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Discovery of the lightest heavy baryon

First hint of charmed baryon 27 in BNLin 1975 PRL34, 1125 (1975)
First evidence of A} at FermiLabin1976 PRL3/, 882 (1976)
A} established in Markll in 1980 PRL44, 10 (1980)




BESII The charmed baryon family

Singly charmed baryons
; (a) Charmed baryons
v Established ground states: e , 75;?5301
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Spectroscopy is well
described by the
quark-diquark model

B(EC — A:]/)" 25—
» Z. . decayonly weakly; no absolute
BF measured, most relative to
Ent(n™)
> . : decay only weakly; no absolute - _hc s = ;:""_”'”
BF measured .




A{:cornerstone of charmed batryon spectroscopy

(a) Charmed baryons
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® The lightest charmed baryon:2286.48MeV

® Most of the charmed baryons will
eventually decay to Af
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® The A{ is one of important tagging
hadrons in c-quark counting in the
productions at high energy energies
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® Quark model picture: a heavy quark (c)
with an unexcited spin-zero diquark (u-d)
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Quark model pictures

C

>  Charmed meson (D*[cd])

- Strange baryons (A[uds]) > Charmed baryon (A [udc])

my << m, = quark + heavy quark m,, My = m, = (qqq) uniform My, My << m, = diquark + quark
(a) Q) (a9) Q)

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

® Diquark correlation is enhanced by weak Color Magnetic Interaction with
a heavy quark.



BESIII data taking @ A¢Ag threshold

o(nb)

0.6 } PRL101 (2008) 172001

In 2014, BESIII took data above A, BELLE

04

pair threshold and run machine at J[ ][ H J[ H J{
4.6GeV with excellent performance! 0.2 Jﬁl 1l + HJ(
} H H ﬂﬁ I i ﬂHHHJf
0 e e S S
45 46 47 48 49 5 g..l 5.2 53 5.‘4
o ] M(AL AD) GeV/c?
This is a marvelous achievement of o |
BEPCI I ' F\?_(i(:l The cross section for the exclusive process e’e —
106x103 AL A7 pairs make sensitivity Energy(GeV) lum.(pb™?)
to 103
4575 ~48
First direct measurement on A} BFs 4.580 ~8.5
at threshold.
4.590 ~8.1

4.6 ~567



Production near threshold and double tag technique

o®®

A{A; produced in pairs with no additional accompany hadrons.
Clean backgrounds.
Well constrained kinematics.

Measure the probability of detecting signals in the singly tagged
A{ events.

Systematic uncertainty in tag side are most cancelled.



Events/2.0 MeV/€?
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AL reconstruction at BESIII

A, -tagging package

AE and Mg

Well controlled background

~15400 ST yields
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Results of 12 A{ hadronic decay BFs

PRL 116, 052001 (2016) 567pb! @ 4.6 GeV
Mode This work (%) PDG (%) BELLE B
I.afi?. ______ 1524008 £0.03 1154030 .
1 pK 7t 584+027+023 50+13 6.84 +0.2415%; 1
TPRITTTTTTIBT 0131 0.05  165Ef060 T TTTTTT
pK3ntm 1.53+0.114+0.09 1.30+0.35
pK~7ntn® 4534+£023+£030 34+£10
At 1.24 £0.07 =0.03 1.07 +=0.28
Ant 0 7.01£037+£0.19 36+13
Antr~xt 38140244018 26407
YOt 1.27 +0.08 - 0.03 1.05+0.28
IRE 1.18+0.104+0.03 1.00+0.34
Yrrtn~  425+024+020 36+1.0
Y Tw 1.56 £0.20 £0.07 2.7+1.0
SR ok R ARTE Hil% (8B/B)
D" B(K~ ") = (3.88 £ 0.05)% 1.3%
Dt B(K nta")=(9.13£0.19% 2.1%
DY B(KTK ") =(5.394+0.21)% 3.9%
B(pK 7)) = (5.04 1.3)% [PDG2014] 26%
AT B(pK~#n7") = (6.84 £ 0.36)% [BELLE] 5.3%

B(pK~n7) = (5.84 £ 0.35)% [BESII]|

6.0%

First direct measurement on
Af BFs at threshold

A least square global fit are
performed to improve the
precision.

Model independently

The precision of B(pKn) are
comparable with Belle’s

Improved precisions of the
other 11 modes significantly

The precisions of Ac decay
rates is reaching to the level of

charmed mesons! o



“BES

make first ditect measurement of the Af at threshold”

PRL 116, 052001 (2016)

567pb! @ 4.6 GeV
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>

Was] First precise measurement of B(A{— pK ™)

BELLE

® The number of Ac baryons is determined by reconstructing
the recoiling D™ —pr*

® system in events of the type ete™ - D™ —prtAL

Missing AL : N, ,=36447+432 Tagging AY - pK~n*™ N(pKpi)=1359+45
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0 20} (c) WS sample a0l (d) WS sample +
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M,,..(D"'pr) (GeV/c?)

