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FELs at Shanghai
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SXFEL
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SXFEL: experimental hall

CDI  Coherent Diffraction Imaging

SASE

CDI SRM SRM Live-cell Fluorescence Super-resolution Microscope

TXS / UXS TXS  Time-resolved X-ray Scattering

UXS Ultrafast X-ray Spectroscopy for Chemistry

Seeding PES Ambient Pressure Photoelectron Spectroscopy

AMO Molecular Dynamic Imaging

CVlI  Composite Velocity-map Imaging Spectrometer
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Seeding FEL Beam-line Layout (Bin Li)

F1 KBH KBV PM3 EM

PM2 VLS
Grating

PM1 Aperture Source

Fr ey
Fl e | e
e EM
) evs .
Ni — coating B,C - coating

X-ray on-line
spectrometer

——— )
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Ni — coating

C

Nv/ B,C — dual-coating
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Seeding FEL Parameters (Bin Li)

Photon energy range eV 100eV-620eV
.. 10Hz(baseline)
Repetition rate Hz 50Hz(upgrade)
100eV-300eV(~ 50ul)
Pulse Energy pJ 400eV(~20uJd)
500eV(~ 5ul)

~0.03% (100eV)

Energy Resolution (AE/E) ~0.01% (200-400eV)

Polarization Plano or Elliptic
Pulse length (FWHM) fs 50-200fs
Resolving power of on-line E/AE>2x104 (250-620 eV)
spectrometer E/AE>3x10% (100-250 eV)

<6pum (400eV)

Spot diameter @sample pm <20pm (100eV)

Gy Optical lasers: 35fs, 240 nm-15 uym, HHG (Jiaming Jiang)

SHINE



AMO endstation: Coltrims/REMI

Supersonic Jet, dump, diff. pump, main chamber,
alignment, data taking etc.
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Reaction Microscope (REMI/Coltrims) : technical routine

» ueV resolution for ions

lon detecto r_g * meV for electrons
mesh r ‘, = ey

Gasjot I == - base pressure 10" mbar

=t =2 » fast detector readout (Multi-
— channels, 1 GHz)

\656( — & _

Te——ir » Target density: 1072 cm™
elect;: g — 3 * Target temper.: 100 mK
mesh —

Electron detect Character:
e « Supersonic jet for gas
phase and volatile targets
* 47 electron and ion imaging

 Electron and ion in
coincidence

MCP: tZ —> Pz
Delayline: t,, t, => X,y —> Px, Py

SHINE



COLTRIMS@SXFEL

Supersonic Jet diff. pumping main chamber dump
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COLTRIMS@SXFEL

Supersonic Jet diff. pumping main chamber dump

Nozzle

Skimmer 1 Skimmer 2

SHINE




COLTRIMS@SXFEL

Supersonic Jet diff. pumping main chamber d




Supersonic gas jet

total length: 1045 mm
)

T
...........

* e

. .

20mm

~Reaction zone ™,

-------------- | ——————— / e

' valve i 10%-10° ;
Nozzle: 50 um Skimmers  Tunable Tunable B atoms/cm? ¢
180 and vertical Slit horizontal Slit
400 um
~20mm 264mm 175.5mm 585.5mm

The position of the nozzle can
be tuned by a manipulator
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Supersonic gas jet

total length: 1045 mm

A

T
...........

* e

. .

Nozkle: 50 um

Before

injection

2.5 bar

net/ AT

=i

20mm

~Reaction zone ™,

Skimmers
180 an
400 um

vertic

P1 P2

4.2E-9 torr 2.9E-9 torr

3.2E-3 torr 2.1E-8 torr

.
/ 5 * ___________ > .

Slit horkontal Slit

P3 P4 Main dumping
chamber

1.4E-9 torr 1.2E-9 torr 2.1E-10 torr 9.5E-11 torr

6.4E-9 torr 2.1E-9 torr 2.2E-10 torr 1.2E-10 torr



Main chamber overview

NEG pump 400 I/s

Turbo pump 400 Vs |}

dump pump 300 I/s

Yag screen
/objective/microscope
/CCD (20 micro-meter) for
focus checking

Turbo pump 400 I/s o

h,,)’ //? sEm SHINE




Spectrometer & detectors

AN

1mm thick ring electrode: inner diameter
130mm

DLD 120 for ion detection v 12 mm perio.d with 309k_ Ohm resistance
v’ 22 mm spacing at collision center
- —_m v 96 mm for ion and 184 mm for electron
mm I v Meshes at the end of the accelerate
997 region & before MCP front
le— 120 —! :
T 0 === =
60 — — /
T =t E— - ﬂ
9'6 = — —>I L4 —>]— /)
I e \
184 S { —
l — —
400 — =
T 120 i
7 - Hex 75 for electron detection Similar to FLASH2

