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Other Belle II talks @ this workshop

Latest results and prospects: Talk by Gagan last Tuesday

b — sll transitions

Prospects of | Vub |: Talk by Tommy this Thursday
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SuperKEKB

Energy asymmetric e"e -collider @ \/g = 10.58 GeV

© \/E = 10.58 GeV <« Y(4S) resonance

o Y(4S) — BB + nothing else with & > 96 %
— clean B sample (on-resonance)

o @60 MeV below Y(4S) resonance:
— control sample to constrain continuum backgrounds
ete™ — qg,where g = (u,d, s, ¢) (off-resonance)

With nano-beam scheme and upgraded rings SuperKEKB
aims to reach 30 x higher &, _ than KEKB

at cost of O(10) X higher backgrounds

o x 1.5 currents
o x 1/20 vertical beam size
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Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ”
—

1

4

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject
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Belle II Detector

o Designed to give similar or better performance at

cost of O(10) X higher backgrounds

o Upgraded DAQ and trigger (higher readout
frequency + low multiplicity channels)

Magnet
1.5 Ts

7 GeV electron Simulated eTe™ — u*pu”

event with high luminosity
EM Calorimeter (ECL) backgrounds (CDC view)

CsI(TI) crystals o e Ha

° °
og 00® o°°°°°°ooooooooo °
° doo 00 oo
° . ° ©°% 0 ©0o0o 0o
o° oo 0000 o o °°0 o°°0°°
oo 00000 oo0o0 %0, 0 %059 o
° S0 ° oo 0 % %o
0000
0000 °
°
° ° oo oo o %o, ol Ve
° 00000000, %o0,q 00000.. %, °% o
coo o 0000 0° %o ° %
° © © 0 ooy . o, ° ° °
°° 0o 0000 ° ° %0 0° ° o
0000 ° ° o ©
° °
°
° - ° ° o o ° °
—— °
a. e Orm Sa.m ln —— ° >
vv ° — ° N
— o 0
= °
— o °o°°o°
- ~ ° ° ° °
~—_ o:°°°°°° ° °
= . 020 ° °
— Jooo © o °
— °5° ° 0% o ° °
- ° ° o oo
° ° 00 04 ° °o
o ° B °° ° °°
[ J o ° ° o oo
° 0o o
0% % ° o 00 o oo °
00 ° °© oo
° %500 00 ° ° °
o %0000 o o o o
° 000°9%% o0 o
000 oo
0% © o% o o °
° o °
. o °o° . o ° o %0,
[ ] [ ] N 00 %% 0% o°°
o0 0,%° o°o°o° °o % 3%
- o° ° ° o o o LX) [
° ) o oo © 0o o ° o,
oo ° 6,2 0 o %oo °
°
o2 g R T
° ooo 9% © %%0, o%0 °6° o o °
°o % ©o °%0 ° 0 o, o
° ° o
° °
o o °9 099 090°%0 ° °
° % ° 0o o °
° o o 090280 e °8 %3 09 09 ° °
060 o o o 59 983283 o °8g89¢ 98°% 98°°° o 908 ° 069 0°
° ° ° °
So9 o 09 9 03 %0030 g °g83s 88 09 5° ° o
0%0 o o o o %0 o ° ° 9 ° ° o o ° ° °
00000 02 ¢ o3 30,080808 88 093, o S ° So o 09 ,o
° 20%02 °s 99990 S 90893889 8829309, 08 0?® °° ®6,0%0°
0% 00 00903293 0200 o0 020
o~ o 03090 o 0590°% 90 0950000 ° 0.04,0 o
. o o 8032% Se o 93°8°° % 8©80°g ° °9 o 00 o 02080 °
09 ° ° ° 09 5 o S o ©° °o0 0%, 0° 090
° L] o ° 09299 o © s 8 ° 0?0 (3¢ oo by
° o °o 0°° ° S %o ° (34 00 °o
° ° ° ° o ° o0 ° ° °
?’o ° ) o o © o
° e B oo oe S o
° ° ° ° o
o 90 0% o o ° °
° r oo0o . o
° % 0 %°° o 09°%0
° o ° oo % ) %0 oo °
° % ° °%° °% % o oo
Y [ %o ° 00 ° 0o ) o o % oo °
> 0 o o 000 00% % o . ° 000000 °© 40 o
Cln 1 a. Ors o0 oo % ° %o%o” o00°* > So
oo ° °
° ° °o°°°°°°o°° °° 0° o0 o ° o o0,
° ° o
o %° 0 % %% %0 o o oo ° %00 00000 © S
Y °° ° o 0 © % 0,° 050, % %0, ooo o©© ° o0
° ° °© 02 ©°70°% o ° coo oo
° o %0 o © %, 0o, °° oo00 © oo o ©0o0
00,0 oo
° ° o 0 © o, % %20 0000 o0 X
o o © ° "o ° o o °
° ° 0,90°%0 o
° 00 0° o 0%052 Y
00 o o o © ) %00, o
° 000 ° °
oo °
°© o oo ° ° ®%000 ooo °
0 0 © oo
o o ° °000 0o
° ° ° 00022
ooo
[ ] o ° ° 0% ALEL o
o ° oo
°
lxe a. erS ° * . ° o o o o
° °
° o 000
° °°°°°°°°ooooooo 000
° o ©00000000
° ° 0000
[ ] [ ] ° % 00000 o
° ° coo
[ ] [ ] [ ] [ ] 02 ° o000 °
a- erS Sl 1C n mlCrOS rl a ers P ° %00, ° 0o
" " oo
°
° ° o °
°
°°o 0® o oo °
° °
o, ° ° o
° ©ooo °
ero e eren 0 ‘ e eC Or %o ° ° °°
° °
o oo
°o0 o °
oo ° °
(forward) ) o

