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Flavor

» Flavor = species of the quarks and leptons

« Only weak interaction changes the species of the
quarks and leptons.

« Heavy flavor: c, b, t

v Hadrons with ¢, b: D, D, B, B, A, ...
v" Many kinds of decay modes.

* Precise measurements of the decays can provide
information of the physics beyond the Standard
Model (SM).

v" Loop diagrams: New Physics (NP) particles o IR, W
can virtually contribute to the decays I II II1

v Observables (branching fraction etc.) to be The Genorations of Matter
compared with the SM expectation.

 Signature sensitive to Beyond SM (BSM).

v Lepton Flavor Violation (LFV): inhibited at the SM

v Lepton Flavor Universality (LFU): SM interaction does
not depend on the lepton species (e, u, 1).

v' CP asymmetry, ... : observables with precise SM
prediction

v' Smaller SM contribution: Rare Decays

Leptons Quarks




Heavy Flavor Physics Experiments

Hadron collider e* e~ collider
LHC @ CERN SuperKEKB @ KEK BEPCII @ IHEP(China)
LHCDb, ATLAS, CMS Belle Il
* pp collision 5
| |
LHCb : forward detector ~10.58 GeV 2-5 GeV
optimized for b and c¢ studies. BaBar (1999-2006), « charm, exotic

Belle (1999-2010) hadrons. ..



LHCb

Excellent vertex resolution to separate 7 T e S es

Height : 10 m

b, C (Weak) decays “¥ Length: 20m

RICH1

Particle identification (PID).

Huge cross section of b.
Production of B, A,....
Many particles at collision.
Neutral particles reconstruction not trivial. JERESS

Dipole ) Chambers
Magnet : Calorimeter

Total recorded luminosity — pp —31.7 fb”
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SuperKEKB

» Located at KEK, Tsukuba, Japan
» SuperKEKB: asymmetric e*e collider (4 GeV e* + 7 GeV e7)
v" Nano-beam scheme to achieve high luminosity
« Belle lI: flavor physics experiment at SuperKEKB
» Successor of KEKB, Belle in operated in 1999-2010
v Verified Kobayashi-Maskawa theory in the study of CP
violation in B mesons

—_ nano beam scheme: new technolo
SuperKEKB Region  Belle Il detector 9

— KEKB SuperKEKB

— ~50nm 83 mrad
11 , crossing angle
=11 1pum R ,
(U\$ — 100um/ 1um]
5 s 22 mrad /
m crossing angle - ‘5mm\, / 100um
electron / positron

linear injector  Luminosity 5.1 X 103¢cm=2 s~

% achieved (Dec. 2024):
| o | v" World record (~ x2.5 of KEKB)
positron damping ring e, v Aiming one order higher.

» 590 fb~1 of data accumulated so far.




Belle 11

KL, u
Solenoid(1.5T Detector
Electromagnetic KLM
Calorimeter ECL :

Particle

s . Indentification B
Electron(7GeV) ! TOP(barrel),
" ARICH(endcap)

Central Drift

Chamber cDC

» General purpose 4n detector with
good vertexing and particle
identification.

 Clean environment: advantage for

Belle Il Detector (8mx8mx8m, 1400t) the final states with neutral

particles and missing particles

Silicon Vertex Detector

=) " Positron(4GeV)
PXD, SVD ‘

© Rey.Hori/KEK



B mesons studies at Y(4S)

* B mesons are produced in pair in Belle II.
» Clean environment: advantage for the final
states with neutral particles and missing

particles.

Analysis technique:

“Tag” one B — the rest of particles
_ come from the other (signal) B.
ete” - Y(4S)—->BB  (1.1nb)
» Useful to study B decays with

Tag side Signalside  neytrinos.
Comp. Soft. Big Sci 3, 6 (2019 -~ ‘/ B —> KVV ) B — D*IV
on ¢ K* | « Afew methods for tagging
W, " v hadronic tag
_ B~ ‘ BT . v' semi-leptonic tag
™ 5 v" Iinclusive tag
i 2N ;
™ Z)Bsig = Pete— — meg



B — Kvv, R(D™)



Electroweak Penguins

Electroweak Penguin Decays (b — s, d)

