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Synchrotron Radiation

* Important Characteristics

maaaasassssmmm— L AWRENCE BERKELEY NATIONAL LABORATORY I
SESAME Workshop_Pakistan April 27-28-2005



—

ALS Radiation is Produced by Bend Magnets
and Undulators
Bend-Magnet Radiation Undulator Radiation M

ALS

In the central radiation cone:
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meV to 50 keV 5eV to 2keV
- high brightness - extreme brightness
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How Bright Is the Advanced Light Source?
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Production of the First X-Rays
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BERKELEY LaAB

An X-ray lab — circa 1895
Wilhelm Conrad Roentgen

1845-1923
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Evolution of Synchrotron Radiation o

Third-Generation
Synchrotrons

Yesterday’s
Synchrotrons

Circular Photons

electron
motion

+ Many straight
sections containing
periodic magnetic
structures

+ Tightly controlled

electron beam

Continuous
circular
trajectory

Technology

Photons

Bend Magnet Undulator
Radiation Radiation
y _ X-ray y
x light bulb o + Laser-like
_SP?C"?' = % + Tunable
Distribution 9o S
Q _C
£ o
500 eV >
Photon energy Photon energy ic. fs/evolution/6-95
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First visual observation of synchrotron light at the — \
General Electric 70 MeV synchrotron in 1947 rerooed] i
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SR in the early days: Tantalus at Univ. Wisconsin R
T~
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European Synchrotron Radiation Facility - A\l A
France e

BERKELEY LaAaB

7 GeV

ESRF - France
APS - USA
Spring8 - Japan

& Over 50 SR facilities
: in the world
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ALS: From the Booster to the Beamlines A\I A
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Bunchers and Acceleration Section ..y
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Linac to Booster ceeee)
Injected beam

O >

Injection kicker

Booster Injection

Transfer line
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Booster Synchrotron —
Y

Ramps up the

energy to
1.9 GeV (ALS)
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Electron Storage Ring ey i

Various magnets allow:

Change of direction
Focusing of electrons

Shaping of electron beam
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RF (500 MHz) Cavities

* Restores synchrotron
radiation losses

*  Provides longitudinal
bunching
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ALS Radiation is Produced by Bend Magnets

and Undulators
ALS
Bend-Magnet Radiation Undulator Radiation M

In the central radiation cone:

W‘ Ao 1

acceptance angle
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By = 1
cen Y/TV

Photon flux
Photon flux
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Normal conducting bending magnet: E < 16 keV ...
-

D,
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Superconducting bending magnets: E < 60 keV ’A”\I A

BERKELEY LaAaB

Three of the existing thirty six 1.3 Telsa dipoles have been replaced
with three 5 Tesla superconducting dipoles

Superbend
with cryostat

Superbend
without c ostat

Superbend
magnetic field
6.0[
5.5( 4 beamlines per
5.0 4« superbend
/-\4.5 |
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~35|
M 3.0[
2.5
2.0[
1.5(
1.0[
0.5 , )
¢ 9%300.0 -180.0 -60.0 60.0 180.0 300.0
E - s//2000 1106 distance along beam (mm)
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The First Permanent Magnet Undulator ceceeny] B

BERKELEY LaAB

peManerT MAarET uNDULATOR
coNcerTUAL DRAWING

- invented by Klaus Halbach
- built at LBNL

- installed at SSRL in 1980
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Undulators at the ALS A\I :

BERKELEY LaAaB

ALS U50 (1993) ALS EPU50 (1998)
Hybrid permanent magnet technology Pure permanent magnet technology, elliptically
N Aglglarizing capability

CE BERKELEY L L ABORATOR Y I
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Undulators at the ALS /‘\| )

L Q ¢ o™
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30 mm period, 1.5T wiggler / undulator (2005)
- in-vacuum magnets
- commercial device
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On-Axis Brightness of SR Sources A\I :
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Slicing the electron beam for ultrashort pulses f‘\l .
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Insertion

device
6.0
150 fsec x-ray pulses
at 20 KHz
x,E
z,t

T~
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ALS Beamlines o
.

~ 40 beamlines
Operate simultaneously

L So
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How a beamline is constructed ?

Story of a soft x-ray

MES beamline at the ALS

- How does a beamline look like?

