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BEPCII and BESIII

Electromagnetic Calorimeter = Muon Counter  RPC

CsI(T]): L =28 cm Barrel: 9 layers
Barrel o = 2.5% Endcaps: 8 layers
Endcap oz = 5.0% Ospatial=1-48 cm

SC
Solenoid

Barrel

\
) \ :
B AN

E.n=1.84 —4.95 GeV
Peak luminosity @E.,,, = 3.773 GeV:

[}

BESI

=y GaEmETes

II Detector

33 —-2co—1
Main Drift Chamber Time Of Flight 1.1x10°" cm™s
Small cell, 43 layer Plastic scintillator Circumference: 237.53 m
Oyy=130 um or(barrel) = 68 ps Crossing angle: 2Xx11 mrad
dE/dx ~ 6% or(endcap) = 110 ps
0,/p = 0.5% at 1GeV (update to 60 ps with MRPC)
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Motivation

dg
* L x —%(ﬁb CL LYW, Vegm | 1 | + hec.

by d;

Vud Vus Vub

— uerdt 3X3 unitary
Vekm EVEVY =\ Vea Ves Ve

complex matrix

three generations of matter

Standard Model of Elementary Particles

interactions / force carriers

(fermions) (bosons)
| Il 1]
th VtS th mass = =2.2 MeV/c? =1.28 GeV/c? =173.1 GeV/c? 0 i =124.97 GeV/c?
@O I® |[@ |- &
Mass eigenstates are not weak interaction eigenstates. o charm J|__top J{ gluon J|_higgs
=4.7 MeV/c? =96 MeV/c? =4.18 GeV/c? 0 -
- =% % 0
(' d = S { . b [ - \ Y g/ v ,.S/ % bj 1 ‘
” L(E ) o 5 a T down ) strange | bottom | photon J
=g |Bnn ‘ e
nE p - -
=0.511 MeV/c? =105.66 MeV/c* =1.7768 GeV/c? =91.19 GeV/c? w
[~ (- 4 " 5 ., ‘ 3 : Z
V —_— c o 73 P 7 y it U 3 e}’ & }‘L” | 4 L | a (@)
De—% ot D == K Bw—% D electrorj muon J tau J Z boson 8 4
%) —= 03
f ‘ ‘ r % ;10 eVic? ;0.17 MeV/c? ;18.2 MeV/c? :180.39 GeV/c? L 8
0 —a 1V 5 -
¢ BB BB (™ A A - | Wl 22
electron muon a (&)
J ﬂ neutrino J ngulij:rino J ngutrl'lino J LW boson oY
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Motivation

* Different parameterization of CKM matrix
0 0 C13 0 s;3e7@\ /cip sz O
Vekm = (0 23 523) 0 1 0 (—512 C12 0)
0 —s23 c23 —513el5 0 C13 0 0 1
€12€13 _ S12€13 ' size”0
= | —S12€23 — C12523S13€_16 €12€23 — 512523513€l§ 523C13
512523 — C12023S13316 —C12523 — 512023513€l6 €23€13
v 3 mixing angles: Sij = Sineij,Cij = COSQij
v' 1 CPV KM phase: § is the phase for all CPV phenomena in flavor-changing processes in SM.

* Wolfenstein parameterization

V. 4
1—22/2 1 AB(p—in) sp=Ad=——sl__ = a2 =P,
2 2 4 \/'Vud| +|Vus| us
Verxm = —A 1=2/2  Ah 0% s . . 423 (p+imWI=AZAT
AB(1—p—in) —AX? 1 s1z€'® =Vyp = A2 (p +in) =

Va-2Z[1-A22*(p+i7)]
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Motivation

VCTKMVCKM = VCKMVCTKM =1 wmp XV Vlk Ojry Vi Vk] = Ojk

ViaVap + VeaViy + VegVi, = 0 mmp VL:ZV ub 4 szvtb +1=0

*
0=, = arg( thth)
Vuqub
%k
_ _ VeaVen Vaua Vb VeaVib
:8 — ¢1 = arg\ — * ” B-num,pp —
th tb VCchb VCchb
B-DK , )
l/')/\ B-J ll‘]\ /8

— _ Vudvzjb
y — ¢3 - arg — V *
cdVceb

(0,0)

. (0,1)
Vua Vub>

. Yy = @3 = arg| — .
v Involvingb > cand b - u: ’ g( VeV

y can be measured by B = D + hardron
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Motivation

> Measurement of )//(,03 rp: ratio of two amplitude,
(Sn—y) © dg: strong phase difference.
A(B~ = (f)pK™) = Ap(As + rpe' BV AL) A(B~—DOK™) |
— AB(afei(SD + rBei(¢B—V)C—lfei5D) A(B—_>DOK—) — rBel(sB_Y) .
* Decay rate: B

(B~ - [flpK™) = |Ag|?[1 + rZrZ + 2R;rprgcos(8p — v — ASp) ]
Inputs from D® — f and DY — f decays are needed
(J)z _ m pomidh) [ A3 Ardd ) = I |A¢||Ar|cosas (sinash)de;
e \/f 47 a0 f 1A "a0 \/f 47| dsf 147 | deo,

* Different D decay models:

v/ ADS: CF and DCS decays (e.g. Km, Knm®) « Ry, 5,5
v GLW: (Quasi-)CP eigenstates (e.g. KK, mtn ™ n%) « F,
v GGSZ: Multi-body Self-conjugate decay (e. g. KSO7T+7T_7TO) «— C;, S;
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D°D? Data Sample

» Quantum correlated (QC) D°D® decay at ¥(3770)

ete™ - 9 (3770) - D°D° > fg Cyerr = —1 1y(3770)) - \/—1§(|D0)|50) — |D%)|D%))

No CPV l

2, .2
x 2
— 1+ (rf19)" — 21/ I ReR, cos(A8) + A83)]

I'(flg) « ( )[(r ) +(r 27‘1{ R¢R, cos(ASl];—ASg)] +y

~ .

& Number of events coherence factor strong phase difference
-

« QC DD produced at BESIII
v 2031 @+/s =3.773 GeV ~73.4 M D°D? pairs

* Double Tag Method
v’ Single Tag (ST): reconstruct one D/D
v’ Double Tag(DT): reconstruct both DD

+
——5 T —

f: signal mode
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> Works on BESII|

e Study of D°/D° - Kdn%ntm™
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Motivation

» Multi-body self-conjugate D decay with large branching fraction

* Provide strong phase parameters as input of GGSZ method.

* Only Rough Results by CLEO!!! (Bin the PHSP with resonance mass region.) ~ 25x CLEO
» Many potential processes D — VV,VP and AP.

e Study for the features in the polarization of D® - K*(892)p(770).
* Lack of accurate experimental measurements.

TABLE VIIIL. Results for D'—>K "7 7".

Amplitude Fraction (%) Phase Branching fraction (%)
Four-body nonresonant 21.0+14.7£15.0 —0.45+0.55 2.2+1.6x1.7
K*~p* longitudinal 19.3+7.4 0
K* p* transverse 21.1£12.0 2.010.48
K* p™* total 40.41+12.5+8.4 6.2£2.3+2.0
K % 19.5+4.3+1.4 2.3+0.7+0.6
K *%° transverse 4.2+3.7 1.3+1.2
K,(1270)"7* 4.8+1.5 1.0+0.4
K*rta” 12.7+7.0 3.9+2.3

Reference: D. Coffman et al. (Mark III Collaboration), Phys. Rev. D 45, 2196 (1992)

Yutong Feng (}315;%) Study of D°/D°® - Kon'n*n~



Double Tag Method

» Tag Mode

Type Tag mode

(quasi-)flavor K'n,Ktnn’,K'nntn| KTe v, [ : tag modes used in

CP-even K*K™,ntn, Kgyroyro, Kgno amplitude analysis

0 0., 0,/ 0,00
CP-o0dd Kyn, Kgityy, Ko s Kl K7W
: - -0 -0

CP-mixed Kg,Lﬂ'+7T , K2ﬂ+ﬂ ), ntnn 2 cignal mode

» Signal Mode

Signal D° - Kdnntm™

g: tag mode
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Event Selection

20.3 fb~1 y(3770) Data Samples in BOSS version 7.1.2 used for D® - KQnOn*m~
0

with decay mode K9 —» =, n% - yy.
* Good Charged tracks * ¥ - yy candidate
v/ |Rz| <10.0cm, |Rxy| < 1.0cm v’ Reject ¥ both in endcap
v |cos 8| < 0.93 v/ [0.115,0.150] GeV/c?, %, <50
* Good Showers * 11 = Yy candidate
v E > 25 MeV for barrel (|cos 8| < 0.8) v [0.505,0.575] GeV/c?, x7¢ < 50
v' E > 50 MeV for endcap (0.86 < |cos 8| < 0.92) . KSQ — 1117~ candidate
j 0<trpc = 104 (x50 ns) v' |Rz| <20.0cm, |cos 8| < 0.93
Oy—cnrg > 10 v L/o, > 2, Xl%tx, svtx < 100
* Particle Identification (dE/dx and TOF) v’ [0.487,0.511] GeV/c?
Use SimplePID * n' candidate
v m: Cly > CLg, CLy >0 v ntn™1:[0.940,0.976] GeV/c?
j K: CLg > CLg, CLg >0 v py:[0.940,0.976] GeV/c?,
¢ lle > Cl, CLe > Cla, Clg >0 p - m*n™:[0.626,0.924] GeV/c?
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Event Selection
Initial Selection

Yutong Feng (}335;%)

> ST Selection

« Cosmic ray rejection for K*m~ tag mode

* K rejection

vV Ktn ntn™: M+ - — 0.4976| > 0.03 GeV/c?

v ntn 0 M_+ - € [0.48,0.52] GeV/c?
* Minimum |AE]| to select the best ST D°
* Cut of AE and Mg are defined as:

AE = Exo — Epeam

MBC — \/Elgeam _ |ﬁ50|2

Decay modes

Data AE cut (GeV)

MC AE cut (GeV)

D’ - K*n~

D° - Kt n°
D’ - K*ntn
D’ - K27T+7r_
D’ - Kntn n”
D’ - ntnatn
D’ - ntaa°

(=0.027,0.027)
(=0.062,0.049)
(—=0.026,0.024)
(=0.024,0.024)
(—=0.050,0.038)
(=0.031,0.028)
(—=0.063,0.050)

(=0.027,0.027)
(=0.062,0.049)
(=0.026,0.024)
(—0.024,0.024)
(—0.050, 0.038)
(=0.031,0.028)
(—0.058,0.045)

D’ —» K*K- (—0.026,0.027) (—0.027,0.027)
D° - ntn~ (—0.037,0.038) (—0.032,0.032)
D" — K{n'n° (—0.084, 0.060) (—0.069, 0.040)
D° - Kon" (—0.069,0.053) (—0.066,0.049)
D° - KYn,, (—0.045,0.045) (—0.044,0.043)
D’ — K§U;+n_nw (—0.030,0.030) (—0.030,0.029)
D° — K. .- (—0.033,0.027) (—0.034,0.029)
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Event Selection )
For Amplitude Analysis Modes DY > K'n™,K'n™n®, K n n'n"

» DT Selection

* 3C Kinematic fit
Constrain: 7°, K2, D° mass * Veto D? - 7K Peaking BKG

* AE requirement for DT tag D° - Kdntm n® cosf, .+, - < 0.9
(u—3.50,u+ 3.50): (—0.050,0.038) [GeV]

In Mg spectrum:

* Signal region (1 + 3.56) € (1.859,1.873) M(n°n*rn™) > 0.567 GeV/c?

