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e SuperKEKB and Belle Il detector
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B-Fa ctoryldea B

Asymmetric collidere™e™, E,. = m(Y(4S)) = 10.58 GeV

= coherent BB pairs

Boost of center-of-mass (f/y = 0.28)= measure of Az

High luminosity = precision measurements

Hermetic detector, high precision in vertexing = closed
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_ N /

Y (4S)=<bb»

) 7/ 2
Iy sy = 10.58 Gel / C

. _ —19
T ~ 1.5 x 10 l“S
mp ~ 5.279 GeV/¢?

25
- Y(1S)
[}
—20[ e
Rk 0
£, R « C
— L 0 = N
» [ ! = 0
S 150 | ! =
O B T
3 | m
L [t Y(2S) :
T 10} P .
3 - |' ," ‘ /.‘ E
O 5_ " ‘,‘ y'o ‘\‘o " x :Y(4S)
! ¢ 7oy :
: t te :’ ‘.3:' :‘ e Neret . -
ol Qi (R YO Y
9.44 9.46 1())0 1002 1034 1037’ 10.54 10.62

e* e Center-of-Mass Energy [GeV]

ete” —  Cross section [nb]

Y(45) 1.05 + 0.10
cC 1.30
S8 0.38
UY 1.61
dd 0.40
777 () 0.919
prp () 1.148
ete () 300 £ 3
3



SuperKEKB Belle ll

. ilIJEj:(CEJSSOF of KEKB (1999-2010, | Blectromagmeticl
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[Belle Il Technical Design Report, arXiv:1011.0352)]

Nano-beam scheme:
250 um (Z) X 10 um (X) X SOnm (YY) 4


https://arxiv.org/abs/1011.0352

SuperKEKB

* Successor of KEKB (1999-2010,
KEK, Japan)

=l a— —— —1 1

Current Status

e complete detector data taking
started in 2019

e Current peak luminosity

4.7 - 10°* ecm—2s! (reached the
22/06/2022)

| e current integrated luminosity:
~ 424 th~! (~Babar~0.5 Belle)

 Long Shutdown 1 (LS1) is starting
] now for several upgrades (beam pipe,
pixel,IOP PMT)
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https://arxiv.org/abs/1011.0352

e Motivation:

- charm physics = low-energy QCD (nonperturbative/higher order correction) = effective

models uncertainties

- measurement of lifetimes tests these model

e Opportunity:

- 0.z =~ op; = high statistics

- B-Factory environment allow absolute (un-biased
selection) lifetime measurements

- SuperKEKB small interaction region and Belle Il
vertex detector provide strong constraints and

improved resolutions

- current sample is not sufficient for charm CPV
measurements, but can produce world best lifetime
measurements (constraints for the future)

107} "\, Bellell
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Belle ™ ¢ D° - Kx
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[Phys. Rev. Lett. 127 (2021) 211801]}

: [arX/v.2_206. 15227v1]
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Next steps:
e Additional lifetime measurements are coming

e Bellellis starting to enter in the charm mixing/CPV phase V4


https://doi.org/10.1103/PhysRevLett.127.211801
https://arxiv.org/abs/2206.15227

CKM Ma trlxele ments

Unitarity triangle = Powerful test of the SM

V . required for rare decays prediction = NP searches .

q49
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html
http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html

In channels with missing energy = use of the the Rest of
the Event (ROE) information:

1. Reconstruction of one B (B,. ) using well-known

tag
channels

2. Using the Y (4S) constraint, infer the information on
the second B (B....): Fflavour, charge and kinematic
constraints

sig)

e Hadronic tagging: lower efficiency, but full tag
reconstruction

 Semileptonic Tagging: higher efficiency, but lower
purity

* Inclusive Tagging: signal reconstruction first, and then
use of the ROE to add information to the signal

Tag
B reco

Full Event Interpretation (FEI)

|
'« MVA based B-tagging algorithm

0©(10%) decay chains

o &.a=05%, e ~2%

Tracks Displaced Vertices Neutral Clusters

‘e+][u+’[K+ W+} KO -
I/ 71'0
Kg
D’ D' D,
[D*O D** D;"j
[T. Keck et al, Comput Softw Big Sci 3, 6 (2019)] [ B0 g+ ] | 9



https://doi.org/10.1007/s41781-019-0021-8

e Motivatio

n.

