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Composite Higgs setup

m Models where Higgs is a composite state give natural solution to the
hierarchy problem

m Higgs must be lighter than the rest of the composite resonances ,
this can be achieved if it is a PNGB (Georgi, Kaplan;
Giudice, Grojean, Pomarol, Rattazzi)

m EWPT Ap requires that the symmetry breaking structure should be
SU(2)L x SU(2)r/SU(2)v

m The minimal construction with custodial symmetry is realized in
50(5) — 50(4)(Contino, Agashe, Pomarol)
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Fermions: Partial compositeness (Kaplan)

m SM fermions mix only linearly with composite fermions

S —

elementary composite

m Fermion mass generation

need separate composite partner for each SM fermion
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Model assumptions

m Higgs is a PNGB ( we will consider only SO(5)/SO(4) cosets)

m SM fermion masses are generated by partial compositeness
mechanism

m These models predict separate multiplet of the global group for every
SM fermion thus we have a large multiplicity ~ NgD of composite
states at the scale of a few TeV, which strongly interact with Higgs

m Are there any indirect effects of these states on the Higgs physics?

|
mh— Zy
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Why h — Z~7?

m SILH Lagrangian, parametrizes effects of new physics in terms of the
higher dimensional operators, the operators relevant for the
hgg, hy~y, hZ~ interactions are

Onw = i(D*H)To!(DYH)W,,,, Oug = i(D*H)(DH)B,,
O, = (HH")G,,, G, Ogg = (HH")B,, B*”

m O, Opp are contributing to the hgg, hyy, hZv,

m Opw, Oyp contribute to the hZ~
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Higgs couplings to the gluons/photons

m O; = (HH")G,, G", Ogg = (HH")B,, B*" violate the Goldstone
symmetry and must be suppressed

m They must be proportional to the Goldstone Symmetry breaking
parameters: SM fermions Yukawa couplings, gauge couplings

m Only composite partners of the third generation can contribute to
the Og, Og

m If light fermions are composite their partners will contribute as well
(Delaunay,Gorjean,Perez)

Aleksandr Azatov 1



Operators contributing to the hZ~

Omw = i(D*H)io/ (DY H)W),,, Opg = i(D*H)'(D"H)B,,
Ops = (HH)B,,, B*

m Oyy and Oyp are not suppressed by the Goldstone symmetry, can
get large corrections
m hZ~ interaction is proportional cyg — cyw, symmetry reason?

1
Oz, = §Cz~y5'uhzu%w, Czy X (CHB — CHW)
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Symmetry properties of hZ~ interaction

m Composite sector must be invariant under SU(2), x SU(2)r
symmetry because of the Ap constraints

m SM B, couples to the T2 of the composite sector.

mZ~B- W, A~ B+ W = we can introduce the spurious
symmetry P, g under, which L & R

s -7, A A <H>e<H>

Higgs vev < H > is invariant because it has vev along the
(£1/2,F1/2) components, hZ~ interaction violates P.g

m SM Yukawa couplings, gauging of SU(2), and U(1)y break Pig,
hZ~ is generated
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hZ~ in CCW/Z language

m CCWZ construction allows to write down lagrangian for nonlinearly
realized symmetry breaking G/H

m Goldstone bosons of spontaneous symmetry breaking can be
parametrized by the field

um=em n=nT?
and by the Maurer-Cartan form

—iU'0,U=diT° + E;T? = d, + E,

3 5 V2 3
di =A%+ T(Duﬂ') + O(7r3)
i

f2
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List of operators in CCWZ

We can expand our effective lagrangian in number of derivatives since
from NDA every derivative is suppressed by the power of a cut-off BT“

m O(p?)- O1 = f2Tr(d.d") & W, W*sin?(4)
m O(p*) lagrangian (Rattazzi,Contino, Pappadopulo,Marzocca)
05 = Tr(EL EL) £ Tr(EF ER),
Of = Tr(Eﬁy + El’fu)i[d#, d)), O, — 0,hZ,y,, interaction

O(d*) < dim 8 operators
m P;r properties

Ei,r = PirER,LPir, Pir = Diag(—-1,-1,-1,1,1)
d — PLR d P[_R
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[ ] O; = I'Tr(EL - E;ﬁ/)[dﬂ"dl’])

0%

m Higgs comes from the covariant
derivative, ,,h so this coupling will
have no Goldstone suppression B >y

m No elementary composite mixing is
needed!Partners of the light fermions

are important. v .

m Composite sector must violate P;g in
order to generate O,

m from NDA hZ~ is log divergent?
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Derivative couplings/absence of log divergence

It is useful to look at the U(1)y subgroup of SO(4)

Ouh
Lz, = Z |: )\Zb¢a’yu1/1b + )\abZ 1/)a7“1/}b + qw5abAwa7 ¥b

a,b

m Loop function is antisymmetric in

u, v(higgs and Z indices)= /\[ /\
Amplitude

~ Tr(A"PA2) — Tr(AV AP =0
m we need at least one mass insertion=
no log divergence

Aleksandr Azatov




Z~ coupling in the SM

m This decay is generated by the loops of W= and t

327 47m,,

The SM loop is dominated by the contribution of W, Ay /Ag ~ —18

s\ 3
 [(h— Zy) = 2L |A|2m,21( _%) A= 25 (Ar + Aw).

m top contribution is suppressed because top coupling to Z is small
Tz~ T} —2q: sin @ ~ 0.2, so new fermions can be very important
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hZ~ vs hy~y

What is the difference between hy~y and hZ~ loops?

m Not all the fermions have the
same couplings to Z w
m Z can couple to two different
mass eigenstates, so in the loop
we can have two different X Y
fermions
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Model with 5

m under SU(2); x SU(2)r: 5 = (2,2) + 1, the breaking of the SO(5)
does not break P g = no hZ~ in the absence of the elementary
composite mixing

m top Yukawa coupling breaks down P g so these effects will be
suppressed by O (K},—i;—z) however in the SM top contribution is
much smaller than tLe W' contribution.