* Sideband reglon 60 E (1 840 1 854)

* Veto n:

------------------------------

> F ]
D_>K te0f . é’ 160 Fnean = 0.5477 + 0.0002 E
1.881 1eol 1 Signal S 140 [ o =0.0038 >0.567 GeV/c®
BKGI D° - K? © E ]
- L E 140[— o - 1
’ i ] 120 f 3
a RSt Ln [72] - 1 =
¢\(|\_) 187 R : ¥ ] 120} LT e - ‘q:-; 100 C f _:
o I A s ook | T f ]
S 186 10 bl by 80| : e
Eo [ BKGIIT :.-. ] s L = ‘ ]
s [ DO g | «  suppress 93.7% Rl ¢ :
1.85 f S ) | bl » 40F ‘ 3 =
L s z 20 , 3

184 j" et N N AUV BRI s, ;i gt b L P A Y.

184 185 1.86 187 1.88 B 05 0 05 1 8.52 0. 53 0. 54 . 55 o 56 057 c; .58
M, (GeV/c?) Cos0 45~ Mot (GeV/c?)
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Amplitude Analysis

» PDF Function:

p(p>=e(p>[w (0] RN /11 ()

/ / [ fi(petp)dd [ folp)/€(p) x e(p)d®d
\ |
!

efficiency Signal PDF background PDF
(PHSP MC) (QC amplitude) (efficiency correction)

» Log-likelihood in Amplitude Fit:

Ndata
Nk = Z In

i

£:(pi) fo(p)/epy) N

f - £ Inep)
[ f(pe(pydo DT ) x (o Z S

i
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Amplitude Analysis

> Fit Method

* Sig:

(GeV/c?)

DT
bc

M

BK
BK

BKG Ill: T(x — y; u,0(x + y),n)XArgus(x) XArgus(y)

MC Shape s(x, y)®Gauss(x, y)
G l: Argus(x)xMC Shape s(y)
G Il: Argus(y)xMC Shape s(x)

Peaking BKG: Estimated and modeled by Inc MC
L B S BN AP P T(y;,u,a,n)
D°oKnt L N _n+1
1-88; BKG1 _ I['(n/2 +0.5) N l(y - ‘u)Z] 2
onnl(n/2) 2\ ¢
1.87
1.86
BKG III
1esf | LA
‘1..‘84“‘ ‘ ‘1.‘85‘ - ‘1.‘86“‘ ‘ ‘1.‘87‘ - ‘1.‘88‘ -
M:T (GeV/c?)

7000 [Z 5000 [FTTTTTTTTT T
6000 |
~ [ A4000_
OQSOOOZ— NQ
A 3
54000} §3w0_
~ ; ~
€3OOO: £2000 —
22000 |- 5
m o m
C 1000 —
1000 — ]
| ]|
0 .

o " ' 4 e ekl FATTR s ’ |
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885
M;E (GeV/c?)

0 4 e b
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885
M. (GeV/c?) f

Signal region (i — 3.55, i1 + 3.56) € (1.859,1.873)

ST mode

Signal Yield  Signal Purity

DY — Ktn™
D% —» K*tnn0
DY > Kt nnt

252222 +259 (97.5+£0.1)%
43992.5+46.9 (939 +£0.1)%
24045.0 £52.1 (923 +£0.2)%

~93259.7
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Amplitude Analysis

* BKG PDF f;(p) is described by Inclusive MC, using ML

q . . .
Train a classification model l Input event f; probability ratio
Sample 0 [EINCRV/[(® Based on XGBoost ;
___________ Q Classification | Proby(f:) LD
q
model outout Prob.(f) €®)
SR LEM PHSP MC p (i)
0.0 _ 0.0
. prd _ KST[ 7'[+7'[ KsTE
Features: f = {ngnOrMn+n‘r cosf o ,cosf + % -
S
10000 = 100007 5000 |- 4500 F 4000 -
N i No - E e E (\é W
™ : = I3 : 2
§ 6000 | E 6000 - § aoooé ~ _evs E ::2:; g 25002—
I i © L Q 2000f
& 4000f g 4000 |- % 2000 o 20 < 1so0f
5 s g £ 100 £ 1000;_
ool £ ol & ol @ §
%,s 07 08 09 1 11 12 13 14 15 16 %2 o.l4 o,ls ofs ; 1; 0-; -ol.e -(;.6 -OI.A -ol.a (I) 012 o.|4 o.le cfs 1 0-: -OI‘B -01‘6 -01.4 —Ol.2 (I> 0f2 0-I4 O.IS 0f8 1 Oja -12 —‘1 tl) ; zl’ :ls
Moo M, oose:fg'(Kg) cosolf . 9:%’:’
Data Point: Evts of BKG; Blue Hist: PHSP Signal MC sampled by weight obtained from ML x=-05
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Amplitude Analysis

. i i dr(p’ . i ok 65 A% 1
QC signal amplitude (dq)—> 5 A + 2IAP — rgRye A LAY — ryRpe PIATA,
f

Neglect DDbar mixing = |Ay — rzRze AL > + r3(1 = ROIA;P .

* DY amplitude: A¢(p) = X; A;U;(p), A;: complex coupling factor

* Partial wave amplitude: U;(p) = S;(p)BL, (p)Pr, (P)BL,, (P)Pr,(0)BL, ()

* B; :Blatt-Weisskopf barrier factor; Pp: Propagator

* §; :spin factor constructed in covariant Zemach tensor;

» DY amplitude: A¢(p) = X; A;U;(p) = X; A;U;(p), suppose CP conservation
p: CP —conjugate of phase space point p;

 Amplitude Consider the Isospin symmetry in strong decay (CG coefficients)
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Amplitude Analysis

&&\ E 2indf = 0.94 K‘é\ i 2indf= 1.33 &&\ 3500 ; 2indf = 1.39 &\Q: E 2ndf= 1.41 ,Ll; 3000 ;7 2/ndf = 0.82
> 4000 ' 3 1L ' = £ ' S 4000 ’ = 8 R
1] 5 8 N & 3000 8 . S 25001
© F «© 80001 © E © C ~ o
S 3000 5 - by 2500 S 3000~ ‘g 2000 [~
o r o - o F <} - r
s : S 000l e 2000E S b @ 1500 E
£ 2000 E 000 E 1500 E ' ol
> r > > = > L 000 |-
i - i - @ 1000 m F F
10001 2000 [ so0h 10001~ 500 [
0 st 0 0 0 Le 0 S s e e SRR S e s AR s e e e
= 8 Eﬂ;nm;.ﬁﬂ-».~.a-»";'~.J-k'!-;u.nmt'—'-»-p-m = § E—h.—.lu;.J-r'-»'-v--p:'—'--i-.—.;nm-.—.m;r..r,-;.».-r- = 8 Ehvm—.;u;f!'<;u-.«-;','J!-;»'-'—'-.‘:».-:;mzm- = § Er.a-.!'—';e!r,-r'l.—.im'«h.;u.-;.3~.—,;.<-.—. et .—>-| = § En—,f——..—...».r--u--;u.u»-»'.u-.n-—'-n:-‘.t.;.nr.-.
0.8 1 1.2 1.4 0.8 1 1.2 1.4 0.8 1 1.2 1.4 0.4 0.6 0.8 1 1.2 3 2 4 0 1 2 3
M(K’r0) (GeV/c?) M(K?r) (GeV/c?) M(K?) (GeV/c?) M(rn*r) (GeV/c?) B
t’xg 4000 (— w3ndf= 1.32 “’E 5000 ; yéndf= 1.77 ‘E - w3ndf= 1.49 "ﬁ 5000 - 1eindf= 1.36
s f s f : ’ S 4000 S : —+— data
@ C ® 4000 |- 2 C 3 F :
S 3000 © u S C O 4000 .
o FF e © 3000 e Tt — Fit
o r o . o o C
s s ¥ s f S 3000} 0
= 2000 = E = 2000 = g — ® KS
£ - £ 2000~ g r S 2000 *. +
> L > ’ > B > - —
@ 4000 ] w00l T o m ook K (892) P (770)
- F 0
o= o Lt ok ok a1(01 23?)0KS L=0
= ro\L=
= § ‘-'i'ﬂ‘r.:l.r“".'":.’."’.2""'-"""‘?-‘;-’-‘c’.io’-i.‘?""‘l = E'-".'.‘"“"‘“i‘."-‘."‘".:":*-:,‘f'*""r--"’.:."""*‘| = E"r""""‘f-""'.:‘.'":*-"’-":v"‘."r--'*’-’:*':.;:. = E‘-l.‘:o“-’.:ﬂ;““.‘f.:f-'-’.'.‘?""‘“"r""""'""’-":- (KS T ) (n n)
04 06 08 1 12 0.4 06 0.8 1 12 0.8 1 gz 14 16 08 1 12 14 16 _ K;(1270) Tt
M(z°r) (GeV/c?) M(x°r*) (GeV/c?) M(K°r0) (GeVi/c?) M(K’z0r*) (GeV/c?) o
®(1650) K
— F —~ = —~ 3000 — r
“é 4000 — wéindf= 2.07 % 3000 soindf= 1.93 ) F indf= 1.29 ‘\é 10000 windf= 2.24 %
% r S = S 2500 3 - a,(1640) K
o 1
© s000f < 2800 s B < so0of 77 0 os
© C = E = r = C
5 = 2000f s 200 " K (892) p°(770)
<} r 2 E > E S 6000 [va
< 2o} G a0l @ 1500 oot S| Y N K (1400) n°
5 r E 1000 © 4000|~ *
W 4000~ 1000 ? w A B o e K (892) p+(1 450)
: 500 500 2000 [~ 0
i T ety I n(1300) K?