- Heavy Quark Expansion (HQE) = extract | V_,| from FB—>XCfu

- Reparametrization invariance to reduce 13 — 8 matrix elements (up to llmg)

- Required the spectral moments of g° = (p, + p,)* = (p,, — pXC)2 [arXiv:1812.07472]

» Hadronic B-tagging, X_as ROE of B,

Z W; (QZ)QCal i
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https://arxiv.org/abs/1812.07472
https://arxiv.org/abs/2205.10274
https://arxiv.org/abs/2205.06372

CKM Matrix: excluswel b | and |V |

[BELLEZ TALK—

——— s ————— SE— Ty > CONF-2022-032)]
B — D*fl/ | | .
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newF(D) |V, | = (3.54+£0.4)- 1073, p2=0.94+0.21
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https://doi.org/10.1016/S0550-3213(98)00350-2
https://doi.org/10.1103/PhysRevD.92.014024
https://doi.org/10.1103/PhysRevD.79.013008
https://docs.belle2.org/record/2959?ln=en
https://docs.belle2.org/record/2959?ln=en
https://arxiv.org/abs/2206.08102

Violation: B

e
—— e ——

Motivation:

access direct CP violation (A, between BT — p’p*

and B~ — pop_ in the interference between tree and

penguins)
- measurement o angle (time dependent CPV)
Reconstruction: p( = ztz7)pT( - 77"
Bkg: ee — gqg suppressed with BDT

Fit: 6D Fit (AE, bkg sup., m_, o, m_.__, th(ffdty)

g Mg

Results: similar to luminosity-scaled Belle result

| -

- B(B

Candidates per 15 MeV

Normalized
Residuals

1 [arXiv:2206.12362]
(0,0 (1,0) T
160 Belle Il (preliminary)
140 :— j L dt=189.25fb"
120 | +
100 |
80 - - E;ttgl it
o ol e
&; BB bkg
40 -
2% o R — :Bj)g;tn !
20 L T Contihuum

Libornas
i BE ]

o pte”) = [23

fu = 0.9431 0032 (stat) + 0.027(syst),

2t

(stat) & 2.7(syst)] x 107°, |

QW )
el A

Acp = —0.069 -

- 0.068(stat) £ 0.039(syst).

12



https://arxiv.org/abs/2206.12362
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https://doi.org/10.1007/JHEP02(2022)063
https://doi.org/10.1007/JHEP02(2022)063
https://doi.org/10.1007/JHEP02(2022)063

TDCPV: B lifetime and mixing freq uency”

[BELLEZ- TALK—CONF—2022 03 1ﬂ

» Motivations: Arand Am are central ingredients for TDCPV
analysis

e Reconstruction:

ng reconstruction in specific Dz t/K* modes

- B

tag F€CONstruction from the Rest OF the Event tracks

- Flavour tagging = Same Flavour / Opposite Flavour categories

 Bkg: ee = qg, BB suppressed with AE+BDT

e Fit: At using a model including wrong-tagging and vertex
resolution effects

 Results: Not competitive, but syst. reduced compared to Belle

= =

wa. 1.510 + 0.004 ps
‘w.a. 0.50665 + 0.0019 ps~'

T30 = 1.499 % 0.013 (stat) = 0.008 (syst) ps
Amy = 0.516 + 0008 (stat) = 0.005 (syst) ps~'

» Next steps: add semileptonic, sin 2/, increase statistic
(Belle measurement is only 150 Fb~!, but included semileptonic)
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https://docs.belle2.org/record/2958?ln=en

Reconstruction: Kg —>ntnT,

4D ML fitto AE, M, , C!

TDCPV: BY

e Motivation:

- Knm-puzzle: Ikr = Axtr + Agor+

Current measured value I, = — 0.11 £ 0.13, main unc. from A oo /phus.ete 8627 (2005) 82-887

0

At

our’

- Suppressed in SM (b — sdd loop)

- CPV direct (Ap) or in mixing (S.-p), SM predict A-p =~ 0, S-p =
B(K*n%) 1go

B(Kn*) 7go

B(K+7T_) TR+ N 2AK’+WO

Results: equivalent of fFull Belle precision

B(K+ﬂ'_) T+ \

‘} - Observable

Fitted value

sin 23

— yy + use of Kg vertex + flavour tag

WA[1] value

Z(B° — K'70) x 1070
Acp

11.0 £ 1.2(stat) 4 1.0(syst)
—0.4179:35(stat) £ 0.09(syst)

