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Rare decays!!!

Flavour changing neutral currents (FCNC) decays of B mesons
e Forbidden at tree level, allowed at loop level [PRD 2 (1970) 1285]

e Standard Model (SM) contribution is small, sensitive to beyond SM.
e BSM particles can contribute in the loop or mediate the process at the

tree level.

Electroweak penguins
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e SVD (3/4 layers) = Vertex Reco. 16X,
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Belle TDR: A. Abashian et al., Nucl. Instrum. Meth. A479, 117 (2002) 5



https://www.sciencedirect.com/science/article/pii/S0168900201020137

Belle II

KLM
Instrumented flux return

Vertex detector
P PXD (2 Iayers) + SVD (4 Iayers) 2 layers of DEPFET pixels (PXD) and|*
4 layers of silicon strips (SVD)
= Vel’teX ReCO. Vertex resolution ~15um Agr - :
41 Electromagnetic Calorimeter

e ARICH+TOP = Particle ID (K/m)
e ECL = With waveform sampling
readout electronics (y and e)

e CDC = Small cell, long lever arm

e KLM = Scintillator + RPC

Energy resolution: 1.6 - 4%

E., = 10.58 GeV

cm

(Y (4S) resonance)

Spatial resolution ~100pxm
dE/dx resolution: 5%
P resolution: 0.4%

Forward and barrel Part. Id.
¥l K eff. 90%, fake x rate 5%

Belle TDR: T. Abe et al., arXiv:1011.0352 [physics.ins-det] (2002) 6



https://arxiv.org/abs/1011.0352

Belle/Belle II status
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Belle Il collected 362 fb-1 at 7(4S) — equivalent to BaBar and ~1/2 of Belle sample
Belle Il collected 42 fb-1 of off-resonance data [60 MeV below 7(4S)] compared to ~90 fb-1 from Belle



Events at B factories

Belle Il

Cross sections at the Y'(4S)

B*B- BOB?
(51.4+0.6)% (48.6+0.6)%

olete—ttt (y)] =0.92nb I
o[ete—»putp (y)]=1.15nb
o[ete— ,sS (y)] =0.78 nb
o[ete—ete(y)] =744nb
—

o [ete—uu (y)] = 1.6 nb
o [efe—yy (y)] = 3.3 nb

-

ol cte—eteete] =39.7 nb

Vs = 10.58 GeV
GTOT:143 nb

e Clean environment with on average ~10-15 tracks, 3-4 nt°
e Known initial state kinematics
e Principle background from light quarks 8



Event kinematics

AE = E* —/s/2

M, = \/(\/3/2)2 _Iﬁ?

N Continuum
BB background

i Signal
" Continuum
BB background

03 -02 -01 0 0.1 0.2 0.3 5.2 5.22 5.24 5.26 5.28 5.3
AE (GeV) M, (GeV/c?)
Expected AE ~ 0 Expected M. ~ my

B factory specific variables to exploit information on initial kinematics
Different event shape to separate BB from continuum background



B->Kvv : Motivation

B*—K*vvis a challenging due to a single charged track in the final state
e B(SM)=(5.58+0.37) x 10°[PRD 107. 014511]
e New physics could significantly increase the rate
Advantages at Belle II:
e Constraints from well-known initial state kinematics;
e Lower average multiplicity at the Y(4S) compared to hadronic collisions.

NP scenarios:

Light : axions [PRD 102, 015023 (2020)],
dark scalars [PRD 101, 095006 (2020)],
axion-like particles [JHEP 04 (2023) 131]
Heavy : 7' [PL B 821 (2021) 136607],
leptoquarks [PRD 98, 055003 (2018)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.055003

B->Kvv : Reconstruction

Inclusive tag analysis (ITA) ’ 5 = : 1 5
e Select first signal kaon that minimizes B~ Vi B. S
q? . (computed as K* recoil) g S1g,
e Nested BDT to suppress background
e Binned fitto > __and BDT —_— (48) ¢ > T(4S) —
output simultaneously for on e €+ g e
and off resonance el
Hadronic tag analysis (HTA) B:a;g Btag DY
e Select first tag B decaying hadronically
[Comput Softw Big Sci 3, 6 (2019)] Tt T

e Single BDT to suppress background
e Fit BDT output

Rest-of-event

ITA HTA 11



B->Kvv : Validation
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https://doi.org/10.1103/PhysRevD.85.112010

