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Introduction: B — K®da/(a’ — yy)

m Searching for Axion-Like-Particles (ALPs or a') 107
m ALP (d'): Merged
» Spin-0 pseudoscarlar particle (pNGB) ; Resolved
> promptly decays into yy 100%
> The lifetime is concerned as signal efficeincy

Physical Limit

constraint: T, = gi,WMZ, sin? Oy, /641
m Without significant excess above background, we set the
upper on ALP - W coupling (gw) [1].

Jaw [GeV]
5

106 Invisible

v
a )ﬁ/\w/i n°
7 _ - s i | .
W v 02 101 100 10t
my [GeV]
s

B ’ K m Mass Scanning : 0.160 ~ 4.50(4.20)GeV/c?
u,d > u,d m Mass region is decided by our detector limits and physical
limits.
m 707,17 mass region is excluded
[Figure 1] [1] Phys. Rev. Lett. 118, 111802 (2017)

Flavor Physics Mini-Workshop 2025 3/30



Introduction: Advantage over previous studies

m Previous result from BaBar,
B* — K*d'(a' — yy) with 424fb~" [1].

m Belle | Full Dataset (711fb7!)
is used for analysis

m B—KWd (@ —vyy

m Four K modes : K9, K*, K*°, and K**

m Expand the exclusion region with more total
integrated luminocity and combining multiple
kaon modes.

[1] Phys.Rev.Lett. 128, 131802 (2022)
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Data Sample: Signal MC

m Generated with EvtGen + gsim Mass-independent SigMC M., Distribution
m tested ALP mass hypothesis : 2 r
0.160,[0.200..1.000..0.050],[1.0..4.7..0.1] & 1200 ’JIILJ

Process  Gen. Cond. =

Signal B— Ka’ PHOTOS PHSP [

Signal B— K*a’ PHOTOS SVS 600
ad —yy PHSP |
400 ]
Other B Free Decay 1
K  Free Decay 200 |
L ‘1\.5”‘2 2.5‘%”3\.5”‘ Ll

X 5
m Mass Independent Signal MC : M,y (GeV/c?)

used for FBDT training and optimization.
m include M, genereated uniformly from 10-4780 MeV with
10 MeV interval.
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Data Sample: Bac und MC

m Every event passes our signal selection criteria
m Any process appears in our signal region.

» BB background

> gq continuum background

» Peaking Background

» Combinatorial Background

'q plq) = 5GeV p(B) = 0.3GeV
Tested Bkg Process  MC Streams - _
ete” = qq (g € {u.d,s,c}) ete” = Y(4S) — BB
BB 10
.o _ . . . —
ee —dqq (q =ud,s, C) 6 T (5o o | ae
Rare BB 50 wf ﬁ
L « |
- i J I O Y
B Xu Iv 20 g . i, ?‘ ‘:':’t:" \tfl..‘\'ﬁ}
EL 0 asl W Tas Tos TS
? Lt Tizs) ST e T
b b a )
m A ‘stream’ refers to the data amount of 711fb~! data Sopor T
. . . ,” ; [ 75 b @s)
accumulated in Y (4S) resonance in the Belle experiment. SFioh 2 Y ]
-4 oy T Nt T e
m A generic background stream 00 is used for FBDT. . ___ Continuum
Err Ry T T e 062
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Event Selection and Recon

