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*Belle highest in June’09: 2.1 x 10% cm=2s7" Ref: https://confluence.desy.de/display/Bl/Belle-+II-+Luminosity
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https://confluence.desy.de/display/BI/Belle+II+Luminosity
https://www.belle2.org/
https://indico.cern.ch/event/891123/timetable/?view=standard#131-present-and-future-ckm-stu

Powerful SuperKEKB

2 50 ab-1= ~50 x Belle

2 e*e collisions (asymmetric beam energies)

O offer stringent kinematic constraints for reconstruction of final states with neutrinos

O acceptance and trigger criteria that introduce much less bias on flight length and kinematic properties
O ..more in Physics Book

> Charm Physics

O B-factory B “charm-factory” (60x 107 pairs of c with 50 ab-1)

O excellent Dalitz plot analysis (uniform efficiency and non-biasing trigger)
O better reconstruction of neutrinos

> T Physics
O B-factory B “t-factory” (~50x 107 events with 50 ab-1)

O measure wide range of observables (CP asymmetries, invariant mass spectra, lepton universality etc.)

O precision measurements or indirect search of BSM (beyond SM) physics
O direct search of forbidden decays

Ref: Belle2 Physics Book arxiv1808.10567
25 Nov 2021
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https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/pdf/1808.10567.pdf)

highlights of Belle Il

2 New silicon vertex detector provides better vertex resolution

2 Good PID even with higher beam background environment

2 More tracking volume® ~ higher K efficiency (w.r.t. LHCb)
2 .. more in TDR and Physics Book

» Charm/T Physics

O Facilitate measurement of mixing parameters, and CP violations with neutrals in the final state
O Belle Il performance is expected to improve w.r.t. to Belle;

O improved IP resolution (e.g. x2 better DO proper time resolution)
O reduced statistical uncertainties
O ..and if systematic uncertainties are reduced

¥from Central Drift Chamber (CDC) and Silicon Vertex Detector(SVD) Ref: Belle2 Physics Book arxiv1808.10567
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https://arxiv.org/abs/1011.0352
https://arxiv.org/pdf/1808.10567.pdf)
https://arxiv.org/pdf/1808.10567.pdf)
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C U rrent Bel |e | | performance Phys. Rev. Lett. 127, 211801 (2021) X2 better w.r.t. Belle
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https://arxiv.org/abs/2008.04665
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.211801
https://arxiv.org/abs/2008.04665

I Vs | status and Belle II prospects

$¢ s <> u transition
s Experimental measurements

» kaon decays

o traditional (also for form factor) and most accurate among all
o but precision is limited from theory (LCQD) uncertainties (on form factor f, (0) & f,/f,)

» hyperon decays
» T decays with strangeness in the final state (today’s focus)
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o electroweak
EXCI usive methOd corrections

1. Compare BRratio: +— - K—v, and 7~ — 7 v, 2. via branching fraction: 7= — K v, >
FT_—)K_I/»;— . |Vus|2 fI2{ (1 - m%(/m72'>2 G2 f2|Vs|*m3 7. m2\’
L Vel 2 C—m2jm2)? %) tongdistance B = Kur) = ST (1T ) s
radiative ’
corrections
» |V, | =0.2234 + 0.0015 (HFLAV 2021 preliminary) » |V, | =0.2226 + 0.0015 (HFLAV 2021 preliminary)
® -2.10 from CKM unitarity ® -2.60 from CKM unitarity
® but large uncertainties as compared to kaons ® but large uncertainties as compared to kaons
» |V, |(K— 13):0.2231 + 0.0006 » |V, |(K— 13):0.2231 + 0.0006

SciPost Phys. Proc. 1, 001 (2019)

° 0.230 +
Inclusive method KD IV,

1. via spectral moments : 7 — s decays unitarity

YA

0.225 4
R, Vyel(t — K/t — n) N

S (hadron with S = 0)
NS (hadron with S = 0)

IVl

Voal? — Or J fit

0.220 4 IVyel(x — 8)

» | V,,| =0.2192 +0.0019 (HFLAV 2021 preliminary) ’/><

® -3.60 lower from CKM unitarity

0.215 -~

0.973 0.974 0.975 0.976
® alternate methods [1], [2]: consistent with K and CKM unitarity IVydl
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https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://arxiv.org/abs/1702.01767
https://www.epj-conferences.org/articles/epjconf/abs/2018/10/epjconf_lattice2018_13011/epjconf_lattice2018_13011.html
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://scipost.org/SciPostPhysProc.1.001/pdf

