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SuperKEKB+Belle Il : beauty and charm factory

* SuperKEKB collides e* and e~ , with CM energy at Y(4S) resonance.
e ete-—> Y(4S):1.1nb,ete-—>cc:1.3nb,ete >ttt :0.92nb

* Large and clean samples of B mesons, D mesons and t leptons.
Gianluca Inguglia (Mar 315t)

» Total data set about 105 fbl. Today’s
results based on up to 63 fh™* (9 fb*) on
(off) resonance
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As compared to Belle : S

e Better vertex resolution

» Better Ks efficiency

* Similar K/ separation.

e Similar or better performance than Belle
even under 20 times higher backgrounds.
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Study of B—D*)h-

* Decays B—D!*)*KK~ are important for precise determination CKM angle y/¢s.
* Dominant and clean decay B-——D*)t~ provide good control sample.

* PID to K/m from B, signal enhanced with M. = \/Eﬁeam — (Pgc)? >5.27 GeV/c;
* Unbinned ML fit in AE (= E; - E, ., ) and MVA output (with event shape variables).
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First Belle Il reconstruction of B¢ — m0x°

to determine o/ d,.

photons.

with another MVA.

BY — 7t°nt” limits precision of isospin relations
Uniqgue to Belle Il : final state are just four
B —> D(Knrt?)Y as control channel.

Dedicated MVA for optimized photon selection.
Dominant bkg from continuum w°. Suppressed
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* Signalyield 14.0°2% events, and BF(B® — 7% ) = 0.987 )35 +0.27 x 10°°
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First Belle Il analysis of B*— p*pY

* pion-only (r*n®)(m*n-) final state and broad p peak = large bkg

e Spin-0 = spinl + spin-1 = angular analysis.

* 6D fit including AE, CS, and p masses to extract signal, and helicity angles to
measure fraction f. of decays with longitudinal polarization.
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https://arxiv.org/pdf/hep-ex/0306007.pdf

First Belle Il measurements of B¢ — KOt

e Stringent SM test: B—>Km isospin sum rule (hep-ph/0s08047)
B(K%1t*) tgo B(K*1t®) 1go B(K°1?)
B(K*m™) tg+ K*n? B(K*tm~) tg+ ’

Ikn = Agtn- + Agog+ Kom? m
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. 8 1U-def:62.Blb __Bgin g der:z.sfb _‘E‘;iK:f
I n p ut !g s B O - B-decay background ?3 20 - B-decay background
Challenges: g £
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== Projected uncertainty without Belle 11

—— Projected uncertainty with Belle 11

First Belle Il DCPV in K%%°, the single most
limiting input of isospin-sum-rule probing
power

2021 2022 2026 2030
Year
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https://inspirehep.net/literature/688948

BO—>J/ K,

* The decay B°—J/YK,° provides an independent measurement of sin(2¢,).

* J/Y — ete or u*pu~ and K% is reconstructed as a hadronic neutral cluster in K, and
1 detector (KLM).

*  p(K\°) is calculated from the direction of the cluster in KLM and reconstructed
momentum of J/{ with B® mass constraint.
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* Theyield is observed with the same purity as in predecessor Belle.
* Work in progress to include neutral clusters in ECL in the path of TDCPV and sin(2¢,)
measurements
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Inclusive photon spectrum from b —sy transition

¢ B-decays with b—sy transitions: FCNCs, suppressed at tree level and sensitive to
many SM extension.

 Monochromatic (smeared) photon energy from

b \"“!\/ : the two-body decay b—>sy.
e\ _E /e

BF ~ 107 y
20 x10°

i Belle Il pre“mma_?' [ Background B*B~
15 B J‘f’dt =62.8fb B Background B°B°
*  High energy photon E,* > 1.4 = ot error

GeV

* The yshould not be arising from
a n° decay

e Continuum Suppression with
event shape variables.

* Data driven (from off-resonance
and side-bands) scaling of MC.