) W,
L ) o [ B 5 m K9 reconstructed with charged pion modes.
Partilce List  Selection Criteria ) 003 5 . )
3 300005 S ) 3502 m n° notusedin K* reconstruction.
Charged track |d0| < 3.0 cm ? 25000 3oo§ m The dominant source of background is
|20] < 4.0 cm 20000 250 continuum.
elDBelle < 0.9 150001 200 o
E -
mulDBelle < 0.9 or muIDBelleQuality = 0 10000k 150 . | s |
0000, H | | 35000
KT 2L(Kn)>068&2L(Kp)>04 o 100 " | | o
at LK) >0.4 & L(np)>0.7 ] Eid o0 oo
y  E>50MeV: barrel wsm sm s sm sy sm 5B - o0
E >100 MeV; forward endcap AE, BCS Applied ,M__>5.27 ) - f | 15000
E > 150 MeV; backward endcap 2‘;; 3 1
Kg ksnbStandard = 1 (nisKs) S H ‘ :
3 350000 3002 gy o os D oo om
p>0.06GeV/c H E L 3 o
2 2 30000 L 2502 Histogram Legend
|AM]| < 20 MeV/c H ¢ ——— Signal MC Shape
K*  0.8<M(Kn)<1.0GeV i 0 ‘—f— g:ta 55
— arge
K0 - kg7 1 ‘ Mixed B8
K o Kgfr 100 [ Continuum ct
il Continuum uds
ALP no,ﬂ,n/ mass region excluded T {50 [ Charged rare BB
B My, >5.27GeV = e | Mixed rare BB
OhZC <AE<0.1 GeV oo e segg 3harged ulv
Y. . ixed ulv
Best Candidate Selection min(AE) Total Bkg MC Error
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Continuum Suppression

m 2 Fast-BDT (FBDT) for Continuum Suppression
m Generate mass-independent Signal MC (0.01~4.78 GeV, 10 MeV interval). :Zj: I
m Background MC data from CHM/UDS (Oth stream) <oz
m CS2 FBDT trained with data pass CS1 loose cut (0.1) %:j:
o] o e searouns |
oo Tintgroung —-"
CS1 Variables CS2 Additional Variables °
e e
thrustOm aplanarity o - "‘
cosTBz sphericity e e
cosTBTO cosHelicityAngle Beam momentum (K) ” moz - - “ ] O; _ J
R2 CleoCone Thrust oo
KSFW(6) Hemisphere Momentum = e ssngrouns

FoxWolfram moment and ratio
cosHelicityAngle (gamma)
number on ALP candidates
harmonic Moment Thrust

Train-Background

; .
Ab(a’)
Easy
o006[,[backoround (rain - test) aference p= 001
£ 0000} ¢ ——,———— e -
£ 0006
oo 2 o % % To

Classifier Output
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Y -0 Suppression

Signal
Yo 11
’/'"‘\
(o vz -1
Y5-73 " ¥s
Yo~ Ya Y1~ Ya
Y2- V3
Y2- Va
sig: \ Y3 Vs
(signal ROE:
combination rest of events.
Yoo 11
Yo~ 12 n-r2
Yo- V3 " v
Yo~ Vs Y1 Vs
Y2 V3
Y2- Ya
Y3~ Vs

sig:
(signal
combination
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B y_( suppression consist of 3 classes of subclassifiers :
70

Classifier

Training sample for “good” pair

Training sample for “bad” pair

class A
class B

class C

Photon pairs, (yS!G,yROE), in sig MC
Photon pairs, (3G, yROE), in Sig MC

Photon pairs from different z9 or other
source of photons in Bkg MC.

Photon pairs from a single 70 in Bkg MC
Photon pairs from a single 70 in Bkg MC but the
photon in ROE is not reconstructed.
Photon pairs form a single particle in Bkg MC

Class B
o

s

(signal ROE
combination

Class C
- SN
TN 7 \
~. 1
N V5 TS Y2 1
~ ~ [
N, e .
N pN P g0
~ N, 10 T
~, S V3 >
~ SR
X3 Y, ~o <
~,
6 \\Ns -,/4\\
Swad
Xl XZ
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Y -0 Suppression

73 == Testsignal 0,000 == Testsignal
$°7%h = Tostackground B et Baground i
5 0.150) = Train-Signal 50.035) = Train-Signal i
H == TrainBackground So030 = Train Background b
#0.125 * it
H Zoos| §
Soa09 s
s S o020
Foors Soos
Zo0s0 oo
*0.025F T, —— — *0.005
- I i T

o e 0.000
. 0.00q Sanal (o -t diference p =031 " . o0 Sl (rain -tes0 diference p=0.10
H [ — o - P H - - - - o= PP
£ 0.000) i R e i £ 0000t e T e,
£ o006 £ _o.00g
. oo0s Sackaround (rain - est diterence p = 0,08 . oo0s Sackaround (ram - tesn diference p = 0.12
R e b o s R SRR DU— T 0.000 | a0, T g T e e e P e e
©-0.006} 5-0.006 * *

