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Lepton Photon 2023 Charm physics at BESIII
Outline

=> Introduction

-> Highlight results of charm meson physics at BESIII
& D(S) (semi-)leptonic decays

KX D(S) hadronic decays

-> Highlight results of charm baryon physics at BESIII
< /A, semi-leptonic decays
< /A, hadronic decays

= Summary & Outlook
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BEPCII & BESIII
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Datasets & Methodology

Charm physics at BESIII

w(3770) _ ANYECEEED
V , . I - AcAc —
4 _ After 12 of years data taking: w(3770)T Z_-cl-zc_
10°F « 10x 109 Jny b 4 W ]
[ e 2.7 x 109 y(25) 10% J1y . D,D;
oL “u2s) hel Dataset
o , 77 cetem - w(3770) - DYPDOO) 12,93 fb @E,, = 3.773 GeV
“,6102‘ . © T I U 1 vete” —>D:“—LD;_“ : 7.33fb‘1@Ecm=4.128—4.226GeV
= e e cete” > AFA; 1 647 @E, = 4.60 — 4.95GeV
101 3 e ®o° b .W E ﬁ_ K+
0 . T[_
10°E___ ? oo . . . , =
20 2.5 3.0 £ [1235 V] 4.0 4.5 5.0 AZ
cm |©€
" CI ST mode -
Advantage: pair production! signal Mode
o Single Tag (ST): reconstruct D, /A, L=
_ _ Tag modes: / /
- Relative high background oDV S Ktnm... et 4
- High efficiency and yields DT> K'rn,.. Ve |-
D7 - KK n,... g
< Double Tag (DT): reconstruct both D /A, . A = K. :
* Clean background Branching fraction: E
- Systematics from tag side cancelled © Nyg = 2Nppa A ) BragEiag
i i i iSS ' © Npr = 2Npp(s, A ) BragBsigéDT
 Kinematic constraint on missing particle (AcA 7 tag=Tsig
<o . = DT Mg, (GeV/ch)
¢ N, taggDT/ 8tag
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Charm meson decays
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D, (semi-)leptonic decays

Pure leptonic decay Semi-leptonic decay

. Form factor (LQCD)
Partial decay rate X = 1forK-. 2. RO.n0: X = % for 7°)

Decay rate CKM matrix element
CKM matrix element

BESII

< V.| and |V, ;| — Test CKM matrix unitarity
~ Decay constants and form factors — Calibrate LQCD calculations

+ +
Dy - t7v,

D ~mtmtetv, e ~ Semi-leptonic decays — Light hadron spectroscopy
) :éggzgggo_sps < Branching fraction (BF) ratios — Test lepton flavor university (LFU)
2

gl /. 2 M+

o mos |1 -
@ T By ( m>

CKM unitarity fit ‘%DEE) —pty, ’ s

m'u+ 1 - m2

DT
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Sk +
D™ —
S € v e
7.33fblete™ - D.TDF @4.128 — 4226 GeV

-> The most promising channel to observe weak decay of charmed vector mesonl!
2

arXiv:2304.12159
Submitted to PRL

3 G3 m? m?
Decay widthi2: [(D*) = —= | v_|? fremie | 1 - l 1 +—
* 127 s s m3., 2m3..,
> First experimental results on BF and fj)« !
* 1.2 - ~ | D;* — e*y, signal
> BT —ety,) =175 . £02,,)%x107(2.90) T o / Ve siana
e B<40x107°@90%CL : N
Jp:+ & T
>  With the input from B(D{" — u*v,) and LQCD (; =1.12+0.01 : T
Dy j LN
o T = (121995 £ 11.8)eV S N R
s - M (GeV2/c4)\

% Agree with (70 £ 28) eV predicted by LQCD within =10

< Indirectly constrains the upper limit on the total width ng’il from MeV to keV level

D - vt - ety 0 BKG

(PDG2022: %% < 1.9 MeV @90 % CL)
s xQCD 274 =7 -
- With the input from LQCD (F}‘;}il) and SM global fit e 2608266 =
(| V.| =0.97349 £ 0.00016) pracee - a1 S
161.0 + LPTHE 3119 —u—
< fDﬁ - (213‘6—45.8 stat. — 43'9Sy5t-) MeV LPTHE 272 = 1675 —a—
< fD;”f < 353.8MeV @90 % CL HPQCD 274 =6 Fa-
This work 213.6%,; +43.9, +— - -
[1] EPJC 82, 1037 (2022) S TV T T T ST T
[2] PRL 112, 212002 (2014) £, (MeV)

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 8



Lepton Photon 2023 Charm physics at BESIII

arXiv:2303.12468
Submitted to JHEP

DM - tv,t7 > uyp

7.33fb"lete” — D;TDF @4.128 — 4226 GeV

> E™ - the total energy of the good isolated EMC showers which have

400f

extra-
not been used in tag selection.
: . non—-D, others
% In signal region t%ra < 0.4 GeV
2 NP extrapolated from the fits to BKG region t;ggm > 0.6 GeV

600k 3001

400} 200

stat. Ei= O°1Osyst.) % woo o I R
 x Z.SSyst.) MeV i KK ol

stat.
Precision ~1.8% 200

1001

BT - 1w)=(5.34£0.16

10

Taking | V.| = 0.97349 £ 0.00016 from SM global fit,
« fpr = (252.2 £ 3.8, £ 2.64 ) MeV

Takinngs+ = (249.9 £ 0.5) MeV from LQCD,
. |V..| = 0.984 £ 0015, +0.010
Taking B(D;” — u*v,) from PDG

