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Mt. Tsukuba

KEK Tsukuba

Belle and Belle IT experiments

The Belle Il detector

B

Belle IT

Vertex detector (VXD)

Vertex resolution : 15 um

e.(7GeV)

Inner 2 layers: pixel detector (PXD)
Outer 4 layers: strip sensor (SVD)

Features:

Energy-asymmetric ¢*e” collider —low
background.

Highest luminosity (3.1%X10%cm2s™") in

the world. ~ 7m

4
Particle Identification }

Barrel: Time-Of-Propagation
counters (TOP)
Forward: Aerogel RICH (ARICH)

Target:
Collect more than 50 ab™ data;

Track efficiency ~ 99%
dEldx resolution : 5%
\Pr resolution : 0.4 %

-
Central Drift Chamber (CDC)

700 BB pairs/second
Currently:
428 fh~1 ata are collected.

Energy resolution : 1.6 - 4%
-

-

ElectroMagnetic Calorimeter (ECL)
Barrel: Csl(TI) + waveform sampling
Endcap: waveform sampling

Counter (RPC)

K, detector (KLM)
OuFer barrel: Resistive Plate
Endcap/inner barrel: Scintillator

4

Campus . o < . v
Belle IT TDR: arXiv:1011.0352 7.5m By = 028
> Asymmetric ete™ - Y(4S) - BB with production cross section ~1.1nb
v Belle - Belle ll: e*(3.5 GeV)e™ (8 GeV) — et (4 GeV)e~ (7 GeV)
v Belle Il has smaller boost but improved vertex resolution
> Belle (1999-2010): 1.4 ab™* with 711 fb~! at Y(4S), Lyeqr = 2.1x10%*cm™2s~1
> Belle Il collected 428 fb~* data for Run 1 with record Ly,eq = 4.7x103*cm™2s~1
v’ Restart data taking in 2024, Final goal: 50 ab™* data at L0, = 6.5%103°cm™2s71
> Belle/Bellell: Knowledge of initial state: kinematic constraints for signal reconstruction
AE=EX—/s/2 M, =\/o/s27 -}
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Outline of the talk

» This is not a review talk
v' Some selected recent results from Belle/Belle |l
v Focus on results sensitive to New Physics (NP)
v' Focus on measurements most sensitive at B factory

» Topics:
v Measurements of CP Violation (CPV) in B decays
v'Rare B decays in the EWP final states
v Rare and forbidden Charm meson decays
v'Rare and forbidden Tau decays
v'No Dark Sector: see the talk by Marita Laurenza

» Comparison to previous results and outlook in the future

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024



B Flavor tagging at Belle IT e

Belle IT

Belle Il simulation
9000 B€lle simulatio

> B flavor tagging: ldentify the flavor of the other B 1 — BY GFlaT )

8000 |

—— BY, GFlaT

/ S 7000 | 5
7 ”» . B ; t b d
tag” B / g - category-base

po—" BY, category-based

0 mt Y(4S) =5 ] Self-tagged BFlav: B® — D)~ 7+
Ks 5 3000 |
_ ~ o
T —  TTe=a_ \ 8 2000 F -

0 s e D i e s SR
-1.00 -0.75 -0.50 -0.25 0.00 025 0.50 0.75 1.00
qr

» Belle Il initial B tagging algorithm:

Belle Il preliminary [ Ldt=362fb~!

v Category-based (CB): physics object as BDT 7000 —MC
input - 6000 - { Data |
v Similar to Belle & Babar experiments S 5000
> Newly developed B tagging algorithm: GFlat & 4000 |
v Graph convolutional neural network (GNN) £ ol
v’ 25 variables for each track as GNN input 2 o L B '
v 18% improvement in performance & SR W
etag(CB) = (31.7+£0.54+0.4) % .
s 1.2
etag(GFlaT) — (374 :|: 04 :l: 03) % ; 10_...‘..+.'.1.;.0..*...{.v....9..0..‘.l.;..’..&..’..'.v4.’,.'.".,}..&.,’“Q,.f..‘,..’...{.. by,
8 o'?1.0 -O‘.8 -016 ~0I.4 —0‘.2 0.0 0.2 0.14 0:6 08 1.0
arXiv:2402.17260, Accepted by PRD areriat
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CPV in Penguin dominated B decays

