Studies of charmed hadrons at BESIII
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(Semi)leptonic D decays
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Hadronic D decays

In B physics, precision measurements of CP violation
phase angles a, B and y offer powerful tests on the EW
theories. Among them, the y precision is the most urgent
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Precision measurements of y at LHCb and Belle Il need input the strong
phase differences of neutral D decays
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The constraint on the y measurement before BESIII is only 2°, improved
measurements of strong phase differences are highly desirable 4



Charmed baryon A; decays
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Scale factor, r=1
A: DECANY MODES Fraction (I /) Confidence lewvel { M)
Hadronic modes with a p: S = — 1 final states
P9 ( 2.3 = 0.6 ) % 873
Pt [=1 ( 5.0 = 1.3 ) % 823
pK*(892)° 5] ( 1.6 4= 0.5 ) % 685
A(1232)FF ( 86 = 3.0 ) = 10— 710
A(1520) 7+ [£&] ( 1.8 = 0.6 ) % 627
PP K~ wt nonresonant ( 2.8 = 0.8 ) %% 823
P K9 70 ( 3.3 = 1.0 ) % 823
P9y ( 1.2 =+ 0.4 ) % 568
Hadronic modes with a hyperon: § = — 1 final states
A ( L.O7T* 0.2B) % 864
A+ 70 ( 3.6 = 1.3 )% 844
Apt = 5 %o CL=95% 636
Aagtata— ( 2.6 = 0.7 ) % 807
F(1385)t ot aw—, T+F — (7 + a4 ) = 103 688
A
F(1385)  aFt o t, T+ — ({ 55 = 1.7 ) = 10— 3 688
A
At @0 ( 1.1 = 0.5 )% 524
3(1385)+ p9, Z*+ —~ Ax+ ( 3.7 = 3.1 ) = 103 363
At o+ o~ nonresonant = 8 = 103  CL=90% 807
A+t a+ta— 7% total (1.8 = 0.8 ) % 5T
Amx+ oy [B] ( 1.8 = 0.6 ) % 601
Z(1385) "t [6] ( 8.5 & 3.3 )= 103 570
A+ o 6] ( 1.2 = 0.5 ) % 517
At a+ta— 79, no 1 or w - 7 = 103 CL=90% 757
AT R ( 47 = 1.5 ) = 10—3 S=1.2 aa3
=(1690)° K+, =0 . AKO? ( 1.3 = 0.5 ) = 10— 3 286
30 g+ ( 1.05+ 0.28) % 825
>+ 70 ( 1L.00=+ 0.34) % 827
3>ty ( 5.5 = 2.3 ) = 10—3 713
Tt agtag— ( 3.6 = 1.0 ) % 804
=+ 50 = 1.4 %% CL=95% 575
F—atagt ( 1.7 &= 0.5 ) % FO0
FO o+ 50 (1.8 = 0.8 ) % 803
FO gt gt ( 8.3 = 3.1 ) = 10— 3 763
Ttat gm0 — FET
) I ] ( 27 = 1.0 ) % 560
Semileptonic modes
AET pap [€] ( 2.0 = 0.6 ) % 871
Aet g ( 2.1 + 0.6 )% 871
Apet ey, ( 2.0 £ 0.7 )% 867
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Data samples at BESIII

2009: 106M 1p(3686) 2009: 106M 1(3686)
225MJ/Y 2015: R-scan 2-3 GeV+2.175 GeV
2010: 0.98 fb11)(3770) 2016: 3.20 fb'l @4.178 GeV (XYZ&D)
2011: 2.93 fb'1y(3770) (D°H) 2017: 7x0.50 fbl @4.19-4.22 GeV (XYZ&DY),
0.48 fb'l @4.01 GeV @4.24-4.27 (XYZ)
2012: 0.45B 1)(3686) (total) 2018: More J/y+tuning new RF cavity
1.30B J/v (total) 2019: 10BJ/y (total)
2013: 1.09 fb'l @4.23 GeV (XYZ&D) 8x0.50 fb1XYZ scan@4.13, 4.16 (XYZ&D}),
0.83 fb'l @4.26 GeV 4.29-4.44 GeV
0.54 fb'l @4.36 GeV 2020: 3.8fbl @ 4.61-4.7 GeV (XYZ&A})
10%0.05 fb'1 XYZ scan@3.81-4.42 GeV 2021: 2.0fb! @ 4.74-4.946 GeV
2014: 1.03fbl @4.42 GeV 2.7B 1(3686) (total)
0.11 fb'l @4.47 GeV 2022: 0.4 fbl@3.650 GeV
0.11 fb'l @4.53 GeV 0.4 fb'l @3.682 GeV
0.05 fbl @4.575 GeV 2.98 b1 1(3770) (D°H), total)
0.57 fb'l @4.60 GeV (XYZ&A}) 2023-2024: 820 fb1 (3770) (for Do)

0.80 fb1 R scan @3.85-4.59 GeV

Totally about 38 fb! at E_ between 2 and 4.95 GeV in 13 year running



World largest threshold charmed hadron samples at BESIII
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(Semi)leptonic D decays



Studies of D* - [Ty

2.93 fb! data@ 3.773 GeV
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B[D* - utv] = (3.71 + 0.19 + 0.06) x 10~*

f Vgl = 46.7 + 1.2 + 0.4 MeV
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B[D* — ttv] = (1.20 + 0.24 + 0.12) x 1073
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Studies of Dy - u™v,

3.19 fb-'@4.18 GeV
PRL122(2019)071802
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B[D; — u'v]=(5.49+0.16+0.15)x10"°

fp+|Ves| = (242.5 + 3.5 + 3.7) MeV

BE~2.1%
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B[D} — u*v] = (5.35 + 0.13 + 0.16) x 1073

fp+|Ves| = (243.14 3.0 + 3.7) MeV
EE~2.0%
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PRD104(2021)032001
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Studies of DI - v,
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Comparisons of f,+ and f -

II[III1I|[IIIII1II[IIII]II[I|II1I T 1 ll]]l[lll] I[III T T 11 ]
L‘NALfMlL PRD98,074512 249.9+0.4 L]

RBC/UKQCD JHEP1712,008 246.4+1.3,; FNALMILC ~PRD98,074512 212.7+0.6 o

RBC/UKQCD PRD92,034517 254.0+2.0+4.0 -

ETM PRD91,054057 247.2+4.7 - 2.1

FNAL/MILC PRDS85,114506 260.1:10.8 —

HPQCD  PRD82,114504 248.0+2.5 o ETM PRD91,054507 207.4+3.8 ———

CLEO PRD79,052002 T, v 252.8+11.2455 =

CLEO PRD80,112004 t,v 258.0113.315.2 i FNAL/MILC PRD90,074509 212.6+0.4") .

