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(ONFIRMED THAT THE
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+ Synchrotron radiation —Crab
nebula-

M1 © Caltech/Pasachoff/Malin
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* Synchrotron radiation
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<What is a synchrotron?

me- accelerator

me- produce
synchrotron radiation
in a tangential manner

mX-ray 10° more intense
than those in tubes



Synchrotron Analysis of Molecules

Seeing |
eelng S A Beams of synchrotron light are transferred into the beamline ‘mini-laboratories' {
Un d erstan dln where the chemical analysis takes place. For any given chemical question or ~ ;&. \
g molecular analysis selected wavelengths of synchrotron light and a varicey of voww.lightsource.ca
synchrotron techniques are necessary to characterize different aspects of the nature
and structure of molecules or materials. A fosv days of data collection can result in
several months of data interpretation.

4 The linear accelerator uses
microwave energy to increase
8 speed of the electrons to
nearly the spoed of fgh

Beamlines can be categorized into groups or types based on selected wavelengths
‘These groupings include infrared, soft X-ray, and hard X-ray beamlines

An Overview
of Beamline

B .
7. Optics Hutch
The fl specram besm f synehvovon era lons
lightis sagmented into portions of the
‘electromagnatic spactrum by equipment i
such as monochramators, then focusod g&mg{;’::&%’:’#ch
AR X ! 3
J. 3Boosterring MR i e synehraron ghtis directed s
The electron beam, less than the. onto the sampla to b analyzed. : -’
| thickness of 3 human har Vihen high speet, igh: Avariety of specialized detector it seslity s nrtuitve and
transferred into th booster ring energy electrons are systems can then collect very dgainst reality, Is primigive anc
where microwavas further \\ accelerated, or theit path large amounts of data,

accalerate the electrons, and
inrease the energy upto 29
iga-electron vols (GeV)

is bentin passing throogh §

ponertul magnetic fiels, - |
anatural phenomenan V R (N
occurs to produce an \
extromely brilant, ful ARG
seconteanct /|1 6, Beamlines
photons bnown s/ § Baamsof synchvotronlight

synehrotron light ‘are manipulated end directed A
1. Storage ring onta samples o invastgate " 9. Work Stations
X the structure of molecules. The date is transfarred to
‘The electron beam is then B loast beamines vilbe wark stations for storage and
transferred into the 54-méve i i analysis. Scientists control
pr i comissioned in 2003, with Iysis. Sci o
fiameter storage fing at 8 room for more than 30 the experiments and measure

Bending magetsacceeete o Lol

bend the electron beam.
Inserion dovieas called wigglers
and undulators can bend the
tlegiron beam many times over

An Overview of ittt
Synchrotron Light A

A synchrotron acts like a giant microscope. Intense beams of synchrotr
light are generated to help scientists understand the nature and strucrure
of molecules and materials.

116t of up 10 500 mili-amps.
Ve d A
W

The Canadian Light Source will be one of the most powerful in the world,
producing synchrotron light that is millions of times brighter than sunlight.
‘This new research tool at the University of Saskatchewan will help to find
solutions to challenges in health, the environment, and advanced materials.

synchrotron light
10,000,000,000,000,000,000

What is light and what does it do?

Light s energy that travels in waves, Visible light is the small portion
of the electromagnetic spectrum that can be seen with human eyes.
‘The spectrun is composed of varying energies of light that have
different wavelengths.

“The length of the wave of light, or wavelength, is very important to the
scientist, To examine a material using some synchrotron techniques, the
wavelengh must be the same size or smaller than the material being
examined, Some wavelengths are like specialized X-rays that can ‘see
through' some materials

‘The data produced when synchrotron light interacts with various materials S \
is analyzed to produce images and charts that can ilustrate such things as . .
the relationships of atoms within molecules: Relatl‘le Bl'lghtness
Photons per sacond per mm’
eomparions it fequency of pesk bihtes)

T |
Electumagnetic
Spectrum

)

0% 1'% 108 107

the amount of light that is.
absarbed, refiected or
scattered by malecules.

