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Welcome to this midsummer edition of the loP Particle Accelerator and Beams Group _ o
Newsletter. Here you will find a good summary of what has been happening in our Inside this issue:
community and events to look out for in the future.

As reported later in this Newsletter, we held our Annual Meeting and AGM at Royal .
Holloway on 7 April. From the talks and open discussions session with Brian Bowsher (C ws from Daresburyn 2
STFC), Peter Ratoff (Director, Cockcroft Institute) and Andrei Seryi (Director, John Adam&-F 1O Project Develops
Institute) we were informed of the progress made and of the funding landscape affecting t i Energy Saving Magne
institutes (someone quipped to me that this landscape was a bit like standing in a misty bdgg Prime Minister Visits 4
Peter Ratoff also informed us of a new institutional member of the Cockcroft Institute, th¥ELA and CLARA,
University of Strathclyde. Talks were widanging in their topics and are available from the Springer PhD Thesis Awari

meeting websitd a little light reading for that summer beach perhaps? LESS Gets off to a Flying 5
. . L . . Start!
Also announced and detailed below, but certainly worth mentioning twice, was the winner o%

this yeards Group Prize, Andy Wol ski (UnNews&amRAlfily of 7Liver
the winners of the annual poster prizésearly career presenters Alberto Arteche, Sophie Diamondil Upgrade
Bashforth and Niki Vitoratou, all of Royal Holloway. Very well done! And many thanks tna cockeroft Institute 9
Stephen Gibson for organising this memorable meeting. Celebrates Three Major
Milestones
Other meetings so far this year that our group has helped sponsor and are reported on in .
this newsletter are a STFC/PABG joint meeting on HPC and a one day event held jointly witfcelerator Physicist 10
the History of Physics Group on thelistory of Particle CollidersFuture meetings to look AWarded Royal Society
out for are the Very High Energy Electron RadiotherafyHEE) event to be held at the University Research
Cockcroft Institute 24- 26 July 2017, the National Vacuum Electronics Conference (NVEC'ie”OWSh'p
the very popular Accelerator Open Day to be held at Daresbury Laboratory and sy f i r st ti m12 in

community meeting on Frontier Particle Physics & Nuclear Physics accelerators. We 9 5th Huddersfield 13
expect a meeting towards the end of the year on Uiffast Physics bringing together those Annual Accelerator

who generate and use feaycle light pulses from accelerator driven light sources. Symposium

Following the STFC/PABG joint meeting on HPC we have decided to consult PABG memb8psice Radiation 14

on the need to set up &ollaborative Computational Proje¢CCP) in Accelerator Science. Reproduction in the

Many areas of science benefit from these CCPs, which can help gain access to the advarieeratory

computational resources which are becoming increasingly important to our community. Wexpg Group Annual Meetini 16

plan to survey PABG members on the need for such a CCP in the near fékease ‘

participate! History of Particle Colliders 18
One-Day Conference

| would like to highlight two issues which | think should be mentioned. Firstlyaar e r s 6 gfré/BABRG Workshofi 20

is available to help provide financial assistance for those who find it difficult to attend '%h Performance

events. This is currently undersed, so | would encourage those who may need it to use itComputing

Secondly, a new Early Career Group is in the process of being set up within loP. It is hopgfpiscovery at

that all groups will have at least one member from this group on their committee. This seemgcelerator Facilities

like a great way to engage with and give a voice to the new blood of our community.

HiLumi Industry Day, 22

If you have not already noticed, the membership structures and processes within the loP élrlvéﬁc;:]elerator Controls
changingd we will now have only four types of membership, members cannsetfinate orkshop
themselves onto committees and more. Details are given in a recent mailing from IoP HEAB Group & UK Events 23
giving Notice of the 2017 AGM. They are definitely worth a look to see how the loP if .
: nternational Calendar

evolving.

) ) i o . . IOP PAB Committee 24
Finally, if you are a confirmed Tweeter (or is it Twitterer?), our acco@artAccelBeamis
becoming more popular with a good following of over 1450. | have been told it is a great way
to publicise events, new results and generally keep everyorte-giate. | must give it a go.

