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2004: Started upgrade BEPCII/BESIN
> +/s=2.0~4.9 GeV
> £ =1x%x1033cm 2s Y(April 2016)
2008: Test run




T RO TS e E - SN TierlEeTED O L . STERIEE W L 0 TR SO -

Beijing Electron P05|tron Colli

P
-—

RPC Muon Counter
. _ _ 9 layers (barrel) + 8 layers (end-caps)
| Superconducting solenoid (1T) \ / 93% coverage of the full solid angle

Electromagnetic Csl(Tl) Calorimeter
o;/E <2.5% @ 1 GeV (barrel)
or/E < 5% @ 1 GeV (end-caps)

Time-of-Flight
g, = 90 ps (barrel)
o, = 120 ps (end-caps)

...........................

Main Drift Chamber
0r¢ = 130 pm (single wire)
0,t/Pr = 0.5% @ 1 GeV




Charm Data and Analysis Method BCSII

> Data production

Data * Pair production @ threshold
samples Vs (GeV)  Int.L(fbl) xCLEO-c * Quantum-correlated neutral D-meson
= /. e pairs created in the decay of the ¥(3770)
DODO/D-D 3.773 2.93 3.6x% resonance
DD, 4.178 3.19 5.3x *  Fully reconstructed event
D.D,* 4.189-4.226 3.13 - * Clean background

> Double Tagged (DT) Method
> K ot
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Strong Phase Difference

» CKM angle y(¢;)
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:'The strong-phase difference ¢, can be measured directly in the

i decays of quantum-correlated neutral D-meson pairs created in the
i decay of the ¥(3770) resonance, which ensures a binned model-

|

v Independent measurement of the CKM angle #¢;) with B decays.
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'Works of hadronic parameters in BESIII
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Strong-Phase Parameters in D’ K, 7’7 BESIT

[Phys. Rev. Lett. 124, 241802 (2020)] [Phys. Rev. D 101, 112002 (2020)]

» Self-conjugate multi-body decays (GGSZ approach)
. Three-binning schemes jpro 82, 112006(2010)
. The phase space is partitioned into eight pairs of irregularly shaped bins(i)

£ =293 fb!'@ s =3.773 GeV

modified [ s . )
optimal m;, ,m” invariant mass

square of K+, K

m? (GeV¥/c)

1 2 3 1 2
m2 (GeV¥/c?) m? (GeV?/c)
> 2-D fits are performed on all DT events. : .
. . C;, S; is the amplitude-
» The comparison of the hadronic parameters ¢; s; | G e ARG S

sinAdj, in the ith region of
the Dalitz plot (D,)

1 1

this work

05}
expected values

(Phys.Rev.D 98 (2018) 112012) & of & & of
CLEO-c results
(Phys.Rev.D 82 (2010) 112006) **F 05¢ The most precise
S e~ S A il il measurements to date
-1 05 3 0.5 1 ] :1 ] -0.5 2 .o.s 1 -1 -05 2' 05 1 Of the strong-phase
The decay model sensitivity to'y is expected to be around 1° parameters c;, ;

Back-up (a factor of 3 smaller than previous measurements) 6



Strong-Phase Difference in D—K? K'K BESIT

Phys.Rev.D 102 (2020) 5, 052008
. _ £ =293 b @ s =3.773 GeV
> Self-conjugate multi-body decays (GGSZ approach)

. Equal-A&, binning scheme(N=2,3,4) [PRD 78, 034023 (2008)]
. The phase space is partitioned into 2/3/4 pairs of irregularly shaped bins(i)
1.8 i 1.8/ N
- T 16 § 4;1-5 i = 2 2 . :
< £ 3 £ o2 A ‘2 m.,m” invariant
c Q 4 =]
;‘;«, £ %““ . %‘-“ ,£  mass square of
m, @
12 6 K.K*, KK
£ 1 . .,
T 12 14 16 18 ¥ e T gy 1'
m? (GeVZ/c?) m? (GeV?/c?) m? (GeV?/c*)

» 2-D fits are performed on all DT events.
» The comparison of the hadronic parameters ¢; s;

" - ﬁ.;"t‘if‘icﬂ' r @ | o Statisial o ] 1'51.—?’5“:‘“‘“ ‘ © |
thiS Work - o - 1|— Total E [ — Total o )
BaBar model This is the most precise
0.5 \ 0.5} 0.5 £
Phys. Rev. D 78, (2008)034023 — . | ol measurement to date of
i = i & L [
CLEO-c results _ the strong-phase
Phys. Rev.D 82 (2010) 112006 05F : bl L | o8t | difference in these decays
N CLEO E -1F _ CLEO-c ] -1 — CLEO-c E
* B‘aBﬂrMndel ‘ B | l * B?Bar 1\/‘10.1&1 ‘ ‘ : 7‘.* BlaBar l\‘/lode] ‘ ‘ |
15 4 05 0 05 1 15 1559 05 0 05 1 15 %5 4 05 0 05 1 15

The decaS( model sensitivity to y is expected to around 1.3°(N=3,4) 7



Strong-Phase Difference in BEST
D—Kr'r'7and D— K ="’ £ =2.93fb! @ Vs =3.773 GeV

» Using multi-body » — K-n7 decays JHEP 05, 164(2021)
» 2-D fits are performed on all DT events.

» Global analysis and Equal-Adp binning scheme(N=4)(Back-up) (rays.ett.8 802 (2020 135188))

Scans of Ax2 in global 2-D parameter space Impact of the results on the y
350F 350F L g, i M Al S B SLRHREE gl s
300;— 3002‘ BE28||| 0.8 i —— 600 B decays ‘ b
o, 25"?22%223?2 Tt "'-.._ ----- 60,000 B decays
& 200 & 2007 B AY=11.83 ! "
én 8 o F 0.6 - -
% 1505 % 180 =
©  CLEO< 3
100[- " 100f — Ax?=2.30 0.4 ]
: F Ax?=6.18 g
sop s0- — Ay>~11.83
B 63 05 04 0508 07 05661 0T 03 05 0405 08 07 05 08 0.2 i
RKSﬂ: l:‘Km:“ L i
' NEEE PN T T N W T PRl FETE N
R 05202 R ,=0.78+0.04 06264 66 68 70 72 74 76 78 80
K3z — YY% 010 Kz v ()
K3 31 Kar® _ +14\0
o, " =(167 59 )° 6, =(1965) (Back-up)
K3r _ -2 0 R +7\o
rp " =(5.46 £0.09)x10 1™ =(4.40 40.11) ¥ 07 600 suppressed B decays  ~ (713)

60,000 suppressed B decays ~ (717)°
The region of (R, .5, ")parameter space encompassed by

the 26 and 36 confidence intervals is significantly more
constrained. 8



Amplitude Analyses of D, Decays BESIT

D! - 7 n’n

DI > K r*r’
D' > KK r’
D > KK rx"
Df > K K'r'rn’



Dalitz Plot Analysis of D' — 7' 7%

PRL123, 112001 (2019)
> Wo-annihilation dominant

) ap(980) (7 ™)

1

O(a0(980)")

i

> 1239 DT candidate events with 97.7% purity
» Unbinned ML fit (32/ny,; = 82.8/77)

Amplitude ¢, (rad) FF,

Df—p'y 0.0 (fixed) 0.783£0.050£0.021 (20.0 o)
Df - (z"2%yn 0.612+0.172+0.342  0.054+0.021+0.025 (5.7 o)
Dy —-ay(980)r  2.794+0.087+0.044 0.23240.0234+0.033 (16.2 o)

> Improved precision Br(D; — 7" 7°n) = (9.50+0.28 + 0.41)%

> First observation  Br(D; - a,(980)""z°, a,(980)"" — 7*”n) = (146 +0.15+ 0.23)%

> Large W-annihilation rate in SP mode (estimated to be 0.84+0.23)

Events/20 MeV/c?

