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MODEL DESCRIPTION

Field [ SUB)c x SUR)L x UQ)y | UMi,—t, | 2
Fermions Q = (u,d)] (3,2,1/6) 0 +
U (3,1,2/3) 0 +
dr (3,1,-1/3) 0 +
Oo=e, T (1,2,-1/2) 0,1,—1 i
LR = eR, R, TR (1,1,—1) 0,1,-1 +
Ne, Ny, Nor (1,1,0) 0,1, —1 -
Scalars H (1,2, 1/2) 0 +
& (1,1, 0) 2 AL
St (3,1,1/3) =1 =
Gauge bosons | Wi, (i=1,2,3) (1,3,0) 0 +
B, (1,1,0) 0 +
Vi (1,1,0) 0 +
Fields in the chosen U(1)LH_LT model




LAGRANGIAN

1 I, -
Lo=—7 (B W 4 B B 4 U 047 + 25in 5B )

1 __ .
L5 = —5MeeNGNe — %“ (NNug) +hee.) = % (NN ¢ + h.c.)

1 _ _ __
= S Mur (NGN- + NEN,) — D (ar dRSINu +hec),
g=d,s,b
Lo_g= *gm‘ﬁ’YH#\A/u + guf?'YMT\A/u = Qurop Y (1 - ’YS)VMVM
+ 9urTr (1= ¥ Vi — 9ur N Vv PNy + 9 Nr Yy PNy,
2

’ N ) R 9
Ls=+ ' (iu ~ LB+ gur vM) S|+ | (i =200 U) 2| = VeH, @2,50),

where, the scalar potential is expressed as
. )\//
V(H, ¢2,$1) = g2 (HTH) + Au(HTH)? + % [(an)2 + h.c.]

(@3 82) + Ap(8]62) + E(S1751)
FAs(51751)2 + [Mug(6]82) + Mus(STS1)] (HTH) + Asg (8]6)(51151)




SCALAR AND FERMION MIXING

The CP-even scalars h and h, mix, so as heavy fermion states N, and N-. The mixing
matrices of both scalar and fermion sectors is given by

Mi,:(

1
2 AygpWWa My = %quz M,r .
)\H¢VV2 2)\¢V% ’ MHT =L Vo

ﬁfT

The couplings and mass eigenvalues are related as

= ﬂ (M cos’ B+ My sin? 5)7
= ﬁ (/VL sin’ B + M4 cos’ 5) s
V2

Myr = cosﬂsinB(M+ -M_),

M =55 (/vl cos? ¢ + M7, sinzg),
1 .

V= % (M sin’ ¢ + M, cos’ c),

1 -
Mg = W cos(sin( (Msz = /\/lew) :
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INVISIBLE WIDTHS

Higgs (Hq) and Z boson can decay to N_N_ whose expressions for invisible widths:

pi_ (fucos? B+ fr sin? B)?sin? ¢ M (1 W_)?

inv 7 81 MZH
1
ré.,=r2,+r% | , where
7 g%(cos o — sin actan x sin 6y,)?
rl/l_/ = 3 MZ»
967 cos? Oy
3
2 (gpur cos 28 sec x sin a)? 4M2 1\ 2
M v = Mz 1— — .
247 M3
1
£ 0.100
0.010
3 0.001
0.5 1.0 15 2.0 25 0.5 1.0 15 20 25
M. [GeV] M. [GeV]
Left panel projects invisible width of Higgs (H4) for sin ¢ < 10~2 and right panel 4

Ero‘ects the same for Z boson.



RELIC ABUNDANCE

- The channels with lepton-anti lepton pair in final state (ug, 77, vuby, v-v7) Via
Z' portal contribute to relic density.

- Furthermore, SLQ portal t-channel processes with dd, ss in the final state are
also kinematically allowed.
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DETECTION PROSPECTS

SLQ portal spin-dependent (SD) cross section can arise from the effective interaction

2 2
yogcos” B o
LoD~ 9 N AHASN °q.
eff 4(/\/@1 — /\/12_) el Q’Yll«'y q

The computed cross section is given by

pi  cos'

2
osp = ?W [)/éRAd +YERA5} In(Jn + 1),
y <

The WIMP-nucleon cross section in gauge-portal (via Z, Z’) and scalar-portal (via H;,
H,) is found to be very small and insensitive to direct detection experiments.