* What are its essential components?
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Beamline 11.0.2 Schematic ceeer i
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ALS-MES Beamline 11.0.2.1-2 ey §

Elliptically polarizing undulator
(EPU) 75 to 2000 eV

Scanning transmission
X-ray microscope

N
—’ "< LBNL
; Monochromator

High resolution XES
and PES end stations
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Panoramic view of the ALS-Molecular
Environmental Science Beamline 11.0.2
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Storage ring chambers ready for f‘\l A
installation
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EPU In the ALS Storage Ring cecred] B
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Elliptically polarizing undulator A\| !
e
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MES Beam Line 11.0.2 October 2002 cereend) ‘i':i
R
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Double Front-End A\| p
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Front end stands installed crrce?)
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First mirror tank inside shield wall /m

BERKELEY LaAB
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New implementation of SX700 monochromator /\| ‘.’.“.‘

BERKELEY LaAB

Seal joint below beam
height for alignment
access

External sine-bar drives
and linear encoders

Aluminum structural
vessel

External grating changer

Lightweight rigid
honeycomb table

6-strut alignment

| Heavy pump below bellows
‘ on separate support

Legs filled with epoxy
granite
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Monochromator chamber, vacuum test Oct r’fr\l :

Ty \‘ ‘ —

“gt‘l?‘li.

lf N ff*,l a
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BERKELEY LaAB 3

Sy
Displocemernt
HMogrlyude
mm

4.2311085e-8062
4_B98883e-002
3.966661e-002
3.834439e-002
3.792216e-002
3.569994e-002
3.437772e-002
3.3085558e-08082
3.173328e-002
3.0411086e-002
2.908884e-002
2.776662e-002
2 .64 0e- 002
2.512218e-0882
2.379995e-002
2. 20777 4e-002
2.115552e-082
1.983330e-002
1.851188e-8082
1.718886e-002
1.586664e-002
1. 454442 e-002
1.322220e-002
1.189098e-002
1.057776e-002
9. 25551e-003
7.933321e-0883
6.611181e-803
C.288881e-003
3.966661e-0803
264444 0e-003
1.322220e-003
0.08006800e+000

Chamber deformation under vacuum "
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Scanning mechanism with integral cooling /\| ‘i?i

BERKELEY LaAB

Pressure-equalized water
feed

6rating carriage with roll
and yaw adjusters for
double grating

Water manifold with no
flexing parts

Double grating

Water lines on sine bar

Invar structural frame

Silicon plane mirror

Pressure equalized water
feed
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Grating substrates ready for polishing and ruling r/>| ‘iﬁ

I L A ENCE BERKELEY NATIONAL L ABORATOR Y I
SESAME Workshop_Pakistan Apnl 27-28-2005



]

Actuation Mechanism el
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Plane pre-mirror heating (ANSYS Analysis) /\I A

r I

BERKELEY LaAB

ANSYS 5.6.1
OCT 10 2000
15:25:E23

NODAT, SOLUOTION

TEMFE [ AVE)

PowerGraphics
EFACET=1
AVEES=Mat
001639
7.195
001639
.801399
.601
.01
.201

. 0
.6
LA
L1945

NOCDBO0EN =

=l =k e
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Toroidal Mirror (Protein Crystallography M2) B ‘.I-x

BERKELEY LaAaB

e i

T

- sagittal cylinder bend into a toroidal shape (R ~ 2 km, ro ~ 10 cm)
- figure testing in progress on LTP (micro radian figure error;
< 5 Angstrom roughness)
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K-B Mirrors o

W i
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[ L IV nm
r
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Angle Resolved Photo-Electron Spectroscopy /\l \
(ARPES) e

Eli Rotenberg et al, BL 7.0
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Design of a Pakistani

Beamline at SESAME
- What is the cost?

- What are the benefits for Pakistan
to build a beamline at SESAME ?