9.9+ 0.5
—0.01 £0.10

Next steps:

- perform a full TDCPV analysis:
(Scp, Am kept fixed in current fit)

- In the same fashion B! — Kgﬂo}’ analysis: currently only BR, but TDCPV with more statistics

[more details in the backup]

oAU/ 0

P(At) =

47’Bo

114+ g{Acp cos(Amy At) + Scp sin(AmyAt) }]

50

40

30

20

Candidates per 0.015 GeV

10

[arXiv:2206.07453]
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0.00
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rojected uncertainty without Belle 11
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https://doi.org/10.1016/j.physletb.2005.09.014
https://arxiv.org/abs/2206.07453

b — s transitions are FCNC =SM suppressed (forbidden at tree level) =
sensitive to NP

SM BR @(10_5 — 10_7) with 10-30% uncertainty, but ratios, asymmetries,
angular distributions can be used

Opportunity to test LFU and LFV (eg. Ry, B = K£'¢')
- NB: Belle Il has similar (and good) performance both in electron and muons

Most of the channels in Belle Il will become competitive with few ab—!, now
Belle Il is statistically limited

Several unique opportunities in Belle Il (radiative, multiple neutrinos)

16



First step towards Ry (currently 2-3o discrepancy with SM)

Bkg: BDT (for ee — qg, BB...) + veto on M(J/y, w(2S) — %)

2D Fit to M. X AE distribution

Results statistically limited:

Entries / [0.0033 GeV/c?]
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Belle II (Preliminary)
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B(B — K*ete™) = (1.42 £ 0.48 £ 0.09) x 107,
B(B— K*"(") = (1.25£0.

— K*C

+
b < <«— 5

B

K

" w.a. (1119 £ 0.20) X 10°¢

> d

~ (1.06 £ 0.09) X106 |

!‘

(1.05 + 0.10) X 1076 |

Belle IT (Preliminary)
dt =189 fb™"

—— Signal

== Background
== Total

Entries / [0.0078 GeV]
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https://arxiv.org/abs/2206.05946

Rare B decays: Bt - K*vi

e Unique opportunity in Belle Il

» Reconstruction: inclusive tagging, K™ = highest p; track, ROE
information, validated with BT — J/y( —» uu)K™

e Bkg: 2 BDT in cascade to exploit the event information and

suppress the bkg

» Results:

- No signal observed = Upper limit

- signal strenght compatible with SM prediction at 1o or bkg-

only at 1.30

- Inclusive tagging (¢ = 4.3 % )= x3.5 better of hadronic tag,
20% better of SL tag

 Next steps: results with the new sample (190 fb_l) and extra
channels (K*, K) are coming

[Phys.Rev.Lett. 127 (2021) 18, 181802)]
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http://10.1103/PhysRevLett.127.181802

Dark sector: gsstrahlung

S [arxiv:2207.00509]

e Opportunity: B
. o WS
- Unique reach in light DM (MeV-GeV) scale A R .
>
- Hermetic detector, clean events } a\@fb g Z
Q Y N
- Dedicated low-multiplicity trigger § V
o p | Belle Il
- Large statistics 1 e,
KLOE M,
e Next-to-Minimal dark photon Model: Preliminary

- Belle I 90% CL UL
- [ cdt=8.34fb"1

- dark photon (A") mixed with yg,,

9) (o))
=

o

w

~
1 I 1 T

- A’ mass via SSB= dark higgs (#") with no SM coupling N§ | -
Q B
O | X
- mass hierarchy: m,, < m,, = h’emitted via higgstrahlung and long-lived, = 2f W
A — U = 1 10!
ol | \

« Analysis Strategy: Scan of M, X M (rec= recoil against dimuon) S

M, [GeV/c?]

