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Belle experiment to Belle Il experiment
o0

Accelerator and Nano-beam

Accelerator: KEKB Vs. SuperKEKB

» As 15t and 2"¢ generation B-factory located at Tsukuba in Japan, KEKB and SuperKEKB
have many similarities, along with more differences, such as
o Damping ring: for a high-intensity et beam.
o beam energy: admit lower asymmetry to mitigate Touschek effects.
o beam current: ~ 2 improved to contribute to higher luminosity.
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Belle experiment to Belle Il experiment
oce
Accelerator and Nano-beam

Nano-Beam Scheme

o The SuperKEKB upgrade is based on 'Nano-beam’ scheme (first proposed for SuperB in Italy)

o Its basic idea is to squeeze the vertical beta function at the IP 8 by minimizing the
longitudinal size of the overlap region of the two beams at the IP.

m SuperKEKB

Smm - 100pm
luminosity X E. (GV) Cross Angle I (A) B, (mm) z
L= (14, % L8yt [ RL LER/HER (mrad) LER/HER LER/HER (cm2s71)
er, i) B- \Re, KEKB 3.5/8.0 22 164/1.19 59/50  21x10%
beam size: o, beam-beam par.: ¢ SuperKEKB  4.0/7.0 83 3.60/2.60 0.27/0.31 80 x 103*
beam current: I+, beta function: g* pr~2/3 x2 %20 x40
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Belle experiment to Belle Il experiment
o0
Detector and its highlights

Detector: Belle Vs. Belle Il
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Belle experiment to Belle Il experiment
oe
Detector and its highlights

Detector highlights at Belle 1l

BELLE BELLE [

1) higher machine backgrounds (x20); .
2) higher event rate (x10) )
3

» Under higher luminosity(x50), Belle Il is fighting with

(

(
(3) reduced energy asymmetry (By: 0.45—0.28)

» A lot of improved performances, such as
o improved L1 trigger: 500Hz (Belle) Vs. 30kHz (Belle II).
o vertex detector(VXD): better spatial resolution (Belle II: ~ 2 better than Belle)
o VXD: ~ 30% larger acceptance for K2 reconstruction
e higher tracking reconstruction efficiency
o better particle identification: K(7r) eff.> 90% with fake rate < 10% for p < 4 GeV/c.
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Belle experiment to Belle Il experiment

o0
Data set and Collaboration

larger Data set at Belle Il

» Each 1 ab~! dataset at B-factory provides:

o ~ 1.1 x10° BB = a B-factory;

o ~1.3x10° c¢ = a charm-factory;
o ~0.9x10° 51~ = a T-factory;
]

wide region EST:=[0.5-10] GeV via ISR process.

» Available charm dataset at some experiments:

» Belle Il is back to the game.

o Phase 2 has finished (Apr 26 - Jul 17)
o Phase 3 (physics run) will start next spring.
o L(Belle+BaBar) will be reached in next year.

o collect ~ 5 ab~! by mid 2020.
o collect 50 ab™! before 2025.
70 —
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Belle experiment to Belle Il experiment
oce
Data set and Collaboration

A big family in Belle Il Collaboration

\

Belle Collaboration : 536 colleagues, 91 institutions, 20 countries/regions

v

Belle 1l Collaboration: 822 colleagues, 110 institutions, 25 countries/regions

v

Belle Il has 7 inst. from China mainland (including two new inst. this Jun):
o IHEP(14), USTC(6), Peking(3), BUAA(9), Fudan(7) + LNNU + Soochow.

D
o>

Bello I
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Prospects of TDDA on charm at Belle 11
°

Outline

© Prospects of TDDA on charm at Belle Il
o DO-DO mixing and CP violation
@ Time-dependent Dalitz analysis
o Prospect of TDDA in D° — K2~
o Prospect of TDDA in D° — K+ 7~ 70
o A new D°-tag method: ROE method
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Prospects of TDDA on charm at Belle 11
L Je]

DO-DP mixing and CP violation

Formalism of D°-DO mixing and CP violation

» Three types of Charged-conjugated-Parity

@ Open-flavor neutral meson transforms to anti-meson: - _ :
combined symmetry Violation (CPV):

K® & K9, BY < BY, B & BY, D° < DY . T(D—f-T(D—F) _
Acp = =A== 5 + al +af
_ NCELENCELN
@ Flavor eigenstate (|D°), |D°)) # mass eigenstate -
|Di ) with My, and T » @ af: (direct CPV) CPV in decay |A;/Af| # 1
_ PO |2
1D1.2) = pID%) £ 4| D7) (CPT: p?+c?=1) | |
iy Vi — M, I —T, . o
@ Mixing parameters: [x = 2— s = @ a,: CPVin m|><|ng with r, = [q/p| # 1
erp [ +Ts Y=1 1+ 1>

PO po po PD 2
RN ]