. Ry =9.83 £ 0.43
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Syst. 150 s e’
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CLEO PRD79(2009)052002, t.v 5.3210.4710.22 v+
CLEO PRD80(2009)112004, t,v 5.50+0.54+0.24 ——i
CLEO PRD79(2009)052001, t,v 6.47+0.80+0.22 i
BaBar PRD82(2010)091103, t,,v 4.96+0.37+0.57 +——i
Belle JHEP09(2013)139, T, v 5.70+0.21+0.31 HeH
BESIII 6.32 fb'! PRD104(2021)052009, t,v 5.21140.25+0.17 w4
BESIII 6.32 fb'! PRD104(2021)032001, t,v 5.29+0.25+0.23 H~e—H
BESIII 6.32 fb! PRL127(2021)171801, t.v 5.27+0.10+0.12 ol
BESIII 7.33 fb! arXiv:2303.12600 [hep-ex], T,V 5.41+0.17+0.13 e
BESIII 7.33 fb’! this work Vv 5.34+0.16+0.10 bl
__-2»? BESIII ™ | 5324007:007  ® Combined
-5 0 5
+
B(D, —1t*Vv) (%)

ETM(2+1+1) PRD91(2015)054507 247.2+4.1 kel !

FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 .

FLAG21(2+1+1) arXiv:2111.09849 [hep-lat] 249.9+0.5 .

HFLAV21 arXiv:2206.07501 [hep-ex] 252.2+2.5 ol

CLEO PRD79(2009)052002, t,v 251.8+11.2+5.3 ——i

CLEO PRD80(2009)112004, t,v 257.0£13.345.0 ——

CLEO PRD79(2009)052001, T_v 277.1+17.5+4.0 ——

BaBar PRD82(2010)091103, 7, v 244.6+8.6+12.0  —e—i

Belle JHEP09(2013)139, T, v 261.1+4.8+7.2 H-H

BESIII 0.482 fb! PRD94(2016)072004, pv 245.5+17.8+5.1 F——e—i

CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 ——

BaBar PRD82(2010)091103, pv 264.9+8.417.6 H——H

Belle JHEP09(2013)139, pv 248.8+6.6+4.8 e

BESIII 3.19 fb! PRL122(2019)071802, uv 253.0+3.743.6 el

BESIII 6.32 fb™! PRD104(2021)052009, pv 249.8+3.0+3.9 HeH

RS esa i PRDI0AE021052009, 1y saogecotds  wed

BESIII 6.32 fb! PRD104(2021)032001, 7.v 251.6+5.9+4.9 Wil

BESIII 6.32 fb™! PRL127(2021)171801, t,v 251.1+2.413.0 HeHl

BESIII 7.33 fb™! arXiv:2303.12600 [hep-ex], T.v 254.3+4.0+3.3 o)

BESIII 7.33 fb! this work T,v 252.7+3.8+2.6 b

-‘a—;} BESIII | v | 252.1+1.7+2.0 11 Combinetl ..a—%
0 100 200 300
fp: (MeV) Precision ~1.0%

for = (252.1 % 1.7 £ 2.0,,) MeV
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Precision ~1.9%

BDF — tv) = (5.32 £0.07

Sta

~£0.07

) %o

stat,

R

B

+

t/u — %D

Ry,

EXP combined: 9.79 + 0.33

SM prediction: 9.75 £ 0.01

No LFU violation in 7 — u flavors with the current precision.

urement precision!

I [ I I | I I I I I I I I I I I

CKMFitter PTEP2022(2022)083C01 0.97349+0.00016 :

HFLAV21 arXiv:2206.07501 [hep-ex] 0.9701+0.0081 .

CLEO PRD79(2009)052002, t.v 0.981+0.04410.021 e

CLEO PRD80(2009)112004, ©v 1.001+0.052+0.019 i

CLEO PRD79(2009)052001, t.v 1.079+0.068+0.016 i

BaBar PRD82(2010)091103, <, v 0.953+0.033+0.047  HeH

Belle JHEP09(2013)139, <, v 1.017+0.019+0.028 o

BESIII 0.482 fb™! PRDY4(2016)072004, pv 0.956+0.069+0.020 i

CLEO PRD79(2009)052001, pv 1.000+0.040:+0.016 e

BaBar PRD8$2(2010)091103, pv 1.032+0.033+0.029 bl

Belle JHEP09(2013)139, pv 0.969+0.026+0.019 1

BESIII 3.19 fb™ PRL122(2019)071802, pv 0.985+0.014+0.014 L]

BESIII 6.32 fb™ PRD104(2021)052009, pv 0.97340.012+0.015 ol

BESIII 6.32 fb™! PRD104(2021)052009, T v 0.972+0.023+0.016 ol

BESIII 6.32 fb! PRD104(2021)032001, t,v 0.980+0.023+0.019 b1

BESIII 6.32 fb! PRL127(2021)171801, t.v 0.978+0.009+0.012 .

BESIII 7.33 fb™! arXiv:2303.12600 [hep-ex], T,v  0.991+0.015£0.013 ™

BESIII 7.33 fb™! this work T v 0.984+0.015+0.010 ]

BESIII ™v 0.982+0.007+0.008 e Combined
| 1 | | I 1 1 1 1 | 1 1 1 1 I 1 1

-1 1

0
A2

Precision ~1.1%

[V..] = 0.982 = 0.007

Sta
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D + I I arXiv:2303.12927
g —> JU U € LU e

Submitted to PRL
7.33fblete™ - D.TDF @4.128 — 4226 GeV

> f,(980) observed in 777~ system
v BD} = f,(980)ety,, [,(980) —» atxT) = (1.72 £ 0.13, £0.10,,4) X 107

*

% 2.6 times more accurate than previous measurementl'!

