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The discovery of A
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e First hint of charmed baryon X" — A 7t" at BNL in 1975. PRL 34, 1125 (1975)
e The A is firstly evidenced at Fermi Lab in 1976. PRL 37, 882 (1975)
e MarklI firstly established A in 1980. PRL 44, 10 (1980)
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The charmed baryon family

(a) Charmed baryons

Singly charmed baryons 3.1+ :5£3580) os
€ Established ground states:

A K

+ — —
Ac, Xy Be , Q 5 ?_=.(2980) B
. . 24 (2940 _-“'7
€ Excited states are being explored ”'V_A_\E“‘ g
— 29— &t A K B
Doubly charmed baryons( /") observed 7 A4(2880) —06
recently. s | 5300 I8 E:%Zlm
No observations of triply charmed baryons. © e T areRyor
g T l
= 57 | n_l 1/2+
g - 0.4
tf:: " 32% 5'42645)
A} decay only weakly, many recent : 2y | = B

experimental progress since 2014.
. B(E, - Afn)~100%, B(E. — Afy)?

E. : decay only weakly; no absolute BF

measured, most relative to £~ n*(7"). SpectrosCapiiSwpll

described by the
quark-diquark model

Q.:decay only weakly; no absolute BF |
measured. - i L T e — 0.0
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A¢ :cornerstone of charmed batyon spectroscopy

o The lightest charmed baryon:2286.48MeV.
o Most of the charmed baryons will eventually decay to A{.

o The A{ is one of important tagging hadrons in c-quark counting in the productions at high energy
experiment.

o Also important input to A, (including E7") physics as A, decay preferentially to A, . ==>Important input to
B physics and V,,;, calculations.

o Al may provide more powerful test on internal dynamics than D/Ds does !

o Quark model picture: a heavy quark (c) with an unexcited spin-zero diquark (u#-d). Diquark correlation is
enhanced by weak Color Magnetic Interaction with a heavy quark(HQET).

ll d > Charmed

; > Charmedmeson | —> Strange baryon
(DJ’[Ca]) e M ‘\. (A [udc])
Wd  (Auds)
m,, my <<m, <>
C . <<kn:1}—0: k S“ m,, my ~ mq > diquark + quark
o o i C (qq) Q)
2018420 () Q (qqq) uniform )



AT weak decays

® Contrary to charmed meson, W-exchange contribution is important.(No color

suppress and helicity suppress)
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® The A, weak decay acts as isospin filter

@ For example, Oset suggests to study the A(1405) through A,—7 A(1405) and A(1405) e v,

which filters isospin I=0 from contamination of the I=1.
[Phys. Rev. C 92, 055204 (2015), Phys. Rev. D 93, 014021 (2016)]
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Final state
interaction

® Exotic search in A{ — ¢pn an analog to the Pc states in A, —J/YpK-
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BESIII data taking @ A¢Ag threshold

In 2014, BESIII took data above A, | ° o5’ ]l PRL101 {2008) 172001
pair threshold and run machine at o BELLE
4.6GeV with excellent performance! J[ ][ + +

2 Ul
This is a marvelous achievement of 0 njr ﬂ#ﬁ&ﬂﬁj(tjfj”rjfwﬂﬂﬁ
BEPCII ! 45 46 47 48 :4.9 5 51 52 é.swszA

(Ac AY) eV/e

~106)( 103 A-CI__ A; pairs make F\?G\(} The cross section for the exclusive process e7e” —

sensitivity to 10-3.

Energy(GeV) lum.(pb!)

First direct measurement on A BFs

4.575 ~48
at threshold.

4.580 ~8.5
Collect more Al data are in the

4.590 ~8.1
schedule.

4.6 ~567
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Production near threshold and double tag technique

E..-2M,.=26MeV only!

A{A; produced in pairs with no additional
accompany hadrons. @ @

o efe—oy*— ALAL

Clean backgrounds and well constrained —

. ° 0 \ / + \\\
kinematics. W _ &

Typically, two ways to study A{ decays:
* Single Tag(ST): Reconstruct only one of the A, -pair. /

=>relative higher backgrounds

=>Higher efficiencies

=>Full reconstruction
* Double Tag(DT): Find both of A} A,

=>Smaller backgrounds.
=>Missing technique.

=>Lower efficiencies.

201848 ystematic in tag side are mostly cancelled.



Several popular variables
® Alz:l;Ac_lzbeam
® Beam-Constrained-Mass; @

MBC \/Ebeam o |pAc|2 \

E miss beam'E h
P — = —

Pmiss— Pac- Pn

— _ — o 2 _ 2
o PAc™ = Drag \/Ebeam mAc

. UmlSS_ miss | pmlSSl

® mlss \/ miss |1_9>miss|2

® P, is the direction of the momentum of the singly tagged A .

® [, (p,) are the energy(momentum) of h which are measured in e"e” system.

® m_ is the mass of the At quoted from the PDG.
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Events/2.0 MeV/c2

AL reconstruction at BESIII

pK® pK'r* L pKwn® 00 PK? L pKT L pKmn®
2000 | S 3 1 C s L
1000 ] 1 s0F
600 fé 20F An* .
400 2z ol i
200 E r | :
3 ! : : :
300 ¢ § 20¢ ngno AT ] yOor+
200 I 3 1
10f ﬁ 3 3 ﬁ
100 sk 3 i
E " 1 4 E 1 : ]
st a a
200 + 10F pKSﬂ+7'C' a1 Y0 ‘
100 F st H“ 4 {
N i hetet bt A P P L 1' lL i LU JJM-‘—L
226 228 23 226 228 23 226 228 23 226 228 23 226 228 23 226 22
M. (GeV/e?) M. (GeV/c?)

