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Our mission

* Finding evidence of physics beyond the standard model, especially
looking at indirect effects signaling the presence of new particles,
interactions, coupling, phases...;

* Enormous reach for many observables in flavor physics, probing
scales of new physics orders of magnitude beyond the current limits
for direct production:
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https://arxiv.org/abs/1910.11775

The first generation of B factories

 Spectacular confirmation of the CKM — 200l
paradigm, all CP violation phenomena can be o5 Sy S Q
accounted for by the nontrivial phase in the o "

CKM quark mixing matrix: = |
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* But we know that the standard model cannot be 1o} ® & g A
the full story, it cannot explain the matter/anti- Bein2o,
matter imbalance, the dark matter/energy, - 2o A amg (5
neutrino masses, etc... ; = ool \’%z 1

: - = % J%{ _

* There must be something else, hopefully within ool Vel W >
our reach of the running or planned _ :
experiments. Aol &
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Flavor physics at ete- colliders

* The first generation of B-factories integrated ~1.5 ab™;

* For the past 15 years the LHC experiments enjoyed the very large cross
sections and luminosity of the World’s most powerful accelerator;

* Is it worth continuing along the e*e” path?

* Many of the interesting modes are unique to B factories:

>

2>

>

2>

2>

channels with w0, K., nO, ... ;
final states with one or more v’s (or other elusive particles);

modes affected by “difficult” backgrounds, where the full knowledge of
the kinematics in the event is the only way to control them,;

T and dark sector low multiplicity final states;

LECI ]

* In general: a wider spectrum of measurements allows for a better
understanding (or highlights our lack of...).
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The SuperKEKB Collider

KEKB
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r' Improvements over KEKB:

e’, 4 GeV 20 by ¢ b h ;.

I* = 2.8 A (design) x20 by ‘nanobeam scheme’;
x1.5 by increasing beam currents.

Goals:
Instantaneous lumi: ~6 x 103 cm=s!

Integrated lumi: 50 ab™
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The Belle II Detector

It looks like the old Belle, but practically it is a brand new detector!

(only the structure, the superconducting magnet,
and the crystals of the calorimeter are re-utilized) L SE WAL S

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

e

EM Calorimeter
Csl(TI), waveform sampling eleclronics

—
S
gy

——

electrons (7 GeV)

—
—

Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

Upgrade highlights: | e r

positrons (4 GeV)

) . . Central Drift Chamber
> improved vertexing resolution and Smaller callsize, long lever arm
Ks reconstruction efficiency;
> enhanced K/r separation; &

> new trigger lines for Dark Sector searches, first Neural Network single track trigger;
> more efficient analysis tools, thanks to widespread use of machine learning techniques.
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Belle II data taking

Belle Il Online luminosity Exp: 7-26 - All runs
17.597 integrated luminosity
Thanks to the dedication of people based ¢ ,,,| = ?L”Lg”g[fb] .................................................................... / w00
at KEK, we could keep taking data even > ‘ 5
during the worst Of the pandemic; E 12_5 A S i ..... | s %
; R0 (R —— L ; 1) g
Record instantaneous luminosity (Of any § 3 I——— | ow— S ) - - 200 *1“_33
collider): 4.71 x 1034 cm-2 s-1; g g
E 50 AU S 1 8 I . (_EU
Recorded in total ~424 fb-1, of which: N, e B H W el
> ~362 fb-1 taken at a CM energy of "
10.58 GeV, corresponding to the mass ~_siiawonsnasisuotiio R
of the Y(4S), which dominantly mmm """""" %%
decays to BB; e
> ~42 tb-1 taken 60 MeV below the In June 2022 we started the Long Shutdown 1 period,
Y (4S) peak (for continuum dedicated to maintenance and upgrade work. We plan
background studies); to resume operations at the end of this month!
> ~19 fb-1 taken around 10.75 GeV for Many of the results I will show today
exotic hadron searches. are based on the full statistic, plus in

some cases we also add the Belle

data (still Belle IT x 2)!
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Outline

[ will not be able to show all the results, I will focus on:
> time dependent CP violation on B° - JAp Ks and 1’ Ks;
> measurements of ¢s/y;
> evidence for B* - K*vv;
> R(D)=BR(B - D'tv)/BR(B - D'1v);

> dark sector searches;

Please also attend the talks from my Belle (II) colleagues:

2 K. Lautenbach, “t physics at Belle and Belle I1”, today at 15:45;
2 M. Bauer, “V4 and V,», measurements at Belle and Belle I1”, Friday at 9:30.
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B factory variables

Two key variables discriminate against background for fully reconstructed
(hadronic) final states:

