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terrific adjective

ter-rifiic ( to-'ri-fik w)

Merriam
Webster

1 :unusually fine : MAGNIFICENT

terrific weather

2 :EXTRAORDINARY

terrific speed

3 a :exciting or fit to excite fear or awe

a terrific thunderstorm

b :very bad : FRIGHTFUL

OED Oxford English Dictionary

1. Causing terror, terrifying; terrible, frightful; stirring, awe-inspiring; sublime. Now rare.
Show quotations

¢¢ Cite B3 Historical thesaurus v

2.a. Of great size or intensity; excessive; very severe. Cf. tremendous adj. 2a.
Show quotations

¢¢ Cite B3 Historical thesaurus v

2.b. As an enthusiastic term of commendation: amazing, impressive; excellent, exceedingly
good, splendid.

Show quotations

¢¢ Cite B3 Historical thesaurus v

The double nature of b — stz decays
Intriguing (B)SM tests
Experimentally very challenging

What do flavor experiments still can say
in the pre-FCC era?

Here to give a perspective on B-factories
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BELLE Il AND B-FACTORIES

1. Threshold BB production at Y(4S)
— Two B’s and nothing else -

\ k\ \) i 4
PXD+ SVD

2. Relatively low gqg-background

. : ‘- — \e+
— Can be calibrated with OFF-resonance data ,
3. Known initial kinematics
+ almost-47 detector coverage
— reconstruct final states with v's
25 T AT AT T T T AT |1.'l'1|6m'mlo-m')3 L .
L T (CUSB) 60- & (CLEO) 1 (9| PEP-II / BaBak r=#(multihadron)/#(Bhabha) |
_ 20k ‘?; 55| ﬂ | preliminary
e n « ﬁ 1(58) i
m : 5.0} #’
S 151 ¢ * 4*%‘&&‘%
£ f iy y 453?(4% IT(GS) 0.05 |
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DATASETS

N. of B 4/B, : 772M/17M

1200
Adapted from EPJ C74 (2014) 3026

1000 o Max luminosity of 2.1x1034 cm2 s
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DATASETS

N. of B 4/B, : 772M/17M

1200

1000

Y(nS) : 155 fb™!
1Y (4S) : 711 fb™
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(4S):( ) |
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xXXO0O000

Focus on the recent searches for B¥ — K*zz and B — K%z decays
- Results obtained with Run1 (+ Belle) datasets
- Similar methods were used in previous searches at BaBar and Belle

LHCDb (3 fb~1)

BaBar (342 fb™1)

Belle (711 fb~?)

Belle Il (365 fb~1!)

Belle+Belle Il Preliminary (711+365 fb~1)
LHCb Preliminary (5.4 fb™1!)

1073}

10~*

- T 37
&
T8
T—>C g
® -o4np
O
i T>C
X
T—)I,l
X
T
X
| | | |
& < L &
% Q;‘Q )\g L
LA o,



http://arxiv.org/abs/2504.10042
https://www.hepdata.net/record/ins2911582
https://arxiv.org/pdf/1703.02508
https://arxiv.org/pdf/1605.09637
https://arxiv.org/pdf/2110.03871
https://arxiv.org/pdf/2510.13716
https://indico.cern.ch/event/1440982/contributions/6567368/attachments/3136872/5566272/CKM_Ktt_NR_v3.pdf
https://indico.cern.ch/event/1440982/contributions/6567356/attachments/3137793/5568094/Alex%20Marshall%20-%20Lepton%20Flavour%20Universality%20tests%20in%20FCNC.pdf
https://indico.cern.ch/event/1440982/contributions/6567368/attachments/3136872/5566272/CKM_Ktt_NR_v3.pdf

reconstruction
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< Byg}-X4S)
4