05 w2 X % 5 1o o5 2 o % oF To
Clossifer Output Clossfer Output
Hard Photon ¥ probability (High mass region) Soft Photon 70 probability (High mass region)

m Trained with FastBDT, mass-independent Signal MC and background MC (stream 00)
Training for Hard photon (y() and Soft photon (y1), (Ey, > Ey; ) is performed seperately. _—
Among the (ySIG,yROE) photon pairs, the pair with lowest subclassifier output value (most 7%-like) is Photon Photon Pair
selected for each subclassifiers. -

* *
Phton pair of (3G, yROF) is handled seperately when (EYSIG > EYROE) and (EYSIG < EYROE)- E(;SEZS E
subclassifier output is combined with FastBDT. . P
- 0 . . . . ErrorPhi deltaAngle
Each subclassifiers and =" veto classifiers are trained for signal hard photon and signal soft photon HighestE B*
seprately in high/low ALP mass region. asy
LAT Myy
NHits
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B — X,y Veto

background (iain - test) difference p= .44

i ooo«'*-z.—..'—-',, oo e

T 22
Classifer Output

High M

. o0.000) bockground (iain - test) dfference p= 0.00
o B

7F 7T To
Classifer Output

Low M o
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Photon photon pair
E* E*
E9E25 nALP
HighestE E;s},
deltaAngle

cosHelicityAngle(a’)
cosHelecityAngleBeamMomentum(K)

B B — Xy decay can mimic B — Kd' final state

® X, : Hadron system involving kaon

m Neutral (or excited state kaon) mesons, their final state particle
contains at least one y with high probability which can be
reconstructed to fake ALP with y from B directly.

m training dataset : [mass-indep B — Ka' vs B — Xsv]
m No Optimization (Not for global background suppression)
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Optimization

] CS‘I/CSZ/Pno (YO]/P,,O (y1) are 4D Optimized for Low/High
mass region with grid-scanning method

m Mass-indep B — Ka' MC samples are used

m All stream BkgMC EXCEPT 00 generic are used

7 m Punzi Figure of Merit (PFM) is adopted for optimization

ngs

.‘ PFM= — S8
a2+ Nyie

(a) Ccs1 (b) CS2 where a = 3 is targerting o value.

ouput

K+ mode optimized values

M) cst cs2 Pog)  PolD
Low 0.929 0.944 0.115 0.130
High 0.914 0.839 0.189 0.150
©) Proro) @ Proyn) m Events are accepted in each value is greater than the optimal
value.
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Analysis Region

a(Myy)

oMy, )(GeVic?)

(i
0.00 h‘ ‘

-0.05 ‘

-0.10

-0.15

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5

my (GeV/c?)

calculate o for each a’ mass sig MC
oo Y (Myy—M )2
Nevt
Signal Region : 30 to 30p. w=3(0p +0R)
Fitting Region : 30 + wto 3o p + w
Mass Scanning Step Size: o p
Myy : diphoton system invariant mass
M, : ALP mass hypothesis
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no,n,n’ are 3 major gamma pair generating
SM background.
n_ | EMyy-mp)?
ot =\ "7/ N —
evt
3 o of each mass region of peaking

background is removed from the analysis
and used for Control Mode Validation

h’ veto region

Type 30 Myy region (Gev/c?)

729 0109 ~0.158
n  0.497~0.578
7 0.882~0.997

x° Control Mode M,, Distribution

w0

o oo G % o7 o1 o1 06012

1 Control Mode M,_ Distribution

87 3 3 058 6 I3 37
W, coud)

' Control Mode M, Distribution




SigMC M, K*,m_ = 2.00 GeVic? BKgMC M, , K*m_ = 2.00 GeVic?
§ o T ] “ £ BN, 1 steam
Dataset Myy W* . —
ALP Signal 2-Side Crystal Ball - w I
Combinatorial Bkg  2nd Chebychev Poly oo T T T 1L |
m Unbinned 1D Maximum Likelihood fit is performed to My, BkGMC M, K*m_ = 2.00 GeV/c?
distributions. § 20| —F— Full Background MC, 1 stream
m Signal Yield earned with S+B fitting § Tota P
5 ALP Signal
S el Combinatorial Bkg
g 14;
: F
12—
10[
8f-
6F
i
2
. P :www\ coe e b e e b
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SigMC M, K*.m, = 0.60 GeVic? BKgMC M, , K*m_ = 0.60 GeVic?