» Results: no excess found but world best UL for 1.65 GeV < m,, < 10.51 GeV 1


https://arxiv.org/abs/2207.00509

The Belle Il rogram - coming soon

Belle Il Online luminosity
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Not covered sector:

* Quarkonium [see 5. Jia’s talk]

Total integrated luminosity [fb~1]
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. AF = F¥ _ ¥ o Mgg=my, =,/E* —pp  * 2variable mostly uncorrelated
B beam i , ,
e tag-signal relation:
o Expected AE ~ () » Expected my,. =~ my Ef = E5 =+/5/2
For properly For properly * TBu By '
reconstructed signal reconstructed e
signal » P, =~ P,
Vg W) ~~ 03—
U | |
50000 [ (3) [ 350000 - (©) f\ %) 0ol
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S . 550000 - 9 E -
40000 |- | 1] °F
40000 -
30000 [ f < o
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Charm sector lifetimes extra information

e ———— e —— = === - —— = — g B = I e e e — —— - ~ e

DT - D - K zHa*

D't 5> DY (- K ntzHx"

" I | ! —
. Belle I1 ¢ Data . . . 8000 —
0 f Ldt=726f §i It * Fit function: AR " Belle II Preliminary ¢t Data i
3 £ & - Background ~ ) , i}
10 DY SKHK- . % B 1 — Total fit -
- N\ ShIEKE e signaliexp |2l [ra=2072m b4 —siea
L 1 I 7
E 0k — anVOlU tEd E : """ Background :
- B with double/ {8, [ ’
> bkg=0.2% (neglected) : § o, 4000
8. B = Wi~ R N S~ bbb e S Slngle gauss i«“-»c; I bkg:7.5%
g 10° (resolution) {2 | -
= F | S 2000 — —
| 3
10° & |» o,datadriven | ' ‘
. | template " 230 1x:
Mass [GeV/c?] flt I Source Uncertainty |[fs]
=~ contamination 0.34
Source 7(D") [fs] (D) [fs] Resolution model 0.46
Resolution model 0.16 0.39 Non-=¢ backgrounds 0.20
Backgrounds 0.24 2.52 Detector alignment 0.46
Detector alignment 0.72 1.70 Momentum scale 0.09

Momentum scale 0.19 0.48 Ii"/
Total 0.80 3.10 Total 0.77 23




Events norm. in arb. units
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O
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e
w

kinematic fit

- RMS: 2.65 GeV?/c

J
=

Belle Il (Simulation)

771 Kinematic Fit

[ Reconstructed

Kinematic Fit

Mean: 1.20 GeV?/c? B - XLv Sighal MC
4

Reconstructed
Mean 3.43 GeV?/c*

/l

- 6 10
qreco Qgen [GeVZ/C4]

Events / (0.07 GeV/c?)

M dlstrlbutlon |

4
X
10
Belle Il B B- XAy
[Ldt = 62.8 fb~? EEm BB Bkg.
0.8 | B ete” -qq
7//» Uncertainty
¢ Data
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0.4
0.2
0.0

0.5

1.0 1.5 2.0

9530 35 0

My [GeV/c?]

I'p_x ¢, expanded in power of Ay cp/my,

Bkg suppression: Template fit to M, with 3 components (signal, ee — ¢g, BBbkg)

g* > 1.5 GeV

Z W; (qz)QCal l
zi Wi(qz)

(g°") =

central moments: (g~ — (g*))") -> less correlation with g

cal

gen !

Most recent Belle measurement: 58%

Ajidata . ]Vibkg

Ndata

) [GeVZ2/c?]

(q?eco

linear calibration curve

interpolation of wi(qz)

q moments from B — X Zv extra information

(qu;en, se|) [GeVZ/C4]

2.5 F
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L ! - ! L 1 ] ] 1 ] ] 1 1
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q? [GeV?/c?]

systematic uncertainties

2 categories: bkg subtraction, calibration

| Belle I
JLdt = 62.8 b1

Total Sys. Uncertainty
1 Non-closure Bias
1 Background Subtraction
[ Calibration (MC Statistics)
1 Calibration (Reconstruction)
[ Calibration (X, Model)

II_I
_‘_‘—|_\_‘__I
. =

a3, [Gev?/c?]
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| Vcbl from

- ——— O e = —_—

BR(B — D*fv) = (527 +0.22 = 0.38) %

newF(D) |V, | = (3.54£0.4)-107°, p>=0.94 £0.21

|V, =379x27)-107>

binned ML Ffit;

Belle Il Preliminary

50 | -
J' Ldt=189.3 fb"’ * best fit

45 - B° - D I'v,and cc. C DD
: ---90% CL

40 | .