By Alberto Lusiani in Tau 2021 ! NEW

HOH K, N, = 2+1+1, 2021 update
Cu rrent status 0.2231 = 0.0006
. K, N, = 2+1+1, PDG 2020
0.2252 + 0.0005
» Kaon deCays (HFLAV 2021 preliminar}’) —e— UsingV_ of 2021 update
0.2277 + 0.0013
P |V |:see latest numbers on plot for — I3 & I2 e © — Xov, HFLAV 2021 prefim.
0.2192 + 0.0019 -3.60
® [Vl =1V, |[( anomaly ~30 —e— © = Kv / © — iv, HFLAV 2021 prelim.
> h , , 0.2234 + 0.0015 -2.10
~50 without increased | Vud | systematics © — Kv, HFLAV 2021 prelim.
B o 0.2226 + 0.0015 -2.60
T decays (average HFLAV 2021 prehmmary) —e—i T average, HFLAV 2021 prelim.
0.2217 + 0.0013
R L L I L L L L I L L L L
» |V | =0.2217 +0.0013 —L —L —
. . .L. eiap.
® T — §:-3.60 lower from CKM unitarity V! —36,, 2027

Belle II PID performance

(efficiency/fake rates)
D™ - DK z*|zt

Belle Il prospects

— will perform LFU like analysis (use 3x1 and 1x1 topologies) 8 ggl . an T A,
.. .. . . . o A KID eff data) |
— statistical uncertainties will be improved with larger data-set 6 [ & KD :ff:g:ggg §Mac?) -
. . = S IO U S S NS N
— also improved systematics from g 060 ff:e ” frze'][::”ary
. .. 2 I dt =71 ;
— PID], trigger efficiency from detector upgrades S| 5 TN N N SN S SN S S N
_ ' : : : 2 G [ vy nmsDratedata =
MC inputs (background estimation, modeling of decays?) s [0 fmepmemo
x 02 .................................... ................. .............. ..................
R R
1.PID (sc_ale factor unc_ertainty will scale inverse to the statistics of the data sets) 06? 1 1f5' = 2' S '2_i5' — é : 3'5 i 4'1 = '4g
2. Modeling of decays in the generator (KKMC, Tauola) Momentum [GeV/c]
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https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf
https://indico.cern.ch/event/848732/contributions/4524324/attachments/2318948/3950657/alusiani-tau21.pdf

s« Cabibbo-favoured (c — s transition)

s Experimental measurements

o with D and Ds; meson decays (today’s focus)

— Leptonic (D, = £v) decay -~ simplest and theoretically cleanest processes
Decay constants fj is required from Lattice QCD

— Semi-leptonic decay (D — KZv)
Form factor f(g?) is required from Lattice QCD

o charm baryon and W= decays
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|V |via leptonic decay: D, - #v (D}, - m=%fgg)|vcd<s)|2M%M;+[1 - Mf*]

2
? decay modes: — uv, - ev & — v

& decay suppressed by helicity conservation hence decay rates « m;?

— ev branching fraction is very small ~ 107
— 7 is favored over uv

ete” — € = Dy Xy oKia,Dy (= DY)

analysis method (Belle)

' Tag: Tagged decays
D*,D° Af & D'+, D0 m, K(even),p T

Frag: Fragmented particles

Step1: reconstruct tag side b, build X, and then extract D; via missing mass analysis

~ mMIissing mass peak at ~ b; mass

Step2: used signal from step 1 and search/extract ;- yield for - uv, - ev & — v

: : N(Df — f)
~m re branching fraction » B(D — f) = — : .
easure branching fractio (DS = f) NT fom - 2(DF = flinel. DT

Step3: calculate f,V,, from step 2, then two approach

1. take f,, from Lattice QCD 2.take v from CKM unitarity
- extract v,_and compare w/ CKM unitarity ~ extract f;, and compare w/ Lattice QCD
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|V |via leptonic decay: D, — 7v (D}, - m=%fg&wcd(s)VM%M;[l - Mﬂ]

Mp,

Current status Lo RE=N

o several results in past years by BaBar, Belle, BESIII[1] [2][latest] and CLEO-c
o the most precise result from BESIII (2021) with 6.2 fb-!
o Belle performed analysis with 913 fb-!