. 10°
o T T T T T T
fonger gy Bactein f
sata M \ \ ;.V;s
wavelength Protein
INFRARED ULTRAVIOLET
3 r ‘
VISIBLE “SOFT"X-RAYS
Infrared beamlines Soft X-ray beamlines Hard X-ray beamlines
Inrared (R} il captue th Solt Kaysincl Hard Xrays o hlgtot ey
‘wavelengths of synchrotron light that are Visible light. Soft X-ray d to study the bout th an atom. L
'm'm ry m i) Ry Y f. Lo ienkr y X- ay lude scattering,
xplore th ic P b gi by diffraction,
ST el 4 5 R ¥ o benting oo e i ichtas it
biological molecules, and the transition after a soft X-ray photon is absorbed. A variety Xeray ith sample ials, The pi
pressure in il be avalabl hemical il detemi the
advanced materials. ] function of i i potential
(1 nanometrs is 1 billionth of a metre). pharmaceuticals to develop improved di



+ Several experiments at the same

time The ESRF

D29 BM29 D30 BM30 ID31

Tod dy i /B‘Mgl-@fsusz
5 1001

. Public beamlines

. CRGbeamlines

— Free bending magnet ports / insertion device ports
——— Instrumentation test and development beamlines

Every
researcher
takes a
little bunch
of light
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Workstation (Hutch)
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XAS: Detectors...
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The sample




Booster section APS

http://www.aps.anl.gov/About/APS_Overview/booster.html



Inside

http://www.odec.calprojects/2005/shar5a0/public_html/




http://lwww.esrf.euffiles/live/sites/www/files/about/synchrotron-science/first-
beam.jpg




European Synchrotron
Radiation Facility

Grenoble, Fr




A little bit of history....
High Energy Physics Network - CONAC

First Mexican Synchrotron
Radiation Users” Meeting

4-6 May 2011 Haliday Inn, Cuérnavaca, Marelos,

to evaluate the feasibility of building a
synchrotron light source in Mexico
14 participants



First Mexican Synchrotron
Radiation Users” Meeting

d4-6 May 2011 Haliday Inn. Cuernavaca, Marelas.,

First Mexican Synchrotron 8%

? Radiation Users' Meeting




+
Meetings

Edition [Year |Venue Participants
1 2011 Cuernavaca, Mor 14

2 2012 |Leén, Gto 80

3 2013 | Querétaro, Qro. 40

4 2014 |Huatulco, Oax 100

5 2015 |Cuernavaca, Mor 130




2013

Meeting

2013 Leon, Gto. Taller Tematico: Técnicas de luz sincrotron en
el analisis de materiales y muestras de interés

ambiental (CONACYT-SRE)

Guanajuato, Gto. 48° Congreso Nacional de Quimica,
Sociedad Quimica de México

Querétaro, Qro. Simposium en Nanotecnologia,
Universidad Autonoma de Querétaro

Seminarios: Universidad Auténoma de San Luis Potosi,
Instituto Tecnolégico de Ciudad Madero, Universidad
Autonoma de Querétaro, Instituto Tecnologico de
Salamanca

Talleres: Instituto Tecnolégico de Cd. Madero
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2014

m Conacyt call

mTo register afidl restructure networks

ns of national concern in
gy and Innovation

mAttend prok
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+ ..
Objective

m RedTULS wants to extend and promote the use of
synchrotron techniques so as to the mexican users
community grows. We believe with that, the generation of
high quality products in science and technology will
significantly increase in our country. This will help us to be
more competitive. We also want to promote the
collaboration between Mexico and the synchrotrons around
the world, and in the meantime participate in decision
making related to the construction of a mexican
synchrotron. We believe we can help industry in our
country to also be more competitive.
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ReDTULS at a glance

DRA. GUADALUPE DE LA ROSA

DR. GUSTAVO CRUZ JIMENEZ



(
ibution by type RedTULS

L

= CTA = EXTERNOS
= INVESTIGADORES ® ESTUDIANTES




REDTULS- INSTITUTES/ UNIVERSITIES

INTERNACIONALES 10

TOTALES 39

CENTROS

ENACIONALES B INTERNACIONALES



* A A %
* % % %
* A A A
* % % %
* A A A
* % % %
* * A
* % % %
* A A
* % % %
* A A %

INTERNATIONAL CENTERS

ANNA UNIVERSITY, INDIA
BROOKHAVEN NATIONAL LABORATORY, USA
DIAMOND, GRAN BRETANA
ELETTRA, ITALIA
ESRF, FRANCIA
GOETHE-UNIVERSITAT FRANKFURT AM MAIN,
ALEMANIA
LBNL, USA
MIDWEST CENTER FOR STRUCTURAL
TECHNOLOGY, USA

