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The case for probing non SM Physics 1n Belle 11

Issues addressable at flavour factory

* Baryon asymmetry in cosmology

— NP beyond the direct reach

of the LHC

— New sources of CPV 1n quarks and charged leptons

e Finite neutrino masses
— Tau LFV.

— higher symmetry, massive new particles, extended

gauge sector

Quark and lepton flavour & mass hierarchy

Direct production at energy frontier
(LHC) yielded no non-SM Physics
evidence at the TeV scale

But indirect searches at the intensity
frontier (Belle/BaBar) probe higher
scales.

Hidden and dark sectors at the GeV scale.

BaBar + Belle experiments collected ~1.5 ab-! at the first generation of B

factories led to many discoveries
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SuperKEKB

e Asymmetric etecollider with main center-of-mass energy

at BB threshold (10.58 GeV) oD
>
e Upgrade of KEKB OQC}@Q\
X
X

e Aims at an integrated luminosity of 50 ab~! (50 X Belle) electron ring
— Challenging harsh beam background conditions (e 7 GeV)

¢ 30 X KEKB best instantaneous luminosity 1s achieved by

e X |.5 beam current increase ‘ Bélle Belle 11

e X 20 beam size decrease

e e collisions very clean compared to pp collisions
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Data Taking at Belle 11

e Operation started in 2019 ., Bellell Online luminosity Exp: 7-18 - All runs
. . 35 _2 _1 Integrated luminosity
e Plan peak luminosity of 6.5 X 10°°cm™=s |, | ™= RecordedWeeky . [. oo

¢ Peak luminosity

KEKB __ 34 —2 -1 SKEKB __ 34 2.1
o SZpeak = 2.1 X 10’7 cm™“s —>5Zpeak = 3.1 X 10”7 cm™~s

- 150

(World record set on 22nd June 2021)

Data taking plan for next 5 years

- 100

Total integrated luminosity [fb™?]

Total integrated Weekly luminosity [fb~1]

50
1500

5 Tar“et "
é Basi 1 300fb-1 L 0
= _
5 - < nBB = 10" AR
2 1 p A A A A A A A A A A A A A A A A A A A A AR
§ Processed 800fb_1 900fb Date Updated on 2021/07/05 17:20 JST
: data = 213fb- / o
: Data taking till Summer run 2021: 213.49 {b-!
5 5o 600 with ~90% data taking efficiency
s
= LS

A T Belle II has started taking after summer 2021 break ..
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The Belle II Detector

e Designed to operate with a performance better than Belle despite KL and muon detector

higher beam backgrounds Scimtilator + WLSF 1 MPPG o

J— (end-caps , inner 2 barrel layers)

e y —

e Belle Il enables us EM Calorimeter

CslI(Tl), waveform sampling electronics

trigger bias - g

electrons (7 GeV)

e High reconstruction efficiency with very low

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

¢ Uniform performance in reconstruction of final

Vertex Detector

states containing photons from 70, p=, 1, K, €1C alere sl dovble siced st bSSD

-
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-
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iy

.. . oL Central D_.rift Chamber
* Analyses of missing mass since 1nitial state Smellercel sizs,long VoI

perfectly known

(.

e (Good vertex resolution E | positrons (4 GeV)

Belle Il TDR, arXiv:1011.0352

e Production of large sample of charm mesons
and Tt leptons
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The Belle II Physics Program
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Charm Lifetimes

Lifetimes measurements test non-perturbative QCD and provide ‘ F
guidance to describe strong interactions

e High-precision measurement of DV lifetimes rely on

. d-p
o excellent vertex-detector alignment, L= mp Y
e Precise calibration of final state particle momenta
o Early Belle II dataset already competitive — Challenge VD* oroduction vertex
1s to control systematics
e High-purity samples, large BF decay modes selected to T e
Belle 11 Data 0°F Bellenl ata :

-
.

limit background-related systematic uncertainty. o Pfra=mn (f} —F L Efra=nm — Fi

Preliminary

----- Background
| D"—=K*K-
D'—atm-

- Preliminary  §} . Background 1

S
(S

e Reconstructed D —» D — K~ z")x*and
Dt - DY — K ztz")a" from D*—tagged.