CLEO PRD79,052001 t_ v 278.3+17.6+4.4 |

BaBar PRD82,091103, 7, .,V 244.6+9.114.2 =il HPQCD PRD86,054510 208.3:3.4 ——

Belle JHEP1309,139, 7., ... .V 262.2+4.8+7.4 - -

g PRDS,072008, uv, T V' 241.0£16.3:6. 6t FNALMILC PRD85,114506 218.9+11.3 _—

CLEO PRD79,052001, uv 257.6+10.314.3 ===

BaBar PRD82,091103, uv 265.948.447.7 —— N

Belle JHEP1309,139, pv 249.8+6.615.0 == CLEO PRD78,052003, pv4tv 206.848.712.5 ===

BESIII PRL122,071802, uv 252.9+3.7+3.6 -

BESIII PRD104,052009, v 249.8+3.0+3.9 = BESIII PRD89,051104, v 203.815.2+1.8 meelliemm

BESIII PRD104,052009, T, v 249.746.0+4.2 ===

BESIII PRD104,032001, 1, v 251.6+5.9+4.9 === BESIII Expected (20fb™), v 203.8+2.0+1.5 ==

ESII PRL127,171801, 1,,.v 251.1:2.4+3.0
R N N TR N e I IR R R T T Y T
-50 0 50 100 150 200 250 120 140 160 180 200 220
fp, (MeV) f5 (MeV)
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Studies of D - Pe*v, dynamics
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Studies of ¢ - sl"v; semileptonic decays

PRD92(2015)072012
80 \ D° - K etv,
Q 0.5 q2 (G;szcd) 1.5 2
£2-K (0)|V,e| = 0.717(03)(04)
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Studies of ¢ - dl*v,; semileptonic decays
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Comparisons of f2°%X(0) and f2~™(0)

|IIII|IIII|IIII|IIII|IIII|I'III|
ETM PRD96,054514 0.765+0.031 S —
2010->2021

HPQCD PRD104,034505 0.7380+0.0044 . 4->50.6%
Belle PRL97,061804, D" K1'v 0.69540.00740.022 =ilie

BaBar PRD76,052005, D" 5Ke*y  0.727+0.007+0.009 -

CLEO PRD80,032005, D—Ke*v 0.739+0.007+0.005 -

BESIII PR092,112008,D'—>Kfe'\- 0.748+0.007+0.012 -

BESIII Pnngs,mzouz,D'—;ngw 0.7246+0.0041:0.0115 ===

BESIIl PRL122,011804, D" 5K u*v  0.7327+0.0039+0.0030 ™

BESIIl PRD92,072012, D’ 5K'e'v  0.7368:0.0026+0.0036 o 0.7%
BESIIl Expected (20fb™"), D’ >K'e*v 0.7368:0.0009+0.0036 N
0|2I L1 IOIQ,I | I0|4I L 1 I()|5I L 1 I()|6I L 1 I0|7I i b|8

L - - D_)IK - L] -

f, (0)

Experimental precision is comparable to

the latest LQCD result

IIII||III|IIIIIIIIIIIII||||I|II|I|
ETM PRD96,054514 0.612+:0.035 ——
>4%
HPQCD PRD84,114505 0.666+0.02+0.021 ——
Belle  PRL97,061804, D’ —=xTv 0.624+0.02+0.003 ——
BaBar PRD76,052005, D" =re*v  0.61:0.02:0.005 =
CLEO PRDB80,032005, D—sne*v 0.666+0.019+0.005 ——
BESII PRD96,012002, D' —r%*y  0.6216+0.0115+0.0035 -
BESII PRD92,072012, D°—re*v  0.6372:0.0080:0.0044 - 1.6%
BESII  Expected (20fb™), D’ >n'e*v 0.6372+:0.0031:0.0044 [ ]
lllb|1llllol2lllbléllblillblslllblélllol7
Don
f, 7(0)

The measurements of the Cabibbo-suppressed

decays are still dominated by statistical
uncertainties
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Comparisons of other form factors

LCSR

JHEP1511,138

Lacp® PRD91,014503,m _=470MeV

0.558+0.047

0.404+0.025 =

LacpDp®* PRD91,014503,m _=370MeV (.437+0.018
LCSR PRDS88,034023 0.520+0.088
LCSR JPG38,095001 0.55+0.18
ccam PRD98,114031 0.73+0.11 e i
cam PRD62,014006 0.78 -
BESIII PRL122,121801 0.490+0.051
1 L1 I 1 1 L I L1 1 I 11 1 I 1 1 1 I L1 L I 1 L1 I L1 L I 1
-0.8 -0.6 -0.4 -0.2 O 0.2 04 0.6 08
DS_)T],
£, )

HELL B B L B AL BLLE B AL BLALLE B

LCSR JHEP1511,138 0.495+0.030 -

Lacp® PRD91,014503,m_=470MeV 0.542+0.013 -

LacpD® PRD91,014503,m _=370MeV 0.564+0.011 -

LCSR PRD88,034023 0.432+0.033

LCSR JPG38,095001 0.45+0.15 J—

3PSR PLB520,78 0.50+0.04 —-—

ccam PRD98,114031 0.78+0.12 —_—

cam PRD62,014006 0.78 -

CLFQM JPG39,025005 0.76 L4

BESIII PRL122,121801 0.458+0.007 3

v by by by by by v by oy s by by w
-0.8 -0.6 -0.4 -0.2 0 02 04 0.6 0.3

£277(0)

L L L L L LN L 0 N BN B

RQM PRD101,013004 0.55+ -

ccamM Front.Phys14,64401 0.36+0.05

ccam PRD98,114031 0.67+0.11 ——

LFQM JPG39,025005 0.71:0.01 -

LCSR PRD88,034023 0.55+0.05 —

LCSR JHEP1511,138 0.43+0.17

LCSR IJMPA21,6125 0.56+0.06 —_—

CLEOc (nev) PRD84,032001 0.38+0.03

BESIIl (nev) PRD97,092009 0.35+0.03

BESIII (nuv) PRL124,231801 0.39+0.04

v ey by by by by by by by s Iy

-0.8 -0.6 -0.4 -0.2 0 0.2

t.D*'—n]

+

0.4 0.6 038
)

LCSR Int.J.Mod Phys.A 21,6125 0.8207)%
LCSR Chin.Phys.C 45063107 0.8207 '
QM Z.Phys.C 34,103 0.643
RQM Phys.Rev.D 101,013004 (674
CQM J.Phys.G 39,025005 0.72
ccow IR g -
LFQM J.Phys.G 39,025005 0.66
BESIII PRL 122,061801 0.720+0.084+0.013
L L
-0.5 0 0.5
27 (0)
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Comparisons of |V | and |V_4|

L 1T T 1 T T 1 I T T 1 T T 1 L | T T | | I I I I I I [ [ I I I I I I I
SM fit PDG2020 0.97320+0.00011 =
DELPHI PLB439,209, W* 5c3 0.94:0.32:0.13 =
PDG PDG2020, D-KI'y 0.939:0.038 - ,

