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tral meson mixing phenomena

o Mixing: particle changes to its anti-particle and vice versa,

o result from flavor eigenstates # mass eigenstates:
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utral meson mixing phenomena

o Mixing: particle changes to its anti-particle and vice versa,

o result from flavor eigenstates # mass eigenstates:
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1P°(5q )) p  —q) \|P2(m2,T2))

o Mixing parameters:
miy — mo 'y —I'2
x =2 - y Y=
' +T12 'y +T2

# (FEHX), 28 charm sector at Belle Aug. 23, USTC



0_po i . ’
DY-D* Mixing and CP violation Mixing and CP violation

Available Charm Dataset
Status of experiments

tral meson mixing phenomena

o Mixing: particle changes to its anti-particle and vice versa,

o result from flavor eigenstates # mass eigenstates:
1P°(qa )Y _ (p +q> (|P.<m1,r\>>)
1P°(5q )) p  —q) \|P2(m2,T2))

o Mixing parameters:

miy — mo I =T

IS V= '+ T

e Time evolution of an initial pure state |P°)(t=0)
Promiing (8) = | (P01 (1)) 2 = o~ T ) * osCT)

x =2

2
cosh(yI't) — cos(xI't)

Priing (8) = [(P01F0 ()2 = | 22T -

A (FEAAX), 28 % g and CP violation in charm sector at Belle Aug. 23, USTC



0_po i . ’
DY-D* Mixing and CP violation Mixing and CP violation

Available Charm Dataset
Status of experiments

tral meson mixing phenomena

o Mixing: particle changes to its anti-particle and vice versa,

o result from flavor eigenstates # mass eigenstates:
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o Mixing parameters:
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utral meson mixing phenomena

Mixing: particle changes to its anti-particle and vice versa,

result from flavor eigenstates % mass eigenstates:
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Time evolution of an initial pure state |P°)(t=0)
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(c)

=076,y = 0.01

arbitrary units

(d) D° - D°

Standard Model(SM) prediction of D°-D° mixing: |x|, |y|(1%); CPV(0.01%).
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CP violation (CPV)

o CP introduction:

o C: charge-conjugated transform (P — P)
e P: parity transform (X — —X)
o CP: C- P- combined transform (eg: ¢, — ex).

o 1964, first observation of CPV in K decays.
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CP violation (CPV)

o CP introduction:
o C: charge-conjugated transform (P — P)
e P: parity transform (X — —X)
o CP: C- P- combined transform (eg: ¢, — ex).

o 1964, first observation of CPV in K decays.

@ one of necessaries of three matter-anti-matter
asymmetry conditions (Sakharov, 1967).

@ SM: complex phase in CKM as CPV source
CKM by Wolfenstein paratmerization
1—22%/2 A AX3(p — in)
V= ( DY 1—22/2 AX2 )
AN (1 — p — in) —AX? 1

@ New CPV source needed, search for New
Physics

0 KCP Repley A A 4, ¥ RKFHRA
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CP violation (CPV)

o CP introduction: o Charge-Parity transform

o C: charge-conjugated transform (P — P)
e P: parity transform (X — —X)

o in the decay (direct): |Az/Ad # 1;
2
o CP: C- P- combined transform (eg: ¢, — ex). ‘ P ¢ j i

— P ¢ )
o 1964, first observation of CPV in K decays.

o one of necessaries of three matter-anti-matter ¢ in mixing (indirect): rm = |q/p| # 1;
asymmetry conditions (Sakharov, 1967). 9

@ SM: complex phase in CKM as CPV source ‘ ioiqtf ?é iQiCir

CKM by Wolfenstein paratmerization

1—A2/2 A AX3(p — in) @ in the interference: arg(q/p) # 0.
V= ( DY 1—22/2 AX2 ) 9 N
AN (1 — p — in) —AX? 1 P C\f’ c P C\f’ .
e New .CPV source needed, search for New + 7& +
Physics _ _
Pa P ¢ Pa P ¢

o KCP 1y AL %%, LERFHRAE
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Available Charm samples from Charm factories, B-factories, hadron colliders

Experiment Machine Operation C.M (GeV) Lumin. N(D) efficiency
Py CESR 1 290M
CLEO™  (&rem)  2003-2008 3. 0.8 fb 2.3 M(D*)
-1
BEPC-II - oD 100'65'\!<|/| ~10-30%
; — -
BES]I[ (cte ) 2010-2011 3.77 2.92 fb 8.4 M (D)
2016 4.18 3.0 fb~t 3.0M
* * %k
Py >) KEKB . 1
(ete) 1999-2008 10.58 1000 fb 136G
BELLE o
N PEP-I ~5-10%

T\ 1999-2008 10.58 500 fb~! 0.65 G
(ete)
*k *k

Tevatron 50 2011 1960 9.6 fb~1 013 T
(pP)

LHC 2011 7000 1.0 fo~ ! 50T
% (pp) 2012 8000 2.0 fb~? :
ok k *
here we used o(D°DY@3.77 GeV)=3.61 nb, (DT D~ @3.77 GeV)=2.88 nb, o(D* Ds@4.17 GeV)=0.967

nb, o (cc@10.58 GeV)=1.3 nb, o(D°@LHCb)=1.661 nb. The table mainly refers to Int. J. Mod. Phys. A
29 (2014) 24, 14300518.

<0.5%
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Available Charm samples from Charm factories, B-factories, hadron colliders

Experiment Machine Operation C.M (GeV) Lumin. N(D) efficiency
P CESR _ 20 M
CLEO™  (&rem)  2003-2008 3. 0.8 fb 2.3 M(D*)
-1
BEPC-II - oD 100'65'\!<|/| ~10-30%
: - :
BESTT (ete) 20102011 377 2,02 fb 8.4 M (DY)
2016 4.18 3.0 fb~! 3.0 M
* *kk
RERB T 10992008 10.58 1000 fb—! 136G
(eter)
@.Bﬂfactorlec ~5-10%
T 1999-200 10.58 500 fb~t 0.65 G
(eTer)
ok ok
Tevatron 5405 2011 1960 9.6 fb~ 1 013 T
(pP)
0,
LHC 2011 7000 oM T 0T <05%
% (pp) 2012 8000 2.0 fb ! :
*kk *

here we used o(D°DY@3.77 GeV)=3.61 nb, (DT D~ @3.77 GeV)=2.88 nb, o(D* Ds@4.17 GeV)=0.967
nb, o (cc@10.58 GeV)=1.3 nb, o(D°@LHCb)=1.661 nb. The table mainly refers to Int. J. Mod. Phys. A
29 (2014) 24, 14300518.
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Global fit for D°-D° mixing by HFAG: without CPVying, with CPV ping