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads VVOTKsHOp &(IT

Karlsruher Institut fur Technologie



Luminosity

Status

o Collected ~ 330 fb-1 since April 2019 (~1/2 Belle)
o Slower luminosity accumulation, but with ~90 %

data-taking etficiency

o Record-breaking &, . 3.8 x 1034 cm-2s-!

inst

o Highest daily integrated luminosity: 2.2 fb-1

. Integrated luminosity . e 350
B Recorded Daily

fﬁRecorded dt =336.74 [fb—l]
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Total integrated luminosity [fb™1]
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21/10/1  21/13/20 22/1/30 22/4/1  22/6/1 22/8/1

\ _/

Base

20/4/1 21/4/1 22/4/1 23/4/1 24/4/1 25/4/1

o Short-term plan: long shutdown (LS1) in 2022

Prospects

26/4/1

o full PXD installation — important to maintain good vertex

resolution at high luminosity

o Replacement of 50% of barrel TOP PMTs to maintain good
particle identification

o Long-term plan: LS2, final goal: £, .= 50 ab—!
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https://arxiv.org/abs/2110.00790

Performance

EDATA

Good flavour tagger performance
EPJC 82, 283 (2022)
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Most precise measurement of
D lifetimes

PRL 127, 211801 (2021)
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Performance

Good flavour tagger performance Good particle identification - £
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Key Ingredients

Rare B-decay with invisible particle(s) has usually significant missing energy

-200 -150 -100 -50 0 50 100 150 200

_
Belle II Event
o Cleaner Environment

Belle II Detector
o Hermetic

0 -

o Good Performance o Known Initial State

Kinematics

BV sinal kaon track

\\

Challenges of channels with invisible particles
Challenges of rare B-decays
o B-reconstruction: vertexing /tracking

l o Understanding of the neutral objects
( 7[0’ KL? Ks? n9 }/)

o Good MC modelling (include rare backgrounds) |
o Reconstruction approach

SKIT
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https://arxiv.org/abs/2110.00790

Reconstruction

Inclusive Tagging Approach:

Tagged Approach: 1. step: B;, reconstruction
1. step: B;;g reconstruction in its semileptonic 2. step: Constrain the rest

(SL) or hadronic (HAD) decay chain of the event

2. step: 5;, reconstruction

_|_

o Flavour constraint: 5,

— B
) Inclusive Tagging Approach:

o Kinematically constrained system with
y ’ [ Higher signal efficiency

hadronic B : p.+ p;-= P pto-— P p-
gt PoT Pi== Pere-™ P By, [] Lower intrinsic background rejection

[] Worse resolution — binned fits

Other Approaches:

Tagged Approach: S e |
[ Higher intrinsic background rejection (] Semi-inclusive’ tagging

[] Charm tagging

[F Better resolution — analytical fits

[] Lower signal efficiency (<1%)
[] Systematics (B,

tag
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Reconstruction

/ .~ Inclusive Tagging Approach
Tagged Approach: R 1. step: B;, reconstruction
1. step: 55, ,, reconstruction in its semileptonic Bsig 2. step: Constrain the rest
(SL) or hadronic (HAD) decay chain — . — of the event
2. step: b, re Best sensitivity : channel dependent, background dependent
o Flavour Use of different approaches : systematical check due to orthogonality, combination savvy
o Kinematically constrained system with /Y \ o 1nc1usolve 1a.gg1ng l.Lx.pproacn:
hadronic &< 7o+ T = o — . K+ 7;— ? nggher.51g1.1a1.eff1c1ency o
g~ v ° e ag m [] Lower intrinsic background rejection
Rare B-decay with [[] Worse resolution — binned fits
missing energy
Tagged Approach: Othc{er Al.al.aroac.he,s: |
[ Higher intrinsic background rejection ? ? [J"Semi-inclusive’ tagging
= [] Charm tagging

[F Better resolution — analytical fits =
[] Lower signal efficiency (<1%)
[J Systematics (5, )
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Full Event Interpretation (FEI)

Belle 1l preliminary

[cdt=34.6fb7"

I Y(4S)-BB
Bl Continuum
7//7 MC stat. unc.

