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SuperKEKB collider and Belle |l o

Belle I

e+ 4 GeV36A

* Electron (7 GeV) - Positron (4 GeV) collider

New beam pipe Supel’KE KB

& bellows

* KEKB upgrade:

* x1.5currents
e e i * x1/20 vertical beam size (Nanobeam scheme)
— Target up to 30 x higher L
e o e Higher beam backgrounds

Low emittance positrons
to inject

Damping ring ” oy
\ S

Low emittance gun

inst

Low emittance electrons
to inject

* Build to run on high Y masses (from Y(3S) to Y(6S))
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e '*m-m........,Lﬁ"'“ﬁ-u‘._.-_--_t * 60 MeV below Y(4S) resonance
T(3s) TTasy 1 —_
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Belle Il detector /o

Belle I

- = - K. and muon detector (KLM):
Electromagnetic calorimeter (ECL): Resistive Plate Counters (RPC) (outer barrel)

° DESig n ed to give CsKT) crystals Scintillator + WLSF + MPPC (endcaps, inner barrel)
. i waveform sampling (energy, time, pulse-shape)
similar or better
performance -
than Belle even

with lower
boost and Vertex detectors (VXD):

2 layer DEPFET pixel detectors (PXD)

h ig h er be am 4 layer double-sided silicon strip detectors (SVD)

Magnet: J

1.5 T superconducting

- Trigger:
tr" A Hardware: < 30 kHz
o A lJc"\ Software: < 10 kHz
St
. ons e+

SN
ba ckg rounds . Particle Identification (PID):
Central drift chamber (CDC). Time-Of-Propagation counter (TOP) (barrel)
He(50%):CzH, (50%), small cells, Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)
fast electronics u‘bﬂ -
10* Belle 11 1
= Ldi=721fb" - - -
S v 10° Jra = Ly i I ; E S
D 1.0} ".,'.Q'O|00'0'!0!---.--..;-----1"1T E‘ 4 D ] [ Pd, m
8 ”H‘+ 102 ata — L 4 0 , ; ! —
~ portt . = z — Fit e B ggf T FURELESaadiley) | O
— i barrel region only m = 10 N o F & KD efficiency (data) N
S 05f Bellel Prelim N % - Background I~ s [ & KID efiiciency (MC) : ; =
=~ dat elle reliminary E I S NSV SO SN S e
% . s ! = g s ot Judt=7128" m
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1005 - 8 D lifetime — G ¥ = misID rate (data) N
o | " N 102 s E ook v xmis-ID rate (MC) S
Z|¥ 1.000 boap datrtibel ppiteesset, N B R o Y ¥y | (O
S|E [H”HHM” A ) t H .'E 10 = B L AAAAL _"":W; ;-,-ﬁv; '8
0.975 o W A T PO VAR U PP O e
= | _ t t O gy lp g S
L . L L . — ., Mementum [GeV/c]
1 2 3 4 5 L L . " .
2 0 2 4 6 g8 10 12
Precol [GeVIC] Decay time pe] Good particle identification
High photon reconstruction Factor 2 improvement in
efficiency proper time resolution
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https://docs.belle2.org/record/2604
https://docs.belle2.org/record/1558/files/b2n048_Moriond2021.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

. . D
Luminosity <o

Belle I

Status

* Collected ~ 268 fb™! since April 2019

Belle Il Online luminosity Exp: 7-22 - All runs
o o . o 3 — Integrated. luminosity.........
« Record-breaking instantaneous luminosity:  *”] w= Recorded paiy
o _ _1 - 250
3.8 x103%*cm2s? (last: LHC 2.14 x 1034 cm2s1) ) — [Crecoeadtt =267.90(7") =
= 2.0 a
. ) i e L 200 2
* Ramping up toward the target luminosity £ 2
= 15 £
= L 150 g
: |
* Highest daily integrated luminosity: 2.2 fb* £, A =
TR
* All shown results - ,! "” %0
63 fb1on-resonance . | 4—it .
* T ITTTTTTTT )
* 9 fb1!off-resonance 01/19 01/20