NP may induce a large discrepancy
between the CP Asymmetry in b — ccs
and b - qqs, (q = u,d, s) transitions,
such as n'K?, ¢KQ, Kdn°, KIKIK?
BO

BY — K2 with n = n(— vv,3m)ntn~ or n — py

100 Belle 11 Preliminary [cdt=362 fb1
v 350k B% - n'Ks Background
g’ ¢ BOtag .
g A ¥ Tt » Large B, and theoretically clean

r
N
wn
o

> Signa yield: 829 + 35
» Still use the old Belle Il CB tagging:

Cpxo = —0.1940.08£0.03
S

N
o
o

[
wn
o

oy
o
o

o

> Consistent with Belle measurement: 711 fb~!
v’ Use More final states (K? - n°n°, K;)

8§ -6 A 2 0 2 2 6 8 7 U5 = 0.07

) " Atlps] > Belle Il expect ~10% improvement of o for

same data statistics using GFlaT

ok
0

e
<)

|
ot
n

Asymmetry  candidates pe

arXiv:2402.03713, Accepted by PRD
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CPV in B® = K2n®y

» Amplitude dominated by electro-weak penguin loop
» Expect very small mixed-induced CPV in the Standard Model (SM)
v' b — syy is helicity suppressed by (m,/m;) w.r.t. b - sy;
v' B° > K210, vs. B® > B® - KdnOy,
> Measurements for resonance (K*° — Kd7°) and non-resonance final states
» Vertex with beamspot constraints
v Better vertexing of K2 reconstruction at Belle ||

80 80

C(Res

S Res —

C1Non—Res

SNon—Res

9y ot Bellell  Res Belle I Non-Res
e & JLdt =362 fb? JLdt =362 fb~1
P geo0f | 60 |
B , /, \ ]/ O & & Btag
2 a0 [T B i 40 | %
| S . qq _ %
0o/ 0 = +BB 4% 1
T Ks - l% ol ad ;’i'. ‘ - Sl
0.10 +0.13 4 0.03 Most precise E gl +~+ﬁ+* | o+ + t
0.00 027 +0.03 measurements E + . qﬁ + +»
. —0.26 —0.04 . U) | ) ) | ] Fl— !
Use CB tagging <l s 0 s 10 im0 S50 s 10
—0.06 +£0.25+0.07  Belle (499 fb™1) At [ps] At [ps]

= 0.04 347 £0.10

BaBar (436 fb™1)

To be submitted to PRL
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Direct CPV in B® - n%xn° B

Belle I

> Update early Belle Il measurement (189 fb~1) of B and Ap

» Improved selections, new flavour tagger (GFlaT), reduction of systemic uncertainties
> Background dominated by continuum, then Bt - p*(r*n%)n°, B> K2(n°n%)m®
» BDT photon selector, continuum suppression trained using off-resonance data
> 4-D fit: my,., AE ,continuum suppression BDT output, wrong B-tag probability

60

© Belle Il preliminary NS 70 Belle Il preliminary
g 50 | ILdtzassz" } é 60 J-Ld|:3621b'
Q.
_ 8 sf T sof
B = (1.26£02040.11)"% §&°
2 sof o
< S 30
Acp = 0.06=£0.30 £ 0.06 W 3
= 1
& |
....n!|||||m “”“Illln-..
P [P
N . . = of ety T T e s et e e e e e = 0
» Compatible with previous results E2 pEo ol IImIREEL i B g e S
Z2 10 8 6 4 2 0 2 4 6 8 10 =z< 52 5215225235245255265.275285.29 5.3

» World-best branching fraction c M, [GeV/c]

> Compatible DireCt CP preCiSion % sob Belle Il preliminary S Belle Il preliminary
v Belle (499 fb~1) & BaBar (436 fo=1) § /e g wof Juasew
5 E, 50 —Data
v World average g g | o
% T Wl 8° - zoz0
% 8 30F Z BBbackground
B = (1.594+0.26)"° 8 ;
' 10
Acp = 0.3040.20 . ] ot
E;;’: :% ;r "—éé :% ; .........
22 0502 07 0 01 02 03 04 05 =22 15 0 5 0 5 10
AE [GeV] w

To be submitted to PRD
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Electroweak Penguin dominated B decays

» NP may contributed in the EWP loops
v b - sltl™,b - svv, and b — sy transitions

17

» Some measurements have tension with SM
v Branching fraction and angular observables

