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1OWN pParticle phaysics,

JliEntum Field Theory is

BNMportant for understanding

= Ghe vicinity of certain phase

= transitions, such as the all-
important water/vapor
transition.

® Here we are interested in a
3-d (Euclidean) QFT.




Shihisyt S|t|on s in the 3-d IsngMI@IELa.—
IRIV; rsallty Class:

2 O] r‘r COMIMO Itransitionssare deseribed
0)Y j~e QFT with O(N) symmetry.

) wa vorles are also very important in
;:_,- Gse in'the Quantum Hall effect high-Tc
= ’s'uperconductors etc. Tuning various

~ parameters can lead to fixed points
(" Quantum Criticality”) in 2+1 dimensions.



SNe-IRVENind al set of strona
SOIIPIEURS=A conformal theories that
EVERfactable AdS, duals?
OIEIofthe motivations is that they
solldiSerVe as toy models, or

A1

= Hyperbolic Cow’ approximations, to

= some physical systems, much like

~the #=4 SYM in 4-d seems to
approximate some aspects of QCD.

® See an article by I.K., J. Maldacena
iIn January 2009 issue of Physics
Today
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o Th|s dual descrlptlon IS tractable and
makes many non-trivial predictions.
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=lich lower than the number of UV degrees of
= freedom N2, 1.K., A. Tseytlin

~ [s there a more direct way to characterize the
Infrared Superconformal Theory? Schwarz
suggested that it should be a Chern-Simons gauge
theory.
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ZLILJ-F\ ’HH:ILJ—FH F(xp),
ZTL,_IE___} —V 7HL_, l._Iﬁ__} H FTLI_IE__I]
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® Using SO(4) gauge group notation,

1 .
T‘);* — 1 = A '?'B 'r'i.' 1
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SPAfIErony, Bergman, Jafferis and Maldacena
gIGIIEA that the COrTECT desCription of a
r).JJ 20f M2-branes is slightly different. It
JJ‘]\ olves U(2) x U(2) gauge theory.

=" 3e SU(4) flavor symmetry is not manifest
=="b‘ecause of the choice of complex
~ combinations N

=

—

® The manifest flavor symmetr
SU(Z)XSU(Z) W = Leace? tr 22 Wp2oW,
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SEGRIN M2-branes ABIM theory eas
JENENalizes to U@M)ix U(N) 1EOTY
WILEECHERN=SIMENS,COENfICIENt KIS, then
sonjectured to be dual'to’AdS, X S;/Z,
SUPPO ed by N units of flux.

J rJr,'“ 2 this theory has /N=6 super-
Ormal symmetry, in agreement with
conjecture. Bandres, Lipstein, Schwarz
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YA, A=1,...4, are complex N x N matrices.

yA = {7t 72, Wit w2t
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) —1 or 2 the global symmetry should
{Sn]ecture In order to write the additional
currents we have to employ the
“monopole operators’ such as |

AB _ pq-2 [14 D, yvEB _ D, YyAY B 4tk ,E-___,TE}
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T -lﬁodify the beﬁé\”lior ofi fields near an

[ISEIUENNPOINELO arU(ES  magnetic i ux™
relIghta 2-sphere surroundmg the point

SOIORNBY,Kapustin, Wu O 41— cosd
m,)s i), Witten A= ————dy

/

re =a U(N) gauge theory, the generator H
escrlbes the U(1) embedding. Due to Dirac
quantlzat|on it is labeled by a set of mtegers

’ao--n

H = diag(qr, ..., qn)
e \With Chern-Simons level k, these operators

transform under U(N) as a representation with a

Young tableaux with TS SEEENS OWS.

— t" g —



Sulidied ' the mondb‘ele OPEfators in the

|s |mportant to prove that the monopole

~ Insertion does not alter the " naive’ global
charges and dimensions of these currents.
This is difficult because the ABIJM theory is
strongly. coupled for small k.

2 fn,J ecent paper, Benna, Klos..‘gnd‘I —

antll
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SRl con5|der th_e weakly coupled UV,
comnalatiogaitns Ao pae ) FOUG
geeingrthe SYM terms and adjoint kmetic terms
Ligits m- ntaln N=3 SUSY. J. Maldacena

ERIISTE eory has SU(2) R-symmetry, and we will
_ Cal f:ulate the representations of monopole
ﬁerators using semi-classical methods.

3 Smce the SU(2) spin cannot change along the
RG flow, we will be able to show that the ABJM
theory has singlet monopole operators.
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i .,-the correspondmg chlral adJomt
:tIC terms reqwred by wv=3 SUSY

® [hese fields re coupled to N: bi-
fundamental hypermultiplets




BihEssuperpotentiall contains qg_a@;aht g
LN, s—related to the C-S levels

;_;akes W quartlc For N.=2 the theory

= reduces to ABIM. We will also consider
other values of N. and show how the
dimensions of monopole operators depend

on N-.



om the chiral multiplet combine with one

—

= from the vector multiplets to form a triplet
~ of SU(2).




