The Synchrotron Light
Facility in Bratzil

Liu Lin
LNLS Accelerator Physics Group

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



LNLS — the Brazilian Synchrotron Light Laboratory

About Brazil

Area 8.5 x 10° km? | World rank 5%

Population 202 million |World rank 5"

GDP (2014) $2.35 trillion | World rank 7°"
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* UVX —the only synchrotron in Latin America
* Over 85% built in Brazil

* Operating for users since July 1997.
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LNLS — the Brazilian Synchrotron Light Laboratory

LNLS

+ sirius

LNLS - CNPEM
City of Campinas — State of Sao
Paulo
100 km west from city of Sao Paulo
Population: 1 million
Close to Unicamp — University of
Campinas, a public State university
with 41 thousand students.
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The institution - CNPEM

LNLS
“Organizagao Social” + sirius

¢ ' CNPEMm Private, non-profit organization

Centro Nacional de Pesquisa . .
em Energia e Materiais that signs a Contract with MCTI
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The first machine - UVX

»1.37 GeV / 250 mA
» 100 nm.rad emittance
= »20 beamlines in operation
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» Design and ‘construcfion: 1987 t0.1997
» Designed and built in Brazil

' »The only synchrotron Light source in
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LNLS: from scratch to a state-of-the-art machine

A

in 30 years - Brief history

LNLS

+ sirius
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First discussions: ~ 1981

Projeto Radiacao Sincrotron
CBPF/CNPq

Centro Brasileiro de Pesguisas Fisicag

CBPF/CNPq
Centro Brasileiro de
Pesquisas Fisicas



Pre-history of LNLS

* September/1982 — CNPq installs the PRS (Projeto Radiacdo Sincrotron) to
“perform a viability study for the creation of a Synchrotron National Lab.”

* 1982/1983 — meetings organized by CBPF, funded by CNPq
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CENTRO RBRASILEIRO DE PESQUISAS FISICAS - CBPF

CBPF/PRS - 010/84

THE PHYSICS OF ELECTRON STORAGE RINGS.;
AN INTRODUCTION '

M. SANDS
UNIVERSITY OF CALIFORNIA

)N

CENTRO BRASILEIRO DE PESQUISAS FISICAS - CBPF

Diretor
Prof. Ramiro de Portc Alegre Muniz

Coordenador do Projeto Radiagao Sincrotron
Prof. Robertc Lobo
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Pre-history of LNLS

* September/1982 — CNPq install the PRS (Projeto Radiacdo Sincrotron) to
“perform a viability study for the creation of a Synchrotron National Lab.”

* 1982/1983 — meetings organized by CBPF, funded by CNPq

* 3/december/1984 — CNPq creates the LNRS — Laboratério Nacional de
Radiacao Sincrotron

* December 1984 — Campinas, Sao Carlos, Niterdi and Rio de Janeiro
present proposals to host the Lab

* January/1985 — Small team (5 people) goes to Stanford (Projetc 1)

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



Pre-history of LNLS

* September/1982 — CNPq install the PRS (Projeto Radiacdo Sincrotron) to
“perform a viability study for the creation of a Synchrotron National Lab.”

* 1982/1983 — meetings organized by CBPF, funded by CNPq

* 3/december/1984 — CNPq creates the LNRS — Laboratério Nacional de
Radiacao Sincrotron

* December 1984 — Campinas, Sao Carlos, Niterdi and Rio de Janeiro
present proposals to host the Lab

* January/1985 — Small team (5 people) goes to Stanford (Projetc 1)

| L
~ L] 1€
@ ¢ &!I

]
o b

anajuato November 12, 2015.



THE BRAZILIAN SYNCHROTRON RADIATION PROJECT

A.R.D.Rodrigues and R.Lobo
P.0.Box 3€9
13560 - Sao Carlos - SP - Brazil

The proposal for a brazilian national laboratory for synchrotron

radiation is presented. The first design study. led to a system consisting of

a LINAC, an injection ring and a low emittance storage ring. The main ring

is designed to be upgraded to 3GeV with an emittance of ln'lO-8 rad.m. The

design study also indicated the possibility of using the injection ring as

a soft x-Rays/VUV source.
The case for a future national synchrotron radiation laberatory

in Brazil was firstly discussed in 1981 by a group of physicists. The subject

Construction and Commissioning was further discussed by the community of condensed matter physicists in
of Dedicated Synchrotron

cat cr april 1982 and in a meeting of scientific societies in august 1982, wich
Radiation Facilities

recommended deeper studies. The case study with the support of the Brazilian
P'°6e§§:,"§512f.1w&°{§§§‘°" Research Council (CNPq) started in september 1982 and its results were pre-
sentend in january 1984 in a second meeting of the scientic societies. The
existence of such natiomal laboratory was considered as a very efficient
investiment in science and it was decided to continue with studies towards

machine parameters definition and technical aspects involved in the construc-

tions of the equipment. Here we present a first design, wich satisfies the
performance stablished by these studies, for the Rational Laboratory for
Synchrotron Radiation (LNRS).
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Pre-history of LNLS

September/1982 — CNPq install the PRS (Projeto Radiacdo Sincrotron) to
“perform a viability study for the creation of a Synchrotron National Lab.”