T+

Try the event display here

Clean environment but low b-cross section
Need high performance from all sub-detectors and optimised analysis strategies


https://display.belle2.org/#/event-display
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T”
TN
*) . :0' '.:
"4 :D:
T_'_ LR
Exclusive hgdronlc B-tagglng. | = m TR W —— W
More effective for modes lacking clear signatures (TA%S ] Vertices | Clusters
— employed for all B — Kz searches at B-factories so far N R g
(e+ (#+ (K’L ‘7r+ [ » (Kg ~
l| I."I' \ t
Used for: | ]
lear I N\ /)=
background filtering NS anid =4
. . 0 | L /
flavor information NN\ al
full kinematic info D° D* D, 4,
/ "
. . . . \\ / { D*O D*+ D: J
At Belle Il we use a multi-variate based algorithm for Biag reconstruction to R
: .. : B’ B*
increase the efficiency &,, ~ 0.5 % for purity z,,, ~ 50 %
The quality of the B-candidate tuned with the BDT output called Pr¢; "Also configurable for semileptonic decays
x10* Belle Il preliminary Belle Il preliminary
21N2 2 175k Correctly reconstructed [cdt=34.6fb1 8000 | gg:teir:::z;e;orr:iz:ecz:structed Jedt=346M7
MbC - \/(E;keam/c ) - (pg/C) ({: LSO_T (I;Zr;:nuum&mis-reconstructed g ool r ot
27 P> 01 S ol Prgr> 0.5
Usually work with less pure working points &= g 200
0-9950 5.255 5.260 5.265 5270 5.275 5280 5.285 $250 5.255 5260 5265 5210 5275 5280 5.285

Mpc (GeV/c?) My (GeV/c?)


https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf
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T
* .
e B J=Y(4S)
'. l‘ Slg
7t

_/11 10°

- X

B ‘hO)16 F Belle Il (Simulation) 88’ mee

L ; : . - BWcc Hlss
% 0 8_ ‘ A“A‘%QAAA : 0.4 J-Ldt=362.2fb" W 0
p B s a5 Wy : 9 : . I B%_> K*7t BR=1.
=] i A K ID eff|C|ency (data) eE~0% @ 1—->K~6% = g H "
g | 4 Kbeficenoyo) | withlikelihood based selector &
& 0B “Belle prenmmary , S Focus on resonant Kz only
> | j Lt = 208 " (NN-based in future)
& |
© 0.4 ‘ ; ‘
i - y nmis-ID rate (data)
a . AVAR 1 m|s ID rate (MC)
! 02__ ............... .................. o ....................................................................

0051152215335445 0.6 07 09 1 12 12
. " Momentum [GeV/c] . M(K+7T ) (GGV/C )

Belle II (Simulation)

2 _ 2 2 _ % % 3 0.14p
Qrec = Mp + Mk 2 <EBEK T PgPk €OS 9) 0 12i backgrounds
excellent resolution~ 0.07 GeV2 for good tags 4l 3 B-oKrr
0.10 |
q>. used to —0.08}
- suppress background via BDT ;& <oosf BoK W@ D)
- remove out-of-phase-space events + resonant contribution 0.04f
Grae > 1418 GeV?/c* (K 1) 0.02f
0.00 L ' e E N E
0 5 10 15 20

9. (GeV?/c*h



G. DE MARINO (1JS) - THE TAU-RRIFIC PENGUINS WORKSHOP &%

Remove events compatible with 7 — 3-prong decays

ThTh

MTh
« ££012 + zz001
.+ #7008 * pr0.06 |
*« ¢p018 <« pp0.06 |

The larger multiplicity brings more combinatorial without good vertex information, contrarily to LHCb

B ’,9'999900000000 00000000000 e0000e¢
L ¢ .
18 barrel region only

Belle Il Preliminary
[rdt = 712 fo?

+++{¢,Tq+09¢*1T,TT+11?+??4,+++if‘

Focus on
'leptonic decays
11-prong decays — leptonic and hadronic final states are treated separately
% 1.6 | Belle Il (Preliminary) + J/‘i":eJre; L E, 0 ‘¢$“++§+¢’
5 14 E_det= 190 fb? :+Z_::+:_fy)e - ¢
@ L ECL Barrel 4+ K2-nm*n~ - mis-IDx10 © 05F
€12} e*e - T*(1p)T(3p) - m misBx10 ~ [ 4 data
© [ (0.56 <6< 2.23 rad) D"+ »DOK~m*)m* - K mis-IDx10 £ -4 MC
IT 1.05— R E 0.0’ IIIIIII
508 +——— R
% 0.6:— 1.025:
2 o4l e~ 86 % E%l.ooofl
04l U T T
IQO.Z_ ﬂ_)eNO.4% 0.975 F
o 1
p [GeV/c]

