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Standard Model: Fundamental Particles and Interactlons

Standard Model of Elementary Particles

three generatlnns of matter three generations of antimatter interactions / force carriers
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First Batch of Neutrons in the History of Unlverse

1 billion yrs

1032 g¢ | 105 sec 3 min. I
i .200°C

1077°C 1033°C 10%°C

A rapidly
cooling
COSMOS permits

quarks to
clump into
protons and
neutrons.

300,000 yrs
10,000°C

The cosmos
goes through
a superfast
“inflation,™
expanding from
the size of an
¥ stomtothat of &
| gropefruit ina
tiny fracteon
of a second.

Gravity makes

hydrogen and
helium gas
coalesce to form
the giant clouds
that will become

Still too hot Electrons

to form into combine with
atoms, charged protons and
electrons and  neutrons to form
protons prevent atoms, mostly
kght from hydrogen and
shimng: the helium. Light
universeis a can finally
superhot 1og. shine.

‘ g’

Meliom atom

zw—l‘m

15 & seelhing,
hot soup of

clumps of gas
coliapse to form
the first slm's

l".

Neutron P’

Hydrogen nucleus Hydrogen atom

0; _S_. s

String Theory:

Membrane Collision g+ry+@ZW)+G g+y+(ZW);G;

Nothing » Singularity » Planck Epoch » Grand Unification Epoch »

10737 — 107355

Steven Hawking :
Quantum Fluctuation

0Os 10_435‘

https://bigbangtheorysatit.wordpress.com/bigbang-timeline/big-bang-theory-2/

galaxdes; smaller

15 bdho

-270°C

0 yrs

As galaxies

cluster
together under
gravity, the first
stars die and spew
heayy elements
into space; those
will eventually
tum into new
stars and pldnets

-

\-

g v+ ZW); G
Electroweak Epoch » Nucleosynthesis

1) Abundance of
light elements

Element Abundance (Relative to Hydrogen)

2) CMB

3)Large-scale structure

4)Hubble-Lemaitre law

107325
|

Cosmic Inflation: increased by a factor of 1078

3

10| —
rd

2L/ Deuterium (2H)

[ Helium (*He)

E/Lithiom (L)

T U T

P
Helium 4 (‘He) 4

WMAP Observation

' n
107 107

100 10 10 107

Density of Ordinary Matter (Relative to Photons)

2000
_ Hy=68 km/s Mpc PN
<L kit
-
2 -+
Z 1000 %
= -
§ > 3 o+
o
4 -+ Virgo Cluster
o > 1 1 1
t L) T L) I
0 10 20

Distance (Mpc)

Baryogenesis: birth of matter

10~°s



Properties of Neutron: Bond State of Quarks

Table 1: Neutron Properties
Mass

Spin
magnetic moment

B-decay lifetime
confinement radius
quark structure
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https://www.reactor-physics.com/what-is-neutron-definition/
Neutron data booklet:https://www.ill.eu/about-the-ill/documentation/

Gell, Y.; Lichtenberg, D. B. (1969). // Nuovo Cimento A. Series 10. 61 (1):
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Perkins, Donald H. (1982). Introduction to High Enerqgy Physics. Reading, Massachusetts: Addison Wesley. pp. 201-202
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How to Get Neutrons: Sources and Mechanisms

Cosmic Ray Spallation Process

Fusion Process in Stars Spontaneous Fission Process
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How to Get Neutrons: Stability of Nuclei and Elements

Strong interaction v.s.
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Symmetry-induced selection rule:
Conversation of energy, momentum, charge,
baryon number.....

Electromagnetic Interaction Elements: Bonded States of Nucleons
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Two Neutron Sources in Oak Ridge National Lab: HFIR && SNS

THE HIGH FLUX ISOTOPE REACTOR: Highest Steady-state Thermal Flux 2.6 x 10° neutrons/(cm? - s)

2

D---»

~50

2 {

Target Bundle
In Flux Trap

Horizontal
Beam Tube Large Removabie
Beryllium Facility

(RB¥)

Position
Small Vertical

Experiment
Facility (VXF)
Inner Fuel Element Large Vertical
Outer Fuel Element Experiment

Facility (VXF)
Control Region

EMERGY

Reactor power, MW 85

Active core height, cm 50.8

Number of fuel elements 2

Fuel type U30g—aluminum
Total 235U loading, kg 9.43

Enrichment, % 93.1

Fuel element parameters Inner fuel element Outer fuel element
Number of fuel plates 171 369
235U loading, kg 2.60 6.83
Average fuel uranium density, gU/cm> 0.776 1.151
235y per plate, g 15.18 18.44
Burnable poison in element (1B ), g 2.8 None
Fuel plate thickness, cm 0.127 0.127
Coolant channel between plates, cm 0.127 0.127
Minimum aluminum clad thickness, mm 0.25 0.25
Fuel plate width, cm 8.1 7.3
Fuel cycle length, d ~24

