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e Electroweak and radiative penguin decays = New Physics
e Belle Il experiment and its performance

e Radiative b + s decay measurements
o B — K*yexclusive
o B —X_yinclusive
e Electroweak b - s decay measurements
o LFU violationinb =+ s|' I
o Searchforb —+svv

e Summary



e b s (d)transition: Flavour Changing Neutral Current
prohibited @ tree level in the standard model (SM):
o 107 -10" predicted BF with 10-30% uncertainties
(dominated by soft QCD effects)

Cornella et al, arXiv:2103.16558
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i i - parameter regions preferred for different type of
Observables’ asymmetrles and ratios. Z NP interactions consistent with flavour
R 1.8l anomalies measurements _
¢t A : .
i~ j = L 20
I_) LQ 3 A »-
""""""" 1.6 -
B° kK°| Q¢ 10
. d d b
e New Physics (NP) can enter as: 2 ;
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. . o . g
e Can modify rates, asymmetries, angular distributions
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Belle Il @ SuperKEKB

— R KL and muon detector (KLM): }

CO I | eCted C o~ 400 f b—] Electromagnetic calorimeter (ECL): Resistive Plate Counters (RPC) (outer barrel)

CslTD crystals Scintillator + WLSF + MPPC (endcaps, inner barrel)
waveform sampling (energy, time, pulse-shape)

10 year goal: 50 ab™ Magnet: J

15 T superconducting

World record instantaneous
luminosity:

34 21
>4 x10°"cm™s Trigger:

Hardware: < 30 kHz
Software: < 10 kHz

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD, partially instalied)
4 layer double-sided silicon strip detectors (SVD)

All results presented Central drift chamber (CDC): Particle Identification (PID):
here are with :"a‘j‘s‘f:lz)ctcro:"c‘f°’°’ small cells A:rf;lf izfg.)fﬁzgﬁ;?ﬂ:ﬁgszgﬁﬂfr%\mCH> (FWD)
63 fb™'and 190 fb™ =
data.

SuperKEKB and Belle Il detector already described by previous Belle |l speakers
[talk by Chunhui CHEN]

e'e” @ 10.58 GeV — T (4S) — BB : clean events where the initial state is well known.


https://relativity.phy.olemiss.edu/indico/event/196/session/6/contribution/54

Belle Il: performance highlights
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Good Kaon ID and Lepton ID
improvements in progress



https://docs.belle2.org/record/2604/
https://docs.belle2.org/record/2895

Radiative b — s decays

b — sy has higher rates than b = s | |, variety of reconstruction
techniques feasible at Belle Il
Current state of thearton B+ K*yand B = X_y:
measurements from Belle (full statistics, 711 fb’):

B Ky

B— XY

BF Precision

3% [3]

10% [2]
b — syinclusive BF
theoretically well
described in SMi3], [6]

CcP

consistent with O and SM predictions 1], 3], [4]

O+

[1] Phys.Rev.D 99 (2019) 3, 032012
[2] Phys.Rev.D 91 (2015) 5, 052004
[3] Phys.Rev.Lett. 119 (2017) 19, 191802

first evidence for
isospin
violation @ 3.1 0 [3]

consistent with O [

[4] hep-ph/1608.02556
[5] Phys.Rev.Lett. 98 (2007) 022002
[6] Phys.Rev.Lett. 98 (2007) 022003

u,c,t
(B = K*y) —T(B = K*7)
(B — K*y) +T'(B — K*v)
BO s K*0y) —T(B* — K*+7)




B = K*y branching fractions

[hep-ex:2110.08219]

e Full reconstruction of only one B in the event 30
2N & > 5 Belle Il
Sev. B ~—: _ = (Preliminary)
/ 3 g 20 J.Ldt=62.8 o
& 15
a
. . , 5 10
e Signalyield extracted from unbinned 8
maximum likelihood fit to AE
0

—0. -03 -02 -0.1 0 0.1 .2 0.3

e Measured branching fractions: AE [GeV]
E B* — K** [K*r©
Mode B, as [1079] ) B ey
0 %01 7+ =T A,
B” - K™[K*'r]y | 45£0.3£0.2 e Main systematic contributions:
BY K*O[Kgﬁo]'y 44 +0.9+ 0.6 fit modelling, mis-modelling of 7° /n veto
. aa and selection variables in simulation
B* - K" [K*n"]y | 5.0£0.5+04 (depending on the mode)
B* o K**[K%*]~ | 5.4+0.6+0.4 e Update with available dataset ongoing to
S : - T measure BF and isospin asymmetry

[hep-ex:2110.08219]


https://arxiv.org/abs/2110.08219

B — X_yfirst results y

| % /
e B — X_ywith untagged method « B +—|Y(4S) _'_’ .....
4 .
e Reconstruct only high energy y from signal untagged
side.
x 105 [BELLE2-NOTE-PL-2021-004]

