Recent results of B decays at Belle |
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Belle & Belle Il : B factories -

 Advantages:

v/tt
. Asymmetric eTe™ collision at and near Y (4S) resonance. - /
\
iy \ A
* clean environment; S/ )

74 - BAVAN
» good hermetic (almost 4r); B L) y —
. good neutral reconstruction (7, Y, Ky ...); i

* Excellent platform for:

. Decay with neutral particles [BY — X [TI~, B — D"nx]

 Decays with missing energy, by tag another B: I.e. (semi)-
eptonic decays, FCNC with 2 neutrinos [b — s7777]

e

* Time-dependent CPV, with advanced flavor tagger and vertex PXD-+SVD
detector [BY — 7'z

‘ —
* efc, etc S GRICH) e



B - DYnr

» One long-stranding problem in semileptonic is the missing gap between b — clv inclusive rate

and sum-of-exclu

sive B - DY)(n)lp
« One possible mode to fill the gap: B — D(*)nlﬂ with B

 But it's quite challenging to measure experimentally

B3R:(1.8 £ 0.2)% for BT and (1.7 £ 0.2) % for B®,

=~ 0.9% [PRD 85 094033 (2012)]

. However, the hadronic counterpart: B — Dnz measurement is feasible.
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e Also have D**eta,

* Can identify each components by mass and

helicity angle.
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B - DVyx

Strategy

Perform 3 body reconstruction (1.e. no resonance

. e : : 0 *= + + B* - D°[A » nrt
assumptions) with inclusive B, , in Belle and B = D™"[a,(980)" = nr”] 4= a0(980)[+ az(;);tzo])»f
Belle II data, with D° - K*n~ and D° - BO - [X - D*n] 1+ (* B* - [Z - DOnln* (¥
+ o=t — + /R0 L S
K*n n ™ for both B™/B"” modes X = D'-,D"*~, D! Z = D", Dz°, D2°
. . . 0 *—__+ * . .
Remove contributions (i.e. veto) from B — BES Y= D5 ntin (*) Modes with direct SL
(%) S Y =Dy,Dy", Dy analogues
D' |Ds;— nm| 1n signal, use as control mode to
validate sensitivity
Extract signal as simultaneous fit to AE across
—0 o o x10* x10°
Belle/Belle I & D” — Kn/K3m in 3x3 bins of g s [ (a)Belle Il Simulations § (b) Belle Il Simulations
™ ' -
Mnn VS MD(*)TI g 20:- . B‘l’ R [_)..ou+ § ,,,,,,, B+ - 6 1
: : . . 8 | . B0 7 —B' »Da
Key variables: Invariant masses and helicity £ o —B' Dy - - ~ [_)an
. . . . w i + + = e - +
angles of product pairs to discriminate between s 502 o -
potential resonances i.e. cos 8y, cosf ), : °
-
 Apply selections afterwards to estimate : ¥ N .. BN et
. . 8s I YR 25 335 050806 04 02 0 02 04 06 08
resonance contributions Mnz] (GeV) coso,,



Candidates / (0.02 GeV)

B — D")yr : Results [First observation]

v

80, Mlgr] | M[D*x] - : 1 M [nn] M |[Dn] )

- _ g L B(10—4 (1)) = - . . B(10 %)
-0 (a) Belle + Belle | J Ldt = (711+365) fb” GeV) | (GeV) ) & 300c (a) Belle + Belle Il J. Ldt = (711+365) fb (GeV) (GeV) (

E e o » reliminar |
60L- (preliminary) .. 5430) ?‘ ___ _ | s 250 ;‘* (P y)
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30" 1.15-1.90 [[2.10-3.00 ][ 0.80 + 0.08 = 1501 o agj (1450) 115190 | 220 _3.20 1087 £ 000
205_ 1.15-1.90 | 3.00-3.95 | 0.17 = 0.05 g k ,+. + enhancement? 1.15 - 1.90 | 3.20 — 4.25 |0.58 + 0.10

