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What is Spin Physics

The Physics of exploiting spin

- Spin in nuclear reactions

- Nucleon helicity structure

- 3D Structure of nucleons

- Fundamental symmetries

- Spin probes in beyond SM

- Polarized Beams and Targets,...



  

What is Spin Physics



  

What is Spin Physics

● The Physics of exploiting spin :

By using Polarized Observables

Spin: The intrinsic form of angular 
momentum carried by elementary particles, 
composite particles, and atomic nuclei. 

The Spin quantum number is one of two 
types of angular momentum in quantum 
mechanics, the other being orbital angular 
momentum.



  

What is Spin Physics

What Quantum Numbers?



  

What is Spin Physics

What Quantum Numbers?
Internal or intrinsic quantum properties of 
particles, which can be used to uniquely 

characterize



  

What is Spin Physics

What Quantum Numbers?
Internal or intrinsic quantum properties of 
particles, which can be used to uniquely 

characterize

These numbers describe values of conserved 
quantities in the dynamics of a quantum system



  

What is Spin Physics

But a particle is not a sphere and spin is solely a 
quantum-mechanical phenomena



  

What is Spin Physics

Stern-Gerlach: If spin had continuous values like 
the classical picture we would see it



  

What is Spin Physics

Stern-Gerlach: Instead we see spin has only two 
values in the field with opposite directions:             

  or spin-up and spin-down



  

What is Spin Physics

The Pauli Exclusion Principle: Allowed configuration of electrons

W. Pauli (1925) : Two fermions cannot share 
the same set of quantum numbers within the 

same system



  

What is Spin Physics

Classification in terms of Valance Quarks the quarks that contribute 
to the quantum numbers of the hadrons

Gell-Mann and Zweig (1964) : Independently 
suggested the quark model classification 

scheme

● Quark Model

Murray Gell-Mann → Quarks

George Zweig → Aces

● Quarks

- fractional charge

- spin ½

- flavors (up, down, …)

Baryons → 3 quarks: half integer spin

Mesons → quark-antiquark: integer spin



  

What is Spin Physics

Building the known particles



  

What is Spin Physics

Baryons with spin ½: adding quarks to reveal additional quantum 
numbers
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What is Spin Physics

Baryons with spin 3/2: adding quarks to reveal additional quantum 
numbers, new prediction yields color

Strangeness
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What is Spin Physics

Baryons with spin 3/2: adding quarks to reveal additional quantum 
numbers, new prediction yields color



  



  How do we understand the properties of particles: fundamental 
attributes of matter like mass, charge and spin



  

Some Important Questions

● What are the dynamics inside of composite particles

● How do we actually observe quarks (directly)?

● Mass of a d~5 MeV and u~2.3 MeV so whats the 
mass of the proton (uud)?

● What are the components of spin in the proton?



  

Parton Model

Richard Feynman (1968) : part of or fraction of 
total momentum, charge, spin

● Electron-parton interaction
● Partons: Quarks, Gluons, 

Antiquarks, vacuum contributions

- not elastic, must take into account 
all fundamental forces

- Via Virtual photons



  Explore internal structure: 1000 times smaller than the size of the 
proton, or the scale which can be resolved at inside

Deep Inelastic Scattering

Parton Distribution Functions

Virtual Particle Inside 
the Proton



  

What we Think we Know

● Of the 4-5%, Higgs helps to 
understand 1% of this

● The mass generated by the Higgs 
mechanism is very far in value from 
the characteristic scale of strongly 
interacting matter

● Where is the rest of the Mass in 
hadrons

● Where is the rest of the Spin

● Valence quarks masses contribute 
only about 1% of the proton mass

● Valence quarks contribute 20-30% 
to the proton spin



  

Deep Inside a Proton

D Leinweber



  

Deep Inside a Polarized Proton



  



  

Origin of Spin

How does it fit together: Valance  quarks contribute 
but so do the contributions from the vacuum and gluons



  

Proton Spin Puzzle



  

The Evolution of Spin



  

Some Spin Physics Projects

● ORNL: DNP proton crystallography with a neutron beam at Spallation 
Neutron Source (DNP-SNS)

● LHCb: QCD-spin physics in nucleon structure and hadron spectroscopy 
(SMOG, LHC-SPIN)

● Fermilab: New spin physics program with polarized target and liquefier 
(E906, E1027, E1039)

● HIGS-TUNL: Spin physics program at Duke with polarized beam and 
soon polarized target (P-12-16, P-20-09)

● Next Gen HIGS: New design with higher energy and intensity with an 
active polarized target (HIGS2)

● NIST: Scattering production of paramagnetic complex and target 
sample experiments (NIST-PTexp)

Spokesperson                    Project Involvement



  

