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The B—>KOVvvV decays in the Standard Model (SM)

Occur through a b—svv Flavour
Changing Neutral Current (FCNC)
transition not allowed at tree level

FCNC = good tests of the SM

SM branching ratio:

BR(B*—K*wV) = (4.43 * 0.42) X 10-6|

Becdirevic et. al. ‘23

Rare: Challenging identification:
Suppressed in the SM by the GIM Neutrinos do not interact with our

mechanism \ / detectors —final state mostly invisible

Decays not observed to this day
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https://link.springer.com/article/10.1140/epjc/s10052-023-11388-z
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The B—>KOVvvV decays in the Standard Model (SM)

Occurs through a b—svv Flavour
Changing Neutral Current (FCNC)
transition not allowed at tree level

FCNC = good tests of the SM

b
SM branching ratio:
BR(B*—K*vV) = (4.43 + 0.42) X 10'6| . .
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[Begirevié et. al. ‘23] [ 9fb?! Ry central-g® = 0,049 MM fromDHMY
) Ri- low-g2 = 0.92773% 05 g
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The B—>KVvv decays beyond the Standard Model (SM)

2.0

Several models of Beyond Standard 2 18
Model (BSM) physics predict = 16l
" .l * — Qﬂ
significant changes to BR(B—Kwv) = g4
Modifications may be caused by: "
o Z'boson - . ‘ . ‘
|_ to uarks 1.0 1.2 1.4 1.6 1.8 .2.0
O eP C| ' - BR/BRSM(KVV) [He. Valencia '22
o Axion-Like Particles g
Added value w.r.t. b—st*: 24 ;
o  Theoretically “cleaner” B
o  Probe 3rd generation lepton couplings él-ﬁ— |
o Actually study B—K"+ invisible = |
o Allows to constrain the C, and C_ Wilson 2 ]
coefficients R ]
q
1'(1‘.0 1?2 1!4 1%6 1!8 2.0
—3#>  Overall “cast a wider net” e

[Cornella et. al. '21
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https://arxiv.org/pdf/2103.16558.pdf
https://arxiv.org/pdf/2108.05033.pdf

Experimental status

SM Average
0.46 +0.05 ‘11104
No observation as of yet, several ' . Belle I1 (63 b, Inclusive)
searches by Belle, BaBar and Belle I d Belle (711 fi*, SL)
1 1.0£0.6
World leading limit by BaBar prosz. 112005 i . Belle (711 1!, Had)
N N __._i_ Baball;Rg%g%Z%l% Had+SL)
~ - 1 0.8+0.7
BR(B—)KVV)<1.6X1O5@90%CL :

0 2 4 6 s 10
10° x Br(B*—K " vp)

First anaIySiS by Belle Il USing a new Bellell B(B — Kuvv) 68 % CL allowed
) ) ) Bellell B(B — K*vv) 68 Vi CL allowed
inclusive tagging method (pru127. 181802] oid —— Bellell(# — K*v)65 % CL allowed

. . . —— Belle + BaBar{B — Kvv)90 % CL excluded
No significant signal observed

0.2 —— Belle + BaBar{B — K*vwv)90 % CL excluded

Belle Il is the only current experiment that '
can hope to measure these decays !

T T T T T T
—0.75 —0.50 —0.25 000 025 050 0.75

C)P/Ci’\l
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The Belle Il experiment at SuperKEKB

Belle Il Online luminosity Exp: 7-26 - All runs
17.514

Integrated luminosity
mmm Recorded Weekly /

15.0 | [ Lpecordeq dt = 427.79[fb71]

12 5kens L — 362 fb_l on T(4S)
1004 L =43 fb-1 off-res ]..

st 200

Asymmetric e*e” collisions at Vs ~ 10.58 GeV = mass of Y(4S)
World record instantaneous luminosity (4.7 x 103 cm?s™)
Goal to reach 50 ab™! of int. luminosity (This work based on 362 fb™')

400

F 300

7.5

Main target = discovery of BSM physics
Especially in rare and/or partially invisible decays
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Belle Il Online luminosity

Exp: 7-26 - All runs
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ATLAS
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The Belle |l detector

e+ 4 GeV36A

* New beam pipe SuperKEKB

& bellows

Pixel Detector (PXD)

Silicon Vertex Detector (SVD)

Add / modify RF system
for higher beam curren!

Central Drift Chamber (CDC)

TOP counter (TOP)

Positron source

New positron target /
capture section

Aerogel RICH counter (ARICH)

Low emittance gun

Electromagnetic Carolimeter (ECL)

Low emittance electrons
to inject

K./ Muon Detector (KLM)

)" ©Rey.Hori /KEK
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The Belle Il detector - Tracking
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The Belle |l detector - Particle Identification
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The Belle Il detector - Calorimetry
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The Belle Il detector - Calorimetry
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The Silicon Vertex Detector (SVD)

4 concentric layers of detectors
Double Sided Silicon strip Detectors
(DSSD) — two sides (u/P and v/N)

Readout with APV25 chips DSSD sensor

Goal: give 3D position, hit time and
deposited charge from charged

Distance

Sensor thickness
300-320um

. ) between
particles (for tracking, PID, etc..) strips :
50 — 240 pm
Small Large Trapezoidal m::_ alaye;

s 4 = \~\ )
pitch p (digital res.) | 50(7)um | 75(11)pm | 50-75(11) ym rseasrwes=sseiuie Sewaaaie iiieis
pitch n (digital res.) | 160(23) um | 240(35) um |  240(35) ym — B

I Small | Large | Trapezoidal |
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Cluster reconstruction

Cluster = estimator of crossing s i
position of a particle S1 | S2|1 83| S4]| S5 | S6
For each strip, access to: '
o Co!lected charge / Charge
o Noise collection
o Gain
Selection to discard noisy strips
Set of retained strips = cluster S S6
For each cluster compute the charge
S, and position x_: ' l Threshold (S/N > 3)
i EEl EIEIE
cl Z Si Collected — = e

charge
Cluster
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Issues with spatial resolution

Resolution of the detector
estimated both in data and
Monte Carlo (MC) simulation

Satisfactory data/MC agreement
But discrepancies observed

Need to understand smaller
effects

Studies performed to identify the
root of the discrepancies (timing,
charge collection...)

Lucas Martel

layer-3, u/P side
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layer-3, v/N side
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Electronic channel couplings

100

évg, shéper e

Tests performed: a signal is injected o | avg.couping response. —<— -
on a given strip while checking the |

response of the adjacent APV Y

channel 2 ol o~ i
Small signal observed in the adjacent | \ _
APV channel with a ~30 ns shift in fg [ ‘
time I e PO | i
Expected effect on measured strip M0Ts 10 15 2 5 w0 3 40 45 50

. time[1/8 clock]
charge: >
charge . (a)=charge _(a)+ 0.06 x charge(b)
—

True charge Measured charge
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Electronic channel couplings

évg, shéper e
avg. coupling response —<— |

Tests performed: a signal is injected
on a given strip while checking the
response of the adjacent APV

channel

Small signal observed in the adjacent
APV channel with a ~30 ns shift in
time

Expected effect on measured strip e
charge: it

charge . .(a)=charge__(a) x charge(b)
Charge used to compute x

—® Biasin charge = bias in position True charge Measured charge

signal[ADC]

\
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The Cluster Unfolding

cA, cA, cA, cA,
(‘\ ‘/_\ [\ \/\ Ai=

True charges

A A A A

0 : 2 3

cA, cA, cA, cA,
l
a =

1
a a, a, a, Observed charges

The observed charge (biased) follows:

a = (1-2c)A. +c(A , +A,)

From the checks on electronics we expect ¢ ~ 0.06
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The Cluster Unfolding

cA, cA, cA, cA,

A =

A

0 :

A

A

2

A

3

True charges

A, A, A, o

|

o o

a,

8y

a =
1
Observed charges

The observed charge (biased) follows:

a = (1-2c)A. +c(A , +A,)

From the checks on electronics we expect ¢ ~ 0.06

Lucas Martel

M To correct this effect, we propose to

\ “unfold” the cluster charges :

1-—2¢ C 0 0 Al a1

c 1-2¢ ¢ 0 Az | _| a2

0 C 1—2¢ C Az | 7| a3

0 0 ' 1—2¢c/\A3 as
True Obs

Unfold by inversion :