S S 9
AE:EE§ My = Zﬁp*B
Belle Il - Preliminary Belle Il - Preliminary
90 ;_Bi—ﬂ]'{—)l’]wmt)Kt JLdI=62.8 ! 1 BL—’H'(HRT}T‘:)KL JLdt:aQ.B b
—~ 80 f_LH>0.? <100 -_LR:O‘?
> s ¢ Data L0 1 Data
o 70 :— —Fi = - —Fit )
E 60 |- —:itgnal g % | == Signal ,[‘
i s ---- Continuum o} - -—- Continuum
g jg : @@gea:ing & ®0 :_&%Peaking
2 ol 2 4of ‘
5 S 0 R
i QI 20 e} t
4 ATy
05.2 - I5.|22I I5.|24I | I5.I26I I5.:?8. r 5.3
M, [GeV/c?]
For many final states, the dominant
source of background is the
‘qq continuum’, which is suppressed
based on the different topology with
respect to BB events: - -
Spherical BB events Jet-like qq events
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Time dependent analyses

50 & Flagship measurement of the B
: < Factories, still very important at
T(49) 5 K~ Belle II;
_ . _ D(B%At) = f) —T(B°(At) = f)
Az = PycAt Az N A= v @A > ) TEBY > 1)
At =tcop — ttag " J/ Y = S¢sin(AmpAt) — Cy cos(AmpAt)
<Az> ~ 130 um at Belle 11 St : time dependent asymmetry

C : time integrated (or direct) asymmetry

Quite complicated analysis, several ingredients must be in place:

1) ability to identify the flavor (B0 or BO) of the
unreconstructed B (flavor tagging); Fully exploiting the
quantum entanglement

2) B-decay vertices resolution; of the two B mesons!

3) signal side efficiency, background modeling.

January 8th 2024 A. Gaz 10



Progress in B flavor tagging

The first CP violation analyses in Belle II relied on a category-based (CB)

algorithm [Eur. Phys. J 82, 283 (2022)];

We explored a more advanced algorithm,
GFlaT, based on a graph convolutional
neural network, exploiting 25 variables
for each track from the unreconstructed
B decay (for up to 16 tracks);

The performance is evaluated from a
time dependent analysis of self-tagging
B° - D®x* decays;

We measure an impressive increase in the

effective tagging efficiency, compared to
the previous algorithm:

Etag,CB = (31.7 £ 0.5+ 0.4)%

€tag,GFlaT — (37.4 + 0.4 + 0.3)%

January 8th 2024 A. Gaz

Belle Il preliminary

Y. Uematsu, CKM 2023
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This corresponds to ~18% more luminosity
available for CP violation analyses!
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https://doi.org/10.1140/epjc/s10052-022-10180-9
https://indico.cern.ch/event/1184945/contributions/5541965/attachments/2716464/4718733/BelleII_TDCPV_CKM2023_uematsu.pdf

sin2¢; / sin2p from B°—= J/Ap Kg

We update the flagship measurement of the B factories using the full Belle II data
set and the GFlaT flavor tagger;

Y. Uematsu, CKM 2023

We fit the AE distribution of the selected
candidates in order to subtract the
backgrounds;

500

 Belle Il (Preliminary) |, o (o 41y |
TIe ell( relmllnary) ' Btoag(Q‘:"‘l) f
[ J £dt =362 fb~ = ]

3

o
o

We then fit the background subtracted At
distributions and measure the CP violating
parameters:

ndidates / (0.5 ps)

=
o
o

S = 0.724 £ 0.035 £ 0.014
C = —0.035 £+ 0.026 £ 0.013

O
S oo S e S

Asymmetry Ca

-1

10075 T80 T35 00 25 50 75 100
averages and the latest LHCD result (which At [ps]
is a factor ~2 more precise).

This is well compatible with the world
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https://indico.cern.ch/event/1184945/contributions/5541965/attachments/2716464/4718733/BelleII_TDCPV_CKM2023_uematsu.pdf

sin2¢; / sin2p from B°— n’ Ks

* Motivations: the time dependent CP violation in B? - 1’Ks
(proceeding through loop diagrams) is expected to be the
same observed in B - JAp Ks (tree);

* Any significant deviation would be an indication of
new physics; ;B0

* We reconstruct the sub-channels: 1’ - n(—- yy)m'st and
N’ - Py, and determine their yields with a three
dimenSiOHal fj.t: Belle Il IPreIiminary Ica'rI=362 rb‘i Be!le ] l?relimi_n::\ryr [rdt =362 fb‘l Belle '.l Preliminlary Icqr:362 bt

o~
(9] =
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https://indico.cern.ch/event/1184945/contributions/5541965/attachments/2716464/4718733/BelleII_TDCPV_CKM2023_uematsu.pdf

sin2¢; / sin2p from B°— n’ Ks

With the yields (~800 signal events in total) fixed from the previous step, we

perform the time dependent fit:

We find:
Cr.0o=—0.19+0.08£0.03
nKsg
S/ 0=067+0.10+0.04
nKg

which is in good agreement
with both the world average and
the B® - JAp Ks result.

January 8th 2024
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Asymmetry  candidates per 0.64
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Belle Il Preliminary

[rdt=362 fb!

