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Introduction

» ATLAS and CMS found a Higgs-like resonance with a
mass my, ~ 125 GeV compatible with the SM Higgs;

» Why such a light mass?

» We have at least another scale in the problem, Planck
scale. (Possibly also GUT scale)

» Then why such a large scale hierarchy? Any symmetry or
dynamical reason?

We have one example of such large hierarchy implemented in a
well establish theory: QCD Dimensional Transmutation
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The bilinear approach. (as in Technicolor)
[Dimopoulos, Susskind], [Eichten, Lane]

A
at the UV: Ad—iquOtm—h.C. JI_

uv
[O] = d and carries the Higgs quantum numbers. Running
down to A (where the dynamics of SSB kicks in)

d—1
My 2 AU (ALUV)

Alert: dangerous 4-fermion operators [Dimopoulus, Ellis]
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The linear approach (Partial Compositeness) [Kaplan]

at the UV:

Orqr+—+2-0Ortr+h.c. e

AdL 5/2 AdL 5/2

Uv
|Or.r] = dp g, fermionic operators carrying quarks quantum

numbers.

A dr,+dr—5
my =~ )\(JL)\th (m) II

|SM) = cos ¢ |elementary) + sin ¢ |composite)

Better: alleviates the 4-fermion operators

Sort of GIM protection
(_ )2 sin? %)
M?




Both cases:



Both cases:

» SM couplings break the full global symmetry G of the
strongly coupled theory;



Both cases:
» SM couplings break the full global symmetry G of the
strongly coupled theory;

» The breaking can be modeled by spurion fields, formally
transforming under G



Both cases:
» SM couplings break the full global symmetry G of the
strongly coupled theory;

» The breaking can be modeled by spurion fields, formally
transforming under G

» This amounts to embedding the SM fermions into an
incomplete multiplet of a representation of ¢
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Elementary fermions
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Composite fermions
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comp ZQL R(p+ Zﬁé)QL R+ ZTL RML R
— <M16 ¢TLTR + M4QLQR> + h.c.
+ iCLGi(YL@iL'Y'udLTL + Z'CREimR@’;{’YHdLTR + h.c.

M, # M, after the spontaneous breaking of SO(5) down
to SO(4);

cr.r 1n an effective field theory approach they are arbitrary.
—Loiz =yraf @ UnQp +yr1f ¢ UsTr
+ yraf P RURQL + yri f 1°gUrs T + hee.
Y1, r are pre-Yukawa couplings which parameterize the
mixing between the elementary and composite sector
The Lagrangian is written in a SO(5) invariant way, but the

mixing terms break SO(5) (and even SO(4)) explicitly,
because ¢, and tg are in incomplete reps of SO(5)
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(h) (h) _fyLl . (h)

0 cos? ~—L sin? £ sin —-
fyL4 Y fyL4 1 2f \/§ 1 7
f:j? sir <f> M, 0 0
— f\y/]; sin <i;> 0 M, 0
fyr1 cos <§i> 0 0 e M,

» qr mixes with ¢Yp (X Y41 f)

» The strong sector is a vector-like theory, i.e. ¥ mixes with
1, via the mass term M, ;

» 1, mixes with qg (X Yps1f)
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2(h)  f |yriymMs — €yrayra M|
P 2Vo/ MY+ P/ ME + Py

m; ~ fsin (@) (S:Z’hvf)

For Leen assume that new high-scale physics (~ 10° TeV)
induces "light" masses for quark bilinears (a la technicolor)

EY ZQaL/\ZﬂuﬂROU + 50¢L)\igdﬂROd + h.c.
_I u
_>\/§<q5aLUI5)mUV,aB (UL%TIU%%)

—1
V2P oL Us)miy ap (USSR + hec.
(h) +h

=sin 2 [ﬂaLm’ﬁV’aﬁuﬁR + ElaLmdUV,aﬁdﬁR} + h.c.

m*“? = sin 2<;L> myy ~ O(m,)




1N
— Flavour scale (Ayy):
additional Yukawa operators are generated.

-

A\

— Condensation scale (Ayc):
the strong dynamics breaks SO(5) to SO(4).

resonances
tPC+HC

— Compositeness scale (f):
the strong sector is described by heavy resonances,
some of them have a mass of order f.

— EW scale (v)
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§T=(u c t T Xy T)T

L=&1[ My + Yiph+ )&k +hee.