PRL 113, 042002 (2014)
N(A} - pK~nt)
A, -
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B(Af - pKnt) = = (6.84 + 0.241321Y04
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PDG2014
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BESII HFAG Fit to world BF data

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

Mode HFAG 2016 (%) BESII (%) |PDG 2014 (%)| BELLE (%)
pK?2 1.59+0.07 [1.52+0.08 +£0.03] 1.15+0.30

pK w* 6.46+0.24 |[5.84+0.27+023| 50+13 [6.84+0.247032
pKan° 2.03+0.12 |1.87+0.13+0.05| 1.65+0.50

pKentm~| 169+0.11 [1.53+0.114+0.09| 1.30+0.35

pK ntn°| 505+029 [4.53+0.23+0.30] 3.4+1.0 -
Ant 1.28 +£0.06 [1.24 +0.07 +£0.03| 1.07 +0.28 o
Antx® 7.09+0.36 |7.01+0.37+0.19| 3.6+1.3 & 007
Artn w"| 3.734+0.21 (3.814+0.24+0.18] 2.6+0.7 <

»Oq+ 1.31+0.07 |1.2740.08+0.03| 1.05+0.28 g 09
B+x0 1.25+0.09 [1.18+0.10+0.03| 1.00+0.34 = 005
Stata~ 464+024 [425+0.244+0.20| 3.6+1.0 M

Ttw 1.774+0.21 [1.56 £0.20 +£0.07| 2.7+1.0 0048

Ae v, 3.184+0.32 |3.63+0.38+0.20| 21+06

HFAG Summer 2016

ntain 68.9%, 95.5% and 99.7% C.L. |

O HPAG Fit
N BESII 2016
. olle 2014
. CLEO 1998

The least overall y2/ndf=30.0/23=1.3

Precise B(pK~n*) is useful for constrain V, , determined via baryonic mode

B(A} —+ pKY)

0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

14




CKM matrix element V.

‘/ml Vus vub (V ) PDC 2014 002%
VUKM - Vt:d V:;'.H Vt:h ] ﬁ o~ 4%
Via Vie Vi 7%
— 2 —
B(A, — pp vy) _IVal” 6 = P )
P{hh — Al ”ﬁl | Ven|? E[hh — A ”pl

T

Measure this experimentally Get this from theory

New HFAG world average for B(AT — pK—7™")

» In measurement of A) — pu=v, B(Af — pK—7+) used published
by Belle, with 6.84 +£0.24+3-2L9

» Another measurement was published later using BESIII data

» HFAG performed global fit to all branching fractions of the
Cabibbo-favoured A7 decays yielding 6.46 + 0.24%

Inclusive —e— b
— PDG 2014
Exclusive e REC/UKQCD
Bsmlv) arXiv: 150105373
(B—om — FNALMILC
arXiv: 150307339
v Detmold, Lehner, Meinel
I,THL b ) —_— {using RBCUKQCT configh
(Ap—puv) ¢ arXiv: 150301421
...................

IV, |

0.3%
2%
7%

12%
2%
3%
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A conflict: B(A{— pﬁ) v.s. B(A{ — Ant)

T: external W-emission C: internal W-emission  W: W-exchange

Az: — An+ : II/d\‘lll |'@\II'| /m u"/d\'u /é\ ./-‘:\
Af ‘ u | u A [ ".I RN [ W ||' \
|\/I I'v"l A+|‘ ¢ .| ZLLL |I 5 I| N | 4 - ‘ A
c S c | W | u / c| i !
At — pﬁ /.‘} 4 /3 @ K
C [ (. [
Fod | |d |D | |
Ay \u/ Al | W ( 2\
X l' Ill W:re—\<é _ ill d 'E % III (;lllll| p
Illll . I,'I Q)0 ".\ II-'I ,I II'
\5 v N

factorizable non-factorizable

« In nawe quark-diquark model, C- and W-diagram are suppressed, hence B(Af — pK?) <<
B(Af — AnY)

« But BESIII measures: B(Af — pﬁ) =(3.04+0.18)%; B(A{ — An")=(1.24+0.08)%

 The non-factorizable C- and W-diagram are not trivial

« Experimental studies on the non-factorizable C- and W-diagrams is critical in understanding

the A} internal dynamics
16



Singly Cabibbo-Suppressed Decays of

+ b + L OKHK-

* Sensitive to nonfact(_)rlzable contributions B —————
from W-exchange diagrams submitted to PRL
« ST method: Af—pK-n+ as ref. mode

