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1. Flavorful Dark Matter
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Gravitational effects from Cosmology and astrophysics need the
existence of Dark Matter! This is new physics beyond the standard
model. WIMP is among the best candidates for DM. How it interacts
with the SM sector, not known! Just gravity, may be other B(B" = K vb)ex, = (23£0.7) x 107°
interactions or it may be specific particle-phlic or particle-phobic.

Recent BELLE-Il measurement

The SM prediction
On the other hand, there are some puzzles or anomalies in particle

physics, such as the recently reported excess of B+ to K+ vv or K . L i
invisible. If confirmed, it must come from new physics beyond the SM. B(B™ = K™ vP)sn = (443 £0.31) x 10

Maybe these two problems are related?! Dark matter couplings to
SM are flavor dependent may provid some hope.

There is an excess!



A flavorful dark matter solution

The B+ -> K+ invisible is due to B+ -> K+ ® ® (® dark matter)
‘h - _ (= 2
At the quark level due to: b ->s ® ® ququ? — (QLdRH) 0

But also need to produce the right relic density for DM. H Higgs double
After develops vev v/v2, the right operators.
At the quark level due to: ® ® -> s s!

How to achieve the above? Not jusk saying so, but numbers also work in a renormalizable model!
Introduce new particles:
® (1,1,0) as dark matter, Q_r: (3, 2, 1/6), U r: (3,1,2/3, D_r: (3,1,-1/3) heavy particles.

To stablize dark matter introduce Z, parity:
The above particles transform under Z, change signs. SM particles do not transform under Z,
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2. Flavor Anomaly in B to K vwv
B(B+ — K+W)gggl = (1.1}'0.4) x 107
= [L.3+04) x 16—

Combining previous bound,
B(BY — K vo)3s
Room for new physics: B(Bt — Kt 4+ inv)y = (0.86+0.40) x 1075
B(B? — Kvp) < 2.6 x 107° (90% c.l.)

Also need to satisfy constraints gp+ _, g+,5) < 4.0 x 1075 (90% c.1.)
B(B’ — K%™up) < 1.8 x107° (90% c.l.)
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fo and A, use numerical fitting from “Dispersive analysis of B — K(*) and
Bs— ¢ form factors,” JHEP 12 (2023) 153, arrive:2305.06301 [hep-ph].
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Figure 2: Preferred parameter space to explain the excess in BT — KT + inv via additional decay
channels to DM final states, BT — KT ¢¢ based on the latest Belle II measurement [1] in red, with
an additional reweighted one to account for the selection efficiency in blue, and finally based on the
new average in purple [1]. The dashed line indicates the current constraint from BY — K"+inv [4; 5]
on |Cd8q’;b| and the solid orange and green lines the constraints on |C§;fb| posed by the searches for
Bt — K™ +inv and B® — K% +inv [4; 5|, respectively.



3. Dark Matter Relic density and Other Constraints

Dark matter relic density: @ ¢ ->s s L3 Lqgcep — [qr(s +ip)gr + h.c. ]
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Produce the right relic densit [— Qh? = 0.12] ~ 24 x 10726 _ 99 5
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n(x, 21, 22) = ng(ﬂf)/o de y Jrﬁ)\ (1+€,21/4,22/4)K1(22vV1 + ¢€).

Or make ® @ to annihilate into e+e- or y+u- pairs for DM relic density

Introducing heavy vector-like leptons, L, +Lg (1,2)(-1/2), E +Eg (1,1)(-1)



4. Other Constraints

Produce the right relic density [— Qh* = 0-12] (ov) = 2.4 x 1070 e = 2.2 x107° GeV~2,
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e.g. threshold of electron recoil for Xenon experiment : ~ ( ) (p) ( )
100 eV P =0.018(5), [ =0.027(7), P = 0. 03?(1?)

:{rf..,) =0.013(3), fi) = 0.040(10) , (“) = 0.037(17)
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not the dark mass.

Problem: If only a non-zero |O§f| , ruled out by PandaX4T data



Other constraints: No problems
B->Xs;

Bs-Bsbar, K-Kbar mixing;

Bs -> QO;

D -> nPP;

gg -> H, H->vyydue to heavy quarks ...



4. Conclusion

It is viable to construct flavorful dark matter model .

At the same time solve some of the flavor anomalies,
in particular B+ to K+ invisible reported recently by Belle-ll.
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