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O e Semi-invisible B and tau decays at Belle & Belle I
‘ e r ‘ leW Speaker: Prof. Youngjoon Kwon (Yonsei Univ)

New approaches to semi-invisible tau and B decays
| . Speaker: Prof. Chan Beom Park (Chonnam National University)
e Introduction

e Belle & Belle |l

e Semi-invisibles in B decays B — KtZ, B — Kuvv
e Semileptonic B decays B — X¢ v,
e Semi-invisible 7 decay 7 — Za

@ one more thing!
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Fig. 1. Side view of the Belle detector.
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Belle (and BaBar, too) achievements include:

CPV, CKM, and rare decays of B mesons (and Bs,
t00)

Mixing, CB and spectroscopy of charmed hadrons,
e.g. D*(2317)"

' d discovery of
Quarkonium spectroscopy an
(many) exotic states, e.g. X(3872), Z:.(4430)+
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Belle II Collected luminosity before LS1 (2019-2022)

20 Belle Il Online luminosity Exp: 7-26 - All runs

Integrated luminosity
B Recorded Daily

A — fﬁRecorded dt =427:79 [fb—l] ................................................................................

Belle II has been in
operation through the
Pandemic era, with
modified working mode
in accordance with the
anti-pandemic policy.

(See back-up slide!)
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Belle IT Physics Mind-map
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Semi-invisible modes of B decays

Belle IT PRL 127, 181802 (2021)
Belle arXiv:2212.04128 (to PRL)



Search for BT — KTvv at Belle Il

@ In the SM,
. %(B‘F — K+I/D) — (4.6 + 0.5) X 1()—6 (4] [4] T. Blake, G. Lanfranchi, and D. M. Straub, Prog. Part.

Nucl. Phys. 92, 50 (2017).

@ sensitive to new physics BSM, e.g.

* leptoquarks,

* axions,
* DM particles, etc. B v v
1%
/ 0~
_ vV >
W W W+
b g > > S b > g > S
u,c,t u, C,
(a) Penguin diagram (b) Box diagram
Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023
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Belle I

BT — K7ur at Belle II

1. loose tagging = find signal K™ — track of highest p w/ at least 1 PXD hit (¢ ~ 80 %)

x1072
I L L L A B S B B
5 Belle 11 imi i i
8 I prellmlna,y [ Neutral B
I oSl [ Charged B
B 1 : I cc
CIQJ 6 B ss -
:CI>.) I B uu
oo B dd |
= 4 — BT—KTuvp _
o i ¢ Exp 8, Run 3123 A
-
= i )
a i
& 2
0

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 11



D
PRL 127, 181802 (2021) [Fm

Belle I

B+ —> K+I/17 at BElle ll T R — - ,igr.'a'fegm"

0.5 Expectation for 63 fb! : 25 g
: + : . 0.4 F-___ e 120 &
signal K™ — track of highest pr w/ at least 1 PXD hit (¢ ~ |2 ¢ |
O 18
. all other tracks & clusters = “ROE” (rest of the event) 5| i "2
01| .elle II. relimina 15 @
o N o o o [ simulation ] =
. BDT for signal discrimination N | S

0. 0.6 0.7 0.8 0.9 1.0

use event-shape, ROE dynamics, B;, kinematics, vertexing info. ~ Lower threshold on BDT; output

. BDT & BDT3? (consecutive applications) Signal Region

1.00,

. to suppress two different bkgds : BB and continuum

. signal region in 2D (BDTz vs. p(K™)) 0,99_# el L on

preliminary

0.98

BDT,

0.97|

0.96

0995 1.0 1.5 2.0 2.5 3.0 3.5

pT' (K™) [GeV/c]

Youngjoon Kwon (Yonsei U.) Semi-invisible B and z decays at Belle and Be 12



BT — K7ur at Belle II

signal K™ — track of highest p w/ at least 1 PXD hit (&

. all other tracks & clusters = “ROE” (rest of the event)

. BDT for signal discrimination

use event-shape, ROE dynamics, 5;, kinematics, vertexing i

. BDT; & BDT> (consecutive applications)

"." to suppress two different bkgds : BB and continuum
5. signal region in 2D (BDT> vs. p(K™))

