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The B - K ¢~ decays
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 Aflavor changing neutral current (b — sf*f_) ol e | E
* Interplay between strong and electroweak interactions g I A R 1 £
% 1 n
e Forbidden at tree level in the SM. Appears only in SM w “;;:\ z
1 al —

diagrams with one or more loops P
W= and t masses are much bigger than B mass, so highly q

supressed (B ~ 1077)

e Solid line + blue bands: SM range (+35%), Ali et al. form factors

NP contributions can be of the same [PRD 66 (2002) 034002]
e Dotted line: SUGRA model (R7 = —1.2,Rg = 1.03,R1p = 1)
order as SM ones! * Long-short dashed line: SUSY model (R; = —0.83, Ry = 0.92,
Rio = 1.61)
« R =CICM
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Where to Look for New Physics
DECAY RATE RATIOS

['(B—> Ku™pu)
Ry

- I'(B—> Kete)
1 + O(1072) in the SM!

It,, meassurements

2':
.- SM
++ Belle [PRL 103 (2009) 171801)
20 ++ BaBar [PRD 86 (2012) 032012,
++ LHCb [PRL 113 (2014) 151601]
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Where to Look for New Physics
ANGULAR ANALYSIS

Nf-Ng
NfE+N§

r
AFB_

e MEASsSUrements

| Npg: Number of decays with 0 < |0/| < #/2
Np: Number of decays with = > |0/ > #/2
-1.0 S
+ + Belle (7 +/Kéd) [PRL 103 (2009) 171801]
-15 - < BaBar (i — ki) [PRD 73 (2006) 092001] 1
+ 4 LHCh iH — K apu) [JHEP 1302 (2013) 105]
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What makes the difference?

THE ACCELERATOR THE DETECTOR
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What makes the difference?

Interaction
Region

b e
Y

electron ring

Belle |l detector

[—

electron / positron
linear injector

positron damping ring
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What makes the difference?

Different (complementary) to the LHC:

focuses on high intensity, not energies!
CM Energy =10.58 GeV: ) 2 |

Just above the Y (4S5) resonance mass /

N\t | |

The nanobeam scheme

Interaction
Region

Belle |l detector

Cleaner events:
Both ee and pu channels
accessible with similar
efficiencies!

... How?

electron / positron

Belle Belle II
e Increase currents: 3.6 (2.6) Aforet (™) ) . . e
* Reduce beam sizes at IP: 10 gm X 20 nm . YZK : inear m;ector
1;}mI .
positron damping ring \
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What makes the difference?

eraction
Region Belle Il detector

Pixel Detector (PXD)

Silicon Vertex Detector (SVD)
Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)

Electromagnetic Carolimeter (ECL)

K./ Muon Detector (KLM)
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What makes the difference?

Raper  Belle N datector

Pixel Detector (PXD)

Vertex detectors: primary and
secondary vertex reconstruction |

K?") Silicon Vertex Detector (SVD)

Central tracking device: .
momentum measurement of Central Drlft Chamber CDC /

charged particles

TOP counter (TOP)

PID systems: K/x separation.
Extended to almost 4x

Aerogel RICH counter (ARICH)
v and e detection: detection of

Bremsstrahlung radiation and Electromagnetic Carolimeter ECL,

higher x/e separation efficiency

K{/Muon Detector (KLM)
p detection

© Rey.Horl /KEK
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The reconstruction process

e particleid>0.1
(pid= L,/ Zl. L;)
e Good track fit

* vertex fit
* cutsin position according to p

2
(x* > 0.001) . 0.468 GeV < M < 0.528 GeV

e NearthelP
(do < 0.5and |zo| < 2)
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e 522 GeV<myp, <5.29 GeV

— 2
Mpe = \/Ebeam ~PBreco

e -0.1GeV<AE <0.05GeVech.
-0.05 GeV < AE <0.05 GeVyu ch.
AE = EB,rcco — Epeam

B* > K*+et +e

Bi_,Ki+‘u++ﬂ—

A A 4

"') BO

—> K0 +et +e

B > K +put +u-
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Preliminary: MC efficiencies
50 50
@ reconstruction ® reconstruction
451 A reconstruction + CS + veto 45 A reconstruction + CS + veto
*  Belle (2003) ® * Belle (2013)
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Conclusions

e The B —» K7 constitutes an excellent probe for new
physics

= Tests contributions from different NP scenarios
= Possible to construct observables with low systematic uncertainties

e The Super KEK B-Factory and the Belle Il experiment are
the perfect environment for this searches

= World record luminosity

= Similar efficiencies for both electron and muon channels over the whole g*
range

= Current efficiencies similar to those from Belle, with plenty of room for
improvement!
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Measurements
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Other observables

B(B"=K¢¢)-B(B*—>K*¢¢)
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SCHOOL OF SCIENCE
THE UNIVERSITY OF TOKYO

Al =
I B(B'-»K°¢¢)+B(B* =K *+¢¢)
1 A, meassurements
o] T R ,...ﬂ:{ﬁ ....... _.L_ S S~ .