+ |
CLEO PRD80,112004,D -1 v 1.001:0.052:0.020 --
CLEO PRD79,052001,D >t v 1.080:0.068:0.016 -
BaBar PRD82,091103,D -1, v  0.949:0.035:0.055 —— PDG PDG2020, D™ 1y 0.214+0.003+0.009 il
Belle JHEP1309,139,D 1, v1.017:0.019:0.028 -
BESIlI PRD94,072004,D -uv, ©_ v 0.936:0.063:0.025  w=m=
CLEO PRD79,052001, D_—uv 1.000+0.040:0.016 - .
BaBar PRDS82,091103, Dz e 1.032+0.033:0.029 - CLEQ PRD78,052003, D" spuv+tv 0.218+0.009+0.003 —t——
Belle JHEP1309,139, D —puv 0.969+0.026:0.019 -
BESII PRL122,121801, D —n'ev 0.91740.094+0.021 ===
BESII PRL122,121801, D, —nev 1.031:0.012:0.080 —_— BESII PRDS89,051104,D° 5uv  0.2150+0.0055+0.0020 ===
BESIIl PRL122,011804, D’ Kpv 0.967+0.004:0.007 .
BESIII PRL122,071802, D! —uv 0.985:0.014+0.014 m
BESII PRD104,052009, D —pv 0.973+0.012+0.015 L
BESII PRD104,032001, D} 1, v 0.980:0.023+0.019 -
BESII, PRL127,171801, D -1, v 0.978+0.009+0,012 nl
llllllllllllIIllIIllIIllIlll |1 I|llJI|Illl|IIIlJJI

-1.5 -1 -0.5 0 0.5 1 0.05 0.1 0.15 0.2
V| ) V|
K
f€.(0)@HPQCD#E

E:2.4%2>0.6%
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LFU tests in charm decays before BESIII

Tension in B physics
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02 0.3 04 0.5 0.6
R(D)
g ~ T | .
=z e y HFLAV Ay?=1.0 contours ]
ST —— —
[ LHCb15 ]
¢ C e BaBar12
0.35 — 3c a —]
_LHCbI8 - ]
03 V =
= Average ]
C o2 | & Bellely el  Bellels _
C o N
B prediction:
Bellel7 World Average

02— + Bigi 16, Gambino 19
r + Bordone 19
P T

R(I
R(

) =0.339£0.026 £ 0.014 ]
D*)=0.295 £ 0.010 £ 0.010 i

p=-038
P(x?) - 28%

0.2 03

0.4

0.5l —
R(D)

3.90

3.3c

Tension in D physics

BPDG18po _ =4+ v] = (0.237 + 0.024)%

FPDG18[DO N n‘e+v]

(2.10)

- pty] 0.82 + 0.08 E¢;I\;|8|osrediction:

KR F B ERREARERR=A!

c - sltv

c—-dltv

K~ 4%Belle 7%FOCUS
K*~ 13%FOCUS I_(*O 3%CLEOC
™ 10%8ele 0 NA

p- NA p®  179%Focus
w NA
n NA
n’ NA

—h.e__:\.:

0
KO
K

NA
NA
NA
NA
NA
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Tests of LFU in D, - I"v;

PRL1 23(201 9)211802

25

20

15

10

Number of events/0.02 (GeV/c??

Cﬂ)_-l—'—'-lllll

e

B[D* - ttv] = (1.20 £ 0.24 + 0.12) x 1073

BPDGIp+ 5 yty] = (3.74 £ 0.17) x 1074

RD=

Emum

D} - tt(mto)w

- L L1 I L1 |l—(-‘I L H
-0.1 0 0.1 0.2 0.3

Mis. (GeV/G?):

will
S

B[D* - 7]
B[D* = utv]

=3.21+0.64 1+ 0.43

SM prediction: 2.67

PRL127(2021)171801

3 800 F
600 [
1400~
ey, *
200 5 .

KUK 1000 4 KK

s00 [, ,
] e

0 o prpd®y
K ] 400 A
13005
200 £
J100p,

v ] 150}
100 H:

sof T,

Events /(0.1 GeV)

T LI S
100 -

{ 400
E i 50 i
200/% . o
4 !t’ ’
0O 05 1 15 2
] 300 F, E ¢+ Data
H 3 —— Best fit

)
200 )
i ¢ Non-D_ background(BG)
[ D! —>Xe'v, BG
. |);_>[<':l[e+uﬁ BG
SBasaed L L S KUT BG
0 0 r L5 2 D=t —e*v .V v, signal

EL ot ra (GE"T) ---- Signal + all BGs

1 100

Combined results:

B[DF - utv] = (543 + 0.16) x 1073
B[D} — t*v] = (5.33 + 0.12)%

Rps =

B[D} - 7]

=9.82 + 0.36
B[Ds" — u*v] N

SM prediction: 9.75
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= e = L
- = = =
T T T

2

—
- th = N = =
T T

Events/(6 MeV)

BRI
PRD101(2020)072005

Dt - wutv

Tests of LFU in D - (P, V)" v,

R D° - p~ptv

=
=
T TT

- - - Peaking BKG
— Fitted CBKG
[ Simulated CBKG

e
=
L LI

[
=
T T 1T

Events /6 MeV

[u—
=
TT [T 11

Events / (0.004 GeV%/c%)

\Y N
BRI Dt - gutv
PRL 124(2020)231801
. Full ¢ region <g’<0.25 GeVet 025<¢<0.5 GeVet
(@) O b 3
0.5<¢%<0.75 GeV¥et 0.75<<1.0 GeViet
) F ©
0.1 0.0 01
Um iss ( GeV )

B[D* - nutv] = (0.104 + 0.010 + 0.005)%

r'[D* - nu*v]

RD" ==

r'D* - netv]

L N B O N T S

+ 1-0'1’0'!4‘|"T|+1-I-L+'t

B[D* - wu*v] = (0.177 £ 0.018 £ 0.011)%

r[p* -» ou*v]
I''D* - we*v]

=0.91+0.13

SM prediction: 0.93-0.96

PRD104(2021)L091103

=== Fitted CBKG
[ Simulated CBKG

0
M7 (GeVZ/ct)

B[D° — p~u*v] = (0.135 + 0.009 + 0.009)%

rD* -» wu*v]

=0.90+0.11

21



The D* — t*v and six semimuonic D decays are

Summary of LFU tests at BESIII

observed for the first time. Five semimuonic

charm decays are measured with higher precision

- BF ratios References

D° - K~
D® - 11~
D° - p~
Dt - K°
Dt - °
we Dt »sw
Dt —n
D —n
D¢ -m'
DS —~¢
A > A
Dt - 1tty

T/
" Df - 1ty

No deviation greater than 1.7c was found!