T samo

0
— ALP signal

Events / (0.00852207 )
H
Events /(000852207

Dataset Myy
ALP Signal 2-Side Crystal Ball -
Combinatorial Bkg 2nd Chebychev Poly /L
Continuum Peaking Bkg  2-Side Crystal Ball w// -
BB Peaking Bkg 2-Side Crystal Ball TR e T e

BkgMC M, , K" m,, = 0.60 GeV/c?

—=— Full Background MC, 1 stream
Totla Fit

ALP Signal

Combinatorial Bkg

Continuum Peaking Bkg

BB Peaking Bkg

m Unbinned 1D Maximum Likelihood fit is performed to My
distributions.

m Additional pdf is assigned for control events when peaking
background appears in fitting region.

m Signal Yield earned with S+B fitting 2

m Continuum Peaking backgrounds : e+ e— — qq — h'X.

m BB Peaking backgrounds : B — K#/

50

Events / ( 0.00852207 )

40
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yMC

(a) Pull of Signal Yield (b) Sig Yield
1400
A 1600,
1200/ e A
Y 1400,
1000 [\ 1200
4 Y
a00, \ 1000
f 00,
600, ] \
/ \ 600,
400 ¢ Ay
/ \ 400
200, / X
/ \ 200,
e \\
e i I I R B %0 % 10 o 0 £
Positive Yield Error (Lo) Negative Yield Error (Hi)

1200

1000

a0 a00
600 Sun‘
0 400
20 0
K A T N R A K T R

ToyMC Study with K+, M 2.0 GeV/c? mode. nSig=0.13 and nBkg=241.4

a =
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m Signal Extraction Stragety Biasness is tested with
pdf based ToyMC study

m 10000 ToyMC datasets are generated / fitted

m nSig/nBkg Toy events are from pdf fit result

m Number of Sig/Bkg events in each ToyMC dataset
follows MC result as poisson.

m Fit Bias (4.2%) is applied as calibration factor to B.F
and U.L.

ALP mass vs Pull Mean

Pull Mean
(.,
I

.
—
——i
i
et

I3 1000 2000 000
ALP macs {Me\f)



Linearity Test

Pull nSig A RooPlot of "Signal Yield" Linearity Test Result

1400

/%

1200

1000

-
signal Yeild
2
—r
\,
—
—
—
——
1

T 1 nsig

Ot 0 20 ‘371";;:,}‘3‘;; 1 Pull Sigma
A RooPlot of "Signal Yield Error" o 0°
s 5100[f1)¥[lt‘ixi51}lkx“ ‘”H“!"‘;‘r‘”xx T
™ T e : ' £
3 1 sigma
£ 000
& o 015 Pull Mean
010 [ mean
o A 005
000
- ’ " ) " : —0.05 T LR T T B T S e S e L
0 . . w J . —010f ¢ L F L 1 L £
200 y 200| -015 10 20 30 40 50
} . anarata Nein
O e L PRt . . i t .
et S Linearity Test Result. N;i”g vs N;’l.“ , red dashed line is expected value(Upper). Pull Mean
sample output of LT of B* — K™ a’ (2500)(— yy) (0 Input) and Sigma (Middle/Bottom)
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Continuum re-weighting

R2 Offresonance Cs1 Distibuton
0.035 = Test.Signal a0 £ o
g 1 Test-Background £
= Train-Signal o0 o, ool
= Train-Background L -
2500, o ol 20003
U -] ool
o i wnof]
- - 4
o) o
100 ! 4000
. 0.006| signal (train - test) difference p = 0.00 . ot . . . . - E =
£ 0000 e ——— o ‘ ﬁ” TN*N i =
£ _0.006] u | + ¥y
10 o 1 i stett bt b e My et
£3 R F
. 0.006] background (train - tes) diference p = 0.00 095 44 :
£ oo s N— o iyttt :
= -0.006} o L5 L3 03 (23 o5 0F or L) B (5] o5 L o5 (] o o o5 1
0T 2 23 To

LD 3
Classifier Output

Re-weighting FBDT score(p) of Data(Signal) and MC(Background) oo | Fiz oo cls 9?1
resonance, Reweig 1 Disvibuton

as007= 2,

m The classifier output shows how much the data and MC =0 L o

disagrees = |
m All variables Used in Continuum Suppression. .r'f Hqi Wé
m  Full skim-passed off-resonance dataset.

