
‘Trekking the Paper Trail’: Writing Publishable Manuscripts
(and some brief related comments at the end on Reading Published Papers)

Paul R. Bolton, Guest in LMU Experimental Physics – in Medical Physics Chair

- lecture based on my scientific writing/reviewing/editing experience

- not an inerrant expert; without effort, I can still write poorly (it’s so easy)

- I refer here only to peer-reviewed publishing 
(with biases toward reporting experimental work and writing in English)

- these slides contain all that I plan to say to you today
Paul R. Bolton, LMU; 
May 18, 2020



Lecture Outline: (will take ~ 20 minute mid-lecture break)

Overture - General Introductory Comments

‘Effective Communication’ – simple Venn Interpretation

Generic Organization of a Scientific or Technical Paper

example of a scientific real paper (in Physical Review Letters) intended 
to show a General Layout/Organization

What does the Journal Editor Expect and Writing  Order

example of a fictitious manuscript (in New Clear Instruments and Methods)            
aimed at displaying writing skill (examples to show editing of poor writing)

Manuscript Writing Guidance (+ More + Even More + It Just Keeps On…) 
- Expressing Confidence
- Equations, Figures and Tables
- a Few More Do’s and Don’t’s

Reading Published Scientific and Technical Papers: Brief Comments

Conclusion and Motivator

~ 20 min.

~ 20 min.

~ 20 min.

~ 35 min.

~ 10 min.
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Overture – General Introductory Comments:

- WHY - motivations for writing a publishable manuscript (Why are you doing this ?)

- WHO - for whom are you writing/to whom are you communicating (What is your targeted the readership ?)

- What is your manuscript focus and message (main points) the reader should know ?

- What are your key methods and observations and what is to be discussed

- Lecture Goals (i)  describe good scientific and technical writing with examples and general guidance 
as well as ‘Do’s and ‘Do Not’s; therefore addresses use of language in science and 
manuscript structure/organization 

(ii) motivate your writing practice and growing confidence

[there is a lot of literature out there about writing scientific papers; notably offered by 
publishers themselves on journal websites. This lecture is not about working with the peer-reviewed 
publication system or specific journals (i.e. choosing a journal, submission process, dealing with 
editors and reviewers, final checks of (galley) proofs, etc…)] 



Overture – General Introductory Comments continued …:

- for clarity, I make the following distinction: an unpublished document is a ‘manuscript’ and a published
document is a ‘paper’ (includes reviews, comments etc…)

- the scientific paper is likely your highest level of scientific or technical writing (therefore a constructive setting for 
developing appropriate language and writing skill) and is a permanent record that documents your reported work 

(expect it to out live the author(s)) 

- but publishing is ubiquitous  (not counting self-publishing, thousands of publishers and journals exist worldwide 
and they feature varied format, varied rules and standards, varied readership) 

- as academic researchers and communicators we are also professional speakers and writers – put another way, 
what we have to publish is important and we are doomed if we don’t document our results in this way



Overture – General Introductory Comments continued …:

- for clarity, I make the following distinction: an unpublished document is a ‘manuscript’ and a published
document is a ‘paper’ (includes reviews, comments etc…)

- the scientific paper is likely your highest level of scientific or technical writing (therefore a constructive setting for 
developing appropriate language and writing skill) and is a permanent record that documents your reported work

(expect it to out live the author(s)) 

- but publishing is ubiquitous  (not counting self-publishing, thousands of publishers and journals exist worldwide 
and they feature varied format, varied rules and standards, varied readership) 

- as academic researchers and communicators we are also professional speakers and writers – put another way, 
what we have to publish is important and we are doomed if we don’t document our results in this way

- if it isn’t documented/published (in some form) then it essentially didn’t happen (seems deflating)

- revere language (to be sustained at the same level as your science); it is more fundamental as a science pillar and 
enabler and it can suggest the quality of your work and your thinking

- think of language and science as inseparable collaborative partners (evolving together to include specialized terms, 
and new jargon for novel concepts … eg. consider  “Laser” or “Google”)

- there are constraints/rules - we clearly don’t write as we speak (try it to see how far you get with publishing paper



‘effective communication’
(in the overlapping/shared
space which can naturally 
inspire efficiency issues)

Effective Communication*:        Simple Venn Interpretation

Reader space:
- extracted message based

on what author(s)
actually wrote

- responsive ideas and
questions

Author(s) space:
- what you actually wrote

* private communication,
E. B. Cartsonas, OISE, 
University of Toronto, Canada
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Author(s)’ space 1:
- what you meant to

write

Author(s)’ space 2:
- what you actually wrote

define ‘effective communication’  
based on what author(s) meant to 
communicate

Effective Communication : Less Simple Venn Interpretation (complicating things is so easy)

Readers’ space:
- extracted message based

on what author(s)
actually wrote

- responsive ideas and
questions

Paul R. Bolton, LMU; 
May 18, 2020



Generic Organization of a Scientific or Technical Paper (the structure guides content)
(lecture is biased toward a manuscript that presents an experimental result)  

Title & Abstract
(often with key words)

Introduction

Method(s)

Observations (results/data) and Relevant Discussion
(Discussion can also be a separate section)

Simulations/Modeling/Theory and Relevant Discussion

Conclusion

Acknowledgements

References

Supplementary Data

[organization/layout of the paper can vary; 
format and other requirements are set by the journal (easily found on their webpage)]

Paul R. Bolton, LMU; 
May 18, 2020

Logical 
Order (order is
neither
chronological 
nor order in
which  
manuscript 
is best written)



The next few slides provide is an appropriate example of a real scientific paper that demonstrates paper 
organization in ‘Physical Review Letters’ journal in 2016. It would be cited as follows: 

F. Wagner, O. Deppen, C. Brabetz, P. Fiala, A. Kleinschmidt, P. Poth (include all co-author names here unless 
allowed by journal to use ‘et al’ at some stage in the co-author list),  Phys. Rev. Lett. 116, 205002 (2016).

