The CERN Accelerator School and the
National Centre for Nuclear Research
(NCBJ) are organizing a course on

Advanced
Accelerator Physics

27 September - 9 October, 2015

Warsaw, Poland
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The CERN Accelerator School holds courses in all of the Member States of CERN

The twenty one Member States of CERN

Member States (Dates of accession)

* Since 1983
o * 61 schools
e AlIMS-1
e 13 JAS
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The CERN Accelerator School

* Established at the beginning of 1983

— To preserve and transmit knowledge accumulated, at CERN and
elsewhere, on particle accelerators and colliders of all kinds

* This provided a framework for a series of courses

— General accelerator physics, now yearly, alternating between
* Introduction to Accelerator Physics
* Advanced Accelerator Physics

— Specialized topic in the field, was yearly, now two per year

* 61 schools held so far
— 50 to 60 hours teaching in 1-2 week intensive residential courses

* Occasional courses in the framework of the US-CERN-Japan-Russia
Joint Accelerator School (JAS)
— 13 schools held so far (since 1985)
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R. Bailey, CAS

Accelerator Physics

Relativity / Electro-Magnetic
Theory / Transverse Beam
Dynamics / Longitudinal Beam
Dynamics / Linear Imperfections
and Resonances / Synchrotron
Radiation / Electron Beam
Dynamics / Multi-Particle
Effects / Non-Linear Dynamics
Beam Instabilities / Landau
Damping / Beam-Beam Effects

23/09/15

Scope

Accelerator Systems

Particle Sources / RFQ / LEBT
RF Systems / Beam
Instrumentation / Feedback
Systems / Beam Injection and
Extraction / Beam Transfer
Power Convertors / Warm
Magnets / Superconducting
Magnets / Vacuum Systems
Machine Protection Systems
Radiation and Radioprotection

Applications

High Energy Physics
Nuclear Physics
Industrial Applications
Medical Applications
Cancer Therapy

R. Bailey, CAS

Accelerators

Linear Accelerators
Synchrotron Light Machines
FELs
FFAGs
Cyclotrons
Synchrotrons
Colliders
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The CERN Accelerator School holds courses in all of the Member States of CERN

b+

The twenty one Member States of CERN
Member States (Dates of acosssscn)

T IR B

2015
* Medical Applications
— Vienna, Austria
* Advanced AP
- — Otwock, Poland
* Intensity Limitations
- — CERN

2015, Otwock, 2016

Poland * FELsand ERLs
— DESY, Germany

2017
* Vacuum systems
— Lund, Sweden

- - ( * Advanced AP
- UK
* Beam cooling
— CERN

Program (changed last week)