0

— T ; 0 == SN -
= §E"’"'-1"~;,1;,,...';...-,..-,.d;,..,..,-,,,.-,.,_,.,,.";..—,’J = .‘:.":-“J"-'"“"":-‘""""‘"""':"‘-".*~>-""-’"| = § 'T""”'""‘?-‘"-:-""*'n-r'iu.-;.....,1.:-.1=-=:n:.’-| = §E""ff-:-’.:-‘:“'.?"‘:".")"’"‘"""J‘;‘L"“‘.J;L';.ZI - BKG
0.8 1 1.2 1.4 1.6 -1 -0.5 0 0.5 1 -1 -0.5 OKDK" 0.5 1 0.6 0.8 1 1.2

M(K’r*r) (GeV/c?) cosO™" cos; M(rPn*r) (GeV/c?)
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Amplitude Analysis

CP-even Fraction & Longitudinal Polarization Fraction

» CP-even Fraction

_ J1A+ ()| do® 1 S o
B f|A+(p)|2+|A_(p)|2 do '’ Ai(p) V2 [ADO(p) T Aﬁo (p)] S 200-

Fy

F, =0.257 £ 0.002 + 0.006 (non — n)

Coibi ot ol g g caa e L TS o g ug

0.240.2450.250.2550.260.2650.270.275
+
FKgn"n*n

» Longitudinal Polarization Fraction

|Hgo?
fL

 |Hyp + H_1_1 + Hyol?

Process D? - K*~(892) p(770)" D° — K*°(892) p(770)°
D - V,V, » (P{P,)(PsP,)  0.509 + 0.005 + 0.012 0.108 + 0.008 + 0.013
D = ViV, 0.468 + 0.005 + 0.011 0.077 + 0.007 + 0.010
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Amplitude Analysis

Systematic Uncertainty

|. Background Estimation

Il. Detection Efficiency

Ill. Resonance line shape

IV. Radius of the Centrifugal Barrier
V. Quantum Correlation Correction
VI. Extra Partial Waves

VII.Fit Bias
(in units of stat. error)

Parameters I I IV V VI VI Totl

Mg-s92)- 007 0.3 031 155 041 019 000 165

027 043 073 101 005 019 000 136

Mg 8920 003 013 077 118 003 037 000 146

T 020 028 002 103 095 021 013 000 145

Ma, 1260) 027 019 062 060 011 003 000 093

Tay(1260) 076 080 207 124 068 063 000 280

My, 20) 036 0.3 096 064 045 045 000 137

Tk, 1270) 005 007 016 013 002 008 000 024

Mz1300) 175 183 265 230 134 178 000 4.87

T'x(1300) 058 049 103 103 052 005 000 172

LASSa 0.14 024 091 066 017 107 000 159

LASS r 013 026 056 067 040 053 000 114

nms sh 000 0.0 023 055 040 015 000 074

Pfg”o" § 050 051 259 065 012 022 003 278

fL(D>VY)

D° - K*(892)p(770)* | 0.00 030 100 188 016 050 001 222

DY - R*(892)°0(770)° | 0.17 006 012 132 004 045 016 143
/. (D = VV = PPPP)

DY - K*(892)p(770)* | 0.00 030 101 203 016 050 002 235

D’ - K*(892)°0(770)° | 0.18 007 007 159 006 046 000 167

Yutong Feng (}335;%)

Fit Fraction I I m IV vV VI VI Tol Phase (¢) i I m IV V VI VI Toal
D" > wK? 053 046 050 300 021 012 003 3.3 D" K7 003 009 048 046 024 031 005 078
DY > w(1420)K7 027 003 393 500 079 063 023 645 D" ”(IBOO)KK% 023 013 115 158 008 019 007 198
D" = w(1650)KY 001 046 5.14 468 018 067 0.4 700 D° - w(1420) K 017 091 269 251 280 020 010 472
D" = a1 (1260)K7 004 002 211 181 001 006 015 278 DY~ w(1650)Ks. 047 09 164 148 378 027 017 451
D” = ax(1320)K" 011 002 0.7 030 014 114 007 121 z, - "'(};Z’g)ﬁ g":g g‘gz 0-3‘3‘ ;‘gg gg g-;é 8'0(3’ gﬁ
D" > a;(1640)K? 026 014 201 210 004 008 0.6 293 o a1(1260)K, : 24 1 ! - - 1 g
D" = ¢K? 012 006 011 029 008 001 006 035 2 al(640K, 007006 806 116 0.1l 046 015 816

s D - ay(1320)K? 009 001 042 031 031 004 002 06l
D’z - h(1170)K¢ 034 008 139 073 010 009 009 162 D° - K*(892) p(770)*[S] 024 012 086 250 120 070 009 299
D" = #(1300)K3 0.8 001 072 222 022 012 028 237 D° — K*(892)-p(T70)* [P] 006 012 234 158 167 047 011 331
D" — K(1410) " 006 008 070 107 009 174 002 2.17 D" - K*(892) p(770)*[D) 029 032 068 501 113 071 008 524
DY > K*(892) p(770)* 040 023 036 405 012 011 015 410 DY — R*(892)°(770)°(S ] 030 005 090 149 102 010 020 205
DY - K*(892) p(770)*[S] | 0.44 019 013 152 000 015 004 161 D° - R*(892)%p(770)°[P) 005 005 040 186 025 025 025 196
DY - K*(892) p(770)*[P] | 020 006 008 190 0.16 030 013 195 D° - R*(892)°p(770)°[D] 002 015 034 284 101 025 006 305
DY 5 K*(892) p(770)*[D] | 005 022 050 320 001 001 002 324 D° - K*(892) p(1450)*[S] 015 007 121 217 065 002 011 258
D" — K*(892)°p(770)" 017 022 023 159 006 038 035 171 D° — K*(892) p(1450)*[P) 010 021 066 046 022 114 011 144
D — K*(892)°p(770)°[S) 0.18 002 041 028 008 003 027 0.60 D° — K*(892) p(1450)*[D] 007 001 278 362 028 011 005 457
D° - K*(892)°p(770)°[P] | 0.05 0.1 0.16 133 005 060 003 147 D° — R*(892)°p(1450)°[D) 006 002 239 257 021 006 001 352
DY > R*(892)°p(770)°(D] | 021 025 018 177 001 003 025 183 D" — K*(892)" ,(1270)(P] 023 010 055 023 024 004 014 070
DV 5 K (892) p(1450)" 033 005 079 074 006 031 019 119 D° - K*(892)" ,(1270)(P] 013 002 019 069 043 144 025 169
DY - K*(892) p(1450)*(S] | 036 007 077 130 004 004 011 156 Dﬁ = (12705 (K (1270) > P(TT)KY(S]) | 028 007 389 170 097 029 001 437
DY K*(892)p(1450)*[P] | 0.07 0.2 001 012 005 056 005 059 D° - Ki(1270)°2°(K1(1270) - p(770)KI[S]) | 0.36 004 100 168 1.04 035 021 228
DY - K*(892) p(1450)*(D) | 0.03 043 065 270 000 001 005 281 Ki(1270)  p(1450)K5 (D] 050 057 179 107 056 053 018 236
D7 R (892)°p(1450)° 000 039 035 046 005 007 006052 K1(1270)  K*(892)n(S) 020 002 158 118 016 008 007 199
D° - R*(892)°0(1450)°(D] | 0.00 039 055 046 005 004 006 082 z*‘:;zg’ - %892{,'[”}], g‘['); g‘ég aﬁ g'g; g‘(‘); g‘:]; g‘g‘f gﬁ
DU K*(1680)p(770)* | 029 0.2 215 226 007 020 002 3.5 101270) = (Ken) ~ {P) . 02002 011 007 004 002 001 0

