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Synchrotron radiation is produced by relativistic charged particles
accelerated by magnetic fields. It is observed at particle accelerators

The vertical half-opening angle:
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BSRF: Ee=2.2 GeV, y =4 305, ¢ = 232 prad
HEPS: Ee=6 GeV, y =11 800, ¥ = 85 pmrad

The emission is concentrated in the forward direction

v=corB=v/c=1



History of Synchrotron Radiation Sources
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1930 First particle accelerators 1989 BEPC(IHEP) 1989 LEP(CERN) 2008 LHC(CERN)

{

2009 BEPCII(IHEP)

\‘/ Particle

physics
/ o Synchrotron
1947 First observation of synchrotron radiation radiation
|
60-70 Years 80-90 Years 90-2010 Years Since the 2010s
1t generation 2nd generation 3rd generation 4t generation
1947: First observation of synchrotron 1991 BSRF(IHEP) 2009 SSRF(SARI) 2025 HEPS(IHEP)
radiation at General Electric (USA).
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' ... followed by decades of parasitic use of
Synchrotron radiation on high-energy machines.




History of Synchrotron Radiation Sources
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Major synchrotron facilities worldwide

2009 — PETRA llIl - 6 GeV

There are more than 50
light sources in the world
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2009 - SSRF — 3.5 GeV
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Major synchrotron facilities worldwide

2009 — PETRA llIl - 6 GeV

There are more than 50
light sources in the world

2025 — HEPS — 6.0 GeV
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High Energy Photon Source (HEPS)

« New light source in China — High energy, high
brightness

Located in Beijing - about 80KM from IHEP
Officially approved in Dec. 2017

The construction was started in the mid-2019
The whole project will be finished in mid-2025

Main parameters Unit Value m R 3
Beam energy GeV 6 B NG o HEPS _
Circumference m 1360.4 N e O q%é/ = A e P
Emittance pm-rad <60 u I.||.|Ep‘: e '-m L m”m
Brightness phs/s/mm2/mrad?/0.1%BW  >1x102%2 & M 2 ﬂ = m “ ” _ g “m
Beam current mA 200 o, W N7l m e :m i
Injection Top-up mBeijmimg = hmm = Uﬂu: Bm X




Beamlines in HEPS phase |

Microfocusing X-Ray Protein Crystallography-1D02 ID30-Transmission X-Ray Microscopic Beamline
Beamline
ID21
Low-Dimensional Structure Probe Beamline-ID05 ID31-High Pressure Beamline
Engineering Materials Beamline-ID07 ID33-Hard X-Ray High Resolution Spectroscopy
Beamline

Hard X-Ray Coherent Scattering Beamline-ID09 BM44-Tender X-Ray Beamline

Pink Beam SAXS Beamline-ID08 ID41-High Resolution Nanoscale Electronic Structure
Spectroscopy Beamline

Hard X-Ray Nanoprobe Multimodal Imaging-ID19 ID42-Optics Test Beamline
Beamline
Hard X-Ray Imaging Beamline-ID21 ID46-X-Ray Absorption Spectroscopy Beamline

Structural Dynamics Beamline-ID23

Beamlines Layout in HEPS phase |

14 public beamlines + 1 optics test beamline

IDO7 O
ID08 1D09 ’ HEPS‘:LGJ'TS:ES'ZGJRCE

14 public beamlines + 1 optics test beamline in Phase |

Can accommodate over 90 beamlines in total




Progress of the HEPS project

O The construction of the civil structure completed. Now at the
stage of equipment installation

O 2023.01, HEPS booster installation completed

O 2023.03, HEPS achieved the first electron beam accelerated to
500 MeV

O 2023.11, Electron beam ramped up to 6 GeV
O 2024.07, HEPS storage ring installation completed
O 1st SR X-ray to be emitted in the near future
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| e N ~ IENWNG R 13.15 nC