ST N2 = NASLKC_'ZBz"Bj'E?;:
N@' — A+A— B 5 -

® The BFs are extracted via the double-tag technique.

® BF is determined independent of N and the systematic due to the reconstruction
of ST side to be canceled. e

® ~15400 ST yields and ~1000 DT yields
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Results of 12 A{ hadronic decay BFs

PRLATS, 0520?/}08%016) This work (%) PDG (%) BELLE B

I..ofié’. _______ 1.5240.08£0.03__1.15+030_________________ .

 pK T 58440274023 50+13  6.84+0.247%2 |

TpKIxRTTTTTT18TE0.13F 005 T 165£050 T
pK2rtn~ 153+0.11+0.09 1.30+0.35

pK~7nt7® 453+023+030 3.4+1.0 567pb”! @ 4.6 GeV
Art 1.24+0.07+0.03 1.07+0.28

Arta® 7.014+037+0.19 36+1.3

Artr~xt 3.814+024+0.18 2.6+0.7

YOrt 1.27+0.08 +0.03 1.05+0.28

Yy tr 1.18+0.10+0.03 1.00 +0.34

Ytrta~  425+0244+020 36+1.0

Y tw 1.56 +0.20 £ 0.07 2.7+1.0

®  No absolute measurement (Model independently) on At BFs at threshold after Af
discovered(30 years ago).

® A least square global fit taking into account correlations over different modes are
performed to improve the precision.

® The precision of B(pKn*) are comparable with Belle’s
®  The precisions of A, decay rates is reaching to the level of charmed mesons!
® N  as a byproduct determined to be (105.9 +4.8 +0.5) X103
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B £ EstAL >pKng Z b ég R £

® ARGUS #= CLEO 1988-1996F #4765 0 =

‘ B(B — ATX)-B(AT — pK™mT) = (030£0.12£0.06)% (0273% 0.051 £ 0.030)7
BAF = pK7t) = (4.14£0.91)%

aleTe” = ATX)-B(AT — AlTy) = (4.15£1.03 + 1.18) pb and (4.77 £0.25 £ 0.66) pb.
‘ alete” = ATX)-B(AF = pK~7t) = (11.2£1.3) pb

R = B(AF — pK~7%)/B(Af — Alfwy) = 240 + 043

(D — Xt ” 0 | ,
B(A! = pK~7*)=RfF ‘][ Vo o) = (1.3 + 1.4 £29)%.
T Ved/ Ves|™

F3#=>B(At ->pKn)=(5.0+1.3)% (PDG2000)
D) .
+0 20004 CLEO B(A{ »pKn)=(5.0+1.3)% D7p AL

® MHARAIRMN
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BELLE

First precise measurement of B(Af— pK~nt)

The number of Ac baryons is determined by
reconstructing the recoiling D™~ pr+
system in events of the type ete™ - DW= prt A}

Missing AL

3000

° 'R <« 100
E (a) RS sample % 300} (a) RS sample % 80'_(b) RS sample_l_
v 2000 = | = ool
= g 200r g %
£ | 2 4
2 1000 |5 100__ g 20
> >
m 0 m 0 1 Pl | 1
0 20F (c) WS sample . (d) WS sample
2000 () WS sample 1BE © P :g_( ) N et
1000 e 2 AR 0 e
05 X 22 2.3 2.3 25 2 21 22 (2)3 24 25 2 21 2.2 (2)3 24 25
M0 (GeVIc) M,;.(D'pr) (GeV/c?) M,5(D"pr) (GeV/c?)
N(AF - pK-7+)
- c
B(Af - pK~znt) = = (6.84 + 0.241321y04
c N A, A+ K-zt 0.27
incf bias€ ( c P 4 )
2018/4/20

PRL 113, 042002 (2014)

Tagging AL - pK 7™
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Total BF overflows after taking into
PDG2014 account BEELE’s B( Af—> pK-m*)?

0 ) 5|0 l 1(])0%
measured | guessed | unknown
50 50 Do neutron mode AK™, XK YEn
other NEE has been measured other ZEKn =t
10 neutron mode PETE x N N = =y of
has been measured unknown other N4x —E — 30 50 - ' other SEE
i h AK*, K, 2K P2 — L by o
e other N2x  —— other X3n
unknown other EKn pr — not = nfeo
=Kt other NEK3x [ - TP
other NKK e = PR 20 £*2x0
pK+K— {— other ZKK pET2n”
other N4t SHKHK- — 40 40 — ot
p21t+21r S other 231 =0 0 0
other Nnm —E N 7 Pﬁo"_ s0+:0
putT P + not measured; nEornd —
other NK3 1— Pt _~ nEww L -
toml assigned
pK‘n"‘nOnO —L Trtnt % sum of DN 55 o
Jra— F30 o 30 s0ge pi?‘°rr’x' and
® pE R frac- 30 30
=] + - = +
' PR, § zH0p? fons e o
not mea§ured, KO0, g pE=0 £ | o
total assigned kwtnt < 1 stvr g 0= — <7
3/2 x sum of g B = n Y
el : e e e
pK-mtnd frac- . i o = Pl —t ‘
tions pKn'n’ 20 20 = 2, B AR2%
— z* 11 20 = 204
_ T 30+
PRt Dl ~ , S A2
_ AK*RO not measured: _—|
pEN —F N 1 At assigned 112 x _
sum of l.o—x' B 7 Ar o
+ and pEKVr AR
not measured; K Attt fractions pEOx0 1
assigned 1/2 X B i _
sum of pK-m+ KO0 10 10 A 10 10 A=r0
and pKon® .
fractions Antn0 sy A PR AxT
pkt [ 4 A ton mode: Aty
+
Aptvy +032 oy o .
i — ~ " AeTv,
tion mode: g Ae*v, m 4 . ,
0 0 -
N modes A, Z, = modes
N modes A, 2, E modes
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HFLAYV Fit to wotld BF data