T
Re-weighting factor w = % . e W 7WD3_‘L

FBDT Classifier which trained to Data/MC discrepancy. o qu‘& " ol
5
b

‘"3 :‘ ﬁylﬁlh +H*Hv*v‘*‘v sy 4] l "g%: ottt + Fpte o
e ==
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ol Modes : B — Kh'(— yy) Validation

cs (MC) cs (Data)
. [ . _—
n n
s 7
— — K e
ne o Kr ne ke
— K -~ K®
P P
Resut/Expected Resut/Expected
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Events / (0.00814752 )

BkgMC MW, K*n Control Mode

70[ —F— Full Background MC, T sream
Tota Fit

Control Events.

Continuum Peaking Bkg
‘Combinatoril Bkg

Control Mode Validation with

B— K™ pn' —yy) where b’ =" 7%, n, 7', nc.
Generally good agreement except some very
low (6(1078)) B.F. modes
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Long Lived ALP

m ALP lifetime is determined by M, and g,y (ALP-W coupling). £4;4(CT)
m Not negligible in low ALP mass hypothesis. I s
m Long-lived Particle (LLP) signal MC are generated and signal efficiency drop ot [v—

down ratio is calculated.

Ty = g2, M2, sin 0y /647

ch
cT=—
T,
e(x)/eg =re1* + (1 —r)e®2* ; y ¥ ; og

m where x is ¢t in meter(m), ¢1,c2 and r are floating parameters. Relative Efficieny vs ALP life time ¢(c7)/¢q
Expected Lifetime of ALP

m LLP efficiency drop function included into g, limit calculation. g ——
m Plots show a sample of LLP signal efficiency drop ratio function and S o
expected lifetime of ALP with 90 C.L. upper limit gy, value.
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Systematics

KID efficiency Data/MC

Source K2 mode K% mode K*° mode K" mode
Selection Efficiency 19.0
Long lived ALP Efficiency 6.0 . .
Continuum shape correction 4.1 2. ‘ | | } ‘ | | ‘ { } ‘ H
Photon Detection efficiency 4.0 2 L1 il ’ |
K Identification efficiency - 3.6 3.6 - § . { } ‘ ‘ | ’ ‘ ‘ } | ‘ K i ‘ “
FOrt 1.7 2.1 1.7 2.1 . ‘HH
K? reconstruction efficiency 1.6 - - 1.6 . HHHH } | ‘ 1
Vo ¥ il
Tracking efficiency 0.7 0.4 0.7 1.1 | P |
Total 20.9 20.9 20.9 21.0 e
Kaon ID Data/MC
m oegp= number of tracks identified as Kaon
number of Kaon tracks
m kY reconstruction : nisKsFinder recon efficiency

S
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Upper Limit estimation

HypoTest Scan Result

5200 Signal Efficiency

° F
2 —}— Observed CLs 2175 2
H ¢+ Observed CLs+b “ 150 I e ! o
e served CLs+ e e o
a 2 P N K
—¥— Observed CLb 125 <

o
Expected CLs - Median

[ |
1|
| |
[ Expected Cls + 16 ‘j‘: F“"F‘"'M" " T “H ‘ “‘ .

0.6 Expected CLs 20

m, (GeVic?)

Nremain
_ Sig
R o
Sig
Nsig
€ *Np

Expected (B — Ka' (@ — YY) =

nSig

L(B,€) ~ Poisson(NSig + NBkg] x Gauss(e, £, 0¢)
[90CL Upper Limit Ng;g : 9.28] (e £0)?