ﬁz[e]n m[€]12 ’ﬁl[E]lg O 0 0
ﬁl[E]Ql 7’71[6]22 m[G]Qg 0 0 0
€ €
m[6]31 m[€]32 m[€]33 TYra cos® B fYra sin? 5 —fy—\;% sin €
YR4 .
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Two steps diagonalization:
» First: diagonalize the heavy sector

my 0
UZLMupUuR:< T D

with D), diagonal and

1 1 1
my>~0Om:) 1 1 1| +my
1 11

)
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Confronting with data

The main constraints on the model come from: flavour
conserving/violating processes; precision data; non linearities;
and neutron EDM.

2 main sources:

(1) induced solely by the mixing effects due to partial
compositeness and direct Yukawa couplings. Appearing as
flavour-violating couplings to the Z, W and Higgs;

(2) induced by heavy resonances, appearing at the
compositeness scale;

_ —= 1
Scalar:®(gpQQ + gsTT) + iméCDQ

_ = 1
Vector:V,,(98Q 1 g7 Qr.r + 9sT L. rY"TL ) + ém%,VHV“
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Z-FCNCs:

Vi asVaras| < 1070 [V aoVaras| < 1072, (Vi 14 Vares| < 1072
CKM Unitarity:

\Varis| < 1071, |Varos| < 10~1/2

Scalar resonance:

2 < 151072, |2 < 1+ 10712, 28] < 107 = 107

Vector resonace:

VinssVaza] < 1070+ 1072, [V g Varae| < 1+ 1072

Vi aoVars| < 1073 +107°

dadﬁ

= ViisaVarss 3 VarrsVinse
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Down-quark masses

What about the down-quark sector?

» No bPC. Mass origin from bilinear couplings. Some
tension with data.

» With bPC. Follow the same procedure as used for the top.
Original mix Lagrangian need additional mixing between
br and bottom partner left. No need of additional fields,
use 14 =9+4+1

—i 1
yrfQ UL Uss+he. = SR fsin th) +h

ELbR +h.c.

0 0 1 i 0
bROO—ilo
M_— =11 — 0 00
3R
22|, 1 0 0 0
00 0 00



The down-quark mass matrix becomes

m[E]H m[ﬁ]lg m 6]13 0

fn[e]gl m[ﬁ]gg m 6]23 0

mlelsr mlelsy  mielss  fyra
0 0 ygf sine M,y



The down-quark mass matrix becomes

Th[e]n m[€]12 m[E]lg 0

m[ﬁ]gl m[E]QQ m[E] 23 0

mlelsi mlelsa  mlelss  fyra
0 0 l/;f sine My

After diagonalization, we get for the light sector

o O O
o O O
_ o O

1 11
mp>~0O(ms) |1 1 1| +my
1 11
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2
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|(Vur.r)31] ~ O(1/10)m./m; some extra hierarchy!
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Sources of CP violation: preliminary

» The full Lagrangian contains many phases;

» Let us assume that the UV scale responsible by L., is CP
conserving;

» Then only ¢ in the composite sector is present.

Up-quark masses with phases

e’ | 000
my~O(m,) (1 1 | +e®m, |0 0 0
' 00 1

¢ = Arg ( _ ot Yi4YR4 % )

YraYr My
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Hadronic cross section:

o(AB = X) =) /1 dr [WL‘”’] [36(ab — X)]

o T LS dr

Partonic cross section

d(ab— X)= n; 6i(ab— X)

» Couplings dependence

» Topology: s-,t- and u-channels
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Production cross section: preliminary example

Top -partners in association with top or light jets:

P NS T, o T,
== a
Z(W) o :

/ —
(v (
7 ) o) 9 U g5 a

(@ ® © @
Lets us look at ua — T),t:

» My = My =0;

» Mz = Mrz,, My = my;

» topology: s-channel with Z boson

The partonic cross section is then given by

~ _ _uuanl AT
o (utt — Tot) = 1,70 channel Mal10 s-channel
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The cross sections are
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and the coupling combinations
2
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Parameters scan: Top mass, top Yukawa; S and T'; Z bb; Vi
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» Top partial compositeness and TC-like light masses
alleviate flavour constraints;

» The down-quark sector can not be completely anarchic;

» bPC which implies O(m/my,) suppression for
(Vi.r)s1, (Vor)s2, (Vo.r)13, (VL.r)23 elements is enough;

» Neutron EDM requires additional suppression in the light
sector. Possibly extra symmetry or additional scale;

» The type of suppression present in this model is not
exclusive of SO(5)/SO(4). This is a generic feature,
independent of the coset;

Still looking at:

» CP violation; Enough CP even just from partial
compositeness;

» The role of ¢y, r in production of these VL quarks;
Different when compared with renormalizable VL
scenarios;
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