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Outline

» Works on BESIII

* Introduction
e Study of D°/D° - K{nOntn~
* Measurement of ete™ — nJ/y Cross Section

» Works on STCF

* Introduction
e Simulation and Reconstruction of STCF DTOF

» Summary and Prospect
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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

7z,

[}

BESI

II Detector

Main Drift Chamber Time Of Flight

Small cell, 43 layer Plastic scintillator

Oxy=130 um or(barrel) = 68 ps

dE/dx ~ 6% or(endcap) = 110 ps

0,/p = 0.5% at 1GeV (update to 60 ps with MRPC)
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E., =1.84—4.95GeV
Peak luminosity @E,,, = 3.773 GeV:
1.1x1033 cm2%s71
Circumference: 237.53 m
Crossing angle: 2x11 mrad



Motivation
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three generations of matter

Standard Model of Elementary Particles

interactions / force carriers
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Motivation

e Different parameterization of CKM matrix

1 0 0 C13 0 Sl3e_i8 C12 S12 0
Vekm = (0 €23 523) 0 1 0 (—812 C12 0)
0 —S23 (23 —51361'6 0 C13 0 0 1

)
C12€C13 512€13 S13€
_ i5 7o)
= | —S12€23 — C12523513€ C12€23 — 512523513€ 523€13
ié i5
S$12523 — €12€23513€ —C12523 — §12023513€ C23C13
v’ 3 mixing angles: Sij = sinb;j, ¢;; = cosb;;

v' 1 CPV KM phase: § is the phase for all CPV phenomena in flavor-changing processes in SM.

e Wolfenstein parameterization

V 14
1-22/2 A ARG —in) sp=A=—lml__ o= anz =g,
Vekm = A 1-22/2 AN2 + 0% VIVual? +Vas| Vus
- _ B 1 * . AA3(p+in)V1—-A22%
AP —-p—in) —AX? 1 515 = Vi = A23(p + in) = 222 iV

Va—22[1-A224(p+im)]
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Motivation

° VCKMVCKM = VCKMVCKM 1 wm) 3ViiVi =6, ZjVijVij = Oix

* * * Vu Vu VeaVe
VuaVop + VeaVey + VigVip, = 0 mmp VCZV L+ szvtb +1=0

_ ViaVep
a= ¢y =arg|—y—— (p.11)
ud'ub
VeaVen ViaViss VgV
= ¢, = arg| — i 3, pp .t
ﬁ ¢1 g ( th t;;) VCdV:b B-m Pf Vchc*b
V..V _B-DK S
cd”cb (0,0) (0,1)
o < Vud"Jb) 2
. Y = ] = ar - o
v  Involvingb - cand b - u: PR VeV

¥y can be measured by B = D + hardron
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Motivation

>» Measurement of y/(pS rg: ratio of two amplitude,
(5 _ 6g: strong phase difference.
AB~ > (f)pK™) = Ap(45 +15e'CB7VAf) A(B-—DOK-) .
— AB (afeiaD + rBei(¢B_Y)C—lfei6[)) A(B_—)DOK—) = rBel(aB_Y) .
* Decay rate: Ba

(B~ - [flpK™) = |Ap|?|1 + r275 + 2Rsrprgcos(8 — ¥ — Adp)]
Inputs from D° - f and D® - f decays are needed

* 2 A f 1 f .
(rf)z [l fae e [ ArA-do J |A¢||Af|cosAs] (sinASY)d;

D7 [ lagfae B 2 _ .2 ilsi) = 2 — 12
RS {14 a0 S |4, ao,
 Different D decay models:
v/ ADS: CF and DCS decays (e.g. Km,Knn®) « Ry, 6{; v
v GLW: (Quasi-)CP eigenstates (e.g. KK, nTn n°) « F,
v’ GGSZ: Multi-body Self-conjugate decay (e.g. K{n*n 0% « ¢;, s; VupVes~A2* (p — i)
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DD Data Sample

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

_ - _ 1 _ _
ete™ —(3770) » DOD° > fg Lwe7r70 = ~1 1y3770)) > — (ID9ID°) = D)|D°))
No CPV l
y? — x? 12 2 f 7 y? + x? F g2 f f
['(flg) « (1 + > ) [(‘rD) +(r)) —2r) r,;quRg cos(|Adp|— ASg)] + > 1+ (rpry) —2r) rl;quRg cos(As;, + A8y )]
S \
o Number of events coherence factor strong phase difference

_
« QC DD produced at BESIII
v 203fb 1 @+/s =3.773 GeV ~73.4 M D°D? pairs «£

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

e

f: signal mode
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Outline

» Works on BESIII

* Study of D°/D° —» KdnOntm™
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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!*I (Bin the PHSP with resonance mass region.) ~ 25x CLEO
» Many potential processes D - VV,VP and AP.

* 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)
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Double Tag Method

» Tag Mode
Type Tag mode
(quasi-)flavor K'n,Ktnn’,K'nntn| KTe v, [1 : 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
CP-mixed Kg,LT("_]T_, Kgﬂ+7T_7TO, ntnn° e

» Signal Mode

Signal D° - Kdn°n*tm™
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Event Selection

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

with decay mode KJ —» ntn~,n° - yy.
* Good Charged tracks » 1° - yy candidate
v |Rz| < 10.0cm, |Rxy| < 1.0 cm v’ Reject y both in endcap
v |cos 0| < 0.93 v [0.115,0.150] GeV/c?, x%. <50
* Good Showers * 1 = Yy candidate
v' E > 25 MeV for barrel (|cosf| < 0.8) v [0.505,0.575] GeV/c?, xic <50
v E > 50 MeV for endcap (0.86 < |cos 8| < 0.92) . Kg — T~ candidate
v 0 <typc < 14 (x50ns) v' |Rz| <20.0cm, |cos B8] < 0.93
Y By-chrg > 10° V' L/0y > 2, X5, svtx < 100
* Particle Identification (dE/dx and TOF) v [0.487,0.511] GeV/c?
Use SimplePID * n' candidate
v m: CL, > CLg, CL, >0 v ntn™7:[0.940,0.976] GeV/c?
vV K: CLg > CLg, CLg >0 v’ py:[0.940,0.976] GeV/c?,
v e:Cle>CLg, CLe > CLy, CLx >0 p - mtm~:[0.626,0.924] GeV/c?
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Event Selection
Initial Selection

Yutong Feng ((B15:%)

» ST Selection

 Cosmic ray rejection for K~ tag mode

* KQ rejection

v Ktn ntnT: |M_+,- — 0.4976] > 0.03 GeV/c?

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

AE = Epo — Epeam

MBC = \[Egeam - |ﬁ50|2

Decay modes

Data AE cut (GeV)

MC AE cut (GeV)

D’ - K*n~

D° - Kt n°
D’ - K*ntnn™
D’ - K27T+7T_
D’ - Kntn n”
D’ - ntnatn
D’ - ntaa°
DY - KK~

D’ - ntn

D" — K{n'n°
D’ — KJn'

?O — K¢y

?0 - Kén;ﬁ”_nw
D' — Kgn

’
yrntmn—

(=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)
(=0.026,0.027)
(=0.037,0.038)
(—0.084, 0.060)
(=0.069,0.053)
(=0.045,0.045)
(—=0.030,0.030)

(=0.033,0.027)

(=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)
(=0.027,0.027)
(=0.032,0.032)
(—=0.069, 0.040)
(—0.066, 0.049)
(—0.044,0.043)
(—=0.030,0.029)

(—0.034,0.029)
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Event Selection )
For Amplitude Analysis Modes D° > K*mn™,K'n™n’,K*n n¥n”

» DT Selection

e 3C Kinematic fit
Constrain: 7°, K2, D° mass e Veto D° - 179K Peaking BKG

* AE requirement for DT tag D° - K9n*n— ! cosf,+-- < 0.9

(u — 3.50,u + 3.50): (—0.050,0.038) [GeV]
In Mg spectrum:
+ Signal region (i + 3.55) € (1.859,1.873) M(n°n*m™) > 0.567 GeV/c?
* Sideband reg|on 60 € (1 840 1. 854)

* Veton:

> A L e B L B R B 3
180} L1 D_T é’ 160 Fmean = 0.5477 = 0.0002 =
o0 Slognal S q4pfo=0008 'f; >0.567 GeV/c® ]
F N DY - KJn’m g C ; ]
. . ] 1401— r ]
. B . ‘ ] F ln 2 120 - & ]
- e ] 12op T E g S ooF f E
Lol T o] 100F 1, > - P :
i S AR ] g W, i b3 :
. - R o e 80| ; =
o L Ly ] E - . ) =
L . of- suppress 93.7% H 6oF 3 ]
sl ol _.,:" s = . 4ofi | 40 - y E
PR P R ] 20f 20F -
1.84 -_.F' . " : | — | L | ] O: 111111111111111111 | 8 _i A -" b v AR "" i " i
TR Y NI W NS S S R AT NS S ST N SRR =] X X
P Y Ty T YT 05 :’9 05 1 52 053 054 055 056 057 c; 58
— )
Mpe (GeV/c?) CosO+, 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

s 7000:_"””””””H"HH' 5000 7T T
» Fit Method anf ot
. bgsooof— ”§
* Sig:  MC Shape s(x, y)®Gauss(x, y) 2wl Zam0
. 53000 - ?:9/2000 -
* BKG I: Argus(x)XMC Shape s(y) Ll i
o 1000 —
* BKG Il: Argus(y)xMC Shape s(x) to0o - : ]
. BKG ”I: T(x _ y; ”’ O-(x + y)’ n)xArgus (x) xArguS (y) ‘ 1.;4 1.8145 1.;35 18;?3(%?(6}61\,8:3‘52)187 1.875 1.188 1.818:5 0 1.184 11;45 1.;35 1.8;:3%.?(6};\.}822)1.87 1.875 1.88 1.885