E791 1999 H—'—"{ 0.732 £ 2.890 + 1030 % contour—like 2—D pIOtS

34201390 £ 0.740 %

9 - 1o
V1.2gcmwzms . | CPV dllowed | mmmms 20
cueo 2oz |H———4 1,200 £ 2500 £ 1400 % > T2 o 30
= | g T
Bt 2009 owsosesn o | |B af
. B

LHCb 2012 fr-ot 0550£0.630£0410% g

L110£0.220£0.110% 0.4

Belle 2012
|
070501802 0024% 02 = :
2.000 £ 1.300 £ 0.700 % oF | ‘ | T i
BESIN 2015 | fr—o—i| 2,000 £ 1300 £ 0.700 % o > 11.50 ! s
20
" 04— - L 30
World average 0.835 +0.155 % o r
0. | | I | | L | L.lsc L L I L L
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http://www.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mixing.html
http://www.slac.stanford.edu/xorg/hfag/charm/CHARM15/results_mix_cpv.html

DV-DY Mixing and CP violation

Mixing and CP violation
Available Charm Dataset
Status of experiments

pO-pP mixing and CPV results from different experimentSmainiy rer. charm physics at Heag]

N
s B2 ¥ @ 9 sen
Decay Type Final State BELLE
DCS 2-body(WS) | Kin— * * * * 7 7 g
DCS 3-body(WS) | Kin Vi % V Ace
CP-eigenstates KtK—, ntn— WSC)P W ¥ v Acp v
Self-conjugated Kgﬂ'*ﬂ’ v v Ve v
3-body decay KIKTK- v @) v
Self-conjugated =m0 VA VA VA
SCS 3-body decay KTK=n0 Acp
SCS 3—body Kng:ﬂ'q: s/(;Kts)Kﬂ_ »/(;KtS]Kﬂ,
Semileptonic decay | KT/~ v, v v
rtr—ata— v Acp
Multi-body(n>4) SESEaE V Acp v
Ktk-rntn— [ V3 Ay VA
(3770) — DODV via correlations V sk Yy

% for observation (> 50); ¢ for evidence (> 30); v’ for measurement finished; Measurement on going not included.

The related references are linked under their corresponding signs.

(a) LHCb also give the measurement of indirect CP asymmetry in D° — h~ht decay in PRL 112, 041801 (2014).

(b) Belle measured ycp in D° — K‘slqb in PRD 80, 052006 (2009), the amplitude analysis for mixing parameters (x, y) is on going.
(c) LHCb also search for CP violation using T-odd correlations in D° — Kt K= ntn~ decays in JHEP 10 (2014) 005.
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http://www.slac.stanford.edu/xorg/hfag/charm/index.html
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.251801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.111801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.5038
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.231802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.84.5038
http://www.sciencedirect.com/science/article/pii/S0370269314003815
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.95.231801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.211801
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.87.071802
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.111602
http://arxiv.org/abs/1212.3478
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.012004
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.65.092001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.65.092001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.091103
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081803
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032007
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.012001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.052006
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.105.081803
http://www.sciencedirect.com/science/article/pii/S0370269314008454
http://www.sciencedirect.com/science/article/pii/S0370269308002517
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.051102
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.051102
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.052018
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.092016
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.112003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.014018
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.71.077101
http://www.sciencedirect.com/science/article/pii/S0370269313007284
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.241801
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.051101
http://arxiv.org/abs/hep-ex/0607090
http://www.sciencedirect.com/science/article/pii/S0370269313007284
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111103
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.122002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.112001
http://www.sciencedirect.com/science/article/pii/S0370269315002518
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.041801
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.052006
http://link.springer.com/article/10.1007%2FJHEP10%282014%29005
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Regular techniques at B-factories
DO-DO mixing and CPV at Belle observation in wrong-sign decay
evidence in CP eigenstate decay
TDDA in three-body self-conjugated decay

Analysis techniques at B-factories

e D* inclusive sample: ete™ — 4* — ce — D*EXF, D** — DOn /DOr; .
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decay
TDDA in three- IJo(Iy self-conjugated decay

Analysis techniques at B-factories

o D* inclusive sample: ete™ — ~v* = c¢ — D*EXF, D** — DO /DOn;
@ veto signals from B decays and suppress background(BG):

p*(D*) >2.5(7(4S)) / 3.1(Y(5S)) GeV/c.
e multi-candidates using best candidate selection(BCS)

o via the sum of DY and D* vertex fitting qualities, eg: D° — K~ x+
e via ZX2 of mass difference, eg: D° — Kg?T n

A (P EHX), 28 mixing and CP violation in charm sector at Belle
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Analysis techniques at B-factories

o D* inclusive sample: ete™ — v* — cc — D*EXF, D** — Dx. /DO

veto signals from B decays and suppress background(BG):
p*(D*) >2.5(7(4S)) / 3.1(Y(5S)) GeV/c.
multi-candidates using best candidate selection(BCS)
o via the sum of DY and D* vertex fitting qualities, eg: D° — K™
e via ZX2 of mass difference, eg: D° — Kg?T n

o time-dept. analyses: DO lifetime o and oy

/7
~100 pum

mpo ,
tpho = D (rdec — Fﬁ) C
<P
5 OENT ot D% fit DO decay vtx

o2 = fT) Vi <z7)

n n

Viec cov(dec, IP)  cov(dec, p)

vV, = cov(IP, dec) Vip cov(IP, p) " Beamspot

cov(p, dec) cov(p, IP) Vp extrapolate production vtx

Aug. 23, USTC 7/14
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decay
TDDA in three- IJo(Iy self-conjugated decay

