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BEPCII and BESIII

-
beam energy 1.0-2.3 Gev -) Come to ~2. 5 GeV in 2020
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| 2004 started BEPCII upgrade,
BESIII constructlon
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* 1989-2004 (BEPC): |
Lea=1.0x10%! /cm?s
5 * 2009-now (BEPCII):
‘ L_.=1.0 x1033/cm2(4/5/2016) 1
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MDC: spatial reso. 115um
dE/dx reso: 5%
EMC: energy reso.: 2.4%
BTOF: time reso.: 70 ps
ETOF: time reso.: 60 ps
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Data sets for D and A, productions
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Advantage at BESIII

Double—tag (DT)

B Threshold characteristic:
Symmetric pair production: AE = E,.c — Epeam

\ Beam-constrained mass: myg, = \/Egeam — D2,

Probe correlation of the pair

°\ m Advantage of DT:
L

e
et e Absolute Br measurement:
B = Nobs
_ - 3. Nsingle—tag double—tag , single—tag
Tag side i 1V (g /€ )
/ \ Missing particle reconstruction: v, n
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Charm Meson



DO — KS,LTC-I_

«2.93 fb-1of data @ /s = 3.773 GeV

» Measurement of D°/D° - K¢, n*n~
strong phase parameters c;[s;] =
amplitude-weighted cos[sin]46 in
phase-space bin i

Events/(0.5 MeV/c2)

« 17 tag modes employed, yields
determined with 2-D fit to M, =
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Phase space described by m, = m(K°n?)

D’ - K¢,mtm™

Binning schema from CLEO PRD 82,112006 (2010)
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Red circles are BESIII measurements.
Blue Circles are predictions from Belle and Babar

Green square are CLEO results.

PRL 124 241802 (2020)
PRD 101 112002 (2020)

Impact on the y i1s improved
by a factor of 3 comparing to

CLEO results.

The uncertainty in y due to
the strong-phase Is reduced

to ~1°



D’ > K¢, K*K~

. 2.93 fb-1of data @ \/E — 3 773 GeV PRD 102 052008 (2020)

» Measurement of D°/D° - K¢; K*K~ strong phase
parameters c;[s;]; fewer bins
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— Statistical
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D’ > K ntntn, K- m*n®

THEP 05 (2021) 164
«2.93 fb-1of data @ /s = 3.773 GeV

- Measurement of phase-space-averaged 6, coherence
factors R, and amplitude ratios r}
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D’ > K ntntn, K- m*n®
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Significantly more constrained !

Impact on the y : an uncertainty of ~7°
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D° - wg

«2.93 fb-'of data @ /s = 3.773
GeV

* Polarization puzzle: Many heavy
meson to vector-vector decays
have large transverse
polarization fraction

- w reconstructed through * ",
¢ through K*K~

- Signal yields determined with fit :
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D° - wg

B(D" = wé) = (6.48 £ 0.96 £0.38) x 10~
First observation

Large transverse polarization of
D° — wo

arXiv:2108.02405

2000

1500}

nts

2
111000

500

TN

0.5
|cos6, |

0

Black: Fit Cyan: Phase space

14



D »wtm ™ n

*6.32fb-Tof data @ /s =4.178 — 4.230 GeV

« D} -» "~ X decays are important background in B -
DMty

« W-annihilation (WA) decay D} — a,(980)x significantly
enhanced over other WA decays

* DF - ay(980)*p? is pure WA




Events / (25 MeV/c?)
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D »wtm ™ n

PRD 104 LO71101 (2021)

| lgati”(f% T O 1 A ) Amplitude Phase

FF(%)

) Background a1(1260)" (p(770)°7)n 0.0(fixed)
a1(1260) (fo(500)71)n 5.0+ 0.1+0.1
ao(980) " p(770)° 2.5+0.1+0.1
0.5 G ] Ts 17(1405)(a0(980) 7" )7 0.24+0.2+0.1
M(r*nt) (GeV/cz) M(n:+n) (GeV/cZ) M(n+n) (GeVIcz) 17(1405)(ao(980) 7 )T 0.24+0.2+0.1
T e Tl £1(1420)(a0(980) 7 )7t 4.34+0.24+£0.4
8 B2ckground £1(1420)(ao(980) 7 )7 4.3 +£0.24+0.4
[a0(980) "7 ]sm™ 0.1+£0.240.2
[a0(980) T |em™ 0.1+£0.2+0.2
[f0(980)n]sm™ 1.44+024+0.3