® A fitter to constrain the 12 hadronic BFs and 1 SL BF,
based on all the existing experimental data
® (orrelated systematics are fully taken into account

Eur. Phys. J. C77, 895 (2017)

HFAG Summer 2016

? BN BESIII 2016
....... BN Belle 2014 ]
B CLEO 1998

’ém683% 955%and997%CL |

0.008 0. 010 0. 012 0. 014 0. 016 0. 018 0. 020 0.022

Mode HFAG 2016 (%)| BESIII (%) |PDG 2014 (%)| BELLE (%)
pK2 1.59+0.07 [1.52+0.08+0.03] 1.15+0.30

pK m" 6.46 +0.24 [5.84+0.27+0.23| 5.0+13 [6.84+0.247032
pK 27" 2.03+0.12 |1.87+0.13+0.05| 1.65=+0.50

pKertn™| 1.69+0.11 [1.53+0.11+0.09| 1.30+0.35

pK nt7°| 5.05+0.29 [4.53+0.23+0.30] 3.4+1.0

An™ 1.284+0.06 [1.244+0.07+0.03] 1.07+0.28

Anta® 7.09+0.36 |7.01+0.37+0.19| 3.6+1.3

Artnr—w™| 3.73+0.21 [3.814+0.24+0.18] 26+0.7

ROt 1.31+0.07 [1.27+0.08+0.03] 1.05+0.28

AR o 1.25+0.09 |1.18 +£0.10+0.03| 1.00 £ 0.34 /4
Stata~ 464+024 |4.254+0.24+0.20| 3.6+1.0 004 TS
Stw 1.77+0.21 [1.56 +0.20+0.07| 2.7+1.0

Ae" v, 3.18+0.32 |[3.63+0.38+0.20| 2.1+0.6

€ The least overall y*/ndf=30.0/23=1.3
@ Precise B(pK~n™) is useful for constrain V, u determined via baryonic mode

2018/4/20
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Experimental precision reaches of the charmed hadrons

Golden hadronic mode oB/B Golden SL mode oB/B

DY B(Km)=(3.88 = 0.05)% 1.3% B(Kev)=(3.55+0.05)% 1.4%
D B(Knm)=(9.13 +=0.19)% 2.1% B(K%v)=(8.83 +0.22)% 2.5%
D, B(KKpi1)=(5.39 £0.21)% 3.9% B(dev)=(2.49 +0.14)% 5.6%
Ac | B(pKn)=(5.0=1.3)%(PDG2014) | 26% B(Aev)=(2.1 £0.6)%(PDG2014) 29%
=(6.8 =0.36)% (BELLE) 5.3% =(3.63 +=0.43)% (BESIII) 12%
=(5.84£0.35)% (BESIII) | 6.0% =(3.18 £0.32)% (HFAG) 10%

=(6.46 +0.24)% (HFAG) | 3.7%

* The precisions of Ac decay rates 1s reaching to the level of
charmed mesons!

More data imput will further constrain the HFLAV fit.

* However, search for more unknown modes are important
2018/4/20 17



Important Input for b physics

® stringent Fragmentation Function of b/¢c quark to baryon

@ [Eur. Phys. J. C12, 225 (2000); Eur. Phys. J. C 16, 597 (2000); Phys. Rev. D 85, 032008 (2012),
Phys. Rev.D 66, 091101 (2002).]

€ Fragmentation Function (FF) is an important probe in experiment to test and calibrate QCD theory.

PhysRevD.85.032008
i a i - I
TABLE IV. Systematic uncertainties on the absolute scale of : - s VARRN :
f‘;\,,/(AfM + Afd)' 1 : ';4 Il \‘ r_———‘—) O Tr"'
Source Error (%) : 1 l‘ : i o ) K*
<: QI I
Bin-dependent errors 2.2 : ! \ /’ r\> ®p
B(A) — DpXp~p) 2.0 : dg ‘oo :
Monte Carlo modelling 1.0 €, Pe- L op-catculable | I
Backgrounds 3.0 1) QED QCD-calculable Qcp-non-calculable
Tracking efficiency 2.0 2) Hadronization/Fragmentation )
Iy 2.0 3) Detection
Lifetime ratio 2.6
PID efficiency 2.5
Subtotal 6.3
A+ -+ — ° °
BAL S pk ) 260 ® Now B(pK ™ m") are still dominated (6%)
Total 26.8

® X5 data=> small than 3%

2018/4/20 18



CKM matrix element V

Vud Vus Vub (J’( V(‘KM) PDG 2014 002% 03% 12%
Vekm = | Vea Vs Vb  m— ~ 4% 2% 2%
Vekm
th Vts th 7% 7% 3%
— 2 —
B(Al) —r Pl Ull) |\/"h| % G(Al) - PR Vn)
B(A, = A pvy) | Ven|? G(A, = AN pvy)
Measure this experimentally Get this from theory

Nature Physics 11 (2015) 743

Source Relative uncegisesbinl?:)
B(A - pKTn™) m
Trigger

Tracking 3.0

A} selection efficiency 3.0 _ .