. B%-n'Ks

Background
B tag
B° tag

Y. Uematsu, CKM 2023
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https://indico.cern.ch/event/1184945/contributions/5541965/attachments/2716464/4718733/BelleII_TDCPV_CKM2023_uematsu.pdf

Measurements of ¢3/y

* (¢3/y is one of the fundamental inputs of the CKM Unitarity Triangle fit, as it
comes from the interference of tree level amplitudes;

T ———7 77—

bl o il
V d * ’ C g : Summer 23 =
— ua ¥ ub o5 g E =
— = ar — — 3 i :
1= ¢ [ VeaV; ] - | Ay
Current precision: ~3.5° - 8 k E
U
K(x)—

W

S
b > >
B_O Va OD(*)U

favored U

* The precision of LHCb will be out of reach for quite a few years, but the
importance of the parameters calls from a substantial effort from Belle + Belle II.
There are many methods to access ¢s/y, some unique to LHCb, some in which
Belle (IT) will have an edge.
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Measurements of ¢3/y

Several papers based on the full Belle + a fraction of Belle II data sets:

> (BPGGSZ)D° - Kshthw % *
J. High Energ. Phys. 2022, 63 (2022)
> (GLS) D - KsKr 0.15
arXiv:2306.02940 [hep-ex]
> (GLW) D° - KK, K 0.1
arXiv:2308.05048 [hep-ex]
0.05

Current LHCD precision:

- Belle + Belle Il
NB: rgs have fluctuated a .
| little high — worse precision 2023 (preliminary)
with WA value
(o]
V=(78.647.3)
] " | | | ,
0 50 100 150

¢s/y = (63.8 £ 3.6)° LHCb-CONF-2022-003

We need a few ab™ in order to have a meaningful comparison

A. Gaz
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https://doi.org/10.1007/JHEP02(2022)063
https://arxiv.org/abs/2306.02940
https://arxiv.org/abs/2308.05048
https://cds.cern.ch/record/2838029

B*— K*vv — motivations
Very suppressed in the SM, proceeding only through box/loop diagrams;

Expected BR: (5.6 + 0.4) x 10°
[ Phys. Rev. D 107, 014511 (2023)];

It could be enhanced by new physics
contributions, and be connected to other
anomalies seen in b - sI'l;, R(D™M),

(g'z)m vy

Very challenging from the experimental
point of view. At least two v’s in the final
state, controlling the backgrounds is
crucial;

Upper limits provided by BaBar [HAD, SL]
and Belle [HAD, SL], exploiting the
reconstruction of the other B in the event in
a hadronic or semileptonic final state.

January 8th 2024 A. Gaz
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W+ B W=
_ u,c,t
b > < < S
U >
v
w+ v
_ B,Cyt
p — < <4— 3
u - u

Diagrams for short distance contributions
(long distance: 10% of the total branching fraction)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.119903
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101

B*—= K*vv — experimental approaches

Two techniques utilized in parallel at Belle II:

arXiv:2311.14647 [hep-ex]

”
'\ el Q:J_ . b
s—l Bt YA ) — B~ £ D+ B* «{ Y@4S) —{ B
- S . Na
W K"‘ 3
K*
More “conventional” Efficiency > More sensitive

Purity

Hadronic Tag Analysis (HTA):
stronger control of the backgrounds,
but lower efficiency.

Relying on the Full Event
Interpretation (FEI) algorithm

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

Inclusive Tag Analysis (ITA): first tried
at Belle II, background suppression
relies on the properties of the Rest Of
the Event (ROE), which should

correspond to the other B in the event

The two analyses are (almost) statistically independent

January 8th 2024 A. Gaz
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https://arxiv.org/abs/2311.14647
https://doi.org/10.1007/s41781-019-0021-8

B*— K*vv — selection

We select a kaon candidate track arXiv:2311.14647 [hep-ex] |
(PID efficiency ~68%, m — K mis-ID rate 1.2%);

If two K candidates are present in the ITA, we select that with the lowest g*:
qfec = g (464) + M ?( —V/sE}/ ¢t (the choice is correct in ~96% of the cases)

Variables sensitive to the signal properties, event shape, extra particles in the
event, ..., are combined in one (for HTA) or two successive (for ITA) BDT’s;

' T 50 Belle II prelimina + FoF

’;;‘ Belle II preliminary - B_ K vw 150 I Iec G;t_lllgzlfrlr)l_lln ary [ Bﬂ_—ﬂﬂs v
o 80k [ £dt=362fb" = BB ~ [ JEp=: == B°B
O ce = Em B*B
= [ B v, dd, s§ a B Continuum
= 60 § Data z 100 { Data
? 77 Sim. stat. unc. = “//7 Sim. stat. unc.
= =

HTA & 5 ITA
S’ ol \)
5 O
O

5
= of =
Ay Ay 0 -
N S O Y S W S — 4 S S E S EPE S R
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5
Ecxtm [GCV] Fox-Wolfram Rg
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https://arxiv.org/abs/2311.14647

Br—= K*vv —

validation
* We validate the ITA procedure and signal efficiency using B - K" J/Ap(—- u'w);

6000

5000

4000

3000

Candidates

*  We see very good agreement in 2000
the BDT output between data 1000

SN SN NN SN

and signal simulation;

Candidates

Z1B* — K* J/v¢ simulation § Bt — K*J/v data
1Bt — K* JA¢ simulation ¢ Bt — K* . IAp data

Belle II preliminary f Ldt = 362fb~!

