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Big questions for flavour physics
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* There is an asymmetry in the matter Belle
and anti-matter in the observed universe

* CP violation means that matter and
anti-matter can behave differently

* Belle’s main goal was to search for CP
violation in B-decays
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The Belle experiment

Superconducting \ Aerogel Cherenkov

KEKB ete™ collider solenoid N D=2 counter * Was located at the
e/ X E'ggﬁ;*;'::,i'gt';ﬁtl~;\ 1 *{\‘;,/ Y s s KEK facility in
_ra Time Of Flight ,.? . V " L Tsuku ba, Ja pan
S ' counter_ > : N> i
(Belle Il operations
commenced in 2018)
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* Also scanned through the 15-35 resonances 7 Ofsencipnot 5
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Lepton flavour violation

In the Standard Model: b p Lepton number is conserved
without neutrino oscillations
ZO
No flavour changing /
neutral currents -

* SM rate is significantly below any current

experimental sensitivity.
LFV possible in principle with neutrino mixing: _ . o
* New physics models such as Higgs-mediation

d —»— U — > [1] can predict higher ratesat B ~ 10~°
b pt
N
Y < 4 hO @
o
h—— —— "

T [1] Dedes, et al. Phys.Lett.B 549 (2002)
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Ta g g| Ng o  signalside

* Fully reconstruct one of the B-mesons, “Full Event o+
Interpretation”, which can be used to determine /6
missing momentum 5

- Tag-side can be reconstructed from one of 0(103) Hypothetical rare

LFU-violating decay

hadronic modes in a neural network [2,3]

* Efficiency between 0.1 — 0.3% depending on ¢ g . l e

desired purity (confidence score)

Tag-side
» Also useful for determining B-meson flavour for B O
CP-violation measurements \ e L°”§;'r‘;‘;‘lcjv‘ft;ged
J/W detector hits

@ 6 Not detected
Hadronic decay with

2] Feindt, et al. NIM A 654, 432 (2011 directly
o ot B(B° - J/YK 1) = 1077

[3] Keck, et al. Comput. Softw. Big Sci. 3 (2019) 1, 6
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— All components

O -1 —|— sof - *scaledtoB = 10~
B % l — : o BZ—)T*e;/
(S) . ===+ Background

20

Events/(16 MeV/c?)
3

« B0 — Ept.

* Hadronic tagging algorithm threshold determined with Punzi Figure of Merit

Pull

* Only the light lepton on the signal-side is reconstructed

14 TS 6 7 T8 K] 3 21 12
Mmiss (GeWcZ)

* Fit to the missing mass

Measured using ete™ = Y(5S) — B(*)OB(*)0 B:° - Boy (~16.6 X 10° B, mesons)
B — D€~ (X)V, used as a tag, reconstructed £ from tt - £V, v,

3.5F
- BO— 7t¢F.  New result! s B, Dt imug,
E qu

— signal
¢ data
-

*scaled to B = 1073

Events/(0.055 GeV/c)
N

—
TTT T[T TT[TrT
Y
T
¢
T

Classifier trained for signal against continuum and combinatorial background

0.5
* Fit to the primary light lepton momentum 0§ mfhéii .
2 22 24 26 28 3
N <141 x107* . : e
BS L G Leading systematic uncertainties
B -ttt - - <34x107° <7.3x107* B0 - Xet BO— t*et
PRL 123, 211801 (2019) arXiv:2301.10989
BY - r¥et <28x 1075 <13x 10~ i <1.6x 1075 Tagging (4.5%) N 5, (16.1%)
PRD 77, 091104R (2008) PRL 93, 241802 (2004) PRD 104, L091105 (2021) )
B Lepton ID (1.6%) Tagging (15%)
BY - tFut <22x107° <3.8x107° <12x107° <1.6x107°
PRD 77, 091104R (2008) PRL 93, 241802 (2004) PRL 123, 211801 (2019) PRD 104, L091105 (2021) N BB (1.4%) Lepton ID (4.3%)
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Electroweak penguin decays

* Rarity of the b — s loop transition means these decays are an
excellent probe for physics beyond the Standard Model

* Tensions in lepton flavour universality tests have reduced [4], but
tension from angular analyses remains

55—
I [ SM from DHMV/LQCD |
1ot g All Modes 1
B Electron Modes —
E H  Muon Modes €+ 4
0.5 1 "}//Z
I . j (®)
Qﬂ 0.0 i —_—n — W ,€ +
E%Ee @
N — ] b > > > S
o t,c,u
_, - [Belle, PRL118(2017) 11,111801 , | $
0 5 10 15 20
¢* [GeV?/c?]