(

1 1.5 0.5 1 1 1.5 +
M) (GeV/c?) M(rtrtm) (GeV/e?) M(trrm) (GeV/c?) Lfo(500)m)sm

55.4+3.9+2.0

81+£19+21
6.7+25+1.5
0.7+0.24+0.1
0.7£0.2£0.1
1.9+ 0.5+0.3
1.7£0.5£0.3
5.1+1.2+0.9
3.4+08=+0.6
6.2+ 1.7£0.9

25+£02+£0312.7+£2.6+2.0

B(D} >t n) =(3.12 1+ 0.13 £ 0.09)%

B(D? - ay(980)*p? ay(980)*> ntn) = (0.21+ 0.08 + 0.05)%

Significantly larger WA effects than seen in other D decays
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D} —» KYK9m™
arXiv:2110.07650

*6.32fb-Tof data @ /s =4.178 — 4.230 GeV
- Isovector partner observed for f;(1710)

&> 60F &

= —— Data 2100__

> > b
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DF - K3K*(892)T — K2K2rT 3.0+£0.3+0.1 Not seen in earlier Dy - K"K~ 1™~ work

Df = S(1710)7" — K2K3nt 3.1+£0.3+0.1 17




Charm Baryon



Singly Charm-Baryon Family

(a) Charmed baryons —
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PDG in 2015

At DECAY MODES

Scale factor/

Mode Fraction (I;/T) Confidence level
Hadronic modes with a p: S = —1 final states
B pK° ( 3.21% 0.30) %
h, pK zt (6847 332y %
M3 pK*(892)° (2.13+ 0.30) %
Iy A(1232) T K~ ( 118+ 0.27) %
M5 A(1520) 7t (24 4+ 06)%
M6 p K~ 7" nonresonant (38 +04)%
r, pK%0 (45 + 0.6 )%
g pK% (1.7 + 04 )%
g p?07r+7r_ (35 £ 04)%
fro pK wta® (46 + 08 )%
M1 pK*(892)_ T (15 +£ 05 )%
M2 p(K~ 7T+lnonresonant770 (50 +09)%
M3 A(1232) K*(892) seen
Ms pK wtata— (1.5 + 1.0 )x 1073
frs pK atza0x0 (1.1 + 05)%
r16 pK_7T'+ 37T0
Hadronic modes with a p: S = 0 final states
My pnrt (47 + 25)x103
Ms p f5(980) (38 + 25)x103
Mo prtata n~ (25 + 1.6 ) x 103
Mo PKTK—™ (1.1 + 0.4 )x10-3
M1 po ( 1.12+ 0.23) x 10—3
Mo pKT K~ non-¢ (48 + 1.9 )x10~%

M7
ET:
BT
Mo
21
Mo
DX}
Py
M5
pY
27

PDG in 2020

Hadronic modes with a p or n: S = —1 final states
pK2 (150+ 0.08)% | 44U s=1.1
pK—nt ( 6.28+ 0.32) % S=14
pK*(892)° [a] (1.96+ 0.27) %
A(1232)T+ K~ ( 1.08+ 0.25) %
A(1520) 7t 6] (22 + 05)%
p K~ m nonresonant (35 + 04)%
pKE O ( 1.97+ 0.13) % l 50% s=11
nKQnt (182+ 0.25)% First
pK%n (16 + 0.4)%
PK%’/T+71' ( 1.60+ 0.12) % l. 28% s=1.1
pK-nt 70 ( 4.46+ 0.30) % l 61% s=15
pK*(892) [a] (14 £05)%
p(K™m )nonresonant7r0 (46 + 0.8)%
A(1232) K*(892) seen
pK~—2rT (14 + 09 )x103
pK~nt2n0 (1.0 + 05 )%
Hadronic modes with a p: S = 0 final states
pm° < 27 x 1074  CL=90%
pn ( 124+ 030)x 103  First
pw(782)° (9 +4 )xi074
prt o ( 461+ 028) x10-3  FiIrst
pf3(980) [a] (35 + 23)x10"3
p2rt2r~ (23 + 1.4 )x103
pKT K™ ( 1.06+ 006)><10 3
po [a] ( 1.06+ 014) x 103 l 36%
pK+t K~ non-¢ (53 + 1.2 )x104
pom0 (10 +4 )x1075
pKt K~ n%nonresonant < 6.3 x107°  WL=90%
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PDG in 2015

