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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.

‘ ¢> bins ‘ Theoretical predictions Experimental measurements ‘ Deviation ‘

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

[4.0, 8.0] —0.881 4 0.082 —0.26770:300 £0.049 (3) ~ 210

BBy, = ¢ptp~) | [1.1,6.0] | (5.37+0.66) x 1078 | (2.88+0.22) x 1072 (4; 5;6) | ~ 3.60
B(Bs — utp) - (3.66+£0.14) x 1070 | (3.097045101) x107° (7) | ~1.20

Current status of b — s£7 ¢~ decay observables
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A U(1)r, -1, model with heavy fermions and R; leptoquark

| | Field |SU(3)C X SU(2)L X U(l)YlU(l)Le—LH|Z2|
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 |+

NevNuaN‘F (171?0) ].,—].,0 -

Scalars H (1,2, 1/2) 0 +
D2 (1,1, 0) 2 +

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

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

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

u R, 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

2 2
- Z (Yu(€L)1Nir + h.c) — (yqry QLR2Nur +h.c.),

l=e,u,T
Lo = (—gene e+ geuFV" 1t — geuTe 1" (1 = ¥ e + gepu ¥ (1 — v°)vu) Z,,
~9enNe Zu 4"y’ Ne + geuNu 2,77 Ny,

1, — j— — 1 — —
Ly=—-M; NN, — (%NgNeqs; + %NﬁNugbg + h.c.) — My (NEN, + NN

’ 2
Ls= ‘(ia“ — 4w -9 B, +g., Z{,) Ro| + [ (i0u — 29en Z;) b2

‘ 2
2 6

2

— V(H, Ra,n, $2). (1)

/
+‘<i8u - gra SWE— %BH> n

= In the above, the new scalar doublets are denoted by n and Ry are given by
+ »2/3
n 5 R,
= and Ry = | -~ .
n (770> 2 (R2 1/3)



= The fermion and scalar mass matrices take the form

1
*fe'U2 Mey, 2)\]—[1)2 AH20V2
My =|V2 Mg = . 2

N ( Meu %f,wz ’ s )\HQ’U?)Q 2)\2’1)% ( )

= One can diagonalize the above mass matrices by
UsioyMn(s)Usc) = diag [Mn, (r,), My (#,)], where

Uy — ( cosf sin9> 7 3)

—sinf cosf

. 1 1 AH2VV2 _1 1 2Me,
with ¢ = 5 tan (7&03 o and § = 5 tan —(fu T V) )

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

m We indicate N7 and N2 to be the fermion mass eigenstates, with the lightest one
(1) as the probable dark matter candidate in the present work.



Effective Hamiltonian

= The most general effective Hamiltonian mediating the b — si*1~ transition is
given by (8)

AGp. .
Heg = \/—F VisVis

where G is the Fermi constant, V3,V denote the CKM matrix elements.

Zco+ > (coi+cio)|, @

i=9,10

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

Qem
0y = (59" Pumb) (),

= (57" Prryb) (1yy51), (5)

O(’) _
10 4

where o, is the fine structure constant.



Constraints on NP coupling(s)

= The new Wilson coefficient is given as,

2 2 m2
1 2 19 g N
CNP = _— V2 . QRN R(a,b), where a(b) = —o 2. (6)
Am 4Gpm7, aem  Vip Vil mig
05| X 4 Planck allowed
s o 3-"3 ‘;’. a'n . « PICOallowed

o PICO excluded
 Flavor consistent




Impact on the A — A*(— pK)¢{ process

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

= The differential branching ratio dBB/dq?, and the lepton non universality
parameter R(q?) are defined as

dB 1
d_q2 = g chc + 2I{lss + 2I(2cc + 4K2ss + 2I(?;ss y
dB/dg|
Ry = L% lu 7
A dB/dg?| )

with K ) are the angular coefficients.



Contd...

Analysis:
% gep = 0.3, ygrn = 1.1, mz = 671 GeV, my = 300 GeV and 6§ = 30°.
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Figure: The ¢* dependency of branching ratio (left panel) and the lepton non-universal
observable (right panel)in the SM and new physics.

= BR: The presence of NP coupling reduces the branching ratio. However, in the low ¢2
region, it becomes consistent with the SM contribution.

= R: NP coupling reduces the lepton non-universality observable.



Majorana dark matter

Relic density :

= The lightest fermion Ny can annihilate via Z/, 1%2 and Hi o portals and contribute to the
total relic density of the Universe.

= Via Z’ boson, N1 Ni can annihilate to ee, ufi, VeVe, Vy Uy, through s-channel.
. 52 _ — . o5 =1
= Mediated by Rg /3, N1Nj can annihilate to qlq’1 with ql,q’1 =wu,c,t. Via Ry /3 N1 Ny
produce ga2¢} as final state particles with g2, ¢, = d, s,b through t-channel.

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

m The relic density of dark matter is computed by

9 -1 oo
op2 = 107 ><110 GeV 1 where J(z;) :dz/ (Gefr?(m). 8)
g+1/2 Mp J(xy) Y T
T e /8
o)(z) = —— & x (s —4M? \/EKl( )ds. 9
(&) = G fog 7%~ 4V e (©)



Analysis :
w My =671 GeV, Mg = 125 GeV, Mo = 800 GeV (resonance at My, = Mprop/2)

= (~ 1073, 6 =30°

—— Geu =03, Yopn = 1.1, Mz = 671 GeV
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Figure: Figure projects relic density as a function of dark matter mass with horizontal
dashed lines corresponding to Planck 3o constraint on relic density.



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