[4] LHCb, arXiv:2212.09152 (2022)
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Effective theories

I L L) T T I T L] 1 I
2 Broad charmonium

Jﬁp\i ¥ S)\ resonances (above the

Full theory Effective description Sipen ¢iatn Kivosio el

Photon pole
b * > * S b > Q > S enhancement from C-,
\ t : C; I
W ! ! Sensitivity to

Cg and C]()
—>

CKM suppressed
o light-quark resonances

Sensitive to C; — Cq phases;h

interference suppression

Mot = ffgmb =3 (CO) + CL) O4(w)) T |

1=1 \_Y_} g2 [GeV?]

Right-handed contribution
l (suppressed in SM)

S

2
/NO{}
| S
+ |
=
+ |
Differential decay rate dI'/dg?

Wilson coefficients

!

Operators
€ _ . .
O7 = 62 mp5ro F*br,  Electromagnetic penguin operfltor : ' i New Physics scenarios:
Og = %(§L'yﬂbL)(l77“€), 6pseudo/scalar #0
Am Semileptonic operators C' £ 0
Qs _ TN *
O10 = 1 (517b) (6v"7°0),

b 4
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(*) 2.0 ————— _
B % K ’g’g Wehle, et al, PRL 126 (2021) 161801
1.5F
* Tests of lepton flavour universality: | s
BB—)K(*) Ty PET] S— — ] — ]
B(B - KMete™) 05|
. I I SM prediction :
* Results found away from c¢ resonances are N 4 [ for fid B* modes |
consistent with SM predictions ’ R .
1 1 1 2T T ! ™
* In both studies lepton ID is dominant oF Inclusive ! Very fine g2
of the few remaining uncertainties 16 low g2 ! binning
1.4F
* Lepton flavour violation study also performed: 12
X - "
m 1: .
PRD 73, 092001 (2006) JHEP 03 (2021) 105 0.6 —ﬁ\ bin, except
B o S e < 13 =85 0T 0.4:_Ch dh t al, JHEP 03 (2021) 105 | foree
0.2F Choudhury, et al, =
B* 5> K*tu-et <9.1%x 1078 <3.0x10°8 o j resonance

— - i 0 5 T R T- ST
B — K*ute¥ <2.7x10 <3.8x10 q? (GeV*/c’)
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e— B'—K'tuw B'—K't'e"
& —e— Data “"_'18+Dala
B + K + T i f ‘% 125_ ----- Signal (90% U.L.) ‘>L‘> 16| - - Signal (90% U.L.)
> = T Al camponsrts i A
* Translate Belle data into the Belle Il analysis 2 o % J{
software framework [5] so that the newer * B
hadronic tag FEI can be used 1 )
T R Y B R R N R R S
. . . . e = M, (GeVic?) M, .., (GeVic?)
* Trained machine learning classifiers for BB s e

and continuum suppression T f e R -
% F - === Background %} - = Background
= 10~ —— All components = 20| —— All components
. . ; C : r
* Fit to the recoil mass 3 3 15
() o r
Collaboration BR 90% upper C.L. i @ 1of
B* - K+rtet BaBar <45x107° : J» il 5
PRD 86, 012004 (2012) SR AT S
01 1.2 14 1.6 1.8 2 2.2 2.4 0‘1 1.2 1.4 1.6 1.8 2 2.2 2.4
Mrecoil (Gev’lcz) Mrecoil (GeV/Cz)

