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Introduction

• We all know Alex is an excellent accelerator physicist
• We also know he is a wonderful teacher
• But he is more than just a teacher – he is an influential and dedicated 

educator:
➢ he not only teaches
➢ he also organizes schools
➢ writes textbooks
➢ edits academic journals

• There are several major accelerator schools around the world. He plays 
a critical role in at least three of them:

➢ USPAS (Bill’s talk)
➢ ICFA LC School
➢ OCPA School
➢ (CERN School)
➢ (KEK School)
➢ (Russia School)
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This talk    



Some Early Episodes
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• The first time to hear about Alex’s name was in 1980’s when I joined the APS 
team at Argonne. Yanglai Cho, the APS project leader, gave me two pre-prints 
to learn about accelerators:

➢ Matthew Sands: “The physics of electron storage rings”
➢ Alex Chao: “Physics of collective beam instabilities in high energy 

accelerators” (which later became a well-known textbook)
• He also said that Alex Chao was perhaps the best accelerator theorist at the 

time, which impressed me.
• My first meeting with Alex was in 1989 during an SSC interview. While he 

perhaps was the best accelerator theorist, he perhaps was also a worst 
interviewer. The first question he asked was – “why didn’t you apply to other 
places, e.g., LBL or SLAC?” I got stunned and didn’t know how to reply. But 
happily, he still accepted me.

• The English pronunciation of our family names is similar. This sometimes gives 
me pleasant surprises, e.g., in early 1990s at a conference in Erice, Italy, a man 
came to me, introduced himself and then said, “I know your name – you are 
famous.” I thanked him but was surprised and wondering why he said – then I 
realized that guy must have confused me with Alex. This Chou is not that Chao. 
That Chao is famous, but not me.
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ICFA ILC School
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• In 2004, ICFA made a big decision – the next linear collider would be 

cold and named it the International Linear Collider (ILC). ICFA formed the 

ILC GDE and appointed Barry Barish as the director.

• At the 2005 Snowmass meeting, Barry talked to me and decided to 

launch an ICFA school dedicated to the ILC. (Later it expanded to also 

cover the CLIC, muon collider, γγ collider and AAC, but the focus always 

on the ILC) Barry chaired the organizing committee and asked me to 

chair the curriculum committee.

• But I was a wrong person as I never organized any accelerator school 

and had no experience. Fortunately, I was smart enough to ask Alex for 

help. He kindly agreed, and immediately became a key person of the 

school:

➢ he helped formulate a school curriculum

➢ he recommended the best teachers for each class

➢ he chaired the North/South America student selection committee

➢ he was the “Exam Czar” (so students would hate him, not me)

➢ he led the exam grading team, selected the top students and 

gave them awards (certificate, book, or RAST) 6

The ILC School
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• The school received 535 

applications from 44 

countries

• Due to limited resources, 

only 76 students from 18 

countries were accepted 

• Admission was merit-based 

and “need blind” – no 

student should be turned 

away just because he/she 

can’t afford it

Regional Distribution of Applicants

196

167

131

41

0

40

80

120

160

200

Asia Europe America Unknown

Regional Distribution of Students

36

20 20

0

10

20

30

40

Asia Europe America

Applicants vs. Accepted Students



Summary report is attached. Unfortunately I did not write down our final decisions for each case, so I 
had to rely on my recollection and there might be some errors. As a check, let me list what I think our 
decisions were:

ACCEPT: 285, 113, 117, 121, 149, 153, 228, 324, 333, 349, 369, 393, 423, 424, 492, 495, 511, 548, 586, 
602

WAIT LIST: 155, 159, 367, 451

REJECT: 501, 503, 622, 509, 540, 462, 233, 112, 119, 124, 154, 156, 190, 191, 231, 234, 236, 244, 258, 
260, 262, 266, 286, 289, 290, 295, 326, 338, 340, 373, 379, 381, 382, 394, 395, 408, 417, 425, 432, 435, 
443, 452, 476, 477, 490, 494, 528, 545, 562, 589, 607, 626, 636