Goal: 50 ab!
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Electroweak and radiative penguin decays o

Belle I

* Flavor changing neutral current (FCNC) transitions occurring at loop level only — Highly
suppressed

* Focus on b — s transitions:

y {
W v/z .
w ¢
b s b s b W Weg

u,c,t u,ct u,ct

* Interesting as NP can appear either in a loop or mediate FCNC at the tree level

HE Jﬁ“‘J Y T
p S N ¢ €8 _ b :: is e.g.
—» 1« Charged Higgs Leptoquark

u,c,t LQ
e Tensions with respect to SM

 Measurements presented here:

e Radiative penguin decays: * Electroweak penguin decays:
* Measurement of B(B—K*y) (exclusive) e Study of Bt — KTI*]™ (exclusive)
* Observation of B — X(; 4)Y (inclusive) e Search for BT — K*vv (exclusive)
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Measurement of B(B—K™*y) B

Belle I

Status d — «—d
e Short term: measure B(B—K*y) = 0(107) b— - =
* Long term: measure more NP sensitive variables: %w/\ﬁi,},

* CP violation asymmetry A_p:

Acp=r(
(

r

B—Ky) - [(B—K"y)

B—Ky) + [(B—K"y)
* Isospin asymmetry A, :

o [(B°—K*%y) — [(B*—K**y)
0" T T(BO—K*%y) + I'(B*—K**y)

« Latest measurement from Belle with 772 x 106 BB pairs
— 3.10 evidence for the isospin symmetry violation [pRL 119, 191802 (2017)]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://arxiv.org/abs/2110.08219

* . D
Measurement of B(B—K*y) [arxiv:2110.08219] < />

Analysis strategy
* Full decay chain reconstruction: K™ ( K*r, K2 m®), K™ (K*n® KO m*); KO — mrm, nl—yy
e Signal E, cut around energy expected from 2 body decays

« Main backgrounds from misreconstructed BB events and
combinatorial background

90 F
* Continuum events with y coming from ni® or n ] Belle Il
. . L 70F == Signal _—
* 1% / nveto: Remove events consistent with S eob - By ﬁzfe";";”é'if}
(r°, n) kinematics + BDT suppression % F '
with event-based variables 3 aof
8 20§
. . " B A
Signal extraction %4 03 02 01 0 01 02 03

AE [GeV]

e Unbinned ML fit to AE = difference between 0
BT — K*T(— K)n ™)y

observed and expected B-meson energy

b r Belle Il
I — - Signal _
5 Bkg (Preliminary)
Results 20 ILdt -628fb"

Mode | Bumeas [10~] |Bppc [10~7]
B - K*0y [45+0.3+0.2| 4.18+0.25

Candidates / (20 MeV)
o

Bt — K*+~(5.24£0.4+0.3| 3.92 4+ 0.22 o et T e
-04 -03 -02 -01 0 01 n.2 03
. . E [GeV]
Consistent with world average e



https://arxiv.org/abs/2110.08219

Observation of B — X(S,d)y [BELLE2-NOTE-PL-2021-004] Q(B

Belle I

. . T
Status b . 5 . <

* Short term: first observation of B — X 4yy W

* Long term: measurement of B(B — X(S,d)y)
* NP scenario: charged Higgs [EPIC 78 8, 675 (2018)]

Analysis strategy
* Reconstruct high energy y on signal side

20p 20 e « Standard selection with m°-n veto

. [ cdt=62.8 o~ o o o  Reduction of the continuum backgrounds
T eror using BDT trained with event shape

0 t Do variables

* Expected backgrounds obtained from off-
resonance (continuum) and Monte-Carlo

Candidates / (100 MeV)
8o o

0
I | fy + simulation (BB)
} } + I + + t | by
O} | DO e i i
e e Signal extraction
50 1.75 2.00 2.25 2.50 2.75 3,00 325
E; [GeV] * Excess wrt total expected background on