* Peaking BKG: Estimated and modeled by Inc MC

R I e = Signal region (i — 3.5, i + 3.56) € (1.859,1.873)
88 - BKG 1 ] _I'(n/2+0.5) 1+1(y—y)2] 2
o f 1 “ovanl(m/2)l” "2\ o
2 ST mode Signal Yield  Signal Purity
S | D’ - K*n~ 252222 +259 (97.5+0.1)%
=l [ (e ; D’ - K*nn® | 43992.5+469 (93.9 +0.1)%
b ] D° - K*nnn* | 240450 £52.1  (92.3 +0.2)%
1.84 1.85 I\/Ist;lj.(BGGGV/CZ1).87 1.88 ~93 2 59. 7

Yutong Feng ({315:%) Study of D°/D° - Kdn'ntn~



Amplitude Analysis

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

_’ . . .
Train a classification model l Input event f; probability ratio
Sample 0 [R:IER /(e Based on XGBoost 7
___________ g Classification RSN Proby(f,) ~ f5 ()
—’
model output  Probi(f;) €@i)
TR PHSP MC p 1 (fi)
= _ Kgno n'+n'- Kng'o
Features: f = {M KO0 M_+ -, costS?Kg ,cos6_+" ¢n+n_}

10000 = 100007 5000 |- 4500 F 4000 -

N i % - E Lo E (\é W
S sooof S sooof- % 4000 [- . N% :Zzzi S Z:Z::_
% 6000 | % 6000 |- ,é: 3 2 s000f % 2500f-
% 4000f % 4000} > 2000f- P d 3 S 100k
€ A b= [ € C T 1500f € s
L% 2000 | :>: 2000 [ :>: 1000 S 1000 - g tooop
i - 500;_ w soog—

%,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

e M e cos o
. . . . . = —(.
Data Point: Evts of BKG; Blue Hist: PHSP Signal MC sampled by weight obtained from ML X 5
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Amplitude Analysis

: i dr(p’ . 65 4 53 A% T
* QC signal amplitude ( dq)—’ /) oclAfl® + rg|AflP = rzRze%1 A AG — rgRae 1 ATA
f

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

* D% amplitude: As(p) = X; A;U;(p), A;: complex coupling factor

+ Partial wave amplitude: U;(p) = S;(p)By, (P)Pr, ()Bs,, (P)Pr,(p)By, (»)

* B :Blatt-Weisskopf barrier factor; P,: Propagator

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

* DY amplitude: A¢(p) = X;A;U;(p) = X; AjU;(D), 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

?103 T T T T E ?103 T T T T ] ;(103 T T T T T3 >‘('103 T T T T T 5
~ 45F 3 ~ ok 1~ ~ 43F ] 3F E
> 4 13 13 S 4 ] st E
3 3sE 1% sF 1% 3 35¢ 18 :
O 3E 30 ¢ 10 O 3 1S 2f 3
E 25F E g or E \g g 25 1S : E
S 2f 3 e 4 je s 2 1E b ]
T 15F 43 5 13 S 15E r.% 1F -
=] E J = L ] = =] £ E £ ]
g I g 2f 1 e I 1 osf E
M 05F im 7 1| | 05 g ]
0 08 1 12 14 0 08 1 12 14 0 03 3
My, (GeVic?)
x10° x10°
5_— T T T T ™ ET T T T T 3 o
Q) Tt 18 4 1¢ °F E —+— Data
N S 1 = 35 1z F ]
> > 1 > 35¢ 15 4F 3 :
© 12 ;3E 1w °f ] — Fit
3 S 10 3 10 ]
©° o { © 25F 41 L 3r 7
3 3 13 Lf 13 F ] Background
=) =) 4 2 E i< r L
E E = E 13 E C o ]
Q L 1 e 3 L 1r = * v +
i A 1 & osf & f ] K'(892) p(770)
1 E e = oL e = N 0
2 063 1 12 14 16 038 1 12 14 16 — a,(1260)K;
M, . ,(GeV/c?)
Kom'a® 0_ (L= ~L=0
(Kon ™ ()
T T T T . _
Q ] Nb
N 1 0
> o 25 1a > w(1650)K
O g 38 O 0
2 S ie < a,(1640)K
Q ~ 15 g~ o &
S g i S X (892)° 0
= g £y S K (892)’p(770)
g &s) M = K 00
g 05F ] e o2 |71 0 Al Mg K1(1400) 7T
m 1 2]
- = - e gopesesewso % - +
% -0.5 0 0.5 1 0.6 0.8 1 12 K (892) p(1450)
o
o0 My @eVie) m(1300)K;
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Amplitude Analysis

CP-even Fraction & Longitudinal Polarization Fraction

» CP-even Fraction

_ J1A+(@)|* d® .
(1AL @2 +A_(p)2 dD A+(p) = 7 [Apo(p) = Apo(p)]

300; MPV = 0.2565
E o =0.0024

250

200

150

1001

50

Fy

Events / ( 0.00192364 )

F, =0.257 £ 0.002 £ 0.006 (non — 7n)

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

|Hoo|?
fL

 |Hyy + H_y_1 + Hyg |2

Process D° - K*~(892) p(770)* D° - K*°(892) p(770)°
D - V4V, = (P{P,)(PsPy)  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 (;315:%)

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° - Kdnn*n~




Branching Fraction Measurement

ZNf

By = i

f ST T T 2r,R,coso
S NST(RT/eSTY[1 - Zehesos

» BFs are calculated by
2 2F, - D]

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

Branching fraction
(5.545 £ 0.0194. = 0.029,y, )%
(5.083 £ 0.6)%

This work
PDG

» Branching Fraction of the component (FFs > 1%) in D° -» Kdn°n*tn~

) - - ¢ This work
Component Branching fraction (%) Componcnf - Bfmchlng fraction (%‘) R L4f ; . : S
w3 1.170 + 0.009 = 0.027 K:(1270) = 0.376 & 0.008 & 0.012 € f T i paT
¢k"3 0.058 + 0.002 £ 0.001 I‘l 1 (1270)0 o 0.082 + 0.003 £+ 0.002 s i ]
K*(892)" p(770)* 2.134 £ 0.023 + 0.089 K (1400)x° 0.224 + 0.007 + 0.006 g 'f E
K*(892)°p(770)" 0.227 + 0.006 + 0.010 K(1460) " 0.113 £ 0.009 % 0.020 @ osf 3
K" (892) " p(1450) 0.176 + 0.008 £ 0.009 K(1460)" = 0.089 & 0.005 < 0.009 £t ]
(K5=")"""p(1450)°(P] | 0.069  0.004  0.006 a1 (1260) K 0.582 & 0.017 & 0.046 2% E
(k‘lx“ )e=05(770)* 0.082 % 0.006 = 0.010 m(1300) K5 0.113 + 0.006 + 0.014 04f Yy 5
k (8()2)“(71' T )L =0 0073 4 OU(M 4 0009 01(1()‘10)1{05 0086 - 0.(“]8 + 002‘1 N ]
(14200 K - - ).06 02k =
KOO\ Lm0 4. ~\L=0 | 0381 4 0.010 + 0.035 w(1420) K5 0.157 + 0.011  0.068 — —
(K5=?) " x"m) w(1650) K2 0.373 + 0.019 = 0.136 D" - oK D° - gK!

Yutong Feng ((B15:%)

Study of D°/D°

- Kdn’ntn~

FIG. 4. Comparison of the derived D° — wK3 and D° — 6K
branching fractions with theoretical predictions.




Branching Fraction Measurement
Systematic Uncertainty

» Summation of all sources of systematic uncertainty.

Source Uncertainty (%)
Tracking 0.2
PID 0.1
7' reconstruction 0.2
K¢ reconstruction 0.2
ST D" yield 0.3
AFE requirement of the signal side 0.2
DT fit 0.2
Amplitude model 0.1
Quantum correlation correction 0.2
MC statistics 0.1
Total 0.5

Yutong Feng ((315i%) Study of D°/D° -» Kdn’n*n-



Event Selection
For Strong Phase Measurement

» Partial Reconstruction
Tag Modes with missing track K,?/ve.

+ M3 € [1.86, 1.87] GeV/c?

* Kl? + X Mrzniss = Er%tiss - |ﬁmiss|2
v No additional charged tracks, no matter good charged track or not for Kso_mJ,n_ + X BKG.

Emiss = Eﬁo — 2;E;,

ﬁmiss = ﬁﬁ“ - Ziﬁi-

v’ No additional ° or 7.
° vV, + X Umiss = Emiss — |ﬁmiss|
v Only 2 good charged tracks (identified as K, e with opposite charge).
v E/p > 0.8 (to reject misidentified u*/m).
» Kinematic Fit
« Kdntm~ (°): Constrain final states to D° mass, no 2 cut.

« K’m*m™: Constrian K missing mass +2D° mass + total 4-momentum.