Brian McNeil

Group Chair


https://indico.cern.ch/event/612808/timetable/#20170407.detailed
http://www.iop.org/activity/groups/subject/hepp/calendar/index.html?trumbaEmbed=view%3Devent%26eventid%3D122599091
https://www.cockcroft.ac.uk/events/VHEE17/
http://www.ccp.ac.uk/
http://www.iop.org/about/grants/carers/page_56789.html
https://twitter.com/PartAccelBeams
mailto:b.w.j.mcneil@strath.ac.uk
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News from the Laboratories i Daresbury

ZEPTO Project Develops New Energy Saving Magnets

One of the fundamental issues in building and operating a modern particle accelerator is
electricity consumption. STFC's ALICE accelerator, one of the most energy efficient in the
world, draws 400kW & enough electricity to power 1,000 homes. Diamond Light Source uses
7 MW of power and the LHC requires 90W. This is enough electricity to power a city of
500,000 people and the LHC often shuts down for a short period over each winter when
electricity prices are at their peak. A large international collaboration is currently studying the
feasibility of designing and constructing what would be the most powerful electron accelerator
ever built, the Compact Linear Collider (CLIC) at CERN. This machine would use a novel two
beam acceleration scheme that would smash records for reaching the highest energy in the
shortest space, but is estimated to draw an enormous 48%/ when running at maximum
power.

The financial and environmental costs associated with the power draw of CLIC mean that it is
not currently viable to construcd it would require its own dedicated power station! A large
portion of the energy requirement is in the electromagnets used to bend and focus the beam,
which are normally energised by water cooled copper coils carrying a high current. Power is lost
both to resistance in the wire and the need to run a water cooling system with chillers and
pumps. For CLIC, the estimated power draw of the magnets and associated water cooling
systems alone is 124\W.

To address this STFC and CERN have created a project to develop steering and focusing
magnets that draw no power. The project is named ZEPTO (for ZBmwer Tuneable Optics)

and achieves power savings by using large and strong permanent magnets which move to adjus
the field strength. This has been attempted in the past, though never on the scale involved here
(in terms of size, strength and sheer number of magnets) and only ever in storage eiggs (
Sirius Synchrotron Light Source, Brazil and the Fermilab Recycler Ring, USA) which do not
require the magnets to have a large tuning range.

The two adjustable permanent magnet quadrupole prototypes built at Daresbury
for the ZEPTO project. (a) the high strength variant and (b) the low strength variant
(Credit: ASTeC)
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Starting in 2009 a detailed design study was performed by STFC scientists and engineers at Daresbury
Laboratory in collaboration with CERN to create two desiglsone for a high strength quadrupole
focusing magnet with a 48 T/m tuning range and one for a low strength quadrupole focusing magnet
with a 440 T/m tuning range. Prototypes of these magnets were constructed in 2012 and 2013.

Measurement of the magnets at Daresbury and CERN showed fantastic performance, meeting all
the challenging requirements posed by the design of CLIC. The high strength design would replace
the main quadrupoles in the drive beam, savingM¥ just from losses in current flow through
copper, with even more saved in the water chillers and pumps, whilst the low strength design
could save a further 20MW across the whole machine. Achieving this comes with significant
engineering challengésthe magnets are so strong that to move the blocks the motor must
overcome a force of 1kN on each set of poles, equivalent to lifting a family car and holding it in
place with micron accuracy!

With the success of the quadrupoles the collaboration was extended to cover the development of

a dipole bending magnet. A design was settled on where a single large block of strong magnetic
material (NdFeB, a crystalline alloy of nheodymium, iron, and boron which is powdered and then
sintered) slides horizontally between two steel poles to adjust the field strength. This avoids having
to change the field by pulling the poles directly apart.

CAD model of the entire dipole, mounting and motor assembly showing the horizontal
sliding action of the magnetic block between the steel poles
(Credit: ASTeC)

Over 2015 and 2016 the design was refined by performing detailed 3D finite element modelling of
the magnetic fields and assembly of a prototype for testing has now begun. The prototype is
somewhat scaled down from the magnets that would be needed for CLIC but features a field
adjustable from 0.45 to 1.T over a pole gap of 4&hm and a length of 406im. This still requires

the NdFeB block to be 500x400x200 mdpossibly the largest single block ever constructed.

