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Comgosi&emess,
and the Higqs bosown

QCD kem pto&e:

o Goldstones include the
Llongitudinal d.of. of W and
2

e T Pwms

o the Higgs is a Easeu.do-—
Goldstone (FNGB)
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The hot potato: fLavour!
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Still, for the top, one
would need:
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Heo\vv states?
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Tke_orj wiitkh
o MAsSs SQF;!



The ~CD approatk

&G, FSannino
Define a confining gauge group (GTC)  1402.0233

Add in N fermions charged under the confining
group &TC

Assign SM guantum numbers to the fermions (thus
Frovidw\g embedding in the global Sjmme&rj)

Couple them to SM fermions

Cruides EFT cownskruction!

Lakkice results can be used!’



The ~CD approack

o The symmetry breaking patterin determined by the
irrep of the underlying fermions!

o The minimal case of SU(4)/5p(4)'
Rrc is real: Gr = SU(Nw) <¢Z¢]> SU(Nw) g SO(Nw)
pseudo-real: G = SU/(2N,) (V")) SU(2Ny) — Sp(2Ny)

complex: Gr = SU(]\%)2 <¢7’¢]> SU(N¢)2 = ST



A minimal case

T.Qj&ov, FSannine 0¥09,0713
Galloway, Evans, Lu,Ev, Tacchi 10011361

The W Sjmmeﬁrv
is embedded in khe globat
flavour symmelry

SU(4) !




The vecktor resocnance

Lattice

conkinuum Limik

resulks:
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The sp@.&rum

sinf < 0.2
Latbtice resulks: Nl i1
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The vector resonances
(@ FCC-hh)

D.Buarque Franzosi, &.C,, H.Cal,

A Deandrea, M.Frandsen
16058,01363

o The model conkaiins nmainy
spinwl resonances!

o Some of them (™) only
couple to the singlet
pNGB: Pair-production

o Others mix, and can be
sihgi.v-ﬂprocim:ad.




The vector resonances
(@ FCC-hh)
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The vector resonances
(@ FCC-hh)

Leptons Neutrinos Light quarks Top Leptons Neutrinos

V'w S'wW
sh WW

The BRs d@.pena{ on the mixing

Leptons Neutrinos Light quarks --- Top

Leptons Neutrinos -~ Lightquarks -~ T .
P ' whe » VW - SW

w'w  — hZ

LR AU T 171 T




Ewntering the conformal
window

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

Study QCD (Le. SU(3) gauge theory) with 12 flavours.

4 flavours are Light, with mass 1,
¥ flavours are heavy, with mass 775

Conformal Chiral sym.

U\; behaviour ‘ broken (HE«SSS) o IQ

12 flavours 7 4 flavours l



Entering the conformal
window

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

w2m;, = 0.050 o, Mbh/F L . wam, =0.050 A Mi/F I
mam, —0.060 A M,/F, mam, — 0.060 M., /F.

s 2m;, — 0.080 1 1 - i+ mam, — 0.080 y
m 2m;, = 0.100 s 2m, = 0.100

|l
*:'t axtal-vector
|

b3
Lo
A%

PDG 02 04 06 0.8 12f PDG 02 04 06 08
me/mh avg My /My




Ewntering the conformal
window

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

No sigh of resonances becoming Lighter
in the conformal Limit!

PDG 02 04 06 0.8 PDG 0.2 04 06 0.8
mg/mp My /My




Take-home messaqge

The spin-1 resonances expec&ed to be heavy
and difficult to see!

The (minimal) cosets contain more scalars
than the Higgs: opportunity for Light states!

Challenge: masses and mixings are very
model-dependent:



iji;aai. to Pmpar%&\er

[ ] 3
sCennaree.
] p G Ferretti, D.XKarateev
gTC : rep K rep K 1312.5330, 160406467
Q X =00 o Oy x
SM 2 EW colour + kjtperaka\rge

global : (QQ) # 0

F’NG’B Higqs
DM?

Elx«zte.p&ow 150&:00623

a) (xx).#0

coloured FNGBS
di-boson

bLZAXXI T O

Light top partners



Predicting di-boson
resonances

More precisely, the global symmetries are:

SU(Ng) x SU(N,) X )Q X U(

WZ.W termw:

Anomalous U(1) -> heavv 77/

Coefficients depend
on the underlying dynamics! 01”&‘4090&\0& U(l) -7 F?NGB a

Decays and Fracﬁua&iom
ov\bj via WZW annomatv‘



Predicting di-boson
resonanees

Be.tjaav, &.C,, Cali, Ferretti, Flacke,

o The Fuao SE‘”MSLQES ME,X' Parolini, Serodic 161006591

/
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M3(cos(a, — sin(ay)?

fermion masses anomaly Minimum mass splitting’

o Couplings bo Eops are thevitable!




Mode.i. z.ooi.ogv

SU(E)/SO5) x SU(B)/80(8)
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SO(Nge) xS fx I o 7.4 2 i « T4 M3, MA
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Nie =4
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SU(Nu)

Psando-lieal

Sn2NVuq, ' O

SO({Nur) 4 x Spin

Complex
SC({Nyc) 4 x (Spin, Spin)
SU(Nuc) | 4 x (F,F)
Complex
SU(Nuc)
SU(Nu) 2% (L)

SU(Nue)

Ferretbi
1604 06467



Mod@ind@.pév\d@y& resulks

Pseudo-Ileal Real SU(4)/Sp(4) x SU(6)/SO(6)

The EFT is the same!
Numerical value of couplings:

7.1 0 1.3 0 0.40

—4.3(=2.7) —0.55(=2.4) 2.1(0.26) | =0.068(—0.30) 0.18(0.18)

1.3(3.6) 58(1.3)  8.5(1.0) | 0.73(0.16)  0.18(0.18)
16. 0 1.3 0 0.18
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Light mass range @ LHC

Higqgs
Ai-muoin widkth Booskes di~tau
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di"‘F’kOEOM G.C., Ferretti, Flacke,

Serodio 171011142
F.Sala this afterncon’




~CC-hh oppar%umiév:

o Producktion via %opmpmﬁmer dﬁ&&jﬁ!

NBizot, GC, TFlacke
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Cownclusions and oublook

e UV completions indicake heavy
resonances (>10 TeV): FCC-hh!

o Nown-minimal cosel is Ehe new minimal!
Additional “Light” scalars to be studied!

o Example: U(1) pNGB sensitive to details of the
UV model -> unique opportunity’

@ High preﬂismm i Higqs ﬁouptismg
debermination will be crucial’
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Minimal models
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SU(ﬁ)/ SO(§> SU(‘-’(-) & 1 1 4 Dugan, Georgi, Kaplan

TES

SU(4>XSU(4> SU(N) %MV\A 2 15 &G, T.Ma

l80%.07014

&.C,, M.Lespimasse

SU(@)/‘SF(@) SF(ZN){:«.&M& 2 14 n prep.



Batjaev, &.C,, Cai, Ferretti, Flacke,

Parolini, Serodic 1610,06591 Mg

1000 1200 1400
m, [GeV]
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Above red line, bound driven by “a”

Bounds stronger than EW precision
in most of the parameter space!



