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Peculiarities of Charm

Mass 4

O m, ~1.3 GeV/c?, neither heavy enough to

el good 1/m,, expansion llgood a¢ expansion -
allow for a sensible heavy quark mass

expansion nor light enough for an application

e of chiral perturbation theory.

0.1 GeV-1+ [ xPT
O (semi-)leptonic D decays: lattice QCD o

] ) ] ] VP ~ 28% P: pseudoscalar meson
O D decay dominantly into hadronic final states VV  ~10%  V:vector meson

- SpP ~ 4.2% A: axial vector meson

but no D meson hadronic decay theory based on AP~ 0% Titensor meson
QCD yet. . .. serve as a valuable laboratory for non perturbative QCD 2-body ~ 63%

hadronic ~ 84%
semileptonic  ~ 16%

Haoran Zhang(ski& 2R) Introduction



D Meson Decays

O Powerful theoretical models for charm hadronic 0 o — 7z -
decays: factorization-assisted topological- o zC
amplitude(FAT)approach, flavor or topological T (e "C (color-supprossech
diagram approach (TDA) N -
> Topo|ogica| Information ——— Extract from experiments >WV‘” C_ C }> CC_
» FSls and non-factorizable contribution/ AL (anribilation) 47 orizontal w- . (vertial Wloop)

loop)

» Predictions of observable guantitieS—— Test by experiments

O Precise measurements to test theories O D°D%amples produces at BESIII

and furth_er u_nderstandin_g: > 20.3 fb~1 @ 3.773 GeV
» Polarization puzzlesin D - VV > Near DD threshold

> K — K asymmetries in D - K°M 5 ~73.4M D°DO pairs
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BEPCI| and BESIII

Electromagnetic Calorimeter Muon Counter  RPC
CsI(TD): L =28 cm Barrel: 9 layers

* Barrelog/E = 2.5% @ 1 GeV Endcaps: 8 layers

* Endcapog/E =5.0% @1GeV ¢ Ogpatial = 1.48 cm

< 77278

AN

e BESIII Detector

Doublering: e* and e

Main Drift Chamber Time Of Flight
Cross angle: 22 mrad S
Small cell, 43 layer Plastic scintillator
Eem: 1.84 = 4.95 GeV * 0,y =130 um * op(barrel) = 68 ps
inosity: 1.1 x 1033 cm™2s~! 77 Xy T g
Peak luminosity: 1.1 x 103 cm s~ @ ¥(3770) . dE/dx ~ 6% * or(endcap) =110 ps
* 0,/p=05%@1GeV/c (update to 60 ps with MRPC)

) Introduction



Work 1

Partial wave analysis of D° > K"K~ w

Haoran Zhang (3% 4R)



Motivation

O Polarization puzzlesin M - VV:
> B - VV[1][2]: (V = ¢,K", p and w)
« Tree-dominated: Transverse polarization amplitudes suffer from the helicity-flipping suppression at the
order of Agcp/mp. %" ~1 — 0(Aqcp/myp ) confrimed by B® — p*p~, BT - p*p?; indicated the
helicity conservationin B = VV.
B—>¢K*~

* Penguin-dominated or FSI : f; 0.5. Mode — B(107°)  fu(%)  fu(%) ¢ (rad) ¢y (rad)
B™ = pp" 21751 95.5+£1.5 2221+0.64 —0.09+0.05 —0.09 £ 0.05
Expt. 24019 95=£1.6

Bg—ptp~ 295+65 926+1.6 3.65+0.91 —0.27+0.08 —0.27 + 0.08
Comparison of the FAT approach / Expt. 27.7+1.9  99.07%)

experimental results

B’ 5 %% 0944049 8174108 921 4£550 —0.04+0.44 —0.03 + 0.4
Expt. 0.96 £0.15 7175

* consist between experiment measurements and theoretical predictions

[1] PRL 91,171802(2003), [2] PRL 91,201801(2003)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.171802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.201801

Motivation

> D - VV:

 Perturbative QCD not valid, naive factorization model [3] and Lorentz invariant-based symmetry model
[4] predict £, not dominantin D — VV process: f'¢°r~0.51310.33[4: p0 - g*0p0.
N [5] _ _
. fLDO PP — 0.71 4 0.04 + 0.02(FOCUS Collaboration) — [D] wave dominant.

« InD° - we[6],f, =0.00+0.10 + 0.08, VL < 0.24(95% C.L.) are given by fitting to angular
distributions(BESIII Collaboration) and shows larger difference from D° — p°¢.

D¢ w+

i € i

« FSl through K** K*~ or flavor-singlet contributions can lead to different, a more precise PWA result can
help to confirm the theoretical models.

[3] PRD 59,114013(1999), [4] JHEP 03,042 (2014), [5] PRD 75,052003(2007), [6] PRL 128,011803(2022).
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https://doi.org/10.1103/PhysRevD.59.114013
https://link.springer.com/article/10.1007/JHEP03(2014)042
https://link.aps.org/doi/10.1103/PhysRevD.75.052003
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.011803

Motivation

O Still lack of knowledge about some crucial pieces of dynamics in D decay
mechanisms. Polarization of D— V'V provide valuable information to further
understand D decays and non-perturbative QCD. Longitudinal polarization fraction(f;)
IS iImportant to test models.

