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Pair distribution function (PDF)

* Direct probe on local structures.

* Pair distribution function (PDF) gives
the probability of finding an atom at
a distance “r” from a given atom.

* Neutron, x-ray, .....
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PDFEHEALTE

" subtraction of background scattering Ly, = 1.+ e+ Lyyiti + Ipac

= sample self-absorption \
= x-ray polarization Coherent elastic scattering
* multiple scattering

= unwanted Compton intensity (inelastic scattering)

* normalization by the average atomic scattering power.

Additional data correction for 2D area

detector: (Rapid Acquisition) :
° oblique incident angle dependence Billinge S.J.L, et al. PDFgetX. J. Appl. Crystallogr., 2001

e detector energy dependence B!Il!nge S.J.L, et al. PDFgetX2. J. Appl. Crystallogr., 2004
Billinge S.J.L, et al. PDFgetX3. J. Appl. Crystallogr., 2013

EERITHE R ZIR B s L B B 2
IHEPSI:haoI of Computing 2023/8/17 2@2335@5&#@}%1_[“%%»)3—14&



N PDF S256; 75 &

ﬁ&.
nH[*
and
ayay
o
S
)

§'§Br‘aggf/I§T $NE : @
High-Q: BEREkENE: § _
Amsin 0 B M’\WN& .
Q T A 0 . 4 6 8 10 12 14 16 18
Structural Q(A”)
- W B A N (RiggE) BRI 2700
ﬁfﬁ%ﬁﬂﬁq@«a H, BILEASIER oo kR
T {
ar~ O~max 02A+ 15 A#’ “:‘::;’s“s
electrons Spatial
T | I resolution

N SR EE R 2023/8/17
IHEP School of Computing

20234 = e B 2 B R



P T8YSEIe EEA N TE

SZYPIBRIE(Y MPI, CSNS, China

Time of flight (TOF) neutrons:

4Tmy |

U=—% TOann().—3176A 1S /M =

TOF sin 6;,

th=0 I I ty

oY 080000, © © o

& i
3He detector tubes Neutron I l Detector

£ Diffraction peaks
g Scattering Sample
% /\ /\ /\ angle | L |
= Detecto// / ‘ | (
L2
L2
SR Samp|€’< Detectors
L1 L1
Source J. Neuefeind et al, Nucl Instrum Methods Phys Res B . 2012
Time of Flight « J. Xu et al, Nucl Instrum Methods Phys Res A . 2021

SRR HHE = 2R 2023/8/17 20234F = BEVI PRI 5 2 B 2 A

IHEP School of Computing



REFE(THISENR

AU S

solution out
C.E. lead

- 8000
Bulkhead window/
electrode 6000
photons
2000
x-ray beam /
0 T T T T T T 2 3

550 560 570 580 590 O
WL(nm)

d

W.E. lead

solution in

EERITHE R ZIR S s S L B 2 s
IHEPSI:hooI of Computing 2023/8/17 2923£Elﬁﬁb#@£ﬁl+%%»ﬂ—rt(



(1759 b SCRT SRR IE
- User supplied

’ servers can

subscribe to,

=
i and publish to,

D

s
User e raw or analyzed
control L streams
and handled by a
data Event kafka/OmQ
output Model message bus

Visualization
Server '

Instrument Python

control with interface xpdAc xpdAn

EPICS, but to Epics (or P d E d As":',.’,':',s
could be whatever) SUIE

anything PDFstream

EERITHE R ZIR B s L B B 2
IHEPSI:haoI of Computing 2023/8/17 2923@@55#@%%1‘[“%%/%—14&



PDFER{HHEZE

K i Be P BERL Z2 H s H o
o BlEEYEAOIERAHESEDal sy N O

DaisyIfiE

:H

AN EEEEEEEEEEEEEEEE NN EEEEEEEENEEEEEEEEEENNNENNEEEEEEENNNNNEEEEEEEEEEEGR
"
"
"
# ' docume ——
i ik
Ctenperature': 5.0 7T
tpoi 3.0
adha k': 3.85}
nmeswnv
{" tempe! t e': 1442521007.9258342,