Events/40 MeV/c?

20

BESIT

L =3.19 fb' @ s = 4.178 GeV

Dalitz plot and fit projections

Events/20 MeV/c*

M:;n(Gc\’zfc“)
—r——

Events/20 MeV/c?

L R s T
1 1:5

M., (Gcw&j M., (GeV/ch)
TA 9 [ Fand 3 T L PR I O I A
[ M,;.0>1.0 GeV/c2(e) o L (f)
= ; 20 -
‘ > 0 ]
z |
§ [
210 B
= -
o L
m L
1 15 0 1 T
M, (GeV/c?) M, (GeV/c)
+ +_0
.................................. D —>(r'x" )n
Background
+ +
..................... D —p'n

D —a,(980)x
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Dalitz Plot Analysis of D* —»K°K* 7" BESIT

arXiv:.2104.09131 £ =2.93 b1 @ s = 3.773 GeV
> Topological diagrams contributing to the SCS decay of D* — K (892)'K - Qs =iz €
. ey | sJK*(”W > 692 DT candidate events with 97.4% purit
W . purity
1 . v < » First amplitide analysis
Dt ; ; B (KY) . . K (KD) 5 - " o a
(a) (b) data (a) 3.5 i flt (b) 3.5
w+ w o3 s L 3
;‘; 1.5_—
¢ ;JK*(892)+ E}K*(&QQV l 2.5 = - 25
D+ D 2 @ ! 2
) (@) K 7':( 892) i ‘ ; 1 1
» Nominal fitting results of Dalitz plot analysis osk .o Hks 05 05 i 0.5
o5 1 '1‘41.15 i . T "}fs B ik
Dominant Amplitude Magnitude Phase ¢ (°) FF (%) Significance Mg T ) M (SN0
W — }\"*{892)"‘}(‘% 1.0 {ﬁxed) 0.0 (ﬁxtld) 57.1 +2.6 26 a ) {fnbin = 86.6/72= 12| K {nbin=56.7/50= 11| 4 ¥2nbin = 60.4/49 = 1.2
D7 — K*(892)°K™ 041+4+0.04 162+10 102415 |1160 \
D" - (K™1%)s_wave K§ 2.02+£0.37 140+14 39+15 |520 24 =
D" — (K37")s_wave KT 3.14+0.46 —173.7+9.7 9.7+2.6 T4o
5. et i b . ‘ttm...
BF THs work PDC 6406 O‘BM;‘.((;;ZV.Z/S‘)‘ T 18 2 07 0% afsMi”in(é‘ézv'zilc;zl) T8 2 1.’5M; ”(éevz/c;>z‘.s 3
B(DY K*(so)H (KtaU)KY) ) ! N

B(DT—+K+tKJn0)
B(D'*’AFK'f_392)0(1‘:gﬁ“}1\“"}
B(DT—KTKJ0)
B(DT — K*(892) T K3)
B(Dt — K*(892)°K™)

(57.1 + 2.6stat. + 4.20ys1.)%
(102 :l'—' 1-55591{, l{: 2-2.‘5\':-1. )L;’(

poorly?neasured before

8.69 + 0.40s.: + 0.64vr 4+ 0.51p, ) x 1072

(17 + 8) x 1073]

(3.10 £ 0.46stae. & 0.68yse. + 0.185:.) x 10 °

(@745 5) x 1077

® a factor of 4.6 improved!
® differs from the theoretical predictions by about 4 ¢
® agree with PDG value and theoretical calculation

11
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Amplitude Analysis of D' > K)7z"7° BESIT

arXiv:2103.15098
Amplitude analysis of D" decay to a 3-body pseudoscalar meson is a powerful tool for studying the VP channels
of the SCS D" decays L =6.32 bl @ s = 4.178-4.226 GeV
609 DT events with purity of 83.1%; Unbinned ML fit
Dalitz plot and projections » Amplitude analysis results
e ] ~ Ty Amplitude Magnitude (p,)  Phase (¢,) FF (%) Significance (o)
_ 3: K*(892)0 S 30 D - K%p* 1.0(fixed) 0.0(fixed)  50.24+7.2+3.9 >10
K § D} — K3p(1450)F 2.7+05 22+02+01 204+4:3+4.4 >10
T2 1S D} — K*(892)0r+ 0.440.1 32402401 84+22+09 5.0
o [ g D} — K*(892)*#0 0.34+0.1 02+02+02 46+1.4+04 4.0
= a0 1 E 1 D} — K*(1410)°xt 0.840.2 02+03+01 33+1.6+05 3%
E -
[ m
- ——— 0 0
S 0 el » BF measurement of D] >K. 7'x Precision improved by a
nll( = 64) 2
M, JGeVic’) Br(D; - Kz 7°) = (543%0.30,,, £0.15,,)x10° | factorof 3 compared to
: . CLEO-c result
40 ] | ( Br(D))—=Br(D~ [PRD 80, 112004(2009)].
g (b) ‘ g Ay, =BrDI=BrD) _ 57,55 +09,,,)x10> |
%‘ 301 %‘ L Br(D;)+Br(D;) No evidence for CPV
2 2 : :
S 3 » BFs of intermediate processes
‘% ol | % Tntermediate process BF (10-3) 50 off the theoretical prediction
a LI . c S § I Df o K9p* [2.73 £0.42 £ 0.22 || PRD 100, 093002(2019)
e s & Df — K9p(1450)t ~TITEU024£0.22
MK‘T(GeWc?) DF - K*(892)0n+ 45+ 0.12 + 0.05] Consistent with the theoretical

Df — K*(892)*x° 95 4+ 0.08 & 0.02 prediction [PRD 84, 074019 (2011)]
D} — K*(1410)%z%  0.18 £0.09 £ 0.03 12




Amplitude Analysisof D > K'K 7n°

arXiv:2011.08041

> Obvious Differences between FFs of BaBar and CLEO-c¢

> 4399 DT candidate events with 99.6% purity( BABAR(96307+369, 95%); CLEO-c(14400, 85%))
=290/280
» Model- independent PWA in low K*K- mass region ( Back-up )

» Unbinned ML fit , ¥2/Ny,s=

Amplitude Magnitude (p) Phase (@) FFs (%)  Significance (o)
Df— 11"(392}";{' 0 (fixed) 0.0 (fixed)  48.34+0.94+0.6 > 20
DY — ¢(1020)w 1.0940.024+0.01 6.2240.07+0.04 40.5£0.7+0.9 > 20
\DT — ‘3 980) 7| 2.88+0.144+0.17 4.77+0.07£0.07 19.31+1.7+2.0 > 20
D (14?0} K11(1.2640.1440.16 2.9140.204+0.23 3.0+0.6+0.5 8.6
D — fg(lflﬂ} 0.794+0.08£0.14 1.024+0.124+0.06 1.9£0.4+0.6 9.2
DY — fo(1370)n" 0.58+0.08£0.08 0.594+0.17+£0.46 1.240.4+0.2 6.4
» Branching fraction measurement D’ >K'K 7’

B (D - KTK~n%)(%) Collaboration

5.55 % 0.145par £ 0.134ys CLEO [23]

5.06 £ 0.15s¢ae £ 0.215y¢ Belle [‘24]

5.78 + 0.20s¢a1 + 030y BaBar [2')]

[5.47 £ 0.08.0ae + 0.13.,4] | BESIII(this analysis)

most precise at prescent

BD ! — K (892)°K")
B(D ! — ¢(1020 )z ")

=(3.94 £ 0.12)%
=(4.60 £ 0.17)%

Consistent with theoretical prediction.