¢

Data

x10°
FEI is an MVA tagging algorithm which reconstructs with 2
with 200 BDTs ~ 10000 decay chains =
£ 0.8
{ Tracks J Displaced Vert:l.ces} Neutral Clustors} r'% 0.6
"‘*-‘f;—:t_i_—‘:______ K_—“————___‘__ ~— ©
S No———] < o
0.2
o 0.0
= 1
@) E
= of
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8 i
[Comput. Softw. Big. Sci. (2019) 3: 6 | g .
MC tag-side efficiency @10% purity | Had. B*/BY [%] | SL. B*/B° [%] S\j Lo}
Full Reconstruction Belle 0.28/0.18 0.67/0.63 E’ . 5-
FEI Belle 0.76/0.46 1.80/2.04 o
N of correct Bigg per 1 fb~! in Belle (FEI) 8350/5060 19800/22440 0,0 R
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https://arxiv.org/abs/2110.00790
https://link.springer.com/article/10.1007/s41781-019-0021-

Full Event Interpretation (FEI)

FEI is an MVA tagging algorithm which reconstructs with

with 200 BDTs ~ 10000 decay chains

[Comput. Softw. Big. Sci. (2019) 3: 6 |

MC tag-side efficiency @ 10% purity

Had. B*T/BY [%]

SL. BT/BY [%]

Full Reconstruction Belle 0.28/0.18 0.67/0.63
FEI Belle 0.76/0.46 1.80/2.04
N of correct Biqg per 1 fb—!in Belle (FEI) | 8350/5060 | 19800/22440
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https://arxiv.org/abs/2110.00790
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Neutral Particles

To take advantage of the ‘clean event’ need to reconstruct every particle possible!

70 K,,K.n,y Signal Identification
o y = cluster in ECL that are not associated to a track o If signal has 7', K, : need to have high reconstruction
o K;,n = cluster in KLM and ECL that is not associated to a track efficiency and good resolution
o n’=yy
o K,=ntn" or n’z"

ROE / Tagged Reconstruction
o Missing energy related variables (all particles that are
Background Rejection not associated to signal /and By,) often used as
o Large fraction of B-decay products have z' in its decay chain discriminating variables/fitting variables
o If K;,n’s interact with atomic nuclei in ECL and KLM, then o If K;,n’s do not interact with atomic nuclei in ECL and
need to devise vetos KLM, potential fakes for invisible particles

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads 13 A“(IT
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Channels with missing energy
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SearCh f()r B T — K +1/17 [PRL 127, 181802 (2021)]

U —» U U—» — U
_ ot  oop_ . uot o
SM theory S ’ s e i
o FCNC transition heavily suppressed in SM 7 ! \V \D
o Does not suffer from charm-loop contributions — clean SM g
: 4000 —————————————————————
computation 1 Phase space
o B(BT - Ktvi) = (4.6 £0.5) x 1070 [arxiv:606.00916] 3000 | “E SM form factor -

o SM g*(vD) taken from [arXiv:1409.4557]

Entries

o Complimentary to other b — sl transitions o Belle I i
o 1000 Fsimulation
ol o Y
Possible BSM enhancements ’ > 20
o Axions [PRD 102, 015023 (2020)] q” [GeV©/c"]
o Dark Matter candidates [PRD 101, 095006 (2020) 5518 Cornella et al.
o Z'[PL B 821 (2021) 136607 ¢ | lamiv2i0saesss] | - Consistent with
o Leptoquarks [PRD 98, 055003 (2018)] PR %lb R(D®) and b — suu
b /NV/ s S anomalies
> > 3 ok :
LQ S :

1'(1).01 - 11f2' - 114 - llf(;‘ - l'lf8l 20 %(IT
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SearCh f()r B T —_— K +1/17 [PRL 127, 181802 (2021)]

Strategy
1. Reconstruct signal: highest-p, track in the event with at least 1 PXD hit

2. Reconstruct remaining tracks and clusters in the event
3. Minimise the background contamination with two nested BDTs using 51 variables: event topology, missing energy,

vertex separation, signal kinematics)

v

x10_2§
Belle I1

With only 1/10 &, , inclusive tagging
approach achieved 20 X higher signal

1 7 .
[ Neutral B .
[ Charged B:

= i - efficiency (~ 4%) compared to tagged
= reconstruction approach of previous

experiments

fraction of events
N

O =L
0.0 0.2 0.4 0.6 0.8 1.0

sphericity
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SearCh f()r B T —_— K +1/17 [PRL 127, 181802 (2021)]

Strategy
1. Reconstruct signal: highest-p track in the event with at least 1 PXD hit

2. Reconstruct remaining tracks and clusters in the event

3. Minimise the background contamination with two nested BDTs using 51 variables: event topology, missing energy,

vertex separation, signal kinematics)

4. Validation with control channel BT — J/w( — utu )K"

B(—»Kvv)B BB

% %

><10 —2

Belle II I = ~ .
. [ Neutral B .