A) — N*u~v, shapes 2.3 B(pK T[+) are dominated
Ay lifetime 1.5 systematic uncertainty
Isolation 1.4

Form factor 1.0

AQ kinematics 0.5

¢°> migration 0.4

PID 0.2

Total +:;

19



Singly Cabibbo-Suppressed Decays of
At —prtn and AY —pKTK-

* ST method: AY—>pK=* as ref. mode PRL117,232002(2016)
 First observation of SCS decay of At —pntn-
« Improved measurement on the SCS decays Af —>pK*K-

« A{—p¢ are sensitive to non-factorable contributions from W-exchange diagrams

N A <

L O O_r

> S N ‘

[0} V2 ;‘\(TL — ])+ KtTK~ o I A(TL — pT KTK~

2 ST S |

o o | o

5 < | S |

- \10‘ , by 3

(/7] n
% N
é Wbl () 2
| ) - UJ e 'y ek " ,:, Lu _:‘; T
155255 M”EG e\2/7§2) 220 230 P06 297 228 229 23 005 11 145 12 125 13
BC MRF(GeVlc ) M(K'K)(GeV/cd)

Decay modes B.ode/ Bres (This work) Bode/ Bes PDG average)
Af - prta (6.70 + 0.48 & 0.25) x 1072 (6.9 +3.6) x 1072
Af = po (1.81 £0.33 4 0.13) x 1072 (1.64 + 0.32) x 1072
A} > pK+tK~ (non-¢) (9.36 +£2.22 4+ 0.71) x 1073 (7+2+2)x1073
- Boge (This work) Bmode PDG average)
Af - prta (3.91 £ 0.28 + 0.15 + 0.24) x 1073 (3.5 +2.0) x 1073
AF - pp (1.06 + 0.19 + 0.08 + 0.06) x 1073 (82+2.7)x 107
Af - pKTK~ (non-¢) (547 £1.30+£0.41 £0.33) x 107* (35+£1.7)x 107

LHCb JHEP03(2018)043 20



M2(pK) [GeV?/c?]

Belle PhysRevLett.117.011801

l-l lll*lll|l|l|lll|lll|l|lll_
45— , —

i J 1

L _'
3.5 —

sl 7
2.5/

P E P I B .

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
M*(K'n*) [GeVZ/c*]
30001 LHCb -+ Data

% -==- Signal

=2000{ gl o Background

2 1500

L

=

= 10001

=

3]

O 5001

0 \

2240 2260 2280 2300 2320 2340
m(pK~K*) [MeV/c?]

x10°

1.2

Events / bin

P

(S,

m2(K~K*) [(MeV/c?)?]

P—

Arbitrary units / 3.61 MeV/c?

arXiv_1712.07051

x10°
.8
.6 -
4
21
0
2.0 2.5 3.0
m2(pK~) [(MeV/c?)?]  Xx10°
+ pK~K* signal
0.008 4+ Generator MC #Hl
i
0.006 1 h{
Fo
0.004 . (u\ f *iﬂHH*f*
L [t
0002) .~ 4 M + "'"-+¥_
!”%”W*ﬂ»’: H**m.*’o “o..,
0.000 - . . . : ; :
145 1.50 1.55 1.60 1.65 1.70 1.75
m(pK~) [MeV/c?] le3

175
150
125
100
75
50
25
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AE— pd: test large-N_ expansion

® Charmed meson decays /:\ u

d d P

ay =Cq(1) +Cx(1) (1N +x,(w)), A " |
2= Cy(p) +C4(n) (1/N +x,(1)), . é)j<
If x,=%,=0, naive factorization \/ .

If x,=x,= -1IN_, large-N. factorization

At — pd proceeds only through internal W-emission diagram.

Input BF = |a,|=0.4510.03, Nc¢ =7, close to a,(m /)~ -0.44(from theory)

. . arXiv:1801.08625
1/N, is also applicable to charmed baryon sector.

BESIII measurement are consistent with previous measurement.
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Singly Cabibbo-Suppressed Decays of

A{—pn® and A —pn

® B(Af— pn)>>B(Af— pnP) in the SU(3) flavor symmetry generated by u,d and s
® Their relative size 1s essential to understand the interference of different non factorizable

diagrams.

Events / (2.5MeV/c?)

40

30

20

10

10

2.26 227 228 229
Mg (GeV/c?)