Analysis techniques at B-factories

o D* inclusive sample: ete™ — ~v* = c¢ — D*EXF, D** — DO /DOn;
@ veto signals from B decays and suppress background(BG):

p*(D*) >2.5(7(4S)) / 3.1(Y(5S)) GeV/c.
e multi-candidates using best candidate selection(BCS)

o via the sum of DY and D* vertex fitting qualities, eg: D° — K~ x+
e via ZX2 of mass difference, eg: D° — Kg?T n

o time-dept. analyses: DO lifetime o and oy

n
myo , K
tho = CE; (rdec — Tib) - % 100 ym /
5 B ot ) TV ( at) p° - fit DO decay vtx
oy = A n\ 5~
on on
Viec cov(dec, IP)  cov(dec, p)
vV, = cov(IP, dec) Vip cov(IP, p)
cov(p, dec) cov(p, IP) V,

@ extract 5y g M= Mpo and Q@ = Mp« — Mpo — mx

A (PEAK), 28 ixi iolation i Aug. 23, USTC  7/14



g ogular techniques at B-factories
p0-po mixing and CPV at Belle observation in wrong-sign decay
evidence in CP e ta ecay

TDDA in three-body self-conjugated decay

observation Of DO—DO mixing in DO = K+7T7 [B-R. Ko et al. PRL 112, 111801 (2014)]

o Time-dependent WS-to-RS decay rate ratio under
CP conservation:

Rus(t) = RD-‘r}/\/RiDFt-i- +}/ /“’\ /-’-\

Wrong-Sign 'z~ )0 Right-Sign -
Mix _}/ \\M.x DES./
with effective par. X' = xcosdk, + ysindkx, Do ~—— 50—
Y = ycos i — xsin Sk

(FEAHX), 28 % and CP violation in charm sector at Belle Aug. 23, USTC 8/14


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.111801

gular techniques at B-factories
p0-po mixing and CPV at Belle observation in wi
evidence in C y
TDDA in three-body self-conjugated decay

observation Of DO—DO mixing in DO = K+7T7 [B-R. Ko et al. PRL 112, 111801 (2014)]

o Time-dependent WS-to-RS decay rate ratio under

CP conservation:
DCS CF

X2
+ Y2 n
RWS( ) Rp + }/\/RiDFt + Wrong-Sign  g*z~ )0 Right-Sign  g-z*

\, Mix DCS
with effective par. X' = xcosdk, + ysindkx, \\ -/'/ ~—D /—/’/

Y = ycos i — xsin Sk
@ based on 976 fb~! data
D

o Rp=(0.353+0.013(stat+syst))%
° x/2:(0.09:|:0.22(stat+syst))>< 1073 0.006
° y/ /:(4./6:t3.4(stat+syst)) x1073
o (x 2,y ) with correlation -0.948

L

T 0.005
= L
o first observation in et e~ collisions c r 510
o Belle Il (50 ab—1) estimation 000t L ’
o scaled luminosity: I 1
05 =0.09x107% o, =0.16% F
o ToyMC with improved o = 140 fs L L |
0y =0.044 X 1072, 0y = 0.047%. s ° . B 10
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I t B-factories
DY-DO mixing and CPV at Belle i gn decay
evidence in CP enstate decay

TDDA in three-body self-conjugated decay

evidence Of DO—DO mixing in DO = h+h7 [M. Staric et al. PLB 753, 412 (2016)]

o using CP eigenstates D° lifetime analysis relative to non-CP eigenstates.

TKm
= — -1 h=K/m
Yep <> ( /)
7(D° — h=hT) —7(D° — hth™)

7(D° — h=ht) + 7(D° — hth—)

Ar =

(FEAHX), 28 % and CP violation in charm sector at Belle Aug. 23, USTC 9/14
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DP-DO mixing and CPV at Belle

evidence in CP ei
TDDA in three-body self-conjugated decay

evidence Of DO—DO mixing in DO = h+h7 [M. Staric et al. PLB 753, 412 (2016)]

o using CP eigenstates D° lifetime analysis relative to non-CP eigenstates.

TKm
= — -1 h=K/m
Yep <> ( /)
7(D° — h=hT) —7(D° — hth™)

7(D® — h=h*) 4+ 7(D° — hth—)

Ar =

o with full dataset and tagged DP flavor by charge of 75 from D*

o twice data (976 fb~1) than first evidence result based on 540 fb—! data:
o (Belle 2007) ycp = (4+1.31 +0.32 £ 0.25)% [M. Staric et al. PRL 98, 211801 (2007)]

# (FEHX), 28 mixing and CP violation in charm sector at Belle Aug. 23, USTC 9/14
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DP-DO mixing and CPV at Belle

evidence in CP ei
TDDA in three-body self-conjugated decay

evidence Of DO—DO mixing in DO = h+h7 [M. Staric et al. PLB 753, 412 (2016)]

o using CP eigenstates D° lifetime analysis relative to non-CP eigenstates.

TKm
= — -1 h=K/m
Yep <> ( /)
7(D° — h=hT) —7(D° — hth™)

7(D® — h=h*) 4+ 7(D° — hth—)

Ar =

o with full dataset and tagged DP flavor by charge of 75 from D*

o twice data (976 fb~1) than first evidence result based on 540 fb—! data:
o (Belle 2007) ycp = (4+1.31 +0.32 £ 0.25)% [M. Staric et al. PRL 98, 211801 (2007)]

@ asymmetric time resolution function
depends on D* polar angle in CMS
o different configurations for SVD

o yep=[1.1140.22+0.09]%(4.70)
o Ar=[-0.03+0.2040.07]%

. ~ ~ 1 05 o s 1 05 0 05
o Belle Il: 0y, = 0.06%, [ 0.04%. ;
open(full) circles for 3(4)-layer SVD
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g ilar techniques at B-factories
p0-po mixing and CPV at Belle ok

bservation in wrong-sign decay
evidence in CP eigenstate decay

TDDA in three-body self-conjugated decay

TDDA in Self-conjugated decay D" — Kir*7~ at Belle (pro 89, 0s1103(%)]

@ 1.29M events with a purity of 95.6%.

a) b) (1signal
@ - ® JRandom =
b 2 10° O
3 5
E 10°| b
F S
Ed 2 oy
s
2 A H
10°E
1.82 1.84 1.86 1.88 1.9 1.92 10 1 20
M (GeV/c?) Q (Mev)

charm sector at Belle
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[ ar techniques at B-factories
DP-DO mixing and CPV at Belle vation i sign de

dence in CP e stat y
TDDA in three-body self-conjugated decay

TDDA in Self-conjugated decay D" — Kir*7~ at Belle (pro 89, 0s1103(%)]

@ 1.29M events with a purity of 95.6%.