35 |

30 | :

25 : | i I | | |

PR [N ST N W T (SN W A R A e R YR AT VA (A Tl A O R Nl S D
0 U2 04 06 08 1 12 14 16 16 2
p2

B — D*fv extrainformation

e = === = — = = e e ———— e ——

1
(0.0 (1.0)

TABLE II. Input of R;(1) and Ry(1) [10].

g(w) = phase space

Ry (1) 1.270 + 0.026
F(w) = form factor Ry(1) 0.852 + 0.018
Correlation coefficient of R;(1) and Ry(1)  -0.715
R,(1),R(2), p
combination of form
Factors
systematic uncertainties
Systematic sources Relative uncertainty (%)
FEI efficiency 73.9)
Low momentum 7 efficiency
Tracking efficiency :
Lepton particle identification 2.0
Background 1.2
Ngg 2.9
f+o 1.2
(D" - D°) 0.7
B(D’ - K +7r_) 0.8
ECL energy 1.0
Form factor 0.1
MC statistics 1.8
Total 7.3 25




— — — ~ =

| Vub| from B — mevr extra information

———— T = ——— e _

0.0) T
—_ -3

le—5 Belle Il Preliminary [rdt=189.3fb! Systematic uncertainties

L) l I I | 1 I I 1 I I I I 1 1 ) I I ) | 1 I I 1 1 I I 1 LI
o - Source % of AB;(B? — = {1v)
‘?u 1.50F E 0 GeV? < g% < 8 GeV?|8 GeV? < g% < 16 GeV?|16 GeV? < ¢? < 26.4 GeV?
> -
— - FEI calibration . 3.68
51.00F = Npg 2.31
— - Tracking 1.38

Q -

2075 - Reconstruction efficiency ¢; 0.90 0.81 0.99
L . Lepton ID 0.60 0.40 0.87
s 0-°0F E Pion ID 0.35 0.30 0.30
@ 0.25F 3 Total 4.84 4.80 4.90
Q -
o 3

©

o

=)
|

O 1 1 | 5 | 101 115 1 1 120 1 251
g2 [GeV2c™4]
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a measurement information

o a measured from TDCPV analysis of b — uiid
transition

e b — utree transition = a phase

» b = d penguin transition = A¢, penguin
pollution

 Penguin pollution estimated from isospin
analysis BR(pTp~, p"p", pTp) and direct CP
violation parameter A p

» B — ppisthe (set of) channel with the
lowest penguin pollution

 Only the longitudinal-polarized component
can be used for the measurement

source

Tracking
7w and PMVA

PID

Continuum suppression
Npp

Single candidate selection
Signal model

Self cross-feed model
Continuum model

BB model

peaking background model
cos 0, mismodel

Fit bias : .
MC stat. 1.0 0.2
Total +109° 434

27



BT - D(

o — - - —

Improvement compared to
Belle

 added K(KTK~

» Better K¢ selector (lowered
stat. unc.)

 improved bkg suppression

 new BES Il input (lowered
syst. unc.)

* better signal description

 Conclusion: equivalent to a
fFactor 2 in the luminosity

extra informatior

= —_— = = e

Bkg suppression

 Bkg: BDT suppressed
= Cppr

e Fitto AE X Cypy with

signal+ee — qqg, BB
+peaking misID bkg

dalitz binning

m? (ngﬁ) [GeV?/cH]

05 1 15 2 25 3

systematic uncertainties

Source 0,pKk  O,DK  O,DK  O,DK O, Dx 0, Dr
+ + - - £ 3

Input ¢;, s; 0.22 0.55 0.23  0.67 0.73 0.82
PDF parametrisation 0.07 0.08 0.12 0.16 0.12 0.12
PID <001 <001 <001 001 <001 <o0.01
Peaking background 0.03 0.05 0.03  0.04 0.02 0.10
Fit bias 0.16 0.06 0.12  0.16 0.49 0.10
Bin migration <001l <001 <001 <0.01 <0.01 0.03
Total 0.18 0.11 0.17  0.23 0.51 0.19
Statistical 3.15 4.20 3.27  4.20 4.75 5.44

Table 3. Systematic uncertainty summary. All values are quoted in units of 1072.