102

andidates per 1 MeV/c
Candidates per 1 MeV/c
5"-)

10

e Removing D from B decays (originating from a secondary o \ v
vertex) with p(D" 1) > 2.5(2.6) GeV requirement avoids k... N

1.75 1.8 1.85 19 1.95 Z 1.75 1.8 1 .85

1 Il I 1 1 1 lé-I
1.95 2

L
1.9

bias in D°(D™") production vertex position (K1) [GeV/ e (K7t [GeV/c?]
D
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Fit Strategy for Lifetime Measurement

e Unbinned maximum-likelihood fits to the (t, o¢)
e [1.855,1.833] GeV/c? for m(K n*n™)
o [1.851, 1.878] GeV/c2 for m(K n™)

e Resolution function: — (2 gaussians for D",
1 gaussian for D7) determined directly from fit

e For D" : background neglected in the fit —
systematic assigned.

e For D: background included in fit — modeled
using data sidebands

e  Width: ~60-70 fs.
e Systematics:

e Mostly from misalignment of vertex detector

e Background modeling of D

D

o
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Candidates per 40 fs

Candidates per 70 fs
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. . . . = 5 3 2 3 3 S amsssEEs A
e Most precise and consistent with previous SR N N N S M= R S N S NN N S W B N
measurements j E687 i E687
, . o ot . 1+ CLEO
e Few-per-mille accuracy excellent vertexing capability S CLEO + ;.Y -
FOCUS SELEX £6¢us
(DY) = 410 + 1.1(stat) = 0.8(syst) fs =0 T )
) = + +
(D7) = 1030.4 £ 4.7(stat) £ 3.1(syst) s o — 1 . -
< S| e 1 —«—Belle II
= Lo b b b b b b s bl b e e b be b b bven b e e

¢ Assuming systematic uncertainties fully correlated — correlation

coettficient 1s 18% Phys, Rev. Lett. 127 (2021) 211801
(D7)
(DY)

= 2.510 £ 0.013(stat) = 0.007(syst)

Expected excellent vertexing performance 1s established and will guarantee improved precision of
time-dependent measurement, beyond the increase of luminosity
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Towards ¢,/

e Accessible via b — u transitions with large contribution from penguin (b — d)
diagrams

(0,0)

e Unique Belle II capability to determine ¢,/a by B® — #2°, Bt — p*p° b ot -
% E_ Belle Il (preliminary) ; T s’::I i
e BY = 797 is very challenging due to four photons in final state o 20F Jra=ozer’ B o m
S BB
e Main background is from continuum 7" S L ‘
. . o 1071 ..
e Dedicated MVA for photon selection arXiv:2107.02373 o o + T ...........
3 50
o BB’ — n'n’) =1[0.98)3(stat) £ 0.27(syst)] X 10~° A S g
' 056 5265 527 5275 528 5285 5.29
N . 0. AE = E* — Ep,.m Belle Il [Cdt = 62.8 fb-1 My [GeV/CT]
® BT — pTp” 1s pion only final state > [ Botle I (prelminary)
M. —= E2 == % 70 3 * & fL dt = 62.8 fb’
. . bc beam PB — 60 —_T |
¢ Main background due to p mass width 2 oof
e Branching ratio i1s compatible with WA arXiv:2109.11456v2 c:é; o b1 H ‘ 'y iy
e B(BT — ptp”) =[20.6 + 3.2(stat) + 4.0(syst)] x 107° o] ™
ETE % ::::::::::::::;:::'::Ziﬁ:::+::::::::;ﬁ:::::::;ﬁ::¥:::':::;:::;::}::;::;::;::"
First reconstruction in Belle II data—preparing for measurement of a/¢p, EZ = 1*-‘;2’*233*-553;32332-3_2;3.;%;3%33%33?;353?33?33?{F)iig;3.3323323(3)3.3;2332332332—15
AE [GeV]
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https://arxiv.org/abs/2107.02373
https://arxiv.org/abs/2109.11456v2

¢1/y Measurement with Combined Belle + Belle II Data

e B~ — DUK{r"n )K" is the
e Using BPGGSZ model independent approach

mode for y/¢, measurement for Belle/Belle II.

