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Scientific context

- The Standard Model of particle physics:

- Quantum relativistic theory based on observation

- Very precise description of elementary particles and their interactions

> Several observations show that the SM is only an effective theory
valid up to an unknown energy scale above ~1 TeV

- Search for new physics beyond the SM:

- Directly produce new unknown particles: with ultra-high energy
at LHC hadronic collider

- Be sensitive to the quantum manifestation of new, unknown particles:
with ultra-high precision

> Precision measurements in B-meson decays
in the Belle Il experiment at SuperKEKB
delivering ete- collision with world-record luminosity
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Time-dependent CP asymmetry

~ Photon polarisation in b = sy quark transitions:

- Photon nearly 100% polarised due to left-only coupling between W* and fermions

- The time-dependent CP asymmetry of b = sy processes is ~0
due to the polarisation of the photon in the SM

> Time-dependent CP asymmetry # 0 means new physics beyond the SM

b

O\

New symmetries?
New particles?

~ CP violation in the interference between mixing and decay:

F(?O(At) — fep) — T(BY(At) — fep)

Acp(Af) = I(BY(At) = fep) + L(BY(At) = fep)

= Sep sin(AmAt) — Cep cos(AmAt)

BO = (b d)
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The B —= K1mtmmy decay

0.87Th <r<1 Belle 11 f Ldt =365b !

i Data
30 * . —_
—  Full fit

-=-= B, fit BO BO

- Measurement of time-dependent CP asymmetry of BO = KOs 11+ 11- v
* Published in JHEP 01 (2026) 134 by the Belle2-IPHC group
- Effective Scp = —0.29 £ 0.11 £ 0.05: world best precision

10|

BO = (b d)
KOs = (s d)

Candidates / (1 ps)

- Null test of the standard model

Asyvmmetry
n
I
I
I
I

- Many possible paths: B = Kies y = KTt 1Y decay —

- Mix of CP and non-CP intermediate Kres y CP-states

« Only contribution of pure intermediate Kres Y CP-states
must be used to constrain new physics oo

- Quantum interference of all possible intermediate amplitudes o

+

Y «— Bt — K

r

0

A

at/K*
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https://arxiv.org/pdf/2510.01331

Dilution factor

- Non-CP intermediate modes dilute the CP-asymmetry: J" Decay Mode
K,1(1270)" — K*(892)%xn*
S DS K,(1270)* — K+ p(770)°
B—oKnry — CP 1+ | K1(1270)t — Kt w(782)°
measured (?ci;%iigp pggren_gtper K,(1270)t — K*(1430)°x*
K,(1400)t — K*(892)°nt
K1(1400)" — Kt p(770)"
. 2 [ A*(po, p1,p2) A(p1,po, p2) d® _ | K2(410)* — K*p(770)"
with: D = > 5 1= | K*(1410)" — K*(892)°n ™
f(|A(pO7p17p2)| - ‘A(plap()apZ)‘ )d(I) K*(1680) —)K*(892)0 -
K*(1680)t — KT p(770)°
and: A(p(), D1, pg) is the complex amplitude of B— KOs(p2) m+(po) T (p1) v K§(1430) i K*(892)0 i
2t | K3(1430)t — K1 p(770)°
K3(1430)" - K" w (782)°
* 0+
- Amplitude analysis needed to disentangle all Kres contributions . Iézgzgi : §+(8€727)0)
- Because many states & quantum interference K>(1770)" — K3(1430)n ™"
- Use isospin partner mode B+ = K+es ¥ = K+ 11+ T1- Y: more statistics K»(1770)" — K™ f5(1270)°
(Pure-CP KOs modes in red)
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Amplitude analysis strategy

>~ Development of an event generator

- Only few Kres decays originally encoded in the usual EVIGEN event generator

- Generate quantum interference between all states: based on AMPGEN

ntries

» Event simulation

- Implementation in Belle Il analysis framework,
with detector simulation based on GEANT-4

- Selection and reconstruction of B+ = K+es Y = K+ 11t 11" ¥ decays

- Part of another PhD thesis work, by Mattéo Maushart from IPHC Strasbourg

1.0

0.3

0.6

0.4

0.0

< 10"

-

| |:| W/o interference
: |:| W/ interference

3.0

- Develo

0 the fit model

- Blindeo

analysis strategy:

~ Fit to Belle Il data with an unbinned maximum-likelihood method

- Statistical studies with Toy Monte-Carlo & bootstrap methods
- Dilution factor in data not disclosed before analysis review by the collaboration
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https://evtgen.hepforge.org/doc/
http://www.apple.com/uk

Event selection and reconstruction

Belle II simulation [ £dt=1429.226 b
_ _ 1250 [ [ Sienal ;'\I(‘ ot
- Reconstruction and selection of B+ = K+ ri+ 11~y decays O rreswaged MG M
] ] ] ] [ §  sWeighted MC
- Based on a series of sequential criteria and on neural networks e |
- _
- Bias control channel, bootstrap methods and toy Monte-Carlo =
IS
S
>~ Production of background-free distributions:
- Based on sPlot unfolding statistical method
° Dlscrlmlnatlng Varlable: _ Belle II simulation | £dt=1429.226fb ' 5
[ —— Signal e -
s 125():— Background '?J () e eeaar-a- e -apan Py —Tran - pavelie e e . R _ e vee
+,-,— [ —— Model
AFE = PB Pete - 1000;— { Data = Rk 1 R ! 1
2 Vs 5 50| 1.0 1.2 1.4 1.6
S L Mkrr, (GeV/c?)
25()/
()—111111111111111111111,111111 (©M.MaUShart)
IR T F YN T S R |
O_‘ ;lllll...ll...lll..I.ll.l....
_;)(_).2(_) —0.15 —-0.10 —0.05 0.00 0.05 0.10
AE (GeV)
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https://arxiv.org/pdf/physics/0402083

Amplitude model of B+ = K+ 11+ 11- y decays

‘) Kinematics in
. . . . . . L Kres rest frame
>~ Decay described with 5 kinematic variables in Kres rest frame: =
A2
dl' = ‘ ‘ dd
ZmB

With Lorentz invariant phase space factor: d® = f(mMimm, Mkr, M, COSH, 1)

~ The total decay amplitude is a coherent sum

of each individual amplitude i:
A(P) =) (a; +ib;) Ai(P)
y o
AN
With A(P) — SB . BLB TKR SKR BLKRes . TX . SX . BLX . —— B+ e K;;S/ =
BO decay Kres decay X decay N\ o

Angular momentum factors S;
- Barrier factors B; E

——

- Lineshapes T
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Pull
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Fit
K,(1270)* — K*(892)°7+
K,(1270) — K*(892)°x+
K,(1270)" — p(770)° K~
K(1270)" — p(770)° K~ [ D]
K(1270)7 — w(782)° K+
K(1270) — K (1430)°7~
Ky(1400)* — K*(892)7+

(

(

(

K(1270)7 — K*(892)7+ ]

K{(1400)* — p(770)° K+
K1(1400)" — p(770)° K~ [D]

K*(1410)* — K*(892)'x+
K*(1410)* — p(770)" K+
K*(1680)* — K*(892)7~
K*(1680)* — p(770)"' K+
K;(1430)* — K*(892)"x*
K;(1430)* — w(782)' K+
K;(1430)F — p(770)' K+
K,(1770)* — p(T70)° K+
Ky(1770)F — K*(892)'7~
)

K,(1770)t — f,(1270)K+
K,(1270)* — K3(1430)°7+

Phase Space

. Fit on signal with fit PDF :

including all possible

' Nfree parameters = 4V

’ Neyents = 5000

‘e y*/dof (mass, 3D) = 0.965

. 2%/ dof (cos 8) = 0.982

o Aldof ($,)=0779

(Taken from Sahil Saha PhD mid-term defence on 16 June 2026: https://indico.in2p3.fr/event/40141/ )




Fit robustness checks

Distribution of pull_a_10 Distribution of pull_b_10
1= -0.099, 0 = 1,011 -0.050, 0 = 1068 Distribution of pull_a_1 Distribution of pull_b_1
1 =-0.073, 0 = 0.941 11 = 0.056, 0 = 0.998
— Fitted (1=-0.10, 0=1.01} 0.40 — — Fitted (=-0.05, 0=1.07)

— Fited (4=0.07, 9=094) — fitted (4=0.06, 0=1.00)
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- Statistical studies with Toy Monte-Carlo & bootstrap methods Tk T @ d M
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Test fit biases, fit stability, and fit statistical sensitivity I T e e

1=01410 1 =0.018, 0 = 0.

