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Outline

o SuperKEKB & Belle I1
® PBelle Il Vertex Detector
o D"* [ifetime measurements
e CPV and charm mixing

® Summary



SuperKEKB

Iteracti : :
",{Z’;foﬁf" Belle Il detector ® Nano beams with the help of super-conducting final

focus quadrupoles.

% ‘ WORLD RECORD: 3.81 x 10°* cm™%s™!

Super-KEKB

electron / positron

lingar injector e [Luminous region dimensions (x/y/z) at:

Belle II: 10/0.2/250 um
Belle :100/1/6,000 um

positron damping ring

N\

Design luminosity: 6.5 x 10°> cm™

e Beam spot y size is expected to be decreased to ~60 nm.

2.1

s ° o Provide effective constraint on the D production vertex.
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Belle 11 Detector |

Target data set: 50ab™ P

Collected (till date): ~ 268 b o 'a =k
Near future: 900 - 1300 fb™! | |

EM calorimeter
Csl(Ti), waveform Sampling (barrel)
Pure Csl for end caps

| Vertex Detector
2 Layers PXD DEPFET and 4 Layers DSSD

:  Particle Identification
i Time of Propagation in barrel region
and ARICH in forward region 4

Central Drift Chamber

Smaller cells, long lever arm, fast electronics




Belle 11 Vertex Detector (VXD)
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The VXD is made up of: ppBsin(6)*? [GeVic]
o Pixel Detector (PXD): 2 Layers of DEPFET ]
o Silicon Vertex Detector (SVD): 4 Layers of DSSD 10° Bellell

First layer of PXD is at 1.4 cm from interaction point. Bélle *°
2" Jayer of PXD is not complete.
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2x better impact parameter resolution which shows up in 1]
the decay time distribution of D’ meson. :
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Measurement of DY Lifetime

e Decay time is calculated using the displacement
between the production and the decay vertices (d),

projected along the direction of momentum (p). \/
mD s il V px production vertex
[ = — d . p
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e At Belle II, the decay vertices are displaced on average by 200 (500) um for
DY%D™).

e D lifetime is extracted from fit to (¢, o). .




Sample and Selection

e D*tagged D'—Ka" and D*—Kn'z" are reconstructed. .
. s
e D from B decays are removed with p__ (D 7)>2.5(2.6) GeVic 3
for D°(D™). £
e Background is mainly from random combination of particles.
e Binned least squares fit to D”" mass.
e Signal yield: )
o D'-Kn" : 171K 2
=
o D'-Kn'n": 59K 3
e Purity: E
o D'-Kz" : 99.8%
o D'—-Krzn" 90%

SB: Side band
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Fit to (t, 5

e Unbinned ML fit to (¢, &,) for candidates T
. : . ! 1o¢ Belle 11 3 Belle 11
in the signal region. [ra=nan ] 10" fLa=nm
10° Preliminary _| . Preliminary
‘é D’— K-at 3 § 10° D'— K7+
e Only 0.2% background under the signal & , } Daa 2 ey
S_.; — Fit 2 10 —Fi
peak for D: s :
o The background is neglected. ° R
o Systematic assigned. 1 t (. Do) | IE
) N T e a— 0 02 04 06 08 1
o, o cay time [ps Decay-time uncertainty [ps]
e For D" background, it is assumed that ecay ime ps B S
. . AU 10' g E
SB events represent background in signal Beten ] s pettenn
1 10°E fLdi=72f" | I JLa=nm" ]
region. Preliminary 3 10° Preliminary -
2 poree DL ]
. . (&:g_ 10°F ¢ Data - E’. ]02;_ ¢ Data ]
e PDF: Exponential, convolved witha ¢ ¢ —Fit 12 ¢ o
. . .2 S U T Background 1 3 C N ackground ]
resolution function (R) . R for D’(D") isg wf } * 38 wf |
sum of 2 Gaussians (1 Gaussian). 1 LY 1 T 1 f - (Dj
- 3 1E i
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Systematic Uncertainties

Source 7(D°) [fs] 7(DT) [fs]
Resolution model 0.16 0.39
Backgrounds 0.24 252
Detector alignment 0.72 1.70
Momentum scale 0.19 0.48
Total 0.80 3.10

e Major sources of systematic error:
o Alignment of the detector:
m measuring lifetimes using various misaligned MC samples.

o Background:
m data-MC disagreement of t distribution in side bands.



