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KEKB Accelerator
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In Belle Il expect O(~15) higher backgrounds than Belle
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Belle |l Detector

EM Calorimeter (ECAL)
CslI(TI) crystals

% Updated Electronics
with Waveform
sampling

Central Drift Chamber (CDC)

14336 sense wires in He-C2Hs
% small cells + long lever arm
+ fast electronics

Vertex Detector
%* 2 pixel layers (PXD)
% 4 layers of silicon
microstrip layers (SVD)

¥* Time of propagation counter (TOP) (barrel)
Aerogel Cerenkov Detector (ARICH) (forward)
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Belle Il detector was built to give similar or
better performance even under mentioned
O(~15) backgrounds

~ DAQ+Trigger: Dark-matter searches

~ VXD: Better Ks efficiency and improved vertex
resolution

~ CDC: Very good momentum resolution for
charged tracks

~ PID: Achieve very good K/mt separation

K. _and muon PID
Resistive plate chambers+

%* Scintillators



. Luminosity Status

~ Regular data-taking with 20 ladders of PXD from

April 2019
Integrated luminosity
~ Despite Covid-19, collected 130 fb-1 of on- mmm Recorded Weekly

resonance and 9 fb-1 of off-resonance data 8 - [ Lrecordea @t = 12486 [FD7H] ......

Belle Il Online luminosity Exp: 7-18 - All runs

- 120

~ Slower luminosity accumulation than initially
planned

~ In this talk, results are based on ICHEP 2020
and Moriond 2021 dataset

Important Milestone:

- 100

~ Record-breaking instantaneous luminosity of
2.4x1034 cm-2s-1, now running

tegrated Weekly luminosity [fb=!]
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Total integrated luminosity [fb~?]



Luminosity Prospects

= Int. Luminosity
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Goal: 50 ab-' by 2031 10
Short-term plan: — L, Before IR upgrade
7 ——L___ After IR upgrade
By summer 2022: 720 fb-! (~ Belle dataset) “:c_ 8
Summer 2022-spring 2023: full new PXD A
installation — important to maintain good vertex > 6
resolution at high luminosity >
Long-term plan: 2 A
L2
By 2026: ~15 ab! (~ 20 x Belle dataset) g
2026: QCS/IR modification necessary to E 2
reach design luminosity =
Detailed proposals are currently under § 0

discussion, but no exact plan is established yet!

201971 20211 2023/1 20251 2027/1 202911

20311

———

Warning: this luminosity roadmap is
tentative, especially after LS1 in 2022

——

———————
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Channels with missing energy
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Reconstruction

Traditional approach for channels with missing energy]

e T

e

R ————

——

T —————

Tagged approach := reconstruction algorithm for 5:.,

1. step: 5., reconstruction via Full Event

Interpretation := MVA tagging algorithm

[ B:2, reconstructed in semileptonic or hadronic
channels: efficiency penalty due to BR and €rec,

data/MC calibration systematics

2. step: Look for your signal (Bsig)

M Flavour constraint: 5, = B,

[ Kinematically constrained system with hadronically

—

tagged event: 7,

Up x2 €

rec

Belle 5., algorithm

+ ?l = ?e‘“e‘

improvement compared to

— P

tag

| Novel approach implemented

for Bt —» K+1/Dj

DESY.

Efficiency ¢

Inclusive

e € = O(100)%

Consistency with

Semileptonic Tag /DC
e=o%  —sL
Knowledge of B, Ty

Hadronic Tag

c—001)% —&<
Exact knowledge of Btag

Schematic by F. Berlochner

Auind
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(Data-MC)/MC

Events / (0.0010 GeV/c?)

Candidates / (0.05 )
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ICHEP 2020: 35 fb-'
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L5 X10° Belle Il preliminary
I I Y(4S)-BB
1.0[ fﬁ dt=34.6fb! B Continuum

7//2 MC stat. unc.
¢ Data

+
Btag

-06 -04 -0.2 0.0
l0g(Prag)

-14 -12 -1.0 -0.

x10*

elle 1l preliminary
[ B Correctly reconstructed fﬁ dt=34.6fb7!
Hll Continuum & mis-reconstructed
¢ Data
Na, =84907 = 734
ptag >0.1

%050 5.255 5260 5265 5270 5275 5280 5.285
My (GeV/c?)