1982/1983 — meetings organized by CBPF, funded by CNPq

3/december/1984 — CNPq creates the LNRS — Laboratério Nacional de
Radiacao Sincrotron

December 1984 — Campinas, Sao Carlos, Niteroi and Rio de Janeiro
present proposals to host the Lab

January/1985 — Small team (5 people) goes to Stanford (Projetc 1)
January/1985 — Campinas is chosen as the place

November/1985 — Minister Renato Archer announces the decision to build
LNRS

December/1986 — CNPq buys a building to host the first technical groups

June/1987 — the first team of LNRS (26 people) start to work in this
building
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Pre-history of LNLS

A

LNLS
* September/1982 — CNPq install the PRS (Projeto Radiacdo Sincrotron) to "
“perform a viability study for the creation of a Synchrotron National Lab.”

* 1982/1983 — meetings organized by CBPF, funded by CNPq

* 3/december/1984 — CNPq creates the LNRS — Laboratdrio Nacional de
Radiacao Sincrotron

* December 1984 — Campinas, Sao Carlos, Niterdi and Rio de Janeiro
present proposals to host the Lab

Even though the Project was moving forward,
there were strong criticisms from the scientific
community:

- Too much money on a single project

- Lack of technical knowledge/personnel

- Lack of users
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First LNLS building

Development of all prototypes, installation of a 50 MeV LINAC and first beamlines
LNLS

+ sirius

Building
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Human Resources

Lack of personnel with knowledge in accelerator
engineering and scientific instrumentation

The solution was to hire young people most seeking for
their first job, and train them in a “hands on” approach

ol V T el
I«

26/July/1991
Some of the young peoplé¢

built LNLS — 2 meeting of the
International Advis -’}_’;‘1"

Roberto Medeiros
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Training also the users

* |nthe early 80’s, there were around 10 people in Brazil who new/used
synchrotron radiation

* LNLS has been doing a continuous effort, since the very beginning, to
form and train users through schools, workshops, sending people
abroad, etc.
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...beginning with optimism and high inflation!
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Financeiras ja cobram Caderneta rende 17,4%

taxa recorde de 1.199% ¢ recupera suas perdas
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1992

Dragilian Journal of Physics, vol. 23 no. 1, March, 1993

Design and Applications of a Toroidal Grating Beamline

A. Rubens B. de Castro' P. T. Fonseca' J. G. Pacheco
J.E. Verdugo, M. S. Z. Graeff', G. B. Fraguas'
Laboratdrio Naciomal de Luz Sincrotron/CNPq, Caixa Postal 6192, 13081-970, Campinas, SP, Brasil
Lalso ar Instiruto de Fisica *Glob Wataghin®, Universidade Estadual de Campinas Caixa Postal 6165, 13081-970, Campinas, SI;

Q Sm im 2m
Figure 1: The INLS TGM beamline, as installed at CAMD (Baton Rouge-USA)

First beamline designed and built by
LNLS is installed for testing at the
Center for Advanced Microstructures

and Devices (CAMD) at Louisiana
State University (USA)
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Carlos Scorzato

1990 a 1996 — Constructions at LNLS Campus
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May/1996 assembly of rmg concluded .
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6/11/1996

_Assembly of first beamlines
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April/1997 — open for

users

First call for proposals

Beginning of operation
as a National Lab with

5 beamlines

ﬂ MCT-CNPy
LABORATORIO NACION

BOLETIM
oo LINLS 1.

Laboratorio comega a receber pesqulsadores

ter acesso 3 fonte de ¢
luz sincrotron brasi- |
Icira para realizar pes-
quisa cientifica. O
Ministérioda Ciéncia
eTeenologiaeo Con-
selho Nacional de De-
senvolvimento Cien-
tifico e Tecnologico
VAo entregar o equi-
pamento aos pesqui-
sadores em maio.

O LNLS uMCENTRO §
nacional de pesqui-
sas, aberto a cientis-
tas de qualquernacio-
nalidade que desen-
volvem estudos de
materiais, em niveis
atdmico ¢ molecular,
utilizando a luz sin-
crotron.

EM LINHAS DE LUZ E
cstagdes experimen-
tais instaladas no Visdo parcial

dores encontram a

do anel de ar

LNLS, os pesquisa- insirumentagi

CIENTISTAS JA PODEM Fﬂ"""

wasenamenio de A’A"I"'J’

) quie leva luz sincrotron ate estagoes

aspectos sdo essen-
ciais:relevanciacien-
tifica ou tecnoldgica
do tema da pesquisa,
competéncia dos ci-
entistas autores da
propostae viabilidade
téenica das experién-
Cl1as propostas comos
cquipamentos dispo-
& niveis no Laborato-
no.

OUSUARIO ACADEMICO
nio paga pelos fotons
nem pela infra-estru-
trabdsicadisponivel
no LNLS. Em troca,
assume o compro-
misso de publicar os
resultados da pes-
quisa, tornando-os
acessivels para a co-
| munidade cientifico-
tecnologica.
NENHUM GRUPO DE

sdo LNLS com pesquisa tem dircito
perimentais de uso exclusivo so-

bre equipamentos

infra-estrutura adequada para
realizar experimentos para apli-
cagdesemareasda Fisica, Quimica,
Ciéncia dos Materiais, Biologia ¢
Ciéncias do Mcio Ambicente.