UNIVERISTE DE POITIERS, FRANCIA

Z 1 [N
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NATIONAL CENTERS

CENTRO DE INVESTIGACION EN ALIMENTACION Y DESARROLLO A.C.
CENTRO DE INVESTIGACION EN MATERIALES AVANZADOS
CENTRO DE INVESTIGACIONES BIOLOGICAS DEL NOROESTE
CIATEQ A.C.

CINVESTAV-UNIDAD MERIDA

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS, CENTRO DE INVESTIGACIONES
BIOLOGICAS

INSTITUTO MEXICANO DEL PETROLEO
INSTITUTO POLITECNICO NACIONAL
INSTITUTO POTOSINO DE INVESTIGACION CIENTIFICA Y TECNOLOGICA
INSTITUTO TECNOLOGICO DE AGUASCALIENTES
INSTITUTO TECNOLOGICO DE CD. MADERO
INSTITUTO TECNOLOGICO DE CELAYA
INSTITUTO TECNOLOGICO DE OAXACA
LANGEBIO
TECNOLOGICO NACIONAL DE MEXICO
UNIVERSIDAD AUTONOMA DE CAMPECHE
UNIVERSIDAD AUTONOMA DE CHIAPAS
UNIVERSIDAD AUTONOMA DE CHIHUAHUA
UNIVERSIDAD AUTONOMA DE CIUDAD JUAREZ
UNIVERSIDAD AUTONOMA DE QUERETARO
UNIVERSIDAD AUTONOMA DE SAN LUIS POTOSI
UNIVERSIDAD AUTONOMA DEL ESTADO DE MORELOS
UNIVERSIDAD DE GUANAJUATO
UNIVERSIDAD DEL PAPALOAPAN
UNIVERSIDAD IBEROAMERICANA DE LEON
UNIVERSIDAD JUAREZ AUTONOMA DE TABASCO
UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
UNIVERSIDAD TECNOLOGICA DE LA MIXTECA
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REDTULS - 16 ESTADOS

Miembros de la RedTULS por Estado




+ RedTULS and the people

1. Coordinador General de la Red. Dra. Ma. Guadalupe De la Rosa
Alvarez
2. Coordinador de Investigacién Basica: Dr. Juan Carlos Fierro.

3. Coordinador de Investigacidn aplicada y vinculacién con la
industria. Dr. Abel Moreno

Carcamo

4. Coordinador de Infraestructura: Dr. Erick Adrian Juarez-Arellano

5. Coordinador de Divulgacién y Comunicacién. Dr. Daniel Hernandez
Cruz

6. Coordinador de Ingreso y permanencia: Dr. Gustavo Cruz Jiménez
1. Coordinadora de Movilidad: Dra. Maria Elena Montero Cabrera

8. Coordinadora de Asuntos relacionados con la propiedad intelectual:
Dra. Mayra Cuéllar

Cruz

9. Coordinador para el estudio de factibilidad: Dr. Ibrahim Serroukh
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Mexican users, synchrotrons and
beamlines




Sincrotrones
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Brasil Francia Italia Suiza
China Alemania Japon UK

Pais en donde se localizan los sincrotrones
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SPRING 8
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FOR MEXICO: WHAT TYPE OF
BEAMLINE?:
ID 21 ESRF




STRENGHTENING HUMAN

o RESOURCES
mSpecific agreements

m Membresia (Miembro/Asociado) en el European
Synchrotron Radiation Facility

m Asociacion a ALBA
m Sincrotron Australiano
m Colaboracion con APS (Excelente opcion)

mProyectos de colaboracion para adecuacion
de lineas con beneficios para los
investigadores mexicanos

mConstruir una o varias lineas en un
sincrotron extranjero

mESincrotron mexicano



Mexicans 1n

syncrotrons

ICN

redTULS h UNAM

TEMATICA DE USUARIOS DE LUZ SINCROTRON

Presented by: José Jimenez Mier y Teran before
the mexican Senate




+Synchrotron light enlightens
important problems:

m Environment: pollution in soils, water, air,

plants..
m Health.
m New Materials.
m Catalisis, energy, batteries, biomaterials
m Cultural Heritage

m High level computing
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+ XANES de As

