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Motivation

> The first signals of new heavy resonances can typically be

explained by a variety of explicit models, including many
Composite H+S (CHS) models

> The important quantitative and qualitative features of CHS UV
completions can be derived without a detailed study of each

particular model

Describe a set of motivated models with PNGB/generic, CP
even/odd composite singlet within the same framework

Construct a predictive EF
the underlying dynamics

reflecting the structural features of



Framework

Assumptions:

e new resonance S has a spin o
e Sisan EW singlet

e S is the second lightest composite state

e S is a part of a new strong sector which

— produces PNGB Higgs

— Goldstone sym breaking and top mass from partial
compositeness

— rest of SM fields are elementary



Dimensional Analysis

e EFT for SM + S, characterised by two unknown parameters

m, ~ g,f cutoff, typical mass of composite states (>1TeV)

gp ~ 1 —dm typical coupling of composite states

=02/ f* EW tuning ¢ < 0.2



Dimensional Analysis

e EFT for SM + S, characterised by two unknown parameters

m, ~ g,f cutoff, typical mass of composite states (>1TeV)
gp ~ 1 —dm typical coupling of composite states
=02/ f* EW tuning ¢ < 0.2

e Power Counting

from length and h counting we get:

o B 1" ) el

f m? f m, my
generic SM coupling to the strong
composite sector controlled by Yukawas

states and gauge couplings 3



PNGB selection rules

» Goldstone symmetry can require a presence of symmetry breaking
sources

Ne y; gt Yt PNGB Higgs or qun-mas.s
(47)? ) —H S potential splitting in
QCD

mass hierarchy in PNGB S case:

N y? N .2
m%: M2 - m?2 cYt . VY

P am2t e



PNGB with Anomalies

»shift symmetry breaking by anomalies

coupling to SM gauge bosons Nygx SX XMV
pling Jgaug (4m)2 FH
e mass from the anomaly S &m
associated to strong sector TN P

gauge bosons

Ny (472 with respect to generic power counting



UV selection rules
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UV selection rules

p*loop” suppression in large-N theories for non-PNGB S

quarks and 95 composite dr

N _ N
gluons at 62 1 T mesons =N e 7 ()

mass hierarchy in non-PNGB S case:
EFT valid only in the tuned region

N, y?
2 . 2.,.,2 CIt ¢ .1 .
myp, « M7 m ~ (47)25 21:l parametrically large effects of the selection
rules may be visible even with not too large
scale separation
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S ~ 1/N in QCD, e.q.
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UV selection rules

p*loop” suppression in large-N theories for non-PNGB S

quarks and 95 composite dr

N _ N
gluons at 62 1 T mesons =N e 7 ()

mass hierarchy in non-PNGB S case:
EFT valid only in the tuned region

N, y?
2 . 2.,.,2 CIt ¢ .1 .
myp, « M7 m ~ (47)25 21:l parametrically large effects of the selection
rules may be visible even with not too large
scale separation
) H Zweig rule
g; :
S ~ 1/N in QCD, e.q.
(47)* £
or
— H ¢ — T
Ay
N 9, < not relevant in
" (4m)? ~ Ny /N QCD because

A:“ NfNNC



UV selection rules

»*loop” suppression in N-site models

sM- | T my, g

tree-level int.out. of heavy composite states automatically
leads to generic power counting for the operators generated

at tree |level

E.g. the operator SF,,F"” appears only at one-loop level
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»*loop” suppression in N-site models

QS 7 e

tree-level int.out. of heavy composite states automatically
leads to generic power counting for the operators generated

at tree |level

E.g. the operator SF,,F"" appears only at one-loop level

I 5] G

suppression by
a larger scale

A=Arnf

i) e



UV selection rules

»*loop” suppression in N-site models

SM eH/E my, g, A Ar
tree-level int.out. of heavy composite states automatically
leads to generic power counting for the operators generated suppression by
at tree level a larger scale
ja% A= 47Tf
E.g. the operator SF,, F"" appears only at one-loop level
2
FAREAREWT L1 p,,
47 9| f HY Al 7 F
9, . g]°Ss y .
Ny (4r)2 ~same loop factor with respect to 0 ?FWF“ as in large-N
p

