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4GeV

SuperKEKB collider

KEKB

Wi
Higher beam current

Y+
2er,

L=

Very strong vertical focusing at the interaction point

Asymmetric e‘e” collider
Energy limit 11.02 GeV (up to 11.24)
Luminosity goal: 6x10* cm™s™

Belle IT goal: collect 50 ab™

$ Tum

5mm

SuperKEKB

100um

KEKB SuperKEKB .
parameters LER HER LER HER s
Beam energy Eb 3.5 8 4 7 GeV
bg 0.425 0.28
Half crossingangle | & m 20 FL5 mrad
Beta functions at IP | Bx"/By" m - W mm
Beamcurrents | I | 164 | 119—2=3 25 18 | A
Luminosity L 2.1x10%* 6.5 x 10* cm2s?
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Belle II detector

EM Calorimeter (ECLY): Ki_and muon detector (KLM):
. RRE(barrel outer layers),
~ZScintillater + WLSF + SiPM

el _
Clrong > i _ | 15T
E . . = superconductive
Beryllium beam pipe: Iy

Csl(T1), waveform samp’ling .
‘ &7 (’m:l-eaps, inner 2 barrel layers)

2 cm diameter . e

T

L

Vertex detector (VXD):
2 layers DEPFET pixels,
4 layers double-sided
silicon strip detectors

i " Particle Identification:
7| Prox.focusing Aerogel RICH

/.

Central Drift Chamber (CDC)
He(50%): G He(50%), small cells, long
lever arm, fast electronics

4 4

Particle ldentification:
Time-of-Propagation counter
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dun3nyeckaa nporpamma

* Bottomonium and charmonium physics
* Exotic hadrons, QCD, cross sections

* Charm physics

* Tau physics

* B physics

* CKM unitarity-triangle phases: CP violation and sides: (semi)leptonic
decays

* Direct searches for BSM particles in various scenarios
* After proposed upgrades:
— Higher energies - Y(5S), Y(6S) physics
— Beam polarization - electroweak physics: sin26w, left-right asymmetries
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Belle I
12/26 08:58:28 - 12/27 08:58:28, 2024 |ST
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* Main igsue: “sudden beam loss” (SBL) events, damaging detector and
accelerator components - limit luminosity improving.
 Two SBLs damaged 2% of PXD gates — PXD turned off.
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e Branching fraction of B* - t*v, (2502.04885)
e Search for B°- K™%t*t (preliminary)
e Branching fraction and CP asymmetry in B° - z°%z°(preliminary)

* CKM unitarity triangle phase ¢, with B - p*p (preliminary)

Ctatuctuka: Belle Il Run 1 data:
e 365 fb 386x10° Y(4S) . BB
» 43 fb~ below the Y(4S) to study continuum background


https://arxiv.org/abs/2502.04885
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Belle I

* Cawmblil BEpPOSTHbIN NIENTOHHLIN pacnag B-me3oHa

2

G%mpm? m?2

M ty ) = BT T | e2 2

B(BT = 17vr) = 3 1——1| eIVl 78
7T mpg / \
Uncertainty: <1% <1%

[FLAG 2411.04268] [PDG]

* V3mepeHune Vy, npoBepka CM:

2
M+
B(B* - t*vy)oupm-n = B(B* - tHv)gm X (1 — MB+ tanﬁ)
H

* 2-3 HEUTPUHO B KOHEYHOM COCTOSIHUN — HA0 BOCCTaHaB/MBaTb 0ba B
Me30Ha: Bsig »T'V: U Biag— hadrons.



Biag reconstructio

* Fully reconstruct By, in thousands

of hadronic decay modes using
“Full Event Interpretation” (FEI) [1] /'Btagg L

 Further cuts on

AE = E‘;tag - \/E/Z ~ Tracks _ l

Neutral
Clusters

—

* 2 A
MbC = JS/4 o thag A

1 g X10° Belle Il preliminary
5 A
L Jedt=3a6"" s=- Daryoric
3 -

+

9 10}k Bmg L
o . DUDVix
=} I+ R/
D_ = D; Irol e
= o8f 1 D"nm
1 . Dnt
E = D nn
b= 0.8 = D'nr
- - D'n*
o

0.4F

02 Example

0035 526 527 528 529 530 531 532
My (Gevic?)

[1] Comput. Softw. Big Sci. 3, 6 (2019)



Bsig reconstruction

0

« Signal B* - 7%v, decay reconstructed with an e*, u*, ¥, orp™ > n¥n
* Veto events with additional tracks

* Assign all non-By,g ECL clusters (passing photon quality cuts [2]),
to the “rest of the event” (ROE).