5 f
@ ©®) Isignal - <
® % ol Srandom 2 3 o
3 3 3 £
3 10 b S ;
3 g ol ¥ 2 oot
2 LA H 2
10k 05 1 15 -
i.82 1.3;\11I (1(.::‘,;3 19 1.92 5 Q(u:lrev) 15 20 m2, (GeVZc?)
@ Dalitz model: RBW(12 res.) + K-matrix(w7 S-wave) + :515000- | \ ;>9 £00e ﬂ(
LASS(Km S-wave). 3 | & so000] H
Bood |\ Il 2 |
@ with CP violation allowed 3 [\ /|| S 400 \
3 /\ \ K} }1
o _ e 2,92 42 5o 2 oo f
[M(f, )7 = ——[(JAA™ 4+ [=7| A7) cosh(4T't) @ @
2 P — ; 7
q m2 (GeV/c®) m?2 (GeV/c?)
+ (A = |2 171441%) cos(T)

7
//
+ 2%[ Af-Af] sinh(yI't) + 2\5[ ApAL ] sin(«T't)] 10¢ / \
P

@ if no CPV, DO and D have same formalism:

Events/100fs
o
.
T

5
[M(m2y, mag, 1% =[] A1%e ! 4+ 2R[ A1 A}] cos(xT't) . ‘n,.,.’,..jm ™ st

it i

5
+ 2S[ A1 A3 sin(xT't) + |Ag|?e]e Tt B0 owertmety %
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DU mixing and CPV at Belle

sta
TDDA in three-body self- conjlmated decay

TDDA in Self-conjugated decay D" — Kt 7~ at Belle jpro 9

. 091103(R)]

Observables Belle Belle II* LT Year
(2014) 5ab~! 50ab~! | [ab™!]

x(%) 0.56£0.197007 [ +0.14  +0.11 3 2019

(%) 0.30 £ 0. 15+“ ”' +0.08  40.05 15 2021

la/pl 0.907 01670 ge +0.10  +0.07 56 2019

#(°) —6+1171 +6 +4 10 2020

*refer to BELLE2-NOTE-0021, BELLE2-NOTE-PH-2015-002.
TLs denotes the approximate integrated luminosity at which ostar. & osyst..
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Observables Belle Belle II* LT Year
(2014) 5ab~! 50ab~! | [ab™!]

x(%) 0.56 £0.1970 071 +0.14  +0.11 3 2019

(%) 0.30 £ 0. 15+“ ”' +0.08  40.05 15 2021

la/pl 0.907 01670 ge +0.10  +0.07 56 2019

#(°) —6+1171 +6 +4 10 2020

*refer to BELLE2-NOTE-0021, BELLE2-NOTE-PH-2015-002.
TLs denotes the approximate integrated luminosity at which ostar. & osyst..
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po.

DU mixing and CPV at Belle

sta
TDDA in three-body self- conjlmated decay

TDDA in Self-conjugated decay D" — Kir*7~ at Belle (pro 89, 0s1103(%)]

-0.005

-0.01 -
-0.01 -0.005

0

0.005 0.01 0.015

Observables Belle Belle II* LT Year
(2014) 5ab=! 50ab~!|| [ab™!]

x(%) 0.56 £0.1970 07| £0.14  +0.11 3 2019

(%) 0.30 £ 0. 15+“ ”' +0.08  40.05 15 2021

la/pl 0.907 01670 ge +0.10  +0.07 56 2019

#(°) —6+1171 +6 +4 10 2020

*refer to BELLE2-NOTE-0021, BELLE2-NOTE-PH-2015-002.
TLs denotes the approximate integrated luminosity at which ostar. & osyst..

PV allowed

¥ (%)

[ cpvaliowed
Belle 11 50 ab™'

# (FEAK), 28

02 04 06 0.8 12

x (%)

charm sector at Belle

Aug. 23, USTC



[ r techniques at B-factories
DP-DO mixing and CPV at Belle observation in wro
evidence in CP e

sta
TDDA in three-body self-conjugated decay

TDDA in Self-conjugated decay D" — Kir*7~ at Belle (pro 89, 0s1103(%)]

0.015
Observables Belle Belle II* LT Year
0.01 (2014) 5ab~! 50ab~!|||[ab"!]
e x(%) 0.56 £0.1970 07| £0.14  +0.11 3 2019
0005 ¥ > (%) 0.30 4 0. 15+“ ‘“ 4+0.08  +0.05 15 2021
N ; la/pl 0.907 01670 ge +0.10  +0.07 56 2019
#(°) —6+1171 +6 +4 10 2020
0008 *refer to BELLE2-NOTE-0021, BELLE2-NOTE-PH-2015-002.
001 . . L denotes the approximate integrated luminosity at which ostar. & osyst..
-0.01 -0.005 0 0.005 0.01 0.015

CPV allowed 1. [ cpvarowed
=
Dl R T e R S
=
3
i
g
o
10f- =
BAsE AN 514 TSab !
x10%
T
27 °F
EL o
-0.! 2E
y & 38 of
~06-04-02 0 0.2 04 06 08 12 = ] L - L L .
x (%) & 2016 2018 2020 2022 2028
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direct CP violation in [V‘J’r - 7
direct CP violation in charm decays direct CP violation in D/, decays
(s

© direct CP violation in charm decays
o direct CP violation in D° — 7070

o direct CP violation in Dfrs) decays
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direct CP violation in DO — 7070

direct CP violation in charm decays direct CP violation in D ' decays
(s

CPV in SCS decay: DO = 7T07TO [N.K. Nisar et al. PRL 112, 211601 (2014)]

Measured asymmetry Arec and obtain Acp based on 966 fb—1 of Belle data

p*+ _p0 w:r 7ND*_ ~>D_07r; Acp: indept of all kinematic variables;

