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@ Has a lot of useful compactifications
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This compactification is especially interesting due to recently made proposal
that 5d MSYM captures all degrees of freedom of 6d SCFT and can be used to
define it.

Main arguments:

o Kaluza-Klein modes of compactified 6d SCFT can be identified with
instanton particles in 5d MSYM, with the following relation between YM
coupling and compactification radius arising
5d instanton particles: Mg ~ %; 6d KK modes: Mg ~ Riﬁ = Re ~ g,Q/M

@ Complete KK spectrum of 6d theory compactified on S; matches the
instanton solitons of 5d MSYM, with the identification
Re — S
6 = 82 ”
This was proven for the broken phase with N = 2 (i.e. 2 slightly separated
M5-branes) N.Lambert, C.Papageorgakis, M.Schmidt-Sommerfeld '11
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@ R-symmetry is SU(2) in flat space

e N =1 Vector Multiplet in adjoint representation (Luector)
gauge field Ap

real scalar o

SU(2)r Majorana doublet of gauginos A’

Triplet of auxilary fields Dy,

o N =1 Hypermultiplet in representation R (L&,er)
e 2 complex scalars q;, I = 1,2
o fermion
o N =2 SYM defined by the Lagrangian L = Lyecor + L2%,..., i.€.
hypermultiplets taken in adjoint representation, with the masses of hypers
being M = 0. If we take M # 0 we call it N/ = 1* SYM

@ 5D SYM is non-renormalizable [gf,M] = ﬁ

o For the details of putting 5d SYM on the sphere see K. Hosomichi,
R. -K. Seong and S. Terashima '12
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@ In limit t — —oo path integral localizes on field configuration satisfying
0V = 0 (localization locus) ,assuming dV is positive definite. And it is
easier to compute integral evaluating S and corresponding 1-loop
determinant on this localization locus

e path integral (hard) — matrix integral



Localization for 5D SYM on S°

To localize 5D SYM one should

e Find appropriate §V
Viector = 0 [ d®x /8 Tt [(SM)TN] 5 6 Viyper = (30)1 95
S5



Localization for 5D SYM on S°

To localize 5D SYM one should

e Find appropriate §V
Viector = 0 [ d®x /8 Tt [(SM)TN] 5 6 Viyper = (30)1 95
S5

o Introduce v™ = €& T™¢;, where & is Killing spinor on S°



Localization for 5D SYM on S°

To localize 5D SYM one should

e Find appropriate §V
Viector = 0 [ d®x /8 Tt [(SM)TN] 5 6 Viyper = (30)1 95
S5

o Introduce v™ = €& T™¢;, where & is Killing spinor on S°
@ Then fields in localization locus satisfy equations

Frn = %Emnpququr; Dno = 0; D/J + 20ty =0; qr = 0;



Localization for 5D SYM on S°

To localize 5D SYM one should

e Find appropriate §V
Viector = 0 [ d®x /8 Tt [(SM)TN] 5 6 Viyper = (30)1 95
S5

o Introduce v™ = €& T™¢;, where & is Killing spinor on S°

@ Then fields in localization locus satisfy equations

Frn = %Emnpququr; Dno = 0; D/J + 20ty =0; qr = 0;

@ This in turn implies localization locus to be
F=0; og=const; q=0
Here we have chosen only flat connection solution to the equations above,
ommiting instantons contribution.

For detailed procedure of 5D SYM localizations see
K. Hosomichi, R. -K. Seong and S. Terashima '12;
J. Kallen and M. Zabzine '12;

J. Kallen, J. Qiu and M. Zabzine '12;
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@ Derivatives of this complicated functions are given by simple expressions

df(z) di(z) _
dz —

2 = n2” cot(mz);

—mzcot(mz);



Case of Adjoint Hypermultiplet

@ In the case of SU(N) gauge group with adjoint hypermultiplet path
integral turns into
Z ~

JTIL, diexp <8’}3N Y87+ 2 2|5 log [sinh(m(¢i — ¢)))] + 3£ (I8 — ¢5))

i JF#I 0
LR im i — &) — A (E —im i — 65)) + (61— f¢f)D

2
where A = M , is t’" Hooft coupling constant



Case of Adjoint Hypermultiplet

@ In the case of SU(N) gauge group with adjoint hypermultiplet path
integral turns into
Z ~

