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B — L models and anomaly cancellation

B — L gauge extension of SM is the simplest model where the difference between
baryon and lepton number is promoted to local gauge symmetry. SM fermion
content don't cancel the triangle gauge anomalies giving

AM [grav?U(1)p-(] = -3 AM[UL)E_ ] = -3

Motivated by type-lI seesaw mechanism, the solution is to add three right-handed
neutrinos with B — L charge -1 in the conventional B — L models. Other possible
solution is to add three exotic fermions with charges namely -4, -4, 45 [1, 2].

A=) = A (UDE-L) + AT (U(1)3-,)
= 3+@)>+@)3*+(-53%=0,
A [gravity? x U(1)g—1] o« AM(UQ)p-1) + AY™ (U(1)s-1)
= —-34+(4)+(4)+(-5)=0.

1. J. C. Montero and V. Pleitez, Phys. Lett. B675 (2009) 64-68.
2. E. Ma and R. Srivastava, Phys. Lett. B741 (2015) 217-222.



Table of Contents

U(1)g—1 model without right-handed neutrinos



Model description

| \ Field | SU2)L x U(L)y | U(1)p—. |
Fermions | Q. = (u,d)] (2,1/6) 1/3
UR (1,2/3) 1/3
dr (1,-1/3) 1/3
b=, e)] (2,-1/2) -1
er (1,—1) -1
Nig (1,0) —4
Nog (1,0) —4
N3g (1,0) 5
Scalars H (2,1/2) 0
$pM (1,0) npM
®1 (1,0) -1
¢8 (170) 3

Particle spectrum and their charges of the proposed U(1)g_; model.



Scalar potential and Yukawa terms

The scalar potential and the scalar interaction lagrangian of this model are
V =12 H H + Ag(HTH)? + 136161 + Aa(6lé1)? + udolos + Ae(dhds)?
+udndpn dpu + Aom(éom dpat)? + A (HTH)(6]61) + Ans(HH) (8 d)
+aa(dl 1) (0hes) + A (HTH)(0hydpm) + Ao1(hydpm) (@1 é1) + Apg(dhy o
Escalar = (DIJ H)Jr (IZ)u H) + (ZDLI'(bDM)]L (DM¢DM) + (DM¢1)T (DM¢1)
+(Dugs) (D" ¢8) — V (H, doar, 41, 08) .
where the covariant derivatives are
= /
DuH =0, H+igWu- 5 H + i%BﬂH,
Dyuépm = 0u¢pm + i npmEBL Z,$DM
Dué1 = 01 — igeL 2,1,
Dyupg = 0,08 + 8ignL Z,,¢s-



The relevant terms in the Lagrangian for fermions in the present model is given by

E%ﬂr{lion = NlRI"‘)/” (8ﬂ - 4igB|_ Z;L) NlR + NQRI"}/‘u (8M — 4 8BL ZL) N2R
+N3giy* (8M + 5i gL ZL) Nigr .
The Yukawa interaction for the present model is given by

Lyvac = YuQrHur+ Y4Q(Hdr + Y.l Heg

+ Z hazd1 NS N3g + Z hapdeNg g Nsr
a=12 a,f=12
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Stability of scalar dark matter

In the present model, we do not assume any ad-hoc discrete symmetry as such
which can stabilize the dark matter(DM). Rather the model structure itself
stabilizes the dark matter particle, say the values of npy; such as +4, +5 and
fractional charges forbid the decay of scalar dark matter.
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Relic abundance

The relevant interaction term playing a dominant role in relic density with Z’
being a connector between the visible and dark sector is given by

LD —nDMigBLZL (58‘“/4 — Ac‘)“S) — n}ngBL?’y“fZL,

here n}’;L denotes the B — L charge for the SM fermion f and the corresponding
expression for the annihilation channel is

1
”%M(”]QL)ZgéLCf (s— 4M]%M)(5 + QM%) (s — 4M?)2

of =
Zf: 127s [(s — M3,)2 + M2, (s — 4M]%M)%

I

where ¢ denotes the color charge of the fermion f with mass M¢. Mz is the mass
of Z' with the decay width 'z/. We have implemented the model in LanHEP,
micrOMEGASs packages to compute the relic abundance of scalar dark matter.
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Figure : Variation of relic abundance with the mass of DM for g—N;ZLL values consistent with

