From Strings to One-Flavor QCD

* Summary: SUSY gluodynamics at large N is
equivalent to nonsupersymmetric orientifold
daughter which at N=3 => one-flavor QCD!
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Tools:

w Orientifolding;
W Large N (planar) limi

W Supersymmetry.




SUSY gluodynamics
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At N=3, orienti A =
one-flavor QCD
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SUSY gluodynamics Orientifold daughter

* N vacua labeled by ~ % N-2 vacua labeled by
AA>=-6NA3 exp(2TTik/IN) | <¥i ¥, >=-6(N-2)A3 e=mK(N-=2);

Im <>

At N=3 the vacuum

Re <13> is unique (at 6=0)

N vacua for SU(N)

* Both theories confine; only composite color-singet
hadrons in the spectra.

%% Orientifold daughter is NOT supersymmetric:
mg(parent)=O(N °) while my(daughter)=O(N ).

Common Sector: SUSY Orienti [ |Glueballs+bifermions+...

M. Shifman, August 2004



Perturbative Planar Equivalence
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ackground is the same!

Gauge field b
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Here comes Planarity
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Susy orienti

Consequences for orienti A at N = co:

W Infinite number of degeneracies: e.g. 0" & 07 1" & 0" [J..;

v BPS” domain walls;

W Lighness of 0; m 2=m1q,2(1+0(1/|\|));

O

Y Exact B function; calculable quark condensate.
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Quark condensate at N=3 (1-flavor QCD)

e ¥, >=-6(N-2)A3 e2mik(N-2) (1.0(1/N))
\

> -6N3(1+(1/3)) => (0.6 to LIA% “Stima,

“Experimental” => -(0.4 to 0.9)A°yq

N

lattice or extrapolation to n.=1

Vacuum energy density (cosmological constant)
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More generally:
¥ Parent: k “flavors” of adjoint Majoranas

% Daughter: k flavors of Yl s

A new “orientifold” large N expansion

0\\$ The same at N=3!

ot o
S 7
0\\}0(‘6 09/‘,;
-\-(OC’ 0//*
& v
N 24
K Yy
2P : V
~X -1 0
I /' ~N I /' ~N
gl qu gl qu

M. Shifman, August 2004



SUSY YM




SUSY in pure Yang-Mills (with ~30% accuracy):
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Accuracy 1/11 — not so bad!
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Conclusions:

W SUSY gluodynamcs is planar equivalent to non-SUSY orienti;
W At N=3 we get one-flavor QCD;

W Analytic predictions: spectral degeneracies, condensates,...

1
€vac ~ N

W Orientifold large-N expansion; Remnants of SUSY in pure
Yang-Mills;

Problems: Major => calculating 1/N corrections
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