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Present Picture: Experimental Aspects
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[LUX-ZEPLIN Collaboration : 1802.06039]
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And the Theory Says...

e Several simple extensions of
Nuel.— SM (e.g. Z-portal, H-portal,
Z'-portal etc.) have been
proposed to explain the DM
phenomenology.

e The Higgs portal models =
most relevant in SI DD for
many favoured BSM

scenarios (e.g. SUSY).

Nucl.

e But the continuous null results have put strong constraints on
these simple extensions, threatening them to be ruled out.

Are we missing something?
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Some Attempts

e In some parts of the parameter space the DM couplings to Z
or h may be highly suppressed or even zero = Blind spots.

[Phys. Rev. D 79 (2009) 023521, J. High Energy Phys. 05 (2013) 100]

e A much suppressed og; can be obtained if the DD proceeds
only through the loops. [Eur.Phys.J.c 78 (2018) 6, 471]

e In a simple H-portal DM model with a complex scalar, a
softly broken symmetry might ensure og; — 0. [Phys. Rev. Lett.

119 (2017) 191801, J. Cosmol. Astropart. Phys. 11 (2018) 050]

e [sospin-violating DM is another interesting scenario which
assumes non-identical f, and fy. [Phys. Rev. D 69 (2004) 063503, Phys.

Lett. B 703 (2011) 124-127]

‘ More general approach?
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Probably, Yes!
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But wait...

in SM, y, < m,/v !

e Almost all the earlier attempts
e But what happens if Ay — 0

e \y =0 = Non-SM-like negative
e If y. and y are allowed to
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Here is the Path...

Let’s have a particular type of effective dim-6 operators at some
NP scale A in the quark Yukawa interaction Lagrangian,

LD ~Y,grHug — Yagr Hdg + ALcss + H.c. (1)
where,
ALeyy = Iﬁfl (YﬁQLﬁuR + Yﬁlzf?LHdR> . (2)
After EWSB,
mg = (Yg — €Yf) | (3)
v = (Yy = 3ev)) = =4 — 26V} (@)

where, € = (v/A)* and v ~ 174 GeV.

And that’s it! y, # m,/v
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A Few Comments

A~ TeV and Y}, ~ O(1)

e The sign of 1, depends on the sign of the Wilson coefficients
Yi.

e For the first two gen. of quarks (u,d, s, c), mq/v < €Y = y,
may naturally become negative.

e To achieve the correct m, with y, < 0, the necessary

Mg

condition is: | Y/ (%)2 > 5
(e.g. A <29 TeV for m.= mSM).

c

= sets an upper bound on A

e On the contrary, y, > 0 can only set a lower bound on A.

e The choice of negative values for y, is more natural and

predictive.
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Experimental Bounds on y,

e A huge room is available for the variation of first two gen. of
quark Yukawa couplings.

e Projected reach in the absolute y, values (¢ = u, d, s, ¢) at
the LHC with 3000 fb~! of IL : [3. High Energy Phys. 01 (2020) 139]

lyul <560 Y™, |yal <260 y™, sl < 13 45N, fye| < 1.2 y2M.

e Utilizing processes sensitive to the sign of y,, the HL-LHC
can restrict,

o —1550 < y,/y5M < 700 & —800 < ya/y5™ < 300.

[arXiv: 1608.04376]

o yc/yEM ~ [—0.6, 3]. [Phys. Rev. Lett. 118 (2017) 121801]
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Singlet Scalar DM and Negative y,

Let’s consider a specific realization of the dim-6 operators
through new heavy VL particles at the NP scale A :

‘ Lerp = Lsm + Lxp + Lpm ‘

Lnp : Underlying New Physics

Considering only one gen. of VL quarks,

SU(2) Doublet SU(2) Singlets
Q=(C,9)(3,2,1/6) | C(3,1,2/3) & S(3,1,—1/3)

—Lnp = (AQC(?Ljych%+‘AQS(QLEISR)
+ </\qC’ QLFICR + )\qs QLHSR)
+ ()‘Qc QLFICR + AQs QLHSR> + H.c. (5)
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Lyp ¢ Underlying New Physics

e The dim-6 operators in Eq. (2) can be obtained after
integrating out the heavy VL quarks.

Yi = NcAocrqe s A=/ McMg , (6)
Yii = AsAosrgs > A=+/MsMg . (7)

e Thus, with Mg c s ~ 2 TeV and all the Axp ~ O(1), the
Yg—c,s can be considered for modification [Eq. (4)].
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Loy : DM Phenomenology

e For a real singlet scalar ¢ as the DM particle,

V = Sui¢* + Aug(H'H)

o After EWSB, the ¢-mass term, My = ,/,ui + 2\ g2

Qh?
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os; and the Large Cancellation
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e These exact cancellation values (i.e. ys = —0.77y5M &
ye = —1.875y5M in 1% fig. and y. = —2.91y>M in the 2°9) have
been obtained for a typical set of f(SN): [arXiv:1305.0237]
f2=00153, f2=00191, fP=0.0447,
f7=0.0110, f7=0.0273, f=0.0447
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Isospin Violation
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e The above fig. shows that for the same set of 3. and ys where
Ap =0, A, # 0 = | Tsospin Violation |

e In this framework \,/\, = f,/f, > 0 can be easily achieved,

but

In/fp <0

appears only within a narrow domain of y,/y

SM
q -
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e We considered a H-portal DM model and assumed
non-SM-like negative values for y, = osr — 0.

e 7, < 0 can be realized in presence of a dim-6 effective
operator = an upper bound on the NP scale A.

e A model with new particles (VL quarks & ¢) has been
discussed as a practical realization of this idea.

e The proposed framework is able to accommodate isospin
violation.

e Even though the future DM-search experiments are blind to
our proposal, it might be tested at the HL-LHC.
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