MISSING from our hard copied files, which I assume means these cases were simply incomplete: 627, 
114, 116, 118, 122, 126, 128, 148, 158, 162, 163,186, 201, 205, 240, 247, 281, 284, 288, 297, 323, 325, 
358, 366, 368, 371, 405, 515, 560, 605

Cheers,

Alex

Alex: Student Selection from N/S Americas
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Program
Saturday, May 20 Sunday, May 21 Monday, May 22 Tuesday, May 23

Morning

09:00 –

12:30

Opening remarks (10)

Lecture 1 – Introduction I (90)

Fumihiko Takasaki (KEK)

• Why LC

• What’s ILC

• Layout of ILC

• Overview of issues

Lecture 2 – Introduction II (90)

Tor Raubenheimer (SLAC)

• Parameter choices & optimization

Lecture 5 – Damping ring basics

(180)

Susanna Guiducci (INFN-LNF)

• Betatron motion

• Synchrotron motion

• Beam energy

• Beam emittance

• Radiation damping

• Intrabeam scattering

Lecture 7 – ILC Linac basics (90)

Chris Adolphsen (SLAC)

• Linac basic principles

• SW linacs and structures

• SRF parameter constraints

• Beam loading and coupling

• Lorentz force detuning

Lecture 8 – ILC Linac beam 

dynamics (90)

Kiyoshi Kubo (KEK)

• Lattice layout

• Beam quality preservation

o RF field stability

o Wakefield and dampers

o HOMs

o Alignment tolerances

o Vibration problems

o Beam based alignment

Lecture 9 – High power RF (60)

Stefan Choroba (DESY)

• RF system overview

• Modulators

• Klystrons

• RF distribution

Lecture 10 – SRF basics (120)

Shuichi Noguchi (KEK)

• Superconductivity basics

• SRF peculiarities

• Cavity design criteria

• Various constraints

• ILC BCD Cavity

Afternoon

14:00 –

17:30

Lecture 3 – Sources (120)

Masao Kuriki (KEK)

• e- gun

• e+ sources

• Polarized sources

Lecture 4 – Bunch compressors

(60)

Eun-San Kim (Kyungpook Nat’l 

Univ.)

• Bunch compressors

• Spin rotator

Lecture 6 – Damping ring design

(180)

Andy Wolski (Univ. of Liverpool)

• Options

• Lattice

• Parameter optimization

• Machine acceptance

• E-cloud, space charge and 

instability issues

• Wigglers

• Kickers and other technical 

systems

Field trip to Kamakura Lecture 11 – SRF cavity 

technology (180)

Peter Kneisel (Jlab)

• Material issues

• Cavity fabrication and tuning

• Surface preparation

• Gradient limit and spread

• Power Coupler

• HOM Couplers

• Slow and fast tuner

• Path to ILC

Evening

19:00 –

20:30

Tutorial & homework Tutorial & homework Tutorial & homework Tutorial & homework
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Program (cont…)

Wednesday, May 24 Thursday, May 25 Friday, May 26 Saturday, May 27

Morning

09:00 –

12:30

Lecture 12 – ILC cryomodule (60)

Carlo Pagani (INFN-Milano)

• ILC cryogenics and rational

• ILC cryomodule concept

Lecture 13 – Room-temperature 

RF (120)

Hans Braun (CERN)

• Room temperature cavity and 

gradient limit

• CLIC design

Lecture 16 – Instrumentation & 

feedback (180)

Marc Ross (SLAC)

• Beam monitoring

• Precision instrumentation

• Feedback systems

Bus from Sokendai to KEK Group A:

Lecture 19 – Detectors (90)

Hitoshi Yamamoto (Tohoku Univ.)

