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Belle ll charm potential

= \Vhere Ve Are

= Charm Prospects @ 50 ab-T
VS
Current Reconstruction
Performance

® mixing & CPV
® U/l charm-event reconstruction

— rare/forbidden decays,
leptonic & semileptonic
decays, charm baryons

charm @ Bellell

Belle Il is a multi-purpose detector installed at the IP of the high-
luminosity B-Factory SuperKEKE (target dataset 50 ab-1),
Jocated at the KEK Laboratory - Isukuba, Japan
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“ ® World-wide COVID-19 emergency did not
& stop SuperKEKB & Belle Il operations
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SuperKEKB World Record Luminosity = |— /=« 64fb-l ) | -
- Data taking started in 2019, we collected S — 10 - 50_%
roughly ~75 fb-1, most of them in 2020 o “3

Total integrated Daily luminosity [fb™!]

. . . 0.2 - 10
e \Vorld Record luminosity by SuperKEKB on
June 15t 2020, new WR: 2.4 x 10**cm=?s~! 00 0
= work now mainly on re-discoveries ST S

Plot on 2020/07/14 07:52 |ST

= collected dataset extremely useful to check
reconstruction performance, resolutions anad
systematic effects ...

= physics measurements will benefit from the
Increase of statistics wrt Belle if:

¢ the resolution is comparable with Belle, or

= .. but also for first publications, a few more In better; ”
L eep
the pipeline e systematic uncertainty is reduced too

charm @ Belle |l ICHEP2020 3



Prospects

@ 50 ab

VS

Current
Reconstruction
Performance

charm @ Bellell
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CP Violation

* time integrated
CP asymmetries

Candidates per 0.2 MeV/¢?2

charm @ Bellell
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CPV @ 50 ab-1

based on extrapolations from Belle analysis

= Measurement of Acp in several channels (5, +,

needed to overcome difficulties In
computation of the SM prediction

® c.g. use sum rules, estimating SU(3)F
symmetry breaking effects (need Acp
BR of SU(3)F—connected channels)

and

= Bellell contribution wil
especially on neutrals

= Acp Wi

also Ir

| reach a prec

channels witr

final state

charm @ Bellell
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note: this Is not a complete list

Mode L (fo1 Aqsp (%) Belle II 50 ab™!
DY — K+K— 976 —0.32 £0.21 £+0.09 +0.03
976 +0.55 4+ 0.36 4 0.09 +0.05
DY — 7070 966 —0.03 £0.64 +0.10 +0.09
D’ — K2 7" 966 —0.21 £0.16 £+ 0.07 +0.02
D° — Kg K 921  —0.02+1.53+0.02+0.17 +0.23
D% - K2n 791 +0.54 +0.51 £0.16 +0.07
DY — K2 791 +0.98 4+ 0.67 4 0.14 +0.09
DY — o~ gl 532 +0.43 £+ 1.30 +0.13
DY — Ktn—n0 281 —0.60 +5.30 +0.40
DY — Ktn—ntm™ 281 —1.80 +4.40 +0.33
- Dt — ¢n ™t 955 +0.51 +0.28 4+ 0.05 +0.04
, be wrpportant Dt — gt70 921 +2.31 +£1.24 +£0.23 +0.17
N the final state D+ — ot 791 +1.74 +1.13 +£0.19 +0.14
Dt — 'zt 791 —-0.12 +£1.12 £0.17 +0.14
ision of 0(1()—4), Dt = K%n+ 977 —0.36 £ 0.09 =+ 0.07 +0.02
. 1Dt — KgK™ 977 —0.25 +0.28 +0.14 +0.04
neutrals In the DF = KOr™ 673 15.45 £ 2.50 £ 0.33 +0.29
( Df - KgK* 673 +0.12 £ 0.36 +0.22 +0.05
X,DS+ — K*n!




D0 =& KsKsand D0 = Ksti® @ Bellell

reconstruction performance

= \ery good performance of the reconstruction, Belle Il is approaching
performance after just 1.5 year of data taking, still there is room for i

* can do only a qualitative comparison with Belle, different selections applied

PRL119, 171801 (October 2017)
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Belle Il (Preliminary)
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¢ Data
— Fit
— = Signal
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PRL119, 171801 (October 2017)
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Ds, Ac, neutrals Reconstruction @ Bellell

reconstruction being checked in several other modes
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Belle Il 2019 Preliminary j Ldt=9.63fb"
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Mixing & CP Violation

 bonus: DO |lifetime
* wrong-sign decays Claaiaie IS

m2 [GeVZ/c?]