LAICT6 9.08 nC

LBICT1 8.66 nC

LBICT2 6.54 nC

RF Total

oy(um): 22567  Cylum) 662.00

Booster Energy
6001.2 MeV

o]

5.37 nC

DCCTBS3

5.35 nC

A
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HEPS LINAC
Beam Energy 500 MeV

Bunch Charge 2.61 nC

Trans. Efficiency 94 %
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A typical synchrotron beamline
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Synchrotron radiation - applications
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X-ray — matter interaction

Electrons hog, I¢
\ ‘/Jﬂ Fluorescence
ho, I, "
ho, I

Transmission
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X-ray - matter interaction: the classical techniguesS

Photoemission spectroscopy

+ Imaging

Electrons hog, I¢
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X-ray absorption spectroscopy

ho, I,
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ho, I| + imaging

Transmission

X-ray diffraction and elastic scattering - Diffraction & Scattering
Spectroscopy

+ imaging - Imaging
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Types of synchrotron light experiments
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Elastic scattering Inelastic scattering

Er = £ Er <

[ker| = k| [fer| < ki

Q = 4x/A-sin(0) Q = 4x/A-sin(0)
photon E = Ef _ Ei

“determine where

the atoms are” “determine where

R the atoms are and

T ARG =R g = _7°_7 | |how they move”
Bt — k| = 2n/n € T Y
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Crystal diffraction: Bragg' s law and laue conghit

A single crystal is a periodic array of atoms in 3D.
Description as the Fourier transform of a 3D array of §-functions in reciprocal space:
th|(Q) with integers h,k,| (Mlller |nd|ces)

Diffraction only occurs when @ = Laue condition
This is geometrically equivalent to n-k = 2d,,°sin6: Bragg law

(1,1)
] 10| = 4r-sin(6)/A
w/d 2
G| = 2n/dy
._ M

d is the lattice spacing of planes hkl



-ray dirfraction —— data analysis
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X-ray diffraction —— data analysis
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Applications of x-ray diffraction & scattering®» < *
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X-ray spectroscopy

Photoemission spectroscopy

X-ray emission spectroscopy

hm_, ID

Electrons hog, I¢
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X-ray absorption spectroscopy

R W W W AW AT AW L W oW, R W W W W W

X BJZRHIBE E4ETER
RS, ZRET
MERFRAGTH

ho, I
Transmission

Resonant (in)elastic x-ray spectroscopy




X-ray absorption spectroscopy
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. X-ray Absorption Fine Structure, XAFS _ 0 /
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X-ray absorption spectroscopy-data analysis<&
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Applications of x-ray spectroscopy
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X-ray imaging - x-ray radiography

monitor

X-ray tube
@H/ e il collimator
— e . &
[ . detector
collimator S
BE s

good lateral resolution
easily available in any lab or hospital

- but no depth resolution = no three dimensional information _ﬂ
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YU > X ray
/// Reconstruction software

N-A0 = 360°(180°)

compute
Zp e Intensive
/ " Reconstructed
// N projections sample Computed Tomography (CT)
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X-ray imaging - tomography reconstruction

Iterative reconstruction algorithms Analytical reconstruction algorithm(FBP)
Rec image P(@)
/»hf' A central slice of F(w,, w,)
Raw
projection 1D Four| same
— -yes transfor i
A » end? detecto
_—— .

no

DR

~
‘Qcycle

. I
project project 2D Fourier F(o,,o,)
o T . transform
Original image Projection Update image
projection data filtered data reconstructed data
Py (X777 = M 71, N :
PP _ = L = 21 S Ky
=37 /)?ﬁzf/m{ T p( > ) —> Q(S,Q) :>f(xay)
ramp filter back projection




Plane-wave CDI

Extended sample
Focusing

Pinhole optics

Order sorting
aperture

Nanocrystal

Measured Fourier

magnitude

Fresnel CDI Reflection
. CDI

Constraints

Final output



X-ray imaging — Ptychography

X-ray pinhole

source
| aperture sample Fraunhofer
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X-ray imaging — Ptychography