• ILC detectors

Lecture 20 – Physics (90)

Rolf-Dieter Heuer (DESY)

• ILC physics

• Physics beyond 1 TeV

• e-e- and - options

• ILC and XFEL

Group B:

Special lecture – ATF (60)

Junji Urakawa (KEK)

ATF experiments (120)

Afternoon

14:00 –

17:30

Lecture 14 – Beam delivery (120)

Andrei Seryi (SLAC)

• Beam delivery system overview

• Collimation

• Machine-detector interface, 

shielding and beam dump

• Beam monitoring and control at 

final focus

Lecture 15 – Beam-beam (60)

Daniel Schulte (CERN)

• Beam-beam interaction

Lecture 17 – Conventional 

facilities (90)

Vic Kuchler (Fermilab)

• Overview

• Tunneling

• Site requirement 

Lecture 18 – Operations (90)

Marc Ross (SLAC)

• Reliability

• Availability

• Remote control and global 

network

KEK tour

• B-Factory

• Photon Factory

• SRF

• ATF

Group B:

Lecture 19 – Detectors (90)

Hitoshi Yamamoto (Tohoku Univ.)

Lecture 20 – Physics (90)

Rolf-Dieter Heuer (DESY)

Group A:

Special lecture – ATF (60)

Junji Urakawa (KEK)

ATF experiments (120)

Group A & B:

Student awards ceremony

Farewell party

Evening

19:00 –

20:30

Tutorial & homework Banquet

Tutorial & homework

Free time Free time
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To:   ISLC2009 Lecturers 

Lecture I1 Barish 

Lecture I2 Barish 

Lecture I3 Tecker 

Lecture I4 Palmer 

Lecture A1 Schulte 

Lecture A2 Kuriki 

Lecture A3 Napoly 

Lecture A4 Wolski 

Lecture B1 Tantawi 

Lecture B2 Saito 

Lecture B3 Simrock 

From: Alex Chao   

Date: August 9, 2009 

  

 

Greetings! 

 

I am afraid it is time to prepare for the final exam problems for the ISLC2009 school. 

 

As agreed upon earlier, each of you is to provide two candidate problems for the Final 

Exam. It is suggested that one of these problems be a variation of a homework problem 

that you assigned during your lecture,(*) while the other is a new problem. It is suggested 

that problems should not be too difficult but at least one of the problems should not be a 

simple numerical substitution of an existing formula. Please provide electronic files 

(source file and pdf file) of these candidate problems, together with their solutions, before 

the school starts on September 7. Please note that it is important that all problems and 

solutions be explained very clearly and be without misprints --- we learned some lessons 

the hard way in the past! 

 

On September 14, we should meet to select a set of final exam problems from the 

candidate problems. Hopefully all lecturers who are available on that day can come to 

help. This probably include Masao Kuriki, Olivier Napoly, Bob Palmer, Andy Wolski, 

Kenji Saito, Daniel Schulte, Sami Tantawi.One of the decisions to be made is whether to 

prepare two sets of exam problems, one for A-course students and one for B-course 

students. 

 

Exam papers will be printed on September 17. Exam takes place in the morning on 

September 18. 

 

Exam papers will be graded in the afternoon on September 18 and grading should be 

finished before dinner. All lecturers available should help, as this is expected to be a 

demanding task. The list of these (unfortunate) lecturers probably includes Olivier 

Napoly, Bob Palmer, Andy Wolski, Stefan Simrock, Frank Tecker, Daniel Schulte, Sami 

Tantawi. 

 

Alex’s Exam Notes to Teachers
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1. Exam time: 8:00 – 12:30 Sept. 18. Be punctual.  

 

2. Seats divided into A and B regions. Each seat will be equipped a pack 

of blank answer sheets. Each seat will have room to spread out your 

books, computer, etc. 

 

3. Open book exam. OK to consult your books, notes, your own 

computer files.  

 

4. OK to leave the room temporarily during exam. Take a short break if 

you need to. Return promptly.  

 

5. Don’t talk to others. No emails. No Google or Wikipedia. No 

Mathematica. 

 

6. Switch off your cell phone.  

 

7. Charge up your computer overnight. Bring your calculator. Extra 

calculators available at the podium. 