ADVANCED ACCELERATOR PHYSICS COURSE - OTWOCK, 2015

Time | Sunday Tuesday | Wednesday | Thursday Friday Saturday | Sunday | Monday Tuesday | Wednesday Thursday Friday
27/09 29/09 30/09 0110 0210 03/10 0410 05710 06/10 0710 08710 09710
0830 Recapon | New Tools for | New Tools for | Non Linear | Noo Linear Landau Landzu | Beam Cooling | Timingand
Talks Transverse | NonLinear | NonLinear | Dynamics | Dynamics Danping Damping Synchronisation
Dynamics Dynamics 1 I 1
I I I
09:30 B. Holzer W. Hemr W.Hew | YPapophilipou | YPapophilipou W. Herr W. Herr M. Steck A Gallo
0930 Recapon Recap on Bam Beam Tostabilities Enerzy Tow Tow Electron Cloud | Feedback D
Transverse | Longitudinal ilit in Linacs Recovery Emittince | Emittnce | Effectsand Systems E
Dynamics Dynamics I I Linacs Machines | Machines Cures 1 P
A 1 b 1 m A
10:30 B. Holzer F.Tecker | G.Rumolo | G Rumolo | M Femario | A Jankowisk AWolki | AWokki | R Cimino | H Schmickler R
R COFFEE COFFEE_| COFFEE COFFEE | COFFEE | COFFEE COFFEE | COFFEE COFFEE COFFEE T
11:00 Recapon | Introduction | Space Charge | Insertion T “Advanced E Low i) High Brightness T3 U
R Longitudinal to Beam Dominated Devices Concepts Emittance Beam R
Dynamics | Diagnostics Beams Beam X Machines | Nonlinear | Diagnostics | Low Emittance E
1 1 M. Calvi\ | Instabilities I Dynamics Machines
F.Tecker | HSdwidder | M Fermario M. Femario c A Wolski A. Cianchi A
v Introductionto | Insertions SC for -beam Accelerating Feedback F
Beam Accelerators Study Study U Study Study | polarizedbeams |  Systems T
A Instrumentation bid E
R R
1300 | L R Jones B.Holzer | P.Lebrm T. Pieloni M Bai H. Schmickler
LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH s LUNCH LUNCH LUNCH LUNCH B
15:00 Tattice R
Cells c a c1 (@) a 1 Clbeam a cl E
inRF lab A
c3 K
16:00 B. Holzer (@] (e} (@) (o] C2beam (@] F
16:00 A RF N A
Measurement S
¥ Concepts a ) c a G F C3 beam T
C2and C3 c R
17:00 F. Caspers E
TEA TEA TEA F F TEA TEA TEA E TEX
1730 1 Shide c1 c1 R R cl Seminar Seminar Closing
1 Minute E E Talk
(o] (e} E E (@]
18:30 (<] [&] c3
1930 | Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner
21:00
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Generalities

* 73 selected and offered a place
J——
— 7 unable to come, so 66 7l el vl e W
o i -
= B Pt (12 -
2 pim [ e | whe Loee| v .
¢ All lectures at Hotel Boss i e | | e
R e et i
* All afternoon courses at NCBJ ™| . [Eatos e s [0 [ e | : i
1 1 e Tnstabilities
— Bus leaves hotel at 14.30 o | e e Lo Lt | € :
\hmm Sty Sedy v H
13:00 L Jone: B Holzer P Lebrun. T Pioloms. ® ®
* Coffee breaks in Hotel Boss . S o ;
P Y > N S I o |
. 3
— Outside conference room s e [ e ol o | e o © | | 1
. . . Jizoo | | ECupen N . H
* Tea breaks in the University o i S s B e =
— Inthe (covered) patio o | e @
i S S . T S —
e Secretariat, Barbara Strasser
— At Hotel Boss
— At NCBJ, Room 238, PERXOWA
e Breakfast Lunch and Dinner all at the Hotel Boss
* Handouts provided each morning
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ADVANCED ACCELERATOR PHYSICS COURSE - OTWOCK, 2015
Time | Sunday Monday Tuesday | Wednesday Thursday Friday Saturday | Sunday Monday Tuesday Wednesday Thursday Friday
27/09 28/09 29/09 30109 oo 02110 0310 0410 0510 06/10 0710 08110 0910
0830 Openinz Recapon | New Tools for | New Tools for | Non Linear | Non Linear Tandau Tandau Beam Cooling Timing and
Talks Transverse | NonLinear | NonLinear | Dynamics Dynamics Damping Damping Synchronisation
Dynamics Dynamics 1 o 1 o
o 1 o
09:30 B. Holzer W. Hemr W. Her Y Papaphilipou | Y Papaphilipou W. Herr W. Hemr M. Steck A. Gallo
09:30 Recapon Recap on. Beam Beam Instabilities Energy Low Low Electron Cloud Feedback D
Transverse L tudinal a in Linacs Recovery Emittance Effects and Systems E
Dynamics Dynamics 1 I Linacs Machines Machines Cures 1 P
A 1 o 1 m A
10:30 B. Holzer F. Tecker G. Rumolo G. Rumolo M.Femano | A Jankowiak A Wolska A Wolski R Cimino H. Schmickler R
R COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE T
11:00 Recapon Introduction | Space Charge Insertion Tl Advanced E Low k] High Brightness T3 U
R Longitudinal to Beam Dominated Devices Concepts Emittance Beam R
Dynamics Diagnostics Beams Beam X Machines Non-linear Diagnostics | Low Emittance E
1 1 M. Calvi\ | Instabilities I i Machines
12:00 F. Tecker H Schuacker M. Femranio 3 M. Ferrario c A Wolski A Cianchi A
12:00 v Tntroductionfo | Insertions SC for beam . Accelerat Feedback F
Beam Accelerators Study Study U Study Study polarized beams Systems T
A Instrumentation I E
R R
13:00 L R. Jones B. Holzer P. Lebrun T. Pielom M Ba H. Schmickler
LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH S LUNCH LUNCH LUNCH LUNCH B
15:00 Lattice R
Cells c1 cl c1 (o) cl 1 Clbeam c1 cl E
inRF lab A
c K
16:00 B. Holzer Q2 Q c2 Q C2 beam 2 F
16:00 A RF N A
Measurement s
Y =] a ] a c F C3beam T
C2and C3 [ R
17:00 F. Caspers E
TEA TEA TEA F F TEA TEA TEA E TEA
17:30 1 Shde [S} [} R R cl Semmar Seminar Closing
E E Talk
Q Q E E (e}
18:30 ca a ca
19:30 | Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner Dinner
21:00
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Afternoon Courses