T (p nt': 1442521007.5029348,
_readback': 1442521007.5029348},
ume mzszmw 3438923,
‘seq,num“
uid': ‘< ndorly generated u que 10>*,
‘descriptor': '<rclcrcn<c to a descriptor document>'}

B AL IR

R, aﬁEﬁj\#ﬁ %ﬁ“ifﬁvl'

XRD, £5#4
W il #@E#ﬁ%
W . IR

- s i !
" o
u <
" . . ‘
&?EEPILI\ . ' | a¢d +Que B
- 2 e .
" . .
. T oW oBow B w
"

EERITHE R ZIR S T L B H 2
IHEPSI:hooI of Computing 2023/8/17 2923£EI_JHm %IET+%‘%/HTTA



PDFER{45S

o GfRE AT INEYL B

BEIEEFN SIS

RS IRIFRTIR

IR RIFLE
LIRS HRIRIR

File Edit View Run Kernel Tabs Settings Help

- t C [7 cli_demo.ipynb o+

B+ XDO M » = ¢ » Maj (@) hepscdi T File Edit View Run Kemel Tabs Settings Help
| Filter files by name Q hepscdi = B + c I fres-60s.5vg X |+ B waterfall_fig_sq.svg X |+ %
Filter files by name Q Lom T s e — s
-/ PYrYe
v i i = o : S D — 5
p— . |nteg ratlon o dalsy 8/ - /1011-shi / zhongmiao / - =
: Name - Last Modified
daisy i
™ gr - . r ™ bak 13daysago | o
[1]1: from pdfheps.cli import " 1 minutes ago i
background.tiff i - Tminutes ago | 5
— O daisydevcuda - sminsesago |2 — L
call 'ponl . t t f.l dalSydeVCuda Db 5 B 00 /—/\/‘—’\—/\,\/\N\mwf
integrate one file: g_kapton_ring_Ss.chi 15 minutes ago e
® cli demo ipy g W D fres-60s_1-5f_Y1.chi 15 minutes ago ||, i 5 R I 0 P
] e
| [ fres-60s_31-35f Y1.chi 15 minutes ago 0] A A e
() exp1_100K.chi [3]: integ rate( ® daisydev I [ fres-605_56-60f Y1.chi 15 minutesago | xm .
" 5 s . D fres-60s_6-10f_Y1.chi 15 minutes ago
M exp1_100K tiff “callb' pon o daisydev [ fres-60s_Y1-1.chi 15 minutes ago ‘ “is0
exp1_100K.t1ff N B _ N N N N N | B *w o o 3 B @ " ) F3 F)
i fres-60s_Y1-2.chi minutes ago iy 5 o) 3 0
O exp2_150K.chi ) - 9 ow
minutes ago
3 + +
] exp2_150K tiff ETITETT] O spark Torrer B Terminal 1 x M waterfall_fig_grsvg x
2 % spark on kubernetes O fres-Y1-1Hz_1s_5f-no_6mmAl_kapto... 15minutesago || {+gr': ' /home/sunhk/BSRF202210/3w1pdf/26221008-shi/1011-shi/zhongmiao/gr/bg k e e
[ exp3_200K.ch| exp1_100K.t1ff O PDFpipelinesh 20daysago | @Pton_ring 5s.gr', 'sq': '/home/sunhk/BSRF202216/3wlpdf/20221008-5hi/1011-shi 0] AN AN PAN AN AN AN N2
{'filename': 'expl_100K 0 el ] /zhongmiao/sq/bg kapton ring 5s.sq', 'iq': ‘/home/sunhk/BSRF202210/3wlpdf/202 el
2 : o . pipeline_config.ini 15 minutesago || 21008-shi/1011-shi/zhongmiao/iq/bg kapton ring 5s.iq'}
B exp3_200K tiff o o ) - D two. 55-n0_6mmALchi 15 minutes ago | 197"t '/home/sunhk/BSRF202210/3w1pdf/20221008-shi/1011-shi/zhongniao/gr/Y1-5 o
P [3]1: [PosixPath( 'expl_100K.chi' )] - - X s-no_6mmAl.gr', 'sq': '/home/sunhk/BSRF202210/3wlpdf/20221008-shi/1011-shi/zh
E exp4 250K tiff i D ¥1-1Hz_1s_5f-no_6mmAl_kapton.chi 15 minutes ago | ongmiao/sq/Y1-5s-no_6mmAl.sq', 'iq': '/home/sunhk/BSRF202210/3wlpdf/20221008- 5o
= gy i " shi/1011-shi/zhongmiao/iq/Y1-5s-no_6mmAL.iq'}
D el Tominutes ago |1 f, o+ homey sunhk/BSRF202210/ 3lpd /20221608- shi/1011-shi/zhongmiao/gr/Y2-5 .
[ ¥1-55-n0_6mmAl_kapton.chi 15minutesago || s-kapton.gr', 'sq': '/home/sunhk/BSRF202210/3wlpdf/20221008-shi/1011-shi/zhon L
pEe : . gniao/sq/Y2-5s-kapton.sq', 'iq': '/home/sunhk/BSRF202216/3wlpdf/20221008-shi/ L
O A 15 minutes 390 1 1611 shi/zhongmiao/iq/Y2-5s-kapton.iq'} © w00
[ v2-5s-kapton_ring.chi 15 minutesago || {'gr*: '/home/sunhk/BSRF202210/3wlpdf/20221008-shi/1011-shi/zhongniao/gr/Y3-5
s-kapton.gr', 'sq': '/home/sunhk/BSRF202210/3wlpdf/20221008-shi/1011-shi/zhon .
D v2-Ss-kapton.chi 15 minutesago | gnia/sq/¥3-5s-kapton.sq', 'iq': '/home/sunhk/BSRF202210/3ulpdf/20221008-shi/
[ ¥3-55-kapton.chi 15 minutes ago || 1011-shi/zhongmiao/iq/Y3-5s-kapton.iq'}
[ yk-ss st 15 minutes ago | 107"t '/home/sunhk/BSRF202210/3w1pdf/20221008- shi/1011-shi/zhongniao/gr/Y2-5 5o /
Pion 9° | s-kapton ring.gr', 'sq': '/home/sunhk/BSRF202210/3w1pdf/20221008-shi/1011-shi AN PANSANA AN AN A
[ ¥5-55-kapton.chi 15 minutes ago || /zhongmiao/sq/Y2-5s-kapton_ring.sq', 'iq': '/home/sunhk/BSRF202210/3wlpdf/202 | T
21008-5hi/1011-shi/zhongmiao/iq/Y2-5s-kapton ring.iq'} s =