[ Charged B
[ cc : 7
B sS . 7
B uu

B dd

1 B'—K'vi
¢ Exp 8, Run:3123 |

fraction of events
N
|

O bt
0.0 0.2 0.4 0.6 0.8 1.0
sphericity
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Signal proxy

2. mimic 3-body

BT—K vy MC

SR NN NN

0.2

B —=K*J/¢_,,+,- MC
CIBY—K*J/y+y-MC ¢ Bt

0.4

Belle 11
Background proxy /ﬁ dt — 63 -1
/ 200
- S
= 150
~—
x» 100
=
S 50
£
0)
0.0 02 04 0.0 0.8
BDT,(BDT; >0.9)

& B*K*J/¢,,. - Data
_>K+J/¢—>.¢+,¢_ Data

kinematics

1. remove dimuon

Signal

1.0

0.6
BDT,
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

SearCh f()r B T —_— K +V17 [PRL 127, 181802 (2021)]

Results

o Binned simultaneous ML fit to p;(K™) X BDT, to extract signal

strength s (1 = SM B = 4.6 X 107°)

o No significant signal is observed, limit of 4.1 x 107> @ 90 C.L.

— competitive with only 63 fb-
o Inclusive tag approach shows the best performance

Average
J1+04
— T T T T T
L. Belle II (63 fb~!, Inclusive)
: 19718 PRL127, 181802
|
[ —1
- Eﬂ.l@ep(f{?)g&logfl.%1 , SL)
|
: ° Belle (711 fb~!, Had)
: 3.0+1.6 PRD87,111103
|
| 1
S | | E?Pﬁ%&g‘g%zﬁ%s ’ IHad-I_SL)

2 4 6 8 10
10° x Br(BT—K * vi)

-

BSM B - K"vr already with 1 ab-!
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O

-

&

O

On-resonance data

0.93<BDT5<0.95]0.95<BDT»<0.97:0.97<BDT,<0.99: 0.99<BDT, ]
| . .

CRI : Belle T _ ]
—  [Ldt=(63+9) b

400

BT Kty -

—
42 500 [ Neutral B .
:G>J I Charged B |
[ 200 B Continuum _|
¢ Data

100 . scaled by 2 ]

u = 4.21233(stat) = (syst)

0.5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5

pr(KH) [GeV/e — IUMNoose

-O ’ ' I ' ' ' I ' ' ' I ' ' ' I
Belle I1 ---- Expected |

gl "‘.“/Edt=(63+9)fb_1 BN Expected+lo |

k Expected+20

—— Observed
0 I: .
4 - 90% CL |

: Expected: 2.3x107° -
7 L Observed: 4.1x107° ]
0 ... e L X107

T2 4 6 8
B* — K"vw branching fraction

-
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https://arxiv.org/abs/2110.00790
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

SearCh f()r B T —_— K +1/17 [PRL 127, 181802 (2021)]

Prospects in Belle II

o Physics: similar channels, inclusive measurement X,
measurement of Fr

o Faster observation: reducing biggest systematics,
combined measurement using all the tagging approaches

Belle Il snowmass paper : 2 scenarios baseline (improved)

Uncertainties on the signal strength u

On-resonance data

0.93<BDT5<0.95]0.95<BDT»<0.97:0.97<BDT,<0.99: 0.99<BDT, ]
| . .

CR1 | : Belle II :
[Ldt=(63+9)fb

400

- BT —KTww :
] NeutralB |
I Charged B |
B Continuum |

¢ Data

200

100 . scaled by 2 ]

p = 4.2233(stat)t] B(syst)
0

0.5 2.0 2.43.5/0.52.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5

pr(K")[GeV/c]

Average

1.1+0.4

3

Decay lab™" Sab™" 10ab™" 50ab™"
Bt — K*tvv 0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08)
B’ — KJvv  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
Bt — K*"vv 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)

30 (50) sigma for SM B™ - K"vo with 5 fb-1
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. ‘Belle II (63 b, Inclusive)

1.971¢ PRL127, 181802

_.:._ Belle (711 fb~!, SL)
BSM B™ —» K"vv already with 1 ab-!

O belle \(/711 1b -, I'ldl)
3.0+1.6 PRD87,111103

0.84+0.7 PRD87, 112005
I 1 1 1 I 1 1 1 I 1 1 1 I

Babar (429 fb—!, Had+SL)

P 4 6 g8
10° x Br(BT—K * v)
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https://arxiv.org/abs/2110.00790
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Search forBT™ —» K7l

Motivation: u,c,t NP

b > > > S b > \>\ S
o LFV decays are strongly suppressed in SM (can only occur via neutrino mixing) WH‘E] VEW \ .

