
bitbucket.org/gist/apufe22

University of Ferrara, Italy
April 26 — May 5, 2022

Giulio Stancari
Fermilab

Introduction to Beam Physics 
and Accelerator Technology

https://bitbucket.org/gist/apufe22
https://bitbucket.org/gist/apufe18


Critical paper review



Giulio Stancari      Introduction to Beam Physics and Accelerator Technology University of Ferrara      April-May, 2022

Why work on a critical paper review?
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• Learn about research areas or technology
• Become a reviewer for conference proceedings and peer-reviewed journals and 

improve the quality of technical reports and scientific literature
• Practice focus and critical thinking, essential skills in our age of enormous 

information flux
• Become a better scientific writer

“It is of great advantage to the student of any subject to 
read the original memoirs on that subject, for science is 
always most completely assimilated when it is in the 
nascent state…” 
— J. C. Maxwell, Treatise on Electricity and Magnetism
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Parts of the critical review
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Synthesis
What is the paper about as a whole?
– Briefly state the main topic
– Define the issues that the authors intend to address

Analysis
What is being said in detail and how?
– List the main parts of the paper and summarize their content, identifying the main 

statements and logical arguments
– Identify keywords and compile a glossary with definitions

Assessment
Are statements and claims true? What consequences do they have?
– Determine whether there are parts where the authors are uninformed (lack of information), 

misinformed (incorrect understanding), illogical (consequences that do not follow from 
premises) or incomplete (missing important aspects)

– Which problems were solved? Which issues remain open?
– Discuss possible applications or extensions. Be creative.
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Do all papers and books need to be read this way?
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Of course not.

Sometimes, a superficial reading is sufficient to gather the information we need.

If we come across an interesting article, abstract and conclusions may help us 
decide if we want to read it in depth.
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Example of a critical review
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Let’s look at an example of a critical review

We consider this article

Nuclear Instruments and Methods in Physics Research A 568 (2006) 475–487

Beam cooling with ionization losses

C. Rubbiaa,b,!, A. Ferrarib, Y. Kadib, V. Vlachoudisb

aINFN, Sezione di Pavia, Italy
bCERN AB Department, Geneva, Switzerland

Received 6 February 2006; accepted 21 February and in revised form 28 August 2006
Available online 20 March 2006

Abstract

This novel type of Ionization Cooling is an effective method in order to enhance the (strong) interaction probability of slow (few MeV/
A) ions stored in a small ring. The many traversals through a thin target strongly improve the nuclear reaction rate with respect to a
single-pass collision, in a steady configuration in which ionization losses of a target ‘‘foil’’ (typically few hundred mg/cm2 thick) are
continuously recovered by an RF-cavity. With a flat foil, betatron oscillations are ‘‘cooled’’, but the momentum spread diverges
exponentially, since faster (slower) particles ionize less (more) than the average. In order to ‘‘cool’’ the beam also longitudinally, a
chromaticity has to be introduced with a wedge-shaped ‘‘foil’’. Therefore, in equilibrium conditions, multiple scattering and straggling
are both balanced by phase-space compression.
Classic Ionization Cooling [A.A. Kolomensky, Atomnaya Energiya 19 (1965) 534; Yu.M. Ado, V.I. Balbekov, Atomnaya Energiya

31(1) (1971) 40–44; A.N. Skrinsky, V.V. Parkhomchuk, Sov. J. Nucl. Phys. 12 (1981) 3; E.A. Perevendentsev, A.N. Skrinsky, in:
Proceedings of the 12th International Conference on High Energy Acceleration, 1983, p. 485] is designed to cool the direct beam until it
has been compressed and extracted for further use. In practice, this limits its applicability to non-interacting muon beams. Instead, in this
new method, applicable to strongly interacting collisions, the circulating beam is not extracted. Ionization cooling provides ‘‘in situ’’
storage of the beam until it is converted by a nuclear interaction with the target.
Simple reactions—for instance 7LiþD! 8Liþ p—are more favourably produced in the ‘‘mirror’’ kinematical frame, namely with a

heavier ion colliding against a gas-jet D2 target. Kinematics is generally very favourable, with angles in a narrow angular cone (around
"101 for the mentioned reaction) and with a relatively concentrated outgoing energy spectrum which allows an efficient collection of 8Li
as a neutral gas in a tiny volume, a technology perfected by ISOLDE at high temperatures.
The method should be capable of producing a ‘‘table top’’ storage ring with an accumulation rate in excess of 1014 8Li radioactive

ion/s. It has however a much more general applicability to many other nuclear reactions.
r 2006 Elsevier B.V. All rights reserved.

PACS: 41.75.Lx; 41.75.Ak; 29.20.#c; 29.25.Rm; 12.15.Ff

Keywords: Ionization cooling; Beta beams; Radioactive ion beams

1. Introduction

Both stochastic cooling and electron cooling are well-
established cooling techniques. They are, however, rather
complicated and not suited to the requirements of specific
applications related to very low energy, intense currents of
ions, for which a much faster process must be envisaged.

The unique features of the slow moving, highly ionizing
and massive ions suggest the development, instead, of the
method based on the configuration of Fig. 1, based on the
non-Liouvillian nature of the dE/dx losses.
The basic configuration consists of (1) an appropriate

(small) storage ring, (2) a thin target ‘‘foil’’ which induces
energy losses and (3) an accelerating RF cavity. An initially
injected ion beam—after being captured by ionization
stripping of the thin target into its highest ionization
state—is permanently stored in the ring. An accelerating
cavity of an appropriate voltage and sufficient longitudinal

ARTICLE IN PRESS

www.elsevier.com/locate/nima

0168-9002/$ - see front matter r 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.nima.2006.02.161

!Corresponding author. CERN AB Department, Geneva, Switzerland.
Tel.: +41227679851; fax: +41227669644.

E-mail address: Carlo.Rubbia@cern.ch (C. Rubbia).

The paper and the review are available on the shared drive

https://doi.org/10.1016/j.nima.2006.02.161
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Practicing the critical review process: group exercise
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We will use the 2 short articles by Cockcroft and Walton (Nature, 1932) on the 
production of high voltages and on the first artificial transmutation, because of their 
scientific and historical importance

(papers available in the course folder)
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Practicing the critical review process: group exercise
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Within each group (30 minutes)
• Read and annotate the 2 papers, treating them as a whole
• Following the guidelines, draft the three parts of a critical review: summary, 

analysis, assessment. Don’t worry about making it perfect. The important thing is to 
go through the whole process.

Class discussion
• Present the draft of your review and compare it with other groups

Additional topics for discussion
– How do you read scientific literature? Are you part of a journal or book club?
–What do you like about your reading habits? What would you like to improve?
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Critical paper review: your assignment
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1. Examine the list of landmark papers on the course website.
2a. Choose a paper that interests you.
2b. If you want, you may propose a paper that is not on the list. In this case, it must 
be approved by your instructor. Main criteria: peer-reviewed on a high-impact journal, 
well written, relevant to beam physics or accelerator technology.
3. Critically review the paper according to the guidelines described in class.
4. Submit your report by Tuesday, May 31. Start working on it now!

I will evaluate your report and send you feedback.

For undergraduate students: you will be asked questions about your report during 
the oral exam.



Questions?