Sea rCh for B+ —> K+UD [ Morionﬂd:2021:63 fb-1 I
First Belle Il B-physics paper about to be submitted to PRL "
I ©S Papst @bl 1o be Stk I . / W/+
b . s

Rare decay belonging to b — s/[ family with SM BB+ - K*vp) = (4.6 £0.5) x 107°
Sensitive to BSM physics

Not observed yet! Published limits set by other B-factories use either 7z
SL or Hadronic tag reconstruction W3 Y
This measurement uses (see next slide) ’ U, ¢t ’
SM reference taken from Buras et al: https://arxiv.org/abs/1409.4557 4000 —mmm —————— 11—t
i [ 1 Phase space ]
_ Ob d limit ) 3000°¢ @ SM form factor A
Experiment Year sBel;:(\]/‘; _,;T;p) on Approach | Datalfb™!] % j 1
_ o= E
BABAR 2013 <1.6x107 SL + Had | 4pg = 2000 F
[Phys.Rev.D87,112005] tag i
5.5% 1073 Lﬁ 'Belle II preliminary
Belle 2013 <X Had tag 711 . .
[Phys.Rev.D87,111103(R)] 1000 i Slmulatlon
<19%x107° I
Belle 2017 [Phys.Rev.D96,091101(R)] SL tag i ol v
0 5 10 15 20

q* [GeV?/c*]
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https://arxiv.org/abs/1409.4557

Novel Search for B™ - K vy [veronezmzise: ]

Basic Reconstruction (inclusive tag approach := LHCb-like):
1. Reconstruct signal = the highest pt track with at least 1 PXD hit (~80% €;ig)
2. All other tracks and clusters reconstructed as rest-of-event (ROE) object
3. Discriminating variables are identified and used later as an input to BDTs:
~ Event-shape, ROE dynamics, Kinematics of signal B, Vertexing variables

002 OO OO OO
8 _ Bellle It p relliminary | g ;eutlralB
2 | o Chereed® In comparison with tagged
6 = ) approaches this inclusive tag
o | —r 1 approach leads to higher signal
54T o s, fom 3123 ] efficiency but also larger
:g ; Z | | background contributions from B- ﬂ

decays (Neutral/Charged B) and
_ | | continuum production (ete- — cc, SS,
% 1 2 3 4 5 uu, dd, T pair)
pr(K™1) [GeV/c] o
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fraction of events

N

X102

I Belle II e 1
3 L. [ Neutral B g
- preliminary [ Charged B ]
B A cc ]
L —1_@ - 5 .

|
B dd

0.2 0.4 0.6 0.8 1.0
sphericity
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Novel Search for B" - K pp [reenwmsw: ]

MVA Selection and Measurement Region Definition:

4. Two consecutive BDTs are trained and applied to suppress the backgrounds
(signal:B* — K*vi , background: generic B decays + continuum)

5. ldentify signal region (SR) with BDT2 output and bin further in 2D: BDT2 x pt(K+) to maximise sensitivity

Signal Region Signal Region
gy R B oo :
"~ Expectation for 63 fb! R RSN 10 12
i o — I
0.4 |- ..°°°... 120 & 099 bFmmmm e AR | 4
[T~ . O 7l Belle II
A T Tt - S | simulation
T03F et 115 .8 Log| Prefiminary
Cf) _..0.. *\\\\\ é EC‘\] . '{- 7 9 1
[ —
~— 02 B \\\\ 7] ].0 qD g l
N [ o h ] — 0.97 f=========== e .
Belle II preliminary 1 ®© '
0.1F simulation E S = [ — BaCkg
[ \\; UE; 0.96l— B =X
oo r
05 06 07 08 09 1.0 4 i
I
Lower threshold on BDT, output 0,93 bl
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Novel Search for B™ - K vy [veronezmzise: ]

Validation with control channels:

6. Check BDTs output with both B* — J/y( - utu )K" (background-like), Bt = J/w( — g K (signal-like®)
reconstruction:

“signal-like: 1. Ignore dimuon from J/y to mimic missing energy
2. Replace four-momenta of K+ by that of the signal to mimic 3-body kinematics
7. Check Data/MC agreement in off-resonance data

Signal Region
n Belle II preliminary _ LT
2000 :
[£dt =63 ° 10 \) 2
200 B 0.99 '--Ee-lié -Ii ------------- .
1500 _7;- 42 150 ) simulation
) preliminary
2 / LE 100 0.98 } # i
g 50 5 7 9
> 1000 [~ - A
0 M
= / + 0.97 p=========== - .
/ Bl Backg
_ — + H
500 7 ] B+—>K+J/¢_m .- MC 0.96 B _>K'
/ —1 B+—>K+J/1ﬁ_>l/+//— MC 4 6
a Bt —K"vwy MC 0.9 .
0 = 95 1.0 1.5 2.0 2.5 3.0 3.5
0.0 0.2 0.4 0.6 0.8 1.0 pr (K*) [GeV/c]
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Novel Search for B™ - K vy [rrenmise:

on-resonance fit

0.93<BDT,<0. 95 0.95<BDT,<0. 97 0.97<BDT,<0. 99 0.99<BDT,

Signal Extraction:

H : H _ _ CR1I SR :Belle 11 prehmlnary
8. Binned simultaneous ML fit to on-resonance + off 400 (o= (63,1 9)

resonance data is performed:

!Nl B'—K'ur |

- pdf includes 175 nuisance parameters + 1 parameter 2 ° m Chargod s
of interest: signal strength u (1 = SM BF = 4.6 x 107°) = - . = contnn |

 nuisance parameters = systematic uncertainties

100 scaled by 2 ]