* Calculate the final discriminating variables

— EEF": total energy of ROE clusters in the calorimeter (ECL)

2 —

2
— Mpiss = (pee — Ptag — Pr — pROE) : missing mass squared

[1] The physics of the B factories, EPJC 74, 3026 (2014). ¥
[2] EPJ Web of Conf. 295, 09035 (2024).
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> B* - t*v, sighal extraction

Belle I
: o : 4, extra PDFs for the
* Fit2D distribution of Mp;ss vs. EEcL leptonic and hadronic modes

|

* Float B(B* — t*v,) and the b
background yields in the 4 modes

l T—> TV
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" o1y, signal fit
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B* - 1'v. summary

Vislewe Nl 94 + 31 signal events
T :I: T | T T I T T T | T T T | n
i Belle II (365 fb~!, hadronic) World average BR £0¢€sS from
1.24 £0.41 £0.19 (1.09 + 0.24) x 10~*

e ________i:::::::::::::::::

4« BaBar(417.6 fb~!, semileptonic)
1.7 0.8 £0.2 PRD 81(2010)051101

. BaBar (426 fb~!, hadronic)
1.831033 £0.24  PRD 88(2013)3,031102

Belle (711 fb~!, hadronic)
0.721337 +0.11  PRL 110(2013)13,131801

Belle (711 fb~!, semileptonic)
1.25 £0.28 £ 0.27 PRD 92(2015)5,051102

f

0.9 +0.1
(Vup exclusive)

2 4 6 8
B(BT —71,) (x107%)

1.05 x 0.08
(Vyp inclusive)

to
(1.12 +£0.21) x 1074
Leads to:
+0.38
w=1{4.19 x 1073
ub ( —0.41)

i i +9%
Relative uncertainty:
Compare [HFLAV]:

Vigc]

u
=(4.06+0.124+0.11) x 1073
Veg;cl

u

=(3.76 + 0.06 + 0.19) x 103

AN



Search for B° - K%t -

* Suppressed FCNC process sensitive to NP ¥t -
* Involving 3" generation fermions, where we see: b W s
_ o
— 3.10 tensionin B —» DM [1] = =
— 2.70 tension in Bt - Ktvv [2]
I P
*  SM prediction:
B(B° - K*°t*17) = (0.98 + 0.10) x 1077 [3] el
 Potential enhancements up to ~ 10~* predicted given e
B -» D™1v [3]:
q q
<+ -] RD(*)&RJN 20
= B R,.&R 10
g B Br[Bs-11]
B Br[B-K*r171]
B Br[B-Krr]
1 Br[Bs~>¢11]

[1] HFLAV: 2411.18639
[2] Belle I1: PRD 109, 112006 (2024)
[3] PRL 120, 181802 (2 3) 15

1.1 1.2 1.3 1.4 1.5
Rx/RM



¥ay B°_ K%'t signal extraction

il « Construct a BDT combining

~ Event-shape variables Signal shown with Br = 102
— K" and 7 candidate kinematics \
—_ p:‘[tl e Belle I preliminary I [ IDeLa I Belle 1l pr‘e]imi.rllary I + Data
175 mm B KOt T = B KUty
extra e f£<]1—.355fh ' mm 5B e fﬁrh::iﬁﬁfb : == EE
- EECL £¢ category Ll ] qpg | ™ category T
2 _'E 125 e Uncertainty E 0 Uncertaintly
s 2 _ = ) Signal =10 |~ — Signal 8=10-*
— ¢* = P+ +P)* = (Pee — Prag — Px*) 1" a0 g™
1] @ 100

— m(K*t* candidate) 50
« Fit distribution of BDT > 0.5 for =

signal + qq + BB background — )
zil'- 2 i—-"——-—-——-——-—
4 05 06 07 08 09 Lo 04 05 06 07 08 03 10
 Fit central value: : ”‘BD“* - ”“3.‘”3' :
0 *0 + . Belle 11 preliminary .4 c't,a o~y 300 Belle 11 preliminary aiky t:ba b
B(B “ K "'y ) e [ean-365 il 25m_ﬁ:a. 365 ! i
— (=0.15 + 0.86 + 0.52) x 10~3 I i e
= s Uncertainty 2 200l 2 Uncertainty
— - —— Signal B=10"* — —— Signal 8=10"*
% g 150
5 200 &

[
=
=

*  90% CL Upper limit (CLs method):
B(B® » K*°t*t17) < 1.8 x 1073

S0

Pull

*  Previous limit: Belle w. 711 fb~1 [1]: ﬁn
B(BY =K%t )= 31x 10?2 |
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o Isospin relations in B — a’x?

Belle I

* |sospin relations are used to disentangle
the loop contribution & obtain Ag 2
Requires measuring branching fractions and
CP asymmetries for w*m, a*n®,mar°
Experimentally, 7i°x° is the most difficult

We fit data to AE, My, C; (continuum suppression), Wig (B tag flavor mistag-rate)

A(B* = ata%), A (Bt - ntx?)