@ Unique system: only up-type meson for mixing
@ af: CPV in interference with arg(q/p) # 0

@ Standard ModeI(SM) predlcts ~ 0(1%) ¢ 7
. s po /)‘ P /f
v S N R L e P

w 0 ) D’ PO PO _ 7 po_po__x
2 P L Lo e
e u ) NN L R

(1) short distance (< 0.1%) (2) long distance (~ 1%)

@ SM with onl : the ph in CKM

@ Precise measurement of x, y: effectively limit the SM with only a source: the phase in
New Physics(NP) modes; and search for NP, eg: @ in charm sector, it's predicted at ~ O(1073)

x| > |yl @ ~ 1% exp. sensitivity to observe CPV—NP

D
=
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Prospects of TDDA on charm at Belle 11
o] ]

DO-DP mixing and CP violation

Time evolution of D%-D° system

B

o Time evolution of D°-DP system:
3 (D°(t) o (D(2)
5 (F(n) = =40 (5oiy)

diagonal: D — D,non-diagonal: D — D.

o Measure D%-D° mixing (xy) and CPV (q/p)
|D°(£)) = & (1) 0°) + Lg_(£)| DY) e
|D%(t)) = £g-(t)|D°) + g ()| D)
g+ (t) = exp (—iMt — 3T't) cosh <7%Ft>

2= 0.946, y = 0.997 z=0.776,y = 0.01

arbitrary units

arbitrary units

z=261,y=015

arbitrary units

g-(t) = exp (—iMt — 1Tt) sinh (—?Ft) :: :'; Foohymea
@ Probabilities of changed or unchanged D flavor PR e e s
at time t for an initial pure flavor state |D0> (c) BY - BY (d) D°—D°
(D% DP(£))[* = S [cosh(yTt) + cos(xT')] y efects et i sl : bings sinosclatin,
[(D°D%(1))[* = E\Z\QE’” [cosh(yTt) — cos(xI't)] » D°-D° mixing measurement is most difficult.

D
=
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Prospects of TDDA on charm at Belle 11
{ Jele]e]
Time-dependent Dalitz analysis

Time-dependent Dalitz analyses in D° three-body decays

» Time-dependent Dalitz analysis(TDDA) provides an essential tool in studying DO-DO mixing.
[(DO(t) — ) o |Af|2et (mm cosh(yt) — Re(Af)sinh(yt) + =22 cos(xt) + Im(/\f)sin(xt))
» An unique method: sensitive to linear order for both mixing parameters.

» Status of D0-DP mixing and CP violation measurement in D9 three-body decays:

D [ -
e ¥ Wk @ o

Decay Type Final State Y BES]]I
DCS decay (WS) Kt n® V@ Vaep %
Self-conjugated CF | K2m* - v v v Vagp Y o5
decay KIK K- V(8] v o5
Self-conjugated t a0 Y Acp \/Z?ng Y Acp og
SCS decay K; KJ: prad V Acp o5

KeK ™ ‘/ACP Vs os
SCS decay KIK Ve 75 By

% for observation (> 50); 7 for evidence (> 3¢); v' for measurement published; o for analysis on going.

The related publishments are linked under their corresponding signs.

(a) Belle measured WS-to-RS ratio Ryys and Acp in DO — KT %70 in PRL 95, 231801 (2005).

(b) Belle measured ycp in D® — K2¢ in PRD 80, 052006 (2009), the amplitude analysis for mixing parameters is on going.
» A neutral particle exists in the FSPs of all above channels, this possibly makes them more
promising at Belle Il than LHCb. _
= TDDA will be one of favourites of Belle 1| Charm WG to measure D°-D° mixing and CPV
in such D three-body decays.
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Time-dependent Dalitz analysis

Dalitz analysis with Isobar model

o P — P,PyPc decay: d.o.f=2 (i.e. m2,, m?))

@ Isobar describes M: Phys. Rev. 123, 333 (1961)

—éb+——/ b+ ¢+ c
\C b a

M(m?,, m2.) = angeNR + Y, a,er A, (m2,, m2.)

here a,(¢,) is magnitude (phase) of resonance r

o T,: dynamic function
1) using relativistic Breit-Wigner (I depends on M)
2) Special resonances description:
v Flatté model, for mass threshold
i.e. f(980)(KK)/a0(980)(KK /5’ m) [PRD 95, 032002 (2017)]
v/ K-matrix model, for overlap resonances,
i.e. 717t S-wave [EPJ A16 (2003) 229-258]
v Gounaris-Sakurai model:
i.e. m7r P-wave p family [PRL 24,244(1968)]
v/ LASS model:
i.e. K7t S-wave with Kg(1430) [EPJ C74 (2014): 3026]
v/ non-resonance:
i.e. const.(D decay) or exponential(B decay)

[Also see Daniel's report on 16 July[

@ Matrix element A, describes the dynamics

of D — (r — ab)c PRD 63, 092001 (2001)