Good lepton ID and similar e-u efficiency
At ~90% eff., uID has larger pion fake rate

Precoil [GeV/c]

High photon efficiency > 90% (p>1.5 GeV/c)
Resolutions of 7.7% (2.2%) at 100 MeV (1 GeV)

JINST 15 C10016

11

0.51


https://iopscience.iop.org/article/10.1088/1748-0221/15/10/C10016
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Candidates per 40.0 MeV

Erp Ll Rest Of Eevent

In tagged analyses, events with neutral extra-mesons (n?, Ks) are usually rejected

The total energy of the extra-photons (ECL clusters) is one of the most discriminating variables

- Belle IT (simulation)

.[ Ldt=100fb"
" Signal x 10°
[ ] Charged

No extra activity in ECL expected for signal events
Tails due to mis-reconstruction and ECL energy resolution

Background has larger ECL deposits
Events at ~0 due to energy threshold adopted in the extra-photon selection

Used for
background suppression in BDT | <

signal extraction \
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EecL is prone to mismodeling due to its inclusive nature. Extra-photons can originate from

real photons

beam backgrounds

fake photons — spurious clusters from hadron deposits

Data/MC agreement in Eect depends on the photon selection and the MC campaign (ECL clustering algorithm)
Checked in analysis specific sidebands or background-enhanced samples

Belle Il (Simulation) Belle Il (Simulation)

0.200 0.500
01501 real 0.400
_ : beam | 5..0!
-) - o5 ;
)0.100 | fake : ;
< ; <0.200f
0.050¢ 0.100 |
split-off [ 3 il
0.000 bt — . —
(\ fake cluster 0 100 200 00000 —100 0 100 200
minimum cluster-to-track distance (cm) cluster time (ns)
/ / 0.500 Belle Il (Simulation) Belle Il (Simulation)
IP Adapted from1| 0.400F 0.1002-
. g 0.075}
3_0.3005 5 :
<0.200F <C0.050 |
0.100 0.025}
. ooootB o o . . .. 1.
00095 0.1 0.2 0.3 0 1 2 3

cluster energy (GeV) cluster polar angle


https://indico.cern.ch/event/1440982/contributions/6588089/attachments/3136090/5564677/ckm2025_belle2_phi2_okubo.pdf
https://indico.cern.ch/event/1440982/contributions/6588089/attachments/3136090/5564677/ckm2025_belle2_phi2_okubo.pdf

background suppression
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With hadronic B-tagging the qg background is generally a minor background

1. Reduced further with event shape information (pre-cut or BDT) B> Kot
Spherical _ 020} B_B
Jet-like _ qq

Arb. units

o
—
o

e et - BB e et - qq 0-00,3 02 0. 06 08 Lo

0.4 '
p(B) ~0.3GeV/c p(q) ~5GeV/c cos(thrustg, thrustgyog)
Accessed with B-tagging

2. Separation variables shapes are checked with off-resonance data ;£
Low statistics for the leptonic categories

For the hadronic categories, larger contributions

Topr X1—>X T—>Cvy XT—>C1Y x10° TV X T—> AV
=0 - 300 |- Gelle! (Preliminary) E Belle Il (Simulation) [ Belle Il (Simulation) -
0 L . o
D B'B - B'B g {:ajn;m i 400 £ _‘-Ldl - 362210’ 140 | La-se22m
W s _ mf $ off-resonance data asob 7 sona (o e
— o N o 8 i
— 200 3 7
Ml ad [ s 7 2
0 0 =~ o o :
[ ]B"— K*t1 BR=0.1 g '%0¢ S
[} F ~
Lﬁ 100 - F @
E 3 c
50 | o
F (NN
o0
=15
Sos
oo

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
2 2
g% [GeV/cH g% [GeV</cH

g% [GeVZ/cY]
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=

BB backgrounds are more challenging %
- For leptonic categories, B — D(KX)Z Xv 2

5

[]8°8’
Bt
il dd

[[1B°> K*°11 BR=0.1

- For hadronic categories, also B — Dnrx

S 500 [ Belle II (preliminary)
® 200 f

>

)
=
©
[}

1.8 2 2 24 26 28
m(K+t£7) (GeVic?)