0.978 £ 0.007 + 0.012
0.922 £+ 0.030 + 0.022
0.90 +£0.11
1.00 + 0.03
0.964 + 0.037 + 0.026
1.05 £ 0.14
091+ 0.13
0.86 + 0.29
1.14 + 0.68
1.05 + 0.24
0.96 + 0.16 £+ 0.04
3.21+£0.64 +£043

9.67 £ 0.36

PRL122(2019)011804
PRL121(2018)171803
PRD104(2021)L091003
EPIC76(2016)369
PRL121(2018)171803
PRD101(2020)072005
PRL124(2020)231801

PRD97(2018)012006

PLB767(2017)42
PRL123(2019)211802

PRL127(2021)171801

AT/AG(ns'GeV %)

I:{LFU

Rufe

PRL121(2018)171803
1, D% w1y s Data LQCD D — v
= AT/AG (1=e) —— =—
4 =L AT/AGE (I=11) —4—  HHHH
1 == Ryru —+ —
|l
27
1.5 — :Ijjl /}
1=t :L‘ e —
T e |
o 1 2 o 1 2 3
qXA(GeV/c?) qAGeVZch)
PRL122(2019)011804
1.5 _
5- SM prediction -
R é é -
0 0.5 1 1.5

q? (GeV?/c?
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Hadronic D decays



Strong phase differences between D% and D’

D - Kg/Ln+1r‘

PRL124(2020)241802

s 1t
05F 05F 0.5
of & of Iy
05F 05F -0.5
b . T B e 1
1 0.5 0 0.5 1
;i
0 pr+pr—
D - K3, K*K
PRD102(2020)052008
[ = 7ronsn RN O T
T (e) [ () ]
[ otal -— rotal ]
1| i 7
0.5; ] 0.5i N
7] D* i n 0— —
05} 05} -
-1 — CLEO- ] -1 — cLEO-c
| * BaBar Model ] [ * BaBar Model ]
Al b Y ) | RPN AN S R
15 -1 05 0 05 1 15 15 -1 -05 0 05 1 15
c c

Constraint on y measurement ~ 1.3°

1t

5 2000
= L

) [
% 150F

ete” - P(3770) —» D°D%at3.773GeV

Constraint on Yy measurement ~ 0.9°

Tt -t 0
D- Krntntm and K n*r
350 | 350F
mi 3"”; BESIII
b F1ax%=2.30
BoE - 250E I Ar?=6.18
& zogl-AX2=11.83
TG L
o I
o 150
a L CLEO<
100F 100 — A%=2.30
A Y Ay*=6.18
oF S0F — Ay?=11.83
°o ”S'I‘H' PR R SRS RA EK °o S e 8 e
RKSJT F{Km"

Constraint on y measurement ~ 6°



Events/20 Me V/c?

Events/40 MeV/c?

Amplitude analysis of D} — nz*29

M,., (GeV/ch)

M., (GeV/c?)

Observation of abnormally large branching fraction for annihilation process, which

Events/20 MeV/c? Events/20 MeV/c?

Events/40 MeV/c?

—
=]
o

PRL123(2020)112001

50

Amplitude ¢, (rad) FF,

Di—=pn
Dy — (”Jrﬁ'ﬂ)v??
Dy —ay(980)x

0.0 (fixed) 0.783 £0.050+=0.021
0.612+£0.172+:0.342  0.054+=0.021£0.025
2.794x0.087+0.044  0.232+0.023 £0.033

Mo, (GeV/c?)

By, .0, = (9.50+0.28+0.41)%

D —»r'x

B, =(9.2+1.2)%

Dy >

B, , . =(7.44+0.48:+0.44)%

DS

B = (2.20+0.22+0.34)%

D! —a, (980) 7

IS greater than that of the known D annihilation decay by two order of magnitude
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+ 0770+
D} - KIKOn

= N
Iloll\o

Events / (20 MeV/¢?)
(\o]
o

1

Observation of a,(1817) in D} - KKr

—— Data
(@) — Total fit

------ KK (892)"

------ S(1710)m*

PRD105(2022)L051103

constructive interference: a,(1817) and f,(1710)

*121 4 16 18
2
M, okt 0 (GeV/ce?)

 The isovector partner of f,(1710) or X(1812)?
e Same resonance observed in n, to rrtn by BaBar?

destructive interference: a,(980) and f;,(980)

Events / (20 NLeV/cz)
-
-]

1

— Df —» KK '

arXiv:2204.09614 .

K*K (892) |
(a) K”K*(892 )
—- K*K (1410)°

T4 16 18
(GeV/cZ)

KK+

« B(DS - ay,(1817)*1?)
= (3.44 +£0.52 +0.32) x 1073
* Significance > 100

M=1.817 4+ 0.008 + 0.020 GeV/c?
e I'=0.097 +0.022 + 0.015 GeV/c?

ay(1817)* in KK * mass spectrum

PRD104(2021)072002
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Abnormal phenomena in hadronic D decays

BEURZEI-RECIRESIREED Y » Ktntn BXWMREIDY > wé
PRL125(2020)241802 PRL128(2022)011803
< Lesp . o % 150} . - >106 -
?2’3 . , -:_- E N -
184t 2o = o " 1500 -
< 1.88| o signal region i % B
3 Lsel < ° 7} 1000
e = o C . C .
= . = ] - . L
L84f - . , S o — ] s 500 r T —
1.88[ o sideband E - 'I_._,‘ ! -‘.\..
%U E 1o _i_ 0_ |-"‘|.‘-: 1 1 L 1 u_* L l"'l“.-; 1 | 1 1 1 \
T St 1 0 0.5 1 0.5 1
= J( | lcos8,| lcosb, |
1.84F: = -+ , ot N ] & 6 S s
81 186 1.88 1.84 1.86 1.881.84  1.86 1.88
M (GeV/c?) M}% (GeV/c?) M2 (GeV/c?)
. N+ =an EIROE =.
STM iy A IBESHIERIRIE DT - VW EZEFAEIRCSIEICEEER:

BEIFRAIFRTDO-DSREFICPIEIAH

Bp+ g+t = (1.1340.08) x 10-3 PRD104(2021)072005
Bpcs/Ber = (6.3+0.5)tan%0 MBelleSKK 45 FRarXiv:
pesTER c 2205.02018H9 F8 A

HIg=: \
Bpcs/Bcr~(0.5-2.0)tan*6, ==z 2!



Charmed baryon A decays



3000F
2000F
1000F

Events/2.0 MeV/c?

Absolute branching fractions of A} decays

PRL116(2016)052001

pPK*wn®

600F
400F
200F

300F
200
100F

a00f o
300f PKgmm*

200f AN ] b
100f F A_I -

226 228 23 226 228 23 226 228 23
My (GeV/e?)

