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o Introduction — CPV in SM, CKM angle ¢3

o D% — K77~ strong-phase measurement
— statistical advantage
— D% — K27~ inclusion
o D% — K, ntm~ amplitude models
— Importénce
— Formulation
— Preliminary fits

Beijing Spectrometer
(BES-III)
(NIM A 614, 345 (2010))
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https://arxiv.org/abs/0911.4960

CP violation in Standard Model

o Unitarity triangle:

Vg Ve -
Vig Vi + Veg Vi + Veg Vi = 0 o 93 (= — vy is the only
angle measurable from " tree”
(p.) level B¥ — DK® decays.

(Direct measurement)

.-'L o Theoretically clean
AP ¢ V.V (corrections O(1077))
v/ V, V.| [arXiv:1308.5663]

° (¢27¢2) = ¢3

(Indirect measurement)

f‘\f 0

c[J () (1.0

e Direct precision measurement of ¢3 is crucial for testing SM description of
CP violation and for NP.
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CP violation in Standard Model

o Unitarity triangle: VeV,

VgV, + Vg Ve, + Vig Vi, = 0 o 63 (= -y is the only
angle measurable from " tree”

¢3 — Current status (latest LHCb results not included)
[P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)]
“55 ' E ”55 T &AI
T ie) i "l ama g
= E 05 ;q sin2p
) . AT T 3 A ’ E
3 . 4.1 = . —-1.0
Direct: ¢35 = (72.1754)° Indirect: ¢3 = (65.7_57)°
Precision needs to be |mproved!

e Direct precision measurement of ¢3 is crucial for testing SM description of
CP violation and for NP.
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The golden channel — ¢3 measurement

o B~ — DK—, D — Kr*7~ (BPGGSZ [1])

o B~ decay amplitude:

Ag-(m3,m2) = Ap(m?, m2) + ngge"(‘sfr‘m.,étD(mfr7 m°.

(m?p m%)E(Sngﬁ SK‘S]W*)

o N(B) = F(¢3,r8,08, Adp(m?, m*)) = Binned analysis
/ N

Suppressed to favored Strong-phase difference
B decay amplitudes between D° and D° :
decays i

N/i = hg [Ki;—kréK;;—|—2\/K;K_,-(xic,-:|:yis,-)} w;‘

hg: Normalization constant

(xx,y+) = (recos(dp £ ¢3), resin(dg + ¢3)) 0.5;

350

3

K;: Flavor tagged yield in it bin of Dalitz plot

ci(si): Amplitude averaged cosine(sine) of the
strong-phase difference (Adp) over the it bin of DP.
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The strong-phase (Adp) parameters

The parameters of interest:

.|AD(m§r7m27)\ |Ap(m?% ,m?)|cos(sin)[Adp(m? ,m% )]dm3 dm?.

C,'(S,'): L
J/Ap(mi,m2)|2dmidm2/AD(m2,mi)2dm2+dm2

1 !

Precision measurement because...

o Crucial for model-independent ¢3 measurement in B+ — DK®* and other B
decays

o High precision strong-phase measurement needed for D° — D® mixing and CPV
in charm.
(PRL, 122, 231802 (2019))
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BEPC-Il and BES-III

o Symmetric collider

o Quantum-correlated D°D° pairs produced in e*e™ collision at 1(3770)
(v/s = 3.773 GeV) resonance. (2.93 fb~1)

0 2 X Mpo =3.73 GeV = M,
= Negligible background because there are no extra particles

o JPC (4(3770)) =1~
[4(3770)) = % (1D%)|D°% = 1D%)|D°%) = 75 (IDcp-)|Dep+) — |Dep+)|Dep-))

‘”antisymmetric state” ‘ Dcpy = %(|D°> +|D%)

V

M
et y(3770) e

= Flavor & CP tagging!

Dep.
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Model-independent strong-phase measurement

D° — KImtm~ expected yields

o Number of CP-even or CP-odd tagged D° — K3n" 7~ events in the i*" bin of

the DP:
M,:t = hcp+ (K,’ —(2Fcp — 1)2¢i/KiK_;i + K,,'>

d+s7<1
o DD — (K3ntn™)? yield in the it bin of D° decay and jt bin of D° decay
Dalitz plots:

My = heorr [K,-K,j + K_iK; — 2K K KK (cici + s,-sj)]

Inclusion of D° — K27 "7~ mode

O Provides boost in statistics
— Combinatorics: N(K3ntm™ vs. KPntn™) =2 x N(Kdr 7~ vs. Kdmt77™)
— Only KQ — 77~ (=~ 70% BF) reconstruction.

O Introduces additional constraint in <0 +Defay m;%e+ = Da;agglild?,l[ll]
the log-likelihood function along with | 787 ™ Vo- 787 T
K m~ vs. Kim™ 3438 £ 72

extra parameters to fit.
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D° — KPnt 7~ expected yields

o CP-tagged vyield:
M* = hep, <K (2Fcp —1)2c\ /K K, + K_ )
o DO°D° — KOn 7= (i) vs. Klrt7m—(j) yield:
My = by, {K,-K’,j + KoK =2/ KiK KK (cicl + s,-sf)}

Better precision expected because

In comparison to PRD82, 112006(2010) (CLEO-collaboration),
o Larger data set. CLEO: 0.818 fb=1, BESIII: 2.93 fb~!

o Partial reconstruction technique: (K3mt7m~ vs. Kdn+
K(m°

mlss) and (K3 tm™ vs.

