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quark and gluon: ¢ g

More composite resonaces
K, n, p ..
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Higgs as a pNGB
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Higgs as pNGB

Consider the minimal group G/

SO(5) x U(l))g%‘SO(ZL) X U(l)X
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There are four NGBs: 7%, with a =1,2,3.4.

oy = f Slﬂ((TE)/f) (2,2) of SU(2) x SU(2) ~ SO(4).
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Goldstone Lag

Consider the most general Goldstone interaction
which has a custodial symmetry

(only the gauge sector) SU(2)r, x SU(2)g
%(z) = exp(ic“x“(z)/v)  Goldstone interaction
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Higgs fits
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Picture of CHMs

Elementary Composite

Strong dynamics

Global symmetry breaking
pattern (G/H)

W/Z m Spin one: rho, axi-rho, etc

Top, b, tau, etc @@= Spin |/2: composite fermions

The mixture measures how composite the light states are




Spin-one Resonance

DOU0O  The theory make sense up to A =4 7 f

We assume that a given number of resonances in
the composite sector are lighter than A so that it
appears in the effective action.

Consider Spin-| resonances in the SU(2);, x SU(2)g
representation

PL- (371) PR- (173) . (272)
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1< g,, 9o <4m  strong but perturbative



Spin /2 Resonances

There are many ways to generate the fermion ma
Bilinear £ = Agq(¥7¥)

Here we only consider the “partial compositeness”™

techicolor, conformal techicolor, etc

Linear mixing: Loie = MG;O;
: Good for
O; ~ UV, Composite operators  flavor physics
0. Composite fer!'nlons sit in the MEsdelly SUprese
¢ representation of SO(4) the FCNC by the

Q; bi-doublet Si Singlet Sl (SR (s
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Maximally symmetric
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Symmetric space

JHERE RGN FRIERTAZEIH
L (T"') is the (un)broken generator
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H‘/A & Maximal Symmetry

Twisted Moose
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SO(5)L x SO(5)r

Mg — Mg — 0 = SO(5)1 x SO(5)r/SO(5)y
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o If c_; = 0, it is obvious that the Lagrangian has
the Higgs goldstone symmetry L = Ut € 50(5),
and R = Ut € SO(5)r for M; = M, and R =
(UV)' € 8O()g for My — —M,. Therelore, for
the real Higgs potential, we have

ec_y = ¢_p = 0 and My + My = 0. In this
case, if ¢y = 0, the Higgs Goldstone symmetry
is I = Ut € SO5), for ¥, and R = (UV)T €
SO(5) i for Uy Similarly, for ¢y = 0, the Higgs
Goldstone symmetry is B = [UT € SO(5)g and
L = (UV)! € SO(5),. Therefore, the potential

must be

I ALAR 2(:?,_Lt:in4(1V[1 — ]Wg)g/AZ.
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OOC
Vi(h) =~ —v¢sh + Bfsh,

To obtain £ < 1

much smaller than 3 ;:

Tdiv div

N.M3: ¢ , £ e
Vaiv = cz {a 2 ¢f, cnch lenn 5 1 can 5)sh . -
tomg; 7 9 quadratic divergent parts

O(c3) and O(c%
Ci, ~ CRp ~~ A2

log divergent
O(e3) and O(eR).

ma‘x(lc_zL'L |CR|) ~

A.’S—.’S —~

/ /
CLL ~ Crp ~ CRR ~ Crp ~ log A
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TopmfEEIN: = BIEZEES
Mu(h) ~sin (2) (14 s/ ) (1(0) - 130)
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(unified description)

O Maximal Symmetry FTHJ UV completion
(Twisted Moose)

O BRI HEZE FFTEYcollider search (Master

formular)
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V(0) = 8Co f’mg cosf + Cyf*(A3 — 4X%,) cos? §(37)

~ [Sp(2N1c)/S0(N2c) [SUQ). D. Liu, Teng. Ma,
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Q2
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J.S, 1608.XXXX
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Higgs as SU(4)/SP(4) p

