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Opportunities with Semi-Leptonic B Decays

No tree-level flavour changing neutral currents (FCNC) in the SM

>

Intriguing set of “Anomalies” in data of exclusive B rare Decays
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Opportunities with Semi-Leptonic B Decays

No tree-level flavour changing neutral currents (FCNC) in the SM

>

Intriguing set of “Anomalies” in data of exclusive B rare Decays
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Global fits after Moriond 2019

Purely left-nanded solutions are no longer preferred by data:

Ciuchini, Coutinho, MF, Franco. Paul, Silvestrini, Valli (1903.09632

| &3 PMD, Ry ‘14 u
PMD, Rx‘19 ||} 0.91 — 0.91
| €23 PDD, Rg‘14 {1 . =) -
. | mmm PDD,Rx‘19 [ © 0.81 éﬁ © .8
ey - — .
LH . Z i =071 =.0.71
A2 0.6 2 0.6
- RKl14 _— RK£14
'J,"" 0.5 —— Rk ‘19 0.5 —— Rg‘19
—3:5-30-25-20-1.5-1.0-0.5 0.0 06 07 08 09 10 11 06 07 08 09 10 11
Col Ri [1.1,6] Ry [1.1,6]
0.41 Ry ‘14 0.41 Ry ‘14
0.21 Rx19 0.9 0.21 Rk 19 0.91
0.0 © .81 : 0.0 T .81
A ~ A, -
Z & 0.2/ : = = 0.2 :
&) =07 » 1) = 0.7
—0.4 * < —0.41 M
< =
—0.6 RS 0.61 —0.61 A2 0.6
— Ryl | — Ryx'l4
—0.8 - T o —0.8 . S
~1.0 — - : ~1.0 - - —
~3.5-3.0-25-20-15-1.0-05 00 05 06 07 08 09 10 11 ~3.5-3.0-25-20-15-10-05 00 05 06 07 08 09 10 11
Coy Rg [1.1,6] Cow Ry [1.1,6]

The inclusion of right-handed currents better reproduce data!

Similar findings by Alguero et al., Alok et al., Aebischer et al., Kowalska et al.
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Tree-Level Models

Many possible solutions investigated so far involve tree-level NP
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Loop Models

One scalar and 2 vector-like
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fermions (or vice versa)
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Induces contributions to AMs and muon g-2
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It is not possible to address everything with O(1) couplings and viable masses
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Our Generic Loop Model

Lins = | ©a (LharPrb+ LinrPos + Ly Pop) @

4T, (R?4 v Prb + RSy Prs + RY MPR,u) Py | +huc,

—— _ e e e

¥,, ®,, : Generic lists containing an arbitrary number of fields

L, R : Generic matrices in (A-M) space

® A and M also include implicitly SU(3) and SU(2) indices

® Non-vanishing entries of the coupling matrices ensure the
preservation of colour and electric charge
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Two distinct solution, whether the fermion or the scalar is the
NP field that couples to both quarks and leptons
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Additional WC present only in the presence of additional SU(2) breaking effects
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Both diagrams appear, independently on b—spuu, since no
leptons are involved in this channel
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g-2
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4th Generation Model

L* = Z (Fg Vo Prgi + Fva: Wy Prt; + Ff; U, Pru; + Ffzi- W Prd; + ngjePRei) ® + h.c.
+ 3 (AU PohW, + N PohWy + N, Poh . ) + b
C=L,R
+ Y MpUpUp+rhlh@l® + miole
F=q,f,u,d,e

We start writing down the most general Lagrangian before EWSB
including a 4th vector-like generation and a neutral scalar

SU(3) SU(2) U(1) U'(1)
v, 3 2 1/6 Z
U, 3 1 2/3 Z
U, 3 1 -1/3 Z
U, 1 2 -1/2 Z
v, 1 1 —1 YA
o 1 1 0 —Z NB. We work in the basis

with diagonal down-type quarks
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4th Generation Model

L4th — Z (Fé’z \ifqPqu' + Fé \Ingsz' -+ F,{Z\IJUPRUZ- + I‘Z \dePRdz' + ngjePRez’) ® + h.c.
+ Z ()\g\i!qPCiz\I!u + )‘gqquCh\I’d + Ag\i’epch\lfe) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’'re interested only in couplings to bottom, strange, muon
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4th Generation Model

L = Z (Fg Wy Prai + Tg WePrt; + Do UaPRu; + T UaPrd; + gl We Pre;) @ + h.c.
+ Z (Ag@qpcﬁxpu T )‘g\iquCh\de + Ag\ifgpch\lfe) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’'re interested only in couplings to bottom, strange, muon

We neglect SU(2) breaking for down-type quarks
(responsible for phenomenological un-relevant scalar/tensor operators)
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4th Generation Model

L4 = Z (T WePLg; + Ty VPl + T UgPru; + T'f UaPrd; + T2 0, Pre;) ® + h.c.