O 20.3 fb~! ete annihilation data @ 3.773 GeV.

> Larger D°D%samples — more precise results
» Double-tag method — lower background level
> Extract the S,P,D amplitudes of D° —» w¢

1 Other resonant on invariant mass structures

Haoran Zhang (g #X) PWAof D° - KtK~ w



Dataset

O Quantum correlated D°D° produced at BESII|
> Data:20.3 fb~! @ E,, = 3.773 GeV

> Inclusive MC: 40x for background study

» Signal PHSP MC: 100x for amplitude analysis D° - sig(wK*K™)
» Signal DI'Y MC: 200x for amplitude analysis
—— 3/ C—
O Double tag method e’ / e”
D° - tag

> Reconstruct both of D°D°

> Tagmode: D° - Kt~ ,Ktn % K*ntn~n~ (~25% of D° decay)
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Event Selection - Preliminary Selection

> Good charged tracks: > m° Candidates:
« |Rxy|<1cm,|Rz| <10cm, |cosf| < 0.93 + 0.115 < M, < 0.150 GeV/c?, y7. <50
» Good Photons : > Cosmic rays rejection for D® - K*m~
+ Barrel: E> 25 MeV, | cosf| < 0.8 » Tag D Reconstruction:
« Endcap: E>50 MeV, 0.86 < |cosf| < 0.92 e AE =Ep — Egpgm, Mge = \/(EBeamz _ pzz)) ;

« EMCtimecut:0<T < 14 (50ns .. : :
(50ns) *  Minimum |AE]| 1s used to selected best candidate

* Angle between shower and charged tracks

larger than 10° > Ksveto for D° - K*n~n*n~ tag mode:
° — 2
> PID(SimpleP1D package): M+~ — 0.4976] > 0.03 GeV/c”.
« 1: Prob(r) > Prob(K) » The ST requirement follow the official document

(MEMO D ST v4.0.pdf (ihep.ac.cn))

« K: Prob(K) > Prob(m)
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https://docbes3.ihep.ac.cn/DocDB/0015/001504/001/MEMO_D_ST_v3.0.pdf

Event Selection - Further Selection

Case 1(Full Reconstruction) 2005 oy M, sPlot I daté}gg_
> Exactly four charged tracks: m*n"K+tK ™. s0 - 9 £
> ¥ candidate: Minimum |AE| to selected best % 0o Almost no PHSP with sPlot A S I A
Cand|date F-E i |S&|d@/ﬂ'ﬂfy e » K P/ (10.0 MeViQ) )
of + o

A\

AE requirement: (-0.043, 0.035) GeV .

> Optimize of MC: remove D° » K*K ntn~n®  ob=e ; : o1 £ 51D info
. 0.4 0. 0.6 0. 0.8 0. =
component that generated with PHSP mode. M. (GeV/c) e I
> PID requirement: prob(K) > 0.001. g 3BF Ko & 6oF Two
. B 5 30F [Jother D’ BKG S e .
>y conversion: Ryy < 2cmform*m™. = ol k goo % S Consistency
S “F Data S gof B
> M_+ -0 > 0.74 GeV/c?. < b ¢ Dat S “OF som between data
= "¢ _ = a0 and MC
£ sf 2 7
> K veto: My~ € (0.492,0504) Gev/c2, g Pf LV CONVersion: Ry > 2em | 2}
L TT
> 10k

w

==}
T T

" . 10f—
1C(MPDG) kinematic fit performed(only used _ E
in PWA ) ok H - i é | 1 A .

n n [GeV/c ] M(K'K) [GeV/c?]
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Event Selection - Further Selection

Case 2(Miss one Kaon) 20000 VM _ P
[ sl comeat 7T SElECEION I o0 0wy
o [ - 20— 0o H:;‘I—_;rr‘r'_‘-:
> Exactly three charged tracks: 7K. 13000 - Sel““’"’“gl [
E [ sttt eXlra, correc : —— data
. . . . A F - extra, wrong | . 0 0 0
> w0 candidate: Minimum |AM?Z; | to selected best candidate. '%°} o  Reweight Dy — Kg, KgKn
Rrecoiled D°: Po direction is opposite to ST Po 2; : | H
0 i o B2 0.45 u.sl';“ 5 08
5 |_ 2 2 _ 015 0.2 0.25 0.3 M) (GeVic?)
|PD0|_\/(Ebeam _ MDO)' EDO = Epeam - MM?(Ka) (GeV?/c?) 14
MDO - Mfound > O.
Suppress D° CF decays:C3"? = L o= e
pp y YK - YK D wther i -DD K — bk

M;29 requirement: (1.859, 1.873) GeV/c?

=

m T,

vV V VY V

Optimize of MC: Remove D® - K*K~n*n~n(PHSP) .
Reweight the D° — Kg); K{ K components.

—.-_-_-_

) s 01 0.2 0.25
MME{K} (GeVaich) MM(K) (GeVic®)
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Event Selection - Further Selection

Case 2(Miss one Kaon)

M_+ 0> 0.74 GeV/c2.