— Fitted (4=0.14, 0=1.04)

b_3
W =-0.009, 0 = 1.007 W=0.061, 0 = 0.840
— Ftted (u=0.02, 9-097)

Ai — Fited (4=-0.01, 0=1.01) — — Fitted (p=0.06, a=0.89)

Distribution of pull_a_13 Distribution of pull_b_13 X
M = 0.040, 0 = 0.951 -0.034, 0 = 0.993 e 14 Ii\s:\bultl:g owfsulu b 4
— Fitted (1=0.04, 0=0.95) 0.40 _7- — Fitted (4=0.03, 0=0.99) 040 — fitted (4=0.07, 0-0.99) 040 N — — fitted (4=-0.14, 0=1.05)
0.4 035
. 0.35 0.35 o
030
> 03 025 0.30 0.30 —
z g" 2025 2025
802 802 G020 5020
015 e e
N 0.15 0.15
01 0.10 010 10
0.05 0.05 0.05
0.0+ 0.00
0.00 ~ 0.00
-4 -2 o 4 -4 -2 o 4
Value Value -4 -2 0 2 4 -2 -2 0 2 4

Value Value

[ ] [] [ ] [ ] ]
Distribution of pull_a_14 Distribution of pull_b_14 Distribution of pull_a 5 Distribution of pull_b_5
u =0.051, o = 0.998 -0.074, 0 = 1.016 1 =0.021, 0 = 0.966 1 =0.053, 0 = 1.015
— Fited (4=005, 0-1.00) / T Fitted (4=0.07, 0-1.02) — Fitted (1=0.02, 0=0.97) (! = Fitted (u=0.05, 0=1.02)

4 N

Ak

Start the fit on data with the largest amplitude model L j -
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If the fit is not SatiSfaCtOry: Dilution Factor Pulls

N=101, p=0.081, 0=1.055

>,U3
H
So2
0.1
0.0+ 0.0
-2 -4 -2 2 2 a

] ]
0 0 [ : 0
O 4 0 . \ F' tte d Value Value Value Value
Distribution of pull_a_16 Distribution of pull_b_16 Distribution of pull_a_7 Distribution of pull_b_7
1 = -0.106, 0 = 0.906 1 =0.0350=0971 U =0.050, 0 = 0.924 1 = -0.066, 0 = 0.952

= = Standard Normal — o] o &N = N

035 \
0.35
- > 2025
£o3 z [
L L] [ ] [ ] g go20
0.2 0.15
[ ] 010
01
0.30
* 0.0 0.00 '
0 -4 -2 0 2 4 -4 -2 0 2 4
Value Value Value Value
Distribution of pull_a_17 Distribution of pull_b_17 Distribution of pull_a_8 Distribution of pull_b_8
U = -0.060, 0 = 1,041 -0.030, 0 = 1.003 1 = -0.044, 0 = 0.985 013, 0 = 1.085
— Fitted (4=0.06, 0=1.00) — — Fited (4=0.03, 0-100) — Fited (4=0.04, 9=0.98) — — fitted (u=-0.01, 0=1.05)

/ — 0.40

(work ongoing): 025

035 %
> 030
- - a
g 8020
[ [ [ [l [ [ v ° S
< 0.20 e
w b 010
o w
, , 0.00 |
A = o 2 4 2 4
Value \alue Value Value
Distribution of pull_a_18 Distribution of pull_b_18 Distribution of pull_a_9 Distribution of pull_b_9
. . 104, 0 = 1012 u= = 1.050 = -0.058, 0 = 0.859 W =-0.012, 0 = 1.007
— Fited (=010, 0-101) / — s amion| — Fried (=006, 0-080) | 040 7} — fited (4001, 9-101)
— 035
] 04 030
025
2z Zo3 2
0.10 : i fow
8 8 8
02 015
010
01
005
00 000
4 = o 2 2 -4 0 4 - -2 o 2 3
. Value Value Value Value
Distribution of pull_a_19 Distribution of pull_b_19 Distribution of pull_a_10 Distribution of pull_b_10
11 =0.230, 0 = 0.970 =-0.001, 0 = 1026
— Fitea (4=023.0=087) — — Frted (4=0.00,0-1031