70 .)T ) in addition to fully reconstructed Ko+~ vs. Kdntm—

O Inclusion of KEﬂ'+7T7 modes: Missing momentum technique
— loose selection criteria requiring no hadronic showers.
= ~ 30% boost in K relative reconstruction efficiency

o Extra tag modes included e.g. 7*7~ 7 CP tag (BF = 1.49%) and

KO( mlSS)TrJrﬂ._

Anita KE‘rr‘rr amplitude model and reconstruction December 04, 2020 8 /19



D° — KPnt 7~ expected yields

o CP-tagged vyield:
M* = hep, <K (2Fcp —1)2c\ /K K, + K_ )

o D°D° — Kortn— (i) vs. Kontm—(j) yield:

L] L T T T T
K Komm, vs. Kym'm :: 300F g (n"ﬂ:" I vs. Ksm'm
E sk (@ E (b)
wy wy
Better pre g g
g S
In compari 5 5
s s
o Large
o 00 o 02 010 005 000 005 010
< [Darfe M., (GeV¥ch  (PRD,101,112002 (2020)) My, (GeVc?) -

K(mO7% . . )mt7m~) in addition to fully reconstructed K{7 "7~ vs. Kdr T 7

o Inclusion of KPr ™7~ modes: Missing momentum technique
— loose selection criteria requiring no hadronic showers.
= ~ 30% boost in K relative reconstruction efficiency

o Extra tag modes included e.g. 7*7~ 7 CP tag (BF = 1.49%) and
K(m° yrta~
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Summary of tags and yields (PRD, 101, 112002 (2020))

Tag type Modes
Flavor Kt KTo 72, KTr—ntn—, Kte ve
CP-even | KTK~,mtm™, K¢n%7%, mtr= 70 K270

CP-odd K70, Kdn, K1, Kw, KPm0x0
Mixed CP Kontm™
Tag type DT yield
KIm Kot
Flavor 23457+319 406424423
CP-even 25281124 5003+178
CP-odd 1725+106 1485+117
KOntm— | 1833482 3438472
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()

i

()

i

and s

Extraction of ¢

—2logL = —2 37 1 InP(NS™, (NF®)) cp ko n
8 obs ex|
—2 Zi:l /nP(NI b ; <NI p>)CP,KE7T+‘IT_
—2 3702 InP(NE, (NE#)) ko K
-2 21112:81 /n'D(Nr?bS/7 <N§XP>)KETr+7r*,Kg7T+7r*
+x?
P(N®bs (N®P)): Poisson probablity to observe N°> events given the expected
number (N®®).

2 2 / 2
2 CI-—C,'—AC,' S,-—S,'—AS,'
XZ( SAc; ) +Z( 3As; )
(c/ — ¢;) and (s! — s;): Observed difference (model-independent)

Ac; and As;: Predicted difference (amplitude model)
6Ac; and 6Ac;: Conservative uncertainties on predicted values

() )

Predicted values of ¢; ’ and s;

e ¢, s D° — K377~ amplitude model (Phys. Rev. D98, 112012 (2018))
e ¢/, s!: Estimated model that involves assumptions on parameter values. (more later)

171"
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()

()

¢;’ and s;’ results
U | I | T T UL | 1 T T |
1.0] 1.0F B
0.5 0.5k .
«™ (.0 “w 0.0F -
-0.5) -0.5F .
-1.0 -1.0F ]
1

W P I PR I
-1.0 05 00 05 1.0
ct
1

"Equal Adp binning”

— This analysis (Phys. Rev. D, 101, 112002 (2020))

— Model predicted values (Phys. Rev. D, 98, 112012 (2018)
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()

()

¢;’ and s;’ results
L I I I T T L I T I
1.0 1.0F b
0.5 0.5 ]
%~ 0.0 “w 0.0F 1
-0.5 -0.5F .
-1.0 -1.0F E
A P A WS T R
-1.0 05 00 05 1.0
<
Mean: 733
aook RMS : 0.7
— This analysi S 600 2020))
S a0
— Model predi & 112012 (2018)
Mh
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¥()
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) \
— Statistical
— Total

CLEO-¢

¥ BaBar Model

. =1.5
v Statistical
Total

(e)

5!
=15 1 0.5

Number of DP bins: 4

(PRD. 102, 052008 (2020))

Anita

0 f |
I‘.l }1'
-0.5 N\
AN
1 CLEQe T
1 * BaBar Maodel
] i
v g M5 s 0 s 1 s
C z
o
-
9:1000 Mean 74.0
‘E RMS 1.3
o 800
=
w
600
400
200
B0 65 70 75 80 85

90
¥(°)