W

A~ O OO N 0

|IBin number]|

N

1

28



CP-asymmetry in interference between mixing and decay:

N(B® = fep) — N(B — fep) (t) —

(Scp sin(Amgt) + Acp cos(Amyt))
N(B° — fcp) + N(E — fcp)

Acp(t) —

with Scp: time-dependent asymmetry and Acp: direct CP-asymmetry.
B°-B" mixing:

— BY) — N(B° —

)(t) = cos(Amgyt)

— BY)+ N(B° — E")

 [FromThibaud Humair,

Moriond EW 22] | 29




» At obtained projecting the two vertices in the

— e ~ — —

direction of Y (4.5) momentum:

AtMC _ AKMC At _ Ag*
Byy* By
7; 1 —| AtMC]
fphys (ATa q) o nzg €XP ( -

e Previous measurements:

information

) . (14 q(1 — 2w;) cos(AmgAtM©)).

systematic uncertainties

Uncertainty

T[ps] Amg[ps™']

Collaboration+year 8 [ps] Amyg [ps™!]
BaBar 2005 [3] |1.504 +0.013 £0.016{0.511 4 0.007 £ 0.007
Belle 2005 [2] 1.534 4+ 0.008 == 0.010/0.511 4 0.005 &= 0.006
LHCb 2016 [5 : 0.505 - 0.002 + 0.001
LHCb 2014 [6] |1.524 + 0.006 + 0.004 :
Belle II 2020 [1] - 0.531 == 0.046 &= 0.013
PDG [4] 1.519 + 0.004 0.5065 + 0.0019

Statistical
Analysis bias
Alignment
Resolution function
Momentum scale
Multiple candidates
Binning of oa;
BY — D™+ x— fraction
AFE; LTBDT shapes
— bb AE shapes
— qq AFE shapes
— LTBDT shapes
Beam
— Beam spot
— Boost vector

— CoM energy
Total systematic

0.0130 0.0079

0.0006  0.0010
0.0007  0.0003
0.0004  0.0001
0.0006  0.0000
0.0004 0.0014
0.0021  0.0014
0.0003  0.0001
0.0007  0.0002

0.0077 0.0046
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[(By(t) — n°Ks) — T(BY(t) — n°Ks)

: _
= AZKS cos(AMyt) + STKS sin(AM 1),

(B, () — n9Ks) + [(B%(t) — nOKs)

rB— f)—I'(B— f)
'B— f)+I'(B— f)

e where Acp(B — f) =

e Expected equal asymmetries between B’ - K*7~ and
BT - KT7z'at Lo

e |sospin sum rule:
B(K°n*) 7go
B(K+7T_)TB-+

B(K*n") 7go
B(K+7T_) TR

B(KO’/TO)

B(K+m—) )

Ikr = At + Ao+ 2A pr+ 0 2A 0.0

in the limit or isospin symmetry and no EW penguins

 iF EWP are considered, still precision below 1% with largest
uncertainties from B — KzY

 Deviation can be NP or enhancement of color suppressed tree

U ﬂ'” 1\'3
Scp

[sospin relation
0.8}
06 — ]
1 — 4
Current data
04} -
0.2+
Sum rule
prediction
00 1 1 | 1 1 1: 'O I R TN TR TN SN SN S TN SN S S T S S N T
-0.2 -0.1 0.0 0.1 0.2
ATV Kg
‘4(-'1’

[Eur. Phys. J. C 78, 943 (2018)] |
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https://doi.org/10.1140/epjc/s10052-018-6397-5