Automatic implementation of Minimal Coupling, suppressing the operators

S X XH ]H|2GWGW, ’H|2%W’YW (DMH)TUi(DVH)Wiwa (DMH)T(D,/H)BW



Power Counting Rule

i 1 #HL
me f* [Ncyfl#ﬂ Nfgp yqqq #4a QAA S #s H #H lau]#a

7| (4m)2 (47)2 m,

i i /0
shift breaking by top oop\
MG, 1/N, or anomaly shift breaking “loop”
suppression

reconstruct SM fermion Yukawa couplings

mp



Constructing the Basis of Operators

» We focus on dim-5 operators (leading interactions with the SM fields)



Constructing the Basis of Operators

» We focus on dim-5 operators (leading interactions with the SM fields)

» We assume we start with an EFT, containing all the possible
operators (including redundant), in which all the discussed
symmetries and suppression rules are explicit, i.e. the operators obey
the power counting



Constructing the Basis of Operators

» We focus on dim-5 operators (leading interactions with the SM fields)

» We assume we start with an EFT, containing all the possible
operators (including redundant), in which all the discussed
symmetries and suppression rules are explicit, i.e. the operators obey
the power counting

counter-example from SILH:

kinetic term of the goldstone fields U = exp[ix/f] contains
Tt[DUDMU)T]  — <1 |HP|DH? + €2 8,|H|?0 | H|?

order-1, shift preserving order-1, shift breaking, correlated



Constructing the Basis of Operators

» We focus on dim-5 operators (leading interactions with the SM fields)

» We assume we start with an EFT, containing all the possible
operators (including redundant), in which all the discussed
symmetries and suppression rules are explicit, i.e. the operators obey
the power counting

counter-example from SILH:

kinetic term of the goldstone fields U = exp[ix/f] contains
Te[DU(DFU)T] — 1 [HPDLHI? + €2 0,|H |20 H|?
order-1, shift preserving order-1, shift breaking, correlated

» Using field redefinitions (equations of motion) and integration by
parts we will try to reduce the full set of operators to the minimal
one, without introducing the power counting breaking



Constructing the Basis of Operators

» Generic S, operators with 2 derivatives, H and S

O1 = +|D,H|*S Oy = $(H'D,H)O"S +h.c. O3 = $9,|H|*9"S

Oy = %(HTDH)S + h.c. O5 = ‘H‘QDS Og = lD‘H‘QS

1
f

e H shift symmetry preserving O; can be expressed as two
correlated shift breaking operators

1
01 = 5(05 — Oy)

e the coefficients of O4 5 now break the power counting

e both can be eliminated by H and S e.0.m., generating e.q.

M2
~ —S|H|?
7 |H|

10



Constructing the Basis of Operators

» PNGB S, operators with H and S without derivatives S™|H|*™

e applying S or H e.0.m. we generate unsuppressed shift symmetry
breaking
; 1

2
Y Mo g2 R 2

S\H* — =SH'OUH —0OS|H
1672 | f ot f -

e because of the generic form of e.0.m.

Y7
(4m)?

S"TH"+0OS4+---=0

11



Constructing the Basis of Operators

presulting basis

® CPoddS

Sx%* §*%  SqHq S?* HJ?
e CP even generic S
SXx% 821 SgHgq S35 [ S|D,H? S|H]? S}H|?>? S|H*

e CPeven PNGB S

Sx?  S§24  SgHq [ S*H|* ) s S|H[P  S*H[?  S|H[
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Scenarios

TN

scalar pseudoscalar

N

/ /NGB\

generic NGB deneric  p.c.

anom.
X 5| ek | R
Kg SaH 4 qu% 1Yq }
ki S|D,H|?
ko SIHP  kiaa SUHI/ 2 ks SSHP f> | (255 | G
s SHP el ek Bk A e
kar S?, kg S*/f2 mg (Z;yr’; m% mg %mﬁ% fo)/é m%
k3 S3 , ks S°/f? mT (21’%2”%%

*“Generic” cases allow for additional “loop” suppression
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Scenarios

TN

kx SX?

k,SqHq

ki S|D, H|?