. | . D" K, (1400) 7* (K1 (1400) — K (892)x[S]) | 030 030 298 098 097 037 007 333
DY > K*(1680) p(770)*[S] | 029 0.2 215 226 007 020 002 3.5 P 3 KL (1400°R0(K,(1400) » K*@92a(sS) | 031 015 302 066 018 016 002 312
o K°(892) /:1270) 025 016 088 063 005 046 0.4 122 Ki(1400) — (770) xgl[ D] 004 007 040 019 010 011 010 048
Do~ (K )~ pT70) 049 015 112 105 000 012 0.3 163 D — K(1460)° 2 (K(1460) —» K*(892)a[S]) | 027 012 398 073 054 011 003 409
D> Ken)y=Tp70f° [ 073 010 027 193 001 003 005 208 D - K(1460) 7+ (K(1460) - K*(892)x{S]) | 0.15 043 158 133 073 019 007 225
D — K'(892) (x"n") 014 044 149 151 026 003 015 2.19 K(1460) - (KIm="x 001 006 122 138 005 002 010 185
D" - (K{x)=@*'n)™" [ 008 028 238 250 019 010 015 348 D" — K1 (1650)° 77 (K1 (1630) — p(TTOKI[S]) | 0.05 0.1 256 008 047 027 022 263
DY K*(1680)°(x*7x )0 [ 010 010 045 124 007 007 006 133 D — Ky(1650) 7* (K1(1650) — p(7TT0)KI[S]) | 0.14 0.7 1.19 045 0.14 016 001 130
D — (K22°)=1p(1450)° 036 016 052 032 009 115 006 136 K1(1650) — K*(892)x(S ] 0.18 034 421 088 006 004 020 432
DY S K (1270) 7+ 031 018 106 083 005 004 0.4 140 D" S K*(1680)°77(K* (1680) — p(T70)KJ[P]) | 0.69 024 546 180 058 201 028 6.7
D - K,(1270)°z° 004 024 016 040 002 002 019 053 D" - K*(1680)* 7~ (K" (1680) — p(77T0KL[P)) | 0.56 0.1 679 043 0.14 001 018 683
K1(1270) — p(770)K3[S] 032 030 145 121 005 012 000 195 D" — K*(1680) 7+ (K*(1680) — p(7T0KJ[P]) | 0.28 008 572 170 025 3.14 027 676
Ki(1270) - p(1450)K2[D] | 0.12 009 048 104 002 002 011 116 K*(1680) — K*(892)x[P) 039 004 741 179 008 179 033 785
K1(1270) — K*(892)x[S] 007 001 048 084 000 004 005 098 D — K3(1430) 7* (K2(1430) - K*(892)x[S]) | 0.03 005 121 094 030 037 008 161
K1(1270) — K*(892)x[D) 002 023 079 079 002 007 007 114 D° — Ky(1430)°7°(K,(1430) - K*(892)a[S]) | 0.10 010 066 064 037 056 014 116
K,(1270) - (K9m =xfP] | 016 0.1 073 042 005 0.2 024 091 K>(1430) — p(T70)Kg 016 015 214 053 004 064 007 230
D Ky (1400)070 024 021 030 071 002 010 003 084 D S K*(1680) p(T70)*[S] 016 004 359 079 023 024 015 370
D Ky(1400)-7* 025 003 081 057 003 009 002 103 DY - K(1410) 7 005 002 261 056 099 262 013 388
K:1(1400) - K*(892)(S ] 013 009 019 149 015 015 010 153 D° (K"ﬂ”)ﬁ:)p(MSO)“ 006 024 054 048 069 026 001 106
K1(1400) - p(770)K[D) 0.6 022 195 101 001 001 012 222 D‘: = (Kem )= p(170)" 000 001 013 005 002 000 014 020
D" = Ky(1430) 7 005 002 013 015 001 035 017 044 DY = (Ksm') UL 001 001 045 002 002 000 001 045
DY = K(1430)°x° 011 014 008 066 001 013 009 071 D — R (892)°(r*n )
K2(1430) — K" (892)7(S ] 011 018 013 118 003 017 019 123 s OS5 S 007022 0E7E NS 002 008101
K2(1430) - p(T70)K? 0.2 011 033 112 001 009 026 121 Son - 002 004 015 040 029 010 001 053
DY — K(1460) 1* 013 003 L1l 138 002 008 012 178 K1(1650) — (Ksm)='
D - K(1460)°x" 043 054 173 114 016 012 001 220 A o 9L 176 e 021 008 2
K(1460) — K*(892)x[S] 041 030 205 168 0.8 009 008 271 ‘}2 016 032 001 047 017 016 007 064
K(1460) - (Kom)="x 041 030 203 167 018 009 008 269 B S R (1680 e ) - - - - - - - -
DY S K1 (1650)°7" 086 017 054 074 010 000 027 130 K 051 101 034 220 097 024 000 269
D > Ky(1650) 7+ 0.8 010 042 086 011 000 0.14 099 B 034 167 074 234 135 047 040 333
K,(1650) — p(770)Kg[S ] 022 006 054 051 001 004 005 078 fm 036 0.11 021 225 022 003 005 230
K1(1650) — K*(892)(S ] 002 005 096 087 009 006 006 130 D S (RI = =0
K1(1650) — (K2m)“="n 025 014 089 130 004 006 006 1.60 B 000 002 000 007 003 000 018 020
DY - K*(1680)7° 023 005 017 154 021 014 008 1.59 Bs 000 001 004 002 002 000 016 0.17
DY K*(1680) 7+ 004 006 007 179 023 043 018 186 Bs 000 003 007 007 011 001 001 015
DY > K*(1680)* 7~ 008 009 066 143 001 010 024 161 fxx 001 002 003 003 004 000 012 014
K*(1680) — p(770)K2[P) 022 031 067 106 073 018 029 154 fun 003 002 150 121 011 000 002 193
K*(1680) — K*(892)x[P] 022 032 071 112 073 022 0.8 159 Jm 000 001 002 002 002 000 0.10 010

udy of D°/D° - K2n°n*m~




Branching Fraction Measurement

Z4Np,
> BFs are calculated by 8, = T .
2Ny (R 16 DI1 = T4 @F] - 1))

Using B(Kg — n*tn7) = (69.20 + 0.05)% and B(n° — yy) = (98.823 + 0.034)% as PDG

This Work PDG
B(D - Kon'n*n~) (non-n) | (5.586 + 0.019a. £ 0.0375y5)% (5.083 = 0.6)%

» Branching Fraction of the component (FFs > 1%) in D® -» Kdn°n*nm™

Components Branching Fractions (%)

D" > wk? (1.178 £ 0.00915.. + 0.007y5. % 0.028m00e1)%

DY — ¢K2 (0.058 £ 0.0024¢5, + 0.0005ys. + 0.001 04e1) % Components Branching Fractions (%)

D’ — K, (1270) n* (0.378 £ 0.0084¢. + 0.0025y5. + 0.01104e1) % DY - K*(892) p(770)* (2.189 + 0.023¢ac. %+ 0.0134y5. % 0.094m0de1) %
D° - K, (1270)°° (0.082 £ 0.00315., + 0.001y5. % 0.002m0de1) % DO = K*(892)°p(770)° (0.232 + 0.00651z;, + 0.0015y5. = 0.010moqe)%
D° - K;(1400)°° (0.227 + 0.007 4, + 0.0015y5. + 0.006m0qc1) % D° — K*(892) p(1450)* (0.174 + 0.008y. + 0.0015y5, % 0.010m04e1)%
D° - K(1460)°x° (0.120 % 0.009t;. %+ 0.0014y5. %+ 0.020mode1) % DO — (K97%)=1p(1450)°[P] | (0.069 + 0.004sta;. + 0.0015ys. + 0.005moce1) %
DO - K(1460)_7T+ (0092 + 0.0055¢at. + 0-001sys. + 0-009mode1)% DO - (Kgﬂ_)l‘=0p(770)+ (0084 + 0-006stat. + O.OOISYS_ + O-OIOmodel)%
D’ - a1(126O)K2 (0.798 + 0.020s¢at. + 0-005sys. + 0.056mode1) % DY — I_(*(892)0(7l'+7l'_)L=0 (0.070 = 0.004,; + O.OOISYS. + 0.00910de1) %
D° — n(1300)K? (0.122 + 0.0064(a;, + 0.001ys. + 0.014m0de1)% D° — (KO0 0t )-=0 | (0.380 % 0.0104q + 0.0024y5 + 0.035model) %
D° - a;(1640)K? (0.090 = 0.008415.. + 0.001y, %+ 0.0230401)%

D° — w(1420)K? (0.124 + 0.0094y;. + 0.001y5 + 0.0581m04e1)%

D° - w(1650)1<§ (0.335 + 0.01 7. + 0.0025y5. % 0.11904e1)%
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Branching Fraction Measurement
Systematic Uncertainty

» Summation of all sources of systematic uncertainty.

Source Relative Systematic Unertainty (%)
n* Tracking 0.3
n* PID 0.1
n° Reconstruction 0.1
Kg Reconstruction 02
ST Fit 0.1
AE Cut in Signal Side 0.2
Signal Range in M]‘;l(g: 0.2
DT Fit 04
Amplitude Model 0.1
Quantum Correlation Correction 0.2
MC Statistics 0.1
Total 0.7
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Event Selection
For Strong Phase Measurement

> Partial Reconstruction
Tag Modes with missing track K0 /v,.  Fmiss

; ﬁmiss — ﬁ—o - z:iﬁi-
« M3 € [1.86, 1.87] GeV/c? Y

° Kl(,) + X M‘l%’liSS = Erzniss - |ﬁmiss|2
v No additional charged tracks, no matter good charged track or not for Kg_wn_ + X BKG.
v’ No additional ° or 7.
* Vo + X Unmiss = Emiss — |ﬁmiss|
v Only 2 good charged tracks (identified as K, e with opposite charge).
v E/p > 0.8 (to reject misidentified u* /mT).

» Kinematic Fit
« K9t~ (mY): Constrain final states to D mass, no y?2 cut.

— Eljo - ZiEir

» Kt~ Constrian K missing mass +2D° mass + total 4-momentum.

Yutong Feng (}315;%) Study of D°/D°® - Kon'n*n~



Strong Phase Measurement

» Fully Reconstruction Mode
 Signal: MC shape ® Gauss
* Flat BKG: Argus
* Peaking BKG: MC shape and fix ratio between Signal by Inc MC
* Wrong DT and wrong ST BKG: Fix shape and yields by Inc MC

» Partial Reconstruction Mode e
Kev,
* Signal: MC shape ® Gauss ' ——
e Other D°DY BKG: Inc MC shape  Reve  n aoe
* Flat BKG: 25t Chebychev function
KP+X |
e Signal: MC shape ® Gauss [
* Peak BKG: Inc MC shape e —
« Other D’D°(D*D~, qq, ...) BKG: Inc MC shape
* Flat BKG: 25t Chebychev function

Events / 0.010 GeV
o0
5 5
w)
o
Events / 0.020 GeV/c?

