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what do we mean by “physics™?

(in particle physics)
 Fundamental laws of particles and
interactions

— Standard model {quarks, leptons, bosons,
Higgs + 77

— coupling constants, interaction vertices,
(masses)...

» discovery: extraction of couplings, vertices, masses,...
through phenomena involving particles & interactions
— hadron/lepton/boson: production/scattering/decay ...
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what is produced in SuperKEKB?

Beys = 0.27
7.0 GeV e %ﬂ_ 4.0 GeV e

Vs = 10.579 GeV

e Eventratew=LXo

— Instantaneous Luminosity L, now = 5 x 103* cm=—2s~" @ SuperKEKB

— 0o cross section depends on process type | Unit: barn = 10-2* cm?
- nb = 1033 cm?

* e.g. lepton pair production at =10 GeV (QED) py*u-, T *t -
— eachtypeo=1nb>w=5x10%3x 1033 =50 Hz

el
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what is produced in SuperKEKB?

» quark pair production (QED) => hadron jets (QCD)
— o = 1 nb x (charge) g? x 3(color) x (1+QCD corrections)
e Uutd+s:o=2nb =>w=100 Hz
e c.co=13nb=>w=73Hz
uy
dd
s5
cC
— jet

ete” —

— continuum: ¢ « 1/s [s=(CME)?¢]

 bb quark pairs: =mass threshold; ¢ complex structure vs s
— resonances, phase space, hadronic effects

These appear as hadronic events (multiparticle, vs pair)
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what is produced in SuperKEKB? <>
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Uniqueness of ¥ (4S) for B meson studies

e Y(4S) — BTB~,B"B" (mostly)
— B*+B% o6=1nb=2>w=50Hz
- events/year = 50 Hz x 3 x 10’sec x efficiency (=0.6) = 10°
(1 Belle dataset; SuperKEKB aiming for 5X over 10 yrs)

» exclusive B pairs (no additional particles) =>
— clean events

— kinematic constraints
e in CMS

3 / pc~0.33 GeV non-relativistic
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Features of SuperKEKB/Belle |l data

» e*e~: event cleanliness, high luminosity
— 0O(10°) events/year (each,several types) .. and rising!

» of high current interest
— B mesons
— charm hadrons
— T pairs
— {bb} resonances
— missing energy (dark matter) in the above events
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How do B’s decay? some basics =

» B meson: {bq} where qis uord
— pseudoscalar; S=0, L=0
— “stable” = b-quark decays by weak force to lighter quarks

Strange

— rate of transitions depend on weak couplings, phase space

K. Kinoshita, 2025 US Belle Il Summer Workshop 8




weak flavor couplings of quarks

fermion flavors are mediated by W=, Z°

» |eptons: ~universal weak coupling gg, no generation x-ing
e . ____ N F; _____ ST <«—> seen

W= "charged current" 4
l <---> not seen

Vg > Vlj “““ >V,
Z0 "neutral current"

K. Kinoshita, 2025 US Belle Il Summer Workshop




weak flavor couplings of quarks

fermion flavors are mediated by W=, Z°

» |eptons: ~universal weak coupling gg, no generation x-ing
e . ____ N F; _____ ST <«—> seen

W= "charged current" 4
l <---> not seen

Vg > Vlj “““ >V,
Z9 "neutral current"
» quarks:

— generations conserved in neutral but not charged current

|
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weak flavor couplings of quarks

fermion flavors are mediated by W=, Z°

» |eptons: ~universal weak coupling gg, no generation x-ing
e . ____ N F; _____ ST <«—> seen

W= "charged current" 4
l <---> not seen

Vg > Vlj “““ >V,
Z9 "neutral current"
» quarks:

— generations conserved in neutral but not charged current

Ue-->Co ., t
g = = <> seen
I n e( 6_9 8 n*// *1) <«<—> suppressed

d...._. S > <---> not seen
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GIM (Glashow-lliopoulos-Maiani) picture:

“‘weak eigenstates” # mass eigenstates {d, s, b}
-> linear transformation between 2 bases: matrix

fd'\
Sl
\b'J

|

— Cabibbo-Kobayashi- complex)

Maskawa (CKM)  preserves metric} = unitary
matrix " orthogonality |

in this picture, the charged-current couplings look universal:

u

9 X ¢

t

d!

1

0
0

s!

0
1
0

b!
generation conservation

0 « suppression of FCNC
0 « multiplicity of charged couplings
1 « CP violation for 23 generations
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A mini-History of flavor physics

— discovery of T (1975) = M. Perl

— Y (1977) v~

— CP violation in B decay (Belle, Babar 2002)
=> M. Kobayashi, T. Maskawa £ .

Unitarity of CKM is central to the 3-generation Standard Model
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How does CP violation show up?

Vud Vus Vub
chd Vcs Vcb —
Via Vis Vi
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How does CP violation show up?