D a

No " o
SN,

’Ar(mgb, m?_) = FpxF x T, x W,

9

@ F,, Fp form factor:  [PR D 63, 092001 (2001)]

» using Blatt-Weisskopt Barrier parameterization,
depends on angular quantum {(here equals J):
Fio=1

_ JViFz
Fom1 = Ut
—3)2+9.
Flp = Mlz=3P+9z

(225—3)+92ap,
F _ 2,(2,—15)2+9(22,—5)
= V/ Zab(2ap ~15)+9(2205 —5)

here z = (R-q)?, R is radius of D or resonance r

o |/, angular function:

(1) Helicity form;
(2) Zemach covariant tensor form
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Time-dependent Dalitz analysis

(time-integrated) Dalitz analysis method

» probability density function of (time-integrated) Dalitz analysis:
(1) efficiency plane e(m?,;,m3; ;)to correct: obtained by a large signal MC produced at free PHSP.
(2) mass resolution Res(m) effect: needed to check if need? how to consider the resolution?
(3) normalization: numerical integration on full DP region
\M(m12,v’"23,)\2®m"?95(m) e(mfy; m3s ;)
Jlop dm3ydm3s [ M(miy m3s)[2@mRes(m)-c(miy m3s)

Psig(m%z,i' m§3,i)

,. Dataatrec. level . Dalitz MC at rec. level PHSP MC at rec. level
18] ..‘ 200 i3 e
18] 18] oo _
o4 o4 )
g gy -
g BN 8
os Sos b <
oo Fo o o
o4 o) o
02| 02} 20
L R F N BT Qas i as 2 o :
mZ (GeVc’) m (Gev/c') m?_(GeV¥c?)
Data Res, = Respc? mc
ppRes(m? data = NESMC* ®@ppRes(m?)
—_— :
2 2 2 2
-€(miy, m3s) €data = €EMmC”? “€(miy, m3s)
.. Data at physical level.,; ,Dalitz MC at gen. level PHSP MC atgen. Ievel
2
¥ PE 3 ;
[M]2E _
I ?? E ) o o 2o
T 1z : < Rt
3 "} How about the ii 3 b F 3
;5“ distribution at X o8 : =
o physical level?  J, ’g“:: X E
02| " 02 d
L I I G iE 3750
m}, (GeVi/c’) m, (Geveict) mf(,‘ (sev’/c‘)
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Prospects of TDDA on charm at Belle 11
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Time-dependent Dalitz analysis

Time-dependent Dalitz analysis

» p.d.f of signal for TDDA:
(1) efficiency plane e(m?,;,m3; ;) and mass resolution Res(m), similar with TIDA.
(2) time resolution Res(t) effect: usually based on data.
(3) normalization: numerical integration on full t-dept DP region.

1
Psig(m%zi’ m%3,i' t;) = N J dt' Rag (87 — ¢/, kay) ‘M(’"u i ’"23,v t )‘ @mRes(m) - e ”712 i m23 i)

Data at phys. level | Dataatrec. level |

@ppRes(m?)-e(miy, mis)

TDDP .,

-

TGOV
»8888 535:.

£
_—_—

m (GeVirch

®Res(t)

00

» Method: Unbinned Maximum Likelihood (UML) and consideration of Punzi bias
2In £ = 27 {In(fiypig (mis ;. m3s ;. ti, kol x, v, a/ P)PLg (0]) + Lcbg fipx(miy; m3s i, ti)plc(0])) }
here p€(cy) is a function of global time error function, independed on other variables

Prospects of D Analysis on Charm Physics at Belle Il July 20, 2018, Beijing 13/25



Prospects of TDDA on charm at Belle 11
[ 1]
Prospect of TDDA in DO — K27t 7~

Self-conjugated decay D° — K2nt 7

e TDDA in D° self-conjugated decays:

(1) direct measurement for x and y; (2) search for CPV: q/p # 1
IM(F, )2 = S5 1A + 122147 12) cosh(yTe) + (| A2 — | £[2] 47[2) cos(xTt) + 2 Re[ S A7 Aj] sinh(yT't) + 2 Im[ £ A7 Af] sin(xT't)]
e DO — Kgrfr 71~ with qusai-two-body decays with difference physics process:

ight-Sign: A; = 0y, a AL _ [ Ar] 1€ i(o+9). 0 *— ot
Right-Sign: A¢ = (f|H|D%); » A ‘A{) ce eg: DY — K* 7t etc. CE/IDCS
Wrong-Sign: A; = (F|H|D°); g{lf' {lT: ;ge’i(é"l’); eg: DO — K*tr~