Yutong Feng (}335;%)



Strong Phase Measurement
Binning Scheme

* PHSP is divided by Inrp and 8p, rpe =90 = A5/ Ap s o e
07 | ’ . .
 Optimization with Q value ER: O
5 06 — . — Optimal binning Mode?2
W (;%)2+ (#dNEi)2 x4 =15 cos(dz + ) o.s;—
Q2 = P\ VW B V/Npe b Y+ = 1psin(ép £ y) - .
= - 2 2 04 = v v ey
1 dl'z+ (p) 1 dl'z: (p) 5 10 15
Jp [<\/1*B; (p) o ) T (\/I‘Bi (p) dy: ) ] dp Number of bin pairs
B Zi [(ZwiKi + 2 KiK',-ci)z -+ (2yiKi + 24/ KiKisi)z] /ngi I 6 ,"‘:)
B 4> K; 5 2
=

e Optimization way (Mode?2):
v Keep CP symmetry

v’ Bin boundaries vary symmetrically around 6, = 0

Yutong Feng (/315;%) Study of D9/D° —» Kdn'n*n~



Strong Phase Measurement

» Expected DT yields

i g g
flavor NNt = S7¥S g ef"[ I+ 12T] = 2ryRy \[TI T/ (¢ cossy - s smég)]
; : e9(1 + r2) !
g
CcP N9 = > B ef"[Tf+Tf @F% — 12T/ T/c ]
ey[z—zy(zfﬁ—l)] ey
— 3 9 =g = f g faf ' 4 g
KO mtm (m® N = Byel? [TfTJ+T T9 - 2T/ T/ TIT(S ¢ + s s7)
S,L (") j 69[2—2y(2Fi{—1)] fjm | et Tt ke T\l T SeS
Input parameters Reference Fit Parameters
Npp, By (for KPX and Kev,) CPC 48, 123001 (2024), PDG 5 R
y g, Ci, S
ST yields (S9) and efficiency (¢9) | BESIII Doc-1504 and Doc-1600 AN At
r and § of Kpi, y HFLAV [ = —6
7, R and § of KpipiO and K3pi JHEP05(2021)164
0 — R.=<T/z ,—6<1<6
Ki/ci/siof K¢, m™m JHEP06(2025)086 L
J<l
BESIII Doc-1540 —
e e 0 —+._——0 1, i=6
Ki/ci/si of Kg m™m ™ Model prediction \
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Strong Phase Measurement

> Likelihood fit: =2InL = =2 ), InG(N egfl Jit )

obsi

« N¢

obsl
* G(x;p): The likelihood function of Ng;, in DT fit

. pgligi: parameters of likelihood distribution

: The expected event number

Fit to N22S v. s. likelihood
Ngbs/ oghs <3 sig
> 1_

Nominal fit to obtain the NSOLZS and O-SOLZS

likelihood

0.8}
obs obs -
Aﬂng / >= 06:
0.4}

0.2f

G(N;p) = Gaus(N; NSOLZS, SOLZS

sig
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Strong Phase Measurement

Fit Result
- —— Kev
11— —— Kn
Km0
B —t— Ko
n All Flavor
v | 1 ExpRi
=
S B
7 05—
0 ‘ — | | | | | |
-6 -5 -4 -3 2 1 1 2 3 4 5 6
Bin Number

Red Line: Prediction by Amplitude Mode

Yutong Feng (}335;%)



Summary

Based on 20.3 fb~1 y(3770) data collected by BESIII

v'Finish the amplitude analysis of D® - Kn%nt 7™, and predict the

CP-even fraction and longitudinal polarization fraction by model.

v'Obtain the binning strong phase parameters under 2X6 bins
scheme optimized by the amplitude model.

[J Next to do
* |/O check of the binning strong phase parameters.
 Systematic uncertainty study of the strong phase parameters.

Yutong Feng (}315;%) Study of D°/D°® - Kon'n*n~



Outline

> Works on BESII|

e Study of D°/D° —» K’n%mtm™

Yutong Feng (/3353%) Outline



Motivation

» The amplitude model can provide more information for the subsequent
strong phase difference measurement.

»The CF D° —» K°X and DCS D° — K°X transitions coherently contribute
to DY - KQ/LX decays, which leads to interference that induces

asymmetries between DY — KQ/LX decay rates. u-spm\ /\,_W

1y KO@----mnee- K*

The U-spin breaking features can be determined

with the amplitude of D° — Kl?/anrn_nO. ik

| B = Qe RO T

1 2 O gl i

The octet of 0~ mesons. Unitarity of hadrons, U-spin and V-spin.
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Double Tag Method

20.3 fb~1 (3770) Data Samples in BOSS version 7.1.2 used for
D° - KPn°n*n~ with decay mode 0 — yy.

> Tag Mode f:signal mode

D% - K*tm~
D? > Ktn—n®
D’ 5 K*'m~ntm™

» Signal Mode

+77;_ g: tag mode

Signal D° - Kmn

Yutong Feng (/3353%) Study of D°/D° - K9n°n+m-



Event Selection

« Good Charged tracks > Signal D® meson

v |Rz| <10.0cm, |Rxy| < 1.0 cm

v |cos B8] < 0.93 B direction _ oT B
o directionis o osite to no
e Good Showers b PP b

v' E > 25 MeV for barrel (|cos 8| < 0.8) * Np+ =1L Np-=1

v' E > 50 MeV for endcap (0.86 < [cos 8] < 0.92) « sglect 70 with O _trk... > 15°and least X%C
vV 0<trpc< 14 (x50ns) Y Emiss

— — agPDG
Epo = Epeam , Mpo = Mpo
—_

Y 0, _chrg > 10° * Recoil K : Piss = Ppo — Proptn-
* Particle Identification (dE/dx and TOF) e Number of 7< from K_SQ candidate as 0
Use SimplePID

v' |Rz| <20.0 cm
v' |cos@| < 0.93

e 4C to obtain Pﬂ used for PWA

v 4-momentum constrain
1 0 7+ — 0
miss,it-, it 1t _ D

v 1 CL, > CLg, CL, >0
v K: CLg > CLy, CLg >0

* 1% = yy candidate

v’ Reject y both in endcap
v [0.115,0.150] GeV/c?, x%. < 50
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Event Selection

» ST Selection » DT Selection
» Cosmic ray rejection for KT tag mode « ESA < 0.27 GeV
w0 i .
K¢ rejection for Kt tag mode (showers with 6 > 15° with B,...)
M +.- —0.4976] > 0.03 GeV/c?
* Minimum |AE| to select best ST DY For Kgm°n*n™ BKG

Kt
Kerfrem

* Cut of AE and Mp, are defined as:

AE = Epo — Epeam- Mpc = \/Elgeam — |ppol?
(u — 3.50,u + 3.50)

B [GeV] | My [Gev/cl

Hl — kK]
ah ) mremn
i M —— other DD” bkg

—— other bkg

Events / (0.010GeV£?)
O AN WA DN ®©

D° - K*tn~ (-0.027, 0.027) (1.8365, 1.8865)
D°—K*nn®  (-0.062,0049)  (1.8365,18865) o1 02 03 04 05 08 07 08 08
D° > K*n~m*m~  (-0.026, 0.024) (1.8365, 1.8865) Edhoaers (GeV)
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Background Analysis

X
<

M
—
oo
(4]
(6}
Il

e DO 5 Ktr %140k

400
200

i, « D% > K*tn n%: 75k

e 9F K

Q = Kifrn - . .

S o « Signal region (u — 3.50,u + 3.50)

8 Gé——otherg"ﬁ"bkg .

§ T e M2 :(0.164,0.359) [GeV]

%) 3E

s SE - ST .

o 2 : N e M3-: (1.859,1.873) [GeV]

T ] BC g

OO?TO’;OHZ 35 04 045 05 05 06 o _
m.ss<GeV/c) « BKG in signal region: ~20% ( peak BKG~8% )
1.885 T T 1600
1.88 _=.'.: ."r. -"" A pot o "__:- . 1400 . . -

s s Signal yields ~ 290 k

o 187 - — _

> « DO Kt :76Kk
O §1800
<= 1.36 L n Cnetvmenempinoa ]

c|’_)_8 | ._._:::.-:E ._-___.:":.-_l.-_._l..:_.:_ ._.__._- .__; 600

0.5 055 0.6

1840.1 0.5 0.2 025 03 035 0.4 04
(GeV/c?)

mISS
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Summary

v’ Finish the initial signal event selection of D° - Kn’rntn~.
v’ Study the Background by the 40x Inclusive MC.

] Next to do

e K tag method to further suppress the BKG.
» Amplitude analysis of D® - Km%n*m~.

Yutong Feng (/3353%) Study of D°/D° - K9n°n+m-



Outline

> Works on STCF

* Introduction

Yutong Feng (/3353%) Outline



STCF Detector

Super Tau-Charm Facility 1s a natural extension for
a post-BEPCII.

» Parameters of STCF:
c E. .., = 2 — 7 GeV Broader energy range
e Peak luminosity: 0.5~1x103°cm~=2s~1

2 orders larger than BEPCII
» DTOF Detector

* PID Detect in end-cap
v' Compact structure
v Lower amount of substance
v’ Large momentum working range
v' High effective photon yields ~ 30
v' PID requirement: /K 40 separation p <2 GeV/c

Yutong Feng (/3353%) Introduction
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> Works on STCF

e Simulation and Reconstruction of STCF DTOF
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DTOF Geometry Configuration

* Two identical endcap discs, ~ £1400 mm away from the collision point along the
beam direction.

* Each disc: 4 sectors, R,in =570 mm , R,y 4, = 1050 mm.
* Covering polar angles 6 € (22° — 36°). 4x4 anodes

5.5%5.5 mm?
’ \ \

4x4 pixels MCP-PMT

|

570mm

1040mm I

Front View L 15mm 1
- 200mm
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DTOF Reconstruction
Timing Method

e TOF Reconstruction e Likelihood construction
o - L _ ¥y - ¥ B, = (a,b,c) Npe signal bkg
OV T8 T 1l - 15| B, = (AX, AY,AZ) Ly =177 NpSp(TOFec| TOFyyp,) + 0.05
LOF
LOP - 1= where TOFpypo =
LOP = JAX? + AY2 + AZ? = TOF,.=T— ——2 T, cBrypo

— m sample - & hypo
— m sample - K hypo
— K sample - K hypo
— Ksample - © hypo

A

c
‘ ‘ Bo00
57 >3
G000
2000

1000
Z \ %

L \ 6000
5 5000
ﬂJ Detection point /

Photon direction N/ p= 2G:)eV o
In xoy (AX, AY) 0=25°¢=45
>
/.'/' Trk

— %, = (a,b,c)

» IIII|II|||IIII|IIII|IIII|I||I|IIII

TOF for single photonelectron [ns]
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DTOF Reconstruction
Imaging Method

* Photon TOA v.s. (xs, Ys) Reconstruction

— 1 — Ut " Up 17t=(a,b,c)
cosf, = = — = .
np V| - vyl Up = (Xs — X0, ¥s — Yo, Zs — Zo)
Zs = Zy + 2mT
ALOF,
(x5, Vs) = Z,, ¢, = TOA = TOF + + TOP
Bc
Incident particle
\
I\Y/\/\/\/\/\/\LN)T
\ ‘ SensorZJ
7 :
X\\\
x : - z2=2,+2T
N\herenkov photon
> : - z=z,+4T
Ty z2=2,+6T

l <

S
N ~
N N
NS
~
— z=z,+8T
\
- ~
-~ ~
e % -
\ z=z,+10T
~ ~
N ~
- ~
N M i
< z=z,+12T

i z=z,+14T
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Likelihood construction

Np

e. Npe. _
Lp=1 1  falchyt) = 1_[ NpSn(chy,t;) + B

=1 =1

Z NySp(chy, t;) = Ny,
chi,t;

N
(=

-l e -
2

Time [ns, 25 ps/bin]
S

N & OO @

0 100 200 300 400 500 600 700 800
Channel
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DTOF Reconstruction under the OSCAR

r efficiency after mixing BKG in different (|p|, 8) :
(K mis — ID = 2%)

» Reconstruction Performance “F
a0f— .. 90
— F we Timing Method "
O 38— =ran
b . [0} [~ eri0sean
o TII I llng MethOd E 36— 5005950 5640 8240 70
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* Imaging Method — “F Imaging Method
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Summary

v’ Finish the simulation software of DTOF under the OSCAR.
v’ Establish the reconstruction algorithm of DTOF under the OSCAR
Timing Method
* T efficiency ~ 98%, atp = 2.0 GeV/c.

