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A. Introduction

Examples

2. Beam Position Monitors, tasks

Orbit Concepts: Beam based alignment, corrections

Optic Functions: Beta-Function, Dispersion, Center Frequency ...
Stabilizing the Orbit: Feedbacks

nom o 0

Beam Dynamic Parameters: Tune, Coupling, Chromaticity, Instabilities (MBFB)
BPM based

®

Beam Current: Transfer Efficiency, Lifetime (dynamic aperture, Touschek, ...)

I

Beam size: Emittance, Coupling, Blow-up, Mismatch
I, Bunch length: Energy spread, Instabilities, Bunch purity
Energy: Resonant Depolarization

K. Beam Losses: Radiation Damage of Undulators
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A. Intro:

What is special at 3rd Generation Light Sources?

Small beam size in undulators (= 150 / 5.0 um) -> beam position stability < 0.5 um
(10% of beam size requested by users)) -> Orbit feedback -> Temperature
stabilisation of environment and BPM electronic of < 0.1° C.

Very small vertical emittance (10 prad) small horizontal emittance (1 nrad) -> small
beam size to be measured, very small coupling

Multibunch operation -> Instabilities -> Multibunch Feedback

High beam current -> Instabilities, heat load of components

Top-up mode for better stability -> Good beam current measurement

year E I C €x Ey K Bz | By Oz Ty
[GeV] | [mA] | [m] | [mmrad] | [pmrad] | [%] | [m] | [m] |[pm] | [pm]
SLS 2001 2.4 400 288 5 35 0.7 1.4 0.9 34 5.6
CLS 2005 2.9 500 171 20.5 92 045 | 95 2.6 441 15.5
ASP 2006 3 200 216 6.98 63 0.9 9 245 | 251 12.4
SLS* 2006 2.4 400 288 5.5 5.5 0.1 1.4 0.9 84 2.1
Soleil 2007 | 2.75 500 354 3.7 37 1 4 1.77 | 122 8.1
Diamond | 2007 3 300 562 2.7 27 1 4.6 1.5 111 6.4
SSRF 2008 35 300 432 3.9 39 1 3.6 2.5 118 9.9
—| PETRA III | 2009 6 100 | 2304 1 10 1 20 5 141 71 | =
AT BA 2010 3 400 269 4.3 40 0.9 2 1.3 93 7.2
ESRF-U | 2011 6 300 844 4 10 0.25 | 352 | 2.52 | 375 5.0
NSLS-IT | 2015 3 500 792 0.9 8 089 | 1.5 0.8 37 2.5
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Intro: A typical storage ring light source

> A typical storage ring light source consists of an injector, transport lines
between accelerators, a storage ring, and a collection of surrounding
beamlines and experimental stations

Storage Ring

emittance
bunch  energy
length  spread

synch.

light Jf 180 BPMs

energy &
energy spread

profile & size
Linac

heam'
losses

energy &

energy spread /N G40

orbit

Collimators

The 70MeV GE electron synchrotron and its
visible synchrotron radiation in 1947

+ Many Insertion Devices

Typical 3@ Generation Light Source

Diagnosing NSLS-II: A New Advanced Synchrotron Light Source
Yong Hu,et al.; IBIC 2014
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Intro: Many Examples from PETRA lll; Layout of PETRA IlI

, PETRA Ill: Hybrid lattice
Straight sections N & W = of FODO and DBA cells

Damping
wigglers
20 damping wigglers R ™ 9 DBA cells
_ pIng wigg T2, 14 beam lines
(wiggler length 4 m) m Octant
W E Long straight
& section
Damping }
wigglers
. PETRAII
Natural hor. Emittance 1 nm
Parameter 39 Gen. (PETRAIII) Short straight
> Energy > 6GeV .5;? section Injection
> Min. Wavelen) f Radiation; brilli >  =0.01nm; =102 "
> Cilrr::mvfaerem::TI:ngm fation;brilance > 2au4mnm & channel
> RF > 499 564 MHz ‘c:'
= Revolution [ Repetition Time = T.685psec
> Bt wee i > LG SW SE
> Haorizontal / Vertical Emittance > 1nrad /10 prad lnjection
= Beam position stability = 0.5 pm (Orbit, BW =200 Hz) -
> BurnCurr'::t > mopmn RF Sactlun
= Bunch Charge = £1nC, (<1% stability) -
> Beam size at Undulator h /v > 140/4.9pm
= Bunch Length ([rms} = 44 /13.2 mm
> Leng. Feedbacks, arrival time jitter > »«135;;3 = T — s FODO CeIIS
> Beam Eneray, Energy spread > 6GeV, 0.1% 100 m 0m a0dm
Beam Lo: few h lifeti
; Tun‘:l ssas ; I:x=18.951lI&T:_ Fy= 385 kHz
> Synchrotron tune > Fs=863kHz
= Chromaticity = X . . . N .
> Bunch purity > Belter 107 Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 5
> Diagnostic Needs: > average beam, except.
charge, length




Intro: PETRA Il Overview Screen

Datei Optionen Hilfe

PETRA 111 User run, 480 bunches, 100 mA TRy e CES TR MR

Orbitstabilisator: m

mA]J: 100.7
u [h]: 10.1 ~“RMS [pm]: Top-Up Betrieb: 0.99 mA (Max-Min
———t "
Bunchzahl: y-RMS [um]: Vakuumdruck [mbar]: 1.51E-08
Seismometer (vert.) [nm]: 21
Zustand: Betrieb>Experimente Alarme: 0
DC-Strom _ X-Orbit PU| Gap PU | Gap
1::; l 0la| 15.40 | | 21a 216.99
l|1| Wi‘“ﬁ-*wjﬂ' w'{'[MWﬁL 01b|15.23 | | [21b | 39.00
-1.000 02 | 10.49 22 | 25.67
0 -1.500 {
08:00 1z2:00 16:00 2::00 00:00 04:00 0 25 50 75 1D;pMiﬁiex150 175 200 225 03 11-20 23 1499
& Operations [mA] © Studies [mA] & Maintenance [mA] & Test [mA] 04 | 11.88 24 | 12.82
Fiillmuster Y-Orbit 05 | 11.91 64 | 14.21
iy 06 | 18.17 65 | 13.66
o i e mﬂwa« iy
-250 r“wr (rJ r 07 | 10.25
=500
08 | 12.39
200 300 400 500 600 7FOO S00 900 0 25 75 100 12!’; 150 175 200 225
Bunchindex BPM-Index
09 | 10.04

10 | 15.53
fffffffff Stuahispektren >

100 11 | 12.39
10+~-8 i e See| || s
N = : O i ‘ ‘ ‘ ‘ 12 | 21.20
10~-9 V Ty 1 ::
10710 | = = ‘ Ll l_l_‘_ | ml | 13 10.72
0 10.000 20.000 30.000 40.000 50.000 &0.000 0 5 10 15 . ZIJ 25
Hz Messposition 14 11-02

|l Verlustdosis [%] N Alarmschwelle [%] |

BKRW7PECONS [25.05.18 07:29:17|Operaﬁon5 Mode [Betrieb] iSeweranwanl [Default] }IS}KemelniDates I P

o,
DESY
L )

——
TRy vVt Ul g PTAgiIUotUo CATTITPICY HTUTIT O golToTQuuTT Mgt SUUIvoo 1 vy © o



Intro: Performance

Selected Overview: |PETRA Overview (75%) =l

PETRA Overview (75%) 5 CurDC [mA] - DC Current

=
]
-1
g
5 |

g0
60
40

@ UserRun: 8 hr
® Fehler: 8 sec 20

23:00 oo:0o0 ol:00 oz:00 03:00 o4:00 05:00 0&:00 070

Thu May 24 23:00:00 CEST 2018 5 Hours

Cursor: Mon 14, May 2018 00:17:15.616 CEST

Current State: User Run
Availability: 99.97 % MTBF: 37.4 hr

Selected time range: 24, May 23:00 - 25, May 07:00 akuum
Sum of slices: 8 hr
Calendar | Interval | Recent Past rMacm Systemes
MNon-operational: 0.0 s

- May 2018 Lt .'u'akuum: 7.0s
Mon Tue Wed Thu Fri Sat Sun
a0 1 2 3 4 5 (]
T a 9 m " 12 13 g : i : i ! )
14 15 16 1.7 18 19 20 23:00 oo:o0 ol:00 oZ2:00 03:00 04:00 o5:00 0a:00 07:q
21 922 =23 | 24 26 27 || (&) Alarm Server Subsystem Thu May 24 23:00:00 CEST 2018 & Hours
28 29 30 # 1 2 3 (") Components Groups

10

A 7
4 & B 8 8 Total Mon-Available Time (CAS)
Marning ][ aftern ] 7.0s 23:00 00: 00 ol:00 0z: 00 03: 00 04: 00 05: 00 06: 00 07: 1

Thu May 24 23:00:00 CEST 2018 5 Hours
retory | nterval: 60 s ——

DESY
~ e
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Intro: Error Scenario 1

User run, 480 bunches, 100 mA

[1048] PETRA Current

BT
20

23h 27.3. 1h 3h 5h Th 8h

BPM: Orbit BPM: Turn-by-Turn Injection Kicker Amplitude

|
BPM OLFT . . .
1.ze7 ats &l 3000
£2
4.5eg
le7¢
def
get 3.5e6 + 4 = 2400
3e6
Ged
2.5e6 o -
4e6 i ; ; 1800
1.5e6
2ed
leg
1200
a HLE
0
-Zed g
-5es s00
_4p6 i : -le6
04:19 04:31 04: 43 04: 55 05:07 05: ]
-1.5e6
== -2e6 0 ;
15:00 E5Z0E: 15:04 15:068
Time: Tue 27, Mar 2018 05:22:03, 189 CEST UTC: 1522120923 -Z.5e8
s Syt e : : i T e e
T T ; 1 -3.5e6 ]
| Property [Device] | value | Description |Log
S b i
O’:!t'x [BPM_SL_24] 2.05E08 nm L Propery [Device] Walue Description | Log
Orie X [BPM_5L_36] 6.64E05 nm B -4.5e6 Kicker.Pulseamplitudes [Kicker! _Inj] |2818.75 my|Kicker-Pulse .| [ ‘
Orbit.X [BPM_SL_&] 1.26E06 nm O —5es Kicker PulseAmplitudes [Kicker2_Inj] [2171.88 mv|Kicker-Pulse..| [ 1|
Orbit. X [BPM_NR_98] -8. 15605 nm O -fe-d -Ge-d -de-d -tzfm-: [secunods]le_4 sl Secd ) Kicker.PulseaAmplitudes [Kickerd_Inj) [2078.12 mv|Kicker-Pulse .. A0
A |
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Intro: Error Scenario 2

ZE Mps client: PETRA EE®E
Datei Optionen Hilfe
f Alarms rSeNice MPSC rSewice MPSA r Service MPSD | 08.10.2012 15:05:18 - Dump durch BPM.OL077 wilhrend der Injektions-Kicker aktiv war History
min= 0.05 max= 0.06 exi=
SWW  NWN
Crate 1 2 3 4 5 6 7 8B 9 10 Betriebsart: Standard
BSA: 0 160 1632486480960 1632486480960 0 0 0 0 160 0 16| garm  Hame iy
1 2 1 a [BPM.OL0O77 15 @ All *masked
2 o0 1 -BPM
: o i +BPM
. ' Hasy
4 1.0 O HF
5 0.0 ) mag
6 [A] -0999.0 O Temp
7 0.0 AV
8 . 1.0 Z All -masked
Rest
9 i 10 o
10 [] 0.0
1n 15
12 [ 9999.0
13 B 9999.0
14 [ 9999.0
15 [ 9999.0
(I = 9999.0
BSA: 460 160 160 160160 160 160160 160160 192 144 ® Live
|mpsc: W ™= n SERER EER powesv [J<mMPSD O Archive Data
| Reset Dump | Statushits ausgewaehltes Modul 2012 Oet0815:0519  Strahlverlustwar 01156 ms vor dem Dump.
. ga T — : ’
BEAM DUMP 10: Last Init b ] i gg Pt A e o Ll i G S A e S B e
01: Backplane L B i i il i i
Nachrichiten - _ x| £ 58 _ : ; __MPSDump
2012.09.26 14:42:23 Reset Dump PETRA( | 08: Matrix Zero Fail x| et : R P O G e 1 ) S Gtrahiveriust
2012-10-03 07:10:40 Reset Dump PETRA( | 24: Dump: MPSA Alarm [N oo o
Z 19
o g
ST - -08  -0.4 0 02040608 1 1.2 141618 2
[4] JI| [ »] Feitrel. zum Strahlverlustims] t fall: 0.372 ms (80%-20%)
|Iﬁ; [BKrXpPeCon07 j08.10.12 15:05:45 |Operations Mode [Betrieb] Serveranwahl [Default] (5)KeinelniDatei