U ]
2 Probe the nature of f,(980): 55 component is important /80 =sindl =zt dd)) + cosg55)

N Determinefﬁ)(O) | Ves| = 0.504 £ 0.017,, £ 0.035, for the first time
% Taking | V| from SM global fit, f2(0) = 0.518 = 0.018,, = 0.036,,,

*
>~ Simple pole parameterization

it = —1O
d’T(DF — £,(980)etr,)  Gz||V? — N )= 2
. : 0 F 1 —-qg+/M
Differential decay rate d < = S _132m2,, s, g% ffo(q2) |2 (s) T pole
dsdg? 19274m3 b; * ' ,
D} Flatté model
10 0.8F 81Prx
(a) [ (b) P(s) = — : 2
—_ 0.7F |m0 _S_l(glpﬂ7t+g2pKK)|
;: ~Data - _"'+|"'|"'|"'|"'_
> 6 —Fit = 06} o439 £33 ]
._L.\D [ \H;L : i\? I J —e-Data i
2 4 0.5F Z | — Total fit
(\_'g‘ : g o ! Signal |
b 05 1 03— 05 1 £ (]l 4
g (GeV¥/c*) q* (GeV*/c*) 3
This work CLED [6]| DR[6] |QCDSE [7]]QCDSE [8]] LOSR [9] [L.FQM [L1]JCCQM [12] e
70(0)  [0.518 + 0.0184a; + 0.0364ys: |  0.45 0.46 | 0.50 £ 0.130.48 & 0.23 [0.30 = 0.03[0.24 £ 0.05[0.39 + 0.02 8.6
Difference (o) — — — 0.1 0.2 4.3 4.3 2.8 M,. (GeV/c?)
¢ in theory — (32 +4.8)°[(41.3 £ 5.5)° 35° (8731)° - (6£7)° ] 31°
Comparison with theoretical calculations Disagree [11PRD 92, 012009 (2015)
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®
D,y hadronic decays
Topological diagrams for D — VP, PP

- Measurement of absolute BFs (. ﬁf< D \\‘<

D° K~ w0,
i i i i

% Probe non-perturbative QCD Tree Color suppressed

% Test theoretical calculations of BFs or decay asymmetry parameters ° %%< K- " "
< Understand SU(3) flavor symmetry and its breaking effect ” ”é D+>“<

u
o+

g d d a

W-exchange Annihilation

-> Amplitude analysis of multi-body hadronic charm decays
% Light hadron spectroscopy P: pseudo-scalar

V: vector
< More information of D — VP, PS,VV,TS,TP,AP  Si=
T: tensor

()

(GeV?/c#)
o
2 2
o (GeV-ic*)
— n N
T

2
Kin
-

(=]
n
o
n

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

- Quantum-correlated (QC) ete™ — w(3770) — DDP b o

S ocp tag; Flavor tag
1 "
%, Self-conjugate tag

% ldeal opportunity to extract strong-phase differences between DY and DY
. QC effect = Too(S| T) = TyAZAZ[(r5)* + (rg)2@2RSRT rDcos(éT | ;

NS

< Important input to the determination of CKM angle y ™4 QC term

Strong-phase difference

‘ ‘ B ADS < Flavour KtnFaFr—, K¥nFa0, KEx¥F, ... 8
1 : GLW < CP-even KtK—, ntn—, 7070, K07r07r0, K07r0, Kow a0t 7,_
e 7 CP-odd K%WO K%n, KOSw, s Koqb, K&ﬂ' ZE
= i 3 BPGGSZ {’;-"‘Self-conjugate K§w+7r ,KOK K_ 45
= =
E . &
T~ Strong-phase measurement via different tags 2—
1

05 10 15 20 25 30
m? (GeV?/c)  equal-Adp binning

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 12



-+ O+ 0
DS—>KSK7Z

Charm physics at BESIII

PRL129,182001 (2022)

6.32fbTete™ - D;*DF @4.178 — 4.226 GeV

= 1050 events
iy 95 % purity

> First amplitude analysis of D} — KKtz
v BD} - KJK*n') = (1.46 £ 0.06, *0.05,,,) %

*

[a—
o))
] I T ] T

Precision improved by a factor of 2.8

2 2
Km0 (GeV~</c?)

[E—
1 1 I ] ] T

> Observation of a,(1817)* in KJK* mass spectrum ( > 100)
0:0 M = (1817 i O'OOSStat. i 0.020 t.) GeV/C2 0.5 -

Sys

~ 100 MeV/c> e
& I'=1(0.097%£0.022,, % O.OISSyst.) GeV/c2  larger than expected

05 s T
<  Isovector partner of f,(1710)01-61 or X(1812)71?

2 2
sta M2, , (GeVZct)
: : : + 0 +.0 + 00+
<  The simultaneous amplitude analysis of D —>KSK r” and D —>KSKSJT can be expected

P~ - *
_ N L (a N 72 74 0
%B(ay(980)" —» K°K™) _ (13.7+3.6,, £4.2..)% § : @ igl;gzz ﬂ
> " B(ay980) — ) - 2100f N
«  Key experimental input for coupling constant g, ., and g, xx o I —- KK (1410) *
N T
v -
~
B(D} — K*(892)°K* s S0
L 2O BOTR) 5w xog0,, B |
B(Di — KOK*(892)%) 23stat. - 5 [ A7
[1] PRD 79, 074009 (2009) [ - ‘ NP |
[2] EPJC 82, 225 (2022) e e : -
[3] PLB 820, 136512 (2021) 1 1.2 14 1.6 1.8
[4] PLB 816, 136227 (2021) )
/61 PRD 105, 116010 (2022) M gog (GeV/e?)

[7] PRD 105, 114014 (2022)
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Strong-phase measurement

2.93fb Tete~ = w(3770) = D’D°@3.773 Gev| EPJC 82,1009 (2022)

KK N o 5{){” = (187.6J_rg'2fg'j)° most precise measurement!
M it~ DO
Kg%goo . rKﬂeXp(_iéKﬂ) — <K z | D > rg”: ratio of amplitudes between DCS and CF decays
CF even Iég,;or e D D <K+71'_ | D_O> S5™: phase difference between DCS and CF decays
Ko %ﬂ

“ A g, =0.132x0.001 £0.007 30% more precise!
_ BMD_— K1) - BD, -~ K n*)  —2rp"cossp" +y

VA% v a4 L e

Kon® .