* Overall reconstructed TOF time resolution ~ 50 ps.
Imaging Method

T efficiency ~99%, atp = 2.0 GeV/c.

[J Next to do
» Test the tracking PID efficiency in the physics process under the OSCAR.

Yutong Feng (/315%) Simulation & Reconstruction of DTOF
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» Summary and Prospect
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Summary and Prospect

— O — BESm Memo version 1.1
i StUdy Of DO/DO ﬁ KS 77:07T+7T BESIII Analysi
nalysis Memo
v Amplitude analysis and branching fraction Memo is reviewed in BESIII.
v' 2X6 strong phase difference result report at BESIII collaboration meeting. Amplude Al of he Decay Y- K3
O 1/0 check and the systematic uncertainty of strong phase parameters.

Study of D°/D° » K nn*
v Preliminary selection and background study. e
OK LO tag method to further suppress background, and the amplitude analysis. e i . s 5

Simulation and Reconstruction of STCF DTOF

The 2024 International Workshop on Future

v" Simulation and reconstruction established under OSCAR. Trma“ChHaLZ? e
B A: Shih-Chieh Hsu
0 Prepare the paper about the performance report of DTOF under OSCAR. ﬁ
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
e Others Work

|. Cross section measurement of ee™ — nJ /i at center of mass energy between 3.81 and 4.95 GeV at BESIII.
Published in Phys. Rev. D 109 (2024) 9, 092012.

I.Update of the strong phase differencein D° - ttn~n*n~.
Amplitude analysis and strong phase are finished, and the 1/O check and sys. uncertainty are ongoing...

Yutong Feng (/3353%) Summary and Prospect
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Motivation

. i
y = arg( Vuqub> _ arg( €12€13513€ )
— — * — .
VeaVep (512€23 + €12523513€%%)(S23¢13)

S13 K Sy3 K 512 K 1, remain leading order

Y ~ arg( C12€13513 ei5) ~ 5
512€23523€13
a = arg| — ViaVii = 91.58° = -
Vudelkb | 2

. — n 6
Spf=nT—a v=3
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Background Analysis

Main Peaking BKG in DT: § [ W S ot |G e A e
0 O , , + _ § 10° ; _Z\fc;?gbosg'u:::righ?DTBKG o § e ;_ _:IE:?QD“SBT“ :::rig:?DTBKG o
v D> Kin', n' > ynTn 8 pIam S 8 pIae [
‘/ DO - K_7T+7T_7T+ % 102%_ ’..’.. ."‘,’ ;", 102%_ LY) ¢¢¢’..I|ILL\1\ .'...'o
v DO — 0K +o - L o e —~—t
- - 10 (S
T S 77' 77 )/77: T 184 185 '1.|86 187 188 184 185 ;1.|86 187 188
. . Mee (GeV/ic?) Mee (GeV/c?)
Peaking BKG have the corresponding Model, can be * *
d (i b d I G0 e I voeee | G 10E s | L
escriped well. 3 | e 3 | o
o BKG |- S 103__3322:53“9 5 103__:3:353“9
. Q F—a Q E—a
— <3 =) -
From 1(3770) — D° D with wrong ST DY and right signal D°. 3 p
: -
e BKG II: i i

From 1 (3770) — D° D° with right ST D° and wrong signal D°. S M (Gevi

* BKG III: § f M N ot g e A re
From e*e™ — qq, distributed along the diagonal in the Mgy ¢ 103:6” § 103: '
v.s. My, distribution. % > % SOR )
* Peaking BKG: 8 -

BKG with Peaking in both ST and Signal MBC spectrum. 184 185 'ig1.éé 187 188 184 185 ;a;.ée 187 188
Msa (GeVic?) Mae (GeVic?)
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Isospin Amplitude

- : T N L AR AU SNNE PN W o
Isospin states for hadrons:  |u): 150 5% 1) i =15~ ld) 2 15, =3), ) < 15, 3)
7r+,p+ ﬂO,pO,aO 7r_,p_
I=1 | |ud) :|1,1) |%> : —|1,0) | |diy : —|1,-1) Kt K K° K-
nh,w, b, f I=5 | [u5): |5,+5) | 1d5) : |5,—5) | ldsy: 15, +5) | lis): —|5,—3)
1=0 |(uiz + dd) + g(s5)) : —|0,0)
Isospin symmetry in strong decay (CG Coefficients):
> D% - Km:
A > K~ n*) = A(po, K, ) +¢c [A (Klggﬂ_no,n*') — (I?Koﬂon‘,n*')]

AD® > K*n™) = A(p;on+Ks(’,n‘) +c [A (K;Sﬂuto,n‘) -

A(D® - K°n%) = A(p2+. -K2,m°) + c24 (KI;SE_NJ’,HO

AD® > K°1%) = A(pls - KO, 1) — 24 (Kjfg o™, m°
> D% - am

AD® - aln®) = —A(pt+ on™, KQ) + A(pro-%, K9) — 2¢A(f gt -1%, KQ)
> D% - hm:

AD® > hy®) = —A(pts on ™, K9) — A(p o~ KS) + A(p2+ -70, KQ)

2025/10/10 Study of D°/D°® - Kon'n*n~



Spin Factor

Decay Chain Spin Factor

D[S] > PPy, P[S] > S P>, S[S]—> P3 Py 1

D[S]— PPy, P[P] - V P>, VIP] —> P3 P4 t;,(P)I-p(V)

D[S]— PPy, PID]| > T P>, T[D] — P3 P4 qu(P)f”V(T)

D[P] - A Py, A[S] > V Py, VIP] = P3 P4 t;,(D)P‘"’(A)?V(V)

D[P] - A Py, A[D] - V P>, VIP] = P3 P, f#(D)ﬂ”(A)fV(V)

D[P] - A Py, A[P] > S P>, S[S] — P3 Py f#(D)ﬂ‘(A)

D[Pl > APy, A[P] > T P>, T[D] — P3 P4 fy(D)Fy(A)P#VW(A)I;NT(T)

D[Pl > AP, A[Fl| > T P,, T[D] - P; P4 fy(D)?’Vp(A)fm-(T)
D[P] — V| P, Vi[P] = V, Py, V3[P] — P3 Py M (D)euyporpy, F (VI (V2)
D|D] — PT Py, PT|S] > T P>, T[D] - P3 P4 f#y(D)P”V"ﬁ(PT)faﬁ(T)
D|D] — PT Py, PT|D) > T P,, T|[D] - P3 P4 ny(D)P“Vm(PT)F’(PT)Paaﬁy(PT)iﬁy(T)
D|D] — PT Py, PT|P] -V Py, V[P] - P3 P4 t‘;,v(D)P"m (PT)I:,(PT)I};(V)
D|D] — PT Py, PT|F]|—> V Py, V[P] > P3 P4 f#V(D)ﬂ‘Vp(PT)ip(V)
D[D] — PT Py, PT[D]—> S P», S[S] > P; P4 7”V(D)FV(PT)

DD —>T Py, T[D] - V P, V[P] > P3 P, F‘H(D)eyvm[)‘;i;(T)?’( V)
D[D] = Ty P\, T\[P] = Ty Py, T5[D] = P3 Py | 1,(D)P*"P(T))equiplly, (T )ig (T>)
D[S]—)SISZ,SI[S]—)Plpz, Sz[S]—)P3P4 1

D[P] - VS, VIP] > P, P>, S[S] — P3 P, f#(D)ﬂJ(V)

D[S] — Vi Vo, VilP] = Py Py, V3[P] — P3 Py PEY(D)i, (V)Y (V)
D[P] — Vi Vo, Vi[P] = Py P2, V2[P] — P3 P4 éyvnﬁ[fZ,W(D)?(Vl)W(Vz)
D[D] — Vi Vo, Vi[P] = Py P2, V2[P] — P3 Py Lo (D)F (V) (V2)

DID|->TS,
DIP] > TV,
DD > TV,
D[S]— T T2,
D[P] = T T2,
D[D] — T, T,

T[D]— P Py, S[S]— P3Py
T[D] — Py P, V|[P] - P; P4
T[D] — Py P>, V[P] - P3 Py
T\[D] = Py P2, T2[D] — P3 P4
T\[D] = Py P2, T2[D] — P3 Py
T\[D] — Py P2, T7[D] — P3 Py

i, (D)P(T)
1,(D)PP (D)ior (T (V)
EuaplpP (D)D(T) (V)

i (T1) PP (D) (T2)
€uvpor DT (D)Pop(D)H* (T1)1P(T)
2%(D)P*PY(D)igy (T1) Pyaper (D) (T2)
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By(g) =1
Bi(g) =
7 + 45
13
B-(q) =
2(q) \/q4 3PR 19

PO>p,) =1

(1) _
PW,(Pa) = =G + p2

P(2) ’
puv'v

_ 1w
l(pa) - E[Ppl‘l'

PapPay’

a

_ L p(L)
iy = (=1)P

M pLp

I(pa)'ll’l...