KE-rr-rr amplitude model and reconstruction

December 04, 2020

12 /19



K vs. Flavor tags
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D® — Kdntm~ — the baseline model (PRD, 98, 112012 (2018))

A (Migre: Mg, ) =

>

rA (K /7)o

af'eid)’A’(Miz(ngrﬂM}z(gw_) + ]:1(M72r+7r*)

+ Akw(L:O)(M;z(gﬂ-f) + AKW(L:O)(Mig,r+)

D° — Kirtm

1. The DCS resonant components

—  building up from D® — KOn 7~

2. CP eigenstate amplitudes,

gain a 180° phase shift, i.e. ggfm .
ACF = —tan<0. P(DO—KYFE,)
&0
A(D® 5 KOrtn—) = Komm )
qu f%Z%S+ZA¢ (7 = rxe: U-spin breaking)
Komrm e K3
CP _ 1 [ACF DCS
A(DO — KO7T+7Ti) = AKgﬂﬂ' - W[Akoﬂ'ﬂ' - AK°7r7r] andv
cF - pCs cP AP — L[ACF 4 ADCS
Z ARO‘n'Tr - Z AKO‘n'Tr + Z AKET‘- = K][_),T"Tr V2V Ko Ko
ACP
K mm — tan®0.p A .
Phys. Let. B 349 (1995) b = T ~ (1 — 2x tan’fere™)
Qrn
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D® — Kdntm~ — the baseline model (PRD, 98, 112012 (2018))

A (Mf(gﬂ'+7 Mlz(gﬂ_) = Z a"eié’A’(Miz(gﬂ'*’ Mfz(gw—) + ]:1(M72r+7r*)

rA (K /7)o

4 Akw(L:O)(M;z(gﬂ.—) 4 -AKW(L:O)(Mf(gﬂ.Jr)

D° — KPntm~ — building up from D° — K{nt

2. CP eigenstate amplitudes,

re and dx (In model-independent analyses)

e ri: Gaus(1.0,0.5) (assumption)
e 04: Uniform(0°, 360°) (assumption)
Also, Phys. Rev. Lett. 125, 141802 (2020):
BF(D* — K*m~m+m®) = (1.13 4+ 0.08 4 0.03) x 103
= (6.28 £ 0.52) x tan*dc x BF(D* — K77t 70)
= DY — KX7*7m~ needs to be modelled.
A;(,Oﬁﬁ 1 — 1,;\112{)Cﬁk

Phys. Let. B 349 (1995) A = Triaras ~ (1 — 2 x tan®0crke™)

C
KQmm
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D°® — K{m 7~ amplitude formulation (PRD, 86, 010001 (2012))

1. P, D-wave resonances: BW barrier factors, Zeemach formalism, Breit-Wigner lineshapes

2. S-wave resonances
2(a) ww S-wave (K3r): KC-matrix formalism
2(b) K S-wave (7%r): LASS parametrization

N
L= H |:f51g X Ps:g K07r+a M;2(0 —) +j;7/fs,/g)*>< Pbkg K07r+7 MKO _):|
i=1
(MKOW+7 KO *)|A(MKO71.+7 MKO 7)|2

f (Mf(o + KO —)|A(MK07T+7 K° —)‘szKO +dM;2(0 -

2 2 _
Psig(MKgﬂ+: MKgW—) =

Event Selection: Similar to model-independent analysis (K7, Kwrm, Krr® tag modes) U

Normalization sample (phase-space signal MC)

Using MC integration technique, the normalization factor in the likelihood can be reduced

to:
N=5 Z [ Ai(Mig e, Mig - )
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D°® — K{m 7~ amplitude formulation (PRD, 86, 010001 (2012))

1. P, D-wave resonances: BW barrier factors, Zeemach formalism, Breit-Wigner lineshapes

2. S-wave resonances
2(a) ww S-wave (K3r): KC-matrix formalism
2(b) K S-wave (7%r): LASS parametrization

i=1

N
c=]] [f X pas (Mg, MEg ) + (L—F5 % posg (Mg, MEg —)}

2
2 2 (MKO £ KO 7)|A(MK0W+7 KQW7)|
Psig(MKgﬂ+7 Mng—) = Efficiency
S T
2557 0.25p |
E 0.2
Event Selection: Similar to model-independdl . 2f i J
3 1_5; | 0.15|
i i 1 o E, N 0.1
Normalization sample (phase-space signal N 1 -._-
Using MC integration technique, the normaliz§§ s " m 0.0
to 1 N ;u | L | P | L |
N = N Z |A,( 0 0.5 1 v 25 o
i=1
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Corrections to the pure FT model

1. Efficiency correction ‘Accounts for a constant in —2Iog£‘

e

p (M2 M ) (Iw!z(oﬂ”r K0 7)|A( K°7r+’Mi2(0 7)|2
sig K07r+’ KO _) =
/ (MK°7r+’ K° *)|A(MK°71'+’ K0 *)|2dMK07r+dMK° -
D

=N Zl 1 |~A( K0W+7M;2(0 7)|2
where, N = Number of fully reconstructed and selected phase -space S|gna| MC events