K§n(yy) —e— ’ Q‘Q?\« K BD_ - K—at)+ B(D, - K—nt) a 1 + (r7)?

Kin'(xnn’) —eo— \\)

Kin'(yrm) —e— 0
POl inmny e Mo c o™ =0.130 £ 0.012 £ 0.008

?g‘;f . et _ BDy ~ K1) = B, — Kn*) _ (—2rK7cossk™ + y)Frme
e e | o By - K-+ BD, » K-7t) 14 (k"2 + (1 — Fr7*)(2rk7cossk™ + y)
0 0.01 0.02 0.03 0.04 0.05 0.06 0
B(D—K 1) ~BFs of three D — KLX decays are determined
. B(D° - Kgno) = (0.97 £ 0.03 £ 0.02) %
} - BDP - K6a)) = (1.09 £ 0.06 = 0.03) %
2 - B(D° - KPn7%) = (1.26 £0.05 £0.03) %
E ;
£ |Other strong-phase measurements PRD 106, 092004 (2022)
oD > ztaxtam : F, =0.735 £ 0.015 £ 0.005
Predominantly C'P-even
9 Most precise determination
e} ) PRD 107, 032009 (2022)
E “D” - K*K zn*zn™ : F, =0.730 £ 0.037 £ 0.021
g Predominantly C'P-even
= = First model-independent measurement of F_, of this decay
; 0 0 arXiv:2305.03975
IR DY — KSn+7r‘ : F, =0.235+0.010 £ 0.002

Bin number

Predominantly C'P-odd
Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 14



Other D, results

Recent results since LP2022

-> Hadronic decays

- Semi-leptonic decays
& Df - 1,17 —> 77y _[arXivi2303.12600]
o D — n(n"etv, [arXiv:2306.05194]
e DT — 7%*y, [PRD 106, 112004 (2022)]
o D = DY%Te™ [PRD 104, 112012 (2021)]
s D} - 1'7%KIK)et v, [PRD, 105, L031101 (2022)]

Amp Ana D — K{nt 7'z [arXiv:2305.15879]

Amp Ana D — Kzt~ z° [JHEP 09, 242 (2022)]
Amp Ana D] — K" 7"z~ [JHEP 08, 196 (2022)]

Amp Ana D - K*K~ 7"z n~ [JHEP 07, 051 (2022)]
Amp Ana D — 7 z%’ [JHEP 04, 058 (2022)]

Amp Ana DY — KPztz™ [arXiv:2212.09048]

D™ — KYX [PRD 107, 112005 (2023)]

D} — wr*n [PRD 107, 052010 (2023)] > Rare decays

D®) - ztzTz2=X [PRD 107, 032002 (2023)] & DT > n(in)e™ [PRD 106, 112009 (2022)]

D;* — D} z’(y) [PRD 107, 032011 (2023)] s D° = 701 [PRD 105, L071102 (2022)]

D — nnr™X [arXiv:2212.13072] & D% > pe™ and pe” [PRD 105, 032006 (2022)]

SCS decays D™ — multiple z [PRD 106, 092005 (2022)]
DCS decays D? — Ktz 7" and DY - K72~ 7%z° [PRD 105, 112001 (2022)]
D' > K)X (X = ¢,n, w,n’) [PRD 105, 092010 (2022)]

Many exciting and interesting results!
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Why AT is interesting?

-> The lightest charmed baryon
% Important tagging for charmed baryons and Bottom baryons
- Naive quark model: a heavy quark (c) and an unexcited spin-zero diquark (#-d)

< HQET: A_ may provide more powerful test on internal dynamics than D(S)
Typical A, ST modes

A — Branching fraction PDG2022
pK?° (318 £0.16)% |
pK T~ (6.28 +0.32)%
pKOr° (3.94 4+ 0.26)%
KOt~ (3.20 £ 0.24)%
pKtm—m® (4.46 £+ 0.30)%
An~ (1.30 £ 0.07)%
Ar—7° (7.10 £ 0.40)%
Ar—rmtn~ 364+0200% [~ 45 %
»or~ (1.29 +£0.07)%
m,, m; > m,. = diquark(gq) + quark(Q) 570 (1.25 +0.10)%
)IRE A o (4.50 +0.25)%
. prtm™ (0.46 + 0.03)%
-> Total measured BF (PDG2022) is ~70% Sortrm- (1.11 +0.30)%
X077~ 70 (3.50 +0.40)% __|

R/

% Poorly understood compared to charm mesons

-> Excellent platform for understanding non-perturbative QCD and weak decay
mechanism

< Test theoretical model, SU(3) symmetry and LQCD calculations

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 17



AZT — Ae +I/e

45t Tete” > ATA. @4.600 — 4.699 GeV

Comparisns between measurement and theoretical predictions.