Projects at Jefferson Lab
● Hall A

(E12-11-108) SIDIS with transversely polarized proton target 

(E12-11-108A) Target single spin asymmetries using SoLID

(LOI-12-15-007) Time-like Compton Scattering in SoLID
● Hall B

(E12-06-109) Longitudinal spin structure of the nucleon

(E12-06-119) DVCS with LCAS at 12 GeV

(E12-07-107) Spin-Orbit Correlations with a longitudinally PT

(E12-09-009) Spin-Orbit Correlations in Kaon electroproduction in DIS

(E12-12-001) EMC effect in spin structure functions

(C12-15-004) DVCS on the neutron with a longitudinally PT

(C12-11-111) SIDIS on a transversely polarized target

(C12-12-009) Di-hadron production in SIDIS on a transversely PT

(C12-12-010) DVCS on a transversely polarized target in CLAS12
● Hall C

(E12-14-006) Helicity correlations in wide-angle Compton scattering

(C12-13-011)The deuteron tensor structure function b1

(C12-15-005)Tensor Asymmetry in the x<1 Quasielastic Region

(C12-18-005) Time-like Compton Scattering

(LOI-12-14-001) Search for exotic gluonic states in the nucleus

(PR12-16-009) Longitudinal and Transverse Target Correlations in WACS
● Hall D

(LOI-12-15-001) Physics Opportunities with Secondary KL beam at JLab

(LOI-12-16-005) Target Helicity Correlations in GlueX

Spokesperson                    Project Involvement



  

Where is the missing spin?



  

Polarized Drell-Yan



  

Experimental Setup for E1039

Polarized SeaQuest



  

Experimental Setup for E1039
Detector Pack

Target Cave: Under 
Construction

Solid Iron Magnet
(focusing magnet, hadron absorber 

and beam dump)

(Hodoscope array, drift chambers 
track)

Station 2



  

Experimental Setup for E1039

Target



  

Polarized target on the Intensity Frontier

Highest Intensity proton beam on polarized 
target with 4x1012  per 4s spill

● 8 cm long target cell of solid: 

NH3 and ND3

● 2 watts of cooling power:

14,000 m3 /hour pumping

● 5T vertically pointing SC magnet:

Pushing critical temp each spill

● Luminosity of around 2X1035 cm-2 s-1



  

Polarized target on the Intensity Frontier



  

Polarized target on the Intensity Frontier



  

Target System



  

Cave Setup in Fermilab NM4



  

Target Cave from Upstream



  

Cryo-platform

Liquifier Setup

Roots Pumps



  

Dynamic Nuclear Polarization



  

DNP Target System

UVA-LANL

NH
3

ND
3

Produced at UVA
NIST irradiation 14 MeV 

to 1017 e- /cm2

CPI-EIO
LANL-UVA



  

5T Superconducting Magnet

● Rotated For Transverse
original design S. Penttila, Oxford Instrument

LANL owned Magnet set for 20 years

● Feasibility Study
Shipped to UVA 2013

Cooldown in June of that year

Shipped to Oxford Instruments for rotation

● Back To UVA
Third cooldown: good hom. Over 5T in 8cm

Many cooldowns since

Systems runs smooth and stable but consumes lots 
of liquid helium

● 500 L just to cool it after liquid nitrogen pre-cool

● 160 L per day with boil-off, sep, and fridge

 



  

Target Inserts

8 cm 

● 3 or 4 target cells per insert

● 3 coils per target cell (1” apart)

● 9-12 NMR lines running out of cave

 



  

Target Insert



  

Evaporation Refrigerator

Annealing Oven 



  



  

Putting it all Together



  

Test Full System



  

Target Performance
95%

Proton Polarization 

Insert in LN2



  

SeaQuest Dark Sector Physics

● Emerging as a picture of dark matter: Compatible 
with like dark matter, and allows self-scattering, collision 
excitation, and annihilation
- Standard Model forces don't couple to the dark sector, dark forces don't couple to standard 
model matter

● Vector portal: dark mediator is a massive U(1) boson 
(heavy photon)
- Kinetic mixing with the photon has weak coupling to electric charge



  

Dark Sector Physics

● Parameter space: mass mA' and 
coupling strength Є

- Coupling strength governs 
production and decay to SM

- Favored region is mA'  MeV-GeV 
and Є < 10-6



  

Join the Effort

http://twist.phys.virginia.edu/E1039/

A Good time to join the collaboration, experiment 
receives Nuclear and HEP funding, so everyone 
in Spin physics is welcome and there is still lots of 
work to go

Send mail to: dustin@jlab.org



  

Thank You



  

Beyond This Talk



  

Spin at LHC



  



  

Origin Spin



  

Distortion in Transverse Space

down

up

proton

quarks

Side view Front view



● The presence of spin can distort the distribution of quarks in transverse 
space (orbital angular momentum of quarks is required)

● A distortion in the distribution of quarks in transverse space can give rise to 
a nonzero Sivers function



  

Quark Transverse Momentum and 
Sivers TMD



  

Origin of Mass
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