True } . § . . .
(base) bash-4.2$ bash PDFpipeline.sh [] oo B Eg s £ s £

Simple waterfall_fig_sq.svg

A TR = U 2 5 B 24 b
IHEPSI:hooI of Computing 2023/8/17 2923@@5&% £l Jrf%%/ﬁf 2L




SAXS /1T
/N XETEHET (small angle

X-ray scattering, SAXS) :

4 Shape v Interface : Structure
o RPN E /MRS AR, B /NAYEU R | | i '
/4 s = nter-particles M-
BQ, AMRAEAREHSZREE OL | [ | sphere
M E K g = 9
- 2017/ 32, — NI = ! \ LT t ‘ .
° 5j(’/fﬂa‘q:@fﬁ V\j ﬁlzﬁlm%mﬁjﬁlﬁ@ﬁﬂkx j(/J\ ) g Guinier region q b ‘e Porod region
BRE. T, | Radiusof s L |
o] } = gy(ation ' A / - I(Q) ~q* E Inter-ataomic
85 /(Q) - exp(-q’Rg’lB)} : . - ' structure
1 = R EFractal dimensions: (WAXD)
£ b : . ;
‘§ S~ D™ ' l(q) =7 qlﬁd‘)
/N A X 2R AU (USAXS)
€ Larger structure Smaller structure >

o H/NAXFTEEHEUET (USAXS) RIHRMN B R R Scattering vector g
FEVER (PR BIHCK)
o SHT— AR EAA T AN RS AR R ST

N  SEERIPHES R 2023/8/17

Bk S B HE RS ks
IHEP School of Computing 2@23£E =] Hb#@fil_[“%‘%/ﬂ—rﬁ(



JCIRSERR T A

2. XHHERbigs
o TR R R Bl R B aE M) . BT EE A AT -2
o MIGHTRES . RET SN BiefMEuEE . R &

=T 2y o P P N 2, S
EEE AP E S HZIR e 4 B3 HE 2L ks
IHEPSI:hooI of Computing 2023/8/17 2923ﬁzlﬁjﬁbiﬁfﬁl+%‘%»ﬂft£