Al aq
A2 a
P — M-l 2
3 as
A3 as
True Obs

M is an n x n matrix, with n the size of the cluster of interest
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The Cluster Unfolding - estimation of the correction factor

Resolution is computed for
each type of sensor for
different ¢ values

No improvement seen on
V-side sensors

U-side sensors benefit from
the method, optimal gain for
¢ = 0.1 across the board

Lucas Martel
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N
(8]

layer-3, u/P side

projected track incident angle [deg]

Belle Il - SVD
— 20 Preliminary *  data
c I -+ data corrected
=1 e MC
E; 15 |
= ke
= -, E 3
210 e F -
= ‘"awMF:ZZIZ = = ::::1;“*¢"
) e ¢ e vt 0 T, i v s vound
Y s
0 1 1 1 1 1
-30 -20 -10 0 10 20

resolution [um]

N
w

The Cluster Unfolding - implementation

layer-4-5-6, u/P side

s = N
o w o

w

Belle Il - SVD
Preliminary

+
o

4 MC

data
data corrected

o
-30

-20 -10

0

1|0 2I0 30
projected track incident angle [deg]

We see an improvement on U-side sensors with the method, which allows to gain ~5 - 15%

on the position resolution

This in turn allows to bridge part of the gap between data and MC

The method has thus been implemented in the Belle Il analysis software

Lucas Martel
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A Belle Il event at 10.58 GeV

. B*B- BB®
e*e collisions at 10.58 GeV (51.4+0.6)%  (48.6=0.6)%
Signal events: e'e™—Y(4S) TR Igle*eﬂmsn =11nb |
gle’'e2T"T Y = U. n 5)
- o[ete—ptw =1.15nb o [efe—uu (y)]=1.6nb
Y(4S) decays aS B+B Or B(rBO o |e+e'£d({ 1:‘ ;g ((;;])]: 0_17§5nh o [ete—=yy(y)] =3.3nb

b [ete—etepnt]=18.9 nb

o[ete—ete(y)] =744nb
\

ete—eteete] =39.7nb

Vs = 10.58 GeV
o1o1=143 nb

l K®

P : invisible  :
/ Bag : : Blig Well known event kinematics
g . Signal info from the other B (B tag)
e | = tagging
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B-tagging at Belle |l

Hadronic B-tagging Semileptonic B-tagging Inclusive B-tagging
Strong kinematic constraints Less kinematic constraints (neutrinos Only reconstruct signal B
Low fraction of B decays on both sides) No constraints on other B

High fraction of B decays Less pure but higher efficiency

e~ 0.1%-0.5% —

0(1%)
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B-tagging at Belle |l

Hadronic B-tagging Semileptonic B-tagging Inclusive B-tagging
Strong kinematic constraints Less kinematic constraints (neutrinos Only reconstruct signal B
Low fraction of B decays on both sides) No constraints on other B
High fraction of B decays Less pure but higher purity
HERE K+
| Hadronic-tag analysis Inclusive-tag analysis [
(HTA) (ITA) S
(S
my thesis T~
d approach

£~ 0.1%- 0.5 % —
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The Full Event Interpretation algorithm

Displaced Neutral
|
B . Vertices . Clusters
\

o Here, use hadronic tagging
— Full Event Interpretation (FEI) algorithm

o Use final state particles to hierarchically
reconstruct the most probable Btag

© Reconstruction done within a list of O(104)
hadronic decay chains
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Analysis strategy

Basic selection and
reconstruction

Background
suppression

Belle 11

e - 352

K- Av
’

.

By J* v

Candidatac

Lucas Martel

Data-MC Validati
corrections shilosiliol
Bl 11 JCdt 3200
1500 ity t  data
@ ooty ]
] 8
2 y
2 . ‘*’1 [
G :' |
= < 4
< ~4— Sgn MC
O 2} —+ EmbMC
} Emb data
4 - ' - - q)] 04 0.6 0.8 1.0 12
2 E——— 87 N F—
L ] L 5 i Y ]
é ¥ 0.0 05 1.0 15 20 25 30 o« %.4 05 06 07 08 09 10
xgb
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Statistical
interpretation
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Basic selection

The Btag is reconstructed in one of the o
hadronic decays known to the FEI ixiv1s07 08680
Signal K* selection:

kaonl|D discards ~ 32%
of real kaons
m->KmisID ~1.2%

o Atleast one PXD hit

o High probability to be a kaon (kaonID > 0.9)
Event selection:

o) Btag and K* opposite charge

o  Number of good quality tracks < 12

o No clean tracks in ROE

o No K, m°orA%in ROE

Lucas Martel PhD defense, Sep 20 2023

Basic selection and
reconstruction

Rest of the event (ROE)
e Remaining tracks
e  Calorimeter deposits

Not associated to Bsig NOR Btag

31
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Boosted Decision Tree based selection

Build a BDT based on XGBoost to
distinguish between signal and background

12 features used in the training:

o Extra calorimeter energy

Event topology

Signal K* kinematics

D meson suppression variables
Missing quantities (E,p) in the event

3 background contributions:
e*e” —light-qq, cc and BB
Signal search region based on BDT output

o O O O

Lucas Martel PhD defense, Sep 20 2023

Belle IT [ £dt =362fb~"

0.08 -

0.06 -

AU.

0.04 |

0.02

0.00
0 2 4 6 8 10

Eniss + CPmiss [GeV]

Belle IT [ £dt =362fb~"

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Neutral Egef [GeV]

Background
suppression
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Signal search region and efficiency

Background
. . . suppression
« Signal Region (SR) defined as BDT output € [0.4, 1]
o SR dIVIded |nt0 6 bInS Belle II preliminary [ £dt =362 fb"
o Signal efficiency = 0.4% w0or o= 58
L Bl cc
o Low efficiency but high sample purity sof : P
o Higher g2 resolution w.r.t. other tagging methods g L
.’E I
g
&
0.6 O
I Statistical uncertainty
g 0.5 Belle IT pr‘climim'xry
B’ ik simulation
s , £
\T - 1 Statistical \mcxjrta.um\: :5 sl HTA
g 10 ITA TS e 1
£ & BDT
& w01} HTA
% 0'0 | 1 1 1 1 1
i m—— | = 0 2 4 6 8 10 12 14 16 18 20 22 24
0 2 4 6 8 10 12 14 16 18 20 22 24 ¢* [GeV?/ct]

¢’ [GeV?/c']
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Validate signal behavior by
embedding signal MC into data

Belle 11 /[.(lt =362fb!

| { Emb data

—— Emb MC
—— Sgn MC

Validation of signal efficiency

Validation

Data-MC
corrections

events
Use B*™— K" J/y(uu) events, replace B

decays by simulated signal and match
kinematics

Done for both data and simulation
Data/MC efficiency ratio = 0.67 £ 0.06

(@)
LY . A i B 1 i

3 4 5 6 7 8 9
Emiss + CPmiss [GeV]

Belle IT /Ldt:362ﬂ) !

— Use as calibration factor and
propagate uncertainty I S S

] | |
t | Emb data
2.5+ ++ Emb MC

++— Sgn MC

04 05 06 07 08 09 1.0
b

AU.
s

[CER=)

Ratio o
o

1 1 1 L L L 1
04 05 06 07 08 09 1.0
BDT
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Validation of background using off-resonance data

[— . — . . Belle IT [C£dt =42fb! Validation
cc and light-qq background simulation J o -

C ores Data-MC

studied in off-resonant data 000 = e

(collected 60 MeV below Y(4S) mass)
Overall acceptable agreement, but some
discrepancies are seen

In normalization: data/MC ratio =0.82 + 0.01 = .