B. Beam Position Monitors (BPMs) -Tasks

= Orbit (Turn-by-Turn)
> Steering during Commissioning

> Precise Beam Position in
Undulators (< 1 um)

> Feedbacks (slow 10 s,
fast 10 ms, Bunch-by-Bunch)

= Sub um short and long term
stability in undulators

= Tune

> Machine Protection

> ...
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Beam Position Monitors (BPMs)

PETRAIII PETRA Il BPM Resolution (< 1/10 of beam
size in undulators

28-10-2004 13:24:46
0 first low p Undulator Section

= 226 BPMs - various geometries
= Entrance BP M
40 4 x,_=0.199412 mm
i g = 0287373 um
one type of RF - £
z ]
Front- / Backen 3 20
ont- / Backend 52 0.28 um
10 1
0 -
0.1985 0.1990 0.1995 0.2000
Horizontal orbit (mm}
28-10-2004 13:24:44
50_first low B Undulator Section
] E ntrance BPM
Y™ 0012183 mm
40 g =0.271300 um

data rate 130 kHz

(turn-by-turn) 0.27 pm

No. of events

i
A

7

0.0115 0.0120 0.0125

Vertical orbit (mm)

T K. Balewski, DESY, IWBS 2004

L ? O — '\’ -
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BPM stability

> 1) Electronic stabilization

> 2) Temperature stabilization

> 3) Mechanical movement (drift) of beam pipe
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1) Electronic stabilization

a) Libera with switching crossbar for dynamic calibration

BPM Low Pass Filter ringing (BP) Filter )
(fe=700 MHz) (10 MHZ @fre) Attenuator

Atten
e x [l ] @
10dB s X ’4\5 ADC

%':gss U'FF' (0...31 dB)
\ J
Y
Timing
1 | | | M1 Switching crossbar removes
R _|_,| | INN N >< X g pug— different drifts of cr_]gnn_els
I : I = Long term stabilization
0 ' I (I-Tech Patent)
al g1
B=— Z2]|r—* RFB > Z] — DDCB =
Frontend El = I
Eingange 21 1 -g I
{B-mmn_ %l S |
Signale). | E' » RFC » %I » pocc H
Gl [ I
[ I
1 I
D—-I _F_RED.H - = DDCD P
111
Gain and Control
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1) Electronic stabilization

b) Pilot tone for dynamic calibration

13000 T

12000 — Raw digitiser
11000
10000
9000
8000
7000
6000
5000 1 1

4000 P —
0 100 200 300 400 500 600
Sample number

Cavity beam position monitor system for the Accelerator Test Facility 2
Y. I. Kim et al.; Phys. Rev. ST Accel. Beams 15,

An integrated RF synthesizer phase-locked to the ADC clock generates a
programmable CW pilot tone for dynamic calibration. The pilot tone is
combined with the beam signal within the Pilot Tone Combiner Module.

NSLS-Il RF Beam Position Monitor Update

K. Vetter, et al., (BIW12)
Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 14 %



BPM stability: 2) Temperature stabilization

120 ~ Y
RF = 352.202 MHz CW.
..... fompling = 108369 MMz . |
»* o k=114 mm
125 -
1-. .‘ U
: . "% 125 2
s $ " o
8§ 130 N -
w » z :
2 -k ..
)t—L :C‘: Laa A - ]5 E’
=135 e Abusug “""“aa‘.‘la- u-.n.,-t.n o
15
2140 i . . | . | )
0 2 4 & 8 10 12 ¥l
Time / hours
Problem: Electronic drift: 0.2 um/°C

Solution: Housing with + 1° C
temp. stabilization
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BPM stability 3) Meas. of beam pipe movement

Delta

Monday 0:00.

Figure 4: )Quadrupolc Position measured during one %
week with beam stored at low energy (750 MeV) (no

influence due to synchrotron radiation). Start-up of the
machine and daily changes are visible. The x-axis starts a

40

Beam current. Date: 010307

current [mA]

30 -

20 -

Beam current

65 7

75 8 8.5 9 9.5 10

time in hours

Fdngnot kovement monsored ot GF -3 with o nt
. - ' v 1

Bwiteh on of cooling water

Figure 2: Installation of sensors before quadrupole

magnets.

Position Sensors for Monitoring Accelerator
Magnet Motion at the Dortmund Electron
Accelerator G. Schmidt, etal.; EPAC02

&

time in hours

e

10
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BPM stability 3) Meas. of beam pipe movement

PETRAIII

= Avoid QP touched by beam pipe
= Stable Girder

> Temp. control of tunnel better
1°C

girder body : "
HLS o
hydrostatic - HPS

levelling system horizontal
positioning system

MECHANICAL ASPECTS OF THE DESIGN OF THIRD-GENERATION
SYNCHROTRON-LIGHT SOURCES; S. Zelenika; Brunnen 2003,
Synchrotron radiation and free-electron lasers* 337-362



http://131.169.91.193/spires/find/wwwhepau/wwwscan?rawcmd=fin+Zelenika,+S.

BPM stability 3) Meas. of beam pipe movement

PETRAIII

Wire Positions NOR archive Top-Up helps

0.44 2
e b PRt | ........ ........ ......... (bt ......... et i ........ rz;_t

[ G 1 T e AR T R R R
(e o TOREEEEG || SR REREEEREEEs ) oot Arirercrnen,
0.34 D ; Tetis s enas e LA A
0.324--------}----- e Htnmddntn it L i i e L oSl s L e e AR SR s e
B ir el et o e e e e e e e - : S o e b e e e b e b e e e
o Ot U RO SUUUOUOI UN— S S, U . O ——

O P o e e 20 m/dlv e e A e e T e e L i e e
(R EE AR | | R ..... I. u Blue green =7 KOOrd

0,28 4—u At

0 5 10 15 20 25 30 35 an a5 50
Thu Now 25 20:33:20 CET 2010 Minutes FU” Scale 260 ]"Lm

L M el s
[ [
B B
(R ] n_mid
| H 15
| -u il
| =maa e B
| snig LR T
B . Hy
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C. Orbit Concept

1. What to do to find the ,golden® orbit?:

1. Find BPM reading in the middle of Quadrupoles (Beam Based Allignment)

2. Local orbit corrections to find best position at critial locations (aperture limits,
Undulators, Wigglers)

3. Orbit is used to correct the Optic (Dispersion-funktion, Beta-Beat, center frequency,

»

4. Back to 2) Adjust best position at critial locations

2. Stabilizing ,,golden® Orbit

1. Feed-Forward at known changes (Injection, Gap-Movement of Undulators,...)

2. Active Orbit correction by Fast-Orbit-Feedback (incl. Main => BW > 50 Hz) and
Slow Orbit correction to avoid long term drifts

Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 19



Orbit correction: Beam-Based Alignment (BBA)

Goal
= Offset of BPM to QP center

Ay / mm
(Rohdaten)

-0.15 = i BB E QuadrlupO[-Zenltrum .......... I ....... -

BPM -0.6 -0.4 -0.2 0 0.2 0.4 06 0.8 1

Strahl y / mm (BPM SWR 13)
Yepu Yoff
T

Quadrupol

= (0.709 % 0.008) mm

Yo 0.1

(gefitted)
=]

Ay / mm

Procedure

= Move beam to many positions in BPM near ¥y 003m,g, =086 IR
QP
= Variation of QP current.

= Plot Difference-Orbit of some/all BPMs. If
no dependence on QP current => beam is
in the center of QP.

= Measure BPM offset for all BPMs

‘ Neues Achtel

L ) '\ BPM S0L61
0 50 100 150 200
BPM

J. Keil : Beschleuniger-Betriebsseminar, 2010
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Orbit correction: Local correction

Plot Family: PETRA3 - StorageRingExt - PETRAJ 6.0 GeV, Operational, p3x_v18 (Online)

> Local correction S s :

10 T 1 T T - : - +33868256-002 RS

> Since the orbit stability is particularly
important at some discrete locations like
insertion devices or interaction points,
the correction can be aimed at

suppressing the orbit distortion only at 5
these locations using a closed bump, £l

leaving the rest of the machine
uncorrected. Such a scheme requires —

min. 1 BPM for the orbit distortion and - T P —
min. 2 correctors for the local [ T ) e
cancellation of position, angle and the

bump closing (Phase advance 180°).

=

SW
1 |BPM_SWR_4 46—+ODD(
BPM_SWR_G1=+0.00(
7 |BPM_SWR_75=+0.00(
| |BPM_SWR_90=+0.00(
BPM_SWR_104=+0.00
BPM_SWR_118=+0.00

RPM SWR 1.]'bo—0 s
4 »

-2.713080e-004 Mean
+1.376552e-001 RMS
_SWR_13=+0.000
BPI_SWR_31= +0.000
- [BPM_SWR_46= +0.000

BPMx [mm]
(=]
Ln o o i N

.
=

o

T 05 BPM_SWR_G1= +0.000
E | |ePM_swR_75=+0.000
= 3 BPM_SWR_00= +0.000
o BPM_SWR_104=+0.001
o 05 1 |BPM_SWR_118=+0.001

APM SWR 133=+0 00T
A »

PR T S S T R T S T S I S SO S AN S S S S M's
1150 1200 1250 1300 1350 1400

Trigger Zoom Off=et Eraceti Channel A Channel B E—
Graph1 ~| | o 40 ceal ~acg & " Moniter " Monitor
One Shot Vertical v| _v] J o eE R i
' Golden " Golden Load Data File

> Display of Difference-Orbit to “golden conmums ||| S22 4] o] Atosend [Tz o || C oo || & oot

" SavedData || ¢ SavedData

Orb'tn Horzamal <[> | &l [ Autoscald[| © A 8 A8 || - g « Fie

L\
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Orbit correction: Find optimal Position at critical Locations
(Undulators, wigglers, ...)