2. DCS correction
DCS to CF ratios and Coherence

o Data contains DCS contamination factors [11]
0 0 4. — 1O -
e. (D° — Kn*tn—, D% — K-t 3 £ (%) 560°) Ry
etc.) Kr | 5.86+0.02 | 194.7787 1
@ Model needs to be modified to Krrr | 5.494+0.06 | 128735 | 0.43107]
accomodate such events Knm® | 4.47£0.12 198+ﬁ 0.8119%

‘A(MKOﬂ—Jra MKO —)‘2 — ‘APFT(MKoﬂ-w MKO —) +-ADCS( KOﬂ-Jra MKO —)‘2
= |Appr[? + (r5)?|Apcs | — 2rfh ReRe(e’> ApprAfycs)
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Amplitude fit - On toy sample (/O check)

ok Toy sample | =104 | Toy sample
00f- | 1800 ;’ Toysmee 400 E—
350) 3 I 600} i faecsprancs + CS coractons) 350 3
so0f- | - Toy sample | =o-
2505— mmi 2500 | h
200;— eaué zun; f ) I
150E I 4 | sonf- o
E 1 £ E
100; ; 400? 100;—
d G.‘S‘ = 1‘ - ‘|!5I - é - ‘2.‘5‘ = ; O.‘ﬁ‘ e II — ‘I.E-I-‘ — 2 - I2.‘5‘ ! 3 ‘bz ! IO‘Z‘ ! ‘0.'4‘ ! ‘0‘5‘ : ‘0‘8‘ ! I:‘ ! ‘1.‘2” ‘I.‘4I H‘I‘G‘ H‘.IE 2
Sz St - Sy
Resonance | Starting values (a,, ¢,) | Fit values (ar, ¢,) (< 30 components fixed)
p(770) (1.0, 0.0) (1.0, 0.0)
w(782) (0.0388, 120.7) (0.0342-£0.0028, 111.7+4.9)
£(1270) (1.43, -36.3) (1.34+0.11, -58.3:4.4)
p(1450) (2.85, 102.1) (4.28+0.32, 88.0+3.4)
K*(892)" (1.72, 136.8) (1.78£0.02, 136.3+1.2)
K3 (1430)" (1.27, -44.1) (1.60+0.08, -30.1+3.3)
K*(1680)~ (3.310, -118.2) (3.310, -118.2)
K*(1410)~ (0.29, 99.4) (0.8340.10, 173.4+7.5)

..remaining isobar and JC—matrix parameter values in backup
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Ongoing work

o Simultaneous fits to D° — K27 7w~ and D°® — KPmt 7~ to extract values of ry
and &, and hence Ac; and As;

o BESIII is going to collect nearly 20 fB~! data at 1(3770) by 2023
= Uncertainties coming from model-dependent parameters will be significant

/ /
o With the largest dataset available at BES-III, the most precise c,-( ), s,-()
measurement till date using D — Kg/Lﬂ+7T_ signal modes have been

carried out.

o More and more precise values of these strong-phase parameters would be
required with the ever increasing statistical precision on ¢3 with LHCb and
Belle-1l datasets.

o D — K]‘37r+7r_ amplitude model inputs are required to better constraint
and propagate smaller uncertainties to the strong phase parameters, ¢;(’)
and s;(’) and hence to ¢3.

o With D® — K77~ as a baseline model, D° — K’ "7~ model is
constructed with required modifications in DCS and CP amplitudes.
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/
75'

K™K~ decay mode

0 0
results for D° — KS/L

(Phys. Rev D. 102, 052008 (2020))
Number of DP bins: 2 and 3

m-1.‘

- =15

— Statistical @ [ — Statistical
Total (a) 4 Total (b)
0.5 2 0.5/ {:2 i
1 t - T
| \
0 I of 1]
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. s") results for D° — Kg/LK+K* decay mode

(Phys. Rev D. 102, 052008 (2020))
Number of DP bins: 4

1.5 . . 1.5
0 — Statistical 1 ] Statistical
4 — Total (e) ¥ Total i (f)
| cfa—#’ :
0.5! 0.5/ /|3 2 1
5 f[' 'r%‘ by
}1“'

fach
| —
0 0 [
\
-0.5 \
0.5 ‘
\x
1 — CLEO-¢ A clppe T

¥ BaBar Model
S5 05 0 05 1 15

¥ BaBar Model {
15505 0 08 T s
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D° — K{m 7~ amplitude formulation (PRD, 98, 112012 (2018))

1. P- and D-wave resonances (/sobar ansatz)
are " A (Mg o M2y ) = are™ (F(a,a0) x F(p, po) x Zu(R) x Ti(m))

. ]-'g) (]—",(L)): Blatt Weisskopf form factors for D — rh3(r — hih2)
e Z,(9): Spin formalism that describes the angular distributions for the decay process
e 7.: Dynamical function parametrized by relativistic Breit-Wigner line-shapes.