PRL115(2015)221805

S A, > Ae'v
O 10F
= T M
= |
g H |
z |
2107 f

02 -0A1 o 0.1 0.2

Urni:-ss (G(‘V )

16 papers with 0.57 fb1@4.6 GeV:

Hadronic decay
A » pK~m* +11 CF modes PRL116(2016)052001

Al - pK*K:, prttric PRL117(2017)232002

A7 - nKom PRL118(2017)112001

A} = pn, pr° PRD95(2017)111102(R)

A7 - T een® PLB772(2017)388

A7 - 0K PLB783(2018)200

A - Apmt PRD99(2019)032010

Af > Xtn, Xy’ CPC43(2019)083002

A} — BP decay asymmetries PRD100(2019)07200

A} - pK.ny PLB817(2021)136327
Semi-leptonic decay

/12r - Ae*v, PRL115(2015)221805

Af - Aptv, PLB767(2017)42
Inclusive decay

A - AX PRL121(2018)062003

/12,' - etX PRL121(2018)251801

AF - KX EPJC80(2020)935
Production

A} A7 cross section PRL120(2018)132001

Very productive for the data taken in 35 days!
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n} DECAY MODES

Impact on the world data of A;
PDG2014

Fraction (I;/I")

Scale factor/ P
Confidence level (MeW/c)

pK°

pK—axt

Hadronic modes with a p: § =

pK*(892)°
A(1232) T K—
A(1520) 7+
p K— 7+ nonresonant

p K970

pKO9y

(23 + 0.6
[2] (5.0 + 1.3
[b] (1.6 + 0.5
( 86 + 3.0
[b] ( 1.8 + 0.6
(2.8 + 0.8
( 3.3 + 1.0
(1.2 + 0.4

—1 final states

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

AALJ
ABLIKIM
ABLIKIM
ABLIKIM
AALJ
AALJ
AALJ
ABLIKIM
ABLIKIM
ABLIKIM
BERGER
ABLIKIM
ABLIKIM
ABLIKIM
ABLIKIM
PAL
ABLIKIM
ABLIKIM
YANG
ABLIKIM
ZUPANC
LEES

A} REFERENCES

We have omitted some papers that have been superseded by later exper-
iments. The omitted papers may be found in our 1992 edition (Physical
Review D45, 1 June, Partll) or in earlier editions.

19AG
19AX
19X
19y
18N
18R
18V
18AF
18E
18Y
18
17D
17H
17Q
17Y
17

16
16U
16
15Y
14
11G

PR D100 032001
PR D100 072004
CP C43 083002
PR D99 032010
PR D97 091101
JHEP 1803 182
JHEP 1803 043
PRL 121 251801
PRL 121 062003
PL B783 200
PR D98 112006
PL B767 42
PRL 118 112001
PR D95 111102
PL B772 388
PR D96 051102
PRL 116 052001
PRL 117 232002
PRL 117 011801
PRL 115 221805
PRL 113 042002
PR D84 072006

R. Aaij et al.

M. Ablikim et al.
M. Ablikim et al.
M. Ablikim et al.
R. Aaij et al.

R. Aaij et al.

R. Aaij et al.

M. Ablikim et al.
M. Ablikim et al.
M. Ablikim et al.
M. Berger et al.
M. Ablikim et al.
M. Ablikim et al.
M. Ablikim et al.
M. Ablikim et al.
B. Pal et al.

M. Ablikim et al.
M. Ablikim et al.
S.B. Yang et al.

M. Ablikim et al.
A. Zupanc et al.
J.P. Lees et al.

) % 873
) Yo 823
) Yo 685
) x 10—3 710
) e 627
) % 823
) e 823
) % 568
(LHCb Collab.)
(BESIII Collab. Tk
(BESIII Collab.je
(BESIII Collab.

(LHCb Collab.)
(LHCb Collab.)
(LHCb Collab.
(BESIII Collab.
(BESIII Collab. pk
(BESIII Collab.
(BELLE Collab.
(BESIII Collab.
(BESIII Collab.
(BESHI Collab. e
(BESIII Collab.
(BELLE Collab.)
(BESIII Collab. ph
(BESIII Collab. )y
(BELLE Collab.)
(BESIII Collab. )*
(BELLE Collab.)
(BABAR Collab.)

For example

With 0.567 fb-! data at 4.6 GeV, BESIII

PDG2020

Hadronic modes with a p or n: S = —1 final states

pK°
pPK~™ 'r
pn*iovze)°
A(1232) T K=
A(1520) 7+
pK_ 7+ nonresonant
pKem
nK{m™
PR
pK% T
pK - m"w
pK*(892)
p(K™m lnonresonant Q
I_I\J_L\JL) (Y
pK~2ntm—
pK ?T+2.Jl

kU JL}

14|

[a]

[a]

( 1.594+ 0.08) %
( 6.28+ 0.32) %
( LYot 0.21) %
( 1.084+ 0.25) %

juluiw )]

(14 + 09 )x10—3
(1.0 £ 05 )%

significantly contributed to the A}
decay field, with much improved
precision and new decay modes

S=1.1
S=1.4

S=1.1

S=1.1
S=1.5
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Observation of A -nz*

EREMAL —nrt
At >nrt 5049 4
PRL128(2022)142001 c > nm - (6.6 £ 1.251a¢ £ 0-44yst)X10

3.9 fo'#lE A} > At 376422 (1314 0084 + 0.05y5)x1072
¢ data

il AE - 20t 343422 (1.22 £ 0.084at £ 0075y )X 1072

t e ATSA T

-
[\
=

2
E o

—

=

R=B[A} >nm*]/B[A} >pn°]>7.2@90% C.L.

B(AY > nnt)x107* 23 Reference

Events / 10 MeV/c?
®©
(=)
| T I |
Evenls/10 MeV/c
A& O ® O o
;gi%
T
—ia:—
._.Jr'
’_“:-:Q_.—-

4 2 PRD 55, 7067 (1997)

9 2 PRD 93, 056008 (2016)

M, (GeVicd) | 113+ 2.9 2 PRD 97, 073006 (2018)
8 or 9 450r80  PRD 49,3417 (1994)

EREFIRR. SEEFEEHSU3) 2.66 3.5 PRD 97, 074028 (2018)
WER IR ES 6.1+ 2.0 4.7 PLB 790, 225 (2019)

7.7+ 2.0 9.6 JHEP 02 (2020) 165
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Study of A} - Aev,

FRREE, arXiv:2207.14149, submitted to PRL

-1 2 150 1 200
4.5 fb-'20i= d'T GE|Ves|* Pg° < 100 3 150
= . X =
300k ~+ data dg?dcosO.dcosO,dx  2(2m)t  24M3Z. € P g 100
:z — total fit 3 £ 50
) “ee AT Aptv, { —(1 —cosOe)2|H;1|2(1 + aacosb,) & 0.5 1
= 200} AT Axoxo ; : g2 (GeV3/ct)
=
= "= other bkgs - §(1+COS96)2|H_;_1|2(1 — apcosby,)
2 o~
S 100} 3 2 150 & 150
= - Zsin266[|H%O|2(1 + aacosty) + |H_%0|2(1 — acosty)] 2 100 % 100
] =
— 3 ) e @ 50 s S0f
-0.2 -0.1 (0] 0.1 0.2 + ——=aacosysinfesing, x &
\/§ X P .
U niss (GEV) < 05 0 05 20 2
(¢ —COSQe)H_lOHLI (@1 —i—COSQe)H%OH_%_l]} cosh, ¥ (radians)
B[AL - Ae*v,] = (3.56 + 0.11 + 0.07)% il
3}=='DATA: A{> A€y, 7 :
B(AF — Ae've) [%] . |reen s aev,
Constituent quark model (HONR) [8] 4.25 o DATA: A" Aty "g‘ 47 t?_'
Light-front approach [9] 1.63 02 - S e »
Covariant quark model [10] 2.78 -~ LQED: A= Aetv,
Relativistic quark model [11] 3.25 e
Non-relativistic quark model [12] 3.84 O 0.15
Light-cone sum rule [13] 3.0+0.3 &
Lattice QCD [14] 3.80 £0.22 “~ 0.1
SU(3) [15] 3.6 +0.4 = s
Light-front constituent quark model [16] 3.36 £ 0.87 = 005 o
MIT bag model [16] 3.48
nght‘front quark mOdel [17] 4.04 :I: 0.75 0 1 1 I 1 I 1 0- 0‘5 i 040 0'5 i
This work 3.56 £ 0.11 + 0.07 0 02 04 06 08 1 12 £ (GeViIch 7 GVt