. check BDT output with Bt — J/wK™ samples
for both signal and bkgd

. check Data/MC agreement using Off-resonance data

. simultaneous ML fit to ON- & OFF-resonance data

Youngjoon Kwon (Yonsei U.) Semi-invisible B and ¢ decays at Belle and Belle II
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Belle I
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JLdt=63fb"

200 -
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cmi SR

Belle I1 prelim.inary

+ T ey  [Ldt=(63+9) b

B Bt K
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- Continuum 7
- ¢ Data ]

scaled by 2 ]

0
0.5 2.0 2.43.5/0.52.0 24350520 24350520 24 35
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Feb. 24, 2022 @ CAU BSM 2023
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Belle I

BT — K7ur at Belle II

]--O tell ' | ' ' ' | ' ' ' | ' ' ' | ' '
. Belle IT preliminary ___. Expected : fAl‘X?Enge
08l "'.‘/ﬁdt=(63+9)fb_1 BN Expected+lo - —t—————————— —T———
H K Expected+20 i * E))'e}%lefhilslwgg%r%minér}nCluSlve)
O —— Observed _ l -1
TSG 0.0 | - - Eiyﬁep(f{'ggl&loglﬂ%m' SL)
B |
> ] | . Belle (711 fb!, Had)
75) 0 4 - 900/ CL . i 3.0+£1.6 PRD87,111103
bq X 0 7 | .
O Expected: 2.3x107° - ¥ o | OBSQPPER%% oo ’IHad+SL)
02 L Observed: 4.1x107° ] 0 2 4 6 3 10
10° x Br(BT—=K * vp)
0.0 Lo e . x1070
0 2 4 §) 3

B* — K"vv branching fraction

B(BT — KTvp) = (1.9775705) x 107°

<4.1x%x107° @ 90% CL

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 14



Search for B — X vv (inclusive)

Motivation

Junewoo Park & B — X vV decay 1s theoretically clean
Yonsei HEP

¢+ [ts branching ratio depends on right-handed currents

¢ Therefore, Measuring its branching ratio 1s important for new physics which has
non-zero right-handed current (Cx # 0)

o = _ ReClCR) _ \/|C£’|2+|C?€|2
AP s
u, C, t u, C, t 0.4
b —» > > s h—>» > > s
02
_ W= W+
%% p N 00

N

o~
'Y

| |

(@] O

AN (\}

Wolfgang Altmannshofer et a/ JHEP04(2009)022

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 15



arbitrary uni

Event Generation

¢ For Monte-Carlo study, signal samples are produced according to SM *T4

mp — mi

M (B - Kvi) « f1(q®){(pg + )y — qu( (Vy*(1 —vys)v), where g = (p, + py)?

* 2
M(B - K*v9) o T,y (1 = ys)v), where T, = (mg + mie)A1 (4D — (0D =2 (p + piedy + i L, eVpPpg.

mp+mpgx mp+mpgx
72 X \//1(1, M, Sb)[BSb(l + ms — s, — 4mg + A(1, m, Sb))] , where Mg = mg/m,, and s, = q%/m?
q - x10°

= = ® 2500—

5 E—

5 I <1piw/opi0

= I K 1piw/ 1pi0

@ 2000 B K2piw/o pi0
B K2piw/ 1pi0
B K3piw/opi0
Emm K3piw/ 1pi0

1500 = K4piw/opi0
B K4piw/ 1pi0
E——— Kw/2pi0 (atmost 4pi)
— 3K w/ atmostlpi
1000 ————— others
MC
+ + n ot = 500
1409.4557] - K7vv [arXiv:1409.4557] B™ - K" "vv
| 1 | | | | | | | 1 | I 1 N I L1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | | IH—I'H—f
5 10 15 20 25 2 4 6 8 10 12 14 16 18 20 0 T R
o [GeV? o [GeV?] 0.5 1 1.5 2 25

3.5
M, [GeV]
* Altmannshofer, Wolfgang, et al. "New strategies for new physics searchin B— K* v v, B> Kv v~ and B— Xsv v ~ decays." Journal of High Energy Physics 2009.04 (2009): 022.

T Buras, Andrzej J., et al. ” B - K®vv decays in the Standard Model and beyond.” Journal of High Energy Physics 2015.2 (2015): 1-39. 3
T Bharucha, Aoife, David M. Straub, and Roman Zwicky. ” B - V£*#£~in the Standard Model from light-cone sum rules.” Journal of High Energy Physics 2016.8 (2016): 1-64.