In 2016 the mechanical design was completed and the magnetic material for the dipole prototype
was purchased. Modelling shows that the design should be capable of producing a field that varies
from 1.1 to 0.45T by moving the block 400 mm away from the beam pipe. The motor assembly
must overcome a highly varying force of up to 2¥ to move the block and must hold it in place.

If the field was changed by pulling the poles directly apart the motor would need to overcome a
force of 165kN, or the weight of three elephants, on each pole!

Construction of the prototype is underway and is expected to be finished by April 2017. The
magnet will then be transferred to the magnet test laboratory at Daresbury, where it will be
assessed with a variety of tools including 3D field mapping by a Hall probe and harmonic analysis by
a rotating coil bench to determine how close the real field is to the prediction from simulations.

Michelle Keeley


mailto:michelle.keeley@stfc.ac.uk
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The Prime Minister Visits VELA and CLARA

As part of her visit to Daresbury Laboratory on 23 January 2017, the Prime Minister Theresa
May was shown the VELA and CLARA accelerator R&D facilities by senior members of the
Cockcroft Institute, highlighting the key technological and scientific developments being
undertaken with industrial and academic collaborators.

The Prime Minister meets Susan Smith and STFC apprentices (from | to r)
Luke Bladen, William Spencer and Thomas Kelly
(Credit: STFC)

The Daresbury S€fech campus was chosen as the location for her first regional Cabinet
meeting, which was used to launch the Government's new Industrial Strategy green Plaper.

new strategy includes plans for investment into research and innovation, development of
technical skills in science, technology, engineering, maths and digital proficiency, and supporting
businesses and entrepreneurs.

Susan Smith recounts from her interactions

welcome the Prime Minister to the laboratory and | am incredibly pleased to say that she was
fascinated by the accelerator research that we carry out here at Daresbury. She was also very
i mpressed by the training opportunities that

Springer PhD Thesis Award goes to ASTeC and Manchester
University Student

Dr. Matthew Cliffe has received the Springer Thesis Award for
PhD work on the generation of longitudinally polarised teraher
radiation for the acceleration of relativistic electron beams. Matthe
research was undertaken with ASTeC's femtosecond Optics a
Lasers Group and the Photon Sciences Institute of Mancheg
University. The research included novel particle accelerati
experiments using the research accelerators ALICE and VELA. Du
his PhD Dr. Cliffe developed terahertz radiation sources al
diagnostic techniques for accelerator applications at Daresbury . .now Cliffe
Laboratory and then in 2015 went on to work as a Postdoctoral (cregit: Manchester
Research Associate at The Cockcroft Institute. University)
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Speaking about his recent success, Dr . Cliffe had the
very pleased to have won the Springer Thesis Award and would like to thank everyone involved in

the research project, especially my PhD supervisors (Dr. DM Graham, Prof. WR Flavell and

Dr. SPJamison), without whom the research described within my thesis would not have been

possi bl ed.

The Springer award comprises a monetary prize and publication of the work in Springer's
collection of outstanding dissertations. Now in its sixth year this programme has so far helped to
disseminate the work of over 400 talented young scientists, many of whom have gone on to win
other awards and/or take up leading research positions.

LESS Gets off to a Flying Start!

Electron cloud and beam induced electron multipacting are fundamental problems that will limit
the operational performance of the HLHC at CERN. A new mitigation technique for complete
eradication of these problems utilising laser ablation of the vacuum chamber surface has been
demonstrated to achieve a value of secondary emission yield (SEY) below unity. AfURTEC
collaboration between CERN, STFC and Dundee University, which was initiated in November
2016, is currently underway with the aim to produce Laser Engineered Surface Structures (LESS)
by inssitutreatment of the beam screens of high intensity particle accelerators such-4$ig8land

SPS at CERNhis treatment is fundamental to the upgrade of the-HHC and will be theworld's

first demonstration of the LESS performance.