2
20%

Gauss(,£(,0¢) ~ exp(

)
m Use CLs frequentist method to estimate upper limit.
m Testing Number of Signal Yields for each Kaon modes.

m 90C.L.U.L of B.F settaround 1 x 1077,
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Upper Limit estimation

Upper Lt of Branchhing Fraction Upper Lt of Branchhing Fraction

§ Expected UL of B(B-Ka')
“ - S
o
b
5
107
]
i g ‘ A A
} g WY /
=1 POV, —
| —
— ooct Expected utofoF — ooct Expected uLofor 2 |
w N wys B o
s X s + s X 3 s + 0
i i g
2
i
Upper Uit of Branchiing Faction Upper Uit of Branchiing Faction
1071
K+
K
K+
— K
— soct ExpecteauLoroF — soct bpeced UL arr o
wib N R s L S R s L 00 05 10 15 20 25 30 35 a0 s

may (GeV/c?)
Expected upper limit of braching fraction of Kg mode (Upper left), Kt mode
(Bottom left), k*0 mode (Upper right), K** mode (Bottom right), and it's 1and 2

sigma range earn by background only model. Expected U.L. of B(B — Kd'(a' —yy)).

Flavor Physics Mini-Workshop 2025 23/30



Unblinding Result : Data/MC Comparision

Belle Preliminary [Ldt="711fb"

B> K'a'(a'— 77), M, <1.0 GeV

o 108
S 10; —+ Daa e g
30 I BB

2 10* MC stat, uncertainty

- SO . T

g
R ==
&

10

Belle Preliminary [Ldt="711fb"

68 GeVic?

ﬁiq_‘l_*ﬂ-*’;gm ++1fﬂc‘

05 06 07 08 09 1
M, (GeV)

B'>K'a'(a'—> 7). M, < 1.0 GeV
—— Daa ete > q7
BB BB’
o™
-
il

= i

M,, (GeV)

[Figure 2] Before (top) and After(bottom) the MVA cuts
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Events/0.0700

Da/MC

g
£

2 10*

Belle Preliminary [Ldt=711fb"
10°
10°

B'— K'a'(a'> 77),M,, > 1.0 GeV
—+— Daa e
BE ¥E

MC stat. uncertainty

Belle Preliminary [Ldt=711fb"

25 3 35 i s
My, (GeV)

B> K'a'(a'—> 77). M, > 1.0 GeV
—+ Da P

BB BE
MC stat. uncertainty

T AT e, B
et TR
- s

T Wl

'y

45
M, (GeV)
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Unblinding Result : Signal Extraction

Belle Preliminary [ £dt = 711fb~ B’ — Kld',d — vy Belle Preliminary [ £dt = 711fb~* BT — K*d,d — vy
30 30
20 20
10 10
Z 0 ?ﬁ % Z 0
~10 * ~10
—20 —20
0 / 0 ’
0 o 0 -
5 5
°0
N’_ 0

[Figure 3] signal extraction result : Kg and K+
Flavor Physics Mini-Workshop 2025
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Unblinding Result : Signal Extraction

Belle Preliminary [ £dt = 711fb~ B — K%/ d' — vy Belle Preliminary [ £dt = 711fb™" Bt — K*'d';d = vy
30 30
20
10
o =z
i
—10
—20 —20
W 7 n im0 7 /
~30 1 4 —30 I O
5 5
24
7
o
00 0.5 1.0 1.5 2.0 2.5 3.0 3.5 1.0 15 “bo 0.5 1.0 L5 2.0 2.5 3.0 3.5 1.0 15
my (GeV) my (GeV)
K*0 Mode K** Mode

[Figure 3] Signal extraction result : K*0 and K**
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Unblinding Result : g, limitation

ot Belle Preliminary [ £dt = 71!

B— K¥d a — vy

Ga' W (Ge\/‘l)

[

1070

1076

M AN NN A Ay M st N

Ne

Expected UL 420
Expected UL 410
—— 90% C.L UL

0.0

05

1.0

1.

5

2.0 2.5

[Figure 4]

3.0

3.5 4.0 4.5
my (GeV)

m Simultaneous fit on 4 kaon modes for g,y limitation.
m Set more stringent limitation than BaBar.
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1076

Beam Dump

Belle Preliminary [ £dt = 711 !

It

T

w1 This result: B — KW/

107!