g2 (GeV¥cd) 32



First observation of A7 - pK~e*v,

= . . B(AF — A(1520)eT 1) [x 1077
$,EH§¥‘EQE%' arX|V.2207.1 1483' SmelttEd to PRL Constituent quark model [4] 1.01
Nonrelativistic quark model [5] 0.60
Lattice QCD [17. 18] 0.512 £ 0.082 £ 0.008
| data
20 + 4.5 fb &z Measurement 1.36 4 0.56 + 0.14
— total it L 10F  11.5%4.7
Al pKe*y 2 Ag— v
> 5l I A pKe, 33 5+6.3 > 3.35 ) :\f—> \Eszo)e\e
) = A= P'K-W"“ * 8 mormn Ao P non-A(1520)
5 At— pKn*n® 8.2¢ — At— pKa*n®
= - miian other bkgs
= ]() |~ ===other bkgs Q 5
B z
o
>

0.2 0.1 0.0 0.1'- 0.2 [.5 [.6 | K | 1.9
Umiss (GCV) MPK_ (GGV/’CE)

B[A > pK~etv,] = (8.2 + 1.5+ 0.6) X 10°*  B[A} - A(1520)e*v,] = (1.36 + 0.56 + 0.14) x 1073

B[Af - pK~etv B[Af — A(1520)e*v,]
[c+ p e]:(2.1i0.4i0.1)% c +( +) e
B[AF » Xe*v,] B[AF — Xe*v,]

=(34+14+04)%

Larger data set helps to determine form factors in A} - A(1520)e*v,, which
is important to explore the internal structure of 4(1520) 33



Measurement of BFs of A7 - X°K* and Af - X*K?"

ARERFIER, arXiv:2207.10906, submitted to PRD

~ ! (s =4.600 ~ 4.699 GeV
% A STK
> 30f
S 43.449.2
o Wf .
3 pt
g 101}& ¥
L B m-%ﬁ

226 228 23 232 M
M, (Gevie)

B[Af - XK+ /B[AY - X%n*] = (3.61 4+ 0.73 + 0.05)%

,.\800' (s=4600-4699GeV | 4 g fb- 12412 EI"A’))L & 5-160-169GevV] [s = 4.600 ~ 4.699 GeV
% 600 A;_)Eoff : zh._ A;—>E+Kg é 1000 F A:—)E+E+E_
> >
£ L0 43.6+13.2 <
400 ) 8
; 3 0 S
5o} : § ¥
. K s P
1 ey g |1 T ARG RN NN k
226 228 23 23 L3 260 228 23 2% 23 226 228 23 232 234
My (GeVIc) M, (GeV/d) M, (Gevic

B[A} - XTKO/B[AY - Ztntn~] = (1.06 +£ 0.31 + 0.04)%

KE2EEPDGHXLL:
B[Af — XOK*] = (4.7 + 0.9+ 0.1 + 0.3) x 10™*

B(AT — S"K)B(AT — STKY)

QCD corrections [2]
MIT bag model [3]
Diagrammatic analysis [4]
SU(3)r Havor symmetry [5]
IRA method [6]

PDG 2020 [28]

2(8)
724 1.8
5.5+ 1.6
5.440.7
5.0+ 0.6
5.24 0.8

2(4)

7.24 1.8

0.6 4 2.4

5.440.7

1.0 £ 0.4
/

B[A; - ZtK0] = (4.8 4+ 1.4+ 0.02 + 0.03) x 104

B[A} - ZOK*+]/B[AF - Z*KP] = 0.98 + 0.36
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o iESESR: BESIIBFEHHMIRE, EREFIEMEFFESRTZMNRPESSE
HiHRE (RFXE100RE, HA245%PRL)

n 20225FLAEK: EF 4.5 fb A A @4.6-4.7 GeV, BiEHEHLEE

m 20225 : L ~5fb- 9D OEAR@3.773 GeV: 2023-2024%F: > 20 fb-
@3.773 GeV

= R3R3-55, HIFEFEERISRETIIERNR:

£275(0) - 0.4%, £2°7(0) » 0.5%; fy+ - 1.0%, fr+ — 0.8%
|IVes| = 0.5%, |Vegql = 1.0%
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Thank youl!



Back slides
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Beijing Electron Positron Collider (BEPCII)

—
beam energy: 1.0-2.3(2. 45) GeV

\z e ey &

" L
7“__ v‘. ’R‘ ~%":" ‘ / f_.'___f"“
& \ “".‘»'.J

=

. Tt
e

@ LINAC

B R N , -
. _—
- -
— .
» .

—

< 2020: energy upgrade to 2.45 GeV
\ 2004: started BEPCII upgrade,
' AN e >0 BESIII construction
| BES||| L W R S =2 % ) 2008: test run
' detector g ' ) | 2009-now: BESIII physics run
« 1989-2004 (BEPC):
| Loeak=1.0x10%1/cm?s
* 2009-now (BEPCII):
=1.0x1033/cm?s (4/5/2016)

peak
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BESIII detector

NIMA614(2010)345

i i - EMC: Csl crystals
SN | AE/E =2.5% @ 1 GeV - Barrel
i AE/E =5.0% @ 1 GeV - Endcaps

i — TOF:

[5:30s

or = 80 ps Barrel
ot =110 (60) ps Endcap

06 0_;9500

—ps09

6

] i3 2 ~ ‘ MDC: small cell & He gas
Oxy= 130 um

|14 cp/p = 0.5% @1GeV

......... dE/dx = 6%

IIIIIIIIIIIII

Magnet: 1T Super conducting
Muon ID: 9 layer RPC

Trigger: Tracks & Showers

M@\L\

Excellent resolution, particle identification, and large coverage
for neutral and charged particles -,



BESIII collaboration
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Physics at BESIII

S

BESS PRL Sa(2000) 594 LA
BES ., PR L8S(2002)1 01 802 ; -

: r,; _ w3 <
GammaZz=

'%P %+%{%%ﬂ

pPpluto
NresMoios

0
[
w0000

Iy
[

W
I

N
[

A

e Hadron form factors
* Y(2175) resonance

==,

-
[

R=0(e*e=>hadron)/
o(ete2utw)