- How could we build it ?

s L. AWRENCE BERKELEY NATIONAL LABORATORY
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Requirements (Pakistani Beamline @ SESAME)

* Photon Energy Range = 50 to 2000eV

» Resolving Power = 10,000 - 25000 (High Resolution and
moderate resolution with high flux modes)

» Control of linear polarization and circular polarization

- KB focus to 5um vertically for XES (spectroscopy)

* Full power, high resolution at # 50-100eV for high
resolution band structure mapping (spectroscopy)

* Fully optimized endstation with Scienta electron energy
analyzer, emission spectrograph and sample transfer
system

* Roll-up port with pathway for future development

* User friendly (advanced designing but easy in use)

maaaasssssssmmmm L. AWRENCE BERKELEY NATIONAL LABORATORY IS
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 Sign convention: &,  have opposite signs if they General reference:

on opposite sides of the normal Howells, X-ray Data Booklet, 2001

. mA=d(sina+sinp)

. . . . Grating d/mm
e Given m, A and d, there are still an infinite number | |

of «, f pairs that satisfy this equation (o

» Therefore we can impose a relationship between o _ﬂ/
and £ as follows:

 FIXED IN-OUT DIRECTIONS (SGM): Wavelength
oa— =20
mA = 2d cos @sin(f+ 0)

* In this case there is a “horizon” wavelength: If
a or [ becomes 90°, the acceptance falls 50 Zero
which happens at wavelength Ay =2dcos™ 0

+ CONSTANT VALUE OF ¢ =% (SX700)

Entrance slit

mi .\ in2
(7—smﬂj :1—(1—Sln ﬂ)/cff

m=2
m=—1

-1 Zero order

m=2

|

Exit slit
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mA = d(sina + sinf)

{@} _dcosp
Pl

m Focusing grating, radius R

-3
di_didp_deosp 10" d(Akosp o
dg dBdg mr mr'(m) g
Entrance slit
From this we get the exit- and entrance-slit-width- width s Exit ot
limited resolutions widths’
Ap, = dLoSaSs 4y dLS,ﬂS Diffraction-limited resolution=1/N
mr mr
BUT
Taking the derivative of the grating equation at , L
constant A gives the magnification M(A) Provided the gra.tlng is big enough, the
number of illuminated grooves is always
0 = d(cosada + cos [f3) sufficient to achieve the slit-width-
s rdp ' COSL limited resolution because of diffraction
M(A) = ? = % == rcos B at the entrance slit

If r= Rcosa, ' =Rcosf (Rowland circle) > M(1)=-1

NCE BERKELEY NATIONAL L ABORATORY I
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GRATING THEORY

Noda et al 1974 OPTICAL PATH FUNCTION THEORY
FOR A ROWLAND GRATING

Padmore, Howells & McKinney 2000 mi
F={AP) +{PB) + mni ={AP) +{PB) + W
4o

° where P lies on the surface &= 2 4wl

Ay’ i
From standard geometry:

Bo <AP>:\/(rcosa—§)2 +(rsin05—w)2 +(z—l)2

image plane

similarly for (BP), expanding by Mathematica™

A
F= chk(a W' +Y Cin(Br w Wz kB2
Z| dO
ijk itk
A(x, ¥ 2) Shorthand notation:
2

COS &
T =

1
— 2@y cosa, S=—-2aycosa,
r

2
T’:M—Zazocosﬂ, S == 1 - —2qy, cos B
r r

I L A ENCE BERKELEY NATIONAL L ABORATOR Y I
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Padmore, Howells and McKinney 2000 for an explanation

y aF F
Ay' = 0 —, AZ'=p—
cos By ow 2]

Recall that Ay" and Az are the coordinates of the ray arrival point relative to the
Gaussian image point. F behaves like a potential and allows them to be calculated by
taking the derivative. Because F'is composed of a sum of terms, we can calculate the
contributions of each aberration type separately

0

’/', a . .
L l]kW lj} Azljk ZZ ijkwll]}

ik = cos 3, A

Ay =D Myfy, A=) Ay
ik ik

So aberrations can reinforce or cancel each other

Standard practice is to calculate ray positions this way and independently check them against
SHADOW ray-traces done with a point source and few rays. When this works and the result
looks good, SHADOW can be run with a realistic source and thousands of rays to fully evaluate
the design
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SESAME Source Parameters

Energy 2.5 GeV
Current 200 mA
o, 0.8 mm
o, 0.028 mm
6, 45 prad
oy 9 yrad

ID \ength 2.6m

A, 50 mm

K, \ax 5.5

s | AW R E
SESAME Workshop_Pakistan April 2

28-2005

Flux (Photons/s/0.1%BW)
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Central Cone Flux