— ——— e ——

| Measured signal strength 4 = 4.2+2-3(stat)*1-8(syst)

0
0.5 2.0 2.43.50.520 24350520 24350520 24 35

BBt - Ktvp) =1.979%x 107> pr(K*) [GeV/d]

1.0 pm— — T

Belle IIpreI/m/nary ---- Expected
L — —_——  — sl /L‘dt (63+9)fb™' mmm Expected+lo |
. ' g . . . . . Expected+2¢ 1
9. No significant signal is observed so limit on BF is set Z o6l T Observed ]
with CLs method: S “ }
4.1x10° @90 % CL 0.4} ~—90% CL :
O Expected: 2.3x107° {

o
o
—_

Observed: 4.1x107° ]

0.0 L e dx107

0 T 4 6 8
B* — K*vw branching fraction
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Search for B" - Ktyp [reenimsicnr ]

Summary: - o . Experiment Year Obsg;‘(lgf_)lli{rﬂi’; on Approach Data [fb‘l]
Set a competitive limit with only 63 fb-1 PV p——
. BABAR 2013 ] 429
Central value of BF show enhancement wrt SM consistent [Phys.Rev.D87,112005] tag
. -5
with other results Belle 2013 (Phys sz5.15):71211103(k)] Had tag 711
Comparison with other experiments shows at least oxis
matching performance (see backup for more details) Belle 2017 [Phys.Rev.D96,091101 (R) ] SL tag 711
Belle II | 2021 <41%x 1075 Inclusive | g3
Prospects: preliminary tag
This novel method can be used in other channels (pi, rho, Average
KS) ‘1.1i0.4
. . T L E A P B
Improving signal-background separation with other MVA L Eg_}leTh_ISI ggB fb 1 Inclusive)
methods seems promising ! o preliminary
. . . . 1 -1
Leading systematics: background normalisation —— ngﬂepﬁazglalogfﬁm' SL)
uncertainty can be also reduced with increasing statistics | I 1 Had
(see backup for more details) i 531.68 p(R7Dsl7,111f1b103' ad)
Combined analysis using both tagged and inclusive tag | Babar (429 b, Had+SL)
approaches could lead to faster observation — under "'_: | | 08=07 PRDS7, 112005 ’ |
consideration 0 2 4 6 3 10

DESY
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Search for B" - Ktyp [reenimsicnr ]

15.0 ¢ ]
.__4_ {  stat. uncertainty
We are also publishing the selection - 12.5 i ]
efficiency as a g2 (v ) spectrum: total NN 100k ! ]
integrated selection efficiency is 4.3% ? Tl :
We plan to upload the json file of the pdf as Zbo 7.5 F ) Belle I preliminary .
adapted for pyhf to HEPdata g : ' simulation
&) i

Can you think of other useful quantity/ 5 9.0 3 ]
object that we could provide? Z 5 i ’ ]
0.0 - 1 1 !_‘_l—o—n_._A ! | L]

0 2 4 6 10 12 14 16 18 20 22 24

8
q° [GeV?/c?]
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Search For B — K™"7l: Belle Il Prospects

LFU violation could be accompanied by LFV

Many recent NP models predict prominent effect in BF in transitions with 3rd lepton generation

——— e

———

————

— S —————— e —————— S —————— S ———————

New idea to measure B(Bt — K*7l) :

Schematic by G. de Marino

~  Exploit semi-inclusive tagging because of high BF of
B~ —>D°X=79+4%
1. Reconstruct 5., DO

2. Reconstruct signal’'s Kand /, and 1

e —

S—

Higher signal efficiency but also higher
backgrounds — need to reach ~ 1x10-5

3. DOX provides the tag-side

S LHCb: [JHEP06 (2020) 129]

BBt - K*tu) <3.9x 107
Fitme: m?=m?+m?2 —2(E.E;, — |D. ||Dw|cos6
! ) B L ( 37\“ |I;{3,@| | Byl m ) BaBar: [Phys.Rev.D 86 (2012) 012004]
A — B(B— ht€)(X107)
V Eread)” — D5 Mode Central value 90% C.L. UL

Ganglebetween 5’; (=- F; ) and T)';(k Bt — K" TIL OOi%Z <4.8
' . sig . tag . B+ N K+ TC —0_6t:1 <3.0
In Belle Il this search is also under-way with hadronic tag B — mtrp 0.5+38 <79
B" - mtre 2338 <7.5
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Fully reconstructed channels
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Towards R(K) in Belle Il [eeemser]

—

First Belle Il measurement of BT — K1t~ Prospects for R(K)

Measurement is going to be statistically limited for foreseeable

- Signalyield extracted with 2D ML future with leading systematics due to lepton ID~0.4%

fit to Moc and AE: + tat) & 0.4(syst
| ” 8.6 (S at) = 0.4(syst) -~ In order to confirm LHCb’s R(K) anomaly (5 sigma) need at
- Significance: 2.7 sigma least 20 ab-

- Peaking background from B* - KTz x
[The Belle II Physics Book]

Candidates / (3 MeV/c?)