0

1 A
= = P 8 =
Ecm (GeVv)

Light hadron spectroscopy XYZ particles

_ * Gluonic and exotic states * D mesons
* Mutltiquark states * Process of LFV and CPV * fyand f,,
with s quark, Zs * Rare and forbidden decays * D,-D, mixing
* MLLA/LPHD and QCD * Physics with T lepton e Charm baryons

sum rule predictions

World largest J/Y, Y(3686), Y(3770),... data samples
More than 370 papers and 71 in Phys. Rev. Lett. 41



Unique hadrons at BESIII

Two-body T oo o Charmed hadrons:
Thresholds .5 aa « Produced in pair B
peleeues S | ’ « Quantum correlated D°D°
Gluonic dag,u;ug,sgg ceg .
Excitation 999, 99 2.93 fb_1@3773 GeV: DD
] 0.48 fb~1@4.009 GeV: DgD;
— ig esons | . : —
M || TR0 | | ngwa® | 6.32 fb~1@4.18-4.23 GeV: D,D;
- ’ ; -1 _ AN
— B 4.4 b~ @4.6-4.7 GeV: A A,
| 4I_I | | 1_:I [
1 2 3 4 5 6
Mass [GeVic?]
Hadron-physics challenges: At BESIII, two golden ways to study hadron

« Understanding of established  spectroscopy:
states: precision spectroscopy  * Light hadrons: charmonium decays (10B

« Nature of exotic states: JJWand 2.7 By (2S) )
search and spectroscopy of * Heavy hadrons (XYZ): direct production,
unexpected states radiative and hadronic transitions (23

fb-! data above 3.8 GeV)
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D - Vetv FRAKEFlSE

@ m' = (ppt +pp-) @ ¢ =(p++r.)
® cos(fx) = % ® cos(6.) = — st
ﬂma(x):ﬂﬂ 05in(x):(ﬁ><ﬂ)~a

d5F—F—XI 2 g%, 05,0, x)dm*>dgd cos(8)d cos(6.)d moas
(o PEUT 200k B ) dad cos{fic)d cos(0e) EXHFRIENS
@ X = pp.-mp, prx 15 the momentum of the K system in the [ rest frame 'ﬁg&:ﬁﬁgﬁ;ﬁ%

£ =2p*/m, p* is the breakup momentum of the K system in its rest frame
@ 7 can be expressed in terms of helicity amplitudes Hy 4 :

2 3
Ho(?) = 7 [(m = = @Yo + m)As(”) — 47228 Aale?)|
2
Ha (@) = (mo + myAs(¢?) T 22288 V()
@ Vector form factor: V(qz) = 1_—;;(%%2—; or: FF ratio ry, = V(0)/A1(0)

@ Axial-vector form factor:A; (%) =

or: FF ratio r, = Ay(0)/A;(0)

2y }
1q,fm (q) 1qu
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D" —a,(980)°e'v[3.06] D°—a,(980) e*v[6.50]

Event/(0.05GeV/c?)

N

EXRNZEID > (S, A) e’ v BFIZTT

PRL121(2018)081802

oo
T

Events/(0.0364GeV)

N
.
______ T
0 Y kil il L Ed T

M, (GeV/c?)

1.2

B
D*—a,(980)°e*v ~ a,(980)° -5z’

B
D% a,(980) e*v —a,(980) —nz"

U(GeV)
=(1.6672% +0.11)x10™*

= (133723 +0.09) x10™

PRL125,051802

Events(/30 MeV/c?)

X

Events / (5 MeV¥/ %)

PRL1 23(201309)231 801
s |
= 20} *
£ uf
>
5 ____________
R OPhattberersrbbitietinibbivuiendy
5
1.0 1.2 14 1.6 0.10 -0.05 0.00 0.05 0.10
My (GeV/cY) Uy, (Gev)
BD+_,,?{)(1270)6+V = (2.304+0.26 + 0.18 + 0.25) x 1073
PRL123(2021)131801
< |
I % I
a0} < a0}
2] £
' <P |
850 005 .00 605010 R R e

M2, (GeV¥cY)

SSSSS

M., (GeV/)

Bpo, (1270)-e+y = (1.09 £ 0.13 £ 0.13 £ 0.12) x 1073

Combined analysis of D —» K; e*v and B>gK,
helps better access photon polarization in b>sg



Other semileptonic D decays

D} - nletv,

.D;_ - foe+ve

D’ > Ketv,

sD} > v,eX

=D} - ay(980)%e*v

=D’ - b,(1235) e*v

sDi — ppe*v,

sD} - yetv,

aD} > nutvand putv
sD* > yetv,

=Dt - DOtv,

aD* - K%*v, via K® —» n%=°
=D} = I*v, @ 4.009 GeV
D} - netv, @ 4.009 GeV

arXiv:2206.13870
PRD105(2022)L031101
PRD104(2021)052008
PRD104(2021)012003
PRD104(2021)092004
PRD101(2020)112005
PRD100(2019)112008
PRD99(2019)072002
PRD97(2018)012006
PRD95(2017)071102
PRD96(2016)092002
CPC40(2016)113001
PRD94(2016)072004
PRD94(2016)112003
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Amplitude analysis of Dy - K K*7

arXiv:2204.09614, submitted to PRL

Q) KR (892 s

= KK (892 =

<100 @ sk (o2 <

=L — K*K (1410) 21 00

<L e a,(980)° " )

~ 50k — - a,(1710)n" ~

g™ £ 50

ab] ab]

- -

1.6 ) 0.6 ) )
M KK (GeV/c?) M Koo (GeV/c?)

Amplitude Phase (rad) FF (%) BF (1077) o
DI = K (892)°K T 0.0(fixed) 327 +22+1.9 477 £0.38£0.32 > 10

D — K*(892)TK2 —0.16+0.12+£0.11 13.9+ 1.7+ 1.3 2.03 4+ 0.26 £ 0.20 > 10
DF = ap(980)t7° —0974+0274+025 7.7+1.7+18 1.124+025+027 6.7
D — K*(1410)°K*  0.17+0.15+0.08 6.0+ 1.4+ 1.3 0.88+0.21 +£0.19 7.6
DF — ao(1710)T 7%  —2.55 +0.21 £0.07 23.6 £ 3.4+ 2.0 3.44 + 0524+ 0.32 > 10

B[D} —» K*°K™*]

+0.42
— = 2. + 0.
B[D; — KOK**] 2:35023 £0.10

Events / (20 MeV/c?)

(GeV/e?)

M

K'n?