 Flavor Changing Neutral Current (FCNC)
v Forbidden at the tree level in the SM.
v Small branching fraction (BF) in SM (<107°)

v
ZU[\/J\< !
W +/\/\/€:/\ ¥ w..--%
el

= S UGl L _ ; !
h— B S5 b v t Ve s
u » u (Vid")
» Sensitive to New Physics (NP). Forbidden
v' Unknown heavy particles in the loop. <[ b— 5””59]

* b — sy, dy, si*l", di*{, svv, ...
v’ b—dy is suppressed by |V,,/V,|* w.r.t. b—sy.
* Precise theoretical prediction for the inclusive process
(e.g. Bo>Xyy).
« The branching fraction of exclusive processes (e.g.
B—K*y) has large uncertainty, except for b — svv.
B(B*—>K*vv) = (0.56x0.04) x 10-°
including B*—t* (K*v) v [PRD 107, 014511 (2023)]




Bt - K vy

D
o

Belle T

B(B*—>K*Wv) = (2.3£0.5% ) x 1075

» Combined result from Hadronic Tag
Analysis (HTA) and Inclusive Tag

Analysis (ITA).

* First evidence of the signal (3.50).
 2.7c deviation from the SM prediction.

[PRD 109, 112006 (2024)]

Belle Il Analysis with Run1 data (365 fb~")

Average

g-8+04

(presented in summer 2023)

The measured branching fraction
assumes SM-only signal model.

— Belle |l released full analysis
likelihood for reinterpretation with other
models: See Phys. Rev. D 112, 092016

for demonstration and details.

| —— Belle 11 (362 fbr!, combined)

I 2 0.7 Ti v

1

_01|__ Belle 11 (362 fb'. hadronic)

: 1141 1is analysis

: —_—— Belle 11 (362 fh'!l, inclusive
. : Belle II (63 fb', inclusive

PR i B
: I
: _..:_ Belle (711 b, semileptonic)
. I 1.0+ 0.6 PRD9G, 091101
: Py Belle (711 fb!, hadronic)
: 20416 PRDST, 111103
—i— ! BABAR (418 fb"!, semileptonic)

E : 0.2408 PRDS2, 112002
. —_ BABAR (429 fb'!', hadronic)

I 1.54 1.3 PRDS7, 1120056

R R TP S NP S
2 4 6 8 10

10°x Br(BT—K * )
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R(D™)- LFUin B - DWWty

7” T
_ v B(B — D)
w-§< 2 /ﬁ RDW) = 2B 2D o)
b —» > c b - C B(B — D™{iv)
d — «— d d —e ¢ «— d

* In the SM, interaction does not depend on the flavor of the charged leptons.
v" The branching fractions differ due to the difference of the charged lepton
mass (phase space, helicity suppression).

+ R(D™) is well predicted in the SM: R(D)=0.30, R(D*)=0.25
 Alongstanding tension between the theory and the experiment: “B anomaly”
v Contribution from NP (charged Higgs, leptoauarks....) ?

Experimental techniques: " 7 [Papey
v' Tag one of the two B mesons (Belle Il)
v 1 vertex detached from B vertex (LHCb)

v Multiple analyses using different T decay
modes and tag methods.




Results on R(D™) from LHCb

R(D™*) with muonic t decay by LHCb (2 fb™")

—

« Simultaneous measurements of B>-»D*t"v and B®—»D**(—D*n%)tv.

[PRL 134, 061801 (2025)]

« Same final states for the signal and the normalization (B®—D®*u-v) %
* No t vertex.

0.25

x10°

3

PGeVHed

B B—>Dr v
[ PRkl
B—oD'X.X
B 3 =D*u/tv
Comb + mislID
B B-sD'uv
B 3 -D*uv

-—
LHCh 2f" 3

10

Candidates / (0.67 GeV/¢eh)
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R(D*) =0.249 +0.043 £ 0.047,

R(D*") =0.402 £+ 0.081 £ 0.085,

(stat.) (syst.)
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Results on R(D™) from Belle 11

Two Belle Il results on R(D™) (365 fb~1) D
» Semi-leptonic tag + leptonic t decay [PRDD 112, 032010 (2025)]
» Hadronic tag + leptonic t decay [presented at CKM2025] — shown in this page

Z

D"
M2, >1.5 GeVAre!