‘ — Signal x 10°

2 2.5

1 1.5 3

DO— K z* m(K*£™) (GeV/c?)
Focus on the background-depleted region m(K+*£-) > 1.9 GeV/c2 10 |- Belle (preliminary) J L die 1001
.. . . e . I ¢ Data
Optimise selection on lepton momentum, missing mass and signal 8f — Signal x 10

window of Eec. to minimise expected UL (with background-only MC)

x 2
m?niss = p?niss = (Einiss) I
pmiss 2 [
Pmiss = Pete— — szig — thag 0 :
-5 0 5 10 15 20
m?.. (GeV?/c*)
Combine inputs in BDT
Residual energy in calorimeter, g2, K™ properties, missing momentum, event shape ...
BDT trained for each r7 category given the different background nature/level
e8| Ty X Ty o 210° _’L'.—>7'L'VXT—>£I/I/ 0 TRV X T AY el .T—>PV?<T—>X
BWss [ [laszen rol JLasmen 2} [ramween C [lansen
.UU ¢¢ signal ¢¢ signal . _ n¢ signal 1.8 nnsignal 5— p signal

1.2

Events / (0.200)
Events / (0.200)

Events / (0.200)

Enis [GeV] Emiss [GeV]
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FITTING K+

Combined fit to Belle and Belle Il samples
Signal extraction: Poisson-event counts

Optimised signal regions

[ Belle (prelimi ]
o5 —Be e (preliminary) J.Ldt=711fb1

—e— Data

20

15

Simulation

uncertainty

10

Candidates per 100.0 MeV

EcoL (GeV)

Candidates per 250.0 MeV

12

| Belle II (preliminary)
10 [

IL dt =365 fb"

0 02 04 06 08 1 12 14 16 18 2
EecL (GeV)

18
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Simultaneous binned ML fit to BDT output to four 77 categories: £, £z, ax, pX

Signal region determined to maintain high signal efficiency while limiting the impact of background-
related systematic uncertainties on the expected branching fraction

Fit 3 separate components:
qq (u,d,s,c)

BB (neutral and charged)
signal B - K0z

Belle IT preliminary / Ldt =365 fb~!

i i r ¢ Data
175 7= vy X T— Cvv 50| T—= YV X T—=Crv 500f T—= 7V X T— TV Wlzspyxt—>X MM B'-KOrt 7
150 F ; 5 250 F BB
g F 200 F 400 i _
= 12 } » : 200 | T
j:!—? 100 *- SLLL L 150 ' + 300 ' 150 b 7 Ihl(feltalnt\'
G- : : il
> 75 — S SN ) L L # J3q p — -2
@ : 100 f b 200 § . 100 Signal B=10
50 :_ [ [ ' < L
0 [ _ . T — R
2 E 3
& o - L]
0.4 0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9 5 6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9 1.0



systematics

*our results are statistically dominated but we carefully assess the systematic uncertainties
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Efficiency calibrations
(aux measurements)

Source

Impact on B x 1073 Dedicated measurements

B — D**¢/tv branching fractions
Simulated sample size

gg normalization

ROE cluster multiplicity

z and K ID

B decay branching fraction
Combinatorial BB normalization

Signal and peaking BB normalization
Lepton ID

7° efficiency

foo

Ny @s)

D — K9 decays
Signal form factors
Luminosity

Total systematics

Statistics

0.29
0.27
0.18
0.17
0.14
0.11
0.09
0.07
0.04
0.03
0.01
0.01

0.01

0.01
<0.01

0.52
0.86

1.