— reweighting of the simulation A %Emiss jcpmi:[Gevf 10
In shape: devise a correction using an i il

additional BDT to correct simulation and
derive a systematic uncertainty

After corrections, data/MC agreement greatly
improves

Candidates

Candidates

Emiss + CPmiss [GBV]
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Validation of BB background using signal sidebands

.. . Validation
On-resonance data: need to limit signal .
contamination cRatg i
Same selection as signal fu WC | kaonID

Some cuts inverted to avoid looking at the SR: 500 F
o  “Wrong charge”: the Btag and BSig are required to
be of same electrical charge
o ‘“kaonlID” the reconstructed signal kaon is required
to be compatible with the pion hypothesis

Overall acceptable data-MC agreement

i
o
S)

Candidates
Candidates

data/MC ratios are computed: B e T3 B e T
T Belle IT /Edl‘::(ﬁZﬂ)"
1.6 £ 0.6 1.24 1 0.27 / L e
7] s % BB $ % B,E
. c | S0, -
wrong charge kaonID ey | 2 - = /%% -
N 2| Y
Compatible with 1 but large stat uncertainty - _////////%//@ 0 %
0
— treated aS Systematlc uncerta”]ty ‘8 2L0.4 0.5 I 0.6 I 0.7 0.8 | 0.9 I 1.0I % 2|:0.4 l 0.5 0.6 0.7 : 0.8 0.9 ' l.OI
[} T J :
B 05T o5 o5 07 05 o5 1o M '%q 05 o8 o7 05 05 19
BDT BDT
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Diving deeper in BB background - B — K*K°K®°

014 Belle IT simulation coDI:teoc-t';,:)is
. . . . o - o ' g':ﬁ‘;ﬁgnzm.skga,ﬂgflzl-
Several decays show intrinsic signal s 2] m—imulated (weighted)
. >o0.10F
likeness o |
D 0.08F
R :
1 = 0.06
For example: B*—K* K% K° g
£ 0.04f
—
2 0.02
BaBar study shows complex structure 000l
of the B*—K* K% K% decay e CE A8
[PhysRevD.85.112010] m(K°K") (GeV/c)
Use this study to correct Belle |l _
. . BellquI preliminary B B oK't KOKY Belle IT preliminary B B K°
phasespace simulation 2 ol [ £adt=3620" B e 5 [ Ldt=3626p" gl A
"ED 77/, Stat. unc. ";o - B B> KKK~ p-wave
ES) D ¢ Data
In addltlon use B*—K* KO KO and ; 207 E - | 777 Stat. unc.
2 2
B'—K’, K* K" data to model B, Ay
B*—K*" K%, K° 0 0
S L
= O =y A
- 5 0 = o-ll.--- --M J--...-Lm-
Do the same for B*—>K* n n = s T vl Meiied
1.0 1.5 2.0 2.5 3.0 3.5 4.0 1. 0 1_5 2 0 2 5 3 0 3.5 4.()
Mgk [GeV/c?] Mg+ k- [GeV/c?]
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Signal extraction

Statistical
interpretation

Estimate BR(B* — K* vv) from a
1-dimensional likelihood fit to the SR

Belle I preliminary [ £dt =362 b

100 == BB
distributions -
4 contributions taken into account: =t —T— e
o BB, cc, light-qq backgrounds g 6o |
o signal ¢
The fit takes into account 45 S
nuisance parameters, as well as the 20
parameter of interest: the signal o

0.4 0.5 0.6 0.7 0.8 0.9 1.0

strength p = BR/BR, BDT
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Systematics

Statistical
interpretation

Source Uncertainty size Impact on o,
Normalization BB background 30% 0.91
Normalization continnuum background 50% 0.58
Leading B-decays branching fractions O(1%) 0.10 Stat. unc. = 2.3
Branching fraction for Bt - K*K} K} 20% 0.20
Branching fraction for B — D**) 50% < 0.01
Branching fraction for BT — K1 nn 100% 0.05
Branching fraction for D — K X 10% 0.03
Continuum background modeling, BDT. 100% of correction 0.29
Number of BB 1.5% 0.07
Track finding efficiency 0.3% 0.01
Signal kaon PID O(1%) < 0.01
Extra photon multiplicity O(20%) 0.61

K efficiency 17% 0.31
Signal SM form factors O(1%) 0.06
Signal efficiency 16% 0.42
Simulated sample size O(1%) 0.60
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Belle II preliminary
J £Ldt =362fb!

Bt —=Ktww

Finally, we measure in data:

100

u=2.2+23(stat)’ (syst)

[
e}

Giving:

Candidates

BR(BT - K*vp) = [1.1ig;g(stat)fg;§(sys)] x 107>

Significance with respect to background
only hypothesis (u =0): 1.10
With SM signal: 0.6c

Pull

This improves on previous hadronic tag results:
- 30% improvement in uncertainty w.r.t Belle hadronic tag
measurement with a 2x smaller dataset
- 15% improvement in uncertainty w.r.t BaBar hadronic tag However still statistically limited
measurement with a 20% smaller dataset
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Results - that’s not all

© Analysis performed in tandem with another analysis using inclusive tagging
@ Using this method we find:

u=56=x11(stat) o(syst) or BR(B* — K*vp) = [2.8 + 0.5(stat) = 0.5(sys)] x 10~

o Significance with respect to background only hypothesis (u = 0): 3.60
©  With SM signal: 3.00
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Results - Combination

15.0

A combination of both results is performed 4’%

Correlations among common systematic uncertainties are taken into a’sps

account e
The combination improves the precision of the inclusive tag-only 20?3

measurement by 10%

sM n=4.7 £ 1.0(stat) £ 0.9(syst)

A BR(B*->K*v¥) = [2.4 £ 0.5(stat)**S_ (syst)] x 10°

Combination

Belle II preliminary
[ Ldt=(362+42)fb~!

1

: 3.60 significance w.r.t First evidence of the
o5l background-only hyp. P> BtoKt+inv. decay !
E (2.80 w.r.t SM) (and b — s + inv.)
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New experimental state of the art

M Average Privately produced comparison
0.497 +0.037 ‘l.u,u.'l s
: N Belle II (362 fb'!, Combined)
: 1 244 0.7 This analysis, preliminary
E-——o-i— Belle II (362 fb-', Hadronic) ( ITA result has some tension \
: . . 118 analysis, prefiminary . " % .
; N _ Belle II (362 fb-!, Inclusive) with previous semi-leptonic
: i;+ltll.. I'II‘lus(::x‘l;I.\;l]s.»ll)x'l*lxlmumlr_\' . tag measurements
© o PR e e a 2.4¢ tension with BaBar
1 5 J . .
—e— Belle (711 fb’!, Semileptonic)(*)| a 1.9¢ tension with Belle
] 1.04+0.6 PRD96, 091101
. -1 ic)(* ;
| . s M Preg () HTA result in agreement
1o = Babar (418 fb-!, Combined) with all the previous measurements
. 1 0.84+0.6 PRDS87, 112005
—o— i Babar (418 fb!, Semileptonic) Overall compatibility is
E 1 0.2+ 0.8 PRDS87, 112005 d. 2/ d _ 4 3/4
5 Babar (429 fb!, Hadronic) \\ 800d: 4 /1 If = 4. /
: it 15413 PRDS7, 112005
l 1 L l 1 L 1 l L 1 1t l L L L l L L L
0 2 4 6 8 10

10° x Br(Bt*—K *vp)

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

CPPC-2023-06 |y
led )
When Energy Goes Missing: - \
New Physics in b — svv with Sterile Neutrinos ) (IT:A result. has Sonl.e tensm.n
) with previous semi-leptonic
: _r _ . : tag measurements
Tobias Felkl!, Anjan Giri®>. Rukmani Mohanta®, Michael A. Schmidt! . R
: . e a 2.40 tension with BaBar
: I , . g :
P Belle (711 fb"!, Semileptonic)(*)| a 1.9¢ tension with Belle
s ] 1.0+ 0.6 PRD96, 091101
: . -1 ic)(* ;
| . SES ey eerengl(’) HTA result in agreement
P ot Babar (418 fb-!, Combined) with all the previous measurements
: 1 0.84+0.6 PRDS87, 112005
—o— i Babar (418 fb!, Semileptonic) Overall compatibility is
5 : 0.24+0.8 PRDS87, 112005 d. 2/ d _ 4 3/4
: o, Babar (429 fb!, Hadronic) 800d: 4 /1 If = 4. /
i li; | | 15413 PRDS7, 112005

0 2 4 6 8 10
10° x Br(Bt*—K *vp)

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

Understanding the first measurement of B(B — Kvv)

L. i Allwichcr,lﬂ D. Beéircvié?* G. Piazza.z' S Rosauro—Alcaraz,z'lﬂ and O. Sumcnsari""m
When Energy Goes Missing: * Physik-Institut, Universitat Zurich, CH-8057 Zarich, Suitzerlond

