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Motivation

om? ~ 1?; ANvp,  Anp~ Mp

UV free Dimensional Anp <€ Mp;
gauge theory Transmutation naturally
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Higgs as a pNGB
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Partial Compositeness

L=vridr+xEP—m)x+ Arrxr+ h.c

tan oy, = AL light) = cos ¢ [¢h) + sinpr|x)
m
heavy) = —sin @z |¢)) + cos pr|x)
LOYxY.Hyx + h.c. = y = Y, sin ey, sin pR

e Flavour hierarchies

* GIM-like mechanism suppressing FCNC and P processes
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Features of our Setup

* BSM sector giving rise to a (pseudo)NGB field with the quantum numbers
of the Higgs;

* coupling of SM fields to BSM physics through Partial Compositeness;
* purely 4d strongly interacting sector;

* |ow energy description of strongly coupled physics with the help of
supersymmetry, via Seiberg duality for gauge theories.
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Seiberg Duality for A/ =1 SO(N) SQCD
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The General Setup

N =1SUSY SO(N) N;=N

[ QY )
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Wel — maanQb =+ )\IJKQIQJ‘SK Q]IV — ?\f
:6 QY
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Map = mQéab Gf - 80(5) X SU(N — 5)

Alberto Parolini 8 23/01/2013



N =1SUSY SO(N) N;=N

N<3(N-2)/2 = NZ2>6

v

SO(N; — N + 4), = SO(4)m,

Wmag — QIMIJQJ — MzMaa GIJKMlng

€rgrk = Argg N, pt = —mgA
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FMab — C]QQ? — Hzéab

a = (m,5), m,n = 1,2,3,4

(qq) (g

o O O O

SO(4),, x SO(5) x SUN —5) — SO(4)p x SU(N — 5)

Re(q," — q,;,) : along the broken SO(4),, x SO(4) directions
eaten by the magnetic vector bosons ;
V2Req? : along the broken SO(5)/SO(4)p directions
identified with the Higgs field .

The chiral multiplets M;; and M;5 stay massless;
Y. 18 the Goldstino.
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SM Gauge Group

SO(5) x SUN — 5) D SU(3)e x SU(2)01 x U(1)gy

SU(3). € SU(N — 5)

SU(2)o., X SU(2)p.r = SO(4) C SO(5)

Y=T5r+X, U(l)x C€CSUN —5)
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SM Gauge Group

SO(5)

SU(N —5)
X
(v
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\Y‘TgR + X

Alberto Parolini |2 23/01/2013



Model |

N =N; =11 Gy = S0(5) x SO(6)
1 o 1 .
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Top Quark Partial Compositeness
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Explicit Soft SUSY Breaking

+ Gauginos’ masses

(as in the MSSM)
+ SM Sparticles’ masses

For simplicity we ignore SUSY breaking terms in the composite sector:
~ i ~ -~ 1 ~
_ ’CM — m%‘tl)‘z +mR‘tR‘2 + (ELBL (gL)iaMia + ERBR(gR)iaMia + img,oz)\(X)\oz + hC)
—> no qualitative change in the spectrum

General breaking:

N N o 1
L2 miyQMQ" + m5, Q" Q" + <§m/\)\ab)\ab + h-0->
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Landau Poles 1
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Model |l

N=N;=9 SO(9)., | SO(5) | SU(4)
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SO(4),00 | SO(5) | SU(4)
q;' 4 1 4
Winag 2 M M;;5;; " ) - )
M;,, 1 59 4
My, 1 1401 1
SU(4) D SU(3). x U(1)x M5 stays massless:
4:32/3+1_2 Ma5, X = 6,7,8
Mos

Alberto Parolini |7 23/01/2013



Bottom-up Approach

SO(5) x SO(4) — SO(4)p

q; = exp (%_ha’T + ﬁw ) qr

effective SO(5)/SO(4)

f

2 .
Uexp(iihQT&>, U—gUR', f

Alberto Parolini |8

23/01/2013



Conclusions
e  Explicit 4d realization of pNGB Higgs idea

e  Partial Compositeness

e  SUSY

Possible Future Directions

e Higgs potential
e SUSY

e Non top SM fields masses  ( A& QuQuér )
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Thank You
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