Hadronic modes with a hyperon: S = —1 final states

Art (1.46+ 0.13) %
Ant 70 (50 + 13)%
Apt < 6 % CL=95%
Artata— ( 3.59+ 0.28) %
F(1385) tat o, It — (10 £ 05)%
At
X(1385) " wtat, I* — (75 + 1.4 )x 1073
A~
At 0 (1.4 + 06 )%
> (1385) " p0, =*t — Axt (5 +4 )x1073
Antat 77 nonresonant < 11 % CL=90%
Artrta— nOtotal (25 £ 09)%
Anty [a] (24 + 05)%
(1385)" [a] (1164 0.35) %
Artw [(] (1.6 + 06)%
Artata= 70, no 7 or w < 9 x 1073 CL=90%
AKT KO (6.4 + 13 )x1073 S=1.6
Z(1690)°K*, =*0 . AKD (1.8 + 0.6 ) x 10~3
>0t ( 1.43+ 0.14) %
>+ g0 ( 1.37+ 0.30) %
It (75 + 25)x10~3
Itx (49 + 05)%
st 0 < 18 % CL=95%
Foqatat (23 +04)%
SO0t 40 (25 + 09)%
Semileptonic modes
ATy, [b] (28 + 0.4)%
Neto, (29 + 05)%
A,u,+1/u (27 £ 06)%

28
29
30

72
73

PDG in 2020

Improvement: Not only the central
value, but also the uncertainty

Hadronic modes with a hyperon: S = —1 final states

AnTt

Art 70
Ap™

Ar—2nt

NeT v,
Aut vy,

( 1.30+ 0.07) % S=1.1
(7.1 +04)% l /8% s=11
< 6 % CL=95%
( 3.64% 0.29) % S=1.4

(1294 0.07)% | 45% s=11
(1.25+ 010)7 i33%
(4.4i 0)

( 6)

( ) % % | 46U s=13

CL=95%

Semileptonic modes

(3.6 +04)%
(35 + 05)% l35%
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Publications at BESIII

Hadronic decays

A, - pKm + 11 CF modes PRL 116, 052001 (2016)
A, - pK*K™,pntm~ PRL 117, 232002 (2016)
A, > nKm PRL 118, 112001 (2017)
A, - pn,pr® PRD 95, 111102(R) (2017)
A, - Entnn® PLB 772, 338 (2017)

A, - EOMK PLB 783, 200 (2018)

A, - Anm PRD 99, 032010 (2019)

A. - pK¢n PLB 817 (2021) 136327

One of the highlights at BESIII !

Semi-leptonic decays

A, - Aetv

PRL 115, 221805 (2015)

A, - Aptv

Inclusive decays

PLB 767m 42 (2017)

Production
AFAZ

A - A+ X PRL 121, 062003 (2018)
A~ et +X PRL 121, 251801 (2018)
A, > K+ X EPJC 80, 935 (2020)

PRL 120, 132001 (2018)




Cabbibo-favor hadronic decays

Events/1.0 MeV/¢

O BESIII: 567pb-lat 4.599GeV, 12 MeV above At A; thresholdinete™ - AfA]
[0 Double tag method to measure absolute Brs.