CINCO LINHAS E ESTACOES EXPL-
rimentais estdo em fase de testes ¢
cstardo abertas a usuarios externos
a partir de julho de 1997, Outras

duas linhas estardo disponiveis a
partir de setembro. Em feverciro
de 1998, a oitava linha de luz
ficard pronta. As aplicagdes desta
instrumentagio cientifica estio
descritas resumidamente neste
Boletim.

AS PROPOSTAS SUBMETIDAS AO LNLS
serdio analisadas por referces. Trés

instalados no LNLS, Esta dirctniz
institucional ¢ aplicada aos equi-
pamentos desenvolvidos ¢ cons-
truidos por integrantes do quadro
proprio do Laboratorio ou por
USUArios externos.

O LNLS E UM INSTRUMENTO DE
fomento a pesquisa que o CNPq
colocai disposigiio dos cientistas.

Formulario Proposta de Pesquisa esta disponivel na home-page do LNLS
(http://www.Inls.br) ou pode ser solicitado a Secretaria de Apoio ao Usudrio

pelo e-mail "secre(@lInls.br"

b sirius
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The UVX user community

.15

2000 2001 2002 2000 2004 2008 2008 2007 2008 2000 2010 am 2012 2013
Year Users From Mexico .
Other States M S3o Paulo W Other countries

2010 3
2011 5
2012 5
2013 1
2014 2

In 1997 In 2013 ket

100 proposals 400 proposals

180 users 1200 users

18 beamlines

7 beamlines
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UVX Performance Parameters

LNLS
+ sirius
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UVX beamlines

VUV and Soft X-ray (5)

* Toroidal Grating Monochromator (BM)
 Spherical Grating Monochromator (BM)

* Planar Grating Monochromator (undulator)
 Soft X-Rays Spectroscopy (BM)

 Infrared nanospectroscopy (BM)

Hard X-ray (13)

« small angle X-ray scattering I (BM)
« small angle X-ray scattering II (BM)
* X-ray absorption spectroscopy (BM) (T
* dispersive X-ray absorption spectroscopy (BM)

* X-ray diffraction I (BM)

« X-ray diffraction Il (BM)

* X-ray powder diffraction (BM)
* X-ray fluorescence (BM)

LNLS

+ sirius

* X-ray imaging (BM)

* crystallography of macromolecules (BM)
« MAD protein crystallography (wiggler)

* X-ray absorption spectroscopy II (BM)

» Materials science (SC wiggler)

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



UVX beamlines

LNLS

+ sirius

VUV and Soft X-ray (5)
* Toroidal Grating Monochromator (BM)
 Spherical Grating Monochromator (BM)

* Planar Grating Monochromator (undulator)
 Soft X-Rays Spectroscopy (BM)
 Infrared nanospectroscopy (BM)

Hard X-ray (13)
* small angle X-ray scatte

* small angle X-ray scatte Open fOI' USETS Since

* X-ray absorption spectrc ‘

* dispersive X-ray absorpt J u Iy 1997

* X-ray diffraction I (BM)
* X-ray diffraction II (BM .

* X-ray powder diffractio 1 8 ye ars Of o p €ra tl Y n
« X-ray fluorescence (BM)

* X-ray imaging (BM) “_ jj
* crystallography of macromolecules (BM)

« MAD protein crystallography (wiggler) 0 10 20 30 40 m
* X-ray absorption spectroscopy II (BM)

» Materials science (SC wiggler)
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The new Brazilian
Synchrotron Light Source




2008 — Proposal to prepare a conceptual design of a new
light source in presented to MCTI

LNLS
Cilecia & Tecnologis 2003 - In the 13" User Meeting, the users discussed the need to
v B:AL start studying the possibility of a new, more competitive, light
Lo Mo ot Soebon source
2006 — Recommendation, in the 2006-2009 Strategic Plan of
LN LS_2 . UMA NOVA ABTLuS, that a task force should be created in LNLS to study a new,
- low emittance light source
FONTE DE LUZ
SINCROTRON DE ALTO
DESEMPENHO PARA O
BRASIL

Proposta para Preparacao de um Projeto
Conceitual Detalhado

Laboratorio Nacional de Luz Sincrotron
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15t Workshop LNLS-2: Scientific Cases
10 and 11 of February

-

PAc o 9 4213_“; I;Aa:;‘:zlggcaerator Conference
2"d Workshop New Source: Scientific Case £ @

27 and 28 Of August A New High Performance Synchrotron Light Source for Brazil

I Workahap ‘
New Source: Scientific Case
%0 ot it o mmenth graprech

Pecro F. Tavares

Brazlian Synchrotron Radiation Laboratory - LNLS

LNLS

+ sirius




Procecdings of IPAC' 10, Kyota, Japan WEPEANS

SIRIUS (BR): A NEW BRAZILIAN SYNCHROTRON LIGHT SOURCE

L. L, X. R. Resende and A. R. D. Rodrigues
INLS - Laboratério Nacional de Luz Sincrotron, CP 6192, 13084-971, Campinas, SP, Brazl