< 0.3 T

~ ~ S HE N
o S 18 5 F o Belle II 2019
16~ ¢ Data Belle 1l § 16 ¢ Data Belle 1l 0.25 RS Projections for R(K
4 preliminary o b preliminary - "

— — [ (%A -

C Signal _ -1 = TR e Signal _ -1 - % w2 € (0.1,4.0) GeV?
12 == Combinatorial Background Ldt = 62.8 fb ; 12:— ------- Combinatorial Background Ldt=62.8 fb 0-2_ “;':" q2 ( ! 2
10 I Peaking Background + . 9 10:_ I Peaking Background + o C *;:," "' ? € (4.0,8.12) GeV

B "> K Il S F B> K Il 0.150 L ‘e €(1.0,6.0) GeV?
° 2 8 C e, 2 >14.18 GeV?
6 S e - e el e whole
‘' { { { K *E N """nr., “?;i' o
— o 0 Il [~ "'"'n ‘.m“v:""“m
2k T I Tt ol -
0:. ‘Il L L : . II. ‘T. . :I. ‘1: o :DIID o I“ ;A;II 0-'”* . Tt |II - 005: "h.""'-n-..,.,.,.’n u&ﬂ%\
52 5.21 522 523 5.24 525 526 527 5.28 529 -0.1  -0.05 0 0.05 0.1 0.15 0.2 - g
My, [GeV/c?] AE [GeV] 0 i
1 10 . 1
— 2 A E — E _ E Integrated Luminosity (ab™)
beam - | Pp | — ~B beam
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R(K) Belle Il vs LHCb [ veronazmzsse: ]

———

~ 240 ~ i I i
220) LHCh 0 600F LHCb In comparison to LHCbz 3 differing
200 i —+ Data 9 b % 500F — Data 9 b’ aspects to consider: efficiency,
180 N Fh — Total fit C — Total fit . .
ot £ B Koo é I B . B s Kt statistics and resolution
140 Bl 53— Jiy(ete)KH > - Combinatorial ————— —
120 8 Part. Reco. s_,; 300 Belle II L.HCD
100 € Combinatorial 4= C
80 =) -
60 = 2005 [LHCb. arXiv:2103.11769] S]_gna,]_ K"', Ks K+
H0E .- © 100F
2 s : _— o e SameKee 1 ab-! 1 fb-!
5000 5500 6000 5200 5300 5400 . 5500 5600 Statistics
m(K*ee”) [MeV/c?] m(K ) [MeVie?] B->K mu 30 % ~5 %
¢ Data Bel_le. ” .mu
— Fit preliminary EfflCleI'lcy
- 2i(?rlrll:)|inamia' Background Ldt = 62.8 fb_1
I Peaking Bilckgreund + o B'>K ee 30 % <5% LOWGP
B > KTl Efficiency due to
tracking
{ H [ 1] U U and trigger
STt R B>Kee Better Worse
0 D A I PP PRI | PR | PRI 5 [ APUPRIN PR s SORg, G\ .
521 522 523 524 525 526 527 528 529 Resolution thanksto because of
M, [GeV/c?] Muie Brems

Electrons (and muons) in Belle Il have better resolution
thanks to Myc

e e e e e e S ———
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https://arxiv.org/abs/2103.11769

Belle Il Prospects (R(K*), angular)

2022
—~ 2.2¢ :
X b Belle2019 Belle 2019 ~ 0.6 0 0 ’
o “F  ——LHCb2017 Preliminary < b
1.8 s BaBar 2012 [Belle arXiv: 1904.02440] x 05 B?“Iéec?i Oer{]S’A N
: . L | j 19 UII\[\,
1.6F — Ql\/!- JHEP.01,.093.(2018 * C
sab Belle (R(K")) o4k ) =~ f € (0.045,1.1) GeV/
B T . BB EEN =0 € (1.1,6.0) GeV?
12 ~ Largest deviation in the low g2 bin C Y P < (150,19,0) GeV8
L= 0.3 -5 0.045 GeV?
0 . 8 E f ) 11 : .’0, .)" . o,./. :
0'6; = - 0'2: 3 Houi, ,.: "oy,
0.4; B (,...'n, - “ing, "-,i
0.2} 0.1 B ot
G_ [ B Lo [ Lo C o T "'lllu:...---...,...’.J.I.::'."'.;"T.‘t
0 5 10 15 20 [Belle Phys. Rev. Lett. 118, 111801] - e
P (GeV?/c?) y , 0 ; :
Belle P’s Intearated Luminositv (ab™
15 ¥ v T L T T T LI T T " w F
: B DHMV ~ The largest deviation with 2.6 T 045F
Lok #1 LHCb 2015 : . = o
o b CMSs 2017 sigma observed in muon channel £ o4f
; b ATLAS 2017 ] 'g 0 355_
PRI A # Tewessemnl . Electron channel is deviating with 8 "k
e oo | 1 i 1.1 sigma > 02'55_
-osf } —j ~ With 2.8 ab-1 the uncertainty on 0.2F
: : ’ i 0.15F
b D:l ; P’s (both e & mu) will be -
; ] comparable to LHCb 3 fb-1 (mu 0.15
-1'50 S 10 15 20 Only) 0'055_
q* [GeV? /c*)
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Summary

bl
ol

!

