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Unique system to study mixing and CPV in the up-quark sector

Measurements are achieving a sub-percentage level of precision
Difficult to make theoretical predictions (non-perturbative effects)

Proper time resolution and error

Proper time resolution: Proper time error:

3 times smaller
w.r.t. BaBar: 73 fs

2 times better
w.r.t. BaBar: 14 ps
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Impact on time-integrated CP\/ measurements
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Current measurement Scaled

. Channel
Current results from Belle for: P S Sl

Y. RERE- 976 —0.32 £0.21 +£0.09 +0.03
D% & gt~ 976 +0.55 +0.36 £+ 0.09 +0.05
DY — 7050 966 —0.03 +0.64 +0.10 +0.09
D® — K% r0 966 —0.21 £0.16 £0.07 +0.03
D% — K%y 791 +0.54 +£0.51 +0.16 +0.07
D% — K%y 791 +0.98 £+ 0.67 +0.14 +0.09
D% K3 KY 921 —0.02 +1.53 +0.17 +0.02
DY & gtg—q0 532 +0.43 +1.30 +0.13
DY 5 Ktg— 70 281 —0.60 +5.30 +0.40
DY 5 Ktg—gto— 281 —1.80 +4.40 +0.33
DY gl 976 +0.056 £0.152 £0.006 | £0.02
DY — p~ 976 —0.094 £0.066 = 0.001 | +0.01

D' K 976 —0.003 +£0.020 £ 0.000 | +0.003

I(D° = X)-T(D — X)
I(D° = X)+T(D — X)
Only correlations and sum rules

Acp =

between Acp for different final states

can be predicted precisely

(absolute values of Acp have large uncertainties)

Dt = 77t ongoing analysis +0.04
Dt — ¢t 955 +0.51 £0.28 = 0.05 +0.04
DY — nnt 791 +1.74 4+ 1.13 +0.19 +0.14
DY — p'nt 191 —0.12 +£1.12 +£0.17 +0.14
Dt — Kg Tt 977 —0.36 £0.09 £0.07 +0.03
Dt - KK Q7T —0.25 £0.28 £0.14 +0.05

Golden channels at Belle |l:

D? -5 KsKs Dt — n°nt

Df - Kor*t 673 +5.45 + 2.50 +0.33 +0.29
D} - KYK* 673 +0.12 £ 0.36 +0.22 +0.05

(CPV is enhanced in the (No CPV in the SM:

possible enhancement
from NP)

SM predictions; limited by
statistics at Belle)
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Leptonic and semileptonic decays

D To study the (semi)leptonic decays,
we look for configurations with

missing energy from the neutrino:

Priss = \/g — Ptag — Pfrag = I (_Ph)
M3 peaks at 0 for the signal

frag. side
n, K, -
A, p

Leptonic decays (D)™ — ptv) Semileptonic decays (D — hltv)

W
(9]

IIIII|IIIIIIIII|III[|IIII_
Belle Il ]

:_ MC preliminary

MC with 1 ab

— Total
— Signal .
— Background 7

Extracting fp.Veq|?, the goals are:
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Signal:
I=p,e; h=K,n
D? from D**

- improve the most precise

Events / 6 (MeV/c?f

measurement of |Ves| (from Belle)

: . Tag: D — K—n+
- measure |Vcd| with 2% of precision | % =~ 7
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Possibility to search for
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KL and muon detector: ]
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- Goal of Belle II/SuperKEKB
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Innermost layer of the vertex detector is 2 times closer to the IP w.r.t. Belle
Great performances expected in the reconstruction of
final states with neutrals and missing energy
First data taking (without vertex detector) will start in 2018

Toy MC study for the WS decay D — K+n—

(almost background free at the B-factories)
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|q/p| and @ are the CPV parameters;

;x' at 20 ab™

h502f h505f

Entries 746 Entries 746

ool x' and y' are defined as:
Mean-0.0006727 + 8.405e-05 L Mean -0.04906 + 0.003259

Std Dev  0.08902 = 0.002305

' = xcosd + ysind

Std Der0.002296 = 5.943e-05 60
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where 0§ is the strong phase between
DY - K*n=and D* —» K—n*
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The expected sensitivity at 50 ab is:
Ox' = 0.15% Oy' = 0.10% O|q/p| = 0.05% op =5.7°

~ 1 order of magnitude better than Belle ~ 1.6 times better than the world average

Competitive with the upgrade of LHCb!

Elavour tagging: the ROE method

A new method: selecting events with only 1 K* in the ROE

to tag the flavour of D? at production

Expected perfomances:
€~27% W~ 13%
QU=¢ (1 —-2w)*~ 20%

(different selection criteria — different performances)

€ = tag efficiency D° (cu)
) / tagged D°
W = mistag level c A

rest of the event

someth|n94;’__/4’:’—— . interaction point
else :

' other decay

products > Eq

K* (gu) flavour tagging <=

5 Performances for D™* tag:
: i Q" =08 (1 —2-0.02) -~ 80%
but only 25% of D° are from D"

A fraction of D° can be doubly tagged: measurement of Q° (€, W) on data
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15% reduction on statistical
uncertainty of Ace(D? — K—nt)
combining the D** and ROE methods: 088

0.86
* *
1 Q Preco Exp. value

3 QO p][_")eco 0.84_ é/from BaBar

0.82L L — €9-27% ©°=13% ]

(where p° is the purity of the reconstructed D tagged
with the ROE method and p* is the purity with the D** tag)

:  — 9=17% ©°=10% -

0.8 i — €0=16% 0°=5%

Enhancement of the effective luminosity 0_78:
1 1112131415161.71819 2
by 35% adding the ROE method ot
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