Observation of a,(1812)*, which
IS the Isovector partner of the
f,(1710) and f,(1770)

M = (1.817 + 0.008 + 0.020)GeV/c?
= (97 + 22 + 15)MeV

+ RO+
Blag O80)-K K] _ (13.7 4+ 3.6 + 4.2)%

B[ag (980)-MT]
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D} > Ktntnn?
sDY > K*ntn™

sDY > K*K nfntn”

sD}f > nrtntn~
aD} - KOKJn™*
D} > ntn0n?
sD}Y - ntntr”
sD} > nrtntn”
«D* > KIK*n®
aD} > Kdn*n0
D} > KK ntn®
aD} > KK ntnt
aD} > K*K- 1t
aD? > KYK*K~
aDt > Kdntntn”
aD? > K ntnOn0
aD? > K ntntn”
aD* - Kon*n0

Amplitude analyses of other hadronic D decays

arXiv:2205.13759
arXiv:2205.08844, accepted by JHEP
JHEP07(2022)051

JHEP04(2022)058
PRD105(2022)L051103
JHEP01(2022)052
arXiv:2108.10050, under PRD review
PRD104(2021)L071101
PRD104(2021)012006
JHEP06(2021)181
PRD104(2021)032011
PRD103(2021)092006
PRD104(2021)012016
arXiv:2006.02800
PRD100(2019)072008
PRD99(2019)092008
PRD95(2017)072010
PRD89(2014)052001
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Strong phase parameters of neutral D decays

PLB734(2014)227 PLB744(2015)339
CPtag atthreshold & ARELARY LML
: // [ E791 1999 h - |
e /7 . _
Eigenstate (-) | ﬂ/ l|f(3770)]_;=1 C=-1 i | [
-7 CPanti-correlated CLEO 2002 M - H
Belle 2009 |_|_._|.|
Acpsrer = Bp, sk——n+ — Bp, 5 Kk—n+ LIICH 2012 l——|
- — — &5
" BD2—>K—7T+ + BD1 K-t Belle 2012 H
2?+ y= 1+ Rws) - AcrP—Knr; Pl 201s I+
|i)”) 4+ |EU> |D”:} _ IE()} BESIII 2015 |—|—-—|—|
Dy =120+ 10 5y 1D — 1D
| D) 73 | D2) 73
World averagzse |.|

AKT_ =(12.741.340.7)%

COSO ,=1.02+0.11+0.06+0.01

The most precise result to date
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Branching fractions of D — PP

PRD97(2018)072004 JHEP08(2020)146

a0 1200 F N . +Data E
=120 1000 E Dz —n'x —Fit result 3
=400 E —-Signal curve
=0 s00 —Smooth bkg
% = so0 soo | - Peaking bkg J
- § ap = bl ki 400 ;— =
> og + 200 f X E
P.SD 1 ..EIZ 1 .:34 :I _éIE 1 _ISDBVH-E_;}D E.;}E ‘1}.‘30 1.92 1 _5_4'; 17;!767 1 .lgﬂ -.é.lOD 2.02
MK 7 WG VST Mg N GeV/c)
< E . " -
§ %400 2000 ?
= E
5 RIO0 1500 ;
g Fo00 1000 F
; %1 o0 soo i
E P.BD 1 ..EIZ 1 :El4 ..1 _éIE 1 _:_"iB - 2_;}D 2_;}2 'P,EI'D 1 ,“:32 1 ‘9-47» 1 ;EIE 1 ,IEIB E,‘l":;]r E,E)E
] AL ) (Se W) AW SeVIST)
I.I,J SOOOE pr Ktk E
4000 =
3000 —3
2000 -3
1000 —3
N | P N , , ] ! Hrz,clu = IZ:‘E o6 1.2 1.4 1' 96 1.98 73,00 2.02
T8 18 18 18 N S ) ([ SeVic™) A AW G eV iIST)
: : . . N . - e 700 ™ T T T ™ v T T u - T
M. (GeV/c) =600E pDr_apctmo 4 =zsooof Dz KK At E
an gﬁlﬂﬂ — =
e + 5 20000
H‘WS — 00 — _ +
T T T T T = zoo B * e 15000 F 3
8000 1 20000 Baooof . 4 ootk 2! E
Dol -+ DF KT + 100 E P A sooo | A T E
=TT =K " I o . " Ty e .
150'- 9 ‘F_ 0 1.92 1.94 1.96 198 Z2.00 2.02 PBD 1.92 194 196 1 BEE 200 =202
6000 4 15000 M O (GeVIcD) MU K ) (GeVIc?)
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q |
S e
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Absolute branching fractions of hadronic D decays

PRL124(2020)241803 arXiv:2206.13864

1500F " K ook D' Kx"n 10F p* 5K K™ 337 D% -t ® A i DYt 2n
1o00f _ 2of Iri
soof l1oop I | H F AN
0_3; D% —ax"
lg— D' KIKin ﬁg [ D' K n"nn 0.2;— Eg}w‘
o.af FERT
aok E bt gy HE ] TN
P 0.zt e
r\é 5 /ﬂ\L sok ‘_‘0-152 D" =2 2nan
= 0 l l : l 0 ‘= o.10f
& 1sf DoK'y D oKy == o.osf
= q00f = g
w;  10f = of
£ - R =
=) 20F = UF E
= £ 10f :
=1y 1o : = o.sE P et
l"l l l l* lﬁ\ l 0 + + # N £ o G; DY —s2xt % ?‘];*;1:*37:“11 ——
200F Do 1.84 1.86 1.88 osE # SE tﬂ
1s0f 2 W af ah!
1;0’ O-ZFtWﬂx@ N 0.8 i 84 1 86-;’ 'Jr 188
Oo.8F D "—=3n 2w BE DY—2x o 3n? - - -
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Absolute BFs of other hadronic D decays

sBFs of D°) - K3pi and K4pi arXiv:2205.14031, accepted by PRD
sDCS decays D° - K~n*n® and K n*nx° PRD105(2022)112001

«D'M S K, (w, ¢ 1m,10) PRD105(2022)092010

aD') S Knw PRD105(2022)032009

sDCS decays D* - K*n%x® and K*nn arXiv:2110.10999, submitted to JHEP
=sDCS decay Dt —» K*n*n~n° via SL method PRD104(2021)072005

aD°™) - KKnn PRD102(2020)052006

aD'M) S oar PRD102(2020)052003

Dt > pyrt PRD101(2020)052009

aDH) S gx PRD100(2019)072006

sTwo-body D°(H) —¢P decays PLB798(2019)135017

sD} - wK* and on* PRD99(2019)091101

=D} - K¢, K* PRD99(2019)032002

=D} —>pn PRD99(2019)031101

=D* - K3, K*(n") PRD99(2019)112005

D' > Knn’ PRD98(2018)092009

=D’ > wn PRD97(2018)052005

uD? -37°, 21, 2nn° PLB781(2018)781

=D - K3X PLB765(2017)231

«D} > nXandn p*@4.009 GeV PLB750(2016)466 >



Rare D decays

D0 - Oy PRD105(2022)L071102
=D - pe PRD105(2022)032006
sDt > Aet, Zet PRD101(2020)031102
uD? > hhetet PRD99(2019)112002

sD™ - h*hle'e

PRD97(2018)072015
aD? - YY

PRD91(2015)112015
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