Belle Il is stably accumulating data N ¥ 5

FAN S qp
TR
H ‘ o
R
T LTS e
[ T Lt '!E.— 3 -
et 38" - =— - 1 ] = |

New reconstruction approaches are being implemented “'!!!:‘|‘|'|'£| N kel
in channels with missing energy, resulting already in
competitive limit for BT - K vp

Only (biased) subset of Belle Il measurements and/or
their prospects were shown

(AN
[t} -

With more data we hope to not only reduce statistical
errors of the measurements but also find ways to
improve on the systematics
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DESY.

Belle Il Physics Program

o mixing and CP

O Charm Lifetimes

(%4 Branchin, )
. _l_lpsl.lo ~ ching Fractions, Dalitz analyses
R C ,,fs Y/ .
A  Lep L
? 6w - ~enfavor LS talk concentrates on
. J ’Q —
DBy e Measurements
- \(\C\\’SN
ytd/Vts from penguins
Exclusive
New H. measurements
. o &
e- ->ISR, pi+ pi- cross-sections (& 2) ad’o,,s ‘o(,}t
& 9 U ny
- 7 () . Iepton universali
jon FUNS A 'beé :
Spin Fragmentatic e Dar SUre N S
W 2% )
inacene® " _ Axion-Like p, €n : iolati
,, Linac =% Pa’flcle o, (3 Time Dependent Measurements e‘Durect T violation
Invisible 7' ¢ 4(/?,. “Lhysics Phases i
Belle Il Data . S in b->s: B->phi Ks, B->eta' Ks
. oS This talk concentrates on
Dark Higgs Da\,kse — — —
Heavy tau neutringS | ‘
&S/ /
. d?a‘“c\;, & / . i pi Direct CPV, isospin sum rules
LLPs (LongLNE “0 / o?s . g-7K Pl pL
. FOR / - .
Magnetic N\°? 9@‘?-' / S &oe@
\R 2T / Qk QX
LE !\_e.\\;.- // ecéys Y\%&o SK* gamma and radiative penguins, B-->K(*) nu nubar
g, ——
Tau mag 9 S Besyy,.
. Y V: right.
S, N > % {ight-handed currents, triple products
Tau Spectral Fyp ctio, 04) l&'/ ‘?}%
© /
N\ 12> & 5 S
iolation (LEV) %/ % RUINS: b5 141, | )
Lepton Flavor Viola Q;/ \ . lepton universality, NP
Y, X % ——— N
?S)‘b 4 ¢,’§ ! 06\Ac inations
minati
ole w\oﬂ‘e‘\'Q .-‘,\‘/” dec samm2 determi
Tau Electric DIPC ?@\/ s
7
2t

) Ve
SinA2 ¢ S
W g\e"‘/‘e - armed resonances
A_FB (tau, mu, e+, b, ¢) P

\S
improved %
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Upsilon(4S)

SuperKEKB is not only B-factory:

~ rand ¢ pairs have similar cross-sections at Vs =
10.58 GeV

Energy scan

Y(4s)
10.58 GeV
I A | [
B*B- BOBO
(561.4%+0.6)% (48.6+0.6)%
o [ete=Y(4S)] =1.11nb
olete—>ttT (Y)]=0.92nb l
o [ete—ptp (y)]=115nb
o [ete'—=dd (y), ss (y)] = 0.78 nb
o[ete—ete(y)] =744 nb
\

o [ete—uu (y)] = 1.6 nb
o [ete—yy (y)]=3.3nb
B [ete—eteutn]=18.9 nb

"

ete—eteete] =39.7nb

Vs = 10.58 GeV
GTOT=143 nb

The Belle Il Phyiscs book
[arXiv:1808.10567]
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Novel Search for Bt - K yp [Hewnzzien ]