PRD 93, 114010 (2016)

Events/(27.0 MeV*/¢*)

Events/(20.0 MeV%c*)

® Dalitz plot projections

1500
1000

500

IR nis, W

(a)

2 3

m? (K K*) (GeV¥c?)

0.5

1 1.5

m? (K 7+ ) (GeV?/c?)

2

(c)

Events/(1.2 MeV¥/c4)

Events/(20.0 MeV¥c4)

m? (K 1 ) (GeVZ/ch)

BESIT

L =3.19 fb' @ s = 4.178 GeV

0.5+
R

T p(1020)

1K*(892)

2 3
m2 (K* K ) (GeV¥c)

(b)

1 1.05 1.
m? (K K*) (GeV?/ ¢

m? (K* ©+ ) (GeV¥c*)

13



Amplitude Analysis of D7 > K K*7" 7" BESIT

— ‘1 = -
» Large BF of this CF decay with a large systematic uncertainty £ 6327 @ Vs = 4.178-4.226 GeV

> Study K, and f, mesons by D.*—AP; Study the 2-body D,*— VV(¢pp*, K'K**)

§

‘ Fit projections
e [ ] Iﬂl[{'*“ sl

y+ Trooh | A:: 3 :7*300- +
” (i %. ;zi ;_; L (]) regi . .% 250F K*(892_).+
D_l_ E 23 (a) E :i P (b) E 200F (c)
5 o aoof % i j_]+ §i50— t ot
u & 300} £ o0k
\ !f:'i’ | ;. { UI\H_ gfgg 3 E 3 ﬁ:}i g 52-’2'* N m%%
y & . b -
(a) . g (()b) : T Tilass kKA (Gevity A T s ) O Mass (e (Gevicey
+ + +1.. —* * 250F 3 3
BrD = ¢p")=(8455)% B > K K )=(72+2.6)% o i g™ J&H got R(892)
© a | 7 ]} 200 (e T 250
PRL 68 1279(1992) Z Phys. C 53 361(1992) 3 e i y % o El P j&ﬁ ©1 - ] £
& o = q50F
PR g L3 3 1o0f ! N I A
. . . £l E ot A %
> Inconsistent between different experiments 2 “’f e i AVEL! f ™
Br (K ( 1270) —> K *72' ) O \Rats (Kn® (G s O Mase o oy 57 Vg (Kt (GeVicny
Ry, (1270 Process Experiment RK1(127O) = 1 — 250f _m-‘_} ¢f$2 - 300k
1.18 + 0.43 D° —» K~ K; (1270) CLEO [19] Br(K,(1270) - Kp) Ted g . i T H;NL
0.11 +£0.06 D° — K+ Ky (1270) CLEO [19] g e i % =i
0.19+0.10 D° - K- ntxtx— BESIII [20] [19] PRD8S5, 122002 (2012) Z o ﬁ i A ’% .o o
0.24+0.04 D° - K~x"ata~ LHCb [21] [20] PRD95, 072010 (2017) WL gl @ g da 1
0.45+0.05 BT — J/'r,-"JK+Tr+7T_ Belle [22] (Fit 1) [21] EPJC78, 443 (2018) T ij?:lz'JTD){-IGSeVJ'L'IQI}“ 1. 12 P:'igssz"&'l(‘k?‘»[ég\ﬁcl?f 18 09 Mlasshé‘l‘r';[hz] tG;\%&Q;A 15
0.30 +0.04 B* — J/yK+rtn Belle [22] (Fit 2) Eg} Z ’;g‘j‘;o‘;?loggl 52011) = o
" P s ep ON : 5 L eof
0.38 +0.13 KU p—i’{i r~xtp ACCMOR [23] [24] JHEPO5, 143(2017) R - ?,Fkﬂ +ﬁ
0.45 +0.14 D° — K~ K; (1270) CLEO [24] 2l 8 — bkg
¥ b L
§ ;MM ’h
» 3088 DT candidate events with a purity of 97.5% “ ot :

TTI3 T4 1B 16 17 18
Mass (K'K'n") (GeVic?)

» First amplitude analysis ; Unbinned ML fit (32/Ngor= 288.6/273) 14



Amplitude Analysis of D > K K77’

arXiv.2103.02482

> Fit results
Label Amplitude Phase (¢,,) FF (%) SS (o)
1 DF[S] = ¢p™ 0.0 (fixed)  42.64 £1.30 £0.77 >20
Il D} [P] = ¢p* 1.64 £ 0.05+0.02 8.58 + 0.60 £0.37 15.2
111 DI[D] = ¢p™ 158 £ 0.06+0.02 489+£0.79+047 84
(D7 = 0p™ 5617 +1.05+1.24 -]
v D[S » K*°k** 1.13£0.06 £ 0.03 15.49 £ 0.81 £0.36 >20
v D[Pl —+ KBkt 2824£007£003 6.13£050+£019 162
VI DF[D] = KKt 1.76 +0.07 £ 0.03 4.00+£ 047 £0.34 125
[Df — R K+ 2244+ 0814032 -]
VII Df — KP(1270)K*, K{(1270) = K—p* 536+£0.06+0.10 981 £0.80 £046 >20
DI — R9(1210)K+, RD(1270)[5] — K*0x® 0.69£0.13 £0.12
Dy — KY(1270)K 7+, KY(1270)[8] — K*~= T e 1.27+027+£025 ---
VIIL DF = R{(1270)K*, K(1270)[S] = K™ 0.09+£0.14+0.12 187+£0.39+£0.36 7.2
Df = KY(1270)K+, KY(1270)[D] — K*07° 0.22 4+ 0.05 + 0.03
DF - RY1210)K+, K9(1270)[D] - K*— =t 0.41 £ 0.10 + 0.05
IX Df = KY1270)K+, KY(1270)[D] = K*r 1.62£0.154+0.12 0.64 £0.16 £0.08 5.5
D 5 K{(1270)KF, K7(1270) = K*x 257 + 0.42 + 0.42
DI = K9(1400)k*, K9(1400)[S] — K*0x® 2,67 +0.36 £0.17
DY — KY(400)K ™, KP(1400)[8] — K* =T 490 £ 0.65+£029 ---
X DF = K{(1400)K*, K9(1400)[S] = K™ 5.66 £ 0.08 £0.05 7.23+0.95+041 120
XI DY — ag(980)p~ 23340104009 161+£0204+021 6.0
DF = £1(1420)xt, f1(1420) — K*~ K+ 0.87 £0.17 £0.07
DF = £1(1420)xt, f1(1420) = K*T K~ 0.87 + 0.17 £ 0.07
XII  Df = fi(1420)r", £1(1420) = K*FK* 5144010£005 135+028+0.11 65
XU Df = f1(1420)x+, £1(1420) — a(980)7° 5.77 £0.14+0.07 0.65+0.24 +£0.12 3.6
XIV  DF — 5(1475)x T, n(1475) - af (980)" 098 £0.08+0.06 3.28+0.38+0.25 9.7

Br(D! — Ki(1270K*, K\ (1270) > K" 7*)
Br(D! — Ki(1270K*, K1 (1270 —> K p*)