2D binned template
likelihood fit in Egq,
(residual energy in the
calorimeter) and e e | —— S ___ e —
missing mass squared, St o BT ¢ Jheds G W T Bt T
simultaneously in 5 1oy

s

= B8 B

Pull Candidates/{0.05 GeV)

06 08 1 1214 16 18 ﬁ 02040608 1 121416 18

FCl

— deI=365fb"
channels. «; D lams"e s
(0]
« BOsD** 1 v § : ; _
* B-oD*(-D0m0) Ty i, e, R, E e Llome,
« B-5>D*0(—D0%)r7y il i) ST EREREA UULFRARTNS
« B->D0tv | SR - {22 5 DR
e BOSsD*tv R(D*) = 0.242 £ 0.019 (stat.) £ 0.016 (syst.) Most precise

measurement with
hadronic-tag.

R(D) = 0.439 £ 0.055 (stat.) =+ 0.046 (syst.)
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R(D™)- LFUin B - DWWty

R(D*)

0.35

0.3

0.25

0.2

1 I 1 LI LI L] I 1
| CKM2025 \ Belle®

LHCH (7

L] 1 I || L 1 L] Ll
68% CL contours

LHCb muonic t decay

ol

/N

sssiBelle || semi-leptonic tag
leptonic T deca

Belle Il hadronic tag leptonic
T decay

+

HFLAWV SM Prediction
R(D)=0.296£ 0.004
R(D*) = 0.254 £ 0.005

'I' L-QCD FLAG24 (Nf=2+1 for R(D*))

R(D) = 02938+ 0.0054

IR(D“) =0.2582+ 0.0051

1 L L L

R(D) = 0.358+0.024,
R(D*) = 0.281+ 0.011,
p—-0.374
() = 27%

L 1 L

Belle IT"

0.2

0.3 0.4 0.5

3.80 tension with SM prediction!

* R(D) tension with SM: 2.5
* R(D*) tension with SM: 2.3

z
>
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CP Violation



CP Violation and KM Theory

» CP violation: a key for the matter-antimatter asymmetry
» Kobayashi-Maskawa theory (1973)

v CP violation in the Standard Model (SM)

v' Complex phase in the quark mixing matrix

CKM (Cabibbo-Kobayashi-Maskawa) Matrix

a2 3
Vud  Vus 1-12/2 /12 AL (p@)
V= V vV vV = -A 1-A¢/2 AA
cd cs cb 3 5
@ Vis  Vip Ad (1"0@) -AA 1

Triangles in the complex plane (from Unitarity)

(o,m)

Vudvub*
Vcdvcb*

* Time dependent asymmetry
v Asymmetric energy of e*e~ collider

(BaBar, Belle (I1)).
v High boost in hadron colliders.
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Time Dependent CP Asymmetry in B decays

Mixing-induced CP asymmetry of B mesons

+ B and B? decay to a common CP eigenstate fcp.
» CP violation appears as a decay time difference. \
F(EU(At) — fop) = T(BO(At) — fop)
Acp(At) = —=
[(BO(At) — fep) + [(BO(AL) — fep)
sin(AmAt) = C cos(AmAt) S : mixing induced CPV

S =-C sin(2¢4) for B — Jhy K o1 =P C : direct CPV (=-A)
ol = Flavor-tag o |
Qb:é? (B° or BC ?) Eoif ~30% Eeasure pOS|t|or1 instead of time
— S "/'<./»/ Jhy .
-. ............... _4/ fCP .
_ t=0 Az " ~
By=0.287 oo < K. |
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Time Dependent CP Asymmetry at B factories

7 Ks
d s
Golden measurement channel B; — J /YK, <

tree dominated b — ccs transition

Measurement primary goal of the b-factories

c , "
Interference between decays with and d L j/z
and without mixing leads to CP asymmetry g® . é vd—“‘<
P ' 1 . S
. : — pa
Acp(t) = —nssin2fsin(Amgt) c TSk
sin2¢; = 0.667 = 0.023 £ 0.012 sin2f8 = 0.687 + 0.028 + 0.012

i H."—).I'qi[{:[it'r: )y (@)