& s som J. Synchrotron Rad. (2019) 26, 854-867 SHINE



Spectrometer & detectors
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Electronics & DAQ

HPTDC

TDC

Y))_ 4 CoboldPC

I MCP
Invertor

CFD ‘

AMP

Ortec

Ortec 935

FAT8

_* MCP front

'Y

—®—  HVZ divider
PS v

q

MCP
el

AMP

CFD ‘

~—®—————— HFST

PS ~® HVT — HFSD

Decoupler

lon_det.

chamber

MCP

back

front

Holder

Ele det.

Decoupler

Reference

Main electronics

Signal

SHINE



Preliminary signals with IR laser

Electron and ion
in coincidence

c

9

=
®
@)
Q

-de-1 Se-1
i_pz_cut_All [au] {Bin = 1e-2}
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Preliminary results with IR laser

lonic momentum resolution 1.3/130=1%

PIPICO




I Preliminary results with IR laser

PIPICO

TOF2

siom

lonic momentum resolution 1.3/130=1%

TOF1

®N202+ — N2+ + O+
@N,0?* — NO* + N*

B®N,0% -N,* + 02
@DN,0% -NO* + N2*
BN,03* N2+ + O*
©®N,03* -NO2* + N*

®N204+ _)N22+ + 02+
@N,0% -NOZ* + N2*

©N,05* -NO2* + N3*

SHINE



Next step: X-ray differential section

S——

EM mirror

o —
J'* 'l'

v The focal length of the EM mirror
is 2 meter and the distance of
1.3 mis available

v’ 3 aperture guiding systems are
placed between the mirror
chamber and the main chamber

v Optical laser coupling chamber

i@ IS being designed.

G M. =il




Next step: FEL Dump (Faraday cup)

{ke-fr{85 — CF63E=3GD<1>




I Ongoing: Two-mode Spectrometer ..I_._.__i ___________
g 1 It
Coltrims mode + VMI mode & | % ﬁ_i
Coltrims: coincident ions 1] WTQ'QW“ Tt
VMI: electrons,ions HH"N'H:
Ion: Electron:
E: 1, 20eV E: 10, 300eV
Position Y: -0.5mm~0.5mm Position Y: -0.5mm~0.5mm
TN . . o
/7; é.,E /E: 2% AEE: 1% SHINE




I Problems and solutions

O Vaccum: 2*10"-10 mbar->5*107-11 mbar, NEG pump
O Fast ADC: (2*4 channels, 10 bits, 1.25 Gs/s)
[ Less volatile targets: Even-Lavie Valve

O Focus and overlapping: YAG screen for spatial
overlapping (under discussions)

O FEL dump: faraday cup

O Optical laser coupling: holey mirror and coupling

- — = Chamber
& A s SHINE



Seeding FEL Beam-line Layout

F1 KBH KBV PM3 EM

PM2 VLS
Grating

PM1 Aperture Source

py ey
Fl e | e
e EM
) evs .
Ni — coating B,C - coating

X-ray on-line
spectrometer

——— )

s

Ni — coating

C

Nv/ B,C — dual-coating




Composite VMI Spectrometer(Liu Xiaojing)
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Reaction plane-TOP view

O.3rﬁm
- skimmer

Vacuum:
Jet off; 5E-8, 2E-9, 7E-11, T7E-11, 1E-10 mbar
¢ Jet on: 1E-3, 3E-6, 2E-10, 7E-11, 1E-10 mbar




Simulation and test results

Electron resolution: 1.7% @500 eV, hv=600 eV
lon resolution: 3.7%@5.6 eV, 800 nm

[ell=@]=]
File Help
Workbench PAs  Particles PE/Contours Variables Display Log  Hide
Initial Conditi Trajectory Calculati Run Control

Trajectory Display

e e e s meeess Eletron energy: 125, 250, 500, 1000
[JGrouped | Rer n: None 0 Step>

