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1. A window for a Iﬁght Flavorful Dark Matter
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Gravitational effects from cosmology and astrophysics need the Recent BELLE-Il and NA62 results

existence of Dark Matter! This is new physics beyond the standard

model. WIMP is among the best can

+ + -5
didates for DM. How it ~ BB~ = K ¥P)exp = (2.3 £0.7) x 107

interacts with the SM sector, not known! Just gravity, may be other B(K+ — T+ E)ep = (13.0737) x 1071
interactions or it may be specific particle-phlic or particle-phobic. The SM predictions

On the other hand, there are some puzzles or anomalies in particle
physics, such as the recently reported excess of B+ to K+ vv and

B(BT — Ktvi)gy = (4.43 £0.31) x 1076
B(K+ — ’}T+I/17)SM = (84 -+ 10) x 1071

room in K+ to 1+ viv for new physics beyond SM.

DM couplings to SM are flavor dependent
There is the window of a light dark matter

There is an excess for B to K vv
There is the ABg = (4.6733) x 10711
for invisible decays!!! window for something new !



A light flavorful dark matter solution -- DM couplings are flavor dependent

The B+ -> K+ invisible is due to B+ -> K+ ® ® (® dark matter). At the quark level due to: b -> s ® O.
The allowed ABy = (4.6734) x 10~ for K* to i+ ® ® is due to, at the quark level: s ->d ® ®

(mg+ — mg+)/2 = 177MeV in order that the K+ channel with the DM could occur.

If true, one should also check if the right relic density for DM can be realized.
At the quark level due to: ® @ -> dd, uu!

In @ model independnet way, the following minimal interactions terms are needed

1 o o 7 {1 - U [— -
Lo > 2| O (dude) + C (divsdy) + Cl™ (au) + CLp™ @iysu) | 8*.

There are stringent constraints from indirect DM searches, effects on CMB,
and also direct DM search via Migdal effect.

We find that light DM with a mass my between 110 MeV - 136 MeV is allowed and solves all problems
Light Flavorful Dark Matter Models !



2. B to K invisible and K to 1t invisible and MD

Combining previous bound, B(B+ — KFpp)222l — (1.1}'0.4) % 197°

/exp

B(Bt — KTvp)3® = (1.3+£0.4) x 107°

exp

Room for new physics: B(BT — K* + inv)yp = (0.8640.40) x 10~°

Also need to satisfy constraints B(B® = K°vp) < 2.6 x 107° (90% c.1.)
B(BT — K™ i) < 4.0 x 107° (90% c.l.)

B(B’ — K%™up) < 1.8 x107° (90% c.l.)

The invisible is due to @ ® pairin b to s ® ® decay induced B to K invisible

1 g uu .
e 2[0§éki(dkdg)+c§?“(dm dy) + Coy(uu) + C,) (mg,u)]&
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TR = My /M, Ty = MG [/mp, xp = my /mp, and s = mg/mp.

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 |C’d5;’;b| and the solid orange and green lines the constraints on |C£E)Sb| posed by the searches for
Bt — K™ +inv and B® — K% +inv [4; 5|, respectively.



NAG2 experiment has measured the rarest SM decay K to 1t vv process
B(K+ = mt+B)ugp = (13.0533) x 10711 B(K* — mtvd)sn = (84 % 1.0) x 10711

There is a gap between central values ABy = (A6 5) x 107
Allow, s to d ® ® decay, induced K to 1t invisible. Theoretical calculations

For such low-mass DM, we can deal with K — w¢¢ and the DM annihilation into light hadrons
_ . _ brought about by the LEFT operators in Eq.(1) by means of chiral perturbation theory. This
Chiral realization leads to the ¢ interactions with light mesons given by
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are dI'/dq® = (1/T)dT/dg? and dT'/d|p.,| = (1)T)dl'/d|p,|, respectively.
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FIG. 2. The normalized distribution of the rate, I, of Kt — aT+F against ¢> (left) and the -
momentum |p | (right) for several benchmark masses of the DM particle. The labels of the vertical axes
are dI'/dq® = (1/T)dT/dg® and dI'/d|p,| = (1/T)dL/d|p.|, respectively.
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FIG. 1. Left: the green-shaded region represents the |C’f§d| versus mg parameter space excluded by
the latest NA62 [1] measurement of KT — 7T+ . The unshaded region between the solid and dashed
green curves is where the new-physics window ABg can be populated by KT — 77 ¢¢. Only the
my € [110,146] MeV range, as indicated, is permitted by the DM relic density requirement. The hatched
region is excluded by the recent KOTO [51] search for K — O+ F if Cﬁfd is purely real. Right: the
same as the left panel but using only the branching-ratio value reported by NA62 [1] and without regard
to its signal regions.
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There is room for light DM to
contribute to K*to i+ ® @