Wl v v v v v v Yy v by

0 500 1000 1500 2000

Photon Energy (eV)
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Pakistani Beamline Layout f“\l \

Top View \ —
— O
- =
_ . VLS Plane Elliptical
Side View Grating Toroid  Sample
Cylindrical - | O
o BN e Exit Slit
Source Plane
*x YA Element Distance from | Angle of Coating Deflection
Ag\m'mudmo'# (4)Of Source (m) Incidence
vanced Optics e iidrical | 15.0 88.0° Au Hor.
. i h luti Plane 15.71-15.96 78.9°-88.6° Au Vert.
Aign resolution  Fg oo 16.0 84.0°-89.5° | Au Vert.
with no translation o 24.0
Of 5:("*5 or grating |'eyip toroid | 26.0 88.0° Au Hor.
Tan Sample 27.04
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VLS Plane Gratings
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BERKELEY LaAB

line density = k(1+2b, w+3b, w’ +..))
_ cos’ a(,c) N cos® (A, ¢)

A,c)= +2b, mk A
fZO( ) dSoGr dGrEx ?
: cos’a(ld,c) . cos’ B(4,c)
A,c)=sinali,c ~—~+sin B(A, ¢ 2 +2b.mk A
fuldnc)=sina(.e) 2 A0 o gy )5 Pe) ),
/>, and f;, can be zeroed at one A each
By varying c one can zero f,, for all A.
k (mm-) b,(mm-2) | by(mm-3)
LEG 800 1.574x104 | 1.96x103
HEG 1800 1.300x104+ | 1.62x103

LAWRENCE BERKELEY NATIONAL L ABORATORY I



The goal is to know where the rays go in /\I .
the abberated image and wh cecoree] i
g9 Yy \\

BERKELEY LaAB

Ray Tracing (Shadow)

Source Image (Exit Slit)

Grating

» Variable line spacing gratings with pre-mirrors
» Real SESAME Source in space and angular distribution

Ruben Reninger

l7\ll3E BERKELEY NATIONAL L ABORATORY I

IEEassssss—————— | AWR E
SESAME Workshop_Pakistan April 27-28-2005



]
A

Resolution Low Energy Grating (LEG) .

2_

0.1 & —
T z
= N LEG: 800 I/mm i}
g= Total
% 0.01 & Source =
§» 4 —— 10 pm slit .

0.1" Plane Mirror
—— (0.05" Grating

500 1000 1500 2000

5 meV @ 100eV Photon Energy (eV)
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Resolution High Energy 6Grating HEG

BERKELEY LaAB

| | | | | | | | | | | | | I | "ﬂ
0.1 = —
4§ §
> A )
= 001 & HEG 1800 1/mm _
2 - E Total =
= — ota =
% i = 10 um slit ~
$ 2 Source -
= 0.001 —— 0.05" Grating —
0.1" Plane Mirror =
af =
oo ey e e ey I

500 1000 1500 2000
20 meV @ 500 eV Photon Energy (eV)
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Resolution at 100 eV (LEG) f\]
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BN
ox:1.8 mm oy:0.01 mm 99.995 eV
100.000 eV [hv~100eV
100.005 eV
|

Sigmas are for the central A
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Resolution at 400 eV (HEG) o
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BERKELEY LaAaB

399.088 ¢y | v ~400eV

oX:1.5 mm oy:0.0043 mm

400.000 eV
400.012 eV
| |
20 — —
s L _
E
' 0 _
; | -
20 _
1 l
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Resolution at 1000 eV (HEG) T
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BERKELEY LaAaB

999.96 ¢V hv ~ 1000eV
ox:1.4mm ovy:0.0042 mm 1000.00 eV

1000.04 eV

X (mm)
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Spot at Sample e

Vertical FWHM: ~5um

Horizontal FWHM: ~7 um
Sample 100 eV, 10 um slit

0Xx:0.032mm oy:0.0018 mm

T 1T T ]
0 ]
= I S ]
E
.‘9 0 — _
Z HRE -
10— a —
T B

-0.10 0.00 0.10

X (mm)
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Total Resolution (varous gratings and R

slit settings) /N

0.6 — —— LEG 800 I/mm 30 um slit
050 — LEG 800 I/mm 10 pum slit

' —— HEG 1800 I/mm 10 um slit
0.4

0.3
0.2
0.1
0.0

Resolution (eV)