Belle Il preliminary

I d 62.8 fb~1 [ Background B*B~
L£dt=62. -

I Background B°B°
I Continuum

Continuum error
{ Data

e Signal photon spectrum obtained by
subtracting expected background from
data

o BB estimated from simulation
o qgq from off-resonance data (9.2 fb™)

e Excess observed consistent with inclusive
B— X(S’d)y signal

Candidates / (100 MeV)
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https://docs.belle2.org/record/2302

LFU violationinb @ s ||

arXiv:2103.11769, arXiv:2110.09501
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SM BaBar ) L1 <@g <60GeV/ct
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e Belle Il enjoys nearly symmetric electron/muon <
reconstruction performance, and can: s> w ‘?‘zugtl_l -
o provide independent check of R(K") anomalies with o B ,
R Q i [Moriond 2022]
>5-10 ab g f
= s
o measure R(X) S sy
o provide independent measurement of absolute BF ,i,g 10
for e and u (e.g. constraint on C, Wilson coefficients, W s
e data POV TOUPEN LA IO DSyt o L 1
Sepa rately for the two modes). signal PDF %2 521 522 523 524 525 526 527 528 529
. ) . . background PDF M, [GeV/c?]
e B' - Kllwith63fb™:2.7 g significance for signal total PDF =%

e B K*IIwith190 fb™ BF in entire g° range excluding/
J/lj) and Y(2S) resonances Beam-constrained mass: Mp. = {/ E?

5 9
o beamipB


https://moriond.in2p3.fr/2022/EW/slides/5/2/3_EManoni-v2.pdf

B* - K*v v search: B-tagging

Connected to flavour anomalies, one of the missing energy
modes unique to Belle II.

SM expectation: (4.6 + 0.5) x 107
[3. High Energ. Phys. 2015, 184 (2015)]

Key ingredient in BaBar and Belle searches:
hadronic and semileptonic tag side reconstruction, tag

efficiency at (sub-)percent. »
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https://doi.org/10.1007/JHEP02(2015)184
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e Connected to flavour anomalies, one of the missing energy T » CD/ X

modes unique to Belle Il. v
e SM expectation: (4.6 + 0.5) x 107 ¢

[3. High Energ. Phys. 2015, 184 (2015)] 1(5'_32hVS'ReV'Lett' 1272021118, 181802]

. . . 8 | Bellle 11 l | - 7 '>
e Keyingredient in BaBar and Belle searches: P T
-

hadronic and semileptonic tag side reconstruction, tag
efficiency at (sub-)percent.

Using novel inclusive tag approach: /
Signal kaon = highest p_ track
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Associate all other tracks and clusters to other B in the 0
event. pr(K*) [GeV/c]
Use multivariate approach (2 BDTs in cascade) based on
kinematics, event shape and vertexing variables to
suppress background. %

Signal efficiency ~ 4.3 % (SM signal) [ 4/
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https://doi.org/10.1007/JHEP02(2015)184
https://inspirehep.net/literature/1860766

B* —» K*v v search

Connected to flavour anomalies, one of the missing energy S S
modes unique to Belle Il. Ny

H . + —6 B
g MHiqe;(Epnif;%Eznz' 0(1?'% Z( 90‘155)” <10 [Phys.Rev.Lett. 127 (2021) 18, 181802]

Key ingredient in BaBar and Belle searches:
hadronic and semileptonic tag side reconstruction, tag

efficiency at (sub-)percent.
SM Ay(lerage

1.1+0./
Extract signal from simultaneous 77—

. . . . - Belle II (63 fb!, Inclusive)
maximum likelihood fit to 19714 This work
on-resonance + off- resonance data in
bins of p_(K*) and second BDT.

e

Belle (711 fb!, SL)

1.0+£0.6 PRD96, 091101

= Belle (711 fb~!, Had)

30+1.6 PRD87,111103

Inclusive tag method offers
20% (wrt SL) - 350% (wrt Hadronic tag) 1 o o
improvement on uncertainty of BF. 0 2 4 6 8 10

10° x Br(BT—K " vi)

Babar (429 fb~!, Had+SL)

0.8+£0.7 PRD87, 112005
" . L 1 i L

T
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https://doi.org/10.1007/JHEP02(2015)184
https://inspirehep.net/literature/1860766

Summary

e b — stransitions are powerful probes for physics beyond SM.

e Belle ll is accumulating high quality data.
o unigue environment to study radiative decays and missing energy modes.
o healthy complementarity with LHCb on LFU violation testsin b — s | | modes.
o can perform independent BF measurement forB +» KM eeand B - K® py
final states with similar performances.

e Inclusive and exclusive measurements on b = s Y decays.

e B*— K'vvinclusive measurement in the same ballpark wrt Belle and BaBar
tagged measurements with only ~1/10 Belle statistics.

13
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Projections for B =@ K* y search

[Belle Il Physics for Snowmass]

Table 6: Projected statistical and systematic (absolute) uncertainties of relevant observables
from B — K*~ decays.