 

8. There will be 9 problems. Average 30 mins. per problem. Total score 

is 81 points (not 100). 

 

9. A timer will show the exam time count-down. 

 

10. Exam problems will be given to you on an exam paper. Your 

answers are to be written on blank answer sheets provided at each 

seat. Write your name clearly on the cover of the exam paper. Mark 

clearly Problem 1, Problem 2, .. on your answer sheets.  

 

11. Return before 12:30 sharp to the podium. Staple together your exam 

paper + your answer sheets. Staplers are provided at the podium. 

 

12. Best students receives prizes (small) at the banquet. 

 

13. At the end of exam, please stay an extra 15 minutes to fill out a survey 

form to learn how we did. 

 

14. After banquet, retrieve your paper at the banquet room exit. 

Alex’s Exam Notes to Students
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4-th International School for Linear Colliders 

Huairou, 7-18, September, 2009 

 

Final Examination for Session A 

 

 

 

NAME:  ______________________________________________ 
 

 

 

 

For Graders Only 

  Problem  Grade 

  I3 

  I4 

       Linac 

  A1 

  A2.1 

       A2.2 

  A3 

  A4.1 

       A4.2 

 ____________________________ 

Total 

Exam Sheet Cover designed by Alex
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4-th International School for Linear Colliders 

Huairou, 7-18, September, 2009 

 

Final Examination for Session B 

 

 

 

NAME:  ______________________________________________ 
 

 

 

 

 

 

 

For Graders Only 

  Problem  Grade 

  I3 

  I4 

       Linac 

  B1.1 

  B1.2 

       B2.1 

  B2.2 

  B3.1 

       B3.2 

 ____________________________ 

Total 

Exam Sheet Cover designed by Alex
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Problem I3 (CLIC) 

 

Assume you want to build a CLIC type collider to reach a collision energy of 1 TeV in the 

centre-of-mass system based on an 18 GHz main beam accelerating structure of 0.3 m 

active length that needs 125 MW of input power for a nominal effective gradient of 

100 MV/m.  

On the Drive Beam side, you have one PETS structure to feed two accelerating structures. 

The PETS has R/Q = 2000 Ω/m and a group velocity of vg = 0.5 c. 

Assume you can build a Drive Beam source with a maximum initial beam current I<5 A 

and an initial bunch repetition frequency in the range of 0.5 – 1 GHz. The final Drive Beam 

current is 120 A. The final RF pulses must have a length (= final Drive Beam bunch train 

pulse length) of tp = 100 ns. 

 

[Hint: not all questions are based on the previous. If you get stuck, have a look if you can 

solve another one.] 

 

a) What is the length of the PETS structure to generate the required power for two 

accelerating structures (assuming a single bunch form factor Fb = 1 and assuming 

perfect power transfer from the PETS to the accelerating structures)? 

[2 points] 

b) What configurations of Delay Loop and Combiner Ring(s) can you use? [Hint: 

Remember you need one Delay Loop, and keep the multiplication factor in each 

Combiner Ring ≤ 5.] 

[3 points] 

c) Choose your preferred solution (one only) among the possibilities from b), keeping 

the number of Combiner Rings minimal. 

What is your initial beam current? 

What is your initial bunch repetition frequency?  

[1 point] 

 

d) What is the total length of the two opposing linacs if you need on average a total of 

0.2 m per meter of linac for quadrupoles, BPMs or other elements? How many 

accelerating structures do you need? 

[2 points] 

e) What is the initial Drive Beam pulse length? 

[2 points] 

 

f) What is the approximate length of the Delay Loop and the Combiner Ring(s)?  [Hint: 

The RF pulse length determines the length of the Delay Loop. If you have more 

than one Combiner Ring, keep the highest multiplication factor for the last 

combination stage. You can neglect the condition that you have to match the ring 

length precisely to a fractional part of the deflector wavelength.] 

[2 points] 

g) What are the frequencies of the RF deflectors? 