500 1000 1500 2000

Photon Energy (eV)
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Grating efficiencies e :

030 L L | L | L |
o 025 —
z —— 800 I/mm, Au, 1.3°Blaze
2 0.20 - — 1800 I/mm, Au, 1.4° Blaze
= 15
=
= 0.10 —
S
000 L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 |
500 1000 1500 2000
Photon Energy (eV)
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Total Flux at sample

BERKELEY LaAB

1013 ;r [ I I | I I | I I | |
:
’g 10"
E -
S 10
= - .
= - —— LEG 30 pm slit ,
Z  10°F  ——LEG 10 umsslit -
- —— HEG 10 um slit
109 _I 1 1 | 1 1 1 | 1 1 1 | 1 1 1
500 1000 1500 2000

Undulator Flux
Reflectivities 1 nm RMS

6rating Efficiencies 1nm RMS Photon Energy (eV)
Correction for bandwidth
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Endstation - SESAME TN

Option for emission
Hemispherical ‘s;pectrograph

Analyzer

* High Performance
Scienta analyzer

- Advanced sample
Manipulator

+ UHV sample transfer
Load-Lock

* Photodiode
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Experimental Chamber - day 1 A\I A
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Six Degrees of Freedom \‘m

BERKELEY LaAaB

Low-Temperature Goniometer with /J\l f\

Cryostat
Sample
Position
Support
tube

(1). Six degrees of freedom: 3 rotational and 3 translational;
(2). Samp temperature ~10 K (no radiation shield);
(3). Stability of sample against temperature change

Designed and fabricated by John Pepper (BL 10.0)
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Design of a Pakistani

Beamline at SESA
- What is the cost?
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Cost of the beamline N :

1. Optics (mirrors and 2 gratings) = $ 600k
2. Mirror tanks and controllers = $ 200k
3. Monochromator tank and controller = $400k
4. Vacuum Hardware, stands and pumps etc = $400k
5. Control system, wireways = $ 200k
6. Project management (3months) = $ 60k
7. Experimental Station = $ 750k
8. Contingency (10%) = $ 260k
Grand Total = $2,870k

Undulator and the front end provided by SESAME
Requires training of ~3 scientists and ~2 engineers (@ ALS (urgent)
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Design of a Pakistani

Beamline at SESAME

- What are the benefits for Pakistan
to build a beamline at SESAME ?
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What are the benefits for Pakistan A\I
to build a beamline at SESAME ? LLLLL

A
|||‘

» Education; an experimental facility for students and researchers
to carry out advanced research, practical training of
technicians (electrical, mechanical, computer control,
instrument automation)

* Transfer of technology for construction of advanced instrumentation
-make use of the exisiting infra-structure
(time is right: SESAME under UNESCOQ)

* Catch up with developing countries (India, Singapore, Thailand,
Korea, Spain, Brazil, Taiwan ...... )

* Provide easy access for R & D research (specific to our own needs:
if and when needed)
- nano science; solar energy, environmental problems, catalysis,
health, ...
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THE ADVANCED LIGHT SOURCE s
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BERKELEY LaAB

THE MISSION OF THE ALS IS TO SUPPORT USERS IN DOING OUTSTANDING

SCIENCE ALS User Population Projected to 2007
» The Advanced Light Source is one of the world's
. FY 07=2400 [ =4
brightest sources of soft x rays Fros=2s0 =
 The ALS began operations in 1993, and in the first v o4 000 |
= FY03=1800 [
ten years 38 beam lines were added FY02=1406 |
» The ALS serves the national research, education and FYao- 1000
high tech industrial communities Fos -ess
FY97 = 291
. I 6 260 460 660 860 1060 12b0 1460 1660 1860 2060 22b0 2460
ALS Construction $150 million __
i M Materials Sci. B Physics [Life Sci.
E.'J Chemical Sci. @ Applied Sci. W Goosci. & Ecology
| Other Hatched lines indicate projected figures