+ eyt LHCb 9x 1075 : : S
BT = Ketu 12 0§25 (2001 <3.9x10 Leading systematic uncertainties
+ +t =
Bt - K*ttu~ < 0.59x107° BT > K"1t"e

BB BDT selection (10.0%)

Bt > Ktt—ut < 245x%x107°
Belle qq BDT selection (8.6%)
Bt » K*tte~ iv: 1.51x107°
»Kitte arX|v.(22201222.;)4128 <151x Tagging (5.9%)

Bt > K*t7e® < 1.53x 1075

[5] Gelb, et al. Comput. Softw. Big Sci. 2 (2018) 1, 9
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150

B-K*tT1™

> « Data —Fit
) - B Signal (8- = 3.1 x10°) - - BB
- -- B'B - qg
2 s -- Rare B e ULV
* Can be used with R(K™) results for more LFU g [
WL Preliminary
tests :
e Signal reconstructed with 4+ —» e*v, v, % —
u v, v and " - w7 V;; 6 unique combinations
* Further continuum suppression with thresholds i +
. - 2r
on event-shape variables g ot P!
° ° ° _4_ ! L !
* Binned fit to the extra energy in the ECL ; - ! PR e
* First ever measurement of this mode!
I T,
Dy " RQOA) O Tagging (4.6%)
- T'T < X -
BaBar PRL 118, 031802 (2017) Electron ID (2.48%)
B® —» K*0ttg- <2.0x1073 Muon ID (2.03%)

Belle, arXiv:2110.03871 (2017) (Preliminary)
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Improving lepton identification

* Modern machine learning techniques can be used to boost
performance

Belle Simulation

BDT input variables

Ratio of ECL energy between 3 X 3 and
5 X 5 crystal grid

Ratio of energy deposited and

1.0
5 - 1.0 <p (GeV/c) < 2.0 momentum
B 08w - 0.56 <6 (rad.) <2.23 |
=
: , , - B oo} Measurement of lateral shower shape
» Tight leptonlID selection criteria £
E c 0.4
i Tag g Number of crystals hit in the ECL
5 o2}
5 5 .
: 0.0 : . Total ECL energy of the particle
......... e e ————— 0 2 4 6 8 10
5 » Only apply phase space cut to ensure Lateral shower shape : — :
there is no bias Binary Ilkfallhood of each particle
Probe hypothesis from CDC, TOF, ACC
» Fit invariant mass before and after a 1072 - 05 PR
leptonID cut to determine efficiency o 9., # Belle, muBDT
I "é' + ¥ Bellell, mulD ]
Belle Exp.7-12  [Ldt=18fb" a . . o #  Bellell, muBDT
1800 :_ T T T T T U T JE l}, Y L;) 0.3
1600 f ' E € 107} €
1400 F N, = (1.13 £ 0.02) x 10° E . £
@ 1200f °9 2 E + - N + 02 8
2 1000 | M= 3.096 GeVic E g # Belle, elD » T ¥ R
S 890F g=0.050 GeV/c? E + #  Belle, eBDT + 01
600 E = + Bellell, elD S
400 F - E 4 Bellell, eBDT .
208 SR %o 10702 0.6 0.8 10 12 12 1.6 0% 0.6 0.8 10 12 14 16
_ g; - . ' ' ] p [GeV/c] p [GeV/c]
S 6] ; 00.. L DL [ .0‘-' ..o.'- o: . . . o R R . . . .
o -1+ By matching the efficiency of different algorithms, the mis-identification
28 285 29 295 3 305 31 315 32

rate is measured to be a factor ~0.7 smaller
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Angular analysisof B - K*ete™ at low g*

* Reconstruct with K*® - K*n~ and K** — K{n* channels

* Fit the differential decay rate as a function of angular observables

< 4T > —i(ﬁ(l—F)sinzé? + Fy cos? 6
dq2d cos Oyd cosOicdp/cp 16w \4 L K L K
1
+ (1(1 — F1) sin? O — Fy cos® QK) cos 20,
1 (2) o2 2
5(1_FL)AT sin“ 0k sin“ 0y cos 2¢