Datei Darstellung Optionen Hilfe

Horizontaler Orbit
Drucken Y-Achse Marker Optionen Farben

Vertikaler Orbit
Drucken Y-Achse Marker Optionen Farben

a Commands and Information Panel PS.ZielFahren

Selected Device:
BPM_SWR_13 [0] 7/8 Octant
hor. vert. -Korrektur rechnen: r Korrektur ei
Ablage[um] 2322 9.03 0 | , [ Hor. Korrektur | FOFB DC Mode
phi 0.14 0.09 Zahl hor. Sing; II][»] 160 [SVDCOR [w|

Vert. Korrektur einstellen
Beta[m] 12.02 35.04 Zahl vert. Sing: [ T»] 160 l |

~ Dispfm] 0.00 000 | ax(37.42)] <[] Y 12 [om]« — Tiil»]100%
Frequency Offset[H1] 28 62 ] aktiv _ Qz{30.27)] «| [ I] »| 27 | Rechnen | BPM Name | Aktiv| SyMC| fofbH
Referenz-File(2437): Betriebsfile 23.05.2018 480Bu... alle aktiv |freigeben| 5 Kicke i BFM_SWR_12

l/Orbf‘t r FirstTurn rTurnByann r
" aktOrbit (8 aktOrbitRefFile ) Referenz () Golden [opnk: BEML VR 21

| OrbitKorrektur | Beulen | Referenz-Files | FOFB hold option

hor. vert.
RMS[pm]: 23.87 34.60
Mean[pm]: 2.89 275
Max.Dev: BPM_OL_110 BPM_NL_53
Max[um]: 99.10 174.50

Rel. Impuls Abw.[%] -0.0051

g

I (= ! [v] PS.ZielFahren BFM_SWR_48
Reset KiAmp | weiter || |BPv_swr e

: [ ciear || [pPuswrTs
Bereich: : BPM_SWR_90

BFM_SWR_104
Untere Grenze ==
BPM_SWR_118

Operation Mode: Obere Grenze BPNM_SWR_123
- Reset Grenzen 1 BPM_WL_140

p3x_v20

Status:

BPM-Darstell

[ +/# [ Interlock ® pm ) mm

AgcMode Manual | manual | AgcMode Auto \

[N I N IR ) R R R
00| 68 [0l |6 6 w6 e |l

it ® ClosedOrbit ' TurnByTurn

|BKRW7PECON3 [24.05.18 23:13:23 |Operations Mode [Betrieb] [Serveranwahl [Default] (2}
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D. Orbit: Optic Functions: Beta-Function

Lattice Monitoring

Quadrupole changes 3 17 AQ

The BPM TBT data can be used to extract the [3- AQ = —LAK f=———"-
functions (during injections or machine studies) and the 4m L AK
dispersion functions by using singular value decomposi- || _ oo : : : :
tion (SVD): B = U x S x V'1.[4] Different measurements g '
are presented to be compared with one another so that the | | £ ' |
minor changes in the quadrupoles are visible to the opera- § ]
tors. Fig. 1 shows that quadrupoles’ change has impacted E
the 3-function at y-direction. §

z | 1

The typical way: Stimulate
beam oscillation with a short
kicker pulse and measure
beam position on successive
turns after the excitation. The
envelope of the measured
positions follows the square

root Of beta 20 20 50 % 0 20 140
BPM ID

Variantion (percent)
|
o]
T
]
— )
O
Ry
——
[ m—
= o

]
=
—
—

Figure 1: S-function varies with the quadrupoles’ values.
Top: [-function extracted from the TBT data at two dif-
ferent tunes. Bottom: percentage change of the 3-function
from one status to another.

Correlation Analysis of Beam Diagnostic Measurements
in SSRF, Zhichu Chen et al, IPAC12, New Orleans
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Orbit: Optic Functions: Beta Function by Orbit-Response Matrix

Definition (ORM)

_ AX; firx-plane (y-plane analog)
i X
N
= Ax;: Change of beam position at BPM i (Ax =1 mm)

= A@% : Change of kick-angle if corrector j (A8 =50 um)

: , _ _ . .
= The Elements of the Matrix contains Information about the Optics o | por, correctors an

Size of Matrix

Hor. Correctors and

= 226 BPMs BPMs
= 196/187 Correectors
= (226+226)-(196+187)

mm]
S . o N ~

= 173116 Elements! \
= With no coppling, Matrix: % \ _
~ 44000 Elemente e \\ ) ik
After some Algebra: Compare Meas. with Model ?9_\ I IR e ey
HCM# and VOM# 0N _-—-—"rr—"'\_g;’—\ﬁﬁ 1w 5
2 (Cil}/lodell(pl, pz,--., pN)_Cil}/leSSUng )2 1 1 * HBPM# and VEPM#
Z _Z (72
(] i

.Standard“ at SR-Quellen (LOCO: Linear Optics from Closed Orhbits)
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Optic: Optic Functions: Beta Beat, Phase

LOCO: Quadrupole gradients finding, beta beat reduction and dispersion correction, coupling
correction and etc.;

Relative beta devialion {optics_p3_non_v1_w3n3_5007 .txt)
T

> Beta Beating = compare o4

measurement with theory (very 1 M f w%n H ! ( ﬁ AT g
first measurement at PETRA I, "o JW m WM WM \W\M QW | N ﬂ
now it is <1%. el | p U T ol V[
4/(@2) frad
> Phase Mismatch in Undulator 0& T ﬁMmMﬁJLﬁM}\NE
section e 1 ]
oty
> Optic model without damping o] SR
wigglers: => Wiggler Optic model ol | .
quite good }QZOEMW%
0 5 10 le s 20 25 20
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Orbit: Optic Functions: Dispersion Dx, Dy

Dispersion measurement

Measure orbit difference for energy change,
get dispersion from Ax = D, Ap/py. Main
interest 1), but there might be residual [),.

A beam momentum change is made by vary-
ing RF-frequency with constant magnets

Aw Aw A Ap
- L = —7}‘{:—?; Ar = 'D.’L'_}
WRF wo Po Po

- Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 26
A. Hofmann, Dynamics of beam
diagnostics, CAS Dourdon 2008



Orbit: Optic Functions: Dispersion Dx, Dy

- Drspersson Correction in PETRA I [ updated 17-05-2018 ]

Execute Contact Infu

Horizontal (mm)

________ U _ndulators f

12.00

s.oo {{-{4-+-gt- e e A

0.00

Vertical (mm)

-12.00 §--
-15.00
-18.00

500 - i . : . ;
soodb UM ey N

0.00

24200 48400 T26.00 96800 4129000 1452.00 41654.00 415935.00 2178.00
Position(m)

[s)(e =]

After correction

= - - t sources Page 27 %



Orbit: Optic Functions: Center Frequency (Energy)

fue= 499666500 Hz Af =-2000 Hz fue= 499664500 Hz
(S2/S4) = £ 10 A (S2/S4) = + 10, + 20 A
0.28 5 5 | 0.16
0.27 Ap/p = +3.3-103 0.15 /
= =- '
. Afye = -2000 Hz \
0.24 S 0.13 NG
_ " / /
O 023t e it Qx 0.12 \+\ \‘\ '
0.22 ;j,//;_> B % .|.I &X:4.4I678 I
0.21 1 'kH7Z N+ E—‘x =0.43863
02 // + & =56735 [ oL / S N+ g, =-3.5375 |
016 g =120 || 0.09 7|/ + g =-7.499 |]
' + &, =-2.4219 / + £, =8273%
0.18 ' 0.08 .
6 4 2 0 2 4 6 6 4 2 0 2 4 6
Aplp x10° Aplp x10°

> Measurement of the Tune — Momentum dependence for different Chromaticities

> At the crossing, the orbit goes through the mean center of all Sextupoles and, with good
approximation to center of Quadrupols.

> By moving the RF Frequency one adjusts the orbit to the circumference (C=2303.952 m at
PETRA Ill) (= adjust to right energy)

J. Keil, DESY Beschleuniger- Kay Wi b Di . les f 31 ion liah P o8
Betriebsseminar, Grémitz, 22. Marz 2010 ay Wittenburg| Diagnostics examples from 3™ generation light sources Page




Orbit Concept

1. After a few iterations the ,golden® orbit is fixed:

1.
2.

4.
5.

Find BPM reading in the middle of Quadrupoles (Beam Based Allignment)

Local orbit corrections to find best position at critial locations (aperture limits,
Undulators, Wigglers)

Orbit is used to correct the Optic (hor. Dispersion-funktion, Beta-Beat, center
frequency, ...)

Back to 2) Adjust best position at critial locations

Now =>

2. Stabilizing the ,golden® Orbit

1.

Feed-Forward at known changes (Injection, Gap-Movement of Undulators,...)

2. Active Orbit correction by Fast-Orbit-Feedback (incl. Main => BW > 50 Hz)

and Slow Orbit correction to avoid long term drifts
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vert. orbit : BPM_SL_24

L] L] L] - - - EUD T T T T T T T T
E. Stabilizing Orbit: Injection
.E. 400 P M U —_,————_-«—\_\_/’A'n\l,l'\,/\_/'w—-._,..—\__—_,-
= 200
- -, . - - - - - - : D_
> Nonlinearities within the injection orbit bump:
-200
= Minimize Residual Jitter due to top up. | S S— - —
10 20 30 40 50 [iu] Ta a0 100 110
. . . . . samples
> Injection oscillations and damping of one
bunch. C
> Influence of Strayfield of Septums,
Correction by Feed- Forward orbit bump
\!
0.25 5 l—
Kick durch PUO7
ORM 13 Apr. 2010
0.20 < I:.
—=— USHorFld
- DSHorFld % 10 2 30 W0 50 50 70 %0 0 100
0.15 7 —— USVerFld| | | e
—— DSVerFld 0.2 :
E 0.10 - b y"e"" ~-experiment
£ y, =0.52540.008 mm —fitting
= E 0.1 o
= = 1=500+5 ps
:_E 0.05 5 :
8
I~ z 0
0.00 S E‘
B 501
-0.05
T T T T T T T T B -0.2
0 50 100 150 200 Tooo 400 600 800 1000 1200 M(?O 1600 1800 2000 2200 2400
gap [mm] i
Bunch by Bunch Beam Diagnostics in SSRF
Yonghin Leng, et al.; IPAC12, New Orleans
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Orbit Stability: Feed-Forward for known Orbit-Distortions

> Orbit-distrortion by moving
Undulator Gaps

= Qrbit-Correktion by lokale Feed-
Forward with 4 fast Correctors (in
front and behind Undulator)

> Correction Table calculated by ORM
> APPLE-Undulator PUO4 needs 2D-

table
w/o Eeed-Forward with Feed-Forward
AXlgm 5 i i
"m; \ 1(‘:0 ztlxn 3;0 ! 4(;0 5&) a:l:o’ = .(I) N 5|o 1:In 1éo z;b ztlao 3:30 a;x{ 460
Gap openf GdpClosed Gap open Eap open Gap'tiosed Gap ope

m.l Bis il25 Um “ . Bis £10 Hm |

20 " : ‘I’ B e 7 | 1 | 1 ! | 1
(', 1&, gjo 3(',0 4&, 500 ﬁlm -9::0 50 100 150 200 250 300 350 400 45!:.
Msasursmsnt Measurs ment D‘ES/;
; Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 31
Time e "Q




Orbit Stability: Feed-Forward for known Orbit-Distortions

SOLEIL ID Feed-forward correction

OF T e O g

40 —— "”ff.'f:q{ 40 N _.:

g \

§ 20 EmLE g 20 %‘.
= e 15 bl
S of £S 0 =
= E 1.2 | g
g 20 F : - 5 . : 15 .20 i : - - ]
= | |[—— Without Correction: RMS =26 pm 1= [/ 0 ~y— Without Correction: RM?__ 23 pmy
= a (Iz1 =-50 Gom, 22 =-0.62 G.m"2)f 4, (IxI =-35 G.cm, X2 = 1.35 G.m"2) 4
ssseees With Correction: RMS = 1.6 pm [ T With Co-m?ctlonz RMS = 1-.'? Hm |-

R (Iz1 =3Gem. 122=0.12Gm"2) |] : (Ixl =2.5 G.em, Ix2 =0.15 G.m"2)| ]

60pm = | — — — — — 1 -00um ek [ [T P [T
20 40 60 8() 100 12 20 40 60 30 100 120
BPM Number BPM Number

Courtesy A. Nadji
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Stabilizing Orbit: Fast Orbit Feedback ( BW >50 Hz)

28-10-2004 13:24-44
first low B Undulator Section

Mo, of evenis

.
o -
FaSt Drblt 00115 00120 00125 0.0120

Vertical orbit {mm)

2 2

o— Ay {>A/DHFPGA T@_}
RF

Feedback
courtesy: G.Eehm (Diamond)

> Rate of orbit measurements: 24 kHz
(226 BPMSs)

> Data flow on cables (fiber optics)
= Digital controller (SVD & PID)

> 82 fat air coils and power amps\
= Correctors: air coils
> BW <200 Hz

= Slow orbit correction (hours and
days) by control system?

Kay Wittenburg| Diag



Stabilizing Orbit: One or Two Feedbacks?