HFLAV 2021
@® | Ves| =0.9839 + 0.0115(exp.) + 0.0020(LQCD)

D, — uv
492 + 26 (913 fb-1)

Events / ( 0.01 GeV?/c?*)
S
|

0
o average with D, — 7v 5 A —
o fp =249.9 + 0.5 MeV (LOCD) =0.2% precision 2 A~ B
fDS (Q_) p Mrzniss(DtagKfrangragyu) (GeVZ/ 04)
® f, = 252.6 + 3.0 MeV
S
ot — +0.000074 .
o global fit: | Vcsl = 0'973394—0.000096 D, — uv Yield
Source pv [%] |
- clusive Yield uminosi Statistical +5.32
Inclusive Yield per luminosity Normalization +1.95
-1 :
Belle Il prospects 50 ab B factory (Belld) 100.10% per a1 Tog bias “137
: . 3 —T racking .
o ~ improved stats. uncertainty Charm-factory (CLEO-c)  73-107 per fb Efficiency +1.78
Vs = 4.17 GeV PID +1.96
o 5( | Vcs | ) = = (0.004 (stat.) Charm-factory (BESIII) 22.103 per fo—1 D background 4+0.82
s = 4.01 GeV Comb. bkg. PDF +0.02
o o([fp |)==0.9 (stat.) MeV Vs Signal PDF -
‘ . . . . T cross-feed -
o ~ systematics uncertainty (possible improvements) B(r — X) -
PDF stat. -
o wi . :
Wlth precision measurement of. peakerg be?ckgrounds | | otal vet S
o in normalization (err. scaled with luminosity and are reducible with clean Xi) Stat. + Syst. 6.6
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.091103
https://link.springer.com/article/10.1007/JHEP09(2013)139
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.072004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.071802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.052001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052009
https://link.springer.com/article/10.1007/JHEP09(2013)139
https://arxiv.org/abs/2111.09849
https://hflav-eos.web.cern.ch/hflav-eos/charm/Vcs/june21/Vcs%20from%20leptonic%20Ds%20decays.html

_______________________________ o o
1 Ve,1Via leptonic decay: b, — /v P00 2700 = g i Voo M M [1 i,

(a) electron mode

952 + 59 (913 fb-1)

W
o
o

Current status E¥OREESY

o several results in past years by BaBar, Belle, BESIII[1] (new: [2][3])
and CLEO-c

o Belle modes; — etvv, - utvr, -» ot
o signal D, extraction via fit to excess Ep;

HFLAV 2021
® | Ves| =0.9839 + 0.0115(exp.) + 0.0020(LQCD)

o average with D, — uv
o st =249.9 + 0.5 MeV (LQCD)

N
o
o

Events / (0.05 GeV )

Egc, (GeV)

(b) muon mode

758 +48 (913 fb1)

D, — tv Yield

@fD = 252.6 + 3.0 MeV Source | v [%]
’ o _ +0.000074 Statistical I3.75

o global fit: | V| = 0.973394% ' oc Statistical £575 —

Tag bias 41.37 ec. (GeV)

Tracking +0.35

Efficiency +0.84 ézoo
- PID +1.70 o
Belle Il prospects 50 ab-1 D, background | +2.84 3150

(c) pion mode

496 + 35 (913 fb-1)

) . Comb. bkg. PDF| —2.54
o ~ improved stats. uncertainty Signal PDF +2.95

T cross-feed +0.94 @ |1 T e
o o(|V.|)==x0.003 (stat.) ~ comparable to theory err. B(r — X) +£0.19
PDF stat. 11.44
o o | fDS |) = £0.6 (stat.) MeV ~ comparable to theory err. —— s =T
+6.57
—6.40

. . . . Stat. + Syst.
o ~ systematics uncertainty (possible improvements) ———>"

o with precision measurement of peaking backgrounds
o in normalization (err. scaled with luminosity and are reducible with clean X)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.091103
https://link.springer.com/article/10.1007/JHEP09(2013)139
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.171801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.052001
https://hflav-eos.web.cern.ch/hflav-eos/charm/Vcs/june21/Vcs%20from%20leptonic%20Ds%20decays.html

............................... o Belle results @ 282 fb-1
| V.| via semi-leptonic decay: D — K¢v ~2567 D — K£u

