PHY-396 T. Problem set #10. Due November 17, 2009.

. First, a reading assignment: Philip Argyres’s 2001 lecture notes, sections §3.3-5, about

SQCD with Ny > N, conformal and superconformal symmetry, and Seiberg duality.

. Second, let’s check 't Hoof’s anomaly matching conditions for the Seiberg duality. Clearly,
if two distinct gauge theories A and B have the same IR physics, they must have exactly the
same un-broken flavor symmetries. Moreover, because the massless composite fermions
are the same in both cases, their flavor anomalies must match those of the elementary

fermions of either UV theory, hence the UV-UV anomaly matching conditions,

tra) (F{F',F"}) = trp) (F{F',F"}) V unbroken flavor charges F, F', F",

(1)
and also tr(4)(F) = tr(g)(F) V abelian F,

where tr(4) means the trace over all elementary LH Weyl fermions of the UV theory A,

and likewise tr(p) is the trace over all elementary LH Weyl fermions of the UV theory B.

Your task is to verify these anomaly-matching conditions for a specific pair of Seiberg-dual
theories. Theory A is pure SQCD with NCA colors and Ny > N, CA + 2 flavors. It has quarks
Q%' antiquarks @{ , and the gauge fields V¢; there is nothing else. Theory B is also
SQCD-like but with extra singlets. Specifically, it has the same number N; of flavors as
(A) but a different number of colors, Nf’ = Np — N(§4. Besides the gauge fields v, it has
quarks q;, antiquarks ¢ ¢, and N]% gauge-singlet fields M/f " with Yukawa couplings to the

quarks and antiquarks,

Wt?ee = A Z Q;Mff gc,f- (2)
of.f

Note that the quarks and antiquarks have upper flavors indices in theory A but lower
flavor indices in theory B. This denotes their opposite quantum numbers with respect
to the SU(Ny) x SU(Ny)g flavor symmetry group: The A-quarks Q%/ form the Ng
multiplet of SU(Ny)r, while the B-quarks qJCc form the conjugate N¢ multiplet. Likewise,
the A-antiquarks Q? form the N¢ of the SU(Ny)g while the B-antiquarks g s form the N¢.


http://www.physics.uc.edu/~argyres/661/susy2001.pdf

(a) Tabulate the SU(N.) x SU(Ny)r x SU(Ny¢)r x U(1)p x U(1)r quantum numbers
of all the elementary fermions of each theory. (The R-symmetry here is the color-
anomaly-free combination of the pure-R and the axial symmetry.) Also, check that

the theory B does not have any other anomaly-free symmetries.

(b) Calculate all the flavor anomalies of each theory and check that they match.

. Finally, an exercise in conformal symmetry and the radial quantization. Suppose a CFT
(supersymmetric or otherwise) has an abelian gauge symmetry and let |F*¥) be the pri-
mary state (in the Hilbert space on the S3) corresponding to the F*¥ operator at = 0.

Consider the descendant states
) = PHIF™) and | Jh) = PUEM) = dvmip, |, (3)

Use PJ = —1K,, (in radial quantization) and the conformal algebra to calculate the Hilbert
norms (J4|J%) and <Jrlr’1ag|Jr’jlag> of these states in terms of the scaling dimension A of the

FH field. Show that both norms are zero if A = 2 and both are positive if A > 2.

Use this result to argue that either the abelian gauge field is free (in the IR limit where

the theory is conformal) or else it must couple to both electric and magnetic charges.