Lt
BSM:

o Hints for LFU violationin b — slland b — clv

o If LFU is violated, then BSM extensions predict that rates for LFV decaysare BrB-Kux10°
enhanced (even more for 3td generation leptons) — up to ~10-5 071
o BSM models: Leptoquarks [arxiv:1709.00692], Z', W', ... 06|

0.5:-
Current Bounds: ’

.. : 0_4:~ referred
o Best limits set by BaBar (hadronic tag) and LHCb - 90%CLUL 5| Ey oseln
Mode (s 0.3
Belle II can: 0S B+—=K*+r+y | 2.8x105 | 3.9x10°5 02! VR |
o study different sign combinations SS B+*—K*rp* | 45x10° .| Preferred by bosll 7S
o with different tagging approaches including B+—K*rte | 1.5x10% ) 0 [arXiv:1749.00692] 1
semi-inclusive tagging, charm tagging ... B+—K+re* | 4.3x10° 000 002 004 006 008 010 012 0414

Q_.lL
S3=S;
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m R(D™) 20
W Ch=-Clt 20
B CH'=-Cit 10
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https://arxiv.org/abs/2110.00790
https://arxiv.org/pdf/1709.00692.pdf

Search for B — Kzt

Motivation:

o FCNC transition involving 3rd generation leptons

o SM BB — K(*)r7) ~ 1077

BSM:

o Rate enhanced by NP models (especially those coupling only to 3rd

generation / with coupling « particle mass)

Current Bounds:

o Belle BB - K" t7) <2.0x 102 @90% C .L. [arxiv:2110.03871]
o Babar B(BT —» Ktt717) < 2.3%x 102@90% C.L. [PRL 118, 031802 (2017)]

Belle II can:
o exploit different tagging approaches

o include more 7 decay modes (improved scenario)

*k
o measure other channels K

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads Workshop

Belle II snowmass paper

B(B° — K*977) (had tag)
ab™! ”Baseline” scenario ”Improved” scenario

21

1 <3.2x1073 <1.2x1073
5 <2.0x 1073 < 6.8 x 1074
10 <1.8x 103 < 6.5 x 104

50 <1.6x 1073 < 5.3 x 10

| Model
| independent

: O RD(*)&RJNJ 20

<
- | B R &Ry 10
5 | @ Br[Bs>11]
| W Br[Bo>K11]
1 B Br[B-KTr1]
| O Br[Bs=>¢ri]
1.1 1.2 1.3 1.4 1.5

Ry/RSM  [X=b->cInu] |
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https://arxiv.org/abs/2110.00790
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf
https://arxiv.org/abs/2110.03871
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802

Search forBT —» K*a (ALP)

ALP model from [arxiv: 2201.06580]

BSM scenarios of BT — K*vp : new mediators (a) T3
: . . o + + V)2 Mg )| A / (mBamKama)
o a (=dark scalar or ALP) decaying invisibly — B(BT — KTa) =0.25 dCf £(A)H 0.0032 cWW(A)) ; 5 5
. s + +. - f 0 (O) mp — Mg
very similar to the search for BT — K™ vi
o main experimental difference: two-body vs “c/f” : ALP coupling to fermions Jo = scalar FF

three-body kinematics “eww’ ALP coupling to gauge bosons

Ma,b,c) = a® + b* + ¢ — 2(ab + ac + be)
Current bounds:

102 103
Signal Simulation Event
m,= 50 MeV 10" 102- BaBar inv. (88
— 1094 -
T L 10! NAGZ'
> v
= 1072 N
- NA62 inv. < 10%
=~ 107?; BaBar inv. =
< LHCb pu N < 10-1
S 10-3 : S beam dump yy
— B :: - CHARM MU -2
'.-.-'.._,.--'. ; 10—4_ 10
""""""""""" -5 , 103 , ,
e \ 1052 10-1 100 01072 10~ 100
..... - \’\\\\\\\ ~ m, [GeV] m,; [GeV]
© Kaon Track
‘ crp(AN)/fo < (1073 —1072) Tev—ll eww (A)/fo < (1072 —1)TeV!
ff a ~v WW a ~u
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https://arxiv.org/abs/2201.06580

Search forBT —» K*a (ALP)

BSM scenarios of B — K¥vv : new mediators (a)

o a (=dark scalar or ALP) decaying invisibly —
very similar to the search for B¥* - KTui

o main experimental difference: two-body vs
three-body kinematics

Signal Simulation Event
m, =50 MeV

-'-
I.'-

""
-'-

-

.-
-
e "
.=’
-
-
.-
-r"

........
..........
-
el

-
-
-
-t
-
-a?”
.=’
-
-’
.-
"

.=’

N

Kaon Track

ALP model from [arxiv: 2201.06580]

2(pn2

N2 (1, e, m2)

fo = scalar FF

B(BT - K*a) = 0.25 (jcf F(A) [+ o.oozachW(./q)2 f021(7(;) e
B K
“crp’ ALP coupling to fermions
“ceww” ALP coupling to gauge bosons

Ma,b,c) = a® + b* + c? — 2(ab + ac + be)

Current bounds:

beam dump yy

BaBar inv.