L T D) \.‘!' 3 _ .
X5 B AL I'= loexp (=)
X-ray absorption spectroscopy (XAS) Xray_,l LA

»X-ray Absorption Fine Structure, XAFS
»X-ray Absorption Near Edge Structure, XANES ke
»Extended X-ray Absorption Fine Structure, EXAFS

s T REE S W TRIKE R EA SN, e TR IR, )

M |:||:| Extended X-ray
N Absorbtion Fine Structure
j:‘ % (EXAFS)
El O ‘ Rising Edge
hv i ‘
L l L & Destructive  Constructive
Interference  Interference
AE I %
< — X-ray
Unoccupied (8 o Absorbtion
lence orbital o :' § Near E
— Structs
oo Ly 3| ones
Occupied K N
lence orbital - g
*-e S
4
1 —
C rbital /{
X-ray K e i
Absorption Ecge
(XAS) /{

Incident Energy (eV)

\ = .7 =g e N N VLo
EEE AP E S HZIR 2 Ak 2 B HH 2 ks
IHEPSI:haoI of Computing 2023/8/17 2@2335@5&#@}%1_[“%%»)%—:—*)4



X 5 26 I WA 3

RAFUTAS R s H T HUE A BT AR SRR B
A SRAT IR ¥ o B ) B 57 80R0 T e JEE S5 45 1045 R

o W HEIES TG Continumm, MXAN, Feff, GNXASZE,

Vi

X_ANES EXAFS XANES
1o+—t
| Cu-K e\
0.8- {E i
=_ 0.6-
= .
Z 041 .
< o2 :
‘ 4%
0.0 —— e L 7
9000 9200 9400 9600 -

Energy(eV)
XAFS=XANES+EXAFS

=T 2y o P P N 2, S
EEE AP E S HZIR e 4 B3 HE 2L ks
IHEPSI:hooI of Computing 2023/8/17 2923ﬁzlﬁjﬁbiﬁfﬁl+%‘%»ﬂft£




XANES

Wt
%]fil;%ﬂfinn, W 3T S A B S AR AR AL PR, R IRAG RS N T 2R 1Y
SMZ A fl\

o AT U WG iy P B O 2 X TR T AR AT H — A AR B SE:

« MRS HIARREN S, wl@k— DR e AR H ]

—— W-powder
801 = xg:
3 25 e
= X | DR After OER N _
£ 20 | — Befors OR AN [EJRE A A7 FE AN [F] U XANES ]
§ '] i, XNMAFRBNE, AIEN
5 B i ) fingerprint

10,200 10,240 10,280
Energy (eV)

\ = .7 ok o SRR N VLo
EEE AP E S HZIR FEERE =i
WEP School of Computing 202348757 20234F ) RE) LTS 2 AL




EXAFS

SONRIN TR R L TG A B TR AR R SR U T
Hrt T LB 3k, SV 5 73 SRS T3 th B R 2 T8
TR B

« KL EE HE S A B B A 3 S K =S TA] RN
o JH TR B AR #E SR ISR EE AR [R]E B g ({

pd

B
CNBOMT: BKERSREMG G o | e

15 4

10 4 } -

1 EXAFS
05 -

lllll
000000000000000

\ = .7 ok o N N VLo
AP E S AR S B 22 ks
IHEPSI;haoI of Computing 2023/8/17 2923@@5&#@%%1‘[“:@%»}3%*)4




EXAFSE#5 AbFE

L 2 3 0 S >
= Bk 4 il LA 4 FRUA AN

1) H—4k
o ANFEFEEM . AFERESIREE . ASE GG o8 S 3 s 6 $45 i ol &

AN—E,
o NANFEXAFSTE IR ISATRE N1, uf

| K
u(E) — o (E) e | :

x(E) = 03 Wo(ED

1o (Eo) » ~JJ

| | | | | | |
7000 7100 7200 7300 740 0 600 7700
E(eV)

