Probing the neutrino mass through
semileptonic meson decays
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= Violation of LFU? New Physics coupled to  and 77?
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Possible explanations

Lbery = _z\szF‘/cb[ (1 + gv,) (coy"br) (Tryuvrr) + 9vi, (CrY'bR) (TLYWVrL)

EFT study - Ayp = mpyp/Cyp ~ O(1 — 3)TeV

>Possible NP solutions: W', Charged Higgses, Exotic

neutrino interactions...

2>0r Leptoquarks!

+ 9g, (CrbL) (TrV-L) + 97 (CROM L) (TROWV-L) ]

(SU(3),SU(2),U(1)) | Spin Symbol Type F
(3,3,1/3) 0 S3 LL (ST) —2
(3,2,7/6) 0 R, RL (S{),), LR (S1},) 0
(3,2,1/6) 0 R RL (S{),), LR (5], 0
(3,1,4/3) 0 S1 RR (SE) —2
(3,1,1/3) 0 S LL(SY), RR(SE), RR(SE) —2

(3,1,-2/3) 0 S RR (S&) —2
(3,3,2/3) 1 Us LL (Vi) 0
(3,2,5/6) 1 Va RL(V}},), LR(V],) —2

(§’ 2, _1/6) 1 Y2 RL (V11;2)7 {J_R (V1}}2) —2
(3,1,5/3) 1 U, RR (V) 0
(3,1,2/3) 1 U,  LL(VY), RR(VE), RR(VE) 0

(3,1,-1/3) 1 U, RR (Vi) 0

(1603.04993)
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Possible explanations

Lbvsery = —2\/§GFVcb[ (1 + gv,) (coy"br) (Tryuvrr) + 9vi, (CrY'bR) (TLYWVrL)

EFT StUdy - AN ~ mNP/CNP i @(1 — 3)T€V + 9gs, (ERbL) ('T-RVTL) + gr (ERO'“VbL) (’T-RO-/J,VVTL) ]
ZPossible NP solutions: W/, Charged Higgses, Exotic
neutrino interachinng h T
(SU(3),SU(2),U(1)) | Spin Symbol Type F
(3,3,1/3) 0 S3 LL (SY?) —2
_ (3,2,7/6) 0 R, RL (S{),), LR(SF,) 0
pOrleptoquarks (3215 | 0 R RL(SL,).IRGY) 0 | SNIQ
) B ,._‘ o ,s-“ IR .~ . e i —~- ) \
3,1,-2/3) | o S RR(S%» =2 iy
(3,3,2/3) 1 Us LL (Vi) 0
(_37 2, 5/6) 1 Y2 RL (Yll/Jz)7 E (Yliz) —2
(3,2,-1/6) 1 Va RL (V{7,), LR(V]],) —2
(3,1,5/3) 1 U, RR (V5?) 0
(3,1,2/3) 1 U, LL(Vy"), RR(VYY), RR(VY®) 0
(3,1,—1/3) 1 0, RR (VF) 0
(1603.04993)
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Inert §; (right-handed)

> Consider minimal coupling texture

>Right-handed interactions
=>no CKM mixing

= evading a lot of constraints from flavour observables

>Model with only right-handed interactions?

Ls, = yiju e;S1 + §iyd Nr S




Inert §; (right-handed)

>Consider minimal coupling texture

>Right-handed interactions
=>no CKM mixing

= evading a lot of constraints from flavour observables

>Model with only right-handed interactions? —> N = (1,1,0)
/Tright-handed neutrino”

Lg, = ywuz ejSl Jinds Nr Sy




Inert §; (right-handed)

zConsider minimal coupling texture

2»Right-handed interactions
=>no CKM mixing

= evading a lot of constraints from flavour observables

»Model with only right-handed interactions?

le — ygc_CTSl ngb_CNR Sl

\> Create desired effect in Rp¢



Inert $; (right-handed)

»Rp+ can be accommodated :) s | %26 allowed
regions
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Inert $; (right-handed) - predictions

»For example: B, — 7'inv', B. = J/y 7 'inV'
2 Particularly interesting:

= Angular observables in B — D)y decays, example:

Quantity SM my,= 0 GeV

pPb” —0.51(2) —0.39(4)

Fp- 0.46(1) 0.46(1)




Inert $; (right-handed) - predictions

>For example: B, — t'inv', B, — J/y t'inv'  Exp.
RSN S AIMI AN e 0,71(25)
0.49(25)
zParticularly interesting: 0.51(14)

= Angular observables in B — D)y decays, example:

