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Motivation

" New generation light sources with low emittance

» High degree of coherence: coherent diffraction imaging, ptychography, XPCS etc.

=  Small beam: nano-focusing
= High flux density

= MBA Lattice

E?2 E: electron beam energy
oC 3 N,: number of sectors in the ring
(Ns Nd) N,: number of dipoles per sector
' o electron source size
E, CO,0O :
y y-y o': electron source divergence

= Source size and beam stability
measurements are challenging and
Important
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Methods of measuring the source size

Imaging-based methods Interference-based methods Theoretical study
= Pinhole imaging = Double-slit interferometry * N.Samadi, X. Shi, L. Dallin, and D.
= Coded aperture = @Grating interferometry Chapman, Source size

. _ _ measurement options for low-
= Compound refractive lenses = X-ray (multi/lens) interferometry emittance light sources” Phys. Rev.
= Fresnel zone plates = 71 polarization with diffraction Accel. Beams 23, 024801 (2020).

. . . * N. Samadi presentation at IPAC20
= Kirkpatrick-Baez mirrors obstacle P

" 7 polarization Experimental study

Something different: ps-BPM system * X. Shi, N. Samadi, L. Dallin, L.
Assoufid, and D. Chapman,

* N. Samadi, “A real time phase space beam size and divergence monitor for synchrotron radiation” N ) .
Experimental comparison and

(PhD dissertation, University of Saskatchewan, 2019).

* N. Samadi, X. Shi, L. Dallin, and D. Chapman, Phys. Rev. Accel. Beams 23, 024801 (2020). calibration of three methods to

* N. Samadi, X. Shi, L. Dallin, and D. Chapman, Phys. Rev. Accel. Beams 22, 122802 (2019). measure electron source properties
* N. Samadi, X. Shi, and D. Chapman, J. Synchrotron Radiat. 26, 1863 (2019). for synchrotron radiation,” (2020) to
* N. Samadi, X. Shi, L. Dallin, and D. Chapman, J. Synchrotron Radiat. 26, 1213 (2019). be submitted.

* N. Samadi, X. Shi, L. Dallin, and D. Chapman, Proc. 10th Int. Part. Accel. Conf. FRXXRLS3, 4376 (2019).

* N. Samadi, L. Dallin, and D. Chapman, Proc. IBIC2018 186 (2018).

* N. Samadi, B. Bassey, M. Martinson, G. Belev, L. Dallin, M. De Jong, and D. Chapman, J. Synchrotron Radiat. 22, 946 (2015).
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Pinhole Imaging

2 _ 2
"2 (M Uy) to lnhole + Odetector Source Pinhole Screen |y
o
= Minimize %hole I \
y .
= Method 1: Analytical . aI
. 2 _ 2 2 \ /
Opinhole = Tgeo T Ogiff (a) ay RMS size X
ith _a (p+q9) _0.8864q
WItN Ogeo = 5= Tp ¢ Odiff T 55, / | \
. Opinhole _ 1 ﬁ ¢
( o )min Gy\/o.217/1 (p+ q) | a_I‘
= Method 2: Near field (NF) propagation (b) P B 1
\ q
= L) =e@) &) M=
1 ra/2 J
" e =g _Cf/z €0(Yo) exp [E (y— )’0)2] dyq
" =L() ® [exp(—Zqu )]

N. Samadi, X. Shi, L. Dallin, and D. Chapman, UNIVERSITY OF
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Pinhole Imaging: optimization @_

2
"2 (MO-Y) to 1nhole + Udetector

= Minimize —Rinhole
May
= Method 1: Analytical
Oﬁinhole = ageo + O-glff
with Ogeo = 23— (p;—q)' Odiff = %%’

. Opinhole _ 1 ﬁ
( o )min ay\/0.217/1(p+ )

= Method 2: Near field (NF) propagation
" L) =¢e@y) - e'()

1 2 1
" e =g _acf/z €0(Yo) exp [E (y— YO)Z] dyq

= I =LO)® [exp(— 202q? )]

N. Samadi, X. Shi, L. Dallin, and D. Chapman,
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Pinhole Imaging: limitation

» Optimized aperture size for different source sizes

= |imited resolution == difficult to measure source sizes < 10 micron
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Pinhole Imaging: summary

Pinhole Imaging
Optical setup Simple, aberration free
Measurement directions All
Fast measurement Yes, white beam
Resolution Limited to >10 pum
High-resolution detector Yes
Optics fabrication Hard
Information
Argonne & 7 R
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Double-Slit Interferometry

2mtd .
= | = 2],sinc? ( ) [1 + V cos ( 7 )] Source Slits Screen |y
q
= Gaussian source I
yl doy, _ |dV| a
O'y _p 1 ﬁ o = 1 P d || ......................................................................
td y 2V lnv
do

