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Eve of a particle physics revolution?

== No indisputable direct signal of physics
beyond the Standard Model.

==m) Some indirect hints of new physics:

» dark matter
» baryon asymmetry

Is a discovery just around the corner?



Standard Model
Gauge symmetry

SU3). x SU(2), xU(1)y

Glashow (1961), Weinberg (1967), Salam (1968), Fritzsch and Gell-Mann (1972)

Accidental global symmetry
U(l)B X U(l)L
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Simple Standard Model gauge extensions

===) Gauged baryon and lepton number
SU(3)C X SU(Q)L X U(l)y X U(].)B X U(l)L

Pais (1973); Rajpoot (1988); Foot, Joshi, Lew (1989); Carone, Murayama (1995); Georgi, Glashow (1996);
Duerr, Fileviez-Perez, Wise (2013); Arnold, Fileviez-Perez, BF, Spinner (2013)

===) Unification of color and baryon number

SU4) x SU(2), xU(1)x

Baryon number as the fourth color

BF, Arvind Rajaraman, Tim M.P. Tait,
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Baryon number as the fourth color

SU(4) quadruplets:

SU(4) singlets:
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Particle content
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Symmetry breaking

SU(4)x SU(2), x U(1) x “2 SU3)ex SU(2) 1, x U(1)y




Lagrangian
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Covariant derivative:

Dy =0, +iga G T +igaWit* +igx X, X




Gauge bosons

SU(S)C XSU(2)L XU(l)y

15 vector gauge bosons:

o =) gluons
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Gauge bosons

Relation between couplings:

cosfy, —sinfy

sinf, cosfy




Gauge boson couplings
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LHC constraints

Z’ production:

LHC bound:

IR — [T




Quark partners

Yukawa interactions:

QLHuR—I—yd LHd + y®° 1% He% + h.c.

/ab Q,a HU /ab Q,aHd/b 4 hc.

ygP é;’;@@’; Y% b + Y% dd) + hee.




Quark partners

After SU(4) breaking:

+ 6 electrically neutral combinations of u and U
* 6 electrically charged combinations of d and D



Dark matter

Lightest combination of u and U:




Baryogenesis

No asymmetry between baryons and antibaryons
from SU(4) dynamics.

Dimension six operators:

Ag > 5 x 1019 GeV

Asymmetric dark matter!



Asymmetric dark matter

Baryon and dark matter asymmetry:

Final baryon asymmetry:

Dark matter mass:

Mproton =~ 1.75 GeV




Asymmetric dark matter

DM candidate ﬂ’l WAORUEEER mg ~ 1.75 GeV

=) direct detection: no current constraints

=== relic density:
» SU(4) Higgs mass < 1.75 GeV
> additional gauge multiplet  JSNERLETHETH




LHC signatures — 1st generation DM
BF, Edison Weik, Daniel Whiteson (in progress)

4 jets + MET 4 jets + MET



LHC signatures — 3'9 generation DM
BF, Tim M.P. Tait (in preparation);, BF, Edison Weik, Daniel Whiteson (in progress)

2 jets + tt+ MET 2 jets + tt+ MET



Conclusions

» Standard Model with gauged baryon and lepton
number is a relatively unexplored territory with
possible hidden treasures.

» Unifying color and baryon number into an SU(4)
gauge symmetry has a number of nice features.

» Analyzing other simple Standard Model gauge
extensions seems like a worthwhile effort.