A — rec rec . R
rec — P+ _sp0 Tt D*— —sp0 Afg: due to v — z0 interference; an odd function of
e * +Npec s cos 0* in C.M. frame.
Afgcr = Arec — A(Tﬁ = ACP + AFB(COS 0*) AZs: indept of final state; subtract from control data
0 -t
Acpirs = AR(cos0%) + Afdl(—cos§)]/2  mPlesDr = Kom

charm sector at Belle Aug. 23, USTC 12/14
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direct CP v
direct CP violation in charm decays direct CP vi

search for CPV in SCS decay: DO = 7T07TO [N.K. Nisar et al. PRL 112, 211601 (2014)]

Measured asymmetry Arec and obtain Acp based on 966 fb—1 of Belle data

p*+ _p0 w:r D*— D0y Acp: indept of all kinematic variables;
A = rec —"‘rec _ ZO : .
rec D*+~>D07r;" D*— D07 Afg: due to v — interference; an odd function of
rec rec cos 0™ in C.M. frame.
Afgcr = Arec - A(Ts = ACP + AFB(COS 0*) ATS: indept of final state; subtract from control data
0 — ot
Acp/re = [A%dl(cost”) £ AZl(—cosf®)]/2  =mrie D= IO
D° — 70r0 D% — K(s)ﬂ'o
=l ooz} e D°(DP) yields from simultaneous fit to AM in 3D bins of
oo I 3 + (cos 6%, pT, cos 075) (10X 7x8).

R 0.02f +_J__

< ~}—_+_ =< °+++ 0 Acp(D° — 7%7%) = (—0.03 + 0.64 + 0.10)%
:Zi 001 (1) an order of magnitude improvement.
i 002 (2) no evidence for CP violation.
% e et 0 Acp(DO — K270) = (—0.21 + 0.16 + 0.07)%
o o @ sensitivity estimation at Belle Il
0.02 0.02-

0.0 K270
0 5ab~ 1 o(ATT ) = 0.20%, o(Acy " ) = 0.08%.

0,0 K270
0 50ab™ 1 o (AT, ™) = 0.00%, o(Acy " ) = 0.03%.

FEAKX), 28 % and CP violation in charm sector at Belle Aug. 23, USTC 12/14
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direct CP viol
direct CP violation in charm decays direct CP violation in D

direct CP violation in D?;) decays (no new measurement)

[PRL 109, 11990 oo
5 A
i3
m o AKO H /A
® Anaw = Acp + Arg + Ae + Amat | S __L
@ Pion and K®-material asymmetries corrected by event weighting e
MOCR) (Govic)
@ in cos 9;+ bins using simultaneous fit to M(Kg‘rri) wf
Kt , i A
® A" =(-0.3630.094+0.067)% (3.20) 7 I
Pao B
@ consistent with expected CPV due to K*-mixing (-0.345+:0.008)% e _—
M) @ovic) Jcost™
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direct CP violation in charm decays

direct CP violation in DY — 7070

o
s

direct CP violation in

decays
) iy

direct CP violation in D?;) decays (no new measurement)

review Acp in DT — K2

KO

® Anaw = Acp + Arg + AT + Apae

[PRL 109, 119903 (2!

@ Pion and K®-material asymmetries corrected by event weighting

@ in cos 9;+ bins using simultaneous fit to M(Kg‘rri)

K2"+ 9
° ACP =(-0.363+0.094+0.067)% (3.20)

@ consistent with expected CPV due to K°-mixing (-0.3454-0.008)%

Everts/(1 MoVic)

|

MK

) (GeVIE)

Events/(1 MeV/c?)

s

V.

MK

{
f

{

I

2t
3
!

kY

x) @ovic) Icos5™]

Table: Acp measurements at Belle and sensitivity estimation at Belle Il at 50 ab~ 1.

meson final  L(fb~ 1) Acp(%) Belle 11(%)  references
onT 955 +0.51 £0.28 £ 0.05 +0.04 PRL 108, 071801 (2012)
nrt 791 +1.74+£1.13+0.19 +0.14 PRL 107, 221801 (2011)
Dt —  o'nt 791 —0.124+1.12+0.17 +0.14 PRL 107, 221801 (2011)
K+ 977 —0.36 4 0.09 4 0.07 +0.03 PRL 109, 021601 (2012)
K§KJr 977 —0.25+0.28 £0.14 +0.05 JHEP 02, 98 (2013)
Dt Kont 673 +5.45 £ 2.50 + 0.33 +0.29 PRL 104, 181602 (2010)
N KéKJr 673 +0.12 £ 0.36 + 0.22 +0.05 PRL 104, 181602 (2010)
OBelle Il = \/(Usztat +0%s mﬂi% + Ored
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Summary and Prospect

Summary and Prospect

mixing and CPV measurement at Belle and prospect at Belle Il

o WS decay D° — Kt7—: (5.10):
o x 2=(0.0040.22(stat-+syst)) x 10~3; y =(4.643.4(stat+syst)) x 103

o CP-eigenstate D° — hth—:
o ycp=(+1.1140.224+0.09)%(4.70); Ar=(-0.03+0.2040.07)%

o self-conjugated decay DY — Kg7r+7r*:
o w/o CPV (2.50): x = (0.56 £ 0.1910:9519-96Y%, y = (0.30 £ 0.157% 321993 )%
o w/ CPV: |g/p| = 0.9015 30 03505 arg(a/p) = (—6 £ 11 £ 315)°.

@ sensitivity estimation at Belle II:
o D° - Kintn~: o = £0.08%, 0, = £0.05%; 0|q/p| = £0.06, Carg(q/p) = £4°.
o D° — KTz~ 70 (with improved time resolution): o /5 = £0.022%, oy = +0.34%

# (FEHX), 28 - ixing and CP violation in charm sector at Belle Aug. 23, USTC



Summary and Prospect

Summary and Prospect

DO-DO mixing and CPV measurement at Belle and prospect at Belle Il

o WS decay D° — Kt7—: (5.10):
o x 2=(0.0040.22(stat-+syst)) x 10~3; y =(4.643.4(stat+syst)) x 103

o CP-eigenstate D° — hth—:
o ycp=(+1.1140.224+0.09)%(4.70); Ar=(-0.03+0.2040.07)%

o self-conjugated decay DY — Kg7r+7r*:
o w/o CPV (2.50): x = (0.56 £ 0.1910:9519-96Y%, y = (0.30 £ 0.157% 321993 )%
o w/ CPV: |q/p| = 0.90%G 184005005, arg(a/p) = (=6 + 11 £ 3%3)°.