=0.17£0.04

Dominant

Obtaining a much better
precision than PDG value

Consistent with the

theory prediction
PRD 49, 269(1994)

_ Br(K,(1270) > K 'r)

K,(1270)

> BF measurements
(Br(D - K K'n*7°)=(542%0.10

BESIT

0 )%]

Stat. —

Precisions are significantly improved!
» BF for the intermediate processes

BF (%)
2.31 £ 0.08 £ 0.08
0.45  0.04 % 0.02

Process
DFIS] = op°
DF[P] — ¢p*

+ fint P

3.06 £ 0.08 £ 0.12
0.84 + 0.05 4 0.03
0.33 £ 0.03 £ 0.01

2 15 = K™K
Df[P] = KK+
D [D] =+ B K*+ 0.21 & 0.03 + 0.02

b > kot 1.21 + 0.05 +0.04 |
D — E9(1270)K+, K?(1270) = K~ p* 0.50 £ 0.04 = 0.03
D — KP(1270)K+, K{(1270)[S] — K*r 0.10 £ 0.02 £ 0.02
Df = RY(1270)K+, K9(1270)[D] — K*7 0.04 £ 0.01 £ 0.01

D = RY(1270)Kt, KP(1270) — K*n  0.14 £ 0.02 + 0.02

DY = KY(1400)K, KY(1400) — K*m  0.39 & 0.05 £ 0.03

DI — al(980)p™ 0.07 £ 0.02 + 0.01
DF — £1(1420)7", f1(1420) = K*TKE 0.07 £0.02 £ 0.01
DI — f1(1420)x™, f1(1420) — af(980)7" 0.04 + 0.01 + 0.01
DI — n(1475)x, p(1475) — af(980)x" 0.17 £ 0.02 + 0.01

=0.51+£0.12,, £0.09

stat . — syst .

Br(K,(1270) - Kp)

This R value is consistent with the results using CLEO data [JHEP 05,
143(2017)] and Belle data (Fit 1) /PRD 83, 032005(2011)] within uncertainties.
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Amplitude Analysis of other D, Decays BESIT

Amplitude analysis of D° — K K"K~

Amplitude analysisof D" > K 7 "7 7~
Amplitude analysis of D* - K 7t 7°z°
Amplitude analysis of D7 — K K 7 n*

+ -+

Amplitude analysis of D] > 77" 7«

arXiv:2006.02800
PRD 100, 072008 (2019)

PRD 99, 092008 (2019)
PRD 103, 092006 (2021)
BESIIIPreliminaryary

16



Absolute Branching Fractions of D, Decays BEST]

Fourteen exclusive hadronic D’® decays ton PRL 124, 241803 (2020)

Two body D® — ¢P (P = K*, nt(,n) PLB 798, 135017 (2019)
D*— K, K*(n') PRD 99, 032002 (2019)
Inclusive decays D/® — ¢X PRD 100, 072006 (2019)

Singly Cabiboo-suppressed decays D — wzzr PRD 102, 052003 (2020)

D' — pam PRD 101, 052009 (2020)
DY — KK PRD 102, 052006 (2020)
D,— Ky, K* PRD 99, 112005 (2019)
D,— PP JHEP 08, 146 (2020)

» Some hadronic D, covered in “Radiative and Rare Charm Decays at BESIII”

17



Exclusive hadronic D Decays to 5 BESTT

PRL 124,241803(2020)
£ =293 fb!'@ s =3.773 GeV

> Key potential backgrounds in some LFU tests
» Known DD exclusive decays to n only account for 44%/16%
» Crucial to address the tensions found in LFU tests with semileptonic B
decays

> First measurements, DT method, 2D unbinned ML fit

Absolute Branching Fractions AR R

= > Agree with Belle results
Docay AEg, (MeV) Nor €5 (%) By, (x107) . [PRD98,030001(2018)][PRD102, 12002(2020)] with 1.30,
D'~ Ka'y (-37,36)  061162+818 14.22 185.3(25)(31) : with precision improved 2-fold!
DO—’ ] (1A S I (LY XX R W) 400 100.6(34)(30) : Greater than CLEO's results
D> KKy 556 (-21,2]) 13140 953 0.59(18)(05) : by 3.7
Doy 280 9.2 73432 236 ey - LPRD98030001(2018)] [PRLS3 IL1B01(2004)/ DY >-1C ...
D"~ Kx'xy (44, 36) 3763 £ 288 3.33 44.922)13) Charge-conjugated BFs and asymmetries
DY~ Koy (33,32 2482+18.0 3.80 28.0(19)(10) )
D —>K()JL'0 ) (~56, 41) 647492 1.58 17.6(23)(13) 5t e 4 sig
’ Dec: B— (x10 ASE (o

D5 oy (=57, 45) 5086+ 260 676 2.3(17)(14) — Hag (xI07) g (10D ¢ t%)
D* - Ko’y (36, 36) 3824378 6.51 1309(37)31) D’ - K- 7lp 1821435 189.1436 ~1.9+ 13410
576 (.20 136+39 4 185(52)(08) D° - K%% 98.4+4.8 1063+5.1 -39+32+0.8
D™ > K1 ]ﬁ (-33,33) 188.0+153 8.94 13.5(11)(04) D° > K nta% 41.7+27 488432 -79+48+25
(D" > Kir'aly 8.4c (9.4 B.7+£97 257 12.2(24)(06) D° - ztz 2% 298+22 333425 -55+52+24
D' sa'r'ny (40, 38) S146£257 9.67 34.1(17)(10) Dt - KSztp 1299453 1323454 -094+29+1.0
D' s a'r'ny (<70, 49) 1925£17.1 3.86 32.028)(17) D" s atatap 354424 337424 +25+50+16

others > 106 No evidence for CP violation is found

18



Summary

Large D, samples near charm threshold

Our results of hadronic parameters provide key inputs for the model-
independent determination of the CKM angle y of B decays.

Amplitude analyses on 3-and 4-body hadronic decays, especially those
with neutral mesons K% , 7’ in the final states.

Precise measurements of absolute branching fractions of hadronic D
decays can calibrate QCD calculations.

Planning to take more data of Dy -
20 fb-1 at 3.773 GeV ; 6 tb-1 at 4.178 GeV
[Chinese Physics C Vol. 44, No. 4 (2020)]
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Strong-Phase Difference BESIT

Binning Schemes Hadronic Parameters c;, s;

¢;, S; 1s the amplitude-weighted
average of cos40,, SinAd, in the ith
region of the Dalitz plot (D,)

m? (GeV¥ c%)

[T R T - S - -]
m? (GeV?/c%)

1

1m§ (GeV‘zfzc") : 1m§{Gev’:i‘) m (GeV¥c') C; = ﬁ ; |fD(mi= mz—)”fD(mz—- mZT)|
m>,m’ ~ invariant mass square of Kx*, K x cos[A8p (m%, m2)|dm? dm?
equal-46p : 1 : 3

. . .- _ : $; =——— [ |fo(mi.m2)||fp(m=, m7)|
according to regions of similar strong-phase difference 46, VEiF_ /i
optimal : x sin[Adp(m?, m?)|dm>dm?,
maximum sensitivity to y in the presence of negligible background
(modified) optimal : F; is the fraction of events found in
maximum sensitivity to y in the presence of significant background the ith bin of the flavor-specific decay
[PRD 82, 112006(2010)] D’ K, n'n, D' —>K),K'K
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Strong-Phase Difference BESIT

Hadronic Parameters

_ J AS(x)Az(x)dx
AsAg

R¢ ~ coherence factor

rS ~ amplitude ratio

0% ~ CP-conserving strong-phase difference
Ag(x) ~ decay amplitude of D’— § at a point in
multi-body phase space

_isS ‘
Rge™ b and r% = Ag/As

Tag Mode

Like sign K-ntrtn, K-ata0, K—nt
Flavour

Opposite sign Ktr—r—at, K*tn— 20, Kt~

Even KtK-, 7tn~, K%, K070 K, nta— a0
CP 3 L L

0dd Kn®, K, K, Ky, Kgqﬁ, K9n070
Self-conjugate Kirtn~

Formalism and Measurement Strategy

______________________________________________________________________
- ~

decay rate Y

| TSIT) = [ [ A5 Az(y) — Ag(x)Ar(y)Pdxdy |

| = [A343 + A343 - |

2RsRrAs AgAr Az cos (55 — 55)]

; = AZAZ[15)? + (5)? — 2RsRrrrhcos (6 — 05)] |

1 - !

