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Part |
e |ight NP interpretations of the Belle Il BT - K™vi (E,
® \Weak effective theory (WET) couplingsto b — s

) inclusive tagging analysis (ITA)

1SS
® Best-fit masses and couplings (including constraints from BABAR + LEP)

Part |l
® |[mpact of light NP scenarios on B — K*E

i Observables

® |ntegrated and differential branching fractions 9% and longitudinal polarisation fraction F}

Part |

® Semi-realistic UV realisation of BT - KX with X = Z’
® Constraints on model from theory and experiment (collider, electroweak, missing energy...)

® Possible connection to dark matter (DM)

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 5


https://arxiv.org/abs/2311.14647
https://arxiv.org/abs/2311.14647

Light NP Interpretations for B™ - K7E_,

IMI1SS
B(B+ Kty - SM Average [Adachi et al. 2023]
AY ISY LF(II
( — VV) : —— Belle II (362 fb!, combined)

,LL:

2.3+ 0.7 This analysis

= 5.4+ 1.0 (stat) £ 1.1 (syst) (ITA)

B(BT — Ktvi)

Belle IT (362 fb!, hadronic)

1.1+ 1.1 This analysis

Belle II (362 fb!, inclusive)

Q

2.7+ 0.7 This analysis

Belle II (63 fb!, inclusive)

\

Parametric + form factor uncertainties well understood Belle (711 fir!. semleptonc)
. PY Bellé (71% .fb‘?,‘ hadronic)
Interpret excess as E_... = new light degrees of freedom BABAR (418 ", semileptoni)
® BABAR (_429 {b‘l, hadronic)
U > L 0 5 4 6 8 10
Bt >K(>|<)—|— 10° x Br(BT—K " vp)
L} — SR « 5 T 2000} oy ramien b
= I BYB-
// 8 1500 ¢ T gontinuum
ata
ZX (Emiss) \‘_‘\/ _ '
7 1000 L\ﬁ_\_li
: . <
® Possible spin J ={0,1/2,1,3/2} = 500 %L
-
. . . . . . . . . (4]
® Distinct kinematic signatures due to spin, mass and multiplicity © ~
® |ntriguing possible connection to dark matter (DM} =
oY —_— '
SO N SRR —— - |
. o . 0 5) 10 15 20
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Light New Physics Scenarios

With generic J = {0,1/2,1,3/2} fields X € {¢,v,V,,¥,}, we may have

Scenarios
U > U - U > U . . .
Two-body: B+ 0+ e e+ Axion-like particle (ALP)
+ + p—{ 3 p—{ )3 ' /
BT - KX A Light Z' (dark photon)
¢ %
U > U U > U
Three-body: g, K()+ BT K )T eavy Neutral Lepton
B* » K*XX  \j——{ s p—— s - )
b (connection to v masses?)
I "
¢ 2
u > U u > U
Bt K+ Bt K Gravitino
\ E < /_\ < g \ B < /_\ < g |
\A/:::“V . Composite models
V U
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Effective Couplings - Parity Basis

New fields are assumed to have effective WET(+X) couplings to the b — s transition quark current

e.g. vector b — s current

— ) F B F B -
H:;f(A) S b%L%S QXVauqb | QVV ¢Tau¢ | fVV‘P uw | fX54¢7 75¢+hVV“ | XZV\I,p,yu\I,p | XQA\I,p,YM%\I;p
_'——' - - —_— g
l Spin-0 Spin-1/2 Spin-1 Spin-3/2
_ 2 _ 2 [Kamenik, Smith, 2011]
(K| byus |B) = Pufo(@') + =25 au | fola®) = f+(d))

® BT —» KTE_. . is sensitive only to parity (P) even operators, use the ‘parity’ basis

= Basis of operators using chiral quark fields more natural from UV (SMEFT) perspective
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Effective Couplings - Parity Basis

Also WET(+X) couplings to scalar and tensor b — s current

_—_— F F
M) > byss |gso+ L5676 + L8y 4 IL oy 1 BSytve 4 IS gog, 1 TSP gon g,
-
Spin-0 Spin-1/2 Spin-1 Spin-3/2
v v 3 T, v I T, v 3 v
HID) S boyss fTsza“ W V“ | fj Tlrg K’f Uy 0¥ X;T TPk fo