Extended Ptychographical iterative engine (ePIE)

- Probe function P, object function O340
- B—ERISERT P(r), O(r)

D, VD
Find n" n square root n amplitude

Diffraction pattern group

Ist 2nd

the P and O
(start with initial guess)

thC P and On newn newn

B |
|position!
: n 1 * _1
SR T elemcntwnse .‘FZD phase Fip
multiplication
the P' and O, G, p
PR |P|mx Frewn =
=P+

+f———>o
IO: 2 ¥oewn —
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Applications of x-ray imaging
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Experimental methods on light sources
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Data Challenges @ next gen. light sources
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Data Challenges @ next gen. light sources

O HEPS —HA(1 5 guh) B4 Z=4=zAPB/X, BFEr- Data volume of HEPS Phase | Beamlines:
44813200 PBRYEKEE

Burst Average
.a y Beamlines output output
Habosihtns s
O HEPS BHEERINEITI05R4LuL, EZRIEURE (TB/day) (TB/day)
sy s Engineering Materials 600.00 200.00
O HIESEBRIRAZ EB £
S&TEQ _'HE H&l_ J = & Hard X-ray Multi-analytical Nanoprobe 500.00 200.00
Structural Dynamics 8.00 3.00
i Big Datasizes @ \\ N Y Hard X-ray Coherent Scattering 10.00 3.00
2 wl koA Hard X-ray High Energy Resolution Spec. 10.00 1.00
M oM boursidey ‘ « F | High Pressure 2.00 1.00
j ‘ : Hard X-Ray Imaging 1000.00 250.00
_ P e * X-ray Absorption Spectroscopy 80.00 10.00
o 5 \;:.
T - ~ - \ W I Low-Dimension Structure Probe 20.00 5.00
g» . 5““5” m O 200 ot o S - e Biological Macromolecule Microfocus 35.00 10.00
1000 B4kPBYY :‘;kai(;’;'g) 1.9k pBly transfers in 2018 :t; shar(ezd";\;ozi data expected 'nm{ 40k EBIyr plnk SAXS 400.00 50.00
i _& _m P e et ?nozoif”é"f;“ﬁéi N wﬁoi% o ™ _ High Res. Nanoscale Elec. Struc. Spec. 1.00 0.20
- 300 PBly 263 PBly 11978 SI%M gzwl:' serszozo 252 Pely (@) - le4o - :;aL:xiepgg:?n%rzlg Tender X—ray beamline 10.00 1.00
g kil (1.5 GB and 500 GB, respectively) . . .
L e e s caimin, — 7O L Hone caro Transmission X-ray Microscope 25.00 11.20
10 (2 MB) © Luca Clissa (2023) TeSt beamline 100000 6000
Streaming Storage Production
data sources Total average: 805

HEPS Phase |



Data Challenges @ next gen. light sources & VY
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Propose & Control & Data : Nacls SClE Data analysis Data access
. : L time/fast management :
Preparation Operation Acquisition . & processing & share
analysis & storage

Full chain, full life cycle, automation

* * *

Software framework and system for the full life cycle of advanced light source

s Scientific Scientific
Control and data acquisition Data analysis software software algorithm algorithm A

l l l

software framework framework sl Development of scientific software |
I and algorithm
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™ Daisy Workbendhy oy - = = £, T jupyterhub Home huy | @ Logout
File View Interfaces gHelp mt‘:-‘grat'on B
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Daisy I/0 module

- EMHE—AIRLANIE 1/0 O, FREEARR
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Daisy distributed computing engine

» HEPSA{GCIORI B MRS AR TB 24
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This documentation is organized into a few major sections,

« Overview An overview of Daisy project

* User Guides Step-by-step introductory guides to Daisy.