1000

0
0.0 0.5 1.0

BDT, (BDT; > 0.9)

A

BT — KTv i simulation ! :j
al o i o . o . o | oo e La &

0
0.

'

e Other checks from:
> study of off-resonance data;
> pion enriched control samples;

> measurement of B* - w'KY;

- .
* )

January 8th 2024 A. Gaz

0.2 0.4 0.6 0.8 1.0

Data/MC differences observed
in the normalization of the
control samples contribute to
the systematic uncertainties

arXiv:2311.14647 [hep-ex] 20



https://arxiv.org/abs/2311.14647

B*— K*vv — results

The signal is extracted in bins of the transformed (flat in efficiency) output n of the

BDT (and g? for ITA):
( q ) n(BDTy)
0.92 0.94 0.96 0.98 1.0
125 : : ;
[ . B Bt K*tup i : 5
Belle II preliminary — 3000 [P I 3 :
100 fﬁdt =362fb! — B:B [ Belle 11 pre]_i:mina:ry ITA
; [ . & L [Ldt=(362+42)fb WEE B* Kb
““CB__ [ HTA B uu, dd, s5 § : = B°B°
8 75 L + Data ”CCSG 2000 == B*+B
< ° L
= = B Continuum
:'5 % { Data
< :
< O 1000 ;
@)
0 0
5 5
= 3 = S T S N
Q:j 0 - - 0 : : :
—5 - | | | | | _5 o | | 1 | | 1 | | 1 | |
0.4 0.5 0.6 0.7 0.8 0.9 1.0 -1 4 8 251 4 8 251 4 8 251 4 8 25
n(BDTh) Grec [GeVZ /]
paTta = 2.2718(stat) T 19 (syst) pita = 5.4 + 1.0(stat) 4+ 1.1(syst)
1.10 above the background only hypothesis 3.50 above the background only hypothesis
0.60 above the SM expectation 2.90 above the SM expectation
January 8th 2024 A. Gaz 21
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https://arxiv.org/abs/2311.14647

B*— K*vv — results

Combining the results of ITA and HTA: arXiv:2311.14647 [hep-ex]

~SM A verage

(0.497 0.037 1.340.4
15.0 - $ — .
[ —— Y : | —e— Belle II (362 fb™!, combined)
- Belle II preliminary == SM . : 2.3+0.7 This analysis, preliminary
125+ J Ldt=(362+ 42) b HTA , - Belle II (362 fb!, hadronic)
— ITA I 1.1+1.1 This analysis, preliminary
_— L =
2 10.0 f —— Combination : } _— Belle II (362 fb!, inclusive)
E o | H | 2.7+£0.7 This analysis, preliminary
~ i l o Belle II (63 fb!, inclusive)
3 7 5 i } 19+1.5 PRL127, 181802
NI o Belle (711 fbl, semileptonic)
%0 : 1 1.0+ 0.6 PRD96, 091101
~ 5.0 i . Belle (711 fb'!, hadronic)
| [ } 29+16 PRDST7, 111103
! —ie— ! BaBar (418 fb-!, semileptonic)
2.5 I E } 0.2408 PRDS2, 112002
- 2 BaBar (429 fb!, hadronic)
- H 1 1.541.3 PRDS7, 112005
0.0 1 [ I T RS RS R R
0 2 4 6 8 0 2 4 6 8 10

10° x Br(B* —K * vi)
= 4.6 £+ 1.0(stat) £+ 0.9(syst)
BR(BT — Ktvv) = [2.4 £ 0.5(stat) 703 (syst)] x 107°

3.50 above the background only hypothesis
2.70 above the SM expectation

Exciting result, to be confirmed with Belle ITA, semileptonic tagged analysis and the

investigation of more B - K® v v modes.
January 8th 2024 A. Gaz 22
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First R(D’) measurement at Belle II

*  One of the outstanding anomalies ~ 04 P e
. . . g . ’ e a4 HFLAV Ax2 = 1.0 contours
pointing towards a violation of the v
0.35 BaBarl2

Bellel5

Lepton Flavor Universality:

0.3
LHCb22

— my
B(B — D™~ 1,) LHCk23 . Q
B(B — D) (—1y) 025 | i

R(D™) = F o Belle19)

Beliel? e i e World Average
R(D) = 0.356 *0.029,
R(D*) = 0.284 £0.013_
p=-0.37
P(x?) = 25%
1_1 l 11 1

4 HFLAV SM Prediction
R(D) = 0.298 + 0.004 o

* Experimental challenges: backgrounds

L I 1 1 1 I 11

are difficult to control, due to at least T e raa
two v’s in the final state, no clear signal
peak;

Tagged

(Full Event Interpretation)

* First Belle II measurement of R(D"): we
use the Full Event Interpretation (same as
B — Kvv HTA), to have the strongest
control of the backgrounds, at the price of
reducing the statistics.