B->Kvv : Results
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First measurement of B->K*(892)y at Belle II

Flavour changing neutral current decays sensitive to new physics

CP (A, ) and isospin (A, ) asymmetries are theoretically clean thanks to form factor cancellations
Asymmetries are ideal for BSM searches [PRD 88 (2013) 094004] [PRL 106 (2011) 141801]

Belle measurement found evidence of isospin asymmetry at 3.10 [PRL 119, 191802 (2017)]

3 ['(B — K*y) — (B — K*y) SM prediction: Ap is small (~1%)
" I'(B -» K¥y) + (B = K*)

¢P

AAcp = Acp(B® = K%) + Ap(BT — K™ 1y)

I'(B° - K'%) — (Bt - K™y) SM prediction: A ; range from 2-8%
o [(B° - K*0) + (B+ — K*+y) with an uncertainty ~2%

14
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https://doi.org/10.1103/PhysRevLett.119.191802

B->K*(892)y: Analysis

§ o.oaé— — D' K
e Analysis based on run 1 data (362 fb™) gomt e ke
e Reconstruct K¥ - K", K° . m®, K* m®, KO v g oosk
. ) S S . s Eo | Belle 1l
e Combine K* with a prompt photon to get B candidate §oot similalen
. . 003F !
e Dedicated BDTs to suppress continuum, T — yy, and n — yy decays oo} Hﬁ\ﬁ
001E |
00- 0.‘5 1 1.5 2 25 3 315 1‘1 45 5
Fit strategy Kg momentum [GeV/c]

e Perform 2D fitto AE and M,__ to extract signal yield +
D' Kgr*
— B> K"[K‘;n*]«f

Candidates / (1 cm)

Control sample study 006 Bellel
e Employed B — DU 1t to calibrate continuum, T — yy, and n — yy BDTs 0.04 |-
e Hadron identification calibrated using D° — K mt* 002}

e Significant effort towards K°; systematics using D*— K° m* oboiiii
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->K*(892)y : Results

B', B*
1000 ’
% r ¢ D'ata K+7l'_y

e Consistent with World average and SM L et S P

e Asymmetries are statistically limited ool JLat-seew’ o ]

e Similar sensitivity to Belle result despite half the data - I
A, =6.2+1.5(stat) £ 0.6 (sys) + 1.2 (f,/f,,) [PRL 119, 191802 (2017)] "} I
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https://doi.org/10.1103/PhysRevLett.119.191802

Exclusive measurement of B—py at Belle and Belle II

e Flavor changing neutral current with b — d transition

e Independent search for NP

e SM branching fraction suppressed by [Vtd /Vts | ~ 0.04 with

respect to B->K*(892)y

e The first “charmless” study with Belle and Belle Il joint data
e Earlier results from Belle [Phys. Rev. Lett. 101, 111801] and

BaBar [Phys. Rev. D 78, 112001].

Branching ratio

O

NP appearing in the loop
(e.g. HX, W', etc.)

Isospin asymmetry

: ! ' | el S T A R T E S g R
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.111801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.112001

B—py : Analysis

e Select high energy photon candidate 1.8< E§ < 2.8 GeV with shower shape consistent to
an isolated photon.

e Reconstruct p° — 7#t7~ and p* — 7" 7 for neutral and charged modes of B.

e Define Mk, astheinvariant mass calculated assuming mis Kt

e The Mg, helps separate K*~ background better compared to M.

e Dedicated BDTs to suppress continuum, T — yy, and n — yy decays
€2400:H|“| L ToF G0 T 0% Gl el TTal TV 1 = —~ 100""|'"'I""N""I""l""\ """"""""
s E Misidentified k 3 ) C R
E E(Q)ggéljfro?n glKe*v aons é E’ : Dx‘;sr;d;lt::ﬁs kaons
:\:' 1800;\:' Correct reco B—py é = 80 [ ] correctreco B—py
& 1600 - : =
2 14005 3 & Without PID 2 sl
g o - ImpactofPID=  §

5 800F- = s O
2 600E 3 5 r
£ 4005 E 8 20-
2y . E 8
Q% 557 522 53 524 5.5 5.6 557 528 529 53 E

P | | L J T I O Al
. (GoVIch 827521 522 523 5.24 525 5.26 527 528 529 53 18
” m,, (GeV/c?)