« CKM: 3x3, complex = 9 real + 9 imaginary parameters
— unitarity constraints = 3 real + 1 irreducibly complex parameters

d S b
_ — = 2 . -
Vud Vus Vub U - )\7 )\ )\314()0 - 277)
chd Vcs Vcb = C —\ — %2 )\214
Ve Vi V] ot NA(L-p—in) N4 1 _

Wolfenstein parametrization (unitary to O(4%))
unitarity condition E ‘/Zk‘/:/;l;{ — 5z’j
k
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. D
Focus on generations 1 & 3

* Applying the unitarity condition Z VieViy, = 0i;
k

« fori=1, =3
VudVJb -+ Vchg’g + V;gd‘/;g = (

d S b
ul 1—%2 A NAlp—in)
C ~\ - %2 M A
tL MA(L-p—in) -)N°A 1 ]

=N Al(p+in) — 1+ (1~ p— in)]

3 terms form a “Unitarity triangle” in the p-n complex plane
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Unitarity Triangle

=N Al(p+in) — 1+ (1~ p— in)]

3 terms form a “Unitarity triangle” in the p-n complex plane
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return to B decay

Strange Bottom

Allowed direct coﬂgs are
b— c W- b— u W

bFIF:WC b»f;
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dominant path: spectator

Example: semileptonic

/-

W“;I<<

Uy

(b > > C
B

d < d
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dominant path: spectator

Example: semileptonic

- A

W;{< . W ;{< _

| b » CE» Vce | b —» uV,jﬁ I:j
B B

d < d | d < d

rate (partial width) depends on
* |Vij |2
* hadronic final states (phase space, wavefunctions)

K. Kinoshita, 2025 US Belle Il Summer Workshop 20




dominant path: spectator

Example: semileptonic

/-
"
* VE

( cb
h »Eo0—>» C
FOJ R .04 B
d < d

“CKM-favored”

rate (partial width) depends on

Vi P

/-

W= _

( Viy

b »C—o0—» U
~ 0.004

d—<—4d

“CKM-suppressed”

* hadronic final states (phase space, wavefunctions)
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Measured & theoretical rates = Vii <&
precision is limited by pesky hadronic uncertainties
K_
W= _
y ot
0 b > €1 meson (e.g., D, DY);
B _ F multihadron (DO+Tr(Tr): DK,
\ d < d J bhard to model, measure

rate (partial width) depends on
|2

° |Vij
» @Qadronic final states (phase space, wavefunctions
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V. strategy

Measure in multiple ways, iterate
¢— W development of models until
they converge

W= _
* I/e
bh—» cb> -
—o0, ~ « mesons separately (exclusive)
B P < i all together (inclusive)

rate (partial width) depends on
|2

° |Vij
» @Qadronic final states (phase space, wavefunctions
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Meson-antimeson mixing e
7 44 < ] | | h —<—= <« |
RO u-type o ‘B° B W gu_typeﬁ W fEO
d s b d > >— b

 largest contribution where internal quarks are t

* decay with time oscillation
— observable in Belle Il due to moving CMS

Bems = 0.27 A
7.0 GeV e mir 4.0 GeV e*
ev e < ev e

B

each B travels <Bycr>=130 ym before decaying
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Time-dependent CP violation

 single final state accessible w/wo mixing
.+ first measured mode B° — J/Y K

identical hadronic processes — same |Amplitude|, no hadronic uncertainty

/\E

*2 2 *
oC th th Vcchs

difference
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Time-dependent CP violation

 single final state accessible w/wo mixing
.+ first measured mode B° — J/Y K

identical hadronic processes — same |Amplitude|, no hadronic uncertainty

/\E
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Time-dependent CP violation

 single final state accessible w/wo mixing
.+ first measured mode B° — J/Y K

identical hadronic processes — same |Amplitude|, no hadronic uncertainty

/\E
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* vyields sin 2¢, with smallest theory uncertainty
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Similar (but different) paths to sin2¢,

.- Example RBY _ ¢KO

“penguin” (real V;) o<V Vs mixing+penguin oththS*

b W s d & b W
- (] & 11 GLe
£ L g
d » Kg Ky, b it i_d R S KoKy
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Similar (but different) paths to sin2¢,

« Example BO — ¢KO

“penguin” (real V;) o<V Vs mixing+penguin oththS*

b W s d & b W 5
- (] & 11 GLe
£ L g

d » Kg Ky, b it i_d R S KoKy

larger theoretical uncertainties: why bother measuring this?
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Similar (but different) paths to sin2¢,

.- Example RBY _ ¢KO

“penguin” (real V;) o<V Vs mixing+penguin oththS*

b W s d & b W 5
- (] & 11 GLe
£ L g

d » Kg Ky, b it i_d R S KoKy

larger theoretical uncertainties: why bother measuring this?

« adifferent “sin 2¢,” could indicate New Physics
« different paths compared for consistency (or not) w Standard Model
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CKM tests

1=
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“best” evaluation of (p,n) ... assuming no New Physics
New Physics may appear as inconsistency or poor fit
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Looking forward: improve statistics & resolution...
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... and hope for fun surprises! &




Summary

» Belle ll/SuperKEKB: e*e~ at =10 GeV

» Core: precision to test CKM unitarity, probe beyond
Standard Model at high mass scales in

— B mesons
— charm hadrons
— 1 leptons

* More to come this week: enjoy!
— plenary

« semileptonic decays, CP violation, t, dark matter
— many ECR talks!
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<o

Belle IT

* backup
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Belle Il: rich Physics program (not only NP) <5
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