* Excess around expected region is
clearly visible.
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B* —>K*#¥€ decays at Belle I

* B-decays with b—>sf¥ transitions: FCNCs, suppressed at tree level and sensitive to
many SM extension.

b W s
' \1\/ * These decays have raised a lot of interest in
! L .
S, ! the study of the LFU ratio.
BF ~10 Y  The rare decays B*—>K*€8 (€ =e, i ) are seen at
Belle Il with just 62.8 fb!
* Signalyield : 8.6133 + 0.4 (2.75)
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B* —>K*vv decays at Belle Il

b (u,c,t) s

w * Transition mediates by a virtual Z-boson.
_* SMprediction for the BF[B — K*vv], is (4.6 £0.5) x 10°
[B2TIP, PTEP 2019, 123C01].

* Inclusive tagging approach : nested statistical-learning discriminators exploits
efficiently topology allowing for sizeable signal (4%) while controlling large

backgrounds.
o0 f e Validate with
Belle I1 [cdt=63fh ! B
—— 400 B+ —> K+ J/LIJ [_)u+u ]
1500 7/ 300 —
/ g 200 | B
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o BY Kt v MC | . ._‘_h_‘_l_!_,_oJ_
0[’].0 0.2 0.4. 0.6 0.8 i 1.0
BDT,
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B* —>K*vv decays at Belle Il

 Measured signal strenth p = 4.2757 17 = 4.2%34

* Consistent with the bkg-only (SM) hypothesisat CL1.3 ¢ (1 o)
* Observed (expected) UL @90% CL 4.1 x 10 (2.6 x 10)
« B[B—>Kvw]=1.9"]3 "5 x 10°°

) o ) : SM Average
Data and post-fit predictions in the signal visody 1104 pre '”g
and control region bins L. © Belle 11 (63 b, Inclusive)
Fo.93<BDT,<0.95 ! 0.95<BDT,<0.97 : 0.97<BDT,<0.99} 0.99<BDT, __.E_ Belle (711 fb !, SL)
1 M . 1 Lo+xoe PRD9E, 091101
| H " |
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E 300 ‘=1 Neutral B 5 : L, ‘u . PH]}E&"‘lllj[]ﬂ; o
o - Charged B | 0 2 4 6 8 10
g !E Continuum i 5 + 4+ -
@ 200 P Data 10° x Br(BT™—K ™ )
100 scaledby2 ] Sensitivity with just 63 fb-! data is
already close to previous searches
00.5 2.0 24350520 24350520 24350520 24 3.5 With Signlfica ntly |arge data-set'
pr(K™) [GeV/c]
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DO |ifetime measurement
in

* Reconstructed D= K", DK 7t*n?, and DK m*r*n~ from D**— DO,
9.6 fb! data collected in 2019.
* D**should not be originating from a B decay (P*,«> 2.5GeV).

430 I [ ]
125 f_ Belle II (preliminary) _:
tﬂight = (Tdc(,dy plod E j Ldt =967 E
420 =
g 41 5 -'T,\\ \:\\ \\\\.{ o \Q\\.\ o \\. \{\ o \\Q‘\ \:‘S\. \\ \:‘\\ \\\1 . \\}\.\ ;
8
production . decay £ 410 %\\\\\# """ \ \\\\\\\\R\ """" \ A \:\\\\-
vertex vertex < E :
= 405 -
beamst_:: . i 400 f_ + Measurements (stat. only) —:
obs nottoscale [ S Average 7= (4123 £2.0) 5 ]
395 F World average 7=(410.1 £ 1.5) fs E
. . e 390t ' : :
With 72 fb™* Belle Il life-time Km K K mmm

measurements expected to be
competitive with world-averages!

22-Mar-2021 Moriond-QCD 2021 | S. Sandilya 12




In the path towards CPV in charm

e CPVin charm remains an important topic to study for the Belle Il experiment.

Preliminary study of the decay D** - DO [n°n*n]nt~

Ultimately to study time-averaged Dalitz analysis.