Signal

! Leptonic T decay

Using only

v
St
N T > lvv,
e 3 v’s in the

final state!

arXiv:2401.02840 [hep-ex]
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https://arxiv.org/abs/2401.02840

First R(D’) measurement at Belle II

Analysis strategy: we extract the signal from a 2D fit on the variables:

2
> missing mass squared: M7, = (Pete— — PBra, — PD* — De)

2> extra energyv on the calorimeter: £ h
gy Egcr, arXiv:2401.02840 [hep-ex]

1.5 < M <6.0 (GeV/cZ)Z

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

T T T E | [ ™1 d T

8(}0 — Belle Il Preliminary D*—p°z* —— Data < 100 [ Belle Il Preliminary —e— Data ] 25 Beﬂe ﬂ Prel|m|nary D* —-n x* —e— Data E

700 JLdt=180.3 1" B D+ E JrLat=18031" EED*v JLat=1803 1" W D%
E y [ pxiv i I DD = pHiv ] [ pHiv i
600 B D )v N 80 |- ’ B Do)y gy 20 | B p*it)v i
8 500 [ Hadronic B 1 g i [ Hadronic B @ [ Hadronic B 7
- B Fake 1 5 eof B Fake D 1 £ 15 B Fake =
2 400 [] Other BG = B [ [] Other BG 2 [] Other BG 1
(‘_‘§ 300 Fit uncertainty 3 8 40 Fit uncertainty ] 8 10 it uncertainty _
200 | 3 I T ]
: : 20 5 | i =
100 - I .

Pull
=}
Pull

LU 2 A L]
A PP s R PP

Py PRI, AP
Pull

4 @02 el P L 1 L 1 L | -
4 0 002 04 06 08 1 12 14 16 18 2
Mz, [(GeV/ic?f] M2, [(GeV/c?f] Ept [GeV]

The major backgrounds are validated on data sidebands:

> low @’ sideband (D" | v enhanced); Using only ~50%
of the statistics

> extra ° selection (D™ 1 v enriched); available at Belle II

> Am =m(D") - m(D) sideband (fake D").

January 8th 2024 A. Gaz 24


https://arxiv.org/abs/2401.02840

First R(D’) measurement at Belle II

Result:

£\ +0.041 +0.035
R(D") = 0.262 Ty y39(stat.) g p3a(syst.) arXiv:2401.02840 [hep-ex]

40% improvement in the statistical precision compared to Belle with the same luminosity

;:;-\ 0.4 L 1 L] L] I ] T 1 I L] L] L T I 1 L] L] L) I 1 1 L] L] I L T L] ] I 1 L] L] L] I ) L] L] I L] L) ]
e = m sz = 1.0 contours -
M : Summer 2023 :
0.35 = ~ Performed also the first
[ Bellell i inclusive measurement of:
0.3 __ Belle’ __ R (X) — BF(B—)XTV)
E i BF (B-Xl1v)
= LHCbH® =
0.25 = N Results consistent with both
= - SM and R(D") world average
85 L World Average .
L — rediction R(D)=0.357 = (].{}Zﬂ)w__ll —_— Tx7Te
— R(D*) =0.254 £+ 0.005 p= ‘—0.37 ) -
- P(x) = 33% -
L L I L L L L I 1 L L L I 1 1 L L I 1 1 1 1 I L L L L I L L L L I 1 L 1L L I L
02 025 03 035 04 045 05  0.55

R(D)

Compatible with both the SM predictions and the World average, we need more

data, and also the measurement of R(D), to shed more light on this problem.
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10°

107 E
1

“U.‘ 10-2 [

w

10-

Dark sector searches

In many extensions of the SM,

. Mediator
there exist a dark sector, that . =
interacts with the SM particles via » Dark Photon?
a weakly coupled mediator; - 77

ode . - .
If the mass of the mediator is in | ’;";’r‘:ir;';,ke
the [0.01 — 10] GeV range, this » Dark Higas?
& il

could be accessible to Belle II;

Belle IT implements trigger strategies that were not available to Belle, thus opening
new territories even with smaller luminosity:

Search for Z’ — invisible Search for Z° - uu Search for Long Lived Particles

, Belle Il preliminary J Ldt=1781b"

Belle Il, 0.276 fb~1 T

ULong'

Belle Il _[L dt = 79.7 fb~1, 90% CL UL ;
— =0 Expected +1o Expected 20

—=- 2 =0.1Mz : Es:;p::;;gl;l.uuza [ Expected UL + 1o Belle Il Preliminary
T M SN I S T it RIS
2
Mz [Gevic] m [GeV/c] ms (GeVic?)
Phys. Rev. Lett. 130, 231801 (2023) M. Laurenza, DMNET 2023 Phys. Rev. D 108, L.111104 (2023)
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https://doi.org/10.1103/PhysRevD.108.L111104
./Phys.%20Rev.%20Lett.%20130,%20231801
https://agenda.infn.it/event/32756/contributions/202204/attachments/110752/157851/Z'analyses_at_BelleII_v2.pdf

Looking for a narrow peak in the mass recoiling

Dark sector searches

Search for a Tt resonance in e'e” - w'uX, X - 1'T;

X=2Z' ALP or
leptophilic scalar#™

against the dimuons:

[rdt=62.8fb!

