The Cost of an ALP Solution to
the Neutral B-anomalies

JesUs Bonilla Garcia

JB, A. de Giorgij, B. Gavela, L. Merlo and M. Ramos [soon on the arXiv]
Contribution to the FLASY22 workshop - 28/06/2022

P
f{ Instituto de U A_ M
' Universidad Autonoma

UAM-CSIC
de Madrid




Tests of Lepton Flavour Universality

= LFU is an intrinsic property of the SM

B(B — K% putu™)

Ry = ~ 1 inthe SM
K B(B — K®ete)
= Experimentally we find:
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Axion-like Particles as flavour source

= ALPs are (spin O) pseudo-Goldstone bosons with derivative couplings to
SM particles (+ anomalous couplings to SM gauge bosons)

= Predicted by many BSM theories: axions, majoron, axiflavons, extra
dimensions, string theory, etc...

= ALP EFT can easily accommodate flavour-violating fermion interactions:
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Bonilla, Brivio, Gavela, Sanz [2107.11392] \ proportional to fermion masses
Bauer, Neubert, Renner, Schnubel, Thamm [2012.12272]
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o L Solutions to Rx and R+ require to
a a invert this relation:
"""""" X CeelMe KL e OC Cpy MYy p BB KOptp™) _
KO = B(B = K®ete)
€ p

* Electrophilic ALP: cee > cup
* Kinematic suppression
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Heavy ALP solution

= Let’s consider a heavy ALP (m, > m,): off-shell contribution to Ry and R+

= Equivalent to SMEFT analysis with pseudoscalar operators:
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= Matching to the ALP Lagrangian:

v My
Cp, =

— Ms F Myp) (Cqg T CQ), yC
8 faemGF‘/tb‘/ts (fama) ( b)( ; Q) b Lt

see also Bauer, Neubert, Renner, Schnubel, Thamm [2110.10698]
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Heavy ALP solution 1

, , s 4 ] of T T S R
= Solution to Ry~ is excluded | | BB ~>ete) |
due to the contribution of U601 | ’ |
10
C% to B(BY— (™) 2 |
_ _ s o 18 o - - +Ha ----- |
= Solution to Ry is allowed iglogis. 11l | B > I
but it requires |Cp, | = 2 -2/ 1 ol plteo |
I K*
A . lo
) 20
; =200 ¢ % 3 5 ¥ § o5 ¢ o§obopog o5 o5 owox o5
-4 -2 0 2 4 -20 -10 0 10 20
Cp Cp.
O¢ me(ms — mb) (Cd + CQ)Sb Cee | |
o P, X 3 72 Cou O _, huge contribution
a a f— Z 10~>’TeV 1o Aae !!
(ca +cq) @

—90 : : : . _ _
= BY — B, oscillations impose —— £ 107 Tev™

JESUS BONILLA - THE COST OF AN ALP SOLUTION TO THE NEUTRAL B-ANOMALIES 6




Light resonant ALP solution

= Solution via light resonances of ALPs (my, > m, > 2m,) within R and Rg+
g-kinematic bins
= ALP contribution to B-meson branching fractions (narrow-width approx.):
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Light resonant ALP solution

= 5 independent parameters:

||||||||||||||||||||||||||||||||||||

I, >ma/5 Cee Cupu (Cd T CQ)Sb (Cd - CQ)Sb
///-_ v fa ’ fa ,l fa k fa
,’,// RK RK*

= Solution to Ry is allowed but:
1. Parameter space is strongly constrained by
Aa, (if ALP is the only source of NP)
2. Large hierarchy among the ALP couplings is
required: cqe > Cyy > Csp
3. Perturbativity (c.e. ~ 1) imposes a low ALP
physics energy scale: A = 4nf, ~ 100 GeV
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Light resonant ALP solution
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Light resonant ALP solution g exactly between

1 the two g?-bins of Ry

“Golden” ALP mass for Ry m,; = V1.1 GeV
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Light resonant ALP solution
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Summary

= Solutions to Ry and Ri+ anomalies involving off-shell ALPs are not possible
— R+ solution is excluded by B(BY — ¢+¢7)
— Ry solution requires a large ALP-electron coupling which is excluded by
Aa, if the the ALP is the only source of new physics

= Solutions to R and Rg+ anomalies involving resonant decays of ALPs are
possible, but present some issues (“the cost™!):
1. Parameter space is strongly constrained by Aa,
2. Large hierarchy among the ALP couplings is required: ¢, > ¢, > Cgp
3. Perturbativity imposes a low ALP physics energy scale: A ~ 100 GeV
4. Small ALP mass window to explain the Ry~ anomaly in both g2-bins
(mass window can be enlarged once detector resolution is included)
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Back-up slides
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Pseudoscalar operator contributions
0 Ee = 1077 x (1.5 = T.0 x 10720, +71 x 1072 Cf )
)0 GV =107 x (1.5 — 34 x 10710, + 7.1 x 1072052 )
B(B = Kt )3 Gve =107 x (19— 7.4 x 1072C +7.5x 1072 C} )
)60 GeVE — 1077 x (1.9—3.6 x 1074 C% +7.5x 107202 )
B(B = K i )b Sme =107 x (12293 x 1078 Ch + 15 x 107 O )
BB — K*ete )l OV 0 =107" x (1.3 -48x 107°C% +1.6 x 1073C%2)
B(B® = i u~) = 1079 x (3.67 —1.15 x 102C% +9.04 x 10 C}‘f)

B(B) = ete™) =107 x (858 — 5,57 x 10°Cf, +9.05 x 1077 )
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The effect of the smearing

B(B — KWa(ttt7)) = B(B = K™a) x Bla = (707) X G (quin., Gmax.)
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