A light flavorful DM allowed!

Refined spectrum measurement
for K* to 1+ vv will test the
scenario proposed here

Koto experiment to provide more
information.



3. DM relic density and indirect seaches

DM relic density: @ ® -> uu, dd -> rt*rt+, or° for mg, <177 MeV for hadronic annihilation

also possible to photonic and leptonic finall states. there are some problems!
CS,uu 0 0 CP,uu 0 0

L ; 1| Sdd B 1 Pdd ~Pils
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DM relic density: Thermal averaged annihilation interaction rate
1 B3 |G + Cag| e, 2) 4 To produce the DM relic density, Q h? = 0.12
(o0 (¢ — ™ /n0n0) = <01 7ue do z=my/T o produce the relic density, = 0.
g AA a2 :

4 - V1+e— €n = max(0, 2, — 1)
= Al Ll 3 O, e S
K3(2) Jey, V1+e B = TG,

K; standing for the modified Bessel function of order i

f(x,z) =

(ov) = 2.4 x 10720 L&~ — 2.2 1070 GeV >



Various Indirect DM effect constraints
mo < 177 MeV the DM annihilates mostly into pion pairs, ® ® -> tt+rt+, 10O .

The neutral pions emit photons (11> vv) and the charged ones produce them
radiatively or via the inverse Compton scattering of their secondary
electrons/positrons off the background photons.

These processes can take place within the DM halo of the Milky Way
galaxy.The DM couplings are subject to constraints from astrophysical X-ray
and gamma-ray observations (from telescopes such as INTEGRAL, XMM-
Newton, Fermi-LAT, etc).

When DM annihilation occurs during the epoch of CMB, ® ® -> rt+r1t+, 1omo
formation in the early Universe, the energy injected into the cosmic fluid from
the annihilation products can alter the CMB anisotropy spectrum.

Therefore, measurements of CMB temperature and polarization anisotropies
also imply restrictions on the annihilation processes.

Among indirect effects, CBM anisotropy spectrum gives a better constraint!



Indirect processes from effective interaction in the model
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LHC monojet production DM limit is also shown in
the figurehe model

Very strongly constrain parameter space and also
allowed DM mass range, but DM window allowed!!!



4. Direct DM searches and Migdal effects
The Migdal effects and light DM constraints
Threshold of electron too recoil for Xenon experiment: ~ 100 eV
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Left figure, mg, is mediator mass, not the dark mass.
Problem: If only a non-zero \qufsl, ruled out by PandaX4T data

similarly for only CS:uwu and CS.dd ruled out by data. Also even if only uu, dd together and
allow cancellations, also ruled out.

But include uu, dd and ss all togheter, possible to have suviving regions!!
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Including Migdal effects from uu, dd, ss  There are allowed parameter space Migdal effect
inside nuclei, there are parameter space  ~onstraints can be envaded.

to have DM mass below 177 MeV A light DM window of mass below 177 MeV exist!



5. Conclusion

It is viable to construct flavorful dark matter model in the window from recent NAG62
result from K to 1t invisible satisfying:

DM relic density, indirect and direct detections for DM in the range 110 — 130 MeV
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Further test ot such moaels: Using another Nuclear target, such as CDEX data (¢8Ge...)
carry out a similar ananlysis!!

Reniormalzable model? Heavy vector quark fermion (arXiv: 2403.12458
(JHEPO7(2024)168), or Two Higgs doblet models (arXiv: 2502.09603) possible.

Dark Matter to be fermion or vector types, under investigations.
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