% 1. 50% uncertainty on the B— D**#Z/7zv branching
fractions (5-10% of the residual BB background)

=

\——-\,—_J

2. Limited size of simulated samples used for the
templates due to low hadronic B-tagging efficiency

3. qq normalisation uncertainties obtained from off-
resonance (15-70%)

4. Corrections affecting both shapes and normalisations across bins, templates and categories
have non-trivial correlations
- A covariance matrix is obtained with toys and decomposed
- The main eigenvectors, preserving the correlations of the complete representation,
are taken as independent nuisance parameters acting on the shape of the templates
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Efficiency calibrations
(aux measurements)

Source Impact on B x 1073 Dedicated measurements
B — D**¢ /v branching fractions 0.29
Simulated sample size 0.27
qq normalization 0.18 Event-wise extra photons multiplicity correction
ROENEHTS R DI g %P based on data/MC agreement in the same-flavor sample
z and K ID 0.14
‘B decay branching fraction 0.11 0 0
Combinatorial BB normalization 0.09 B <« -Ww--»b
Signal and peaking B°B° normalization 0.07
Lepton ID 004 0 Belle 11 | I | + ‘Dntn
7 efficiency 0.03 -~ =
foo 0.01 0 2ty
| NT(4S) 0.01 § 1250 uncorrected
D — K% decays 001 é 1000 F
Signal form factors 0.01 a ™
Luminosity <0.01 W
Total systematics 0.52 , ) ,
Statistics 0.86 ] A —
e ('('),:;i , . - - ot RS,
’ ) R4()E p]l[())f()l) nilltipli('li(r)y N B
1400 Belle IT ' ' ' b ]Sfa , ] ool Belle T | | | + ﬁfa
1900 [ /Edt‘::i(i:’) fb~* — qu /E(lt:SGB bt — qB;B
- 7l category Signal B=10"? ~ 1200¢ 7wl category —— Signal B=10"2 ]
g 1000 ¢ ] g 1000 |
7 wof , uncorrected | - | corrected Assign systematic uncertainty from the residual data/MC
5 o 5 ol difference in the n(BDT) < 0.4 sideband
n
200 200
oY 0
51.25*. 1 il.‘f’) ot ‘+ £
2 05 : : - : : . 8 05 ‘ ‘ . . . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Eextra [GeV] Fexira [GeV]
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Source

Impact on B x 1073

B — D**¢/tv branching fractions
Simulated sample size

qg normalization

ROE cluster multiplicity

z and K ID

‘B decay branching fraction
Combinatorial BB normalization

Signal and peaking B°B° normalization
Lepton ID

n° efficiency

Joo

Nrus)

D — K9 decays
Signal form factors
Luminosity

Total systematics

Statistics

0.29
0.27
0.18
0.17
0.14
0.11
0.09

007 (=
0.04

0.03
0.01
0.01

0.01

0.01
<0.01

0.52
0.86

External inputs 23

Efficiency calibrations
(aux measurements)

Dedicated measurements

Reconstruct B® — KM9J /y(uu) events (clean)

Remove B — K™J/y(up) from reconstructed objects and replace with B® — K™z (both data and MC)

Data/MC efficiency ratio used as tag efficiency correction
The correction is used for signal MC and correctly reconstructed B

Cons: low statistics
Pros: analysis-specific

in B°BP events
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& 1 sideband region : signal region ‘
= . — —
2 sl | Belle II (simulation)
2| | Ldt=100fb"
5 0.6 | : — Signal x 3000
Source Size in Belle Size in Belle 11 g o4 [ | [ Charged
Expected background yield +2.5 (absolute) +1.2 (absolute) @ 5 E
©
% 0.2
o o o
g.24 5.25 5.26 5.27 5.28 5.9
M, [GeV/c?]
EecL shape calibrated by fitting the simulation to
match data in the sidebands and extrapolating it
into the signal region
Total +2.24 x 107*  42.46 x 10~* Uncertainty combines the stat. uncertainty due
to the sizes of the sideband samples, and the
Sidebands syst. uncertainty associated with the shape
1.M,, € [5.20,5.27] GeV/c? assumed for the background scaling
2.9% < 14.18 GeV?/c*
3.Egc € SR

Vs 1. ’\ 2. 3.