> Search for Bt - KTvv at Belle I
v' Theoretically clean (no photon exchange) /

v' Experimentally challenging: two neutrinos in the g:
E?::;;?;Z fr:;g(]:r;i::ckground and small W+ - W-
Bant = (5.58 + 0.37) x 10~° h—+——<+——<—5
v" Only accessible at B-factories (constraint using N > Z

well-know initial kinematics)

w|
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Search for B* - K*vv

Hadronic Tag Analysis (HTA):
» Fully reconstruct “tag” B:
v' Better measurement of Bsig Kinematic variables

> Full-Event-Interpretation (FEI) at Belle Il _
v Multivariate classification using BDT  ¢o%'6 poto)
v' 50% tag efficiency improvement vs Belle

» Small efficiency but significantly reduce bg
v' Signal eff = 0.4%, purity = 3.5%

— (T(4S) —
e g

TN = : .
Biag\ DO > Extract signal via a BDT output
Exclusive hadronic <+ =
final state “ T
+ -
. ) - =2 1/,
Inclusive Tag Analysis (ITA): B>
. . B o . S1g
> Non exclusive reconstruction of “tag” B:

> Select signal kaon that minimize

qr2ec — 8/(404) + m%{ o \/EE;{/C4 6_ €+
> Larger efficiency but significantly more bg B+
v' Signal eff = 8%, purity = 0.9% tag
> Extract signal using BDT output and g2, ——
final state

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024



Search for BT - KTvv B

> Signal efficiency check using B = J /Y (uu)K

Belle I

v" Remove ]/ and correct kaon kinematics to match signal distributions

» Continuum validation with off-resonance data

> B - X.(- K?) validate from pion enriched sideband
> Signal like B » KTK?K? check with B - K*KJK?

> Similar validation for B - K*KJK? and B - K*nn

> Validate method to measure B —» Kt

v B=(25405)x107°
v' Consistent with PDG: (2.38 + 0.08)x107°

6000 7 Belle II preliminary [ £dt = 362fb~"
% +
5000 =
s || = woor
= © e
S 30001 ( et
< 0.0 0.5 1.0
O 2000 [ BDT, (BDT; > 0.9) N
CZ0B* - K+ J/ simulation § B — K+ J/data  |N
1000 b/| =B+ K+ J/6 simulation § B*— K+ J/¢ data N
Bt - K*v i simulation M
0 - - —— 1 1 n n 1 " " L | 1 1
0.0 0.2 0.4 0.6 0.8 1.0

BDT,

FIG. 7. Distribution of the classifier output BDT; (main
figure) and BDT2 for BDT; > 0.9 (inset). The distributions
are shown before (B* — K1 J/j)) and after (BT — K. J4p)
the muon removal and replacement of the kaon momentum of
selected BT — K1 .J/) events in simulation and data. As a
reference, the classifier outputs directly obtained from simu-
lated BT — K v signal events are overlaid. The simulation
histograms are scaled to the total number of Bt — KT J/)
events selected in the data.

arXiv:2311.14647, Accepted by PRD

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024
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Results of B* > K vv

B

I I
-1 4 8 251 4 8 2501 4 8 251 4 8 25

Belle IT
ITA n(BDT) HTA Combination
0.92 0.94 0.96 0.98 1.0 125 »
: : : | Belle IT B B K'up 1"'()_ S
3000 ] — 100 ¥ [ £dt=362fb! == BB b Belle IT
i Belle IT : ) " [r— 12.5 | J Ldt=(362+42) fb! — ll\l A
D [Ldi=(362+42)f" N B Kt vi el : — = ITA
é‘: ‘ ] s = B'E’ ‘g 75 :- } I i, dd, s§ g 100k —— Combination
= 2000 BB 'E a ) Data q"
= H Continuum - s
s on o ~ T.OHF 4
o . L__'_u_‘—‘— i B
=~ o0F
|
0 — 5 E = :— /
= 0E E
5 Ay rE | 1 1 I 0.0 \‘\g'
= 9 - ) 2 4 6 8
o—j 0 0.4 0.5 0.6 0.7 0.8 0.9 1.0 “
=3 1 I i I L i I I i II(BDTh) H

u = 4.6 = 1.0(stat) = 0.9(syst)
corresponding to

BB+ — Ktvp) = [2.3 £ 0.5(stat)* 3 (syst)] x 107

g2 [GeV?/cY
u=54%1.0(stat) £ 1.1(syst) = 2.2f}:§(stat)fi:?(syst)
corresponding to corresponding to

