Quantum Spin

Think of spin as an intrinsic angular
momentum — like that of a toy top spinning
on its axis. It's an essential component of a
particle’s overall characteristics.
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The spin mystery

Powerful new accelerators, including the
future Electron-lon Collider at the U.S.
Department of Energy’s Brookhaven
National Laboratory, will explore how the
spin of a proton arises from its inner
building blocks, quarks and gluons.

Putting spin
to work

We already harness the quantum property
of spin in many ways. Who knows what
new applications will come from future
discoveries about spin?

A Century of Spin

The idea that fundamental particles have spin debuted in 1925. Spin
soon became essential for describing these particles — as important as

mass and charge.

“Your idea may be wrong, but since both of you are so young without any reputation,

you would not lose anything by making a stupid mistake.”

Fermions and bosons

Particles with half-integer spins — such as
electrons, quarks, neutrinos, and even protons
and neutrons — are fermions.

Particles with
whole-number spins
(0, 1, 2) —such as
photons, WSs, Zs,
gravitons, and

gluons — are bosons.

Over the past 100 years,
physicists have discovered
and described how fermions interact via the
exchange of bosons, mediators of nature’s
four fundamental forces.

This “Standard Model” — together with
Einstein’s theory of gravity — successfully
explains all laboratory experiments to date.

— Paul Ehrenfest, University of Leiden, Netherlands, to George Uhlenbeck and Samuel
Goudsmit, his graduate students, who rst proposed the idea of spin in 1925.

Spin provides order and structure

Spin is the origin of order and structure for the visible
matter in our universe. Here’s why:

No two identical spin-%z particles can be in
the same quantum state. This is why atomic
electrons organize themselves into “shells.”

These arrangements form the basis for the Periodic
Table, which groups atomic elements according to
their electronic structure and chemical properties.

A similar spin-based
ordering determines
the arrangement

of protons and
neutrons in

atomic nuclei.

Without spin, therefore, there would be no atoms
— and hence no observable universe as we know it!

International Spin Physics Committee (ISPC)

The ISPC, whose members are experts in the eld elected
every four years, organizes two major recurring meetings
on spin physics and related technologies.

Upcoming events:

Community-Wide Meeting on Polarized lon Sources
and Beams at the EIC

Stony Brook University, Stony Brook, New York, USA.

March 10-12, 2025

International Spin Physics Symposium (SPIN 2025)
Shandong University, Qingdao, China.

September 22-26, 2025

www.bnl.gov/centuryofspin