~ - i a°

33 2t Laf

% %20 AV s pTKTK™ % 1 AY - ptKTK™

b = | = | H

o o | of

= Tt 0

g 2" | ‘ } Gl |t |

c cC t cCr

S o i UL AT g i {

L TR Uy IJ“ L_Ilt'd"ff”Tf L 0 & i

PRS2 h: D25 226 227 228 228 23 1 105 11 115 12 125 1.3
Mg.(GeVic?) Me(GeVic?) M(K'K)(GeVic?)
Decay modes Bimode /Bret. (this work) Bumode/Bret. ([28])
Al = prto” (6.70 + 0.48 4-0.25) x 10™* —
A = po (1.81 £0.33+0.13) x 1072 0.015 & 0.002 = 0.002
Af - pKTK™ (non-¢)  (9.36 £2.22+0.71) x 10~*  0.007 £ 0.002 + 0.002
- Bmodc B(PDG) - -

AF S prtre (3.91+0.28+0.15+0.24) x 10=*  (3.5+2.0) x 10~*=* fjrst observation
AY = po (1.06 +£0.19 + 0.08 + 0.06) x 10> (8.2+2.7) x 10™*

AT — pKT K™ (non-¢) (5.47 +1.30 £ 0.41 £0.33) x 10™* (3.5+1.7) x 10™* } Improved precision
17




AT— pd: test large-N_ expansion

® Charmed meson decays u u

d '|| [d P

a; =Cy (k) +Cx(p) (/N +y4 (1)), AF . .
2,= Co(h) +04(1) (UNG +1,(1), - W;:<

O
If x;,=%,=0, naive factorization U @

If v, =%,=-1/N,, large-N, factorization

® A{— p¢ proceeds only through internal W-emission diagram with BF =
(1.12+0.23)x1073

® = |a,/=0.70+£0.07, close to c,(m/)= -0.59
® 1/N. is also applicable to charmed baryon sector.

® BESIII measurement are consistent with previous measurement.

18



Singly Cabibbo-Suppressed Decay
['(Ac—>pn)> T(AL—>pn)

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

c . . d _ c . [3 _ d . d -
d_ | :rcnh] s | M d/ - nnh]
u - 'ﬁ
u u_ p u U_- p c d o]
d . d | — u__ . u | From Prof. Hai-Yang
C1 C1 Cz
c d u

Cheng’s report.

u__
u
] -0
==

- c X -
p P é p
| u . u d N u

E1 E2 - E3

7’ =(dd -uit)/N2, n=(dd +uit —s5)/3 for n-z mixing angle =19.5°

A(AF— pal) = (C1+ C, + Es- Eo- E3)N2 It is most likely that
A(A¢*— pn) = (2C1+ Co+ Eq+ Ex+ E5)N3  T(Ac*— pn) >> I(Ac*— pgl)

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

BESIII Preliminary result support the theoretic prediction. 19



Events / (2.5MeWcZ)

non-factorizable diagrams

40

30

20

10

10

Singly Cabibbo-Suppressed Decay of
Az— prd, pn

Their relative size essential to understand the interference of different

BESIII preliminary
ALY — pn(yy)

ey
T_+ Ht*?

\l-“_II\IhI_I“__|1‘IIII|\\II
L

e
—+-data
-=--:signal curve
--=- background curve
- —total curve

B data in AE sideband
--datain M___ . sideband

520 U3
Mg (GeV/c?)

3

o 120 [ [=) F .
© C + data < i ;_ | < 27.9@ 90% C.L.
% 100 - signal curve t
>  ---background curve
o - —total curve
o 80 datain AE sideba 0%} AN
—~ - % 20 20 60 80 100
L 60 N(A{—pr°)
S Db Bl 4+
2 =2lliaae +
T 4o T ;F#‘%
: t ;Fm: Nt
20_— + -
 BESIII ]?reliminajry 1 ) N
8.25 2.26 2.27 2.28 2.29 2.3
Mg (GeV/c?)

« BESIII preliminary results:

B(Af— pn) = (1.24+0.28+0.10) X 10°3;

B(At— pn) < 2.7 X104
B(Af— pr)/B(At—> pn)<0.24

with 4.2c

* First evidence for AT — pn



Measurements of channels involving a neutron

Observation of A_,*2>nK 't

o 8|3111netlsigrllalsl

= data (a)

301 rorar e T

(b)

[ 1]
(=]

— A, bkg

8
Ci-
®)

=

B0

Events/10 MeV?/c*
=

Events /2.5 MeV /
s

=y
(=]

10F (b") A
5F 1

07 08 09 1 1.1 046 048 05 052 054
M2, (GeV?/ch) M, +,.- (GeV/c?)