1 — Fp)AResin? 0 cos 6,

%(1—FL)A¥“sin2 O sin? 0 sin 26 * Independent check of LHCb result [6]
with improved lepton ID

- - =

IS AArns Forward-backward asymmetry
Afe= 8 = =5 2 2 /.4
4122 3(1 - FL?\LongitudinaI polarisation of K* *0.0008 < q < 1.12 GeV /C used to
Io o 23(CERCEm match upper threshold from 2015 LHCb
AR = 9 20 N T - Expected to be zero unless there is some analysis [7]
213 G 7 + e )7 complex phase being introduced
Ag?) _ I a0 Qw(cgﬂcéeﬁ*) Expected to be zero unless there is a right-

o 215 o ‘C$H|2 + |C§eﬁ*|2 [6] LHCb, JHEP 12 (2020) 081

[7] LHCb, JHEP 04 (2015) 064

handed current contribution
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3000 T 1 T T T
[ True signal: 0%

® [ ]
Siegnal selection o] = 557 prefiminary
© 2000 | =1 Koliy: 2%

e Control mode

-~
§1500 L .y 19%
o Em Xp(25): 3%
©1000 | = continuum: 1%
2 m other: 2%

(1]

| @)

* BDTs developed for continuum suppressmn and S|gnal

500 t Data
selection 175 e e S —
15.0 F 1 = .
] : BO—K*0y 1 & O°f M B, ""A"-ll"rJ
* Vertexing and g2 threshold used % 125} ] e
4+ — 10.0 f o ] Signal BDT
toremove B - K*'y(—eTe™) 2 .} Preliminary -
c 5 = e
events 8 50 _ MC —E §3000 i = ;‘;:;T:mm different B's: 1% = E:;;r;:;mig?% ]
25F . E B One mis-reconstructed £:
90,0 15 -10 —05 00 05 1.0 1535
14 . . . : : |Og (rH) [Iog (Cm)] glooo
™~ 1 True signal: 14%
L, L= s on Preliminary _
3 B-K'y: 1%
§ o e MC , Radius of the dilepton vertexin s
S & the xy-plane y
S ol Signal BDT
0
g 4 * 22 expected events using the BDT compared to 12 when
© .
g using the old lepton ID

8.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
My [GeV/c?]
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Expected sensitivity to new physms

Re[C?']

: Prellmmary

* Fit to the differential decay rate and " Belleexpected ]
o ! 0af ! itivit N ' ----- This study
use results to constrain C“‘; ) N T

* Ready for unblinding soon

* Potential future inclusionof B » =
K*y(— e*e™) for additional e .”_S M _oa0e
constraint on photon polarisation | | e E
looks viable B S

Belle combined
—— LHCb

os. Preliminary | ,
- Belle expected .-
- sensitivity
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Summary

* Lots of recent results of rare B decays!

* Lepton flavour violation studies:
* B(Bgy = tH¢) —first search for BY — ttet
* B(BT - K*t*¢) — broken down into all t£* combinations
* B(B —» Kute™) — best constraints to date

* Lepton flavour universality
* R(K™) has remained consistent with the Standard Model
* B(B = K*t*1t%) —first constraint for this decay mode

* B - K*ete™ angular analysis for low g2 - unblinding soon

* Upgraded Belle lepton ID will help push Belle + Belle Il studies in the future
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Back up
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O + — 60_
B I ‘F g 7???:1.1#; —_ 50:_ ! Data
" o~ 0= BZ_)D-H+ r\é_{ 402 - BY 5 rter

- R B >p"-rx* [

- o Z o e Background %) u "+ Background
< 00— i Pl D x = - — All components o — All components
I R © 0k =
= 00— —— All components g - ‘E N
- = ~ L -
= r = 20 > N
7 200 °>3 — m ~
[=] - — -
g r T T
= 100f—

13 15 1.6 1.7 18 19 2 2.1 22 1.4 1.5 1.6 1.7 1.8 19 2 2.1 22 14 15 1.6 1.7 1.8 1.9 P 21 22

Mumiss (GeV/e2) Mmiss (GeV/c2) Mmiss (GeV/c2)
Source B = tuF B? = rFeT
PDF shapes 0.7 0.3
Self-cross-feed fraction < 0.1 0.1
Total (events) 0.7 0.3
Mode e (x107™%) N Ngs B (x107)

