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Introduction

The updated results from LHCb confirmed that the measured values of Ry (+
observables are consistent with their SM predictions.

However, there exist a variety of other observables in b — s/ transition in B
decays which indicate remarkable deviations from the SM.

‘ q? bins ‘ Theoretical predictions Experimental measurements ‘ Deviation ‘

P [4.0,6.0] —0.757 +0.074 —-0.21£0.15 (1; 2) ~3.30

[4.0, 8.0] —0.881 %+ 0.082 —0.26770 35 +£0.049 (3) ~ 210

B(Bs — ¢putp~) | [1.1,6.0] | (5.37+0.66) x 1078 | (2.88+0.22) x 1078 (4; 5; 6) | ~ 3.60
B(Bs — ptp™) - (3.66 £0.14) x 1072 | (3.0975-457913) x 1072 (7) ~1.20

Current status of b — s¢T ¢~ decay observables
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A U(1)r, -1, model with heavy fermions and Ry leptoquark

| | Field [SUB)e x SUQ2) x U(L)y[U(1)r,—L,|2]
Fermions Qr = (u,d)T (3,2,1/6) 0 +
UR (3,1,2/3) 0 +

dr (3,1,-1/3) 0 +

Uar = (Va, @)L, @ =€, u,T (1,2,-1/2) 1,-1,0 |+
lp=ar, a=eu,T (1,1,-1) 1,-1,0 |+

Ne, N, N- (1,1,0) 1,-1,0 |—

Scalars H (1,2, 1/2) 0 +
¢2 (1,1, O) 2 +

Ry (3,2,1/6) 1 -

» Adding three heavy fermions (N, ), which mix and the lightest mass
eigenstate will be dark matter

u ¢2 breaks the new U(1) and gives masses to N, and Z’

« Ry leptoquark along with N,s and Z’ provide new physics for b — s
transition.

= n along with heavy fermions generates neutrino mass at one-loop.



= The relevant Lagrangian is given by
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- Z (Yu(€L)17iNir + h.c) — (ygry QLR2Nur +h.c.),

l=e,u,T
Loy = (—gwéfy“e =+ ge#ﬁ’y“u - 96#’/77“(1 - ’Ys)’/e + geuﬁ’)’”(l - ’YS)VN) Z;/L
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= In the above, the new scalar doublets are denoted by 1 and Ry are given by
+ 52/3
n 5 R;
= and R2 = | - .
n (770) 2 <R2—1/3>



w The fermion and scalar mass matrices take the form

1
—=fev2 Me,, 2)\H’U2 AH2UV
My=|[ "2 Mg = . 2

N ( Meu %f‘ﬂ& ’ o AEH20V2 2)\21)5 ( )

= One can diagonalize the above mass matrices by
Us(oyMn(s)Us(¢) = diag [Mn, (#,)s M, (1)), where

Up = ( cosf  sin 9) , 3)

—sginf cosf

. _ )\HQ’UUQ _ 2Me
_1 1 _1 1 n
with ¢ = 5 tan <)\2v§ — )\H’U2> and 0 = 3 tan <(fu — fe)(vz/\/i)>'

= We denote the scalar mass eigenstates as H1 and H», with H; is assumed to be
observed Higgs at LHC with My, = 125.09 GeV and v = 246 GeV.

= We indicate N1 and N> to be the fermion mass eigenstates, with the lightest one
(N1) as the probable dark matter candidate in the present work.



Effective Hamiltonian

= The most general effective Hamiltonian mediating the b — sl™~ transition is
given by (8)

_4Gr
7

where G is the Fermi constant, V;;,V,: denote the CKM matrix elements.

Hett —Va Vi

Zco + Y (co +C'0’)] (4)

1=9,10

» The O;'s, represent dimension-six operators responsible for
leptonic/semileptonic processes, are given as

Qem
0y = T Pumb) (b)),

= (57" Pr(ryb) (17751, ()

n  _
010 - 4

where a.,, is the fine structure constant.



Constraints on NP coupling(s)

» The new Wilson coefficient is given as,

oyt =

2
1 V2 1 Yirn9e N1 (2
4 *”R(a, b), where a(b) = % (6)
T 4rm 4GFmZ, aem  Vip Vi mig
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Impact on the A — A*(— pK)¢{ process

= In light of anomalies present in b — s¢¢ quark level transition decays, we
perform an analysis of baryonic A, — A*(— pK)uu process.

= The differential branching ratio d3/dq?, and the fraction of longitudinal
polarization F7(g?) are defined as

dB 1
d_q2 = 5 chc + 2Klss + 2I(2cc + 4K2ss + 2I{Bss )
2(K 2K
Fr, = 1 ( lec + 2cc) (7)

a chc + 2(Klss + K2cc + 2K255 + KBSS) ’

with Ky are the angular coefficients.



Contd...

Analysis:
® gep = 0.6, yqrn = 0.3, myzs = 500 GeV, my = 300 GeV and § = 30°.
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Figure: The ¢* dependency of branching ratio (left panel) and the polarisation
asymmetry (right panel)in the SM and new physics.

» BR: The presence of NP coupling reduces the branching ratio.
However, in the low g2 region, it becomes consistent with the SM contribution.

»m FL: We do not observe any new physics signatures despite the presence of NP coefficients.




Majorana dark matter

Relic density :

= The lightest fermion Nj can annihilate via Z’, Rg and Hj 2 portals and contribute to total
relic density of the Universe.

n Via Z’ boson, N1Np can annihilate to e€, jufi, veVe, vV, through s-channel.
= Mediated by 1%22/3, N1 N7 can annihilate to qlg with ql,q’1 =u,c,t. Via R~271/3 Ni1Np
produce g2¢} as final state particles with g2, ¢4 = d, s, b through t-channel.

= With the mediation of scalar Higgs, N1 N1 can annihilate to ff, W+W~—,ZZ, hh,Z'Hy
through s-channel.

= The relic density of dark matter is computed by

1. 10° -1 oo
Qh2 = o7 ><1 g GeV ,where J(zs) = d:c/ (UL?(QJ). (8)
g«1/2 Mpy J(zy) zy x
z ©© /3
ov)(z) = ——— &% (s — 4M3 ﬁKl( )ds. 9
(ov)(z) NP K2(@) Jansz,, ( Dm) Mpar (9)



Analysis :
w My =500 GeV, Mg = 125 GeV, M2 = 800 GeV (resonance at My, = Mprop/2)

w ¢~ 1073, 6 =30°

— Gur=06, Youn =03 — 0= 06, Youy =03
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Figure: Relic density vs dark matter mass, displaying dominant Z' portal (left panel) and
dictating R portal (right panel). Horizontal dashed lines correspond to 30 bound on
relic abundance by Planck data.

Neutrino mass : Type-| radiative neutrino mass can be obtained at one-loop with heavy fermions
and neutral inert doublet components running in the loop.

* Note : Direct detection and neutrino mass work is still in progress.




Conclusion

We have investigated U(1)r, 1, extension of SM for a correlative study of
dark matter and flavor anomalies.

With three heavy neutral fermions, Ry(3,2,1/6) scalar leptoquark and a
U(1) associated Z’, the model can provide new physics contribution to b — s
transition (penguin loop).

We have studied the A, — A*(— pK)uu process pertaining to b — spp
transition.

The differential branching ratio deviates, and also quite distinguishable from
the SM contributions.

The relic density of lightest Majorana fermion is obtained, consistent with
Planck satellite data. The annihilation channels with fermion anti-fermion
pair in final state contribute maximally, are mediated by scalar Higgs boson,
Z' and R» leptoquark.
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Thank you!
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