\ T ~ tag mode S ~signal mode /
- CPtag T(S|CP) = A3AZp (1+ (r5)? — 2ARgr} cos 63 ) ;
g N(S|CP) + N(5|CP) B(D° > K-nt) + B(D° - Ktr7) o, |
L PCP+ = N(K=n+|CP) + N(K+7-|CP) B(D' = §)+B(D0 = §) e
' Flavour tag I(S]S) = A5A5[1 - R3]
; s = (1+ (5/r5)* — 203 /rh) Rs Rr cos(dh — 63)) / |
i (14 0$/r5)? — Re(ly/rB) cos 65 — 2] sin5F) |
L Rs([yr/(rh)* cos 6§ — [or /() smaf) + (2 + /B
- Self-conjugate i
i YES =H (Ki + (7%)2}(_2- — 27*%]{51/[([1{_; {clz cos 6;; — 8 sinJgD i
l 23
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Strong-Phase Difference in BESTI

Do>Krr7~and D—>K 7z 7°

arXiv:2103.05988

£ =293 fb'@ s =3.773 GeV

» Binned D — K 7 7" 7 analysis (4-bins, rLB802 135188(2020))

Parameter

Global fit

Bin 1

Binned fit
Bin 2 Bin 3

Bin 4

R

653#

ri3T (x1072)
Ricmo

6Ji§7r7r(’

ri e (x1072)

0s2'g
(10733
5.46+0.09
0.7840.04
(196%33)°

4.4040.11

05870
124\©
(131412")

544100

+0.50 4015
0.787)5; 085775

(1505)°  (176'5))°

G Btk
0.8040.04
(200 + 11)°

4.41+0.11

+0.33
045737

+19\°
(274—30)

500104,

B Bin 1 o Bin2

=

{asaallesrainsciluanatinnducsadinselnn §
0.10203040506070809 1 010203040506070809 1

RKS! HKBI
350F 2 350F L
5 Bin3
f ag-230 3
300 -Aﬁzsﬁs 809
2s0; M A =11.83 2501
== Prediction
& 2000 & 200
Co Co
“ 1500 w0 150r
100F 100
50 50—
.........
0.102030.40506070809 1 0010203 04050807 080:

Rrn

Black dot with error bar denotes
the prediction of model.
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BESIT

Expected y/¢; precision of the LHCb[1] and Belle I1[2]
experiments and their timescales

Collected / Expected Year v/ b3
Runs : el : —
integrated luminosity attained sensitivity
LHCb Run-1 [7, 8 TeV] 3fb 2012 8°
LHCb Run-2 [13 TeV] 61 2018 4
Belle IT Run 50ab 2025 1.7
LHCb upgrade I [14 TeV] 50fb " 2030 <1°
LHCb upgrade 11 [14 TeV] 300 fb ' (>)2035 <0.4°

/‘ N~

N,
’

2.93fb! @ Vs =3.773 GeV DD’ 20 fb' @ Vs = 3.773 GeV D’D’in the future

D— Kymm ~ 0.7°1.2°0.8° ~0.4°

e ————————————————
o

’
N,

____________________________________________________________________________________________________________________________________________________

[1] S. S. Malde, Technical Report, LHCb-PUB-2016-025 (2016) 75
[2] E. Kou et al. (Belle IT Collaboration), PTEP 2019, 123C01 (2019)
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Dalitz Plot Analysis of D’ > K K"K~

arXiv: 2006.02800

1856+45 DT candidate events with 96.4% purity

Model selection ~ LASSO method /J. R. Stat. Soc. Ser. B 58, 267 (1996)]
The Dalitz plot is well described by a set of six resonances
Results of Dalitz plot analysis

Final state ‘

Magnitude

Phase [rad] Fit fraction [%)] ‘ Sign.[o]
a0 (980) K¢ 1 0 904+ 104+ 17 >10
ao(980)T K~ | 0.6470 0% & 0.09 2.947919 + 0.06 34+7+6 >10
¢(1020)K” 0.7413:08 £0.08 | 1.67+0.08+0.19 48+2+3 >10

a2(1320)" K| 0.1240.034+0.01 | —2.927035: +0.31 | <23 (@90% C.L.),CV=14]| 39
a2(1320)"K ™| 0.09 £ 0.03 £0.02 | —0.06 +0.23+0.28 | < 1.6 (@90% C.L.), CV = 0.8 | 3.5 5.9
ao(1450)"K*| 0.1613324+0.04 | 0.124+0.58+0.50 |< 13.2 (@90% C.L.), CV =2.2| 3.5

Total l

176 =20

> The coupling constant of a,(980) to KK:
g =(377£024£0.35GeV

The first measurement of absolute branching fraction:

Br(D’ - KJK*K™)=(4.51%0.05, £0.16, )x10°

BESIT

£ =293 fb!'@ s =3.773 GeV

Dalitz plot and projections

m} - [GeVZ/e!]

=
=

7‘“ ndf = 7I 5299

Entries / 0.009
P
=

[
=2
S

100

Dev o]
ER
3
<
z

;(ins'ndf- 921599

Entries / 0.009

T
):';Ufndf =93.97/99

Entries / 0.009

Dev [o]
ki s

1 12 14 16 l.Rz i
i [GeVe'|

‘5‘ 5

= . et .
2 0 -'.d.,'v',n;_'l.,-ﬂ.;!.d‘!'n,.-.;h.»'lﬁ.ni.,ﬂ-;'“p-..l.'-'-'-'.n,';!..,-.n.-...
8

N ¥} %] 16 i
m:;:h, |GeV?ie')
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Amplitude Analysisof D > K'K 7n°

A MVA method is used to suppress bkg.
Fit to the signal D, invariant mass after BDTG requirement

2000/

1500

Events/1.3 MeV/c?
it

3]

=]

=1
]

1.95 2

mg, (GeV/c?)

The area between the
pink lines is the signal
area of the sample for
MIPWA

Assuming that only §- and P-wave amplitudes are
necessary at the low end of K*K~ mass spectrum
Angular distribution can be written as partial wave analysis

dN
dcos©

SI7 = VAR (¥9) - VBT (¥9).