Spin-1/2  Spin-1 Spin-3/2

® Rates proportiona\f+(q2), fo(qz) and fT(qz). All FFs taken from

® y may be unrelated to neutrinos (no LHy if y is charged unde

= We can consider scalar + tensor operators in m,, — 0 limit wit

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 6

BSZ fit of [Gubernari et al. 2023]

- dark U(1) or odd under Z,).

n no neutrino mass/Ovff bounds
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New Physics Contributions to B™ - K7E_.

miss
Two-body kinematics: | 5 x107! my = 0.6 GeV
» g° fixed at mass of ¢ or V — w M)
C'Tl_l gbgb_a gss
Three-body kinematics: ~ — Wy, fov
glO' - VV, hS
» Smooth g? distribution ~ —— U7, Fyy
» Kinematic threshold at g* = 4m; § Spin-1/2
» Different g* shapes for ¢, y, V, ¥ 0.5
Q
‘ =
. . . L 0.0 — - - . .
Unbiased NP interpretations require fit to 0 3 10 15 20

¢* [GeV?]
[PDB, Fajfer, Kamenik, Novoa-Brunet 2024]

reconstructed g2 spectrum

= Belle Il likelihood (reweighting method) now public

[Gartner et al. 2024]

[Abumusabh et al. 2025]
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Reinterpreting the Belle |l ITA Results

Before the Belle Il likelihood release, our approach was to:

Construct differential event rate in the reconstructed g2
dNgm(x 2 2 2 dBSM(X)
00 = Np [ de” fp (@) )

Smearing of ¢4 Detector efficiency

Construct total event count in bin i:

n; = p(l+6M)sPM 4+ (1+ 67 ) s

+ Z’Tb(l + ef)bz :
b
% AN _
siSM(X) — / : dqz.. d;f(x) b, = BTB~, B’B’ and continuum bkgs.
q? rec

Nuisance parameters: u, 6; and 7,

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25
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Statistical uncertainty
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[Adachi et al. 2023]

Belle II simulation
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Reinterpreting the Belle |l ITA Results

Construct binned likelihood: ngfjlj}} — H P(n(-’bs,nz-)./\/' (0% XYN (Tb; 05) x=SM.X,b

1,2,b
>* . Covariances accounting for signal theory 0;, : Overall background normalisation
uncertainties and background MC statistical uncertainty, fixed to obtain agreement with
errors for ITA Belle Il protile likelihood

[Adachi et al. 2023]

20
20001 2ot B: j KT B ' L Belle II, y2/dof = 0.98
-==- Belle II Collaboration niobs : 7’](BDT2) > 092

& 1500- I = 5.26 4 1.53 )
= Grec data
2 1000
S

500 Fit varying u and 6,

) assuming SM only

0 5 10 15 20
qgec [Gev2] TR /
0 . . . . .
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SM + NP Signal Hypothesis

We perform a fit to the SM (u = 1) + NP for all effective couplings Cy

= Vary light new particle mass my and marginalise over Cy and all nuisance parameters

Two-body BT — KX

Three-body BT - KTXX

Belle I, BT — KT

| Belle I, Bt — K¢/V
O1r— \V
— 101
gba gs
—— SM — V., hy
—207 ---- SM re-scaled 7  ---- V., hr
0.0 1.0 2.0 3.0
1103°¢ [GGV]
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S

10

Belle II, BT — Kt¢¢/VV /¥¥
O — e
—5-
______________________________ 00, gss |
_10_ ¢$7 gvv
—— VV, hg
o \Ij\I}) FVV
—15 . .
< 0.0 0.5 1.0 1.5
T x [GGV]

[PDB, Fajter, Kamenik, Novoa-Brunet 2024]
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Favoured Scenarios

Viable scenarios (better fit w.r.t to the re-scaled SM):

Two-bodly:

B — K¢ or B — KV with mg,y = (2.1£0.1) GeV
Three-body:

B — Ky tor vector couplings with m,, = O.GOJ_ngﬁ GeV
B — K¢¢ for vector couplings with my = 0.38T 15 GeV
scalar couplings with ¢ = 0.52f8jﬁ GeV

Non-viable scenarios (worse fit w.r.t to the re-scaled SM:
® B — Ky tfor scalar and tensor couplings

® B — KVV/PY for all couplings

= Kinetics cannot accommodate excess at qrzec ~ 4 GeV?