B—py : Observables and Fit strategy

e B’>K*(892)[Ktz ]y taken as a control channel.

o Calibrate the signal PDF modelling

o Efficiency corrections due to application of BDTs
e Simultaneous 3D fitting with 3x2=6 samples to determine target observables.
e AEM, andM, for (B, B~, BY)x (Belle, Belle II)

— Floating parameters:
rc3BR(B-p°y)-BR(BE-pty)
rc;BR(BO—p%y)+BR(BE-pty)’
BR(B*-p*y)-BR(B”->p~y)
BR(B*-p*y)+BR(B™-p~y)

« B=rcZBR(B® - p°) + BR(B* - p*y)

[ -_—

Tt
where ¢, = V2 and r = Fi-Tpd
foo Tgo

* Acp

» BR(BE - pty) =2 (1 - 4))
* BR(B® > p%) = - (1+4))

19



B—py : Results

Perform Belle+Belle Il simultaneous 3D fit of M, , AE and M I .
c’ Kt «— — B — K*y
- L F|BB
0.09 E W B—py H Belle B%—pCy
' ' 0.08 g 40 - A
Signal enriched region 0.07 - - det=7“ fo
M. > 5.27 GeV/c? 22: 5 f
My, > 0.92 GeV 004 N
0.03 = T ;
0.02 Oos oz o1 6 Bi bz s
0.01F AE (GeV)
%8 © ®F
> wf Belle Il B®—p%y
s BF JLdt 362 fb’
+ + . +2.0+1.3 -7 5 30 =
Uncertainty: B(BY = pty) = (129755713) x 1077, St
0 0.\ _ 448440 —7 £ 20f
stat. + sys. + f_/f (for A) B(B” = p’y) = (1.51153705) x 1077, 2 %4
+ + . 15.24+1.3 b
Acp (B —*if 7) - (_8'4i15.3t1.4) ", 12_ s s s :
A(B - p) = (1LOTRTIE) g, oottt ]



Double radiative B->yy at Belle + Belle II

e Very rare decay with B(SM) = (1.4"74 ) x 108 [JHEP 12. 169 (2020)]
e Highly CKM suppressed relative to Bs — yy
e Challenging due to the presence of two photons in the final state; large backgrounds

Previous searches: Experiment Integrated Luminosity ([ £ dt) Limit @ 90 C.L.
e PLB363(1995)137-144 L3 73 pb 3.9 10>
e PRD 73, 051107 (2006) Belle 104 fb~1 6.2 %10
e PRD 83, 032006 (2011) Babar 426 fb1 3.2 x10—7
q
Y
w-! q
: %

]|
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.051107
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006

B->yy : Analysis

e Analysis based on combined Belle (362 fb") + Belle Il (711 fb") data i

e Reconstruct signal from two prompt photons

e Peaking background in M, _ due to back-to-back off time photons
=> Suppressed using photon timing cuts

e Dedicated BDTs to suppress continuum, T — yy, and n — yy decays

Fit strategy AE [GeV]
e 3Dfitto AE, M, and transformed continuum BDT output (C'y;;) § awof. Belle I simulation
e UseB’> K*(892)[K+.7t ]y as control sample iy
Belle vs Belle I Belle Belle IT | it
e Improved signal efficiency per fb™ bkg | sig effciency 23% 31% o
e Improved AE resolution Exp. bkg/fb-! -0.8 o

e gk OB ) S R G o
-0.6 -0.4 -0.2 0 02

AE [GeV]
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e Combined signal yield = 11.0%%°

B->yy : Results

e Since no significant signal = set 90% C.L. limits
e Sensitivity approaching SM prediction

— best upper limit with Belle Il data

B(B® - vv) B(B® = vy)

(at 90% CL)

Belle (5.4%55 +0.5) x 103 <9.9x10°®
Belle 11 (17737 +0.3) x 1078 <74x107%
Combined (3.7122 £0.7) x 10~8 <6.4x10°8

e Uncertainties are comparable between Belle and
Belle Il, despite Belle Il having a smaller dataset.
e Sx improvement over previous best UL.
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Summary

e FCNC's are attractive to probe SM and physics beyond.

e First evidence for B*—K*vv decay with 2.7c compatibility with SM
[arxiv: 2311.14647, to appear in PRD]

e World's most precise measurement of B—py decays using Belle (711 fb-1)
and Belle 1l (362 fb-1) data.

e First measurement of B->K*(892)y with Belle Il data

e Best upper limit for B->yy, rarest decay measured with Belle Il data so far
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