Sections in this ‘letter’ have no headings. You can access this paper (later) to confirm the various sections I have 
indicated and will discuss here.

Note that Physical Review Letters is a well-established international physics journal published by the American 
Physical Society. Its inaugural issue appeared in 1958 with Sam Goudsmit as the Physical Review Editor-in-Chief.

In next few slides, I discuss some these manuscript sections without really talking directly about the content of 
this exemplary paper.

Paul R. Bolton, LMU; 
May 18, 2020



Maximum Proton Energy above 85 MeV from the Relativistic Interaction
of Laser Pulses with Micrometer Thick CH2 Targets

F. Wagner,1,2,* O. Deppert,3 C. Brabetz,1 P. Fiala,3 A. Kleinschmidt,3 P. Poth,3 V. A. Schanz,3 A. Tebartz,3
B. Zielbauer,1 M. Roth,3 T. Stöhlker,1,2 and V. Bagnoud1,2
1GSI Helmholtzzentrum für Schwerionenforschung GmbH, Planckstraße 1, 64291 Darmstadt, Germany
2Helmholtz Institut Jena, Fröbelstieg 3, 07743 Jena, Germany
3Institut für Kernphysik, Technische Universität Darmstadt, Schlossgartenstraße 9, 64289 Darmstadt, Germany
(Received 1 December 2015; published 19 May 2016)

Abstract:    - short summary statement of work done (method, main results/main findings/achievement/purpose)
- identify/define field to which you are contributing and what you did 
- clear/understandable/interesting after a quick read (little time spent on each manuscript by editor or others)
- advertises paper so readers know what is reported, the (sub)field and why should they read the paper
- avoid acronyms (unless they are essential or common), abbreviations, citations, over-specialized language
- tersely written for a broader readership and ‘separable’ from manuscript (typically ~ 100 to 200 words)
- often better to write this section last (can be hardest to write)
- uses some of the key words; so, choose words carefully; try to avoid first person if possible
- a crafted ‘executive’ summary of the work and not so much the manuscript  (it is far from an after thought)

Keywords here ….

We present a study of laser-driven ion acceleration with micrometer and submicrometer thick plastic targets. Using laser pulses with high temporal contrast 
and an intensity of the order of 1020 W=cm2 we observe proton beams with cutoff energies in excess of 85 MeV and particle numbers of 109 in an energy bin 
of 1 MeV around this maximum. We show that applying the target normal sheath acceleration
mechanism with submicrometer thick targets is a very robust way to achieve such high ion energies and particle fluxes. Our results are backed with 2D 
particle in cell simulations furthermore predicting cutoff energies above 200 MeV for acceleration based on relativistic transparency. This predicted regime 

example of a real paper (a letter) published in Physical Review Letters (F. Wagner et al., PRL 116, 205002 (2016))

Title: - short as possible, concise, precise, specific, uses some key words, indicate theory, sim. or experiment
- avoid acronyms, questions, puns/humour, niche-like or highly-specialized jargon    



Introduction:   - less ‘terse’ than the abstract (and is not a summary)
- begin with general field and proceeds to identify core specific subject matter of paper (niche/subfield)
- summarize briefly what has been done (relevant historical background) to motivate/justify (provide

context), your purpose, what you did
- citations to historical background should be limited to those directly relevant to the paper
- clarify assumptions, qualifiers, scope and purpose, and by what method(s) authors obtained new result
- provide context and more detail (specifics) of your message and why reader should read it 
- explicitly state importance of results to the field and why worthy of publication
- can generally state main results again (but not the data) 
- easier to write after method, observations and discussion
- no secrets or suspense here  (get it all said upfront in a logical manner that is easily read and understood)

Laser-driven ion acceleration research received renewed interest after the experimental demonstration of target normal sheath acceleration (TNSA) 15 years 
ago [1]. However, despite numerous efforts to optimize laser and target conditions in order to achieve higher maximum ion energies, it was not until recently 
that the initially observed maximum proton energy of 58 MeV [1] could be exceeded [2]. At the same time several proposed applications for laser-driven ions, 
e.g., radiation therapy [3], are very demanding especially with respect to particle energy and average flux. It has been shown that the energy maximum of 
ions accelerated via TNSA can be enhanced by using thinner targets with thicknesses in the range of a few hundred nanometers to a few micrometers [4–7], 
while the thicknesses that are typically used are of the order of tens of micrometers.

However, while these investigations of target thickness effects were restricted to certain ultrashort pulse Ti:sapphire lasers that could fulfill the tough temporal 
contrast requirements,the comparison of many experiments carried out at different laser systems around the world shows that the highest maximum proton 
energies are achieved with laser systems that use Nd:glass amplifiers to provide high laser energy (> 100 J) in relatively long pulses (100 fs to 1 ps) (see Table 2 
of Ref. [2]).

Furthermore, two alternative acceleration mechanisms based on ultrathin targets have been proposed with a view to reach the high maximum ion energies 
requested for applications: laser breakout afterburner (BOA) [8] and radiation pressure acceleration (RPA) [9,10]. The BOA mechanism is based on the fact 
that for matched laser and target conditions the target becomes relativistically transparent while interacting with the laser pulse. During this phase a higher 
conversion efficiency of laser energy to the accelerated ions is expected leading to higher maximum ion energies. Therefore, for a given intensity, a pronounced 
optimum target thickness is a clear feature of this mechanism as pointed out in Ref. [11]. Experimentally, an essential increase of maximum energy and 



Method:  - describe facility/laboratory and experimental resource(s) used 
- typically can include detail of technique(s) and design(s) (i.e. basic detail of how you did what you did)
- resource/apparatus detail and why you used this key equipment (operation, calibrations, notable limits…)
- experimental configuration used (establishes credibility and quality of results and conclusions)
- can include important analysis and modeling method(s)  (or can instead be described in results section)
- clear figures (especially where geometrical aspects such as directions, angles and scales are concerned)
- if theory paper, present basic theoretical premise/assumptions and theoretical approach here
- from this section, reader should be able to replicate your technique (more detailed if method is key issue)
- some details can be addressed in added supplemental material if this is encouraged by the journal