ALS Users by Home Institution
ALS Academic Users

55
152 2
> 6 152
& @ Undergrad Student
| Universities
0 LBNL @ Grad Student
Other DOE Lal?s ] Postdoc
292 . Industry/Hospitals
[ International [ Faculty
= (85 Universities)

263

802
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UHV Component Development — A
ULTRA HIGH VACUUM SPUTTER ION PUMPS DEVELOPED AT CAT Ir:':r}| ‘m

BERKELEY LaAB

In order to construct such accelerators, one requires many frontline
technologies. These include ultra high vacuum technology, magnet
technology, high power precision power supplies, control electronics, etc.?
The centre has taken up development of most of these technologies.

Most of the ultra high vacuum hardware required for Indus-1, Indus-2, linac,
beamlines, etc. are developed in-house? These components include sputter
ion pumps of capacities ranging from 35l/sec to 500 I/sec, turbo molecular
pumps, titanium sublimation Pumps, fast acting valves, gate valves and
gauges.???

All UHV components are chemically cleaned and electro polished ina chemical
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Design of a Pakistani

Beamline at SESAME

- How could we build it ?
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How could we build it ? rece) ;;*.‘

* Preliminary design is complete
(performance >100 times better than the best
Indian beamline in Indus IT)

- Train scientists and engineers at the ALS (1-2 years
hands on training)

- Use existing engineering drawings (blue prints)
and knowledge from the ALS;
design optimized according to SESAME parameter

* Plan for building SR facility in Pakistan during
the next 5-10 years (cost $50M - $80M)
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Spatial and temporal frequency sensitivities of -

A
various techniques and physical phenomena m

BERKELEY LaAB

Lendh Lencth
e 00 i 70 pm 7 prm 1000A so0d f0A 1A es’ COMM 70 pm 7 70004 j00A 104 74
T T T T T I\X_rayl. ] ,?’G T T T T T T T ] ,?’G
inelastic
7o Soft x-ray\ i e x - ™
’\ inelastic \— 7o Phonons o
Heutron M
Foz L PR | o Tz - _“'-._ 1o
scattering & Magnetic J
Fort - T - exzcitations
Optical H 7o H o5
.- Ilethods M A — - .
I 708 [ =
= o 1 707 2 i‘; e Bulk 1707 &
it i = erties [
& i 2 o | prop
L1 — - =
09 - =l= ., 04
SXDLS 179" fnton) q 7ot
| [wwe are here) i W
{70 N { 7o
I 4 sors al 4 Forts
iesdn T FOE
I 1 1 1 1 1 I g7 1 1 | 1 L 1 I FEFiF
TS g0 Fors Fire 7o 7 7o FOFS g £ 102 £ 1 10
Wavenumber g (A7) Vivavenumber g (A7)
Spatial and temporal frequency Relevant spatial and temporal
sensitivities of various frequency scales for various physical
techniques phenomena
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Conclusions ceeeerd]

BERKELEY LaAB

We may need to look harder but
a lot of new physics still to comel!
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Science with Synchrotron
Radiation

* Techniques ?

100 years of Physics :
Story of Einsteins' Photoelectric effect
Appllcatlons in the field of:

* Nano science
- Strongly correlated systems (high Tc, CMR)
* Magnetism
- Energy (combustion dynamics, solar energy, electrochemical cell,
‘Hydrogen strorage)
- Environment
- Catalysis, corossion . . . . . . ..
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WHAT DOES SR BRIGHTNESS BUY YOU? ”‘\]

Photoelectron Spectrum of H,

hv=27 eV
V'=3 V=2

V'=4 Vr=1

Intensity

M M

16.5 16.0 15.5
Binding Energy (eV)

very ngh Energy Magnetic structre of LaFeO, layer
RCSO'U"'iQn on surface oxide.