18 FBelle II (preliminary) f Ldt=365fb" & 24

> = > F > F
§ 16 E . e— Data o0 £ Belle II (preliminary) J.Ldt=365 ! 8 14 [Belle II (preliminary) J.Ldt:365 " 8 12  Belle II (preliminary) J.Ldt=365 "
o s [ Charged o0 b ¢ Data S 12 B —— Data 3 ——Data
8 ] Mixed 18 — — Nominal simulation - r — Nominal simulation - 10 — Nominal simulation
ol 2] cebar 8 16 | — Fit result Q10 — Fit result ) A — Fit result
5 [ uds ® 14l A - . 8

F I [ L I
o Y sty 3 rf S °F linear scaling 5 ol
P iz I ey Py o 6
Q © 10 | o 6L o - —
© (@) 8 E $ g 4
3 6 . | 5 4 | 3 , 7
3 o ! T of T ef |
© I 2y S g

. obt 1 (@) oLl (@) PP IR I BRI RPN RN BRI U B R
2.5 3 0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 O. 1 12 14 16 18 2 04 06 038 1 12 14 16 18 2
Ecer (GeV) Ecel (GeV) Ecer (GeV)
o2 ECL ECL ECL
*&;|01.5 2
= L E
= osfEt ¢ ¢ 1
' A . |
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B+ — D%z for the B-tagging efficiency correction

Source Size in Belle Size in Belle 11

FEI scale factor 10.0% 13.3% @ 'Y(‘lS)

Total +2.24 x 107*  £2.46 x 1074
”§ 5001~ 1. (% [cdt=346fb ' D" gap .
o | 3000+ B* e- E B - X,y
E 400__ I Data : tag /= B—)D*l\)
2 L e BZ%D*n’* I I B-Dlv
= e B’ 5D &+ »
1<) - eees Background 2000+ — Fike_or S_econdary
S 300 —— All components [ W e’e ~aq
> - I w7, MC Uncertainty
2 2 = - i t Data
Ivlrecoﬂ (pe+e‘ — Pz~ thag) 200 1000 ¢
=m;+mg— 2(Eﬂ\/_/2 +thag 'I’B,,) 100 e .
e ittt 111 ;;; Ly gl A 2.5F
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RESULTS

1.0 T T T
—e— observed ClLs
B(BO— K™Or7) = [—0.15 + 0.86 (stat) £ 0.52 (syst)] x 1073 08 i ]
0 *0 -3 expected CLs 20
RB(B°—K™77) < 1.8 x 10~3 (90 % CL) pos| -
@)
0.4
» Upper limit derived with CLs method . Y |
0.0 - : ! :
1 2 3 4 5 6 it 8

BB —>KO7r7) x 103

x2 better limit using half sample size compared to Belle
Belle II

(better tagging algorithm, multivariate analysis, additional final states)
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- Upper limit derivation: frequentist exclusion limits using LR ordering
Confidence bands constructed assuming the least signal-sensitivity

within one-standard deviation range of systematic uncertainties 0 : o 15 20 5 3

Number of observed events (n,,)

x2.6 better limit compared to BaBar —— _

(better tagging algorithm, larger dataset, same final states) — —
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Belle Il is producing new results which significantly improve over 1st-generation B-factories
Expected to have competitive/leading sensitivity depending on the mode

Results are statistically limited but have handles to reduce sizeable systematics

Peak luminosity [x107cm-2s1]

Projected by SuperKEKB/Belle 11
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https://www.belle2.org/research/luminosity/
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CONCLUSION&OUTLOOK

Increase efficiency
- Add t channels when not explored already

- Further optimisation of analysis strategy when adding less pure modes
For BO—=K"0tT, 10% / 35% BF uncertainty improvement when adding p / hadronic modes
- Alternative B-tagging approaches (semileptonic, inclusive — more sensitive for other searches)

Reduce systematic uncertainties
» Many have statistical nature
» background normalisations, simulated samples, ...
- Improvements in reconstruction, MC modelling, and analysis techniques
« systematics for specific backgrounds/neutral energy corrections
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