[2 points] 

Exam Problems compiled by Alex
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Lecture I3 
 

CLIC two-beam power generation: 

 

Assume you want to build a CLIC type collider to reach a collision energy of 1 TeV in the 

centre-of-mass system based on an 18 GHz main beam accelerating structure of 0.3 m 

active length that needs 125 MW of input power for a nominal effective gradient of 

100 MV/m.  

On the Drive Beam side, you have one PETS structure to feed two accelerating structures. 

The PETS has R/Q = 2000 Ω/m and a group velocity of vg=0.5 c. 

Assume you can build a Drive Beam source with a maximum initial beam current I<5 A 

and an initial bunch repetition frequency in the range of 0.5 – 1 GHz. The final Drive Beam 

current is 120 A. The final RF pulses (= final Drive Beam bunch train pulse length) must 

have a length of tp = 100 ns. 

 

(Hint: not all questions are based on the previous. If you get stuck, have a look if you can 

solve another one.) 

 

a) What is the length of the PETS structure to generate the required power for two 

accelerating structures (assuming a single bunch form factor Fb=1 and assuming perfect 

power transfer from the PETS to the accelerating structures)? 

 

From the formula given in the lecture P=I2L2Fb
2ω0 R/Q / (4vg) it follows with Fb=1 that 

L =
1

I

P * 4 * vg

0R /Q
. As one PETS has to provide the power for 2 accelerating structures, 

P=2*125 MW=250 MW. Putting the numbers in, it follows L=0.2146 m. 

 

b) What configurations of Delay Loop (DL) and Combiner Ring(s) (CR) can you use 

(Remember you need one Delay Loop, and keep the multiplication factor in each 

Combiner Ring ≤ 5.)? 

 

You have the following relations using the total multiplication factor F: 

If = F * Ii  F = If / Ii > 120A/5A = 24 

ff = F * fi  F = ff / fi  = 18 GHz / fi  that means 18 ≤ F ≤ 36. 

Taking both together, we obtain 24 < F ≤ 36. 

 

So the possibilities would be (odd number excluded by need for DL): 

26 = 2 * 13  (too high factor 13) 

28 = 2 * 2 * 7  (too high factor 7) 

30 = 2 * 3 * 5 

32 = 2 * 4 * 4 

34 = 2 * 17 (too high factor 17) 

Exam Solutions compiled by Alex
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OCPA School
(Courtesy Zhao Zhentang)
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OCPA School Links：

OCPA-1998, 台湾新竹，NSRRC,           August 3 -12, 1998

OCPA-2000, 安徽黄山，中科大NSRL，July 18 - 27, 2000

OCPA-2002, 新加坡， July 25 - August 3, 2002

OCPA-2004, 因非典传染病流行，取消 , Cancel

OCPA-2006, 江苏扬州，应物所SINAP,   July 27- August 5, 2006

OCPA-2008, 台湾南投， September 1-10, 2008

OCPA-2010, 北京，高能所IHEP， July 27 - August 5, 2010

OCPA-2012, 甘肃天水，近物所IMP， July 29 - August 7, 2012

OCPA-2014, 安徽休宁， 中科大NSRL，July 27 - August 6, 2014

OCPA-2016, 上海，应物所SINAP ， July 25 - August 4, 2016

OCPA-2018, 台湾高雄，NSRRC， July 23 - August 1，2018

历届世界华人物理学会OCPA加速器学校信息
Some information about previous OCPA  Accelerator School
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http://ssrf.sinap.ac.cn/ocpaschools06/index.htm
http://www.nsrrc.org.tw/OCPAschool08/
http://www.ihep.ac.cn/english/conference/ocpa2010/index.html
http://ocpa.impcas.ac.cn/ocpa2012/index.html
http://ocpa2014.ustc.edu.cn/dct/page/1
http://ocpa2016.csp.escience.cn/dct/page/1
https://indico.nsrrc.org.tw/event/2/page/18-1-intro


All previous years OCPA 

Accelerator School ：The 1st OCPA School held in Hsinchu, Taiwan, August 3-12, 1998.