Abstract

We report cn the stats of Sinus, the new 3 GeV
syachrosron bght sowrce carently being designed at the
Branlsa Syicheotrom Light Labosasory (LNLS)
Campanas, Branl The new hight source will comist of a
Jow ensttance stoeage ning based cn the e of permssscnt
magnet techoology for the dipoles. Aa mnovative
approach is adopted to eshance the performance of the
storage rmg dpoles by combmmg low ficld (0.5 T)
magnets for the sin beam deflocton and a shoet slice of
high Geld magnet. This sboet sbee will create a high
bending field (20 T) caldy over a shoet loaginadisal extent,
pencrating bogh cntcal photon encrgy with modest
encrgy loss from the complete dipolle. There are sevenl
atsractive featares in thes peoposal, mchuding necewsty for
Jower RF power, less beatsag of the vacuam chambers
and possibility 8o reduce e beam ensmtance by placing
the boagitadnal field gradicsse at a favoerable place

INTRODUCTION

In crder %o satnsfy the future demand for symchrotron
mdiation in Braznl, a proposal for & new nag s being
devekoped 0 replace the exsting 1.37 GeV UVX hight
souce, a facility dat i being opermted for wers since
July 1997 m Cangpinm, S8 Pado The groposed new
sowrce, Sirins, is a 3" generation 3.0 GeV' Jow ensittance
syschrogon balt sowace facility %0 be bualt n the saanc
NLS site, as shown m Figure 1

Masy altermative lattices have boen analysed i the bast
your, inchodmg the 2.5 GeV, 16 cell TBA lastice presented
at PACO9 [1] That design wan based on the wie of low
field (045 T) permancnt magnets for the storage rnng
dipoles. The wse of permanent magnets caa reduce both
the mvestment and operation costs of the project with e
chmmnaticn (or signaficant decreme) of power swpplses
and coolmmg syvtens. The low dpole Geld alwo fvons
cnuntance reductioa by wigglers. There is however the
considerable drawback of excluding haed x-1ay bending
magnet sources. which can have substantial demand from
wers unce the beam saze 1 naturally very small at dpole
somrces ad wome experiments do not need the high
beighmess of the invertion devices.

In the second half of 2009 a pew idea came up that
wouldd allow the mplemcntation of had x-ray dipole
radiation sources but would still preserve the bemefits of
low overall dipole radsation power. The idea is 10 combane
the Jow bending field for the mam beam deflection with a
high magaetic field which extends over only a very shoet
longatudimal Jength (a shice magnet, for 1° deflection) so
that the haed x-ray radiation i gproduced only at the
beamline exit. In addion. $has hagh ficld shoe could be

ek e

used to create a kapmdinal bendmz fild peofile
designed to help reducing the enuttance. The idea wan
implemented m the new lattice design and, together with
firther conuderations om the need o produce bagh
beightness radation wp o about 100 keV, lod %0 2
nodification of the pregect 1 a 3.0 GeV election storage
ring with 20 TBA cells. The permancat magnet dipoles
now combine a low bendmg field of 0.5 T for the mam
beam deflection with a 2.0 T shoe 1o produce hard x-gay
bendiag magnet photons of 12 ke’ critieal energy

Figere 1 Acrial view of the LNLS site with the planned
new Sarun laght source

THE STORAGE RING LATTICE

Linear optics ~ emittance optimization

The 3.0 GeV Jow emittance S lamsce stroctuse &s of
a modificd TBA type. with the muddle dipole split o
accoumsnodate the high Geld slice & s center, as shown &
Frpere 2. Conconung cumttanke redixtion, the comter of
the nuddle dipole is the nost favousable position 10 place
the high field sbce since fas i where the o called H
function is saall [2] In addton, this s abo a proper
position for the dipole synchrotron hight poet. Besides the
longinadinal ficld vanation. we also resort 10 other known
recipes 10 roduce the cnuttance, specifically, the use of
tramverse field gradicnt = the dipoles to mcrease the
horizontal darping pastition sumber, the allowance of
shahaly posative values for the borizoatal dispersion ot the
st sections (S beealang the achrosnat condstion),
and the mcreme in the mner bendng angle @ the TBA
cell with respect to the omter angles [3)

Based on the above gmdelmes along with the obvious
(and conflicting) requir of a Jow e lathice
with lagpe & P and hmmted ¢ di
we propose » 20cell modified TBA structure for Sirsas
The 1otal deflection per cell of 157 is divided w0 5” for
each outer dipole and §* for the maddle cac. The latter, i

- Refinement of project

Infra-structure

LNLS

+ sirius

- First permanent magnet prototypes
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A

LNLS

+ sirius

* I|nitiative “Construcao de uma Fonte de Luz Sincrotron de 32 geracao” is
incorporated in the Multiannual Plan 2012-2015 of the Federal Government

e Sirius Project is included in the National Strategic Plan for Science, Technology
and Innovation ENCTI 2012-2015

e  Sirius Project is included in the 2012 Federal Budget Law

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



LNLS

+ sirius

Project mature enough to be presented to an International Committee — MAC
(Machine Advisory Committee) — 18 to 20 of June

Sirius
Conceptual Design
7 \
4 e =
(///sz - '\\ \\.
AR ve
| *I in |‘5 :
RN /18
\ \ . /l y
*\9\, \’\ — ./_r’,/ //
N v W/ /
=< 4 4
' | ,
»}-E”)CSTER )
May 2012 g :;l;«;é:\;\é:&,swuu

0 25 50 100 150 200 230
! }
| t

(m)
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2012 - Most important MAC recommendation

LNLS

+ sirius

The present lattice design is excellent by today’s standards, but the committee
urges LNLS to push for tomorrow’s brightness standard (e.g. <1 nm emittance).

permanent magnets

» Sirius presented to the Machine Advisory Committee meeting in June 2012:

Emitt :1.7 nm.rad .
mittance nm.ra 3-Bend Achromat, 480m circumference

2T permanent magnet superbend

> Sirius four months after 2012 MAC recommendation

. 5-Bend Achromat, 518m circumference
Electromagnetic magnets

Emittance: 0.28 nm.rad

7-m SS 2T permanent magnet superbend 6-m SS

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



2013 - Sirtus @ CNPEM campus

LNLS

+ sirius

e Schedule
— Nov. 2017 start of machine installations
— mid 2018 start of SR commissioning

'T!E""WW' - ) ~
Nty "3 ved . s
S e i 3 3
5 P s o ~ « 4 ? v i
-

N =

e w—j e o 7
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2012-2014 - Executive project concluded

LNLS

+ sirius

*Total area - 68.000 m?

*Special floor to minimize effects of vibration on

the accelerator and beamlines
Engineering
Forum on Particle Accelerator Projects in Mexit¥te@iszitaferato November 12, 2015.




Building

LNLS

+ sirius

0to 100 M)

Long beamiines Sam—cmmm s

e ———

— s
= |

ooster (Inner wall;
.15 to 3 GeV)

Technical Storage ring | e

ean (3 GeV)
* Electrical energy

* Cooling water plant

* Compressed air

* Air conditioning

* LHe plant

* RF amplifiers

* Power supplies

* Control room
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2014 — Landwork finished

LNLS

+ sirius

October 2014 : -~ ~



2014 — Construction started in December

LNLS

+ sirius

40 months construction — conclusion in April 2018.
Important milestone: September 2017 — tunnel ready to start assembling the
accelerators.

Forum on Particle Accelerator Projects in Mexico — Guanajuato November



Sirius Accelerators Layout

LNLS

+ sirius

STORAGE RING
E=3GeV
Emit = 0.24 nm.rad

165m

BOOSTER
E=3GeV
Emit = 3.5 nm.rad

LTB Transfer Line
E =150 MeV

Transfer Line
E=3GeV

Forum on Particle Ace€ferator fiujeds’in Mexico — Guanajuato November 12, 2015.



2015 — Present Status: LINAC

NSy b
LINAC (150 MeV) — Order placed to SINAP (Shanghai Institute of Applied Physics)/China

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



2015 — Present Status: Booster

All projects of magnets concluded and sent to WEG;
Correctors already received,

Prototypes of quads received;

Order placed for the RF cavities (Rl);

Many prototypes fabricated: vacuum chamber,
girders, RF amplifier, etc.

Forum on Particle Accelerator Projec STVIeRTe



Quadrupole doublet

Beam energy
Circumference

Lattice

Straight sections (SS)
# of SS for IDs

Nominal current, top up
Betatron tunes (H / V)
Hor. Emittance

Vert. emittance (k=1%)
Number of bunches
Natural bunch length
Energy spread

RF frequency

Storage Ring Parameters

0.58 T dipole

3.0
518.4 m
20 x 5BA

10x7.5m; 10x 6.5m

18
350
48.10 / 13.17
240 - 150
2.4

864 = 25 x 33
9 (2.6)

0.095 — 0.086
500 MHz

IR

~e o

s

GeV

mA

pm.rad

pm.rad

ps (mm)
%
MHz

3.2 T superbend 6=1.4°

emita ncely2 (pm.rad)

IS

10°

10

10°

10°

10°

LNLS

+ sirius

0.58 T dipole Quadrupole triplet

FSPEAR3 @ s1.5
FASP @ &pLS-Il
-4

Py
T¥BESSY II T T

ALS ®~-@_Soleil
ALBA ‘. Djamond =

SSRF e E
®71PS

.Esk??""”‘“

NSLS Il R . 1
® Aps Spri n.gﬂ3GS R 3

L
i Petra Il

GSR

Spring B-11

® operating
® under construction/commissioning
® under study

| | | | | 1 | | | | | L

o

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Circumference (m)
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BC: Low Field + High Field Superbend

LNLS

+ sirius

332 _| 164 } 332

L | HE oF e

-0.5 s

1
=
P
W
“

1.5

> -2

-2.5
-3

-3:5 ' * Permanent magnet (NdFeB)
06 -04 -02 0 02 04 06

* Low field (0.6 T) with transverse gradient
* High field insert (3.2 T) superbend
— 19 keV critical energy
- 1.4° deflection
— Hard X-rays produced only at beamline exit

— Total energy loss/turn from dipoles = 532 keV

infolytica
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Optical functions

Sirius.v10.CO1

[N o~ o\

[ NSNS NS\
/= N/ \

/ Phase space \

matching with IDs

NS

O N MO O
(wo)

mismatched matcheo

N\ N
A
I\
AN

48

\ Bmatched = I‘u/T[ /

B,=B,= 1.5 m

High B SS superbend
O [um?]=64X3.4 O [um2] =9 X 3.5
O’ [urad?]=4 X 1 O’ [urad?]= 27 X 1

Low B SS
O [um?]=19X 1.9
O’ [prad?]= 13 X 1.2

* 10-fold symmetry, alternating high and low B, straights. Achromatic.
e Other configurations under study, e.g. 5-fold symmetric, with fewer high B, straights.
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Beam stay clear — required free aperture for the beam

LNLS

+ sirius

Horizontal: limited by vacuum chamber at high 3, section. Corresponds to full gap of 8
mm in the horizontal plane for a 2 m long ID at the center of low f3, section.