Logo(o'sp)




CONSTRAINTS ON NEW PARAMETERS FROM THE FLAVOR SECTOR

b — sll

New Wilson coefficient to b — sll process:

\/i yZRQZ AP
C/NP _ R v - .
9 ZZ’WGFOCemV[bV;; (g2 — lez) sb (X—» X+)

- Observables: BR(B — K() pp), Ry



b — sv

New Wilson coefficient to b — s+ process:

V2/3 Ve

GNP = - VL COR () Yeos? a4 hi(x4) sin @),

U 8GrVip Vg M2, < )
with the loop functions J1(x+)

1—6x+ +3x% + 22X — 6x% log x+
1201 — xa)* '

hx+) =

- Observables: BR(B — Xsv)
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FOOTPRINTS ON b — S + [Z DECAY MODES

- The Belle Il experiment has just reported the first measurement of B* — Ktvi,
revealing a branching ratio

BR(BT — Kt + f)|* = (2.4 £0.7) x 107°

This result deviates from the SM prediction
BR(B* — Kty)>M = (5.06 + 0.14 £ 0.28) x 10~° by 2.80.

- The general effective Hamiltonian responsible for the b — sy transition is
given by
Ho = —2OF v vz (COY + CEOX) + h.c.,
V2
where the dimension-6 current-current operators are

Qem «@

Of = T Grnub) G (1= w)v),  Of =

X (519b8) (7 (1 = 5)¥)
U




N_(Ny)

Hy,H,

1



B—K+F

The total branching ratio of B — K+ Fis

Br(B — K+ §) = Br(B — Kuis) + Br(B — KN_N_).

The transition amplitude of B — KN_N_ process from the Z exchanging one loop
penguin diagram is

Moo= qyszg;‘A; Vi (X (P8 17# (1 -+ 35)0(PIF(p2 (o)
= @)1+ 15)u(PI(B )yt ()]
where

1 yéRgfn cos 23 cos ausec ¥

CNP 2y
@) =55 7,

VSD(X—7X+) ’

and pg(pk) is the four momenta of B(K) meson, p; , are the momenta of N_ fermion.




The branching ratio of B — KN_N_ decay mode is given by

dBr 1 W a(’)

TQZ—TBW (Mg, Mg, g?) /BNf+<a(Q)+ 3 )7
where

A(M2, M2, q
al@®) = lFel+ <(4) G2 M ) [FAP? -+ 2M— (M — M+ @) Re(FoF) |
)\(M2 M2 2)

a@) = -=eDginp,
with

2 _ M2 2
Fa = CNP(?), FP:MchP(qZ)[%(ﬁ((ZZ)) —1) =], Bu=1/1- a2 /q.



RESULTS

We have taken two different benchmark values of all the four new parameters, which
are allowed by both the DM and flavor phenomenology

Benchmark | yer [ gur [ M_(GeV) | Mz (GeV) |
Benchmark-I 2.0 0.002 1.7 4
Benchmark-11 2.0 0.008 1.8 4.8
Br(b — sB) ‘ Benchmark-I Benchmark-1l | Experimental Limit
Br(B® — K°B) 0.645 x 1075 | 0.457 x 10~° <2.6x107°
Br(B™ — KtE) | 0.697 x 10> | 0.516 x 10—° < 1.6 x 107>
Br(B® — K*OF) 1.271 x 10—° 0.981 x 10— <1.8%x 107>
Br(Bt — K**F) | 1.381x 107> 1.066 x 10~ < 4.0 x107°
Br(Bs — ¢F) 1.618 x 10—° 1.24 x 10—° < 5.4 x1073
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CONCLUSION

- Unification of flavor sector and dark matter in a single theoretical framework.
- Missing energy could be a pair of light dark matter.

- Leptoquark: bridge between different physics sectors: a superlative particle to
probe new physics

Thank You !l
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