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COLORON MODELS: GAUGE SECTOR
u
(su@)) (SU@),)
hy hs

2 2
SU(3)1 x SU(3)2 color sector with M2 = UZ < _hl ~hihs )

unbroken subgroup: SU(3)1+2 = SU(3)acb

CE ~Ys
= cos 6 g = sin 6
gluon state: GA = COSHAA + smHA
couples to:  gsJ& = gs(Ji + J5)
. A U g 9
coloron state:  C}' = —sinf A4 s cosHA Mc = NG hi + h3

couples to: gsJ5 = gs(—Jl“ tan @ + J4 cot 9)

low-energy current-current interaction: L7 = 2?;2 JoJdo
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COLORON MODELS: QUARK CHARGES

SU(3)4 i SU(@3), 9sJg = 9s(J1 + J3)
h h gsJ& = gs(—Jy tand + J4 cot 0)
1 2
. . 2
low-energy current-current interaction: 2. = _2M2 T4 e

Depending on how quarks transform under SU(3)1 x SU(3)2

the presence of colorons may impact

e LHC dijet mass distribution (or angular distribution)

* kinematic dlstrlbutlons of tt or bb final states

*_asymmetry i top- “quark production: Alrg
FCNC processes: KK, DD, BB mlxmg, b —s .

»»»»

* prec STOTT =@ ser/anles. aalia-rno.



PATTERNS OF QUARK CHARGES

SU(3)1 SU(3)2 model pheno.
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(No spectators required) q=u,d,c,s
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FLAVORFUL TOP-COLORON MODEL

particles SU(3)1 | SUB)2 | SU(2)w

3rd generation (L)L 3 1 2
quarks tr,bR 3 1 1
(u,d)L (C,S)L 1 3 2

light quarks
UR,dr CR,SR 1 3 1
vector quarks QL,QrR 3 1 2
light scalar @ 1 1 2
heavy scalar D 3 3* 1

Next to minimal flavor symmetry:

YL

U©2); xU@2)ap xU2)z,
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X U(l)b
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GENERATIONAL MIXING

SU(3)1 x SU(B)2 x SU(R)w
(17172) (57 5*71)
<> <P>

_|_+_|_
tr, br QL Qr (u,d)L
(Cs)L
(5,1’1) (5,1,2) (5,1’2) (1,5,2)

Mixing to third generation occurs indirectly,
through mixing with vector quarks.




GENERATIONAL MIXING
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Third GeMr Quarks
Weak Mixing = Cabbibo Matrix, C,and
Vb = a1d = oy ()\7;’ — )\7;)> = A/\3(p —n) = 0.00131 — 70.00334 d = (9(1)

;\It ;\Ib CV]_ — O()\g)
Vep = aad = ag [ S — 22 ) = AN2 = 0.0415
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FCNC IN ToP-COLORON MODEL

¢ Mixing among ordinary and heavy vector quarks also
leads to flavor-changing b-quark decays: b — s~y

e (Coloron exchange yields KK, DD, and BB mixing

> quark charges under strong gauge groups are
non-universal

> the top and bottom mass eigenstate quarks are
admixtures of ordinary and heavy vector gauge
eigenstate quarks



CONSTRAINTS: B—SY
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CONSTRAINTS: B-BBAR MIXING
SL C SL br C SL,
SIL SIL }m\<
bL bL ST, bL
(b) (c)
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g% (cotw )" (Dr)3y | | g% (= tanwJ™)? (DF)2,
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Flavor-changing Effects from Coloron Exchange:
interplay between mixing and coupling strengths




FLAVOR LIMITS ON TOP-COLORON MODEL
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COLORED SCALARS AND THEIR POTENTIAL

Most general renormalizable (3,3) potential:

V(®) = —m2Tr(ddT) — p(detd + H.c.) + % [Tr(qxiﬂ‘)]Q + f—;Tr((bequIﬁ)

For an appropriate range of parameters:
vev singlet fields eaten by colorons
\4 et . /
G =u+ NG (c‘)y ;33 +'v~z,ag) T°

Color Octet Scalars

Quark couplings fixed from above!



OCTET SCALAR PRODUCTION

Gy Double Production
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OCTET SCALAR DECAY

Dijets:

______

U related to singlet
pseudoscalar mass

crip +tper :




TOP + CHARM OFTEN VERY LARGE!
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Octet pair production can lead to
same-sign tops (dileptons)!




EXPERIMENTAL CONSTRAINTS

5000 - — > ]
(Gug — gg) U
i di — jets 1
4000 - -
ATLAS
9 3000 - _
> I
S
s
= |
2000 _
I (Gg > tc) SSD + jets |
1000 - |
I CMS
00 20 300 30 w0 430
Mgy (GeV)
Singlet Mass dependence from References: CMS PAS SUS-12-029

. ATLAS arXiv:1210.4826
behavior of BRs CMS arXiv:1302.0531



FLAVOR-
UNIVERSAL
CONSTRAINTS
ON SCALARS

R.S.C., Arsham Farzinnia, Jing Ren,
and Elizabeth Simmons
PRD 88 (2013) 075020 and in press



SCALAR POTENTIAL: HIGGS AND MIXING

Scalar potential includes Higgs boson as well:

one (o5 B e §) (oo )

“Higgs portal” coupling: mixing between electroweak and
color sectors

h = cosy hg —siny oor



PRECISION ELECTROWEAK CONSTRAINTS
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NEwW STATES CONTRIBUTE TO HIGGS PRODUCTION!
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ATLAS HIGGS OBSERVATION
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CMS HIGGS OBSERVATION
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CONSTRAINTS FROM HIGGS OBSERVATION

Coloron and colored scalar contributions to production...
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ILLUSTRATION OF COMBINED RESULTS
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lllustrates interplay of different constraints ...
and of direct and indirect bounds



HEAVY SINGLET BOSON
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LHC SINGLET BOSON REACH

Projection with 300 fb-' @ 14 TeV
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lllustrates that direct limits/searches will dominate!
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CONCLUSIONS

Many models predict extended strong interactions

Is this extended dynamics flavor-universal or not?
e Introduced a flavorful top-coloron model
e Constraints from FCNCs favor NMFV.

e Same-sign tops, and therefore dileptons, an interesting
signature for new colored scalars.

Additional effects of extended strong interactions?
e Color symmetry breaking sector can mix with EWSB

e Constraints on Higgs mixing and from observed
properties of Higgs boson

* Discovery potential for heavy states at 14 TeV




