nl OO{M O M 50 Wk 20«4
N : Wenedsreth inmi

https://cds.cern.ch/record/1005058/files/p297.pdf



Cﬂ [leri Yontemler- Dispersion

Measurement Date: 06 November 2020
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where D is the dispersion function,
0 is momentum spread and np is
the slippage factor of ELENA.

** BSGW.0151 is discarded.
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Real Problems at LHC

v The pressure waves induce a modulation of the circumference.







Moonrise over LEP .

November 1992 : A historic tide experiment during new moon
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The total strain is 4 x 10° (AC = 1 mm)

Ref: Jorg Wenniger- Mini-Workshop on Stray Fields



Real Problems during LEP

Success in the Press !

Physicists look F
to the moon for

i ) sciences
o\ s AULEP, by,
P
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le CERN

L'anergie 1es paricules circulant dans l'anneau
du _FP e modifie en fencticn des phases lunaires.
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Sonuclar

1- Gorelilik: Demet olciimleri parcaciklarin sinyal
olusturabilmelerini esas alir, parcaciklar ytiklerinden
ve(ya) enerjilerinden Otiirii bir sinyal yaratirlar.

2- Karsilikli etkilesim: Demet 6l¢timleri yapabilmek
icin demetin dedektorle kismi (noisy) veya tamamen
etkilesmesi (destructive) gerekebilir.

3- Zorundalik: Demetin konumu, agisi, yayinimui,
akimi, enerjisi, demetin 3-Boyutlu profil kesitleri...
hizlandirici boyunca farkli noktalarda ol¢tilmel.




