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Many 4d (s)CFTs

¥ SQCD in Seiberg conformal window.

¥N=4.

¥ non-Lagrangian possibilities.

¥ Observables = spectrum of operators, th
dimensions, OPE coefbcients (+ non-loc
Wilson loops.)




Applicationsof (s)CFTs

¥ Help with model building challenges

¥ E.g. O(1) anomalous dimensians.c help
suppress or enhancetherwise pPnely tune
guantities. Examples: sequestering, [3ave
hierarchy from anarchy, mu/ Bmu in GM
conformal technicolor, etc.

¥ Or Rowing near CFTs. E.g. walking
technicolor, unparticles with mass gaps.




BSM?

¥ Direct observation doesnOt look promisit
(at least not yet!). In any case, thinking
about Naturalness challenges continues
lead to new Insights into general aspects
guantum Peld theory.




Another kind of application o
(S)CFTs

¥ Softly brokersymmetries can be regarde:
asspontaneously brokeiget selection
rules. IR brokersymmetry restored in UV

¥ Example: QCD.Not conformal, RG Row.
UV: asymptotically free CFTR: chiral
symmetry breaking, conPnemekiVould
like to relate IR tosimplerto UV physics.




Example: leptons probing th
hadron sector
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Analyticity, optical theorem, OP|
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Use OPE @ large s. Use approxOly for all s.
QCD Sum rules, etc. (Shifman,Vainshtein, Zakharov, Valentin.)
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Change the subject t6

G GMfrom

Mgagno ~ ! d*(Q2(I(x)I(O) (Buican, Meade,

Seilberg, Shih)
Miermion ! ' 2 d*IN(x*M 2)"Q*(J (x)J (0))

Bottom up: LHC might someday measure these few
parameters, giving a tiny, indirect peek at the hidden sector.
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QCD Analogy visibles probint
the

Visible sector

matter owoNd

e e




We use optical thm. etc. for

A s
S0
N GAVES
= crra¥ OSCFTC
17 .m! (S //
I (s) = — ds —; (
.! S0 S LS
gaugino or sfermion masses,; Visibles to hiddens
hidden sec. bound states, a-la production x-section.

QCD sum rules? Constrains Disc.Os
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UV=OSCFTO

Hidden sector: susy and conformal symn

¥ Bigger UV symmetry implies UV relation:
Some vestige can survive to IR.

¥ Broken symmetry in IR by operator or
spurion vevs.

¥ Apply the sOPE in the OsCFTO, with
on the RHS.




SOPE Iin SCFTs

¥Relate to 2-point and 3-point functions.

¥Superconformal symmetry constrains the
form (Osborn).

¥ Apply to our case of interest, correlators
for conserved current OPESs.

¥ Relations among superconformal primari
and descendant sOPE coefbcients.




Superconformal reps

F

descendants

1 * "Q\TP/Q;* |




Conserved current
supermultiplets

Tu=jr+!" "8 Ty + ... Ferrara -Zumino multiplet

J=J+ilj! 9@ 1"Hejug

BT, ,=0 OSCFTO D2J = B2J =0  Conserved




2 and 3 point funs, OF
Og! 1 | | o | Ci(j) S 2-point fn coefpPcients

«— ~ metric (Zamolodchikov)
O,
Oy _.I_ O, ' Cil} OPE coefbcients
Ox 0

|
Oo! 1 | I " G Ok = Gik 3-point fn
O; coefbcients




Examples4d N=0, OsbornPetkou)
To

Ij!
Da, C J ju DkFFF

confOl anomalieg Ot Hooft anomalies

U
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4d N=1 SCFT, e.g.

L,
L

7[1 Relates a, ¢ to Tr Rand Tr R Ot Hooft anomalies, Aneslmi et. al.: Osb

T
Relates ! FF  to Tr RFF Ot Hooft anomalies, Aneslimi et. al.; Osbo
i
Relates Tr RRF to Tr F anomalies: implies a-maximixation, KI+ Wecl
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Determining descendant OP

from the primaries

Without susy;, this was fully worked out in the O70s by Ferrara
and collaborators. E.g. bPxed coeffs

! ck i !k+!i!!j"¥\"
Oi(X1)0j (X2) = 1! — xaPF"... Ok(X2)

NI |
g fz 2 t K

YouOd expect: (i) susy case is similar (ii) worked out long ago

But both these are wrong. In fact, superconformal descendan
are generally NOT fully determined from those of the
primaries. In some special cases, it happens that the
descendants are indeed fully determined by the primaries, bu
in generic OPEs theyOre not.
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Superconformal 3-point
functions and invariants

Implement the superconformal symmetry constraints using
OsbornOs superspace formalism and results. 3-point functior
depend on z = (zM, 1} . BY). i=1,23.

1 21 % "1
_ X3, X3

X351 X3
Complete it with corresponding theta terms to make ~ chiral

or anti-chiral versions, calle ;, Y0,  (donOt confuse with the
chiral superbeld X).These are coordinates, not pelds.

There are corresponding nice combinations of coordinates
that start with thetaOs, so theyOre nilpotegt ¥,

Make conformally nice coordinate Z§
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General 3-point functions
and the Theta Invariant

Super operator 3-point functions

v

10i (21)O;j (22)Ok(z3)" = Cijk (...) T (X3,! 3,93)

Generally underdetermined furé)'n of Theta, means that
super-descendant 3-point functions are generally not fully
determined by the coefbcienijkmof the three superconformal
primaries. For shortened susy multiplets, the function f can
be determined, giving descendants in terms of primaries.
Otherwise, Pnite number of additional coefbcients needed.