BB+ — K*ui) = 2.7 +0.5(stat) £ 0.5(syst) x 10-5| BB+ - K*vi) = [1.1¥09(stat) O3 (syst)] x 10~ BB
y 038 0545 o0 Combination improves the

- ITA-only precision by 10%
O 1.1 o6 compatibility wrt bkg only | B8 mcigriiieans wri bkg

O 2.9 ¢ compatibility wrt to the SM| © 0.6 ¢ compatibility wrtto the SM |l 5 5 7 significance wrt SM

O 3.5 ¢ compatibility wrt bkg only

arXiv:2311.14647, Accepted by PRD

> First evidence of B - K*vv (3.50), branching fraction in excess of SM 2.7¢
» Measurement enabled by new inclusive techniques

11
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Results of B* > K*vv

SM Average

0.497 *().()37* 1.34+0.4

| —e— Belle IT (362 fb™!, combined)
. | 2.3+0.7 This analysis
: I
: o Belle II (362 fb'!, hadronic)
E I 1.1+1.1 This analysis
N Belle II (362 fb!, inclusive)
i | 2.7+ 0.7 This analysis
: : o Belle II (63 b, inclusive)
: 1.9+ 1.5 PRLI27, 181802
: e Belle (711 fbl, semileptonic)
: I 1.040.6 PRDY6, 091101
: L ° Belle (711 fb', hadronic)
: : 2.9+1.6 PRDS87, 111103

el ! BABAR (418 fb!, semileptonic)
: : 02408 PRDS2, 112002
> BABAR (429 fb!] hadronic)
: I 15+1.3 PRDS7, 112005

1 I L I 1 I L 1 1 I 1 1 1 I 1 1 L l 1 L 1
0 2 4 6 8 10

10° x Br(Bt—K T vi)

Other B — Kvv analysis ongoing at Belle |l
Expect some results soon

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024



Measurements of B —» K*(892)y =

Belle IT

Large branching fraction and clean experimental signal

s_ /gt Np/es (74/70) X B(B® — K*0) — B(B* — K*t~)

T 2x Nyg x FF(0) Bor = (74/70) x B(B® = K*09) + B(B+ — K**v)’

N§/€§ - NB/GB AArp = + x4 0 -0 _
= . cp = Acp(BT — K*v) — Acp(B” — K*7),
Acp Ng/eg + Np/eg’ ’ /

Belle Il Results: 362 fb™?! 3 | ¢ Data
S 400 [ Bellell —Fft
0 _, jr*0 . g | Jr-ww . qBeskgront
B[B® — K*99] = (4.16 + 0.10 + 0.11) x 107>, oo o B
. g |
B[Bt — K*t4] = (4.04+0.13 4 0.13) x 1075, 200¢
0 0 100 |
.ACP[B — K* ’)'] =(—-32+24+ 0.4)%, i - \\ .
O—L VRIS T N T - (SRR ST AU S TS W A
Acp[BY — K**4] = (1.0 + 3.0 + 0.6)%, 0 e
AACP — (2.2 :I: 3.8 :l: 0.7 % §5005 ¢ Data
Aoy = (5.142.0[x|1.0[£[1.1)% Sao [ el TE L Ky
4 : Jldt:362fb ===+ q Background
3300 - -g%Backg:;round
Stat Syst f+/f0 5
200 |
Consistent with the world average and the SM expectation 100} P T
[ [ L - L // \
5 S R EVRTETAL = SR DT
Systematic uncertainties can be reduced with more data O
AE [GeV]

To be submitted to JHEP
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Search for rare b = dl*1~ transition

> b > dl*1~ process via loops and highly suppressed, Bgy, ~ 0(1078)
v LHCb (3 fb~1) observed final state with =< in dimuon mode

» Sensitive to NP contribution in the loop

v' Rate measurement, Lepton flavor universality

B (107" B (107
< 10.5

B% - pete”
BY smpt
BY s ppti

B® s wete™
BY swuty
BY st

Dete

B 57
B % i

B® — 7Oty
Bt s atete™

By atelic

Bt = pteTe™
BT = ptuty
Bt — ptete-

<
<

9.4
4.8

< 30.7
<249
< 22.0

<4
<
<

<

79
5.9
3.8

5.4

< 45.5

< 46.7
< 38.1
< 189

0.0139 4+ 0.1
10hd - Lgo
1.3 40
—2.11293.4 0.2
777192 4 0.6
6.47197 4+ 0.5

— 58132405
— 04133401
—2:37 0~ 102

0.1 +0.1
2867 Dl
3891922 4 3.4

13.0H152 +1.1
250, . L02

Events / [2.5 MeV/c?]