STIY, doexp ( S67+ 55| Hloglsinh(n(9s — )] + 310 ~ )

A m (6= )~ 3 (5= im0 - ) + (0 6] )
where A = gif"/’N , is t’" Hooft coupling constant

o In large N limit partition function is dominated by the saddle point

167;3,\,@ _ wé: (2= (¢i — ¢;)?) coth(r(¢i — ¢;))

+3 (3 + (6 — ¢y — m)?) tanh(m (¢ — ¢ — m)) + (m — —m)]
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@ In the strong coupling limit (A >> 1) we expect that |¢; — ¢;| > 1, i.e.
eigenvalues are well separated and saddle point equations are simplified to
7T2 M
ol = (3 +m?) Xosign(gi — ¢))
J#i
@ Solutions to this saddle point equations are

o (9+4m?)A

@ Corresponding eigenvalue density is

P(fﬁ):ﬁ |9 < &m , m= ez
= 0 |6 > dm -




Free Energy

@ Now substituting obtained solutions back to the free energy
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o Notice that essential element for N° behavior is hypermultiplet in adjoint
representation !
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Wilson Loop

e Wilson loop in 5D SYM:

1 $ iAydx+ods
. W= 7din_1RTTRPe _ .
As we are interested only in supersymmetric variables we further calculate

loop wrapping equator

@ In strong coupling limit of matrix model

_an3N 2, m (9, 2 b
W) [Tan et S F IR0

@ Saddle point position is the same as before, so we get:

0 fovtaeen (& (1)



AdS;/CFTe

6d SCFT results can be obtained from AdS; x S* supergravity calculations.
o boundary of AdS; is taken to be S x S°
o radii of AdS; and S* are ¢ and £/2 correspondingly, £ = 2(,(wN)*/3
o AdS’ metric is given by

ds® = (*(cosh? p d7° + dp* + sinh® p dQ3)

27Re
r

together with the identification 7 = 7 +
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AdS7/CFTe: Free Energy

o AdS/CFT: supergravity classical action gives free energy of boundary CFT.

o Full action: ladgs = lbuik + kurface + let, where

— _; 4 7 R —
Ibulk = 16 ,NV0|(5 )/d X\/E( 2/\)
12

Gy = 1/(167€};) is Newton constant and e.o.m. give R — 2\ = -7
Integration gives
o = %N3 (e =2+ 82— 2 +0(Y)),
where 1/¢ is UV cut-off
o After minimal substruction we get free energy of 6d SCFT
R
512 r6 n?

lags = —
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AdS7/CFTe: Wilson Loop

o In SUGRA Wilson loop is related to the world volume of the M2-brane:

(W)~ eI

where T = ﬁ is the tension of the membrane.
pl

@ The M2 brane is chosen to wrap the Euclidean time direction and the
equator of S°. The third direction falls in from the boundary into the bulk.
For this configuration we get:

T<2>/dv _ ™NRs <1 - 2+e)
r €

where ¢ is the same UV cut-off as one used in Free Energy calculation

o After regularization we obtain:

(W) ~ exp (M)

r
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Comparison of results

@ Summarizing results

AdS7/CFTs | Matrix Model

2 3
57Re pJ3 gymN 9 2\2
Free Energy | —>5°N —= (Z +m )

Wilson Loop | exp (Z0%6) | exp (3~ (3 + m?))

2
o Comparing Free Energy : Rs = 2y (% + m2)2 .

572
. . g (9 2
o Comparing Wilson Loops : Re = 34 (Z +m ) .
. 5g2
@ For these two results to be consistent we need m = % Re = lijr"ﬁ
e m =} is indeed very special point because with this value of mass

enlargement of supersymmetry takes place (in difference with flat case
where SUSY is maximal when hypers are massless).



Summary and Outlook

o From matrix model obtained with localization technique we found some
observables in 5d SYM

o Large-N behavior coincides with AdS;/CFTs results

o Coefficients for matrix model and AdS;/CFTs calculations coincides for
N = 1" SYM with hyper masses m = % when enlargement of SUSY takes
place

@ Relation between 5d SYM on S° and 6d SCFT is Rs = S8y which differs

1672

2
from the flat case correspondence Rs = ?T"g’ obtained by Lambert et. al.
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