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 16



Reconstruction and Event Selection reconstructed

signal side

¢ In B — X vV decay, there are two neutrinos, v
which leads to large amount of background X,
V
* One side of B meson (Bt ) 1s reconstructed by Bsig
hadronic decay modes
e et
¢ Information of By, can be used to remove — > Y(4S) +——
background
* X, 1s reconstructed by 24 decay modes (sum of exclusive method) Btag
B, B° B*
K K2 K+ /
Km Ktnt Kor© K* n0 KO .
K2r | K*ntn® KOmtn+ Kt ntnt K? ntn0 tag side
« K3m | K*rntmint Kontn*nO K* ntntnO KO ntntnt
Kir | K*fntnintn® Komintmingt Kt ntntntnt KO nintrind
3K KtK*K? KtKtK*
3Km | K*K¥tK*Irn™ KtKTKOnmO KtKTK*r® KOKtKTm?

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023



Fitting and Limit Setting
¢ Multivariate analysis (MVA) technique is used to suppress background

¢ About 30 variables are used for MVA

- cos @ of momentum of B meson
- missing energy/momentum

- the number of muon candidates in event

* MVA output value 1s used for a fitting and limit setting to extract signal yields

N
o

,g C *2 220 I CcHG_nomina |
:7- signal 2 200e background s
6 : 6 B - DDBAR_nominal
g 6_— o 180_— I SSBAR_nominal |
N 0 | nominal
S : § 160
S 140
4:— 120
E 100
3_
B 80
o 60
- 40
1
- 20
0.7 0.75 0.8 0.85 0.9 0.95 1 8.7 0.75 0.8 0.85 0.9 0.95 1
FBDT output FBDT output

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023



Bt - KTt5¢7

If there is

D

BELLE

arXiv:2212.04128
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Search for the lepton flavour violating decays BT — K+7%/(T (£ =
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arXiv:2212.04128 D
submitted to PRL QBE

Bt - KTt5¢7

If there is

@ Motivation _

b _____
: . LQ
e If there is LUV there is no natural u u
mechanism to prevent LFV
BIBoK © 1]x10° BB — Ktu) ~ 0(107°%) is preferred
0.7 ' i in a certain VLQ model, for instance.
| . 0.6 R(D(*)) 2 Calibbi, Crivellin, Li
@ Ana|)'SIS featu re . _ R(D(*)) (o PHYS. REV. D 98, 115002 (2018)
® hadronic B-tagging (FEI) o4 3 Ct'=—C!t 20
. @ 0.3 N CW:—C% 10
® OSvs. SS (very different bkgd. |
Vv D« . | | qdiL Cig i qiL
s of | Y 0. )" oo o N\,
a2 A N fen e[t
TN '0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 (LﬂiL) R (CiL _SiL) (fiL)
C ¢ | s7=5z L, Si Ci L)
u+e+\g g/'\ ) 2=52 L L Ci L
T \v X
SS

e fit for recoil mass for M_

e use FBDT to suppress bkgd.

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 20



BT — KTt=¢* — analysis feature

tag side (b—c)

signal side (B—Krp)

taumass
T

0.2 [
0.18
0.16
0.14
0.12 [

01L
0.08
0.06 [
0.04 |
0.02 |

— Signal

— Continuum

_J__LI44 |‘I;I_J;I l L1 1 |

1.5 2 2.5 3

Youngjoon Kwon (Yonsei U.)

3.5

— —>>|<|2

2
— B = E})" = |Plag — Pk — P,

OS_mu

T I T T | T T | T
before
. Signal

.Continuum

BG to be

reduced

1.5 2 2.5 3 3.5

24
22
20
18
16
14
12
10

o N A~AO

Semi-invisible B and = decays at Belle and Belle II

arXiv:2212.04128 ol =<
submitted to PRL

Charged tracks

PID,. > 0.6 for p*, PID > 0.6 for K+

mID > 0.9 for u
elD > 0.9 for e
Primary tracks (K, p/e)
|dg| < 0.5cm
|z < 5.0cm
| | | L L —
@ Signal H ‘
BB E
Maq E
after :
FBDT
1 1.5 2 2.5 . m3ass (GeV/c%'s
Feb. 24, 2022 @ CAU BSM 2023 21



Events/(47 MeV/c?)

Events/(47 MeV/c?)