The experimental results were obtained with the PHELIX (Petawatt High Energy Laser for heavy Ion eXperiments) laser [14] at the GSI Helmholtzzentrum
für Schwerionenforschung GmbH in Darmstadt, Germany. The laser delivered an energy of 160–200 J after compression to 500–800 fs. These pulses were 
focused onto the target under different angles of incidence ranging from 0° to 30° using an f=1.7 focusing parabola (Fig. 1). The laser focus was 
characterized at low energy showing a 4 0.5 μm (FWHM) focal spot comprising 30% of the total energy. In addition the focal spot was monitored during 
the shot using a leak in the laser chain and a 16-bit CMOS camera to account for on-shot aberrations and improve the assessment on the laser intensity. 
This leads to an estimate of the mean on-target intensity of 0.7–2.6 × 1020 W=cm2.

We used flat polymethylpentene targets with thicknesses ranging from 165 to 1400 nm as well as 4 μm thick gold targets. Thanks to an ultrahigh 
temporal contrast, front-end [15,16] preionization of the targets could be prevented up to 100 ps before the impact of the main pulse, which has been 
confirmed in former experiments [17,18]. A pulse trace which is valid for this experiment is given in Fig. 5 of Ref. [15].

Our main diagnostic relied on radiochromic film (RCF) in a stack configuration, which provides information on the spectrum as well as the spatial 
distribution of the accelerated proton beams [19]. Each RCF stack consisted of up to 15 radiochromic films. The three different types of Gafchromic film, 
HD-42, MD-V2, and EBT3, were used, which were calibrated prior to this experiment by our group. By using copper and nickel foils as intermediate layers 
in the stack the total detectable energy range was extended to 85 MeV. The maximum proton energies retrieved from the last colored RCF layer were 
additionally confirmed by measuring the nuclear activation of the metal foils as described in Ref. [20]. 



Observations (data) and Relevant Discussion (one section immediately follows the other):
- present important observations (eg. results of an experiment - can be processed & displayed data)
- observations typically have heavy reliance on figures and tables (explain them also in main text)
- main text of observations and discussion should speak to content of all figures and Tables in their

presented order (never have a figure/Table to which the main text does not refer)
- transition from observation to discussion can be seamless (discussion is a subsequent section)
- discussion interprets presented data (compare to theory/model(s)) and what is new
- simulation can be used to explain/interpret observations (common)
- if a theory or simulation paper, present basic theoretical or simulated results here
- the discussion is a freer section that can include comparison/contrast with data reported elsewhere

on figures/Tables - figures and tables need to be clear (simple as possible, easy to regard, read and understand) 
- quick glance of figures should tell the reader what you are presenting, data type, trends/comparisons 
- figure caption enhances (as convenience) and does not replace description of figure in main text 
- legible figure captions must describe/define everything shown in figure (note figure 6 of the PRL) and

be fully compatible with main text description; therefore, not raise additional questions/issues
- must be self-explanatory (standalone); so, titles, captions, legends, annotations say it all clearly
- axes, axes labels and units are legible and relate to descriptions in the main text  (no arbitrary units !)
- error bars for data; describe meaning/how they were determined (their contextual meaning)
- multiple data types or traces on one graph (& fits/simulations/other predictions) must be readily

distinguished in black and white (even if prepared for colour display); 
- figures should not be too busy and Tables should not be too long 

Figure 2 shows a selection of RCF layers exposed to the ion beam accelerated from a 900 nm thick plastic target. The angle of incidence was 15° for this shot, 
which enabled us to distinguish between ions accelerated in the target normal direction and the laser forward direction, respectively. As we described in Ref. 



FIG. 6. Results from 2D-PIC simulations for plastic targets with thicknesses of 100 nm (left) and 1 μm (right). The coloring 
illustrates the electron density for a simulation time of 700 fs (the pulse maximum impacts the target surface at 800 fs). 
The 100 nm thick target is transparent for the laser (the lineout of the electric field of the laser at the target center is 
shown by the green line) while the laser pulse is stopped at the target surface for the 1 μm thick target. The arrow shows 
the laser propagation direction.

Figures

problem 2 with 
this figure:
what are these 
red traces ?
(reader should not 
need to guess, even 
if it is obvious)

problem 1 with 
this figure:
N0 is not explicitly 
defined 
(but we can easily 
figure this one out)

Paul Bolton, LMU; May 18, 2020



Simulation/Modeling/Theory and Relevant Discussion:
- can be a seamless extension of observations/discussion in a paper that gives experimental results
- a simulations and theory can be like an embedded second experiment; so, describe 

simulation/theory method(s), parameters, assumptions, code used, results, discussion etc…
- simulations can be used to interpret experimental observations (here is part of discussion)
- relate descriptions in main text directly to figures that show comparisons with exp. data, other

simulations and other theory (discuss all shown in figures concerning simulation/theory; plotted
simulated results can be shown in the same figures that include plotted experimental data)