()

= 2 |SY{ (cos ©) + PY{(cos ©)

COS pgp = 7

PP = V57 (¥9),

2(¥g) = VE{¥7)V5(¥7)

| 2

S(P)~amplitude of S(P)-wave
¢sp)~phase of S(P)-wave

¢sp ~phase difference
between S-wave and P-wave

arXiv:2011.08041

L£=3.19 fb'' @ s = 4.178 GeV

» Calculating |5]°, ¢p and | P in every mass interval of

BESIT

m(K*K") in the threshold region, the distribution of |S]?,
|P|?, ¢sp and @5 can be obtained

(a) s ®

]
5

wof 4 (b)|P| *

g
H
2

T

g
T

Events/4.0MeV/ ¢?
g

Events/4.0MeVic?
-

L | " b T, U
1 1.05 1.1 115 1 1.05 11 1
m(K*K) (GeV/c?) m{K*K) (GeV/ed)

@ o,

ﬂ ol My it

o

Ht ﬂ |i

Phase differnece(degree)/4.0MeV/c?

T
|

o P

x B B
| “
|
1
|
|
|
1
1
|
1
1
1

S-wave phase(degree)/4.0MeV/c?

++...m+++ P +| HH H} F

"
=
T

N 100k,

1 L 1 1 L L L L
1 1.021.041.06 1.08 1.1 1.121.14
m(K°K) (GeV/c?)

L L
1 1.05 1. 1.15
m{K'K) (GeV/c?)

» The lineshape of 5(980) is empirically parameterized by
1

A = -
S(980) m{?} —m?2 — imolopr K

> Fitting the distribution of |S|? in (a) with |44(980))

Mo = (0919 =t O.OOGStat) GeV/Cz
Tp = (0.272 £ 0.040,,,) GeV.

» Choose the black one in (c)
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YV VY

Amplitude Analysisof D" > 7'z 7"

f3(980) resonance still needs to be better understood; Important input for the global study of D — VP
13.8 K data events with 80% purity in the signal region for DP analysis

Dalitz Plot model: unbinned ML fit (32/Ny, = 344/342)

Amplitude analysis results (model- independent PWA in low 77 S-wanxtraction)

DP data
£,(980)

120

. £,(1270)/ |

e £,1370) |”

r\é " )]au
1.5 £,(980):

m2(t *) [GeV?]

a;'3.5
[

S 3

£thh
E 5

DP fit model

—120

100

80

+60

=40

420

06 1 15 2 25 3 38
m2(t %) [GeV?]

» Fit results by using BABAR model /7D 79, 052005 (2009)):

Decay mode  Decay fraction (%)

Amplitude Phase (radians)

(1270 1052 £ 0.83 £ 1.15
p(770) 0.87 + 0.38 +£ 0.52
p(1450)7™* 1.26 + 0.40 £ 0.53
S-wave 84.15 £+ 0.83 + 1.30
Total 06.80 + 2.45 + 3.50

0.13 £0.03 £ 0.04

0.91

1. (Fixed) 0. (Fixed)

5.44 +0.25 £ 0.62
+0.16 £ 0.22

1.03 £ 0.32 x 0.51
see next page >

where S-wave is parameterized by an interpolation between the N=29 control
points also used by BABAR

§ o 1200f
7 N —— g vz
o f S i 1000f
55 2000 B
£ 1500} 14400 | 2 o
£ 15000 —_— T 2
T p( ) § 600
@ 10005 &
g 400
500- 200

B 05T 15 2 25 5 a5

mAr ) [GeV \\>

3 12000 )3,

= &=

S 1000 vV o

3 F %

2 goo;
« &
& 600f
i F
400"

200F

B | \. X i gl
% 02040608 1 12141618 2
A ) [GeV]

BESIT

L£=3.19 fb'' @ s = 4.178 GeV

(1270 —

fit model

5 2 25 3 35

—_—

m(r* m*) [GeV?]

R T ¥

2 BETE B85
m(r ) [GeV]
high

» With improved precision our results are compatible
with BABAR measurements /PRD 79, 032003 (2009)]

[} —~10F
- (2]
$ 30 2
= 8k
= i '8
% j — Stat+Syst Error = —— Stat+Syst Error
= 20+ Bl — stat Error 0] So— Stat Error
f n
{ ®© BABAR
=
o
10+
0 ,:P 1

1 15
m(r'T) [GeV]
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Amplitude Analysisof D" > 7'z 7"

» Choice of signal Dalitz-plot model
Different fit models are tested, and Fit 4 is chosen as the nominal fit model:

Decay Mode Decay fraction (%)
Fit 1 & Fit2 Fit 3 Fit4 \(  Fit5 )
A2T0m*  132£06 €507 10.8 0.8 10.5=0.8 10.5 £ 0.7
p(770)m - @05 — 0.9=04 04+0.2
p(1450)1* — ‘4 2 25+0.5 1.3 +0.4 14+03
w(782)m* — Sy, — — 0.3 +0.1
(S-wave)rt  87.7+0.4 847+ 00y,  857+07 84.2 0.8 84.1+0.7
Total 100.9 = 1.1 989+20%  99.0+20 96.8 = 2.4 96.8 £ 2.0
-2InL 40401.2 403489 %z 40321.4 40303.2 40276.7
Sigiificaiics 690 % 870 3.90 4.80
[Fitl + p(770)]  [FI + p(1450)] |[Fit3 + p(770)] | | [Fit4 + w(782)]
Xy =125 Z2o-114 =102 \Z#-100 )\ 252 =099

> 2

The results of Fit 5 are considered as the systematic uncertainties on w ("Alt. Fit")

BESIT
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2

Amplitude Analysis of D° > K 7" 7°7°
RRD 99 092008(2019)
First amplitude analysis on this CF decay with large BF

5950 DT candidate events with a purity of 98.9%

BESIT

£ =293 fb'@ s =3.773 GeV

Amplitude mode FF [%)] Phase [¢)] Significance [s]

1)

Events/(0.02 GeV

Events/(0.02 GeV¥¢%)

Br(D° > K n*x°7")=(8.86%0.1

Improved precision

f. i 0 19syst.)%

: . D— 5§
Unbinned ML fit results D = (K1) g pave( 27 6.92 + 1.44 +2.86 ~0.75+0.15+ 047
D = (K1) ype(m 2% 418+ 102+ 177 ~2.90 £ 0.19 £ 047
- ] 400F . D— AP.A— VP
(a) - (b) 1 .
200F 1 = | ] (0= K e (1260) . )] WL I0L35) 0 (fixed)
; K*(892)° 1 & apof N ] Dominant D— K a;(1260) .p = 1D] U E e E ~205£0.17 £ 0.25
150F 1 %z K*(892)- D — K, (1270)2+, K*~x°[S] 0.15£0.09 £ 0.15 184 £0.34 £ 043
F ] O - ] D — K, (1270)°2°, £*%x°(8) 0.39 £ 0.18 £0.30 ~1.55 £0.20£0.26
stk 2 200F D — K, (1270)0x", K*929|D) 0.11 +0.11£0.11 ~1.35£ 043 £048
g e | D = K,(1270)°°, K-p*[S] 271 £0.38+029 ~2.07 +0.09 020
- 2 ot D = (K*=a%) ", K*=05] 1852062+ 111 1.93 £0.10 £ 0.15
50¢ 2 X D — (K*%2°) ,2° K*%2°(S) 3.13+£045+058 0.44 +£0.12 +£ 0221
C o i D = (K*°7°) 2% K*°20(D] 046 % 0.17 +0.29 ~1.84 £ 0.26 £ 0.42
9 ! ‘ 9 : : : D= (ptK~) a0 K~p* (D] 0.75 4 0.40 + 0.60 0.64 + 036 + 053
i 10 15 ] 05 400 A% 50 S i
2 21 A4 2 2 - o
Massz, . (GeV¥e?) Mass2,_, (GeV/et) D = (K1) g ae ) a0 199 £1.08 % 155 ~0.02 £ 025 £0.53 7.0
r T T I T T D - ‘/q
S00¢ + 1 _ a0k D = (K25 el 14.63 = 1.70 + 2.41 ~23040.11£035 >10
o <—p(770)1 % | + Ks® mass veto D — K (x* %) 0.80 +0.38 +0.26 1.594+0.19 4+ 0.24 Ey
b i > - D — K*(7%%)¢ 0.12+£0.12+0.12 1.45+£ 048 £0.51 4.1
: 15 [
300F { 3 Q200 D— VP,V = VP PR
; 1 € i D= (K nt)ya® 225 £0.434+0.45 05240124017 >10
200F 4 B I D—VV
: 1§ 100 D = K*p*[s] 515075128 1240114023 =10
100¢ 1 3 i D — Kp*[P] 325 £0.55+041 ~2.89+£0.10£0.18 ~10
of ] N : D — K™p*[D)] 10.90 = 1.53 £2.36 241 £008£0.16 ~10
W 1) 2 B 5 10 i gt 2135056409 1932022025 10
2 4 2 2 = Jvp! 2. 156 =0.92 —1.93 =02 - >
v (GEV/CY) Mass g (GEV /cf) D - K*(n*n%),[D] 1.66 = 0.52 £ 0.61 —117£020 %039 76
D = (K2 (x*a®),[S] 5172191182 ~1.74 £020 £031 7.6
> M t the BF i -
easuremen e D = (K1) s (7970); 0.30 =021 +0.30 ~293£031£082 5.8
D = (K25 e (1" 107 0.14 £ 0.12£0.10 223+ 0.38 £ 0.65
TOTAL 98.54
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Amplitude Analysis of D" > K 7"7n" 7" BESIT