—_
N

—_
o

0

—_
N

—_
o

(00)

(%))

N

N

(&)

BT - K'r

/¥ Results

arXiv:2212.04128
submitted to PRL

- + +_-+,,— — Data ‘\7\18—0—Data + + 4+ —
L (@) —)
B B — K T /’t Signal (90% U.L.) S 16|- - Signal (90% U.L.) B K T€
. - - - - Background o - = = Background
i S 14
B —— All components I —— All components
. ye & 121
| ?) C ———@— —0
g AT s + 4+ T
- > 8F
— —9— —9——@— —9— L L [
- - - . 6:— ——
: 21
1 | Ill 1 | | | 1 | | | | | | | 1 | | | | | | | III 1 | | O: 1 | | | 1 | | | 1 | 1 | | | | | | | 1 | | 1 | | 1 | | | 1
1 1.2 1.4 1.6 1.8 2 2.2 1 1.2 1.4 1.6 1.8 2 2.2
recoﬂ (GeV/C ) rec0|l (GeV/C )
+ +, —,,+ + +, —,+
— BT > K"ty ———= < 5[+ D BT — K"'t7e™—
B Signal (90% U.L.) S Signal (90% U.L.)
- - === Background [0} - === Background
- —— All components = 20| —— Al components
_ I~ -
- —— - S/ B
N E 15 + 4| T
- c B T T .- -
= S D | o o l |
- > B
i —9— —— -9 \ -~ | —o- -9 -9 L 10— -
- A =T '*\"'--*__;0; 9o B
T | | 4 e T~ i
il l I B 5
: | 1 | 1 | 1 Iil | 1 I 1 | o: | 1 ILl 1 | 1 | 1 1
1 1.2 1.4 1.6 1.8 22 1 1.2 1.4 1.6 1.8 2 22
rec0|l (GeV/C ) rec0|l (GeV/c )

No signal excess in any mode!

Youngjoon Kwon (Yonsei U.)
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arXiv:2212.04128 D
submitted to PRL QBE

BT — KT75/% Results

Ng12:jB — K'1 +ﬂ—+g;t:al(90/ u.L) g:zf;agtfa.(go%u.L.) Bt — K+T+€_* MOde 3 (%) €NP (%) NSig
= 1oF " A camponents = e
S + # : S H @ uﬁ BT — Ktrtu~ 0.064 0.058 —2.1+2.9
) . BT — KTr%te™ 0.084 0.074 1.5+5.5
0_"'L" I §E'"I'"1I4"'1|6"'1I8"'é"22' I
Lo e ~ (el BT — Ktr—u™ 0.046 0.038  2.3+4.1
YN B+ K+ + —e— Dat < o5 —e— Data B+ K+ —et — —_
% — T U - S % o Sl s UL ~ £e B+ — K+T €+ 0.079 0.058 —1.14+£74
= All components = 20 All components
i1, il fﬁ
05. Lo % Ll Lo | | | P
1 1.2 1.4 1.6 1.8 2 22(GeV/c )
B(BT — Kt77u7) < 0.59 x 107°
® The most stringent limit on B(B* — K™z£) in all four ) i .
modes, based on PHSP model B(B"™ — K7t7e”) < 1.51 x 10
o . . . B
NP upper limits are estimated for models that give lowest B(Bt — Kt ut) < 2.45 x 107
efficiency
. - B(BT — Kt et) < 1.53 x 107°
paper has been submitted to PRL T € -
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submitted to PRD

B - D*¢*vshapes & |V, |

Differential shapes (normalized) of B — D*¢ v

® provide necessary experimental input to determine the non-perturbative
form factor

e once FF shape is known, it can be combined with L-QCD (or other methods)
for the absolute normalization to determine |V, |

V| = B(B — D"{v,) B — externally determined
ol =\ 715 T(B = D*(»,) I' = decay width/|V,|? (theory)

® use hadronic B-tagging via FEI

o characterize the 1D projections in (w, cosf,, cos0y, y)

e full correlations b/w the projections are determined

® [-QCD at zero recoil (w = 1) is used for |V, |
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background subtraction,
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with binned likelihood fits to M?2.
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arXiv:2301.07529