Particle in cell (PIC) simulations provide further insight into the acceleration mechanism. For this purpose 2D simulations were carried out with the PIC code 
EPOCH [24]. The simulation box was 240 × 60 μm2 in size with a spatial grid resolution of 8 × 20 nm2, a temporal resolution of 0.02 fs per time step, and open 
boundary conditions for particles and fields. The spatial as well as the temporal laser envelope were set to be Gaussian profiles. The target was modeled as a 
mixture of fully ionized hydrogen and carbon with 6 × 1021 C6H12 constituents per cm3.Within the target boundaries 100 macroparticles per cell were used 
for protons, 50 for carbon ions, and 400 for electrons. The laser was focused onto the target surface located 20 μm from the left boundary, resulting in a focal 
spot diameter of 4.5 μm (FWHM). The small transversal size of the target was used to reach a viable computing time (22 500 CPU hours per simulation).
However, we performed a few representative simulations with increased transversal dimensions to estimate the effect of mass limitation on the energy 
maxima, which was less than 10% for our laser and target configuration. The maximum proton energies were evaluated at an instant of 1.4 ps after the 
impact of the peak of the 500 fs (FWHM) long laser pulse at the target surface. At this time the maximum proton energy was still rising slightly but this effect, 
which can mostly be attributed to numerical artifacts, was estimated to be less than 5% by looking at the evolution of the energy maxima for a few 
representative simulations. To take into account the aforementioned fluctuations of the laser intensity, simulations were done with two different intensities 
representing an upper and a lower limit, respectively, and an intermediate intensity. The results of the simulations are also shown in Fig. 5. For the thicker 
targets the measured data agree very well with the simulation. For very thin targets the simulations show a peak that is at considerably higher energies. This 
peak, the position of which depends on the laser intensity, can be ascribed to an enhanced acceleration during a phase of relativistic transparency as 
expected for the BOA mechanism [8]. This is confirmed by Fig. 6 showing that a 100 nm thick target irradiated with a peak intensity of 3 × 1020 W=cm2 is 
transparent 100 fs before the impact of maximum intensity while a 1000 nm thick target stays opaque.

Even though the simulated peaks are at lower target thicknesses than the thinnest targets used in the experiment one might still have expected an enhanced 
maximum proton energy for targets below 400 nm as predicted by the rising slope of the simulated peak. One possible explanation for the absence of these 
enhanced proton energies is that for the few shots on the thinnest targets the laser intensity happened to be at the lower limit of the expected values, shifting 



Conclusion: - state key findings and implications in context (context as clarified in the introduction)
- state new issues that emerge as a result of the reported work (these have not been stated before) 
- state why the findings are significant or impactful
- be brief and general (not a repeat of abstract or discussion)
- state what you want readers to remember (what has been added to the field)
- can be present and even future tense (typically for discussing current significances and future

impact and/or prospects)
- regarding comments about future (be brief)– pressing next steps, challenges, prospects 

(but not too speculative)
- caution: what you write here likely has been suggested or intimated already in the paper and the

reader wants to quickly finish reading at this stage

In conclusion our experimental realization of proton energies of 85 MeV with high particle numbers is a major step forward for laser-driven ion 
acceleration. We have shown that the use of submicrometer thick targets and acceleration via the TNSA mechanism is a very robust way to achieve 
proton energies in excess of 70 MeV. Our simulations, which are in good agreement with the experimental results, also suggest a way to achieve energy 
maxima in excess of 200 MeV, namely, by further increasing the temporal contrast, and by using target thicknesses of the order of 100 nm.

Acknowledgements: - funding sources/auspices, nonauthors and groups who helped notably, important enablers who 
are not co-authors

This work has been partly funded by the EUROfusion Consortium (toIFE Programme, Grant Agreement No. 633053). The views and opinions expressed 
herein do not necessarily reflect those of the European Commission. We wish to acknowledge the advice and support of the PHELIX team during the 
planning and realization of the experiment. We also thank the target fabrication group from Technische Universität Darmstadt for providing the targets 
for this experiment.

References: journal specifies required format



What does journal editor expect of your manuscript for publication ?

1. Subject matter is appropriate for the journal (adequate thematic overlap).

2. Manuscript is acceptably well-written (regardless of the significance of results).

3. Findings are both novel and interesting.

4. Findings are significant and impactful  (the work matters and is worthy of publication).



Writing Order

Your manuscript is not chronologically ordered. It should  be no surprise that it is
best written in an order that is not the reading order.

a recommended writing order that facilitates consistent focus to stay on message is *: 

0th - envisioned title can suggest a focus
1st  - Observations (Data) & Discussion

with figure and Table development
(quality time here) your new message/findings

2nd - Method
with figure development

3rd - Introduction framing the scope and
significance/impact of work 

4th - Conclusion and establishing context

5th - Abstract, Final Title and Keywords summarizing key message,
quickly attracting reader
interest and guiding literature

(* you can vary this order as needed; for example, conclusion searches
written before introduction or method before observations)

writing
order



What follows in the next few slides with the shaded background is the example of a 
fictitious manuscript. These excerpts are from the fictitious manuscript sent to the 
fictitious applied science and technology journal, “New Clear Instruments and 
Methods”

{this is perhaps the FAKEST of news - it is a fictitious manuscript describing a 
fictitious experiment and the report of its fictitious results  that are fictitiously 
submitted to a fictitious journal)

In the sections of this example, I will discuss examples that feature comparisons of 
(what I describe as) ‘bad’ writing’ with (edited versions that I describe as) ‘good’ 
writing (in my opinion) …this writing example reveals issues of style, clarity, 
precision …

Paul Bolton, LMU; 
May 18, 2020

FAKE News …



Demonstration of Ultrafast Laser-driven Ablative Paint Stripping 

provide a tight summary in the “Abstract”: 

(Bad)

Ultrafast laser-driven ablative removal of paint (ULAPS) with rep-rated ultrashort laser pulses has been demonstrated. To 
the best of our knowledge this is the first such demonstration. We used a broadband ultrashort CPA laser pulse to get the 
multi-shot ablation threshold down below a 1 Joule/cm2. After also trying the second harmonic, this threshold was even 
lower at short laser wavelengths. Such controlled paint removal is uniform within a selected area and the edges are very
sharp. Although applied to paint removal, a lot can be done with this new kind of ablation.

example of a fictitious manuscript … (note examples in red font and/or yellow highlighting)



Demonstration of Ultrafast Laser-driven Ablative Paint Stripping 

provide a tight summary in the “Abstract”: 

(Bad)

Ultrafast laser-driven ablative removal of paint (ULAPS) with rep-rated ultrashort laser pulses has been demonstrated. To 
the best of our knowledge this is the first such demonstration. We used a broadband ultrashort CPA laser pulse to get the 
multi-shot ablation threshold down below a 1 Joule/cm2. After also trying the second harmonic, this threshold was even 
lower at short laser wavelengths. Such controlled paint removal is uniform within a selected area and the edges are very
sharp. Although applied to paint removal, a lot can be done with this new kind of ablation.