(5]

B[A *—nKn*]=(1.82+0.23+0.11)%
B[A,*—nKr*]/B[A—pK-7+]=0.62+0.09
B[A,*—NKm*]/B[A,—pK°n]=0.97+0.16

to test final state interactions and isospin
asymmetry in the charmed baryon sector
[PRD93, 056008 (2016)]

Observation of a large-rate
channel A j*—X- nrntn®

%Y +3 Y —qrtet
L o ATRETR
-

(]

v 60 —

o I
=

S .
7 oer }
s .
H 20 _]‘.,'

| Ne=1613£15.p

'+
T

BESIII prelimifnar\ll

40 =

Events/0.005 GeV/ o

-l- Nobs=88.1413.9

A2I v’

BESIII |:)re|ir1llin(:1r'\,zr

i ][ |

0.25

Jq
S

M,

~— M, ( GeV/c?)

 B(A,—XZn'n") = (1.81+0.17)%,
[more precise than old result (2.31£0.4)%]
* B(A—X ntn*nd) = (2.11+0.33)%
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Absolute BFs for semi-leptonic (SL)

0000 AAN 00000
* No absolute measurements yet
v B(A.2>Ae"v): poor precision in PDG2014 (2.1 £0.6)%
v B(A.2>Autv): no measurement
« BESIII uses the DT method and missing-mass technique at threshold:
11 ST modes are used, except =t w
« An optimized missing mass: Upiss = Emiss — €| Pmiss|
which takes into account beam energy constrain.

B(A! - Ae'v,)=(3.63+£0.38£0.20)% B[A S >Ap"v ]=(3.49£0.46+0.26)%

2| PRL 115, 221805 (2015) B%_S_' : o
preliminary i
i 104+11 DT il

10

Events /0.010 (GeV)
? o

1. . L !

L T PO L |
-0.2 -0.1 0 0.1 0.2 -0.2 01 0

Umiss (GeV) Umiss (GGV)
T[A > Ap v, JTIA D Aetv,]= 0.96+0.160.04 (preliminary)

1
0.2
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Absolute BFs for semi-leptonic (SL)

A 2Al*v
* No absolute measurements yet
v B(A.2>Ae"v): poor precision in PDG2014 (2.1 £0.6)%

FREARE W (OB/B)

B(K eTv.) = (3.55 £ 0.05)% 1.4%
B(K""v.) = (8.83 £ 0.22)% 2.5%

B(petre) = (2.49 £0.14)% 5.6%

B(AeTr) = (2.1 £0.6)% [PDG2014] 29%
B(Aetve) = (3.63 + 0.43)% [BESIII] 12%

N % L l_m v 01 i

T ey Ui (GeV)

T[A; > Ay, JT[A; > Aetv ]= 0.96+0.16£0.04 (preliminary)
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AT > Ae*v, dominate the semi-leptonic decays

N w
o o
I

Events /0.010 (GeV)

PRL 115, 221805 (2015)

-0

uﬂ/(\“n, L
2 -0.1 0 0.1 0.2

U miss (G EV)

B[A.*>Ae*v]=(3.63+0.380.20)%

.o
Af ‘

PDG result:
B[A f2e*+X]=(4.5£1.7)%

A &g

Af>Aetv,
\/ S‘

Diquark correlation
play an important
role in the dynamic
revolution.
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Summary

e Threshold data at BESIII opens a new door to direct
measurements of the decays =®precise study of Ac decays

® A larger data set could help to improve our knowledge on A}
decays.

® Many A/ related topics in BESIII are in progress.
€ Measurement of A -->A + anything (See Xiao Dong’s talk )

® BESIII and B factories will be complementary in Ac decays
and provide the precise measurements in the future several
years.
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Measurements of Cabibbo-suppressed decay A¢— pK*K- and prntn-

u C - d
: . < - : Yy
u W i 5 C ’
Vo — Yo wr "
T 2 R
u H
d d ) p u d u } pt
d d} p'
u u u u
u u
At— prntr
C - S i}
| K . I K
W "“ u s +
} K ul K
;
— c )
u +
W
d d} p ul P’
u

At — pK*K-
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A{ weak decays: W-exchange

Il'/’Dlll'.I I-@, /\\ @
|'I d | d|p
A i \u/ M ,/“\
| | u | P

® Experimental measurement of B(A{ — pﬁ) are not consistent with theoretically
factorization approach at tree level.

® Contrary to charmed meson, W-exchange contribution is important (NO CS and HS)

® \W-exchange are non-factorizable. There contribution can be only determined by
experiment measurement.

® Search for process happened only through W-exchange process to extract their
contribution are key to factorization approach

AF — EOK+ EORK AR SR K
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