0,0)

120 LN 0 K™ + 0, i\t
o _ IL d?zu?eﬁ . | B* — D(K mm")K jﬁg Ld?i"7e11 L B" — D(K nm")K
A (B~ 5 DOK™) _ isgrs| 2 ®IB—DK|Y A\B—Dr| § %
favor. ( R— o —Yy ' b > 60 I\ A1 5 20EY
A (B — D K ) % 2o D H+ \+ \‘ § fgg 3
- . : i N | b\ L
e 1p: magnitude of the ratio of amplitudes R /A ol
0 boccaoszoss i o ekl bl T o S T T ST T
® 0y strong phase difference = S ) - S ) )
I D e Tt T I R4 CRC M A S S v dat Brer St Taar
. 0 S TH1 005 0 005 01  0.15 S0 01 02 03 04 05 06 07 08 09 1
e Dominant and clean decay B~ — D"z" AE [GeV] c
% _ : —
and B — D%z~ provide good control “F [ Bellenl B" > D(KgTm K’ [ Bellell B' > DK K"
= BF JLdt=128fb 100 JLdt=128fb1
mple. o 30 N .
Srpe | = =sfB>DKf| § B— Dr|s *}
Signal enhanced with s 2F [ 2 R,
g ° S 40f
M,.> 527 GeV/c* and PID to K/z from & 1 } Y : O b R .
. T retel - ) e T
e Unbinned ML fit in AE and MVA output &  Ofsrime e ttpmninittammmn®) 5 o
: : © 01 005 0 005 01 015 S0 01 02 03 04 05 06 07 08 09 1
(with event shape variables). AE [GeV] c
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¢1/y Measurement with Combined Belle + Belle II Data

| arXiv:2110.12125
e First Belle and Belle II combined measurement Submitted to JHEP
1 Z h Belle + Belle Il
Belle+Belle Il [Cdt = (711 + 128) fb~ 08} JLat=11+ 128 1

¢3 — (78.4 +11.4£0.5 % 1.0)0 :
rB5 =0.129 + 0.024 + 0.001 £ 0.002,
0ER = (124.8 £12.9+0.5+1.7)°.

100 150
o, [°]
.. : . , ] Belle + Belle |
« Statistical uncertainty improved by 30 % with just 20 % 0.8} |Lat=(11+ 128

more data

» Experimental systematics reduced from 4° to 0.5°

» Systematics associated with mputs reduced from 4° to
1° due to recent updates from by BESIII

0.3
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https://arxiv.org/abs/2110.12125

Bt - KT¢%¢~

SM | NP example

e Important FCNC decay measurement BT - K™ ¢~  |u - u u - u
. . + K+ BT E KT
(1=-e, n) sensitive to many SM extensions. b E ~— 5 e b ¢ 5
e BDT (event shape, vertex related and missing energy 70 ) \ \
variables) to suppress background from light quark . -
and inclusive B decays. BB = K=Y i A.ny. sigpiﬁ(.:ant
e First look with 63 fb-! data Rkt = B(B — KMete—) — 1| deviation is hint for

non-SM Physics!!
e 2D fitto AE = EX — E,,,, and

— 18¢ < 18f
S 160+ om Belle Il L 16 ¢+ Daa Belle I
~ — Fi preliminary T — Fit preiiminary
2 distribution S 145 T o .| 2 1eE T
\/ beam g/ 12F  eeeeees Cszgmblinatorial Background Ldt = 62.8 fb 1 : 12:_ _______ (SD:;r::n atorial Background det = 62.8 fb1
8 10 BN Peaking Background + + 1+ 8 - B Peaking Background )
. . e B - K I = 10— _ + + I+
e Signal Yield : 8. 6f‘3‘3 + 0.4 events g S B" - K"l
8 6 8 oF I
&) 4: @ -
- | 41—
More data needed for &8 and R °F , ™\ ! :
K ;_,_._LJ_._l|| . : .......... sov - .
g2 521 522 5.23 524 525 5 6 527 5.28 52 _00 0 '0'1“ . 0‘1 ' '02
measurement oe [GEV/C?] AE (Gev
D> ,
I Fiasha WAHEED @©OKEK