The 2nd OCPA School in Yellow Mountain, Anhui, July 18-27, 2000.

The 3rd OCPA School in Singapore, July 25 to August 3, 2002. 

The 4th OCPA School held in Yangzhou, Jiangsu, July 27-August 5, 2006.

The 5th OCPA School in Nantou, Taiwan, September 1-10, 2008.

The 6th OCPA School in Beijing, July 27-August 5, 2010.

The 7th OCPA School in Tianshui, Gansu, July 29-August 7, 2012.

The 8th OCPA School in Xiuning, Anhui, July 27-August 6, 2014. 

The 9th OCPA School in Songjiang，Shanghai，July 25-August 4, 2016.

The 10th OCPA School in Hsinchu，Taiwan，July 23, 2018.

ps. The 2004 OCPA school was canceled due to SARS. 
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第一届世界华人物理学会加速器学校
The 1st Overseas Chinese Physics Association Accelerator School

1998.8，台湾新竹Hsinchu



第二届世界华人物理学会加速器学校
The 2nd Overseas Chinese Physics Association Accelerator School

2000.7，安徽太平Taiping



第三届世界华人物理学会加速器学校
The 3rd Overseas Chinese Physics Association Accelerator School

2002.8，新加坡Singapore



The 2nd OCPA Topical Accelerator School and Workshop Held in Beijing, 2011.8 

The 5th OCPA Topical Accelerator School & Workshop held in Shanghai, 2017.7

The Sixth OCPA Topical Accelerator School & Workshop held in Beijing, 2019.10

The 4th OCPA Topical Accelerator School & Workshop Held in Hsinchu, 2015.8

The 3rd OCPA Topical Accelerator School and Workshop Held in Dalian, 2013.8 

The 1st OCPA Topical Accelerator School & Workshop held in, Beijing 2009

OCPA Topical Accelerator School & Workshop 
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全球华人物理和天文学会第4届加速器专题学校-质子/重离子直线加速器
The 2nd OCPA Topical Accelerator School and Workshop Held in Changping

2011，昌平Changping

第二届华人物理学会加速器专题学校暨研讨班
昌平.2011.8

2011.8，Beijing 74
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RAST
(Reviews of Accelerator 

Science and Technology)

W. Chou Alex Chao Symposium, SLAC
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How did it get started?

• Around 2007, Alex called me and 
said he planned to start an 
accelerator journal and asked me if 
I was interested. 

• After 6 months or so, he called 
again and said he was serious about 
it and wanted me to be a co-editor.

• I told him my hesitation – there are 
already many books, journals and 
proceedings around, why should 
we add another one?

• He said, yes, but we need a review 
journal that did not exist yet.

• His vision – we would edit ~10 
volumes in ~10 years, which would 
sit on people’s bookshelf like an 
encyclopedia in the accelerator 
field.
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Volume 1 – Overview

 

1. Milestones in the Evolution of  Accelerators 

Ernest Courant 

 

2. Electron Linacs for High-Energy Physics  

Perry Wilson  

 

3. The Development of High Power Hadron Accelerators  

Grahame Rees 

 

4. Cyclotrons and Fixed-Field Alternating-Gradient Accelerators 

Michael Craddock and Keith Symon 

 

5. Particle Colliders for High-Energy Physics 

Donald Edwards and Helen Edwards 

 

6. Synchrotron Radiation 

Albert Hofmann 

 

7. Medical Applications of Accelerators  

Hartmut Eickhoff and Ute Linz 

 

8. Industrial Accelerators  

Robert Hamm 

 

9. The Development of Superconducting Magnets for Use in Particle Accelerators: From the 

Tevatron to the LHC  

Alvin Tollestrup and Ezio Todesco  

 

10. Development of Superconducting RF Technology  

Takaaki Furuya 

 

11. Cooling Methods for the Charged Particle Beams 

Vasily Parkhomchuk and Alexander Skrinsky 

 

12. The Supercollider – the pre-Texas Days: A personal recollection of its birth and Berkeley years 

Stanley Wojcicki 

 