LEP-II, npy = 4 (left panel) and npy = 5 (right panel). Allowed region of Mz and ggr,
with the mass of dark matter Mpyr consistent with 3¢ in relic constraint for npy = 4.
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Z' mediated contribution

The spin-independent(SI) direct detection cross-section is found to get
contributions from the h and Z’-portal channels. The effective Lagrangian for
Z'-mediated processes is

2 2 _
iLegg > —DMEBL (SoHA — AGHS) Tryu — “2NMEBL (S91A — ADS) dr,d.
3MZ/ 3MZ/

The Z' mediated DM-nucleon S| contribution is given by [3]

2 2 4

_ M "pMmEBL

Oz' = T~ 1
167 I\/IZ,

MaMpn Y s )
Mot Mo ) 1S the reduced mass of DM-nucleon system.

S. Khalil, H. Okada, and T. Toma, JHEP 07 (2011) 026 .

where y = (



Higgs mediated contribution

Moving to h-portal S| contribution, the effective Lagrangian is given as
m 1 _
Lot = (22) (rov) —5SSaq. q=(u, d).
v m;,

The h-portal DM-nucleon Sl contribution is given by
_ )\%_,Df,?uz M2
Q MMy
where f, = 0.3 £0.03. The h-portal contribution is dependent on mass of dark

matter Mpy; while Z’-portal contribution is insensitive to it. It is convenient to

write the individual contributions (in cm?) with rgy, = ML as

7).

2 1 TeV)?
— 4 1044 K
op = 4577 x 10 (1 GeV) X A2, ( ) (MDM>

2
oz =775 x 10742 (ﬁ) % npa X (
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Conclusion
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Figure : DM-Nucleon Spin independent cross section versus the mass of the DM with the
ratio rgy, = QJBZLL value varied in the range 6 — 15 TeV. The first panel depicts Z’-mediated
cross section and middle panel shows the contribution from h-mediated channels with
Anp varied in the range 0.01 — 0.1. Third panel scattered plot in the plane of gg, and
Mz, where the blue, red and green points represent the values consistent with the current
abundance in 30 range, LUX and XENON100 bounds for npy = 4. The brown dashed
line denotes the LHC bound [4,5] on B — L model.

4. ATLAS Collaboration, Phys. Lett. B 761 (2016) 372-392.
5. M. Klasen, F. Lyvonnet, and F. S. Queiroz, arXiv:1607.06468.
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Semi annihilation

For npm = 1/3 there is a quartic term in the Lagrangian is of the form
!/

A
51/3 = %%3)1\/1(251 + h.c.

With this interaction term, there is a semi-annihilation channel
?pMPDM — ¢pMH1 whose cross section is given by
Now” [(s = (Mpy + Miy )?)(s — (Mpn — My )?)]

1
647s [s(s — 4M3,,)]2
Similarly for npy = 8/3, the cross section for the semi annihilation channel
¢pMPDM — ¢DM Hs

N[

013 =

"

A
Lg/3 = 72M PDMds + h.c.

N=

Nl (s = (Mow + M, )?)(s — (Mpy — My,)?)]
647s [s(s — 4M2,,)]2

0g/3 =




0.01
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Figure : Variation of relic abundance Qh? with the mass of DM for three different sets of
quartic couplings A,y and Afyy fixing My, = 200 GeV and My, = 400 GeV.

W. Rodejohann and C. E. Yaguna, JCAP 1512 (2015) no. 12, 032.
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Conclusion

In this article, we have presented in detail the scalar dark matter
phenomenology in the context of U(1)g_; extension of SM where three
heavy exotic fermions with B — L charges —4, —4 and +5 are added to make
the model anomaly free.

A scalar singlet ¢py is introduced such that the U(1)g_, symmetry takes
care of making it a stable dark matter candidate. A viable parameter space is
shown consistent with the current dark matter experimental limits and
collider bounds in the light of gauge and scalar mediated channels.

The explored model is quite consistent with current bounds of recent and
ongoing DM experiments and a testable framework built based on the
well-tested local gauge principles of standard model.
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