* Chance to try something new!

- Beam Instrumentation and Diagnostics
- 2 RF Measurement Techniques
- C3 Optics Design and Corrections

* 16 hours of practical training

* Sign up for the course of preference (~equal numbers)
— At the secretariat absolute latest by coffee on Tuesday AM

Course | Location Coordinator Tutors week 1 Tutors week 2

Cc1 Room 223 H.Schmickler K.Wittenburg, K.Wittenburg,

Bl Ground floor R.Jones, M.Gasior | T.Lefevre

Cc2 Rooms 128, 129 | P.Kowina F.Caspers, F.Caspers,

RF One level down M.Wendt M.Wendt

c3 Room 251 W.Herr B.Holzer, V.Kain, V.Kain,

Optics Ground floor G.Sterbini, G.Sterbini,
Y.Papaphilippou Y.Papaphilippou

23/09/15 R. Bailey, CAS 9

Afternoon Courses — some complications

e Afternoon of Thursday October 15t
— Clin RFlab, C2 and C3 free afternoon

* Afternoon of Friday October 2d
— C2and C3 normal, C1 free afternoon

ADVANCED ACCELERATOR PHYSICS COURSE - OTWOCK. 2015

* Afternoon of Monday 5t o ° ¢ e i
— Clto live beam facility —mr= . oo | )

* Afternoon of Tuesday 6t E —T = T o sy |
— €2 to live beam facility — = | e

* Afternoon of Thursday 8th |
— C3to live beam facility ’T, i 1M il il el el e

* Go to usual lab and you will be collected from there

23/09/15 R. Bailey, CAS 10
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Afternoon Courses — some complications

Afternoon of Thursday October 15t
— ClinRFlab, C2 and C3 free afternoon
Afternoon of Friday October 2nd
— C2and C3 normal, C1 free afternoon

