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Multi Slit-Very Small Angle Neutron Scattering
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1. General History of SANS



Loq, 1985-presence 

Loq-SANS(ISIS) 
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1. General History of SANS



Ng7, 1991-present MgF2 focus lense

2nd generation SANS（NCNR）
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Nucl. Instrum. Meth. A 2014, 735, 490. 
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1. General History of SANS
30m SANS (CARR)



Sans2d, 2011-present 

2nd generation SANS（ISIS）
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2.General Introduction on VSANS 



LOQ：0.006-1.4 Å-1

Sans2d: 0.002-1.5 Å-1

Sandles: 0.1 – 50 Å-1

UK: ISIS

under  conustruction

Zoom: 0.0003-0.85 Å-1

USA: SNS

EQ-SANS: 0.002-1.4 Å-1

Nomad: 0.1-100 Å-1

Japon: J-Parc

Taikan: 0.005-15 Å-1

Nova: 0.01-100 Å-1
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Nimrod: 0.02-100 Å-1

World Sci-Tech R&D 2022, 44, 369-389 

2.General Introduction on VSANS 
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VSANS Qmin

(1/Å)

Length (m) Type and Conditions Apertures or focusing

materials

MLZ (FRM II)

KWS3

1E-4 L2=9.5 Const. wavelength

running

double-focusing toroidal mirror

Japan JRR3

SANS-J-II

3E-4 L1=8.7

L2=11.6

Const. wavelength

running

MgF2 lens and sextuple

permanent magnet

ILL D11

(it is not a

VSANS)

5E-4 L1=L2=40 Const wavelength

Extremely long

instrument

running

Ordinary apertures

NIST VSANS 2E-4

L1=L2=20

Const. wavelength

Multi-pinhole multi-slit,

lenses commissioning

6Li/10B/Cd sandwich

3x6=18pinholes

With lens and Prisms

2.General Introduction on VSANS 
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ESS Skadi

(概念设计)

1E-4 L=50

L1=L2=20

TOF

Solar

Designing

Unknown

CSNS VSANS

(概念设计)

4E-4 L=40

L1=L2=15

TOF

Multi-slits

Under Construction

7Multi-slits 3→1.5mm

ISIS ZOOM 2E-4 L1=L2=12 TOF

Focusing lenses

Commissioning

Oscillating beam apertures

Fixed field magnetic

sextupole or MgF2 lens

Sacalay TPA

VSANS

（不成功试验）

4E-4 L=14

L1=4, L2=6

Const. wavelength

Multi-pinhole and multi-

slit

running

6Li with epoxy

15x40=600pinholes

1.28→0.9mm

HZB V16

（不成功试验）

1E-4 L=32.5

L1=L2=12

TOF

Multi-pinhole

running

BN Multi-pinhole

21x21=440pinholes

2.68→1.53mm

19

2.General Introduction on VSANS 



• Definition：Using focusing technique, the Qmin is 

smaller than 0.001A-1, 

• VSANS technique ：

➢1. Mirror or magnetic focusing FRMII KWS3, 

JRR3 SANS-J-II

➢2. Wolten mirror?        

➢4. Multi Pinhole/Slit or Solar: NIST VSANS, ESS 

Skadi

➢5. Mechanical Control+Mirror ISIS Zoom
20

Chinese Physics C 2016, 40, 076204.

2.General Introduction on VSANS 
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3. Multi-Slit VSANS at CSNS

Qmin~0.006 Å-1

Qmin~0.0004 Å-1

VSANS Project 2019.12-2023.04 140M￥ 24



Moderator

 2.25 m0 m 9.25 m

Disc choppers

Bender

Monolith

GEM high 

resolution 

detector

22 m 34.75 m

Shutter

Multi-slit apertures

Sample

L1=12.75 m
L2=12.75 m

Spin flipper

SEOP 
3
He 

spin analyzer

Neutron guide

or filght tube
Apertures

3
He tube 

detectors

Polarizer

1 m

4 m

Laser

Slit 3

Beam dump

Monitor 3

Monitor 1

Monitor 2

Monitor 4

Slit 1

Slit 2
Aperture

L1'=10 m

6.35 m

Shielding

12 m

Laser imaging

8.35 m 10.9 m

Third shutter

Conceptual design (2019.1)

… …    

• SANS, VSANS, GISANS, polarizing modes ; 

• Variable collimation length;  multi-detectors 

3. Multi-Slit VSANS at CSNS
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1) Soft Matter: polymer processing, smart polymer, self-assembly 

