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Goal: A Seiberg dual of the elctroweak sector with fully composite W, Z, and
fermions.

SU(2)r must be a gauge group of “magnetic” description

Restrict attention to simplest electric models: SU (V) with F flavors.

Need ' — N = 2.

All SU(2)r, doublets must arise from dual quarks.

SM contains 14 doublets. Therefore F' > 7.

Yukawa couplings require F' = 8 (and N = 6).



Electric theory
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Embedding the SM gauge group:

SU(8)1 D SU(3) x SU(3) x SU(2)r.1
SU(S)Q B} SU(3)G X Slf(:ﬂ) X SU(Q)RQ

Mesons and dual quarks give rise to all SM fields and some exotics:
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Add elementary spectators to give large mass to exotics
A linear combination of U(1)’s can be identified with hypercharge

Both baryon and lepton number are preserved (despite presence of
“leptoquarks”)

SUSY breaking terms can generate S and S’ vevs giving rise to effective
p-terms

Magnetic superpotential G/ g becomes

Y [LiHuDi + L;Hje; + QiHyun + QuHydy + QjHad; + Qqul,,ﬂj]

Yukawas diagonal in flavor space

To reproduce SM Yukawas we need vector-like multiplet for every RH
Standard Model field. The mixing with elementary fields will make RH
composites heavy and replace them by elementary fields.



SU(2) 1, gauge coupling at the week scale is g ~ 0.65

At the duality scale |A| the coupling of the composite gauge boson should
be g ~ 4n /v N

Large logarithmic running is required to reduce coupling to observed level
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relates electric and magnetic couplings
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Magnetlc Yukawa contains a factor Ac;/|A|.
Either g7,., or y coupling is strong at the matching scale.
Matching scale is constrained by
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Smallest possible magnetic coupling
2 2
g?n. ‘(Ael) 87T _ 87{' ~ g
SHEs Flog(Aeci/A) Flog(4w) F

Scale of electric description above the Planck scale

B2 (71 .i)
Aa = Mpwe® F\e*Gpy) 31



Higgs and top are composite
W and Z are partially composite
All other SM fermions are elementary

Electric desription:

| SU4) | SU®): SU®B): ULy UQ)r
Q| O O 1 1 1
0| O 1 O -1 1
Magnetic description:
| SU2)mag | SU(6)1 SU(6)2 U(L)y UD)r
q O O 1 2 2
q O 1 O -2 2
M 1 O O 0 z



SU6)1 D SU(3)e X SU(2)etem x U(L)y
SU(G)Q D) SU(3)X X 5‘(,,,'(2)(,1“”, X U(l)y

Dual quarks:
q=Qs3,M,Ha
q — X7 7:[7 Hu
Meson: ~
1% U t
M = E G+P ¢
R ¢q S

Superpotential (including some tree level terms in electric theory)

W D yP(HH — F2) + yS(HuHy — f?) + yQsHut + yHEX

VEV (H) = F ensures SU(2)mag X SU(2)etem — SU(2)L



W and Z are partially composite.
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W' and Z' must be at a TeV

For I/ = 6 we find ¢2,,,, = 5.2

W is g%/ 92omp ~ 8% composite

I/IQ/’ a2nd Z' coupling to elementary quarks and leptons is suppressed by
9°/Geomp ~ 8%



Hi | 125GeV | by | 499GeV
t1 | 188GeV | Ay | 509GeV
N: | 216GeV | Hs | 530GeV
H* | 307GeV | i, | 580GeV
H, | 326GeV | N3 | 602GeV
Ay | 368GeV | Ny | 635GeV
Ci | 406GeV | N5 | 805GeV
N> | 426GeV | Co | 876GeV
N: | 88GeV | C: | 415GeV
Hi | 128GeV | Ny | 434GeV
t1 | 191GeV | H, | 473GeV
Ny | 192GeV | ta | 517GeV
N5 | 291GeV | N5 | 613GeV
C: | 327GeV | HE | 650GeV
b1 | 350GeV | Hs | 657GeV
A; | 412GeV | Ay | T02GeV

Hy | 125GeV | by | 499GeV
t1 | 210GeV | No | 651GeV
N1 | 429GeV | Hs | 667GeV
by | 501GeV | N3 | 700GeV
A1 572G6V A2 720G€V
ta | 621GeV | Ny | 724GeV
H* | 626GeV | N5 | 806GeV
Hy | 627GeV | Co | 881GeV
H1 126G6V N2 348G€V
Ay | 190GeV | Hs | 353GeV
Ny | 217GeV | by | 400GeV
t1 | 284GeV | Ay | 460GeV
Hy | 339GeV | ts | 546GeV
H* | 341GeV | N3 | 559GeV
Ci | 341GeV | Ny | 602GeV
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