Discriminating variables used in BDT

- — ggx102%
Belle II = s ' o = = '
¢ =1 Neutral B [ Belle II preliminary == Neutral B
0.5 prellmlnal’y [ Charged B 2 0 " =3 Charged B N
‘E Bl oo Q T == -
g B s ] 5 i s
Qq-Jq — l":I % 1.5 ': [ RS _-
5 . dd 7 e [ . dd ]
o [ B wK'wvi 1 2 - 3 B =K v T
-§ ¢ Exp8, Run 3123 S10fF ¢ Exp 8, Run 3123
g : g -
& ‘ & o5l
0.0 a - -
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.5 1.0 1.5 2.0 2.5
Fox-Wolfram Moment R, M(K ", rZpop) w/maxx?*(K*, r ) [GeV/c?]
g x107% —— —
i Belle II preliminary g;tm 1 0.150 —r———1———1——
3 eutra 1 P =
- [ Charged B 1 L Belle II prellmlnary 3 Neutral B
.,2 6| EE e = 0.125 [ Charged B
g I () N‘: 1 ‘(g r == r'(? 1
2 [ IR g 0.100 | . s 7
B4l [ A ) - i ]
= I 3 B" =K v | 18 0.075 . || dd- - E
9 i ¢ Exp 8, Run 3123 | =] [ B »K'vir 1
,,6 [ 8 : ¢ Exp8, Run3123:
g 9 ] E 0.050 : ]
L 0.025 |
0 ‘ I ]
0.0 0.2 04 06 08 1.0 0000 e 0 2 4 6 %
sphericity ROE AE [GeV]
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Novel Search for Bt - K yp [Hewnzzien ]

Impact of systematics on the limit

Expected limit B(B* — K" wp)
@ 90 % CL

N w w
&) o &) o &)
L L NN L VY
stat + mcStat | .y 1o
% preliminary |/,
+
previous + bkg norm. | © AN '9 ]
-Y,Dd)_i_
previous + track. eff. [ "o \/0\ - ]
.9&+
previous + neutr. gamma | E gﬂ * ‘?9 0. - 1
Ej =5y
O previous + neutr. unmatched| = H %o O\, ]
7 STy,
previous + PID [ “‘?d) \}0\ - 7]
%
previous + BR [ "V.g \}O\o‘ 1
7,
previous + FF (all) [ "o \/0\ - 7]
A
L b +\/0\ i
P 1 | I Io\. L
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Novel Search for Bt - K yp [Hewnzzien ]

Background shifts

8 ' ' ' ' | ' ' ' ' ! ! ! ' | ' ' ' '
— * —
B
; RO Belle II preliminary

— e — —

3 | [cat=(63+9)b

'ﬁ B+ — ) — —
g cCc I ——— -
8 sSS L —

E uu F _-r-— —
g ad S DU

_. | — — I_

A —1.0 —0.5 0.0 0.5 1.0

Normalisation shift
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Novel Search for B — K pp [Hererazzesnr ]

Background composition of B-decays in measurement region: BDT+>0.9 & BDT2>0.93

B D" (2007) 1 * v, (%) B'—K"'K'K"

B —D"(2007)%* u,.(‘,)\
Bt DK™ /

B —D*(2007)"K "

Bt —=D% " u.(7)

B+ —*D('ﬂ'+ i

—
B .‘D'[?OO?]“F/

B"—=7r"p,

B+ D% 1,()

others I

Belle I1 preliminary
simulation

DESY. | Belle Il Highlights and Prospects | Slavomira Stefkova

others—

B* —p(770) * D"
B'—=D*(2010) 7"z " &
B —D! " D*(2007)"
B+ —=D*(2007)"a,(1260) *
/_ B —D*(2007)"7 " v,
/_ + -7 + T - 7T+ ,n,U

B =D " vu(v)
B —=D% " v.(7)

~_—

—_—

——B*=D*(2007)% * 1,.(7)

\B F=D*(2007) 1 v (7)

Belle II preliminary
simulation
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Novel Search for Bt - K yp [Hewnzzien ]

Measurement Setup

0.9500 —
Region 2D Bin Boundary Definition Physics Processes Vs 0.9475)
Signal pr(K*) € [0.5,2.0,2.4,3.5] GeV/c signal + T(4S)
Region (SR) BDT, € [0.95,0.97,0.99, 1.0] all backgrounds 0.9450}
Control pr(K¥) €[0.5,2.0,2.4,3.5] GeV/c signal + T(4S) e oumsl
Region 1 (CR1) BDT, € [0.93,0.95] all backgrounds o 3
Control pr(K*) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance 2 0-9400¢
Region 2 (CR2) | BDT, € [0.95,0.97,0.99, 1.0] backgrounds | (—60 MeV/c?) 0.93751
Control pr(K*) € [0.5,2.0,2.4,3.5] GeV/c continuum off-resonance
Region 3 (CR3) BDT, € [0.93,0.95] backgrounds (—60 MeV/c?) 0.9350F
0.9325} [ B-m
600 IPOIStTﬁt.' - 0-9309 5 1.0 1.5 2.0 2.5 3.0
: . = pr (K*) [GeV/c]
8 400 SR S CR2 b [ Neutral B
= preliminary = Charged B
:q>; Belle II ——
[ 200 Jedt=(63+9) b —
N uu
0 l dd
— ST T Bl B K'w

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
pr(K") x BDT, bins
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Novel Search for B™ - K vy [veronezmzise: ]

Comparison with other experiments

L
Experiment Year Approach L[fb"l] BR[XIO"S] 0[)(10‘5] o T [XIO_S]
Belle2
L + Had
BABAR(*) | 2013 S “ 429 0.8 0.6 1.7
tag
Belle(**) 2013 Had tag 711 3.0 1.6 5.5
Belle(**) 2017 SL tag 711 1.0 0.6 1.9
Inclusive
Belle II 2021 63 1.9 1.6 1.6
preliminary tag