B, 4.5 4.5

& ) 0 +,.F +82
Track reconstruction 0.3 0.3 B —1op 11.0 1.87 12.4 1.5
Lepton identification 1.6 1.8 B? — tteT 9.8 0. 3+8 8 11.6 1.6
MC statistics < 0.1 < 0.1
Number of BB pairs 1.4 1.4
% (BB — B°B° fraction) 1.2 1.2
Total (%) 5.1 5.2
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BDT inputs:

0_, ~+pF - |
B % T ,E * Non-primary lepton momenta
S T

* Extra energy from non-reconstructed
tracks and clusters

N i N
2 2] @B, —er Bg@’) 2 * Sum of energy of tracks and clusters
= z EA8 B, - ..
@ 1 i ? * Missing energy
§ § e Absolute missing invariant mass
= = squared
* Cosine of angle between ¢, and 4,
« DI mass
* Modified Fox-Wolfram moments
Source Bs—e 1" By—pu 1t
FastBDT Output —
P BY — D, tag 15.0 15.0
Post-signal selection BDT: FastBDT selection 3.3 3.7
§ 3.5:— . § 2F b)B. - urt — Lepton 1D 4.3 3.9
8 3 a) Bs Edi Eif%;x 8 }g: b 2%'%& Tracking 0.7 0.7
0 2-5;— Tg;tnal 0 14_ ngtnal T — v, Uy branching fraction 0.2 0.2
2 2 + o e Number of Bj 16.1 16.1
% 15 % Gas Total 22.7 22.6
c 1+ + o 0.6
> C - 0 4— ex;
- 0.5~ m—’—r,_\_'_\_‘_i L 0'25_ W m € (%) kagp Nobs B fs X B
0 1NN e R @ T | = SR A .0\ INN - §t\\‘\ Lo g i o 05 g g (X10_4) (X10_4)
2 22 24 26 28 2 24 26 28 3 [ p e 7t 00312400071 068+069 3 <141 <55
p, (GeV/c) p,(GeVic) | B, =7+ 00303400068 0774078 1 <73 <29
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B T — K +T if ................................. o

_ ® oz T R
* BB BDT inputs: S 02f * =
* Kaon-track invariant mass s 0vE B"~D, (—Dn*)* (MC) E
* No. ECL clusters and energy < 0:14§— ________ B* LK T (MC) E
BUL _ N, inJgL in rest of event " o J_F
NBE X2x ft=xe * Extended Fox-wolfram ggg;: —e— B =Dn'n” (data) E
moments ond E
* Decay vertex distances 002 E
* Distance between kaon and %
Mode e (%) NP (%)  Nsg  BUL (1079) each other signal track
Bt — K*Trtu~ 0.064 0.058 —2.1+2.9 0.59 (0.65) - N e
Bt — K*trte~ 0.084 0074 15+5.5 1.51 (1.71) % 035
B* = Ktrut 0046 0.038 23+41 245 (297) °* qq BDTinputs: E 002'?; — B >JiyK' (MC)
2 o
Bt = Ktr~e® 0.079 0.058 —1.1+7.4 153 (2.08) . IC?EEO cones I B* K 't (MC)

 Thrust axis angle —«— B'>JIyK' (data)

* Other event shape variables

= _ [

BDT(qq
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BT - KTt~?