3000
- Belle If (Preliminary) N, /fo" = 305 + 15
* Standard selection of t*and 2500 |- I“‘*=?2f”1 _ xZndf. =1.27
m° g : D' 5D (wn nd)m* — Fit
.. ) © 2000 [~ ,
 D**should not be originating = ' Signal
By S - S Background
from a B-decay (P"p.> 2.5GeV) g o - B + Data
% 1000 f
* Unbinned ML fit to AM = i "
M[D**]-M[DO].
o S|gna| (tWO GaUSSian) 00‘1_4' o .0_1;; | I01+4ﬁ-ll.--” 0148 015 0152 0154
Background (Threshold 2 S S
i H
function). S : %M*”m +|++#t:ﬁ+"q | |+#|| i M N'#“m*“ 'FT |+I ”ﬂ”"*#ﬁ
« Signal yield (estimated)/fb! = S +:’++ g HJ'# HI# # ++i} ++ } ++++ t
305£15 AM [Gerc ]
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Upcoming large and clean samples of B, D (and t) will allow Belle Il to search
for NP and to improve the measurements of SM parameters.

* Improved detector and analysis methods at Belle Il leads to better
sensitivity.

* Results using early data demonstrates the expected performances of all the
sub-detectors.

e Belle Il'is running well amid CoViD-19 towards its ultimate goal to record
50ab.
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X(3872) rediscovery

* The exotic state X(3872) is searched in the B-decay: @<®
* The decay B—>Ky(2S)[—J/ Y7rr] serves as a good ®
control sample.

e Simultaneous fit is performed to combine the @
distribution from B* and B° decays.

«— Belle Il = Belle Il
O | Preliminar ¢ data Q 1o Preliminary $ data
~ 10 y o S 55 x(3872)
I y 53 x(3872) 2 J‘ ) y N

8 _ I Ldt=62.8fb . background 0] OL dt =628 fb w background
o0 B X(3872) K " — total 10 B”— X(3872) K — total
- s |
S sf S
- < — i
% 2
"E . c
O O

0 SUARERERSNEAN J,,J\ SN UARARRENEA

3.82 3.84 3.86 3.88 3.9 3.92

M(J/ym*m) [GeV/CE] M(J/yrir) [GeV/ca]

* The X(3872) signal yield is 14.4+4.6 and the statistical significance is 4.60.
* First exotic state to be rediscovered in Belle II.
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SuperKEKB Luminosity Plan

Operation plan proposed for MEXT 2020 Roadmap
10 70

—Lpe ,, Before IR upgrade | [ —Int. Luminosity

60

—L___ Alter IR upgrade

()
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40
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PXD 20
2
& 10
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2019/1 202171  2023/1 2025/1 20271 2029/1 2031/1
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o CP-eigenstate: flavor tagging to determine tag-side B’s flavor

o Probability density function of signal-side quark flavor q:

]
Psi(q) =§(| —q-Aw,+q-(1=2w) - (1 =2y - Agoyo)

{* integrated over B mesons’ lifetime difference At Plg, Ar) =

¥i time-integrated B mixing probability (external input)
Assume null AFg® + continuum flaver symmetric

o Simultaneous fit over 7 flavor tagging r-bins

22-Mar-2021

Source §B(%)
Tracking efficiency 1.8
K 3 reconstruction efficiency 3.8
7 reconstruction efficiency 3.2

Continuum-suppresion efficiency 2.4
N(BB) (as written in Eq. 3) 1.4
Signal model <0.1
Continuum background model 1.2

—lar ¢

e T

4—""1 I+ qlA, cos(AmyAr) + 8, sin(AmAn)] )
3

Source A0 o

Flavor tagging modelling 0.03

B mixing parameter y, <0.01

B-decay background asymmetry 0.03
Continuum background asymmetry 0.01

Total 0.04

Total 6.1

B = (8.6"17+0.5)x 107
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