Disadvantage: Gap or interference
> 2 independent Feedbacks in different l

Frequency ranges SOFB
> Slow-Orbit-Feedback:0 Hz ... f;

> Fast-Orbit-Feedback: f, ... f_ .,

(f, > 1)) f
0 Hz f, f, f

FSRF:
f,=0.02 Hz
FOFB £,=0.1 Hz

max

> 1 (Fast)-Orbit-Feedback
> Fast-Orbit-Feedback O Hz ... f__,

> F,...ca. 200 Hz at PETRA I

FOFB

> DC correction moves periodically f
from fast air coils to slow corrector 0 Hz Fnax
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Stabilizing Orbit: Fast Orbit Feedback at TLS

Control
Consoles

PC/Linux

WS/Unix

PC/Linux

200 Hz Rate
Data
Acquisition An
(200 sec 10 kHz < i )
Diagnostic)  Rate Data - i E Future Option
Acquisitiop- - =~ LT
EW“"}E‘_@ sec-l?la-grjostlcj Reﬂecti]\-fle tl:ﬂ[erncuy N XBPM
- v Tt Data
v & . LG
d v iz iz v Ve
E d i = PMQ i z PpMd M 3 d|m
DI B 4% 16 a8 16 5 16 (16] 16| 16/l 21 © =
H ! & Bit| & Bit|, henae | Bit]Bicf Bl Bic 3 =
o DO H o bi||D 5 ni|| D allzml 22 (ATTA ] 2| & H
s o 2 A 2 A ® allalio|io|l & g s
T s c c 5 clicliclic/l 3§ :
T Horizontal Vertical T 1LC1 T qm
Plane 4 Plane 4 2 v -

Inhibit Control Inhibit Control Corrector HC Cpont
Fast Orbit Feddback setting (=f reducgd ¥ME
N ¥ ¥

ofib Interface
GbE

~ PS Control
Analogue Sum

Grouping
Libera Pmu@
Libera P

amm| m
v v

Correction Magnet Power Supply

[T

XBPMs

10 kHz Rate Data

1.5 T

—— oo | 1] R
o | ZFOBON T | [
e L Rt e s B I I Y s i Al
2
3 T | [
%%05——|——+—|—++|—H———1L—+——'.||—
R I e s Ao
0 Tt N -

10°

DIAGNOSTICS UPDATE OF THE TAIWAN LIGHT
SOURCE; C. H. Kuo,et al.; BIW10, Santa Fe

Latency 620 us -> DC to >50 Hz

Hor. Position (um)

Ver. Position (um)

[=]

o

y Position & (um)

y Position & (um)
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Stabilizing Orbit: Fast Orbit FB

x10° Integrated PSD x-plane BPM_SOR_67
5 T T T | |
— 4 B N
£
E
a 31 .
=
a2t .
w
o
= | T\_
0 | | | | | |
0 10 20 30 40 50
f [Hz]
7 Hz: QP 20-25 Hz: Girder :
mechanical || 12 Hz: DESY || Vvibrations 50 Hz: Mains
Vibrations cycling PSD x-plane BPM_SOR_67
T T T T
N
I
e
E
=
a 10" 1
w
o
| | | | |
0 10 20 30 40 50
f [Hz]
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Stabilizing Orbit: Fast Orbit FB

x10° Integrated PSD y-plane BPM_SOR_67
15 T T I I
€
E 1f :
o
=
o |
P o5+ ]
- Status 100.81 mA W =
Beam =
= ] I ondever |
::aﬂt"" I hold |
IR » 0 1 | | | | | |
: Egg" Flep s can ] 0 10 20 30 40 50 60
¥ Clipp = DC-Mode f [HZ]
=M9niGa\n O off |
Clip FF ol ]
B Magret DF4) 7 Hz: QP 20-25 Hz: Girder :
I Libera (BPM) T mechanical || 12 Hz: DESY vibrations 50 Hz: Mains
] ] Vibrations cycling
— - PSD y-plane BPM_SOR_67

PSD(y) [mm*/Hz]

f/Hz
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Stabilizing Orbit: Fast Orbit FB (BW >50 Hz)

Petralll

A

AL=a FOFB - In operation

integrated horizontal PSED vs. fiH=z)

FBE on (|
FE off

-
-
T

-
[m]
T
1

Good but ...
to be
improved

¥ (um)

Int. Ampli [nm]

= KN W ke M @ ~ @ WO
T
1

A. Olmos, DEELS2015

/ 1000
qun] QDD| 0.4 urn

s00 I

7004 "

600 I

5004
|

EPM_OL_145 [nm] y-BPMs
C1lsFM_oL_144 [nm]
[~]lEFM_OL_141 [nm]

400
300
ZDDI 1
lDDl i |8
0 E-M.I}”“'.T -
S 100 LA AT P 1 o il Y
—z00 4 ----= . . ' N 5 h | .
—300' ;
=400
—-500
—&00
=7oo
—g00
—20n0
—1l0an t t t t t
Oct 13 Oct 14 Oct 15 Oct 16 Oct 17 Oct 15 oot 12 Y/
Thu Oct 13 00:00:00 CE3T =Z016 & Days

—




F. Beam Optic Parameters (BPM based measurements)

= Tune

= Synchrotron Oscillations
= Coupling

= Chromaticity

> Instabilities and bunch-by-bunch feedback
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kicker
un—destored .-~ “'-w .
orbir o -T " BPM

phase

", —

_—j'f

beam excited to
Y coherent oscillations
.

A single BPM records the position of an oscillating beam at every revolution

q = D.IE‘S 1 iiHl 0.5 I I

LY

displacement

Lurns

Beam position on six subsequent turns and the three lowest-frequency fits

700 T T —_
F T T T 200 g
=)

2
=
_Il.

180 g
w

180 5

140 9"
o

—12I‘Jg

5
I

3
g,
1]
0
g I
500
e
@
-
-
5
o
£
L]

w
100 £
Q0° 80
60

20

ﬂ""'l""l"""' P B Rr—r— Y
0.19 0.21 023 0.25 0.27 Tune
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Tune: Determination of integer part

hoi. Spule PCH_SWR_S
T

| Horizontalplane Q = Quot + e
T T SINRIEARY ||

i w I

I L I

-1
=
o
——
e
e
——
=1
__t—' | S —
e
==
—e
——
e U i
—
T e Ry
i 3
e
——
——————
e
e
e
————
p— N
—t
1

Fitted response agrees very well £
In the horizontal plane with theory |
Whereas there are phase errors in | il i "
The vertical plane close to the new sebbp bbb

octant TV (- S T

| o4 i '| B =

035 i i i i
[4] & i 1 Hl 2 ] -
*

COMMISSIONING RESULTS OF BEAM ' -~

DIAGNOSTICS FOR THE PETRA Il LIGHT SOURCE Kay Wittenburg| Diagnostics examples from 3 generation light sources Page 41 DESY
K. Balewski et al.; DIPACO09, Basel, Switzerland e "Q




Synchrotron Oscillation (side band of tunes)

Synchrotron oscillation frequencies
Single particle incoherent oscillation with fre-
quency ws, not seen by intensity monitor.

470

—en.hVip cos o 1

Ws = W - LT = Qe — —.

s 0 22 E, Je c 2

Monitor sees coherent motion, like the center-
of-mass dipole mode with frequency wy;

bunch ~ u

nok= -0 L

or quadrupole oscillation between, ‘short

time, large energy spread’ vice versa, with al
wgo. They represent a phase/amplitude mod- o
ulation with sidebands around pwy. 1”—

028 029 03 030 032 035 034
Beam Diagnostics Challenges for Beam Dynamics , .
Studies, O.R. Jones [IBIC2016, Barcelona, Spain Flmi-l{‘T].ﬂni-ll h(‘}r]z“n"al mlnl:'\ Qf

A Hof D - b Kay Wittenburg| [
. Hofmann, Dynamics of beam -
diagnostics, CAS Dourdon 2008 W

LS




Tune: Tune Signals

Print  Direktion  Version1.19

IDC=100.856ma Fe=b.23kHz Fx=17.18kHz Fy=33.66kHz

0

Blue: horizontal Tune f,=17.15 kHz
- Red: vertical Tune f, = 39.66 kHz

Black: Synchrotron Tune f, = 6.29 kHz

dE

-100

-120
1]

An adjustable broadband noise will be added to the RF front-end output (and therefore to the
kickers). In the frequency response this will be seen as constant offset. At the tune resonance
frequency a notch will appear due to the 180° phase shift of the feedback. These notches can be
analyzed, even with running feedbacks and with a minimum of excitation.
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Optionen Hilfe Execute Info Contact

PETRA-II

Tune Diagram

(36216, 30.304)

ol
= i)
Y

pl

36.081 36.095 381089 36.123 36137 36151

Qx

36.166

3618 36194

[ 2nd —3rd —ath —&th « Working Point|

i (®)

|B|mwp-£-::om | 16.05.18 19:06:51 laperaﬁom: Mode [Betrieb] |Serveranwah| [Default] I(Z-}](eillelnil]a‘le‘l
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Betatron Coupling

Coupling measurement
Horizontal and vertical betatron oscillations
are usually treated as independent. Some ele-

ments, rotated quads, solenoids, couple them
y 1

pole
‘; Closest tune approach:
Increasing F-quad approaches tunes to min-
imum value A\ and separate them again
normal quadrupole rotated quadrupole AN & k/(Quwo)
.. .. Q
T+ szwng: = ky, 1§+ ingy = kx /
s

/
quadrupole strength
DESY
Kay Wittenburg| Diagnostics examples from 3 generation light sources Page 45
A. Hofmann, Dynamics of beam / 9l Diag P g g J /"
diagnostics, CAS Dourdon 2008




Coupling Measurements: Closest Tune Approach

= Very first measurement in

PETRA Il (2009)

= Today almost no distance

(0.1% coupling)

= Diamond:

Skew Guads O closesi tune = 00057
o4z 1 |

Emittance Ratio:
ol 1.3%

036
0.34 ¢

03z

L L L
1] Ui Ui [l ]

L
4

wag ;W\

0205 I . I I .
Tune
=t AN & k/(Qug)
wuil
K= 0 | 005
aosl
:
g E
goz_ H Ak
0265 |- /}$—\—+_:-_ _:;__:
] / -%
——l //
025 ‘n// .- I I I I
430.3 ‘4304 430.5 430.6 430.7 420.8 4308 431 4311 R |
Qe .
Quadrupol strength
Shew Cusds On ciodest ume = 0UDD0A
| ' q ' §
Emittance Ratio:
04t 0 i 1 7 nfo
0.36
N -
034}
RP Walker,
ﬂ'%:a n_;z 031. “-;u nsu 0; |



https://ttfinfo.desy.de/petra/data/2009/18/03.05_a/2009-05-03T15:07:40-00.ps

Coupling Measurements: Beam size orientation

60 N ALBA

K =0.16

T, (pam)
2 5
| /

K =029

a, (pn)
e

K =0.49

VAN

y ()

K =068

a, (pun)
e

|

Y L)

K =079

0 20 40 60 80 100 120 140 160 180
0 (deg)

g L) y ()

y ()

20t
10¢

— 10k
—ant

20¢

10

—10

—20F

20¢
10F

—10t
—ap[

20¢
10¢

—10F
—20F

20F
10¢

—10}
—9pk

ANIZAN oo
4 g,=53p
XX ou = 304
AN AN e
>< j o, = 20pm
LN
ANHIZAN d —-10°
)‘ B — 0, =255 um
a, = 25 pm
L NS
anuiE
><Q>< ay, = 31 pm
/. N £ .
S I ™, a0
é o m
\ >< o, = 33 pm
I Sy I
—50 0 50 100
T (pm)

LONGITUDINAL AND TRANSVERSE BEAM DIAGNOSTICS US ING
SYNCHROTRON RADIATION AT ALBA, Laura Torino, Thesis
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Measure chromaticity
Chromaticity and change of momentum

Optics Analogy:
,_ dQ dp _ _1dwpr Achromatic incjdent light
dp/p’ p Ne WRF

P=p+0p raua Focal length is
g -("\9 Ar Lens energy dependent
P="ro i Spread in the Machine Tune
sextupole

due to Particle Energy Spread
To get the chromaticity we measure the tunes Controlled by Sextupole magnets
as a function of frpr. This is done with the

sextupoles on for the corrected and with them Ap 1 Af
turned off for the natural chromaticity. The AQ =Q’ [——aj Q' —
latter is also obtained by varying momentum

through a dipole field change but keeping the
beam on the nominal orbit going through the

sextupole centers where they have no influ-
A. Hofmann, Dynamics of beam
ence, this is based on rfp/p() dB/B(] diagnostics, CAS Dourdon 2008