H+‘

Ju

A . 0 Self-Conjugated 0

CP-even: Ay = (+|H|DO) %ﬁ— +iEet; eg: DO — K2fy etc. Jug Kshh
s S

CP-odd: A_ = (—|H|D°) gﬁ— — 1+E —ie; eg: DO — K2p/Kw etc. \% y

@ Review of Belle's result of TDDA in this decay [PRD 89, 091103(R) (2014)]

o D flavor is tagged via the charge of slow 715 from D** — DOx}.

o Dalitz variables m? = mf(%r s m%r = mionJr for D%, exchange for D°.
e Dalitz Model: 12 RBW+K-matrix(7t7t S-wave)+LASS(K 7 S-wave).
3
% &~ 150001 A — foe
& p-—w ‘\:15000- 4'/\v & %009 HK peak
% 3 3 I N3 \
o Q [
& 7 S 10000 G |\ | @ 60000 ’
T £ Do | I 2 |
K] S 3 [ | S M
= oS = { / \ S 40000 |
E, 2 of FOMTAV AR AR IR
2 5 (980) § / \/ | & 200000 | |
o5 1 5 ] ) 7

m2, (GeVZ/c?)


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.091103

Prospects of TDDA on charm at Belle 11
(o] J

Prospect of TDDA in DO — kQrt 71—

Dataset size effect on TDDA in D% — KgTI*n*

@ Results of TDDA based on 921 fb~! of data at Belle [PrD 89, 091103(R) (2014)]

> a consistent determination of D%-D° mixing with significantly improve sensitivity.
» the most accurate value of CPV parameters |q/p| and arg(q/p).

0.015

————— CP-conserved(
PN

—— CPV-allowed(95%)

10,95%)

<
< 2 0.005 ; \
0 g .
4] g 10°F = )
~— 5 0 X Q
- g =
T, LI 250
5 -0.005
i T
o [t ot Mo tuby 1y by
LA B T
-0.01
So0o ) 2000 2000 001 0005 0 0005 001 0.015
m2 (GeV?%c?) Proper time (fs) x

o Prospects at Belle Il with larger dataset: 0geje ) = \/ O + 5y5)50 Beley +0, 2 ducible

@ a significantly improved 0s:.¢; Dalitz model uncertainty will dominate the errors.
= model-indept. Dalitz analysis will be more promising in this channel.

Fit type Para Belle Fit result Belle Il prospect model-indept. LHCb
i } 921 fb T 5ab ! 50 ab~! 100 M signals | 50 fb!
No CPV x(%) 0.56i0.19+g gg*§;§§ +0.08+£0.11 +0.03£0.11 +0.017
(%) -9 +0.06 £ 0.05 +0.02 £ 0.04 +0.019
indirect x(%) £0.08£0.11 +£0.03£0.11 0.04
¥(%) 0.30+0,157004+ gg; 40.06 + 0.05 +0.02 +0.04 0.004
PV lq/p| 0.90+318+0854050" | +0.069+£0.073  £0.022 % 0.069 0.04
arg(q/p)(°) —6111i3t§ 147442 +15+38 3
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Prospect of TDDA in DO — K+ 7~ 70

Improved DO lifetime resolution at Belle Il

» Time resolution is essential in time-dependent measurements of D°-D° mixing and CPV.
e such as the time-dependen amplltude of D® — f (here t[10] and Af = %A—)
[(D(t) — f) < |Af|?et (“Mf‘ cosh(yt) — Re(Af)sinh(yt) + L ‘ e cos(xt) + ()\f)sin(xt)> ®¢Res(t)

Ly m
. . -dec . .
o DO lifetime: |t = = and o by error matrix of vertex fits and momentum.
cBy  cp
] T T T T T T
f tresolution| | ‘ [proper time srror
oy =4 f [ D 7o0s | |
B = pigivioe £ o9 e
selell Std Dev  0.1352 Std Dev  0.0408
Transverse £ 8000)
plane D? decay vix 12000 Res(t) in
i 1o0001-D0 5 K+ K~ ool | | ot in DO — Kt K-
¢/ i a0
S d =V -V 6000, 4000 |
/
11: / 4000] ‘ 2000 }
U / D decay vix 2000f “ i
— T 60 nm b I N
10|,un beamspmpmﬂle 2 15 1 05 0 05 1 "\fmwi 0.05 01 015 02 025 DS 035 04 045 0.5

o, (ps)
Based on MC study, DO lifetime resolution Res(t)~140 fs: half of BaBar's (270 fs)
» Time error 0¢: 1/3 of BaBar's; and RMS(0;) reduced by half.

e resolution function g(t) = Gauss(y, ko), reduced RMS(0%) (higher weight in the fit) results in an
increased statistics
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Prospects of TDDA on charm at Belle 11
(o] J

Prospect of TDDA in DO — K+ 7~ 70

Time resolution effect on TDDA in D° — K+ 70

» TDDP fit on D° — K+~ 7% WS decays to extract mixing par. (x"/ro, y"'/ro)
2 2 1" "
|4z [2 = [\A%’Cslze*rr L ) ;gy )| ASFR(repe T + (er, Re[APSS A-F"] + XrT, |m[A£CSA*$F]) (rz>e*“] ©eRes(t)

where x” = x cosdkp + ysindxy, y"' = ycosdyy — xsindkp, ro = |ACF|/|ADCS |,

/-;\ oes >} PRL 103, 211801 (2009)]
D° Right-Sign  g-7*7° Wrong-Sign ' g
L 9 ;
\*DO.// i Y 3‘20_\
> BaBar performed TDDA With 384 fb~1: 004~ i
= (2.61703 £0.39)%, y" = (—0.0670-23 £0.34)% O

= the first evidence to veto the hypothesis of no D%- DO mixing in D° multi- body decays.