(Good)

First demonstration of ultrafast laser-driven ablative paint stripping driven by repetition-rated femtosecond laser pulses is 
reported. The use of ultrashort infrared (ir) laser pulses reduces the cumulative multi-pulse fluence threshold for paint 
stripping to levels below 1 Joule/cm2. Irradiation of surfaces with second harmonic laser light (visible) has confirmed that 
this threshold is further reduced at reduced photon wavelength. This new approach intrinsically features control of the 
ablation uniformity over precisely specified areas with well-defined edges. Although applied to ablative paint stripping, 
this abrupt process has significant potential for diverse applications where precisely controlled and spatially well-defined 
ablation are essential.

example of a fictitious manuscript … (note examples in red font and/or yellow highlighting)



a fictitious manuscript

(bad)

Laser-induced processes can be uniquely defined and therefore limited by the intrinsic properties of the 
driving laser pulse itself. In particular, there is continued strong interest in surface interactions with 
ultrashort laser pulses and the tremendous potential for a lot of applications. With longer laser pulses (i.e. 
nanosecond or more) surface interactions are well-understood and, as part of this, ablative phenomena has 
been well-studied; notably the functional integrity of transport optics at high laser energies for single pulses 
for rep-rated cases. Lately, ablative and optical surface damage studies have been extended to the ultrashort 
regime where there is a clear interest in developing transport optics that are both highly efficient and more 
radiation resistant to high fluence lasers. In this report we present recent results from a new study of 
ultrafast laser-induced ablation (ULAPS) using ultrashort pulses of the fundamental (ir) wavelength and its 
second harmonic (vis) where we see that fluence thresholds have been drastically reduced to levels of the 
order of 1 Joule/cm2. In this report the term ultrashort refers to pulse durations of 50 femtoseconds or less. 
More specifically, we have measured the cummulative multi-pulse laser fluence thresholds for paint 
stripping in these two wavelengths where 10 Hz laser pulses are delivered to the painted surface. 

a fictitious manuscript …begin with “Introduction”: 

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript …begin with “Introduction”: 

(good)

Laser-induced processes can be uniquely defined and therefore limited by the intrinsic properties of the 
driving laser pulse. In particular, regarding surface interactions with ultrashort laser pulses, there is potential 
for multiple near-term industrial applications. For greater laser pulse durations (i.e. nanosecond or more) 
surface interactions are well-understood and associated ablative phenomena (for example paint stripping)
has been well-studied. Another practical issue is the functional integrity of optical surfaces (coated or 
uncoated) that encounter energetic, high fluence laser pulses for single pulses and for repetition-rated cases. 
In recent years, ablative and optical surface damage studies in general have been extended to the ultrashort 
pulse regime where there is a clear need for developing highly efficient, radiation resistant transport optics 
for single pulse and repetition-rated operation at high fluence. Results reported here from our study of 
ultrafast laser-induced ablative paint stripping (ULAPS) using pulses of the fundamental (ir) wavelength and 
its second harmonic (vis) reveal paint stripping fluence thresholds of order 1 Joule/cm2 (we note that the 
term ‘ultrashort’ is used to describe pulse durations of 50 femtoseconds or less) These levels are significantly 
lower than those for pulses of nanosecond or more duration. More specifically, we have measured the 
cumulative paint stripping fluence thresholds at a 10 Hz repetition-rate for these two wavelengths.

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript  …“Method”:

(bad)

The work is done at the Deutsch Institute for Industrial Applications of Lasers in Munich, Germany using its new 
laser system, DIP (Drowning in Photons). DIP is a new 10 PW CPA Ti:S system that delivered at 10 Hz to targeted 
surfaces 300 joule pulses of 30 femtosecond duration. This means that Joule/cm2 fluence levels can be reached 
across diameters roughly of the order of 10 cm. Direct demonstration of ultrafast paint removal over large areas is 
critical to see if the ULAPS application can  work.

The hardware layout used at DIP is in fig.1 where you can see that laser irradiation of painted surfaces is at 45 
degrees in order to facilitate surface diagnostics, a specular reflection monitor and debris handling. Therefore spot 
sizes in the plain of incidence were extended by about 40 %. In this configuration the incident laser fluence on the 
painted surface is controlled by scanning pulse energy for a set pulse duration and spot size. Pulse duration was
adjusted in the standard way by varying the grating separation in the final pulse compressor.  Pulse energy 
variation is accomplished by rotating the orientation of the linearly polarized laser pulse at the compressor input.  
how was spotsize varied ? The hierarchy of pulse variations was energy, duration, and finally spot size (what about 
wavelength ?). This means that for longest pulse duration, where the fluence threshold is higher, we additionally 
had to reduce the spotsize as needed in the energy scan.

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript  …“Method”:

(good)

Experiments were conducted at the Deutsch Institute for Industrial Applications of Lasers (DIAL) in Munich, 
Germany using its new laser system, DIP (Drowning in Photons). DIP is a 10 petawatt (PW) Ti:S laser system based 
on the principle of chirped pulse amplification (CPA) that can deliver 300 joule ir pulses of 30 femtosecond 
duration to targeted surfaces at 10 Hz. Therefore, Joule/cm2 fluence levels were reached over diameters of order
10 cm. Direct demonstration of ultrafast paint stripping over such large areas is critical for adequately assessing 
the feasibility of the ULAPS as an industrial application.