Belle 1l
300F
10F
Lo,
=
&-.250- 2 "
Q B
= = 4
V 200 &
= §2
o w o
S 150,
- S°—2
w
QL 100
| -
e
h
50

January 8th 2024

Em efe - a1vT™

] ete- —sete-utu-

=t =

t Data

5.8 5.9 6.0 6.1 6.2 6.3

Part of the yy — qq backgrounds
are not covered by the simulation

=3 e*e- -q4,{g=u,d,c,s,b) }

6 7 8 9
M ecoil () [GeV/c?]

10

A. Gaz

Belle Il [edt=62.8 fb~?
103 | BaBar W
10?2
A
(g— Z}p + 20
10§ 1
100F / .
—— 90% CL UL Expected UL +1g Expected UL +2¢
10—1 1 1 1 i i 1
3 4 5 6 7 8 9 10
ms [GeV/c?]
Belle I frdt=62.8 b1
BaBar //
— 103+ g
7
=
(7]
=
s |
U= 102 / Cee=Cpp=Crr i
- - all other couplings = 0
— 90% CLUL Expected UL £1o Expected UL £20
101 1 1 1 1 1 1
3 4 5 6 7 8 9 10

marp [GeV/c?]

Phys. Rev. Lett.

131, 121802 (2023)
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https://doi.org/10.1103/PhysRevLett.131.121802

Conclusions

* After many years from the beginning, the e"e” path to flavor physics
continues to bear fruits;

* Belle II successfully concluded Run1 and the first results show
significant better performance compared to its predecessor;

* Not a lot of integrated luminosity (yet), but we are also exploring
new analysis techniques, ideas, final states, ... ;

* Belle II Run2 is about to start, expect many more results to come!
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sin(2p/¢1) outlook

* sin(2p) from J/Ap KO will be systematics dominated @50 ab-1;

* TIrreducible systematic uncertainties from alignment of the vertex detector and
Doubly Cabibbo Suppressed Decays on the tag side;

Belle IT Physics Book
No Vertex Leptonic

improvement improvement categories

Sezs (50 ab—!) time dependent CP parameter

stat. 0.0027 0.0027 0.0048
syst. reducible 0.0026 0.0026 0.0026
syst. irreducible 0.0070 0.0036 0.0035
Aczs (50 ab™1) direct CP asymmetry

stat. 0.0019 0.0019 0.0033
syst. reducible 0.0014 0.0014 0.0014
syst. irreducible 0.0106 0.0087 0.0035

* Penguin pollution can no longer be ignored and must be constrained from
B - JAp ¥ and other SU(3) related channels.
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The Belle II Collaboration

2 28 countries/regions;

> 122 institutions;

2> ~1200 active members.
January 8th 2024 A. Gaz
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B->Ksn0y

arXiv:2206.08280 [hep-ex]

In the B —» Kg0y decay, the SM predicts the photon to be ~100% polarized;

A sizable time dependent CP asymmetry, would be a sign of New Physics;

We measure the branching ratio of
this decay, selecting events with:

1.4 <E(y) < 4.0 GeV
M(Ksm0) < 1.1 GeV/c?

We fit the AE distribution, and
find ~120 signal events;

This gives:

S asf
@ - Belle Il data
O 40 : JL dt=190 "
o 35 |
S 30}
S 25}
; 20 f —4- Data
9 15 . — Signal+Bkg
g ‘ ---- Signal
T 10F Background
S sf
0 ceo oo e by b b b by e I
05 04 03 02 01 0 01 02 03 04 05
AE [GeV]
B (B — Kon’y) = (7.3 £ 1.8 (stat) & 1.0 (syst)) x 10~°
A. Gaz 32
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Measurement of inclusive R(X)

Belle II Preliminary JLdt=189fb~!
| M2 <1 M2 e(1,23]| M2, €(23,4]| M2 4.6 | EER X[—ewly
i ol E Xev
c£20¢ 2.4 =1 BB Background
o F B Continuum
o16F 2.0 @22 MC tot. unc.
o ¢ Exp. data
glzg- M2, €(6,8]] M2, >8
GJ :— | .
o 8f
o -
— 4 :
'_g' -
n QE
Q E
Cﬁ%—'..'. ® o e e - - - - ._--. . .- hd
é -2 x of® * $ e i - . . - =
5 wommowm - - - i Taommam . -
chadsey & I & =l =
= v ©O O p v © O A s
B [GeVic]
Belle Il  Preliminary JLdt=189fb!
| M2 e(1,23]| M2 €(23,4]| M2 €4,6] | EER X(r— v
Xuv
20 2.4} 1 BB Background
B Continuum
16 852 MC tot. unc.
¢ Exp. data
12 Mg €(6,8]] Mg >8
8
4
0F
%: . o PR = . e = = ot el® o .
-2 : [} L ] 5t - - - - [ ] - - - . - . - L L]
S T T T T T R R T -T-T-T-T B
S®ONT©y S RO NT
W O = A WV O A A