@ sensitivity estimation at Belle II:
o D° - Kintn~: o = £0.08%, 0, = £0.05%; 0|q/p| = £0.06, Carg(q/p) = £4°.
o D° — KTz~ 70 (with improved time resolution): o /5 = £0.022%, oy = +0.34%

direct CP violation in charm decays at Belle and prospect at Belle Il

o DO — 7070 Acp=(-0.03+0.64+0.10)%. Belle II: c(AT,™ ) = 0.09%

+ +
° Dz;) decays: almost statistical limited, A?P e o = (—0.363 & 0.094 £ 0.067)% (3.20)

@ no evidence for CPV in charm sector.
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Detectors at B-factories

Belle at KEKB
Belle Il at SuperKEKB

© Detectors at B-factories
o Belle at KEKB
o Belle Il at SuperKEKB
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Detectors at B-factories

Belle at KEKB
Belle Il at SuperKEKB

Integrated luminosity of B factories
Belle Detector
Acrogel Cherenkov ent. 1o ) >1ab™!
. Aerogel Cherenkov cnt. 1200 ,
S?;T”'e““’ S - wlois-Lu » E‘ i
- = Y(45): 711 !
1000 = Y(35):3b"
CsI(T) — I Y(28): 258"
1 | Y(18): 6 *
IGXO 800 Off l‘esun./sl;:nn:
TOF counter —~ ~ 1008
pe 600 - : ! P
e %ﬂ ~550 fb*
8 GeV g~ 400 - : On resonance:
¥ [ Y(4S): 4331 "
% ‘Qm\all cell +He/C,H, Y(35):30 b
% ! 200 Y(28):14 b "
. ) = Off resonance:
N 1 / 0 ] ~54 fb!
Si vtx. det./

1 /'K; detection

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
14/15 lyr. RPC+Fe

3/4 lyr. DSSD

@ asymmetric-energy et e collider with 22 mrad cross angle for Belle.
o Belle has high peak luminosity 2.1 x 1034 cm—2s~1
e good momentum/vertex resolution (K/7 separation up to 3.5 GeV/c)

o final state with v/K2/70 can be well reconstructed that are difficult/impractical to
reconstruct at hadron machine

low background(BKG), high trigger/rec. efficiencies, minimal decay time bias

(FEAHX), 28 % and CP violation in charm sector at Belle Aug. 23, USTC 16/14



Detectors at B-factories

Belle Il at SuperKEKB

D
() KL and muon detector:
Belle IT Resistive Plate Counter (barrel)

Seifitillator + WLSF + MPPC (end-caps)
= Sy

EM Calorimeter:
CsI(T1), waveform sam, .{\‘\\
Pure Csl + waveform sa

\'\

Identification
-of-Propagation counter (barrel)

electron (7GeV) Aerogel RICH (fwd)

2 layers DEPFET + 44dyers DSSDE:

' \ / positron (4GeV)

Central Drift Chamb =
Small cells, long lever arm, fz

electronics

xing and CP violation in charm sector at Belle Aug. 23, USTC
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Dalitz amplitude analysis

Outline

e Dalitz amplitude analysis
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Dalitz amplitude analysis

Dalitz analysis formalism

o R. H. Dalitz (1925-2006), Australian Physicsit, To study "7 — 37" (kaon) decays. [Published:
Philosophical Magazine Series 7, V. 44, Issue 357, Oct. 1953, p1068-1080.]

@ Lorentz invariant phase space for n-body decay: py.my
n b, 1,

dp;
d®n(P; p1, p2, pn) = 0%( Zp, H(27r JéE

o Degree of freedom:

Decay types P PPP P — PPPP P— VPP
Examples D — K—ntr0 DY — 4x BY — ¢(2S)K—nT
4-vectors 3 x4 4 x4 3 x4

E-p const. laws -4 -4 -4

final state mass -3 -4 -3
arbitrary rotations -3 -3 -1(2 vector helicity)

Total d.o.f 2 5 4

mixing and CP violation in charm sector at Belle Aug. 23, USTC 18/14



Dalitz amplitude analysis

Dalitz analysis formalism in 3-body decays

decays of Py — P1P2Ps:
mf2 + mfa + mgg = M? + mf + mg + mg = const.
Standard form of Dalitz plot (DP):

1 1
T (2m)3 32Mm8

TR 2 2
|M[2dmy;dm3g

DP kinematic limit: (eg: the form related to cos 6y)
1 + cos Ope 1 — cos Ope
A+ (M) e

g 2
€os bpet = —1 == (M33) min
cos Ope = +1 = (M33) max

mga = (mgs)min

DP structure of different spin-J particle

g 3 Q 4 Q :

¥ ¥ ‘
2
T | (a) scalar 29 (b) vector 29 ‘ (c) tensor
) ) )
i s i
! ok !
B L e N L e e S

_
o o
T T

(d) constr. interf.

10

3

8

Vet

2

m. (G

15 20 25 30
m2, (GeVZ/c?)

5(f) destr. interf.

Two scalars, A¢g =

0

(®)
Two scalars, Ap =0
5 10 15 20 25
m’, (GeVic’)
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Dalitz amplitude analysis

Isobar model for amplitude of 3-body decay

@ 3-body decay includes qusai-two-body decays: CF decays, DCS decays, CP decays etc.
@ matrix element as a coherent sum of processes where one daughter is spectator.

M(m§b7 mgc) = Z afei¢r“4’(m§b’ m127::) + aNRei¢NRANR(m§b7 mgc)

r
@ amplitude of spin-J resonance: A, = Fp X F, X T, x W,.

) @ T, Resonance line-shape
o Fr, Fp: Blatt-Weisskopf Form Factors e narrow resonances: Breit-Wigner mode with

e Fjmo=1; mass-dependent width.

V1+ R2q? e ap(980) and fp(980): Flatté mode.
° Fi=1 = ﬁ o Km S-wave: LASS mode.
\V 1+ Rqg, e 7m S-wave: K-matrix mode;
V9 + 3R2p2 + Rip} o mm P-wave p: Gounaris-Sakurai mode.
o Fj=2 = e non-resonance: constant (or exponential)

\/9 + 3R2p2, + Riph,

here R is phenomenological factor, RDO =0 tol0
GevV ™! R=01t03 Gev ™1l

o W, angular distribution

e Zemach tensor formalism,
o Helicity formalism.