: 1.15-1.90 | 3.954.90 [0.02+ 014 £ 100 L RN 115 —1.90 | 495 — 530 l0.42 + 004
105 Vo 2.05-3.50 |[2.10 3.00][T.10 009 | O e t N e 2‘0‘: 370 2'2‘(; ;20 20 = U
Q: 55 AT o 2.05-3.50 | 3.00-3.95 | 0.20 £ 0.06 50? LR 3 B ' 529 10.66 = 0.0¢

] BB B a8 £Y AR ,\%‘[E.nlz‘(%ef)'g 2.05-3.50 | 3.95-4.90 | 0.05 + 0.09 " w0 T Ty ¥ 2.05-3.50 | 3.20 — 4.25 (0.10 £ 0.06

, , 88" o8 1 121174 16 18 205 350|425 530 |0.11 + 0.05

(sPlot signal extraction Mingl (GeV)

from data ) Domi d 080 MeV 1320 MeV

ominated by Dominated bv B+ —
B® > [0 > D" m*]y Dominated by 3 ,
D"[a;(980)/a; (1320) - nrr™]
* Branching fractions measured with >100 precision « Resonance modes with semileptonic analogue (after applying
« B(B°->D*nnt)=(2.7410.24,,, 1 0. 19sys) x 104 helicity angles and invariant mass selections)
+ B(B* - D'nnt) = (5.70 £ 0.264,, + 0.44,) x 107* « B(B°->[D'~/D*/Dy-> D" nlrn*)<3.1x107°
(no signal, 90 %CL,)
« After applying selections for helicity angles and invariant masses: . 3( B*— [D"*°/D}’ /D3’ - D"n]n*) <1.4x10*
+ B(B°-> [D*0 > D*"n*|n) = (1.46 + 0.13;,, + 0.075) x 10~* (3.20 signal, 90% CL)

* No branching fraction measured for dominant B*¥ mode, challenging
interference between ag /a3



B — X I"I™,1 = e, u with a sum-of-exclusive method

. Typical FCNC process, b — sl " q=p,++pi-

« Suppressed in the SM, sensitive to new physics v/Z° . /“" /“

» Inclusive B — X /7]~ has small theoretical W W;f v;;
uncertainty (7%), compared to BT — K™ [7[™ (20%). T S S TG S S S S /A

o This study: measure dB/dqz, dB/dmy, B, R(X,) in 6

No

reconstruction

2 . - - - :
g“ bins and 4my, bins, with sum-of-exclusive method s
— 87
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Different qz sensitive to different Cl.(’)



One key improvement :signal model

« Signal modeling on X in MC simulation could give us incorrect efficiency.
o Take the Xy and X .J/y measurements to correct the fragmentation.
* |Improve this source’'s systematic uncertainty from 11% to 2%!

Belle I simulation preliminary [ £Ldt = 365 fb™!

200

- K;3(1430)
K;(1430)
1.5 2?0

M(X:) [GeV/c?] - @3.0

Signal modeling in Belle 00— | , S
e oK1 K* 1 Inclusive region _ |
700 - K - I I (m(Xs) > 1.1 GeV) e K1n
> 600 : E;Z | ' . K2n
2 o0 K3n soof | :K1(1270) e
8400 — ;(Kdn 400 | | K1(1400) K
% 300 300 : : K*(1410)
o | |
I I
| |

100

0.5 1.0 1.5 2.0 2.5 3.0 0
M(Xs) [GeV]

 "More idea are welcome and highly appreciated.



Results

Fit to Mbc In each bin.

Mbc

N

2 a2
Ebeam PB

= Branching fractionin 1 < g% < 6 GeV?/c* region:

B(B - X;ete™) = (1.60 + 0.33

+0.15
-0.11

B(B - X,utp~) = (1.13 £ 0.3310:32

B(B - X £+¢~) = (1.36 + 0.23

= 2 times better sensitivity

= Consistent with SM predictions
- | B(B - Xsutp™)

First measurement! R(X;) =

+0.13
-0.10

0!
— (/71 JHEP 10 (2020) 088
N i — MC assumption
C; 100 <4 Electron
8 #‘ <+  Muon
S i q_Lzﬁ_Lu '*' Avera.ge
- !
ER i g —
Nc" 10-1 -
i,
)
R D Rz
1.0 6.0 14.4

B(B - Xs;ete™)
Belle I Preliminary [L£dt =365 fb!

