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QCD Lagrangian G=SU(3)

Zacp =q() iV DyulA] — mytq(x) + Lyang—mins,  DulA] = 0, — g, (x),

Pangvils = — 5t Fy (2) T ()},

Fu(a) 1= 0,0,(@) = 0,50,(x) ~ iglA(x), 7, z). ®
= ZacD =laas (1){i7450°0, + ig(u(2))"s] = m 67 11q™ () + Lrang-rtits,

Brang il i= —5 Fu"s(2) F00(2) =~ FA@FA@),  (9)

quark field g®%/(z);

gluon field (7, (z))%, = (7, (x)T*)%,
g: coupling constant, my: quark (bare) mass
a, 3, spinor indices (D=4001,--- ,4)
a,b,---: color indices (R,G,B) SU(3)¢
f, f',---: flavor indices (u, d, s, c, b, t)
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Millennium Prize Problems

 Millennium Prize Problems - Microsoft Internet Explorer N N [ 5
| ZplME REE EFW BERANG Y-LD ALTH) | &
J Q- O - x] & | Lz Jesmw @‘ - JEAH JNorton Bntivirus &) -
{0 e ———————— B EC

| Google - | =l [Clegz - | Bzsdnehlzle | M 700 - @d47230 &

Clay Mathematics Institute

Dedicated to increasing and disseminating mathematical knowledge

T CMI PROGRAMS NEWS B EVENTS AWARDS : \RS PUBLICATIONS

* Birch and Swinnerton-Dyer
Conjecture

* Hodge Conjecture
In order to celebrate mathematics in the new millennium, The Clay * Navier-Stokes Equations

Mathematics Institute of Cambridge, Massachusetts (CMI) has named seven 'P vs NP

Millennium Problems

Prize Problems. The Scientific Advisory Board of CMI selected these problems, * Poincaré Conjecture
focusing on important classic questions that have resisted solution over the * Riemann Hypothesis
years, The Board of Directors of CMI designated a $7 million prize fund for the
solution to these problems, with €1 million allocated to each. During the

* Yang-Mills Theory

Millennium Meeting held on May 24, 2000 at the Collége de France, Timothy

Gowers presented a lecture entitled The Importance of Mathematics, aimed for * Rules

the general public, while John Tate and Michael Ativah spoke on the problems. * Millennium Meeting Videos
The CMI invited specialists to formulate each problem.

One hundred years earlier, on August 8, 1500, David Hilbert delivered his
famous lecture about open mathematical problems at the second International
Congress of Mathematicians in Paris. This influenced our decision to announce
the millennium preklems as the central theme of a Paris meeting.

The rules for the award of the prize have the endorsement of the CMI Scientific
Advisory Board and the approval of the Directors. The members of these
boards hawve the responsibility to preserve the nature, the integrity, and the

spirit of thiz prize.

Paris, May 24, 2000

.V
4| | »

k€l [T T T T @Ak e

Figure 10: Millennium Prize Problems@Clay Mathematics Institute



Millennium Prize Problems at Clay Mathematics Institute (Boston, USA)

e Birch and Swinnerton-Dyer conjecture O 00O 0OOO0OOOOOO- OOOOOO
OooBsSDOOO

e Hodge conjecture] 00 OO 0O 0O O
e Navier-Stokes Equation0 OO 0O- OO0 OOOOOOO
e Pvs NPOPO NP orP #NPOO[O

e Poincaré conjecturel O OO OO OOO
G. PerelmanUO 0 OO OOOOO0OOOODOO20060 Fields OO [
[ArXiv:imath.DG/0211159,2002; math.DG/0303109,2003; math.DG/0307245,2003];

e Riemann hypothesisI O OO 00000 OO RHO

e Yang-Mills Existence and Mass gapll U - OO UOOO0OO0OOOOOOOON
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Yang-Mills Existence and Mass Gap

Prove that for any compact simple gauge group G, quantum Yang-M:ills theory
on R* exists and has a mass gap A > 0.

O http : //www.claymath.org/millennium/Yang — Mills_Theory/[]

3 Glay Mathematics Institute — Microsoft Internet Explorer i : ;'Qlﬂ
| 710 ®E® FrW ARCAI® UMD ALIE | A
[@O= - ©- X & %] Prr om0 @22 v [ A B

| PELAD) [&] hitp:/ fvwvewsclay math.ore/millennium. ane-Mills_Theory/ RaE= kil |JU‘JU || @5 - |[Norton Antivius @) -

| Google ~| =l [Clez - | Szedowalale | zo0 - Rl 470y &

Clay Mathematics Institute

Dedicated to increasing and disseminating mathematical lonc

HOME ABOUT CMI PROGRAMS NEWS B EVENTS AWARDS SCHOLARS PUBLICATIONS

Yang-Mills and Mass Gap * The Millennium Problems

+ Official Problem Description —
Arthur Jaffe and Edward Witten

The laws of quantum physics stand to the world of elementary particles in the * Report on the Status of the Yang-

way that Mewton's laws of classical mechanics stand to the macroscopic world. w\b?
W Michael Douglas (April 2004).

Almost half a century age, Yang and Mills introduced a remarkable new

framework to describe elementary particles using structures that also occur in

geometry. Quantum Yang-Mills theory is now the foundation of most of

elementary particle theory, and its predictions have been tested at many

' Lecture by Lorenzo Sadun at

University of Texas (video)

experimental laboratories, but its mathematical foundation is still unclear. The
successful use of Yang-Mills theory to describe the strong interactions of
elementary particles depends on a subtle quantum mechanical property called
the "mass gap:" the quantum particles have positive masses, even though the
classical waves travel at the speed of light. This property has been discovered
by physicists from experiment and confirmed by computer simulations, but it
still has not been understood from a theoretical point of view. Progress in

establishing the existence of the Yang-Mills theory and a mass gap and will
require the introduction of fundamental new ideas both in physics and in
mathematics.

N R 4

Figure 11: Millennium Prize Problems —Yang-Mills theory—
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