1(a) Form factors (F&(q, g0), F"(p, po)) [5][6][7]

Table: Blatt-Weisskopf barrier penetration factors

1+z (20—3)2+9z
Biu(q) | 1 Trz o3 res

where, z = (|q|d)? and zo = (|qo|d)?

e g(p): Momentum of the bachelor particle hs (one of the resonances’s daughter particles h;
or hp) evaluated in the resonance, r rest frame.

® qo(po): Value of g(p) when the invariant mass equals the pole mass of the resonance.

e In present analysis, dp = 5hic/GeV =~ 1 fm, d = 1.5ic/GeV ~ 0.3 fm.
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1(b) Spin dependence (Zeemach formalism) »tinc >t [8]

Z(l)(Q):l (2 2)(2 2)

Mg—M Mg —M
Zi(Q) - Mi2;2h3 = Mﬁlhg -— 7\34,31,;2 -
etc.

where, €: angle between h3 momentum (p) and break-up three momentum
(q), in resonance rest frame.

q = Ph1 - ph2

1(c) Propagator (dynamical term) — Breit Wigner line-shapes [3][5]

1
—m? — imgl(m)

7-r(m) = "5

Mg

mg: pole mass of the resonance

(2L+1)
_ q9 Mo\ ()2
r(m)_r0<qo> <m>}',

e 11 isobars, 20 free parameters
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.83.052001

2. S-wave resonances
2(a) mm S-wave (KQr): K-matrix formalism
2(b) K7 S-wave (m*r): LASS parametrization

Fi(s) = [ — iK(s)p(s)];* Pj(s)

— The index j denotes the particular channels (7, KK, mrnmm, mm, nn') contributing to the scattering
process.

— However, in this analysis, only the 77~ final states are considered and r — KK etc. contribute to
final parametrization of Fi(s) due to interference processes in the scattering theory.

— The production vector P parametrizes the initial production of states into open channels.

— The 5x5 K-matrix describes the scattering process and p(s) is a diagonal matrix with phase space

factors.
- Can be viewed as a propagator, carrying on resonances produced by

- [I — iK(s)p(s)] ! { P to a final state.
- All parameters in this term are fixed at each point on DP.
— The production vector P is defined as:

Pj(s) = F(Ba, £7°%)

where, 8, and ff}md are the complex production couplings and production parameters respectively, to
be determined from the fits.
— 16 free parameters
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D° — K{m 7~ amplitude formulation (PRD, 98, 112012 (2018))

3. Km S-wave (mr): LASS parametrization

Akr(t=0)(s) = Aprodei¢p’°d [Rsin(SRe’-éfe"z‘;F 4 Fsin5Fei5F]

— Parametrizes the CF K (1430)~ and the DCS K (1430)" contributions.

— 4 free parameters

Likelihood function to minimize:

N

c=]] [f X pas (Mg, MEg ) + (L—F % pokg (M2, Mg, )

i=1

(MKOWM KO 7)|~A(MK0W+7M;2(0 7)|2
peig(Mig o+ M- ) =

2 2
Jo (Mg s Mo IA(Mo s Mo, )I2dMio  dM,
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The problem of K2 regeneration — an aside

o A pure beam of K?: K?:L(KO+RO)
V2
o K% 5d; K sd
o While passmg through matter (of detector) made of uud, K° interaction will be more

than K° interaction.

O After passing through matter:
Amplitude of K® = f
Amplitude of K® = f
With, f < f

@ Total amplitude after passage through detector'

%(fKOJr?RO) (f+f)KL+ (fff)Ks

o .. Initial K are mis-identified as signal K2 events!
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Muon Detector

Bending Plane
ECAL HCAL

20

=z [m]

15

LHCb detector
o A significant number of K decay outside VELO and before the magnet.

O Average charged track traverses 60% of a radiation length.

O .. Regeneration is a systematic problem to understand.

o A measurement of the K P Dalitz plot will allow a data driven constraint of the
systematics involved with B — D(K{7m)K being reconstructed as B — D(K2rm)K

December 04, 2020 8/15
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Summary of tags and yields (PRD, 101, 112002 (20