2）Biology： proteins, DNA, RNA, pharmacy, food

3）Condensed Matter：Alloys, nano materials, magnetic 

26

SANS mode qmin = 0.002 Å-1

VSANS mode qmin = 0.0004 Å-1

Moderator

2.25 m0 m 9.25 m

Disc choppers

Bender

Monolith

GEM high 

resolution 

detector

22 m 34.75 m

Shutter

Multi-slit apertures

Sample

L1=12.75 m

L2'=11.5 m

SEOP 3He 

spin analyzer

Neutron guide

or filght tube
Apertures

3He tube 

detectors

Polarizer

1 m

3.5 m

Laser

Slit 3

Beam dump

Monitor 4

Monitor 1

Monitor 2、3

Monitor 5

Slit 1

Slit 2 Aperture

L1'=10 m

6.35 m

Monolith 

Shielding

12 m

Laser imaging

8.35 m 10.9 m

Third shutter

33.5 m

L2=12.75 m

Item Parameters

Source
Coupled L-Hydrogen  

(20K)

Disc 

choppers
T1，T2，T3

Wave 

band

2.2－6.7 Å

6－10.5 Å

2.2 － 11.5 Å

L1

2.49 m

5.15  m

9.92 m

12.75 m

L2
SANS:  1 － 11.5 m

VSANS: 12.83 m

Sample 

Size

SANS: 6, 8, and 15 mm

VSANS: 15×30 mm2

Detectors

3 ~1㎡ He-3 PSD 8mm 

resolution

1 210×210 mm2 GEM 

PSD 2 mm resolution
Versatile：SANS，VSANS，Pol_SANS，GISANS

Physical design(2019.8)

3. Multi-Slit VSANS at CSNS



Construction progress
3. Multi-Slit VSANS at CSNS
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2020.08

Shutter insert

Construction progress

28



Bulk shielding insert
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Bulk shielding insert
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Bulk shielding insert

31



Bulk shielding insert
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Bulk shielding insert
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Concrete base
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Secondary grouting

Steel base and 

second grouting

Between the steel 

and concrete
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Secondary grouting
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More shielding

Blocked during operation!37



2021.08

Opened for installation during summer maintenance!

Summer maintenance
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More base installation
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More base installation
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More base installation
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More base installation
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Chopper 1 installation
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Bender installation
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Chopper 2 installation
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Chamber 1 installation
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Chopper 3 installation
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Laser system installation
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Laser Aligment System

项目 技术指标 测试结果 结论

水平偏差 +/-25微米 +/-5微米 满足要求

2020/1 – 2021/1

Optical System Off-Line System Test Final Acceptance

Alignment：Improved 

Barker’s Method

49

激光跟踪仪准直的误差（15+6L，单位μm）

Laser Alignment system

NIMA 2021, 1010, 165526.



Shielding installation

50



ProcessDesign Assemble Acceptance 

Accuracy test Accuracy test Vacuum test Movement test

2020/9－2021/8

• Vacuum 1~10Pa，multi-slits repeated positioning accuracy 2 um； Rotary drum 

repeated positioning accuracy 0.005 deg.

Rotary drum process

51



Rotary drum installation
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Rotary drum installation
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Sample stage

Laser interferometer

Design 

2020/12－2022/04

Item range/acc

uracy
TX2
axis

±400mm
10um

TZ2a
xis

±140mm
10um

TX1a
xis

±25mm
50um

TY1a
xis

±500mm
50um

TZ1 
axis

±140mm
50um

RZ1a
xis

±180°
0.05°

Light stage 

150kg

Heavy 

stage1000kg

Item range/accu

racy
TX2
axis

±400mm
5um

TZ2ax
is

±140mm
5um

TX1ax
is

±25mm
10um

TY1ax
is

±510mm
10um

TZ1 
axis

±140mm
10um

RZ1ax
is

±180°
0.02°
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Sample stage



Sample environment

Water bath High temperature Sample cells 

Hellma standard cells

Home made cells

2021/4－2022/7

(-30 - 120°C) (RT - 300°C)

56



Sample environment

Temperature jump 

in seconds

(RT - 300°C)

✓ Compressed air from the public system of 

CSNS

✓ Temperature controller, temperature sensor, 

heater and flow controller to control and 

adjust temperature

✓ The two-dimensional moving stage ensures 

that the sample enters the cooling chamber 

from the heating chamber

✓ Remote control can be realized by 

accessing industrial computer.