Quantity SM my,= 0 GeV Exp.
pPb” —0.51(2) —0.39(4) —0.37(54)
o 0.60(9)

PP 0.46(1) 0.46(1) 0.43(7)

= Very few predictions experimentally measured
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Inert $; (right-handed) -predictions

>For example: B, — 7'inv', B, — J/y 7'inv'

2 Particularly interesting:

= Angular observables in B — D)y decays, example:

Quantity SM my,= 0 GeV
pPb” —0.51(2) —0.39(4)
Fp- 0.46(1) 0.46(1)

Change drastically in
the presence of RHN

Left almost
unchanged
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Probing the nature of invisible
particle in semileptonic decays

Quantity SM my,= 0 GeV

pPb” —0.51(2) —0.39(4)
The difference?

Fp- 0.46(1) 0.46(1)
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Probing the nature of invisible
particle in semileptonic decays

Quantity SM my,= 0 GeV
pPb” —0.51(2) —0.39(4)
Fp- 0.46(1) 0.46(1)

]

D* - vector meson

The difference?

13

Quantity SM my, = 0 GeV
PP 0.325(3) 0.25(2)
AP 0.360(0) 0.360(0)

D - pseudoscalar meson




Probing the nature of invisible
particle in semileptonic decays

Quantity SM my,= 0 GeV
pPb” —0.51(2) —0.39(4)
Fp- 0.46(1) 0.46(1)

(*)

> 1 o
“P_ - tau polarization asymmetry

The difference?

= Encapsulates the information on z-helicity

“Fg - longitudinal polarization of vector meson

| *Ag) - forward-backward asymmetry
= Sum over the 7-helicities

14

Quantity SM my, = 0 GeV
PP 0.325(3) 0.25(2)
AP 0.360(0) 0.360(0)




Probing the nature of invisible
particle in semileptonic decays

Quantity SM my,= 0 GeV
pPb” —0.51(2) —0.39(4)
Fp- 0.46(1) 0.46(1)

2 D) : :
“P_ - tau polarization asymmetry

The difference?

= Encapsulates the information on z-helicity

“Fg - longitudinal polarization of vector meson

| *Ag) - forward-backward asymmetry
= Sum over the 7-helicities

Quantity SM my, = 0 GeV
PP 0.325(3) 0.25(2)
AP 0.360(0) 0.360(0)

2>Are there more such observables that are sensitive to chirality of the invisible particle?
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Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — D7'inVv'

d“T

(B — DTN)

dqg?d cos 0,

— A4

(¢%) cos 0 + c-

16

- (q®) cos® 0,



Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — Dt'inV'

/—-?> Helicity of 7 lepton

€18 - DrN)

= Q-

dqu cos 0,

>An interesting peculiarity is b_(q

(q%) +b

(q2) cos . + cu

Y=0,forN =1y,

(¢%) cos® 0

= even in the presence of generic NP coupled to ;|
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Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — Dt'inV'

o

dqu cos 0. ) o a:(QQ) +b (QQ) cos 0 + C::(qz) cos? 6

/—-?> Helicity of 7 lepton

2>An interesting peculiarity is b_(q2) =0,forN=y,

= even in the presence of generic NP coupled to ;! [ £o-c = —2v2GeVa| (1 + 90,) (@900) (Fuvurns) + gvi (@) (Fryuvee)

+ 9gs, (CrbL) (TrV-L) + 91 (CRO™bL) (TROWVrL) ]
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Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — D7'inVv'

/—-?> Helicity of 7 lepton

&1 - DTN
dq2d0086’ = 0 () b (0?) cosOr 4 4 (g cos? 6,

>An interesting peculiarityis b_(¢°) = 0,for N =1,

= even in the presence of generic NP coupled to ;! [ £o-c = —2v2GeVa| (1 + 90,) (@900) (Fuvurns) + gvi (@) (Fryuvee)

+ 9gs, (CrbL) (TrV-L) + 91 (CRO™bL) (TROWVrL) ]

> Therefore, we define the polarized forward-backward asymmetry:

B 1
Ap = T /dQQ b—(QQ)
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Probing the nature of invisible
particle in semileptonic decays

»Pseudoscalar case B — D7'inV'

= The observable Af_b presents a null-test for the SM

= Measuring A, # 0 can mean two things

an additional left-handed an additional right-handed
invisible particle /N1 invisible particle /N g

= only if massive = possibly massless

20



Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — D7'inVv'

B—)DT(SM—l—NL)

0.36 1

0.35 1

0.34 -

B—)DT(SM+NR)




Probing the nature of invisible
particle in semileptonic decays

2>Pseudoscalar case B — Dt'inV'