L

> Blatt-Weisskopf barrier factor

q: breakup momentum

qo = 0.197321/R GeV /c

R =5%0.197321 = 1 fm for DO
R =3%0.197321 = 0.6 fm for
other resonance

» Spin projection operator:

1

|
(PP (Pa) + Pl ()P (pa)] = 2P (Pa)Pyy), (pa)

» Pure orbital angular momentum

’

o’




Amplitude Analysis

Amplitude Magitude Phase (rad) Fit Fraction(%) | Significance (o) | Decay Chain
wK? 2.000 (fixed) 0.000 (fixed) 21.10+0.15 > 10.00

¢K§ 0.103+0.002 | 1.009 +0.024 1.04 +0.04 > 10.00

w(1420) 2.852+0.098 | 2.946 +0.033 2.84+0.19 6.00

w(1650) 9.355+0.231 | 0.747 +0.025 6.73 +0.35 8.50 VP
K(1410) " [K(1410) - K3p(770)] | 0.584+0.057 | 0.365+0.102 0.10 +0.02 6.70

K*(1680)°7° 1.518 £ 0.064 | —1.426 +0.042 0.91 +0.06 > 10.00

K*(1680)" 7+ 1.592+0.077 | 1.4424+0.052 0.70 +0.06 > 10.00

K*(1680)* 7~ 0.889 +0.059 | —0.434 +0.064 0.22 +0.03 > 10.00

n(1300)K9 6.036+0.171 | 3.700 + 0.030 2.03+0.11 > 10.00

K(1460)°7° 1.927 £0.057 | 2.159 +0.029 2.03+0.16 > 10.00 PP
K(1460)7* 3.602+0.098 | 0.174 +0.027 1.61 +0.09 > 10.00

h1(1170)K0 2446 £0.090 | —1.427 +0.037 0.69 + 0.05 > 10.00

al(1260)1<8 12484 +0.185 | 1.464+0.016 10.49 + 0.30 > 10.00

a1(1640)K§ 10.964 + 0.509 | —0.146 + 0.043 1.55+0.15 920

K1(1270)" 7+ 6.498 +0.097 | 4.183+0.019 6.78 £0.15 > 10.00

K1(1270)°7° 2760 +0.062 | 1.281 +0.027 1.47 +0.06 > 10.00 AP
K1(1400)°7° 2201+0.036 | 0.616 +0.018 4.04 +0.12 > 10.00

K1(1400)" 7+ 0.756 £ 0.052 | 3.444 +0.068 0.23 +0.03 > 10.00

K1(1650)°7° 1.974+0.102 | 0.104 +0.052 0.52 +0.04 > 10.00

K1(1650) "7+ 1.966 +0.118 | 3.376 +0.060 0.26 + 0.03 > 10.00

ay(1320)KJ 0.103 +0.008 | —1.300 + 0.080 0.09 +0.01 > 10.00

K;(1430) 7t 0.058 +0.002 | 1.766 + 0.046 0.35 +0.03 > 10.00 TP
K;(1430)°n° 0.036 +0.002 | 4.457 +0.050 0.20 + 0.02 > 10.00

K*(892) p(770)* - - 38.49 + 0.39 -
K*(892)"p(770)"[S] 3320+0.039 | 0.895+0.014 7.63+£0.17 > 10.00
K*(892)"p(770)*[P] 1.415+£0.012 | 4.706 +0.011 16.38 £ 0.25 > 10.00
K*(892)"p(770)*[D] 0.772 £ 0.008 | 0.022+0.013 1122+ 0.22 > 10.00
K*(892)°p(770)° - - 4.09 +0.10 -
K*(892)°p(770)°[S ] 1370 £0.029 | 2.601+0.024 1.33+0.05 > 10.00
K*(892)°p(770)°[P] 0.440 + 0.009 | —1.526 +0.023 1.62 £ 0.07 > 10.00 vV
K*(892)°p(770)°[D] 0.319 £ 0.007 | —0.094 + 0.024 1.93 +0.08 > 10.00
K*(892)"p(1450)*[S] 17.424 +0.482 | 3.932+0.030 245+0.14 > 10.00
K*(892)"p(1450)*[P] 3.189 £0.151 | 2.127 +0.045 0.89 +0.08 > 10.00
K*(892)"p(1450)*[D] 1.478 £0.080 | 0.456+0.060 0.49 +0.05 > 10.00
K*(892)°p(1450)° [D] 1.157 £0.064 | 0.806 + 0.059 0.30 +0.03 > 10.00

K*(1680) p(770)* [S] 19.533+£0.990 | —0.272 +0.049 0.57 +0.06 > 10.00

(K%)= p(1450)° [P] 36.597 +1.242 | 1.418+0.033 1.24 +0.08 > 10.00

Yutong Feng (}335;%)

Amplitude Magitude Phase (rad) Fit Fraction(%) | Significance (o)
(KIn)E=0p(770)* 197.265 + 0.582 4.051 + 1.611 1.48 +0.11 > 10.00
R —0.005 +0.100 - -
or -0.178 +0.395 - -
or —0.066 + —0.003 - -
(K% =0p(770)° 579.148 + 2.074 -0.906 + 1.626 0.45 +0.04 > 10.00
R —-0.063 + 1.336 - -
or 2.719 +£0.013 - -
or -3.167 + —0.001 - -
K*(892)°(n* 7~ )L=0 - - 1.31 £0.07 > 10.00
Bs 260.436 + 8.910 1.332+0.033 - -
fprod 6.534 +0.193 3.751 +0.031 - -
K*(1680)°(* n~)L=0 - - 0.89 +0.06 > 10.00
B1 207.487 + 4.158 3.876 + 0.018 - -
B3 2355.190 + 47.293 0.426 +0.017 - -
_,IP_,;“ 94.244 + 10.926 0.229 +0.108 - -
(KIS (e a™) =0 - - 6.87 £0.18 > 10.00
Amplitude Magitude Phase (rad) Relative Fit Fraction(%) | Significance (o)
K1(1270) > p(770)KJ [S] 1 (fixed) 0 (fixed) 76.84 + 1.84 > 10.00
K1(1270) - p(1450)K9 [D] | 0.650+0.052 | 2.659+0.086 1.89 +0.31 8.80
K,(1270) — K*(892)x [S] 0.134 + 0.005 0.628 + 0.034 11.93 +0.68 > 10.00
K1(1270) > K*(892)r [D] 0.036+0.002 | 0.184+0.058 2.59 +0.28 > 10.00
K1(1270) - (K3n)"=On[P] | 123.600 £0.550 | 2.743 +1.623 10.29 + 0.95 > 10.00
R —0.002 +0.028 - -
o 0.731 + 0.262 - )
oF —0.007 + 0.000 - -
K1(1400) — K*(892)r [S] 1 (fixed) 0 (fixed) 10228 = 0.22 > 10.00
Ki1(1400) - p(770)K? [D] 0.184+0.016 | —0.420+0.088 1.83 +£0.32 8.40
K;(1430) — K*(892)r 1 (fixed) 0 (fixed) 65.45 = 3.10 > 10.00
K;(1430) — p(T70)K? 1.382+0.118 0.112 + 0.089 19.25 +2.49 > 10.00"
K(1460) - K*(892)1 1 (fixed) 0 (fixed) 4561+3.16 > 10.00
K(1460) - (K9m)=n 108.928 +2.564 | —1.077 + 1.696 54.56 +3.18 > 10.00
R 0.249 + 0.477 - -
or 0.962 = 0.039 - -
oF 3.073 + -0.032 - )
K1(1650) — p(T70)K2 [S] 1 (fixed) 0 (fixed) 3277 £2.79 > 10.00
K1(1650) — K*(892)r [S] 0371+£0.029 | 0.335+0.074 3247 +3.64 820
K1(1650) — K9 (r*n™)E=0 - - 44.85 +4.45 8.70
B 2995+ 0.896 | 0.622+0.299 - -
B 15.620 £2.046 | —1.201 +0.139 - -
_frod 34.540 £2.983 | 3.962+0.086 - -
K*(1680) — p(770)KJ [P] 1 (fixed) 0 (fixed) 20.07 = 1.21 > 10.00
K*(1680) — K*(892)r [P] 0.613 + 0.025 2.684 + 0.042 63.74 + 1.51 > 10.00"
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Amplitude Analysis

-AlnL

-AlnL

* The parameters of a;(1260),7(1300), K;(1270) and Km S-wave will be determined in our fit
due to their dominant contribution in the channel and inaccurate results from PDG.

This Work PDG [49]
Resonance | Mass( GeV/c?)  Width( GeV) Mass( GeV/c?)  Width( GeV)
a1(1260) 1.298 + 0.013 0.465 + 0.024 1.230 + 0.040 0.250 ~ 0.600
m(1300) 1.243 £ 0.017 0.412 +0.034 1.300 + 0.100 0.200 ~ 0.600
K,1(1270) 1.263 + 0.001 0.096 + 0.003 1.253 + 0.007 0.090 + 0.020
K*(892) 0.8916 = 0.0002 0.0470 + 0.0004 | 0.8917 +0.0003 0.0514 + 0.0008
I_(*(892)0 0.8956 = 0.0004 0.0467 +0.0008 | 0.8956 + 0.0002 0.0473 + 0.0005

Parameter Value
Km S-wave LASS model
a 0.058 + 0.009
r —31.795 + 4.254
i S-wave K-matrix model
shrod —0.8956+013%
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Amplitude Analysis

Covariant Helicity Amplitude for D — V;V, — (P1P;)(P3P,)

_ ~Jp Ip Jv Jv {D} . Jv Jv (D}
HAVl)AVz - Flvl,).VZ DADerl_AVz ('QD) ) TV1 (mvl) Flpll,ﬂpz Dﬂvll,lpl—lpz ('Qvl ) TVZ (mVZ) F/:lp3z,lp4 DAVZZ,),PS —)lp4 ('QVZ )
2
Jp=0= A, =2, -|A]*= Hy, ay,| =IHu+H_14 + Hoo?
Av v,
1 1 1 1 2
Fi]fﬂ = \/;goo x \/;WTgn + \/;7‘2922 , Fd = V1Vz(—\/;goo + \/;7‘2922) r = 2|q|
|g|: momentum of Vin Drest frame y: Lorentz factor of Vin D rest frame W: mass of D (m)

» D - V;V,, fix at mass of I3V,
* Fix mass of I/;V, at PDG value, their momentum can be calculated.

e V.V, is considered as final state. m D® — K*(892) p(770)* | D® — K*0(892) p(770)°

£ = |H o l? D > V,V, » (P,P,)(PsP,)  0.509 + 0.005+ 0.012  0.108 + 0.008 + 0.013
Y |Hyi + H_q_1 + Hool? D — V,V, 0.468 + 0.005 + 0.011  0.077 + 0.007 + 0.010
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Strong Phase Measurement

Binning Scheme

e Mode I: The bin boundaries are allowed to vary independently, as shown in Figure 2d. The number
of bin pairs of this mode could be odd.

g -»- Optimal binning Mode0

= C -=- Optimal binning Model

e Mode II: The middle bin boundaries 0 is fixed, and the left and right bin boundaries are allowed 5 06 - —+ Optimal binning Mode2
to vary independently, as shown in Figure 2e. 05 -

e Mode III: The middle bin boundaries 0 is fixed, and the left and right bin boundaries are allowed

to vary symmerrically, as shown in Figure 2f.