PRD 100, 072008(2019) £ =2.93 fb' @ s = 3.773 GeV

» Measuring D—AP decay via this amplitude analysis
» 4559 DT candidate events with a purity of 97.5% > Fit projections
» Unbinned ML fit Ty epTre
Likelihood scan to determine the parameters a,(1260)* , K(1460)°  3: s bl d & f | b f
and o in the p-» mixing (next page) é § i + T § | i f b |
E Z g | 1 2% { Pl
. B s TH :
> Extracting the BFs by the PDG value ol o o I
BI’(D+ _) KS7Z_+7Z_+7Z_—) — (297i 01 ])% 0.8 1 1.2 14 0.8 m(}{';,ir)[gc\i,'i:] 14 0.8 m(K:J:;) (chs’i‘l) 14
e —— —r————— I A AACS R ARSI I AAMAMIACE
omponent i ranching fraction (% . 2} i A0 1 %
dominant Agree with 2 2 ! |
P = K%a, (1260) (’z") (197 £0.062£0.120+0.044) =" H: I
D" —Kay(1260) " (fo(500)" ) (163 £0.021 £0.053 £0.006 ) <0 4% Z196(1992) ¢ | B : :
Dt — K, (1400)°(K*~z+)at .64240.03640.033 +0.024 |Extracting the R o Py o bt : L
Dt = K, (1270)0(1(2[)0);3* .07140.009 +0.019 +0.003 JBFs for the first C mmm) (GeVie) : m(Kgnyk:(Gcw{-f’) '
Dt — K(1460)0(K*~z )zt 0.202+0.018+0.031 +0.007 time gt R
Dt - K(1460)°(K%%)z* 0.024 40.006 + 0.015 4 0.009 s | S —
% 0 gr+— Elm_— Emo_—
Dt - K,(1650)°(K*~nH)zrt  0.048+0.01240.042+0.002 st N D KKer*
l)+ —_ K{§E+p0 01902&0021 i0103i0007 g-i S % 50; 7 peaking
Dt - Kntrtn 0.241+0.018 +0.026 +0.009 S P Josmrt®, . 1] background

m(Kmin) (GeVic?) m(m*t) (GeV/ed)
® Consistent with the previous measurements
® Precisions improved!
® D—Ka,(1260) dominated in D’ decays(Comparing the D'—K-*m ", PRD95 072010(2017),EPJC78,443(2018))
D—K,(1400)r, the related BF in D is found to be larger than that in D? by 1 order of magnitude. 32



Amplitude Analysis of D" > K 7"7n" 7" BESIT

PRD 100, 072008(2019)

> Likelihood scan to determine the parameters of a,(1260)" , K(1460)’ and o in the p-® mixing
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» Measuring D—V V decay via this first amplitude analysis

Amplitude Analysis of D] > K. K z'x"

PRD 103,092006(2010)

» 1308 DT candidate events with a purity around 94.9%
» Unbinned ML fit

Fit projections
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Br(D! > K'(892°K

> BF measurements
Br(D! > KK n*n*)=(1.46%0.05

BESIT

L =6.32 fb! @ s = 4.178-4.226 GeV

stat. —

Using Br(K® = 7'7")=(69.20+0.05)%

+0.05

)%

syst.

» BF for the intermediate processes

Process

BF(10~

:3)

This analysis

PDG

D}[S] — K*(892)* T(&qz)“ 5.01 &+ 0.49 + 0.78
DI[P] = K*(802)TK (892)° 1.10 £ 0.16 + 0.10
DI[D] — K*( so‘IK (892)° 0.65 + 0.12 + 0.10

(DF - K7 (892)7K (892)°]

5.93 + 0.47 + 0.74] |7.98 + 2.59

DT — K*(892)

(K™ 7" )s—wave

730607 2010

Df - K (892)°(K%x )

‘: wave

106 0164 0:33

DT — p(1475)7 ", n(1475) — no(tmn) 1.57 £ 0.39 £ 0.76
DF — n(1475) 7, n(1475) — K (892)° K2 0.32 + 0.10 + 0.10

D - n(1475) 7 p(1475) — K7 (892) K~ 0.32 + 0.10 + 0.10
DT — n(1475) 7+, n(1475) — K* (suz)h 0.72 £ 0.21 + 0.14

DT — pn(1475)

+ p(1475) — (K%x 1)

cKﬁ

3.44 £ 0.54 £ 1.10

D — fl(lZB"

fl(ux 5) — an(';sn

0.33 £ 0.08 £ 0.10

DT — (K(892)7
(K* m2) K~

),

)p o K (892) VK-

1.58 £ 028 3+ 0.26

DfF 5 KK =ntn

£

14.60 + 0.46 + 0.48 16.50 £ 1.00

K (892°) = (5.34+0.39

+0.

stat. —

64

syst. )

%

Consistent with the current world averages much more precise
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Absolute Branching Fractions



Absolute BFs of other D Decays I BEST

DT method L =2.93 fb'! @ s = 3.773 GeV/|| DT method £ =2.93 fb! @ s =3.773 GeV
Decay mode N/ (%) N NEE NiE o |Sig [ |B™ | BE(x107)  Bpg(x107) || Decay mode Nor €sia(%) ( Bgg (x107) \ BCLEO (x10-3)
D'~ orn- 080£394 T46+15 6105+35.1 414425 41124483 [1290| P82 13340164012 16405 ||[D* - gy’ 179+ 15 2496 +0.12 296102%010
D > orts® 47404428 T33+£12 3290+343 ... 23294498 |770) psn2[387 083 £025 . ] D s T KT T0T
D" o' 202£105 752456 2204100 190+12 -154+130 |06s | pse2| <110 D° =yt 450 4 25 3998 4 017 l 12%00&004
D= prtr 15134146 426409 1150+153 61402 962+160 |83¢|P.227| 106 £0.18 2007 109 £0.16 s
D* syrta® 6LSL143 414407 4734164 - 419158 |350|p224|247£093 £ 016 138+0.35 ] ]
D' oy  ST+38 406433 131448 20401 -16+43 Jole|p22i <238 038+0.13 Measured for the first time