25.0

)x1076
)Xx1076
)x1076

= 0.74 £ 0.19 £+ 0.04

U 40 _— Signal + SxF —— Total model
; - ---- Combinatorial { Data
%" 30 [ —— Peaking 5
= e channel; 1 < g%|< 6 GeV
N |
. 204 )
> thdedpl Tl
9 10F (=1
A T T
c | |
W gl
— 5 s
S Oop
Q E | 1 1 |
T220 522 524 526 528 530
Mpc [GeV/c?]
Consistent with lepton flavor universality
| o SM prediction '1";‘;]'(?(‘){)5;)3 g;‘;c'supp"
H——H 4 Belle
B—sXeTe | F—A— aRar
: HH BaBar
e World Ave.
(w/o this work)
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———H
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B—X{ 0 F —&—
A
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Belle Il preliminary [ £ dt=365fb"1

Branching fraction [10-9]



b— sttt™

FCNC b — sll involving 3rd generation leptons

+ InSM, BR(BY - K77

) at ©(10~7). [PRD 107,

119903(2023)]
+ Enhanced in some NP models, e.g. interplay with the
b — ctv anomalies and B — Kuvv excess. [PLB 848,
138411(2024); JHEP 08, 050(2021); PRL 120, 181802 (2018)]
- @ @ LHCb (3fb?)
—~ i @ BaBar(342fb™!)
— e @ Belle (711 fb?)
@, O O O Belle 11 (365 fb~?)
O\O ‘.... » X Belle+Belle Il Preliminary (711+365 fb™!)
o 1073 - % % ¥ LHCb Preliminary (5.4 fb™!)
> _
_1 X 5% Three results use hadronic tagging:
= B0 = K e
104 | | " | | B+ N K+T+T_
A, A, A, A
v ;,Q/\ Y - f& o5 B > Kartz ™
ok Q?g X 4 Q7 o 7
% Qs 9

BF x 104

CTT 7T _2“\(5
9 10 ™ VAR VA
Vb Vis
— B(B— K*t717) |
1| == B(B = K7777) y
B(B, = or*17) /
| |— BB, = 7777)

_Il\lll\ll).ﬂ

12
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Ry/RM: Ry, Ry etc



Full event interpretation (FEI): key for the decay with neutrinos
e ~ Pair production of BB

Y « Tag one B and study the remaining tracks/showers
, : o Essential technique for analyses with >1v in the final
B, Tt §
T g state.
. . Vl

e s  Dedicated package for B: Full event interpretation
(FEI) [Computer Software Big Sci 3, 6 (2019)]

The quality of the B-candidate
— BDT output SPr Belle Il preliminary

s Correctly reconstructed f[, dt =34.6fb~!
- I Continuum & mis-reconstructed

— -~

-—_“—: ::—_ e — o /'/ ~“““\
~_“‘-—__-_‘-- o

[ Tracks | ‘ Displaced Vertices | Neutral Clusters}

10NJ1SU023. 01 S1(9 00Z @SN

Events / (0.0010 GeV/c?)
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Observable and results
Similar strategy for K*/Ks/K+ 717~ search:

* Jag B with hadronic FEI.

Reconstruct K*, Ks, K+; use 1-prong for 7.

e Four groups of signal:

£L:
118
TTC,

p:

T — Lvv 7 — 2wy
T — 2w 7T —> TV
T—>Tlv 7T— TV

T — pv 71— T,P,L v(v)

o O O O

» Signal extracted from fit to BDT classifier combing Eect,

Mmiss2 and event shape variables

Results:
RO _ KO +,— B < 1.8x1073 at 90% CL
BT - Kttt B < 84x10"%at90% CL
BY KgTJ%'_ B < 87x10~% at 90% CL