C aF ( ) [ —— data 2 <27.9@ 90% C.L
L A % ( —> ) a 4 — Fomeeees signal curve goe
N p rl rl yy . Nt\) 100 ...... background curve £ 06 !
- — > [ — total curve =04
- 4 o gol data in AE sideband g o2
- . E L =
» 4 7o) - E %2 a0 60 80 100
L 4 N | .{. 2 N(A-pr)
~ = 1
N i 10 W#-}-N +
+ AT B s Tt ~ut
F + + 1 e T + + 3
Y - w 20r
- : d ob— A TSP T
B | . L | e 2.25 2 26 2 27 2 28 229 2.3
= L T
i M, (GeV/c?)
| —¢— data + 0 BC
Looeeeees signal curve A > pn(n >TTTU T \
L oo - background curve . ) IZAH’ d
- —— total curve ..------------L\ 2o A oprd B
- — — datain AE sideband 7 ! _BBESIm 1245029 <027 <024 |
[ ---- datainM,, sideband |: = Shamaeral BT~~~ 025~ 05 ~ T TR0
r 3 Uppal et al. [4] 0.3 0.1-0.2 0.3-0.7
B | S.L. Chen et al. [12] 0.11-0.36°
Lo e I Y i Cai-Dian Lii ef al. [13] 0.45
i . = ;—"'_'"_'l s :: '''''' i ®Assumed to have a positive sign for the p-wave amplitude
L - ' }i.: '___ll+,-,"_: ofA*'—w«K+
0 pl o 1g OO R YA L ®Assumed to have a negative sign for the p-wave amplitude

of Af - E'K™.
CCalculated relying on different values of parameters
b and a.

PRD,111102(R) (2017)

First evidence for A — pn
with 4.2c

No signal seen in A} — pnd

Predicted BFs vary under
different theoretical
modes(SU(3) symmetry and
FSI)
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B(A{— pr®) v.s. BAAL— pn)

Singly Cabibbo-suppressed modes: A;*— pn?, pn

c__ d c s d d
0 0
d. | s ™M d_- 7@
u u ﬁ
u p u_ p C d p
N . d_ | u u
C1 C1 Cz
C d d

: % -

c
i A
c
T
c 0
T
Q
|
c
|
T

E1 EZ E3
arXiv:1801.08625 Sharma et al. Uppal et al. Chen et al. Lu et al. Geng et al. | gy Cheng Expt
[24] [41] 142] [25] [26] (7, 19]
A — pr? 0.2 0.1-0.2 0.11-0.36  0.48 0.56+0.15 0.08 < 0.27
AF = pn 0.2%(1.7)% 0.3 1.24+041 128 1.24+0.29

2018/4

Large constructive(destructive) interference between the factorizable and nonfactorizable
amplitudes for both S- and P-waves.

More precise comparison of the two BFs are desired to explore the interference of different
non-factorizable diagrams

BESIII result support the theoretic prediction. 24




Observation of Af >nK2n*

® First direct measurement of A decay involving the neutron in the final state.

 PRL,118,112001(2017) [Z——~
0.54 B ® e * 30 .—l'omlflt 7
— A, bkg
" =snon-A, bkg
< 0.52 - N{ 20
% ° ': S ., E
G 05 srbg 10
. e ARl —
£ ’ )
= 048] z
v
=
10
0.46 -
! ] o | ’ il wlhlﬂr ,“'!_'!I A
e Im Tt : S
0.7 0.8 0.9 1 1.1 0.7 08 09 1 1.1
Mr211iss (Gev2/c4) A‘[1:121iss (Gevz/c_l)

*  Peaking background from A} —»X* (—nn*) ntn-
e 2-D fitting extract 83 = 11 net signals
«  BIAf—-nKIm|=(1.8240.23+0.11)%

«  B[A}—nKm/B[Af —pKnt]=0.62+0.09; B[At —nK Om/B[AL —pK'n®]=0.97+0.16

Events/2.5 MeV /c?

30

N
o

10

-
o o

046 048 05 0.52 0.54
M, .- (GeV/c?)

A test of final state interactions and isospin symmetry in the charmed baryon sector. [PRD93, 056008 (2016)]
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Observation of A — X ' nf

® First observation of a large-rate forgotten channel A} —X-r+n*n® (CF decay)

-l ’,}3"%’

0.9} '
G .
> 0.8 3
-
< 1F
< ".. >

09 Tl

08— 172 13 02 025 03 035

M, .- (GeV/c?) M, .- — M, (GeV/c?)

Mpr- = \/(Ebeam - En+n+(7t°))2 B [—P’Aj _$”+”+(7’0)|2

My = \/(Ebeam — Ept - 0))? — IT))A;* —7’)71+n+7r-(7r°)|2

PLB 772, 388 (2017)

A} decay involving the neutron
in the final state(missing
technique).

B(Af > rmind)= (2.114£0.33
+0.14)%

B(A} —>Zmrt)= (1.81£0.17
+0.09)%

more precise than old result
(2.31£0.4)%
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W-exchange-only process Af — E0MKY

arXiv:1803.04299 - —" Data ST My sideband
& 60
§ -~ total fit """ 2nd-order polynomial
> i
E L
= ol 1030 30
c’ L
— i
E’ i
= 20
5] L
>
m | -
—=0(* ] ot P
® Al - E0®K™* decay only through W- 0 "1.2 1.4 L6
exchange. M (GeVie)
. (GeV/c
®  W-exchange are non-factorable in _— ‘TSS
theoretic calculation. Decay |Measured lz(&i__):K_fﬂ) Predicted B(AT — E(*)OK+)
: . ] 2.6x10° 4
®  Large cancellation both in S-wave and P- 3.6;073 H
wave. Z0Kt (7.8 +1.8)% [18] 3.1x107% [10]
—3 1.0x1072 [14]
(5.0+1.2)x10 U3x10-% 15
. . -3
®  First absolute measurement, using world - (5.3 4+ 1.9)% [18] 055051100—3 [[1461]
largest on-threshold data at /s=4.6GeV (9.3 £ 3.2)7 19, 20] 0.6%10~* [17]

———— (4.0+1.0)x1073

®  Excited states in higher side is more
interesting and will be confirmed by next B(AF — ZOK*) = (5.90+0.8640.39) x 10~

round data taking. i
2018/4/20 B(AS — Z(1530)° K1) = (5.0240.9940.31) x 1072 |47




More Ac data set ?

