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  LNLS	
  -­‐	
  CNPEM	
  
•  City	
  of	
  Campinas	
  –	
  State	
  of	
  São	
  

Paulo	
  
•  100	
  km	
  west	
  from	
  city	
  of	
  São	
  Paulo	
  
•  Popula*on:	
  1	
  million	
  
•  Close	
  to	
  Unicamp	
  –	
  University	
  of	
  

Campinas,	
  a	
  public	
  State	
  university	
  
with	
  41	
  thousand	
  students.	
  

LNLS	
  –	
  the	
  Brazilian	
  Synchrotron	
  Light	
  Laboratory	
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The	
  ins*tu*on	
  -­‐	
  CNPEM	
  

1.4	
  GeV	
  –	
  100	
  nm.rad	
  
Designed	
  and	
  built	
  in	
  Brazil	
  

Constructed	
  from	
  1987	
  –	
  1997	
  

Molecular	
  and	
  
Structural	
  Biology	
  

Bioethanol	
  
center	
  

Microfabrica*on	
  
and	
  Nanoscience	
  

Accelerator	
  engineering	
  
and	
  instrumenta*on	
  UVX	
  Synchrotron	
  

Light	
  Source	
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cannot be 
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computer 
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memory to 
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image, or 

“Organização	
  Social”	
  
Private,	
  non-­‐profit	
  organiza*on	
  
that	
  signs	
  a	
  Contract	
  with	
  MCTI	
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 Design	
  and	
  construcKon:	
  1987	
  to	
  1997	
  
 Designed	
  and	
  built	
  in	
  Brazil	
  	
  
 The	
  only	
  synchrotron	
  light	
  source	
  in	
  
LaKn	
  America	
  

Booster	
  
LINAC	
  

Storage	
  Ring	
  

 1.37	
  GeV	
  /	
  250	
  mA	
  
 100	
  nm.rad	
  emiRance	
  
 20	
  beamlines	
  in	
  operaKon	
  

The	
  first	
  machine	
  -­‐	
  UVX	
  	
  



First	
  discussions:	
  ~	
  1981	
  

LNLS:	
  from	
  scratch	
  to	
  a	
  state-­‐of-­‐the-­‐art	
  machine	
  
in	
  30	
  years	
  -­‐	
  Brief	
  history	
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Pre-­‐history	
  of	
  LNLS	
  
•  September/1982	
  –	
  CNPq	
  installs	
  the	
  PRS	
  (Projeto	
  Radiação	
  Síncrotron)	
  to	
  

“perform	
  a	
  viability	
  study	
  for	
  the	
  crea*on	
  of	
  a	
  Synchrotron	
  Na*onal	
  Lab.”	
  

•  1982/1983	
  –	
  meeKngs	
  organized	
  by	
  CBPF,	
  funded	
  by	
  CNPq	
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  by	
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  by	
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•  3/december/1984	
  –	
  CNPq	
  creates	
  the	
  LNRS	
  –	
  Laboratório	
  Nacional	
  de	
  

Radiação	
  Síncrotron	
  
•  December	
  1984	
  –	
  Campinas,	
  São	
  Carlos,	
  Niterói	
  and	
  Rio	
  de	
  Janeiro	
  

present	
  proposals	
  to	
  host	
  the	
  Lab	
  
•  January/1985	
  –	
  Small	
  team	
  (5	
  people)	
  goes	
  to	
  Stanford	
  (Projetc	
  1)	
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  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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  technical	
  groups	
  
•  June/1987	
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  the	
  first	
  team	
  of	
  LNRS	
  (26	
  people)	
  start	
  to	
  work	
  in	
  this	
  

building	
  

Even	
  though	
  the	
  Project	
  was	
  moving	
  forward,	
  
there	
  were	
  strong	
  criKcisms	
  from	
  the	
  scienKfic	
  
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,	
  installa*on	
  of	
  a	
  50	
  MeV	
  LINAC	
  and	
  first	
  beamlines	
  

Building	
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Human	
  Resources	
  

Lack	
  of	
  personnel	
  with	
  knowledge	
  in	
  accelerator	
  
engineering	
  and	
  scien*fic	
  instrumenta*on	
  

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

26/July/1991	
  	
  
Some	
  of	
  the	
  young	
  people	
  that	
  
built	
  LNLS	
  –	
  2nd	
  meeKng	
  of	
  the	
  
InternaKonal	
  Advisory	
  CommiRee	
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Training	
  also	
  the	
  users	
  

•  In	
  the	
  early	
  80’s,	
  there	
  were	
  around	
  10	
  people	
  in	
  Brazil	
  who	
  new/used	
  
synchrotron	
  radia*on	
  

•  LNLS	
  has	
  been	
  doing	
  a	
  con*nuous	
  effort,	
  since	
  the	
  very	
  beginning,	
  to	
  
form	
  and	
  train	
  users	
  through	
  schools,	
  workshops,	
  sending	
  people	
  
abroad,	
  etc.	
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1987	
   ...beginning	
  with	
  op*mism	
  and	
  high	
  infla*on!	
  