Results

Phys. Rev. Lett. 127, 211801 ; T

(D) = 410 + 1.1 (stat.) + 0.8 (syst.) fs E{EE F 2 1 *é _3 E

7(D") = 1030.4 £ 4.7 (stat.) = 3.1 (syst.) fs L’; -

7(D*) / 7(D°) = 2.510 + 0.013 (stat.) + 0.007 (syst.) ;*"" A
e Most precise measurement till date and consistent §‘°6°;" § D'

with previous measurements. ::Z: & ) ’é i {

e Precision is still limited by sample size. I:t: ca ) E
e Shows excellent vertexing capability of Belle II. mwé—. N TN

Year

e Impact: future decay-time-dependent analyses of
neutral-meson mixing and mixing-induced CP violation. 10
s ——=————=S,;"=™=_—_—-—-—-—_—_—-


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801

Towards measurement of DS & Ac lifetime
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CPV and charm mixing




Time integrated CPV measurements @ 50 ab™!

e First observation of time integrated CPV in Belle Results
charm was by LHCb in D'—-K'K" Mode ) Acp (%) Belle IT 50 ab™!
0t DY K*K- 976 —0.32 £0.21 £ 0.09 +0.03
and D"—n'm decays.
d Y D° - mtn— 976 +0.55 +0.36 +0.09 +0.05
PRL 122. 211803 (2019) DY — 700 966 ~0.03 £0.64 £0.10 +0.09
D° — K90 966 ~0.21 £0.16 +0.07 +0.02
. D° - K3 K 921  —0.02+1.53+0.02£0.17 +0.23
o) s K
Important to look for CPV V.Vl'-[h other |, K s s o
final states to understand origin of CPV. |po 3y 791 40.98 +0.67 +0.14 +0.09
DO — g0 532 +0.43 £ 1.30 +0.13
. . . D° —» Ktg—n° 281 —0.60 +5.30 +0.40
e Bellell Wlll spec1a11¥ contribute to the 'Sr—pr—o——2 = Am T
decays with neutrals in the final state. ¥4+ 955 +0.51 +0.28 +0.05 +0.04
Dt - wta0 921 +2.31 +1.24 +0.23 +0.17
: . D* - qrt 791 +1.74 £ 1.13 £0.19 +0.14
* Agp 138 eXI_)fCted reach a precision of Dt - ozt 791 ~0.12 £1.12 £0.17 +0.14
o(10~-1077). D+ - Kyr+ 977 ~0.36 +0.09 +0.07 +0.02
D* —» K3K* 977 —0.25 +0.28 +0.14 +0.04
: D} — K=t 673 +5.45 +2.50 +0.33 +0.29
° Wﬂl also exlzll%re CPV measurements DY = KO i B o e
with charmed baryons.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Time integrated CPV (ongoing analyses)

First reconstructions at Belle II. All D’ channels are D* tagged.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.171801
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CP Violation in mixing

. o .. \%""\ // ﬂfi’i . Ty
e Charm is the only up-type quark that exhibits mixing. =~
D*— DK'nn’) nt

Wrong-Sign g0 p°  Right-Sign  ggig?

e The eigenstates of the neutral D meson are a mixture o
of the flavor states: b Nozsas  fra—sane
S N ¢ Data
_ 0 A0 B ol —Fi
|D1,2> = p|D > ZI: Q|D > § 80: ------ B:ckground

g oof
5 2(m1 — mz) . Fl — FQ g 40:_
r+Ty 't + Ty E 205_
e WS decays provides sensitivity to the mixing. okl
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e No experimental evidence of CPV in mixing till date. s Belte 1 pretimimary _} Reto ot yiles
: : : . I L e Wi r0G)
e Measured ratio of WS-to-RS yields is compatible 2
with world average. g E
S 3
® Analysis to measure mixing and CPV in DK’ 2 2;
1s ongoing. s

D' —K*m- D'oK'mn D'—K'mmm >



Summary

e World’s most precise charm lifetime measurements.
o Shows excellent vertexing capabilities of the Belle I VXD.
o Impact: future decay-time-dependent analyses of neutral-meson
mixing and mixing-induced CP violation.

e Reconstruction performance is improved as compared to Belle.
e SuperKEKB and Belle II are in great shape:
o Achieved world record peak luminosity: 3.81 x 10**cm™s™.

o Collected ~268 fb! of data.

® Stay tuned for more results!!

Thank you.
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Belle 11 Performance
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Projections of luminosity

1500

o Target scenario: extrapolation from 1300fb-"

early 2021 run including expected
improvements

L 900fb-"!

800fb"!

500 600fb"

o Base scenario; conservative
extrapolation of SuperKEKB
parameters from early 2021 run

Integrated luminosity (delivered) [fb™']

LS1

0
2020/4 2021/4 2022/4 2023/4 2024/4
Date

Long Shutdown 1 (LS1) is currently scheduled to start January 2023

If SuperKEKB performance indicates that insufficient integrated luminosity will be
collected before LS1 or COVID-19 travel restrictions persist, the option exists to
postpone the start of LS1 to July 2023
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