A combined data taking proposal of studying A}

Proposal of precise study of the
charmed baryon A\ decays

Hai-Bo Li, Peirongli, Leili, Xiao-Ruilyu,
Haiping Peng, Yangheng Zheng

Analyticity Violationine'e- — A_A_.?
A request for
additional integrated luminosity at threshold

-

Rinaldo Baldini, Marco Maggiora, Guangshun Huang, RongGang
Ping, Weimin Song, Weiping Wang, Liang Yan, Zhengguo Zhao,
Xiaorong Zhou, Kai Zhu,
and the BESIII Italian Collaboration Team

BESIII collaboration meeting at SJTU 2015.6.14

We propose one year dedicated data taking at A. threshold ”g



Our proposal

> A one-year data taking of 3fb-! above A} pair mass threshold: >= 4.6 GeV
> This corresponds to 5~10 times of the number of Al pairs in existing data

300 bserved XS W
250 ,/., \
' L

50

£

Observed XS (pb)

200

150

100

4.58 4.6 4.62 4.64 4.66 4.68 4.7

Vs (GeV)
Energy (MeV) Observed XS (pb) Requested Lum. Days A, pairs (K) Times of
(pb™) current data

set
4600 172 +3 3000 180 510 5.1
4610 210 3000 180 630 6.3
4620 245 3000 180 735 7.3
4630 270 3000 180 810 8.1

4640 320 3000 180 960 9.6



Precision Prospects (1)

Push the precisions to the level of those of D/Ds mesons.

Hadronic decays
* PWA analysis of hadronic decays: hadron spectroscopy
* studies of the modes involving n/% /= particles

* more Cabbibo-suppressed modes, esp. W-exchange only process
SL decays :
* so far, only Ae*v, mode is measured; How about pK- e*v_?
* many more SL modes can be established

BESIII)

golden mode oB/B SL 0B/B
DO B(Kpi1)=(3.88 £ 0.05)% 1.3% B(K e v)=(3.55£0.05)% 1.4%
D+ B(Kpipi)=(9.13 +£0.19)% 2.1% B(KO e v)=(8.83+0.22)% 2.5%
Ds B(Kkpi)=(5.39+0.21)% 3.9% B(phi e v)=(2.49 +0.14)% 5.6%
B(pKpi)=(5.0£1.3)% (PDG2014) 6% B(Aev)=(2.1£0.6)%(PDGC2014) | 29%
=(6.8+0.36)% (BELLE) 5 3(; =(3.63+0.43)% (BESIII) 12%
Ac =(5.84 +0.35)% (BESIII) =70 =(3.63+0.20)% ( new BESIIl) | 5.4%
N 6.0%
=(5.84 £0.18)% (new 3.0%
o (1]

2018/4/20
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Precision Prospects (2)

* Prospects with the proposed new A7 data set
v’ precise measurement of the W-exchange and W-internal-
emission only process: to test the quark-diquark configuration
important to understand the non-factorizable contribution
v' establishment of more SL and neutron modes: nlv, pKlv, ...
v" search for more decay modes unexplored yet in experiment

A good chance for BESIII to systematically enhance

our knowledge on A decays ( to the level of D/D,
mesons )

* Better understanding of baryonic structure
* many new observations
* refresh the precisions in old data

2018/4/20 31



Eur.Phys.J. C76 (2016) no.9, 496

The a¢(980) and A(1670) in the A7 — 77\ decay

Ju-Jun Xiel? and Li-Sheng Geng® 2"

!Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
“State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,
Chinese Academy of Sciences, Beijing 100190, China
9School of Physics and Nuclear Energy Engineering and International Research Center
for Nuclei and Particles in the Cosmos, Bethang Unwversity, Beijing 100191, China
(Dated: April 14, 2016)

We propose to study the ao(980) and the A(1670) resonances in the A7 — 77nA decay via the
final state interactions of the 777 and A pairs. The weak interaction part proceeds through the
¢ quark decay process: c¢(ud) — (s + u + d)(ud), while the hadronization part takes place in two
different mechanisms. In the first mechanism, the sud cluster picks up a ¢g pair from the vacuum
to form the nA meson-baryon pair while the ud pair from the weak decay hadronizes into a w.
In the second, the sud cluster turns into a A, while the ud pair from the ¢ decay picks up a qq
pair and hadronizes into a meson-meson pair (7 or KK). Because the final 777 and nA states
are in pure isospin / = 1 and I = 0 combinations, the A7 — 777A decay can be an ideal process
'study the a(980) and A(1670) fesonances. Describing the final state interaction in the chiral
unitary approach, we E e 7 and nA invariant mass distributions, up to an arbitrary
normalization, show clear cusp and peak structures, which can be associated with the a(980) and
A(1670) resonances, respectively. The proposed mechanism can provide valuable information on the
nature of these resonances and can in principle be test by facilities such as BEPCII.