~ 25

Current status ENE=S €AY " a8 | S o el 16
o several results in past years by BaBar, Belle, BESIII and CLEO-c 5
HFLAV 2021 ~0.4% precision
@ Form factors f2%(0) = 0.765 + 0.0031 (ETM 17D, 18)
® | Ves| =0.9447 + 0.0043(exp.) + 0.0137(LQCD)

0 1 2 ) ) 23
q° (GeV</c?)
Belle Il prospects [ afm c (*) - 0 g Tag side A o
e*e” = @ = DX D (= DY
K—ntql K-ntatqa0
o MC studies with 1 ab-1 Final | K-rta Kynt
o basedonM?. =P>. & U, =E —P, . B S
miss miss miss miss miss Koi o I?+K_7T+
o missing mass resolution is comparable with Belle . X —
. . . T 0
o small continuum background contribution Xivag mta .
rtota~ _
o with 50 ab-! data o
— larger data (~4.55 x 105 D — KZv) o ey g QT
— = 30fBelle II —Toul 3 > 4op Belle Il IS
~ reduced stat. uncertainties 5 simulation [f] —seemons 2 simulation | ssgous
T er g © 25 :
o scenario with charm factory experiments (e.g. BESIII) * s 200
o challenging to compete with BESIII (with 20 fb-1 data plans) s ;
o but Belle II will add important confirmation/constraints o :
5 i -
: e
0.2 03

L0 L] ]
93702 01 0 0
M2

miss

Phiss = P+ + P.- — PDtag — PXfrag — P, — B (D, Xrag™sKe) [(GeV/c?)?]

Prospects for measurements of Vus, Vcd and Vcs at Belle |l CKM 2021 25 Nov 2021



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.052005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.061804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.011804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.032005
https://hflav-eos.web.cern.ch/hflav-eos/charm/Vcs/june21/Vcs%20from%20leptonic%20Ds%20decays.html

s Cabibbo-suppressed (c — d transition)
s¢ Experimental measurements
o Early study via neutrino production of charm (v~)
o More precise results using D meson decays (today’s focus)
» Leptonic (D* — #*v) decay
Decay constant f, is required from (e.g. Lattice QCD)

» Semi-leptonic decay (D - =£v)
Form factor f(g?) is required from theory (e.g. Lattice QCD)
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2
: : G2 M.
|V, via leptonic decay: D" — v rwgﬁm=8—;fg@|vcd(s)|2M%M;+[1- ; J

2 decay modes: —» uv, —» ev & — 1V
2 Belle Il analysis method will be similar to D, — #v analysis

Current status

? fy | Vql: so far from charm factories only
— 1™V, » CLEO-c(2008) and BESIII (2014)

— T+UT » CLEO-c(2008) for upper limit on BR and_BESIII (2019)
—eTv, » CLEO-c(2008) for upper limit on BR

® world average fp | V4| =46.1+£1.0+£0.3+0.2 (from u™v,)
® ratio of BR(u"v,)/BR(z"v,) is compatible with SM prediction

> decay constants f,. from LQCD

— fp+» =212.7+0.7 MeV
® average from FENAL /MILC 17 and ETM 14E

2| Vel p->1wv HFLAV (June 2021)
® Vea=0.2181 £ 0.0049(exp.) £ 0.0007(LQCD)

Mp,

2021

CLEO-c, uv i 47.2+2.1+0.6
BESII, uv #F——— 45.7+1.2+:0.4
50.4+5.0+2.5
BESIII, tv
Average oo groprrpe 46.2+1.0:0.4
| | 1 | | | | |
45 50

fIV_I (MeV)

® also consistent with semi-leptonic measurement D — zlv decays (in slide #18)

Prospects for measurements of Vus, Vcd and Vcs at Belle |l CKM 2021
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.051104
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.211802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.052003
https://arxiv.org/pdf/1712.09262.pdf
https://arxiv.org/pdf/1411.7908v2.pdf

. . G2 M2,
..... |VCd|VIa|epton|C deCay D+ — f"‘y F(D(Jsr)_)ﬁ”)=8_;f12)g)|vcd(s)|2MD&>M§+ I_M;

(s)