1253 =139
// / B(A - Aetv,) (%)
1.14 / 300F - data Constituent quark model (HONR) [9] 4.25
PR % — total fit Light-front approach [10] 1.63
N\u & c A Ay, Covariant quark model [11] 2.78 > 20 deviation
> — N . . Relativistic quark model [12] 3.25
8 1.12 < 200 Ag> An'n® Non-relativistic quark model [13] 3.84
= % -- other bkgs Light-cone sum rule [14] 3.04+£0.3
=S D ¢ AT = Lattice QCD [15] 3.80 & 0.22
= o SU(3) [16] 36104
11 / / // / aa) Light-front constituent quark model [17] 3.36 £ 0.87
) MIT bag model [17] 3.48
// // / f ‘ Light-front quark model [18] 4.04 + 0.75
02 -0. 1 0.2 -02 _()_1 0 01 02 This Letter 3.56 +£0.11 £ 0.07
(GeV) (GeV)
Umiss Umiss BT — AeTv,) = (3.56 £0.11, +0.07,,) %
| Ves | =0.936 = 001795’ + 0-024LQCD + O°OO7TAC Most precise measurement to date!
3|+ DATA: A Ae'v, Ir First direct comparisons of the differential decay
o [P A A ~ 08} G rate and form factors with LQCD calculations
> i S Ll
:_| 2 ///‘/Y‘/ / Lasen® "" bl)_l 7777 7% mﬂr!"'/‘/’/‘”(‘ﬂ/
;,vﬁ-««‘--' 0.6 W i L — DATA: A} — Ae'y,
'L )fj // ' 0.4 : : —~ e LQCD: A;—> Ae'v,
0 0.5 1 0 0.5 1 X
>
2 (GeV¥ct 2 e
ree $ 015 g S
a Rl T o 0.1F \‘/% W
3 4/77/»22;41&%»— = ‘Q@Q:;;,‘
© 005
4s = : LQCD predlctlon PRL 118 082001 (2017) ‘5‘
' 0
q* (GeV?/c) 0 02 04 06 08 1 12
Steeper slope Gentler slope g* (GeV?/c*)

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 18



+ — +
—
AN = pK ey,
15 T ete- — ATA @4.600 — 4.699 GeV
- The new observed A SL decay mode:

o BN — pKet,) = (0.88 £0.154, £0.07,,,) X 107 (8.20)

PRD 106, 112010 (2023)

*

o

» Clear confirmation that A SL decays are not saturated by Al

B(Af - A(1520)ety,) B(Af - A(1405)ety,)
Constituent quark model [8] 1.01 3.04
Molecular state [9] e 0.02
Nonrelativistic quark model [10] 0.60 2.43
Lattice QCD [12,13] 0.512 +0.082 ‘e
Measurement 1.02 +0.52 +0.11 B‘Eﬁ%ﬁ%sl)g_ﬂfgﬁ‘f)

- Study of pK™ mass spectrum to understand the nature of excited A* states
2 BN - A1520)[ - pK~le*y,) = (0.23 £ 012, +0.02y, ) X 10~ (3.30)
2 BN = A1405)[ - pK~le*y,) = (042 £ 0.19,, £ 0.04, ) X 10~ (3.20)

4

10 - A— A(1520)e*ve + data 20 | +data
Az~ A(1405)e’v, — total fit .
- —total fit
g e A DK e, > .:f o 33.5+£6.3
~ — e
% A= pKm*n® @ 15 B A: pK' +ve ¢
g .= other bkgs 5 f_> P _M ;‘
— === Al pKuty, = Ac— pKT*n
S 5k g o 10| —other bkgs
- —
S~
z ;
8 *| | - > 5 |
s 84
- l S R 4 - S ’ ‘
S TN A gy et ol By N T KT -0 DSn - -
1.4 1.5 1.6 1.7 1.8 0.2 0.1 0.0 0.1 0.2
M i (GeVic?) U . (GeV)

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18
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Lepton Photon 2023

A —> An"r

0

44fb e

Te~ — ATAZ @4.600 — 4.699 GeV

- First partial wave analysis of AT — Azn™rx
% Crucial teston AY — Ap(770)*, £(1385)x which

+ 0

suffer non-factorizable contributions
-> Helicity amplitude fit implemented by TF-PWAI1

-> BF and decay asymmetry parameters are determined

Charm physics at BESIII

JHEP 12, 033 (2022)

~ 4.682 GeV
U —
;1000
Q
p=
O
Q
> 5001
=
2
m
) S —— I B I\\ ASS
226 2.28 2.3 232 234
M (GeV/c2)

Single Tag method
~10k signal events with purity > 80 %

| —— Data
u u > u u > w a | 8 Background &
VV;HJIC J}P+ J}rﬁ J}/ﬁ § 1000 — 1o fie §
- — Ap(770)*
c > s Af ’I;‘F/H;F(: u AF C:: d (B NR, (m*n)A (B
. ol — n0x(1385)* on
AT {u > u A c > s A d > u A on TCOE(1670)+ on
d - d d > d c Wg > s g | — n°£(1750)* g
S 5007 pyasssy N
= - — n*2(1750)° =
d > u N d u ) | = (]
d } ’ d(a) }W+(O)(a) factorizable LE M LE g
A v C:d AF v <:d(u) (b-e) non-factorizable | — q ' : -
c . s la . . s b 04 0.6 0.8 1 1.2 2 1.4 1.6 1.8 2 2.2
" y . > . M_. ., (GeV/c?) M, . (GeV/c?)
() (e) —~
‘é :
Theoretical calculation This work PDG % 400
10% x B(Af — Ap(770)T) 4.81 £ 0.58 [13] 4.0 [14, 15] 4.06 = 0.52 <6 Q
103 x B(Af — £(1385)*7%) | [2.8 £ 0.4 [16] 2.2+0.4 [17] 5.86 & 0.80 - g i
103 x B(Af — £(1385)%7t) | [2.8 +0.4 [16] 2.240.4 [17] 6.47 4 0.96 - 2 200 I
=)
Qp p(770)+ —0.27+£0.04 [13] —0.32 [14, 15] | —0.763 £0.070 | — o - ,
M B r
053(1385)+ 70 —0.917015 [17] —0.9174+0.089 | — (f i L — N
+0.45 2 1.4 1.6 1.8 2 2.2
< M, . (GeV/cY)
~PWW A [1] https://github.com/jiangyi15/tf-pwa
Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 20



AF — XKt and ZTKY

Events / (2 MeV/c?)