Result photon energy spectrum

* Excess compatible with B — X 4y signal
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https://docs.belle2.org/record/2302/files/BELLE2-NOTE-PL-2021-004.pdf
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6131-3

Study of Bt - K+~ [BELLE2-NOTE-PL-2021-005] < />

?—: '-'- ='- u I v v v ' v v v v I v ' —
Status e Wot o BaBar 5
* Short term: Reconstruction of BT — K+ [*[~ “’lﬂf{i . ) S 14
N9
* Long term: Measurement of R(K): vz <f el =
T leg<sncevie w
B(B*—K*u*u™) enben e n
R(K) = - LHCO®' ||
B(B+—)K+e e ) o 11€ .4 <60 GeVes ©
05 — 1 — ll_"'r —
* 3.1o evidence for LFU violation by LHCb e i
* Belle Il with > 5-10 ab! will provide significant § :i: - ey
independent information on R(K) D ol T st L= 628107
w Il Fezking Background ~
3 12 B" = K[|
Analysis strategy 5 e ] ] ]
« Muon and electron modes reconstructed 38 H[ H H H H
* Background suppression with BDT using event shape and 0% ;i} bbb b b _;;BLEEQ
vertex information M. [GeV/cT)
1B
16 + Daa Belle I
. . — Fi preliminary
Signal extraction ME e sga Lkt - 62.8 b

====== Combinatoral Background
Il Pecking Background

12

e Simultaneous ML fit to the beam energy constrained mass

Candidates / (10 MeV)

10 B+ s K+ I+ |-
M, . and AE : ]
Result 4 “ l L L ]
+ 2
* Ng=86"C 5 (stat) + 0.4 (syst) ol .1.14]4051-.- o nnn s
 Hint for BJr K*U*l™ signal o T AEGev]
- 9



https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf
https://arxiv.org/abs/2103.11769

Search for BT - KTvv

B, Run;3123

e Select highest-p; track with at least 1 hit in the vertex
detector, then reconstruct the remaining tracks and

B

7 met 3 t—l w, et 5
Status - b -y ) —— Mg
 B* — K*vV never been observed yet P RN
e SM:B(Bt > K™vv)=(4.64+0.5)x10° ”{ )
qg B{—=Kwvu B
* Best upper limit: 1.6 x 10~ at 90% CL set by BaBar ) N i
o PRpa [PRD 87, 112005 (2013)] 2 B
NP scenarios: | Vs @ @
* Loop level: Leptoquarks, Axions... R S S
* Final state: Dark Matter Bellell {5 Newwis
-E 6L . = E;ha:gadBE 1
Analysis strategy ‘g al " ; a o]
a E“"
£ .l"\
o

clusters in the event %o oz o4 06 08 1o
* Minimise the background contamination with two sphericity
2000
H H H elle Signal prox
nested BDTs trained on event topology, missing energy, Bele Il 1'2.“???”‘2'{53“.‘[,”1{'13"
vertex separation and very distinct signal kinematics 500/ B1s nematics
3 2100 |- ,
« 20x higher signal efficiency wrt to BaBar (exclusive gloop, & O et ] e r"
. : 0.0 02 04 06 08 1.0
reconstruction) &4 = 4.3%; (52597 = 0.2%) = BDT,(BDT; »0.9) |
500 AR K I/, - MC P BYK /g, Data| -
OB K Jftyy MC 4 BY K I i Data
. . . . + + _ + BT K™ v MC _‘_,—'—‘
e Validation with control channel: B* - J/Y (- u* u") K e - e

BDT,
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112005

D

Search for BY —- Ktvv Do

Belle I

Signal extraction
* Binned simultaneous ML fit to p; (K*) x BDT, to extract signal strength u

Result
* No significant signal is observed, limit of 4.1 x 10> at 90% CL is set
* Competitive with “only” 63 fb!