Figure 1 illustrates the experimental configuration used for this study at the DIP laser which features a 45 degree  
incident angle for laser irradiation of the painted surface in order to accommodate surface diagnostics, a specular 
reflection monitor and debris collection. Spotsizes (diameter) in the dimension parallel to the incident plane are 
therefore extended by about 40 %. In this configuration the incident laser fluence on the painted surface was 
controlled for a set pulse duration and spotsize, by varying pulse energy which was implemented by rotating the 
orientation of the linearly polarized laser pulse at the compressor input. Pulse duration was adjusted in the 
standard way by varying the final pulse compressor grating separation. Spotsize was varied by controlling the 
distance between the final focusing lens and the painted surface. The hierarchy of pulse parameter control for this 
experiment was therefore energy, duration, spotsize and finally central wavelength. This means that for longest 
pulse duration, where the fluence threshold is highest, we needed to reduce the spotsize as needed in the full 
energy scan.

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript  …Observations:

(bad)

The ultrafast ablative paint removal fluence threshold is a function of pulse duration and irradiation 
wavelength (1053 followed by 526 nm cases) is seen in fig. 2. Each data point represents the result of six 
hundred shots acquired over a one minute run. For a given wavelength and spot size the pulse duration was 
adjusted from 25 to 75 picoseconds with the pulse energy scan done for each pulse duration. The spot size was 
initially set to 6 cm for all pulse durations except with 75 picoseconds where a further reduced spot size of 
three cm for 75 ps pulses was used in order to reach the ULAPS threshold.

As in Fig. 2, for 30 fs case, the fluence threshold drops to 1 Joule/cm2 which is drastically lower than the 20 
Joule/cm2 threshold detected with 75 ps.

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript  …Observations:

(good)

The measured fluence threshold for ultrafast ablative paint stripping depends on pulse duration and central laser 
wavelength (1053 nm and 526 nm) as displayed in Figure 2. Each data point represents the cumulative result of 
600 laser pulses acquired at 10 Hz during a one minute interval. For a given wavelength and spotsize the pulse 
duration was adjusted from 25 femtoseconds to 75 picoseconds with pulse energy scanned at each pulse 
duration. The spotsize was set to 6 cm for all pulse durations except for the case with 75 picosecond duration. In 
order to reach the ULAPS threshold with 75 picosecond pulses, the spotsize was reduced to 3 cm.

Figure 2 shows that, for 25 femtsecond ir (vis) pulses, the fluence threshold is reduced to the 1 Joule/cm2 (0.3 
Joule/cm2) level. This is significantly lower than the 20 Joule/cm2 (17 Joule/cm2) threshold level observed with 75 
picosecond ir (vis) pulses.



a fictitious manuscript  …Conclusion:

(bad)

Thanks to the availability of ultrashort pulses, we have demonstrated that laser-induced ablative paint removal from 
surfaces can occur at much smaller fluences and therefore less pulse energy is needed. To the best of our knowledge this 
demonstration of ULAPS is unprecedented. Also, the region where paint is removed is well-defined with remarkable
precision and sharper edges. The enormous cost and great size (footprint) of the DIP laser system is typical of current PW 
systems. However, we would like to expect that in the near-term, smaller and cheaper systems will be very likely available.

Paul Bolton, LMU;  May 18, 2020



a fictitious manuscript  …Conclusion:

(bad)

Thanks to the availability of ultrashort pulses, we have demonstrated that laser-induced ablative paint removal from 
surfaces can occur at much smaller fluences and therefore less pulse energy is needed. To the best of our knowledge this 
demonstration of ULAPS is unprecedented. Also, the region where paint is removed is well-defined with remarkable
precision and sharper edges. The enormous cost and great size (footprint) of the DIP laser system is typical of current PW 
systems. However, we would like to expect that in the near-term, smaller and cheaper systems will be very likely available.

(good)

This is the first demonstration of ULAPS in which we have shown that ultrafast laser-induced ablative paint stripping from 
surfaces (at infrared and visible wavelengths) features fluence thresholds that are significantly lower than those for pulses 
of duration tens of picoseconds or more. This means  that for a given spotsize, much less pulse energy is needed to drive 
this ablative process. The region of paint removal can be more precisely defined and controlled. Ablation fluence thresholds 
using shorter wavelength laser light needs to be further investigated and compared to known efficiencies for generating 
relevant shorter wavelength irradiation. The high cost and large size (footprint area) of the DIP laser system are typical of
current multi-petawatt systems. We anticipate that in the near-term, increased market demand can motivate development 
of commercially available smaller and cheaper systems which can facilitate broader application of this ultrafast ablative 
process.  

Paul Bolton, LMU;  May 18, 2020
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log scale can indicate a trend in the data …
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Figure 2. Dependence of fluence threshold for ablative paint stripping on laser 
pulse duration and wavelength. Each data point represents the cumulative result from 600 
laser pulses.  Blue dots indicate infrared fluence thresholds (1053 nm) 
and orange dots indicate visible fluence thresholds (second harmonic at 526 nm).
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Manuscript Writing Guidance: Some General Remarks

- help your reader understand the key message, its context and its importance in that context                            
(visualize the Venn type representation of effective author-reader communication as an overlap)

- write clearly and directly to communicate what you mean and therefore to be understood:
- be selective and precise with appropriate words, topics, organization
- avoid redundancy and meaningless descriptive qualifiers (like ‘very’, ‘in fact’…) 
- don’t be colloquial, trendy or cute (your paper can have a long life)
- don’t be too specialized or exclusive (not all readers are field experts)
- avoid contractions (eg. don’t…) and limit acronyms to essential ones
- use acronyms for efficiency & consistency where it improves readability

- you know much more and you did far more work on the paper than you can ever convey in its text (…limits…)



Manuscript Writing Guidance: Some General Remarks

- help your reader understand the key message, its context and its importance in that context                            
(visualize the Venn type representation of effective author-reader communication as an overlap)