Vertical: limited by a 2 meter long ID with full gap of 4.5 mm at the center of low f3,

section.
Beam Stay Clear - S1.V10.C01

Horizontal BSC [mm]

. L ; : ;
% 20 25

‘rIlH.—HlPHl-ﬁLHiI—JFIiPHIH-FH—IPFH I—

[o4]

D

\V]

Vertical BSC [mm]
H

OO
o
-
o
(&)}
N
o
N
(&)}

s [m]
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Non-linear dynamics

LNLS

+ sirius

— Dynamic and momentum apertures optimized with 14 sextupole families. No octupoles.

— Optimization in progress including magnets measured data and different IDs. No EPUs with vertical

polarization.

— 6D tracking with alignment and multipole errors, physical limitations (including IVUs at minimum gap),

orbit, tune and coupling corrections.
Dynamic aperture

0%
20%

| [ 140%

X [mm]

60%

80%

- 0,
125 2.5 0 2.5 g 1007

: Momentum aperture
I L U W WVE B
o NAAAA N AAAN

=
’e]
25
5 /—\ﬂ' \ \ | / h v__/—\L |
0 10 20 30 40 50

pos [m]

Random gaussian errors
- Alignment, magnets: 40 um
- Alignment, girders: 80 um
- Roll: 0.3 mrad
- Excitation: 0.05 %

- Multipole: AB/B = 1x10*

x=12 mm
Orbit correction
- BPMs close to strong sextupoles and
quadrupoles (BBA).
- BPMs: 180 (9/cell)
- CHs: 120 (slow) / 80 (fast)
- CVs: 120 (slow) / 80 (fast)

Physical limitations
- straight sections: @ =24 mm
- dipoles: @ = 24 mm
- IVUs: full gap = 4.5 mm, L=2m
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Operation Phases

LNLS

+ sirius

Phase 0 Phase 1 Phase 2

Commissioning Initial User Mode Final User Mode
Maximum total current 100 100 350 mA
gltlj)rrent/bunch (uniform 0116 0.116 0.405 A
Single bunch current - - 2 mA
RF Cavities 2 SC 2 SC 2 SC+ 3HC
Natural emittance* 0.24 0.19 s 0.15 AR nm.rad
IDs - 6 IVUs, 2 EPUs 12 IVUs, 8 EPUs
Natural energy spread™ 0.095 0.091 0.086 %
Natural bunch length* 2.6 2.2 11.7 m

*Considering zero current

Forum on Particle Accelerator Projects in Mexico — Guanajuato November 12, 2015.



Horizontal emittance [nm rad]

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

Intra Beam Scattering effects

LNLS

+ sirius

Energy spread

= Phase 1
—— Phase 2

@ Multi-bunch operation
@ Single-bunch operation

11 I | Y TP | 1 I - TIPY 1 1

lll l 1

Emmitance

1— l T I T T T T T T T TTT] T T —: 0 14 1—
 —— Phase 1 ] L
o — Phase 2 /] i
i ] 0.13
- @ Multi-bunch operation . i
[ @ Single-bunch operation 18 o012t
L ; ; ‘ ‘ d1 o i
H ] ®©

(] L.
C ] 'g L
L 7 > 0.11 —
b - U) -
; | 8 -
[ 1 5 i
i - 0.10
C . ] 0.09
I— l 1 1 1 111 lI l 1 1 1 11 ll 1 L —: T

2 3 4567 2 3 4 567 2 3 4

0 0.1 1 0.01

Current per bunch [mA]

P S T A I I
3 4567 2 3 4567 2 3
0.1 1

o 1 l 1 1 1 1 I 1 1 11 I 1

Current per bunch [mA]
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Beam lifetime

LNLS

+ sirius

Comm Ph. 2 Ph. 2
-- 500 mA .

Total lifetime vs current per bunch

T lllllll T T lll|l|| T i

== Phase 1
= Phase 2

Current

Touschek 25.5 23.6 27.5 19.7 6.3 h i
Elastic ~ 69.1 352 352 352 352 . ol ;
Inelastic 49 49 49 49 49 § 10; .
TOTAL 135 110 11.7 10.0 4.8 E; -

5+

@ Multi-bunch operation

® Single-bunch operation = ™

0.01

2 3 456786 2
0.1
Current per bunch [mA]

I T T B I
3 45678
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Slow orbit feedback and coupling correction

LNLS

+ sirius

[0) BPMs I CH v10.c01 - Before correction
fas  fov :
E 0
8 5
O
Random errors: Gaussian truncatedatt1 o 0
15 5 10 15 20 25
Dip | Quad| Sext |Girders|BPMs s [m]
v12.c01
x,y | 40 | 40 | 40 80 | 20 | um 0
Roll 0.3 0.3 0.3 0.3 - mrad
Excit.| 0.05 | 0.05 [ 0.05 - - | %

s [m]
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Fast Orbit Feedback (FOFB)

LNLS

+ sirius

© BPMs * Closed loop bandwidth: 1 kHz
t FCH/V * 2 Fast Correctors per plane per source point (ID and BC): Local
Correction to keep Horizontal and Vertical beam position and angle.
FOFB Model _
Special vacuum chamber
PS current )
noise orbit
disturbance

| 10kHzbandwidth _ Water cooling pipeJ

’ . Network | |1 |

! Orbit latency | Power Corrector magnet + 5 beam
P correction ™ (FOFB-> | 1| supply Vacuum Chamber _‘_’O—’ orbit

1| algorithm i :

: Corrector) | it — 7 @ |

<5us <10ps | ~ 110 kHz

1 latency latency 1 BPMelectronics  ypdate

: : rate :

| Network latency | | | d?PiI:gl e ..