/ \BABAR -

5ps)

2 400" B" tags

3
=
=
I
&4
=
£

i

Kaw Asymmetry Bvenis / (0,
i = 2
[

[rrTEpTTITy

= L
L En = ia

|

|

S
At (ps)

PRD 79 (2009) 072009 PRL 108 (2012) 171802

18



Time Dependent CP Asymmetry at LHCb

0
g

Ct.-'; 1’\"

New LHCb Run 2 (6 {b™!) results using B; — J /YK, (both muons

and electrons) and B; = Y(25)K;

Tagged time dependent analysis to determine sin2[3

)

Candidates / (2 MeV /¢

1P

P
= F

10t

1.0

LHCb

0.5

2 — i HKD
Combinatorial BG
Partial BG

2]

::: I: \ E - D " 5 B
/7T i g :

LI R I R A B AL B R A NN R BN S B L R A B IR B |

+ B B? yield asymmetry .
—— Total fit

sin2f = 0.717 £ 0.013 £ 0.008

LHCb
6 b~

PRI N T ST T S N ST S

"l ! y = —
1/ , \'.\ B (£ ) K (o nta)
'y i i W o
gl A e e e _10....|....|....|....|....|....|
5150 5200 52500 5300 5350 400 5450 5o00 .
(D, MoV /e 00 25 50 75 100 125 150
t [ps]
0.20 e e e o e e e e e LA B L rrrtianT
r b BaBar Jhwy K, U8 ¢ + 0036+ 0012
C Belle I1 2023 ] PR /4 (2004} 072009 A :
® BaBar 2000
r > 7 BaBar Jiy K 0594 + 0061 + (.031
0.15 - @ Belle2012 ] PRD m:?}mgfnmnng i
i ® LHCb Run 1 B H
[ @ LHCb Run 2 7] BaBar y(25) Ky 0.097 L 0.100 1 G036
L J FHRD 72 (2009) 072009 :
0.10 - T Belle Jiy K N 0.570 10.029 1 0.013
N i 3
[ ] PRL 108 (2072) 171002 = H
i ] Belle Jhy K 0.542 £0.047 £ 4.021
005 ] PRL 108 (20%2) 171802 ™ :
[ ] Belle y(2S) K 0.718 +0.000 % 0.031
L ] PRD 77 (2008) 021103(R) :
0.00 L J LHCE Bun 1 Jhy K, N 0.750 + 0.04D
: L 4 JHEP 11 {2017 10 H
[ ] LHCE Bun 1 w25 K_ C.BAD 0,100 + G010
- E JHEP 11 (2ot} e —_ H
—0.05 7 LHCE Bun 2 Jfy Kg o C.P0+ 001 + G007
L - ] LHCb-PAPER-2023-013 4 :
L - 0 =07 (O 4
¢ contours hold 39%, 87% CL ] LHCE Run 2 w[28) K | N 0.547 +0.053 + 4018
_U'lgrr‘ ————e e LHCb-FAPER-2025-01 3 * :
Rils} 0.60 0.65 0.70 0.75 0.80 } 0.85 World Average H 0.708 1 G.011
bt’l F\’l-\] t 1.“"!‘\'r , . H
0.4 0.5 0.6 0.7 0.8 0.8 1

PRL132(2024)021801
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Direct CP Asymmetry and ¢3;/y measurement

* v/ ¢ can be measured using the interference B — D K
and B —» D K.
v" Other modes like B — D K*, B — D = etc. are fine.

ol

u e/
K u o’
W s b Aq DO K-
b C B‘ O W'

7
0 . v

u

u DO K-
color favored color suppressed (5
- 0 p¢— « _ 0 § Airgei(9s—%3)
B~ — D°K™ =~ Vg, V. B~ — DK™ =~ V, V%
Al Aerei(éB—Q"n)

 Only tree contributions: theoretically clean.

» Several decay modes (final states) possible to extract y / ¢.

« Amplitude ratio ry and strong phase 65 are mode-dependent.
v' sensitivity depends on the decay modes.

(1,0)

\ f
/'
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¢3/y Measurements

* CKM y can be measured directly with
negligible theoretical uncertainty.