VA
K? veto: M+ - & (0.492,0.504) GeV/c?.
PID requirement: prob(K) > 0.003.

normPH

Events

y conversion: Ryy < 2cm form*m™. probiK)

4C(ﬁD0, E o) kinematic fit performed (PWA) .

v V.V Y V

B i I v wior) | Doy
- { o K
o' owr

normPH

B v signal (D)
OB KK
I'.'ll"lﬂ"I pther

| R

Bl

- other

t Daa

60—

Events

.........

PR
. 02 04 0.6
P,/(10.0 MeVic) P,/(10.0 MeVic)

The PID inconsistent is even worse then
that of casel. .
We choose a more serious cut therefore. RomPH

40~ .
- Consistency

L between data
and MC

0.2 0.25 03
MM(K) (GeVaich)
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Signal Purity - Full Reconstruction

1.89

Signal: right tag and right signal D®, described by DI'Y MC shape.

mbeDT

1.88

« BKGI: background with right tag and wrong signal, described by
A1 (X1; Myq, Zyeq, Px1) X Sxz-

1.87

1.86

. : background with wrong tag and right signal, described by 4
Aya(X2; Myp, Zys, Px2) X Sx1

1.84

1 1 1 1 1
1.88 1.89
mbcST

[ TTT
o l—

w

-

o]

'

— .‘
oo

U]_ +
-

o

o

-

oo

~

« BKGIII: background in diagonal region. T (x; — x5; 1, o(x; +

X2), 1) X Ayq (x1; My, Zyq, Px1) X Axa (X25 My, Zyo, Py2)
n+1

'(n/2+0.5) 1+ l(ﬂ)z E
ovnnl'(n/2) 2\ o
Tag Mode
NSig(signaI region) 84.9 + 9.6 137.4 + 14.2 67.3+ 8.4
Purity (%) 99.9 + 0.0 939+ 1.3 919+ 2.0

T(y;u,0,n) =

Haoran Zhang(3ki& #X) PWAof D° - KtK~ w



Signal Purity - Partially Reconstruction

« Signal: DI'Y MC shape S @ Gauss function G .
: described by 2nd —order Chebyshev polynomials.
« DYDY Background : MC simulated shape.

30 Kn 35 Kpipt’ 30

= B - Kapi b dat
—  purity = 09344 £0.0053 E  purity = 0.8934 %0.0196 T purity = 0.9332 £0.0037 =+ Sigial

~ B —~ 30F _PE « DD|MC
2 = i - x - Cl |
1l - ~ 25 — ~ -
> 20 3 - o 20 F
s | CRPNE R
< 5p 2 GANEIS
Z S O I5E 2 F
5 10} ' 'E - = 10 =
= | D) - b L
84 i ! - 10 — [E r

5 R 4. 55

C """-l%l.h 5 iHL = ln uru ',
R e A ARE AP0 5 B T MBS T 0 s 2 s R 0 g 01 o NC s O S, NI o Bt IR
016 0.18 02 022 22‘: 026 025 03 O 18 0a Don ohh o e 016 018 02 022 024 026 028 03
MM2 (GeV?/c*) MM2 ( Gevz /et MM2 (GeV?/c*)
TagMode | K*n~ | K'mn® | K'nam
NS (signal region) 126.3 + 14.0 193.9 + 20.2 112.7 + 1418
Purity(%) 935+ 1.8 89.4 + 2.2 93.3+ 2.0
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Introduction of PWA

O Likelihood Formula: O Amplitude Construction:
ZB:NDZMZM R (0%) +( V)] » Constructed by covariant tensor method
= In[wly, fi(pk) + (1 - wlyy)fi (P!
> £, L& n[w g fs(pj Wsig )8\ P] o) = 3 AUL()

« f.:signal p.d.f « A;: coupling factor
5" .d.

*  wg4- fraction of signal(signal purity)
* pj: four-momenta of daughter particles
* fg:background p.d.f

» Ui(p) = BLD(p)PRl(p)BLRl (P)PRZ (P)BLRZ (p)S;(p)
« B, : Blatte-Weisskopf barrier factor
« Py : Propagator of resonance R
« S; :Spin factor of i-th decay amplitude
O Signal PDF: 2 MC integral B )
> f(p) = es)|Ap(®) | Rs(®) P » ADO(B) = Zi/\_iui(P) = 2 M Ui (D) |
[ es(@)|Ap®) | Rs(p)dp « p: CP-conjugate of phase space point p
* ¢&,(p):signal efficiency
* R;(p):phase space factor
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Background Estimation - fg

O Consistency between Data and Inclusive MC in side-bands. And consistency of inclusive MC(without signal
process) in signal region and side-bands is obtained.