/T

0.00

4 -2 0 2 4 true - estimated

Pull Value

Pull = -
P uncertainty

0
Value

Isabelle Ripp-Baudot, IPHC Strasbourg QMat Scientific Day -17 June 2026



Status & prospects QMa

ND NANOMATERIALS

> First full amplitude analysis of B = K11y decays

- QMat PhD thesis grant enabled Sahil Saha to develop the full amplitude model
- Had been tried for a long time by concurrent experiment at CERN, LHCb

- Several outputs expected: first measurements of kaonic branching ratios,
B— Kty CP dilution factor enabling to constrain new physics beyond the SM

>~ Presentation by Sahil Saha at the international conference Les Rencontres de Moriond Electroweak.

Proceeding will be published shortly: arXiv: 2604.26315 [hep-ex] (2026).

~ Next steps:

- Study systematic uncertainties
- Write the Belle Il internal note and undergo the Belle Il internal analysis review

- Perform the analysis on data

> Target to publish by the end of 2027
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https://arxiv.org/pdf/2604.26315

Additional mate



» Statistics:

- Integrated luminosity
« Production cross-section

>~ Hadron species:

also Bs9, baryons

Detector acceptance
Trigger efficiency

> Flavour tagging:
Hadron or anti-hadron

Reconstruction efficiency

¥
Agpl(t ) ) = fcp) — N(B°(t) — fop)
or N(BO( ) = for) + N(BO(t) — fop)
\\

>~ B, D and t reconstruction:

- Particle identification, K/t separation

 Neutrals: y, 0, n, VO, ...

« Hermiticity for v

- S/N (physics, combinatorial,
pile-up, beam background)

> Time-dependent analysis:

- Vertex resolution

Boost

At
Acp  Perfect reconstruction

Impact of wrong tagging
.Acp or
of finite spatial resolution

. D
> Current main actors are (&) and %

Belle II




Belle Il Online luminosity

Exp: 7-42 - All runs

N

= = N
o wn o
1 1

(92
1

Total integrated Weekly luminosity [fb~!]

Integrated luminosity

B Recorded Weekly
..} Caosorendti= 80T ST ks

[_

|

Peak luminosity
w/ QCS upgrade

Integrated luminosity
w/ QCS upgrade

w/o QCS upgrade
in LS2

(delivered)

w/o QCS upgrade
in LS2

Peak luminosity [x10 cm2s]

Total integrated luminosity [fb~1]

M al i | I —
Jan 2024

Projected by SuperKEKB/Belle 11

L.

- - -
- - e e e e e e e e e -

“Jan 2029  Jan 2034  Jan 2039

...............................

----------------------

Integrated luminosity (delivered) [ab™]




o
=
=
—
Q
7
o
QL
QL
—
[y

Entanglement




at SuperKEKB

- SuperKEKB collider:
- ete- collisions mainly at Y(4S) with 4/s=10.58 GeV:
- Production of cc, t+t, B+B-, BOBO , Occ ~ Ow~ Obb ~ 1 nb
. World record instantaneous luminosity: 5.2x1034 cm=2 s

- Asymmetric collisions: B flight distance ~130 um

- Nano beam transverse size

| =KL and muon
- Belle Il detector: M calorim it S detector
- Good reconstruction of K9, y, 110, missing energy \\\\z}
- . . . WA Particle
- BB entanglement: flavour tagging efficiency ~ 38% I htification
© 803 fb1 collected o | ortex :
(on May 11th, 2026) "~ Signal mode Bce side e \ Yo P
g " Boost \ i ; .‘
: direction
Central Drift
Chamber
Brag side
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~ Model-independent approach: Effective Field Theory.

 Operator Product Expansion.
- Unknown field content of NP, but invariance and symmetry principles.

- B-physics: decouple heavy particles >> my.

» Multi-scale: mnp >> My w,ztop >> Mo,
* OPE restricted to dim-6.

10

—2E ViV, > (CLwO + WO ) e

- Long distance operators (’)§ )
Hadronic matrix elements still needed: main uncertainty.

- Short distance Wilson coefficients C,L-( ) C; = CZ-S M NP

known what we want
to determine

- Hepp =

left currents right currents

Cn
Letr = Lsm + Z Ad—d O

NP scale

e

BO— K*FFinSM

B — KFFin EFT
/