+ Development Develop Daisy framework or scientific application based on the framework
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Heterogeneous computing support

CT #URLIBEX(HETEe

- EH GPU IME CT #44 ASTRA, UFO, Tomocupy, BESS(EENEEYE DCU Z100
HITIELTTE

= ERIREE IRER &R

- ePIE, DM FHRNUKEFZALIERESE DCU 2100 =17

+ KRB GEESRF AR RIUFHT

AL HEERESE

- BHAIRIE W1-Net, 7EREEDCU 210080595 59 10_EIEEC AL

M (N PPAN Hg% N 4 Y P4 A 4 HE%DCU\ iﬁ%ﬁ
was 5 A100 o, EEYEA100 66%,
ERE EE - AT0025%  wecpuzemies

2 nodes 4 nodes 8 nodeﬁ—
8 DCUs 16 DCUs 32 DCUs




Application of Daisy in space astronomy
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BiEFNMAARTH — SLEEIR

(Python)

import numpy as np
import tomopy A
from Daisy import DaisyAlg
class AlgTomopyRecon(DaisyAlg):
def _init_(self, name):
super().__init__(name)

def initialize(self):
self.data = self.get("patastore").data()
self.LogInfo("initialized, Tomopy Reconstruction™)
return True

def execute(self,|input_dataobj, theta, center, alg_type, output_dataobj):
projs = self.data[input_dataobj]
thetas = self.data[theta]
dataob] = tomopy.recon(projs, thetas, center=center, algorithm=alg_type)
self.data[output_datachj] = dataobj
return True

def finalize(self):
self.LogInfo("finalized")

return True

PRELEESE L initialize. execute
1 finalize =Gk, FAiEFHVEIEGE
IBEE1E execute HASCI)

— P EEIREE—EEMANEEEIR,
—HEhEIENR, —HITRESE.

NEHECEFERBNEUE

SRR O e B

GAIRERERIEYECE, SRIRYSIEAH
HEERIAE, SRERES

\ 2



self.engine
self.engine
self.engine
self.engine
self.engine
se|f.engine

self.engine

self.engine

wf.initialize

wf.execute()

wf. finalize()

iDaisy.5ingleton
class WorkflowCTReconstruct(Daisy. Pyworkflow): [;
def execute(self):

['Toadhdf5']. execute(input_path='/entry/tomo’, output_dataohj='tomodata')
['Toadhdf5'] . execute(input_path='/entry/dark’, output_datachj="darkdata')
['Toadhdf5'].execute(input_path="/entry/flat’, output_datachj="flatdata’)
['normalize’].execute(projs_dataochj="tomodata’,darks_dataobj="darkdata’,\

flats_dataobj="flatdata’, output_datacbj="normdata’)
['angles'].execute(input_dataobj="normdata’, output_dataobj='thetas')
['minuslog’].execute(input_dataobj="normdata’, output_dataobj='mlogdata’)
["reconstruct'].execute(input_datacbj="mlogdata’, theta='thetas',\

center=1030, alg_type='fbp',output_datachj="recodata’)

[ 'savehdf5'].execute(input_dataobj="recodata’,output_path="/entry/reco’)

wf = workflowCTReconstruct( workflowCTReconstruct')

(workflow_engine="PyworkflowEngine', .\
workflow_environment = init_dict, algorithms_cfg = cfg_dict)

data =wf.data_keys()
algs =wf.algorithm_keys()

T{ERFOIEF—RE, LI initialize. execute
1 finalize =1Ngi%. f£execute5iEH L+
?Uﬂﬁlﬁﬁ%ﬁ%ﬁ% FT{Em, SCMEAFRNISHZ
=,

TR EEEE TIERSIZE, TIEMRS
ZEdEA2 CIEMERSER A TIERERER,
g@iﬁ%’ﬁ%@ﬁ%’ﬂ%ﬁ%ﬁﬁ%EI’\JE@)\E@Hj%'ﬁEXﬂ‘

BEANSVRHSEGIRIE RS TS8R
JSON X5 a# Python FEITSERR
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BHiZZMAAFR R — %% interface R «9

