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Introduction

Introduction

@ In Particle Physics flavor refers to a species of elementary
particles.

@ The Stadard Model includes six flavor of quarks and six flavor of
leptons.

@ The SM is based on the gauge group SU(3)¢c x SU(2). x U(1)y.
Hints for New Physics

o Neutrino masses
e Matter Anti-matter Asymmetry

o Lepton Flavor Universality
Violation

e Dark Matter
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Introduction

@ Right-Handed Neutrinos

@ The inclusion of Right-Handed Neutrinos can play an important
role in the search of new physics [JHEP 08 (2020)
022;JHEP10(2021)122].

@ Our goal is to find the impact of RHN on exclusive semileptonic
B} — Bsutv decay induced at quark level by ¢ — su*v.

@ The extension of the low-energy effective Hamiltonian with the inclusion
of the dimension-six operator gives a platform to analyze the effects of
New Physics.
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Theoretical Formalism

Effective Hamiltonian

The low energy dimension-six effective Hamiltonian is

Heft = 46\5%/05 [OXL + Z C,';\BO,';\B}

WV, T
=L,R

2T
m»
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Theoretical Formalism

Effective Hamiltonian

The low energy dimension-six effective Hamiltonian is

Hon = “2 [0l + 5 CauOl) (1)

WV, T
=L,R

2T
m»

with ten fermion operators
° OXB = (E’Y/LPAC)(I;/L'Y/LPBM)
@ OFg = (8Pac)(i.Pa1)

(*] O/ZB = 5U(.§U“VPAC)(I;MO’MVPBM)
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Theoretical Formalism

Effective Hamiltonian

The low energy dimension-six effective Hamiltonian is

Hon = “2 [0l + 5 CauOl) (1)

WV, T
=L,R

2T
m»

with ten fermion operators
o OXB = (é’y/LPAC)(l}/L’y/LPB;L)
@ OZp = (8Pac)(7.Payp)
o O/ZB = 5U(.§U“VPAC)(I;MO’MVPBM)
The Wilson Coefficients of New Physics are constrained by using the

available experimental measurements of D\ mesons [Physical Review D,
103(7):075019, 2021].
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Numerical Fit

Experimental Constraint

@ To constrain the NP effect, we considered the six leptonic and
semi-leptonic charm transitions.

| Mode SM Experiment |
D: — utv, 5.28 +0.08) x10~3 (5.50 & 0.23) x10~°
D% — K—u*y, (3.40 £0.22) x1072 (3.41 £ 0.04) x1072

)

)
D% — K*pu*v, (1.81 £0.16) x10=2 (1.89 + 0.24) x1072
D* — K*0u*v, (4.75+0.42) x1072 (5.27 4+ 0.15) x1072
Df — ¢u*v,  (2.33+0.40) x1072  (1.90 + 0.50) x10—2

( ) (
( ) (
D* — KO%*v, (8.70+0.73) x102 (8.76 + 0.19) x102
( ) (
( ) (
(

Table: Branching ratios of leptonic and semi-leptonic decays calculated
in the SM [PRD, 96(5):054514, 2017; IJMPA, 21(30):6125-6172,2006]
and comparison with the currently available experimental values [PDG,
2020(8):083C01, 2020]
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Numerical Fit

2 Minimization

@ For best fit values of Wilson coefficients the x? minimization [JHEP
09 (2018) 152] methodolgy is used:
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2 Minimization

@ For best fit values of Wilson coefficients the x? minimization [JHEP
09 (2018) 152] methodolgy is used:

Oth C.eff _ OGXP 2
Xz(Cie”) — Z [ m( 102) m ] (2)
n opP

Here O™(C#") are the theoretical prediction value which depend upon
the NP WCs C#". O®® are the experimental measurement and ope» are
the corresponding uncertainity.
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Numerical Fit

2 Minimization

@ For best fit values of Wilson coefficients the x? minimization [JHEP
09 (2018) 152] methodolgy is used:

Oth C.eff _ OGXP 2
Xz(Cie”) — Z [ m( 102) m ] (2)
n opP

Here O™(C#") are the theoretical prediction value which depend upon
the NP WCs C#". O®® are the experimental measurement and ope» are
the corresponding uncertainity.