January 8th 2024

pf [GeVic]

arXiv:2311.07248 [hep-ex]

Ry/e (X) = 0.228 £ 0.016(stat) + 0.036 (sys)
R:/e (X) = 0.232 £ 0.020(stat) £ 0.037 (sys)
R/ (X) = 0.222 + 0.027(stat) £ 0.050 (sys)

+ = with expected SM contributions of D(;:P),Xu removed
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TeSt ()f LFU Phys. Rev. Lett. 131, 051804 (2023)

* We measure: R(X,/,) = B(B — Xev)/B(B — Xpuv) in semileptonic B decays;
e Template fit on CM frame lepton momentum p*, with p* > 1.3 GeV;

e Two main sources of background: Belle II JEdi=189fb"
I Xev Xuv [T
1) continuum, constrained with 2500 F =3 ¢: Background  [*| u: Background [
c B . Continuum w: Continuum [
off-resonance data; ‘S 2000 MC tot unc % MC tot unc
e “+ Data L l_._ Data ¢
2) other B decays (fake leptons, leptons 2 1500 ..
arising from decay of charmed € 1000|
. v
hadrons, ...), constrained from o ool
background enriched control regions; - |
ﬁé 2-8:
95 00
g g 20 L
Z | .
e Result: pE [GeVic] pf [GeV/c]

To date the most precise measurement, in

R(X

e/u) = 1.007 £ 0.009(stat) £ 0.019(syst) | good agreement with the SM.

Dominant systematic uncertainty from lepton
identification (1.8%).

* This paves the way to the first measurement of: R(X) = B(B — X7v)
B(B — X/{v)
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Measurements of ¢3/y

* Best sensitivity from the BPGGSZ method, exploiting
the interference in the D° -~ Ksnt* s Dalitz plot:

J. High Energ. Phys. 2022, 63 (2022)

P |
¥ Belle + Belle Il
oz 08} ILdt={711+128) fo $3 = (78.4+11.4+ 0.5+ 1.0)°,
5€ _i 0.6[ rBE — 0,129 4 0.024 + 0.001 =+ 0.002,
E _
4c 3043_ 56 50, DK=(1248:t129:|:05:|:17)°
|32 } : ?“B = 0.017 £ 0.006 + 0.001 + 0.001,
0.2}
o ,iz : 955%/ \ 507 — (341.0 £ 17.0+£ 1.2 + 2.6)° .
05 1 15 2 25 31 0§ 1-00 ST T
m?2 (Kgm [GeV?/c?| o [
3

* GLW method [Phys.Lett.B 253 (1991) 483-488, Phys.Lett.B 265 (1991) 172-176]: consider
decays of the D° to odd (-) and even (+) CP eigenstates and measure the observables:

B(B~ = Dgp K™ )—B(BY = Dopy KT) _ B(B™ = Depy K ) +B(BT — Dep KT
BB~ = Dopo K- )+ B(BT = Dppy K1) 77 B(B™ = Do K) + B(BY = Dy, K¥)

Acps =

which are related to ¢.: :
Repe =14 1rg +2rgcosdp cos ¢s

ACP:I: = :|:2?"B SiIléB Siﬂgb:_)) /RCP:E
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https://doi.org/10.1007/JHEP02(2022)063

Measurements of ¢3/y

Considering D° - K'K" as CP+, D° —» K.’ as CP-, and D° - K" x" as flavor specific final
state, we measure (on the Belle + Belle II data set):

Reopy. = 1.164 4 0.081 =+ 0.036,
Reop. = 1.151 +0.074 + 0.019,
Acpy = (4125 £ 58 £1.4)%,
Acp_ = (—16.7+ 5.7+ 0.6)%.

The A_,’s differ from each other at ~3.50;

This translates into constraints on ¢.:

68.3% CL 95.4% CL
8.7, 20.5]
o5 (°) [83.8,96.1]  [4.7, 175.8]
163.4, 173.1]
B [0.282, 0.489] [0.069, 0.560]
January 8th 2024

Events/(5.6MeV)

Pull

25

Belle

15 |-

10 -

. |
20| ILdt:?ﬂfb

Belle

B = DK sk (e 1
€ (e) o0k ILdt:?Hfb"

Events/(5.6MeV)

8" - D(K’n')K (f)

5 i 5 _»
okt 0 !
5 = 5
0w -.'-.. o 0 "' L LT
-5 0.1 -0.05 [4] 0.05 0.1 0.15 -5 0.1 -0.05 0 0.05 0.1 0.
AE (GeV) AE (GeV)
0.3
Belle + Belle Il preliminary
024 [cdt=(711+189) fb?
+
0.1
H
5 0.0
) |
-0.1 CP+
CP-
0.2 - B syst. uncert.
~ 0% | @ stat. uncert.
<4 HFLAV 2021
-0.3 T T T
0.8 0.9 1.0 1.1 1.2 1.3 1.4
Rep+
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https://arxiv.org/abs/2308.05048

Events / (10 MeV)