Yutong Feng ((315i%) Study of D°/D° - Kin®n*n~



Strong Phase Measurement
Signal Yields

» 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 (TR e
Kev,
* Signal: MC shape @ Gauss o -
- Other D°D° BKG: Inc MC shape Keve b oaoe |
* Flat BKG: 25t Chebychev function
K)+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 ({315:%) Study of D°/D° - Kdn'ntn~



Strong Phase Measurement
Binning Scheme

* Uniform Binning: - S
according to phase ratio and magnitude ratio | O — Equal binning
-+ 2W"(i-l)<A¢$D<—zr+ %"i, i<0 § 06% ' — Optimal binning
n-%(-i-l)<Aép<n—%r(-i), i>0. rDe—iJD =@
Apo 8
* Optimal Binning: N S

Number of bin pairs

optimize with Q value

. 2 . 2
1 dN’i 1 lei
Zi ( /1\{)!_;;i d:i ) 9 ( /NE'?= dgi )

2 2
1 dl:(p) 1 dlp:(p)
Jo l(x/rp(m dzs ) +(\/P8i<p) dys )]dp

3 [(2aziKi +2VEK Kici)? + (2y:K; + 2\/K¢I§'¢si)2] /Ni.
43 Ki

Bin Index

W

Q=

zy =rpcos(dp+vy) =0,y =rpsin(p£v)=0,z2 +y:  =rp =0
Ni. = K; (22 + y1) + Ki + 2V K.K;|(z1c: + ys8:) = K;

Yutong Feng ((B15:%) Study of D°/D° -» Kdn’n*n-



Strong Phase Measurement

Binnin

Signal Yield

Bin | Koz Kony, K., K., KOxx0 rtae K K- A Koxb Konab
Uniform binning scheme
1 [ 23148 £1690 1870+4.87 748 4%  1985+457 603702792 59549 £26.55 1624.64 +4222 2577.94+ 5841 291303 +60.08 221.75 + 40.50
2 21702+ 1584 2864+604 701035 2040 +452 6640+ 1065 7914 +948 22096+ 1601 38358 +2432 37821 £2228  176.15 +25.22
3 253.01 £1654 36,03 + 647 s.%'}ff,‘ 2950 + 568 35834846  3308+640 927441036 16525+ 1749 160,79 + 1585 214,66 + 22,99
4 2759941746 39274641 9954316 28634573 617341069 42514696 1277241099  221.234 1943 19990 £ 1807 214,11 + 24.89
5 40924 42110 4548 £ 697 1896+ 487 S50.16+7.15 1832341614 157464+ 1329 481.64 + 2287  804.51 + 3331 764.62 £ 30.70 38655 + 35.86
6 | 3981042185 47544773 128715 45224677 76327 +31.57 8018342988 215333 +4828 366095 + 68.95 375590 +67.97 38BA6 + 5287
Optimal binning scheme
1 [ 13095+ 1311 1045 £ 3.46 o.ntt;; 1247 £ 346 50699 + 2502 47875 +23.72 136422 + 3860 213025 + 5205 2415.14 + 5441 142,59 + 33.58
2 2205141583 24584563 551 '}_},, 1856 + 441 15208 + 1518 18135 4 14.56 40822 + 21.68  749.69 + 3298  782.85 + 31.60 19531 + 28.15
335000 41964 47024749 1095+ 331 38304636 45574978 4894 + 788 16409+ 1378 293.19+ 2232 25206 + 1987 28870 + 27.73
4 432542180 S147£735 10691 48624734 10701 £ 1340  BAI2 4961 26223 4 1581 4436942598 38314+ 2361 37107+ 33,08
S 4678242306 61274829 2494+ 541 59824782 30674 42057 31128+ 1870 $80.63 + 31.02  1539.16 + 4534 148175 + 4274 438,12 + 44,28
6 | 1835441496 1953£510 480710 1691 £4.06 59383 4£27.50 60583 42589 1614.77 + 4186 277225 + 5946 2868.10 + 59.24 19209 + 3889
Table 16: Binned signal yields for K{n*n~ 7% VS. K{n*n~2°.

Table 17: Binned signal yields for Kdn* 7" VS. Kdn*n~. Table 18: Binned signal yields for Kz *n~2° VS. K{n*n~.

T TagBin
Signal Bin J ! 2 3 4 5 6

- “Uniform binning scheme 1 2 3 4 5 6 7 8 ! 2 3 4 3 6 7 8
% 86.00 + 1221 27.51+6.78 3978 +7.78 46.78+9.26 80.61 + 10.61 167.23 + 15.83 Uniform binning scheme Uniform binning scheme
-5 5071 +£870 22854569 12.67°3% 2479+576 31.58+685 11591 + 1267 % 638.57 +2680 294.63 + 1850 257.15+ 1698 6231 +871 9040+ 1127 9579+ 1090 289.86 + 1822 359.07 + 19.98 6 62480 £2824 27280+ 1967 27366+2362 21135+ 1733 74257+3354 387.30+23.71 61085+2698 588.24 +2690
-4 49284810 5823 6023 9.14°351 14301455 62371942 -5 147.69 £ 1347 8210£992 10681 +1089 4950+ 761 7087942 5466835 107.03+1126 93.46£10.76 5 38471£2239 13838+ 1474 915611256 24-57I2§ 20180+ 1767 14617+ 14.19 3358841957 311.04+1929
3 3251 +6.74 zsz:?" 12047332 10027332 1698+491  37.72+725 -4 5128 +8.65 27.9+557  3856+682 1929 1347.164 6087 +849 3035+633 4261+7.16  60.00+7.75 ~; f;;f; t :(7;-:3 :ﬁ * ::; 22 t Z.Zz ZZ:J:,; n 6:12.7;) t+ l:;gb z.; + 34[12 19350609? : l1012760 ::.;gi :f:
5 e 39 Iyt 3 6225+885 27204585 21114504 905737  3946+7.03 2180+501 3448+640  4505+7.54 - 18 + 16. 14+ 104 42 9. +5 29+ 8. 08+ 7. I . . X
f 536?;;‘ 1:i I70I Ia 3 226.;3;;.272 275.I9716;&3 4(::7445;2;.159 lg::;g i :;; ;;.6077: ‘924;)' 2 1040341132 53.99+792  2073+563 1601 :’«'40.'00 38854726 1735+£502 50.12+758  7477+9.74 2 21253 £ 1644 ;NJS £1L11 78421128 3011£797 9351+1256 4993+857 87.09+1089 12840 +13.09
1 37954984 16094520 25754607 2074+553 S0.64+870 7745+ 1169 1 503.28 +23.92 19269+ 15.14 130.13+12.20 32.13+6.19 5046+9.16 81.86+ 1005 204.10 + 1557 250.98 + 17.04 -1 39651 £23.18 21064 £ 1749 23863 £1930 15825+ 16.19 50682+ 3183 25318+ 1881 370.86+21.77 278.47 +£19.86
2 1830£593 40352 039203 6374397 4,521 27.50 + 6.95 1 40520 +21.68 16196 +13.53 12022+12.14 29.08+6.19 3046+739 47.73:+8.14 10670 :5121513 201.55 + 1528 1 29868 £19.55 988111257 16150 % lugM 11007 ag.lé 520553091 2288511927 2481311811 221.74 £17.05
ny 79 34 3 = 2 51314831 2682+587  3035+580 17.92+494 2244+619 1525+468 1431733 19874520 13855+ 1389 38321696 550712 61174 663241136  2079+659  6650+958 9085+ 11.37
3 3725+693 2027, 0.00%5,09 6.137, 13 440735 3995 1748 3 30374655 2196+469 2695+ 608 1744+453 4554+742  12.10°4% 9,05+ 17.56 + 5.19 3 166001523 38.19+817  2835+7.43 538535 2675+ 6.8 120433 5974 £9.14 9681 + 1096
4 43384762 987115 29450 65501 4-2712'” 4127 +7.61 b WBE743 800 11474382 4902 35494692 16904455 91630 13404432 4 1652941561 4981868 6374970 2061683 2451:765 1244750 27554652 71684985
5 4544 £857 447038 707738 os6ti% 9390 45914896 s 1024741126 21782562  1571+491 12421401 6176+857 40974692 S203+794 63414895 5 26036+1878 9193+ 1192 12062+1358 642141042 9739+ 1267 204575 52144848 10343 + 1245
6 6971+ 11.47 2385+ 647 34304736 2339+6.17 4657 +865 7687+ 1258 6 5679142553 16352+ 1377 10004+ 1115 2988+ 639 6669+992 7T851+9.74 189.44 +1503 290.41 + 1843 6 41640 £2382 16263+ 1614 2553342010 23131+ 1808 61973 +3495 22025 +21.51 209.41+ 1652 20630 + 1643
Optimal binning scheme Optimal binning scheme Optimal binning scheme
% 2634+7.09 3483+722 3431+725 4662+894 7536+ 1035 71.24 % 10.01 6 45118 £ 2248 203.10% 1532 15852+ 1322 4289+ 7.18 5590869 7224951 19726+ 14.70 252.87 % 16.69 6 37854 +21.78 16540+ 1549 18594+ 1633 148.04 + 14.43 538.09+ 2894 267.54 + 1930 39098 +21.72 362.15 +21.06
5 60.55+9.36 32324727 2664+665 4728+851 8677+ 1131 90.69 +11.20 5 2037141866 15335+ 1343 179.16 41428 54114798 8239+ 1051 6323+884 16687 + 1432 17006 + 14.22 -5 498712529 19301 £17.04 13954 £1599 8452+ 1187 368.99+2357 218.67+17.52 447.67+2276 44546 +23.06
4 53854865 1878+562 1332731 18634539 46314861 703140982 4 936541115  4940+772  6502+873 33654623 83.09+1005 4560+7.80 7423£925 917141018 4 354762208 146741522 107501204 1621737 105551325 10354+1173 2351011659 279.00 £ 1872
3 9244727 6167 14884462 17884533 32374715  45.11+7.88 3 802341048 46404756 2624+578 17041465 S5534+832 2891:604 5497+807  6449+9.14 3 27129£1880 12276+ 1287 $809+ 1173 3243+749 756741171 6148889 12897+ 1224 144,06 + 13.97
5 NIETST 12000 4715 1777+ 586 29944719  43.67+8.16 2 15440 + 1386 6395+896  4328+748 14974387 3589+728 3039:624 8933+10.19 10444+ 1118 2 26785+ 1861 11688+ 1266 9901+1326 642741011 14351+1775 6348 £9.91 13533+ 1362 16243 + 14.80
5 (H0R LS04 M0 E s ISR Eens: FGEiks o119 133755800 -1 4242942176 16239+ 1370 10440+ 1095 24224537 3694 +801 6148 +871 14484+ 13.17 20099+ 1521 -1 2689941941 15000+ 1469 18458+ 1669 11988+ 1429 430.16+27.47 21681 +17.28 279.66+ 1871 206.66 + 16.94
e P 1 336504+ 19.54 13746+ 1242 10155+ 11.12 25884576 18834609 4369+7.63 951041050 169.13 + 13.79 1 213141662 8107+ 1119 15261 + 1464 10132+ 1261 439.96+2800 177.03+17.67 177.72+1509 17461 + 15.04
! 180376 1394 26204382 2IL6T2 45443805 30873765 2 102571150 4181+7.11  4192+7.04 1304+423 1707571 1311°4% 24204591  4922+808 2 15312+ 1454 4669759  1612°07 937°3% 13691+ 1480 5974968 11349+ 1241 10599+ 1151
B 2554633 113075 4.721;_§; 1641 +5.17 ‘s-mfgig 24.98 1 6.32 3 4706+8.10  3295:576  3MIS£661 2483:556 6156:874 17991507 977 s 2156+573 3 DTS 48041904 WINLII  DTSE BTG 0264 12011072 12835 1271
3 3652+7.08 79973 03875, 94435 1822700 39.94+7.42 4 6050 +887 16194485 1584449 1063733 51774825 3038£595 S089£778 31134633 4 2692641926 7867+1098 8384+1187 3657+868 4154+£958  189477%  4201£797 1041141205
4 47284809 2132+575 7043 931%%3] 22824636 4154+7.82 5 2129441609 50.66+8.17 26324608 1638+496 826641027 S406+8.12 82724999 12436+ 1250 s 31694 +£21.16 13248 £ 14.17 16926 + 1650 10569 + 1323 21731 £2006 4467+ 1146 6940+ 967 12140 +13.12
5 498314920 2142+£641 1854553 22981669 1915775 45641882 6 4376542223 12715+ 1211 83.89+10.14 19894500 2934 +683 S404 +8.11 13976 + 1291 21176+ 1562 6 25602+ 1846 92.12+ 1268 17340+ 1621 16893 + 15.34 483.95+2998 18110+ 19.63 177.05+ 1442 15829 + 14.10
6 21844692 2341 +649 2989+6.88 2967 +671 4866+894  26.18 +7.93
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Strong Phase Measurement