ST DT
Mode AE (GeV) Ny csr (%) NGrr o B gy NEET K (g
Ktn [—0.025, 0.028] 549373 +756 6728 +003 4740+71 2728+0.07 95114115 3548 +0.05
Ktn [—0.044, 0.066] 1076436 + 1406 3512+ 002 5695+ 78 1445+0.05 11906+ 132 18.21 +0.04
Ktoraat [0.020, 0.023] 712034 + 1705 3920+ 002 8899 +95 1375+0.05 19225+ 176 18.40 +0.04
Ktew, 458989 £ 5724 6135002 4123175 2611007
CP-even tags
K K™ [—0.020, 0.021] 57050 +£231  6390+£005 443422 25971007 128941 33.60%0.07
e [0.027, 0.030] 20498 £263 6844 £008 184+14 2727+007 531+28 3560 0.08
Knz® [—0.044, 0.066] 22865+ 438 1581 +004 198+16 6474003  612+35 857+ 003
ataa® [-0.051, 0.063] 107293+ 716 3726 +004 790431 1428+0.06 2571+74 2029+ 006
K90 103787 £ 7337 4897 +0.11 913 +41 2084+ 0.04
CP-odd tags
K9 [0.040, 0.070] 66116 +£324 3598 £004 64326 14841005 86146 1876006
K%, [-0.035, 0.038] 9260+ 119 3070 +0.11  89+10 1286+0.05 105+15 1678 4+ 0.06
Ko [~0.027, 0.032] 2878 + 81 1661 +0.13 2345 6.98 +0.03 4049 8.88 + 0.03
K [0.030, 0.039] 24978 + 448 1679 +005 245417  630+0.03 321+25 814+ 003
K, [—0.028, 0.031] 3208 + 88 13.17 £ 0.09 24+6 5.06 £ 0.02 38 L8 6.86 £ 0.03
ST - [-0.026, 0.034]  9301+139  2380+010 8110 9.87+003 120+14 1243+0.04
K970 50531 £6128 2620+£007 62032 1115003
Mixed-CP tags
K9nta~ [—0.022, 0.024] 188912756 4256 +£003 899 £31 1853006 343872 21.61 005
Kyntng,, 224 +£17 503 £0.02
Kl )atn 710+34 18304004
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Results (

Phys. Rev. D, 101, 112002

Equal Adp binning

Ci

S,

¢

R N S

0.708 £0.020 £ 0.009
0671 £0.035 £ 0016
0.001 £0.047 £ 0019
—0.602 £ 0.053 £ 0017
=0.965 £0.019 + 0013
—0.554 £0.062 £ 0.024
0.046 £0.057 £ 0023
0.403 £0.036 £ 0017

Ci

0.128 £ 0.076 £ 0017
0.341 + 0.134 £ 0015
0.893 £ 0.112 £0.020
0.723 + 0.143 £ 0.022
0.020 £ 0.081 £ 0.009
—0.589 £ 0.147 £0.031
—0.686 £ 0.143 £0.028
=0.474 £ 0.091 £0.027

0.801 £ 0.020 £0.013
0.848 + 0.036 £0.016
0.174 £ 0,047 £0.016
—0.504 £ 0.055 £0.019
=0.972 + 0.021 £0.017
—0.387 £ 0.069 £0.025
0.462 £ 0.056 £0.019
0.640 £ 0.036 £0.015

Optimal binning

5

c

0.137 £0.078 £ 0.017
0.279 £0.137 £ 0.016
0.840 £0.118 £ 0.021
0.784 £0.147 £ 0.022
=0.008 £ 0.089 + 0.009
—0.642 £0.152 £ 0.034
—0.550 £0.159 £ 0.030
=0.399 £0.099 £ 0.026

’

i

R - R A

—0.034 £0.052 + 0017
0.839 £0.062 £ 0.037
0.140 £0.064 + 0.028

=0.904 £ 0.021 £ 0.009

—0.300 £0.042 £ 0013
0.303 £0.088 £ 0.027
0927 £0.016 £ 0.008
0.771 £0.032 £ 0015

Ci

—0.899 £ 0.094 £ 0.030
=0.272 £ 0.166 £ 0.031
—0.674 £ 0.172 £ 0.038
=0.065 + 0.062 £ 0.006
1.047 £ 0.055 £ 0019
0.884 £ 0.191 £0.043
0.228 £+ 0.066 £ 0015
—0.316 £ 0.123 £0.021

0.240 £ 0.054 £0.014
0.927 £ 0.054 £0.036
0.742 £ 0.060 £ 0.030
=0.930 £ 0.023 £0.019
—=0.173 £ 0.043 £0.010
0.554 £ 0.073 £0.032
0.975 £ 0.017 £0.008
0.798 £ 0.035 £0.017

Modified optimal binning

5

—0.854 £0.106 + 0.032
=0.258 £0.162 + 0.029
—0.350 £0.180 + 0.039
=0.075 £ 0.075 + 0.007
1.053 £0.062 £ 0.018
0.605 £0.184 £ 0.043
0.198 £0.071 £ 0.014
—0.253 £0.141 £ 0.019

r

i

00 =1 Dh LA e LS B e

=0.270 £0.061 £ 0019
0.829 £0.027 £ 0018
0.038 £0.044 + 0021

—0.963 £0.020 £ 0.009

—0.460 £0.044 £ 0012
0.130 £0.055 £ 0017
0.762 £0.025 £ 0012
0.699 £0.035 £ 0012

=0.140 £ 0.168 £ 0.028
—0.014 £ 0.100 £ 0.018
=0.796 £ 0.095 £+ 0.020
—0.202 £ 0.080 £0.014
0.899 + 0.078 £0.021
0.832 £ 0.131 £0.031
0.178 £ 0.094 £ 0.016
—0.085 £ 0.141 £0018

=0.198 £ 0.067 £0.025
0.945 £ 0.026 £0.018
0.477 £ 0.040 £0.019
—0.948 £ 0,021 £0.013
—0.359 £ 0.046 £0.011
0.333 £ 0,051 £0.019
0.878 £ 0.026 £0.015
0.740 £ 0.037 £0.014

