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Motivation

Address SM Naturalness problem: mechanism to protect Higgs mass.

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;

low energy description of strongly coupled physics with the help of
supersymmetry, via Seiberg duality for gauge theories.
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Higgs as a pNGB

Gy¢/Hy, SO(5)/SO(4) = V(h)=0 at tree level
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Partial Compositeness

L = &ide + M@ — mpa)M + eME + h.c.

€

tan ¢ = light = & cos ¢ + M sin ¢
m
M heavy = —&sin ¢ + M cos ¢

e Flavour hierarchies

* GIM-like mechanism suppressing FCNC and P processes
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The General Setup

N=1 SO(N) N;=N

SO(5) x SU(N — 5) Wer = mapQ* Q" + A1k Q' Q7¢N

Alberto Parolini 26/08/2013



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

. along the broken SO(4),,, x SO(4) directions
eaten by the magnetic vector bosons ;

. along the broken SO(5)/SO(4)p directions
identified with the Higgs field .
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Explicit Soft SUSY Breaking

+ Gauginos’ masses
(as in the MSSM)
+ SM Sparticles’ masses

~ -~ ~ ~ 1 ~
_ EM = mpy, ’tL ’2 + m%|tR|2 + (ELBL (SL)iCLM’ia + ERBR(gR)iaMia + §mg,a>\a)\oz + hC)

—> no qualitative change in the spectrum

General breaking:

N N /1
L2 miyQMQ" + m5, QT Q" + <§mA)\ab>\ab + h-C.>
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Higgs Potential

V = —vsi + Bsy + 853 log 5, + O(sY)

VZVtree"Fﬁ)/g_'_ﬁYma ﬁzﬁg+ﬁma 5259""6771
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Higgs Potential

lightest fermion

.. lishtest scalar
Preliminar Results: g

N =N;=11
G = SO(5) x SO(6)
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Conclusions
Explicit 4d realization of pNGB Higgs idea

Partial Compositeness

SUSY

Possible Future Directions (in progress)

Higgs Potential

e  SUSY

° VW deformations
K deformations

Non top SM fields masses:

e  Pert. unitar. of W W| scattering (4 x4 = |+6+9)
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Thank You
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Backup Transparencies
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Model |
N =N;=11

1 . 1 |
We 2 §m155i2j + MQ'Q7Si; + §m2SSi2a + A2Q' Q" Siq

SO(4)

mag

SO(11),, SO(6)
11
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Model |l

N =N;=9

Wer 2 AQ"Q S,
Gr = SO(5) x SU(4)

Winag 2 M M;;5;;

141

SU(4) D SU(3). x U(1)x M5 stays massless:

4 = 32/3 + 19 Moz57 = 67778

Mos
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RG Flow of Soft Terms
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RG Flow of Soft Terms cont’d

872 S(E) R(E) 71(E) 1p

]\4Jr Z[ZJM[J A NP
/d46 (CMIJ I1J - i quqievmag Z] 1<H ZJb )Q[)
J

+ /dze(sm(E)Wﬁ;Wm,a + q’]\i”q‘]) + he.
S
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Road to Higgs Potential

My — (UMUY gy,  Yar, — (U U g

M;q — UabMi67 qu;a — Uawaib

1205.0770

Ng Nq
ﬁf’o = (jLiquL + fRithR + Z SZ(ZW — miS>Si + Z QJ(ZW — miQ)Qj+
i—1 j=1

Ng Ng J

ei _ . € _ .
\/t_%fRPLUSi + EgstPRUSi) + Z (\t/_%fRPLUQi + Eg]Q‘gLPRUQz’) + h.c.

j=1

model | model |l

€+S —€R , etlQ:eRcosw, G%Q:eRsinw, €gS = €qQ = €t

€L 1 €L 2 €L .
— GQQ——COSW, qu——Smw.