» Expected DT yields

i SS9 + S‘l
flavor fo NI = 272 "[ 2T sNTIT i ]
N7 + N: — +r2) Byel? TS + r2T1 — 2rgR; \[T! T4 (cl cos6; — s'sindy)
fg §7 1 g =
CcP N9 = Bye, [T + T/ - @F] - 12T/T/c ]
er|2 - 2y(2F7 - )] 3=
0 -0 fg _ §Y g fp9 . mfr9 _ ff 1949 g g
K m* ™ (n°) N = e [2 — 2y2F7 - l)leEifj,kI [Tk I+ LT - 2L L T)T, CLAEA )]
Input parameters Reference Fit Parameters
Npp, By (for KP'X and Kev,) CPC 48, 123001 (2024), PDG 5 R
, 1Yy, Ci, S
ST yields (S9) and efficiency (€9) | BESIII Doc-1504 and Doc-1600 ARt
r and § of Kpi, y HFLAV -6
r,R and § of Kpipi0 and K3pi JHEP05(2021)164
S R. =<T; T;,—6<i<6
Ki/ci/si of K¢, m¥m™ JHEP06(2025)086 ‘ ~
’ ] l
BESIII Doc-1540 —
. fs fos 0 —4..—0 , i=6
Ki/cifsi of Ksm™m™m Model prediction \
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Strong Phase Measurement
Likelihood Construction

> Likelihood fit: —2InL = =2, InG(N_,? ;pg,l;ii)

obs;
. Oechi: The expected event number
* G(x;p): The likelihood function of Ng;, in DT fit
fit

* Pobs,;: Parameters of likelihood distribution

Fit to Noo® v. s. likelihood

NObS/ 0.obs <3

: , - obs obs _Sig ' “sig - -
Nominal fit to obtain the Ng; ;" and ag; g
S o8

obsy .obs _ T aal

Nsig /asig >=3 0'6:

0.4}

0.2f

G(N;p) = Gaus(N; NS>, 095°

sig
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Strong Phase Measurement

Fit Result

0.5

- —

=05 -+ i

C_i

Uniform binning scheme

Parameter |

Uniform binning scheme

l

Optimized binning scheme

0.12454 + 0.00120 + 0.00077
0.02608 + 0.00064 + 0.00035
0.01096 + 0.00049 + 0.00018
0.01125 + 0.00049 + 0.00035
0.01485 + 0.00056 + 0.00031
0.12350 + 0.00134 + 0.00060

0.09935 £ 0.00111 £ 0.00056
0.04627 + 0.00079 + 0.00051
0.01835 + 0.00059 + 0.00026
0.01606 + 0.00057 + 0.00029
0.02654 + 0.00070 + 0.00032
0.10880 + 0.00130 + 0.00056

1
0.5_ 4
[ % 9
I o
- T
-0.5 .
_1_ 1 1 1 1 1 L 1;77T*<J‘ l —t—t L L l 1 1
-1 -05 0 05
Ci

Optimized binning scheme

Red Line: Prediction by Amplitude Mode

Yutong Feng (;315:%)

dy of D°/D° - KIn’n*n~

R, 0.26296 + 0.00175 + 0.00074 | 0.20158 + 0.00168 + 0.00084
R, 0.09850 + 0.00136 + 0.00057 0.13635 + 0.00146 + 0.00063
R; 0.08296 + 0.00134 + 0.00077 0.11605 + 0.00147 + 0.00091
Ry 0.11824 + 0.00159 + 0.00083 0.19288 + 0.00186 + 0.00078
Rs 0.28304 + 0.00230 + 0.00082 | 0.48064 + 0.00276 + 0.00114
c —0.83688 + 0.01189 + 0.00523 | —0.88946 + 0.01255 + 0.00892
c —0.08719 + 0.04119 + 0.01199 | —0.46649 + 0.02879 + 0.00782
c3 0.57957 + 0.04638 + 0.02500 | 0.45974 + 0.03769 + 0.01307
cy 0.51644 + 0.04350 + 0.00863 0.35979 + 0.03185 + 0.00825
cs —0.11715 + 0.02653 + 0.00741 | —0.42312 + 0.01930 + 0.00846
c6 —0.78397 + 0.01067 + 0.00582 | —0.87279 + 0.01166 + 0.00511
51 —0.14755 1 0.04362 + 0.01379 | —0.06007 + 0.04872 + 0.01567
52 —0.52576 + 0.13010 + 0.03822 | —0.53956 + 0.08993 + 0.02912
53 —0.54616 + 0.15770 % 0.06980 | —0.55559 + 0.12060 + 0.03858
54 0.53764 + 0.13447 + 0.03409 | 0.59779 £ 0.09645 + 0.04176
S5 0.78028 + 0.07572 + 0.03429 | 0.67211 + 0.05366 + 0.02973
56 0.30089 + 0.03525 + 0.01802 | 0.20634 + 0.04309 + 0.01531
Br 0.05413 + 0.00015 + 0.00161 0.05419 + 0.00015 + 0.00161
Brgog+,— | 0.05439 £ 0.00052 + 0.00453 0.05434 + 0.00052 + 0.00468




Strong Phase Measurement

Pseudo-experiments are performed by sampling the relevant quantities according to their
uncertainties for 1000 times, and repeating the fit to extract the strong phase parameters.
The standard deviations of the parameter distributions are taken as systematic uncertainties.

Yutong Feng ((B15:%)

ST yields and efficiency: The ST yields and efficiencies are varied according to their uncertainties.

DT yields:

v Signal shape: Replace the Gaussian function of resolution to double-Gaussian.

v' Peaking BKG: Vary the BKG and signal ratio according to the error propagated from BF, € and QC factor.
v" Wrong ST/DT BKG: Vary the background yields according to statistical uncertainties

0

Input Parameter: Vary the hadronic parameters, charm mixing parameters, c;, s; of K/K,n*n~, FF ™ ™
according to their uncertainties.

MC statistics: Vary the efficiencies matrix within their statistical uncertainties.