ADVANCED ACCELERATOR PHYSICS COURSE - OTWOCK. 2015
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— Optional reactor visit - }
* Sign up if you want to take the reactor visit
— At the secretariat absolute latest by coffee on Tuesday AM
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Time| Sunday Monday Tuesday Wednesday Thursday Friday Saturday Sunday Monday Tuesday Wednesday Thursday Friday
n 28 29 30 1 2 3 4 H 6 7 8 °
September September September September October October October October October October October October October
®30 Opening Recapon | Tools for Non | Tools for Non | Non Linear | Non Linear Tandau Tandau Beam Timing
Talks Transverse Linear Linear Dynamics Dynamics Damping Damping Cooling and
Dynamics Dynamics Dynamics 1 il 1 o Synchro-
o 1 o nisation
®30 B. Holzer W. Herr W. Herr Y. Pyghilipon | Y. Paghiiopon W. Hemr W. Herr M. Steck A Gallo D
®30 Recap on Recapon Beam Beam Tostabilities in Enerzy Low Tow Electron Feedback E
Transverse L bil 8 s Linacs Recovery Emittance |  Emittance Cloud Systems P
A Dynamics Dynamics 1 I Linacs. Machines. ‘Machines Effects and 1 A
1 o I m Cures R
R T
1030 B. Holzer F. Tecker G. Rumolo G. Rumolo M. Fermanio A Jankowiak E A Wolski. A Wolski R Cimino H Schoacker U
R COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE COFFEE R
110 Recapon Introduction | Space Charge | Beam-Beam Tl Advanced X Low 2 High T3 E
1 Longitudinal to Beam Dominated Effects Beam Concepts Emittance | Non-linear Low
Dynamics Diagnostics Beams Instabilities = Machines Dynamics Beam Emittance A
v 1 o Diagnostics | Machmes F
U T
20 A F. Tecker H Schradder M. Ferrario T. Pieloni M Ferrario A Wolski A Cianchu E
20 Tntroductionto |  Insertions SC for Stady Tnsertion Stady R Study Study Accelerating | Feedback R
L Beam Accelerators Devices Polarized Systems
Instrumentation S Beams it g
BO R Jones B. Holzer P. Lebrun M Caki I M Bai H Schoadder E
LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH LUNCH A
50 b Lattice K
Cells C1 Cl (@} Q c1 C1 Beam C1 cl F
nRF b N A
c S
1600 B. Holzer Q Q Q Q C2Beam Q T
1600 RF
Measurement
Concepts (=] (=] 3 a a F C3 Beam
C2and C3 cl R
170 F. Caspers E
TEA TEA TEA F F TEA TEA TEA E TEA
1730 1Shde Cl [&} R R [S} Seminar Seminar Closing
Regis- 1 Minute E E SOLARIS - Electron Talk
fration (=] (e E E (@) New Accelenators
Synchrotron | Applications
(=] =] c Light
1830 Source
Welcome
|| Duft | R Baiey Drink M Smkimicz | A Gl
1930 Dinner Dinner Dinner Dinner Dinner Dinner Dinner Special Dinner Dinner
Dinner Dinner
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Tutorials

* Exercises set by the 3 lecturers mentioned

— Tutorials for each in 3 (roughly) equal groups
* TGl SurnamesAtoH

SZAFIROWA (plenary room)

* TG2 SurnamesltoO DIAMENTOWA
* TG3 SurnamesPtoZ BUESZTYNOWA
Tutorial TG1 (Ato H) TG2 (I1to O) TG3 (P to 2)
SZAFIROWA DIAMENTOWA BUESZTYNOWA
T1 G.Rumolo M.Ferrario Y.Papaphilippou
Beam Instabilities
T2 Y.Papaphilippou | M.Bai W.Herr
New tools for Non-Linear
Dynamics
T3 W.Herr Y.Papaphilippou G.Sterbini
Low Emittance Machines