BT - KTup

e Complementary probe of BSM physics scenarios proposed to v v -
explain anomalies observed in b — s/l transitions / ¢ / Z y

e Not observed yet Wf XMH W

e SM prediction: B(BT - K*vp) = (4.6 +0.5)x 1076 0> we > bF w,c, 1 0

¢ but BSM could enhance 1ts B.F Box Diagram Penguin Diagram

e Experimentally very challenging with two neutrinos
e Previously measured using tagging (semileptonic, hadronic) approach
e Belle II approach: measured using inclusive tagging

e Exploit distinct topology and kinematics to achieve higher signal
efficiency (~4%) — better compared to earlier approaches

¢ Two nested boosted decision tree classifiers, to suppress various 4
backgrounds

D
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BT - KTup

0.93<BDT5<0.950.95<BDT,<0.97:0.97<BDT»<0.99: 0.99<BDT,
| . .

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

e Seclect highest pr track as signal kaon candidate 100 |

Bl B K 'w |

e Use off-resonance data to constrain yields from continuum g 30 — Newtralh
- - D I Charged B .
processes (qq, TT) [E 200 B Continuum _|
¢ Data
- e - + + - s |
e Validate BDT: using data of B™ — K" J/yw( — u™u~) decays . - caled by 2 -
where the muons can be removed to mimic signal ;
. . . 0
e Compare response of BDTSs in data and stmulation 0.5 2.0 2.43.50.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
pr(K") [GeV/c]
e (Correct kaon momentum using simulated signal 2000 T —
. [cdt =63 Slgnall-llke
: . : sample
e Fraction of events 1n signal region (BDT2 > 0.95, 00 € 150 4—_|(muon removal,
: - BG-like = 2100 momentum
data/SHIlUIatlon) :1 .06 L O. 10 Samp|e i/ / g 50 j CorreCtion)
(nomuon| £7°°0/ # 0 |
removal) 2 " %%TS(%D%(; 099'§3 g
500 —/DB+%K+J/¢W+MMC ¢ B*—K*J/¢y,,+, Data|
BT Ky MC 4 BT I/ Data
- BT —K"vv MC
0.0 0.2 0.4 0.6 08 1.0

BDT,

D
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BT — KTui Results

- - . . SM
e No signal observed; CLs limit (assuming SM signal) oRi00r ﬁ‘(?mge

. Belle II (63 ﬂ) 1 IncluSNe)

1.971% This

Belle (711 fb~!, SL)

1.0+0.6 PRD96, 091101

® Belle (711 b~ !, Had)

3.0+£1.6 PRD87,111103

BBt - K*vi) < (4.1 £0.5)%x 10 @90 % CL

e better than
e semileptonic tagging by 10 — 20 %

Babar (429 tb~!, Had+SL)

8 +0.7 PRD87, 112005
1 I | 1 1 l ] Il | l 1 1 1 I | | 1

- -
o — S S S S S S s ses ses B sm.

2 4 6 8 10
e hadronic tagging by a factor 3.5 10° x Br(B* K * 7))

e Future prospects: Phys. Rev. Lett. 127 (2021)
e more data 181802

e additional channels B - K %o, BY - KbQI/IJ,BJr — K v

e 1mproved technique (neural net)

Work 1n progress to improve the inclusive tag method and employ the
same strategy for other modes b — svv

Eiasha WAHEED


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

Inclusive B = X v

Measure ¢>-moments (moments of lepton energy or hadronic mass)
to simultaneously determine non perturbative elements and |V

Belle II performed both the
analyses.

and the hadronic

Untagged analysis
Require one well identified lepton
Exploit missing mass and momentum to reject backgrounds

Measure the branching fraction with a fit to p;‘<

BB — X Cv) = (9.75 £ 0.03(stat) = 0.47(syst)) %

Next: |V, | from g* moments

Eiasha WAHEED

Data — MC

Data

o
o
o
o

e Different strategies may help resolve the inclusive/exclusive discrepancy in b — cZvand b — ufv

arXiv: 2109.01685

x10° Belle Il Preliminary fﬂ dt=62.8 fb™!