Retain calculation options.
Marker ccfor.i“l .
[JRecord data: [JPause step Keep

. rrmw e E i ¢ lon energy: 12.5, 25, 50, 100

53D | PE  Zoom: 720 |-73D || 123D | Pript.. D.Qua|=|3 2

27v | 3%z || 43010

/] Constrn

) ‘

A Fly completed. 336 splats, 3.31 seconds

e

336 Splatixyz( 165, 0,  O)mm, v= 52047.802mmjusec, err(0.000)V S H I N E



AMO Perspectives at SXFEL

v" Multiphoton measurements
nolinear processes of atoms; coherent two-photon control;
(limited by SXFEL intensity)

v Time-resoved molecular coulomb explosion
XUV-pumpl/IR-probe (limited by pusle duration and repetition
rate)



AMO endstation at SHINE (design conception)

AMO layout (three focuses separated by about 1.5 m)

4500

L | 2500

slitllmager
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AMO endstation at SHINE (design conception)

eTOFs:
High resolution electron

spectroscopy (fast electron,
up to IMHz)

slit1|lm ager
L

E

COLTRIMS: Coincident
electron and 1on
measurements (slow
electron, up to IMHz)

MB/VMI: electron
and 1on

measurements (up to
10 KHz)




AMO endstation at SHINE (design conception)

Beamline Performances:
Photon energy: 0.4-3 KeV
Repetition rate: up to 1 MHz

Focus: <2 pm
Pulse duration: 10 fs

ANANANAN

More requirements and
suggestions for AMO endstation
are highly welcome!

Intensity: 10" -107¢ W/cm?

eTOFs:
High resolution electron

spectroscopy (fast electron,
up to IMHz)

COLTRIMS: Coincident
electron and 1on
measurements (slow
electron, up to IMHz)

MB/VMI: electron
and 1on

measurements (up to
10 KHz)

slit1|lm ager
L
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AMO Science at FELs

v Multiphoton processes in atoms and molecules

inner shell excitation ionization, Auger decay,
Autolonization, super-excitation, coherent control etc.

v" Ultrafast atomic and molecular dynamics

electron relaxation, change of molecular structures,
charge transfer, ICD, isomerization, breaking and
formation of molecular bond, diffraction of molecular
structures, nuclear motion, electron ionization in reaction
coordinate etc.




AMO Science at FELs

UOLOW JB|NI3jOW pUe JIWOoY

Time scale (femtoseconds)

0.1

uoLBOW JIU0I1I33

0.01

100 1000 10000
Photon energy (eV)

L. Young et al., JPB 51, 032003 (2018)



Multiple ionization of atoms and molecules

hollow atoms, inner shell vacancies,
Young, Nature 466, 56—61 (2010)

lonization

Resonance-enhanced ionization for heavy atoms

a 005
G+
“ 1.5 and-2 kel
.
. — 2keV,24-26ml
Ke Xe5*
Xe¥
0.04 - yat*
Ly
3
G 0034
a Peeling b Coring 5 ok 0
+—Holes ; Baxe
a
a : 104 Bixe
o ' ” [
s - 3
> 0.02+ 12+ T i
5 27+ i ki | 10xe |
= 2N 204 16+‘5;* L
4] l 2y 13+ e | |
224 | 198+ i
35+ 23+ ‘ v [ | 28y \\
| \ bl
U I N
0.01 - HL | Il | R

S toshelt— §
electrons

S LU M| |
0.00 - i ' : .

L S . T o T e
6,000 8,000 10,000 12,000 14,000 16,000 18,000
lon time of flight (ns)

e s 4l Rudek, Nature Photonics 6, 858 (2012)




Multiple ionization of atoms and molecules

Monte Carlo simulations: photoionization, resonance-
enhanced, Bound-bound transitions, Auger decay, and
fluorescence processes

Time - E
ﬁ Photolonization EEE.'.-: o ;l:@;ﬂ]
ﬁAmDmawAummm Ar@480 eV '6-:5’5-. : ws?ﬁ%}‘“’
'ﬁ Fluorascence & = 2p5d (10)
L — r - 2p*(10)
E‘ Excitation e - 5.0 s ) o .‘ @
. 164t A __:

—+ la Electron
- . .
configurations

I'._I 1
} x.\ -

Y

: _.am Transition
2s2pap(10)| |

_psEFpAG(10) probabilities
o 25204 (1)

['-If;“'i

|

Ho et al PRL 113, 253001 (2014)



Multiple ionization of atoms and molecules

Molecular black hole: up to I47*,
complex charge transfer

ks
s

background

R T
L‘l = IO =

Fed
=

X position / mm

1000 1500 2000 2500 3000 3500

Time-of-Flight | ns

position / mm

=20 =

o50 1030 1050 1100 1150 130

Time-of-Flight / ns
Artem et al., Nature 546, 129 (2017)