» ToyMC: smear exponential lifetime with Gauss(c=140 fs) to consider the improved time
resolution at Belle Il; without considering backgroud effects.

» Sensitivity estimation: one order of magnitude improvement than BaBar
detailed info. see [Chin. Phys. C, 41: 023001 (2017)]

0008 B

0006 B!

1 ~+

. 0o0f ]

m2, (GeViic)
fiting times
fiting times

g82ee_ 52z

bt e s o 02 G0z 0% 00z 008 Tor i Ty ) 2008 5006

m, (GeVic) 0 ifetime (5) x 0. =0.060%, o, = 0.0 49
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Prospects of TDDA on charm at Belle 11
°

A new DO-tag method: ROE method

A new D%-tag method at Belle Il: ROE method

@ To measure CPV, the flavor of D is needed to be determined efficiently.

o At B-factories, the charge of 75 from D** — DOn} is used to tag the
flavor of D® and D° mesons from B decays are excluded.
= only D° from D** in c events (25%) were used.

Charged D*
25%

neutral D*
35%

@ To utilize another charm meson decay is the essential idea of ROE.

o ROE method: select events with only one K* in the Rest Of Event; ., DX, D %%,070,; ,
. . . . c D*Vx, D* D' D
@ Using the charge of this K= in ROE to determine the flavor of D°. “ Donx/Do?\C—X” /D%y

— d
DO () == products
tagged D°
A

! 0 0 0 ek ) N
rest of the event . Ntag _ etag Ngen+(1 etag) Ngen 1
A N Sl i V- ——a
gen

v 7
" . €
something ~————— ——=—" O cionpont tag tag
else / }

here €}, (€%,): tagging efficieny of D*(ROE)
! other decay - /

A method with 80%(< 20%).
products cq NZen(NZe,): number of D produced by a D*

(other ct event) with N, : N, ~1:3

K* (gu) Flavour tagging ¢

A reduction of ~ 15% of o(stat) on Acp

[an additional D? sample via ROE method will be available and optimistic.[
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Re-discoveries of Phase2 at Belle Il
@000000

Outline

© Re-discoveries of Phase2 at Belle Il

Longke LI ( Prospects of Dalitz Analysis on Charm Physics at Belle 11



Re-discoveries of Phase2 at Belle Il
0@00000

Some 'first’ events and re-dicoveries with first data

o First collision and 'First’ events

First collision at April 25, 2018 ‘Hadronic Event

CDC hits

o First data (5 pb™!) gave evidences of ﬂO/Kg/charm. Calibrations at a very early stage.

D* — D%(— K m) &
P E——— O o1 5 1]
) 2 2 &
S 15[ Bellell ’del:~5ph' 1 21000 b Jramspt S
© 2018 (Preliminary) S 4 =
o} s = y  Bellen 2018 0.155
5 N E>0.15GeV £ 800 + Preliminary
S 1o0f ' 4 & bt
e —+ Data oot 600! + 44 0.15]
~ # ¢ 44 LX)
2 / Y ALTORN ,0.‘0‘0.3.*0,.’
2 \
E osf 7/ pT— B
R S N 0 +
200 —
ol LY Kg — oo s dannr ,
7008 010 012 014 016 018 B450.460.470.480.48 0.5 051052053054 0.5 17T 18 e 19 198 2 205 21 ] | I 3
m, (GeVic*) meer) (GeVic?) M - (GevrcT) e
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Re-discoveries of Phase2 at Belle Il
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invariant Mass

o Belle Il has already finished Phase 2 on Jul 17 with ~xxx pb~!(wait official statement).

@ Some approval plots on up to 250 pb~!: with requirement of at least tree tracks from the IP

region, while rejecting beam included background, Bhabha events and other low multiplicity
background sources.

o for example of Kg — mt7r~ with partial Phase2 dataset.