@ To obtain the most likely value of WCs the minimization is done by
MINUIT library [Comput. Phys. Commun. 10, 343 (1975)].
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Numerical Fit

Wilson Coefficient Values

@ The best fit values are:

[ Coefiicient (s) | Value (s) | X ]
cl; (-3.95 £ 4.69) x 1073 | 10.81
cY (-1.26 + 0.48) x 102 | 04.44
c/a 0.0 + 0.07 11.53
Cha 0.0 £+ 0.07 11.53
cs (-0.53 £ 0.77) x 103 | 11.07
Ccs, (-7.42 +0.07) x 1072 | 11.53
CS, (5.90 + 4.93) x 1073 | 11.18
CSh (5.90 + 4.93) x 10°° | 11.18
cl, (-3.66 + 0.97) x 102 | 01.76
Cla (6.35 + 1.41) x 10~2 | 06.53

Table: Best fit values of Wilson coefficients.For the SM x%,, = 11.534.
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Differential Decay Width

The decay width in terms of angular dependence is given by
dI'(B; — Bsp'v,)  GEVE&  2.1/2, 2 n, ?

= q /\B (q ) 1-—=

dq?dcos ), 256m3 m3 " s g
x {do(G°) + J1(g°) cos 0, + Jo(g) cos® 0, }
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Differential Decay Width

The decay width in terms of angular dependence is given by

2
ar(B: — Bsp'vy) _ GF cs q2 1/2(q y(1- mi‘%
dg2dcos ), 256m3, 73 A, o

X {Jo(q ) + J1(q%) cos 0, + Ja(q7) cos? 0, }

(3)

where, ¢* = (pu+ + pv) the square momentum transferred to the muon pair, 6,, is the
polar angle of the muon momentum in the rest frame of the p*v pair, w.r.to the z-axis
defined by the B, meson momentum. The differential angular coefficients are given as

2 > 2
Jo (¢P) = W5 — \F “ WE + \/‘ng +(L+ R),
;L
2
i (7) = ( %> (Wf*+ﬁwé*> (Lo R), @
"
2
13

m

de (q?) = — (1 —q2> (|W0| —4 W) + (Lo A),
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Observable

Hadronic Amplitudes
Ws=(1+Cl +Cr) Hyo, WS = (Cla+ Chr) H o,
WIL = (1 + CYL + CRVL) Ham WtH = (CXR + CXE’) f/,ta
wh= (i +Ch) Hs, W8 = (Cla+ Cla) H:
WE = 2C] HS, WR = 2CkHS.
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Observable

Hadronic Amplitudes

Wi=(1+Cl+Cl)Hyo, WG =(Clr+Chr) Hy o
WIL = (1 + CYL + CRVL) Ham WtH = (CXR + CXE’) f/,ta

(5)
wh= (i +Ch) Hs, W8 = (Cla+ Cla) H:
WE = 2C] HS, WR = 2CkHS.
The hadronic amplitudes in terms of Fy, F, and Fr form factors are:
by 2
HSo(GP) = Hi,o(GP) = i, ol?) = \| 2 (P,
S 2 s 2 S 2 m% B mZB 2
Hy +(q°) = Hy, +(q°) = Hy, +(q°) = WFO(Q ), ©)
ms — m?
HS(G) = HE,(6%) = H5,(¢) = = 2 Fol(@P),
Ag,(G?)
H3(q%) = H.— = H701 = —H7 = Hror = —ﬁFT(QZ),
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Differential Decay Width

dq? 192mg 3
C

2 2
X {(’1 +CLVL+C¥L| + ’CXR+C¥R| )

2 2

2 m 3m 2

HS ) oy B )

|:( V,0 <2q2 + + 2q2 ( V.t
3 2 s s |2 S s |2
+= (m) (}cHUCLL + |CBr + Clal
2
712 T2 2 2my,

o (|6 + k") () <1+ "

+3re [(1+cl +oh) (ch+cl)

v v S S \*T _Me s s
+(CLR+CRR) (CRR+CLR) ] HsHy ¢

NZ3

—12Re [ (1+ 0}y, + Ok ) it + (Cha+ Cla) ChA]

2
ar GE Vs 12 ( 2 m
——(B) = Bsu'v) = e () (-

my

\/072

S 1S
HTHVVO} .
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Observable

Form Factor

@ The computation of the form factors is evaluated over the full
range of g%; 0 < g% < (Mp; — Mg,)? by chain fit of the results from
HISQ method and NQCD [Physical Review D, 102(1):014513, 2020]:
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Observable