PID & tracking efficiency: Vary the data-MC efficiency ratios for tracking and PID from works of Yijia Zeng,
the differences in this result between the nominal result is taken as uncertainty

Amplitude model: Vary the amplitude model based on its error matrix, then re-weight the PHSP MC to get
the efficiency matrix

32




Strong Phase Measurement
Systematic Uncertainty

Parameter | ST yields Signal shape Peak background WST background WDT background Input p Ks R ion PiR ion PiOR jon MC statistics MC model Total
Ris | 057 3.10 0.40 0.01 0.01 331 244 0.52 0.10 3.16 465 7.68
Ri_s 028 0.54 0.10 0.00 0.00 2.87 044 021 0.05 1.58 0.94 3.50
Ri_y 0.03 0.28 0.12 0.01 0.00 1.01 0.18 0.15 0.01 L12 097 1.84
Ri_y 0.07 1.87 0.10 0.00 0.00 0.59 020 0.06 0.10 114 269 353
Ri_s 0.12 257 0.08 0.00 0.00 0.85 032 0.12 0.02 1.28 0.87 314
Ri_, 021 152 0.34 0.01 0.01 2.09 331 0.88 033 3.40 238 5.99
Riy 026 332 0.65 0.02 0.02 3.10 274 024 0.51 4.15 3.01 743
Riy 021 1.63 042 0.02 0.01 2.80 197 127 030 330 231 570
Riy 041 0.13 0.52 0.02 0.01 2.86 097 0.64 091 3.16 6.26 7.74
Ris 0.44 6.65 081 0.02 0.01 1.29 0.65 229 0.53 37 131 8.29
Ris 042 272 0.85 0.04 0.02 227 2.99 271 0.19 538 297 822
o | 3130 1.23 9.65 0.20 0.11 2722 330 091 832 8.20 2783 52.33
a 5294 95.61 9.47 113 0.89 17.01 3.63 12,11 29.45 242 2265 11987
o 25.70 184.21 13.16 0.82 0.76 2776 341 7.48 18.01 45.69 15640 24996
s 28.84 33.99 13.82 0.62 0.34 31.88 1.54 425 2254 49.14 3610 8626
cs 61.33 5.57 8.11 042 021 2234 1.66 107 23,78 16.05 1731 7405
cs 39.65 15.63 9.22 0.17 0.13 28.62 237 1.41 9.60 8.72 209 5818

s | 010 39.04 2871 0.64 021 105.44 528 293 1.96 3224 6678 13786
n 6.97 128.73 51.19 313 2.64 315.40 19.60 45.75 19.62 104.68 11613 38216
5 6.05 602.32 50.10 2.60 222 311,88 12,20 9,32 228 117.43 10277 698.00
P 493 159.15 46.68 450 317 261.03 2.50 2279 463 103.81 9571 34086
55 1225 158,89 28.63 3.50 055 290.61 591 633 29.58 5322 5607 34294
5 778 120.42 31.53 0.40 0.17 113.29 631 2.09 9,55 24.30 5796 18021
B | 212 1.69 0.04 0.00 0.00 0.58 425 7.62 13.29 041 0.26 16.14
Brews | 3890 7.06 0.50 0.00 0.00 2.32 4.06 17.25 12,95 0.32 111 45.30
Parameter | ST yields Signal shape Peak background WST background WDT background Input p Ks R ion PiR tion Pi0 R tion MC statistics MC model  Total
Ri_g 037 209 0.33 0.01 0.00 193 264 038 0.15 297 264 559
Ri_s 047 071 0.13 001 0.00 407 0.54 027 0.12 1.99 1.99 5.05
Ri_s 013 034 0.14 0.00 0.00 1.74 027 022 0.01 1.38 126 261
Ri_y 0.05 1.40 0.12 0.01 0.01 0.90 030 0.04 0.13 1.30 1.98 292
Ri_; 0.15 1.56 0.09 0.00 0.00 1.59 038 023 0.01 1.63 1.54 320
Ri_, 026 022 031 001 0.00 1.62 345 1.03 032 337 1.99 558
Ri\ 0.40 5.24 0.58 0.01 001 1.88 3.70 0.58 0.58 413 291 845
Ri 0.24 043 0.43 0.02 0.01 361 214 173 0,05 3.59 2.36 629
Riy 044 271 0.60 001 0.01 383 1.58 033 1.08 348 6.65 9.09
Ris 0.58 4.09 091 0.01 0.01 1.82 1.09 347 0.59 4.46 233 715
Ris 0.56 433 0.95 0.02 0.01 294 593 1.09 0,07 6.75 441 11.40
a 27.04 73.64 9.95 K] 018 26.01 288 007 835 11.42 2859 89.20
P 4442 4685 1143 117 048 26.74 107 574 16.34 204 1785 7823
o 36.57 57.18 9.08 061 038 2672 354 9.04 23.20 39.68 9729 130.67
P 47.98 3185 1049 039 0.19 2688 131 1.58 24.28 3435 2975 8251
cs 59.32 45.24 9.55 023 0.12 2734 0.08 021 18.77 13.28 1500 84.60
<6 29.99 11.20 9.57 0.56 020 28.80 124 211 6.47 12.04 2174 5110
5 0.62 60.32 29.89 077 026 11468 131 3.07 185 3298 7594 156.69
P 7.75 143.28 36.74 281 1.58 22026 15.94 4385 11.66 65.86 8761 29118
P 498 14227 41.06 438 332 331.64 13.18 18.94 229 £9.93 9081 38580
™ 8.49 313.96 36.96 260 131 24543 511 21.04 2.2 69.09 9146  417.56
P 13.64 11382 28.50 L7 061 261.24 372 2.87 2251 38.76 6435 29728
56 47 105.48 3483 1.03 033 86.63 401 116 6.99 30.17 5090  153.08
Br 213 0.64 0.04 0.00 0.00 0.58 426 762 13.30 0.42 0.26 16.08
Brypm | 3884 13.97 0.41 0.00 0.00 233 4.06 17.24 12.94 0.34 108 4681
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Strong Phase Measurement

To validate the likelihood fit of the strong phase parameters:

 The signal yields are calculated with model predicted strong phase parameters, and
then are re-sampled in Poisson distribution for each toy bin for 500 times.

* Re-perform the likelihood fit to extract strong phase parameters.

. Nz
sig _ g DT | Tf Tf 2 TfoCf 2Fg = :|,
fig 2857[ (2F% = 1)yp] ;8 [ \/ ’ H H
fit — Mexp
S‘g Bf Zs T + 217 —2r,R Tf T Cf cos(Ad?) + S[ sin A‘Sg) =
it

NST

NE — 93f gl [Tng + TLTE F 24/ TLTITLTS (c,f,,c e s,f,,sz)].
figj 28‘2T[ (2F9 N l)yD "Zm: im, jn
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Strong Phase Measurement
/O Check

a0 - Parameter: c_1 %0 - Parameter: ¢c_2
g [ 1 =0.024 = 0.047 )
a [ 0=0.999 + 0.036 &
| ¥¥ndf =1.12 [
: o E
50 50 :
o F
»
0 L 0 o L
-5 0 5 Pull -5 o 5 Pull
Parameter: c_4 Parameter: c_5
P ? s F
2 [ 1 =-0.024 + 0.045 2 [ 1 =0.025 = 0.046 2 [
. U it 17 S 5E 097210638 " & r TGEOBTrIv088 i
r ¥ndf=1.05 E ¥¥/ndf = 0.54 r
60 R e | S 60 .. .. 60 o
PR DTNV | 17 [RRRRuRne a0 |Breibvnasansif oA s isiiainis o F
PO PP NIRRT S IS (R Tl O T TRTI I (oot S N » -
0 L 0
-5 o -5 0 5 Pull
= Parameter: s_1 = Parameter:s_3
i --u=001420.044. .. .gm — = -0.008 + 0.045
& : 0=0.932= 0.03§ a
- wndf=128 @ B
50 40 |Eotgtessmecsisesa i e casanntasesanes] 0 Esitisuevissvnetel ol A R s s et
I e N IARLL | 252505 0ior, Rttt CELY IV POt SOPPCRRRRRTY | 7497 q0 oy TN guis
0 o L
-5 o 5 Pull 5 Pull
Parameter: s 4 Parameter: s 5 Parameter: s 6
»
}g_) _..; ................... ...... ';.-._.o.ooi.x.dm.. | : MIB.W:O.MZ. ',:, : . . W=0011= 0.0493
g [ 0=0.966 = 0.038 ® r
. @ -
0 C
0
0
0 0

-5 0 5 Pull -5 0 5 Pull
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Strong Phase Measurement
Impact on y measurement

* Generate 1000 toy parameters according to correlation matrix in this work and calculate
expected B decay yields.

N[B~ — DK~,D— f]| = hs —T,.fr§+T,.f+2 ik (c{x_ +sify_)-
* Extract y by fitting expected B decay yields. - -

o N[B* - DK*,D = f] = b |T/r3 + T/ + 24/ T/T! (c/xs + 5]y )
* The contribution to y: - _

v Uniform binning scheme: 1.234°
v Optimal binning scheme: 1.167°

Normalization factor Y = 68.7°

hp is set to 1M rg = 0.0904
6p =118.3°

JHEP02(2021)169

u=68.760 = 0.044 | u=68.735 = 0.040
o=1234 = 0.035 o=1.167 = 0.034

Uniform w- Optimal

Entries

i 2 2 M 2 L 1 i L ] A 1
66 68 70 72 66 68 70 72
Parameter Value Parameter Value
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Summary

Based on 20.3 fb~! 1(3770) data collected by BESII|

v'Finish the amplitude analysis of D® - Kn°ntn~, and predict the
CP-even fraction and longitudinal polarization fraction by model.

v'Obtain the binning strong phase parameters under 2X6 bins
under the optimal and uniform schemes by the amplitude model.