Folha	
  de	
  São	
  Paulo,	
  14/Fev/1987	
  

primeira	
  página	
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  produc*on	
  
1993-­‐1995	
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First	
  beamline	
  designed	
  and	
  built	
  by	
  
LNLS	
  is	
  installed	
  for	
  tes*ng	
  at	
  the	
  
Center	
  for	
  Advanced	
  Microstructures	
  
and	
  Devices	
  (CAMD)	
  at	
  Louisiana	
  
State	
  University	
  (USA)	
  

1992	
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19/12/90	
  

UNICAMP	
  

LNLS	
  
380.000	
  m²	
  

1990	
  a	
  1996	
  –	
  Construc*ons	
  at	
  LNLS	
  Campus	
  
11/11/94	
  

Underground	
  LINAC	
  tunnel	
  construc*on	
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May/1996	
  –	
  assembly	
  of	
  ring	
  concluded	
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6/11/1996	
  	
  
Assembly	
  of	
  first	
  beamlines	
  

TGM	
  

XAFS	
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April/1997	
  –	
  open	
  for	
  
users	
  
	
  

First	
  call	
  for	
  proposals	
  
	
  

Beginning	
  of	
  opera*on	
  
as	
  a	
  Na*onal	
  Lab	
  with	
  
5	
  beamlines	
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The	
  UVX	
  user	
  community	
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UVX	
  Performance	
  Parameters	
  

2015:	
  Jan	
  -­‐	
  Jun	
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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) 
•  dispersive X-ray absorption spectroscopy (BM) 
•  X-ray diffraction I (BM) 
•  X-ray diffraction II (BM) 
•  X-ray powder diffraction (BM) 
•  X-ray fluorescence (BM) 
•  X-ray imaging (BM) 
•  crystallography of macromolecules (BM) 
•  MAD protein crystallography (wiggler) 
•  X-ray absorption spectroscopy II (BM) 
•  Materials science (SC wiggler) 
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  Open	
  for	
  users	
  since	
  
July	
  1997	
  

18	
  years	
  of	
  operaKon	
  



Sirius	
  
The	
  new	
  Brazilian	
  
Synchrotron	
  Light	
  Source	
  

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

2003	
  –	
  In	
  the	
  13th	
  User	
  MeeKng,	
  the	
  users	
  discussed	
  the	
  need	
  to	
  
start	
  studying	
  the	
  possibility	
  of	
  a	
  new,	
  more	
  compeKKve,	
  light	
  
source	
  
2006	
  –	
  RecommendaKon,	
  	
  in	
  the	
  2006-­‐2009	
  Strategic	
  Plan	
  of	
  
ABTLuS,	
  that	
  a	
  task	
  force	
  should	
  be	
  created	
  in	
  LNLS	
  to	
  study	
  a	
  new,	
  
low	
  emiRance	
  light	
  source	
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2009 

1st	
  Workshop	
  LNLS-­‐2:	
  ScienKfic	
  Cases	
  
10	
  and	
  11	
  of	
  February	
  
	
  
2nd	
  Workshop	
  New	
  Source:	
  ScienKfic	
  Case	
  
27	
  and	
  28	
  of	
  August	
  
	
  
	
  
	
  
	
  
	
  
	
  
Many	
  internal	
  meeKngs	
  to	
  define	
  the	
  conceptual	
  project	
  

23rd	
  Par*cle	
  Accelerator	
  Conference	
  
4	
  –	
  8	
  May	
  2009	
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-­‐  Refinement	
  of	
  project	
  
-­‐  Infra-­‐structure	
  
-­‐  First	
  permanent	
  magnet	
  prototypes	
  

2010 - 2011 
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•  Ini*a*ve	
  “Construção	
  de	
  uma	
  Fonte	
  de	
  Luz	
  Síncrotron	
  de	
  3a	
  geração”	
  is	
  
incorporated	
  in	
  the	
  Mul*annual	
  Plan	
  2012-­‐2015	
  of	
  the	
  Federal	
  Government	
  

•  Sirius	
  Project	
  is	
  included	
  in	
  the	
  Na*onal	
  Strategic	
  Plan	
  for	
  Science,	
  Technology	
  
and	
  Innova*on	
  ENCTI	
  2012-­‐2015	
  

•  Sirius	
  Project	
  is	
  included	
  in	
  the	
  2012	
  Federal	
  Budget	
  Law	
  

2011 
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Project	
  mature	
  enough	
  to	
  be	
  presented	
  to	
  an	
  InternaKonal	
  CommiRee	
  –	
  MAC	
  
(Machine	
  Advisory	
  CommiRee)	
  –	
  18	
  to	
  20	
  of	
  June	
  

2012 
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2012	
  -­‐	
  Most	
  important	
  MAC	
  recommenda*on	
  

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

Ø  Sirius	
  presented	
  to	
  the	
  Machine	
  Advisory	
  CommiRee	
  meeKng	
  in	
  June	
  2012:	
  