m2 [GeV?/c’]

charm @ Bellell ICHEP2020



DO Lifetime Measurement @ Bellell

full check-up of detector & reconstruction performance

= Reconstruct the D*-tagged D% mesons in 3 signal B0 | | :
channels, fit the proper time distribution with unbinned 45 Belle II (preliminary) -
ML fit, using per-candidate proper time errors 4205 [Ldt=961f7" -
Dt - D%t D> Kn D" - D%t D% Kan® Dt — D% DY = Kanr - .
I T T T T T T T ] T T 1 = 415F —
" D° - Kn Belle IT (preliminary) D — Knnt Belle II (preliminary) | | D° — Ko Belle IT (preliminary) | o - $ ¢ .
10° | E N | 10 1 o S I
-+ o [Ldt=96" 10 s [ra=ost? o [La=96" - .% 410 - + """"" B
2 [ —F T=@4124 =34 fs | & | —F T=(413329fs | g | _§ = (41024 fs | = n -
Sl " Yoty 13 [ " Vaonty | 3102f " Vaaony | = 405F =
. £ g 400 E_ ¢ Measurements (stat. only) _f
210 1% 10} E g 10 E - —— Average 7= (4123 +£2.0)fs -
O - ) : @) N 395 _ ]
i - World average 7 = (410.1 £ 1.5) s .
'E : 390" | | -

e E Kt K n*n’ K mtmm*

4

-2 0 2 4

. i extracted lifetime compatible with WA,
P (2)3 statistical error comparable
<5l E to WA with just 10 fb-1

charm @ Belle If _ | | ~ ICHEP2020 10



Improved Proper Time Resolution

Impact on time-dependent measurements

= Proper time resolution at Bellell is a factor 2 better than Belle & BABAR thanks to a better-

performing vertex detector
* improved precision on mixing and CPV
observables in time dependent analysis

 Toy MC to estimate the impact on WS D% = Krt
analysis (almost systematically free):

estimated current Belle scaled Toy MC
error on HFLAV to 50/ab 50/ab, CPV
x' (%) ~ *) 0.45 0.15
x'2 (%) — ~
y' (%) — 0.16 0.10
la/p| ~0.09 - 0.051
® (°) ~9 — 5.7

charm @ Bellell

(*) measurement NOT sensitive to X, the error is computed from the error on x’2

ICHEP2020

* resolution improvement visible at r < O:

I 1 1 1 I




250~ . Belle II preliminary
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= Reconstruct RS & WS decays, extract PDF from RS o i pimin
: : . : : o [ DR aa Ldt=378fb"
and use it to fit the WS distributions S R A
é) 80— ! — Fit
« compute the WS-to-RS ratio of yields, expected to be = T prekeround H :
. . . . . O - o %
equivalent to the ratio of branching ratios (at first order): ¢ ¢ il Shme R DT Dz
D AR T D0 ke
6 | | = § - o AL S
55 z— Belle II preliminary + Ratio of yields —z i ' +
sSE [ Ldt=3781b" = Ratio of branching 3 08014 01420144 0,146 0.148 0.15 0.152 0.154 0.156 0.158
"’; = fractions [PDG] = Am [GeV/c?]
. 4.5 E_ _E 2205 Belle II preliminary
B 4 + - q, “PF D'-K'n S Ldt=378fb"
= = - - S 180F N =544 =34 + Data
»n  35F + = s 160F | — Fit Dt 5 DOt
- 3 = ' 4 — o B Background S
3 = = T 120 + DY = Kr
25F — =Y -
- + i e
13 E S wf ARAIRI T T
1.5 — S 4()5_ # ++ ¢ ¢
= 3 O
1 - | | 3 20F-
D’—K*n- D’—=K*nn® D'-K*‘matm 081470142 0.1440146 0148 0.15 0.1520.1540.156 0158

charm @ Belle Il ICHEP2020 Am [GeV/e?) 12



DO = Kstttrt- Dalitz Analysis

direct measurement of mixing and CPV parameters DO Kot
2-2><10
. _ . . <, 2F Bellell 2019 t Data
= Time-dependent fit to the Dalitz amplitudes 38 —
. . . . 12_ 1:4 JLdt= 9.6fb § §Signal
e assuming a Dalitz model, extracting amplitudes and S 12F viadoartie |
phases from data (— source of irreducible systematics) | 5
* scaling errors from the Belle analysis, not including .
improved proper time resolution: P
0 2 4 6 8 , 10 12 14
Data stat. syst. Total | stat. syst. Total Q [MeVic']
red. irred. red. irred. i<1 0°
‘ x (107%) \ ‘ y (107%) \ — T Bellen 2019 t Data
976 fb~' | 0.19 0.06 011 020 | 015 0.06 0.04 0.16 S (g[ . ciminany — Fi
5ab-!| 0.08 0.03  0.11 0.14 | 006 0.03 004  0.08 S T r J L dt=9.6fb" < sigra
50 ab=! | 0.03  0.01  0.11 0.11 || 0.02 0.01 004  0.05 o6k I
~ - Yield per fb" =
| lg/p| (1072) | | 9 () 2 T 1230 + 15 (stat) ) Gombinatorial BG
976 fb~! | 155 5.2-5.6 7.0-6.7 17.8 | 10.7 4.4-45 3.8-3.7 12.2 go4r
5ab”l | 6.9 2325 7.0-67 9.9-10.1 | 4.7 1.9-2.0 3.8-3.7 6.3-6.4 2 | X
0.2 \
50 ab=! || 2.2 0.7-0.8 7.0-6.7 7.0-74 1.5 0.6 3.8-3.7 4.0-4.2 S i \
| A