] Next to do
e Finish the BESIII review of these two work.

Yutong Feng ({315E) Study of D°/D° - Kdn'ntn~



Outline

» Works on BESIII

* Measurement of e*e™ — nJ /1y Cross Section

Yutong Feng (;1315i5) Outline



Motivation

» Hadron spectroscopy and the search for exotic hadronic states is crucial for QCD theory.

> I',M,d® ...Important input
for the non-perturbative QCD

theory mOdel. compact tetraquark 4800;— _;_X(4700;...
multi—quark states 2 J 4600 naw%mﬁ"' ¢_
» BESIII Advantages: o - T =
Charmonium produce directly, R oA Ve P
. hadro— // é‘) C b \ ,—‘if“”;lozo; ) S ',l'/l’xH(ZP) — Z'(4050) D]y
High product o, clean BKGs, quarkonium ‘ = ;‘:ZZ—II W
. . : o] ~ —_— : pr,o / -7 05
controllable sys. uncertainties. | guonic > BT
! excitations ' |
+ - . [ 3400:
> e e — 77]/1/) process: UQ | thbrid 3200F
Rich final state structures - molecle | o0

more precise measurement! | 0r T or 27 2 &other
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Analysis Strategy

Data set: 22.42 fb~! (44 energy points @3.808~4.951 GeV)

e Signal process: n - yy/n’ntn~, J/Y > ete /utu~

100 :— ¢ oBBESIN(2012) ¢ o8 BESII (2015)
B 68 BESIII (2020) | o3 Belle
. . L 80 | ) )
* Signal Extract: Simultaneous fit between 4 decay modes _ P otmiows v o e
Q \’
~ 60 — a
N > [ 8
. Br,+.,— _ S1g 35 &
Shared parameter: of(ete > nj/p) = 1 ; 2 a0l #
Ling - (1+ 01SR) . ‘B-e 7 P
int [1—11]2 v L 1 FIH
B 20 | - |
~ - . i
© C 1 Y ALA it ]
332.: » (a)> Rl T \ 23 332(; | 832:— (f) T | 0 __1 lI A%XA Ax 1 Xﬂxn By i Ty
< s2f i — . 32 - As.zf— b B
2 asf o TTo T 1 2 s S T e L S A R 201
0} - . 4 O A et ety O T —'—________'_ 0] :________________:' T T N T TN TN AN ST ST TN SN ST SN S NN SN SO SO NN S S
5 ot - ] . WL i = ) SN .. A ; 3.8 4 4.2 4.4 4.6 48 5
’§3-°Z, g 3-°Z ] = ;::::::::::::I:E g‘“’: ;::::::::::::::E s (GeV)
2.955 el B . 2.95 ] 4 29sfF . E
:(2)25_ (C)I I I IIIJ/W—W;II‘M' —E 1o :- (d)I I I Y?IJ/V—W;’E‘G‘ -: 705— (g) I;J/u/—m‘/r'n"; u —E . :_ (h) r;J/y/—m‘/r'/r"e‘e' =
e | 1 ¢ eof ] T e0f 1 g 4o ]
3 eof 13 _ 3 S50f 13 ¢ ]
= F 1 = e60f = ] = 30f ]
2 eof 12 = U g = f ]
“ 20:— ‘: * ZOF s : + * 10E _§ “ 10;_ E
- 2 dahizied St bdios P S -;-\ BeEy Toatin b E L 1 I : :‘ el EArE R ST
%.4 045 05 055 06 065 0.7 %.4 045 05 055 06 065 0.7 00,5 0.52 0.54 0.56 0.58 0.6 o0,5 0.52 0.54 0.56 0.58 0.6
M(yy) (GeVic?) M(yy) (GeV/c?) M(n°r*r) (GeV/c?) M(z°*7) (GeV/c?)
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Analysis Strategy

* Fit to cross section spectrum

—— f f f f f 4 220 ¥ nd/y (this work)  —+ KK J/y
3 N § Data ] 200 (- zzury KK iy
3 o — —Totalfit 180 |+ #'wy@Eese) & 22wy
fi i |2 — Fk --- (4040) " -
o™ (\/3) = |\/ony(Vs) + > BW;(V/5)e'| s E s ﬁ” 1 % e |
; X f - - y3e0) | - =3
71=1 E - ! — Continuum - E 120 ;_ ’
T F ] = 1o0f
. . . . . [} [ 7 :_ -
* Maximume-Likelihood Fit: S | -
. o] B . F
a 1 _ (af‘t—o'q;)z § " ] 40[ _3
1cti . . t. .. py —_ _ — 262 0 : N =
v’ Large-Statistics: Gi(o! o) = oeme v pEmmemmmmEREe ] R T
iV em 3: 4 42 44 46 48 4200 4250 Ma’;‘:‘z&ew 2)4350 4400
. . c
v’ Low-Statistics: L shape from My, mon+n- /s (GeV)
/ L l—[ N 1 =22 G fit 1—[ N 2 =22 F fit Parameter Solution I Solution II Solution III Solution IV
—11j= i (ai ) “1lj=q Jj (0-] ) M, (MeV/c?) 4039 (fixed)
I, (MeV) 80 (fixed)
: : : : _ rs'e . B, (eV) 1.0+£0.2 7.140.6 1.1+02 7.8+0.6
o161 Z E M, (MeV/c?) 42197425
014 ' . I, (MeV) 80.7 4.4
ook E I3 - B, (eV) 40+05 55+07 87410 119+ 1.1
3 ] M; (MeV/c?) 4386.4 + 12.6
g oF E T; (MeV) 176.9 + 32.1
' 008f . IS - B, (eV) 1.8+0.6 21407 43+13 50+15
3 006 = ¢, (rad) 3.1+0.6 -1.8+0.1 33+04 -1.6+0.1
oosk E #, (rad) —2.8+0.1 29402 —20+0.1 -2.6+02
oF ] $5 (rad) —29+0.1 3.0+0.1 2.8+0.1 24407
0.0z E po (MeV™) 15+04 15+04 1.5+04 1.6 +04
ot L T — p1 (GeV-3) 390.0 + 155.3 389.3 +155.6 389.5 + 155.1 389.5 +154.5

o-dvessed(e+e*_)nJ/w ) (pb)
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Summary

v Finish the cross sections measurement of ete™ — nJ /1y 3.808~4.951 GeV.
v Obtain 4 solutions of line-shape fit.

v Provide the M, Tyoeqr, T€¢ - Bronj s of P(4040),1(4230),1(4390).
v’ Publishes at Phys. Rev. D 109 (2024) 9, 092012.
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Outline

» Works on STCF

* Introduction

Yutong Feng (;1315i5) Outline



STCF Detector

Super Tau-Charm Facility is a natural extension for
a post-BEPCILI. |
“De Sker

> Parameters of STCF: W T P e o
. Ec.m. =2 — 7 GeV Broader energy range |

Scintillator
291 cm >

e Peak luminosity: 0.5~1x103°cm™2s~1
2 orders larger than BEPCII ——— enYorkfMUD———————
» DTOF Detector "
* PID Detect in end-cap -l
v' Compact structure N z
v Lower amount of substance il i

‘I
. uoy|
\

v’ Large momentum working range
v’ High effective photon yields ~ 30
v’ PID requirement: /K 40 separation p <2 GeV/c

Yutong Feng ({815:%) Introduction



Outline

» Works on STCF

e Simulation and Reconstruction of STCF DTOF

Yutong Feng (;1315i5) Outline



DTOF Geometry Configuration

* Two identical endcap discs, ~ £1440 mm away from the collision point along the
beam direction.

e Each disc: 4 sectors, Ry,,i;;, =490 mm, Ry 0, = 820 mm.
* Covering polar angles 6 € (20° — 28°).

4x4 anodes
5.5%5.5 mm?

MA ;

»
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DTOF Reconstruction
Timing Method

e TOF Reconstruction e Likelihood construction
cosq. = 1 U7 vy = (a, b, 0) Npe signal bkg
T nB Y - | U | v, = (AX,AY,AZ) Ly = ni='1.NhSh(T0Frec| TOthpo) + 0.05
LOF
LOP - 7= where TOF, = —
LOP = \/AX? + AY2 + AZ? = TOF,,, =T ———%—T, YPO " cBhypo

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

A

(o
‘ ‘ Bo00
57 >3
G000
2000

1000
Z \\ % 48 5 52 54 56 58 6

z < TOF for single photonelectron [ns]

, \ 6000
= 5000
ﬂJ Detection point r

Photon direct p = 2GeV
In xov (AX.AY 0 = 25°, ¢ = 45°
>
/.'/' Trk

/ v: = (a,b,c)

» IIII|II|||IIII|IIII|IIII|I|II|IIII
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DTOF Reconstruction
Imaging Method

* Photon TOA v.s. (xg, ¥s) Reconstruction

— 1 — vt.vp 6t=(arb)c)
cosf,. = == S -
ng v - |vp| Up = (xXs — X0, Ys — Yo, Zs — Zp)
Zs = Zy + 2mT
ALOF,
(x5, Vs) = Zp, . = TOA = TOF + e+ TOP
Incident particle
\
iV T
\\ ‘ Sensor
e i
X\ E
x \: - z2=2,+2T
N\herenkov photon
> : - z=z,+4T
. z=z,+6T

l <

T
N N
~ N
NS
~
— z=z,+8T
\
- ~
-~ ~
N ) -
‘*\i\\ 272,107
=S
N N
- ~
b Wi -
N z=z,+12T

i z=z,+14T
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Likelihood construction

Npe.