Events/ [2.5 MeV/c?]

n
o

e
(&)

o

25

10

Belle
(a) B® = ntte~
10 + }"ﬂ } J
_|*1P *1? 4
0 I — _} l
52 522 524 526 528
M, [GeV/c?]
Belle
(b) B® — wet e~
20}
4|
Iy
5 2 P * l # +

5.2 522 524

-

Belle (711 fb~1)

526 528
M, [GeVic?]

Events /[7.5 MeV]

Events / [7.5 MeV]

Belle
25} 0 + p—
(a) BY > nl™¢
20 |
10 g - +
- t -
5 AR *
o ek R B— v—— 1
-0.15 -0.1 -0.05 0 0.05 0.1
AE [GeV]
Belle
25 0 + p—
(b) B® — wi* ¢
20 |
10
» |
5 | be 4
0 — RN TR — 1
-0.15 -01 -0.05 0 0.05 0.1
AE [GeV]

-

World best limits in all channels. First
search for wl*1~, p®e*e™, pTI*1~ modes

arXiv:2404.08133, submitted to PRL

Chunhui Chen, lowa State University

FPCapri2024, June 19-21, 2024
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Measurements of Rp+ and Ry

P B(B = D*tv) R. — B(B — Dtv)
¥ = D —
D" B(B - D*lv) B(B — Dlv)

» Uncertainty from form factor and V., drop out
v" Small uncertainty for the SM prediction

> Ratios test lepton universality

v NP change rate, angular and g?

distributions

» Measurements above the SM prediction

“tag” B

. Y (4S)
D*
—, \
Bsig \‘
\
I/t (t-»W) ¥V

+0.041 +0.028
Rp+ = 0.267Zgg35(stat.) o33

arXiv:2401.02840, submitted to PRD

(syst.)

Y VYV

BaBar, h a%
03320 024 018

Belle", had. tag
0.293 +0.038 + 0015

Belle E) ddl‘OHlC tdu)

0.270 £0.035 =0

Belle®, sl.ta
028320018 +0.014

LHCb®
0781 0.018 =0.024

(;b (hadronic tau)
() 267 = 0.012 + 0.020

Belle II, had .ta

0.267 + 0040 %O?l

0.40% +0.081 = 0.085
Average
0287 £0.012

SM average
0.254 + 0.005

PRD 95 (2017) 115008

JHEP 1712 (2017) 060
0257 =0

PLB 795 (2019) 386
0.254 = 0.007

PRL 123 %2019) 9,091801

EI;JWC 80 (2020)2,74
EPIC 82(2022) 12,1141
0265 +0.013

HFLAV

Belle II: 189 fb~!data
Improved sensitivities from FEI

Dominant systematic due to MC statistics
and EgcL, can be reduced with more data

0.3 0.4
R(D%*)

Chunhui Chen, lowa State University

FPCapri2024, June 19-21, 2024
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0.3

0.25

0.2

A

Moriond 2024

LHCb*

Measurement of R, and

R, exceed the
SM predictions by 1.60 &
2.50, respectively, the

combined deviation above

the SMis 3.310

— 4 HFLAV SM Prediction R(D) =0.342 +0.026,,,, —
B R(D) =0.298 =0.004 E(D”(‘)) 3=90-287 0012, -
- R(D*) =0.254 =0.005 =-0. -
_ 9 P(x2) = 35% -
L I L L L L I L L L L I L L L L L L L
0.2 0.3 04 0.5

Other ongoing Belle Il measurements
v Not systematic limited, reduce with more data

Future measurement as a function of g and angular distributions

16
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D
B Measurements of B - yy
b » r b e VAVAVAVAR 4
1 E ) 4
> Combined Belle (694 fb~1) and Belle II P ow va o : I
(362 fb~1) measurement ] ' q g% a
d— <«—1<«— 7y  d < < 4
» Small branching fraction & high background
) g 20 Belle simulation
» Analysis strategy: i
v' Dedicated BDT to suppress continuum,
m° - yy and n° - yy
v Multivariable fit to: AE,M;., and BDT output
v' Control sample: B® — K*(892)[Ktn~ ]y
» Significant improvement at Belle Il vs Belle "AE GV
v’ Better signal efficiency - i
v" Improved AE resolution i of Fellallsindiation
Belle Belle II ok
Sig efficiency 23% 31% o
Exp. bkg/fb-! ~0.8 -
AE [GeV]
17
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B Measurements of B = yy 5