10!
m; [GeV]

100

102 103
101‘ 102.
— 100
>
= 1072
W
=~ 1077
<
&
&) 10-3 S
104 10
107? , ; 1034
102 1071 109 0 1072
m; [GeV]
crr(A)/fo S (1072 —1072) TeV~!

eww (A)/fo S (1072 — 1) TeV !
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https://arxiv.org/abs/2201.06580

Search for B™ — K™a (ALP): Sensitivity

[arxiv: 2201.06580]

Simplified sensitivity study probing different ma scenarios for ma in [5 MeV, 4 GeV]
o With 0.5 ab-1limit on B(B*™ - K"a) <10-5@ 90 CL — expected an order of magnitude improvement
o With 50 ab-1 limit on B(B*" — KTa) <107 @ 90 CL — expected two orders of magnitude improvement

10%-
104 1071; | — |
— m,=1GeV | BaBarB*-=>K*vb y .
0.5ab™? — m,=300MeV = | | T 10
B —2— \ | > ‘
~ 107; \ m, =5 MeV > 1
1y : ‘ ) —
+ \\ \ : —
0 N WO «w 100
+ 10-6 S~ oI g =~ |
Q 10 50ab~! = < 50 ab-1 i .
. < 50ab~?, no bg. = ab *, no bg. ;
S 10—4,:, ,,,,,,,,,,,,,, g_ _______________ E 10 14:. ..............................
107 j ‘
— — — — — 10 °—"—"F-———, . — — 10~ 2+— N —
10 10 10 10 10 102 101 100 102 101 100
CT, [cm] m, [GeV] m, [GeV]

Belle II near-term plans

o Compare sensitivity of inclusive tagged vs hadronic tagged reconstruction approach for B™ — K™ a
o Adapt inclusive tag to favour two-body kinematics
o Perform search for B - K¥a / B - K*a with pre-shutdown dataset (0.5 ab-!)
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Fully reconstructed channels
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https://arxiv.org/abs/2110.00790

Towards b — sll LFU : R(K (*))

3.1 0 evidence of LFUV in R(K) reported by LHCb

arXiv:2103.11769, arXiv:2110.09501

'y T T T T T T T T Y %k .
' : ' R R - Belle R(K™) in Belle I
(%) 0.1 < g2 < 8.12 GeV/c* R Belle O Stat1st1ca11y limited
R (K ) : : 0.045 < ¢> < 1.1 GeV¥/¢*
B(B » K®u*y~) . : for foreseeable future

—_ , . , Belle 3 : R o Belle * .
o B ( B — K(*) ete —) 1.0 < ¢? < 6.0 GeV/c* 1.0 < ¢* < 6.0 GeV7/c* o Then le admg
=1+ —2 E <> 1.40 R, LHCb9 fb" :
=1+0(107%) —— R vt systematics due to

<1 310 LHobo !

q? € [1(1.1), 6] for R(K™) 1.1 < ¢* < 6.0 GeV7/c* |<_>' 1.50 R, LHCb 9 fb’ lepton ID~0.4%
N B T e b LI<gPR60GeVe
JHEP 2018, 93 (2018) 0.5 ! 1.5 n O ! 2 B
K k"
! JHEP 03 (2021) 105 — RK from Belle (II)
Belle II can: s —e— Ry from LHCb
. . % . =
o Provide independent check of R(K ) with at least 5 ab-! % - o
'E PRL 122 (2019) 191801
o Measure R(X)) 8 o
QL
()
o Measure absolute & for electron and muon separately (constraint on =
= .
Wilson coefficient C9) é - Adapted from Patrick Koppenbuxg @
Flavour anomalies 11

Time

But LHCb will always be ahead in precision for R(K"") given LHC’s and SuperKEKB’s luminosity plans
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Towards b — sll LFU : R(K (*))

3.1 0 evidence of LFUV in R(K) reported by LHCb

arXiv:2103.11769, arXiv:2110.09501

Y T T T T T T T T Y %k .
! ' ' L R, Belle R(K( )) in Belle Il
SM : . : BaBar 1.1 < ¢ < 6.0 GeV/c*
R(K®™) He SR Ge L Ry Bell o Statistically limited
B(B » K®utu) : ; i for foreseeable future

—_ , . , Belle 3 : R o Belle ’ .
— B(B - K(*)e+e_) 1.0 < ¢* < 6.0 GeV“/c* 1 4 1.0 < ¢2 < 6.0 GeV¥/c* o Then leadlng
= 17 2 : e 140 R,.. LHCb 9 fb’ :
=1+0(107%) < ;5 eV systematics due to

o 3.10  LHCb9 ™'

q% € [1(1.1),6] for R(K™) 1.1 < ¢* <6.0 GeV7/c* |<_> 1.50 R, LHCb 9 b lepton ID~0.4%
Lo T T y 1 e 1 . 0 v i l'l:“’zf 6.0GeV¥/ct
JHEP 2018 2018 0.5 I 1.5 - 0 I 2 P "3
K K’
! JHEP 03 (2021) 105 — RK from Belle (II)
Belle II can: s —e— Ry from LHCb
. . % . =
o Provide independent check of R(K ™)) with at least 5 ab-1 é - o
'E PRL 122 (2019) 191801
o Measure R(X)) 8 o
QL
()
o Measure absolute & for electron and muon separately (constraint on =
= .
Wilson coefficient C9) é - Adapted from Patrick Koppenburg @
Flavour anomalies 11

Time

But LHCb will always be ahead in precision for R(K"") given LHC’s and SuperKEKB’s luminosity plans
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Study of B — K(*)lI

Candidates / (3 MeV/c?)