57



Sample environment

Rehometer 

(Anton-Paar)

✓ Temperature range -40 – 200 °C

✓ Rotation Speed: 10-7 – 3000 rpm

✓ Cup1: inner dia 48mm，outer dia 50mm, 

20ml liquid；viscosity ≤1000 mPa.s；

✓ Cup2:Inner dia 28mm，outer dia 30mm，

10ml liquid，viscosity ≤10000 mPa.s；

58



Sample environment

◆（Xenocs） NanoinXider

◆Microfocus source Genix 3D

， Cu target

◆ Flux: 1× 108 counts/s

◆SAXS: Pilatus3R 100K x2 

WAXS: Pilatus3R 100K

◆Q-range: 0.0024 – 4 Å-1

◆Dimension: 1 m x 1 m x 2.4 

m

◆Install within 2 hours

•

(simultaneous SANS-SAXS)

Ezzeldin Metwalli,et al., J. Appl. Cryst. (2020). 53, 722–733 
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Stop-Flow  

Polarized He3 

5T

Sample environment



Detector tank

探测器1,移动范围1~3m

探测器2

探测器3
探测器4

DN800人孔

DN1400吊装孔

移动范围：3.4~6.2m

开合尺寸：0~600mm
移动范围：6.8~11.56m

轨道

2020/7－2022/1

Processing
Design 

Installation

B-Al alloy

Lining 31wt%

Item Para

Inner 2.6 m

length 12.62 m

thick 14 mm

Vol 64 m3

mater s steel

61



Detectors
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D1, 1~3m

from sample

D4

DN800 human 

hole

DN1400 

bank lift 

hole

D2 3.4~6.2m 

from sample

D3 6.8~11.56m 

from sample

rails

Detectors

Gap：0-600 mm

63



Detectors
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Control Room

Cameras

Control 

Software

65



Live Data
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R&D of Key techniques

(2)neutr

on 

guides

(1)flight 

tube

multi-slit Rotary drum switch system, take into accound 

1) multiple working modes

2) heavy and tight shielding 

3) precise positioning (Repeated rotational 

positioning <0.001 degree) 

Precise alignment of the 12 multi-

slits along 12.75 m with +/- 5 

micron deviation by laser system.

For the first time in the world, a ceramic 

GEM for neutron detection was proposed

Completed the development of 64/128/512 

high-speed readout electronics system 

Independently 67



Instrument Sample info.

D2 D3

SANS mode2

30A1(mm)

15A2(mm)

4.3Δλ(Å)

2.4λmin(Å)

1D1(m)

4D2(m)

11.5D3(m)

12.75D4(m)

Formula Calc.
MC 

simulation

谱仪几何
L1,L2,A1,A2

样品信息 

P(r),Vp,ϕ,Δρ

模糊函数 dΣ/dΩ(Q)  

dΣ/dΩ(Q)_smeared  

傅立叶变换

样品处I(λ) 

谱仪几何

探测器: x,y,z,λ   

蒙特卡洛

 模拟

探测器模块
dΣ/dΩ(Q)_smeared

数据处理

数据可视化
I(qx,qy),I(x,y) 

采样和束线跟踪卷积

Flow block diagram Interface Python 

Log in Main Interface 

68

Plan the Experiment

http://virtualvsans.csns.ihep.ac.cn/user/instrument

Virtual Experiment



SASDATool

Macromolecules 52, 457, 2019

Macromolecules 53, 5140, 2020

Chinese Journal of Chemical 

Physics 33, 727, 2020

Structural Dynamics 8, 014901, 

2021

Polymers 13, 3042. 2021

Molecules 27, 3395, 2022

Chemical Science 13, 4341, 2022

Structural Dynamics 9, 054901, 

2022

Science Sinica Chimica 53, 678, 

2023

3. Virtual Experiment
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Collimat

ion (m) 

or modes

Simulated  flux @ 

135kW (n/s/cm2)

Measured  flux @ 

135kW (n/s/cm2) with 

Li glass detector

2.49 2.8 ⅹ107 2.6 ⅹ107

5.15 9.35ⅹ106 9.0 ⅹ106

12.75 1.59 ⅹ106 1.55 ⅹ106

VSANS 

mode

1.8 ⅹ104 1.3 ⅹ104

The first neutron and test of the beam

2023.01 
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No. items exptected accomplished 

1 Qmin of SANS mode 0.002 Å-1 0.0016 Å-1

2 Qmin of VSANS mdoe 0.0004 Å-1 0.00028 Å-1

3 Maximum beam spot 

at sample site

≥30mm×40mm 33mm×44mm

71
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Final Acceptance 
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⚫ The first Spalltion-Based VSANS is accomplished at CSNS；

⚫ Four modes：SANS, VSANS, Polarized and GI modes;

⚫ Length Scale: 3 Å to 1 μm;

⚫ Widely used in Hard, Soft Condensed Matter Physics, 

Chemistry, Biology and Material Science. 

4. Summary 
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