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 11

— SM

SM re-scaled

- w%& fVV
- V? hV

— ¥, G

4o

- Cc‘z;’bXY
—20 66, Coiy
o C;iﬁ 3%
— ¢, Cdsg,bX (+V, Cc‘z/f/X/Cgf/X) -=== v, u X SM
30 . .
0 | 2 3

my |GeV]


https://arxiv.org/abs/2403.13887
https://arxiv.org/abs/2403.13887

Scalar Boson (Two-body) Scenario

Next, we investigate the favoured couplings for the

. T Belle |l _
best-fit scalar mass values = profile likelihood e U a2
i i i m =21 GeV
We allow P even and P odd couplings, 1 0-
9s5(bs)¢ + gp(byss)¢ . a =
P odd counlings can be constrained by the BABAR [ ..... ' ..... i
PINGY y N S 0.0 | ] || BABAR
B — K*E, ;i upper bound (most recent g~ distribution): | | N N/ A
*< _5 —0.5° : ! : !
B(B - K*FEniss) < 11 x 10 ! L
(I R L O Y Y A N (I U L U A I R I B . 4 -5 Belle]:[ i i
262_30;1(*0"/ | _g 10 ........ BaBar i i
15:— _E Combined Lo
105" f AT R ; 1
5l = gs x 1078
N | L
0 0102030405060.70.809 1 See also: [Altmannshofer et al. 2023]
S5 [Lees et al. 2013] [McKeen et al. 2023]

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 19 [Hati et al. 2024]


https://arxiv.org/abs/2311.14629
https://arxiv.org/abs/2311.14629
https://arxiv.org/abs/2312.00982
https://arxiv.org/abs/2312.00982
https://arxiv.org/abs/2408.00060
https://arxiv.org/abs/2408.00060
https://arxiv.org/abs/1303.7465
https://arxiv.org/abs/1303.7465

Vector Boson (Two-body) Scenario

Favoured vector and tensor couplings for the vector boson scenario

><10_8| | | 10 X10_4. | IZX:V
0o v, = 21 GeV BABAR upper bound on
| A =10 TeV
o 0.5 | B — K*V in tension with
................................................ : favoured Belle Il h; coupling
< 0 <00 i
21 5%
-==- Belle II —U.5 o
....... il -
—41 — Combined L
| I 1 : 1 : _10_ ' L
T ; " ~1.0  —0. 05 10
hy x 1078 X
ht - _

hy (B’Yus) VH + hg (E’Yu75 3) 48

See also: [Altmannshofer et al. 2023]
Patrick Bolton, JoZef Stefan Institute (1JS), 08.10.25 13 [Gabrielli et al. 2023]
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Scalar Boson (Three-body) Scenario

Favoured scalar and vector couplings for the scalar boson three-body scenario

X10—3 | | - BeHe ” ZX:</5€5
i | me = 0.52 GeV i i m I:().38 GeV
5 L A =10 TeV | | AiloTeV BS - ¢¢ upper bound
) - 10- ) | from recent ALEPH recast
T ?:} .................... l: ...... :I .................... § B(BS % EmiSS) < 5.4 X 10—4
0 () { | < 0 )
> L) | ) > [Alonso-Alvarez, Escudero 2023]
———-BeH(;H """""""" i """ i """""""""" B e e - : S
i :\/O<} 2. X (Emiss)
Com:bineld i i o0 \ E
5 0 ; ~10 =5 0 5
gss X107 gvv

gss 1 gprs 1 gvv i Ay AV 7 A
== (bs)p¢ (0758)0¢ =5 (byus)(i6™ 0 4) + =5 (byuyss) (i™ 0 ¥9)

See also: [Bird et al. 2004
Patrick Bolton, JoZef Stefan Institute (1JS), 08.10.25 14 [He et al. 2024
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Fermion Scenario

Favoured vector couplings for the fermion

scenario
fvv y fV
A2 (b’)’u ) (Yy* ) A (b’YuS)(w’Y V5)
| fAV (bw”yss)(wv“w) fA > (07u58) (Y v59) S
S—
We consider Dirac and Majorana y —
= fyy and fy vanish for Majorana y: wy,y = 0
<
Only other relevant constraint (on P odd) =
operators from B — K*yy .
B, — yyis helicity suppressed
Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 15

Belle 11
BaBar

——  (Combined

Combined (Majorana)

2\ S
(L)) my = 0.6 GeV
\/ A =10 TeV

©

See also: [Fridell et al. 2024]
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Implications for Future Measurements

and B — K*E

miss

With > 10 ab~! of data, observation of B » KE

e s possible

[Belle Il Physics Book 2018]
= B = K*( = Kn)E

1SS

is fully described by the differential rate

T 1dD
dg?dcosOx 2 dq?