10°
my (GeV)

[Figure 5]
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Summary and Conclusion

Summary

m Searching for Axion-Like Particle (ALP) through B — K" a’ (a' — yy) Decay at Belle
m Promptly decaying ALP. @’ — yy.
> The lifetime considered as signal efficieny constraint.
m Analysis strategy established with MC:
> Inlude event selection, background suppression, selection optimization, signal extraction and
upper limit calculations

m Result shows more stringent constraint on g, than existing limit from BaBar.
> This is one of most powerful limitation on g, in the world.

m Long-lived ALP study with more integrated luminosity is expected from Belle II
experiment.
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g.w Calculation

M3
M5 21 — M 2fAMEINLE

(B~ Kd) = o

]\[2

I'(B — K*d) = ﬁmwbsﬁAg(Mj)A%?a,,

3vV2G M, gor y 12
2V My Jaw Z VoV f( )

N T7E M2
L _ a[l+ax(logx —1)]
0.330
M2y = — 0
JoMu) = 1= M?,/37.46
: 0.990
Ag(M2) = 1364 99

1—M2/2788 11— M2/36.78"
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Continuum Data/MC Calibration

2
8

g
8

H
8

SSRARRS &8 dhs FyE
il B =

N[ ”“”}”“”““‘ﬁ

cooo —mon
Fo SN

3 524 525 526 527 528

u Mbc of Bt —
m 70 veto is applied in inverted way

K*d' (= yy) at 20 mass window

Flavor Physics Mini-Workshop 2025

B g seems have large Data/MC discrepancy
m continuum correction with Off-resonance data
m Off-resonance data from Exp 31to Exp 65

Window  Data/MC Ratio HWlH J[M_er
70 1.98
n 2.83
7 1.49 }‘ ”HHTH”WM

T R s

m Apply correction factor to each mass window dataset :
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Control Mode : B— Kh

cs (MC) cs (Data)
Ty x ) I X —
Mode Result(MC) I'»(DECAY.DEC) ’ SN T
B0 — kQn0 4.44+0.42x1076 4.89x1076 F— — FE
Bt —k*n0 1.14+0.05x 1072 1.27x107° | [N
BO — g*050 ~.81+0.64x1077 0.00x 107 ! — !
Bt — k*tg0 3.72+1.48x 1076 6.81x1076
B0 gn 6.74+1.60x 1077 3.74x1077 —
t oKty 0.90+0.31x 1076 1.06x1076 p 1 " B
B0 — k*0p 6.88+£8.42x 1076 6.26x 1076
Bt —K**p 751+1.45x 1076 7.60x 1076 —
B0 — Kgq’ 8.02+1.58x 1077 6.88x 107 L i i
BT —K*y 1.44+0.19x 1076 1.49x1076 g - - & g IS S U B pet:
BO — k*0q/ 2.06+1.92x 1077 0.81x1077 o T
Bt — k*ty/ 1.69+3.57x1077 1.04x1077 : ResutiExpected : : Resut/Expected ’
B0 — KQne 2.82+0.88x1077 1.74x1077
Bt — Kt 3.94+092x1077 3.09x 1077
0 . k*0p 741+262x1077 4.80x1077
BY —K**n, 4.13+545%x1077 5.10x107

m I :[(B—Kh)
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Pull - ma, Pull Mean
g 0.2 E— ) é 15’ ]
0.157Q_ Ost Poly fit 14— 7:::: 94200180
0_1; 12
F 10
0.05—
C 8
o; 6;
3 .
~0.05[;
gt +# +t
s VRN TR SREPURY I.Lv]l+ ok 1+ 4 2 o
701?%” ;{?# TR T T %#T + 903}21 il | HOLHHDJ‘H“L‘ li(lgol)z
-0.15—
Ozzww\uu\muHH\HH\HH\HM\HH\HHH .ﬁttlngblas
I S m Average level as systematics
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LEE calculation

Scanning points :
KQ,K*:324
K**,K*0:193

Significance S=/2(NLLg,, — NLL})

72_72
25-2

Pgiobal = Plocal + <Nup(Z0)>e 2
Zy:.lo

Flavor Physics Mini-Workshop 2025

LEE calculation example

m B* — Kt A(3500)