Cycle 400 length, d 24.6

Coolant inlet temperature, °F 120

Coolant outlet temperature, °F 169

Fuel plate centerline temperature, °F 323

D Pneumatic Facility NAA
[ Hvdrauiic Facility

D Available Positions

Unstable
nucleus




Two Neutron Sources in Oak Rid
Spallation Neutron Source

Front-End Systems
(Lowrence Berkeley)

Accumulator Ring
(Brookhaven)

4 Target
“ {00k Ridge)

(Los Alamaos and
Jefferson)

Mercury
Cooling
Jacket

Stainless
Steel
Containment

World’s most intense pulsed, accelerator-based neutron source

Instrument Systems
(Argonne and Cok Ridge)

Backscattering
Spectrometer [(BASIS) -
BL-2

Liqui

NEUTRONS.ORNL.GOV

Wide Angular-Range
Chopper Spectrometer
(ARCS) - BL-18

Atomic-level dynamics in materials science,
chemistry, condensed matter sciences

Nanoscale-Ordered Materials Fine-Resolution Fermi Chopper

Spectrometer (SEQUOIA) - BL-17

Dynamics of complex fluids, quantum fluids, magnetism,
condensed matter, materials science

Diffractometer (NOMAD) - BL-1B

ds, solutions, glasses, polymers, nanocrystalline and

partially ordered complex materials

Dynamics of
molecular systems, polymers, biology,
chemistry, materials science

Spallation Neutrons and
Pressure Diffractometer
(SNAP) - BL-3
Materials science, geology, earth
and environmental sciences

na

- Magnetism Reflectometer *
BL-4A

Ultra-Small-Angle Neutron
Scattering Instrument
(USANS) - BL-1A

Life sclences, polymers, materials science,
earth and environmental sciences
e =it

Vibrational Spectrometer (VISION) -

Vibrational dynamics in molecular systems, chemistry

Neutron Spin Echo Spectrometer
(NSE) - BL-15
High-resolution dynamics of slow processes,
polymers, biological

Hybrid Spectrometer
(HYSPEC) - BL-14B

ic-level dynamics in single
crystals, magnetism, condensed

matter sciences

of layered

-
Liquids Reflectometer -

Fe

Thin target spallation

Interfaces in complex fluids,
polymers, chemistry

L
Tungson

Faticn

Sasardary
panicias

Cold Neutron Chopper
Spectrometer [(CNCS) - BL-5

Condensed matter physics, materials science,
chemistry, biology, environmental science

e
A
¢
- L -
Terayaen

Prosas

Sooaschany

Fundamental Neutron
Physics Beam Line - BL-13

Fundamental properties of neutrons

Single-Crystal Diffractometer
(TOPAZ) - BL-12

Atomic-level structures in chemistry,

Macromolecular
Neutron
Diffractometer

~5. o
- 5

1200 e

pezdan

-

Meroary

pancie

Timgen ¥ irearadess
<cazzade

Lite science, polymer and colloidal systems, materials
earth and environmental sciences

Extended Q-Range Small-Angle Neutron
Scattering Diffractometer (EQ-SANS) - BL-6

(MaNDi) - BL-11B

Atomic-level structures of
membrane proteins, drug
complexes, DNA

biology, earth science, materials science,
condensed matter physics

Versatile Neutron
Imaging
Instrument at SNS 65964361

(VENUS) - BL-10

Elastic Diffuse Scattering
Spectrometer
[CORELLD - BL-9

science,

*Scheduled commissioning date

[ Opcrating instrument in user program
[ ' cesign or construction
[ uocer consideration

Detailed studies of disorder in
crystalline materials

Energy selective imaging in
materials science,
engineering, materials
processing, environmental

sciences and biology

Powder Diffractometer

(POWGE
Atomic-level structures in chemistry,

materials science, and condensed matter
physics including magnetic spin structures

Materials Diffractometer
(VULCAN) - BL-7

Mechanical behaviors, materlals sclence,
materials processing

15.G00337A/gim



Neutron Scattering by Crystals *=+-4 ] i
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Neutron Scattering by Crystals

Strong interaction. && Electromagnetic Interaction Coherent Incoherent

2) Neutron-Electron Interaction: dipole-dipole interaction

If L = 0, some iron group 3d ions Elastic Bragg diffraction:g = ¢  Critical Scattering
Crystal Field
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. If L # 0, but orbital ground state singlet or nonmagnetic doublet(some 3d ions)
If g is small K = pj+ Us; L+25—gS
If smallion radius (rare earth ions)

L+25-g] J=L+S g: Lander factor

= up(L + 25)