B Kk signal (Drv) L B v signal (08
o'’ KK B O'E ke
Dt'ﬁo other

oo

M @

t Data

R B «xwsignal (DIv) 30
100 DB KK

D':'ﬁn other
*h "
ad

t Data

50

IIIIIIIIIII]IIIII

0

1.86
Mg (tag) (GeV/c?) Mgc(signal) (GeV/c?)

1.86 1.88

O By Mixed-sample Method:

x of Data & IncMC | Full reconstruction
» Mpyg+y-, M+ o, M+ 0,M_ -0,

T m I

D° - K*m~ - 0.86

HN N — ;HN —_o,P — ,Hp P _;HP P— _
KK gt = p0 ntn 0" ntn—n0 a0 ntn Kkt"K DO N K+7T_7TO 1.11 -0.03
D° > Ktnr mtm™ -1.18 0.63
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Background Estimation - fg

O p.d.f of background fz (p) Is described with Inclusive MC, by performing Machine Learning
on DIY MC(hep_ml package, XGboost model).

O Eight Variables used : My+p-,M_+_~0,M_+0,M

-0,0
n ) “Ngg,N_+ -0’

Y ORERTTE R
% g | M . MH HHW ., MMWHH |
E7 MR TR

Theta_Kp_Km Theta_NKK_Nomega Theta_Nomega_omega Theta_piz_pipm

i f | R j
t+.+++++*#.ﬁﬁ* | “ .HH i %***.j,* " N ,w m o M,* Wﬁ,{ b ,m,H“*fﬁ :
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Amplitude Construction

O Spinfactor of w » n*n~wY:
Ay (W) = €4y pepS [tP (mHal, m )Y (n*n®) — tP(ntn ™, n)tY (™) + tP (nOn ™, )tV (nOn )]

» Spin projection operator

PO(pa) =1,

D - Sw,S — P,P, th(D)A,(w) (1) (Pa) =g + Paﬂlga#’ ,
D[S] = Vw,V = PP, PH(D)t, (VA (w) a
DEP; - Vo,V - PP, smapfr:(f()tfviﬁcw) P2, (o) = 5 1PD ) PL(p0) + PLpPL(po)] - 3P0 PP (pa).
D[D] » Vw,V - PP, t, (DtH(NAY (@
D Te T PW;ED)% D) > Blatt-Weisskopf barrler factor
D[D] - Tw,T - P, P, EupaPBtP (D)4 (T)A* () Bo(g) = 1 q: breakup momentum
D[F] - Tw,T — P,P, tuvp (D)EH(T)AP () By(a) = 2 qo = 0.197321/R GeV/c
D - PP, P[P] > wP, tH(P) A, (w) q* +q; R =5%0.197321 = 1 fm for DO
D - APy, A[S] - wP, tH(D)Fy (A" (@) 13 R =3%0.197321 = 0.6 fm for
D ~ AP, A[D] - wP, (D)t (A)AY () Pal) = \/qJ +3¢°¢2 +9¢;  other resonance

D - VP,,V[P] > wP,

tH (D)syvpapgtv(v)‘qv (w)

D - PT P,,PT[P] > wP,

" (D)Fpe (PTIEP (PT)A° ()

» Propagator

D-)PTP1,PT[F]—’((JP2

t#Y (D) tyy, (PT)AP (w)

Gounaris-Sakurai(GS) formula: p(770)

D ->TP,T[D] » wP,

th*(D)e vpathp(T)Av(m)

Haoran Zhang(5k &
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Relative Breit-Wigner(RBW): £,(1270)
RBW with constant width I'(s): Other resonances
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QC Correction

0 =0 .. [1] LHCb Collaboration, R. Aaij et al., “Simultaneous de-
> Neglect D" — D" mixing and CPV, the decay rates: termination of the CKM angle 4 and parameters related

dr(f: g) to mixing and CP violation in the charm sector,” LHCh-
g 2 z = 2 CONF-2025-003.
g = Asal” =1ArA - AgAyl H . » .
dd [2] BESIII Collaboration, M. Ablikim et al., “Improved mea-
surements of the coherence factors and strong-phase dif-
. . . + 4 b0 .
» g Tag mode, f Signal mode, the decay rate of signal D - f: ferences in D — K- m_w'm and D = K m m with
g 'ag ’f g ’ y g f guantum-correlated DD decays,” J. High Energy Phys.
08, 038 (2026).

dr{DU = ) 1 A A * i * * ¥ A *
3 / oc |A /2 f A 2D, + |A f IAglzd(I)g—A_;AfngAyd(Dg—AfAf J A A,dD,
> D itten:
r fD n be rewritten: - -
ecay rate of D = f can be rewritte LT, L [,
9= T4 2adm g =
|A,|2dD 2 iR
drp’ - ) 2 4 FPIA A i0g A A* —iby A* ¥ I T \U 44| dmﬂfl‘qﬂl do,
Ty oclAf]” + élAfl — rzRze “AfAf—rgRg.e FAfAf
— - Mode r (%) R 4 (°)
_ it § 12 _p2 2
=||As = rgRge™A* + rj(1 - ROIA P K x' |5.857+0.009 [1] 1 192.7 4+ 2.3 [1]