Submicron

Spatial
Resolution Coherence
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IMPORTANCE FOR MATERIALS AND .
CHEMICAL SCIENCES

Ultimately, the

electronic,

optical, thermal, and structural properties of
matter depend on the behavior of electrons.
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Imaging of Biological Systems —]

Size (m) 10-8 107 10-6 10-5 10-4 10-3 10-2 10-1 1

Wi
. '."n-j

L el
s

*
Molecules Complexes Viruses Bacteria Cellular compartments Cells Tissues Whole organisms
Cryo-electron microscopy Light microscopy
X-ray crystallography MRI

- atomic resolution
- needs protein crystals

X-ray microscopy
- 20 nm resolution
- thick objects (compared to EM)
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Scanning Transmission X-ray Microscopy
STXM

Monochromatic
X Rays

|

Zone Plate
Focusing Lens

Y,

Photoelectrons

Fluorescence
Photons

Scanning
Sample Stage

X-Ray
Detector

X-ray Microscopes

Transmission X-ray Microscopy
XM

Polychromatic
X Rays

Monochromator
Pinhole ~20um

Zone Plate <<

X-Ray Photoemisson Electron Microscopy
XPEEM

Magnified

Phosphor lmage

Screen %@/

Projection
Lens

1o
5]

Aperture

Objective |
Lens

Photoelectrons

Monochromatic
X Rays

Sample




ABERRATION NAMES ’%

BERKELEY LaAaB

Cooo =7 Constant term
Cigp =—sina Grating equation
Co1y = _l Law of reflection in the sagittal plane
Cy =— % Line curvature
r
Ciop = % Line curvature
Cooo = Z Tangential-plane defocus
2
Cooo = § Sagittal-plane defocus (astigmatism)
2
Ssina
C120 =—— _——apclosc
2r
Cs00 = Tsina — 439 COS Aperture defect (also called primary coma)
2r
c Tsin®a T? N a%O asp sin2a cosa Spherical aberation
=S —— t++—————————-aqa
T g 2 2r 40
SSin2 o TS arodoyn an sin 2« FiZO aberration
20=" 55 ot - —aycosa
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meV Resolution Spectroscopy Beamline rf\nl

A
1l

Beowcicw | as ‘

Specifications:
»Resolving power: EJAE=100,000 with 5um slits
i.e. better than 1 meV when photon energy is below 100eV
»Photon energy range: 15eV to 100eV, fully optimized
maximum achievable photon energy ~140eV
»Elliptically Polarized Undulador (EPU): full polarization selection (linear and/or circular)
»Photon Flux: ~5 x10"" photons/s/meV

Optical Layout (SGM)

Horizontial
ool e

Sample focusing

. Horizontal
mirror

focusing
mirror

Translating  gpnerical
exit slit

i ratin i
Vertical 9 9 Translating
focusing entrance
mirror slit

Vertical
focusing
mirror EIIIptlcaI,
Polarizing
Undulator
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Ray Tracing (Shadow) /‘\l
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BERKELEY LaAB

61.9921eV
61.9927eV Groove density=3,600 I/mm

300
200
Luls]

AE

(cm) , ! I . ’ §1.0822 61.9924 | slit

GO ST AE

0.057meV/pum
0.44meV/urad

slope

AE ;= 0.29meV @ 5 um slit

¢.0a10

slope error
(urad) 0.25 0.50
AEslope
(meV) 0.11 0.22
0.0005
AE;=(AE;*+ 0.31 0.36
AEs.Iopez)’”2

0.0000

—0.0006

—0.4 -0.2 0.0 D.2 0.4 (Cm) 0 30 1001530 200 250 300

Yi-De Chuang
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Ray Tracing (Shadow) /‘\l
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0.o010 _— 010
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. ) slope error
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: : AE, =@E,2 015 | 0.18
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—0.0005 — ’-. —GA00Ss
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Yi-De Chuang
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Undulator brightness [m ‘i?;
|

BERKELEY LaAB

brightness sac2™-1 mrad®' -2 mm™ -2 0.1%bw
iR
1.=10

5. x10®

z.x10'" l

1. x101%

5. x10t7

2.x10%

! ' ! ' ' ' ' ' ! =
loo 150200 300 SO0 7001000 1504000

Undulator brightness, harmonics 1 through 7, linear polarization.

5.0cm period, 37 periods, 400mA, 1.9GeV, 1x10"-4 dE/E

horizontal polarization:

13.0mm gap ky=4.307, lowest energy=66.753eV

vertical polarization:

13mm gap kx=2.0, lowest energy=228.633eV

Note, the higher harmonics lose brightness if the energy spread increases.
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