Npe. _
Ly = fun(chy, t) = l_[ NpSp(ch,t;) + B

i=1 i=1

Z NpSp(ch;, t;) = Ny,
chit;

N
(=

-l e -
2

Time [ns, 25 ps/bin]
S

N & OO @

0 100 200 300 400 500 600 700 800
Channel

Simulation & Reconstruction of DTOF



DTOF Reconstruction under the OSCAR

» Hybrid Reconstruction

* Imaging Method
Onir > 27°,0r Oy < 27° && p = 1.8 GeV/c

* Timing Method
Remaining kinematic region

o~ 69 ps by single photon-electron
m efficiency ~98% atp = 2.0 GeV/c

= PID Efficiency Difference (2D - 1D) n PID Efficiency (mis-ID Rate = 2%)

30 6.3 %6.1
— 97.1988
28 ——97.4 99.3 99.4 99.5 99.8 99.9 99.9 99.7 99.6 99.2 98.6 97.7 95.6 93.3 89.1 83.5 76.7 68.8 61.4

's‘, 'a — 97.599.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.7 99.3 98.2 95.6 91.3 86.3 79.7 72.2 63.8
) X @ )
E — e. 26 ——97.4 99.4 99.6 99.8 100.099.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.5 99.3 98.1 95.9 93.0 88.7 82.7 76.6 69.6 62.6 60 .t.
o g o P
g [} g) — 97.2 99.4 99.6 99.8100.099.9100.099.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.6 99.5 98.9 97.6 95.6 92.5 89.9 84.3 76.5 72.9 65.2 50 0:.)
<< o < 2
a E “a 24 [—97.199.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.6 99.5 99.1 98.3 97.5 95.0 92.2 88.2 83.3 76.9 74.0 68.0 61.2 E
S - w
[o] [e]
o .2 21.8 22.9 24.6 25.3 26.7 23.5 23.4 21.7 21.2 18.6 < o — 97.5 99.3 99.5 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.6 99.4 98.8 98.5 97.9 96.3 93.7 90.6 87.2 82.2 77.8 72.3 67.9 61.3

120.8 23.6 24.6 23.8 22.1 21.6 20.4 19.9 19. 22 |  99.099.5 99.6 99.9 99.9 99.9 99.9 99.9 99.9 99.8 99.8 99.8 99.8 99.7 99.5 99.2 99.1 98.3 97.5 96.3 93.9 90.8 87.2 82.7 78.5 73.6 67.7 63.3

223.3 26.3 28.5 29.2 20.0 28.5 28.6 27.8 25.5 23.8 — 96.8 99.0 99.4 99.9 99.9 99.9 99.9 99.8 99.9 99.8 99.8 99.9 99.8 99.6 99.4 99.0 98.7 98.2 97.6 96.5 95.2 92.0 89.2 85.7 81.7 77.171.7 66.5 61.8
10
20.1 23.4 24.5 22.2 23.7 21.5 21.4 21.6 20.5 20—  91.995.8 96.8 97.2 98.0 98.7 98.7 98.8 99.0 99.1 98.9 99.199.0 98.6 98.197.7 97.2 96.5 96.0 94.2 90.1 87.4 84.5 81.7 75.4 72.5 66.4 63.1
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DTOF Reconstruction under the OSCAR

» Multi-Track Strategy

Controlled samples i, K and KK : p = 2.0 GeV/c, a = 1°-35° (track opening angle)

e Batch Mode slightly better a < 5°
Builds joint hypotheses for all tracks in one sector

* Split Mode Selected as the baseline for Global PID
Reconstructs each track independently

PID-efficiency or mis-ID rate

Foscsosin e
- [

Common criterion: Alog LrtK > 0 i b

L —H— mwinaK

For a >5° mefficiency >97% ;oo TEKE
K mis-ID < 2% B

Efficiency

0.4{=

0.2 ot

0 B Ho e e e -a- n
Crn TN T T O Y Y T
0 5 10 15 20 25 30 35

Opening Angle [Deg]

Simulation & Reconstruction of DTOF
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Efficiency

PID-efficiency or mis-ID rate

4 min 7K
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—— xin

0.6

| | KKK
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0.4

0.2

e o L]
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DTOF Reconstruction under the OSCAR

» Physics Process Validation

Inclusive D°D° decays Inclusive hadronic events

s = 3.773 GeV, low-to-intermediate momentum s = 7 GeV, including high-momentum tracks
7 ’
PID-efficiency or mis-ID rate PID-efficiency or mis-ID rate PID-efficiency or mis-ID rate PID-efficiency or mis-ID rate
1 1 = 1
:;—,5-_-'15.-!'6-'51 IR 2 E-LE R EEh ik S S s o] i N S M*"'L.-* :'e".;""'v u'.‘.".‘e',o. : N """“"‘:...*
0.87 + 0.8_ + wto - OAS_ %%f py 0.87 +J ton
: L + L L L 6
‘L:>,‘ 0.6: RO Y Y § 0.6: +H tom §~ 061 e T § 06 _I_l Ktom
é r —4— ntox, Bh"<z7° :g N f:é N —I— ntom, H <27 é’ r
o 04 E-Ktom o 04 b 04 Ko o o4
L _I_ Ktox, 6h||< 27 L : _Ti_ Ktom, ﬂm<27 -
0.2 0.2 0.2 o 0.2
L L : : L et L I
L : : L. -ﬁdﬂ*'ﬁ:?i:ﬁd:* l+ B -L-T
B e Tr s e o UV VU SUUSUTUS SR B ok o ol e i ok T et et L
200 300 400 500 600 700 800 900 1000 1100 1200 088 089 09 091 092 093 094 095 "500 1000 1500 2000 2500 3000 3500 4000 088 089 09 091 002 093 094 095
Momentum [MeV/c] cos6 Momentum [MeV/c] cosf
(a) Dependence on momentum. (b) Dependence on cos 6.

0.3-1.0 GeV/c: m efficiency 93-96% 0.4-2.0 GeV/c: m efficiency 95-99%
K mis-ID typically < 3% K mis-ID generally < 5%

Bhit < 27° improves efficiency in both samples. Physics analyses require working-point calibration.
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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
* 1t efficiency ~ 98%, at p = 2.0 GeV/c.
* Overall reconstructed TOF time resolution ~ 50 ps.
Imaging Method

* 1t efficiency ~ 99%, atp = 2.0 GeV/c.
v’ Finish the multi-track PID: m efficiency > 97% (K mis-ID < 2%) atp = 2 GeV, a > 5°
v’ Finish the physics process PID check.

[J Next to do
e Writing the DTOF performance paper.
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Outline

» Summary and Prospect

Yutong Feng (;1315i5) Outline



Summary and Prospect

BESII —
Y Stu dy of D O /D 0 - KS(') 71- 0 n +7T - BESIII Analysis Memo

v' Amplitude analysis and branching fraction Daft is reviewed. e At Doy D - K34
v’ Strong phase difference Memo is reviewed in BESIII.
O Finish the review of these two work.

« Measurement of eTe™ — nJ/y Cross Section
v’ Publishes in Phys. Rev. D 109 (2024) 9, 092012.

. . . The 2024 International Workshop on Future
e Simulation and Reconstruction of STCF DTOF Tau Charm Facilities , 2024.1.14-1.18
v" Simulation and reconstruction established under OSCAR. it
O Prepare the paper. ﬂ R

e Others Work

. Update of the strong phase difference in D°® - n*n~n*n~.
Memo is reviewed in the BESIII.
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Motivation

* Xo)
y = arg (_ Vuqub> _ arg( C12C13513€" )
VeaVep (S12€23 + €12523513€9)(S23€13)

S13 K Sy3 K S1, K 1, remain leading order

C12€13513 -
el6 ~ &

y ~ arg
5$12€23523C13

a = arg| — VeaVth ) _ 91 580~ ™
VudVJb . 2

. — n 6
“f=m—a v =3
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Background Analysis

1 04 g_ Signal

Signal

Main Peaking BKG in DT: § f e v |G e A e
> |~ Right ST and wrong DT BKG > ~— Right ST and wrong DTBKG
o] | Wrong STand right DT BKG: () '_ Wrong ST and ight DT BKG
v DO 5 st)nr' 77, - yn*n_ g o = g 10 i L
s o -, s [ . ..
0 — + — + Z 10? E " . e I 0F K .'-..
j DO - KO no m T N é e ** g 1 ++ Y a0y 00e0,00 leLL\j\i_ T'”ﬁ
—_ w L w 1o
D" ->m KS n1n —Yynm 10_1.534 185 '1.|86 187 188 184 185 ;1.|86 187 188
. . Me (GeVic?) Mgg (GeV/c?)
Peaking BKG have the corresponding Model, can be N N
d H b d II ‘S 10* E_ 7:::::"95}(6 " '. D'~ K KE 10* z_ 7§;g:l<aijngBKG .. '. B~ K
escrl e We . % F VR\;?:’:STandwv.ongDTBKG % C Right ST and wrong DT BKG
0 i —omargST:;;ngh!DTBKG o (‘2 i —(VJZI::?QSD;E:::HQMDTBKG °
* BKGI: s wpire 3 wi e
—_ e =3 c
From ¥ (3770) - D° D° with wrong ST D° and right signal D°. 3 P
¢ BKG II:

From ¥ (3770) - D° D° with right ST D° and wrong signal D°. S MEeve)
 BKGIII: :