Chromaticity Measurements

17564.7119 (dp/p)® +-22.2384 dp/p + 0.11934 104 5507 (dp/p)® +1.1588 dpip + 0.13133
0.124 T T T T T 0.134 T T T T T T T
0.123 Strong negative : Small positive
i~ 0.133} ‘L i
012 H Chromaticity -22 H Chromaticity +1.15
0.121} 1 0132} i
g
S S
Fo012f . -
o £ 0131} s
= 5
N 0119} . s
g I
0.118} ] 013} J
0117} . o120l |
0.116 ]
0123 1 1 1 1 1 1 1
0.11 ‘ L L L L L ‘ 0.2 015 0.1 -0.05 0 0.05 0.1 0.15 0.2
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 Momentum Shif, dp/p [2]
Momentum Shift, dp/p %]
2
24813.6553 (dp/p)® + -18.8088 dp/p + 0.34085 -61.3358 (dp/p)” +1.282dp/p +0.30253
0.346 T T T T T T T 0.306 ! ! ! ! T J T
0.5} | Small positive
° 1 0.305F .. i
Strong negative V Chromaticity +1.28
0.344| V Chromaticity -18 1
0.304} .
o 03431 4 .
= 0.342f 1 W 0.303} .
2 =]
5 =
2 T
0.341 i =
0.302} .
0.34| .
0.339| J 0.301} |
0338 X ; - . X ; X 1 1 1 1 1 1 1
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 0.3
Momentum Shift, dp/p [%)] -0.2 015 0.1 -0.05 0 0.05 01 0.15 0.2

Momentum Shift, dp/p [%%]

Kay Wittenburg| Diag . . .
<L)

Nonlinearity by second order sextupoles cross talk terms




Chromaticity Measurements

> Negative Chromaticity drives .
instabilities and Injection becomes '
inefficient (=beam losses) o 4
> “Injection efficiency was ~60% at Cx,Cy < -10. £ 55
This caused BLM warnings at Injection.” P
~ 2.0
> Positive Chromaticity: Less beam 1.8
losses at Injection SE Ay oo W
. & g romy., . . .
-18 -16 -14 2-10 -8 -6 -4 -2 0
DeltaChromY{and X)
/ Test of very large negative Chromaticity
— = IDC= 29.856mé Fs=B.18kHz Fx=16.02kHz Fy=41.56kHz /
“The synchrotron sideband showed up consistently throughout study time. E Fi'g

Initially | assumed it was due to m=1 head-tail mode.”

g Mg
FACPRN W A i
# W il ' i P N
. ol i PRI - il b
P 5
| 1007 ft
-120
il 10 20 20 49 80 &0
25 age 50



Instabilities: Fast bunch-by-bunch feedbacks

> High Chromaticity is necessary for Typical ring impedance
suppressing various kinds of beam
instabilities (typ. exited by the narrow
vertical gap of the undulators). Low
Chromaticity is good for high injection SHE 0 -
efficiency. To run with low
Chromaticity a Fast bunch-by-bunch
Feedback is required.

—

> Instability threshold at about some 10 Veaity ()
mA: Resistive Wall due to small gap in I\
Undulators, HOM impedance, lon bh\ﬁi \ A AN ‘
trapping, Microwave, coupled bunch cavity VRV
instability, ...???? LV .
Bunch 1 Bunch 2

= Bunch-by-Bunch feedback. Due to
wakefields and impedance, most high
intensity rings need multibunch
feedbacks to stabilize the beam. bunch

|w ]
m
2N
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Instabilities: Fast bunch-by-bunch feedbacks

Transverse instability of many bunches

M  bunches

can oscillate
in M independent modes
n = MA@/2r, phase A
between them seen in global
view. Locally, bunches pass
with increasing time delay
shown as bullets fitted by up-
per (solid) and lower (dashed)
side-band frequency. Higher
frequencies can be fitted and
spectrum repeats every 4wy.

e = wo(pM £ (n + q))

Spectrumn =3, g=1/4

“
M
f
M
I.LJT N
~

\_Zi

A. Hofmann, Dynamics of beam
diagnostics, CAS Dourdon 2008

global view - snap shot local view - seen by impedance
1 2 3 4 1 2 3 4 1 2 3 4 1bunch
bugch . 4 k. 4 ”~ :,“' s [ ”~ : il “y 3 ) :
1 2 4 1 JM‘] Jvorr i iy
’ L . . * b RN v v o ISR f ;
0 - 1 ‘ 3 turn
Wy
bugch 123 4123412341 bunch
2 4 1 + \ rlﬂli T.h :ir\\. JF [ I-‘Il, 5 i;‘\ 1 '\\‘ f!-\l:
, ’ T ]'I' 0 [i\ ll|, ‘\ T \ ; ." \ Jr ‘r f -II-
: - _ : "‘v_'. 1‘-; \g‘f: 1 ) \\u'J ) X f.l; ! : :
' . 0 1 ‘t 3 turn
Ap=m/2, n=1 (|] iq ; Ljpee run:_l f
Wil
bunch 1 23 41 23 412 3 4 L 1 bunch
I N W ASVA A ANANTAA'S
’ . ’ | 1 i ; " ‘\ "‘ } .rIJ \‘\ ,'f‘ ? f
: A RAVAAV.V: VAN TARV IRV FAV
. . 0 2 3 turn
Ap=7,n=2 | . |g. spectrum
' 0 i 2 3 o/
bunch 1 2 3 4 } 2 3 4 } 2 3 4 } bunch
12 P8 g 1 LA ; N
' 0 ;
L . 1 i . _ i -~ |- i
. v 0 3 turn
A¢=3m/2, n=3 . i ;PEC”““E 4 f
Wil
r\ay VVILLCIIUUIg| UIdgllUbllUb C)\dlllplcb ot o'~ gtlltldllull Ilglll SuuILesS I"Clgb fo V4 /:'/';'\"




Longitudinal and transversal fast B-by-B feedbacks

Transversal Longitudinal

Btitton or Striplihe
Monitor

Button

Monitor 8 Cavities

RF Frontend —_ ]
Elekironics — -
RF Frontend
usse Power Amplifier, "' Electronics DSB
Sarver 9 kHz - 250 MHz —— 1.375% 1.5 GHz
F—— LAN 4*250 W 1kHz to 62.5 MHz

The required minimum bandwidth (62.5MHz ) is determined by the shortest distance between bunches (8 ns at

Petralll) courtesy
J. Klute (DESY)
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Longitudinal and transversal fast feedbacks

=
[

> Longitudinal Feedback
failure

= Longitudinal Oscillations seen
by Synchrotron oscillation
peaks and by streak camera

CBrgranne PO rstalction War2)ONiterCarre it 10909, mg (Coom x1)

|DC=B4.434md Fs=5.92kHz Fx=2082kHz Fy=3367kHz
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Instability measured by Turn-by-Turn Size Observation

No bunch-by-bunch feedback at ALBA, Test at 130 mA hybrid filling
200 - -

Fast lon Instability

ey Oy
Il
D =
o

TG

Resistive Wall
Instability

The size of the
single bunch at RF- g |
bucket 400 remains i
unchanged, i
indicating a sufficient
gap to damp the i 50 100 150 200 250 300 350 400 450
instability. Bucket

For the nominal chromaticity & = 4.5 all the bunches have a similar beam
size (black dots).

LONGITUDINAL AND TRANSVERSE BEAM Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 55
DIAGNOSTICS US ING SYNCHROTRON RADIATION
AT ALBA, Laura Torino, Thesis




. Beam Current Measurement

= DC current, precise beam current and lifetime (-limitations)
= Bunch current (AC), bunch charge and filling pattern

= Sum of BPM Signals (very helpful at first beam steering)

P | Hesdth | InEerior | Caleaton & e Koot
FIBREA SO

Figure shows the
sum signal of BPM’s

-

25 30

Sum BPM_SOR_67

:WWWM

7.3241

7.322E

0
tfs

Spi es’? Ask I-Tech!!! ‘

LR Sl
et - |
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Beam Current Measurement: DC current

> Range: 1 mA — 200 mA, Circulating current,

> Resolution: < 3 pA, lifetime resolution < 0.1%
> Bandwidth: DC - 10 kHz

BSK Measurement of beam current

The dc-transformer'

A dc beam can not be measured with an ac-transformer
= extension with two tori and three windings each.

modulation [f\*‘

1 kHz modulation ]

beam

sensing demodulator

driving de—voltage Q)
measured current
compensation compensation current

Modulation winding with opposite orientation.
\Sensc winding with same orientation.

JUAS, Archamps

it

Peter Forck

/
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Datei Maschine(Petra)

PETRA

Elektronen

History of charge N and lifetime t: N(t) = N, * e-t/t

Hilfe Settings

100.396 mA

100.704 ...

optic: p3x_v20
bunches: 480

9.854 h

9.839 h

108

—
o
E
—
-
=
=1}
F=
-
[

10.8

lifetime (hrs)

M Tau (F)

Cur DC

- Vertical Scale (Max) -
100395 Current lifetime

-1.6 0
Thu May 24 07:01:24 CEST 2018

- Time Axis -

) minutes @ hours

100704 | 120 |

1 HI

9.854| | | |

0.339|

update : ® normal i) fast

24.05.18 07:01:24.919 CEST

29.399C

energy : 6.085 GeV

[

BKRW7PECON1 24.05.18 07:01:24

{Operations Mode [Betrieb]

Serveranwahl [Default] }[3}KeineiniDatei
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AC Bunch Current Measurement: Fast Current Transformer (FCT)

> Range: 10 uA — 10 mA

> Resolution: < 1 pA,
Bunch current for defined filling and top-up (<1% Stability)

A 1:40 Passi
lCn;?E;t S ; Tran'sf:):‘r!:ﬁI:re 20-Jul-06
L/ E ” _ v 3 A - & - T TUETpp—
(Heramic i5:32:58 | | ] i [ |T 1 T
Gap @ Hi . {._. _____l___i____' .-_-.:'_,..H.,...,__,.L.-.-,.i“n P
N t ns T 1 T
2.00 v | '- A I
BEAM _— "'“'T"'“ il f ; _%m"" _""w"j““-{."'—_fi“"“
- i 1 Lo
/ e e _J.._..u..!..._- — ‘I____ l m T im,ﬂj_.___;__wv:,m_“
’-\mﬂmmm‘f— T VN % P — 2 ! ! “ i'.’ ! ! i
7 S| —20Qto damp any : ! L 1 | i i
Calbration winding ///////4% m\\\\é oy oo 53m3= A H+-H+¢--§"H-+-|,.TH|-+'€-1-I-H-..
+  500MHz Bandwidth couttesy H. Schmickler (CERN ) | 1 | !7 i
+  Low droop (< 0.2%/us) FCT Qutput - 1 !
S t i

B&3-mm 1D transformer buiit inside a double-sided DN100 CF
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AC Bunch Current Measurement: Filling Pattern

PETRAIII
> Range: 10 uA — 10 mA

bunch current per bunch

> Resolution: <1 A

Tekstop | (U - ]

| e

oo
ettt
i
i
I ] . 2 -1 a8 1
[

| show rdference | show refeerce

i
{
{
l
4
i
}é
!
K
i
i
i

N TR T L T T User run, 480 bunches, 100 mA
| 200mVQ| H 1.00us A| ChlJ‘ 492mV|

i+v|4.48200us

[1079] PETRA Current
101.2

100.8
100.6
100.4
100.2
100.0

Kay Wittenbur¢ 99.8
23h 24.5. 1h 3h 5h 7h 8h
23.5.2018 2018 24.5.2018 24.5.2018 24.5.2018 2452018 24.5.2018