45t TeTe — ATA. @4.600 — 4.699 GeV

w
(=

[\
(—)

[
(—}

40

Is = 4.600 ~ 4.699 GeV
Al3'K*

S
ny

bl e
226 228 23 232 234
M. (GeV/c?)

[
—
1)

Events / (2 MeV/c?)
=

Charm physics at BESIII

/s = 4.600 ~ 4.699 GeV
" AI—-Z'KY
s %

- i/ ﬁi‘*’}.}
:'T"l"1"I"l"}'géi.1211"l"l--l-.l l | | Y
226 228 23 232 234
M . (GeV/c?)

ST, Reference channel 2°K+ < X0zt KV o Strta

BN — ZOKT) = (4.7 £09;,, £0.1,, £0.3;)x 107

= Comparable precision to PDG 2020

BN = K = (4.8 £ 14y, £02,, £0.3 ) x 107

= First measurement

PRD 106, 052003 (2022)

Comparison of theoretical predictions and experimental results

B(Af - Z°Kt) B(Af —» ZTKY)

BN - ZKN/ BN - K = 0.98 £0.35, 0.04,, +0.08,;

N\,

Korner-Pati-Woo theorem is confirmed!

Xu-Dong Yu (Peking University)

Charm physics at BESII

QCD corrections [2] 2(8) 2(4)
MIT bag model [3] - 724+1.8 72+18
Diagrammatic analysis [4] ( 5.5+ 1.6 9.6+24 )
SU(3)p flavor symmetry [5] 5.4 40.7 54+0.7
IRA method [6] ( 50+£0.6 6.3+25 )
PDG 2020 [28] 5.2+0.8 e
u > U d d
c—» > s N+ c—» > s 30
Wf\<“ - WK{“ -0
5 S
. -

d > d u u
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Lepton Photon 2023

Other AT results

- Semi-leptonic decays
o A;',_ —> Albl_l_l/,u

R/
0‘0

o A - XeTu,

-> Hadronic decays

@ A - nrt

AF = Zth*h= ()
Af - X
A - nntn’,
A - AK™
» AT —pn’

/
0’0

R/
0‘0

0

@,
0‘0

R/
0‘0

-> Rare decays
oo A;I_ —_ Z-I_}/
oo A;l__ — p}/,

Xu-Dong Yu (Peking University)

+ + =+ 0, —,+
AN = Ar"rn e v, and pKin~e™,

natn ntand nK 7tnt

Many exciting and interesting result

Charm physics at BESIII

Charm physics at BESIII

Recent results since LP2022

[arXiv:2306.02624

[PLB 843, 137993 (2023)]
[PRD 107, 052005 (2023)]

[PRL 128, 142001 (2022)]
[arXiv:2304.09405]
[arXiv:2210.09561

[CPC 47, 023001 (2023)]
[PRD 106, L111101 (2022)]
[PRD 106, 072002 (2022)]

[PRD 107, 052002 (2023)]
[PRD 106, 072008 (2022)]

2023.7.18
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Summary & Outlook
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Lepton Photon 2023

Summary & Outlook

-> Charm is charming

-> BESIII makes great achievements

1x 103}

Peak luminosity (cm™%s™)

2x 10% |

-> Bright future of charm physics at BESIII
% Lots of results are close to be public
< 20 fb1 y(3770) data at BESIII by next year

< Opportunities to study other charmed baryons (%

Charm physics at BESIII

8x 10% |

6x 10%}

4% 10%}

Upgrade BEPCII
(BEPCII-U)

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

J/W peak Light hadron & Glueball J/y decays 3.2fb ' (10 billion) 32 1fb ' (10 billion) N/A
¥(3686) peak  Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 45 b ' (3.0 billion) 150/90 days
¥(3770) peak D°/D* decays 29" 20.0fb ' 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV Dy decay XYZ/Open charm 326" 6fb" 140/50 days
4.0-4.6Gev XYZ/Open charm Higher charmonia cross-sections 16.0 b ' at different /s 30 b ' at different /s 770/310 days
4.6-49 GeV Charmed baryon/XYZ cross-sections 0.56 b " at 4.6 GeV 15fb  at different s 1490/600 days

4.74 GeV I} A_ cross-section N/A 1.0 100/40 days

491 GeV %.Z. cross-section N/A 1.0 120/50 days

4.95 GeV E. decays N/A 1.0 130/50 days

Xu-Dong Yu (Peking University)

Charm physics at BESII

/o ® g
Y
BEPCII ° .5\\- 3xLggpen
o“\.
g Qe o '\
[ J p) o
o
2 x o
Y
o’:'.
3.0 40 5.0 5.6
Ecm (GeV)

~ Planned to be completed in summer of 2024

< Improve luminosity by 3 times higher than
current BEPCII at 4.7 GeV

- Extend the maximum energy to 5.6 GeV

Q ) in the BEPCII-U

Energy thresholds
ete™ > ATET  4.74GeV

o |
,E
c* =—c?

ete” > AYE.w 4.88GeV
CPC 44, 040001 (2020) ¢t %5, 491GeV
2022: 3 — 8 fo-! Cee- L ohg 5.40Gev

2023: 8 — 16 b
2024: 16 — 20 fb-' @ w(3770)

Thanks for Your attention!