The product of the BFs of the intermediate states w/n and 0 in the Consistent with CLEO's measurements with 2.2¢, 0.60

subsequent decays of the D meson DT method L£=293b'@ \s = 3.773 GeV
Precision Improved ~ 2.1 Do*)—KKrr [PRDI102, 052006(2020)]
Measured for the first time '
Signal mode AEg, N N;% N5 €sig (%) By (10~ 3) Bepg (x107%)
(D0 KT K-2%  (-59.40) 13212139 132.1+139 820+ 0.07 | 0.69 £ 0.07 £0.04 ..
DT method L£=293b'@ \s =3.773 GeV | D’ okKlrr (-2222) 821107 378475 632=104 5142004 |0.53+009£003] 122+023
DV > K3K-7n’  (-43,32) 27884188 166.1+151 1958+£203 6.38+£0.06 [1.32+0.14+0.07
. +) — DY = KOK'rad  (44,33) 1240+128 95837 1193+129  7.94£006 |0.65% 007 £0.02
InCIUSIVe decays Do( ) ¢X [PRD.ZOO, 072006(2019)] Dt - KTK-ntn® (-39,30) 1311.7+404 “.“ 1311.7+£404 12.72+0.08 [6.62+0.20+0.25 2677
. _ ) (Dt S KK 220 (=61,44) 359+7.1 38128 340£72 3774002 0.58+0.12 +0.04 .. )
7 . S z D > KK rnt (-22,21) 5050£245 742£103 467.9£250 13.24=008 [227£0.12£006 238+0.17
Tk GEO0 A BES D KIKrta- (-21,20) 2846180 15319 27704182 9394006 |189+£012-005) 174018
g; - ;ﬁ( 1(1);? igggiiggg é :82 fg (l)g igg; 2 ; f+59791 51[3 ) DTS KIKF A (~46.37) 1011113 42081  801E120 384£005 (134 £020006 ~ )
- . G ol 1 i A9 0.08=10; 2071
Consistent with previous measurements, but with much
better precision First observation! Precision Improved
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‘oeess Absolute BFs of other D, Decays II BESII

ST method L=63211 @ \s=4.178-4226 GeV| L =3.19 b @ s = 4.178 GeV DT method
D, —PP [JHEP08,146(2020)] D.* —Kg, K* [PRD99,112005(2019)]
i " = (4] sl o g (10) : B(D} — KJK*) = (1.425 + 0.038 + 0.031)%. Consistent with PDG value
K+ 675443 | 13.66+0.20 | 4.91+0.31+0.31 268+017+017 €008 || Consistent 4 & ) )
Wt 9912+ 113 | 14.19+0.04 |  69.4+08+3.8 378404421 with PDG B(Ds - KgK )=(1.485 + 0.039 + 0.046)% Mesurement first time

Ktqy 1841 +114 | 26.21 £0.17 2.97+£0.18 £0.06 1.62 +0.10 £ 0.03 £ 0.05
nmt 19519 £192 | 25.86 £ 0.05 | 31.94£0.33 +£0.49 17.41 £ 0.18 + 0.27 { 0.54

o_K 0 i 7 ]
K+KQ | 35977 +£206 | 31.47£0.05 | 27.55 =0.18 +0.50 15.02 = 0.10 = 0.27 4= 0.47 Ks’-K,? asymmety measured in D first time

Improved 3~5

KO+ 2724 +83 | 32.27 +£0.16 | 2.035 4 0.062 £ 0.042 | 1.109 + 0.034 + 0.023}+ 0.03 ] o - gg(D:__;K{S) x+)_g(9;_.,ggg+)
K+ 9975 + 149 | 27.96 4+ 0.18 | 1.373 4 0.090 +0.033 | 0.748 = 0.049 + 0.018|+= 0.023 | tIMes R(DS — K°K )= B(DT =K K )+B(DF —K°K+) =(-2.1 = 1.9 + 1.6)%,
ETK-nt | 160262+ 478 | 26.73 + 0.02 100 54.5+1. s CoL
Direct CP asymmetry
Relative BF's This work ¢  PDG [6]y e . — BD! K2 K)-BID; 5KK™) . - 6%
B(Kty)/B(yat) | 7.07T£046+0.11 4.2+1.3 Consistent with PDG ep(Dy — KgK™) = B(D; >K K")+B(D; KK~ = (0.6 + 2.8 £ 0.6) %,

B(K*n)/B(nrt) 9.31+0584+0.10 894+1.6 within ~2¢
B(KYx™)/B(KTKY) | 7.38+£0.23£0.09 8.12+0.28
B(K*n)/B(K*y) 60.6 +5.4+ 3.6 —

B(DI KK )-B(D; -k} K™)
B(D; —KYK)+B(D; »KIK )

4.,(D} - K)K*) = =(-11 + 26 + 06) %

Improved precision

B(nat)/B(n'zt) 46.0 £0.7 £+ 2.1 — L — 2.93 fb_l @ \/S — 3.773 GeV DT method
ST method £ =2.93 fb! @ Vs = 3.773 GeV D*— K, K*(n’) [PRD99,032002(2019)]
Do) = pP(P=K*, n* ) [PLB798,135017(2019)]
: PRI & 3 7 (103 -3
ro— T 2 o — = Sgmlmode B (<I0%)  B(DY) (x107) Bxioh)  BEDOKIY) A (@)
sig exl m ~
S iR e = T T [K%K'. _DSGSMIS0E  IS0S0E SMA0BI0K | 25i0)  -I8£27416
Mg § 2027 500 KM SHT00T0A  SWI0HL0N  (S0TZ0DI0 14£37424
ek (R0 % Bt <O AM QA ORI KK JL01£010 33420152011 |320£011£011 42432412
Dn—>¢no [~0.077,0.033] PP 27701 1168 £0.28£0.28 132208 [4] K(zKiIEO 521£030£022 527+030+022 5.24£022+0.22 -06x41£17
D" g [-0.040,0.038] 102426 137401 18140464006 14£05[4]
. : Consistent with the PDG value
this work previsous

Measured for the first time
Consistent with the previous measurements with better precision

37




BESIT

List of data samples collected by BESIII/BEPCII up to 2019, and
the proposed samples for the remainder of the physics program

Energy Physics motivations Current data Expected final data Te /! Ty
1.8-2.0GeV R values Nucleon cross-sections N/A 0.1fb" (fine scan) 60/50 days
20-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days

J/ peak Light hadron & Glueball J/y decays 321fb ' (10 billion) 3.2fb ' (10 billion) N/A
Y(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5 o' (3.0 billion) 150/90 days
[¢(37?0) peak D°/D* decays 291b " 20.0 b 610/360 days ]
3.8-4.6GeV R values X¥yZz/Open charm Fine scan (105 energy points) No requirement N/A
[ 4.180 GeV D; decay XYZ/Open charm 32 6 b 140/50 days ]
4.0-4.6 GeV XYZ/Open charm Higher charmonia cross-sections 16.0 fb ' at different Vs 30 fb  at different s 770/310 days
46-49 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb " at different Vs 1490/600 days
4.74 GeV T A7 cross-section N/A 1.0 fb" 100/40 days
491 GeV %X, cross-section N/A 10" 120/50 days
495 GeV Z, decays N/A 1.0fb" 130/50 days

[Chinese Physics C Vol 44, No. 4 (2020)]
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