100F

P S

pK 'a
i 1 ——— & i

20F

10}

pK ttr®

- An'O
L aaih ML‘L
I

PN

JL
%‘L

O B(A} - pK~n™): BESIII precision comparable with Belle’s

2.3
Myge (GeV/c?)

226

Mode This work (%) PDG (%) BELLE B
_ bKg _ _ 152+008+£003_115+030 _ _ _ _ _ _
LpK ' _ 5840274023 50+13 _ 6.84+0.24'3%

pKr° 1.87+£0.13+0.05 1.65+0.50

pKonn~  1.53+0.11+0.09 1.30+0.35

pK 7"r® 453+0.23+030 3.4+1.0

Art 1.24+0.07+0.03 1.07+0.28

A0 7.01+0374+0.19 3.6+1.3

Artn~ 7" 381+024+018 26+07

Yort 1.27+0.08 £0.03 1.05+0.28

¥t a® 1.18+£0.10£0.03 1.00 +0.34

Yot 4.25+0.244+020 3.6+1.0

Y w 1.56 £0.20+£0.07 2.7+1.0

O BESIII B(AF —» pK™nt™) is compatible with BELLE's within 2o
O Improved precisions in other modes significantly

J
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Cabbibo-Suppressed hadronic decay

A, - prtm”

N
o
[=}
T
= N W
[=]

Events/(30.0 MeV/c?)
o

o

o

|

}

100

Events/(1.0 MeV/c?)

8.2 04 06 08 10 1.2 1.4
M,..(GeV/c?)

(b)

2%

First observation of A, - pr*n~ and
improved measurement of A, - p¢

Evidence of A, — pn (4.20); No hint

2.26

2.27

Mgc(GeV/c?)

for A, - pr®
m Br~ 1073

208

2.29

2.30

Events/(5.0 MeV/c?)
o : IC)' — 'C)

o
T

A, - pKYK~
(b)
A { |
1105 11 115 1.2, 125 13
i (Gevic)

Aj_."
u

A. - po only receives
the internal W-emission

Events / (2.5MeV/c?)

40— T I N B S N U O O I
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30 + .
ok '+ AR
_ T Hkﬁl
s L .
8 + + 1 + I
0:,,,1 sl i
15 4+ data /1 - pn(—> 31&;} N
INETEEELE signal curve i
------- background curve .
—total curve
10 data in AE sideband B
[ - - datain M o sideband |
gl i
) 1 H
#—J ' : ‘7 M ETE l_+ "f* ------

0
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226 227 2.28
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New Opportunity at BESIII

=08

€ o A by Giuilo

0.62—: Belle f BESIII data " _ J[ ~1.85 1b-1

0.5F = 04l J’

Sl 1]

0.3__Z 0.2:_ H | + + ‘f +

- Iiny S P LT LRI,

- - L EnEEy M Ly
0458 48 260 464 4.66 468 4 472 474 4.7 45 46 47 ot 5 51 52 53 5.4

E (GeV) M(A: AD) GeV/c?

e 4612 -4.700 GeV, 3.9 tb-? collected in 2019-2020
o 4.7 -495 GeV, ~1.85 fb-1 collected in 2020-2021



Singly-CS hadronic process

H.-Y. Cheng, et al, PRD 97, 074028 (2018)

TABLEIII.  Comparison of various theoretical predictions for the branching fractions (in units of 1073) of singly Cabibbo-suppressed
decays of A}.

Sharma et al. [24] Uppal et al. [42] Chen et al. [43] Lu et al. [25] Geng et al. [28] This work Experiment [7,19]

Af = pa® 0.2 0.1-0.2 0.11-0.36 0.48 0.57 +0.15 0.08 <0.27
A= 0.2%1.7)° 0.3 1.24 4+ 0.41 1.28 1.24 +£0.29
i Af = pif 0.4-0.6 0.04-0.2 122743
Af = nxt 0.4 0.8-0.9 0.10-0.21 0.97 1.13£0.29 0.27
Af — AKY 1.4 1.2 0.18-0.39 0.46 + 0.09 1.06 0.61 4 0.12
Af = XK 0.4-0.6 0.2-0.8 0.40 £ 0.08 0.72 0.52 £+ 0.08
N A==k 0.9-1.2 0.4-0.8 0.80 £ 0.16 1.44

“The P-wave amplitude of A} — E°K™ is assumed to be positive.
b . . —_ . .
The P-wave amplitude of A7 — Z°K™* is assumed to be negative.