2023.7.18 24
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Backup
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Lepton Photon 2023 Charm physics at BESIII

CPC 39, 093001 (2015)
CPC 40, 063001 (2016)
CPC 45, 103001 (2021)
CPC 46, 113002 (2022)
CPC 46, 113003 (2022)

Dataset

AYA datasets

D.*DF7 datasets

Center-of-Mass| Luminosity Center-of-Mass energy
energy (GeV) (pb)) (&72%)

4.5995 586.89 4128 2019 401.5 4128.48
4.6119 103.65 4157 2019 408.7 4157.44
4.6280 521.53 4178 2016 3189.0 4178.0 on average
4.6409 551.65 4189 2017 526.7+0.1+£22 4188.99 +0.06 £ 0.41
4.6612 529.43 2012 43.33 +£0.03 = 0.29 4188.59 = 0.15 = 0.68
4.6819 1667.39 4199 2017 526.0 0.1 £2.1 4199.03 = 0.05 £ 0.41
4.6988 535.54 4209 2017 517.1 £0.1 = 1.8 4209.25 £ 0.06 £ 0.42
4.7397 163.87 2012 54.95+£0.03 £0.36 4207.73 £0.14 £ 0.61
4.7500 366.55 4219 2017 5146 x+0.1x1.8 4218.84 +0.05 = 0.40
4.7805 511.47 2012 54.60 £0.03 £ 0.36 4217.13 £0.14 = 0.67
4.8431 525.16 4226 2013 1047.34 £0.14 £10.16 4225.54 £0.05 £ 0.65
4.9180 207.82 2012 44.54 £ 0.03 = 0.29 4226.26 + 0.04 £ 0.65
4.9509 159.28

Xu-Dong Yu (Peking University) Charm physics at BESII 2023.7.18 26



Lepton Photon 2023 Charm physics at BESIII

arXiv:2303.12600
Submitted to PRD

7.33fblete™ - D.TDF @4.128 — 4226 GeV
-> Boosted decision tree (BDT) to discriminate signal and BKG

BDT input o _ _

o T BDT output in signal region for signal measurement
1000 3
s = . . . ' . . . . . . . ' ' .
ésooi % 500: 600 B ' I l I l ]
% 1'g;+_ 4 .ISlmUncA I Total Unc. % 1'g’ | _
Bosl _ 1 Hog QA S

" Mg [GOVH/ ] o * ® 5. 16ovi ’ : h cosh,. o. - total i
S Zon S E O 400— — - signal ]
§. g I %2000 =~ — =
I B ™ 2, B - - - background .
N & GCJ
3 i : ‘ > 200

1-745,39[69V/02] LLI

s
g

Event/9°
N
8
8

Event / 0.045

0 — e

i ¥ — 22‘} + H + 4ot F
& og " e B e Sl 301 5 > 0 “f_
0l C080,es me (GeV/c?] (a 2 ++_+ * ?+ ? + + ?+ + + w _;

BDT output in control reglons for valldatlon -

- ] 06 04 02 0 0.2

10 s00- D+ N ;771- +datal |MC R ]

g 7 \other bkg | g'°°°_ %, other © \ other bkg - BDT score

S 0o E gsooi_Other 7" decays :

- BT = w,) = A £ 0174 £0.13,,) %
0 : 0

E 151 ‘+’+ -S“U"C-_._ - § 1-5; fD+ | | —_— (247 6 3 9Stat i 3.4Syst ) MeV

0 05 L o 0.5 A . . ] . .

_0.4BDT score 02 . BDT score PreCiSion ~2. 1 %

0 100;D;_ - /’tﬂ_yl +data| IMC . & | + | ata | = . .

i | o Notortia ] & MZQ kfﬂfe,bkg E Taking | V.| from SM global fit,

S | IEay Yom — 117 Jad

% 50; —: E % _E fD+ — (254 3 + 4 OStat. _I__ 3.3Syst = 1 Olnput) MCV

i L i . ] Tak|nng+ fI’Om LQCD,

% 1.5 Stat Une. _ °

W o semeamRES asaN |V..| =0.991 £0.015,, + 0.013Syst =+ 0. 0041nput
-0.3 -0. B—S)T score 0 0.1 BDT score
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Charm physics at BESIII

D + —) KOKO]Z'_l_ PRD105,L051103 (2022)
\ S8 __
constructive interference
between a,(1710) and £,(1710)
& [ & 60-
100 L . Data
> | (b > | (a)
§ ! ( ) = 40- — Total fit
= | * o L K’K (892)" | !
Q\ Q\ i |
~ 50f- * ~ [ - S(1710)r* v }
~ i ~
Z | | 2
S o :
o T | 0
U—] O - 1." I :::}"tr-- .l .o 1.‘+.' i 1+{L U'] oA S I T ,. '|, . .-i
0.8 1 1.2 14 1/ﬂ 1.2 1 4 1.6 1.8
2 2
Ko + (GCV/C ) destructive interference K0K0 (GGV/ ¢ )
between a,(980) and f,(980)
2t
g |
T 15
Amplitude Phase FF (%) S I
D — K3K*(892)"  0.0(fixed) 43.54+3.940.5 R
D — S(1710)7r+ 2.3+0.1+£0.1 46.3+£4.0+1.2 K"
0.5 ir
'0'.5""1""1[251'2'
2
412 events, ~ 97 % purity My, (GeV'/e?)
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U-spin breaking parameter

2.93fb~'ete™ - w(3770) - D’DY@3.773 GeV

/ V-spin

........ K*

DY — KB?Z’+7Z'_

N}

cos Oc )
%L<Z1
cOS O "u

d

<.