A (FEAAX), 28 % g and CP violation in charm sector at Belle Aug. 23, USTC 20/14



Dalitz amplitude analysis

Two forms of angular distribution description in Isobar model

@ Zemach tensor form:

W—o (ABC|P) 1.
M2 — M2)(M? — M?
WJ=1(ABC|r) mgc_m%)c—’— ( D Clw(g b a)
2
[ M2 — M2)(M2 — M2)]°
Wi—o(ABClr) = |m?. —m2+ (Mp = Me) (M, b)}
Mz
1 2 2 2 (M%_ M?)2
—— |m%, —2M7 —2M% + —————— | X
3 ab D c M%
[ (M3 — M3)?
mfb_QME_QMt%"'aTrb .
o Helicity form:
W,—o(ABClr) = 1.
Wi (ABClr) = —2(3-§) = —2|pl|q| cos bp.
4 oo 4
Wima(ABCl) = 2 [3(8-@)* = (Iplla)*] = 5 (3lpI|| cos® 01 — 1)

F£4 (FEAAK), £8 - mixing and CP violation in charm sector at Belle Aug. 23, USTC pAVALS



Dalitz amplitude analysis

DP fitting method: maximum likelihood (ML)

probability density function of signal:

|./\/l(m12 i* m23 ,)\Ze(mfli, m%B,i)

2 2y —
Psig(mTy j; M3 ;) = ?4

2 N2 2 2
de12dm23 |M(’"12»m23)| €(mya, mag)

o efficiency plane e: large signal MC of 3-body decay produced at free PHSP.

unbinned ML (X=signal and each background):

2InL =237 1In [ZX FXPX(’"%z,iv m%B,i)]'
@ signal and BG fractions fx: extracted by M-Q fitting;
o fit fraction of intermediate resonance decays:
$op lare®r Mi(m?y, m33)[>dmi,dm3,
$op |M(m3y, m33)|2dmi,dmi,

_ ar . _ n 2 . _
OFFy = 2?FFr' OFF, = \/ 2 ilo OFF; Ototal = V20FF,
r

FF, =

mixing and CP violation in charm sector at Belle Aug. 23, USTC 22/14



Dalitz amplitude analysis

mass resolution of DP

) + -
. _ e in DY —» KOKtTK—: opp ~ 2m,- T,
o in D° - Ktn= 7% opp < 2m,- T, (6(1020 S 138 MD\"; )
I(K*(892)°) = 48.7 MeV/c2 (9(1020)) = 4.38 MeV/c". =
R = ] e miye = C— (rnJr + m= ) and mdf = mi —mZ
s [ s [pare———
e e ot o F e oo o " N
ok B 060005 12F B a0ers0omtes 10 1019
Jp— 5 onzs:ons . . s s
10 B 2 N
o o 8 8 .
© © f ] o o
] S 9 S . % 4
o’ ‘f’ 4 g’ 4 % 4|
d 5
9 o 3 o 3
2 2|
e et | |
0 05 1 15 2 25 3 0 02040608 1 12141618 2 el bbb bt ettt
m2, (GeViic) e, (GeVAct) 09 1 111213 14 15 16 1.7 18 19 1-0806-0402 0 02040608 1

m2, (GeVAic’) mdf (GeVZ/c)

@ exactly need a 2-dimensional integral for each event: time consuming

o grid size with Gaussian (W = e_(/2+j2)/2):

3,3 3,3
pfresci(,y) = > pdfix+lowy+joy) - Wy/ > W
I=—3,j=—3 l=—3,j=—3

charm sector at Belle Aug. 23, USTC 23/14



Dalitz amplitude analysis

an example of Dalitz fit in D — K(S)TFOT]

o Dalitz plot fitting at generator level: o Dalitz plot fitting at reconstruction level:

e
¥

e
T ¥

m2,, (GeVi/ct)

Events / 0.029 GeV/c*
Mz, (GeV?ic?)

Events / 0.029 GeV/c*

Fi E -
o7 T T

x a
mf(g“,, (GeVZc?)

o5 o8 1 12 14

mﬁ,;“,, (GeVZc?)

Events / 0.030 GeV/c*
Events / 0.042 GeV/c*
Events / 0.030 GeV/c*
Events ./ 0.04? GeV.z/c‘

B RN T e AR R AR I i TR i R R RN T T
208 278
m2, (GeVic?) m,, (GeVic?) %, (GeVic?) m2,, (GeViict)
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TDDA in D0 — Kt 7~ =0 at BABAR
prospect estimation at Belle |1

time-dependent amplitude analysis

o time-dependent amplitude analysis
e TDDA in D° — K+t7— 70 at BABAR
@ prospect estimation at Belle Il

charm sector at Belle Aug. 23, USTC



TDDA in D0 — Kt 7~ =0 at BABAR

. " . spect estimation at Belle I1
time-dependent amplitude analysis prospect estimation at Befle

time-dependent Dalitz analysis (TDDA)

lifetime fitti ith unbinned ML:
@ signal and random BG lifetime: ¢ fftetime Titing with unbinne

1 2InL =2 In(f;, - s;g(tno'thDO)
pig(t;7pn) = ——e /700 Z

Tpo
+ fog - Pog(ti, 01))

@ combinatorial BG lifetime:

T T
—4 data SVD12
— total it
Eicmb.BG

e~ t/Temb

Pbg = f5(

o time resolution R(t,o¢):

Events / 60 fs
3

R(t,ot) =fo Go(t; p10t, 010¢, fi, p20ot, 020¢)
+ (1 = fo)Ga(t; u3, 03, f3, pra, 04)

-2000 -1000 0 1000 2000 3000 4000

o reconstructed D° lifetime t £,.0% (fs)
; w2 o Yot 3

Px(t) = px(t) ®: Rx(t, o1) (X = sig, bkg) 5 e Fnliy o~
e . R )

25/14
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TDDA in D0 — Kt 7~ =0 at BABAR
prospect estimation at Belle |1

time-dependent amplitude analysis

time-dependent Dalitz amplitude analysis (TDDA)

o time evolution of DP for D° — f (A\f= gif):

f
14 |Af?
M2 = \Afﬁe*“[%ﬁ cosh(yI't) — R(A/) sinh(yI't)
1— |af?
+T cos(xI't) + S(Af) sin(x't)]
M [GeV/e]

i 2
SR / 2 2 / 2 2
f(j' dt’ Rsig (tj — t ,U;)|M(m12’i, m23’i,t)| e(miy j» m33 ;)

o signal TDDP: pgz(m2, ;, m3, ;, ti, oh) =
s s , +oo 2 2 2 2 2 2 2
o 7 dt [pdmizdm3s | M(miy, m3s, 6)|7 e(miy, m3s)

@ random BG TDDP:
o D% = Kghh: Mg = (1 — fu)|M(m3, m2, 0)Pe(m?, m2) + fo|M(m2, m, 1)|%e(m?, m})
o DY — KT7n~ 7% t-DP 3-dimensional histogram from RS in signal region.