13. Accelerators and the Accelerator Community 

Andrew Sessler and Ernest Malamud 

 

14. Book Review “Panofsky on Physics, Politics, and Peace: Pief Remembers” 

  Gregory Loew 

 
15. A Brief History of Particle Accelerators (poster) 
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Volume 2 – Medical Applications
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Volume 3 – Photon Sources
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Volume 4 – Industry/Environment Applications
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Volume 5 – Superconducting Technology
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Volume 6 – High Intensity Beams
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Volume 7 – Colliders
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Volume 8 – Energy/Security Applications
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Volume 9 – AAC
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Volume 10 – Future of Accelerators
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A Table about Accelerator 
and the Nobel Prizes

W. Chou Alex Chao Symposium, SLAC



1.1 Influence of Accelerator Science on Physics Research 

Enzo Haussecker and Alexander Chao
a
 

SLAC National Accelerator Laboratory, Menlo Park, California, USA 

Mail to: enzo@slac.stanford.edu and achao@slac.stanford.edu  

 

Abstract: 

We evaluate accelerator science in the context of its contributions to the physics 

community. We address the problem of quantifying these contributions and present a 

scheme for a numerical evaluation of them. We show by using a statistical sample of 

important developments in modern physics that accelerator science has influenced 28% 

of post-1938 physicists and also 28% of post-1938 physics research. We also examine 

how the influence of accelerator science has evolved over time, and show that on 

average it has contributed to a physics Nobel Prize-winning research every 2.9 years. 

Letter to the editor (ICFA BD Newsletter, no. 53, December 2010)

• This letter carried out an extensive survey of a large body of literature from 
Nobel Prize committee and laureates – a total of 331 documents (a stack of 
60 cm high). 

• From 1939 (when Ernest Lawrence received a Nobel Prize for his invention 
of the cyclotron) to 2009, nearly 30% of the Nobel Prizes in Physics had a 
direct contribution from accelerators. 

• On the average, accelerator science contributed to a Nobel Prize in Physics 
every 3 years. 
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25 Nobel Prizes in Physics that had direct contribution from accelerators
(courtesy: A. Chao)
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A Poster about the 

History of Particle 

Accelerators

W. Chou Alex Chao Symposium, SLAC
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W. Chou Alex Chao Symposium, SLAC

Beginning of the Particle Accelerator Era

1919: Ernest Rutherford 

discovered the nuclear 
disintegration by bombarding 
nitrogen with alpha particles 
from natural radioactive 
substances. Later he called for “a 
copious supply” of particles 
more energetic than those from 
natural sources. The particle 
accelerator era was born.
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First Generation of Accelerators – 1920-1930s

1928: Rolf Wideröe, 88 cm glass tube linac

1930: Ernest 
Lawrence, 

4” cyclotron

1929: Van de 
Graaff generator

1932: Cockcroft-
Walton 

electrostatic 
accelerator
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Milestones

1943: Synchrotron 1944: Phase stability 1952: Strong focusing

1968: Stochastic cooling1966: Electron cooling

1994: Superconducting RF1983: SC magnet

1961: 1st lepton collider

1969: 1st hadron collider



First Generation of Colliders – 1960s

1961: AdA first lepton collider 1969: ISR first proton collider
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Light Sources

Tens of Thousands Accelerators were built

Neutron Sources

Medical Accelerators Industrial Accelerators 
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World’s Largest Collider – LHC (27 km)
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World’s Largest Collider – LHC (27 km)

99

LHC = Large Hadron Collider
or

Last Hadron Collider?



Summary

• Alex has dedicated his entire career not only to research, but also to 
teaching and education.

• In the past several decades, hundreds or maybe even thousands 
young people have benefitted from reading his books and papers, 
entering his schools or directly listening to his teaching. Many of them 
are now playing important roles in the accelerator community around 
the world or have become leaders in some specific field.

• We want to thank him for his invaluable effort in training and teaching 
young generations of accelerator scientists.
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Thank you, Alex!