Signal extraction with simultaneous ML fit to M, .and AE

Fit projections for B™ — K™lI

M

[BELLE2-NOTE-PL-2021-005]

18 < 18
16 ¢ Data Bel_le_ /] % 16~ ¢ Data
- —— Fit preliminary - —— Fit
145 . signal Ldt = 62.8 fo” = M e Siona
120 =eeeeee Combinatorial Background - ) B 12 :_ ....... Combinatorial Background
105 B Peaking Background + b @ 10 C B Peaking Background
P B" - K I -g -
8t 3 8-
] % C
6 E_ O :—
4F- —
2= =
oetl il
5.

2 5.21 522 523 524 525 526 527 5.28 5.29
M, [GeV/c?]

*2

Result

© stg

Belle I
preliminary

Ldt =62.8 fb"

B" > K'I'l

= 8.6175(stat) = 0.4(syst) - hint for B" —

0.15 0.
AE [GeV]

o Ebeam

0.1

K™l
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Entries / [0.0033 GeV/c?]

Fit projections for B — K*I/

(K* - K*n~, K*n, Kdn™)

B(B — K*pp) =

 B(B — K*U{) =

24
30 F Belle 11 ® 22
[ £ dt =189 fb~! © 20
25 B 18 +
S 16 )|
20 O 14
>~ 12N
10 c 8
g *
5 4 4
15,4
G2 521 522 523 524 525 526 527 528 5.29 EST 0.1
M, [GeV/c?]
Results

(1.19 £ 0.31+£790%) x 1076,
B(B — K*ee) = (1.42 & 0.48 + 0.09) x 1076,
(1.25 £ 0.30::1_8:82) x 1070,

Electron channel expected to become
competitive already with 1 ab-1

‘ &
<
R 3
; "
—0.0é (l) 0.05 0.1
AE [GeV]

PDG averages
(1.06 £ 0.09) X106
(119 £ 0.20) X107

(1.05 £ 0.10) X 1076
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https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf

R(K) : Belle II vs LHCDb (Aside)

[Nature Physics volume 18, pages 277-282 (2022)]

Candidates / (24 MeV/c?)
=
)

‘O
L d
*
“
id

~~.
S

LHCb
—— Data 9 fb!
—— Total fit

B B — J/y(ete )KT
B Part. Reco.
Combinatorial

18
16

Candidates /(3 MeV/c?)
XN o ® o N
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O
5.

m(K* ete~) [MeV/c?]

% 600F LHCb
% s00 b —4— Data 9 fb’!
2 —— Total fit
= 400F  fF } 000 B'— K utu-
e - Combinatorial
2 300
S N
2 -
S 200f
< N
~ 100F

0 Bt T ——— .

.)200 5300 5400 5500 5600

B Peaking Batkground

II‘I

------- CombinatoriaiX8ackground

Belle Il
preliminary

JLdt -62.8f8"

L

III|III|III
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' L 4
@
—o—1—
—
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—
——f—
T_.__{

S
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Electrons (and muons) in Belle II have better resolution
result of kinematic vertex constraints + Bremsstrahlung effects

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads Workshop 79

Three differing aspects to consider:
efficiency, statistics and resolution

Belle 11 LHCb
Signal K+, Ks K+
Same 1 ab! 1 fb-
BT - Ktete™
Efficiency
30 % (Belle) ~5 %
BY — KTu*u~| JHEP 03 (2021) 105]
Efficiency

Efficiency
High g2bin
Kinematic vertex
constraint

30 % (Belle)
[JHEP 03 (2021) 105]

Accessible

M,

C

<5% Lower due
to tracking and
trigger
Hard
Pointing to PV
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https://link.springer.com/article/10.1007/JHEP03(2021)105
https://link.springer.com/article/10.1007/JHEP03(2021)105
http://www.apple.com/uk
https://www.nature.com/nphys

Search for B

— KYS (LLP)

Search forB —» K'S

o S (=long-lived scalar particle = LLP) that decays visibly
into pair of charged particles x™,x7, x € (e, u, 7, K)

o Bump hunt in the LLI” invariant mass

o Separately for x € (e, u, 7, K)

o Separately for different lifetimes

Muon system
Calorimeter
Drift chamber

Vertex detector

/ adapted from T. Ferber
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Current bounds and predictions

A. Filimonova, R. Schéfer, S. Westhoff

1071 ‘ . S- Wes
-‘ A
107%E I I
q 9
‘ S
103k | = .
) ol &
el
S| L
1074 ¢ : _8
= : S
- 1 O
1073 -:
1 i 2 2 & % i R é o 5 R )
ms [GeV] Belle I1 50 ab
Phys. Rev. D 101, 095006 (2020) BaBar 489 { 1— |
LHCb 3 fb~
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Conclusion