/ ()
Two observables: / "
B 0,
dI’ B dl'r | dl'; o dl'; d_F / 0, d
dg?2  dq? ' dg?’ L= dg? / dqg? K )

= F}: longitudinal polarisation fraction of K*

2 2 I 2
(1 + (3FL — 1)DO,O) Dy, = 5(3 Cos” O — 1)

: . , , [Gratex et al. 2016]
= Integrated and difterential (i.e. binned) forms of observables

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 16
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Effective Couplings - Chiral Basis

Given the NP explanations of the Belle Il excess, what is expected for B — K*E_. 7

= We consider the chiral basis to maximise correlations between B — KE

H;}L(R) D Ci(B’YuPL( R)S) X [light ﬁelds]

He ™ 5 CibPy(r)s) x |light fields

HZ&L(R) D Ci(EO-NVPL(R)S) X [llght ﬁelds]

e.g.

v SL _ V CS,R

\/5 d¢_gS_gP \/5 dob

= 8s T 8p

Ay
D

= Add factors of Higgs vev expected from SM-invariant EFT

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25 17

miss °
k
miss and B —-> K Em
| 5 x10~7 X =¢
| i | mg = 2.1 GeV
1.0+ | ;
0.5 i = IS =
..'..r......,‘.;..;. ....... : ........................... IJ—""—' dgb
- Y =7
0.01 se || ]
T k7 A
e TR O R
—0.5- | N Ota—
f i ( d¢
_1.04 - Bellell
R BaBar
Combined
—1.9 — .
—1 —2 0 2 4
gs x 1078
\ vV
QHd > bLSR
2

1SS

0

0



Implications for Future Measurements

Predictions for integrated observables, e.g. (F) = /dqQFL(QQ)
[PDB, Fajter, Kamenik, Novoa-Brunet 2025]

o 47415 0.47+0.02 | vir, u x SM
o 6.0+ 1.6 0.46+0.02 | ¥, Cy”
o 5.6+ 1.5 0.49+0.02 | ¥, Cp”
I X
2.7+ 0.6 —o— 69, Cagy
0.82 + 0.04
n V,.X
6.4+1.8 0.44 £ 0.02 | ¢, Cd¢ 5
S, X
V,.X
- 21104 —o— 0.56 £0.03| V, Cuy
o o 0.09+0.03| V, Cp
10.5 4 5.2

0 »\ 5 10 1500 02 04 06 0.8 1.0
10° x B(B® — K*F ) Fr

L jations f M |
SM Belle Il sensitivity arge deviations from SM in
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Implications for Future Measurements

Belle Il @ 68% CL (assuming SM) [Adachi et al. 2023]

1.0 v ¥V
— v, 4 X SM
4 — .Gy With 0(10%) sensitivities to

—== g, Gy ,

N o 05;;5 integrated BRs and F; clear

SRR E—= 06, CIX distinction of some scenarios
— 4% ible ( -

, , ossible (mostly two-body)
Combined fit to — V.o P y y
— V.G
Belle Il, BABAR and ", S
ALEPH data - |

= < BaBar @ 90% CL [Lees et al. 2013]

< 10-

N

3 | @

Q5 N

LOX / K'}

= & etz < Belle @ 90% CL [Grygier, 2017]

' 2 4 6 0.0 0.5 1.0
10° x B(BT = K FEpig) (FL)
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Implications for Future Measurements

Differential (binned) observables, e.g. branching tractions:

= For chiral couplings, large B(B — K*E_. ) is expected for large B(B — KE_;..)
1.0 — 1.0
B — K Episs Cai " my = 0.60 GeV B — KE,:. Cirys» Mg = 0.53 GeV
CTT —— B — K*F i SM + Dirac 1 & B — K*F i SM + ¢
st 0.3- -==- SM + Majorana :|> 0.3- —— SM only
8 —— SM only 55
ng 0.61 ng 0.61
~— ~—
- -
= 0.4- < 4-
X X
- =
§ 0.2 = 0.2-
0.0+ 0.0 — /=
0 D 10 15 20
¢* [GeV?]
SM dl'  dl'r dI'g
R |
dq? dq? dq?
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Implications for Future Measurements