60000 - T P
K A £ 6000 +
3 % Belle Il 2018 (preliminary) Dat:
= 50000 Belle ll MC —+ Data s el preiminary —+ Daa
e — Fit @ 5000 ! — Fi
= [Lde=1 1 = L dt = 250 pb it
@ 40000 2 4000
§ &
30000
W = (497.614 +0.004) MeV/c* 3000 = (497.159 + 0.013) MeV/c*
2 _ 2
20000 o = (3.282 £ 0.113) MeV/c 2000 © = (3.462 + 0.075) MeV/c’
10000 1000
Y0.47 0.48 0.49 05 0.51 052

0.47 0.48 0.49 0.5 0.51 0.

52
m(r'r) (GeV/c?) m(n'r) (GeV/c?)

° Kg mass resolutions within a few % of what expected by the simulation.

o Tracking efficiency measurements are ongoing.

D
=
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Re-discoveries of Phase2 at Belle Il
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Re-discove

o re-discovery of J/¢ — uTu~ in 250 pb~! of Phase 2 data w/o and w/ muonlID.

< 450F T T A= B T T T T T T E|
§ E Belle 1l 2018 § muoniD>0.001 Belle Il 2018 4
8 400| Preliminary 8 Preliminary B
= 350 = E
<300 = E
P @ E|
£2s g E
= = E
i} i E

50 [ L dt = 250 pb £ L dt = 250 pb™

2. 9 2. 95 3 3. 05 3 1 3. 15 3. 2 3. 25 3 3 2.79 2.‘95 é 3.‘05 3‘.1 3.£L5 3.‘2 3.‘25 37.3
Mm@ (Gevic?) Mm@ (Gevic?)
@ other processes, like J/¢ — eTe™ and eie—»ﬁﬂWH—/-t#—»#ipt—}

Q@ OF ! T ERR T T T T T
3 ask Belle Il 2018 3 >
& 35 i 3 2 e+e _>'YISR(J/¢%V I )
- E Preliminary E| =
5 a0- ., 4 g = Not jet approved
$ b de(:ZSOpb ER
£F ER- It
o 205 E

15F E 10

10 H'F

e 5

m.w
wfi o5
o

31 3233 34 95 285 8 3805 51 315 32 0825 33
M(e'e) (GeV/c?) M(uy) (GeVic?)
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Re-discoveries of Phase2 at Belle Il
[e]e]ele] lele)

Re-discover rm sample with definite flavor

Each c€ event at B-factories has averaged N(D°) = 1.119 4+ 0.007, N(D") = 0.595 4 0.005,
N(DZ) = 0.195 + 0.003.

DO CF decays Krr, Kmrt® and Kt with flavor tagged, and D(; are observed.

T 12050 QoeOET T C1600- )T ¥ o Kew 3
H DY — e e 3 10 + O DK s - D '+ Bellell 2018 (preiiminary)
g o : e o 5 1400 . a2
® K- + + Belle n 2018 (reiminary) § 1= { 2 a00- fra-zsop
3 ¥ fra=zsopn’ S 100 + Juazasons Z1000,, trs, s K .
£ oo f g & £ goof T Tt et
b + 4 5 6o t ot E| w600
40 El 400 E
E 3 + 3
2 +ot 2 h, E 200 E
et tnen, tsst ., o, v £ eenened E L
175 18 1.85 19 1.95 0.14 0.145 0.15 0.155 0.16 175 1.8 1.85 1.9 ~ 1.95
M(Kx) (GeVic?) AM (GeVic?) M(Kn*) (GeV/c?)
& < : . — 5 ~ r —
3 = DV = 4 L I :g ++ e D E ‘% s DT Bt 2018 rotminary) |
2 o Kttt o0 Bellelt 2018 rimcenyy 2 Bollell 2018 (roimia) | 2 %50 Jra-zsop’ E
o 160 ' S E © 30|
2 jaob H# o fra-zsow ERR s i Jra-zso’ 3 3 25
2 120F =4 5 200] E| 2 E. E
E 100F 4 £ 15 +t | E® + ++ + + ++
By ™ 2 * I SRR
60 ity H oy + 100 +, E 1 4 4T
4 + 4 4, 3 0
o M . s ] s + + +
PSR — E| L L E|
75 8 85 19 95 %0z 045 015 0155 016 7578 185 19 68
M(K'x) (GeV/c?) AM (GeVic?) M(KZ) (GeV/c?)
- -
3 120 DO — e 4 2 180 O DKt oF DT Belle 11 2018
T D= D(Kwn'm)e T s (preliminary)
H — — 2 140 Bolle Il 2018 (raiminay) < sof 3 o
S Kttt Bolot 2018 ooy | 2 } g T a0 I .
H o g ‘ % Cot= 560
S =250 g [ran-zsom :
'E 80| + + S 100 + 3 30 + -]
& eo- R - 2 4 + + +
3 2 20f E
60 5
40| + E t ot 2 +
40 w
E E T 10 +,
20 et R AN R 20 + A N B + +y H’+
S ansodiiAdharad st et e ettt A ey + X +
5 1 1.85 19 1.95 0014 0.145 0.15 0.155 0.16 Poa 1.95 1.96 1.97 1.98 1.99
M(Kwa) (GeVic) AM (GeVic?) MI(K'K)m*)(GeV/c?)
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Re-discoveries of Phase2 at Belle Il
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Re-discovery: D° sample in other channels