182 184 186 1.88 1.9  1.92
charm @ Belle |/ ICHEP2020 M [GeV/c?] 13



DO — Ksrt+1t- Decays @ Bellell

reconstruction performance

= nice Dalitz Plot, visible resonances = extracted lifetime compatible with expected
. e . WA, (410.1 £ 1.5) 1s
= ongoing sensitivity study for mixing
and CPV parameters measurements = proper time resolution comparable to the
o j . ones observed Iin lifetime analysis
Belle Il 2019 Preliminary | Ldt=9.63 fb
3__' | " A L B L B |__ i
g ™ : 10° b Belle Il 2019
o5 - = Preliminary
~E - = [Ldt=961fb"
CIS - 102 ¢Data T (D) =
g - ] @ -~ —Fit ® 408 = 5 (stat.) fs
- : 2 | |
= 1.5 ] © - )
%-’- - | g 10 + |
1__ _ g’ E ’E.I1|
E E i || I H illnll ﬁ
05:_ R R e, _: 1 =t ® n ® '"“ ®
PR T SR SN TR AT ST SN NN N SN SR SN SO N SN SO SO SR AT SO SO SO M —
0.5 1 1.5 2 2.5 3 _ | |
m2 [GeVZcH 2 ° s )

charm @ Belle |l ICHEP2020 14



Full Charm Event
Reconstruction

* (semi-) leptonic decays
 decays to invisible
* iInclusive Ac: sample

JHEP09(2013)139

()]
o
|

Events / ( 0.01 GeV#c*)
N S
o (e
| |

Pull
0 o v
1 1
[

02 0 '20.'2' — 04 '2'2.6
Mmiss(DtagKfragxfragY M) (Gev lc )

charm @ Bellell

= recoil method successfully exploited for Ds
decays:
light mesons (K, m, ...)

d

e"e” — ¢C — DiagXfragD

/ Sig\
reconstructed in several channels signal channel
(D9, D7, Ds, ...)

= use energy and momentum conservation to
search for the desired final state:

-example: e — DtangragKD;k+
D" = DSy Df-p'y
* “miss” quantities computed for the system:

Dtag+Xfrag+K+7+/’t+

- compute the missing mass squared

Mr%liss(y) — (Emiss o | 7miss ‘ )(Emiss + ‘ ?miss | )

ICHEP2020



application/extensions of Full Charm-Event Reconstruction

Inclusive Ac

extension of the Full Charm Event Reconstruction

D)t = p+ v

Belle Analysis ete™ = D

DI - u'v

= Scale Belle yields/stat. error to 50 ab-1

Dst =itV O(|Vss|) = 0.004,
Inclusive exclusive S (|fos|) = 0.9

5.2 x 106 27 x 103

e stat. error ~1/3 of the theory error

= Same analysis method for the D+ channel

* Belle simulation (5.5 ab-1) scaled to 50 ab-1

Df v

O(fa|Ved|) = 1.3
Inclusive exclusive
3.5x106 | 1250

- competitive with CLEOc and BESIII
charm @ Belle Il

tangragK 7@

Inclusive DO
ete” — Dtangrag”@

o Phys. Rev. D 95, 011102(R)

140 « pata g

- | =— Fit result
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REUL Background
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Belle Analysis

DY = uvp

Events/(0.35 MeV/c?)
3
i

8
lllll

N
o
LK

ol Lo o oo HUGHHRGUERIMAR i)
1.856 1856 1.86 1.862 1.864 1.866 1.868 1.87
M. [GeV/c?]

= 38x106 inclusive D% with 50 ab-

ete” - D tangragp@

Mmiss = /\c+ mMass

2 40000~ Recoil A;
[ Background

Belle SIMULATION
5.5 ab-1

24 26
Mmiss(Dtagxfragp) [GeV]

Oo— 23

= 2.8x10°6 inclusive A:.* with 50 ab-1

Unique samples that allow to:

o study semi-leptonic decays

 measure absolute branching fractions

» search for rare/forbidden decays with missing energy

icHEP2020 ... WOrks for semi-leptonic decays too
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Conclusions

and prospects

factor 2 improved f resolution at Belle Il

= Bellell potential in many charm sectors
IS clear on paper (extrapolated from
Belle), now being confirmed with data

= Reconstruction performance is :
improving, in many cases comparable  Belle ™|
or better (proper time resolution) to |
Belle

= Stay tuned for many results on charm
from Bellell in the next years!

- W
“ile A0
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