TR NG NG
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Bottom Mass

Aab&LQa QbR eabSL-MapER
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Vacuum Stability

Mab — Xéaba Mij — Y5Zj

W = 2A"2(detM)? — u
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Mixing Terms

MEQiQu + X QiQ

/ bl b2 B0
—iby —ib7 —ib3 O
tr 2 t2 0
it it: ity 0

0 0 002/3
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Explicit SUSY Breaking

—Lgpsy = mi|tr]” + ﬁw@ﬁ + (e BL(&L)iaM;

T ml‘Mza‘Q T m2’Mab’2 T 3‘%‘2

L 2 mlelQTaQa T m2elQTzQZ

1

(" >_5nu%5n\/ + 53 = oy,

We 2 moQ“Q” mg — mqo(l + HzBm)

(@m)» (Mimn), (Mss) 7 0 Regs,
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Landau Poles model |

2T
2laz(my)

2T
17aa(my)

2T
9lay(my)

AL =mag exp (

A% — Mm2s €xXp (

Af — mas €Xp (

AL ~10% — 10° TeV
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Landau Poles model |l

A=A exp(

2043(7712)) (
2T

9o (my)

AT = A exp <30504617Emz)> (%) " (M

AL = A eXp(

3)e x U(1
A ~ 103 Tev (3)e x Ul)x

4 =393 +1»

].O — 12 —|—32/3 —|—6_2/3
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Higgs as a pNGB

Gf/Hf, SU(Q)XU(l)CHf

80(4) X U(l)X

Y =15+ X
SM interactions = V(h)

2

Anp=A=~A4nf g:v
£2
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Partial Compositeness

L=vridr+xGEPd—m)x+ Arrxg+ h.c

light) = cos ¢r|1)) + sin ¢ |x)
lheavy) = — sin ¢ |1) + cos vr|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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SM Gauge Group

SO(5)

SU(2)0.1 % SU(2)0.r = SO(4)

T~

SU(N — 5)
X
(4
/HDX
Y =13+ X
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Higgs Potential

Preliminar Results:

plot?!?

ListPlot[{Data[[All, {imh, imLMF}]], Data[[All, {imh, imLMS}]]}, AxesLabel -> {"mh [GeV]", "m [GeV]"}, PlotRange -> {{40, 170}, {0, 2550}}, AxesStyle -> Thick,
LabelStyle -> "Large",PlotStyle -> {Directive[PointSize[0.02], Blue], Directive[PointSize[0.02], Red]}, ImageSize -> 600, PlotLegends -> SwatchLegend[{Style
["Lightest Fermion", Blue, Large], Style["Lightest Scalar", Red, Large]}, LegendMarkers -> "Bubble"]]

Data = ToExpression[Import["/Users/albertoparolini/Dropbox/Higgs potential in susy\compositeness/susy chm/data/DataAllRangeXiO1blind.dat", "Table"]];

plot??

ListPlot[Data[[All, {imh, iFT}]], AxesLabel -> {"mh [GeV]", "FT"}, AxesStyle -> Thick, LabelStyle -> "Large", PlotStyle -> PointSize[0.02],ImageSize -> 500]
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Motivation

Anp ~ Mpy

UV free Dimensional Anp <€ Mp;
gauge theory Transmutation naturally
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Seiberg Duality for A/ =1 SO(N) SQCD

b=3(N —2)— N,
SU(Ny) | U()g
N, (Nf—N+2)

Ay =F .
l P ( bggl(E)>

(N—2)<Nf<3(N—2)

SO(Ny— N +14), SU(Ny) My~ Q1 QF
Ne—N+14 Nf
1 %Nf(Nf +1)

1
Wmag X EQ?MIqu

AB(N=2)=Ny  B(Np—N+2)-Np (—1)Nf_NMNf

el mag

3
(N-2) <N;<Z(N-2) = Imag 5 0
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N =1SUSY SO(N) N;=N

N <3(N —2)/2
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Model |
N =N;=11

AL ~ 107 — 10° TeV

Model |l
N=N;=9

AY ~ 10° TeV

Main difference: tp € M,, fully composite
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Top Quark Partial Compositeness (model |)

Wel D) )\L(fL)sz’Qa -+ )\R(fR)iaQiQa

l

Wmag D GL(fL)mMz’a + GR(fR)iaMia

[ bt =ikttt ot 0) (0000 (9
—ibt —bt —itt 1 0 0000 4(te)?
b* —ib® t* it? O . 0000 (t9)°
—ib* —b* —it? 2 0 0000 (tc)?
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Comparison with Bottom-up Approaches

SO(5) x SO(4) — SO(4)p

(
1), B e (557 T:)
bcqc exp 2f7T .

effective SO(5)/SO(4)

2 .
U =exp (i%hQTg) : U— gUh', f=v2u
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Higgs Potential

5
.
VO = m3g2 2+ m3lgn 2+ 3 |hf? | Fly P
1=1

5
Wmag — Z hi(QaMabe)(Z) — :U“QMaa
1=1

(10-10-10), (L0-211/2-251/2), (241/2-371-211/2)s (231/2-30-241/2), (271/2-19-241/2)
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