o in D** sample: CP eigenstate decays of D° — K27°(CF) and D® — K™K~ (SCS) are

observed.
s g o
3 e L ER] B e
& w00 Bollot 2010 oo § 14 o
L Lt % famme 3E o
I )
A } + Loy |
ETWTLUNE S B TR T
1 1. 1. 14 0.142 0.144 0.146 01‘3 0.15 0152 0‘54 0156 0.158 0.16
M(KZ.\”) (GeVic?) AM (GeVic)
3 e 0"+ DK ERERCS O KN 3
§ KTK™ | }::Z:;L‘WWM: §' “w ’ St 2018 e
§ 2 ET Jra=2s0p0 3
R W Ll
j H
: LI I * |
bttt ot M Syl Bty |
175 19 1. 0.14 0.145 0.15 0.155 0.
M(K'K) (GeV/c?) AM (GeV/c?)
o In D' sample: D® — K~ 7t is observed.
g ::: 07— Ky :‘?’: 20 0° — DK
g WKt <|» Bele 2015(7m\mmw)7 . + St 1o
R Jra-zsopn L i3 + + Jra=zom
£ 3
g £ 15
" 4 Jr S 3
N I .
iy et *’+++ b 4+ ottty
AE) 182 184 1.86 188 19 192 194 0134 0136 0138 014 0142 0144 0146 0148 0.15
M(K) (GeVic?) AM (GeVic)
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Re-discoveries of Phase2 at Belle Il
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Re-discovery: charm sample

Golden channel D** — (D% — K2t 7))t is observed with high purity

& 60F Jg [ : ‘ :
> £ D™ = DKo )+ 13 50— 8 004 3
[°} E 'S 4 [ D™ - DKt )t ]
o 8o + Belle Il 2018 proimnay)| = | (K E
- - 4 o 40 Belle Il 2018 (preliminary) —{
E Sl - [ ]
s de(:ZsO P 1S ¢ fL dt =250 pb’ E
> E 1 8 3o =
g Sop ER: E ]
E C 4 F ]
& 20F E 20 -I- =
10f + E 10 =

: + I oyt +

Ptoat ', e, T4 A b bt ++"f o, Tt -h-};

Q77375 18 i85 18 195 2 205 21 0.14 0.145 0.15 0.155 0.16
M(Kgm) (GeV/cd) AM (GeV/c)

@ what is the future with full Belle Il dataset (x40, 000) for this channel? most precise result on

D
=

DO-DP mixing? observation CPV in charm?

Longke LI Prospects of Dalitz Analysis on Charm Physics at Belle 11 July 20, 2018, B:
g y: Y y



Summary
[ o)

Outline

0 Summary

Prospects of Dalitz Analysis on Charm Physics at Belle 11 July 20, 2018, Bei



Summary
oce

Summary

e Belle II is back to the game after eight year passed since Belle shut down.

@ Belle Il will have a rich charm physics program ahead. TDDA will become one of favourites
of Belle Il charm WG to study D%-D® mixing and CP violation in many multi-body decays.

o Considering 50 times dataset and half of D° lifetime resolution at Belle I, two sensitivity
estimations in TDDA are presented:

o Prospect in D® — K271" 7~ factor 3 improved, and Dalitz model will dominate the errors.

o Prospect in D° — K* 7~ 7% one order of magnitude improved w/o considering the bkg effects.

o more decay channels will contribute D°-D° mixing and CPV via TDDA benefiting from improved
performances and a large date set.

e ROE D° tagging method is presented: provides an additional tagged D° sample.

o Phase2 has finished, some re-discoveries with 250 pb™! are shown, :

especially charm sample in many channels.

@ Phase3 operation (physics run) with full Belle Il detector will start ; g
next spring. e i

;\I:I hink =
o Looking forward to charming news on charm physics via TDDA. hat L0
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Status of D%-DO mixing and CP violation fmainly ref. charm physics at HFLAV]

DOP-D° mixing
g m [cpv allowed
> 1.2 CKM 2016
0.8 = .
usf, <D
0.4 - .
oy 4
o. >
of- L
Wio|
-0 20
30
-0 40
o 50
206-04-02 0 02 0.4 06 08 12
X (%)

@ > 11.50 to exclude no mixing (x,y)=(0,0) with CPV-allowed

indirect CP violation

cKm 2016

Arg(q/p) [deg.]
8

o
R e e

0.6

16
la/pl

Aadin

CP violation in D° — KK /ntrt

0.015
‘Summer 16 Belle

o Ko
0010 LHCb SLKK+zm

LHCb prompt KK
LHCb prompt ==

0 nocev
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I
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~0.005