New PhySiCS in b — svv with Sterile Neut 21JCLab, Péle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

Tobias Felkl!, Anjan Giri®>. Rukmani Mohanta®, Michael A. Schmidt! tag meaSUI:emen.tS
: . T a 2.4¢ tension with BaBar
s 1 5 ; “ .
P —e— Belle (711 fb™!, Semileptonic)*)| a 1.9¢ tension with Belle
s ] 1.0+0.6 PRD96, 091101
: ! -1 s\ (% 3
| . SES ey eerengl(’) HTA result in agreement
P ] o Babar (418 fb-!, Combined) with all the previous measurements
S 1 0.8+0.6 PRDS7, 112005
: ' . . . . . .
—-1— Babar (418 fb!, Semileptonic) Overall compatlblllty 1S
5 : 0.2+ 0.8 PRDS87, 112005 d. 2/ d _ 4 3/4
: o Babar (429 fb!, Hadronic) \ good: y“/ndf = 4. /
2 I 15413 PRDS7, 112005
L l 1 L l L L 1 l L 1 1t L L L 1 L L
0 2 4 6 8 10

10° x Br(Bt*—K *vp)

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

Understanding the first measurement of B(B — Kvv)

L. i Allwichcr,lﬂ D. Beéircvié?* G. Piazza.z' S Rosauro—Alcaraz,z'lﬂ and O. Sumcnsari""m
When Energy Goes Missing: * Physik-Institut, Universitat Zurich, CH-8057 Zarich, Suitzerlond

New PhySiCS in b — svv with Sterile Neut 21JCLab, Péle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

tag measurements

Tobias Felkl!, Anjan Giri®>. Rukmani Mohanta®, Michael A. Schmidt!

- T a 2.4¢ tension with BaBar
1 5 ; . .
— Belle (711 fb!, Semileptonic)*)| a 1.9¢ tension with Belle
] 1.0+0.6 PRD96, 091101
1
: Belle (711 fb!, Hadronic)(* .
. . SES ey eerengl(’) HTA result in agreement
P abar -1, Combine with a e previous measurements
o Babar (418 fb!, Combined th all the p t
Implications of an enhanced B — Kvv branching ratio Overall com p atibility is
Rigo Bause,!'* Hector Gisbert,% T and Gudrun Hiller!:4: gOOd: Xz/ndf= 43/4 )

TU Dortmund University, Department of Physics, Otto-Hahn-Str.4, D-44221 Dortmund, Germany
?Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova,,Via F. Marzolo 8, 35131 Padova, Italy
? Dipartimento di Fisica e Astronomia “Galileo Galilei”,

Universita di Padova,Via F. Marzolo 8, 35131 Padova, Italy
4 Department of Physics and Astronomy, University of Sussex, Brighton, BN1 9QH, U.K.

N 7

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

Understanding the first measurement of B(B — Kvv)

L. i Allwichcr,lﬂ D. Beéircvié?* G. Piazza.z' S Rosauro—Alcaraz,z'lﬂ and O. Sumcnsari""m
When Energy Goes Missing: * Physik-Institut, Universitat Zurich, CH-8057 Zarich, Suitzerlond

New PhySiCS in b — svv with Sterile Neut 21JCLab, Péle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

tag measurements
Tobias Felkl!, Anjan Giri®>. Rukmani Mohanta®, Michael A. Schmidt! g

: . e a 2.40 tension with BaBar

: I :

: —e—- Belle (711 fb! lept : :
: i AT (pnoga,ogudlseml P B meson anomalies and large Bt — Kvi in
: I : i

: : = Belle (711 fb’!, Hadronic) non-universal U(1) models

I 3.0+ 1.6 PRDST7, 111103

: —_Q_:. Babar (418 fb-!, Combing

Implications of an enhanced B — Kvv branching

; : . Peter Athron,® R. Martinez,” Cristian Sierra®
Rigo Bause,!* Hector Gisbert,2:3: 7 and Gudrun Hillerl:4:| oo Awnren HRUIRE, " ERstian B

y . . “ Department of Physics and Institute of Theoretical Physics, Nanjing N I University, W
'TU Dortmund University, Department of Physics, Otto-Hahn-Str.4, D-44221 Do Rep; }vnm..of Jy s ‘mg 1 on(;;ucf’h?f CATPRIIESIR ST IaRe SRIICTSIg WeTRuat
*Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova,,Via F. Marzolo 8 8 A becings
S 3 PR W Fge ’ ® Departamento de Fisica, Universidad Nacional de Colombia, Ciudad Universitaria, K. 45 No.
Dipartimento di Fisica e Astronomia “Galileo Galilei”, 26.85, Bogotd D.C., Colombia
Universita di Padova,Via F. Marzolo 8, 35131 Padova, Italy L e
4 Department of Physics and Astronomy, University of Sussex, Brighton, BNT 9QH, U.K. (

N 7

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

Understanding the first measurement of B(B — Kvv)

i Allwichcr,lﬂ D. Beéircvié?* G. Piazza.z' S Rosauro—Alcaraz,z'lﬂ and O. Sumcnsari""m

When Energy Goes Missing: ! Physik-Institut, Universitit Zirich, CH-8057 Ziirich, Suitzerland
21JCLab, Péle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

New Physicc in b — ey with Sterile Nen

The Decay B — Kvv at Belle 11 and a Massless Bino

Tobias Felkl', A in R-parity-violating Supersymmetry L By
—0— Herbert K. Dreincr,l‘EI Julian Y. Giinthcr,l' and Zeren Simon W'angz"%' L Ko in

! Physikalisches Institut der Universitit Bonn, Bethe Center for Theoretical Physics,
Nuflallee 12, 53115 Bonn, Germany
i 4o ) 2 Department of Physics, National Tsing Hua University, Hsinchu 300, Taiwan
Bapli 3 Center for Theory and Computation, National Tsing Hua University, Hsinchu 300, Taiwan

o 5 . Peter Athron,” R. Martinez,” Cristian Sierra®
Rigo Bause.!'* Hector Gisbert,>% T and Gudrun Hiller!:*:
y . . “ Department of Physics and Institute of Theoretical Physics, Nanjing N I University, W
'TU Dortmund University, Department of Physics, Otto-Hahn-Str.4, D-44221 Do RZZZ Ir\fn::ji:.; Jii:;:uanzwn();;ugh?ia B A S i s
2 cas .. . (X, 1 . . - ¢l g ¢ A » 1 §
Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova,, Via F. Marzolo & ® Departamento de Fisica, Universidad Nacional de Colombia, Ciudad Universitaria, K. 45 No.

S 3 3 e 4 s o Eraa
Dipartimento di Fisica e Astronomia “Galileo Galilei”, ; :
4 26-85. Bogotd D.C., Colomb
Universita di Padova,Via F. Marzolo 8, 35131 Padova, Italy el i
4 Department of Physics and Astronomy, University of Sussex, Brighton, BNT 9QH, U.K. (
N 7

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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New experimental state of the art

Understanding the first measurement of B(B — Kvv)

L. i Allwichcr,lﬂ D. Beéirevié?* G. Piazza.z' S Rosauro—Alcaraz,z'lﬂ and O. Sumcnsari""m
When Energy Goes Missing: * Physik- Institut, Universitat Ziirich, CH-8057 Ziirich, Suitzerland
21JCLab, Péle Théorie (Bat. 210), CNRS/IN2P3 et Université, Paris-Saclay, 91405 Orsay, France

New PhySiC" in h — sz with Sterile Nen

Tobias Felkl!, A

aBar

Y b K v in

—@—
Implic

a Bl B R L

Rigo Bause.!'* Hector Gisbert,>% T and Gudrun Hiller!:*: FEIEp sl Bty st o

'TU Dortmund University, Department of Physics, Otto-Hahn-Str.4, D-44221 Do

*Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova,,Via F. Marzolo 8|
? Dipartimento di Fisica e Astronomia “Galileo Galilei”,

Universita di Padova,Via F. Marzolo 8, 35131 Padova, Italy

4 Department of Physics and Astronomy, University of Sussex, Brighton, BNT 9QH, U.K. (

. 7

“ Department of Physics and Institute of Theoretical Physics, Nanjing Normal University, Wenyuan
Road, Nanjing, Jiangsu, 210023, China