, 1.0 g1
SM ﬁj{‘ierage Belle Il - Expected
R S S 0.8 "'~,__J'(£dt=[53+9)fb_l BN Expected+ls ]
L, _]Z?'Il_::llgh_l_l (%S fb*, Inclusive) T Expected+2s -
! LAl 15 WoT g :_:.I I Dhsemﬂ -
' Belle (711 fb !, SL) = 06t ]
1 Lo+0G PRD9G, 091101 :._ |
1 L 4
| . Belle (711 fb~!, Had) 3 0.4 90% CL ]
I 30+16 PRDS7, 111103 D 3 e 5
: Expected: 2.3x10 7 1
. Babar (429 b !, Had+SL) 0.2 Observed: 4.1x10 7]
.I . | . . . | . ns Ir ::-.'FI PRIDS'T: 112I:II:I5I | . . . b | _
0 2 4 6 8 10 0.0 [ S oo, k1070
10° x Br(B' =K ' vp) 0 2 46 8
BT — K"v branching fraction
Prospects

e Bigger data set

* |ncludes more channels to be studied
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Summary <o

* The first electroweak and radiative penguin signals have been seen at Belle Il
* More channels to be investigated soon

* First published Belle Il B-physics paper
e Search for BT — K*vv : highly competitive limit with “only” 1/10 of previous B-

factory dataset

 More to come soon (4x bigger dataset on tape, improved analysis techniques)
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Belle Il detector {B

Belle I

7 GeV electron -2 %

™ — -

EM Calorimeter (ECL)
CsI(TD crystals 2‘
%k Updated electronics with .

waveform sampling ’~

Central Drift Chamber (CDC) L&

\
14336 sense wires in He-C:Hs =
% Smaller cells + longer lever \
arm + faster electronics S§

4 E
Vertex detectors PXD+S > Scintillators

% 2 pixel layers (DEPFET) Charged PID detectors
* 4 layers of silicon % Time of propagation counter (TOP) (barrel)

microstrip layers % Aerogel Cerenkov detector (ARICH) (forward)

4 GeV positron

K. and muon ID detectors
/' Resistive plate chambers

* Designed to give similar or better
performance than Belle even under
higher backgrounds

* DAQ and trigger systems upgraded
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Measurement of B(B—K*y)

D
O

Belle I

i
« Latest measurement from Belle with 772 x 106 BB pairs %M“'ﬂi?’
— 3.10 evidence for the isospin symmetry violation:

Observable

Belle [PRL 119, 191802 (2017)]

SM [JHEP 04,027 (2017)] [PRD D88, 094004 (2013)]

B(BY — K*Y~)

(396 £0.07 £0.14) x 10—

(348 £ 0.81) x 10—°

B(B™ — K*T+)

(376 £0.10£0.12) x 10 °

(343 £0.81) x 10— °

Ace(BY — K*V)

(-1.3E£ 1.7 £0.4)%

(03£0.1)%

&ﬂ—l—

+6.2+£1.5+£0.64 1.2)%
( )

(1.9 £2.6)%

* Challenge: in future A,, will be dominated by f, /f,,, A will be statistically limited

Tristan Fillinger
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https://arxiv.org/abs/2110.08219
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191802
https://link.springer.com/article/10.1007/JHEP04(2017)027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.094004

D

Measurement of B(B—K™*y) /o>

Belle I

Table III. Relative systematic uncertainties (in %) for the branching fraction measurement.