Additive (events)

PDF shape (mean) 0.09 0.01 0.08 0.08

osmu ssmu PDF shape (width) 0.02 0.08 0.04 0.07

:j Bifurcated Gaussian is used PDF shape (fsig) 0.28 0-16 0-11 0-16
o for asymmetric systematics. Linearity 0.03 0.04 0.02 0.04
Total 0.30 0.18 0.14 0.20

Multiplicative (%)

Bi,e calibration 5.9 5.9 5.9 5.9

Track reconstruction 1.1 1.1 1.1 1.1

= oo Kaon id. 1.3 1.4 1.3 1.3
| > Lepton id. 0.3 0.4 0.3 0.4

7 daughter id. 0.7 0.7 0.6 0.6

" MC statistics 1.0 1.5 1.2 1.0

oe Number of BB pairs 1.4 1.4 1.4 1.4

0.4 BDT BB selection 10.6 10.0 12.7 12.6

oz BDT ¢7 selection 8.8 8.6 9.2 6.6

- 0 T 1.2 1.2 1.2 1.2
"o Witanuld @ECM 202z June B B BE B AR Total 153 148 170 157
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Sources Bt = J/WK*Y BY = J/WWKY  Rpv(J/Y) Rgo(J/p)  Ar(J/YK)
S
) Lepton identification +0.68 +0.68 +0.97 +0.97 —
Kaon identification +0.80 — — — +0.007
K¢ identification — +1.57 — — +0.002
Track reconstruction +1.05 +1.40 — — +0.002
. — . . Efficiency calculation +0.14 +0.18 +0.20 +0.25 +0.001
Continuum and BB suppression with a Number of BB pairs 1140 1140 o o B
neural net, O'. Included event-shape F+-(00) 11.90 11.90 o . 10.012
variables, decay vertex information and Omin +0.16 +0.28 +0.24 +0.39 +0.001
flavour-tagging confidence PDF shape parameters O30 oo o5 o +0.002
Total +2.38 +2.90 o e +0.014
2, S £ Muon mode
8 ¢ ] 30k ﬁ 25:
%30 E f 20f
gz 20: 15F
Mode e (%)  Ngg  NIF BUD (1079)
10 \ E
oy ) Bt - Ktpte 294 11679 199 8.5
B35 %4 5.26Mh5.(aésewc25).a 20.1-005 0 0.05 0.1 0.15A Eo(_é 3.)25 -8 )
A “ . A Bt — Ktp~et 312 17838 75 3.0
L 60 3 f S
2 wf B° — K%Fe¥™ 209 —3.3T30 3.0 3.8
§4O :g; 305 E
gso & 205 +
£ 20 ; Electron mode
10 1o ++ h + +
555 5o 55.‘2;"'?.3 9()“.:1.:16.‘65”6“'(;:)5 01015 02 025
M, (GeV/c?) AE (GeV)
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B % 1 g ‘E‘E q* B »mode ¢ Ny B Ap Ap Ry Ry
(GeV¥/eh) (%) (10°7) (individual) (combined) (individual) (combined)
Ktptp~ 204 284785 1767031+ 0.04 Ar(pp) = Ry+ =
Koutp~ 147 68133 0621039+0.02 —01170%+0.01 0981029 + 0.02
(0.1,4.0) K‘i oo at 5;;67 s o -+ oo | (‘”; —0.22%014 1 0,01 Bf""’ﬁ 1017928 £ 0.02
e'e - D70 B30 = - 1lee) = KO =
Kl%te™ 19.3 55138 0387095 £0.01 —0.357031 £ 0.01 1627131+ 0.02
Ktptp~ 290 284781 1.24%02840.03 Ar(pp) = Ry =
Kotp~ 210 42432 027088 +001 —03470% +0.01 129704 4 0.02
(4.00,8.12) K’i o ma g o oo o -+ o003 P (” ”; —0.09*015 1 0,01 Bf"*g 0.857030 4 0.01
€€ . g1 H0_g22 TV riee) = KO =
Kdetem 239 93737 0520021+ 002 0.1070% £ 0.01 0.517041 +£0.01
Ktptp~ 232 423775 23075941 +0.05 Ap(pp) = Ry =
Koptp~ 168 39730 03175073 £0.01  —0.53%017 +0.02 1.3970:35 + 0.02
(1.0,6.0) K‘i e g7 4L 165703 4 004 B (']) —0.311013 £ 0,01 N 1.03%9% £ 0.01
e e . o7z LOb g 0. rlee) = K9 =
Kltem 211 89750 0567035 £0.02 —0.137015 £0.01 0.557 035 £ 0.01
Ktptp~ 356 243783 08610322 +0.02 Ar(pp) = Ry+ =
Koutp~ 265 57834 0200097 +0.01 —0.147028 +£0.01 1967193 +0.02 ,
(10.2,12.8) K’i s 10 o ot o oo P (‘”9) —0.18%022 4 0,01 ﬂf"“g 1.97HL08 4 .02
e'e . Ulss Adga7 L. 1lee) = K9 =
K%tem 26.5 L1530 0061012 +0.01 0551085 +0.01 5184175 +0.06
Ktptp~ 452 479738 1341030 +0.03 Ar(pp) = R+ =
Kotp~ 257 96757 0497012 +0.01 —0.08)1L £0.01 1137038 £ 0.01
> 1418 Ki” n o 15 o s o coos (‘”5) ~0.14+014 £ 0,01 ;23 1.167930 1 0.01
e e : “-g3 10_qga2 T U rlee) = KO =
K%tem 24.9 59730 0320 +001 —0.243% +0.01 L5718 +0.02
Ktptp~ 278 137.07132 6241080 +0.16 Ar(pp) = Ry =
Ko%tp~ 185 273795 1971048 4+ 0.06 —0.167099 +0.01 108018 +0.02
whole ¢\ v 303 138 0::‘595 5 75+g.:*1i +015 A (U .US) ~019%05 £ 001 1;.15 L1055 = 0.02
e’e - Uo1a7 900 g1 T 0. rlee) = K9 =
Ko%te~ 190 218770 1530494004 —024791 £ 0.01 1.204052 4 0.01
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Events / (0.0025 GeV/c?)