Beam Current Measurement: Transfer Efficiency

8] Tty ity

¥ |Strommonitor (¥ersion 1.4.2)
Obere Stiomgrenze (mAl 1010 delta )= 1.0 Unlere Stromgrenze (mAj= 9333 | patei  Maschine(Pstra) Optionen _ Hilfe _ Settings
StausTest: Injehion lneut richt CheckLoworLimes untzres L arreies
e — = = — 100.841 mA 7.748 h
Injektion Fabdor= i Faki i
e 100 Elektronen 100.102 mA 7.748 h
Injektion-Faktor (zur interne Berechnung der Anzahl zu fiillende Bunche) 103 17.4
10
= 2
03 Inj.Faktor = 0.706
; 101.6 17.12
ot 100.2 \ l\ [\ [\ l\ l\ \ r 16.84
.3 P N ~ < ~ s
g =
: B e £
. = z
R ) s 0880 0055 oron o7 T o738 w0 a7 o3 £ Bl \ \ e g
=1 —
L) Ence der Zokskaln: 07 33 0% = =
| mﬁr;u_a-_ eisiats (M= | DE 97.4 16.28
i
Bunchstrom in PETRA @ 96 16
2e00 = = = 2 = -60 -48 -36 -24 -12 0
poo| Bunchzahl = 60 Summa =99 T19mA  Min = 1637 85 microA  Max = 1681 88 mil e -Min, = 44 .03 microA Mintites Sun Mar 10 08:43:46 CET 2013
veoa |
s "”"J! - Display Selections - - Vertical Scale (Max) - - Time Axis -
£ 1000
E m: 100.274] 100.841] Current lifetime ) minutes @) hours
| CIE | I wwond | 2] | o = E—
=0
| L LD , (I | | — || N [
o =0 "o "o 200 ™ 00 »0 L] -0 00 Loy L= o0 o 0 " L L] -
Buachaumries L) [s— 1748 update: @ normal ) fast
- eursor - - riow -
| einenol AUTGscole | ] NULL untesdriichen | Dunclimster speichern | loteles gospeichestis Dunchrmstes: Hites=
10.03.13 08:43:46.485 CET accumlated charge : 1623.314C energy:  6.08B4 GeV
| mwmory manager ﬁj\ Fkr){pPeCnnH 10.03.13 08:43:47 loperatinns Mode [Betrieb] I‘: [Default] : iDatei
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Why AC and DC Monitors?

Nice to crosscheck: Blue DC, light blue AC

=lolx
Dated  Maschine(Petral  Opconen  Hite  Seiiogs
R e e 100.544 mA 9.407 h
BElektronen bunches: 480 101.122 ... 9.407 h
103 A6
10185 ) 410 1 s A Bt 823 4 )81 s A B . 48,51
T i L B.AF =
£
: 1833 E
z
982 6.4
aF A L ' ‘- B.1%
-2 =16 -1.2 0.8 0.4 i
Hours Fri May 18 15:40;29 CEST 2018
- Display Sedections - - Wertical Scake (Max) - - Time Axis -
(m | Curreat Metme  mintes ® bours
EITETE O [Coossd [iazd | 1207 10 =] 2
E_ E. I:I | awioscale -| | autoscale i aggy apphy
O om [ ] (e wpaste: @ mormal st
- s - = A -
18,0518 15:40:33,560 CEST accumiated charge : 17avC encrgy:  BOBS -
[BRRWTD2CONGZ | 180518 15:40:33 [Dpevations Mode [Betriek]  |Serveramwahl [Defastl]  §NiKeineiniCatei
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Lifetime Measurement: Dynamic Aperture

Measure dynamic acceptance

Dynamic acceptance gives normalized maxi-
mum betatron oscillation amplitude of beam
optics, i.e. the maximum beam emit-
tance. Limited by non-linear elements giv-

ing tune changes with amplitudes making
oscillations unstable. Measured by excit-
ing oscillation and increasing amplitude un-
til life-time is short. To calibrate, scraper
Is moved into beam to a distance x, where
gets even shorter, acceptance A = z2//3.

vertical scraper position [mm]

Scraper defines geometric aperture. At point
with losses is dynamic aperture = geometric
aperture

At life-time limit check tune in case of
resonances. lo avoid orbit distortion ef-
fects move scraper from both sides, window

Accelerator Physics; Reported by Alan Jackson
http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf

- Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 64
A. Hofmann, Dynamics of beam
diagnostics, CAS Dourdon 2008

scraper.



http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf
http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf
http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf
http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf

Dynamic Aperture: Measurement with Kicker

=With MBFB

Fractional Beam Loss

Acceptance Measurements

1.1 T T T T T T T I T
Fractional Beam Loss
1 4
09} e
0.8 1
0.7 1
06} X:3000 h
¥: 01.5452
u
0.5 \
0.4} .
1 1 1 1 1 1 1 1 1
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
HV of Kicker [V]

Accaptance [mm.mrad]

Acceptance Measurements

1200 1400

1800 1800

2000 2200 2400 2600 2800 2000 3200
H of Kicker [V]

Kicker Calibration

Fractional Beam Loss

>w/o MBFB

Acceptance Measurements

L —— e T T T T T
Fractional Beam Loss
09 1
08 1
07t 1
06 1
0.5 [ B
X 2000
V05 \
04t
1 L 1 1 1 1 1 1
1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
HV of Kicker [V]
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Lifetime Measurement: Touschek Limited

The lifetime 1n an electron storage ring 1s usually determined by the following effects: the quantum
lifetime (T, ). elastic () and inelastic scattering (Ty,) of electrons by the residual gas atoms,
scattering of electrons within the bunch (Touschek effect) (7., ), and trapping of charged particles
in the beam potential (7, ). The total lifetime 1s given by:

| 1 | 1 1 |
—=—+—+—+—+

Ty Tq T inet Te Tiau Tion

The functional dependencies of the lifitime effects on different machine parameters are as follows.
Quantum Lifetime:
2 2
i — i Axys exp| — Axiy,s
Tq Tp Gi,y,s 20}1,]{,5
Elastic Scattering;

~=c [(PB)B +(p BQ%J

el

Inelastic Scattering:

1 1 5
— = P - 4+
Tina i >|ﬂ( As 8]

Touschek Llfetlme
1 .
- =~ 4 .
Tiou Clon E3 VolumeA f(A"G" ) * Intra beam scatterlngGBS 1y Accelerator Physics
Reported by Alan Jackson
In these equations, A, is the transverse aperture, B, the B-functions, and G, the beam size at the http://www-als.Ibl.gov/als/compendium/tr97/AccPhys.pdf

position of the apernu:e G, 1s the width of the longitudinal particle distribution, and A, the
longitudinal acceptance of the storage ring. The longitudinal acceptance can be detelmined by the

size of the rf bucket or by the dynamic acceptance. s examples from 3" generation light sources Page 66
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http://www-als.lbl.gov/als/compendium/tr97/AccPhys.pdf
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Lifetime Measurement: Touschek Limited

Touschek effect: Particles inside a bunch perform transverse oscillations
around the closed orbit. If two particles scatter they can transform their
transverse momenta into longitudinal momenta. If the new momenta are
outside the momentum aperture the particles are lost. Good locations for
the detection of Touschek scattered particles are in high dispersion
sections following sections where a high particle density is reached. Since
the two colliding particles loose and gain an equal amount of momentum,
they will hit the in- and outside walls of the vacuum chamber. In principle
the selectivity of the detection to Touschek events can be improved by
counting losses at these locations in coincidence.

O—Ir.r’"' ————— >

Beamdirection

Coulomb scattering: Particles scatter elastically or inelastically with residual
gas atoms or photons or emit a high energy photon (SR). This leads to betatron
or synchrotron oscillations and increases the population of the tails of the
beam. If the amplitudes are outside the aperture the particles are lost. Losses
from elastic scattering occur at aperture limits (small gap insertions, septum
magnet, mechanical scrapers and other obstructions). If, in an inelastic
Coulomb collision, the energy carried away by the emitted photon is too large,
the particle gets lost after the following bending magnet on the inside wall of
the vacuum chamber.




lifetime [h]

Lifetime Determination: Scraper Measurements

litetime [h]

0 2 4 6 8

Quantum Lifetime:
2 2
i — i Ax,y,s E‘Xp{ o Axiy._s
Ty To (ﬁ-y,s ~ 20xys

Elastic Scattering:

1 ! B, B,
— CﬂE(.(P BQE + <P By> A_%}

el
Inelastic Scattering:

1 1 3
= (Cipet (P -+
Tinel i >Iﬂ( As 8)

® ﬁgrizonlal scraﬁar position [mm] vertical scraper position [mm] Touschek Lifetime
|
= Ct E3 vV l j(Asz )
This information allows one to calculate the contributions of the different lifetime Tiou olume A3
effects to the total lifetime. As the current per bunch is very small, the Touschek
lifetime is very large.
o . . .. : Results 5 mA 400 mA
The measured lifetime as function of horizontal scraper position was fitted to the following curve: —
quantum lifetime T, oo oo
const. A > As elastic scattering lifetime T 85 hours >18 hours
1 _ B inelastic lifetime T, 265 hours =55 hours
Z(A)= +C1_<p) (B )B +(By)<—‘,;> if Ax < As . | _
Trousinel A2 A} Touschek lifetime 7, =200 hours 2.2 hours
total lifetime T, 50 hours >1.9 hours

In these equations, A,__ is the transverse aperture, B, the B-functions, and 6, the beam size at the
position of the aperture. ¢, 1s the width of the longitudinal particle distribution, and A, the
longitudinal acceptance of the storage ring. The longitudinal acceptance can be determined by the
size of the rf bucket or by the dynamic acceptance.

; ww. r
Accelerator Physics Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 68 DESY
Reported by Alan Jackson | "Q
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Beam Lifetime vs. Single Bunch Current

A measurement of the lifetime at
the same total current but with
varying bunch currents is shown.
As the gas pressure does not
change in this experiment, the
slope of the curve gives the
change of the IBS and Touschek
lifetime with bunch current.
Remember, the Touschek lifetime
changes with the bunch volume,
thus any variations of the
measurement conditions might
change the result.
« Extrapolation for I,= 0 mA:
Beam-gas life time 14.0 h
e Color lines: Theory (IBS +
Touschek scattering from
ELEGANT) for 1%, 0.5%
and 0.25 % coupling

0.25 %

0.5%

1 1%

— Estimation of coupling: ~0.6%

Measurement Conditions:
| =100 mA
U=20MV (=9 + 11 MV)

J. Keil, PETRA llI-Meeting
20. November 2017

fy = 17.2/39.4 kHz
f, = 6.16 kHz
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H. Beam Size and Emittance

Dedicated Diagnostics Beamlines

X-ray imaging

signal on CCD

pinhole, mirror,
zone plate,
CRL

Interferometer

signal on CCD

double slit

Visible; now 2-Dimensional

courtesy G. Kube (DESY)

Beam size at Undulator h /v: 140/ 4.9 um

> Resolution requirement: =10 um (beam)
at higher p-function in ring

Problems:

> (Visible) Synchrotron Radiation is diffraction
limited (= 200 um)

Solutions:
= X-ray (diffraction = 10 um)
= |nterferometer

= Pin Hole Camera

= 1t Polarization PSF-Method

- {5 v (59)

e

AL\/]I 1
7=ooVI"Y

Iy Intensity of the interferogram

Ji Bessel function of the first kind

a Half diameter of the pinhole

[ Focal distance between the first lens and the CCD

A Radiation wavelength

V Visibility > fi

D Distance between the pinholes centers

L Distance between the source and the double pinholes
system
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Beam size: Emittance by knowing the B-function, dispersion D and

200 400 600 80O

Ap/p (=o,) at the monitor

@ 2 dim Interferometer [~

Figures plotting FitParameters

Harizontal Vertical Haor, Vi,

Single Shot | BG 04523 018244
Tent Amp [ oous [ o7sese
o net F =

ASinc

o corez0a [0 porezos

I Canti I
S L L PSinc ,m ’m
Com. (Ne FiY Vis 0AFEIl | | DAz
Slice witth 7 7 ACos 00EM13 | 008E3ES
Pros |-
Slice range (507,821 sz oLas || 020
Plot " 5]
Mumber of pictures for sveraging
Every picture takes 0.25 5) A Fithin,  [irmt] [V

1000 ¥ Circular iyes) or Rectangular {no) apertures:

[_ITx]

2018-05-28 23:03:41

Beam emittance / Size
Hor. Wi,

[ [ » ]

EGIISB&&J 52.5251373
bl [Tose

19578 445

D/ mm
Lmbd / mu

%

w007

Beta/m
Imb K
sigma, mu

emit, parad 1368 55 158

0.6 06
Horizontal 05 Vertical 05
slice - slice o
Plot horizontal Plot vertical emittance
emittance 0.3 dependence on fime 0.3
dependence on time or not
0z 02
v F
01 01
200 400 600 800 1000 200 400 600 8OO 1000 1200
198 10
£.] 196 um g :
= 1% lvl —_ . < B = 5 8
w = & i v . u
£ © (1BE61 e 08 mu | . + (5.8 +-1.7) mu
Frv) B L L n L L o . n L L
0 10 20 30 40 50 80 ] 80 o0 0 200 400 800 800 1000 1200
time /s time /s
10 10
g g
»
£Es g s i
0 0 .
[ 10 20 30 40 50 0 0 80 80 0 200 400 600 800 1000 1200
time /s time /s

Defing number of points to be saved 20 Diefine name of the e where data will be saved |

/ |

‘Beam emittance / Size
Har. vnt.