BO F Source 0B (%) |0 Acp
K i~ extra |n ormatlon Tracking effcioncy 06 | -
; e ——————— s s e — K 2 reconstruction efficiency 4.2 -
0 . . SN
. At ﬂt PDF (w =wrong tag, y= dlffe rence in tag eff, ™ reconstruction efficiency 2
R lut Continuum suppression efficiency| 1.6 —
Sig_reso u IOn) Number of BB pairs 3.2 —
—|At| /7 0o Flavor tagging —
e B
Paig(At,q) = — ——[{1 — ¢Aw, + g, (1 = 2w, )} +{¢(1 - 2w,) + p, (1 — gAw,)} Resolution function -
o External inputs 0.4
A p cos(Am At) + Sqpsin(Am At)H @ R.. _ '
{Acp cos(Am,At) cp Sin(AmgAt)}] sig? BB background asymmetry -
Signal modelling 1.0
Background modelling 0.9
Possible fit bias 2.0
Tag-side interference —
Total 9.6
90, 70r ! “r. Data imi
80 e Data Belle Il (preliminary) - . Data Belle Il (preliminary) S50 e Data Belle Il (preliminary) N E — Fit Belle Il (preliminary)
—E'J Koo |Ldt=189.8 10" S0 _Fit i s fRb ILdt- 189.8 fb S S0P Y KO no ILd‘= 189.8 b’
w 70 RS T - & . F..B' > K no |Ldt=189.81b O 4of B _—Ksn & BB background
S 60 (B;Ent:;%kugr;oaggk round 2 *°F BB background g . —BB background S 40F  Continuum background
3 o . g 5 40F Continuum background S b Continuum background s |
® | o | 2 | & 30
- ) N Q
g 40 | s s g I
2 w0 g S 2o—+ H o s 20k + l.
S S = | % .
© 20 /1 O % v, * c ! -4 ,- A
+ ' o 10f I + S 10-_+ el
" + I + | : + [
00 AR G T . s s o PP P TS S s WP EPEETE AT B9 AP BPEPL. o ¥
0 8 6 4 —12 (l) 2 4 6 8 3 —(;.2 0.1 0 OL.1 02 03 5(?24 5.:25 526 527 528 529
Cl. At [ps] AE [Gev] M., [Gev/c?]



TDCPV: BY

e Motivation: b — sy suppressed

in SM and chiral = BB

interference suppressed =
time dependent CP-violation

sensitive to NP

e Fit: ML fitto AE

e Result:

- Forerunner of complete

TDCPV analysis

- compatible with world
average

BR(B® — K%7%) = (7.3 % 1.8 (stat) =+ 1.0 (syst)) - 1070

|

L — - — ———

Candidates / ( 0.0625 GeV )

[BELLE2-TALK-CONF-2022-031]

systematic uncertainties

45 |
40 |
35 |
30
25 |
20 F
15 |
10 |

L T

lIll l

Belle |l data
[L dt=190 "

—4— Data

—— Signal+Bkg
---- Signal
Background

Y
\\\ g
114

0—11111111111111 -
-05 04 03 02 01 0 O

[

AE [GeV]

2 03 04 05

MC sample size 0.2%
MC generation 2.0%
7V reconstruction 5.5%
K? reconstruction 3.5%
m0-n veto 1.9%
v selection 0.3%
Continuum suppression| 3.07
Total efficiency

Fit bias d1.57%
Number of BBV pairs | 2.

90 systematic

Total systematic on B



https://docs.belle2.org/record/2958?ln=en

RK*extra |n ormatlon

Ry =

BR(B — K<*>W)
BR(B — K®Mee)

» decay chain: K* — K+7t_,Kg7r

e Belle Il measurement

 LHCDb [https://doi.org/10.1007/JHEP04(2017)142]

B(B°— K*(892)°utu~) = (0.904 10015 -

(PDG: (1.06+0.09)x 10 °)
(PDG: (1.194-0.20) x 10~ °)

(PDG: (1.0640.10)x 10 °)

- 0.010 + 0.006 =+ 0.061) x 1075,

e LHCb Ry [https://doi.ora/10.1007/JHEP08(2017)055]

Rh 0

|

0.66 * oo (stat) £ 0.03 (syst) for 0.045 < ¢° < 1.1 GeV?¥/c*,

0.69 * oo (stat) £ 0.05 (syst) for 1.1

< g2 < 6.0 GeV%/ct.

34


https://doi.org/10.1007/JHEP04(2017)142
https://doi.org/10.1007/JHEP08(2017)055
http://www.apple.com/it/

£t extral

nformation

P Y e

systematic uncertainties

Source Systematic (%)