® Departamento de Fisica, Universidad Nacional de Colombia, Ciudad Universitaria, K. 45 No.
26-85, Bogotd D.C., Colombia

(*) Belle reports upper limits only; branching fractions are estimated using published number of events and efficiency
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First evidence of the B* —K" + inv. decay and improvement of Belle || Silicon Vertex Detector
Development of a calibration method allowing to gain ~5 - 15% in SVD spatial resolution
Two analyses aimed at observing B* —K* + inv. : hadronically and inclusively tagged

Combination of the result allows for a first evidence of the decay (3.60 away from null hypothesis)
and shows a 2.8c tension with SM expectations

Really exciting result ! Additional work needed to get a clearer picture:

o Complementary semileptonic tag analysis
o other b—s + inv. modes

Lucas Martel PhD defense, Sep 20 2023 50




Thank you !
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Cluster position resolution

Residuals
pos'ttrgﬁ i
L £ osition
< t P Residual R=m-t
Track Residual € = t- x
DURTES R o . itrack position error. True Residual em =m- X
& @ @
’ B m t
E; X Spatial Resolution o,
R
cluster o2 = Varle_] = E[(m - x)?] - E[(m - X)]?
position

True Position  x
Cluster Position m —  Center of Gravity
Unbiased Track Position t — Track fitting
Track position error oy

Note: the true position x is only available in simulation !
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SVD anatomy

SVD ladders B

6 5
L6 Ladder 5 12(3) 4
(Kavli IPMU) 4 10(2) 3
FWD 3 7 2
L5 Ladder -
(HEPHY) . \ 47 FW/BW
BWD
L4 Ladder ’
(TIFR)
BWD module
L3 Ladder
(Melbourne)

Cooling pipe

Cooling pipe
FWD module NP
(Pisa)
Cooling pipe
BWD module i B pip
(Pisa)
G. Rizzo - SVD Ladder Production - BPAC- Feb 13th 2017 3

Lucas Martel

PhD defense, Sep 20 2023

Ladder Anatomy (L6 ladder)

Origami hybrid

DSSDs

* 2 small rectangular (L3)

* 2-4large rectangular (L4-6)
* 1 trapezoidal (L4-6)

Origami hybrid
Flexible circuit to transmit detector
signals to the ladder ends

APV25
Readout ASIC of the strips

FlexPA (PA/PF/PB)
Flexible circuit to transmit detector
signals to the APV25

PAO

Flexible circuit glued on the Origami
hybrid to transmit n-side detector
signals to the APV25

AIREX
Thermal insulator between the DSSD
and APV25

G. Rizzo - SVD Ladder Production - BPAC - Feb 13th 2017 4




| Readout strips (p/R-¢p/U)
| Readout strips (n/Z/V)

| Readout pitch (p/R-¢/U)
| Readout pitch (n/Z/V)
Chip size (mm?)

Active area (mm?)

Wafer Thickness

Lucas Martel

Small

| 768

| 768

| 50 pm
| 160 pm

124.88x40.43 = 5048.90

122.90x38.55 = 4737.80

320 ym

PhD defense, Sep 20 2023

Large

' 768
512

75 ym

240 pm

124.88x 59.60 = 7442.85

122.90x57.72 = 7029.88

320 ym

SVD anatomy

Trapezoidal

' 768

512

75-50 pm

240 pm

125.58x(60.63-41.02) = 6382.60

122.76x(57.59-38.42) = 5890.00

280 pm * to be checked *
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'6‘ 2
%’ S..F — | X 6 sampled data
E” 300005_ | () used for hit time reconstruction
a e | — APV25 shaper output
250001— |
- [
20000 :
15000 :
10000} :
5000 :
o |
L T g ) 0 et S 0 ey
0 50 (100 150 200 250 300
Lo Time [ns
Method: [s]

The multi-peak mode of the APV25 allows to take 3, 6, 9, ...
consecutive samples of the shaper output signal. Three points
around the maximum of the curve can be used to determine
timing and amplitude of the peak with lookup tables, which are
generated from the calibration pulse of the APV25.

Thanks to using only three out of six samples, a trigger jitter of
up to +/- 2 clocks can be tolerated.

Lucas Martel

APV25 Front-End Chip ili

Features

40 MHz operation

128 channels

192 cell deep analog pipeline
50 ns shaping time (adjustable) -
Modes: Peak / Deconvolution / Multi-peak

0.25 um CMOS process
Radiation tolerance >100 MRad .
Low noise: 250 e + 36 e/pF \{} -
Sy
= il

":’“ Differential
current
| output amp

A
inverter
? pipeline —_,—’
e I
S5 = apse :
preamp shaper =3 = ST
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Eta correction

svdClintStrPos*75e-4 {svdLayer==4 && svdLadder == 1 && svdSensor == 1} svdClintStrPos*75e-4 {svdLayer==4 && svdLadder == 1 && svdSensor == 1}
htemp htemp

- Entries 11096 - Entries 10847
200/— Mean 0.003622 200/— Mean 0.003637

: Std Dev  0.002037 C Std Dev  0.002058
200(— —
180— :_
160[— —
140 —
120 —
100

80 Lo b v b v b v b vy by e b v g 1y
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 . . . 0.004 0.005 0.006 0.007
svdClIntStrPos*75e-4 svdClIntStrPos*75e-4
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Eta correction

LIS = SECOGmOd(p) p = pitch
X
(s = =2
p
Correction: ¢
F(¢rs = Q) =/ P(Crs)dCrs
0

Ty =250 +p* F((rs)

xS0 = position of the central strip in the cluster
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Eta correction

int.str.pos. Int.Str.Pos. distrib
htem; Int.Str.Pos ¢
260 Entries 10847 + Entries 10000
Mean 0.487 r Mean 0.6694
240 StdDev 02758 10000— Std Dev  0.2299
8000 —
6000 —
4000 —
2000 —
Py o/ A AP PP U I PO U EPPI PPN
0.1 0.2 03 0.4 05 0.6 07 0.8 09 1

(a) (b)

corrected int.str.pos.

htel
260 Entles 10847
Mean 0487
240 StdDev 02758

(c)
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Eta correction

corrected Cl pos-trkunbiased

corrected Clpos - trkposunbiased
400 Entries 10847
— Mean -1.671e-05
350 — Std Dev 0.001341
— |
— Clpos - trkposunbiased
300 — Entries 10847
— Mean -7.981e-05
— Std Dev 0.001349
250—
200—
150 —
100{—
50—
0 ~ I { I e IS | I L 11 I [ Il S | l | b I | I § 5] l L1 11 =
0. 005 -0.004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0 004 0 005
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Fudge factors

MC res. altered by a random amount taken

. . — & 2 2 . 2 D
from a gaussian of mean 0 and sigma: Ocorr = SIBN(0gata — Onic) \/lgdata el

150 layer-3 u/P 150 layer-4-5-6 u/P

£ £

.3 125 F 3 12,5 F

O 10.0F U 10.0F

= =

s & 75F

- —
8 sof ++**+++++ S sof + +

§ 25F E 25F +_

b 0 0 1 1 L 1 1 b 00 L L L It

‘=30 -20 -10 0 10 20 30 ‘=30 -20 -10 0 10 20 30
projected track incident angle [deg] projected track incident angle [deg]

a0 layer-3 v/N a0 layer-4-5-6 v/N

£ £
3 30 F 3 30 F
O 20F o 20F
= =

£ sreend| SR
B + B of
© ©

§ -10p § -10f
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Fudge factors

MC res. altered by a random amount taken

. . — & 2 2 . 2 D
from a gaussian of mean 0 and sigma: Ocorr = SIBN(Tgata — TniC) \/ladata el
30 layer-3 u/P 30 layer-4-5-6 u/P
4 data expld 4 data expld
LY ¢ 4 MC - “t MC
£ £
20 320}
C C
O 15f O 15t
5 b =
—_ sk = S5+
0 - : ' . - 0 . : . : -
-30 -20 -10 0 10 20 30 -30 =20 -10 0 10 20 30
projected track incident angle [deg] projected track incident angle [deg]
- layer-3 v/N - layer-4-5-6 v/N
4 dataexpl4d 4 dataexpl4d
£ £
3 3 4
- 30¢ c 30r + +
g M 2.y ™ +
e T S Z
E 10 | e 10 |
g40 —l30 —I20 —I10 (I) 1I0 2'0 3I0 40 240 —‘30 —I20 —I10 6 1I0 2I0 3I0 40
projected track incident angle [deg] projected track incident angle [deg]
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Knunu expectations