Source KKt |y| KK 3n | K [K a7y | KT [Kdn ]y
No. of BB events 1.6 1.6 1.6 1.6
Photon selection fg:g fg:g fg:g fg:g
7 /7 veto 3.8 3.8 3.8 3.8
Pion identification 0.6 — — 0.6
Kaon identification 0.8 — 0.8 —
K reconstruction — 2.4 — 24
7 selection — 3.4 3.4 —
Tracking efficiency 1.4 1.4 0.7 1.4
MVA selection 2.0 6.0 2.0 4.0
MC statistics 0.2 0.5 0.3 0.3
PDF shape parameters 1.0 i;i f%fi J_r?:g
Misreconstructed signal 1.5 164 -y 33
Total 5.3 o i o
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https://arxiv.org/abs/2110.08219

B*Y — K*I*l™ : Systematics

Tristan Fillinger

Table XXVIIIL. The BF systematic for B — K.J/v({{) modes (in %)

Source

K0 )

KT J/y(ete™)

K$J/v(pp”)

K%J/y(eTe)

No. of BB pairs
PDF shape parameters
MVA criteria
Electron identification
Muon identification
Kaon identification
K '.[-_J} reconstruction
Tracking

Signal efficiency

2.70

1.50
0.93

2.73
0.05

2.70

1.32

0.93

2.73
0.05

2.70

1.50
0.93
7.87
3.64
0.09

2.70

1.50

0.93
7.87
3.64
0.09

Total

Lake Louise Winter Institute 2022

D

O

Belle I




(R(K™)) : Belle Il vs LHCb

= -}':I'O —_—
L LHCDb ¢ o00rE LHCDb
-1 - -1
:g; —+—Dat39_ﬂ: % s00E- —+—Dat39_fb
= — Total fit s - — Total fit
S - B K e Ty S A T B*— K*wtu-
= BB — Jy(ete)K* = - Combinatorial
= I Part. Reco. 2 300F
= Combinatosial S F
3= = 00
= = . [LHCb. arXiv:2103.11769]
S S 1ok

---------------- e e e '.". e R et e p st e masasama
0 Y200 531]0 5400 5500 5600
m(K*e+e) [MeV/c?] m(K* ) [MeV/c?]
L F
> 16F Belle Il Belle IT LHCb
g = preliminary
I T - Ldt = 62.8 b Signal K*, Ks K*
3 B Poating BCK3 + s SameKee 1 abl 1 fbl
3 ; 8Kl Statistics
T o B->K mu 30 % ~5 %
3 I mu
Ill”l H BN Efficiency
52 521 522 523 524 525 526 527 528 520 B>Kee 30 % <8% Lower
. M, [GeVi/c?] Efficiency due to
tracking
* In comparison to LHCb, 3 differing aspects to and trigger
ider: effici tatisti d luti B>Kee Better Worse
consitder: erriciency, statistics and resolution Resolution thanksto because of
Mboe Brems

* Electrons (and muons) in Belle Il have better
resolution thanks to M,

Tristan Fillinger 25/02/22
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(R(K™)) : Prospects

Belle I
~ 2.2 2024
¥ F  ——Bele2019 Belle 2019 ~ D.E%QZZ.. — T ; 2.031
ol EE_ —— LHCb 2017 ; Preliminary | é‘ C i 2019 B
1.80 == BaBar 2012 : ' “ 0.5 = - Projections for R(K*) -
1_.5:_ — == CSMMEP DI, 0032008} 1 ] Be"e (R(K*)) C L: ; i . I .
14E | | , o 04:: L Ll eengf = (0.045,1.1) GeV
3 | . * Largest deviation T il d e 1160 Gev?
3 ; 2 hi C e . = P e(150,19.0) GeV
0;5 = I in the low g2 bin E AR, W SR R a1 e e e
F [Belle arXiv: 1904.02440] Tl e 1 i
06— 0.2F e oG o SR S S
04— M Ao .
0.2 01—
04t Cp : N ; g
5 10 15 - LR
f (Gavz!‘c?)G ﬁ 1 1 I|1 1 1 1 | N - | 1 1
Intearated Luminositv (akb™
T R o Belle P’s [Belle Phys. Rev. Lett. 118, 111801]
E B DY i« Thelargest deviationwith o Elail 0 i b 0
10l i LHCb 2015 ] & ) £ 045t elle I Progpacts 3
F 4 cus 2017 : 2.60 observed in muon 2 o4 N =
osh o k1 ATLAS 2017 ] £ TE :[The Belle Il Physics Book]: 3
5 1 This Measurement - channel B gasb : ST
L7 s | lﬂ.l ] ) 5 . E p
T : i ¢ Electron channel is £ oat
L 1 p— 4 . . . C
wsb —'-}T T i ; deviating with 1.10 0.25F Lt
e 0 T+ With2.8ab the 02
o 1 uncertainty on P’s (both e 0155
-15 — — S R - &) will be comparable to 0.1
¢* [GeV? /e LHCb 3 fb™* (1 only) 0.05
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https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://arxiv.org/abs/1904.02440
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.111801