As (Ill) 11870 eV | I\ As (V) 11874 ev —— Arsenolite
— [
12 | —— J160_1CM
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Espectros de XANES de As de algunas muestras representativas de los
jales mineros y suelos en la zona de la mina “La Aurora. Las flechas
marcan la energia de compuestos modelo de As (lll) y As(V).



+Analisis de combinacion lineal

—— XJ260_30CM Standards weight e0
3] ——— Fit ' Kankite 0.898 0.552
:anzlte . Beudantite 0.101 0.552
——— Beudantite R-factor = 0.005991
m)
N 2 -
3
X
£
S
]
P4
1 -
1}

Kankita (FeAsO,3.5H,0)

11920

Beudantita (PbFe3(AsO4)(OH)6)
BukovskyitaFe2(AsO4)(SO4)

Analisis de combinacion lineal de las muestras de

suelos y jales mineros de la zona de la mina “La
Aurora”. Los analisis se realizaron empleando el

software Athena 0.8.056 (Brucel Ravel 2001-2008).

Norm xp (E)

Norm xp (E)

4
—— XJ120_1CM Standards weight el
——— Fit Kankite 0.578 0.372
——— Kankite Beudantite 0.268 0.372
3] —— Beudantite Bukovskyite 0.152 0.372
Bukovskyite R-factor = 0.000289

0 - T
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E (eV)
35
— XJ120_30CM -
——— Fit Standards Weight e0
3.0 4 Kankite Kankite 0329 | -0.063
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+Ané|isis de combinacion lineal

35
— XJ220_1CM
- == Fit
3.0 { — Kankite
——— Beudantite
—— Bukovskyite
2.5
m)
~ 2.0 -
3
X
£
o 151
r4
1.0 1
0.5
0.0

Standards Weight el
Kankite 0.405 -0.087
Beudantite 0.27 -0.087
Bukovskyite 0.324 -0.087

R factor = 0.000486

11860

11880
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11900

Kankita (FeAsO,3.5H,0)

Beudantita (PbFe3(AsO4)(OH)6)

BukovskyitaFe2(AsO4)(SO4)

11920

Analisis de combinacion lineal de las muestras de

suelos y jales mineros de la zona de la mina “La
Aurora”. Los analisis se realizaron empleando el

software Athena 0.8.056 (Brucel Ravel

2001-2008).
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+Rayos X: sdonde ? o

estan los atomos?

diffraction
pattern

electron
Beam stopper

refinement

atomic

density map

Imaging plate model
(detector)
A I Helical X \ B =
§ 10 » Y '\ —10 %
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LIFE AND HEALTH



+Acumulacion de metales en plantas
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Efecto de agentes
quimicos en la
fitoextraccidén de oro
mediante plantas.
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Universidad de Guanajua



Estudio de las moléculas de la vida.

Nuevos méto
de producir
cristales con
moléculas
complejas para

d

Los rayos X pueden
daiar los cristales. Es
importante medir ese
dafio para identificar las
dosis que se deben
emplear en
experi tos .
=iBt-Cuernavaca |




Nuevos materiales.




+Diseno bajo pedido.
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+ Materiales para infraestructura.

Intensity (a.u.)
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CATALYSIS AND ENERGY
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Baterias de Litio

Charge Discharge
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+ Biomateriales. Quimica verde.
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CULTURAL HERITAGE
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Computo de alto
rendimiento




+Para procesar gigas y gigas de dato
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Mapa - resumen -

e Contaminacion
ambiental.

e Salud.

 Desarrollo de
infraestructura.

* Energia.

e Patrimonio
cultural.

« Cdémputo
intensivo.

 Educacioén.



Pregunta final.

S1 como usuarlios hemos
logrado muy buenos resultados
ique sera cuando tengamos el
Sincrotron Mexicano?

Jose Jiménez Mier y Teran

Primer Usuario mexicano de Luz
Sincrotron