K wta® | 4414008 [2] 0.75+£0.03 (2] 209'T [2]
K w'a o' 5514005 [2] 051+0.04[2] 18213 [2]
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Fitting Results

i) [ F F
=R 2w e[ Y
S 2501 S 8 ¢ 3
L = r L
s | 8 120 { % 50— 3
S ponl s L =
€ 200 = I s S
a f £ 100+ a | @
g [ 2 T ! g 40 £
> ] H o
W r | Ot & _—
150 80~ : r i Fit
B a 30f
r 60— |~ r !
100~ c | C
r o i | 20— L |
L i 40 Lo [ |+ BKG
50 i r l a
: I'LI 20F 10¢ |+
L + L 1 L i
ok T O B s i ot | - x ) 0 | LL
1 0504 108 io8 1.1 #750.76 0.77 0.78 0.79 0.8 0.81 0.52 0.83 0.84 0.85 1.28 1.3 1.32 1.34 1.36 1.38 1.34 1.36 138
MK'K) [GeV/cd M) [GeV/c?] MK [GeVic?] MK [Gev/c) 1020w 3]
© F 8 F g 45¢ & sof-
S 501 S 40F c S Tt
s I s 2 40F e I S
=4 F f = [ c C [=
5 T @ 35 c s I 1020w [P
@ a0l g F @35: 540_— ™ ) [ ]
L 30 F L
r H 30f C
30[- 251 o o5 30 | "
i H S g i , K,(1270)'K [S]
C 2op 20 i —
20,‘ 155 15E 20 i 4‘
— 10F 10f [ K (1270)K*[S]
101 E.-, 1= r 10
C ———ar C Ll =" r C e e e L
= _I__:‘ 5_— Tl == - _ _ ___,_“_ 5_—_ pm=at==t -t “"_--"—-., L - - -t o
- b ST el et " [ mrmmm s e L
0 e R T e e e T i
8 0.6 0.4 0. 2 04 0.6 0. 8 0604 02 0 02 04 068 08 1
4 0.8 0604 02 0 02 04 g:gsﬂsi 1 < 08 060402 0 02 04 08 08 | ey 02, O e e Lty

Wt cos6,-
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Fitting Results & [0 Check

» The size of each sample is comparable with our data.

50 ‘

mean =-0.024 +0.026 E K1(1270)* mag
=

mean = 0.037 +0.026 ' oslP] phase
E odlPlp sigma = 0.819 + 0.018

sigma = 0.835 + 0.019 50

<} 7 f]

& L g £

g - & Of &
(U¢[S] 80 4 2():__ 20F
10 - :

wd[P] 390 0071 0.193 S T

+ 1 — E 3

Kl (1 2 7 O) K [S] 4‘. 3 6 1 . 5 1 1 5 . 1 6 0 o - K1(1270) phase mean =-0.119 + 0.030 = _ K1(1270) mag mean = 0.002 + 0.032 a E K1(1270) phase mean =-0.117 +0.032

wk ) sigma = 0.936 + 0.021 40 . sigma = 1.004 + 0.022 50 : sigma = 1.000 + 0.022
B E: £ s
K,(1270)"K*[S] 15.3 2.838 1.824 :
20 20 F
- 20 -

10 - y 10 10 f A
ok 4 z 0 lhj 4 . 3 -4"“—'2 0 2 "“4
Pull Value Pull Value Pull Value
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Polarization of D - VV

O For D — VI decay modes, these decays have a richer structure, as they have
three partial-wave or helicity states.

O The polarized decay amplitudes can be expressed in several different but
equivalent bases helicity basis(Hy, H,., H_), transverse basis(4q¢,A4,,4,)
and can be related to the partial wave amplitudes|[S],[P],[D].

1 2 1 1
Ag=Hy=———-8S+4/2D, S=_—(—Ap+V2A)) = —(—Ho+ H, + H_
0 0 7 3 \/5( 0 +V24)) \/3( o+Hy+H_)
1
1 2 1 P=A, =—(Hy—H.)
A||=—(H_|_—|—H_)= -S4+ —D L \/§ + ?
3
\{i \/3 D = L(\/iA() —I—A”) = L(21—{0 +H,+H_),
AL=E(H+—H—)=P3 V3 V6
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Polarization of D° —» w@

1 1 1 1 2
O Hy= \/;900 + \/;Wrgn + \/;7"2922;1:0 = V1V2(—\/;goo + \Erzgzz)

|Ho|?
|Hy+Hy+H_|?

Longitudinal polarization fraction: f; = r = 2|q|

|g|: momentum of V in D rest frame y: Lorentz factor of V in D rest frame W:mass of D

The LS coupling parameters «; in covariant tensor formula can be used by covariant helicity formula.

100—

Covariant tensor: 2, ,, |agA(0,0) + a;A(1,1) + a,A(2,2)]?

Covariant helicity : g;; = fia; » Hy = \Efoao + \EWTﬁ% + \Erzfzaz, na fL =345+ 1.6%

1 2
Hy = V1V2(_\/;fo“o + \/;rzfzaz)

1 | 1 1 1 1
8.2 0.25 0.3 0.35 0.4 0.45 0.5
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Systematic uncertainty

[0 The systematic uncertainties can comes from two parts.

[0 One is experimental systematic uncertainty which contains
background estimation, selection criteria and detection
efficiency.