BY — K*vv : LHCb vs Belle Il

LHCb Belle Il
single-arm detector hermetic detector
longitudinal momentum of B not known known initial state kinematics
pro @ neutral object reconstruction (photon, K;)

\
"'\. signal kaon track]
\

« BT — K*vvis a golden channel at Belle lI: clean environment and well defined initial
state but still challenging as two neutrinos in the final state leave no signature
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Search for BY —- Ktvv Do

Belle I

Signal extraction
* Binned simultaneous ML fit to p; (K*) x BDT, to extract signal strength u

On-resonance data

03<BDT,<0.950.95<BDT,<0.07:0.87<B0T,<0.99] 099<BDT, ]

I : :
I : : i
CR1I : Belle 11 : 1
400 ity ; . ]
e i [Cdi=(63+0)m ! :
I : : 1
200 ! B B K up
4“55 ’ [ Neutral B -
Y I Charged B
I 200 B Continuum _|
4 _ Data i
100 E Eﬂﬂlﬂd bj" 2 _-

— 29 1.8
p = 4.2 55(stat)*e(syst)

0
0.5 2.0 2.43.5052.0 24350520 2.43.

H20 24 3.5
o eumyeam
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

— . . D
Bt — K*vv : Comparison with other measurements  </>

* Competitive limit

* Comparison with other experiments via o,; assuming same luminosity — the

performance of inclusive tag:
* 3.5% better than hadronic tag
e 20% better than semileptonic tag
* 10% better than combined hadronic and semileptonic tag

'Beue I (63 fb-, Inclusive)

1.8*1%  This work

Belle (711 fb!, SL)

Loxo6 PRD9E, 081101

Belle (711 b !, Had)

10+1.6 PRD&7, 111103

Babar (429 ! Had+SL)

0EX0T PH[JE! 11&00‘:

i Observed limit on _1 SM Avera e
Experiment Year BR(B* — K*ui) Approach Data [fb™] e }11 o4 g
= .
< 1.6x 107 SL + Had R
BABAR 429 !
B 2013 [Phys.Rev.D87,112005] tagging :
I
<55x%x107 Had 1 1
Belle 2013 » 711 |
[Phys.Rev.D87,111103(R)] tagging I
I -
<1.9x 1073 SL | i
Belle 2017 711 i
Phys.Rev.D96,091101 (R ]
[Phys.Rev (R)] tagging | :
-5 Inclusive -~ e —
- 4, )~ , 63
Belle II 2021 < 4.1 % 1( tagging 0 2 4

6 g 10

10° x Br(B* —K " vi)
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B* — K*vv : Prospects

* Bigger dataset (+ possible combination with Belle dataset)

* Attacking biggest systematic (background normalizations, e.g continuum modelling)

* More channels (K", K, K™*...)

* Possible improvement in background suppression (use of NN architecture,

discriminating vars)

* Combined analysis of inclusive and exclusive tagged events

10° %6 uncertainty for next analyses, assuming 25% improvement + 40% K?
BR ¥y 5

63 fb! 197 fb~! 450 fb~! (450 + 700) fb~!
(arXiv:2104.12624) {csuume:t quzml.i}— (Su::;:.;:ctze{);f - (+ Belle I sample)
opr(K™) 1.55 0.78 0.52 0.32
0 — p
opr(K* + KD) 0.68 0.45 -f'ié'ln'
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