Et)lﬁ&‘tﬁtﬂi‘\’. MVC/MVP

Calculator (F vmcomp... - Model 2I'EiE8), View EER M, Controller FALREE
name value View #[1 Model,
1 File path - ARREMNWVSEESE, FE— M ERAILUERARRER
W=, B—NRE TNTERTUEARRWSCI, FEE
2 Date Path BEFOY B, oIS/, 4EREE.
3 operation max v « ZANFer Daisy RUBUEMNIEIZIERIE 2 7E Model,
4| display print -

Model .’
DataStore q ® DAISY

Calculate
Manipulate
Interface IJJgE:

1%% DaiSy %ﬁf}% HDF5 j1¢¢i§kﬂ&%ﬁﬂ$§&y§o Controller ) Parameters ( View
2.8 Daisy HiEKEMFEIRRISRAEINR/IVE, (Ctr logical) 1 Display(Ul)

i iiiiéﬂ:i J/ Update
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BiEZEMRAREZS — BiEE interface F4&

AxRiiE: CalculatorManager.py:
. . from windows.interface.Calculator.Model import Model
1. E Dalsy/WorkbenCh/WlndOWS/ from windows.interface.Calculator.View import View

intel’face/ E%—F@U@ig interface from windows.interface.Calculator.Controller import Controller

BFB=x, A479 Calculator/,

2. Calculator HR TR ERISE
FSCIFEMNAYTES, AGIBMCHEER

;ZD—F . def __init_ (self, parent=None):
) super(CalculatorManager, self). init_(parent) # noga

self.setWindowFlag(Qt.Window)

A wrapper class for setting the main window of the interface

class CalculatorManager(QtWidgets.QMainWindow):

| CElCUlEtDPMEﬂEgEP .py self.setAutoFillBackground(True)
self.window = QtWidgets.QMainWindow()

T CDHtPDllE‘P . py demo_view = View()

P demo_model = Model()

_ _lnlt_- Py # create controller
self.controller = Controller(demo_view, demo_model)

—— Model. Py # set the view for the main window
self.setCentrallidget(demo_view)

- View. py self.setWindowTitle("Calculator")

def show(self) -> None:

y~El super(CalculatorManager, self).show()
.Ca I cu I ato r M d r?:la g er. pij1q:jjl'Z self.activateWindow()
interface A LORER.



REFNRAF&TRA —

HEiGiE:

1. 7x Daisy/Workbench/windows/
interface/ BR T 6I&1% interface
HIFB=xR, A4l/3 Calculator/,

2. Calculator HR TR ERISE
fg'zimﬁﬁ_\iﬂ’ﬂﬁﬁg , AEBYCIEER
OF:

def

def

CalculatorManager.py
Controller.py
__init_ .py

Model.py

— View. py

Model.py fE@HDaisy &i%' LoadHDF5’
M 'MaxMin’ SCIIHDFS STARINNE LA
N FEMEEURTR BRI

LatF

% interface 4

el

Model.py:

from api import work flow

class Model(object):

__init_ (self):

# Get the algorithms from Daisy workflowengine
self.MaxMin = work_flow.engine[ 'MaxMin"]
self.Loadh5 = work flow.engine['LoadHDF5"]

CalMaxmin(self, Filepath, DataPath, operation):

# Load matrix data from the HDF5 file

self.lLoadh5.config({ 'inputfile name': Filepath})
self.lLoadh5.execute(input_path = DataPath, output dataobj='data h5")
# Calculate the maximum or minimum of the matrix

if operation == "max":
self.MaxMin.execute(input_dataobj="data_h5', output_dataobj="maxmin’, showMin=False)
elif operation == "min":

self.MaxMin.execute(input_dataobj="data_h5",
# Get the result from the datastore
self.result = work flow.engine.datastore[ 'maxmin’]
return self.result

output_dataobj="maxmin', showMin=True)
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HEiGiE:

1. 7x Daisy/Workbench/windows/
interface/ BR T 6I&1% interface
HIFB=xR, A4l/3 Calculator/,

2. Calculator HR TR ERISE
fg'zimﬁﬁ_\iﬂ’ﬂﬁﬁg , AEBYCIEER
OF:

— CalculatorManager.py
— Controller.py
— __init  .py

— Model.py
— View. py

View.py 7 I0E O/NSBESCIEIR AL AR
Hm|

View.py:

class View(QtWidgets.QDialog):

# In PyQt signals are the first thing to be defined in a class:
displaySignal = QtCore.pyqtSignal()
btnSignal = QtCore.pyqtSignal()

def _init_ (self, parent=None):
# Call Q@Dialog's constructor
super(View, self). init__ (parent)

# Initialise the widgets for the view (this can also be done from Qt Creator
self.table = QtWidgets.QTableWidget()

self.table.setWindowTitle("MVP Demo")

self.table.resize(600, 250)

self.table.setRowCount(5)

self.table.setColumnCount(2)
self.table.setHorizontalHeaderLabels("name;value;".split(";"))

self.FilePath = "'

# Set display values in the widgets
keys = ['File path', 'Date Path', 'operation', ‘'display', 'result']
self.combo = {}
self.create_File_selction(®, 1, 'File")
self.create_combo_table(2, 1, 'operations')
self.create_combo_table(3, 1, 'display')
for row in range(len(keys)):
self.set _names(keys[row], row)

# Initialise Llayout of the widget and add child widgets to it
grid = QtWidgets.QGridLayout()
grid.addWidget(self.table)
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AxRiiE: Controller.py:

class Controller(object):

1. E Da|sy/W0rkbenCh/W|ndOWS/ # Pass the view and model into the presenter
. N . def __init_ (self, demo_view, demo_model):
interface/ BRTEI&1% interface self.model = demo_model

HFB=xR, 2/ Calculator/, self.view = demo_view

. he initigl vi
2. Ca|CU|atOI’ Ei?@ﬂ@%‘%ﬂ’\]ﬁ{# z Zz{Znihzt,e 1:1372 v:;z‘/ the drop-down could be replaced with a set of
HSEVERIONRED, AOIRIBESR T

;ZD_F self.view.set options('operations’', ['max', 'min’'])

self.view.set options('display’', ['print', 'update', 'print and update'])
self.printToScreen = True

self.view.hide_display()

— CalculatorManager.py

# Connect to the view's custom signals
Cont PDller‘ . p}’ self.view.btnSignal.connect(self.handle_button)
self.view.displaySignal.connect(self.display update)

— __init  .py
- - # The final two methods handle the signals
I def display_update(self):
MOdEI * py display = self.view.get display()
. if display == ‘'update’:
Ulew' py self.printToScreen = False
self.view.show display()
. o . " elif display == 'print':
Controller.py %E# Model 1 View &R self.printToScreen = True

, SCHU RS E else?elf.view.hide_display()

self.printToScreen = True
self.view.show display()



BiEFNMABARTH — 5iEF interface 74k ¢

HaimtzE:
3. £ Daisy/Workbench/windows/MainWindowManager.py FEERY setup ERELFHIT interface & LHIL.

from windows.interface.Integration.CalculatorManager import CalculatorManager
self.interfaces _calculator = CalculatorManager(self)

4. Tx create_interfaces_action 1, J9i% interface TEFEE RV interface 38 NaIl— 1 MReIEZEZ X interface,

Udisy WUl RUKE
File View !nterfaces Help

Workspaces integration @ Editor

create_action(

seit oo | T | o | e x
"calculator”, Sort ||  PyFAl 1l ¢ import Dasd)
. . ' PyMca ' ..
on_triggered=self.interfaces_calculator.show, from ap1
- _ - name import maf
shortcut_context=Qt.ApplicationShortcut, import nur

(a3 63 QRN S T

)
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