Observable lab™!' 5ab™! 10ab™! 50 ab™! Systematic uncertainty
Ao+ (B — K*v) 1.3% 0.6% 0.4% 0.2% 1.2%
Acp(B® = K*%)  1.4% 0.6% 0.5% 0.2% 0.2%
ACP(B+ — I{’*+”,") 1.9% 0.9% 0.6% 0.3% 0.2%
AAcp(B — K*y)  2.4% 1.1% 0.7% 0.3% 0.3%

15


https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf

Projections for B — X_y search

[Belle Il Physics for Snowmass]

Table 5: Projected fractional uncertainties of the B — X v branching fraction measure-
ment for various Ef thresholds. The systematic uncertainty is presented for a baseline
scenario when the remaining background is known to the 10% level. and an improved
scenario, when the background is known to the 5% level.

Lower E threshold Statistical uncertainty Baseline (improved)
1 ab' 5ab™' 10 ab™' 50 ab™'  syst. uncertainty
1.4 GeV 10.7%  6.4% 4.7% 2.2% 10.3% (5.2%)
1.6 GeV 9.9% 6.1% 4.5% 2.1% 8.5% (4.2%)
1.8 GeV 9.3% 5.7% 4.2% 2.0% 6.5% (3.2%)
2.0 GeV 8.3% 51% 3.8% 1.7% 3.7% (1.8%)

16



https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf

LFU violation in b — s | |I": Projection

e Belle ll, enjoys nearly symmetric electron/muon

reconstruction performance, and can:
o provide independent check of R(K") anomalies

with >

5-10 ab’!

[The Belle II Physics Book]
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BFof B> K*I" I

B(B — K*up) = (1.19 £ 0.31+13:%) x 10-6,
B(B — K*ee) = (1.42 £ 0.48 4+ 0.09) x 1076,
B(B — K*£¢) = (1.25 £ 0.30+195%) x 1078,

PDG averages
(1.06 £ 0.09) X 10°¢
(119 £ 0.20) x 107

(1.05 £ 0.10) X 1076

[Moriond 2022]

Precision for electron and muon channels in
the same ballpark

Limited by sample size

Electron channel “only” 2.56 worst wrt PDG,
expected to became competitive with 1 ab—

18


https://moriond.in2p3.fr/2022/EW/slides/5/2/3_EManoni-v2.pdf

Projections for B* =+ K*v v search

[Belle Il Physics for Snowmass]

Table 3: Baseline (improved) expectations for the uncertainties on the signal strength p
(relative to the SM strength) for the four decay modes as functions of data set size.

Decay lab™" 5ab™" 10ab™" 50ab™"
BT —- K*tvy  0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
B — K8vp  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
Bt — K*fvp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B’ — K*vp  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)

19


https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf

Training variables for B* = K*v v search

Variables related to the kaon candidate

e Azimuthal angle of the kaon momentum at the

POCA
e d,. and d. of the kaon track

e Cosine of the polar angle of the kaon 3-momentum

at the POCA

Variables related to the kaon candidate do not include
pr(K 1), because the data are binned in this variable
and in BDT; in the last stage of the analysis.

Variables related to the tracks and energy deposits of
the rest of the event (ROE)

e Three variables corresponding to the x, y, z com-
ponents of the vector from the average interaction
point to the ROE vertex

e d. and d. of the kaon track with respect to the ROE
vertex

e Invariant mass of the ROE

e 2 of the ROE vertex fit
e p-value of the ROE vertex fit

e Variance of the transverse momentum of the ROE
tracks

e Polar angle of the ROE momentum
e Magnitude of the ROE momentum

e Magnitude of the ROE thrust in the center-of-mass
system (CMS) HI

e Difference between the ROE energy in the CMS

and /s/2

20



Training variables for B* = K*v v search

Variables related to the entire event Variables related to the DY/D* suppression
e Magnitude of the event thrust in the CMS As mentioned in the main text, D" candidates are ob-

tained by fitting the kaon candidate track and each track

e Number of charged lepton candidates (e* or p* : 2 3
aagetd sndtidaes( #) of opposite charge in the ROE to a common vertex: D*

e Number of photon candidates, number of charged candidates are obtained by fitting the kaon candidate
particle candidates and sum of the two track and two ROE tracks of appropriate charges. In

both cases, the best candidate is the one having the best

e Square of the total charge of tracks :
vertex fit quality.
e Cosine of the polar angle of the thrust axis in the

CMS e d, and d. of the best D° candidate vertex and of

: } the best D candidate vertex
e Zeroth-order and second-order harmonic moments

with respect to the thrust axis in the CMS ] e 2 of the best D? candidate vertex fit and the best
e Seven modified Fox-Wolfram moments calculated D* candidate vertex fit

in the CMS [

e Polar angle of the missing three-momentum in the

CMS e Mass of the best D candidate
e Square of the missing invariant mass e Median p-value of the vertex fits of the D? candi-
dates

e Event sphericity in the CMS [4]

e First, second and third normalized Fox-Wolfram

moments in the CMS [5}

e Cosine of the angle between the kaon track and the
ROE thrust axis in the CMS