BELLE Belle I
“;35; Belle J‘Lcalt=694t‘b'l ______ :iagcr:(aglrou o gss— Belle '[L‘zt=694fb'l ______ :;"c’Emund
go - B0 o e > Combined signal yield: 11.0+8:2
—25¢F . g
250 v’ 2.50 significance
315; ......
o b \ g s .y
o + _ > Sensitivity approach SM prediction
820 "5z i 521 52 520 %6 05 04 05 02 o1 0 01 02 v SM: B = (1.41}8)x1078
M,, (GeV/c?) AE (GeV) -0.8
°§ gg: Belle Il J.Ld,;a =362 E?c"kﬂ,ound é:j: Belle I J.Ldto =sezm’ ::e"kﬂroun ) JHEP 12, 169 (2020)
g 181 N :[F):ta & 12: Fomn :;:ta
<T16 F -~ F
3 g 10; v Expected UL: B < 4.4x1078
& .ok S 8¢
@ 135_ ----------- w 6 #
1 + : » UL has 5x improvement over
2F E 0
SRR RE T hE am T am MR eres er i e ai e previous best UL by Babar
M, (GeV/c?) AE (GeV)

> Significant better sensitivity
TABLE III. Summary of B(B? — ~7) measurements and

UL’s at 90% credibility level. improvement at Belle I
B(B? — ~v) UL on B(B? — )

Bello (54i32 +0.5) x 10-3 ~ 99 %108 arXiv:2405.19734, submitted to PRD
Belle 11 (17537 +£0.3) x 1078 <74x1078

Combined  (3.72:2 4 0.5) x 1078 < 6.4x1078
Experiment Integrated Luminosity ([ £ dt) Limit @ 90 C.L.

L3 73 ])|)7l 3.9 % 10—° L3: PLB 363 (1995) 137-144
Belle 104 fh-1 6.2 x 1(:)"7 Belle: PRD 73, 051107 (2006)

. BaBar: PRD 83, 032006 (2011)
Babar 426 fb~1 3

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024



Search for Rare Charm decays: D° - h*h~ete”

Short distance (SD)

» Flavor changing neutral current (FCNC) ¢ — ull ¢ ¢
process is supppressed in the SM v
w b w
» LD mainly from vector meson dominated mode G 3

» Search for NP and Lepton Flavor Universality (LFU)
test

5
(0]
o,
%t
3
S
5
S
k
7
)
3
0.0 0.5 1.0 15 2.0 25
q° [GeV?]

PRD 98, 035041 (2018)

c

<l

Some previous measurements of Br and UL @90%

Experiment K-K*ete~ n-ntete~ K-mtete~

Babar (2019) 40.0 +5.0 + 2.3 (p°/w)
stat syst
BESIII (2019) <110 <70 < 410

LHCb 1.54 + 0.27 £ 0.19 9.64 + 048 +1.10 4.17 £ 0.12 + 0.40 (p°/w)
(2016-2017)

BaBar: PRL 122, 081802 (2019)
BESIII: PRD 97, 072015 (2019)
LHCb: PLB 517, 558 (2016):; PRL 119, 181805 (2017)

Chunhui Chen, lowa State University
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D
Search for rare charm decays: D° - h*h~ete™

5l Belle [Lot=ot2m” PRELIMINARY > Belle measurement with 942 fb~! data
0- P (67K§ Tg7%; ®
— mee ’

il - Ei?ta > Observe D° - K~nte*e™ in p/w region (11.80)
S Y 4 W Signal v' Compatible with Babar and SM expectation
oo, Background
501 B = (39.06 & 4.5(stat) 4= 2.9(syst)) x 10~7
15 N : :

10 i » No significant signal on other final states

SLLT L 20l s v UL at 90% around (2.3 — 7.7)x10~7

?.8 1.8 84 186 188 19 192 v World’s best ||m|ts to date

m[Kriee] GeV/c?
To be submitted to PRL

TABLE L. D° — h=h)*ete™ modes yields, significance, branching fractions, branching fraction upper limits, and the efficien-
cies of each me. region [x 10_7]. A fitted yield and a branching fraction are not reported for K~ KTete™ mode with mee in
the m,, region since only one event is observed, and the significance is determined from the CL; distribution.

