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Why dynamical symmetry breaking?

What is the orgin of fermion masses?

We know most of the fermion masses and mixings
but do not understand their structure. For instance, why m; > my?

The root of the problem could stem from the Yukawa couplings
@ Contain many unphysical parameters
@ Depend on the basis
@ Depend on the renormalization scale
Linked to the Higgs mechanism which,
@ Parametrizes with complete generality all we see
@ lItis renormalizable (no clue on new scales)
If the Higgs is not elementary:
@ New scale

@ No (fundamental) Yukawa couplings, and perhaps ...
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The Bardeen-Hill-Lindner mechanism
@ SM with no Higgs

@ With a new strong interaction between four top-quarks one can
implement the Nambu-Jona-Lasinio (NJL) mechanism of SSB

L =Lyusm+ Ly, Li=G (@l‘ﬂ) (trRQL)

The NJL approach:
The gap equation

The bubble sum
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Bosonization approach

Four-fermion interaction equivalent to (just use the EM)

2

g~ Lan =~ |HE+ (duQutaH +he) . G= ot
MoH

At u = A, H no kinetic term, no potential (apart from the mass term).

At u < A top quark loops generate H kinetic terms and potential

. 1- .
L= Zu|oHP — | HP = S 1 HI* + (thLtRH—i—h.c.)
= N N, N, N?
Zu=9g5L, Ay=2g3,L, mf,:mgH—Zggt—1 6;2 (Az—uz) L= 16;2 Iogﬁ
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Bosonization: the predictions for m; and my,
Now we rescale the field H — H/+/Zy and obtain the SM Lagrangian
Lur = |OH? — m3|H? - %AH\HF‘ +(9:QutaH+he.)
with
miy = 1/ 2 OF = 91/ Zh = 1[ :
g: and A4 diverge together when u = A (L=0). If (H) =v/v2

. p)
lH:lH/ZE/: Z :thz

v
My = ge(me) . 1y ~ A(me)V2 = 267 (me) v = 4
Prediction for the top-quark mass once A is given

1 1672 2 8r2v?

2 m==-=--—-—— - m=——
g: (mr) L Nlog(A2/m?) £ Nglog(A2/m?2)
5 8r2v? , 872 1
= 22~V N 1oq (M%)
Nc/\2 W,1 (*8/\7,2/{/2) c Iog<87rc2\,2>
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Connection with the RGE

From the equations above we can compute the
fermion-loop RGE for g? and Ay

dg? 4 dAy 4 1 M
_ = _ = = I [
gt ~2Nedis g =ANegr. 1=qpplog
to be compared with the SM RGE
(for the moment we neglect gauge interactions)

dg? dA

% —(@+2Ne)gf, o = 1208+ ANeAugE — 4Neg]

agree if we take only fermion loops and use Ay = 2g2.
For u < A Higgs and gauge interactions should be included

9, 17
(9gt 16g§—2g§—6912>
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The SM results:

The IR fixed point
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@ The IR fixed point gives robust predictions
@ The predictions in the SM are too high:
m;~ 225GeV, A=10"0GeVv
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The Higgs boson mass

Only fermion loops give A4 = 292 but

da
R =12 (A + by + An(gf —dh) — o)

1,3 1, 1 3
Giw=729°+79, Gow=159"+59°% + 159

, , , Including EW corrections
Neglecting EW interactions ‘ ‘

and taking Ay = cg?
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Why not additional interactions?

@ Needed to explain lighter fermion masses
@ Sometimes unavoidable

(@YH QL) (ta¥"tr) — (@h) (trQL) , <6L7Lafﬂ> (trRA2Qy)

Several attempts with four-fermion interactions
leading to different low energy particle spectrum
(for a review see Cvetic (1999),Hill & Simmons (2003)):

2HDM

Supersymmetry

Neutrino condensates

General non-coloured bounstates

New (boundstate) scalars introduced to give
small radiative b, T masses

® 6 6 6 o

In general difficult to obtain the right m; and my
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Bottom up approach

Which scalars can we couple to the top-quark?

Qitg~(1,2,1/2),(8,2,1/2)

Qbr~(1,2,-1/2),(8,2,-1/2)

QLQF ~ (32,12,—1/3),(34,3s,—1/3),(6s,12,—1/3),(6s,3s,—1/3)
(6s,1,-4/3)

~(3a,1,-1/3),(6s,1,-1/3)

Tt ~
fabg ~

For instance (tgt§) (Et;:,) obtained from color-sextet g, trtE®
Additional (positive) contributions to the g; running

dgf
—L —g? (og¢ +897 1605+ )