Form Factor

@ The computation of the form factors is evaluated over the full
range of g%; 0 < g% < (Mp; — Mg,)? by chain fit of the results from
HISQ method and NQCD [Physical Review D, 102(1):014513, 2020]:

N
() = P(@%) D Anzp(P)" (8)

2
where, z, (%) = %,
2(q?) 7% with ¢, = (mg, + m,)?
P(g?) = (1 — /M2

res

—1 . . .
) and A, is the covariance matrix.
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Observable

Scenarios
Spin Q.N Nature vy VR

0 Si~(3,1,1/3) LQ | C/.C;.Cl, | Ckr.Chr.Clhn
D~ (1 ) 27 1/2) SB CLSU ClgL CLSFi” CER

0 R, ~ (3,2,1/6) LQ - C3g, Cln

1 Ul ~(3,1,2/3) LQ C/..C3, Ckg, Ciq

1 Vi ~(3,2,-1/6) | LQ - Coa

1 Ve~ (1,1,-1) VB - Clr

Table: Spin, SU(3)¢ x SU(2). x U(1)y quantum numbers and nature (LQ =
leptoquark, SB = scalar boson, VB = vector boson) of the possible candidates
to mediate ¢ — s transitions [JHEP 08 (2020) 022].
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e Results
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New Physics

0.030 M

NP

0.025

0.020

dB/dq? [GeV~2]
14

0.010

0.005

0.000

0.0 01 0.2 03 0.4 0.5 0.6 0.7 08
q2[GeV?)

Figure: g2 spectrum for all new physics contribution both the SM and NP
includes the unceratinity of the form factors.
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RHN sceanrio

sM
=9 RHN

0.030 sm 0.030
I RHN + SM-like
0.0254 0.025
7 0.020 7 0.020
>
QJ G)
o O
0015 o015
o o
2 3
@ 0.0204 Q 0.010
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0.005 4 0.005
0.000 1 0.000
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q%[GeV?]

Figure: g° spectrum for the RHN + SM-like contribution:

0.4 0.5
q? [GeV?]

06 07 08

0}, O)g, Ok, 023, O34, Ofs (left side), and RHN: O)g, O¥g, OFs, Ofg, OLg

(right side).

Priyanka Boora FPCP2024

28 May 2024

20/35



Vector Boson (1,1,-1) & Leptoquark (3,2,-1/6) scenario

0.030 s 0.030 sm
= v -
0.025 0.025
& 0.020 & 0.020
> >
8 8
= 0.015 = 0.015
=3 =3
3 3
@ 0.010 Q 0.010
] S
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q? [GeV?] g% [GeV?]

Figure: g? spectrum for the Vector Boson (V*): O),!H (left), and Leptoquark
(V3): Ofp (right).
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Scalar Boson (1,2,1/2) scenario

sM 0.030 sM
o o
025 0.025
T 0.020 '\“ 0.020
> >
3 8
— 0.015 — 0.015
o o
3 3
@ 0.010 @ 0.010
o ©
0.005 0.005
0.000 0.000
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

00 01 02 03 04 05 06 07 08

q? [GeV?] g% [GeV?]

Figure: g2 spectrum for ¢ (1,2,1/2): OP5, O35 (left) included only right-handed

operators; OF , Of, and Ozp, O7; (right) included both left and right-handed
operators.
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Leptoquark (3,1,2/3) scenario

0.0304 sm 0.030 BY
= U = Ut
0.0254 0.025
7 0.020 9 0.020
> >
8 8
= 0.015 = 0.015
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00 01 02 03 04 05 06 07 08 00 01 02 03 04 05 06 07 08
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Figure: g2 spectrum for U' (3,1,2/3): O}z, O (left) with right-handed
operatos only; 0), O3, and O}, O75 (right) with both left and right-handed
operators.
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Leptoquark (3,2,1/6) scenario

SM

0.030 1
Rz

0.025 4

dB/dq? [GeV2]
S 2 32
5 5 B

0.005 4

0.000 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
g? [GeV?]

Figure: g spectrum for R» (3,2,1/6): O3, Of with C5p = 4rCL, where r = 2
at b-quark scale.
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Leptoquark (3,1,1/3) scenario

SM SM
0.030
S1 0.030 1 51
0.025
0.025
T T
> 0.020 > 0.020
8 8
NUDOIS’ NUOOZLS
3 3
8 o010 2 o010
0.005 4 0.005
0.000 4 0.000

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
q? [GeV?] g% [GeV?]