- write clearly and directly to communicate what you mean and therefore to be understood:
- be selective and precise with appropriate words, topics, organization
- avoid redundancy and meaningless descriptive qualifiers (like ‘very’, ‘in fact’…) 
- don’t be colloquial, trendy or cute (your paper can have a long life)
- don’t be too specialized or exclusive (not all readers are field experts)
- avoid contractions (eg. don’t…) and limit acronyms to essential ones
- use acronyms for efficiency & consistency where it improves readability

- you know much more and you did far more work on the paper than you can ever convey in its text (…limits…)

- avoid double meanings; English can be vague at times  (but some examples can at least be entertaining)

- be clear and eloquent to be convincing (no ‘Dickensian’ sentences); shorter sentences can be more digestible and 
effective  (if too challenging to stay on message within page limit, you might have material for more than 1 paper)

- the progression of the manuscript is not correlated to time (i.e. the manuscript is not a laboratory journal or diary)

- respect the reader’s time and intelligence  (but they cannot read your mind) 
- we have limited time and limited attention spans and, at times, the reader might view your paper under less than 

ideal conditions; so be direct and clear   (will comment on ‘reading published papers’  later)



More Manuscript Writing Guidance – Be Convincing, Express Confidence, Assure Credibility:

- important message is upfront (i.e. summarily in abstract and then again in introduction); (i.e. the 
manuscript is not a laboratory log or journal that follows a chronological order; nor is it a treasure 
hunt or mystery novel in which suspense is relieved at the end as the truth is revealed from 
multiple sources as they converge)

- avoid excessive and weak qualifiers (such as “to the best of our knowledge”, very or drastically)

- active voice if possible and clear terms (“We determine it to be” instead of “It is determined to be”)

- past or present tense (but be consistent with the tense; however, conclusion can be present/future)

Paul Bolton, LMU; May 18, 2020



More Manuscript Writing Guidance – Be Convincing, Express Confidence, Assure Credibility:

- important message is upfront (i.e. summarily in abstract and then again in introduction); (i.e. the 
manuscript is not a laboratory log or journal that follows a chronological order; nor is it a treasure 
hunt or mystery novel in which suspense is relieved at the end as the truth is revealed from 
multiple sources as they converge)

- avoid excessive and weak qualifiers (such as “to the best of our knowledge”, very or drastically)

- active voice if possible and clear terms (“We determine it to be” instead of “It is determined to be”)

- past or present tense (but be consistent with the tense; however, conclusion can be present/future)

- avoid redundancy (it is enough to clearly say something once)  

- consistency with terminology and definitions (example reflection vs reflectance vs reflectivity)

- own what you are reporting (be appropriately responsible and assertive)

- ‘Method’ section must inspire confidence and help to assure that results are credible

- be readily able to explain and defend all results and conclusions Paul Bolton, LMU; May 18, 2020



Even More Manuscript Writing Guidance - Equations, Figures and Tables: 

- use equations sparingly (only those necessary) and clearly define each parameter/term at its first 

occurrence in the manuscript (eg. the all factors in defining critical plasma density, 𝑛௖௥௜௧௜௖௔௟ = ഘ
మ೘೐ചబ
೐మ

)

- minimize equations that are embedded into text (do only for very simple, well-known and necessary 
relations that can be more clearly and succinctly expressed as an equation within a sentence)

(eg. critical plasma density, 𝑛௖௥௜௧௜௖௔௟ = ഘ
మ೘೐ചబ
೐మ

could be embedded into a text line)
- speak to content of all figures and Tables in main text  (and all included annotation)



Even More Manuscript Writing Guidance - Equations, Figures and Tables: 

- use equations sparingly (only those necessary) and clearly define each parameter/term at its first 

occurrence in the manuscript (eg. the all factors in defining critical plasma density, 𝑛௖௥௜௧௜௖௔௟ = ഘ
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)

- minimize equations that are embedded into text (do only for very simple, well-known and necessary 
relations that can be more clearly and succinctly expressed as an equation within a sentence)

(eg. critical plasma density, 𝑛௖௥௜௧௜௖௔௟ = ഘ
మ೘೐ചబ
೐మ

could be embedded into a text line)
- speak to content of all figures and Tables in main text  (and all included annotation)

- legible annotation in figures and Tables  (i.e. large enough to read easily)
- figures not too busy and Tables not too long

- figure caption must also address everything shown in figures; caption enhances main text description and 
does not replace it;   similarly for titles and category headings for Tables  

- figures and Tables are standalone items that provide quick view of results 

- use clear figure axes, axis labels and axis units (use meaningful units and avoid normalized amplitudes or 
arbitrary units – these are not informative and can be misleading) 

- error bars on measured data points; explain meaning of error bars (i.e. how they were determined)

- if you use colour to distinguish data sets (eg. in plots), choose readily distinguished colours; further,
I recommend choosing line types in plot traces that are clearly distinguished in black & white  
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Figure 2. Dependence of fluence threshold for ablative paint stripping on laser 
pulse duration and wavelength. Each data point represents the cumulative result from 600 
laser pulses.  Blue dots indicate infrared fluence thresholds (1053 nm) 
and orange dots indicate visible fluence thresholds (second harmonic at 526 nm).

Figure 2 from …a fictitious manuscript

Paul Bolton, LMU; 
May 18, 2020

This figure still needs 
improvement:

- no error bars
- data points too 

small
- small font for axis

quantities
- dot legend needed ? 



