Charm physics at Belle and Belle |

Mirco Dorigo (for the Belle and Belle |l collaborations)

EPS-HEP Conference 2021, July 26-30, 2021 I N !;!}I




CP violation In charm

Highly suppressed in the standard moael. CPV in DO— (KK~ rr+r-)
Discovery tool for new physics. o100 ’
IE!HZI! BaBar = O no CPV

Observed in DO— (K+K—, rr+r1—) decays e o
[PRL 122, 2118083 (2019)], value in the 00050 1 wevpompeee |l e
standard model ballpark. Need better 0-0025
control of QCD to get its origin. £ 0.0000

<1-0.0025 |
Expand the search: ook for CPV in radiative  -o.00s0 |
decays, test isospin sum-rules and SU(3) 00075 | 8 3 E@ &
related modes. .. o0 | 80 g | - |

—0.010-0.008-0.006—0.004-0.002 0.000 0.002 0.004 0.006

Huge program of measurements, where ind
Belle/Belle Il role with neutrals is crucial “r
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sults from Belle

- Belle, steady and fruitful production

of new resul

data-taking

'S continues, although

nished >10 years ago:
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JToday results from Belle and Belle Il

| o ! Precise measurement of
- Belle I, getting ready for mixing and o f

decay-time-dependent CPV analyses D® ana D+ “fet'mesl
- Brand new, exclusive for EPS!

- Belle, steady and fruitful production
of new results continues, although

data-taking finished >10 years ago:
arXiv:2106.04286, submitted to JHEP 4 CPV and BR for

Phys. Rev. D 103, 112005 (2021) e} DO (KK —1), TTHTT—N, $N)
arXiv:2103.06496, submitted to Phys. Rev. D - f

JHEP 06(2021)160,

Phys. Rev. D 103, 112002 (2021),
Phys. Rev. D 103, 111101 (2021),
Phys. Rev. D 103, 072004 (2021),
Phys. Rev. D 103, 072003 (2020),
Phys. Rev. D 103, 072002 (2020),

| CPV and BR for
DS+—>(K+I7’ K+]-[O’ Tn, ]‘[+]_[O)



Belle

- Operated In asymmetric-energy
ete— collisions provided by KEKB

- Good performances on
momentum/vertex resolution and
particle identification.

- In about 10 years, accumulated a
sample of ~1 ab—

SC solenoid
1.5T 2\
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‘ !": D

Si vtx. det.
3/4 lyr. DSSD

- |=——KEKB  ~———PEP-|

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

”\Aerogel Cherenkov cnt.
. n=1.015~1.030

rift Chamber
all cell +He/C,Hg

n/ K; detection
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Y(3S): 3fb!
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~100 fb!

~ 550 fb™!
On resonance:
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Y (3S): 30 b
Y(2S): 14 b’
Off resonance:
~54 fb™!



CPV and BR for Dst—(K*n, K+ro, rr+n, rr+ro)

Untagged

- Reconstruct both Ds*—Dsy tagged

O

and untagged Ds+ decays from é
921 b1 of data. n
:

Q

- Measure CP asymmetries and
branching fractions (relative to
DS+ _’[QD_’K"'K_ 7_[+).

- Suppress background with neural-net
classifiers exploiting signal kinematic

&
X |
and topology. T
af

- Measures raw asymmetries from

fitted sigr

and 1+ ef

6

al yields, and correct for K+

iciency asymmetries.
[Phys. Rev. D 103, 112005 (2021)]'
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CPV and BR for Dst—(K*n, K+ro, rr+n, rr+ro)

| B(DI — K™7”) = (0.735 £ 0.052 4 0.030 + 0.026) x 10~°
- Obtain world's best results B(DT — K*+n) = (1.75 + 0.05 + 0.05 + 0.06) x 103
or both BR and B(DT — 7t7%) = (0.037 £ 0.055 & 0.021 + 0.001) x 103
CP asymmetries. B(DF — ) = (19.00 + 0.10 £ 0.59 + 0.68) x 1073
- No evidence of Dst— 1110, Uncertainties: stat, syst, and from BR(Ds+ — [ — K+K-]rT+)

set an upper Iimit on its BR.
B(DF - 7n77%) <1.2x107*  (90% C.L.)

- No evidence of CP violation
N these decays.