4
Signal . 1 0 E Signal

CS Peaking BKG e B K &.g: Peaking BKG *e B~ K’
> Right ST and wrong DTBKG ~ * % :1\;?:;93;::::;;:? g::'f: o
Frome*e™ — qg, distributed along the diagonal in the Mgg g 10355" 2 o o
v.s. Mgy, distribution. e s |
* Peaking BKG: g 5

BKG Wlth Peaking in bOth ST and Signal MBC spectrum. 184 185 'ig1.éé 187 188 184 185 tag1.8(:‘. 187 188
Msa (GeVic?) Mae (GeVic?)
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Isospin Amplitude

. . S NP NP o
Isospin states for hadrons: |u>.| : > @) : =I5, =3) 1d) 215, =3, 1d) < 15, 5)
7T+,P+ O,pO a P
I=1 | |ud) :|1,1) |%>.—|1,0> \dizy : —|1,-1) K* K° K° K-
nh,w, b, f I=5 | [u5): |5, +5) | 1d5) : |5,—5) | lds) : |5, +5) | las): —|5,—3)
1=0 |(uiz + dd) + g(s5)) : —|0,0)

Isospin symmetry in strong decay (CG Coefficients):
e D> Km:

AD° > K1) = A(pron-KO,m*) + ¢ |A (Kgop-m®, ") = A (Rfo o™t )|
AD® > K*17) = A(p}on e KO, 1) + ¢ |A (Kopem®,m™) = A (Kfoom*, ™ )|
A(D® - R°1) = A(pQs - K&, 1) + 24 (Kpo p-m*,m0)
AD® - K°1%) = A(pQs - KO, m°) — 24 (Kjfg pom™,m°)

e DV qm:

AD® - a9n®) = —A(pr+on™, KQ) + A(pro,-1t, KS) = 2cA(f g+ -1, KS)

AD® - hyn®) = —A(pts o™, KQ) — A(po-mtH, KS) + A(pps -1°, KS)
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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] - T S,
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 384 + 94

PO>p,) =1

(1) _
P !’ (Pa) = =G + p2

P(2) ’
puv'v

_ 1w
r(pa) - E[Pp”r

e = (1)

PapPay

a

L P(L)

M pLp

I(pa)'ll’l...

L

> Blatt-Weisskopf barrier factor

g: 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 ((B15:%)

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

* 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.

R Mass( G V/T?)ls WO;I:"dth( GeV) | Mass(G V/PgG H?V'dth( GeV) S Ll

esonance ass eV /cC 1 (3] ass eV /cC 1 (<]

2;(1260) | 1298 0013  0465+0024 | 1230+0040 0250 ~ 0.600 Kn S-wave LASS model —
2(1300) 1243 £0017  0412+0034 | 1300+0.100  0.200 ~ 0.600 a 058 £ 0.
K (1270) | 1263+0001  0.096+0003 | 1.253+0.007  0.090 +0.020 r__ —31.795+4.254
K*(892)" | 0.8916 +0.0002 0.0470 +0.0004 | 0.8917 + 0.0003 0.0514 + 0.0008 i S-wave K-matrix model
R*(892)° | 0.8956 = 0.0004 0.0467 = 0.0008 | 0.8956 0.0002 0.0473 = 0.0005 gl =0:8956" 0oe

o | | - K89.2c_m‘ass ‘ ‘ . . ngéo ma;s S .K11-270;ma-ss . a1-1 256 m-ass S p”.3°°—v""ass LassPara “::
3: : 2| — 1:— 15— 0;: ‘51: S I;’iPiSvWa\;e_s(lJa

K892c_width N
K8920_width K11270_width a11260_width pi1300_width LassPar_r
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Amplitude Analysis

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

_rJp Jp Jvy Jvy {D} Jv, Jv, {D}
HAVl;AVZ - FAV]_'AVZ DAD:AVl —)le (QD) ) TVl (mvl) F);pl,ﬂ.pz D)lvl,)].pl —ﬂ,pz (QVl ) ) TVZ (mVZ) F);p3,/1p4 l)/'le,/‘l.ps3 —Z,p4 (QVZ )

2, v,

2

Jp=0= Ay, =24, ~I|AI*= = |Hyy + H_1—1 + Hpol?

Av v,
1 1 1 1 2
Fi{]l.)il = \/;900 x J;WTgn + \/;7”2922 N Y1Y2(—\/;goo + \/;ngzz) 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 V;1,

* Fix mass of V;V, at PDG value, their momentum can be calculated.

* V1V, is considered as final statm DO - K*~(892) p(770)* | D — K*0(892) p(770)°

£ = |H o |? D - V,V, » (P,P,)(PsP,)  0.509 +0.005 £+ 0.012  0.108 £ 0.008 + 0.013
Y7 |Hyy 4+ H_1_1 + Hop? 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 (;315:%)
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(a) Uniform 2 x 4 bins

(d) Mode I optimized 2 x 4 bins
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(e) Mode II optimized 2 x 4 bins

(f) Mode III 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).
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Strong Phase Measurement

I‘Bel(éB Y A (B_ — (f)D K_) — AB (Af = I‘Bei(dB_Y)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 ’Ag’ [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 ’chb ['[B* - DK*,D — fp] « oc |AL| 2 ‘ + ‘Af +2 ‘Af Af [x+ cos (A¢p) — 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 o1 Ff . f _ Kf
, o = N'T], K] = N'T/. Therefore, T and T; can also be defined as 7 S K7 and T;
s =

> k!
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 )

with our measured cf f Tf x4+ and y4 can be obtained from fit to B meson decay, and y can be extracted !
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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

Yutong Feng ((B15:%)

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

Yutong Feng ((B15:%)

* 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

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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FAEE | At5EIX BESIII Y012 o4
D° - Kin’n*n~ TIEND DTS o ZEEill=

© CKM R4 ERISRITRERNEE Y —, 1 i DK
By BEELRENTNSTERENGASY, A5 K- AT
B SRR LG =BT A LINEARE, - Ay )oK
- RO T MR E AR CD — B T/
iﬁﬁ%ﬁ, ﬂ%ﬁ§%§§ﬁ¥éﬁ%§ﬁ§\ _‘b : > ) rpetds=7) . =
OP FESHALAIS S HBBEHIH, 51 - NS
© TENA R SHINEEBER: HF B WY i ) )P DK L

ERTNSNESRBHARRAR S, =1, D>V
Efiﬂﬁﬂﬂf‘ﬂzlﬁﬂ'\lﬁg‘lﬁﬁ, By 3 0O D" iR
AR oy = arg( - = “”)

VeaVep

« CKM JERERY 4 IEME IO ER BN ERSEZ—,

2y AEETHENFTOSTESFENBASE, T 7 signa
RS E SRERI= T 4 EIENEA, i

« PMRENFEFXBEMNARERNRERIEMM QCD - BESIILIEAS 20/fb Y (3770) #iE, BAER
AENEERRZ, UERBNERN FRENBAME. BEHEENER, JRHXKEET/FNETFXEX
CP AL LB F 2 BB R D°/ DA,

« REBNMASIHITYEEERR; WFB-Vwid - AIBREFBRANRTREDXLL, AIIRGAENE
RTINS NERBFENEOREE L =1, ED>vw  SFF, QUBERISERNDKONER, &l
RAFHERANRTMR, ABFIK D -D°R  AREIBXREZSANKD® - VV,VP 1 AP FI
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FAEES | STCF RIFRIRIGH A&

STCF imaafiF=nl#RNES DTOF(DIRC-like TOF) TEEARIMESR FRIEMGF A&

« STCF REEFMAILIFE 1-c EXAFESTENFM—NIERBFXIEN, AN FEREE
HEXEFENYIES T LIENE

- DIRC E# ZNRAZEFREMSEEYIELINHP, HEBRIED. RENYRE. MNBMER
B B D RIE T BS RIRLF 0 PHEE T

c.m. energy: 2 — 7GeV

Peak luminosity: 0.5~1x10%*cm™?s™*

Scintillator
m—»
R = P e W \
v\ N
4 1 y
M H ! N
Z
)

7,

’
-
-
-
-
=
-
v
v
v

<
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DTOF Simulation

T Sample K Sample
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| il .
_ Mean 30.20 8000 Mean 30.52
soool Std Dev 7.79 ook Std Dev 7.60
) B ) 6000
—— B —_ ,— — —
C 6000 p = 2.0GeV S ook p = 2.0GeV
= - = =
J— o - —_— 5 o
o) N 0 = 25 O = 0=2
o 5 QO 4000
4000— -
B 3000
[ 2000
2000— -
| 1000
ollll |||l|l|l|l|||ll|ll| "I||||I||||||||| O_III IIIIIIIIlIIIII IIl—JIIIIlIIIIlIIII
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DTOF Reconstruction

Single Timing Uncertainties

Single photon timing uncertainty:

o =or, Do, . Do ata Otp @D orrs @2GeV Overall o; ~50 ps
t To tmcs text(—) N N t
Np.e. \/ p-e. \/ p.e.
nmmm-m o o
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
—8'-‘ Multiple Coulomb Scattering (MCS)
2 120
£ — 80
3 o
§ 100 9
2 a9 o, ~75nm@(300nm,650nm) E‘ 70
E 2
60 <
Opcs™2.8mrad@1GeV/c o 60
40 g
20 —_— : \ 50
1 0,~0.5%@1GeV/c | ooty |
% 50 100 150 200 250 N cae7s801 100 ol 40
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