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¥ Are there ary QCD-like gauge theories
which ae anajtically tractable in 4d?

¥ Meaning of the question? @ikPolyalov
model on R® or Seiberg-Witten)

¥ pureYM, Vector-like, chiral ? Obvious
ansver: Nol!

¥Strong coupling gauge dynamicsyra&so
be relevant to (nulti)-TeV scale pysics.
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¥ Thermal ‘ersus quantum Ructuations.
¥ Non-thermal compactibcationsot all QCD-like theories alik.

¥ QCD(ad)) with periodic spin connectionCenter symmety
never breaks! (complexepsnot so.)




QCD(ad)) is solvable on small cle (in the same sense as SW or
Polyalov model.)

Exhibits (linear) conPnement without contimus chiral symmeyr
breaking on small ate. Discrete chiral symmety is alays bioken.

There must exist a non-thermal chiral transition in the absenceof
change in center symmaeatrealization!

Masslessefmions at small cnle, massless Goldstone bosons at large!




QCD(ad))

s= Lu 2R3+ i Dy : short distance
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Evaluate the one loop eittive potential 6r the Wilson line
Eigenalues epel.Mininum at

At weak couplinghe Ructuations & frozenOHiggsegimeO




Perturbation theory

G = SU(2), H = U(®1)
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IR in peturbation theory is a fee theory of fermions andphotons@s
this petturbative Ped point destabilized non-peirbatively?




Magnetic Magnetic
Monopoles Bions
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Discrete shift symmety: ! ! T + 7
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magnetic bions magnetic monopoles

Same mechanism in N=1 SYWNhrecognized paviousy. Bewvare of mary
erroneous statements in literatar

Important point in the solution of N=1 SYM is untthen center symmeyy,
not supersymmety

[See Gied&gand CatteratQalks 6r progress in susy lattice@fmulations.]




A) Mass gain gauge sector due to magnetic bion mechanism,
so Is linear conPnemerand stable 3ux tubes.

B) Discete chiral symmetl is alvays bioken.

C) Continuous chiral symmetris unboken at small radius.

QCD(ad)) .
Red line N=1SYM

calculable

<det tr## >




Remark

¥ Not same as Blyalov model with massless adjoirrions
which neither conPnespr has a mass ga he masslessnes
of the photon is potected by U(1) shift symmety. U(1)
breaks spontaneoushnd photon is the Goldstone boson.
(Afl3eckHarvey,Witten 1982)

¥ Distinguishing notion beteen QCD(adj) and &lyalov
model with masslesgifmions: discrete versus contimious
topological symmetr (Not explained in this talk.)




Region of validity of duabfmulation

¥ INg ! 1, whynot L1 1 17

¥ Separation of scales betenW-bosons and dual photons.
¥ Deeper reason:Large N wlume independence Ekeduction

¥ The large N wlume independence holdsgnded unboken
center symmety. Thusthe chiral transition scale ust
move to arbitrarily small radius at large N.

¥ New dynamical scale in QCbH: */N




¥ Complex epresentation érmions chiral
theories,pureYM? Center isaways broken
at small radius.

¥ New idea Add center stabilizing double
trace debrmations. Different theory? Not
So fast.
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At large N, the debrmation is a n& cure to the old EK poblem,and is a useful
tool for QCD-like theories (withyafe).

[See Barak Briradtz©talk br progress in this diection.]

At Pnite N, (with Shifman)Conjecture: For the debrmed theories with
only discete global symmetriefhje physics of the theoy at large and small
radius ae smoothl connected.




¥ Deformed theories, 1-Raor QCD* (F/BF/AS/S) andM* are
anaytically tractable at small radiuGonPnementnass ga
discrete chiral symmety breaking can be shan anajticall.

There are difPcultiesdr complex rep frmionssince one
has both electricalland magneticalicharged elevant
excitations in the IRHowever, this Is surmountable

Double trace dadrmations ae also useful o a large class of
chiral gauge theorieR.is fair to sg that our curent
knowledge of such theories is next to nothir{an progress,
with Shifman.)

The dynamics of chiral theorieseareally bizare (or unique),
and we hare some pomising anatical results. (to appear)