Belle II
o is accumulating high quality data
o is well suited to study rare B-decays with (multiple) invisible particles

o has unique reach for light DM
o will provide competitive and independent checks of b — s/l channels where anomalies were reported (electron modes)

Rare B-decays with invisible particles are challenging but fun!
o heavily suppressed in SM, but BSM models can enhance observables such as & significantly
o once the 9 of these channels are measured, start the theoretically cleaner precision measurements (angular variables, LFU tests)

Belle II made its first footprint
o search for BT — Kvu = first Belle II B-physics paper employing novel inclusive tagging approach

sets highly competitive limit with “only” 1/10 of previous B-factory dataset

But what about?

o QOther missing energy modes (eg. B — v, B — Ilvy), b — d transitions (e.g B — nvv)

o QOther LFV channels: e.g B — Kue, B - K*ue

o DM: other DM candidates, other signatures (e.g B — Ka( — yy)) NEXT TIME!
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https://arxiv.org/abs/2110.00790

Other Belle II highlights (Moriond 2022)

o Mixing and lifetime measurement — not yet competitive
but will provide sin(24)
o BY - K97 - unique to Belle II

Towards sin(2f)

| Vub |/ 1 Vb | puzzles

Exclusive B — wly  Inclusive B — X, v
2004 -

2008 1

Result compatible with world average:
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vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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Tgo = 1.499 + 0.013 (stat.) &= 0.008 (syst.) ps,
Amg = 0.516 £ 0.008 (stat.) £ 0.005 (syst.) ps~*.

Z 1500}

20201

[
o
o
o

Compared to Belle and BaBar's best measurement:
» Slightly worse stat. uncertainty because not using

B° — D*~¢*v modes yet.

» better alignment and background systematics.
» comparable resolution modelling systematics.

=)

V| x 10?

o

Asymmetry Candidates

© o o
()}

Belle Il Preliminary [cdt=189.3fb!

[ mmm B°-n"ev
[ W= Background
- 7//2 MC stat. unc.

N
w

0GeV?/c* < q? < 8GeV?/c*

At [ps]

N
o

=
w
1T

Towards CKM angle «

E 290 Belle Il (preliminary)
o 200 fLm=18925fb"
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O 60

B e e

015 9.1 005 0 0.05 0.1 0.15

AE = E; — E* [GeV] World average: Acp = —0.05 £ 0.05

beam

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads

Events / (0.29 GeV?/c?)
o

Result compatible with previous measurements:

Acp = —0.069 £ 0.068 (stat.) + 0.060 (syst.)
B(BT — ptp®) = (23.2157 (stat.) £ 2.7 (syst.)) x 107°
(stat.) £ 0.027 (syst.)

+0.035

fL —_ 0.943_0033

2004 1
2008 1
20121
20161

20181
2020 1

Candidates/(0.002 GeV)

y
Mrzniss = (pe+e‘ ~ DPBiag ~ Pe pn)

S

Exclusive B — D™y

ged BII
b D**fz:

40 49 44
V| x 103

. Belle Il (Preliminary) J- Ldt=189.3 fb”
' B” > D’e*v, and cc. @BG
] --.selection

S~ D @
P2 Q O

N
o O

e Data
[dsignal

18 181 182 183 1.84 185 186 187 188 189 1.¢

D mass (GeV)

SKIT

Karlsruher Institut fur Technologie

Inclusive B — X,




7 GeV electron

\
\\\

-

Central Drift Chamber (CDC)

i

harged PID detector

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads 34 ﬂ(IT

Karlsruher Institut fur Technologie



Search for BT — K 7 I (Aside)

Hadronic FEI tagging
o t— m/plel/u decays
° l=te,u}
o Fit to m_ distributions

w = m + m, ~ 2(E; B}, - |B;, || Bl coso)
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o Control samples:
o Bt D Ktn 7 )atn™,

o BT— J/y(= )K"
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Semileptonic FEI tagging

o Recoil mass still peaks at m_but the resolution is a
factor ~2-3 worse

o High efficiency but worse resolution

Other tagging approaches
o Measure B(BT - K7t l) exploiting high & of
B-->D’X=79%+4%

o Reconstruct B,,, D"

o Reconstruct signal’s K and 1, and
o DOX provides the tag-side

o Fit also to m,

Karlsruher Institut fur Technologie


https://arxiv.org/abs/2110.00790
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Belle II snowmass paper
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Integrated Luminosity [ab ']

B(B — Tv,) = (1.06+0.19) X 10~* and B(B — pv,) < 8.6x 107" and B(B — ev,) < 9.8 x 10~7 at 90% confidence level

Slavomira Stefkova, 25.04.2022, Flavor at the Crossroads Workshop 36 ﬂ(IT

Institut fur Technologi


https://arxiv.org/abs/2110.00790
https://www.slac.stanford.edu/~mpeskin/Snowmass2021/BelleIIPhysicsforSnowmass.pdf