= Minimize the source size sensitivity Uy |

0.10 4

Size measurement error for P ” q
0.08 1 0.01 visibility uncertainty dV
V Imax Imln
s 0.06 Iy + Iy
30 o * Minimum day, /o, at /= 0.37 max © ‘min
' = To ensure 2% sensitivity of source size
0.02 measurement, the required visibility range
0.00 1 | 1 | 1 | i ] 1 0-12<V<O.70
0.0 0.2 0.4 0.6 0.8 1.0
Vv N. Samadi, X. Shi, L. Dallin, and D. Chapman, UNIVERSITY OF
Argonne o 8 Phys. Rev. Accel. Beams 23, 024801 (2020). SASKATCHEWAN
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Double-Slit Interferometry: optimization

= Slit separation d study 100

= Optimized at size (V=0.37) g, = 0.225 %p \80)—
= Detectable size range with at least 2%
sensitivity (0.12<1/<0.70):
Ap Ap
0.13(7)<ay<0.33( d)
= Slit size a study

1.0
N d=25um | —FF (V=0.370)
'g) 0.8_ a:5um _NF(V_0'386) 0 ] ] 1 | AN NN RN R R R Rt I T
£ 0.6 10 20 30 40
5 d (pm)
= 0.4
= " a needs to be small enough (<d/5) to
E 0.2+ ensure far-field approximation is valid
0.0 | = Larger a, higher flux density

-400  -200 0 200 400

n y (um) N. Samadi, X. Shi, L. Dallin, and D. Chapman, UNIVERSITY OF
Argg,gﬂﬁm“ 9 Phys. Rev. Accel. Beams 23, 024801 (2020). SASKATCHEWAN
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Double-Slit Interferometry: summary

Double Slit
Interferometry
Optical setup
Measurement directions
Fast measurement No
Resolution Highest
High-resolution detector Yes
Optics fabrication Hard
Information
Argonne & . SASKATCHEVAN
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N. Samadi, X. Shi, L. Dallin, and D. Chapman, UNIVERSITY OF
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pS' B P M . O ptl m |Zat|0 N Shadow simulation of ps-BPM for APS-U Source

= Sj(111) single Bragg, Barium K-edge (37.441 keV)
= D=10m, detector resolution 10 um

u O-IR].',':DO- / =P 0-21 +0-21

Ytotal Ymono YK-edge - 0.5 1.0
. [ ] A

= Small source-to-detector distance, D = 0 T 2 s 3
2 10f 5 =2 X é
= Effect dominated by the angular ot 00 % g S -
. : s £ = £
projected K-edge width S 0Sp 5 ° o g

tan QK ’ 1 ! | ] 1 T

= 00—t u vl a a1 lys - e
O-y;{_edge E OFk_edge 0.0 0.5 1.0 15 0.5 1.0
K Input y (um) Input y' (nrad)
|
Small OEk_edge _ 5 _
1 3.5 6F 2T 3.5

" Large Ex 7 T oz f T
. . 2 ] = = ¢ o el
= Small 8 (low reflection index) 5 30 & § sfooa%et o o Ju0
2 Z 2 e 1 =
3 = & F ] =
2.5 © 4 5 . IT 155 o

S T

2.5 3.0 35

Input 6, (nm) Input 6, (nrad)

N. Samadi, X. Shi, and D. Chapman, J. UNIVERSITY OF
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[] [] ]
s-BPM: optimization
-—

. (@) ,°

= Resolution of the ps-BPM relies on photon flux and ¢ E ijzyfg'gs
. D y_ .
noise level (SNR) 3 ? O opia,=1
: - @ + =2
= SNR determined by N . b1 %
= Dark noise of the detector E R
= Fluorescence from the K-edge filter 1o I 8 .
E
= Compton scattering from the monochromator crys (b) i o _ :
= Single Bragg (SNR = 6700) at 6.6 m, detector at 10/m. _ 100 3 L B
£ -
= |[mprove SNR by ER L &
=, 2+ =
= Summing up Ny, pixels in the horizontaldirection: N;,=1000 ; oL P
= +
= Averaging over N; images: N;=8 g £ . B
- g
= |mprove SNR by /N, N; i
R 1 L3 1 3111l L L1 1 1311
= Single Bragg: SNR = 6 X 10° 1 2 3 456 2 3 456
1 10 100
Input o, (nm)

N. Samadi, X. Shi, L. Dallin, and D. Chapman, UNIVERSITY OF
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Ps-BPM: summar
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ps-BPM

Optical setup

Measurement directions

Fast measurement yesy,y,

Resolution

High-resolution detector No

Optics fabrication Easy

. ) !/ H
Information Y, Y, 0y, 0y simultaneously

n UNIVERSITY OF
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Comparison of three methods (theory)

Pinhole Imaging In'?e(::ebrI:nfgtry ps-BPM

Optical setup Simple, aberration free

Measurement directions All

Fast measurement Yes, white beam No vesy, vy,

Resolution Limited to >10 um Highest

High-resolution detector Yes Yes No

Optics fabrication Hard Hard Easy

Information Size only Y, Y, 0y, 0y simultaneously
Argonne & 15 R
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Experimental comparison of three methods

= Electron source size measurement at the BMIT beamline at the Canadian Light Source

...... »,1__?2__¥% H . g . !!