Important information for understanding the non-factorizable component!

c d d U 1
L U (i \_/ 1
U
d N u_| | p c . d [ )p g |L | P
U . U .l\dl U S u I'-.\-/I d N U \/



Other interests

-SCS A, - pn', 2TK,, 2K, AK*, and three-body
decay as well.

- Weak radiative decay A, —» yZ*

- PWA to extract hadronic decays: 4, - An*n?,
A, - ptm, ...

* Inclusive decay: A, » hadron + X

Stay tuned



Charm Baryon threshold

= o g MJ' Belle data, PRL 101} 172001 (2008)
RS +

0 ; ol ‘_\»:I» N ‘|:~j>+‘~:‘i> | -+ . :|:+‘|:+t€ + :|:+‘I‘|- :|>£H>+:|}+‘-I>

4.5 4.6 4.7 4.8 ;?A: j:) 5.1 5.2 zzvf;.ﬁl

viete - ATET 474 GeV

vetem s AT, m 4.88 GeV

vetem 53X, X, 491 GeV (10MeV above current limit)

vetem - E.E. 495 GeV (50 MeV above current limit) ”



A production

Except the £ and E_, the A" will be
produced associated with A

| Ac(2595)* | 1Py = 0(37)

The spin-parity follows from the fact that X.(2455)w decays, with
little available phase space, are dominant. This assumes that J
1/27% for the X.(2455).

Mass m = 2592.25 4 0.28 MeV
m — m, =305.79 + 0.24 MeV

Full width T = 2.6 + 0.6 MeV

Ac+1rrr and its submode 26(2455)11- — the latter just barely — are the only

strong decays allowed to an excited /'lg' having this mass; and the submode
seems to dominate.

A.(2595)* DECAY MODES Fraction (I'; /T) p (MeV/c)
Ai ata~ [s] — 117
X (2455)T T~ 24+ 7% t
5. (2455)0 7t 24 + 7% t
AL 7 7~ 3-body 18 4+ 10 % 117

See Particle Listings for 2 decay modes that have been seen / not seen.

S
=)
T T I T T

AN\(2595): 4.879 GeV
N\ (2625): 4.915 GeV

N
i1 Hﬂ%ﬂ W _*___*_il++++++*

o(nb)

=7
o
T T T | T

45 46 47 48 49 5 5.1 52 53 54
M(A} AY) GeV/c?

1UP) =0(37)

Ac(2625)* |
JP

has not been measured; %_ is the quark-model prediction.

Mass m = 2628.11 + 0.19 MeV (S = 1.1)
m — A+ = 341.65 + 0.13 MeV (S = 1.1)
Full width T < 0.97 MeV, CL = 90%

A;'mr and its submode X(2455)x are the only strong decays allowed to an

excited Ag' having this mass.

Threshold advantage !

P

Ac(2625)+ DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
/\;f T ~ 67% 184
X (2455)" T 1~ <5 90% 102
X (2455)0 7t <5 90% 102
Aj 77~ 3-body large 184

See Particle Listings for 2 decay modes that have been seen / not seen.




‘New era” From Haibo Li

Many charmed baryon thresholds BEPCII upgrade:
:céc _ - il
AAZS, 0.0, Scan data: 65 fb
26 =4.69— .98 Gev 3 KR e scan 4.01 GeV: 20 fb! DsDs
eyt Peme 4,60 GeV: 20 fbl A, A,
- ' bt Yy | T A T J Others
j ||| |1 \ |‘ B ] o v E.E. 6fb?l 4.95-497GeV
. 00 -
Few data and potential physics v Qe 6 fo 5.4-5.5GeV

IEESESES -_ __ e Totalh 117fb-1

pe————

Unique data samples near thresholds, and using quantum-entanglement:

* Hadron physics: spectroscopy, (transition-)form-factors, decay constants,

fragmentation /Collins function, charmed hadron decays...

Precise test of SM: charm hadron weak decays, CKM, CP violation in hyperon

decays, and rare/forbidden charm and hyperon decays...

Charm still unique to test QCD in low energy, and charm still a probe for precise test of SM!
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