3-­‐Bend	
  Achromat,	
  480m	
  circumference	
  Emitance:	
  1.7	
  nm.rad	
  

Ø  Sirius	
  four	
  months	
  ager	
  2012	
  MAC	
  recommendaKon	
  

5-­‐Bend	
  Achromat,	
  518m	
  circumference	
  

7-­‐m	
  SS	
  

Emitance:	
  0.28	
  nm.rad	
  

6-­‐m	
  SS	
  

2T	
  permanent	
  magnet	
  superbend	
  

permanent	
  magnets	
  

Electromagne*c	
  magnets	
  

2T	
  permanent	
  magnet	
  superbend	
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2013	
  -­‐	
  Sirius	
  @	
  CNPEM	
  campus	
  

• Schedule	
  
-  Nov.	
  2017 	
  start	
  of	
  machine	
  installa*ons	
  
-  mid	
  2018 	
  start	
  of	
  SR	
  commissioning	
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• Total	
  area	
  -­‐	
  68.000	
  m2	
  
• Special	
  floor	
  to	
  minimize	
  effects	
  of	
  vibra*on	
  on	
  
the	
  accelerator	
  and	
  beamlines	
  

2012-­‐2014	
  –	
  Execu*ve	
  project	
  concluded	
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Building	
  

Long	
  beamlines	
  (150	
  to
	
  100	
  m)	
  

LINAC	
  (150MeV)	
  

Booster	
  (Inner	
  wall;	
  
0.15	
  to	
  3	
  GeV)	
  

Technical	
  
area	
  
• Electrical	
  energy	
  
• Cooling	
  water	
  plant	
  
• Compressed	
  air	
  
• Air	
  condi*oning	
  
• LHe	
  plant	
  
• RF	
  amplifiers	
  
• Power	
  supplies	
  
• Control	
  room	
  

Experimental	
  
hall	
  	
  

Storage	
  ring	
  
(3	
  GeV)	
  

165	
  m
	
  

Aux.	
  labs.	
  
and	
  
offices	
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  2014	
  

2014	
  –	
  Landwork	
  finished	
  



Forum	
  on	
  Par*cle	
  Accelerator	
  Projects	
  in	
  Mexico	
  –	
  Guanajuato	
  November	
  12,	
  2015.	
  	
  

2014	
  –	
  Construc*on	
  started	
  in	
  December	
  

-­‐  40	
  months	
  construc*on	
  –	
  conclusion	
  in	
  April	
  2018.	
  
-­‐  Important	
  milestone:	
  September	
  2017	
  –	
  tunnel	
  ready	
  to	
  start	
  assembling	
  the	
  

accelerators.	
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Sirius	
  Accelerators	
  Layout	
  

LINAC	
  
E	
  =	
  150	
  MeV	
  

BOOSTER	
  
E	
  =	
  3	
  GeV	
  
Emit	
  =	
  3.5	
  nm.rad	
  

STORAGE	
  RING	
  
E	
  =	
  3	
  GeV	
  

Emit	
  =	
  0.24	
  nm.rad	
  

165	
  m	
  
Concentric	
  storage	
  ring	
  and	
  booster	
  share	
  the	
  same	
  tunnel	
  

LTB	
  Transfer	
  Line	
  
E	
  =	
  150	
  MeV	
  

BTS	
  Transfer	
  Line	
  
E	
  =	
  3	
  GeV	
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LINAC	
  (150	
  MeV)	
  –	
  Order	
  placed	
  to	
  SINAP	
  (Shanghai	
  Ins*tute	
  of	
  Applied	
  Physics)/China	
  

2015	
  –	
  Present	
  Status:	
  LINAC	
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-­‐  All	
  projects	
  of	
  magnets	
  concluded	
  and	
  sent	
  to	
  WEG;	
  
-­‐  Correctors	
  already	
  received;	
  	
  
-­‐  Prototypes	
  of	
  quads	
  received;	
  
-­‐  Order	
  placed	
  for	
  the	
  RF	
  cavi*es	
  (RI);	
  
-­‐  Many	
  prototypes	
  fabricated:	
  vacuum	
  chamber,	
  

girders,	
  RF	
  amplifier,	
  etc.	
  

2015	
  –	
  Present	
  Status:	
  Booster	
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Storage	
  Ring	
  Parameters	
  

Beam	
  energy	
   3.0	
  	
   GeV	
  
Circumference	
   518.4	
  	
  m	
   m	
  
Lasce	
   20	
  x	
  5BA	
  
Straight	
  sec*ons	
  (SS)	
   10	
  x	
  7.5m;	
  	
  10	
  x	
  6.5m	
  
#	
  of	
  SS	
  for	
  IDs	
   18	
  
Nominal	
  current,	
  top	
  up	
   350	
  	
   mA	
  
Betatron	
  tunes	
  (H	
  /	
  V)	
   48.10	
  /	
  13.17	
  
Hor.	
  EmiRance	
  	
   240	
  –	
  150	
   pm.rad	
  
Vert.	
  emitance	
  (k=1%)	
   2.4	
  	
   pm.rad	
  
Number	
  of	
  bunches	
   864	
  =	
  25	
  x	
  33	
  

Natural	
  bunch	
  length	
   9	
  	
  (2.6)	
   ps	
  (mm)	
  