D/ mm 7 | 20

Lmbd / mu

Beta/m [ 2389980
Imhb K | 1

0.5

1252515703

.45

signva, mu 186749 4 46

136556 1.59
N 7
= 0.1% coupling

emit., pm rad

.| circular SR Interferometer 20 - E ) ]
Datei Anzeige Emlttance 8:
_Emil:tanzen (Vert:rot, Hor:blau) und Mittelwerte (schwarz) 7
100 B J-—

]

S0

=5

Emittanz Vert fum

0.0
1.3ITS

1,250

4,200

Emiftanzy Har fu m

.27

250

1,328 4

>

1ES00:30 180 00 1220130 18:0Z2:00 T=02:30 1820300 103 : 30 120900 12:04:20 120500

=l = gl e il =il
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Emittance variations: IBS, Touschek

IBS increases the beam dimensions Touschek effect limits the beam lifetime

Example: Emittance increase due to intra-beam Example: Correlation between beam lifetime and

scattering which leads to an increase of the beam b_eam size while reducing coupling.-> Touschek
) ) ) : . Lifetime

dimensions in all three dimensions.->

Simultaneous transverse and longitudinal 750

measurements needed IS VU VO SOUOOE S A
e Hor. Emittance versus Bunch Current 550__
T
£ : : : : :
EBUU— ............. ........... .......... .............. ............. 4
350 et g ; : : . :
— g 550 o ............ . .......... ........... .............. ............. -
am : ,.-')V X - SDD ............................................................................... -
2 450 | ALBA Pinhole Camera |1
§ 20 : - | ; . ; ;
= L 0.016 oo 0.02 0022 0024 0.026 0.028
| Beam Size [ m]
200 :
0.5% 0.1 % coupling
[ T
150 12 J_ou-f:-m_f;nlf'm?o e Taf T P oT311:05_T3n03mzs e
F Fl
100 | |
0 20 40 80 80 100 120 140 160 180
T/ WA = e o 3a80 um
angle: 1,34 °
Horizontal emittance versus single bunch current at PETRA 00+ mn 200+ imu

I, 3 GeV Test run

U. Isiso, Beam Size

Beam Dynamics Activities at PETRA lll, Alexander Measurements at ALBA, DEELS2014
Kling and Rainer Wanzenberg, Beam Dynamics
Newsletter No. 62, 2013
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Emittance at Injection: DESYIl -> PETRA Il

Quadrupole Scan Method

- DESY llto PETRA Il Beam Transfer Line- EWEG 24-Now-2008 1014416
1 ! I ' ! ‘: T ] T —= For the quadrupole scan method measurements with one
: i : = . . -
. R S - ;e e £ screen monitor downstream a quadrupole is already sufhi-
- (A - ' 35 T cient. By changing the focusing strength k of a quadrupole
g € _ 3 : b i upstream of the screen all elements of the Xj-matrix at the
zm,{;:g“iﬂ" i = § — fis b i _:;:.'ﬂgg. . i .
§ olgem b _ oA yimm entrance of the quadrupole can be determined. One screen is
£ jeloietan. | } i B 3 % i Lo ne 1:‘.:?; . i PR -
3 i ; | ] (" L A sufficient because the total transfer matrix M = My (k) - My

will change with k.
The N measurements of the beam size G'E‘ at the screen at
position 2 can be written in matrix form as

cri Ml;” 2My 1 My o M];zg o

oy (oMo 2MauMrn My, i1 |
o
ox) My, 2MyuMyiz My, '

and can be solved (if N = 3) for the vector on the right side |
by using a least-squares fit minimizing the y2-function '

2

B MJ?,HE“ - 2M; 1uMj 12Z12 - M2, S

N 2
2 J J.22
X -
; ZJjﬁ(ﬂ'j}

with the errors of the beam size measurements A(o;) taken
from a 2D-fit of the beam profiles. I
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Emittance at Injection: DESYIl -> PETRA Il

————_

=
— 1

4] 0.05 0.1 0.25

Figure 3: Square of the horizontal beam size as a function

of the focusing strength of quadrupole QEO19.
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Table 1: Results of the Quadrupole Scan Measurements

Theory Measurement
5GeV 60 GeV 5GeV 6 GeV
€x / nm-rad 241 331 253+ 06 335+ 12
€y / nm-rad 24 33 10 £ 0.5 15+£0.5
Bx /m 111 111 53+£2 56+2
By /' m 120 120 56+4 56+3
@y -8.9 -89  -38x0.1 421202
@y 1.9 11.9 62+04 59+£03

Quadrupole_Scan_Measurements_in_the_Beam_Transport_ Line between
DESY Il and PETRA llI; J. Keil etal., IPAC'17, Copenhagen, Denmark
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Beam Size: Optic Mismatch

Beam quadrupole oscillations due to injection optic
mismatch by fast gated SR light camera

Diagnostics for Physics Applications at SPEARS3, J.J. Kay Wittenburg| Diagnostics examples from 3" generation light sources Page 75
Sebek, et al.; BIW12, Newport News



I. Bunch Length; Devices

3rd Generation: req. resolution = 2 ps Binxing Yang, BIW 2006 mnmia: ptes
. Ligh! pulee T”“}u; ﬂ
> Optical Streak Camera | 4. o) g ——
> Fast Photodiodes S
> |Incoherent spectral analysis 4
> BENDIG HAGRET
u | \Mﬂ
g
) S E N
Parlicle wﬁ-ﬂ._ Spherica] irma
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Bunch Length; what defines bunch length in the machine?

> Long. synchrotron oscillation
defines bunch length to = 40 ps
. 2 e 0.04
D | fn st e N
ﬂs g
1r /\ 0.02
(o 5 r\ = 0.00
3PN 60° * \A%* 150" 4 |
-4 \ / ~0.02
-2 T— 0047 0 1 2 3 4
At/ns
CDZ/QS ~AEE,®~2z~t Touschek scattering and recapturing in
following buckets shown in the longitudinal
Area within the separatrix is called “RF phase space
bucket”.
CERN Accelerator School
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Bunch length measurements, Energy spread

Stable beam conditions Enerqy Spread:

B

Beam width enhancement at high
<-PETRAIII dispersion ~ Energy spread

Bunch Length ~ Energy spread
c =oa/2nf * Ap/p

with oo = momentum compaction factor, f, =
synchrotron frequency

c =36 ps=>Ap/p=1.1.103%at PETRAIII

H
¥
%
=
=
z
=
%
3
g

Elettra
& —22. 72p8

c =22.99ps e Stable beam,

Multibunch Feedback on

c =20.42ps

E=2GeV, I=100mA:
stable beam

G =23.50ps e

Bunch by Bunch Beam
Diagnostics in SSRF
Yongbin Leng, et al, IPAC12,

New Orleans L

L T ]

441ps full screen
courtesy M. Ferianis, Elettra; H.Ch. Schroder, DESY

PIorona00000RRO0RRe
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Bunch length measurements

Unstable beam conditions Multibunch Feedback: off

(=2
=

<-PETRAIII

Elettra

(- ogarmgeHOTA nialton OOt 0505 g fum 1)

c=23.86ps #=

[=295mA:
5=30.59ps . unstable beam

="

c=21.49ps 882ps full screen

6=26.57ps
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Bunch Length measurements:

J v=07717T1+ 1.7414x R"2=0979

Bunch Length (ps rms)

389

36
20 22 24 26

l/g s

c =o/2xnf,* Ap/p

FIGURE 3. Variation of bunch length with
the iverse of the synchrotron tune, for a

single bunch at 1 mA.

28

=> Momentum Compaction Factor o,

A. S. Fisher at al., Streak-Camera Measurements of
the PEP-II High-Energy Ring, BIW'98

Kay Wittenbu

a4 | —&— data |
—— Formula

]
(==}
|
|

Bunch Length (Sigma, psec)
&
1
|

24 - .

I T T T I T I T I T T T T T I
1000 1100 1200 1300 1400 1500 1600 1700
RF Gap Voltage (kV)

2
2no.Eog
2
hV cos p wzey

a, =

,where o0, 1s the bunch length, o, 1s the momentum
compaction factor, £ 1s the beam energy, h 1s the
harmonic number, V is RF gap voltage, ¢g 1s the
synchronous phase, and w,,, 1s the angular revolution
frequency.

Commissioning of a New Streak Camera at TLS for TPS DES/;
Project, C.Y. Liao, IBIC2013




Ring Impedance

@;
o

A ring may have many aperture changes which can form cavity-like objects as shown in Fig. 67 in
exaggerated form. They have many resonances, each being approximated by an RLC' resonator having a

resonant frequency wy;, shunt impedance Ry;, and quality factor ;. We develop their impedances Z;(w)
for small frequencies w < wy, Where it is inductive

e

bunch

/)
N

22
1+ (Q“’Q—W?)Q 7 Qu

L

Z(w) = Rg

Summing over all aperture changes and their resonances we get the inductance L of a ring at low fre-
quencies w < wy;. It turns out that its impedance divided by the mode number n = w/wy is a useful
parameter which gives a good description of the ring impedance at low frequencies:

skwﬂ .BC
=Lwy=L—.
0 Z ka’rl 0 R

A. Hofmann, Dynamics of beam
diagnostics, CAS Dourdon 2008

w = wy — Z(w,) has a maximum while Z;(w, )} =0
lw| < wr — Zi(w) > 0 (inductive)
|w| > wr — Zj(w) < 0 (capacitive)
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Bunch length vs. bunch current: Ring Impedance

Below the microwave threshold, we can fit the
measured bunch lengthening versus bunch current 7, to PETRAIII
Zotter’s potential-well distortion formula [7]: “

4451

3 3
O.z _ O-Z — 1 ac e]; ¢ Iln (g} (2) 4:::
o, (OIS A/ 27 EUVS() @0 ¢ e

to find the reactive component of the effective impedance :

gzlps

425

and so estimate the ring’s broadband inductance L: “
415
Lo, =Im|(Z/n), | (3) a
. . 40.5
Here E; 1s the beam energy and v,y 1s the low-current . , , , , ,
0 0.5 1 15 2 2.5
synchrotron tune. /A
Zin: -0.17 Ohm
30 ' ' Im(Z/ng) = -0.038 Q/m
— 28
- J. Keil, Low Emittance Rings 2014 Workshop, INFN-
E 26} LNF
W
2
= 24}
S 2ol Figure 5: rms bunch length vs. single-bunch current. The
= fitted curve yields 6.=16.7ps and Z/n=-0.17€2.
[5] 2!] L
:ED Bunch Length Measurements in SPEAR3

18L Jeff Corbett et al., PAC 07,
3

15 I i i I
0 9 10 15 20 25 enburg| Diagnostics examples from 3" generation light sources Page 82
Bunch Current [mA]




Bunch length: Bunch Purity measured by TCSPC

Time-correlated single photon counting method

The arrival time of single photons emitted by the electron bunches passing
through a particular dipole in the storage ring is measured. The photon arrival
time is measured relative to a clock pulse which is synchronized to the bunch
revolution frequency via the storage ring RF system.