23/09/15 R. Bailey, CAS 13
Time| Sunday Monday Tuesday Wednesday Thursday Friday Saturday Sunday Monday Tuesday Wednesday Thursday Friday
n 28 29 30 1 2 3 4 5 6 17 8 9
September September September September October October October October October October October October October
[E] Opezing Recapon | Tools for Non | Tools for Non | Non Linear | Non Linear Tandau Tandau Beam Timing
Talks Transverse Linear Linear Dynamics Dynamics Damping Damping Cooling and
Dynamics Dynamics Dynamics 1 I i Jid Synchro-
I 1 I nisation
®30 B. Holzer W. Her W.Hemr | Y Pamhsipon | Y. Paxghlipm W. Herr W. Herr M Steck | A Gallo D
30 Recapon Recapon Beam Beam Tostabilifies in | Enerzy Low Low Feedback E
Transverse L Linacs Recovery Emittance Systems P
A Dynamics Dynamics 1 I Linacs Machines | Machines | Effectsand i A
1 1 m Cures R
R T
1030 B. Holzer F. Tecker G.Rumolo | G.Rumolo | M Femuio | AJaskowiak |[ E AWolki | AWolki | R Cimino | HSdmidiw | U
R COFFEE COFFEE COFFEE COFFEE COFFEE COFEEE COFFEE COFFEE | COFFEE R
10 Recap on Introduction | Space Charge | Beam-Beam TL Advanced X Low T High T E
I Longitudinal toBeam Dominated Effects Beam Concepts Emittance | Non-linear Brilliance Low
Dynamics Diagnostics Beams Instabilities c Machines | Dynamics Beam Emittance A
v 1 v o Diagnostics | Machine: ;
pw| A F. Tecker HSdmidlr | M Femaio | T Pigloni M Fexrio A Wolki A Cianchi E
20 Tntroduction to Tnsertions SClor |~ Smdy\ Tnsertion smy\ R (St\ldy Study Acceleratine | Feedback R
L Beam Accelenators Devices Polarized | Systems
Instrumentation v s Beams I g
130 R Jones B. Holzer P. Lebrun M Calvi 1 M.Bai | HSdmidie E
LUNCH LUNCH LUNCH LUNCH LUNCH TUNCH LUNCH LUNCH | LUNCH A
50 D Latfice ° K
Calls c a c1 &) a ClBeam a c F
A nRF b N A
[&] S
160 Y B. Holzer (=] (=] (@] (@] C2Beam (] T
1600 RF
Measurement
Concepts c =] [&] c a F C3Beam
C2and C3 cl R
170 FCasers E
TEA N\ TEA TEA F F TEA AEA E T
730 TSkde c1 c1 R R c1 Seminar Seminar
Regis- 1 Mimute E E SOLARIS- | Electron
fration (=] [ E E (@) New Accelenators
Synchrotron | Applications
c <] <] Light
1830 Source
Welcome /
I g:ﬁ: R Bailey Drink M Serdimaz | A
1930 Dinner Dinner Dinner Dinner Dinner Dinner inner Speci: Dinner Dinner
Dinner Diget
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Things not yet mentioned

* 1Slide /1 Minute

* Study periods (4 of them)
— To work on exercises, wherever you like

* Seminars and closing talk in the second week
— At the institute in the main amphitheater

* Free Afternoons
— Are exactly that (reactor visit is optional)

— If you decide not to take dinner at the hotel (after the free afternoons
or otherwise) please let Barbara know the day before so that we can
inform the hotel

* Excursion on Sunday October 4, all day
— We have reserved for everyone !
— We need to know if you will come or not
— Tell Barbara if you do NOT want to come by coffee Wednesday AM

* Group photo, Wednesday September 30t at 17.00

23/09/15 R. Bailey, CAS 15

Feedback

LEVEL CONTENT PRESENTATION
1-Muchtoolow | 1-Completely uninteresting | 1- Very poor
2-Low 2 - Uninteresting 2 - Poor

° 2
Please, please, please 3 - Just right 3 - Of some interest 3 - Fair
4 —Too high 4 - Interesting 4 - Good
1 5-Muchtoo high | 5-Veryi i 5-V d
— Give us your feedback uch toobigh | 5 Very ety goo
TITLE LEVEL | CONTENT|PRESENTATION
Level Recap on Transverse Dynamics I, IT
Recap on Longitudnal Dynamics I, II
Averser 309 I d i to Beam Instr
Lattice Cells
RF M Concepts

Introduction to Beam Diagnostics
Insertions

Tools for Non Linear Dynamics I, II
Beam [ ilities I, IT

- =~ Space Charge Dominated Beams

Content

SC for Accelerators

Insertion Devices

Non Linear Dynamics I, II
Presentation in Linacs
Beam-Beam Effects

” . in n ez ] —‘ TR | S, Energy Recovery Linacs

Advanced Concepts

Landau Damping I, IT

Low Emittance Machines I, IT, ITT
4

Beam Cooling
Electron Cloud Effects and Cures

!‘y‘é- v(;fp S AS 2 S e-‘;f "@’é"vf" High Brilliance Beam Di
LS » s f:;j o e“*.p*‘fé"l fﬁf S Accelerating Polarized Beams
LGP0 i

A f“’ LA Feedback Systems I, I