Energy	
  spread	
   0.095	
  –	
  0.086	
   %	
  
RF	
  frequency	
   500	
  	
  MHz	
   MHz	
  

Quadrupole	
  doublet	
   0.58	
  T	
  dipole	
  3.2	
  T	
  superbend	
  θ=1.4°	
  
Quadrupole	
  triplet	
  

7.5	
  m	
  SS	
   6.5	
  m	
  SS	
  
B1	
  

B2	
   B2	
  
B1	
  

BC	
  

0.58	
  T	
  dipole	
  

3GSR	
  

4GSR	
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BC:	
  Low	
  Field	
  +	
  High	
  Field	
  Superbend	
  

HF	
  LF	
   LF	
  

-­‐3.5	
  
-­‐3	
  

-­‐2.5	
  
-­‐2	
  

-­‐1.5	
  
-­‐1	
  

-­‐0.5	
  
0	
  

-­‐0.6	
   -­‐0.4	
   -­‐0.2	
   0	
   0.2	
   0.4	
   0.6	
  

By
	
  [T

]	
  

•  Permanent	
  magnet	
  (NdFeB)	
  
•  Low	
  field	
  (0.6	
  T)	
  with	
  transverse	
  gradient	
  
•  High	
  field	
  insert	
  (3.2	
  T)	
  superbend	
  

-  19	
  keV	
  cri*cal	
  energy	
  
-  1.4°	
  deflec*on	
  

-  Hard	
  X-­‐rays	
  produced	
  only	
  at	
  beamline	
  exit	
  
-  Total	
  energy	
  loss/turn	
  from	
  dipoles	
  =	
  532	
  keV	
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Op*cal	
  func*ons	
  

Low β SS
σ [μm2] = 19 X 1.9
σ’ [μrad2]= 13 X 1.2	
  

High β SS
σ [μm2] = 64 X 3.4
σ’ [μrad2]= 4 X 1	
  

superbend
σ [μm2] = 9 X 3.5
σ’ [μrad2]= 27 X 1

40

30

20

10

0

2520151050
s (m)

30

25

20

15

10

5

0

 β
x,

 β
y 
(m

)

8
6
4
2
0

 η
x (cm

)

βx

βy
high	
  βx	
   low	
  βx	
  

βx=βy= 1.5 m

βmatched	
  ≈	
  Lu/π	
  

Phase	
  space	
  	
  
matching	
  with	
  IDs	
  

matched	
  mismatched	
  

Sirius.v10.C01	
  

•  10-­‐fold	
  symmetry,	
  alterna*ng	
  high	
  and	
  low	
  βx	
  straights.	
  Achroma*c.	
  
•  Other	
  configura*ons	
  under	
  study,	
  e.g.	
  5-­‐fold	
  symmetric,	
  with	
  fewer	
  high	
  βx	
  straights.	
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Beam	
  stay	
  clear	
  –	
  required	
  free	
  aperture	
  for	
  the	
  beam	
  

Horizontal:	
  limited	
  by	
  vacuum	
  chamber	
  at	
  high	
  βx	
  sec*on.	
  Corresponds	
  to	
  full	
  gap	
  of	
  8	
  
mm	
  in	
  the	
  horizontal	
  plane	
  for	
  a	
  2	
  m	
  long	
  ID	
  at	
  the	
  center	
  of	
  low	
  βx	
  sec*on.	
  	
  

Ver*cal:	
  limited	
  by	
  a	
  2	
  meter	
  long	
  ID	
  with	
  full	
  gap	
  of	
  4.5	
  mm	
  at	
  the	
  center	
  of	
  low	
  βx	
  
sec*on.	
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Non-­‐linear	
  dynamics	
  
–  Dynamic	
  and	
  momentum	
  apertures	
  op*mized	
  with	
  14	
  sextupole	
  families.	
  No	
  octupoles.	
  
–  Op*miza*on	
  in	
  progress	
  including	
  magnets	
  measured	
  data	
  and	
  different	
  IDs.	
  No	
  EPUs	
  with	
  ver*cal	
  

polariza*on.	
  
–  6D	
  tracking	
  with	
  alignment	
  and	
  mul*pole	
  errors,	
  physical	
  limita*ons	
  (including	
  IVUs	
  at	
  minimum	
  gap),	
  

orbit,	
  tune	
  and	
  coupling	
  correc*ons.	
  

Random	
  gaussian	
  errors	
  
-­‐	
  Alignment,	
  magnets:	
  	
  40	
  µm	
  
-­‐	
  Alignment,	
  girders: 	
  80	
  µm	
  
-­‐	
  Roll: 	
   	
  0.3	
  mrad	
  
-­‐	
  Excita*on: 	
  0.05	
  %	
  
-­‐	
  Mul*pole:	
  	
  	
  	
  	
  ΔB/Bx=12	
  mm	
  =	
  1x10-­‐4	
  	
  

Orbit	
  correc*on	
  
-­‐	
  BPMs	
  close	
  to	
  strong	
  sextupoles	
  and	
  
quadrupoles	
  (BBA).	
  
