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the neutrinos are not seen

- The final state BSM not necessarily a v;v; pair:
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— different flavour neutrinos (lepton flavour violation)

—new invisible particle pairs can be sterile neutrinos or something else
—consider only pair produced new invisible particles

« models with a symmetry that requires pair production

« single invisible particle studied extensively by others and observed decay is
consistent with 3-body spectrum



Quantifying the “excess”

* To constrain neutrino couplings we use

. BBt - Ktvp) .

¢ = —— =54=+1.6 using new result
%(B"‘ - K+I/V)SM

=3.2+0.9 or using average

AB(B — K*vu
R = (B~ y_y) < 2.7 Belle combined
H(B — K*vD)gy

< 1.9 Dbest for neutral mode

 As constraints on new invisible particles, we use instead

BB — K+ + invisible)y, = BBT — K*vi),  — BB - Kty = (2.0£0.7) x 107

exp

—combined with limits obtained from 90% c.| upper limits
~ BB - KO + invisible)p < 2.3 x 107

_ B(BT = K +invisible)p < 3.1 x 107>

—~ BB - K + invisible)yp < 1.0x 107



models with additional v final states

« We start from an effective interaction at the B scale
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- At the weak scale we have in mind leptoquarks and/or a
non-universal Z’ coupling the SM to the light RH neutrino

. Both cases are also constrained by b — s¢1¢~
processes



low energy constants from leptoquarks

- scalar or vector leptoquarks coupling to SM fermions
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Scanning over C/ — CJ shows solutions in general

- OneLQatatime
- 80,31, V; generate only C; terms: R = R

- 815, V1o with only off-diagonal terms also: R” = R}
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correlations with the B anomalies with C;

for the case of S, there is a correlation with 1)
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global fits to b — s ¢ " suggest values Cg‘”, C5¢ ~ — 1 and Cy smaller



S1,, V1, with both diagonal and off-diagonal

- These two LQs can reproduce the solution region

- Find the parameters and see if the models are viable

recall that CY = lCif = — lC"f affecting b — sZT¢~
. R — 7Y o 7 10 g



- at least one of the diagonal ci = Y- _ L

terms is large (around 10) R~ o™y y 10’
. cannot be C,** from global fits
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B(B; — t" ) x 10°

predictions for this solution
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comparing the average to the new result
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comparing the average to the new result
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CLFV and B — Kui

. How competitive is B — K" v with existing limits on CLFV?

Mode 90% c.l

B(Bs; — etpuT) 5.4 x 1077
B(B, — p*7F) 4.2 x 107
B(BT — KTe p™) | 6.4 x107°
B(BT - KTe rt) | 1.5x107°
B(BT - KTp~77) | 28 x107°
B(BT — K*Te pu™) | 9.9 x 1077
B(BY - K*%¢put) | 1.2 x 1077




CLFV and B — Kui

LQ upper bound on C’g R RY, = RY..

pe eT | WUT
Sije | |OR1504 | |C1 <26 | |CHT] <35 | 1.001 | 6.4 | 11
S, CH1 <02 | |CT| <13 | |CHTI <18 | 1.0003 | 2.4 | 3.5
Vi [ |CE)1 S04 | [CF]<26 | |CET1S35 | 1.001 | 6.4 | 11
Vil |oEe1 <08 | ot <52 | |CETI <70 | 1.005 | 23 | 40

. Each LQ, allowing only off-diagonal terms, produces only C;
or only Cp resulting in Ry” = Rz,
« The current upper bound from CLFV processes is less

restrictive than the bound from R;” except for pe flavours

. This bound for the case of §; is comparable to that from Rl’g”
but less restrictive than the one from Ry,




Scanning over C,’ —
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* in general, this scenario can also reproduce the new result



Scanning over C, — C/
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in general, this scenario can also reproduce the new result

in our specific model, C; 3 < < C2 (one loop vs tree) resulting in ~ R
B, mixing further restricts C, C33 to ~ RS2

B, — 777~ can be enhanced by up to 5 ~ 6 (could also be suppressed)



New light invisible particles

mass window to invisible light particles: m < mp — my

we assume they are pair-produced (3 body decay)

1
we consider spins 0, 5, 1

Mediators are assumed at the weak scale and integrated
out to produce a LEFT of the form & = Z C; O,