- SM
++ Belle (B— K¢¢) [PRL 103 (2009) 171801]
S\l++ BaBar (B kt¢) [PRD86 (2012) 032012]
++ LHCD (8 — K ) [JHEP 1406 (2014) 133]
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B(B—>K1ff)+B(B—>Kff)
03 Aqp Meassurements
0.2
o1 ‘ | Jr |
R | s | e e
o1 | =
-0.2
- SM
~03| |4 4 Belle (B> K¢¢) [PRL 103 (2009) 171801]
_o.4| [T+ BaBar (3 K¢) [PRD86 (2012) 032012]
+ + LHCb (B> Kpupu) [JHEP 1409 (2014) 77]
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Effect of luminosity in 6Rk

10° T rrre e
.- R Belle Il Prospects
: ; K : . o .
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Similar events in Belle and LHCb

Image courtesy of T. Browder in Second international workshop "Particles, Gravitation and the Universe”, 2018, Hanoi
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First events topologies

6000

data

o
o
o
o

MC BB
MC qq
MC tt

Events/(0.04)

4000

Bellell 2018

3000 Preliminary

-
— : Jl dt = 15 pb

llllAAJlALL 1 b L]

0 01 02 03 04 05 06 A0.7 08 09 1

Spherical R, Jet-like

Image courtesy of T. Browder in Second international workshop "Particles, Gravitation and the Universe”, 2018, Hanoi
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Physics Backgrounds

Charmonium decays:B - K + J/w(£*¢~)and B - K + w(2S)(£1¢7)

Solution: veto regions

vetoed regions in ee channels vetoed regions in yu channels
140000 N y/n veto
El ly veto
120000 - W 25) veto
100000

8.11 GeV? < ¢ < 10.03 GeV?
d 12.15GeV? < ¢* < 14.11 GeV?
Photo-conversion/z° dalitz: 0.14 GeV > ¢

8.68 GeV? < ¢* < 10.09 GeV?
12.86 GeV? < ¢ < 14.18 GeV?
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Physics Backgrounds
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Continuum events: ee — ggq

Solution: MVA classifier
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Probability of flat hypothesis 66.03%

5.23

5.24

£ 526
$s.

5.27

0.0 0.01 0.03 0.11
fBDT output

)

cut value on fBDT output

T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Background rejected: 91.66%. Signal kept: 92.88%
(on testing dataset)
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MVA specs

fastBDT
Training/testing samples with 1:1 signal to background ratio

48572 examples after reconstruction cuts (80% of data for training,

20% for testing)
18 variables

o KSFWM (13)
e Cosine of the angle between signal thrust and beam axis (1)

e Cosine of the angle between signal thrust and ROE thrust (1)
e R2(1)
e Magnitude of the ROE and the signal thrust axis (2)
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Preliminar: efficiencies

Angular
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Preliminar: efficiencies

In g bins
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cosB; distribution for ee channels (norm)
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lar distributions
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cosB; distribution for yu channels (norm)
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Correlations between ¢g? and cos 6,

cos6;

cos8;

BY=K. ee

q° [GeV*]

BT"=sK"ee

q° [GeV’]

cosé;

cosé,

B+ K pu

q° [GeV]

B" =K upu

q° [GeV*]
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Preliminar: sources of background from generic B
decays (1.2 ab™!

+ + + +
Bo—Ks + e + e backgrounds . Bo— Ks + p1 + p backgrounds B* »K" +e+e backgrounds BY » K™ +pu+ u backgrounds
o]/ K= xu — il — X0t - K= i 10 - k= xn
| ke = kex Kl = KIX W K= KIX = KX
- = - =
- K= KXX = KXX 8 Kae = Kxx KEt = KXX
354 mem Kt = xiX [r—————— - K7 = XX - K= XX
- K= XXX 4 mm k= xxx WKt = XXX g |- K = XXX
30 W KU = KUt (CF) W KU = Kt (CF) W Ki? = KU (CF) Bl Ke? = Kt (CF)
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