0 Another is model dependent uncertainty which contains the
resonance line shape, the radius of the centrifugal
barrier,uncertainties of qguantum coherence parameters, extra
partial waves and fit bias.

Haoran Zhang (3 $R)



Resonance Line-shape

[0 To study the effect of parameters in resonance line shape, we vary the

fixed nominal masses and widths with 10 of PDQG value for the resonances

with fixed parameters. Large uncertainty
mainly from the

£,1270 51| K,(1270) G515 s i o
mag 0.1508(9.47%) 0.2663(8.99%) 0.0004(0.5%) '
phase 0.0906(8.87%) 0.0864(4.50%) 0.0114(0.34%)

K, (1270)*[S]K~_| Ky (1270) [S]K~

Fit Fraction  0.0011(2.54%) 0.0016(1.08%)  0.0004(1.18%) 0.0018(0.22%)

Haoran Zhang(gl & 5R)



Radius of the Centrifugal Barrier

[0 We assume that the probability distributions of radius are uniformed, and
obtain 1 GeV ! as the approximative 1 0 value of radius. Then, we vary
the fixed radius with 1 GeV ~1 for BD2and other resonances respectively

and repeat amplitude analysis. This uncertainty is calculated as the sum
In quadrature of two parts. Actually, as we performed 1C

" = - kinematic fit on DY, the B, of D°
K1(1270)"[S]K K1(1270)~[S]K w|P] 1s “1”, so the systematic
mag 0.492(32.5%) 0.925(33.3%) 0.003(9.8%) uncertainty of barrier factor of
O -
phase 0.021(2.0%) 0.016(0.9%) 0.006(0.3%) D" should be ignored.

K, (1270)*[S]K~ | Ky (1270) [S]K~

Fit Fraction  0.0000(0.17%) 0.0016(1.05%)  0.0005(1.20%) 0.0034(0.43%)

Haoran Zhang (3 & R)



Quantum Coherence Correction

[0 To study the effect of the quantum coherence correction, we change its

iInput parameters by =10 of the QC factors and repeat the amplitude

analysis T R R R U N

K- xt  [5.857 4+ 0.009 [1] 1 192.7 4+ 2.3 [1]
K ata" | 4414008 [2] 0.75+0.03 [2] 209'] [2]
K ata ot 5514005 [2] 0.514+0.04 [2] 182112 (2]

[1] LHCL-CONF-2025-003
[2] JHEDP DB, 038 (2026)

K, (1270)*[SIK—_|_Ky(1270)[S]K~

mag 0.0064(0.40%) 0.0036(0.12%) 0. 0004(0 51%)
phase 0.0048(0.47%) 0.0025(0.13%) 0.0083(4.06%)

Ky (1270)*[SIK~ | K, (1270)[S]K~

Fit Fraction  0.0004(0.83%) 0.0003(0.20%)  0.0004(0.99%) 0.0004(0.05%)

Haoran Zhang(gl & 5R)



Summary and next to do

O Summary:
v" Event Selection and Background estimation
v' Simultaneous Fit with DIY MC
v" Calculation of f; based on PWA result
v" 10 check finished

O Ongoing:
» Study of systematic uncertainty
» Memo preparation

Haoran Zhang(3ki& #X) PWAof D° - KtK~ w



Work 11

Study of K) — K} asymmetry in the decays
D° > wK? and D° - wK)

Haoran Zhang (3 $R)



Motivation

O The (quasi-)two-body D meson decays are important for understanding D decay mechanism,
according to Glashow-lliopoulos-Maiani (GIM): V. Vg + VsV + Vi Vyp = 0 # CPVIn D
decays. PLB 349,363366(1995)

» For the processes that involving a neutral K meson, Bigi and Yamamoto pointed out that interference
between CF and DCS amplitudes in D — K°M can lead to experimentally observable K — K

asymmetries .
C > > 2 }ED C > > g }KO
D{)J W+ DO* W+

ul, U
u —¢ u u < 7 [
Cabibbo-Favored Doubly-Cabibbo-Suppressed *  PRL 119.181802(2017)

> CPV associated with those interference between CF and DCS amplitudes is studied to be ~1073.

B(D°->KJX)-B(D°->K]X)
B(D°->K2X)+B(D°-KPX)
determine the amplitude of DCS processes and promote study of CPV.

> Measurement of K — K asymmetry R(D°) = ~ 2rycosdy, can enable us to

Haoran Zhang (3 & sR) D° - wK? and D° - wkK}


https://www.sciencedirect.com/science/article/pii/037026939500285S
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.119.181802

Motivation

O Compare of R(D?; X) from theories and experiments
> Different theoretical predictions (FAT, TDA...) of R(D?; X) show good consist with D — PP process but
differ from D — VP process.
>R (D% w) is calculated with B(D° - K w) measured by BESIII using 2.93 fb~! data and B(D°® -
KJ w) from CLEO, the result shows large difference from FAT and TDA predictions.

> Measurement of B(D° - K2w) and B(D° - K w) using a larger data sample can provide more
precise results and provide important test of theoretical models.