-0.010
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-0.015
-0.015

-0.010  -0.005  0.000

ind
acp

0.005 0.010

@ No hints for indirect CPV < no direct CPV (|q/p|,¢)=(1,0) at C.L.=40%
@ No clear evidence of direct CPV <« no CPV at C.L=9.3%

DO-pO mixing observation in more channels, and CPV searches are two of
most important physical goals for Charm WG at our Belle Il experiment.
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description of angular function W,

(1) Helicity form:  [Phys. Rev. D 78, 052001 (2008)]
easily understood, but need many Lorantz transform, take much time on calculation

A, = Fp x F, x T, x (|p|?|q|? Py(cos %)) J=0 + J=1 J=2
W,(J=0)=1 o const. r

W (J=1)=-2(p-q) = —2|pllq|cosbn o cosby

W, (J =2) = 2|p|?|q|?(3cos? Oy — 1) o cos? Oy

(2) Zemach covariant tensor form:  [Phys. Rev. 133, B1201 (1964), Phys. Rev. 140, B109 (1965)]
difficult to understand, usually only used in spin-0 final state particles, but take less time in

calculation
W,(J=0)=1
W(J=1)=m2 — m, +MQM
M2 1 2 _2)2
W,(J=2) = mic*miﬁu] 73 {mibfwé—mzﬂmﬁ”—”} * {mirzmsfzmuui
.
o I Fa w
o y i . _ . o oo
¥ ¥ o ¥ ) i gl
0. 0 X 0 . 0.5¢
0.5 1 15 X 1 1 ° T 1. K 1‘ 15 * 0. |‘ 1.
mE, [(GeVicY] . (GeVicY] mE, [(GeVicY] m, [GeVIc] e, [GeVIcY]
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Square Dalitz Plot Method

@ In Dalitz analyses od B meson decays, the cared interference region is usually concentrate on
the marginal area (left figure).

o To avoid the variation of efficiency plane in one bin, a better Dalitz plot region with better
resolution is needed.

@ It can also efficiently describe efficiency plane or background distribution on Dalitz plot, such
as misidentified background in B — Kmtm®(right figure).

o Expanded Dalitz plot plane [0, 1] x [0, 1]: square Dalitz Plot (SDP)  [pRrD 72, 052002 (2005)]

o m' = Larccos (2% — 1) € [0,1] 0 =16,,€[0,1]
Mab~ ~Mab

max

o where mm? = Mg — mc, mT" = m, + my, Jacobian determinant |J| meets: dm?,dm3; = |J|dm’d6’

= B> x'x e (kin)

iterterence
/113 Interference regs.
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Mass resolution problem in Dalitz analysis

0 4+ =0 ; ;
@ In D2 - g T lzr + Dalitz resolution meets @ In D° — KIK* K~, Dalitz resolution meets
E(T ) < mt" éth fint diate states i o(m?) ~2m, -T,, but narrowest width of
ut harrowsst wicth of intermediate states 1s intermediate states is I'(¢(1020))=4.38 MeV/c?.
I'(K*(892)%) = 48.7 MeV /¢ © e ;
T T ) ) -
s " ssoome s . umssoer -
Al [N ——" L oy 8 8 o oowuesomniss
i3 b meuwa]  F B cwnermw % 7 o 7
% o E e I
38 8 ¢ e 3 L
‘: t 2| 2
& o 4 1 1
2| 09 1‘ 1‘1 \‘2 \‘3 |‘6 1‘5 |‘6 1‘7 \‘E 19 - —0‘3—0‘6—0‘4—0‘2 & 0‘2 0‘4 0‘5 G‘H 1
VUV e mé, (GeV?rc) mdf (GeVAict)
0 05 1 15 2 25 3 0 02040608 1 12141618 2 2 2 2 2 2
g, (GeVAc) M2 (GeVAic') here DP uses mi ;. = C — (m7 + m<) and mdf = mq —m
@ Strictly speaking, a convolution is needed on whole region of DP to consider the resolution effects: a
time-consuming challenge for CPU.
°

A discretization of convolution via a grid weight method: decide grid size by resolution, and use averaged
. . . . (242 . .
value of around grid points with weight W; = e (IF+i%)/2 | the normalized form is as follows:

33

33
pdfesol(x,y) = Y. pdf(x+lox,y+jo,) - Wy /Y. W
|=—-3,j=-3 1==3,j=-3
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Efficiency difference between data and MC

@ To consider the difference of particle identification(PID) efficiency between data and MC, a
data-driven efficiency plane is applied.

o Obtain a 2D table of the ratio of each charged particles’ PID efficiency between data and MC,
dependent on various particles’ momentum and PID requirement.

@ re-weight each event in reconstructed DP according its momentum, PID requirement and
above ratio value, then obtain the data-driven efficiency plane by the ratio of corrected rec.
DP plane to gen. DP plane.
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