Kaon identification

Pion identification

Muon identification

Electron identification

K g identification

7¥ identification

Tracking

MVA selection

Simulated sample size

Signal cross feed

Signal PDF shape

B(Y(4S) — BTB7)[(B(Y(4S) — B°B))
Number of BB pairs

Total




example of discrimination variable

EBelle II preliminary | IIZII ﬁ |
0.5F g gﬁ:ﬁgzldBB g
» Leading systematic uncertainty: background g | = :
o o 4 sS —
normalization e 0 = . -
3 03 m dd ]
- ) —1 B 'K ww ]
. . . A= ¢ Exp 8, Run 3123 -
e Calibration: B™ — K™J/w( — uu) without £ 02 p -
reconstructing the 2 muons T 01 :
: : L . 0.0 :
o Fit: performed in pr X Cgpp in signal region and oo o2 03 04 05 08
. OX-VvVOollram onen
3 control regions (lower BDT values) !
2000 ] : : ]
Belle IT preliminary [0.93<BDT,<0.95 1 0.95<BDT,<0.97 : 0.97<BDT;<0.99 :  0.99<BDT,
JLdt =63 - I E -
200 400 : Belle IT preliminary A
1500 5 5o i I ?/Edt:(63+9):fb—1 _
5 L/ gloo & 300 ; Noutral -
ERLT S - : o oo
E /] 0.0 02 04 0.6 0.8 1.0 M - 200 ; # Data -
BDT,(BDT; > 0.9)
500 - PIB*—K*J/¢,,+,- MC & B*—=K"J/v,,+, Data| - 00 scaled by 2
|:|B+—>K+J/¢_>'¢+M— MC + B+—>K+J/¢_>'¢+//— Data
BT—K* v MC
00.0 0.2 0.4 0.6 08 1.0 00.5 2.0 2.43.50.52.0 2.4 350520 2.43.50.520 24 3.5

BDT,

pr(K™)[GeV/c] 36



Dark

e _— — — o ———

heavy mediator  off-shell

 visible : SM

light mediator
heavy dark matter
/ — DECAY INTO SM PARTICLES!

-

— DECAY INTO DM!

(AS3Q) 429434 UagJo] 0} SYPaI)

mediator mass ma

 B-Factory opportunity:

N
P

Long-lived "
— DECAY TO SM SUPPRESSED -—-Cé Y

- Unique reach in light DM (MeV-GeV) scale

dark matter mass mpm

- Hermetic detector, clean events

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30M

- Dedicated low-multiplicity trigger (suppress =~ =TT
Q E D) W Hidde rk Matter Black%oles
Pra Rdiationary Rodon Hidden Th WiNPless OM +
Post-lnﬂamy Axion DM >
- Large statistics | N
arXiv: 1707.04591 —_
Small-h:c

A e

zeV aeV feV peV neV ueV meV eV keV MeV GeV TeV PeV 30Mg,
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[arxiv:2207.00509]

* Next-to-Minimal dark photon Model:

e dark phOtOn (A,) mixed with ]/SM

 A’"mass via SSB=> dark higgs (#") with no SM coupling

 mass hierarchy: m;,, < m, = h'emitted via higgstrahlung and long-lived, A" — puu

o Analysis Strategy: Scan oFMW X M... (rec=recoil against dimuon) X
=
» Results: no excess Found but world best UL for 1.65 GeV < m,, < 10.51 GeV & 2
5 — Pre“minary 10% 6 : Preliminary | \Q/ib,b | ><é
 Belle II - Belle I 90% CL UL 3 Q)Q} >° 2
S F[ cdt=8.34fb1 5[ cdt=8.34fb 10 & NS
Ll o 103 | L
S 4 o A | Belle I |
% 3L st Ty ‘ % § > 3 i 110° t? 0 o,
O 7 AT & 10% = O | | ] X KLOE M,
=, SRR IR = = _| | | o
g 2 - EE:.. ) :. 0: o.. :.. ':.o:..,. . - 8 E:Q 2 — _ W
<t . LS~ 10° 1} 102
ol - .. ‘ 0 _ I ‘ \
11111111111111111111111 100 [ T T
0 4 ° 8 10 0 2 4 6 8 10 38

MHIJ [GEV/CZ] MA’ [GeV/CZ]


https://arxiv.org/abs/2207.00509

e Model:

» New massive gauge boson, coupling with ¢ and 7: (Lﬂ — L)

» Consequences: solution of DM, (g — Z)ﬂ anomaly,
b — s£¢ anomalies [JHEP, 1612 (2016), 106], [Phys. Rev. D 89, 13004

‘Dark sector

—_— e —— e ——

invisible Z' decay

P e ——

(2014)]

e Candecayin v, yy or uu, vt depending on mi,

e Strategy:

e eTe”™ = uTu~Z' = 2 tracks and missing energy

* look for peakinM,,.
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