=0.209 £0.181 £ 0.028
=0.019 £0.100 £ 0.017
=0.709 £0.119 + 0.028
—0.235 £0.086 £ 0.014
0.943 £0.084 £ 0.022
0.701 £0.137 £ 0.029
0.188 £0.098 £ 0.016
—0.025 £0.149 £ 0.019
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Results (

Phys. Rev. D, 101, 112002

(2

Equal Adp binning

Ci

S,

¢

1 0.708 £0.020 £+ 0.009 0.128 £ 0.076 £0.017 0.801 £ 0.020 £0.013 0.137 £0.078 £ 0.017
2 0.671 £0.035 + 0016 0.341 £ 0.134 £ 0.015 0.848 £+ 0.036 £0.016 0.279 £0.137 £ 0.016
3 0.001 £0.047 £ 0019 0.893 £ 0.112 £ 0.020 0.174 £ 0.047 £0.016 0.840 £0.118 £ 0.021
4 —0.602 £0.053 + 0017 0.723 +£0.143 £0.022 —0.504 + 0.055 +£0.019 0.784 £0.147 + 0.022
5 =0.965 £ 0.019 £ 0013 0.020 £ 0.081 £ 0.009 =0.972 +£ 0.021 £0.017 —0.008 +0.089 + 0.009
6 —0.554 £0.062 £ 0.024 —0.580 £+ 0.147 £0.031 —0.387 £ 0.069 £0.025 —0.642 £0.152 £ 0.034
Mean: 73.3 Mean: 73.5 800 Mean: 73.5 3
800k RMS :0.7 600} RMS : 1.2 RMS : 0.8
& & a * -
g 600F S o0k ] 2
8 8 2 00k )
€ ot : £ )
] ] w 7
200k 2001 200 3
3
" S
- = 75 o 75 3
D) o 0
"Equal A5, binning" "Optimal binning™ "Medified optimal binning™
1 =0.270 £0.061 £ 0.019 =0.140 £ 0.168 £ 0.028 =0.198 £ 0.067 £0.025 =0.209 £0.181 £ 0.028
2 0.829 +£0.027 £ 0018 —0.014 + 0.100 £ 0.018 0.945 £ 0.026 £0.018 —0.019 £0.100 + 0.017
3 0.038 +0.044 + 0.021 =0.796 + 0.095 +£0.020 0.477 £ 0.040 £ 0.019 =0.709 £0.119 + 0.028
4 —0.963 £0.020 £ 0.009 —0.202 £ 0.080 £ 0.014 —0.948 £ 0.021 £0.013 —0.235 £0.086 + 0.014
5 —0.460 £0.044 + 0012 0.899 £ 0.078 £0.021 —0.359 £ 0.046 £0.011 0.943 £0.084 = 0.022
6 0.130 £0.055 £ 0017 0.832 £ 0.131 £0.031 0.333 £ 0.051 £0.019 0.701 £0.137 £ 0.029
7 0.762 £0.025 £ 0012 0.178 £ 0.094 £ 0.016 0.878 £ 0.026 £0.015 0.188 £0.098 £ 0.016
8 0.699 £0.035 £ 0012 —0.085 £ 0.141 £0.018 0.740 £ 0.037 £0.014 —0.025 £0.149 = 0.019
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Q Ncharged tracks 2 4

o PID: £, > Lk for 7t7~ from D°

o For K - ntr:

Primary and secondary vertex fits

0.485 < M, +,.- < 0.510 GeV

L/og > 2.0 (L: K3 decay length)
Exactly one pair of 7" 7~ satisfying these
conditions = No multiple combinations
allowed

© ©0 0 o

o 6C kinematic fit

A,

Normalization sample (phase-space signal MC)

O 15M events generated

O Using MC integration technique, the normalization
factor in the Iikelih’t\)lod can be reduced to:

1
N =3 D [AMig o, My, )|

i=1

Anita

. (GoV)

=5:5576.06-0.04.0.02 G ~0.02 0.04 0.06 005 0.1

AE (GeV)

Inclusive MC

O AE;., cuts for resolution

Q

—0.027 < AE,;,; < 0.030

GeV

Efficiency

S
o
- [

°
&

e
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10°
_ L3 oo me
% 100[
g1

Q Ncharged tracks 2 4 8ol
o PID: £, > Lk for mt7~ from D° sof

o For K¢ — nfn—:

o Primary and secondary vertex fits B
0 0.485 < M+, < 0.510 GeV % &
o Ljop >2.0 (L: K2 decay length)

o Exactly one pair of 77~ satisfying these
conditions = No multiple combinations

O AE;., cuts for resolution

allowed 0 —0.027 < AE;; <0.030
o 6C kinematic fit ) €y
Efficiency
Normalization sample (phase-space signal MC) — -
== Tag ‘ Effi (%)
O 15M events generated e
O Using MC integration technique, the normalization "f E +K 27.2
factor in the likelihood can be reduced to: K W'.gi 13.1
1« 2 2 2 ot KJr 71’9- 13.6
N =3 D AMig s My, )| ‘

|
i=1 o5 o5 i 2 25
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Amplitude fit - On toy sample (/O check)