-­‐	
  BPMs:	
  180	
  (9/cell)	
  
-­‐	
  CHs:	
  120	
  (slow)	
  /	
  80	
  (fast)	
  
-­‐	
  CVs:	
  120	
  (slow)	
  /	
  80	
  (fast)	
  

Physical	
  limita*ons	
  
-­‐	
  straight	
  sec*ons:	
  ∅	
  =	
  24	
  mm	
  
-­‐	
  dipoles:	
  ∅	
  =	
  24	
  mm	
  
-­‐	
  IVUs:	
  full	
  gap	
  =	
  4.5	
  mm,	
  L=2m	
  

Dynamic	
  aperture	
  

Momentum	
  aperture	
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Opera*on	
  Phases	
  

	
  	
   Phase	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Commissioning	
  

Phase	
  1	
  	
  	
  	
  	
  	
  	
  	
  
IniKal	
  User	
  Mode	
  

Phase	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  
Final	
  User	
  Mode	
   	
  	
  

Maximum	
  total	
  current	
   100	
   100	
   350	
   mA	
  
Current/bunch	
  (uniform	
  
fill)	
   0.116	
   0.116	
   0.405	
   mA	
  

Single	
  bunch	
  current	
   -­‐	
   -­‐	
   2	
   mA	
  

RF	
  Cavi*es	
   2	
  SC	
   2	
  SC	
   2	
  SC	
  +	
  3HC	
  

Natural	
  emitance*	
   0.24	
   0.19	
   0.15	
   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	
   µm	
  

*Considering	
  zero	
  current	
  

21%	
  ↓	
   37%	
  ↓	
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Intra	
  Beam	
  Scatering	
  effects	
  

Emmitance	
  	
   Energy	
  spread	
  

Mul*-­‐bunch	
  opera*on	
  
Single-­‐bunch	
  opera*on	
  

Mul*-­‐bunch	
  opera*on	
  
Single-­‐bunch	
  opera*on	
  

21%	
  ↑	
  

20%	
  ↑	
  

60%	
  ↑	
   10%	
  ↑	
  
10%	
  ↑	
  

24%	
  ↑	
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Beam	
  life*me	
  

Comm
.	
   Ph.	
  1	
   Ph.	
  2	
   Ph.	
  2	
  

500	
  mA	
  
Ph.	
  2	
  
SB	
  

Current	
   100	
   100	
   350	
   500	
   2	
   mA	
  

Touschek	
   25.5	
   23.6	
   27.5	
   19.7	
   6.3	
   h	
  

Elas*c	
   69.1	
   35.2	
   35.2	
   35.2	
   35.2	
   h	
  

Inelas*c	
   49	
   49	
   49	
   49	
   49	
   h	
  

TOTAL	
   13.5	
   11.0	
   11.7	
   10.0	
   4.8	
   h	
  

Total	
  life*me	
  vs	
  current	
  per	
  bunch	
  

Mul*-­‐bunch	
  opera*on	
  
Single-­‐bunch	
  opera*on	
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Slow	
  orbit	
  feedback	
  and	
  coupling	
  correc*on	
  

Random	
  errors:	
  Gaussian	
  truncated	
  at	
  ±	
  1	
  σ	
  

Dip	
   Quad	
   Sext	
   Girders	
  BPMs	
   	
  	
  

	
  x,	
  y	
   40	
   40	
   40	
   80	
   20	
   µm	
  

	
  Roll	
   0.3	
   0.3	
   0.3	
   0.3	
   -­‐	
   mrad	
  

Excit.	
   0.05	
   0.05	
   0.05	
   -­‐	
   -­‐	
   %	
  

B1	
  
B2	
  

BC	
  

B1	
  
B2	
  

BPMs	
  
QS	
  

CH	
  
CV	
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Fast	
  Orbit	
  Feedback	
  (FOFB)	
  

B1	
  
B2	
  

BC	
  

B1	
  
B2	
  

•  Closed	
  loop	
  bandwidth:	
  1	
  kHz	
  
•  2	
  Fast	
  Correctors	
  per	
  plane	
  per	
  source	
  point	
  (ID	
  and	
  BC):	
  Local	
  
Correc*on	
  to	
  keep	
  Horizontal	
  and	
  Ver*cal	
  beam	
  posi*on	
  and	
  angle.	
  

Fast	
  orbit	
  corrector	
  chamber	
  
(0.3	
  mm	
  stainless	
  steel)	
  

Bellows	
  

Water	
  cooling	
  pipe	
  

<	
  80	
  nm	
  10	
  ~	
  30	
  
µs	
  

latency	
  

~	
  110	
  kHz	
  
Update	
  
rate	
  

<	
  10	
  µs	
  
latency	
  

<	
  10	
  µs	
  
latency	
  

<	
  5	
  µs	
  
latency	
  

FOFB	
  Model	
  

BPMs	
  
FCH/V	
  

Special	
  vacuum	
  chamber	
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Injec*on	
  with	
  Pulsed	
  Mul*pole	
  Magnet	
  (PMM)	
  

Thin	
  
septum	
  

Thick	
  
septum	
  

On-­‐axis	
  
kicker	
  

PMM	
  

Injec*on	
  process	
  will	
  be	
  more	
  transparent	
  to	
  users.	
  Top-­‐up	
  requires	
  injec*ons	
  every	
  few	
  
minutes.	
  	