PACS numbers: 13.75.Jz, 14.20.-c, 11.30.Rd

700 ¢

' ——Model C (5= n/2)
'\ ——Model C (5=0)
n —— Model C (5 = n)
fl - Model A

[l - Model B

[arb. units]
5 8 8
o o O'

14
w
o
o

T

dr/dm

1700

1800 1900

M  (MeV)

2000 21 00

2018/4/20

u

Y

( 2w+ dd + §s
W+ - d
c ., . S
A+
AF u -

d

u ¢ A
d

Y

new A*(1670)3/2~ > An  with width of 1.5 MeV
[us]{ds} s

400

[—— Model C (6 = 7d2)
[—— Model C (5=0) |
—— Model C (6 = 7r)
[ i Model A ,.
T R Model B /)

300

[arb. units]

dr/dM
.
y

1000 1100 1200

M. (MeV)

BESIII present data only see some Hint, more data is needed!! 32
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Competition from Belle & Bellell
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Belle, PRL113, 042002 (2014)

| Signal tags:
| 36447 +432
- @ 978/tb

P S W

e m—
2000~  (b) WS sample
i L
1000
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Belle tags ~36K A}, while BESIII now tags 15K At (567/pb@4.6GeV)
By middle of 2019, Belle-II will have 5/ab data, 5x of BELLE data;

= 180K Af tagging; 12x BESIII data

We shall have 10x more A} pairs before Belle-II begins data taking at the end
of 2018
Many precise measurements at BESIII will reach to the level of systematic
dominated
=» BESIII has advantages on backgrounds and systematics

2018/4/20
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Energies go up to SGeV



Charmed baryon mass (GeV)

The charmed baryon spectroscopies

3.1+

(a) Charmed baryons

?

;_
A K=

?

et

pD/ \ Z. _
ACKn

—0.8

—0.6

—0.4

—0.2

29—‘ 5/2+
pD 9 g
Acm 12 A
- Y
+
27 l A
3+
3/2 a
1 e .
12ty °
| =
Y
2.5 "
12
""O
T
234  1pt
i Lo et ~00
Ac 2 B Q

zu-d f
C C
A7 it

=0 Z(C’

If BEPCII can access energies up to

5GeV, we can study the A, . and

= at threshold.

Study on the isospin triplet X,
First absolute measurements of
=. decays
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Partiale Width of decay of X7

(MeV)

Decay Expt. | HHChPT Tawfiq [vanov Huang Albertus

3] [10] et al. [25] | et al. [26] |et al. [27]| et al. [28]
YT At 1.89750% |  input 1.51 £0.17 [ 2.85 £ 0.19 2.5 2.41 4+ 0.07
SF = AP <46 D 23T0) [1.56+£0.17 [3.63+£0.27 | 32 [ 2.79+0.08
0 5 Atq 1.837000 | 19700 1444016 |2.654+0.19 | 24 | 237+0.07
».(2520) T — Afat [14.8703 | 14 5+gg 11.77 £1.27(21.99 £ 0.87| 8.2  [17.52 £ 0.75
(252007 = Af#0 | <17 | 152798 8.6 |17.31+0.74
».(2520)0 — Afr— 153704 | 14.7795 ; 11.37 £1.22121.21 £ 0.81| 8.2  |16.90+ 0.72

B Precise determination of I'(Z} — AYm®) can be used for for testing heavy
quark symmetry and chiral symmetry  Wise, Yan et al.; Burdman, Donoghue ("92)
B measurements of 2} & X (2520) widths by Belle [PRD89, 091102 (2014)]:

O

BESIII will search for the EM decay

— A¥7Y) is not easy for Belle; BESIII has potential to improve it.

Decay HHChPT Ivanov Banuls |Tawfiq| Dey |Majethiya |Fayyazuddin|Aliev
+QM et al. et al. |etal | etal et al. et al. et al.
>t = Afy 88 60.7 + 1.5 87 | 98.7 [60.1—85.6]  89.0 (keV)
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. (uso):

3-star particle in PDG

No absolute branching fractions have been measured/calculated

Zt: relative to the decay of £~ 2m™

Mode

Fraction (T; /T)

No absolute branching fractions have been measured.The following are branching
to £~ n” .Cabibbo-favored (S = —2) decays — relativeto 5~ 7~

£9: relative to the decay of 21

Mode

+

Fraction (I'; /T°)

No absolute branching fractions have been measured.The following are brari

= —2) decays — relativeto £~ z™

r p2KY 0.087 + 0.021

) I pPK K" z™ 0.34 + 0.04
2 AK 7t
- JR— L0405 I pK K (892)° 0.21 +0.05
T4 AK2 f 0.323 + 0.033 I3 pK K~ 7" (no FO) 0.21 +0.04
I's AK (8% 016
Ts (138 * . < 8
b e Very limited knowledge on their decays
Ty K .
. =) We have opportunity to firstly fill up the decay tables
T'o E0g+ 055+016 PO —
' = 2gt DEFINEDAS1 F8 g DEFINEDASI
T2 E(1530)°z+ <0.10 Iy CRP SF aF 33+14
I3 E0n* 20 23+0.7 I'o QKT 0.297 + 0.024
T4 E-2xt 1.7+05 I Eetu, 3.1+ 1.1
I'is ety 2.3701
6 QKn* 0.07 + 0.04 Tz £7¢" anything LU

Cabibbo-suppressed decays — relative to Z~ 7 ~ Cabibbo-suppressed decays — relative to £~ n*
i oK-n* 021 +0.04 S
T PK (892)° 0.116 + 0.030 f =K 0.028 £ 0.006
Mo stpie 043+ 020 T4 AKTK™ (no §) 0.029 + 0.007
PN Z2xt 0.18 + 0.09 Iis Ad 0.034 + 0.007
| T KK 0.15 + 0.06

o7



Most of the =, weak decays to BP are missing in
experiment.