+ D (A U Poh 0, + AW Poh ¥y + Aglingch\Ife) + h.c.
C=L,R

+ Y MpUpUp+khh®'® +m}e'd
F=qlu,d.e

We’'re interested only in couplings to bottom, strange, muon

We neglect SU(2) breaking for down-type quarks
(responsible for phenomenological un-relevant scalar/tensor operators)

We need to diagonalize the lepton sector!

16



4th Generation Model

LA = (Tg@ePrg; + T WePrl; + D WaPpi; + T UyPrd; + T e Pre;) @ + hec.
+ D (/\g‘I’chﬁ‘I’u + AW Py + AgifePoh\I/e) +h.c.
C=L,R

+ Z MpUpUpn + khih®1® —|—m%{)<I)T(I)
F=qlu,d.e

Below EWSB:
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4th Generation Model

LY =N (TL@ePrq; + T U Prl; + DR UPru; + TF Uy Prd; + TE U, Pre;) @ + hec.

ath — (L?@?PLZ? + L5UP Prs + L?\TJ]IEPL,M) P
+ (R3WY Prb + R5VY Prs + RY U Pru) @

s=1L t=1ft, Ry=T%, RY=TF,
LY = FﬁcosHL, L’z‘:—I‘IIstineL, R} =T%sin6p, Ry =T cosfr

T T

18



4th Generation Model - WC
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Fit g-2

my=mg=450 GeV, 17=0.0015 my=mgp=450 GeV, 17=0

I T

Right-handed coupling and SU(2) breaking both fundamental!
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Fit B decays

mg=mg=450 GeV, mp=3.15 TeV my=mg=450 GeV, mp=3.15 TeV
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Right-handed coupling fundamental!

21



L
u

ul

r

)\'E

ik A A A RN ) V21 VAR i U VN
S G G AN G A TGN G AN

Global Fit

WL
u

G k3 A
53 7 178 0

VU VB VB VoG Gk Vi Vi U VoA BA BA GA A LS
A A A VA I A A G BN

Sit
D

LI L S N L B N B

1 1 L1

1 1 n L
-1 -0.8-0.6-0.4 -0.2 -0.15 -0.1 -0.05 C

L rR

Benchmark point, compatible with all
1sigma regions of combined pdf

1o

0 0.20.40.60.8 1 1.21.4

I

22

x10~



Conclusions

We have provided analytical formulae for studying B anomalies,
BBbar mixing and g-2 in the context of general loop models

We have investigated the additional effects provided by right-handed
couplings and additional SU(2) breaking effects

We have investigated the phenomenology in a specific model, i.e. 4th
generations of vector-like fermions + neutral scalar, and addressed all
the above anomalies with viable masses and O(1) couplings

The neutral scalar is a viable (stable) DM candidate, which however
require a further detailed analysis still to be addressed
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Back-up
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Colour Factors

SU3) b— sl type a) b— sl type b) y
Vy VYp Oy Oy | Vs Yp Oy Oy
I 3 1 1 1 1 1 3 1 1
II 1 3 3 3 3 3 1 3 1
m |3 8 & 8|8 8 3 8 |4/3
Vv |8 3 3 3|3 3 8 3 |4/3
A\ 3 3 3 3 3 3 3 3 2

Table 1. Table of the possible SU(3) representations that can give an effect in b — s£*4~ or
b — svv transitions via box diagrams. x denotes the resulting group factor appearing in Egs. (2.4)-

(2.8) which also enters in b — svv transitions.

- SU(B) V4 Py Xay
SUB) | Y4 Y @y 9@y | XBB XBB . 1 ) 1

S D S I | (33) (33 3

I1 1 1 3 3 0 1 I g 3 g

11 3 3 8 8 |1/36 7/12

_ _ Table 4. Table of the different SU(3) representations

1v 3 3 3 3 7/ 12 1/ 36 that can give a non-zero effect to a,.

Y 3 3 (1,8 (81)]-1/6 1/2

Vi | (1,8 (81) 3 3 | 1/2 -1/6
VII 3 3 3 3 1 1

Table 3. Table of the different SU(3) representations that can give a non-zero effect via box

diagrams to B, — B, mixing. xgp and ¥z denote the resulting group factors.
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D-Dbar mixing

LY = " (DLW PLg; + T§ W Prl; + TR UoPRi; + TF W Prd; + TRV, Pre;) ® + hec.

SU(2) + CKM i}

U * * C * x 7L
L1:Vu3F3L+ ubF£7 le‘/csrg_F chb

Only the product of down-type coupling is constrained

|

I'; > I't implies negligible effects due to CKM suppressions
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Fit Results for Relevant Observables

Ri[1.1,6] = 0.781(45), Rx~+[1.1,6] =0.885(39), B(Bs — p"p~)=3.30(21) 1077,
Pi4,6] = —0.454(69), Pi[6,8] = —0.626(59),

Aa,, = 235(87) - 107, Raar, = —0.02(8) . my=mp=450 GeV, mp=3.15 TeVH
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