Mee Tegion [MeV/c? | Yield Significance B UL @ 90% CL Efficiency
K Ktete

n 520-560 - < 0.10 - < 2.3 3.53 £+ 0.04

po/w > 675 26 + 1.8 2.00 1.2 +09 £+ 0.1 < 3.0 6.00 & 0.06

non-resonant > QOOE 3.5+ 3.3 1.50 3.1 +3.0+£04 < 7.7 3.19 £+ 0.04
mntete”

n 520-560 0.6 2.3 0.30 04+14+02 < 3.2 5.31 & 0.05

po/w 675-875 3.7+ 4.1 0.90 20+ 22+0.8 < 6.1 5.69 & 0.05

o) 995-1035 3.6 £ 3.2 1.1o0 1.1 £ 1.1 £0.2 < 3.1 9.41 £ 0.06

non-resonant > 200 —0.2 +4.1 < 0.10 —-02+34+0.9 < 7.2 3.69 £+ 0.04
K -ntete~

n 520-560 4.0 &+ 2.7 1.60 22+ 1.5+05 < 5.6 5.09 £ 0.04

po/w 675-875 110 + 13 11.80 39.6 4.5+ 29 - 8.01 & 0.06

@ 990-1034 4.6 + 2.4 2.50 1.4+ 08 £0.3 < 2.9 9.19 4+ 0.06

non-resonant > 560 22+ 4.2 0.40 1.34+24 406 < 6.5 4.89 £+ 0.09

a Excluding resonance regions, which is same for all three modes.

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024
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Search for Rare 7 lepton decays

» Many rare or forbidden t decays are excellent probes to NP beyond the SM

» B-factories generated large t decay data samples

v' Searches in many different final states with high precisions
v Not limited by systematics, sensitivities increases with higher luminosity
v’ Better sensitives than other experiments in many final states

90% C.L. upper limits on LFV 1 decays
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« CLEO

+ ATLAS

¥ CMS

+ LHCb

v BaBar

s Belle

+ Belle ll (5 ab™)
= Belle Il (50 ab™)

arXiv:2203.14919
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Search for LFV t = pup decay

> Belle Il measurements: 424 fb~! data 1-prong: Belle & BaBar method
> Fully reconstructed final state _ [
> Two independent variables: 1 prong y  tag Sig
R ’
M, = \/E§M—|ﬁ3u‘2 4_-—"'
AE = E§"— Fpa = H

» Cut-based selection
> Signal efficiency: 14.9% (2 x Belle efficiency)

0.3

T “eaerm oo 1 » Expected background: 0.43 (simulation)
i Ul N ——'-.':S:i(:iéb‘ands‘v 102
S o2 g |
LS:*
/I 0.1
Inclusive approach: Belle IT
0.0H - | i 1 ”
| 1prong tag =1
—0.1r ': + “ L. - T T u
< @
3prongs
2 u
L LS00 1825 L850 10° Q¢ :
o Mz, [GeV/¢] » Boost Decision Tree based selection
. L _ o .
Ms, close to T mass, AE close o Zero ; Elgnal egfl(tz)lenli:y. 20.3./6 (52.7 X Blellle efficiency)
Tail due to initial and final radiations APzt el Eeuing Ld (S i)

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024



Search for LFV t - upu decay

% 7 Belle II (Preliminary) Signal region j’é
0.3 — -1 —— 206 region a
% i / L‘_it 4_24{6 ) .,  — Sidebands s
LTS: :B(T —p ptpT)=6x10 #+ Data 1076
4 0.2 ] gD
] §7
] o)
0.1 £
- 102':—::
: =
0.0 7] wn
~0.1
i 10!
~0.2
_03 : T T | T T T T | T T T T | T T T T | T I
1.70 1.75 1.80 1.85
Mz, [GeV/c?]