One example: Il in Ksztz ™ search

200 + £ category Bl signal
—— signal excluded x10
c b 1 BB
~ S qq
) Y, 777 Uncertainty
-+t 7
QC) 100 | * + ° Data
v i
) | .
50 N g . .
4
o 0 | |
S1.25 | |
E 1.0 psssss — D Y *%
© 0.75 f f
C 0.5 [ . PR T S R ]
O 0.4 0.6 0.8 1.0
(9/

Most stringent limit on this channel!
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B® — zY7: first TD CPV for CKM angle @

th V>II;

P, =a=arg(— t )
ViaViy

. |deally a can be measured by TD CP mixing parameter S in b — uiid process, such as B — 7#7,
B - PP B(B” — fcp)(At) — B(B” — fcp)(At) = Ssin(AmgAt) - QCOS(AI?ZdAf)

B(BU — fcp)(At) -+ B(BU — fcp)(At)
IXing-induce Direct

 But due to loop diagram pollution, there is unknown shitt, which can be estimated by isospin analysis.

Acp(At) =

Penguin

Mixing + Tree u V
w (é<
d b
d > u
_ %thz Vub B
b < d

S =npSIN2a + 2Aa)

Q|
U S

|sospin triangle

12



Special TD CPV measurement

. For BY - 71'071'0, only have 4 photons in the final states,

can not get vertex of signal B.

* |f we only use vertex of tag B

‘cpTlag
e

272

— (C cos Am(t(;p - ttag)])’

Integrate
over icp

P(ttag’ Leps q) — (1 + Q[S sin A’n(tCP o ttag)

ttag At:ttag — Lcp
(Timing used in (Traditional B-factory
this work) timing. )

2 o,
e—t[ag/r . X ;f: §0.1-—
P(tig, q) = (1+q[S' sinAm(tg —17) o
— C' cos Am(t,, — 1)), <
. 1 / S /
t = marctan(Amr) ~ 1.294 ps S = \/1 T (tAm)? ~-088S C =

A [PRD 112 (2025) 3, PRD 60 (1999)]



Results

. Thanks to better vertex in Belle Il (compared to Belle & BaBar), o(ft55):1.5 ps

. Validate this novel method by BY — J/l//Kg.

+0.75
- o - 0 0.0, — _w So0=0.6177
e First mixing CPVinBY — n'm" | — —
0 0 0 0_0
B” — J/ywK BY - n'n
- : : . 880 S — -
&160 Belle Il Preliminary —; © 70 Belle Il Preliminary _i
guo IL dt =365 fb! Y 60 JL dt=365fb" 3
. = Q B
8 120 +E§ag (q=+1) : % 50 +E§ag (q:+1) "E
g 122 3 B (@=-1) § © ~¢= By (G = -1) _
§ -g 30 _;
© 20 =
@) =
10 =
OF— | | i :
1= -

Asymmetry
o
o
|
|

(stat) £ 0.11 (syst),

" Coo = 0.05 % 0.28 (stat) = 0.07 (syst)

Event density [ps]
o
N

— Belle
— Belle |l
— BaBar

%20  -10 0 10 20

truth 1
ttag - ttag [pS

1.0 - B - !
With Belle Il :
—  S00, Coo !
_ (updated f+ - foo) 1
0.8 :
HFLAV 2025 |
(updated f; _, foo) :
] --= Indirect ¢, :
O S Belle Il i
| Preliminary :
— 04 :
_______________ A d Yooy
I
|
0.2 :
1
I
0.0- i
0 20 40 60 80 100 120 140 160 180
¢> [deq]
e Impact on a angle: 8 fold
ambiguity -> 6 solutions

« 10 regionreduced by 40%!



Summary

Belle || produced several fresh results:

o First observation of B — D(*)nﬂ

e First time-dependent CPV in BY — 7Y

. Most stringent limiton BT — K™z
. First search on BY — K{r*z~

. Precise measurementon B — X [T~

With coming huge sample, more and more
excliting results are expected!
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Integrated luminosity (delivered) [ab™']

N
S

Estimation by A. Ishikawa
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