Several time-independent modes:

B* - D®pt DO and D° decay to the same final state.

« GLW: CP eigenstates (D » KTK~ /n*n™).

« ADS: Cabibbo-favoured (CF) or Cabibbo-suppressed (CS) decays (D — K+ ™).

Vip = WVl e
. N

e
=
1
=
N
’.l
=
=1
=
o

s - ;
w-/ B N ¢
: <
b > ¢ > c §
Vey p)o K-
i i i i

* .. .DK
A(DWKE)~Ap(mE, m2) + Ap(m2, m2)ry Kellds "27)
BESIII '

@GSZ: multi-body D decays, study CP asymmetry over phase space (D — K}’HD

« Signal yields in each bin (i) related with CP observables
* Ni_ o8 (Fi + (xz + yf)F,i + 21/Fl-F,l~(C£-x_ + Siy—))
© N o (Fop+ (2 + yDF + 2y FF_i(cixy = 5iy4))

Fji: fractional yields of D in bin i

input from BESIII and CLEO-c.

¢i, s;: the cosine and sine of the strong
phase difference of D® — D° decay in bin i.

2
m

[GeV?/ct]

3.0 1

2.5 1

N

o

1.0 4

T T T T T
0.5 1.0 1.5 2.0 2.5 3.0
m2 :(;sz/(‘ ']

(=) -

bin number |

(¥ w 'S o

-
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¢3/y Measurements

« Several methods (GLW, ADS, BPGGSZ, BES Il PRD 112 (2025) 1, 012015
GLS) using different decays. £ ~ RED-EXP

» In the method with multi-body D decays, ; ~— BLUE - MODEL
D decay parameters (information on the 0.5F \
strong phase) are necessary inputs from o
CLEO-c, BESIII. “ OF |

 World average of measurements: _05-
3° precision hl: \
v Dominated by LHCDb. E Eiig _1;
— "o 0 05 1

HFLAV

f\\ * PDG 2025
\

1.0

1-CL

B! — D;K~ _
| S B BY — Dy Ktatn~
Jois \ 7] B+ — DK+
05 — 20 -+
0.6 1 ‘fg;- \ B3 Bt — DK

— +2.7
7= (66.4*21 )

(HFLAV)

Global fit by CKM fitter (2023)
R y=(652£15)° 22




Unitarity Triangle



Unitarity Triangle

* Precise measurement of the Unitarity Triangle — Test of the SM
v “Over-constrain” the triangle.

1.5

T T T[T T T T ] T 7 I\ | L LA L B
[ excluded area has CL > 0.9 | % 7

'
|
IIIIllllllllllllllllllllJ_Llll

sol. wloosao‘<0 -
(excl. at GL > 0.95) -

g 0.0 05 1.0 1.5 2.0
2023 P

« Combinations of many measurements by various experiments.
 Other triangles (hence parameters) exists.
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Future Plans

LHC schedule

2021 2022 2023 2024 2025 2026 2027 2028 2029
3J[FIMARM ] (A slolnD| 3] Fr/AM 3] 3[alslolN]of 3 [FM A 2 2 [a]sON[o{ 3 [FiM Al 3 2 [Als[oln[D] 3] FimalM 2 [ 2]l slof]o] 3] M AM 2] 1 [Als[CWD{ 3] FM[AlM] ) Jnﬁomm FIMAM 1] 3]al N o{ 3 [FM A 1 1 [Als[oN D)
Run3 Long Shutdown 3 (LS3)-
i » HL-LHC
2030 2031 2032 2033 2034 2035 2036 2037 2038
J[FMAM I3[ Als[om D] 2] FMiAIM 3] 2]AlS[o[Nof 3T FIM AIM 3] 3 [AlS OIN[D] 3 [Fim{AlM] | 3 [Als|o[NID] 3T FiMiAIM 3] 2[A s oD} 3 [FiMLAM] 3] 2 ]Als[CIN[D{ 3] FiM[AlM 2 2] AlS]oiN[D] 3| FIM[AM] 3 ]| Als OINB{ 3 [FlM AlM 212 [ASloIND)
LT [ [T
Run 4 LS4 Run 5 1
e : « 30-50 ab™! by 2040s
HCb upgrad
2039 2040 2041 7 ' ! ' i
J[FMAM]ASIEN D] [FMAM I [AlSoN |3 [FMAM [ [AlS oND) I Peak luminosity -
L] [ — ?Eg?::::;g:;sz' stop 6' [_ z/g’fmgr&de ;»t:gzcwpgrade //_: 60
y'ﬂTr{ e il [ Integrated luminosity  (defivered) / 7
Last update: November 24 3 e ¥/ OCS Uipgrade wio GCS upgrade ~
5_—— I intsz inLse 50

Peak luminosity [x10*°cm2s!]