Acp(DF — K*7") = 0.064 £ 0.044 4 0.011
[Phys. Rev. D 103, 112005 (2021)] Acp(DT — KTn) =0.021 £ 0.021 + 0.004
Acp(DF — 7tn) = 0.002 £ 0.003 £ 0.003 .
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CPV and BR for g D omtny
DO—(K+*K=n, rrtrt—n, ¢n)

D*-tagged decays from 980 fb-1 of data.

I D
¢ data
—— total fit

Events / (0.1 MeV/c?)

111 llllllllll llllllllllllllllllllllllllllllll

. . 08 P il
Measure CP asymmetries and branching 06
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CPV and BR for DO—(K+K—n, rr*rt—n, ¢n)

- First search for CPV in D°—(rttri—n, ¢n).
No evidence of asymmetries found.

Acp(D° — nhmn) =

Acp(D° - KTK™n) =

1.4 -

0.9 + 1.2 (stat) + 0.4 (syst)]| %,

ACP(DO — (/577) = [—1.9 =

- 3.3 (stat)
)

- 4.4 (Stat

- FIrst observation of the

color-suppressed decay

DO—=@n. Improved

determination of the

branching fractions of
DO—(K+K—n, rtri—n)

1+ 1.0 (Syst)]% ;
- 0.6 (syst)]|% .

arXiv:2106.042386
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- 0.06 (syst) -
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Belle If

EM Calorimeter
. 2ﬂd genera-tiOn IB_faCtOry deteCtOr, C Energy resolution: 4%-1.6%

aiming at collecting 50x Belle dataset —
Vertex Detector
h Vertex resolution: 15 ym

———

- SuperKEKB: nano-beams scheme ‘ — -

' ' : ' " t " ‘?-"“_ I ~
with aggressive vertical focusing, “n_ | |  ,
holds world luminosity record of w z fif~<-—. i’
"’3. 7X7034 Cm_Z 8_7 }/ \ - ,ii

ccccc

e P!lrtlcle identification

- Data-taking started in 2019, Cmmrlﬂcmmber K eff. 909%, fake i rate 5%
Currently ~210 fb-1 of data on disk. Spﬁ%?bfi}’l;ﬁﬁ?%ijgfm \
- Much improved vertexing w.r.t. Belle:

first silicon layer (pixel) at only 1.4 cm ~7.5m
from the interaction region.
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Impact on decay-time-dependent analyses

- High-precision measurement of

D lifetimes proves excellent vertexing
Bellell performance and in-depth
D™ - DO understanding of systematic effects for
D~ Kr time-dependent CPV/mixing analyses.

bl Ll

- World’s best D lifetimes from FOCUS:
sub-1% precision dominated by
systematic uncertainty.

No update since then (~20 years).

2
t [ps]

G. Casarosa. ICHEP 2020 - Early Be//e [l dataset 'a\re'ady Cqmpet|t|ve.
(Belle Il with 9 fb-1) Controlling systematics is crucial.
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At a glance

- Select high-purity samples of D*-tagged
DO—=K-rt+ and D+—=K-r+rr+ decays.
Avoid any cut that biases the decay time.

- Get the decay-time (and its uncertainty) from the Vp+ production vertex
displacement between the decay vertex and the (dry) ~ 200 um
interaction region (and the D momentum). () ~ 500 um

- FIt the distribution of the decay time with .
accurate modelling of the resolution d-p

[ = mD
- Check, check and check... any systematic bias p?c

assoclated to the measurement

12



Signal decays

- High-purity samples, selected to limit background-related systematic uncertainty.

—t — U,
- - -
o e 4=

Candidates per 1 MeV/c¢?

-

~171K D*+—= DO(—= K-r1t)rr+
L I L D D
;— Belle 11 ¢ Data —;
= [Ldi=721b" — kit g
-Preliminary § % Background -
_ "y D"—=K*'K~ -
- D=t -

| - lllllll

..........
........

" '
" ' —
) -
1111E11211|1||||||||-

m(K-7*) |GeV/c?]

1.85 1.9 1.95 2

Candidates per 1 MeV/c?

10

[E—
-
()

~59K D*+—= D+(—= K-rrtrr+) o

L L L I LI I LI I L L L I L D B |

Belle I ¢ Data E

- [ Ldi=721b" — Fit :

[ Preliminary . {} Background - 7

3 -

Fl ' 11 L 1 |El : 121 | , llgll - 11:

75 18 185 19 195 2

m(K - a*ta*) [GeV/c?]