: [RCRENeHi! i eIectgronics v )

: : i é Fast orbit corrector chamber

: T S N— : Bellows

. <10 pus : o (0.3 mm stainless steel)

L latency I 10~ 30 position <80 nm

) o us measurement (0.1 Hz- 1 kHz)

latency noise
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X (mm)

Injection with Pulsed Multipole Magnet (PMM) %

LNLS

* SII'IUS

Injection process will be more transparent to users. Top-up requires injections every few
minutes.

-10

-15

-20

7.506m

PMM Injection |
At PMM
X= -8 mm
AX:I =2.8mrad
oo
septum Injected beam, +4 ¢
x=-16.5mm /
X'= 2.8 mrad
46 48 50 »2 > * ’
s(m)

60

On-axis
kicker

PMM

-0.06 -
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Magnet girders/pedestals system
Taking W

advantage of ‘
mass

attenuation A A
and vibration —
damping of S
concrete
pedestals

6 Ton concrete
pedestal
grouted to floor



Pedestal stiffness measurement

Pedestal position on top of
DIAMOND slab

Piles

900N shaker

Measured stiffness (10-150Hz)

X-direction 770
Y-direction 410
Z-direction, excluding floor 4900
Z-direction, including floor 2000

Low stiffness in X

lower than girder’s

and Y directions

Slab stiffness is

57



LNLS

Girder free mode measurements

Accelerometers
installed in 35
positions

Girder
based on
PETRA Il

Isolation springs
(2Hz resonance)

\

4

Y-bending 319 322

Torsion 333 352

Z-bending 354 354

Plate membrane mode 501 -
Second order Z-bending 552

X [m
05 .05 o

Z-bending

Y-bending




Magnet/girders/pedestals vibration measurements

Girder
based on Dummy
PETRA IlI magnets
design
Stiff steel Locking screws
spacers (on the concrete)

Acceleration:
Acceleration: Girder center

Girder edge

900N
Shaker

Shaker
Force

Acceleration: Floor



Slab to girder transmissibility measurements

Transmissibility from floor to girder center in Z-direction

2 '
10 ; ; ; P
i i i
| | |
With stiff supports

Stiff support with bolts loosened h Stlﬁ Supports (b0|ts tlghtened)

With lewelling supports

1 \ Stiff supports (bolts loosened)

10

- I
i J T\ / \ . .
g PERYA R With Nivel
2 7
% P// | \ \\ \
S |t
i 10° ————’J"'/M”& M—
MV
\ A N
AVAINAY
LATAN
\ Transmissibility from floor to girder center in Y-direction
\l' F F
i Ve rti ca I 10° With stiff supports -
o' L 2 ekl SN
10 10 I'\
Frequency [Hz] ’ \
g
= 10 1'/.\‘\ A ft
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LNLS

Integrated magnet/girder design

Work flow

1. Preliminary magnetic design

2. Full mechanical design taking into
account vibration and alignment

3. Magnetic design refinement

Magnets with low
center of mass
with respect to
girder

Stiff magnet/ girder
connection to increase
vibrational resonances
— alignment by
construction




LNLS

Latest girder design

Complete system modal analysis:

312 Hz

vertical vertical

vertical

Complete system simulations with the UVX slab power spectrum as input:

0.1

100 N T
2 S 0.01 - 5
o S o (=)
n 1E-3 R 19
z © —— LNLS-UVX g
£ —AQF T 15 E’\I‘:LS'UVX
%) S S —
= SD 2  1E6 ——SD
=
1E-8
0.1 1E-9
1E-10
t —r—TrrrrrT ——r—r—rrrrrT —T—TTrrrrT 1E-11 4 T T v T
1 10 100 1000 1 10 100 1000
Frequency (Hz)

Frequency (Hz)



LNLS

Full NEG coated storage ring copper vacuum chamber

Pros (full NEG coated strategy): Cons (full NEG coated strategy):
* Simple chamber’s design * Limited number of activations 2
* More compact -> space saving * High temperature (200°C) bake-out for NEG activation

* Low photon desorption -> fast vacuum conditioning ¢ Many bellows to accommodate chamber’s expansion during bake-ou

24mm ID
(1mm wall)
copper tube

U
d

Synchrotron

./Iight exit

BPM

Pumping Station
Crotch absorber
lon pump (201/s)
NEG cartridge
Vacuum gauges

0.3 mm SS sector
For fast orbit correctors
. and skew quadrupoles




LNLS

Low RF-impedance vacuum flange development
~ Copper gasket

Chain-clamp design COppEf .

UHV leak tight with
3.5 N.m (<5E-10mbar:Is)

740
926

/ o 124
Brazed joint to be TIG welded to zero gap
copper vacuum copper seal
Keyhole design chamber

100’s of flanges
in the ring!