- We define a window to match the new Belle Il result as

B(BT — K + invisible)yp = B(B™ — K D)oy, — B(BT = KTub)gy
=(20£0.7)x 107>

- Consider constraints from other modes

. finally we look for an enhancementin 3 < g% < 7 GeV~
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scalars up to dim 6 that contribute to

BT — KT + invisible

S sb __ @V sb __

= (3b)("P),

S,sb — A — V,sb= -
. use Cq¢ _Aeff, Cq¢ _Aeff

(S}’”b)(cl“la P)

- they both arise at dim 6 in SMEFT (blue vanishes for real scalar fields)
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plots explained
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pink shaded region

reproduces the new Belle |l
result:

BB+ - K + invisible) = (2.4 +0.7) x 107>

region below the solid green
line gives a rate for

Bt - K™t + invisible that
Is too large

similarly for the dashed blue
and green lines for the
modes

B - K% + invisible and
B - K™V + invisible
respectively

the region of interest is then

the pink region that is above
all the other lines.
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fermions: six operators at dim 6
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vectors up to dim 6

« vector field formulation

0% = b)X[X"),
(SH)6, X5 05 = (57,b)(X10, X, ehvre,

T,sb __ [ v Ty _ vyt
@q 2(So'r” b)(X X, Xva)’ @Vsb (S}/”b)(XTla XY),
1 s v v
Old = —(Eo—ﬂ”ysb)(XTXy - X/X,), @V b = (57,b)id (X! X — X*TXH),
@Vsb (S)/Mb)a (X,uTXv + XVTX,u) @VSb (S}/ﬂb)la (XTXG)G/“WPG

« operators in blue vanish for real fields

+ these operators produce amplitudes that diverge in the massless
limit

. this known problem is addressed by assuming that X is a gauge
boson, and gauge invariance forbids its direct appearance

 these operators are thus assumed to inherit a coefficient that
vanishes for massless X
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results with vector operators

» scaling including mass factors to address divergence
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. Two of the operators, @g;f, @qT;;’z’, are mostly ruled out by other modes
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qzspectrum scalars

- first Belle Il result suggests excess over SM shape around
3<g?<7 GeV?

<>
. @Zjb = (Ey”b)(qﬁiaﬂ@ with lower m,, appears preferred
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dq 28 pectrum vectors

T U T T T T T T T T T T T T T
[ — o - o B* — K*XX with my = 700 MeV
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« pairs of spin one particles appear disfavoured by the shape of the
spectrum

- will be useful to discriminate among models if excess confirmed



qzspectrum fermions

6L T ammmmm=sTS
5 - |
2
X
Ty
>
(D)
<)
<[t oY T o
2 — 0;;{’ == 0;;2”
— OqT/'Yylb -- OZXYb
I - SM
O |||||||||||||||||||||||
0 5 10 15 20
g’ [GeV?]

. two operators have a spectrum that peaks in the low q2

» vector couplings of fermions would thus be preferred
@VS” Sy*b)( v, x)s  (Sy*D)(Xy,vsx) and with masses on the
Iow kmematlc end



experimental efficiency

- affects constraints on NP because BR limits assume the SM spectrum

+ not enough information in the latest results but we can use 2021 result for
illustration
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- motivated by the recent Belle Il result, we have looked at BSM
physics that could enhance the mode BT — K*vw over its SM
value, broadly interpreting itas B™ — K+ + invisible

- at the same time we require consistenc;y with existing 90% c.l upper
bounds on the related modes B — Kvp and B — K

« we also consider correlations with charged lepton modes

neutrino LFV couplings with only LH neutrinos can reproduce the
rates for these modes

- when induced by a single LQ exchange, S/, V,, can reproduce
the rates provided at least one LF diagonal couplingis ~ 10

. the b — s+~ global fits rule out this possibility for
ete”, utu~ modes

* This solution results in enhanced modes with taus that can be
probed experimentally.



conclusions continued

- a light sterile (RH) neutrino

—the parame*ter space in LEFT can produce the desired pattern
in B — K©Oub rates

— a specific model with a non-universal Z’' mediator cannot
sufficiently enhance BT — K vv due to B, mixing constraints

- pairs of new invisible scalars, vectors or fermions

— we constructed the lowest dimension LEFT for these three
cases and selected the operators relevant for these modes

— there are viable regions of parameter space to explain the
. . & —
desired patternin B — K©)up rates for all three cases

— only a few of them (one with scalars, two with fermions)
achieve the enhanced Bt — K v rate with a g% shape
similar to the preliminary result from Belle II.
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