The amplified signal is analyzed
using a time-to-digital-converter
(TDC) and a multichannel-
analyzer (MCA). To reduce the
influence of the so-called "walk"
and to reduce the background
due to electronic noise the
amplified detector signal is
filtered by a constant-fraction-
discriminator (CFD).

PETRA
bunch clock

CFD: Constant Fraction Discriminator
GG: Quad Gate— Delay Generator
TDC: Time To Digital Converter
MCA: Multi Channel Analyzer

Time —=

PARASITIC BUNCH MEASUREMENT IN e+/e—

A 1 STORAGE RINGS, H. Franz et al., DIPAC 2003
E rg| Diagnostics examples from 3" generation light sources Page 83
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Bunch Purity

Methode often used for filling pattern measurement at 500 MHz (2 ns) bunch distance

PETRA Nebenbunchmessung P01 [ OpenControl Panel | [ PrinttoLogbook | | [Tocox || [ [ ExuT
X-Scale Y_-Scale Y-Style  [V|X(max)=0 | [TDC running... | | Histogram to servericontrolsiLog\*.csv | Cursor Position, ., Graph Palette
) Index [ auto @1in  [“]add Histo BT B Count Rate X=0 @+
@ Time @ manual @ lo howRefs || Start| Stop 3.100622E+7 | ki
g [lshowRefs || Il | T1000 [296 | mmmn [5.612E+5 ||| /[ <8>
1E+10
- E+9- .
1E+8- "
1E+7- = 0.00
1E+6— ~0.02
1E+5- -0.04
) Alfnl;
1E+4-
1000-
100-
-
] \H“W“h I H\H I
0.1- I | 1 1 1 1 1 1 1 1
-23.47 -20 -15 -10 -5 0 5 10 15 20 25 27.24
Time [ns] Last Start: 18.12.2017 08:53:15  Resolution
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Bunch Cleaning

PETRA Nebenbunchmessung P01 [ OpenControl Panel || PrinttoLogbook | ] [ToCok ]

X-Scale
(71 Index
@ Time

Y-Scale Y-Style

() auto @ lin
@ manual @ log

X(max)=0
["]add Histo
[“|show Refs

B e

} Cursor Position

l Histogram to server\controls\Log\*.csv o

MaxSeconds sec Count Rate

|TDC running . ..

[StartHStopl 11000 ||297 |_|W| | 3.09537E+7 | i/ ]

Graph Palette

i )

1E+10

Ll

-~ E+9-

1E+8-

1E+7=

1E+6-

1E+5-

1E+4-

1000-

100-

10-

1-

0.1-)
-23.47

[ 1
-20 -15

Zoom

25 27 24

Tlme [ns] LastStart 13122017035943 Flesolutlon [0-1150s |
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Bunch Cleaning by Tune excitation

Vertical Tune for low current buckets is different, = 4 kHz! 5 == |
D D H t FFT Input Direction Trigger File Ref !
: Z FFT Fil Di i f|
—Sweep Start/Stop—————————— TIHPUIT IET "T t”gT i
Start Freq 80 =ekles ® o
TR ﬁ a|a] Al ] 2048 :
4 4 l:l l:l |:| Hz Bunch Mr:
v v| | ¥|~]| ER TN
Stop Freqg -
46 I% nfo He
TITI TITLI B0
2000 Hz/sz 4| | >|
T o
— Timing
| 2 Start 1 I I hI
| 23 Stap 1 | I >| -100
|24 Raster 4 | I pl
= 40.00 Bunch
-110
|.35 zFaktar 4I | pl
|1|:| Amnplit 4 I I FI
"y fs ) £ P E) )
Set i

Sweep for about 500 ms

BUNCHPURITYMEASUREMENTSATPETRAIII
J. Keil et al., IPAC2016, BEXCO, Busan Korea
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https://ttfinfo.desy.de/petra/data/2017/39/29.09_M/2017-09-29T07:13:08-00.JPEG

Bunch Cleaning

The cleaning system we presently use at the ALS 1sbased | = = = = = = = -
011‘ the scheme in operation at the Spring 8 storage ring [11]
and tested at the ESRF [12]. The system layout is shown in
Fig. 6, two signals are mixed together, amplified and sent to
a transverse kicker that applies the excitation to the beam.
One of the signals 1s a sinusoidal excitation at the frequency
of one of the transverse tune sidebands, while the other 1s a
pseudo-square wave synchronous with the ring RF and with
zero amplitude crossing at the position of each of the
bunches that needs to be preserved. After the mixing, the
resulting signal is still a resonant excitation at the selected Figure 6. Bunch cleaning system layout.
tune frequency but with zero amplitude at the position

Class A Amplifier ~ 150 W
10 kHz - 250 MHz BW

2~ 15:""_’3

Existing Transverse
FPGA, Feedback Kicker

/-
:

. I I I I
where "good" buckets are located. Such a signal, properly = Vo
the vertical tune sidebands. The sinusoidal frequency 1is =
. - =0
actually swept over a bandwidth of 4 kHz to account for @ 50
tune shift on amplitude effects. The kicker, a stripline with a -l
s
2-1.0
= 1 1 1 L
=
= 0
=
==n 1
o =20 ALS - 2 bunch lattice
g 2 mA single bunch current
. . 7 40 ~150 W excitation at 1.22 MHz
Recent beam measurements and new instrumentation at the (vertical tune side band). 4 kHz BW
Advanced Light Source; Fernando Sannibale BIW08,Tahoe City E 60 : ' R '
m 8]

. . 1 1 I ]
Kay Wittenburg| Diag 00 05 10 15 >

Time [s]



J. Beam Energy

Energy:

> Use of Dipole Calibration = 1%. but
energy is 1% off at PETRAIII?

> Photon Based Measurements

> Resonant Depolarization
(AE/E = 10)
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Energy Measurement by Resonant Depolarization

> |dea: > Measurement

> Polarization of electron beams in storage rings > Touschek cross-section depends on

is a diagnostic tool we get for free. A beam of electron beam polarization -> Use loss
electrons with spins of random orientations monitor rate as a measure for

develops polarization under the Sokolov- .
Ternov effect. polarization level.

> The average over all particles of the number of T
. oy e .. . < 05
spin oscillations per revolution is defined as the =
spin tune (depends on Energy):
045¢
£t (ge —2)/2
Vv o= ; — . o
spin/ ! rev Moc 3 0| 04l

> g, =electron spin g-factor = 2.002319
0.35

> Depolarize beam by exciting beam on v, eg. by

= '@_" =

Normalised count rate [counts s

using vertical betatron tune striplines kickers.
03¢
At the SPEARS3 electron storage ring. The 253.2 253.4 253.6 253.8
beam energy has been measured as Excitation frequency [kHz]
2.997251 (7) GeV, representing a relative Resonant Depolarization (indep. of f;)
i -6
uncertalnty Of 3x107°. Resonant Spin Depolarisation Measurements at the SPEAR3

Electron Storage Ring; K.P. Wootton,IPAC12 T~

\
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K. Beam Losses

Beam Losses around the Ring

1= ]
C1R2
a8l 3
rd | CE6R4a
= 8|
—
S s
-
B
al
2.
C6Rs8
1!
& .
ol= « I i I
L& ] 10 20 30 a0 50 (=16 ]

RadF ET number

The Role of Beam Diagnostics in the Rapid Commissioning of the
TPS Booster and Storage Ring, P.C. Chiu, et al.; IBIC2015, Melbourne

AN}

Figure 1: Installed PIN Diode Beam Loss Monitor with
its power supply.

Beam Loss over Time: g 3d0
BeamLosses seen at Injection by the BLD directly after the C5 vert. scraper E
o0 . : : E 150
: £
2 times 1/3 mode L=
. E & 0
o
in-correct Phase ?
iR or Energy ?? g =150 T T T T T
/ ! 4] 20 40 G0 80 100
o
l Position [m]
= ) Figure 7: Losses during injection
i | STUDIES USING BEAM LOSS MONITORS AT ANKA
D F. Pérez, et al,; EPAC 2004
u\) 200 400 800 800 1000 1200 1400 1600
Sirel s nay Wittenburg| Diagnostics examples from 3" generation light sources Page 90 B,ES{

K. Scheid, ESRF, DEEL2014




Beam Losses in Undulators: Radiation Damage

s —PUOZ —PUOZ —PUOS —PUL2 Vertical Aperture Vs Phase Advance
101 - I | . 1000 WQGGLE'R WIGGLER T T T T
. | it ik ".‘ b i og NomtH NEW OCTANT
099 - =4 -‘Im’lv' 'i'i‘l‘f“""“i’i’.}.i..r
pse Beas —
098 - II LI 8
097 - o 100
96 - E
0.96 £
0.95 ';'
094 5
093 - E 10 |
=%
092 - (
0.91 /
g . _ _ _ ! | | , Coll Coll
091000 750 500 250 0 250 500 750 1000 1 SWR (open), : . ; ) s ‘ofm,
: o . 0 5 10 15 20 25 30
Field reduction in undulators by radiation damage
mu_y
Figure 5: Normalized vertical aperture in PETRA III. Small vertical apertures are set by
absorbers in the wiggler sections west and north and by the small gap chambers at the IDs in the
new octant. The movable vertical collimators are closed down to ~0.4 mm mrad during user
operation.

Beam Dynamics Activities at PETRA llI, Alexander Kling and Rainer Wanzenberg,
Beam Dynamics Newsletter No. 62, December 2013
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Beam Losses in Undulators

2 areas independent of collimator position Vertical Aperture Vs Phase Advance
A 1000 WIGGLER WIGGLER
[ | [ \ il NoRTH  NEW OCTANT

Beam Loss Monitor Count Rates for PUO10O

100
1000 | Collimators

Collimatgrs fully

8001

Aperture [mm mrad]

E

E

=

5 10

£

s 6001

© Coll !

é 1 SWR (open) swi (open)
[=] - i il L . ] il i
X Collimators

5 A00f as 0 5 10 15 20 25 30
§ mu_y

2001

100mA stored beam in 960

0 500 1000 1500 2000 bunches
Time [s]

Figure 6: Counts measured at PIN-diode PUO1(out) during top up operation with 100mA stored
m 960 bunches. The set values of the collimators are varied during the measurement from
nominal 3.5 mm (0.4 mm mrad) to fully open corresponding to 12 mm (4.8 mm mrad). The
aperture set by the small gap undulator chamber at PUO1 corresponds to 2.5 mm mrad.

Beam Dynamics Activities at PETRA llI, Alexander Kling and Rainer Wanzenberg,
Beam Dynamics Newsletter No. 62, December 2013
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Beam Losses in Undulators

2007,

Not independent of collimator position Vertical Aperture Vs Phase Advance
—— s
WEST NORTH .NEW OCTANT
Beam Loss Monitor Count Rates for PU0O10 =
o

— 1400 g 100
= £
E =
,O- 12007 Collimators at E’
= 8.5 mm i
2 1000 £ 10 }
w)
o <
T 800} /
(]
© Collimators at Coll :\:'i {open)
E 600 3.5 mm 1 SWR (open) i . . i H
Gl 0 5 10 15 20 25 30
E 400' mu_y
5
(@]
(@]

0 || .
0 200 400 600 800 1000 1200/ | 90 MAn 40 bunches
Time [s] x
Figure 7: Counts measured at PIN diode PUOI(out) during top up operation with SOmA stored
in 40 bunches. The set values of the collimators are varied during the measurement from Lifetime dominated

nominal 3.5 mm (0.4 mm mrad) to fully open corresponding to 12 mm (4.8 mm mrad). The bv Touschek

aperture set by the small gap undulator chamber at PUO1 corresponds to 8.5mm (2.5 mm mrad). y _
scattering (around
Beam Dynamics Activities at PETRA IlI, Alexander Kling and Rainer Wanzenberg, the rmgl)
Beam Dynamics Newsletter No. 62, December 2013
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An Outlook: Going to smaller Emittances

Emittance targets

10000.0
— 2017 maxin - PEPI
€ 1000.0
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