SRNLIErENs the complete field content offthe; &
WELNYy and  how Itassemblesiinto SU(2) reps

o

manifest Super Component fields

symmetry fields dynamical in the IR auxiliary m the IR anux.
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SNl/ercarty out Elclidean continuation; -
LHENNTEP from R2.to R x S* 'byéglfmgﬁﬂ =
2nd rescaling the fields according to,
;;; = A = ¢~ dim(A)r 4
SRIlEIEffective interaction strength acquires
dEpEndence on 7

coupled.
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Saseaveak.coupling limit, there are..

slgssIeal (@nti=)BPS monopole solutions

A=A= _—{' +1 —cosf)dy | o,=—0;, = —';r';_—_r_f}_.-_g
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- .;.;_‘-__ h0|ce of scalar field breaks the SU(2)
global symmetry to a U(1). To restore the
~ SU(2) symmetry we mtroduce a SU(2)/U(1)
collective coordinate [

¢ [ts quantum mechanics is analogous to that
of a particle on a 2-d sphere.

'
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S = [arde te[=igh Pet = il (o)u[H. ")
AL PN 4 i AL (00) S [H, Y]

® Note the sign difference in the interaction
term between the hypers and vectors.
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SREmarkably,thejnducedigauge;potential
je); ! ke that off @ magnetic monopole at
rnrl nter of the 2-sphere.

2 r niss ~ effective monopole’ is not to be
— nfused with the original monopole we

= &a're' quantizing.

-® A useful building block is a single fermion
coupling to the collective coordinate with

Cha rge q : S = / dr df) [—HTP W — S qni(T) ¥ (04)" {-,?,:f.n'ﬁ“}
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':”]—{} Ai(nn) = \r—F 0 k
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?-e Vector multlplet fermions contribute
=With a crucial opp05|te S|gn

® The total effectlve mag netlc monopole
Cha rge iS h = [:h'r_f - 2] Grot = | ﬂrf —2) Z |"I-r - ‘5}’3|




® Only for N.=2, i.e. the ABJM case, do we
find singlet monopoles.
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PBLIErWaytorfixthereffective monopoler
siaigE IS to calculate the U(1) R-charge
RAlced by the fermions for a monopole

%w h a fixed orlentatlon

where we recognize -1/2 and 1 as the R-
charges of the bi-fundamentals and the
adjoints, respectively.
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presence of a BPS or anti-BPSH™
Jopole, the induced charge'is due to
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sHlhisieadsiortne value of mduced charge ,

trlbutlons IS obviously dictated by their U(1);
charges

® Our result for U(1); charge agrees with a calculation
of the ABJM partition function done by Seok Kim
who used a deformation that produces a weak
coupling limit. It is also consistent with earlier work
by Gaiotto, Witten; Imamura: Gaiotto, Jafferis.

=



"q i

eESImilarly, It IS not hard to see that t-lﬁe»;
MENOPOIES do netracqulire mf)
shicrgeslihereforeinithe ABJM case, the
deMIOL carry any global charges. Due to
ir)e j" relation between dimension and
{~c* arge, the monopoles do not
=con jtribute to dimension of composite
,,@perators Thus, the AdS/CFT duality
~ conjectured by ABIJM appears to have
passed a non-trivial test.

® See also the related work by Gustavsson,
Rey: Berenstein, Park that just appeared.

A—d



= whose AdS duaIs have been proposed.

'_* These theories possess weakly coupled UV
completions where the monopoles can be
studied semiclassically.
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J\E .eories are'more challenging,™

SINCERE abelian R=charge mayib —
enermalized alongi the flow. If we assume
eI ORS NoL, then We observe a curious.

rw—‘LJI‘JJ [between the induced monopole R-
Crlelfefs 3 a 3-d gauge theory and the chiral
Jnf aIy coefficient in its 4-d parent.

n’seme models, both are proportional to the

Ll

———

~ sUm over the fermionic R-charges. For
‘example, in the 4-d parent theories of the 3-d
models we have studied, the U(1), anomaly
coefficient is [EYIZINY

® The consistent theory is the " conifold quiver.’



UNg new identitites in"S=d:

111 QZZZ QEC
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3
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g"‘cOnjcture that, in A=2 CS quiver

— !
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= theories that have consistent 4-d " parents’
there are monopoles that contribute
vanishing R-charge to composite operators.

¢ Ultimate Hope: to find a “simple’ dual of a
3-d fixed point realized in Nature.