- B-X.ev B b-c
: [ BB background

¢ Data

electron momentum

EEl Continuum (off-res.)

v—' -.." '

05 1.0 1.5 20

p*in GeV

2.5



https://arxiv.org/pdf/2109.01685.pdf

Exclusive B —» D¢

e B — D¢V has been explored with both tagged and untagged approaches

* Tagged analysis e Untagged analysis & e
e Almost zero background after tag o Signal selection from cos Oy y where O y
e Signal selection from D* and D" invariant 15 gmgle b/w B and direction of D*Z/
masses, and lepton momentum D"¢system
B(B® — D* ! + + 0 B(B~ — D% 1;) = (2.29 % 0.05tat £ 0.084yst )%
(B” = D™ 1) = (4.51 £ 0.414,; £ 0.27,; £ 0.45, ) % z .29 T U.Udstat T U.Ugyst ) 70
Belle Il preliminary f[idt =34.6 fb~! ™~ Eleo"e Il (preliminary) I[Zdt=62.8fb_1
5o} e arXiv:2008.10299v4 B~ > Duv =<l
L e oy s = Contiuur
8 60; 5 9 //i//A h[;ICtstat. unc.
S 4o Miss = (pe+ o APBL ., — P — pe) cos Oy = 2B by — M Y g
§ 40| 2poy :
_ﬁ_:g 2.5 I -
5lé 0.0 I | i |—+—H L, { i l * 1 ! . E
8 st NN A 'Veb| measurement 1n progress ...

1005 00 05 10 15 20 25 3.0
m2. [GeV?/c*]
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https://arxiv.org/abs/2008.10299v4

Conclusions

Belle II 1n great shape, has already >200 tb-! of data being analyzed — more new results coming soon

e [Established excellent vertexing performance with world’s best D lifetimes measurement
e Belle II preparing for a leading role in ¢, measurement and first combined Belle + Belle I ¢); measurement

o First observation of BY — K7/77~ and B" — K"vi with just 63 fb-! data with prospects to do full
measurement

e Within the next years Belle II will be able to address the inclusive/exclusive |Veb|/|Vub| tension by precisely
measuring semileptonic B decays

e Very active and wide range program of searches for dark sector; Belle II will be leading the field of light
Dark Matter searches in the GeV range 1n the coming years

e SuperKEKB has set a new world record in peak luminosity and 1s entering the regime of a “Super B factory”

e We have restarted data taking for winter 2021-2022 from mid October

Looking forward to an exciting era of discoveries and a healthy competition and
complementarity of Belle II and LHCb

@KEK
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Tagging Techniques at Belle 11

Tagged Measurement Untagged Measurement
One B reconstructed completely in a known b—c¢ mode Initial 4 momentum known, missing 4-momentum = v
without v. “B-meson Beam” Reconstructed B — Xq lv
Provide background suppression Other side information to constrain B flight direction

- High purity, very small background * High efficiency

» Low Efficiency , large stat. errors  Low purity, large background
7T+

Efficiency

Purity
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Summary of the Sensitivities: BT — K vp

Observables Belle 0.71ab™! (0.12ab™!) Belle Il 5ab™! Belle II 50 ab™*
Br(BT — K*vi) < 450% 30% 11%
Br(B" — K*'vi) < 180% 26% 9.6%
Br(BT — K*Tvb) < 420% 25% 9.3%
Fr(BY — K*up) —~ — 0.079

Fr, (BT — K*"vp) — — 0.077
Br(B" — vir) x 10° < 14 < 5.0 <15
Br(Bg; — viz) x 10° < 9.7 < 1.1 —

The Belle 1l Physics Book, PTEP 2019 (2019) 12

Eiasha WAHEED



https://academic.oup.com/ptep/article/2020/2/029201/5766205

Comparison with LHCb

opp (nb) ~150,000 e |
[ Ldt (fb™1) ~25 ~50,000
Background level High Low
Typical efficiency Low High
Y, K efficiency Low High
Initial state Not well known Well known
Decay-time resolution Excellent Good
Collision spot size Large Tiny
Heavy bottom hadrons B, B, b-baryons Partly B,
T physics capability Limited Excellent
B-flavor tagging efficiency 3.5-6% 36%
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