Differential (binned) observables, e.qg. FL(qz)

= Further discrimination (e.g. around NP thresholds) for the three-body scenarios

1.0
N\ Ao, Cai ", my = 0.60 GeV L0
N\ . —— SM + Dirac ¢
0.87 ----= SM + Majorana v 0.8+
S N S .
I NS SN ~ ~
~ 0.4 S =~ 04 :
- SM + ¢, Ciﬁ, mg = 0.53 GeV
0.2 1 0.27 SM + ¢, Cr = 0.38 GeV
s Lo m¢ = U. C
—— SM only
0.0 - - - 0.0 - - -
0 3, 10 15 0 3, 10 1o
¢ [GeV?] ¢* [GeV?]
2 dl'y / dI’
L — 7 o
dg? /| dg?

[PDB, Fajter, Kamenik, Novoa-Brunet 2025]
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Implications for Future Measurements

1.0-
0.8~
Deviations in F; for two-body
. 0.6- scenarios can benefit from either:
a0 a) Measuring F; around g* = my peak
~
= 0.4- Cost SM b) Integrating over whole q2 range
— Ca |
0.9 — TX Binned FL:
- dV
| — SMonly B q; QdF_L q; 2d_F
O O w <FL>Aq2 B (/qf dq dq2 >/(/qf dq dq2>
0 5 10 15
\ Ag? [GeV?

Width of g% bin centred on m)%
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Model Building Implications - Light Z’

The light vector with mass ~ 2.1 GeV can be identified as a light Z’

Many UV theo
to connect wit

'y model builo

n dark matter (

See Also: [Altmannshofer et al. 2023]

ing directions. Naturally interesting [Gabrielli et al., 2024]
)M) [Calibbi, Li, Mukherjee, Schmidt, 2025]
[di Luzio, Nardecchia, Toni, 2025]

We consider the minimal aligned U(1)" model from [Kamenik, Soreq, Zupan, 2018]

1, my, tB my 2
L= Lsm — ZBHVB g 5 B, B™"" + |Du(1)‘ T": Vector-like top partner (3,1,2/3,9)
+T'(ip — Mp)T' + X (i) — mx)X X: Vector-like dark fermion (1,1,0,gy)
B _Y}"T@u’Rr n h.c.- _V(H,®), ®: Dark scalar (1,1,0,9)

= Naturally implements MFV U(2) tlavour symmetry structure

Patrick Bolton, Jozef Stefan Institute (1JS), 08.10.25 o3 [PDB, Kamenik, Novoa-Brunet, work in progress]
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Model Building Implications - Light Z’

The light vector with mass ~ 2.1 GeV can be identified as a light Z’

For Z' see also: [Altmannshofer et al., 2023]

Many UV theory model building directions. Naturally interesting [Gabrielli et al., 2024’
[Calibbi, Li, Mukherjee, Schmidt, 2025]

[di Luzio, Nardecchia, Toni, 2025]

to connect with dark matter (DM)

We consider the minimal aligned U(1)" model oy , "

t/T

Bt ) - ) s (%)
| b 5 Vs 4~ o 7
L= Lsw — 7B}, B"™ — BB +|D,9|’ T T —

1 t/T
T'(ilp — Mp)T' )+ X (i) — mx)X /
T / ]

= /' coupling to vector b — s current at one-loop. Also need Z' — 1nv

Patrick Bolton, JoZef Stefan Institute (1JS), 08.10.25 o4 [PDB, Kamenik, Novoa-Brunet, work in progress]



Model Building Implications - Light Z’

The light vector with mass ~ 2.1 GeV can be identified as a light Z’
See Also: [Altmannshofer et al., 2023]

Many UV theory model building directions. Naturally interesting [Gabrielli et al., 2024]
[di Luzio, Nardecchia, Toni, 2025]

We consider the minimal aligned U(1)" model b 7
\,\/\/\/\/\'

1
[ = ‘CSM _ ZBIZWB/ILI/ GZB B,uI/B,“V + |DMCI)‘2

/([ / v [ X S M
e T v

_|vrreu, +he| — V(H, ),

= Z' coupling to dark fermion X can allow freeze-out production ot DM

Patrick Bolton, Jozef Stefan Institute (1JS), 08.10.25 o5 [PDB, Kamenik, Novoa-Brunet, work in progress]



How do we get missing energy?