(*) Combined central value of Bt — K*wvi/B? - KOwi
(**) Computed from N./(€, - Ngg)-
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Novel Search for B™ - K vy [veronezmzise: ]

Validation with control channels:

6. Check BDTs output with both B* — J/y( - utu )K" (background-like), Bt = J/w( — g K (signal-like®)
reconstruction:

“signal-like: 1. Ignore dimuon from J/y to mimic missing energy
2. Replace four-momenta of K+ by that of the signal to mimic 3-body kinematics

7. Check Data/MC agreement in off-resonance data 60 off-resonance data
— Signal Region ' '
2000 Belle II preliminary -
[Ldt=63fH"
» 40
200 | — 45
()
1500 —77_ _,2 150 — LE 20
]
@ / = 100 MC scaled to
& 50 Data
E 1000 —/ 0 : -
0.0 2 1.0 4 o 1.5
d BDT, 2 1.0f 1
=] s | | a
500 Bt oK*+] .- MC — A (.5 & I | I | I I /A
| B8 B K Iy 1 2 3 4 5 6 7 8 9 10 11 12
1 B*—=K*'J/¢,+y MC .
/ pr(K+)xBDT, bins
Bt—=K vy MC . .
A L R N TP NN I W S " . S . Normalisation : K(Data/MC) =1.40+-0.12
0.0 0.2 0.4 0.6 0.8 1.0 Shape: very good agreement

DT
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Novel Search for Bt - K yp [Hewnzzien ]
2 BDTs:

4. Choose 51 most discriminating variables for BD T+ training (signal: B->Knunu, background: generic B decays + continuum )
5. Apply BDT1 on signal and background and select events with BDT4 > 0.9
6. Train BDT2with the same set of 51 most discriminating variables on the same samples
~ 2-step BDT leads to significant :=[10%,50%] of the sensitivity in the high purity region
7. ldentify signal region (SR) and bin 2D: BDT>2 x pT(K) further to maximise sensitivity

e Azimuthal angle of the kaon momentum at the SR SR

POCA 1.00 — -
BDT, > 0.9 10 12
e d, and d. of the kaon track os5F - T . T 1 T T 25 '_o'
. | . 71 ] \
¢ Cosine of the polar angle of the kaon 3-momentum - EXpeCtat,lOI? for 63 tb o e 0.99 F=m = e e e e e e e 1
at the POCA 04 [ preliminary ‘] 20 B 5%11131;{1011
iables e , i Ry ° . O ..
Variables related to the ROE m : e = 008l Prelimina ]
e Three variables corresponding to the x, y, * com- - Tssy . 1 (D) o 9
ponents of the vector from the average interaction + 0.3F ‘~~\\ 4 15 5 E
point to the ROE vertex N S~ ] = M 0.97
~~ ] R e it b T~~~ 1
B X [ Sao Y
e d, and d; of the kaon track with respect to the ROE g 0.2 i oo ] 0 ) . Backg 0
vertex @p) L ~ | — B !
i 1 — =
e Invariant mass of the ROE 0.1 [ Belle IT i g 0.96
) T simulation ] 6
o * of the ROE vertex fit i 1 9)
o p-value of the ROE vertex fit oob—oti v o oy 1 RN DD 0935 3.0 3.5
0.5 0.6 0.7 0.8 0.9 1.0 ' ' '

e Variance of the transverse momentum of the ROE

tracks Lower threshold on BDT, output
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Towards R(D(*)) in Be"e " I ICHEP 2020: 35 fb-" I

e ———— https [larxiv. org/pdf/2101 08326. pdf
BB — DOl) . e

~ b = clnu tree level or )\ — B Bolle 2015 4 Bello 2017
b cinu tree leve process R(D ) - (*) I BaBar 2012 4 LHCb2015 ]
: : : @(B - D TV) L6 mem Belle 2020 4 LHCb2018 ]
 Current tension with SM: 3.1 sigma — — - [ =1 Average (ip-) j
> Belle Il measured BF of B — D*Inu with > R(D(")) usually measured with SLor 2.4}
hadronic FEI hadronic tag in Belle with simultaneous 3
fit to Osig(MVA output), EecL =Lk
2
B(B° —» D" 7)) = (4.51 £ 0414, £ 0.27,,, £0.45. ) % : 2 [
( )= e = ) ~ In Belle measurement, leading ®
Belle Il  preliminary  [cdt = 34.6 fb~? ?yst)er:;]atlgf - ('jnSI:fff'C'en(; ?/IC ?tat'S]E'CS ol
: : : or bo modelling and training o
50 TagB with 5Dt MVA P g g _
u . P TR Ak 1 i | I L
s + Hadronic FEI W Background 083050 075 L0012 150 L7
© w2 MC Uncertainty D)
S ¢ Data R(D) [ R(D) su
% 60 ——
21 i 18 —— R(D*) (had FEL lep 7)
S I PrOSpeC’[S. 16 ---- R(D) (had FEL lep7) |
Z40r - —— R(D') (SLFEL lep7) -
“ AR === R(D) (SL FEI, lep 7)
S | S _ _ 212 — R(D’) (had FEL had r)
& 20] > Optimistic = 50% improvement in 2 0 ISR e P lep 7
; reconstruction efficiency in SLor Had £ |
0 ) tagged analyses E 6
_ mx2'n = (P ~PB., ~ Pp —Pz) ﬁ A
.. 2.5F
i PP 1t Pt oty ~ Other orthogonal measurements could 2} Optimistic
=R I O I L I T come via semi-inclusive tagging i
al 5k B S Y N N NI
T T e, F8s5FSssssssSs