Pull

Events / (0.0025 GeV/c?)

Pull
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522 524 526 528
M, (GeV/c?)

— 7T T
—}— Data

— Fit

[ Signal

«- Combinatorial

—— Charmonium
—— Peaking

b L M M L N M | M . 1 M 3
5.22 5.24 5.26 5.28
M, (GeV/c®)

Signal Peaking Charmonium

g% (GeV?/c*) shape backgrounds  backgrounds e, p efficiency  Classifier  MC size Total
All modes

[0.045, 1.1] 0.017 0.026 0.001 0.027 0.030 0.006 0.051
[1.1, 6] 0.020 0.070 0.013 0.065 0.038 0.008 0.106
[0.1, 8] 0.023 0.054 0.051 0.058 0.024 0.005 0.101
[15, 19] 0.019 0.003 0.003 0.090 0.047 0.012 0.104
[0.045, 19] 0.025 0.031 0.023 0.061 0.026 0.004 0.080
B’ modes

[0.045, 1.1] 0.010 0.049 0.001 0.024 0.112 0.007 0.126
[1.1, 6] 0.014 0.070 0.012 0.082 0.062 0.010 0.126
[0.1, 8] 0.013 0.033 0.018 0.058 0.049 0.006 0.086
[15, 19] 0.006 0.007 0.001 0.091 0.032 0.013 0.098
[0.045, 19] 0.012 0.031 0.021 0.073 0.033 0.006 0.090
B modes

[0.045, 1.1] 0.011 0.006 0.000 0.033 0.060 0.013 0.071
[1.1, 6] 0.017 0.086 0.009 0.045 0.092 0.010 0.135
[0.1, 8] 0.013 0.048 0.107 0.060 0.023 0.010 0.135
[15, 19] 0.007 0.008 0.002 0.089 0.052 0.028 0.108
[0.045, 19] 0.011 0.025 0.023 0.044 0.015 0.005 0.059




B->K*trt~

Events /(0.1 GeV )
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EX (GeV)

Source

error(%)

statistics

2.2

Number of B°B°

Tag efficiency
Tracking
K-1D
m-1D
e-1D
p-1D
K-short veto

Preliminary

7 veto

1.8
4.6

14
1.25
1.32
2.48
2.03
0.17
1.56

Sum

8.33




Made up of 8736 CslI(Tl) ~ 30cm crystals, equivalent

to 16 radiation lengths (X,) for electrons and photons

material, averaged over ¢
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Better timing resolution at Belle (Il) also
allows for better bremsstrahlung recovery
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Test the BDT using standard candles Tag Tight leptonlID selection criteria