13



10° Belle I i Belle II
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Uncertainty budget

- Most critical contribution from
misalignment of the vertex
detector, as it affects the scale

of the flight length.

Periodic calibration with control
data measures misaligned sensors
with few um accuracy.

- For D+ dominant systematic from
background modelling.

- Both contributions can improve.

- Validation with independent sample of D*+—DO(— K-rt+rt—r+)r+.
Different decay topology, larger (~1%) background contamination than DO—K-rr+.
Measure DV lifetime with 1.2 fs precision (stat-only) in agreement with D0— K-rt+ result.

15

Source Uncertainty (fs)
D — K7t Dt — K rngtgt

Statistical 1.1 4.7
Resolution model 0.16 0.39
Backgrounds 0.24 2.952
Detector alignment 0.72 1.70
Momentum scale 0.19 0.48
Total systematic 0.8 3.1



(Preliminary) Results

7(D") = 410.5+ 1.1 4 0.8fs
7(D%) =1030.4 £ 4.7+ 3.11s

More precise than, and consistent with,

the respective world-averag

e values

(410.1+£1.5 fs and 104047 fs).

Few-per-mille accuracy establishes

excellent performance of our

detector!

Determine also lifetimes ratio considering
correlations between uncertainties:
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Conclusion and prospect

- Belle continues to harvest new
results on charm to improve
CPV and BR measurements.

- Belle Il in great shape:
established excellent vertexing
performance with world's best
D lifetimes measurement.

- Have already >200 fb-1 of data

on disk currently being analysed.

New results soon to come!

Belle Il Online luminosity Exp: 7-18 - All runs
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— (K*n, K*119, N, rr+mo): systematic errors

B(K’Lﬂ'n) B(K’Ln.ﬂ) B(K+'r;3,r) B(7r+7r0) B(7r+'rh.a,.) B(7r+713,r)

Souree Blén') B(¢n') Blon') Blgn') B(gn') B(on")
Tracking 0.7 0.7 — 0.7 0.7 —
Particle identification 1.8 1.8 1.9 1.9 1.9 4.0
' /n = vy 2.4 2.4 2.4 2.4 2.4 2.4
Onn requirement 1.1 1.3 1.2 1.3 1.3 1.3
D! fraction in & 0.7 0.7 0.7 0.7 0.7 0.7
MC statistics 0.8 0.8 (.8 0.8 0.7 0.7
Fitting 2.2 2.6 2.4 56.2 1.5 1.2
B(n — ~vvy) = 0.5 = - 0.5 —
B(n — ntr~n) — — 1.2 - - 1.2
Overall uncertainty 4.1 4.4 4.4 56.3 3.9 5.2
CP asymmetries
sSource Kt'n" K™y K ™nse 7y 7tnae ont
Fitting 0.0056 0.0035 0.0020 0.0005 0.0005 0.0002
DY — 7™ (7" /n) background 0.0062 0.0022 0.0031  — = —
cos 05" binning 0.0068 0.0028 0.0068  — - -
Acp in DY = o™ - — — 0.0027 0.0027 -

Overall uncertainty 0.0108 0.0050 0.0077 0.0027 0.0027 0.0002




DO—(K+*K—n, rrtrt—n, @n): systematic errors

Systematic sources

B(DY—=nTnn)

B(D°—=K—7tn)

B(D"—+ K™K n)

B(DY— K—ntn)

B(DY—=(6—KTK ™ )n)

B(DV— K—7tn)

PID efficiency correction 1.8% 1.9% 1.9%
Signal PDF 0.3% 0.5% 0.9%
Background PDF 0.0% 0.0% 0.1%
Mass resolution calibration 0.1% 0.3% 0.0%
Yield correction with efficiency map 0.3% 0.7% —

MC statistics 0.3% 0.4% 0.4%
K2 veto 0.1% — -

Interference in My x - — 2.5%
Total syst. error 1.9% 2.1% 3.3%

Sources Oacp (DY = 7tm ) | oaep (DY — KYK™n) | 04, (DY — ¢n)
Signal and bkg 0.004 0.010 0.006
cos ¢ binning 0.002 0.004 0.002
A (mg) map 0.001 0.001 0.001
Total syst. error 0.005 0.011 0.006
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