0.361 =

0.0 0.2

0.06 1

. 0.04-

=
= 0.02 1

0.007 -

0.0 0.2

0.36 1

0.34 1

0.32 1

0.30 1

0.06 1

0.04 A

0.02 -

0.00 -
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Probing the nature of invisible
particle in semileptonic decays

>\ector case B — D*( — Dn)7'inV'

d4F::

dg? dcos by dcosbOp do

= (I,

+ 15, cos 20, + I, COSHg)SlIl 0p

I + I35 cos 20, + I, cos B;) cos” Op
s cos2¢0 + Iy
L Cos @+ Ig
- cos @ + 1+

sin 2¢) sin” p sin” 6,
sin ¢) sin 260 p sin 26,

sin ¢) sin 260 p sin 6,
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Probing the nature of invisible
particle in semileptonic decays

>\ector case B — D*( — Dn)7'inV'

dT™
— ]jt I: 29 _[: 9 . 9 H
dg? dcosbydcosOp do (175 + I3, cos 20, + Ig, cos By) sin” O

+ (I + 15, cos 200 + I, cos 0p) cos® O
+ (I35 cos 2¢ + I sin 2¢) sin® 0 sin® 6,
+ (I} cos ¢ + I3 sin @) sin 26 p sin 26,
+ (15" cos ¢ + 17" sin ¢) sin 20 p sin 6,

>Analogously to pseudoscalar case, we notice: I, =0 and I, =0

= physical meaning?
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Probing the nature of invisible

particle in semileptonic decays

>\ector case B — D*( — Dn)7'inV'

d4F::

dg? dcos 0y dcosOp do

= We integrate over ¢

_I_
_I_

(
(

- (
- (

~

3

~

4

~

- COS @ A

o+ I;i cos 20, + I;
- cos 20 + 1g

u ]é

5

~

- COS @

(IT; + I, cos 20, + I, cos 6,) sin” O

= 2
~.cos tly) cos” Op

= sin 2¢)) sin” 0p sin® 6,

- sin ¢) sin 20 p sin 26,

u ];

- sin @) sin 26 p sin 6,

25



Probing the nature of invisible
particle in semileptonic decays

>\ector case B — D*( — Dn)7'inV'

d4F::
dqg? dcos by dcosOp

= (I}% + I cos 20, + I cos 0y) sin® O

+ (IT: + I3 cos 200 + I cos 0;) cos® Op

= We integrate over ¢
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Probing the nature of invisible
particle in semileptonic decays

>Vector case B — D*( — Dn)t'inv'

d4F::
dqg? dcos by dcosOp

= (I}% + I cos 20, + I cos 0y) sin® O

+ (IT: + I3 cos 200 + I cos 0;) cos® Op

= We integrate over ¢

= Then, project longitudinal and transverse D* polarization
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Probing the nature of invisible
particle in semileptonic decays

2Vector case B - D*( — Dr)t'inv'

d4F::
dqg? dcos by dcosOp

+ (Ilc T IS

= We integrate over ¢

= (I{, + 15, cos 20, + 16

cos 20, + I6

—> x I'

COS Hg) sin® 0

COS Hg) cos® Op

= Then, project longitudinal and transverse D* polarization

{%:0 )(902”/2
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Probing the nature of invisible
particle in semileptonic decays

>\ector case B — D*( = Dx)t'inv'

= We can isolate the term next to cos 6, and define forward-
backward asymmetries analogously to pseudoscalar case

1 ST _ 1 ST
AEIFO,T — f/dCIQ?Ig; Afb,L — f/dCIQ?I&;

((QD :7'('/2) >AfTQ,T

/-,Afb,T
= Schematically: Afb\

TNE
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Summary and conclusions

ZPolarized angular observables in B — Dy discriminate the nature of inv. particle

: : : : : D,— D™, — D* +
>Separating 7-polarizations allow the following observables: A, Ay 1, A 1

= Each of them is a null-test for SM, and for LHNs in general
>Measuring any of them means either:

= An additional massive left-handed inv. particle Ny, is present
= An additional, possibly massless, right-handed inv. particle Vg is present

2All of the discussion can be extended toany P — P/¢‘inv‘ or P — V/{‘inv‘ process

30



Thank you for your attention!



Observablesin b — cfv
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Observablesin b — cfv

I'(B — DY 1v)
I'(B — D®){v)

Ry = , L=e,u

2 Two hew measurements
(since the writing)

ICHEP 2026 (talk)

R(D*)
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Observablesin b — cfv

I'(B — DY 1v)
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