7]

A

—sin Oc

e

Sil’l HC u

<

Resonance

KPntn~ FFg [%]

Kdntn~ FFg [%]

p(770)

0.53
18.16753 + 2.50

18.90 £ 0.42 £ 2.12

| w(782)

0.0670-03 + 0.04

0.54 £ 0.09 + 0.14|

f2(1270)

p(1450)
K*(892)~
K3(1430)~
K*(1680)~
K*(1410)~
K*(892)*
K3(1430)+
K*(1410)*
K (1430)~

0.40 + 0.08 + 0.37
0.42 + 0.08 + 0.53
56.987038 +3.10
1.647009 £0.48
0.2513:96 + 0.68
0.19 + 0.06 + 0.46
0.45 + 0.05 + 0.14
0.05 + 0.02 + 0.04
0.04 +0.02 + 0.03
6.847035 +1.84

0.61701% £ 0.29
0.21 +£0.10 + 0.40
62.1810:35 + 2.58
1.79 £ 0.09 & 0.47
0.27 +0.06 + 0.63
0.21 £0.06 + 0.19
0.49 +£0.05 + 0.35
0.05 +0.02 + 0.03
0.05 +0.02 £ 0.02
747 £0.26 £ 1.55

T S-wave

10.1270:32 + 0.96

10.24 £ 0.23 £1.62

Total

95.591338 £11.17

103.02131% £ 10.39

Y

\Vary in a wide range from 0.4 to 12.1 |

=
Resonance 1| / arg(p) [°] |1 — 2tan20cp|?
p(770) 1.93 £0.27 £ 0.42 —90.6 =58+ 7.6 1.05 £ 0.04 £ 0.06
w(782) 6.13+£0.75+£0.53 22+70+4.8 0.12+0.05 + 0.04
f2(1270) 3.75+£0.90 £ 0.81 —56.5+16.8 +12.9 | 0.72+0.20£0.15
p(1450) 12.124+2.92 + 1.88 78.4+1444+156 | 2.19+0.95+0.83
nw S-wave | 0.37+0.21£0.37 | —164.4+15.7+£13.4 | 1.08 £ 0.04 £+ 0.08

Xu-Dong Yu (Peking University)

d

K

Ul

d

|

Events/0.027 GeV? ¢*

First amplitude analysis involving a KB!

Charm physics at BESIII

arXiv:2212.09048
Submitted to JHEP

First measurement of complex U-spin breaking parameters (p)

U-spin symmetry: SU(2) doublet under the exchange of d and s quarks

Broken under the chiral symmetry

d(D° - K%+ )/ d(D° - KO(z*n7)) = — tan?6, )

Systematics in model-independent strong-phase measurement of DO — KgLﬂ+ﬂ_

Assumed to be unity

x10° 5x10°
- C — Data
. 42_ — Model
= T o< K{m*n signal
2 45 = Non-peaking
E 3F == Kot
5
= 22_ ¥*ndf = 1969.2/1790 = 1.10
£ I
g
7]

0.5 1 15 2 2.5 3 0.5 1 15 2 25 3

2 2
Sgo,e [GEV/c?] Sgoe [GEV/c?]

x10

500¢

450
E 400
. 350

[}
O 300
N
8250
o
$ 200
$ 150
>
= 100

_Simultaneous fit to KgLnJrﬂ_
7500

2F — Data
— Model

¥*/ndf = 829.2 = 966 = 0.86

0.5 1 1.5 2 25 3 05 1 15 2 25 3

St [GeV?/c*] St [GeVZ/c4]

—
(=}
w

X

IF
<, N
o 08
< L
=3 L
*2 04
15)
A C

02 \

S [GEV?/c?]

450
< 400

2
T35
® 300
8250

(=]
$ 200
3150
=100
50

n

5- ................................................

132 oottt At —

Sy [GEV/c*]

16490 events for Kgzn~, 39085 for Kpntn™
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Helicity amplitude formalism

-> Helicity amplitude formalism
-> Full procedure is based on the open-source framework TF-PWA

- Helicity amplitude forO—> 1+2

0—-1+42 __
® Aﬂoﬁl,ﬂz

» Wigner D-function

- Helicity coup ing A; can be expanded by LS coupling formula
/11712

Radius of the centrifugal

Helicity of particle 1,2 barrier d = 3.69 (GeV/c?)™!

2+ 1 AR
NEUT zg)\/w (10,88 | Jo, 8) (1S, 2 = A | 8,8) | —
’ Ls $ 0 +1
Partial wave amplitude Spin of particle 01,2 | /

N \/[m2 - (ml +m2)2] [ 2 (m1 —mz)z]

Blatt-Weiskopf barrier factor

. . q = (q:q,whenm:m)
-> Sequential decay amplitude 2 : :
. A+—> A toxt20 A Aspr
AAPAM ZAAA+ ﬂpﬂ,\ R/)+ (Mﬂ+ﬂ0) Azp 0,0 AAA zpo
Ao | . Dynamical function
A+—>2 “+ 70 St SAxtT A A-opr”
AA+/1 Z A,lAJr Agt4,0 RZ +(MA;z+)A +47,0 A/lA ,1po
Agsasdp
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A:F — nxt

39fb Tete™ — ATA. @4.612 — 4.699 GeV

PRL 128, 142001 (2022)

Observation of AT — na™—___

DT, Missing-neutron method

Events / 10 MeV/c?

120

[E—
-
(=)

o0
]

o))
(=)

40

0 Ak

¢ data

- 16

- |
- 2

-3 l | = Al>A T
20 ‘ Ill‘

5 e 41

& ° i ===+ background
C @ 4 I ‘ Tl ﬂ 1 _

- o il 111 qq
U ] AR bkg
- M, (GeV/c2) a

M, (GeV/c?)

CB(NY = nat) = (6.6 £ 1.2, £0.4,,)x 107 (7.30)

BN - Ant) = (1.31£0.08,,
CBANT - X)) = (1.22 £ 0.08

sta

Taking B(A) — pr?) < 8.0 x 107> @90 % CL from Belle,

 £0.05
 £0.07

syst.) X 10_2
syst.) x 1072
Af - nx*

At — prl

~Disagree with most phenomenological models predictions
“Improved measurements of AT — nz™ and pn is needed.

Xu-Dong Yu (Peking University)
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Charm physics at BESIII

} Consistent with BESIII previous

> 7.2@90 % CL

2023.7.18
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