* + submitted to PRD BELLE
B — D*¢"vshapes & |V, |
C
BGL,»; CLN

| V., | and other results oy (1) 10609 401400

ha, (w) 40.2+ 0.9 40.0+0.9

® Excl. BGL121 W/ ha,(1) ha, (w), Bi(w), Ry(w) 39.3£0.8 39.4£0.9

® Excl. CLN  w/ ha,(1)
L AM e
P Excl. BGLi21 W/ ha, (W) AAFB — AFB — 4“1FB
O Excl. CLN  w/ ha,(w) AA
FB
B’ — D*"¢p,  0.062+ 0.044 + 0.011
¢ Excl. BGLizy W/ hay (W), R1(W), Ra(w) B~ — D*¢p, —0.003 % 0.033 £ 0.009
¢ Excl. CLN - W/ ha, (W), Ra(w), Ra(w) B — D"y, 0.022 & 0.026 = 0.007
@ Excl. CLN HFLAV Summer 2021 L e
AF, = F" — F¢
AFP
B’ — D*"¢y, 0.032 +0.033 + 0.010
o B~ — D", 0.025+0.035+0.010
CKM Unitarity ¢ B — D',  0.034 +0.024 + 0.007
37 38 39 40 41 42 43 44 45
Veo| X 103 B(B — D"er,)
R = 0.990 £ 0.021 = 0.023
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““ " B(B — D*uw,)

Semi-invisible B and = decays at Belle and Belle II
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B semileptonic (2)
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LFU test with inclusive B —» X¢v

inclusive study — complementary to
exclusive studies

one of the unique and high-profile goals of
Belle II

last measured by LEP (!)

Incl. SM Pred.
H LEP b — X71v

Hik D + D* HFLAV Av.

|

very challenging — larger bkgd. & much
less constrained

2.0

precise modeling of B — XZv is critical

Youngjoon Kwon (Yonsei U.) Semi-invisible B and ¢ decays at Belle and Belle II

2.2 2.4 2.6 2.8 3.0 3.2 3.4
B[B — X mv] (%)

R(XC,T/{))SM = 0.223 + 0.004

R(Xe/u)g, = 1.006 £ 0.001

Feb. 24, 2022 @ CAU BSM 2023
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LFU test with inclusive B —» X¢v

Signal Side

Reconstruct
Y(4S) - Bt‘ag£+
Y(4S) - Byt

p, > 1.3 GeV

Only basic quality
cuts on tracks and
calorimeter signals

Tight constraints on
tag quality

Tight p, cut to suppress

€ = ©(0.1%)  hadrons faking leptons (“fakes”)
Precise knowledge of * secondary leptons from b — ¢ — (£, s) cascades (“secondaries”)
Biag kinematics e B - Xtv

[53% (e) / 66% (u) of selected B = X#v is retained]
slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld
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LFU test with inclusive B —» X¢v

Reconstruct
Y(4S) - Bt‘ag£+
Y(4S) - BYytt

p, > 1.3 GeV

Only basic quality
cuts on tracks and
calorimeter signals

Tight constraints on
tag quality

Tight p, cut to suppress

€ = ©(0.1%)  hadrons faking leptons (“fakes”)
Precise knowledge of * secondary leptons from b — ¢ — (£, s) cascades (“secondaries”)
Biag kinematics * B - Xtv

[53% (e) / 66% (u) of selected B — X4V is retained]
slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld
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LFU test with inclusive B —» X¢v

Reconstruct
Y(4S) - Bt‘ag€+
Y(4S) - Biytt

p, > 1.3 GeV

Only basic quality
cuts on tracks and
calorimeter signals

Tight constraints on
tag quality

Tight p, cut to suppress

€ = ©(0.1%)  hadrons faking leptons (“fakes”)
Precise knowledge of * secondary leptons from b — ¢ — (£, s) cascades (“secondaries”)
Biag kinematics * B - Xtv

[53% (e) / 66% (i) of selected B — X#v is retained]
slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld

Youngjoon Kwon (Yonsei U.) Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 34



e Fakes +

Incorrect

charge
sideband!

are normalized to data with correction factors derived from fits in the
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Semi-invisible B and = decays at Belle and Belle II
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Background is constrained by wrong-sign lepton charge samples (BU)

[GeV]

slide taken from Belle Il ICHEP2022 talk by H. Junkerkalefeld

Semi-invisible B and = decays at Belle and Belle II

Feb. 24, 2022 @ CAU BSM 2023




LFU test with inclusive B - XU

Bl Xev 0 Xpv

[ e: Background [—1 p: Background
B c: Continuum

MC all unc.