Figure: g? spectrum for Sy (3,1,1/3): OYz, O3, Ofs with C35 = —4rCl - (left)
for right-handed operators only; O);, 07, O], and O}z, O35, Ok, with

CP = —4rC], and C3, = —4rCly (right) for both left and right-handed
operators.
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Conclusion

Conclusion

@ Using the EFT approach, the impact of NP operator’s on the
B; — Bsu*v, decay is analyzed.

@ The NP Wilson Coefficients are constrained by using the leptonic
and semileptonic charm decays.

@ We have focused on the NP operators which can arise due to the
presence of RHN.

@ Among all the scenarios, the scenario 6 and 7 gives a small
deviation in Braching fraction from the SM.

@ Other observable like Arg should be investigated in order to see
any effects of NP.
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Differential Decay Width

@ Differential decay distribution can be written as

dI'(Bf — Bspu*v,) GEVE  2y1/2; 2 M2
= A 1— L, H"™w
dg?d cos ¥, 256mgc4773q B (q )( q2) "

where the short-hand notation for the Kallen triangle function is

Xg, (P) =\ (mB,m5,,q%) = mg_+m +q* —

2 2 2 2 2 2
2mg mp —2mg q° — 2mg q
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Leptonic Amplitude

The lepton helicity amplitudes are defined as
Ak -
Ly (%000 6) = €alN) (1" (A) v (\) [99* (1 7 95) 1] O)

Ak _
LS;';A (6%,0:0) = (" (M) v () |57 (1 F 75) 1] )
Ais B L .
LTZF% A (q Ou, ¢> = L7550 (qzj Ou, ¢) = —lea(Neg (V) (1" (M) v (A) |
where )\, is the muon helicity and () are the polarization vector of the

intermediate vector boson.
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Leptonic: Dy — p*v,

The branching fraction for leptonic is

Gf2: 22 y

1 CV CV m%; CS CS 2 CV CV szE

H + G~ RL+W( AL~ LL)‘ +‘ AR =GR e
(10)

where 7p; is the lifetime of the D meson, Mp: and m,, are the masses

of the D meson and muon lepton respectively, and the decay constant

is

fp: = (248.0 + 1.6)MeV
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Semi-leptonic: D — Ppty,

aB
dqg?

G m?
22D — Puty)=—F 5 q2)\1/2<q2) 11— o

22 2

T1eemda3 P @
2 2
x{(|1+Ci/L+CKL’ +|CXR+C¥R| )
2 2
P \2 m, Sm“ P \2
H. ) +1 ] + (H )
( v,0 2q? 2¢2 V,s
3P N2 (1nS . oS 12, |pS . oS |2
*3 (Hs,s) <|CRL+CLL‘ * CFJH"'CLR’
2
2 2 2 2m
+8(’CLTL’ + c;R’ ) (H’T”) 1+ =2
q

+3Re [(1+cl v ol ) (ch+cll)”
% v s S\*1 Mu P P
+ (CLR + CRR) (CHH + cLFi) ] ——=Hs sHy s

NG

14 v T 1% v Tx
—12Re [ (1+ ¢}y, + Cly) Clii+ (Cha+ Cla) ChA)

(11)

m
PP
HrHy o

2
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Semi-leptonic: D — Vuty,

2

B G2V 12 ( 2 m,
22D vute) =—F %2y ( ) ST
dq? 192m%7r3q2 v \9 q? °

x {(|1 AR CAEAR |c,gﬁ|2)

2 2
m 3m
(Hi‘+ + Hi.— + Hf/,o) A I (Hz\/yr)

2q2 2q2
2 2
m 3m
v Vx V AVx 2 13 13 2
+((1+c )C + Ve ) (H +2Hy L H _) M +—(H )
(( LL) “RL LR™RR v,0 v+, 22 2¢2 vt
3 2 s s |2 s s |2 12
+§Hs (|CHL*CLL| +|CRR*CLR| 12

2
2 2 2m
+8<\cg\ |l ) (W rt ) (14 2

* * my,
+3Re [(1+0ly — ok ) (ch - i) +(Cla— Cha) (Cha — Cln) | —e=HsHv.q

N3

My
(Hr,o""v,o +Hr  Hy . + HT,—HV,—)

—12Re [ (1+¢}) Cff" + CpaChA]

%

V AT VAT m
+12Re [Cl Cl" + ClaChA | —= (Hr.obv.o+ Hr Hy, = Hr _Hy )}
A ﬂ2
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