2 z 2 2
ki SIHI ki SIH*/f2 , ks SBH?/f 7 /1677 7 /1607 —

scalar

() [

generic NGB generic

pseudoscalar

S

/NGB\

hpga S?|H 2 _
kar S% ) kg St/ f2 mg
m2

k353, ]{7555/f2 Tp

p.C. anom.
] %% ‘ 95/167T2__Nfg§/167¥_
| Y7 qu; -
?/7%/:—67T ?/7?/167T2 y3/167r2_ Nfg?/167T2_
y2/16n2 w3 | y2/16m2 | Njgi/167*
len? — | N

*"Generic” cases allow for additional “*loop” suppression
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Higgs Physics

e Generic CH effects lead to ¢ < 0.2

e Higgs-scalar S mixing affects Higgs phenomenology. We concentrate on
the effects which can be dominated by S and supersede the SILH effects

effect of scalar S compositeness
generic PNGB effects [+MC]
2 U 3 m2 9 m2 3
g .Qg]_g‘HyzG/J/VGM kngl (4%2 12 sz kngl (4?4 12 sz 9(4%2 25
12 m m
8 %T‘H‘QBMVBMV (kW + kB)kHl (3yt 12 sz (kW + kB)kHl (2%4 12 MQS 3yt 25
i iy Vi
Ow | 5 (H'o" D H)(D, W) thwhin s ke Skl (ke CW%
iq’ <= v m m
Op | 5%(H'D,H)(,B") —4kwkm (23132 1M ~dkwkm (2;234 1M B g3
. . . m m 2
Onw | S(D,H)o'(D,H)W™ —4kw ki (2%2 2 175¢ —4kw ki (2;%4 RS CHW% [(4975)2}
y 2
Onp | % (DuH)N(D,H)B" Sk (2 & T thwhin (b Tae | cunké ]
m? 2 m2
Oy U%QHQ‘H‘Q Ygk 1 <k7q - kH) (3%2 Mzg YgkH1kyg (2%2 ng CqYqS§
1 2 2 3y 2 3y m2 2 9y4 m?
OH W@AH’ 8’“’]_]‘ kHl (kHl (4r )2 M2 kH) (4 32 sz kHl (47734 _Zf CH§
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Higgs Physics

» effect of genericSon h — gg

effect of scalar S compositeness
~generic PNGB effects [+MC]
0, | BIHPGLew | kkm dhAThe | kb 2L
o U%QHCI’HP Ygk (kq - kﬁq) (iyrtj? J\nféf Ygkr1kq (iyj? J\ﬂ}g
Oy L0, | H |20 | H 2 ki (/.gm%ﬂ”}—% — ) 2% Mg LY,

e O, is dominated by effects of the generic Sif M <m, i.e.in all the regime of

validity

e SM top loop contribution to h — gg is modified by order £ due to the Higgs

compositeness effects in the operators O, and Oy

e S effect becomes dominant for M?/m? < 3y?/g?
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Higgs Physics

SILH gives estimates for the “generic” compositeness effects, hence
S effects becomes enhanced when its parameters deviate from the
power counting

M2 _ Ncyt2 m2 M2 _ m2
(47)2 ° p
, |
dnf PNGB § generic S Oy 95 | H PG, G
0, & |H|*B,, B
) Ou 0, Ow | 2%(Ho' D, H)(D,WH)
- Op | (H'D ,H)(0,B™)
* 2my Ouw | 4(D,H)o' (D, H)YWin
Owp 9.(D,H)N(D,H)B"
m-| Og,0y \ o, L qHq|H|?
! Onw ,OuB ‘ 0,,0, | on EIpP——
0.05 0.1 0.5 1

M/m,,



Summary

We provided a simple description of a new composite scalar
accompanying the composite Higgs, extending the SILH*
framework

We derived the relations between the patterns of S and H
couplings and the structure of the underlying theory

he proposed strategy can be extended to higher order
operators, theories with extra symmetries, light S scenarios

* Giudice, Grojean, Pomarol, Rattazzi [hep-ph/0703164]
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