COLDEX sample within the test rig (before and after LESS treatment)
(Credit: Dundee University)

Dundee University is performing experimental treatment of samples of COLDEX beam screens,
provided by CERN, in order to determine the laser parameters required to achieve a SEY value

< 1 at cryogenic temperatures. Before treatment, the profile of the beam screen inner surface is
scanned using a distance sensor and from this a calibration table is created. This enables dynamic
adjustment of the laser focus in order to account for the expected-umiformities on the surface,

hence providing uniform laser surface structuring. Since January 2017, a total of 9 COLDEX
sections have been treated and returned to CERN. There they will be integrated and ready for
SEY testing with beam on the SPS accelerator from April 2017.



Part of the 06free

surface treatment

(Credit: Dundee University)

The STFC Project and Mechanice
Engineering (PME) Group at DL
are developing a prototype
treatment carriage which will
house the required optics and
enable the delivery of the laser
along beam screens of up to 1%
in length. Springpaded wheels
allow the carriage to be scalable
for various beam screen sizes
The laser will be delivered down
the beam screen via a specialise
optical fibre, while nitrogen and
vacuum feeds provide a
mechanism for cleaning and
protecting the surface as it is
being treated.

spacebd
optical set up employed to provide the required
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The ASTeC Vacuum Science Group
(VSG) has developed and applied
techniques to characterise not only SEY
but also other important properties
which are critical for the accelerated
beam, such as low outgassing and low
electron stimulated desorption and
increased surface resistance. The LESS
ﬂ treatment must also not create metallic
particulates larger than 25em in

- | diameter and so sample pieces are
. therefore being sent to both STFC
A TeC VSG Daresbury Laborator
(DL) Rd°CE aRl Where héaSufefents
will determine the number and size of
the particulates generated for varying
laser parameters.

tio

Rotating mirror
head with focussed
nitrogen and
vacuum feeds
Protective cover

for PCB and motor

drive boards

Spring loaded arms

holding wheelsand

driving motors

Nitrogen and
Space setaside for vacuum channels
fibre connection
Robotic carriage design for the housing
of laser delivery optics
(Credit: STFC)

Delivery to CERN of the prototype treatment carriage with the laser system integration is
expected for April 2018. It is proposed that once the prototype has achieved the objectives set
by CERN, multiple laser systems and robotic carriages will be utilised to treat the internal LHC
detector beam screens at a higher rate, ready for firstHHLC operation in 2026.

University
of Dundee

& Science & Technology
@ Facilities Council
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News from the Laboratories i RAL

Diamond -Il Upgrade

Diamond is considering an upgrade of the storage ring lattice to reduce its natural emittance
(currently 2.8 nm.rad) by up to a factor 20. The objective is to increase the brightness and
coherence of the radiation, approaching more closely the diffraction limit, which will permit a
range of experiments that are not feasible with the current facility.

The change in lattice needs to be done with minimal changes to the present mackine,
preserving the tunnel and beamline structures and leaving the straight sections as they are. We
also wish to keep the special minéta sections at straights 09 and 13.

In simple terms emittance reduction can be achieved by increasing the number of dipgles (N
the machine, following the wdthown formula for equilibrium emittance in an electron storage
ring 0

. ,,_Ej{w'fH{s;,rﬂ-‘mds ¥ ~ i
U fuprses T kN

A further emittance reduction can be achieved by increasing the horizontal damping partition
number ,J by means of combined function dipoles. A M&énd Achromat (MBA) scheme with
longitudinal gradient dipoles tailored to the local dispersion of the lattice allows an extra
optimisation of the emittance (the H term in the integral of the equation above).
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The DTBA cell currently under study for Diamo#d
(Credit: Diamond)

The cell presently under study is a Double Triple Bend Achromat (DTBA), that can be regarded as
a seven Bend Achromat case where the central dipole has been removed creating a short straight
to host an insertion device.