=1

%iss [GeVz/c“] i i i Data sample up to yea
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DESY.

B->Knunu tagged vs untagged: naive

S ! ! !
§ 1 1 |
s : : :
4 e | l
ﬁ 1 1 1
S 1 ® 1 1
= 4 : :O :
€ 107" 1 o
N
o) 1 A 1 le 1O
1 s} 1 1 ®
1 1 0@ 1 °
| | ° |
1 1 1 PY
N R
A® 1 1 1A
o 1 1 1
A I 1 1
1073 4 = : : - : =
] | I |
Al 1 1 1
: : :
- 1 == 1 |
1 1 1
1 1 1

B+ »K*uo BO—»K5 B*oK'*u BI-KOup

| Belle Il Highlights and Prospects | Slavomira Stefkova

BaBar semileptonic 0.43 ab~!

BaBar hadronic 0.43 ab™!

Belle semileptonic 0.7 ab™?

Belle hadronic 0.7 ab™?!

Belle semileptonic expected 0.7 ab™!
Belle hadronic expected 0.7 ab™?!
Projection Belle Il hadronic 0.5 ab™!
Projection Belle Il untagged 0.5 ab™!
Projection Belle Il hadronic 1 ab™!

Projection Belle Il untagged 1 ab™!
SM [B2TIP]
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B-> Ktautau + LFV B->tau+X

Observables Belle 0.71ab~! (0.12ab~!) Belle IT 5ab~! Belle II 50ab~!
Br(Bt — K*rtr—) - 10° < 32 < 6.5 < 2.0
Br(B" - rFr7) - 10° < 140 < 30 < 9.6
Br(BY - rFr7) - 101 <70 < 8.1 -
Br(Bt — Ktr*eF) . 10° - - <21
Br(B+ — K*+r+u¥). 10 . . <3.3
Br(BY — r¥e¥) . 10° - - <16
Br(BY — r*u¥) - 10° - - <13

[Babar, PRL.118.031802]

BB — K1) <2 x 10-3
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Belle Il Charged PID Performance

ICHEP 2020: 35 fb-1

——

Particle Identification (K/x Separation)

‘_“ “BELLEZ2- NOTE PL=2020- 024

— : ‘ M
P Aﬁﬁﬁm
o 5 A KD efficiency (data) :
» [ | A KID efficnency (MC) |
.\Ez 06_’ E B ~ Belle Il preliminary

i -1 i

g jl.at 37.0 fo
2 04
w [ v x mis-ID rate (data)
= - umis ID rate (MC)

°o. """""" R S Y S v its

Momentum [GeV/c]
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Gamma Spectrum from B->s\gamma

Important step towards inclusive measurement of B->sgamma:

» Decay rate sensitive to BSM physics, decay rate does not depend on SM FF I Moriond 2021:63 fb-1 l

+ Radiative penguin sensitive to Willson coefficient |C7|

» Evidence found also using untagged analysis strategy with 63 inv fb*{-1} x10°

N
o

Belle Il preliminary

Idt 62.8 fb! [ Background B*B~
rdt=62.8 fb-

B Background B°B°
Il Continuum

Continuum error
t{ Data

*  Main background (gammas from pi0O and eta)

-
w

+ E\gamma expected at smeared mb_{2} with smearing due to perturbative gluon
brews and non-perturbative Fermi motion

oy
o

Candidates / (100 MeV)

Prospects
* Implementing SL and Hadronic tagging techniques for this 0.0

measurement 5000 F +
» Developing pi0 and eta object identification and suppression | | } } + * f } I *

o _ 0 | . A VU SO i
Theoretical interpretation N I A
150 175 2.00 225 250 275 3.00 325

* Measured gamma spectrum can be fitted |C incl 7 |*{2} E;," [GeV]

and F(k)

*  Model-Independent extraction consistent with SM
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Exp: 7-18 - All runs

Belle Il Online luminosity

o

o

—
1

[;-ai] Aqsoujwn| pajelbajul |e30]

o
o o o o
— o0 O <
1

Integrated luminosity

B Recorded Weekly

Moriond 2021:63 fb-1
ICHEP 2020: 35 fb-1
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