Observables Belle 0.71ab™* (0.12ab™!) Belle Il 5ab™! Belle IT 50 ab™*
Br(B+ — KTuvb) < 450% 30% 11%

(B0 — K*0ui) < 180% 26% 9.6%
Br(BT — K*Tuvv) < 420% 25% 9.3%
FL(B0 — K*0ui) — - 0.079
Fr(BT™ — K*Tvp) - —~ 0.077
Br(BY — vi) x 10° <14 <5.0 <15
Br(B, — vi) x 10° <0 o | -

Expected sensitivities
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BDT features

e Sum of photon energy deposits in ECL in ROEh
e Number of tracks in ROEh

e Sum of the missing energy and absolute missing
three-momentum vector

e Azimuthal angle between the signal kaon and the
missing momentum vector

e Cosine of the angle between the thrust axis of the
signal kaon candidate and the thrust axis of the
ROEh

e Kakuno-Super-Fox-Wolfram moments H35, H33,
Hg°

e Invariant mass of the tracks and energy deposits in
ECL in the recoil of the signal kaon

e p-value of By,

e p-value of the vertex fit of the signal kaon and one or
two tracks in the event to reject fake kaons coming
from D° or D* decays

Lucas Martel

Neutral Eg4r
E rine = CPrinkes
nremalnlngTracks
cos(Bs,,, thrust)
H33

Mrecoil
Btagpslg

Hg3
p-value(D*)
Hg°

¢*(K - ' pmlss)
p-value(D°)

-
-
-

0 20 40 60 80 100 120 140

Feature importance
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BDT features

Belle II preliminary [ £dt =362h

Belle 11 preliminary [ £ dt =362l Belle I preliminary f £dt =3620b~"
0.03 - == BE 0.125 = B 0.10 T
|G [
by - 2 0100 | 7 2 0.08
Z 2| Bk E — B'KWT z
= bodata £ 0075F 8
3 £ 0.050 g
.’.:! 0.01 LE IE
0.025
0.00 0,000
) o2
| k:
[ o n Ll 1 L L L 1 I
7.0 7.5 8.0 8.5 9.0 9.5 10.0 0.0 05 1.0 1.5 2.0 25 3.0 p
Mucait [GeV] G (K™, Priss) Eniss + cPuiss [GeV]
Belle I1 preliminary [ £dt =362 Belle Il preliminary J £dt =362 (L' Belle IT preliminary f £dt =362
10-1F e 0.06 == 5B
. _06F il . LI
é ;_ L] > -
Z 2 —+ Bf—K*w E ool —— B'K v
.8 10-3 ..:E 0.4 b data _'_:‘ b data
< = 2
g S 2
= > > 0.02
= : m 02 = =
10-° = =
0 1 1
. 0.0 0.5 1.0 1.5 2.0 2.5 3.0 ' 8 10
3 T A 2 (!
I
2 oL : : . : ' : 2 ol i A L ) .
- - P or p
0.0 0.5 1.0 L5 2.0 2.5 3.0 0 2 | 6 8 10
Neutral EE"-R‘ [(;(‘V] NMyemaiming Tracks
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BDT features

Belle I1 preliminary [ £dt —362fb~" Belle I preliminary [ £dt =362 Belle I peeliwinary [ £dt =36200"
mm BB == BB
- 008 uum
o 107 E 10-! .
fed - i > b - T
z == B oKW T Z 006 [~ B*+K*w
_1; t  data _g % $ data
< i < 0.4
= = ]
5 = ; £
3 £ 5
M 0.02

0.0 0.2 0.4 0.6 0.8 1.0
a 2
b=
&
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
el )+
p-value(D™) p-value(D") cos(On,_ thrust )
Belle IT preliminary [ £dt <3620~ Belle I preliminary [ £dt =362 b Belle II preliminary [ £dt =362b="
@ BE g
= BB
. - - 0.05 @ 10-1
z 0.03 | - 2 0.04 o1 e
z =+ B'oK"Ww o BY KW 7 102
2 b odata o =
s = 0.03 data z .
] = - 1073
= £ 0.0 g
e 5] = (U
0.01
109
0.00 :
p 000 005 010 015 020 025 030 0.0 0.2 0.4 0.6 0.8 1.0
=] o2
e pe]
= =
= - =
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.0 0.2 0.4 0.6 0.8 1.0
H” Biag signal probability
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Detour on particle 1D

+ Validation
Most fake kaons are misidentified pions . [
* L4750 A ; ! 4 KID efficiency (data) SAAA4
Sample selected as D" — 77D"( — K™ n™") provides abundant £ [ & KibeficknoyMO)
and low background K~ and z* samples 8 051 Belle Il préfiriinary
& i [Ldt =208 fb
é 04f
. . . . L = mis-ID rate (d
Use to determine kaon ID efficiency and pion-to-kaon fake o fl 7 amepsimo
rates as functions of relevant variables. o M —— Whmwl
e e S s B s

Momentum [GeV/c]
1 2
; N ‘ 4
Data/MC comparison shows that £ oab R o
simulation underestimates the pion-to-kaon fake rate A W [ R
E gof At ] ID.efficiency. (MC)
§> Belle Il preliminary
8 o4l _{Ldr ~208fb"
E i ¥ @ mis-ID rate (data)
o 02- ; v @ mis-ID rate (MC)
x g
i v
_I ¥ ' i

Cosine of the polar Angle [cos8]
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Detour on particle 1D

Use B* —» D'(— K*z )h* with h =K,z seten
B* — K*vi signal region
Use D-decay tracks to select the event and then 70
remove to mimic signal topology F Belle IT preliminary —— Total
60F  frdi=362b N
e Use the full B - K*vb selection 50F P
e Compute AE with 7 mass hypothesis and 3 | e D
select & with nominal K-id < 40F ¢ Data
estimate the number of B* — D K* and = 30} *
B* - D't by fitting AE both for MC and S |
data 20 :
10 |
5k
—0.100 —0.075 —0.050 —0.025 0.000 0.025 0.050

Obtain fake rate F = N,_/(N, + Ng).
Data consistent with MC within 9%
No further corrections applied

AE [GeV]

Observed minus expected B energy: AE = Eg‘ = \/E/ 2
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KL efficiency

Validation

- +,- 0% 0
1) Partially reconstruct e™e™ — ygrp( = K K{) ISR gamma
2) Infer KO information by using known ¢b mass and collision energy

3) Match KO candidates to ECL clusters within
15 cm of the inferred direction of KB
(ECL cluster list follows Bt — K*vp selection)

N(K distance to ECL cluster < 15cm) A R
E(KB) — 8’ 08l $¢ mc
N(total) g ..l
3 0.
& S ERETE D 8
O Gaby W 8 - *
Caveat: probes only high-energetic KB (more on this later) g "
Globally suggested correction is 17+8% B e e T
Exg, GeV
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Neutral Extra energy

Background
suppression

Data-MC

corrections
wrong charge control sample

Correct simulation to account for residual data-simulation soool o b aata
discrepancy by using extra photon multiplicity. g | o -
= Use wrong-charge sideband to derive the correction % G :
= Use pion-ID sideband to validate it and estimate Wy, = Z“L((:")) S 1000}

systematic uncertainty. R \
Apply the weight w,,, in the signal region based on the n,
associated n,,. pion-ID sideband

4000 = Before 4000
3000 After

_correction

Data-simulation agreement is improved but
residual discrepancy persists.

