ACCIDENTAL DARK MATTER:
A CASE IN SCALE INVARIANT B-L MODEL
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Matter Stability in the SM

Implanted to dark matter

* \Without new gauge symmetry
* With gauged B-L




Matter stability in SM

* Proton is accidentally stable due to

Gauge and spacetime symmetries: SU(3)c*SU(2)2*U(1)y*Poincare
Matter content: well arranged fermions and a Higgs doublet

Renormalizable: dimension-5 operators violating B & L are absent

* SUSY: An example violating the SM structure

Adding new particles may be dangerous, e.g., squarks in SUSY
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_ 1““ New symmetries are then required in the low energy
effective model to forbid renormalizable operators violating
d i, d B&L. For example, in MSSM R-parity should be imposed.

However, global symmetries may be not reliable!
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Implanted to dark matter (DM)

* Scale invariance (Sl) and singlet scalar

Updating the SM spacetime symmetries by SI may justity the technique

face of hierarchy problem W. A. Bardeen, FERMILAB-CONF-95-391-T

Accidental WIMP DM 1n the SI-SM: the nontrivial face of trivial

real Siﬂgl@t DM Via nggS portal arXiv:1401.5609, Jun Guo and Z. Kang

A\ 2. . SI kills cubic term SiSjSk, thus giving rise to an accidental 22.
—L = §(<I’*<I>)2 + %@@S,-Sj + Z, SiS;SkSi, Scalar singlet is the unique candidate given EW-VEV is the
: dominant source for the particle mass origin.

* What if right-handed neutrinos are incorporated?

We need RHNSs N to generate nonzero neutrino masses, but then we

encounter Z2 breaking term SN?



http://arxiv.org/abs/1401.5609

Implanted to dark matter (DM)

* Beautiful rescue by U(1)B-L

Accidental DM needs it to forbid SN*
RHNS need 1t to gain legiimacy (by virtue of anomaly cancelation)

Scale invariance needs it to break SI (by Coleman-Weinberg approach)

* The minimal scale invariant B-L model (SIBL)
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* Accidental Z: real singlet DM revives
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Implanted to dark matter (DM)

* Clear ways to dark matter relic density

Old story: Higgs-portal & New scenario: ®-portal
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Implanted to dark matter (DM)

* More about ®-portal
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DM triggers S/\spontaneously breaking?!!

[A large 1.,5” |® " means DM may dominate over Z”in the contributions to the CW effective potential )
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Implanted to dark matter (DM)

* B-L charged case: Accidental Z3

Scalar Sx with peculiar charge like X =1.11 will not be considered
Th€ Only nontrivial Gl iS X :iQ/S P. Ko and Y. Tang, JCAP 1405, 047 (2014).

A
Lz, = M|Sx|?|®|? + (fcsi 3 c.c.) + Xo|Sx|2|H|? + V(H, ).

* |mportance of S;® dynamics

Separating DM mass generation from annihilation
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Conclusions

* Why is dark matter stabile is a basic question. Our
answer, motivated by proton stability in SM, is that it
Is accidentally stable due to the fundamental
symmetries and field content of the model.

* \We implement this idea in the scale invariant gauged
B-L models, getting an accidental Z2 (£3) symmetry for
a real singlet scalar (B-L charged scalar). They can
have good dark matter phenomenologies.