=

=

&

(5]

=

Run 1 Run 2 Run 3 Run 4 Run 5 . _ E

=18 Projected by SuperKEKB/Belle 11 o A

t 14 —40 2

3 ] B

o 12 ]l o
o Fa i

= 10 __30 g

-‘E 8 _ =

.E 6 - =

£ —20 L

2 4 ] ©

~ [ 1 &

8 2 ! )

2010 2015 2020 2025 2030 2035 2040 - 8 - =

Year 0'; 1A lﬂ ﬂd ﬂ‘ . N

+ 50 fb™" by 2033 and > 300 fb~" by 2041 TN W
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Prospects for UT Constraints

Many exciting new experimental measurements with high statistics datasets

Precision improving as datasets grow
Novel techniques leveraging differential measurements and full angular dependence
Significant work ongoing on theory side as well!

Adapted from arXiv:2208.05403

Observable Current Belle 11 LHCh ATLAS CMS BESIII STCF
best 50ab! 250ab~! 50 fb1 300 bt 3ab~! 3ab™! 20fb~! (%) 1ab™! (%)

CKM tests and CP violation

o 5° [60] 0.6° 0.3°

sin 28(B° — J/y K9) 0.029 [61] 0.005 0.002 0.006 0.003

v 4° 62] 15 0.8° i 0.35° VR GAE T i e )

¢s(BS — J/p o) 32mrad [63] 10 mrad 4 mrad 4-9mrad 56 mrad

|Ves|(B® = w—£*v) 5% [64,65] 2% < 1% na na

Vsl /| Ve | (A = pp~ D) 6% [66] 2% 1%

Fo+|Vea|(DT — ptv) 2.6% [67] 1.4% na 1.0% 0.15%

Sep(BY = 7' KY) 0.08 [68, 69] 0.015 0.007 na na

Acp(B” = KJm7) 0.15 [68,70] 0.025 0.018 na na

Acp(Dt — w7 B G il | B Wl (Ve na na na na na

Az(D° — Kdntn™) 18 x 1072 [72] na na 41x107° 1.6x107°

Ar(D® - KYK~=,ntn™) 11 x 107> [73] na na g2 0 0

61: PRL 108 (2012) 171802
62: JHEP 12 (2021) 141
63: EPJC 79 (2019) 706

64: PRD 83 (2011) 032007
65: PRD 83 (2011) 071101
66: Nature Phys 11 (2015) 743

67: PRD 89 (2014) 051104
68: PRD 79 (2009) 052003
69: JHEP 10 (2014) 165

70: PRD 81 (2010) 011101
71: JHEP 06 (2021) 019
72: PRL 127 (2021) 111801



Summary and Conclusion

 Flavor physics experiments: search for NP with precise measurements.
v LHCb, ATLAS, CMS, Belle |I, BESIII.
v" Producing many new results.

* B — Kvv, R(D™) : tension from the SM prediction?

* Precision measurement of CKM matrix elements.

[PTEP (2019) 123C01]

* One order larger dataset in future. "R ! £ e
05 E—% sin 20, . : " ' Nosase —f

= :: 3 ‘Dz :

consistent " 3

T ? 0.7 | T 1 T , —r——

ey P ‘é 06 i ';

‘ i N = :: 0, ::

: ? ”

=,  inconsistent =& !
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CKM matrix is a 3x3 unitary matrix, elements represent the strength of flavor-

changing weak interactions.

d’ d Vud
Sl = VCKM S| where VCKM = VCd
b’ b Via

The Belle Il detector

Vertex detector (VXD)
Inner 2 layers: pixel detector (PXD)