Helps g; to diverge faster!
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Femion loop approximation with extra scalars

iﬁ:—ﬂﬁmﬂaﬁﬁawﬁ+(@ZZ@H+gmﬁﬁw+ha)

then

. 1z — _
Ly = Zy|dH|? — g | H)? — E)LH|H|4 + (QOtQLtHH+g0tht,§w+h.c.) +

5 - 1x
+20|00]* = g |0 = Ao HF |0 = S Ao ||

A 5 N,
Zu=GhL. In=26L. i =y~ 20k (1)
Zo=Ghorzl, o=Ghomil, o= GaGhirel

- K
My = mgw - 29(2)'(0# (Az - .u2>
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Femion loop approximation predictions
Now after renormalization H — H/\/Zy, ® — ©//Zy
Ly = |9HP — mE | H2 — %AH|H|4 + (9iQutaH + Golatio +he.)
HI0P —mEloP — ol 0P — olal*
with
Ty = 8 2, GF = G/ Z = 1. W=/ Z = =267

1 1 5

m/az):r'hg)/ZC()? gg:ggw/zw:aiggt,
2 LV) rt Ko Ko o
Ao =2o/Z5= L ggt A =N/(Znln) = P Egt

@ Same prediction as the SM for the top quark mass
@ Same prediction for the Higgs mass
@ Rest of couplings predicted in terms of g;
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Complete Yukawas RGE’s

Neglecting electroweak contributions

Sextet General
dg? Y = _
L~ g(ogf +89% — 1605) A= A apy—e,
) y = y(aaix+agy —ce2)
Yo _ g2 4g? 1 2002 — 16¢2 ' b2
o — Jol49r +20g, —16g3) z = bz
g5 _ 37 4 x=gf, y=05. 2=05
at 373
’ a1 a2 |a |aw|ci || b |
SM 9 - - - 16 | - 7
triplet 9 8 2 32 |16 | 16 | 41/3
sextet | 9 8 4 20 | 16 | 16 | 37/3
octet 9 8 3 10 | 16 | 16 10
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RGE solutions

If QCD neglected Lotka-Volterra type

y—ox = Kx%yP
oo 81— o - 223 —a) _ a11(a —are)
app—aip ajagp — a1pdn ai1dop — a12dz21
Triplet Sextet Octet

8 8

o N
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The IR fixed point

In presence of QCD, the beta functions can reach zero

@ SM this happens for
> 16

o ggé —  my~280GeV

@ Extra scalars
apX+apy =6z,
a1 X+ apy = CZ

» Triplet
24

2_ =7 2 2 __ ' 2

gi 17£h ) ga) 17£h —
» Sextet 48 20

2 __ 4% o 2 Y 2

gl‘ _37g37 gw 37g3_>
» Octet 16 16

2_ 19 o 2 _ 10 2

gt_33 3 ga) 1193_>

Dynamical EWSB and exotic scalars

aoi X+ asoy = CoZ

m; ~ 250 GeV

my ~ 240 GeV

mg ~ 150GeV
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Full result (Preliminary)

Including EW corrections
Stopping new scalar contributions at m, = 1TeV

m; in composite coloured scalar extensions
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The Higgs boson mass

dA
dt”—12(/1H+92W+7LH(g ~Gh)— g +cuis)

7 cH(octetsimplified) = g
Strongly depends on the running of A, which depends on all other
couplings, for A = 10'6GeV
@ Triplet: my =2 210GeV
@ Sextet: my 2 200GeV
@ Octet, tends to give a too light Higgs boson mass (for the correct
top-quark mass) but the potential is very complicated

1 1
cy(triplet) = 3 CH(sextet) = —

2\ 2
V o=\ (HT‘H — §> +2m2 TeSYS; + Ay H'H; TeSYS; + X\ HH; TeSYS;

+ (As HPHY TrSS; + Ay € H'TeSY 8,8 + As % H'TxSYS;S; + Hee.)
+ ¢ TrS"SSVS; + Az TeSTS;81 S+ As TrS™S; TrSYS;
+ Ao TeSTS; TeSVS, + Aip TeS;S; TrSTSY + Apy Tvs;S;81 8™,
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Conclusions

The Bardeen-Hill-Lindner mechanism approach to compositness
very predictive
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@ Predictivitiy not spoiled by including additional scalars
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very large compositness scales
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Conclusions

The Bardeen-Hill-Lindner mechanism approach to compositness
very predictive

@ Predictivitiy not spoiled by including additional scalars

@ Tried additional coloured scalars (one at once):
Triplet, sextet and octet

@ Triplet and sextet still give a too large m; (and my) and require
very large compositness scales

@ Octet
» Can explain m; with relatively low compositness scales
» Higgs mass prediction needs more work
because very complicated potential
» Naturally obtained form a vector interaction by Fierzing
» Can implement Minimal Flavour Violation
» Very interesting phenomenologically (see Victor Miralles talk)

Arcadi Santamaria (IFIC/U. Valéncia-CSIC) Dynamical EWSB and exotic scalars NonMinimal Higgs, Helsinki 19 17/17