Asy ~ Aw ~ 20A:0,

. . . 2
corrections from t’ in the loops will be of the order of < 0.05%

m modification is dominated by the trigonometric rescaling of the W

coupling, As ~ Agpy/1 — v2/f2
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Model with 10

= under SU(2), x SU(2)g: 10 = (2,2) + (3,1) + (1,3)
m Different masses and interactions of (3,1) and (1, 3) respect
SU(2)/_ X 5U(2)R but break P;r

m Ignore elementary composite mixing

L= m44_14 + m(3)1)(3, 1)*(3, 1) + m(1,3)(1, 3)*(1, 3)
+10(9 — £)10 — G134d(1,3) — (314d(3,1).
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Model with 10

m At one loop Oz, is generated with the coefficient

2
CZ’Y ~ g? Sil"l2 9 [|C13|2 (C(m4, m(1,3)) — C(m(173), m4))
*|C31|2 (C(m4a m(3,1)) - C(m(3,1)7 m4))]

m If we look at the ratio of the new physics effects to the contribution
of the SM top in the limit Am < m we will get

NP

| V>2 Am
SM top &m<™

~ 15N geper X (?

m
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Pir vs Zbb constraints

m Large modification to the hZ~y requires P r breaking in the
composite sector.

m In order to reproduce the top mass, electroweak doublet
qr = (t1, by) must mix strongly with the composite sector. Zbb
constraints require by to mix strongly only with the operator which
respects Pir (Agashe, Contino, Pomarol,DaRold) in MCHM5

(b — B(1/2,1/2)))
m Model with 5 has an accidental P,r (Contino, Rattazzi,Pappadopulo, Marzocca)
symmetry due to the fact that

5=1+(22)

50(5)/S0(4) breaking cannot split masses inside (2,2)
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Constructing realistic model with P,z breaking

m g, = (t, b), must mix with 5 in order to be protected from Zbb
m Take MCHMD5 but mix bg with 10 instead of 5

Minimal P, g model 10 + 5

NG )\
q b 10
qL———10——10———bR:> mbNAq)\b
e S
qL———5——5———tR:> thAgAt
fine

A0 < A3, Zbb is

Lmixing = A GLPq10 + X251 Pg5 + A\pbrPp10 + A trP,5
Forbid mixing between 10 and 5 imposing different U(1)x charges
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Model with 10, numerical calculation
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Figure: ratio of the Ayp/A¢p for the model
with 10 for one generation, red f = 500, blue
f =800 GeV
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Figure: ratio of the 'yp/Tsm in the model
with 10 with three generations



Contribution to the S parameter (

m Corrections to the S parameter will be generated by the loop of the
composite particles, no elementary composite mixing is necessary
(Golden,RandaII;Barbieri,Isidori,Pappadopulo; Grojean, Matsedonskyi,Panico;AA,Contino,Di

lura,Galloway )

dy dy E, Ey

L= Zr )Zr(’y - mr)Xr - Crr’erXr’
AS = —i5 (_nléé sin® 0 + M55, sin 0 + 3M3pze sin® 9)
.2
AS ~ M0 (1 12 log £ + finite
m AS is finite when ¢ = 1, because in this limit we can remove
derivative Higgs interactions by the fermion field redefinition.
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Contribution to the S parameter

m S parameter is given by the operator

o+ = Tr(E/;VE/;y) + Tr(Enyl"fu), no Pig g A2y e reision Blcroweck Tests[U = ]
violation is required, generically O, and OF O rR
are independent 02 70
m However assuming no cancellations between o1
different contributions we can loot at the T
correlation between AS and §A(h — Zv) 00
m The fermion contribution to the S parameter o —
can be of both signs, and the negative sign -
i . ) 03 02 -01 00 01 02 03 04
contribution can relax the current constraints s
from EWPT.
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Outlook

m We studied hZ7 in the Composite Higgs models

m h — Z~ decay receives large new physics corrections that are not
suppressed by the Goldstone symmetry arguments.

m Contribution of the strong dynamics to the h — Z~ is controlled by
the P,r breaking. If the modification of the Zbb coupling is isolated
from the P, breaking, viable model can be constructed with O(1)
modification of the h — Z~ decay.

m Similar processes lead to the contribution to the S parameter.
Negative AS can relax the current EWPT bounds and at the same
time accommodate large h — Zvy
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hZ~ from integrating out p

m minimal CCWZ lagrangian for the vector p with an additional
operator @y

2 v m?
L= =gz Trlpup™) + g Trlp — Ep)?
+at Tr(p)"ild,d,]) + (L < R)
m Integrating out p at tree level we will get
g’ R

€zy = sin? f(al — of)
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