B Nyp(10)/Nioy = 0.1648

m 3.530 global significance at 50 local
significance
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Systematics : FBDT Data/MC

CS1 Data/MC for each Bin, K1 Mode, MC Reweighted Pwﬂ(yu) Data/MC for each Bin, K1 Mode, MC Reweighted FX'y Data/MC for each Bin, K1 Mode, MC Reweighted
) ° o
= = =
s s s
8 18 PR ——— 8 8
. A—— |
1.4 1.4 1.4 {
12 | 117 T | N 12 ol 4 12 1 ! !
i + ot s IR i} + .. L 18 " " !
f K fp—— + . =naas T T |
1 T4 | " 4 1 T
0.8 0.8 0.8
06 0.6 0.6
01 02 03 04 05 06 07 08 09 0.1 0.2 03 04 0.5 06 07 08 0.9 01 02 03 04 05 06 07 08 09
cst Paly,) Py
’ ' ’
, CS2 Data/MC for each Bin, K1 Mode, MC Reweighted , P.(y) Data/MC for each Bin, K1 Mode, MC Reweighted m Use off-resonance data
Q 4 Dmamc Q 4+ Duamc . P . P
H H onimagen m Direct comparision easily affected by statistical
k] 3 19 B e )
B T fluctuation
16 m st order polynomial fit to Data/MC hist for each
14 14 FBDT result
1 | 41 L] 1 T m Compare poly function average with total average
12 41114 4+ 4 aaill ,_uJ‘r_LW_H 12 LA T4l 4 3
s o _— T o aRARAEY == IS value after cut
1] T+ |+ 1] T . N .
® quadratic summation 5 FBDT Data/MC efficiency
08 08 result.
0.6 0.6

01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08
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Systematic Study : reference

Source reference

nBB nBB
Y(@4S)—B*B~ pdg
Y4S) — B°B°  pdg
Photon Detection  BN499
Tracking efficiency  BN1165
KID  BN779
PID BN779

KQrecon  BN1472
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https://belle.kek.jp/secured/nbb/nbb.html
https://pdglive.lbl.gov/Particle.action?init=0&node=M047&home=MXXX030
https://pdglive.lbl.gov/Particle.action?init=0&node=M047&home=MXXX030
https://belle.kek.jp/secured/belle_note/gn499/bn499.ps.gz
https://belle.kek.jp/secured/belle_note/gn1165/BN1165_v1.pdf
https://belle.kek.jp/secured/belle_note/gn779/bn779.ps.gz
https://belle.kek.jp/secured/belle_note/gn779/bn779.ps.gz
https://belle.kek.jp/secured/belle_note/gn1472/bn1472_V1.pdf

Unblinding Result : K Data/MC Comparision

Belle Preliminary ij:ﬂ 1fb! B’ Ka' (a'—> yy). M, < 1.0 GeV Belle Preliminary de::m ! B’ Ka' (a'— y7).M,, > 1.0 GeV
210 —+ paa e 2100 —+— Daa -
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[Figure 6] (Supplemental) Before (top) and After(bottom) the MVA cuts
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Unblinding Result : K*° Data/MC Comparision

Belle Preliminary [Ldt="711fb" B'— K’ ('~ 77).M,, < 1.0 GeV Belle Preliminary [Ldt=711fb" B'= K"’ (a'—> y7). M, > 1.0 GeV
o o
2 10 I, ce 2 b ce e
2 10° - BB BB 3 BB e
4 MC stat. uncertainty 4 MC stat. uncertainty
2 i g
f 7 f e
& 410
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o 1) o )
g 1= e e ———— S = - —
- I
03 02 03 04 05 0.6 07 08 09 1 “"] 15 2 25 3 35 4
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Belle Preliminary jl_dn =7111b" B"— K"’ (a'= yy). M, <1.0GeV Belle Preliminary jl_dn:m b B"— K"a'(a'= 7). M, >10GeV
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[Figure 6] (Supplemental) Before (top) and After(bottom) the MVA cuts
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Unblinding Result :

Da
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DawMC
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K** Data/MC Comparision
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[Figure 6] (Supplemental) Before (top) and After(bottom) the MVA cuts
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