Resonance Starting values (ar, ¢.) | Fit values (a, ¢,) (< 30 components fixed)

K*(892)T (0.164, -42.2) (0.164, -42.2)

K3 (1430)* (0.10, -89.6) (0.10, -89.6)

K*(1410)* (0.21, 150.2) (0.21, 150.2)

K7 S-wave LASS

Kg (1430)~ (2.36, 99.4) (2.56-0.08, 105.2+1.9)

Kg (1430)* (0.11, 162.3) (0.11, 162.3)

mm S-wave

parameters
By (8.5, 68.5) (10.7£0.4, 98.1£2.2)
B2 (12.2, 24.0) (10.440.4, 27.942.7)
B3 (29.2, -0.1) (58.24+3.8, -15.1£3.3)
Ba (10.8, -51.9) (0.840.6, -59.8:45.2)
fprod (8.0, -126.0) (7.940.3, -104.242.9)
£pred (26.3, -152.3) (24.941.9, -132.044.3)
£prod (33.0, -93.2) (44.4+3.3, -92.5+3.8)
£ (26.2, -121.4) (27.5+1.0, -97.242.6)

Anita
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Fit fractions (Toy fit)

’ Resonance ‘ FF (%) Belle ‘ FF (%) Fitted ‘

K2p(770)° 20.4 19.9
K2w(782) 0.5 0.3
K2£,(1270) 0.8 0.6
K2p(1450)° 0.6 1.2
K*(892)~ 7+ 59.9 60.4
Kz (1430) "7t 1.3 1.7
K*(1680) "7+ 0.5 0.5
K*(1410)~ 7 0.1 0.6
K*(892)* 7~ 0.6 0.5
K5 (1430) 7~ <0.1 0.01
K*(1410) 7~ <0.1 0.04
mtm~ S-wave 10.0 8.6
Km S-wave
Kg(1430)~ 7+ 7.0 7.7
K (1430)F 7~ <0.1 0.01
Total 101.6 102.2

Anita KR‘II"II’ amplitude model and reconstruction December 04, 2020 13 /15



Amplitude fit - On toy sample (/O check) —

®  Fit (< 3a components fixed)

’ & *  Belle 2018 model + 1
@ OfF, ©  BESHlresulls 2
ﬁ

N\ 1

08 J 6 19
—0.87 @ T
_1:| L1 111 111 \|.\-."'-4-_LL J_J_—E—"ﬁ( Ll | Ll | Ll |
-1 -08-06-04-02 0 02 04 06 08 1
G

Ongoing work

o Simultaneous fits to D° — K%n*7~ and D° — K277~ to extract values of ry
and dx and hence Ac; and As;
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Summary of tags and yields (PRD, 101, 112002 (20

ST DT
Mode AE (GeV) Ny csr (%) NGrr o B gy NEET K (g
Ktn [—0.025, 0.028] 549373 +756 6728 +003 4740+71 2728+0.07 95114115 3548 +0.05
Ktn [—0.044, 0.066] 1076436 + 1406 3512+ 002 5695+ 78 1445+0.05 11906+ 132 18.21 +0.04
Ktoraat [0.020, 0.023] 712034 + 1705 3920+ 002 8899 +95 1375+0.05 19225+ 176 18.40 +0.04
Ktew, 458989 £ 5724 6135002 4123175 2611007
CP-even tags
K K™ [—0.020, 0.021] 57050 +£231  6390+£005 443422 25971007 128941 33.60%0.07
e [0.027, 0.030] 20498 £263 6844 £008 184+14 2727+007 531+28 3560 0.08
Knz® [—0.044, 0.066] 22865+ 438 1581 +004 198+16 6474003  612+35 857+ 003
ataa® [-0.051, 0.063] 107293+ 716 3726 +004 790431 1428+0.06 2571+74 2029+ 006
K90 103787 £ 7337 4897 +0.11 913 +41 2084+ 0.04
CP-odd tags
K9 [0.040, 0.070] 66116 +£324 3598 £004 64326 14841005 86146 1876006
K%, [-0.035, 0.038] 9260+ 119 3070 +0.11  89+10 1286+0.05 105+15 1678 4+ 0.06
Ko [~0.027, 0.032] 2878 + 81 1661 +0.13 2345 6.98 +0.03 4049 8.88 + 0.03
K [0.030, 0.039] 24978 + 448 1679 +005 245417  630+0.03 321+25 814+ 003
K, [—0.028, 0.031] 3208 + 88 13.17 £ 0.09 24+6 5.06 £ 0.02 38 L8 6.86 £ 0.03
ST - [-0.026, 0.034]  9301+139  2380+010 8110 9.87+003 120+14 1243+0.04
K970 50531 £6128 2620+£007 62032 1115003
Mixed-CP tags
K9nta~ [—0.022, 0.024] 188912756 4256 +£003 899 £31 1853006 343872 21.61 005
Kyntng,, 224 +£17 503 £0.02
Kl )atn 710+34 18304004
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