B 4: Continuum
¢ Data
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Post-fit:
Belle II Preliminary
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Semi-invisible B and ¢ decays at Belle and Belle II

with

R(Xe/u) __ Nxevexpuv

Nxuv-€xev

£ data ; MC
Nsel'(EBtag/EBtag)

E —
XV ™ 5N g-BR(B-Xtv)

P#>13 = 1,033 +0.010 % 0.020

LeptonID X_.fv BFs

R(X,,,

Source of uncertainty X v FFs Statistical Total

Rel. unc. of R(X,/,,) 1.8% 0.1% 0.2% 1.0%  2.2%

compatible within 0.6 with exclusive Belle measurement:

R(D:;ﬂ) = 1.01 £0.01 £0.03 [PRD 100,052007 /2019)]
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Semi-invisible 7 decays

Belle IT arXiv:2212.03634 (to PRL)



arXiv:2212.03634 Bl =

Searchfort — 77«

® for a being an invisible particle
® previous searches by Mark III (1985) and ARGUS (1995)

® ecvent topology
v 1-vs-3 (3-prong for tag side)

® 7 pseudo-rest-frame by approx. ETCM ~ \/E/ 2

M 2023 39



arXiv:2212.03634 BV =
submaztted to PRL BELLE

Searchfort — 77«

® for a being an invisible particle
® previous searches by Mark III (1985) and ARGUS (1995)
® ecvent topology
v 1-vs-3 (3-prong for tag side)
® 7 pseudo-rest-frame by approx. ETCM ~ \/E/ 2

Table I: Requirements on event thrust, missing momentum
polar angle, and tag hemisphere particles’ total center-of-mass
energy and mass.

T — € « T — U «
5 Thrust 0.90, 0.99] 0.90, 1.00]
A Ormiss 20°,160°] 20°,160°]
EsM 1.2,5.3] GeV 1.1,5.3] GeV
M3, 0.5,1.7] GeV/c? 0.4,1.7] GeV/c?
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Bt —ea))B(r —eVv,v,)

22
20
18

16 |
14 |
12 |

10

o D B~ OO
== LR L B

We find no signal excess and set 95% CL upper limits on
Bt —> Ca)lAB(t — D) B(r — i) = (17.39 & 0.04)%

Most stringent limits in these channels to date

x107° <107
- Belle Il —e— Observed UL at 95% CL - Expected UL = 1 std. dev. ? o5 _ Belle Il —e— Observed UL at 95% CL - Expected UL = 1 std. dev.
- f Ldt=62.8fb" ---- Expected UL at 95% CL Expected UL = 2 std. dev. |>i f Ldt =62.8fb" ---- Expected UL at 95% CL Expected UL =+ 2 std. dev.
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Results forr — 7"«

® We find no signal excess and set 95% CL upper limits on
Bt = Ca)| B(t > ) B(r — pwv) = (17.39 = 0.04)%

® Most stringent limits in these channels to date

= o0 Bellell —e— Observed UL at 95% CL Expected UL = 1 std. dev. ;.: t Belle Il —— Observed UL at 95% CL Expected UL = 1 std. dev.
|>°’ 18 :—det =6281" ---- Expected UL at 95% CL Expected UL = 2 std. dev. |>:L det =62.8fb" ---- Expected UL at 95% CL Expected UL = 2 std. dev.

%10

M:[GeV/CZ] | MO; [GeV/c?
M., Beo/Berw UL at 95% CL UL at 90% CL M., Buo/Busw UL at 95% CL UL at 90% CL
[GeV/c?] (x1079) (x1077) (><10 %) [GeV/c? (x1077) (><1o *) (><1o %)
0.0 —8.1+3.9 5.3 (0.94) 3 (0.76) 0.0 —9.4 £ 3.7 4 (0.59) 7 (0.47)
0.5 —0.9 +4.3 7.8 (1.40) 5 (1.15) 0.5 —3.2+3.9 2 (1.07) 1 (0.88)
0.7 1.7+ 4.0 9.0 (1.61) 6 (1.36) 0.7 2.7+ 3.4 0 (1.56) 8 (1.35)
1.0 1.7 £4.2 9.7 (1.73) 2 (1.47) 1.0 1.7+5.4 12.2 (2.13) 10.3 (1.80)
1.2 —1.1+£26 4.5 (0.80) 7 (0.66) 1.2 —0.2+24 6 (0.62) 9 (0.51)
1.4 —0.3£1.0 1.8 (0.32) 5 (0.26) 1.4 0.9+0.9 5 (0.44) 2 (0.38)
1.6 0.2+0.5 1.1 (0.19) 9 (0.16) 1.6 —0.3£0.5 7 (0.13) 6 (0.10)