Belle Il prospects [ENIREENRSY

o MC studies » Belle || MC: 5.5 ab™

_ . N
o Method e*e™ — cc — DX, D" (- D*n), ) 1y,

» Fit to missing mass DX, um,)

slow

» Require 1 charged track from IP and with y-ID requirement

103 MC Simulation [5.5 ab™] MC Simulation [5.5 ab™]
X
80— Dp'>u'v,
o~ b =0 . elo
% 100 Recoil D+ % - D+—>Eou v, background
= Background O g0 D K 7" background
g i . S | Remaining background
= Signal = 3.92 x 10° o
& .| S/N=1.0 s 40
& )
o -
8 e e § 20
A R SR ST B w
1.84 1.85 1.86 ' 1.87 0l=
Mmiss(Dtangrachslow) [GeV] ) . . .
Mmiss(Dtagxfragnslowu) [Gev 2]

o Belle 1l (50 ab-1)

» DT — pv,linclusive (exclusive) decays ~ 3.5 x 106 (1250)
» Statistical error on 6(f,| V.,|) = 0.65 MeV (which currently dominates in WA)

~ improved by factor of 2 w.r.t. to current measurement from CLEOc (1.9) and BESIII (1.2)
~ also compititive to BESIII plans with 20 fb-1 (~current x7) planned over next two years
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https://indico.cern.ch/event/891123/contributions/4612583/attachments/2350088/4008397/ckm2021-Liaoyuan.pdf

2 decay modes: rev & muv

Current status

O Several results in past years by BaBar, Belle, BESIII and CLEO-c

@ Form factors /7(0) = 0.612 + 0.035 (ETM 17D, 18)
@® | Ved! =0.2249 + 0.0028(exp.) + 0.0055(LQCD)

less precision >2%

Belle Il prospects

o Belle II MC studies with 1 ab-! (method discussed at slide: #11)
— missing mass resolution is comparable with Belle

o with 50 ab-! data-set
— larger sample ~7 x 105 (projected w/ BaBar analysis) of D, — nfv
~ reduced stat. error

— Belle has higher purity (79% but ~21K signal @ 50ab-! ) as compare to BaBaR (53% purity)
— But Belle measurement have larger systematic err.

CKM 2021

ar G%p,f
dg? 2473

Voal? 1@ )

2021

D—uv e 0.2181+0.0049+0.0007

D—xlv HeH 0.2249-+0.0028+0.0055

Average

D—(x)lv e 0.2208+0.0039

vN ——— 0.230+0.011

) 0.00041
Indirect . 0.225297) 10+

| | | | | I | | ‘ | | |
0.15 0.2 0.25 0.3
IV |
cd

2 Belle results @ 282 fb-1

— 2-5
‘T 905 /MM Unquenched LQCD [2]
o quenched LQCD [3]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052022
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.97.061804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.012002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.032005

2 SuperKEKB and Belle Il provide an excellent platform for charm/z measurements

—d 900d start .. » 7(D°%) = 410.5 4 1.1 (stat) & 0.8 (syst) fs Phys. Rev. Lett. 127, 211501 (2021)
O World's best: D0 decay time resolution (x2 better than that of Belle/BaBar)

— more exciting results to come soon with larger luminosity in coming years.

2 CKM parameters with full 50 ab-1

® |Vus| (from 7)

o Belle Il will provide an important insight to the current discrepancy of [V 4|
from kaon decays and = decays (also inclusive vs exclusive)

O also will add important input to the current 3o |V, ;| — |V, |, anomaly

®|Vcs| and |Vcd| (from charm)

O Statistically improved results from leptonic and semi-leptonic D/Ds decays
O Belle Il will also measure |Vcd| from DT — u*v decays (first attempt in B-factory)
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......................................................... Vud Vus Vub
CKM Matrix Vexkm = | Vea Ves Vi
Via Vis Vaw

2 In SM: the coupling of the quarks via the charged
weak current is described by CKM matrix ., 03x3 unitarity complex matrix

/ » Unitarity constraints + freedom to redefine the

d,;s,b
- . _ complex phase (~ 4 parameters == 3 mixing
g Cablbbo-Ko-bayashl-Maskawa angle and 1 phase = CPV)
V ~ (CKM) matrix elements
R
W owith Wolfenstein parameterization
q » A =sin(f.)=0.22
u,c,t 1— A A AN(p—in)

Vexkm = Y 1— A AN? + 0\
/ AN (1 —p—in) —AN 1
b

Ounitarity triangles
T —yT —
> qu,qu, = qu,qu, =1
» g=q": 6 triangle relations () 3 complex number = 0)

First Second Third
generation generation generation

Up Charm Top

Down Strange Bottom

VudV:tks + Vcdvgfs + thV;X; =0
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