Outer 4 layers: strip sensor (SVD) A
Vertex resolution : 15 um . \

\-Qz\ <
e ”Gew h

-
Central Drift Chamber (CDC)

Track efficiency ~ 99%

dEldx resolution : 5%

\ Pr resolution : 0.4 %

ElectroMagnetic Calorimeter (ECL)
Barrel: Csl(T1) + waveform sampling
Endcap: waveform sampling

\Energy resolution : 1.6 - 4%

Vus Vub
V;:s Vcb
Vts th

new pixel detector

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

Features:
‘ Highest luminosity (3.1%10%cm?s™) in

the world.
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Particle Identification

Barrel: Time-Of-Propagation
counters (TOP)

Forward: Aerogel RICH (ARICH)

Target:

Collect more than 50 ab™ data;
700 BB pairs/second
Currently:

428 fb—1 ata are collected.
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K , detector (KLM)

Om'er barrel: Resistive Plate
Counter (RPC)

Endcap/inner barrel: Scintillator
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Belle IT TDR: arXiv:1011.0352

>~ 75m
By =0.28

4

40 MHz readout
software trigger

\4

Upstream Tracker
silicon strips

new PMTs, readout
electronics, optics

ICH
R Muon chambers

readout electronics

Calorimeters
reduced PMT gain, new
electronics

SciFi Tracker
scintillating fibres
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more shielding, upgraded




« Luminosity (~intensity) is a key for the experiment.

Total integrated Weekly luminosity [fb™1]

v" Luminosity [cm=2s~'] = (event rate [s™"]) / (cross-section [cm™2])
v" Integrated luminosity = Luminosity X (operation time) : collected data size

Belle Il Online luminosity Exp: 7-37 - All runs

B e Lo ¢ Luminosity 5.1 X 1034 cm=2 s~

15.0 | —— [ reeaeqdt = SBBSLIIY i . achieved (Dec. 2024):

P N S A v World record (~ x2.5 of KEKB)
r 400 v Aiming one order higher.
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» 590 fb~! of data accumulated so far.
v" Similar to BaBar data set.

PP R U | | | E—— | T F 200 v Belle: 1 ab™’ (=1000 fb'1) in 11

S I | (NN W B | —— N | E— 100 years.

« Belle Il target: 50 ab™1
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S "« Run 2 started in 2024.
2019 2023 2025
< 2021 > > » 2025 operation started in November.
Run1 LS1T  Run2
AN

Long shutdown to fully install PXD detector
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nano beam Scheme: neW technology '2024/11/3 11/02 23:57:56 - 11/03 23:57:56, 2024 |ST

Cocar 2470 m siygoz HERbew 880 mA  no 2346 AJ/B 60 /1 mm
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An issue in SuperKEKB: Sudden Beam Loss (SBL) | ézkfh:?% wwwhw’é

« All the beam is lost within a few turns =i A AT WIS 1
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! | i'»m 1.569 % 10* w2 HER Dok 800 mA o 2346 Ac/B) 60 /1 mm

clday 346 3&4 b LER beat 1000 mA Mo 2346 A/B) 60 /1 mm

. | Beam loss from previous turn [mA] 1turn (=10 us)
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In few cases, damaged Belle II detector and
accelerator equipment (QCS quenches)
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* |t is turned out that most SBLs were caused from e—_—- x. “
some vacuum sealing materials in SuperKEKB. |l B i o W 3 3

2 05

— clean up was done in 2025. == 1 | [ [l »°
* The issue of SBL seems to be mostly solved !
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Combined fit to all LHCb measurements and charm mixing data
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Consistent with the CKMFitter prediction
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Prospects for y

2023 0.16 ————————

At present g, ~ 4° % [ | Broosz T cLwimpss LHCI;
0.14 ] N L] eLwiaps 300ftr .

2030 _ L s 20010
Belle 2 with 50 ab™ g, ~1 — 2° 0.12f B b -
LHCb Upgrade I (50 tb™) g, ~1° b B
2040 008 ]
LHCb Upgrade II (300 fb) 0, ~0.4° ]
0 0 a0 e 80100

To fully exploit precision improved measurements of strong
phases from Super Charm Tau Factory
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