Table 2: c;, s;, and T; for the optimized 2 x 4 binning scheme.

Bin Ci Si Ti T,'
1 | -0.8579 | -0.2089 | 0.1951 | 0.1028
2 | 0.2738 | -0.6499 | 0.0919 | 0.0216
3 | 0.1596 | 0.6920 | 0.1594 | 0.0295
4 | -0.8105 | 0.2691 | 0.2823 | 0.1172

Yutong Feng (}335;%
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(d) Mode I optimized 2 x 4 bins
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Strong Phase Measurement

Ap ={fIHID") = ase, Ay =(fIH|D") = ape®’,  Ap=ArA;—Ash,,
A= I HIDY = age, A, = (g HID’y =age.  Agg= Aghg— " As,,
- 2 2 = 12 -
Ay = (Ag T Ay) 9 _ §1AL]" do, . §|Agl” + |Ag|" +2|Ag|Ay| cos Apy dy
T . 4+ = 2 2 - — .
V2 flAL]* +A-|" do, 2 (|4 + 4,]") de,

According to this definition, it is easy to know that F’ i = 1 for CP even mode, and F i = ( for CP odd

mode. And the CP parity can be expressed as ncp = (2F%. — 1).

Yutong Feng (}315;%) Study of D°/D°® - Kon'n*n~



Strong Phase Measurement

I‘Bel(éB Y A (B_ — (f)D K_) — AB (Af = rBei(53_7)Af)
\ = Ap (a €7 + rpe’® g ceits )

A(B~ — D°K~)/A(B~ — D°K~) = rpe'®—7)
where rp is the magnitude, and dp is the strong phase difference.
DOK- op With the decay amplitudes, the decay rates are then written as

rpe
['[B~ - DK™,D — fp]

_r|2 2 _
oC A{:‘ r% + ‘Ag‘ +2 ‘Ag ‘Af:’ [x_ cOs (A¢£) + y_sin (Ad){;)]

where the index word p represents the point in the PHSP of D — f, x; = rgcos(6p + y) and y4 =

rp cos(dp + y). For the Bt decay, the decay rate is similar as follows:

T/ = Af ’zd(b I [B+ — DK",D — fp oc |AL| 2 ‘ + ‘Af +2 ‘Af Af [x+ cos (A¢f ) — Y4 sin (A¢f )]
= cos ( ! ) do(p), If the event number N/ of D — f has been measured, then the event number in each bin is given by
V TfT " f ot 7 f f f . f _ Kf
, o = N'T], K] = N'T/. Therefore, T and T; can also be defined as 7 S K7 and T;
s =

Sk

After binning the PHSP, the decay rates of B~ — DK™ is re-written as
[[B~ — DK™,D — fi]ok{r} + K] + 24/ K[K] (c[x_ + 5]y )

x4+ and y4 can be obtained from fit to B meson decay, and y can be extracted !
Yutong Feng (}315;%) Study of D°/D°® - Kon'n*n~
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U-spin

» The U-spin symmetry forms a SU(2) doublet under the exchange of d and s quarks.

The U-spin breaking parameter, p(= re®) is a complex and purely empirical quantity. For a three-body
In addition to the pure CF and DCS sub-transitions, a mixture of these, where the two pions are  gecay with multiple exclusive CP eigenstate resonant contributions (kcp), p factors for each are denoted
produced in a CP eigenstate resonance, is also a viable transition process to the K‘S)ﬂ‘”ﬂ‘ final state. by py..,. The p parameters primarily carry the phase-shifts generated as a result of DCS interference, and
Using the phase convention CP |K 0) =- |I_( 0), the partial amplitude of intermediate processes involving naively, the magnitudes (|9]) are expected to be ~ O(1). However, the magnitudes are to be empirically

only neutral CP eigenstate resonances i.e. DY > K(S) (n*x~), can be written as a superposition of DY —  measured for the possibility of deviation from the nominal tan?6c Cabibbo factor. A similar treatment to

ROr*nand D° — KO7* 7 as follows: the decay process D° — Kﬁn‘n* yields,

1 > - o
AP = Kami) = = (4(0°  B'n) -4 (0" K ) A(D" = Kj(rmi,) = A (D" = K (7)) (1 = prcy tan’ 6c).
1 A(D0 — K° (7T+7T_)) — Kg(ﬂ'ﬂ')kCP) ~ 1 — tan2 OCﬁkCP

~ 1 -2tan’ Ocpy,, + O (tan4 9C) ,

/ V-spin

. - A(D°
gA(DO—)KO(nWr ))[1_A(D°—>I_(°( " _)) ’ ( = 5
0 KOt i A(DO - Kg(ﬂ'ﬂ)kcp) 1 + tan® OcPkcp
with [W = —tanzecﬁJ, where 6¢c was defined as the Cabibbo angle and p was defined 0 0 5 0 0

DKo 17) A(D® - K)(rm)ic,) = (1 - 2tan” Ocpyc, ) X A (D° — KQ(mn)ie, ) -

U-spin \

as “normalized ratio of transition amplitudes” by Bigi and Yamamoto and may also be understood as

”U-spin breaking ” parameter, the Kgﬂ'_ﬂ'+ CP transition amplitude can be written as,

1v K @p-mmmeee- K*
1 5 - A
A(D0 - K(S)(mr)kcp) = $A (DO - K° (m*m )) (1 + Pkep tan® Hc).
bis 7t
3 .
0 +, - CF DCS CcpP
A(D" - Kr*nm) = Y ASE + > ADSS 4 ZAKg<n+n—>kc,,’
r rr kcp 1 o~ Wpessansas R 7
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A (DO - Kﬁﬂ+ﬂ_) =

CF
Z Af("mr

r

r’

Z A%C;‘; + Z (1 —2tan’ OcﬁkCP)Azg(nW‘)ch .

kcp

Figure 1: The octet of 0~ mesons. Unitarity of hadrons, U-spin and V-spin.
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CP-even fraction & Strong Phase Difference

» What is F, 7= The fraction of CP + to f.
Iy
ﬂ_n+l
- J 1A, |2d¢/‘
J1A,2d¢; + [ 1A_17dd;
» Define CP eigenstates and ignore CPV:
|D? >=|D° > +|D° >
|D® > =|D° > —|D° >

» We have before:
A(D® > f) = Ap = age’™
AD® > f)=A_; = a_se'o~r
» So we have:
- [lag)? + la_f|? + 2|as||a_r|cos(Ad;)dps
2 [ lag|? + |a_s|?d ¢y

2
2F, — 1 =f|a,|2 3 |a_f|2d¢fJ las||a_r|cos(AS;)d s
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Strong Phase Measurement

* Used in LHCb-PUB-2016-025

Kot~

KeK+K-

K rntn*tn™
KtK ntm~

ntn ntn™

K- n*tn®
K)K*nt

ntn—n®

Kdn*tn—n°

KtK—=n®

K=nt
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Ci» Si
Ciy Si
R,8
F, or c¢;, s;
F, or ¢, S;
R, S
R,

Decay Mode Status@BESIII (2.93 fb1)

Finished
Finished
Finished
On Going
On Going
Finished
On Going
On Going
On Going

Finished (Update)
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STCF imz= Al F = 5l &% DTOF(DIRC-like TOF) £ EARMMESR FRIFRIFFH &

- STCF RHEFMARITIEE r-c EXE R ESRERIFT—NIERBEFXIEN, mARRINFE5]6E
NEXEZFENYEED T TIERNE

- DIRC E# ZNAZEIrEMSEEYIESLINH, EAMNGN ., RENYRE. MFNUEH
B 18] 20 #RE PRIIE T RS RIRLF 0 PR EET]

c.m. energy: 2 — 7GeV

||||||||||||
291 cm >
ax=1050mm /. K o \
\ N
I : . N\ | \\
) .I . \ ‘\ N\
H | \\\

7,

’
-
-
-
-
=
-
v
v
v

BI5E #/RBES]-STCFRI FRINR I %



DTOF Simulation

T Sample K Sample
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DTOF Reconstruction

Single Timing Uncertainties

Single photon timing uncertainty:

_ Ut,-L Otp OTTS
O = O-To ) O-t'MCSe9 text(r_’) \/7 @ZGEV Overall O¢ ~50 PS
pe. Ny J
A A P A
200 16.5 40.7 144 30 68.8
——————— Overall FTOF Timing Uncertainty
180 ——  Spatial Resolution (Pixel Size and Radiator Thickness)
160 SPE Time Resolution (MCP-PMT and Electronics) 100
Chromatic Dispersion
i 40 —— Momentum Uncertainty (Incident Particle) 90
-g'-‘ 120 Multiple Coulomb Scattering (MCS) 50
< —_
5 100 53
O S,
=2 80 ©,~75nm@(300nm,650nm) o 70
B o
= 60 é
Opcs™2.8mrad@1GeV/c ol 60
40 S
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