LNLS

Vacuum - NEG coating R&D for narrow gaps

Dipole chamber with
ID radiation extraction

Coating procedure (2 steps):
1. Coating of the circular profile
2. Coating of the narrow gap — “ keyhole” sector

0.83um

=

A

&\\\.4\
Q) 4 (Ehen,
(@

I
\)"‘N

2.60um SOOI
0.85um

)

DD(1:2)

NEG film activation
(XPS analysis)

Coating thickness set to 2um

Figure of merit: oxygen 1s peak
area reduction [%]

——A
el B

120
100 -

60 -

20 -

0 T T 1
0 100 200 300

Activation temperature — 1h [°C]



Multipole kicker

A pulsed multipole magnet will be | 170,00
used to improve stored beam shaking
during topup
Aluminiu
Copper m 511,50
I 1

conductors

Stainless
steel spacer

Alumina vacuum

chamber with

Stainless |2ternal Ti coating
(~*5um)

steel flange
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Multipole kicker

Half-sine of 1.64us
Current 1000A
Voltage 5612V
Inductance 8.1uH
Resistance 0.06Q
Peak field 0.070Tesla
@ X = 7.7mm
0.000

Field @ x =1 mm 3Tesla

PMM field map at 1000A, 152kHz
and a 10um Ti coating.

‘ @
*“\Jul\./ﬂ“
= c v

\Y(// "\‘Hff“ \\\W

© E) ()

Forum on Particle A_. .~ =

|Bn| [T] Re[B. n] Im[B.n]
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D.040 beam
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).0008

= Store
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).040
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).080
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engecer
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LNLS

s

Beam position monitors - button geometry choice

Step-Shaped BPM Button Flat BPM Button Bell-Shaped BPM Button
Based on the Reduced ceramics Conical profile shifts the HOMs
geometry style dimensions to decrease to higher frequencies and hide

implemented at ALBA. wakelosses. the ceramics from the beam.

reduction

From electromagnetic (wakefield) simulations, wakelosses are calculated



LNLS

Beam position monitors - button design

RP-SMA
connector

UTIG or Laser
welding

Brazed Al203 insulator,
1 mm thickness.

Threads: thermal contact,
RF shielding and fixation

6,85

I Ti alloy non-magnetic Ir

I

88
@60 N
@ 6,60
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Beam position monitors - prototypes

BPM button

Alumina

Button
J electrode .

. Brazing




BPM Electronics and firmware

BPM Button

FMC standard 130 MSP/s 16-bit
%;% ADC board

[

Open Hardware development

Requirements for Sirius RF BPM electronics

Parameter Target Obtained
Spec

Resolution 80 nm ~50 nm
(0.1 Hz — 1 kHz) @ 500

mA

Long term stability 140 nm < 140 nm
(RMS)

RF Front-End (diagonal channels)

o AMC FMC carrier
Switching @ FOFB rate Designed by Warsaw University of
Technology (WUT) for LNLS

e

(~115 kHz)




BPM Electronics

| q 16-bit
Contro P.C and FPGA 130 MSPS
processing board AD converter

Tests performed at SPEAR3 (SLAC/SSRL)

" Integrated RMS noise - Beam position 10 nmAHz
tcare baambiineh ot 4 nm/VHz
UoCT o WV rryunicnt e
_ length ™ s RMIS BN T e
.E. ; - inmAHz
8 107
o
c
(2]
=
o
2
‘6 10’ RF Generator - V
51 S == RF Generator - H
2 y- ——SPEARS - User Beam centered V
c / —= SPEARS3 - User Beam centered H
- E.aiiiy | nt
EgH HEAT
1o 7500 mA
0
10
10° 10’ 10° 10° 10°

0
Frequency [Hz]

D
FOrui o urueie reoororator

Complete rack test @ LNLS

WE L ILAQTZ
LT VRN
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Solid State RF Amplifier (SSA)

P

Collaboration with LURE/SOLEIL -
since 1999 Linidy

(special tanks to Ti Ruan)

1999 - Prototype module with 230W
2001 - Booster operating with 900W

2007 - Booster upgraded to 2.2kW 2001 - Booster 2010 - Storage Ring 2015 - Booster

2010 — Storage Ring operating with 900 W @ 476 MHz 2 x50 kW @ 476 MHz 50 kW, @ 500 MHz
2 x 50 kW SSA ELETTRA Cavity | ELETTRA Cavitie /' |

* High reliability
* No beam loss due to module failures

* 4 vyears inroutine operation—7
modules failed (out of 324), 6 fixed in
house

’ P gy [ 1
2001 40074 D() ] rmemm———) () [ 57
D1029UK LR301 BLF574 BLF578

* Whole SSA — 4 beam losses in 4 years
due to failures in water flow meters

and power supplies
230W 300W 350W 600W



RF systems

Booster Solid State Amplifier
— 4.5 kW prototype assembled and tested (33dB gain)

— Long term reliability tests performed
— 50 kW SSA designed

Storage Ring Amplifiers
— Studying a new design
RF cavities

— Booster cavity ordered (PETRA 5 cell)

— SR SC cavities purchasing process started
* Effective HOM damping
* Lower broadband impedance
* Smaller number of RF plants: 2 cavities in one straight section

Mesurements SSA SkW@500MHz Pin x Pout SSA SKW@500MHz

355 55,00
5000
35 5000
4500 —
35 45,00 00 o
u 4000 <350 /
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Development of digital PWM current supplies
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