Assign 100% of residual discrepancy as

Candidates
Candidates
g
o

2
=
=]

- - ° 2 . : X - 10.0 125 15.0 ° g 5.0 75 100 125 15.0
systematic uncertainty I T ———— ] 2 ]
g b 0.0 25 5.0 7‘.5 10.0 125 15.0 ‘g 9 0.0 25 5.0 75 100 125 150
n n
Y Y
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KL charm decays

B — X.(— K° + X)+ANTHN

T T
1 Nominal

Study pion ID sideband (do the analysis with pion ID > 0.9) (,::: 0 Sealed DKL
Binned fit of qrzec in signal search region ((BDT),) > 0.92) to determine scaling of ~ g s}
simulated BB events containing a charm decay involving a KB on signal side, £ :::
XC( = KB + X) 2000
1000
3 fit components: X .( — KB + X), BB background, continuum background. 0 b
e 2
BB and continuum normalisation uncertainties set to 1% and 10%, respectively. 13 : :
{  Nominal
uf {  Scaled D'—K{ ]
‘ pion ID sideband |electron ID sideband| muon ID sideband | .- 1
o L1 f o =
Scaling of Xe=Ku+X | 1.30£0.02 ’ 1.38+0.01 ‘ 1.35+0.01 E ol e
Scaleup B — X ( — KB + X) by 1.3 in the MC and assign systematic of 0.1 i
0892 [1.;)4 0.;)6 0.‘38 1.00
p(BDT>) =
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Diving deeper in BB backgrounds

Data-MC

Several decays show high signal-likeness, and need to be studied ;
corrections

Low multiplicity Chain diEsis L e e e e
decays: - Ky ' Wb [ B*-K*nii MC
= — T E o fit E
B+ — K+nn ok ;
- B+ . K+K0R0 - D de.cays 3k — ] weighted MC |
Different corrections and/or systematics applied z
Bt — Kt+nn: 1E
0

Never been observed, but BY — Kgpﬁ studied by BaBar 20 25 M3-0 GS-SV ;-0 45 50
[Phys. Rev. D 76, 092004] n [GeV/c?]

BY — K9pp sees an enhancement at the pp production
threshold

9000 —

Assuming isospin symmetry, reweight BT — K1 nn events

:‘1 Nominal L\II(" {I data I I ‘} I\'muim\i MC
in the simulation B000 |- 1 Scaled X—K{X | data ] el }  Sealed X~ KIX ]
7000
D — KL: 6000 s A 1 I 4
. S + { I
A 3 i i . p14 4.1
Contribution from prompt K+ prodcution in o 1 ] L0 -{_t_-;i:z'_i"_;.t-u-i--- H ]
Bt — D*0:+ K+ is important in the signal region S ] }'* %
3000 s 3
. . . . 0.8 F
Mainly due to sizeable, less-known X, decays involving K, -
We study these decays in the sidebands data samples w000 : o6}
0L

We determine a (1.30 £ 0.1) X. — K, scaling from a fit 0 ; T E 0 ; T E

. . . E Bsig H_reconstructed g2 Bsig H_reconstructed g2
to the signal region in the sidebands
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Diving deeper in BB background - B -> K+KOKO

Several decays show high signal-likeness, and need to be studied I cg:_t:c't’i'lis
. - - 0.14 : : ) sil latl.m
LOW mUItIPIICIty Charm decays: Dpvred)cledllzol.SBQTﬂg,lZ]
deca 3 E 0.12 F 3 simulated 1 o~ 20 T T T
y ) D K 2 ) == simulated (weighted) o, for B°~K2K * K- using PhysRevD.85.112010
Bt s Ktnn — KL > 0.10F g - E
+ + 70 50 D** decays 2 08k g
Bt - KTK°K g S
"—& 0.06 g
é 0.04 F 2
o a4
o P 00 Z 0.02 Z . . .
BT — KTK"K", several cases: -~ =il 2 3 1
0 1 2 3 4 ) 2
+x- [GeV,
m(KoKo) (GeV/c?) xR [GeVie]
Modeled in Belle Il as a sum of phase space 120 - gy 50 F—— S=me
. . 100 | 40 E
contribution and resonances o a s & aol {4 Belle 11 data (sPlob
= E 0]
. . =] ¢ Data B
BaBar paper finds complex Dalitz structure for o 60 g 2op Y +
+ + 170 10 M 4a0f M 10f A '
BT — KT KgKg [Phys Rev D 85, 112010] soh. i PN e
*0“"“‘, Wt — ~10 . . s .
BT —» KTK3KY and BT — KT K? K9 phase ST o1 w0 o1 02 N
AE [GeV] Mgk, [GeV/c?]

space reweighted from BaBar paper
Bt — K"‘KgKg is trickier, likely dominated by ¢ [ ——
plus P-wave contribution PRI K pa
Keep BT — ¢K™ as is, reweight phase space to
P-wave contribution

s

B2

sPlot weigths

0
=

Check correction in data using BT — KT K2KY z ;;i'f'r"j-'u"fwﬁl-—‘--:>"-ﬂlf"-‘l‘|
and BO — KgK+K— = 1.0 1.5 2.0 2.5 3{) 3.5 4.0
]\ll\' ‘K [G(‘V/Cz]

Lucas Martel PhD defense, Sep 20 2023



Background composition

B* B~ event type occurence (%)
misidentified Ky 3.42%
Dnr + Dtv 50.34% 050
Dnr + Hadrons 4.97% B"B" event type occurence (%)
g ;”r +ZC)‘_; gig" misidentified Ky, 10.14%
v+ Dty .
Dnr+ K+KOKO 3.690/2 Dnﬂ' + Del/ 4113%
Dtv + DHadrons 3.54% Dnw + DHadrons 10.48%
Dtv + DD 2.94%
Dnrw+ Dt 2.86% Dv + Dtv 645;70
Dnr + DHadrons 2.86% Dty + cc 4.03%
Dl + cz 264% Dtv + DD 1.03%
Dnm + Dnm 2.03%
Dna+ DD 0.98% Dtv + Hadrons 3.23%
Dtv + Drv 0.90% Dnm + Hadrons 2.42%
Dt Hadeons 0604 Dtv + DHadrons 2.42%
ce+ DD 0.45% &
e+ Hadrons 0.45% DHadrons + DHadrons 2.42%
DHadrons + DHadrons 0.45% Dnm + Dnm 1.61%
DHadrons + Hadrons 0.45% [
Dot o Dnm + DTv 1.61%
K+KOK® + ce 0.23% Dnm + cc 1.61%
DD + DHadrons 0.23% Dnr + DD 1.61%
D7v + DHadrons 0.15%
K+KOKO + DD 0.15‘?2 D Hadrons + Hadrons 1.61%
DD + Hadrons 0.15% Dtv + Drv 0.81%
0 07
De'”'KjKOK 0.08% Dtv + DHadrons 0.81%
nmwlv + cé 0.08%
Dry4-DD 0.08% Dtv + Hadrons 0.81%
K+KOK© + DHadrons 0.08% ce + Hadrons 081%
ce+ce 0.08% o
cé + DHadrons 0.08% DD + Hadrons 0.81%
Hadrons + Hadrons 0.08% other 10.14%
other 10.12%
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Inclusive tag analysis

K" selection K* )
Reconstruct a track with at least one pixel hit in and
use PID to identify it askaon qrec From R. Volpe
ec(KaonID) ~ 68 % <
emis-tag rate (r = K) ~ 1.2% et
' N Rest Of the
Rest of the Event (ROE) Event (ROE)
e Charged particles
* Neutrals Reconstructe
e Ks objects
; (ECL clusters,
g>. : mass squared of the tracks, ...)
neutrino pair
gz, = 8 S M,2< s \/E E# Missing momentum: complement to total Event cleaning:
4 momentum from all particles 42N 210
If multiple signal candidates are 0, is the polar angle of the missing T ;"‘C"s -
reco’d, pick lowest qf'ec one momentum in the center of mass frame I7" <67, < 160

Lucas Martel
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Inclusive tag analysis

From R. Volpe

Two multivariate binary classifiers based on boosted decision trees (BDT)

A first filter uses 12 input variables to reduce data obtaining 34% efficiency (BDT1>0.9)

Belle II preliminary simulation
. T
B'B"
B B"B~
I cc
| o e

 uu

. dd

[ Signal [x50]

Key discrimination achieved by 35 inputs fed to BDT, _—

(Output mapped in a new variable u(BDT,) defined to

make signal efficiency is flat) 6000

Candidates
=
o
(=]
o

Signal region defined by: 2000

BDT, > 0.9

u(BDT,) > 0.92 0.92 0.94 0.96 0.98 1.0
«B0%) u(BDT)

The analysis is developed using simulated samples.
Data are used to derive corrections and validate them
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e Continuum (¢g) is 40%

