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Large-N Propaganda

What about Paul's Large-N propaganda?

Mainly large-N models are exact for all couplings. The N in Large-N
models provides an expansion parameter (Parisi 1975).

Is there a large-N model for gauge theories that lets us get around
problem 1)?

No.

But there is something like it! Peskin and Schroeder call it “The
Background Field Method" (Chapter 16.6 pg 533-541)

Also found in Weinberg volume 2.

Originally employed by Luetwyler- 1981, Dittrich-1979, and a few
others.

Methods used were derived from Euler/Heisenburg-1936 and
Swinger-1951 & 1954
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Background Field Models

Why not so popular?...

didn't offer any groundbreaking results during its debut,
Analytic methods were limited and confusing.

Lattice methods made considerable headway

AdS/CFT has stolen the spotlight for the last 30 years,
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Dropping terms linear in a7, the gauge fixed Lagrangian is

1 1
L= (F2,)2 + 532 — (D) g, — 2 Fp, |

3)
+ P[B%y + @ [(DH] e

where all operators andF 7, are now only functions of Bj.
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where all operators andF 7, are now only functions of Bj.
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@ This result comes from some non-obvious gauge fixing. See Peskin
and Schroeder pg. 534.
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Leads to a partition functions for gauge theories which can be solved
analytically (quadratic in all fields):

7 = /dee[fx(zllF_fw)q; IndEt(‘gGlue)+L{ In det(Opirac)+In det(Oghosts) (4)

These 0's are just the operators found in (3)
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Solving Methods

@ | use 4
Indet(0) = —ECQLZO (5)

where (y is the zeta-function of an operator
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Solving Methods

@ | use 4
Indet(0) = —ECQLZO (5)

where (y is the zeta-function of an operator

1 S 1 > s—1
Co = ?Zr 0 dT7m° 7" Ky, (6)
=1

e and Kj is the heat kernels of the operator (Bertlmann Anomalies in

QFT ch. 5)
= Tr[e_Te], (7)
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Heat Kernels

@ The heat kernel is obtained by tracing out e~

to a partition function for each operator

which naturally leads

Trle ] = / dx(x|[e~™] %) (8)
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Heat Kernels

—70

@ The heat kernel is obtained by tracing out e which naturally leads

to a partition function for each operator

Trle ] = / dx(x|[e~™] %) (8)

Trle ™) = /DxDpe_ Jo" ds(O+ip) 9)

@ HW: find the heat kernels need for (3) for SU(3).
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e Using all of this machinery the Ag abelian sub-sector of SU(3) gives

1 = s—1 1 ng
@ 0 drr ( N EKGGIUO" + EKeDirac + KgGhosts)

3Vol B2 [ d 3dn¢
=S drrt4(1-2)+B* (=~ -9d
16727(s) Jo " [( 2)+ < z 9) (10)
dnf 1 dn,c 1 ( d> 1
+ St + 91— o | —
2 sinh?(Br) 4 sinh?(&r) 2 ) sinh? (357)
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e Using all of this machinery the Ag abelian sub-sector of SU(3) gives

1 = s—1 1 ng
@ 0 drr ( N EKGGIUO" + EKeDirac + KgGhosts)

3Vol B2 [ d 3dn¢
=S drrt4(1-2)+B* (=~ -9d
16m21(s) Jy 7" [ (1-3)+ < 9 ) (10)

+dnf1+dnf1+9<1_d>1
2 sinh?(Br) 4 sinh?(&r) 2 ) sinh? (357)

@ For d =4 and nf = 12 this gives

d _ B?Vol p2 27
- = log(A) +3log [ == ) =3 +log [ =
ds@“"a' o T2 (36 og(A)+3 og<B> 3+ og<4))
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point integral (large volume limit).
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Polyakov loop

o the Polyakov loop
1 — B : Ra+a
(= Jim Troo dBe= ) SIBIpel Iy ¢Bst (12)
—00

is trivial because B is constant.
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Polyakov loop

o the Polyakov loop

1 D B - B pyRaza
(I) = lim Trﬁ dBe= JxSIBlpei Jy tB3t (12)

B—00

is trivial because B is constant.

() = lim Tre'ls ¢B3¥° (13)

B—o0
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Polyakov loop

@ the Polyakov loop
(1) = Jim_ Tr% dBe . SBIpel Js Bst (12)
is trivial because B is constant.
(= Jim Tre Js eBge (13)

@ Notice we are just exponentiating a constant with some spatial
dependence times the generators. Only Ag gives a vanishing Polyakov
loop in the 8 — oo limit.
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Polyakov loop

o the Polyakov loop

1 = R : Raa
(= Jim Troo dBe ) SIBIpei Iy tBst (12)
— 00
is trivial because B is constant.
° Cso=
(1) = Jim Tre' Jo (5577 (13)

@ Notice we are just exponentiating a constant with some spatial
dependence times the generators. Only Ag gives a vanishing Polyakov
loop in the 8 — oo limit.

e recall SU(3) is three copies of SU(2) embedded which overlap (in the
adjoint representation) via A3 and Ag. These two diagonal generators
can give all eigenvalues of SU(3). Without them we have
SU(2) x SU(2) x SU(2) which would not give a vanishir‘@ﬁg!ygobgd\({mwer
loop for constant B.
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To be continued!

Thank you for listening!

Thank you to everyone who organized!

maybe dessert tonight?
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