D — PP D->VP
) ) _
t' ‘\ t' ‘} Large difference
X=n’n71",¢ w m° ’ w
1 [717] ¢ il ¢ between theory
0. . -
R(D™; X)par(%) 113£01 predictions and
R(D; X)) (%) 10.7 10.1+ 2.9 10.6+3.4 | experiment
R(DY X)2, (%) 10.7 41429 8.9 + 3.5 measurement
R(D% X) exp. (%) 10.8 + 3.5 8 + 2.34 —0.1 + 4.714 2.4+ 3.114

[1] PRD 95,073007(2017), [2] PRD 109,073008(2024), [3] PRL 100,091801(2008), [4] PRD 105,092010(2022).
Haoran Zhang(3kigsR) D° - wK? and D° - wkK}



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.073007
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.073008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.100.091801
https://link.aps.org/doi/10.1103/PhysRevD.105.092010

Summary of D° - wKg,

Results B(D? - Kdw) x 1073 B(D? -» K’w) x 1073 R(D% w) x 1072
This work 11.73+0.18 + 0.25 + 0.47 | 11.01 +0.14 + 0.22 + 0.44 3.2+ 1.0+ 0.9+ 2.80
Previous results 112+ 0.4+ 0.5 11.64 + 0.22 + 0.28 —2.4+3.1
STD(F4) 12.54+ 0.6 10.5 + 0.5 8.9+ 3.5
GTD 11.6 + 0.6 11.2+ 0.5 1.6 + 0.3
O Summary

v Measurements of B(D° - K{w), B(D° - K)w) and R(D?; w).

> Submitted to PRD

Haoran Zhang(33& 5R)

D° - wK? and D° - wkK}




Summary and Prospects

O Work I:PWA of D - wK* K~
v Obtained amplitude model & 10 Check
» Systemic uncertainty ongoing
» Memo preparing
O Work 11:D° - wK and D° - wK
v' Submitted to PRD.(reply the 15¢ round of comments)

O Prospects:
> Finish the analysis of DY - wK*K~ , looking of other D — VV process.

Thank you !

Haoran Zhang (3 $R)



Back UP

Haoran Zhang(3k & 4R)



Standard Model (SM)

O SM describes the fundamental particles that
make up the visible world of matter and how
they interact with each other.

» Still need to explain:
Dark matter and dark energy
Mass of neutrinos

Experiments: test of SM, search for new physics beyond SM
SM phenomenology: Bridge between SM and experiments

Haoran Zhang(5ii& 2X) Introduction



» Covariant helicity amplitude for D - ¢w = (K*K7)(pm) = (K*K™)(nm,ms3):

{D} Jo {D}\ pJo {D}
HA‘I’}L‘” - ’Lﬁﬂ D‘lﬂ Ap—A (QD) T¢(m¢)F K+ Ak (Q‘P ) TM(mﬂ”)FlpJn (ﬂﬂd )Dlm,lp—lrr (ﬂm )
T,(m,)F)* , D,*

Tl.'z 11.'3 ‘a' ’111.'2 ‘1]1,'3

Jp=0-2g =2, — |A]* = |ZA¢AM Hagza,| = |Hix +H_1_4 + Hool?

1 1 1 1 2
FJ_ffil = \/;.900 + J;W'Fgu + ‘/;rzgzz, FOJUD = ylyz(—J;g{m + \/;rzgzz), r + 2|q]|

lg|: momentum of V in D rest frame y: Lorentz factor of V in D rest frame W:mass of D

‘2

Haoran Zhang (3 $R)



sPlosPlot on MIC — Full Reconstructiont

* To check the reliability of sPlot, 2-D Mg fits are performed on inclusive MC
samples. The comparisons between the signal components of inclusive MC and
sPlot are shown below. =

)
— [*] [~
w =] V\
= =] =

Events / (1.0MeV/c*
g

Events / (1.0MeV/c?)

3 R B - ' . L it o T 1 T s
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Fit on sPlot — Full
reconstruction

200 -
: 80 — Fit
150 - eo- -l | ®o [S]
100 - 40 oo [P]
- “ w KK[S]
50 n 20
: K1(1270)" K
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A R v Y R
C I §_ - []
! 076 078 0.8 082 084
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dE/dx info from simplePID
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dE/dx info from
simplePID
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Amplitude

|Cr|

arg(¢y) [rad]

Fit fraction [%]

D" — [¢(1020)p(770)°] —g
D” — [(b(lOQO)W(TSQJ]L:[]

1 (fixed)
0.114 +0.004 £ 0.003

0 (fixed)
1.30£0.04£0.04

92.55£0.46 £ 0.28
1.42+0.11£0.04

Sum of fit fractions

93.96 £0.40 £ 0.28

DY — [4(1020)p(770)°] L1
DY — [¢(1020)w(782)] =1

1 (fixed)
0.254+£0.052+£0.018

0 (fixed)
1.324+0.19+0.07

83.11 +4.11+1.70
4.33 £1.58+£0.52

Sum of fit fractions

87.45+£2.99+1.78

DY — [¢(1020)p(770)"] —2
D" — [¢(1020)w(782)] -2

1 (fixed)
0.162+0.032+£0.014

0 (fixed)
1.504+0.17+0.06

94.64 +1.69+0.78
0.71+£0.27£0.12

Sum of fit fractions

95.35 £ 1.54+£0.79

D" — [KT K~ |p—op(770)" 1 (fixed) 0 (fixed) 85.41 +5.89+ 3.49
DY — [K"K ] p—ow(782) 0.494+0.098£0.098 —0.95+£0.19+£0.15 9.24 + 3.26 + 3.64