  

24	
  mm	
  

9.53	
  

s	
  [mm]	
  

By	
  [T]	
  



Taking	
  
advantage	
  of	
  
mass	
  
atenua*on	
  
and	
  vibra*on	
  
damping	
  of	
  
concrete	
  
pedestals	
  

Place	
  for	
  
Dipoles	
  

6	
  Ton	
  concrete	
  
pedestal	
  

grouted	
  to	
  floor	
  

Welded	
  steel	
  
girder	
  

	
  	
  
Magnet	
  girders/pedestals	
  system	
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DirecKon SKffness	
  [N/µm] 

X-­‐direc*on 770 

Y-­‐direc*on 410 

Z-­‐direc*on,	
  excluding	
  floor 4900 

Z-­‐direc*on,	
  including	
  floor 2000 

Z 
X 

Y 

Measured	
  s*ffness	
  (10-­‐150Hz)	
  

Pedestal	
  posi*on	
  on	
  top	
  of	
  
DIAMOND	
  slab	
  

900N	
  shaker	
  

Force	
  sensor	
  

Accelerometers	
  

Piles	
  

Pedestal	
  s*ffness	
  measurement	
  

Low	
  s*ffness	
  in	
  X	
  
and	
  Y	
  direc*ons	
  

Slab	
  s*ffness	
  is	
  
lower	
  than	
  girder’s	
  



Lowest	
  modes Frequency	
  [Hz]	
   Predicted	
  by	
  FEM	
  
[Hz]	
  

Y-­‐bending 319 322 

Torsion 333 352 

Z-­‐bending 354 354 

Plate	
  membrane	
  mode 501 	
   

Second	
  order	
  Z-­‐bending 552 	
   

58	
  

Y-­‐bending	
  Torsion	
  Z-­‐bending	
  

Isola*on	
  springs	
  	
  
(2Hz	
  resonance)	
  

Accelerometers	
  
installed	
  in	
  35	
  
posi*ons	
  

Girder	
  free	
  mode	
  measurements	
  
Girder	
  
based	
  on	
  
PETRA	
  III	
  
design	
  



Accelera*on:	
  	
  
Girder	
  center	
  	
  

Shaker	
  
Force	
  

Accelera*on:	
  Floor	
  

Accelera*on:	
  	
  
Girder	
  edge	
  

Locking	
  screws	
  
(on	
  the	
  concrete)	
  

S*ff	
  steel	
  
spacers	
  

900N	
  
Shaker	
  

Dummy	
  
magnets	
  

Girder	
  
based	
  on	
  
PETRA	
  III	
  
design	
  

Magnet/girders/pedestals	
  vibra*on	
  measurements	
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verKcal	
  

Transverse	
  horizontal	
  

Slab	
  to	
  girder	
  transmissibility	
  measurements	
  

S*ff	
  supports	
  (bolts	
  *ghtened)	
  
	
  
S*ff	
  supports	
  (bolts	
  loosened)	
  
	
  
With	
  Nivel	
  

Bad	
  News	
  
for	
  

kinemaKc	
  
supports	
  



Integrated	
  magnet/girder	
  design	
  
Work	
  flow	
  
1.  Preliminary	
  magne*c	
  design	
  
2.  Full	
  mechanical	
  design	
  taking	
  into	
  

account	
  vibra*on	
  and	
  alignment	
  
3.  Magne*c	
  design	
  refinement	
  

Magnets	
  with	
  low	
  
center	
  of	
  mass	
  
with	
  respect	
  to	
  
girder	
  

S*ff	
  magnet/	
  girder	
  
connec*on	
  to	
  increase	
  
vibra*onal	
  resonances	
  
→	
  alignment	
  by	
  
construc*on	
  



312	
  Hz	
  
ver*cal	
  

378	
  Hz	
  
ver*cal	
  

Latest	
  girder	
  design	
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185	
  Hz	
  
ver*cal	
  

S
D	
  

QF	
  
QD	
   S

D	
  
SF	
  

Complete	
  system	
  simula*ons	
  with	
  the	
  UVX	
  slab	
  power	
  spectrum	
  as	
  input:	
  
50
0H

z	
  

50
0H

z	
  

Complete	
  system	
  modal	
  analysis:	
  

80
Hz

	
  

80
Hz

	
  



Cons	
  (full	
  NEG	
  coated	
  strategy):	
  
•  Limited	
  number	
  of	
  ac*va*ons	
  	
  
•  High	
  temperature	
  (200°C)	
  bake-­‐out	
  for	
  NEG	
  ac*va*on	
  
•  Many	
  bellows	
  to	
  accommodate	
  chamber’s	
  expansion	
  during	
  bake-­‐out	
  

BPM	
  

Pros	
  (full	
  NEG	
  coated	
  strategy):	
  
•  Simple	
  chamber’s	
  design	
  
•  More	
  compact	
  -­‐>	
  space	
  saving	
  
•  Low	
  photon	
  desorp*on	
  -­‐>	
  fast	
  vacuum	
  condi*oning	
  

Pumping	
  StaKon	
  
Crotch	
  absorber	
  
Ion	
  pump	
  (20l/s)	
  