Ly
o

Belle Il preliminary % awlf Belen preliminary

% i, w Belle I preliminary E as| Belle I preliminary
= _ > i O 35 y . 5
5P chIt=3551b' 2 J'Lm=365ﬂ:' 5 J'Ld:=assfn‘ & a0 J'Ldt=:a$5fb‘
4] Q 30
= 25 N 20 @ B 25f —Dpata
o 2 E E s} — Total fit result
% @ 5 ) — B — afx0 (B,,)
3 15 = 5 8 16 - BE background
o h=] &
5 100 -g 10 Continuum
O 3 o
|
2 E E E W oo cmocie st i s A A e e S e B s s et £ S
= = = = fErrrrrre TR
I e e B T e . a 5 o 5 » - - o :E I,
-03 02 01 0 01 02 03 04 05 52 522 524 5.26 528 53 -0 8 -6 4 -2 0 2 4 6 B 10 =15 =10 -5 0 5 10
AE [GeV] M, [GeV/c?] C, w,

Shown here for g = +1

B(r°7%) = (1.25 + 0.23) x 1076, A p(7°7®) = 0.03 + 0.30
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S B® - p*p

Belle I
Isospin relations: only small loop contamination in B°- p*p™: advantage for ¢ -
== Long. signal ---- Self-crossfeed iqq G T t Data
===- Trans. signal Peaking backgrounds BB Total
> E Belle II preliminary 1 "2 150 [Belle II preliminary ] © 150 [Belle II preliminary .
. . 8 200 F _ . - :; [ ) :qa: [ . ]
Obtain S|gna| BR & © ;fx dt = 365 b ] & :fﬁ:dﬁ= 365 fb 0 3 :fﬁdt 65 fb 0
: : . S 150 H AE 4 Z 100f m(n*n ) 1 = 100fF f m(mm ) 2
longitudinal-polarization = 3 1 2 + 2 :
fraction from 6D fit to g ] 2 50 g S0Py + *'
< a0 is =] = L 4
b AE, !F;]} ; ..--'""'"_——‘“"'-. 5 L L%} :} —"'—-“""—--. * ]
0 = = = . 0 E T e iy L TS R
* 0 = 3F {1 = 3E i = 3E E
[ J m(n T': ), ﬂ?' % 5:._— .--_ - __':g D=-| % E_"I Y I e 1 -.___.-E E %} :_.H_--.-lll-_.--_..ln_ W lll Il.%—
° COS@+ Bl N N N e 3 Y
p=a -0.1 0.0 0.1 0.6 0.8 1.0 0.6 0.8 1.0
° Contlnuum- AFE [GeV| Mgt g0 [GL‘VJ."’(_'!: Ty g [GUV,.;L'?':
Suppression variable. [ Belle II preliminary 600 b - Belle II preliminary E 600 r Belle II preliminary E
g 200 l/ﬁdt=365fb-1 1 = fcdf—355fb + 1 - :fﬁdf=365fb‘1 B
s W Te 1 < cos @ S ool cos @
*é 100 s s
2 i m %
0F : 0 =4 :
= 2 3E SR R J——— =
: s e I e e
] I | I 1 E. 0 | P | =
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Belle I

Do B°>ptp:S,C, 2
* Reconstruct the flavor and decay position of the B tag from ROE tracks
 Fit the Ar distribution, accounting for detector resolution & flavor mistag

== Long. signal -=== Self-crossfeed BB B T { Data
=== Trans. signal -~ Peaking backgrounds {4 — Total
100
s :_Belle II preliminary ::'Iii(-q + :J{,—: - :_Belle II preliminary E',',.Li(:f— -1) _ [Belle I preliminary  »  po a4
. :[f.:h= 365 fh! SRR ;fx: di = 365 ! Offbshzng 4 B0 ./;; dt = 365 ! ¢ B tag
=3 E =% - . =% -
S 60 | S S 60
wm B n i -
g 40T < 2 40}
4 3 3 :
4] - 44} [ 20
20 | :
oF
0 P
.. 3F 4 g 03
= - — = =
=3 S = o —0.3 F
| | | T ] < I ] ] ] I

At [ps]

Asymmetry




B(107°) fi
Belle 283415415 0.988 + 0.012 £ 0.006
BABAR 255+ 21538 0.992 + 0.024 3928
S C
Belle —0.13+0.15+0.05  0.00 £ 0.10 + 0.06
BABAR —0.17 + 0.20+9:32 0.01 +0.15 + 0.06

B - p*p: results

* The world average of ¢2is
dominated by B factories and
B 1t & B - pp decay modes

®* The B - pp only world average:
¢2 = (91.57573)°
®* The B - pp only world average
(+ Belle Il B°- p*p)
¢2 = (92.61573)°
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Belle Il status and future

e Sudden beam losses (SBLS): luminosity limit, hardware damage.

* In low-energy ring and at least half the times in high-energy ring, SBLsS
understood to be due to radiation-damaged vacuum-seal grease — dust.

 To fix: opening flanges, removing grease, closing, vacuum scrubbing.

10 ' . . 60
* October 2025: continue Run 2 — —LpeakcTarge ]

until 2028 - long shutdown 8 [l
for upgrades.
e Luminosity projections:

Peak Luminosity [x103f'cm_ﬂ5
-9

[,.ge] wi
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