@ combinatorial BG TDDP:

o D° — K2hh: DP from sideband M(mi, m2) X pemp(t)-
o D° — K7~ 7% t-DP 3-dimension histogram from WS sideband.

o TDDP fitting with unbinned ML:
2InL =237 l"(";ig/’sig(miz,n ’"53,,‘: ti, ol %, y) + > 86 féGPBG(m%zi’ m%S,i’ i)
avoid the Punzi bias:

2InL =237 ln(f;igpSig(m%Zi? mgs,ﬂ ti, ‘7;§ X, Y) g/";(o-;) + 86 féGpBG(m§2,i7 mgS,h tf)”ﬂ;(";))
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ToDA in D9 — Kkt =~ =0 at BABAR
prospect estimation at Belle I1

time-dependent amplitude analysis

TDDA of WS decay DY — Kt7— 70 at BABAR [PRL 103, 211801 (2009)]

DP fitting for WS pes cr
DO WrongsSign Kz " )0 RightSign kg7
RS(WS): 658,986(3009) events with a purity of 99%(50%) Mix cF Mix ocs
DO )

DCS: 7 res. (the largest fraction of conjugated channels in RS);

mixing c

o
]
@ CF: 12 res. in RS TIDA result with all par. fixed.
)

Mixing par: (c1 = X' /rg, ca =y /rg) in

LEvents/0.05 GeV-/c™

1
2 DCS 2
M? = (1421 +

DCS 5 CF DCS 5 CF —iP
+ (@ RAFPCALT) — o S(A7PCAL T ))Dee

ToyMC studies to correct the uncertainty bias:

C% +c§
4

SCF 2 1012
[A777(T't)

+0.080¢, .

@ ¢ =
co =

@ significance:

—0.002 £ 0.090 £ 0.059,
+0.353 & 0.091 + 0.052.

—2A1In £ = 13.5 (3.20).

160 Ein po &
l @ fo _ 0 [OF B ~
= w R . S o) ) 1
100 % 2| E E o
K S 15
e = o T
e H e |
- = e s 0 0.6
d " 05k, L " Lo ol
0s 1 15 2 25 ° 05 1 15 2 25 o L
m} . [GeVet] m}.. [GeVc'] 0.4 \
3 b
2 & 0.2~ 3.20
H 2
5 o F N
E] g °
3 S
?’ % o2p 1 | 1 I I
2 2
a A 06 04 -02 0 02 04 06

L
m2., [GevZc!]

25

C4
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.211801

ToDA in D9 — Kkt =~ =0 at BABAR
prospect estimation at Belle I1

time-dependent amplitude analysis

TDDA of WS decay DY — Kt7— 70 at BABAR [pRL 103, 211801 (2009)]

extraction of mixing parameters

+0.25

@ obtain rg = (5.257 57

+0.12) x 10~ 3 using

2 2
3 = Nyys/[Ngs(1 + yA? — xB2 + EX°)] with
A%(B?) = §pp R(S) (AP ASF)dm? 5 dm3 5.

@ ToyMC 106 (X//ro, }//’0) points in accordance with the fit covariance matrix.

@ for each point, compute ry and then extract x' = (2.61

0.55 A
Y = (—0.0619:55 + 0.34)% with p = —0.75.

+0.57
—0.68

4+ 0.039)% and

%06 004 002 0 002 004 006
X

search for CP violation in mixing or interference

@ TDDA of WS D° and D° events separately:

DY X't = (2537052 £ 0.39)%, y'T = (-0.051:82 £ 0.50)%, with p = —0.69;
D% X'~ = (3.551075 £0.65)%, Y~ = (—0.547919 £ 0.41)%, with p = —0.66.
o oos—y, o 008
W -

0.02| 0.02|

Do

(F BAK), 2E %

DO
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TDDA in D — Kt 7~ 0 at BABAR
prospect estimation at Belle Il

time-dependent amplitude analysis

sensitivity estimation of TDDA in DY — KT7— 70 at Belle Il

Belle Il at SuperKEKB Smearing D lifetime

@ Phase I: beam commissioning (2016 Feb.-Jun.) Belle I

ime resolution o =140 fs, twice better than Belle (270 fs)

@ Phase II: collision tuning (2017, 1034 cm—2s—1, 20 b~ 1) =f iy E

@ Phase IlI: full Belle Il commissioning (2018 starts) & &

S i i

@ (40 times)8 x 1035 cm—2s~ 150 ab— 1 dataset &= / H
10| 7
. | BEEC .,

We are really not in the future!! A s o 4 e Mt
i v

TDDA at generator level

with DCS res. and (x,y) floated;

with CF res. and lifetime and resolution(smear) par.s all fixed.

e, @eVic)
Events 10015

Y

Events (10015

g, (Geviic) 0 itetime (ts)

7 E ‘

g gy A L S A 2 I 3 N 2
%, (e %, (GeVi) z b (A\\ e § ] /j’ | E 4 ““
§ S s/ \ s+
0 v | iy V1oey/ PR}
% A 3 I H A |
5 /\ i1 | “< | ‘ g
B : (’"k_/"\ g, GV eV i (GeVic)
8o \\\—A\ ER ‘J \ ox = £0.06%, oy = 0.049% obtained from the average of 10 sets of
Ay A e u

g (GovieY signal MC samples (reported at 4t B2TiP workshop May 23-25, Pittsburgh)
v v
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