BFs of Cabibbo-allowed decays

RQM Pole Pole RQM Pole Pole (in units of %)

Decay Korner, Xu, Cheng, Ivanov |Zenczykowski| Sharma, Expt. |
Kramer (’92) |Kamal (’92) [Tseng (’93) et al. (’98) (’94) Verma (’99) .

2F 5 DHKO| 645 0.44 0.84 3.08 1.56 0.04 -
2t — B0pt 3.54 3.36 3.93 4.40 1.59 0.53 .55 + 0.1671
20 AKDO 0.12 0.37 0.27 0.42 0.35 0.54 seen |
=20 - B0k 1.18 0.11 0.13 0.20 0.11 0.07 [
20 5 BtK- 0.12 0.12 0.27 0.36 0.12 [
20 — 50,0 0.03 0.56 0.28 0.04 0.69 0.87 :
20 =20 0.24 0.28 0.01 0.22 '
20 5 20y 0.85 0.31 0.09 0.06 l
20— 2 gt 1.04 1.74 1.25 1.22 0.61 2.46 seen |
Q) - 29K° 1.21 0.09 0.02 i [
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Most of the £, weak decay asymmetries are
missing in experiment.

Decay asymmetry a for Cabibbo-allowed decays

Longitudinal pol. of daughter baryon from unpol. parent baryon

= information on the relative sign between s- and p-waves

Decay Korner, Xu, Cheng, Ivanov |Zenczykowski| Sharma, || Expt. |
Kramer (92)|Kamal ('92)|Tseng ('93)|et al. (98)|  ('94)  [Verma (99)| i i

Ef 5 StKY -1.0 0.24 —0.09 —0.99 1.00 054 |1 i
Ef — 207t —0.78 —0.81 —0.77 ~1.0 1.00 -0.27 | :
20— AK® —0.76 1.0 073 | —0.75 —0.29 —0.79 |1 i
20 20K | —0.96 —0.99 —0.59 —0.55 —0.50 048 | ! !
20 DK 0 0 0 0 0 ! !
=0 — 2070 0.92 0.92 —0.54 0.94 0.21 —080 |! i
=9 — =0 —0.92 -1.0 —0.04 0.21 i i
=0 — =0 —0.38 —0.32 ~1.00 0.80 |1 !
20 5 2 —0.38 —0.38 —0.99 —0.84 —0.79 —0.97 | -06+04 !
00 — 20K 0.51 —0.93 —0.81 lmmmmmmmm i
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Charm-flavor-conserving weak decays

B [ight quarks undergo weak transitions, while ¢ quark behaves as a “spectator’

e.g. 2.~ A n. Can be studied using HHChPT.

Br(Z.—>A. ") =2.9x104
Br(Z.,*—>A. %) = 6.7x10

s->-Wu

Semileptonic decays

]~ can be firstly explored at BESII|
Cheng, Cheung, Lin, Lin, Yan, Yu ('92)

9

|— NRQM <| RQM LFQM QSR QSR
Process Pérez-Marcial | Singleton | Cheng, Ivanov | Luo |Marques de Carvalho| Huang, Expt.
et al. [85] [86] |Tseng [81] |et al. [87] | [88] et al. [89] Wang [90] [3]
20 9 E-etr. | 18.1 (12.5) 8.5 7.4 8.16 9.7 seen
E4 o E%ty, | 18.4 (12.7) 8.5 7.4 8.16 9.7 seen

in units of 1019 s-1
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Other interesting charm topics above 4.6GeV

® AlA7 line shapes to understand Y(4630)

o(nb)

PRL101 (2008) 172001

H!

0.4

0'2 H_..f_.f*ﬂﬁﬁw | i Jﬂ*ﬂﬂﬁ

45 46 47 48 49 5 51 52 53 54
M(A; Ay GeV/c’

® Threshold effect of charged = Z. and neutral Z2Z0 pairs

® Production of excited states of D), such as D,(2420), D,(2460), D,(2317),
D,(2460), D(2536), and D,(2573)

v" potentials to establish the absolute BFs of their decays
v" potentials to precisely measure their masses and widths
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Summary

® Threshold data at BESIII opens a new door to direct measurements of the
decays =P precise study of A, decays
@ kinematics does not allow additional particle produced along with the A¥ A7 pair
@ fully reconstruct the pairs and take their yield ratios to measure the BFs:
€ low backgrounds and high detection efficiency

® Era of precision study of the A, decays:
@ provide more data for theorists to develop more reliable models

€ precise measurement of the W-exchange and W-internal-emission only process: to test the
quark-diquark configuration
important to understand the non-factorizable contribution

@ cxplore as-yet-unmeasured channels and understand full picture of intermediate structures

® We are proposing to take a larger data set;
a golden opportunity to thoroughly improve our knowledge on Ac decays
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