Sum of fit fractions  94.65 £ 5.03 £ 5.04
K1(1270)" = [p(770)° K] -0 1 (fixed) 0 (fixed) 139.03 £1.98 4 3.81

Ki(1270)" — [w(782) K| r=0

0.159+0.012+0.011

1.36 £0.07£0.06

1.524+0.224+0.19

Sum of fit fractions

140.55 £ 1.90 £ 3.81

Haoran Zhang (3 $R)

AMPs from LHCb
J- High Energy Phys-
02 (20719) 126-

confirm that Br(D0 N
wd)) < Br(D° - p°¢)




Fitting Results

 q,(980), £5(980), £, (1370), KK w|[S] > 100
1= $(1020), p(1450), KK wp[P] 3.50
g+t £,(1270) ©PlD] 200

: K1(1270)*K~[S] 5.10

K,(1270)"K*[S] 8.10
I T
Ka0) ST TR TN

1+ K, (1270), K, (1400), K, (1650) WwP[S] 85.35

1- Kst(1410) WwP[P] 2.11 0.052 0.022

2" K,(1580) K,(1270)*K~[S] 3.70 0.999 ~1.602
2+ Kst(1430) K,(1270)"K*[S] 10.69 1.978 1.286

Haoran Zhang(3ki& #X) PWAof D° - KtK~ w



Analysis Strategy

. -1 .
O Dataset: 793 fb™" at 3.77/3 GeV: DO = sig(wk? /KO

> High precise measure of wKJ /K?.

» Cancel part systematic uncertainties. — 3
et / e
O Double Tag Method: D°D® pair production. D®  tag

> DY reconstructed by tag mode i. (ST)
> DY reconstructed by sig mode f(wK? /K?). (DT)

> Bi _ N})T'E‘lcag : f _ 1
f — . . 2r: R: i ! fQC _ .R- i '
i i riRj cos & gf 2riRj cos & oFf
NsT €tagsig (1~ 1412 (2F;-1)] 1 - (2F4-1)
i

> Tagmode:D® - K*n~,D° > Kt n®, D’ > K*n ntn™.

Haoran Zhang (3 & sR) D° - wK? and D° - wkK}



Background Analysis

O DO - wk{
> Low background level g /
R T
» Peaking backgrounds non-w » Suppress background by requiring
resonance Kdmtm~m® processes E& s
» Peaking backgrounds: wrong » Peaking backgrounds wn
reconstruction of a soft y of ©° > Peaking backgrounds wKSO

» Peaking backgrounds non-w
resonance KS"/Ln+n‘n° processes

» Peaking backgrounds from gg process

Haoran Zhang(3ki&2R) D° » wKQ and D° — wk?



DT Fitting Method & Results

O D° - wK2: Fully reconstructed; 2D-fit to M3d v.s. M52 .

> Peaking BKGs from D —» Kdntn~m% M, +,-0 side-band. = o o
> Wrong reconstruction of a soft y of 7% :MC simulation. s
> Signal shape modeled by MC. ST p
M;;?_-;‘gcvfcz)l-’” 1.88 1.84 1.85 M}:@'Ifécwcz)lm 1.88
O D° - wK}: Missing mass method; fitting to M,;.,(MM2). 3 wf i
» Lateral peaks from n: MC simulation. m
> Peaklng BKGS frOm D 0 - KS / LT[ TL- T[ M 71' T T 0 Slde'band Uul,zl uzulam \ Jn‘ﬁ‘ - IUJ -On.zll l [0; B ‘(;3':"~.---.‘..,_(_],l.4. l In.lsl - I0.6

MM2 (GeV¥c) MM2 (GeV¥¢%))

> Peaking BKGs from qg: estimated by M;%? side-band and MC simulation.

Haoran Zhang (3l & D° - wK? and D° - wkK}



Systematic Uncertainty

_Source D% > K9 w(%) D% > Kjw(%) O Interference between the processes with
m~ tracking 1.0 0.8 and without w intermediate state are not
m* PID 0.2 0.2 considered.
n° reconstruction 1.1 1.1 O A MC study indicates that this
K¢ reconstruction 1.1 — interference will affect the BFs of D? —
ST Yields 0.1 0.1 wKs/p, with a factor of 4%, ,which will
DT Fit 0.5 0.7 be regarded as the third uncertainties in
QC-correction 0.3 0.3 the measurement.
w Mass window 0.5 0.7
Nharged = 0 — 0.9
EgXta < 0.27 GeV — 0.4
MC Statistics 0.3 0.3
Quoted BFs 0.7 0.7
Total 2.2 2.2

%) D° - wK and D° - wK}