%

o Eog AW,  po ()N TR T~ HOX S 2R AL
o MR WEEHEHETZIMATUESED], FHENEIIMERENE, ISR A
EkE, Wt (E)

N  SEHIPHEE IR 2023/8/17 20234 B BRI BT 2

IHEP School of Computing



EXAFSE#5 AbFE
O

=] ) O O >
IH—1k E-k#EH 8 B H- 25 #e 7o |2 & 7N YR A
2) E-k#E#r

Y B RS M BRI B i k) K =V 2me(E — Eo)/h?
o 9T ASHRENEEKINEE, AT I A 0 18 LA 4
¢ EKERIYFER, FESERRIE AR T IR AR, — A TN
1A
3) {i AR i
« IBUR HIKZ SR S SR MR, RS AL, AR i
RFETARMEMNRCE . YT ke | Y rem

RZS[H] A

=T 2y o e P N N, S
EEE AP E S HZIR e 4 B3 HE 2L ks
IHEPSI:hooI of Computing 2023/8/17 2623ﬂzﬁﬁb#@551+%‘%»ﬂ—r*x



[T

EXAFSE#E AbFE
© O ©

IH—1k, E-k&% 4 e B A5 4
4) 52 A

o B NHJUG S5 MR SRt S BB EXAF S T
o A AMERIEIAI e EShell, XN ECHZEIN, #EHKR, 1K RZDebye Waller
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(@) Tablel. EXAFS fitting parameters at the Cu K-edge for various samples (5,2=0916) (b) Fat """""‘, m
Sample Shell AN® R(AY a (A% AEo(eV)Y R factor :

c

EE /INRAR

Cufoil CuCu 12 255 0.0088 5.7 0.0006
Cu0 40 1.95 0.0049 3y } \
CuO Cu-0 6.6 2.93 0.0107 7.0 0.0011 = Coey
Cu-Cu 7.0 3.14 0.0107 s
Cuaq CuO0 60 1.94 0.0010 0.7 0.0009 E ‘1 ,\ -
Sample- CuO 32 1.95 0.0049 > — S
Cu  CuO 19 2.79 0.0046

°N. coordination numbers, °R bond distance, o Debye-Waller factors, * AE, the inner potential correction
R factor: goodness of fit. 5,° was setto 0916, according tothe experimental EXAFS fitof Cu foil by fixing
CN asthe known crystallographicvalue.
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« HHTAHTH 1% Coherent diffraction imaging, CDI
« MEA A a AT BERE, 18 5E kAR HEAE R
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Plane-wave CD Bragg CDI

Detector Nanocrystal
Measured Fourier
D E magnitude
Fresnel CDI .

Reflection CDI

) ] Final output
J. Miao et al., Science, 1999
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TR #ER, BORAT —Hlr &

diffraction diffraction
pattern 3 pattern 2

phase-retrieval algorithm
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x-ray pinhole
source aperture sample Fraunhofer
plane

M. Rodenburg and H.M.L. Faulkner, Appl. Phys. Lett. 2004
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o FEHEFIEET, B i%probe (illumination) function, P(r)C.%1H
RFFAAR

Y(r,R) = 0,(r)P(r — R),
0,+1(r) = 0,(r) + Ulr — R)[¢,,(r,R) — ¢,(r,R)],

"

Corrected exit wave after backpropagation

J.M. Rodenburg, Phys. Rev. Lett., 2007
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Multiply
O,(r) by Pi(r-Rs(i))

Extended PIE (ePIE)

« Probe functionflobject functiond A4
« Jp—BIERIFNEHP(r),0(r)

Forward
transform, F

[ 254 (l‘ e Rs(])) ¢ ( Replace modulus Known intensity
0j,1(r) = 0;(r) Ho—1 (W;(r) — (). wih <—| W |
J+1 J I P] (r > Rs(]))lgjax ] J measurement J

Inverse

4
O: (r + R ) ' transform, F
I U (W) — YD)
10;(r + Ryj) I fnax

1

1

N
.

P; ,(r) =Pj(r)+ﬂ

rp'j(r>

T

Update obj.
guess using
update function 1

Update probe
guess using
update function 2

Step size: 0.1~1.0
A.M. Maiden and J. M. Rodenburg, Ultramicroscopy, 2009
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