The electroweak part of CHM:
SU(4)x U(1),/Sp(4)

_ il — o , =1 8
EQ =€ -EQO II= Cosd’fQ + f tanw = —g Gre = SO(ll),

16

1 .
ToTe ( MNloxo 2h12x2 ) tanw = —— Gro = 50(13)

= 9v/2 \ —thlaxs —nlaxs 3

tanw = gy /qo = —2T¢ /3T,

Similar things happens in the QCD part of BYOESIONELG
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: _ [ mmquo 0
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| - (mdses ™3

mx13x3

Lm my1l3xs 0

X

5 — |Gefo T ER
7 g5 +¢2

13 6 = (m) /2\/2F.




opH{FfEFHIHiggs A

—XQQ € (6,6) v =xQQ € (6,6)
Y3 = QXQ € (1,6) ¢4 = QXQ € (153 6)

TopfFHEFRIERT (6,6)

(6:6) = (5:3,2/3) +(5,3,-2/3) + (1,8,2/3) + (1,3, ~3/3)
= W5+ V5 + ¥, + U7

Lmiz = =ALf ( Tr[WEW5E"] + b Tr[W,W5E"])
—Arf (arTr[W§, EWsET] + Tr[W§, £W1£T))
—M;Tr[¥5Eq0¥EEqo] — My Tr[¥, 00 ¥s o) + hec
(28)
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No light higgs, light top partners!
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More pheno

O Six top signals
O Colored pion constrains

QO sigma —>ZZ (anomaly decay).

Even without a 750GeV jump, it is still interesting!
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Spin /2 Resonances

There are many ways to generate the fermion ma
Bilinear £ = Agq(¥7¥)

Here we only consider the “partial compositeness”™

techicolor, conformal techicolor, etc

Linear mixing: Loie = MG;O;
: Good for
O; ~ UV, Composite operators  flavor physics
0. Composite fer!'nlons sit in the MEsdelly SUprese
¢ representation of SO(4) the FCNC by the

Q; bi-doublet Si Singlet Sl (SR (s



Higesmm £ IR

ATLAS and CMS -&- ATLAS+CMS
LHC Run 1 -+ ATLAS
-+ CMS
B ' —zlo
u —+— _220
ggF SR —
.
n -
VBF —
—*E—
Hm i
1 ——————
ZH —
I.l, e ———
ttH - -
——
l‘l S
lllllllll]lIlllllllllllllllllllllllllllIlllllllll

-1-050 05 1 156 2 25 3 35 4
Parameter value

bb

ATLAS anc CMS -8 ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS

' bl 3 (8
——— — 220

.
.
—*’—
.
W
‘-
lllllllllIlllllllllllllllllllllllllllllllllllllll

-1 -05 0 05 1 156 2 25 3 35 4

Parameter value



-l 'L SR S S S B B ;
* LATLAS and CMS :
2FLHC Run 1 ’
o - . | | |
i . 1'8_ TLAS i
o B8% CL 1.6— Ve=7TeV, 45471 -
... 95% CL B 14 V&= 8TeV, 203 " B
+ Bestfit - ]
%  SM expected 1.2
0— — 1: NCHM‘/ .
- 0.8~ _
-1t / N 0 6} _:go_a/,--*gm.z % Bast fit + sM —-
. 0.4 " MCHMS ~ Obs. 68% CL — Exp. 68% CL  _
i . . e -~ Obs. 95%CL - - Exp.95% CL 1
DCWMDMY - L | T T
2t h-zz  [JH-ww - 0.8 0.9 1 1.1 1.2 1.3
Ovr Oww || .
0 0.5 1 15 2

Higgs #l& £ < 0.1

Topta B N ARG RN BEFAE



Top FBEFHIFIX
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5+5 singlet
£=0.1 : D. Matsedonskyi, G. Panico, A.
[s=13TeV Wulzer, JHEP, 1604, (2016) 003.
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