Determined dep on super-coords
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Consider the J(x) J(0) OPE
J

Real, R=0, spihprimaries + descendants on RHS, only
OH1--H 3

el

determined fn. of supercoordinates,
via J conservation, e.g. for spin O,

X, ! = combinations super
coords (Osborn)

Implies relations in supermultipet of JJ OPES, from
superconformal symmetry + current conservation.
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Relations, seen from algebr

it ()i (0)= Q*(3(x)J(0)) = X%Q(X@)(J(X)J(O)) elc

—>» Relations among different OPEs on LHS

S%(J(x)J(0)) = 8%(J(z)J(0)) =0 etc

= Relations among different terms on RHS of OPE.




Expand out superspace current-currel
OPEs, real operators on RHS:

QOH1--H (X, | q = AH1-H (X) + "HBHH 1---Ht (X) + "ZDlll---H! (X) + 4§ &
+1 IR -
Z! |1

—ZM 4aaM
I
12

1IJJA MK = CiJ 0,

(D L #2)Z 2

ZH1 444
8(I # 1) 2,

IJJDBrllmu' — #CJJ 0,
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Current 4-pt conformal block
N

(D; t descendants

Ul riorzalr 13roa

V1 114023/ 13624

3 N

DI = oy DG
12 340!’!!\]"\] I A

R L+ 2)
! even Coo1e(! + P+ D)

g +2.1.

| 12:1 10
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Aside: N=2 JJJJ bloc

J¢ =
(D; + descendants
J¢ =
GN=20330 = 4 4 24 GN=2.33: ' _ A 1
= Aot 342 = Ap! :—%AZ

A0,1,2 for certain N=2 SCFT reps given, in terms of N=0 blocks, by Dolan and Osborn.
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Apply SCFT to GGM

e.g.
| @) 2

Co(x) 1" J(2)J(O)#= €33 "Ao# B ‘ " Dovprim #

o (2221 o0) 2 o(! 0 +1)
! Now

+ CJ‘J "Nou#
o (xZ)%(B!  on)

. ) : 9
!J! (X)HU(O) = #1 !“!u#ucllz(x) = #1 !u!u#u L

5 (XZ)%(4! I o

“(1Ao"+ ...)
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Simple Example: MGM as OSC

Charged messenger pair + hidden goldstino bPeld or spurion X

W = X & =1 11 ¢ I

°—>@ > I (21)J (22) = OPE

I X"= M+ 12F mi:

My

Compute OPE coeffs in UV OSCFTO, including X, F ¢
on RHS. Coeffs = UV data, unaffected by IR op vevs.




+ permutations \

T wETEHN0)T ho® (G WE FEX X

&'( =0
|

+ $o("# ;%WF F) (X X)*X F &*(0) + 42
"# =0

Use / check: ' (i1 (0) = Q%3 (03(0) = Q- $)(I(x)3(0)
SRR MR(O) o) FX st L HIE F) (X X)

*+, :O

With: ¥12(#$) = ($+ D) k("#$ +1)+2 (" | 1#$9 It works.
Only need JJ OPE




- Cross sections

K\\Km For  &y(s)=F.T.1J(x)3(0)"
K ) CCM e, e
fns |
J/ B1/2(s) =F .T.lj; (x)j' (0)"

Cut: make on-shell hidden / messengers, disc = total cross sect

| | 8" 2#2 "U2(s mqy, m
| 2(vis ! hid) = < Disc€,(s) Also,e.g. !o(S) = (8#521 2)

-

M| 2

| = 4S|bos|2 =(s—(my + mz)z)(S — (M1 — m2)2) Textbook kinematic factor

2||# 2
g2
f Compare with the Disc of

) 1 & g y . our Wilson coefbcients.
lo(") = + Im &HS%N"S! )(F F)" (X X) It works. Use symms to
#3950 Pnd all other cross sects.

Our example: ! o(Vis — hid) = $Y2%(s,ms, m )
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GGM soft masses from OPI

3
— n2 M) v 2 _ 4 ".
GGM: Mi="EMBiR0; 1 2= S(" A original MSS
M2 | = 3 expressions
A=l e #S E€0E)! 48)s) +3E0)
Use theOPE + dispersion relations, egs=0)= ?S'm(i(s»
.( for OPE O :
S s 2o @], IR :( UV :) for OPE.
Mgaugino = - 281G Mm% Q°(# 1 ()X In our example: yield
| the usual GM f(x), g(x), x=FAV
2 ! #2$2Im[°/§‘"’2$33(%],,@2 24 . (0
* sfermion — - " 2& +11'8 2\ & Q°(# - (0)1

Get good approx. by keeping only few leading terms in OPE.
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Approx. soft masses from OF

30) , ., %K) ), ..

%#1 g
).#T e

' 1,
‘]( )‘J&(O) - 16&4 4 ( 1# 4&2 2 4&2 PARE %

// OKonlsth lowest dim higher dim ops

QQ(*)=0 op with QQ(K) £ 0 + descendants

Leading term from

[ ] H I (0) q . .
We bnd: Mgaugino ! 8M 2 ($940)) Konishi operator, and

Its mixing operators.

n 2
#$ Y%k .,
| gfermion | YIVE QZQZ(# 8(0))3

E.g. in our OGM example, standard soft mass functions f(x), g(x) ~ 1. The OPE

approximation from including just a single term already accounts for ~ 1/2 of
these functions. The higher dimension operators and descendants give just small

corrections. Power of the OPE.
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Summary

¥ Constrain current-current OPE in SCFTs,
showed superconformal descendant coeff:
are fully determined from primaries.

¥ Can apply to OSCFTsO with broken susy :
confOl symmetry. OPE coeffs =UV, so dor
notice IR breaking by vevs.

¥ Can apply to GGM. Use OPE to bnd cros:
sections and approximations to soft masse




Thank you.