ELEVATION | | — /\N
= Pinhole imaging Si(2,2 0) DCM pinhole flat-panel ‘\ /l' ' hires
. | Be K-edge detector expfrlljrlnenta . detector
= Grating interferometry i i d filt i ables rating |
Wmi ow 1|er / \ g ; g
= ps-BPM '

«—p=200m > g=50m E—
- D=210m > | |
< L=245m pia— 27—

n X. Shi, N. Samadi, L. Dallin, L. Assoufid, and D. Chapman, e o @ UNIVERSITY OF
Argonne (2020) to be submitted. 16 Do not distribute SASKATCHEWAN
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Experimental comparison of three methods
" Pinhole imaging, 20 keV

2
Uimage,x,y

22 2 2
= M*®05ource,x,y t Opin 1 Odet > Neglected

d

/

(@) 600,
1(x,y) E 400}
, cos’ a sin’ « , = 200
=I,exp|— > > X
150 2 image,x 2O-image,y
2 100 sin 2« sin 2« (b)
> 402 . 402 i
= 50 Oimage,x Oimage,y
Ié sin « cos’ a 5 100
EL ’ - Zcﬁina ex ¥ zcﬁ%na Y
E i g¢, g€y S0
= -50
h —_—
§ -100 - E: 0r
150 | | 1 Osource,x | Osource,y a =
) -100 0 100 (Lm) (um) (°) S0
Horizontal position (um) 100
. ; + + + -
300 s acquisition time 16043 | 6043 |11.440.5 -100
n X. Shi, N. Samadi, L. Dallin, L. Assoufid, and D. Chapman, 2 a8
Argggﬂﬁmm (2020) to be submitted. 17 Do not distribute
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Experimental comparison of three methods

= Grating interferometry, 20 keV

(a)

O%O Y

o zA <

X =— O

Dy N

£

y = ﬁ :

Scan z A Py a

V.., (z) = A, ., |sin mAzL exp ~2m° 2" Lsourcexy (bl
oY Y pZ,(L+z) pzy (L + 2)? £
N

A, , — scaling parameter S
Dx,y — period of grating pattern E
2

L — source-to-grating distance i

Zsource,x,y — Projected source size

X. Shi, N. Samadi, L. Dallin, L. Assoufid, and D. Chapman,
(2020) to be submitted.
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S. Marathe, X. Shi, M. J. Wojcik, N.
G. Kujala, R. Divan, D. C. Mancini, A.
T. Macrander, and L. Assoufid, Opt.
Express 22, 14041 (2014).

Technique Zsourcex | Zsourcey
(um) (um)
Grating | 157+3 59+2
Pinhole 155+3 6112

60 s per image, 2 hours total
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Experimental comparison of three methods
= ps-BPM calibration, Ba K-edge at 37.441 keV

" opgr is set to match Xgoyrce,y = 60 from pinhole and grating measurements

18.6
2z 80F ]
2 S 184
> T0F b4 1%
£1% S18.21 £0.1%
Nj 60 E 5 Na R U ————er ;I ................
S 1 : o] 18.0 - |
s 5[ | & : :
= l = 17.8 | |
A 40 7751 2 F 1008s | 3.5
Ll il A VY 17.6 A il N VA
0.1 1 10 0.1 1 10
Sampling time (s) Sampling time (s)

n X. Shi, N. Samadi, L. Dallin, L. Assoufid, and D. Chapman, 2 a8 UNIVERSITY OF
Argonne (2020) to be submitted. 19 Do not distribute SASKATCHEWAN
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" Three radiation-based methods for source size measurement were reviewed.

= They can provide complementary information.
=  Pinhole imaging provides 2-D imaging of the source.
=  Double-slit or grating interferometry provide high-resolution for measuring small source sizes

=  ps-BPM after calibration can provide real-time information on source position, angle, size, and
divergence simultaneously.

= New facilities should consider combining multi-methods at a dedicated diagnostic
beamline (normally bending magnet).

= Challenges:
=  ps-BPM works better at high energies while the other two methods prefer lower energies
= Application to undulators and FELs
= Studies are being carried out to solve these challenges.
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