NEG	
  cartridge	
  
Vacuum	
  gauges	
  

0.3	
  mm	
  SS	
  sector	
  
For	
  fast	
  orbit	
  correctors	
  
and	
  skew	
  quadrupoles	
  

Full	
  NEG	
  coated	
  storage	
  ring	
  copper	
  vacuum	
  chamber	
  

24mm	
  ID	
  
(1mm	
  wall)	
  
copper	
  tube	
  

BPM	
  

BPM	
  

Ø24mm	
  
Synchrotron	
  
light	
  exit	
  



Chain-­‐clamp	
  design	
  

Keyhole	
  design	
  

Low	
  RF-­‐impedance	
  vacuum	
  flange	
  development	
  

100’s	
  of	
  flanges	
  
in	
  the	
  ring!	
  

“zero	
  gap”	
  
copper	
  seal	
  

to	
  be	
  TIG	
  welded	
  to	
  
copper	
  vacuum	
  
chamber	
  

Brazed	
  joint	
  

UHV	
  leak	
  *ght	
  with	
  	
  
3.5	
  N.m	
  (<5E-­‐10mbar·∙ls)	
  



Vacuum	
  -­‐	
  NEG	
  coa*ng	
  R&D	
  for	
  narrow	
  gaps	
  

NEG	
  film	
  ac*va*on	
  
(XPS	
  analysis)	
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Figure	
  of	
  merit:	
  oxygen	
  1s	
  peak	
  	
  
area	
  reducKon	
  [%]	
  

AcKvaKon	
  temperature	
  –	
  1h	
  [°C]	
  

SR	
  

e-­‐	
  

Dipole	
  chamber	
  with	
  	
  
ID	
  radiaKon	
  extracKon	
   6	
  

31	
  

CoaKng	
  procedure	
  (2	
  steps):	
  
1.  Coa*ng	
  of	
  the	
  circular	
  profile	
  	
  
2.  Coa*ng	
  of	
  the	
  narrow	
  gap	
  –	
  “	
  keyhole”	
  sector	
  	
  

A	
   B	
   C	
  

0.74µm	
  

Coa*ng	
  thickness	
  set	
  to	
  2µm	
  

1.13µm	
   0.65µm	
  

1.00µm	
  

0.50µm	
  
0.83µm	
  

2.60µm	
  

0.85µm	
  
←	
  C 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  D	
  
→ 
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Mul*pole	
  kicker	
  
A	
  pulsed	
  mul*pole	
  magnet	
  will	
  be	
  
used	
  to	
  improve	
  stored	
  beam	
  shaking	
  
during	
  topup	
  

Si-­‐Fe	
  steel	
  

Alumina	
  vacuum	
  
chamber	
  with	
  
internal	
  Ti	
  coaKng	
  
(~5µm)	
  

Stainless	
  
steel	
  spacer	
  

Aluminiu
m	
  
enclosure	
  

Stainless	
  
steel	
  flange	
  

Copper	
  
conductors	
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Mul*pole	
  kicker	
  

1mm	
  wall	
  

Half-­‐sine	
  of	
   1.64 µs 
Current 1000 A 
Voltage 5612 V 
Inductance 8.1 µH 
Resistance 0.06 Ω 
Peak	
  field 0.070 Tesla 
	
  	
  	
  	
  	
  	
  @	
  x	
  = 7.7 mm 

Field	
  @	
  x	
  =	
  ±1	
  mm 
0.000

3 Tesla 

PMM	
  field	
  map	
  at	
  1000A,	
  152kHz	
  
and	
  a	
  10µm	
  Ti	
  coa*ng.	
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7.7mm	
  

Injected	
  
beam	
  

Stored	
  
beam	
  



37%	
  
reducKon	
  

Step-Shaped BPM Button        Flat BPM Button           Bell-Shaped BPM Button  
Based	
  on	
  the	
  
geometry	
  style	
  

implemented	
  at	
  ALBA.	
  

Reduced	
  ceramics	
  
dimensions	
  to	
  decrease	
  

wakelosses.	
  	
  

Conical	
  profile	
  shi�s	
  the	
  HOMs	
  
to	
  higher	
  frequencies	
  and	
  hide	
  
the	
  ceramics	
  from	
  the	
  beam.	
  

From	
  electromagne*c	
  (wakefield)	
  simula*ons,	
  wakelosses	
  are	
  calculated	
  	
  

Input	
  
power	
  

50%	
  
reducKon	
  

Beam	
  posi*on	
  monitors	
  -­‐	
  buton	
  geometry	
  choice	
  



Ti	
  alloy	
  non-­‐magne*c	
  

Brazed	
  Al2O3	
  insulator,	
  
1	
  mm	
  thickness.	
  