J/¥ - ¢t~ and KQ > ntm™

LFUV tests require high precision (with .................. * ..................
uncertainty < 1%) ‘ ’

Only apply phase space cut to ensure
Probe there is no bias

Fit invariant mass before and after a
leptonID cut to determine efficiency

Belle IL dt=18 fb-1 Belle Il_ dt =18 fb'1 Belle JL dt=18 fb—‘l
1800 :_‘ LA DL DL L L 'Jé E L L e e IE 25000 __' L L L '__
1600 |  F 1 2500 F 4 ; : 5 ]
, 1400k Ny = (1. 13+002)x10 1 2000 Ns o= (1.28+0.01)x 10 | 20000F N =(1.700 £ 0.005) x 10 ;
2 1000 [ M = 3.096 GeV/c® ERNS T - 3.007 GeV/c? 1 15000 F = 0.498 GeV/c? ;
§ 20F 0=0.050GeVic® | 1000| 0= 0.021 GeVIc? 1 10000 F 0= 0.007 GeV/c?
400 ¢ 1 o0k A\ 1 5000}
200 : AN ] :
—_ g % E . b N .'. E 12 : | . ...-I...... I | .'- '“. I :
S 6] 01 0% o _® ®ee® g0 eeee’’ * . o 0 ..'..‘... . e e * .". v
o SR LY e mt e, MK R T B * e e’ e T ST e T T -5 feoe® ®e "o-.'... . o
:§ - .Io | | . . .." 7] _g :0 | | | | .o . . k % I : 10 b | . . | . u.-l.....o. ]
28 285 29 295 3 305 34 3.5 3.2 28 285 29 295 3 305 31 315 3.2 045 0.46 047 048 049 05 051 0.52
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Continuum suppression BDT

0.05 0.01 -0.01 0.02 -0.02 -0.01 -0.10-:

Continuum suppression BDT input variables 2" harmonic moment

Fox-Wolfram R1-R4 4t harmonic moment = i}

-0.04 -0.01 0.01 0.00 -0.01 -0.15—:

Sphericity -0.01 0.00 -0.10 0.01 -0.00 0.08-:

Harmonic Moment Thrust 0-4 I
cos 6 of thrust axis - 0.05

Sphericity Total photon energy - 0.01 -0.04 -0.01
Aplanarity cosf, --0.01 -0.01 0.00
Thrust axis cos theta coséx -0.02 0.01 -0.10

Missing mass? of event $--0.02 0.00 0.01

. . Myc --0.01 -0.01 -0.00
Visible energy of event |

g?--0.10 -0.15 0.08

Total photon energy of event

2" harmonic moment -
4™ harmonic moment:—
Sphericity —

cos 8 of thrust axis 4
Total photon energy —
cos6; -

cos By —
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Signal selection BDT input variables

AE
Continuum suppression BDT

Az, of the two electrons
Ad of the two electrons
Distance of dilepton vertex

Significance of distance of dilepton vertex
Missing mass? and visible energy of event

Log of dilepton vertex radius

Signal event classifier

Az -0.02
Ady -0.01
disty, -0.01
AE — -0.05 -0.01

cos6; ~-0.02

-0.01 -0.01 -0.01
cos@k --0.01 -0.01 -0.00 -0.01
$--0.01 -0.01 -0.01 0.00
Mpc --0.02 -0.02 -0.00 -0.05 -0.01
g?-0.01 002 -003 002 -0.05
[ T T T R LR B LI SR Y
N = 3 W )
g 3 z < 2

-0.01 -0.01 -0.02 0.01 —
-0.01 -0.01 -0.02 0.02 -
-0.00 -0.01 -0.00 -0.03 —
-0.01 0.00 -0.05 0.02 -
-0.05 8
-0.01 —
-0.01 —

-0.02  -0.00

-0.01 -0.01 -0.03

[

© 3
S o

P
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