- define all acronyms at first occurrence; use only the acronym if it has already been used and defined previously
- mixing words and digits; digits can be used in a sentence if the numerical value is high and complex, or equated to some 

parameter, or one of several numerical values mentioned together (as in a list) (example, “there are two criteria to 
consider….” or “we evaluated this effect for criteria 2, 3 ,4 and 5…” or “the parameter value is  139.45”)

- include only citations that are directly relevant to your paper; especially those where appropriate 
credit/acknowledgement is due

It Just Keeps On Coming…More Manuscript Writing Guidance – a Few More Do’s and Don’t’s

Paul R. Bolton, LMU; 
May 18, 2020



- define all acronyms at first occurrence; use only the acronym if it has already been used and defined previously
- mixing words and digits; digits can be used in a sentence if the numerical value is high and complex, or equated to some 

parameter, or one of several numerical values mentioned together (as in a list) (example, “there are two criteria to 
consider….” or “we evaluated this effect for criteria 2, 3 ,4 and 5…” or “the parameter value is  139.45”)

- include only citations that are directly relevant to your paper; especially those where appropriate 
credit/acknowledgement is due

- some terms to avoid….  (examples are ‘off the top of my head’ but there are many more ..)  
‘roughly’               (can replace with approximately or about)
‘drastically’           (can replace with significantly or greatly)
‘huge’                    (can replace with major, significant or large with some quantification)
‘to the best of our knowledge’  (do not use at all; it appears as an excuse)
‘unprecedented’  (really ? be sure; also can replace with unparalleled, first time)
‘actually’               (meaningless by itself but can use rarely for special emphasis, often serves no purpose)
‘very’                     (meaningless in a scientific paper, vague at best; replace quantitatively if possible)
‘extremely’           (can be okay; if used, be sure it is clear or explain why quantitatively)
‘tremendous’       (as good as ‘drastic’; can require further (quantitative) description to justify the term)
‘in fact’                  (as meaningless as ‘actually’, serves no purpose)
‘around’                (but not as bad as ‘roughly’; can replace with about, approximately or near)

‘of/on the order of’  (replace with ‘of order’, eg. ‘of order 100’)
‘thanks to’             (does not mean ‘thank you’; author usually means ‘due to’ or ‘attributed to’)
avoid ‘legalese’     (i.e. terms like heretofore, aforesaid, …we’re not lawyers, we can mess this up)
about ‘et al’          (can unfairly omit reference co-author names; not allowed in some journals)

It Just Keeps On Coming…More Manuscript Writing Guidance – a Few More Do’s and Don’t’s

Paul R. Bolton, LMU; 
May 18, 2020



Reading Published Scientific and Technical Papers: Brief Comments (a single read is often inadequate) 
(reading in layers is consistent with the research setting; an example follows but you should develop a way 
of your that feels right; consider this layer example in terms of the circulated PRL paper)

First View (Layer 1) :   am I interested; should or need I know of this work ?
(a few minutes)

- glance at title, authors, abstract and maybe a figure or two (good figures are key)

Second View (Layer 2): should I take a closer look; is it worth further reading ?
(10-15 minutes)

- more careful read of abstract, introduction, view reference list and figures again 

Paul R. Bolton, LMU; 
May 18, 2020



Reading Published Scientific and Technical Papers: Brief Comments (a single read is often inadequate) 
(reading in layers is consistent with the research setting; an example follows but you should develop a way 
of your that feels right; consider this layer example in terms of the circulated PRL paper)

First View (Layer 1) :   am I interested; should or need I know of this work ?
(a few minutes)

- glance at title, authors, abstract and maybe a figure or two (good figures are key)

Second View (Layer 2): should I take a closer look; is it worth further reading ?
(10-15 minutes)

- more careful read of abstract, introduction, view reference list and figures again 

Third View (Layer 3):   yes, it is worth my serious effort; so, do a full focused read 
(1-2 hour)

- focused, more careful read of the entire paper
- don’t get ‘hung up’ on equations etc if they are not immediately clear (address later)
- check out some of the important references as appropriate

Fourth View (Layer 4): have completed the full read; paper is important and now scrutinize/verify
(time as needed)           equations and other details as needed to improve understanding

- go back to consider details about equations, modeling, simulations ...
- check more references as necessaryPaul R. Bolton, LMU; 

May 18, 2020



Conclusion and Motivator:
- manuscript has a long life and should pass the ‘century test’ (or at least several decades) (clearly presenting results 

and methods in language that makes them understandable over the long term and even reproducible)

- language and science, as ‘living entities’, have an inseparable symbiotic relationship - new science can engender 
new language development and we can exploit language to better understand and document new science (for a 
good example, again consider use of terms, ‘Laser’ and ‘Google’)

- writing is part of the scientific process; (i) scientific writing clarifies and expands scientific thinking to exploit new 
science and (ii) regard reading as first stage of research and writing as the final stage

- continual practice of language in science is as important as the science itself – we refine them together through 
constant use (as researchers, we are equally practitioners of both)

Paul R. Bolton, LMU; May 18, 2020
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- manuscript has a long life and should pass the ‘century test’ (or at least several decades) (clearly presenting results 

and methods in language that makes them understandable over the long term and even reproducible)

- language and science, as ‘living entities’, have an inseparable symbiotic relationship - new science can engender 
new language development and we can exploit language to better understand and document new science (for a 
good example, again consider use of terms, ‘Laser’ and ‘Google’)

- writing is part of the scientific process; (i) scientific writing clarifies and expands scientific thinking to exploit new 
science and (ii) regard reading as first stage of research and writing as the final stage

- continual practice of language in science is as important as the science itself – we refine them together through 
constant use (as researchers, we are equally practitioners of both)

- be convincing and express confidence (i.e. be confident about your message, present credibility, avoid ambiguity)

- the manuscript is your masterpiece that should read coherently and definitively as a self-contained document (for 
example, it is bad form to have the reader checking and skimming through too many cited references to adequately 
understand/confirm what you have written)

- but your paper should also be a pleasant, comfortable read ; it should logically ‘flow’ as if one person
wrote it within a short interval (i.e. should stand alone as a coherent intelligible work)

- science as communicated knowledge is a worthy outcome of our instinctive drive to explore, to know and to tell;  
in contrast, as uncommunicated knowledge it is worthless … Good luck Paul R. Bolton, LMU; May 18, 2020