Youngjoon Kwon (Yonsei U.) Semi-invisible B and r decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 43



Bt —ea)Br —eVv,v,)

|

arXiv:2212.03634
submaztted to PRL

Results for 1 — #7a — compared with old
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T — ﬂ_l/h (I/h —> ﬂ'ifi)

@ Full Belle sample of 988 fb™!
(V.. = (912 £ 13) x 10°

@ Use M(n,xt’) vs. AE < =F
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FIG. 2. Dependence of the HNL reconstruction

efficiency on the neutrino travel distance [ for

different neutrino masses M (). Efficiency is

almost identical for e and pu.

Semi-invisible B and = decays at Belle and Belle II Feb. 24, 2022 @ CAU BSM 2023 46



T — ﬂ_Uh (I/h —> ﬂ'ifl) ReSlIltS

F u] oo u] o 00 u]
L m| O O O Oo OO O O O
o o o o o oo o
m] o O o O
1.86* o o o oo o [Jooo
N o o o oo O o o o o
B ooo o o oo
O o o o
O o O O oo Oo
1.84 - - 0 :
= o o o o o o
. oo O oo O O m| oo
B O O O O O O oo o O O
oo O ] oo o o [
1.82* o o o o o o O o
o~ = o o o o O o o O oo o o oo
~ N o o o o oo O
O B o o o o o o o
O m| O m| O O
— 1.8* o o oooo o
> - O g oono m}
) - O 1 oooo O odlf]
o i O O
(D 1 78 o OooOo ooooo
— o oo O o o o 0Od
N—" - oo o o o O ooo
o~ L o oo o o
— B o o o ooo o
l;) o o o
1.76 - : 00 o
= - O Oo
p— o O O oo ood
B m| ooo
2 o o O o O o
1.74 —o o o o o o oQd o o
= o oo o o o
L o o o o o
B m| O O oQd O
o m} o O m] Oo O
1.72* O O O O ooo o0
= o o o o O O Oooo Oo
O o o o o oo oo o
B o o o o O oo O
o O m| O o o Ooo
1.7* oo o o o o o oo
= o o o oo O o
In] ] ] ] o [
B o O ooo o O o oo
o oo o o O Ooo oooo
1.68 -~ !y, @2l se, .,y B,8,,,, 8 |88 |,

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1

FIG. 3. AFE vs M (nnf) distributions with all requirements but AE and M (w7¢) imposed for

AE (GeV)

a)

0.15

2

M(rrl) (GeV/c?)

1.86
1.84
1.82

[
o0

1.78
1.76
1.74
1.72

1.7
1.68

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

arXiv:2212.10095
submitted to PRL

] O O O
i ] O
oo O O
— O
O O O
i oo o O O
O O
— O
= O
i O O
. O O O O
O o O O
= O
S =
o O O
oo O O
i O
— O
-
(m]m O
= O
L O
O o O
=
B O O
O O
i O O
— O
oo O O
— O
- O O
i 0

AE (GeV)

b)
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FIG. 4. Final distributions of M(v,) for FIG. 5. Upper limits at 90% CL on |U;||U.|

nme and 7wy reconstruction modes in data. and |U:||U,|.
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Closing remarks

After > |2 years since shut-down, Belle is still producing > 20
papers per year.

In 2022, there was a tentative interruption (due to ...) of paper
publication, but now it is resumed with ORCID.

Belle Il has collected data sample of ~ 430 fb~! and currently in
Long Shutdown |. Combining Belle & Belle Il, we have ~ 1.1 ab™!

at Y (4S). Analyses based on combined data set will become more
active.

Please stay tuned for more news in semi-invisible B decays from
Belle II.
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BT - Ktrt7¢~ (0S) VS. T (SS)

@ We must do both (if only for model independent search)
@ same reconstruction, but very different bkgd.

@ Background for SS is much harder to handle
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