vV
Consider heavy DM (2my > M), can have E_... = vb via kinetic mixing - M'i<
. . 7
Dark photon-like / boson-like
17‘ : I T T T ‘ ‘ T ‘ ‘ T ‘ /‘ T T 10 \
i /' — had. ]
0.50| :
Py * 7' — v -
> = 001
T 0.10 . E.
~ Z/% — — -~
N 005 c e mn < s
m 1 S
MZ’ — 2.1 GeV
Yi=0.1 * Preliminary 1
0.01= L | L | L | L 10—8 L] | L] | L | I
1 10 100 1000 1 10 100 1000
mp [TeV] mp [TeV]

But Z' — £7¢~ branching fraction large = Excluded by BT - K7¢7¢~ at e.g., Belle, LHCb

[Aaij, 2014]
[Choudhury, 2019
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How do we get missing energy?

How about light DM (2my, < M,)?

Depends on ratio gy /q’

Can have E

m

7 — XX Z' = had

0.50"
— I 0\/ Z/ — VU
:>< I MZ’ = 2.1 GeV ‘//

Vi =0.1 =3

T o100 7
\N_/ 005" / 7' — dd
Q * — , 7/

0.01 Z'—ee futp )] 2 — ss

‘ 1 10 100 1000
mmT [Te\/]

= XX

1SS

Preliminary

1 10
mmT [TGV]

100

1000

For gy, = ¢/, still excluded by BT — K™Z7¢~. Need gy/q’ = 6 to suppress B(Z' — £7¢7)

Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25
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Minimal Aligned U(1)" Constraints

For benchmark choice gy =1, ¢’ = e following regions explain Belle Il BT - KTE_. . ITA signal
10.01
_— ~2.1GeV i
M,
89'=— e ~
Y = 0z
) [_‘
N 1100 =
. =
Vacuum expectation |
-6
value ot dark U(1)’ 10
/‘ 10*
Charge of dark U(1)’ !
J () 8 Preliminary Belle |l -
= 10 100 1000

mp [TeV]
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Minimal Aligned U(1)" Constraints

But, bounds also apply from collider, electroweak precision, direct Z’ searches

pp — TT @ ATLAS, CMS

T — tZ . bW, tZ, tH
[ATLAS, 2024]

>
=
—~ 107
=)
M2
Mjc;,
(EW precision) 1078
IPDG@G, 2024]

[PDB, Kamenik, Novoa-Brunet, 2025]
Patrick Bolton, Jozet Stefan Institute (1JS), 08.10.25

Preliminary
l

10.01

1

1000
mp [TeV]
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ete” - y+inv @ BABAR
[Lees, 2017]

K= Y,/Y,| o, @ CMS

[CMS, 2021]

B - K¢~ @ LHCb, Belle

[Aaij, 2014
[Choudhury, 2019]
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GeV Scale DM

For the allowed window, is correct DM relic 1 o 1 10 TeV
. — , — M~ = c
abundance (€2y) possible? Yes! Ix 1 I
I \
Resonant enhancement of (ov) for 2my ~ M, I g;
0100 .2 L :
X SM x_ 9% _x rv :
q’ >v£<q’ A \§ 0.010 "-, DarkSide-50
X IS : z
X SM P, q/ p,n ‘, ‘

0.001

Mass range 0.9 GeV < my S 1 GeV gives correct N
Preliminary

(), and evades bounds from direct (DarkSide-50) 0,6 o o 12 14 e s 50
and indirect (CMB) detection mx [GeV]
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Conclusions

FCNC + missing energy decays are excellent probes of NP - " “
BT+ ~ s I (6)+
Light NP interpretation of current Belle Il BT - K vv ITA data b \/% 5
® [wo-body decays with scalar or vector (4.506), my ~ 2 GeV /ZX (Emiss )

® Three-body decays with scalars (3.40) or termions (3.70), my ~ 0.4-0.5 GeV

[PDB, Fajter, Kamenik, Novoa-Brunet 2024 + 2025]

Await future Belle || measurements of B — KE . to exclude and/or discriminate scenarios

IMISS

® Model-agnostic inference essential, supported by recent release of Belle Il likelihood
[Abumusabh et al. 2025]

The minimal aligned U(1)" model is predictive and tightly constrainea
® /' with mass 2.1 GeV, coupled to light dark fermion, can give B = KE_... and avoid other bounds

IMISS

® DM with my ~ 0.9 — 1 GeV can provide all of the required DM, Q = Qpy\;

ion|
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