Inclusive tag analysis

From R. Volpe

* B-meson decays 60% — 47% from semileptonic with D — KX, 52% from hadronic decays

involving D and K

BTB~ decays

B* —D"(2007)°K*

B D0n+\

-

B+ - DIK*RO —
B+ —-D%(770)*— |

B* —=D"(2007)%*ve(y)
B+ —D*(2007)°n*v,(y) —

Bt = K+K0Kt)
B* = DOutvy(y)

e

B* —=D%*v.(y)

Belle II preliminary
simulation

others

Lucas Martel

BY—=D"(2010)K*K°

B? = Dt*eve(y)
BY - Dt (y)

BY—D*(2010)K*
BY—Dp(770)*

B?=D"(2010)*pv,(y)

BY=D"(2010)*eve(y)

others —/

Belle II preliminary
simulation
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Inclusive tag analysis

From R. Volpe
Signal region divided into 4 bins of u(BDT,) and 3 Einned likelihood fit to signal and 7
i kground categori
bins of g2, A(BDTS) ackground categories
0.92 0.94 0.96 0.98 10
T — * Poisson uncertainties for data counts
simlf.lntion == BB i . . . . . : .
3000 = == 5B W * Systematic uncertainties included in the fit as predicted

N Signal [x5 .o . N . o
; - rate modifiers with Gaussian likelihoods

« MC statistical uncertainties are included as nuisance
parameters, per each bin and each fit category

Candidates

1000

F—

3 : _ ‘
-1 4 8251 4 8 251 4 8 241 4 8 25
Grec [GV2 /Y

Off-resonance data used as well to better constraint background
u(BDT,) X g2, % [on/off res]

4 bins 3 bins 2 bins
24 bins total
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Inclusive tag analysis

From R. Volpe

Source Uncertainty Impact on o,
size

Normalization of BB background 50% 0.88
Normalization of continuum background 50% 0.10
Leading B-decays branching fractions O(1%) 0.22
Branching fraction for B¥ - KT KYK? 20% 0.48
p-wave component for BT — KT KJK} 30% 0.02
Branching fraction for B — D** 50% 0.42
Branching fraction for Bt — nnK ™+ 100% 0.20
Branching fraction for D — K X 10% 0.14
Continuum background modeling, BDT,. 100% of correction 0.01
Integrated luminosity 1% < 0.01
Number of BB 1.5% 0.02
Off-resonance sample normalization 5% < 0.01
Track finding efficiency 0.3% 0.20
Signal kaon PID 0(1%) 0.07
Photon energy scale 0.5% 0.07
Hadronic energy scale 10% 0.36
K? efficiency in ECL 8% 0.21
Signal SM form factors 0(1%) 0.02
Global signal efficiency 3% 0.03
Simulated sample size 0(1%) 0.52

statistical
uncertainty
onu=11

Lucas Martel
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Inclusive tag analysis

From R. Volpe
Measure a known decay mode to 8000 r
validate the background estimation Belle I preliminary B B =7 K*
% 6000 F [Ldt=362f1 = gf“‘”‘di}
. I Charge
to measure BT — 72K with 2 B e
; : : < ‘
the full nominal analysis applied =5 4000 {  Data
% Stat. unc.
Bk O 2000
¢ Pion ID instead of Kaon ID

« Different g bin boundaries

« only on-res data used g
only on-res data use 5

¢ only normalization syst included 0

Pull

BR(B* = n*K®% = (2.5 £ 0.5) x 10~ o 5 10 15

Consistent with PDG:
BR(B* - 77K®% = (2.3 +0.08) x 107>
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FEI efficiency

B+ BO
0

=
(@]

0

=
(&) ]

= 0.40- m, 0.40

(an)
o
(o)
Jl
o

/|
=
(V]
()

Tag-Side Efficiency in %
Tag-Side Efficiency in %
¥
i

0.10- I . o A

0.00

0.00

' ' T L B R ' ' L B B ' e e
0 10 20 30 40 50 60 70 &80 90 100 0 10 20 30 40 50 60 70 80 90 100
Purity in % Purity in %
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FEI efficiency

Graph-based Full Event Interpretation (graFEI) model based on graph network blocks [5] and trained on Y(45) — B°(— vir)BY(— X) simulated signal
events. Performances evaluated on simulated signal events and background from random combinations of tracks from B decays.

100 A

99 4

u=—= (D™ Beiy =

= &

‘w‘ \ 14 g
| | V= o - = 98 1

| | N = = 2

\ . + °
E o FE S 97

o

Ecgeblock Node block Global block &

m é

@

c:.,—-l GN |—>Gl——[ GN, I-'---—FIG.\‘M|—>(.‘M

Figure 5: Schematic view of the graFEl model. The graph keeps the same structure while its features are

updated.

96 1

95

100.00 A

99.95 4

99.90 1

99.85 4

99.80

—

o 1 2 3 4

Preliminary

—e— graFEl

2 4 6
Signal efficiency (%)

Figure 6: Signal efficiency and background rejection for FEI and graFEI.
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Luminosity plan

10 . . . 60
_:— w— | peak(Target)
;“.‘ 8 | eIt L[ab-1] 50
'00
% | 40
X, ik
2 4 30
g 4l
= 120
|
P |
: 2 4_,./_(‘///_‘ 110
)
Q- f
0 : 0
2019 2024 2029 2034

Lucas Martel

[,.qel i

Projection of integrated luminosity delivered by SuperKEKB to Belle Il

[fb1] Int. Lumi (Delivered)

5000

. Lumi [Delvered)

Target scenario:

extrapolation from 2021 4000 Target
: ; 110fb2
run including expected oo
improvements. A0
zmo AX‘:\\’| Py ATEUR 0 T R T B 2L R AT

Base scenario: conservative
extrapolation of SuperKEKB 409
parameters from 2021 run

1\

20/4/1 21/4/1 22/4/1 23/a/1 24/4/1 25/4/1 26/a/1 [YY/M/D]

® We start long shutdown 1 (LS1) from summer 2022 for 15 months to replace VXD. There will
be other maintenance/improvement works of machine and detector.

® We resume physics running from Fall 2023.

® A SuperKEKB International Taskforce (aiming to conclude in summer 2022) is discussing
additional improvements.

® An LS2 for machine improvements could happen on the time frame of 2027-2028
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©
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I

Y
F

% 10
cT I LU rcgion

Q EFT region
== B cxcl. B(B® = K*°vp)
0 B(B" = K'wo)p

¢ SM
0 ' : :
0 10 20 30

B(B* - K*vp) - 10°

Figure 2: Branching ratios of B — K"*vi and Bt — K v
in the SM (black cross), where for graphical reasons the un-
certainty in B (B — K*vw) has been inflated to 10% to the
value in (3). In addition, the Belle II data (1) (vertical orange
band) and the 90 % CL excluded region (10) (horizontal gray
area) are shown. The red (dark red) area (15) denotes the 1o
(20) region that is consistent with lepton flavor universality.
The green area is the one consistent with (6) and (19).
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BaBar combined 0.43 ab™!
Belle semileptonic 0.7 ab™?
Belle hadronic 0.7 ab™?

Belle Il untagged 0.06 ab™!

104 4 ¥
1 A
o)
O
% ® Projection Belle Il hadronic 0.5 ab™?
A
.

Limit on B @ 90% CL

Projection Belle Il semileptonic 0.5 ab™!
SM [B2TIP]

1073 -

<0
=

B* +K*vi BO=KOyy B*-K*vw B-KOup
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“no systs”: all errors fixed to zero, fit
is performed. We take the best fit.
What is left is not exactly the stat.
unc.

1.25 Impact of various
systematics on mu (HTA)

stat unc.: Take all the yields from
the data hist, make every yield vary
according to a Poisson and then

Error contributions

o 0.50
perform the fit (with cysts.) for each
toy. 0.25
i - e P TvE Y g @ glJdle Tl ; * N4
Correlation b/w stat and cyst. S EESET3CEREISEREIENS DL 8 2
:»:x::‘,a;aﬂg-*;:._uﬁ:x;,:»z
mcw_".-:_.:raz_i:_,eoutc[u.umm
O!I:-g!:w'u‘,ﬂmc ;;hsnﬂu.na"‘
S Sz EZEES3gE|TIES S SR X E g 2
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in B centre of mass of mass

P/Z(* — (pB _va)z
becomes
(mg — Ev)? = piy = mis

that is an hyperbola and has as asymptote

Evv + pPvv = Mg
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