Multiple ionization of atoms and molecules

44 eV, N*+N*

600
150 '
: 500
] 400
100 |
i 300
] I~ L
- .v‘:
50 = 200
- =
;_.U i "E 100,
‘0 0 - 3600 ; .
c G .
— ] lg 500 |- ]
-50 S 400 | y
: 300 - .
-100 200 - )
100 - !
-1501 T 20 40 60 80 100 120 140 160
501 u.] 0 (deg)

Jiang et al., Phys. Rev. Lett. 102,123002 (2009)



. . . . Jiang et al., Phys. Rev. Lett.
Molecular reactions: isomerization 105, 263002 (2010)

isomerisation

[HCCH]*

4 \
i i
! |
. |
= — |
. |
. |
. i
. 1
J 1
\ !

7’
~

ev A A eV | C*+CH," 1
42
pump St
=
)
32 |=7— [HCCH)* :CH2]2+ >4 U B ——
[HCCHY* o - ICCH,I 38 eV l
16.7 e M_>ZZB 16.7 i
= I ?2321 —|132 } 1=52+15 f{s 1
11.3 X"l jsomerization ! l '
0 X1z @~ 0 ° P ) 0
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Molecular reactions: isomerization

100

u.)
3

o

Momenta (a.
én
o

40-100 i! 80- 140fs

Y.H. Jiang et al. arXiv:1402.4874




Time-evolution of electron distributions

— in the molecular frame

Energy

High repetition FELs are needed for photoelectron
photoion coincident detection!!



Magneto-optical trap recoil ion momentum spectroscopy (MOTRIMS) for
Rubidium: combination of ultrafast and cold atom

Structures: Laser locking system; 2D MOT; 3D MOT,; spectrometer and
science chamber; electron and ion detectors; data taking system; vacuum
system, femtosecond laser

2D MOT

cooling laser beam —~

-«—atom beam

coils for magnetic AV I
quadrupole field > S

"""l'“ concave mirror
"” .., ’“” < cooling laser
Y

beam
2D PSD Y A y
ronization l_asel‘ beam
7.

\ ¥ B4 5 % cnmewan

v SHANGHAI ADVANCED RESEARCH INSTITUTE, CHINESE ACADEMY OF SCIENCES

Li et al., Journal of Instrumentation 14, 02022 (2019)



Rb-Motrims

a8

MOT

, 1

— lon detector
Free drift tube

—— "

|







L1 et al.. Journal of Instrumentation

Rb-MOTRIMS 14, 02022 (2019)

50 ~

| ——hot Rb™; '=2400 ns
—3D; I'=120 ns

40

30 4 8SRb

Counts

20

10

il

138600 140700 142800 144900 g ' ' ) —
TOF (ns) 0.4 02 00 02 04
p;(a.u)

» Temperature: 130 uK, three orders lower than supersonic jet
» TOF: At/t=2/10000
» Momentum resolution: 0.12 a.u., one order more than same mass target

with the supersonic jet
U ‘4’@ éj%iiiﬁa%miﬁ



High resolution TOF spectroscopy

Intensity: 10! W/cm?
Pulse duration: 35 fs

counts

600 - -
500 - -

400 4 -

300

200 —

100 —

Rb°*

Rb’*

Rb**

\

Rb>*

Wavelength: 800 nm

Rb?*

____________________

20000

|
40000

.

60000

TOF(ns)

|
80000

S

100000



a 0.05

High resolution TOF spectroscopy

0.04

003 |

Resonance-enhanced
ionization for heavy atoms

lon yield per shot (a.u.)

lon time of flight (ns)
6+ i
600 Rb Rb2* Rudek, Nature Photonics 6, 858 (2012)
1 Profiles:
500 H  Heavy alkaline atoms
1 74 « Isotope free
% 400 4 Rb Rb3+ * High resolution TOF
§ | . *  Momentum distributions
+ Results:
300 H0O « Multiple ionization of cold
- o Rb+* rubidium (linear and elliptical
200 4 Rb polarization)
* Photoionization of polarized
1 atoms
100 - Plan:
« Coherent control
J.____.(JL_ J.M-I « Rydberg interactions

20000

40000

0.01

0.00 -

=4
o
N

X

60000
TOF(ns)

I
80000

100000

Chin. Phys. Lett. 37, 053201 (2020)
Phys. Rev. A 102, 043112 (2020)




Momentum Spectroscopy
of Cold Rubidium