RP-­‐SMA	
  
connector	
  

Threads:	
  thermal	
  contact,	
  
RF	
  shielding	
  and	
  fixa*on	
  

µTIG	
  or	
  Laser	
  
welding	
  

Beam	
  posi*on	
  monitors	
  -­‐	
  buton	
  design	
  



Beam	
  posi*on	
  monitors	
  -­‐	
  prototypes	
  

BPM	
  buton	
  

rbuton	
  =	
  3	
  mm	
  

Brazing	
  

Buton	
  
electrode	
  

Alumina	
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FMC	
  standard	
  130	
  MSP/s	
  16-­‐bit	
  
ADC	
  board	
  

AMC	
  FMC	
  carrier	
  
Designed	
  by	
  Warsaw	
  University	
  of	
  

Technology	
  (WUT)	
  for	
  LNLS	
  

Commercial	
  MicroTCA	
  crate	
  

RF	
  Front-­‐End	
  (diagonal	
  channels)	
  

Switching	
  @	
  FOFB	
  rate	
  	
  
(~115	
  kHz)	
  

Requirements	
  for	
  Sirius	
  RF	
  BPM	
  electronics	
  

Open	
  Hardware	
  development	
  

1.5	
  m
m
	
  

BPM	
  BuRon	
  

0.2	
  mm	
  
coaxial	
  
gap	
  

6	
  mm	
  
diam.	
  Parameter	
   Target	
  

Spec	
  
Obtained	
  
	
  

Resolu*on	
  	
  
(0.1	
  Hz	
  –	
  1	
  kHz)	
  @	
  500	
  
mA	
  

80	
  nm	
   ~50	
  nm	
  

Long	
  term	
  stability	
  
(RMS)	
  

140	
  nm	
   <	
  140	
  nm	
  

BPM	
  Electronics	
  and	
  firmware	
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Tests	
  performed	
  at	
  SPEAR3	
  (SLAC/SSRL)	
  

Complete	
  rack	
  test	
  @	
  LNLS	
  

Users	
  beam	
  bunch	
  
length	
  ~	
  18	
  ps	
  RMS	
  

Equivalent	
  
to	
  ~500	
  mA	
  

Target	
  

BPM	
  Electronics	
  



1999	
  
D1029UK	
  

2001	
  
D1029UK	
  

2004	
  
LR301	
  

2007	
  
LR301	
  

2010	
  
BLF574	
  

2015*	
  
BLF578	
  

2001	
  –	
  Booster	
  	
  
900	
  W	
  @	
  476	
  MHz	
  
ELETTRA	
  Cavity	
  

2010	
  –	
  Storage	
  Ring	
  
2	
  x	
  50	
  kW	
  @	
  476	
  MHz	
  

ELETTRA	
  Cavi*es	
  

2015	
  -­‐	
  Booster	
  
50	
  kW	
  @	
  500	
  MHz	
  

LLRF	
   SSA	
   Sirius	
  
1999	
  	
  -­‐	
  Prototype	
  module	
  with	
  230W	
  
2001	
  	
  -­‐	
  Booster	
  opera*ng	
  with	
  900W	
  
2007	
  –	
  Booster	
  upgraded	
  to	
  2.2kW	
  
2010	
  –	
  Storage	
  Ring	
  opera*ng	
  with	
  

	
  2	
  x	
  50	
  kW	
  SSA	
  
	
  	
  

•  High	
  reliability	
  
•  No	
  beam	
  loss	
  due	
  to	
  module	
  failures	
  
•  4	
  years	
  in	
  rou*ne	
  opera*on	
  –	
  7	
  

modules	
  failed	
  (out	
  of	
  324),	
  6	
  fixed	
  in	
  
house	
  

•  Whole	
  SSA	
  –	
  4	
  beam	
  losses	
  in	
  4	
  years	
  
due	
  to	
  failures	
  in	
  water	
  flow	
  meters	
  
and	
  power	
  supplies	
  

230W	
  	
  	
  	
  	
  	
  230W	
  	
  	
  	
  	
  	
  	
  	
  300W	
  	
  	
  	
  	
  	
  	
  	
  300W	
  	
  	
  	
  	
  350W	
  	
  	
  	
  	
  	
  	
  	
  600W	
  

Collabora*on	
  with	
  LURE/SOLEIL	
  
since	
  1999	
  

	
  	
  	
  
(special	
  tanks	
  to	
  Ti	
  Ruan)	
  

Solid	
  State	
  RF	
  Amplifier	
  (SSA)	
  @	
  LNLS	
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•  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	
  cavi*es	
  
–  Booster	
  cavity	
  ordered	
  (PETRA	
  5	
  cell)	
  
–  SR	
  SC	
  cavi*es	
  purchasing	
  process	
  started	
  

•  Effec*ve	
  HOM	
  damping	
  
•  Lower	
  broadband	
  impedance	
  
•  Smaller	
  number	
  of	
  RF	
  plants:	
  2	
  cavi*es	
  in	
  one	
  straight	
  sec*on	
  

•  Prototype	
  now	
  undergoing	
  long	
  term	
  tests	
  

RF	
  systems	
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150ps	
  resolu*on	
  
Digital	
  PWM	
  

18bit-­‐resolu*on	
  
ADC	
  

Development	
  of	
  digital	
  PWM	
  current	
  supplies	
  

±10ppm	
  
Warmup	
  within	
  
±10ppm:	
  0.5h	
  

±10ppm	
  

±10ppm	
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Thank	
  you	
  