Experiment Upper Limit at 90% C.L. Experiment Upper Limit at 90% C.L.
ATLAS 3.8x1077 (£ =203 Belle 21x1078 (£ =782 b7 1)
LHCb 46x107° (£ =3.0fb7") BaBar 3.3x 1078 (£ = 486 fb 1)
CMS 29x1078 (£ =131 Belle Il 1.9x 1078 (£ =424 fb71)

CMS - PLB 853 (2024) 138633 Belle II - arXiv:2405.07386

Most stringent limit to date
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Lepton & baryon number violating 7 decay

» Search for Lepton number & baryon number violating T decays
T~ > An~ and 77 — An™
> Belle Il measurements: 362 fb~! data, Similar to T — uuu analysis

Belle Il Simulation Tt~ - Amn~ signal Belle Il Simulation T~ - An~ signal

Sideband

0.4 —— Signal region ----- Sideband —— Signal region ----- 1400
(a (b)
1200
0.2
S 1000
]
O 0.0 800
w 600
)
400
—0.4 , . 200
1.701.721.74 1.761.é1.80 1.821.84 1.701.721.74 1.761.é 1.801.821.84

Belle 1l (Preliminary)

M(An) [GeV/c?]

Data: [ £dt = 362.0 fb~!

M(Ar) [GeV/c?]

Belle Il (Preliminary)

B(t™ = An7) < 4.7 x 1078 @90 %CL
Bt~ = An7) <43 x107°% @90 %CL

Data: [ £dt = 362.0 fb~!

0.4 —— Signal region = Simulated bkg —— Signal region = Simulated bkg
------ Sideband ~ x Data ( a) -—— Sideband ~ x Data (b)
0.2 x .
= .
a) L X X . = u
O 00 i, O . "1l . . 0 "
et u X
W X . X -
X! x - X nt"
<02 . . . x| "
x . ol X
—0.4 " x
1.70 1.75 1.80 1.85 1.70 1.75 1.80 1.85

M(Am) [GeV/c?]

M(An) [GeV/c?]

To be submitted to PRD
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Test of Lepton flavour universality in T decay

» Coupling between lepton and I/ is
flavour-independent in the SM

» Test u — e universality in T decays by
measuring decay rates (362 fb™1)

"

B(tT - u o) &\ fmZIm3) sm
R, = T M .9726 — | xR x—— ==
B(t— = e D,v,) 2 . Simz/m2)
RSM=0.9726 9= e
B CLEO (1997) . CLEO (1997)
. 0.9777 £ 0.0063 + 0.0087 ‘ 1.0026 + 0.0055
BaBar (2010) . BaBar (2010)
’ 0.9796 + 0.0016 + 0.0036 1.0036 + 0.0020
HFLAV fit (2021) HFLAV fit (2021)
- 0.9762 +0.0028 - 1.0019 + 0.0014
Belle Il preliminary (2024) Belle Il preliminary (2024)
1 0.9675 + 0.0007 + 0.0036 - 0.9974 + 0.0019
0.96 0.98 1.00 1.02 1.04 099 1.00 1.01 1.02 1.03 1.04 1.05
Ry |9u ! Gelx arXiv:2405.14625

Submitted to PRD
> Most precise test of u — e universality in T decays by a single measurement
» Consistent with the SM expectation at 1.40 level

» Dominated by the systematic uncertainty: can be reduced with more data

Chunhui Chen, lowa State University FPCapri2024, June 19-21, 2024
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Summary and Prospect

> Afew selected recent highlights from Belle(ll)
> Improved sensitivities at Belle Il (better detector and analysis)
> More exciting results will eventually come with more data (soon)

Roadmap of possible new evidences and observations

Rare decay BSM

Additional CP violation in Quark Sector

Many interesting
quark composite

10 . 60
1 1 .
- ! _Lpeakleargc-nl o Kn States WI” be also
" SIK*Y) N
) Int. L[ab-1] {
c 8 t Re(C/) SR observed.
Dark Sector % 56 Observation B> pv | 40 _
= ® ' @ 30 Evidence s '\ a0 i
; g 4 | @ 90%upper limit S(py) Im(d, 3; LFV
Connection £ Darkscalar  AA_, sivks) | 20 =
3 = N
to Lattice - 2 | R(D*)VSR(D) )
§ B>Tv ——Dark Photsh 10
. 0 Lt ——r e . — . — . A - - - - - = Belle (1ab™)
Anomalies 2019 2024 2029 2034 ‘

Both Particle Phys.+

Nuclear Phys

- can enjoy.

t through Acceler,

©KEK

Model Independent?

g
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Backup

Chunhui Chen, lowa State University
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