Measurements of ¢3/y

Other constraints on ¢, can come with the GLS method [Phys. Rev. D 67, 071301(R) (2003)];
We use the Belle + Belle II data sets to reconstruct B* — DO[KSK+J'E'] h* events;

Events are split into SS (K and h have same charge) and OS (K and h have opposite
charge). We reconstruct the observables:

_ _ - +
Dh Dh* DK DK™ Dr Dr
ph_ Ny =Ny~ por/pr _ N~ + N pDT Ngg' + Ngg
Am” = NDh 4 DR m - NPT NDT S8/05 ™\ Dr” L NP
14 DK
W Ty T s ST Agy' = —0.089 + 0.091 £ 0.011,
14 J-L=?11fb" e EE J-L=711'b" DK
. } 2 wof ADE =0.109 +0.133 £ 0.013,
10 =18
8 J( S ‘ AT = 0.018 + 0.026 + 0.009,
6F ! = 0 "
af I\ A = O S Dm _
o | el ]_T ,{:’ﬁ \ mt Agd = —0.028 4 0.031 £ 0.009,
315701 —O.E(oGeV)o_os 0 015 315 o -o.oZE(chV)o.os 01 015 RSDSK/DW = 0.122 4+ 0.012 + 0.004,
ROSP™ = 0.093 4 0.013 + 0.003,
¢, determination requires also input from BESIII Rgs?} o = 1.428 £ 0.057 & 0.002.
on D decay parameters (work in progress)
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B*—= K*vv — HTA systematics

Source Correction Uncertainty type, Uncertainty size Impact on o,
parameters
Normalization of BB background Global, 1 30% 0.91
Normalization of continuum background Global, 2 50% 0.58
Leading B-decay branching fractions Shape, 3 O(1%) 0.10
Branching fraction for BT — KT KUK} q* dependent O(100%) Shape, 1 20% 0.20
Branching fraction for B — D** Shape, 1 50% < 0.01
Branching fraction for BT — K nn ¢* dependent O(100%) Shape, 1 100% 0.05
Branching fraction for D — KP X +30% Shape, 1 10% 0.03
Continuum-background modeling, BDT Multivariate O(10%) Shape, 1 100% of correction 0.29
Number of BB Global, 1 1.5% 0.07
Track finding efficiency Global, 1 0.3% 0.01
Signal-kaon PID p, 0 dependent O(10 — 100%) Shape, 3 O(1%) < 0.01
Extra-photon multiplicity Nyextra dependent O(20%) Shape, 1 0(20%) 0.61
K7 efficiency Shape, 1 17% 0.31
Signal SM form-factors q* dependent O(1%) Shape, 3 O(1%) 0.06
Signal efficiency Shape, 6 16% 0.42
Simulated-sample size Shape, 18 O(1%) 0.60
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B*—= K*vv — ITA systematics

Source Correction Uncertainty Uncertainty Impact on o,
type, parameters size
Normalization of BB background Global, 2 50% 0.90
Normalization of continuum background Global, 5 50% 0.10
Leading B-decay branching fractions Shape, 5 O(1%) 0.22
Branching fraction for Bt — KT KK} q* dependent O(100%) Shape, 1 20% 0.49
p-wave component for BT — KTKJK? q* dependent O(100%) Shape, 1 30% 0.02
Branching fraction for B — D** Shape, 1 50% 0.42
Branching fraction for BT — Ktnn q* dependent O(100%) Shape, 1 100% 0.20
Branching fraction for D — KX +30% Shape, 1 10% 0.14
Continuum-background modeling, BDT. Multivariate O(10%) Shape, 1 100% of correction 0.01
Integrated luminosity Global, 1 1% < 0.01
Number of BB Global, 1 1.5% 0.02
Off-resonance sample normalization Global, 1 5% 0.05
Track-finding efficiency Shape, 1 0.3% 0.20
Signal-kaon PID p, 0 dependent O(10 — 100%) Shape, 7 O(1%) 0.07
Photon energy Shape, 1 0.5% 0.08
Hadronic energy —10% Shape, 1 10% 0.37
K? efficiency in ECL —17% Shape, 1 8% 0.22
Signal SM form-factors g* dependent O(1%) Shape, 3 O(1%) 0.02
Global signal efficiency Global, 1 3% 0.03
Simulated-sample size Shape, 156 O(1%) 0.52
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R(D") — systematics

Source Uncertainty
1 1 +9.1%
PDF shapes —8.3%
1 - 1 3 1 +7.5%
MC statistics —7.5%
B — D**{~ v, branching fractions J_rfé;i(é%
_ ‘ 1 +2.7%
Fixed backgrounds _9.3%
Hadronic B decay branching fractions +§1(§’
— 4. 8]
] . . +2.0%
Reconstruction efficiency _92.0%
- " . +2.0%
Kernel density estimation _0.8%
‘ +0.5%
Form factors —0.1%
. +0.4%
Peaking background on AM p= —0.4%
7~ — £ v:1p branching fractions fgg%
. +0.1%
R(D™) fit method —0.1%
o . . +13.5%
Total systematic uncertainty —12.3%
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