This concept is a combination of the ESRF Hybrid MRathd Achromat (HMBA) cell and the
Diamond Double DoubldBend Achromat (DDBA), presently installed and working since
November 2016 in one cell of the Diamond Storage Ring. In both DDBA and DTBA dispersion is
moved away from the straights and concentrated around sextupoles, increasing their effectiveness
and allowing them to operate at a weaker current with a clear advantage in terms of geometric
aberration reduction. The phase advance between theseafled dispersion bumps, is designed to
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be (34 ,y ) in the two planes, thus cancelling the leading geometric driving terms. The presence
of interleaved sextupoles and the finite size of magnetic elements entail gparfect
cancellation of these terms, requiring further optimisation of the lattice via standard techniques

(e.g MOGA optimization) in order to enhance machine parameters such as Dynamic Aperture
(DA) and Touschek Lifetime (LT).

A DTBA lattice with the original Gold symmetry of Diamond would be capable of delivering a
DA of 7.5mm and a LT of about 2.6 hrs, while the introduction of a special injection cell with

large b, (20 m) could push the DA to more than 1@m. A further increase in LT could be
achieved by using harmonic cavities to stretch the bunch length.

e Dynamic Aperture

= = minibeta
= = NO minibeta
3L

-
T
Y
T

8
x (mm)

Dynamic Apertures for the full DTBA lattice: (blue) with miméta sections, (red) without
minibeta sections. Lifetimes are also reported
(Credit: Diamond)

However the real issue we are currently facing is related to the regions where the present mini

beta sections are located. There, the broken lattice symmetry seems to be the main reason for
the highly reduced LT (0.44 hr at 300A) and DA (~5mm).

Studies are underway to optimise this still unsatisfactory performance of the machine, and to see
whether the present minbeta Twiss parameters are still needed for the relevant beamlines.

Marco Apollonio

diamond

207

Celebrating Diamond’s
15™ company anniversary and 10 years
of research and innovation



mailto:marco.apollonio@diamond.ac.uk
http://www.diamond.ac.uk/Public/Multimedia/Infographics/Key-Milestones.html
http://www.diamond.ac.uk/Home.html
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The Cockecroft Institute Celebrates Three Major Milestones

In April 2017 the Cockcroft Institute for Accelerator Science and Technology celebrated its
partnership, new funding and new laboratories and office space as it relocated to its new building
in the heart of STFCO0s Daresbury Laboratory.

Cockcroft Institute members and distinguished guests
(Credit: Cockcroft Institute)

With the accession of the University of Strathclyde to full membership of the ClI, the institute has
grown very significantly and it has gained a number of additional and complementary skills which
allow the institute to tackle an even broader range of accelerator R&D challenges.

The commencement of the I nstituteds new STFC core fundi
institute to pursue its research goals. Across its four stakeholder universities, the institute is
currently supported by STFC with more than £2M of funding per year.

Finally, moving on to the main Daresbury Laboratory site brings members of the Cockcroft

Institute and its PhD students conveniently closer to the world leading particle accelerator

research facilities, most notably VELA, which is making world leading accelerator technology

available to UK industry, and CLARA, which is meeting the technological challenges that are paving

the way for the UK®&s next generation of accelerator tect

Prof . Peter Rat of f , Director of the Cockcroft I nstitute
Cockcroft Institute, as we formally recognise the accession of University of Strathclyde to full

member status and our relocation into newly optimised labs and offices that bring us closer to

particle accelerators on sited.

Prof. Susan Smith, Head of STFCds Daresbury Laboratory,
bright future for society. From advancing chemistry and biology to developing new diagnostics for
cancers, our accelerator technologies are playing a vital role in solvifigc@dtury global

chall enges. ltds fantastically exciting to combine thr
facilities and expertise together. Our current and future programs will see significant benefits such
as accelerating R&D towards future |l ight sourcesé.
[ ] The event was very well attended by delegates from all ClI
stakeholders, external collaboration partners, representatives of STFC
) 0 and three generations of the Cockcroft family. It saw presentation
by key scientists, outreach demonstrations and tours of the on

The Cockeroft Institute campus accelerator facilities.

of Accelerator Science and Technology


https://www.cockcroft.ac.uk/

