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A" cornerstone of charmed baryon spectroscopy

Charmed baryons

3.1+ 9

Quark model picture:

a heavy quark (c) with a unexcited,
spin-zero diquark (u-d)

Heavy Quark Effective Theory
predicts that A_ may provide more
powerful test on internal dynamics than D/D
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Cornerstone of charmed baryons:
At is the lightest charmed baryon, most of ti
charmed baryons will eventually decay to A,

Essential input for study the decays of
b-flavored hadrons involving A_ in final state

Charmed baryon mass (GeV)
=

Status of A measurement [PDG2015]:

* poorly understood compared to charm mesons
total BF~60%, large uncertainties(>20%)

* Relative measurement

* No neutron mode has been observed yet.




A, Measurements [PDG2015]
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v’ Total branching fraction ~60%.

v’ Lots of unknown decay channels

v’ Quite large uncertainties(>20%)

v' Most BFs are measured relative to A* 2pK: 7t

CL=05%
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A, Data samples at BESII|I

In 2014, BESIII collected data above A pair threshold and run
machine at 4.599 GeV with excellent performance.

Energy (GeV) |Luminosity (pb1)
4575 ~48
4.580 ~8.5
4.590 ~8.1
4.599 ~267
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FIG. 4: The cross section for the exclusive process eTe™ —
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With 567/pb data collected at E_,=4.599 GeV, lots of the works are
performed to study the decay property of A_at BESIII.




A 2> AlYy, decays

o Theoretical calculations on the BF ranges from 1.4% to 9.2%

o BESIII performed the first absolute BF measurements.
o The BFs provide complementary information on determining |V_|.

: PRL115(2015)221805 | a0l Phys. Lett. B 767(2017)42
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U, (GeV)
B[A > Ae*v,]=(3.63+0.38+0.20)%
B[A> Ap*v,]=(3.49+0.46+0.26)%
TAF>Aptv J/T[AF> Aetv,]=0.9610.16 £0.04
Provides important input for calibrating the LQCD calculations.



A, — Al'v; Form Factors and Decay Rates from Lattice QCD with Physical Quark Masses

Stefan Meinel
Department of Physics, University of Arizona, Tucson, Arizona 85721, USA and RIKEN BNL Research Center,
Brookhaven National Laboratory, Upton, New York 11973, USA
(Received 1 December 2016; published 21 February 2017)

PRL118(2017)082001
O Input the measured BFs from BESII|

0.0363(38)(20), £ =e,
0.0349(46)(27), £ = u.

O The first LQCD calculations on BFs and form factors

B(A‘ - Af+l/f) = {

0.0380(19), oep(11),. » £=e,

TA,

0.0369(19) ocp(11),, . €=,

e

B(A, — AL ;) = {

dr/dg?

= i I = Lacp | ¥ The first determination of |V | based on
3 o 1 BFs of A_*2> Al vymeasured by BESIII
P ooy k4 ;jﬁ’,’;ﬂ 0.951(24) ocp(14),, (56)5. £ =e.
.l Vs = { 0.947(24) ocp(14),, (72)5. € =p.
K 0.949(24), ocp(14),, (49)5. € = e.p.
u.ool: . L 4 . . .

v t”’(( \‘,’jf; Y12 v More data on A_* will be collected at BESIII
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Absolute BFs for A." hadron decays

Measurement using the threshold pair-productions via e*e~ annihilation

IS unique: the most simple and straightforward

The Mg distributions for ST
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PRL116(2016)052001
The yields for ST

Mode AE (MeV) N?T
pK? (=20,20) 1243 4+37
pK=zt  (=20,20) 6308 + 88
pK o’ (=30,20) 558 433
pKortrn~  (=20,20) 485 429
pK=nt2’ (=30,20) 1849 + 71
Axt (=20,20) 706 £ 27
Axta® (=30,20) 1497 £52
Azt a™ (=20,20) 609 + 31
ot (=20,20) 522 +£27
> tn0 (=50,30) 309 £ 24
Ytatam (=30,20) 1156 £49
D) (=30,20) 157 £22

226 228 23 226 228 23
My (GeVie?)



Events/1.0 MeV/¢

Absolute BFs for A" hadron decays

P - (& A global least-square fitter
| e S is utilized to improve the
)L ﬁi measured precision for 12
;}Koﬂ{f' B SR A.* hadronic decay
J’L channels.
L: PR "A{u =0 l | NPT Z NDT 4 Z NPT 4 NPT
R R aar e 5%25' N e
Moc GV ~ Absolute BFs are improved
Wi ameen teion . significantly.
LpK__w+___ 5.84 £0.27+023 50+13 __6_.8_4_i_9._2£lf_{(’)§12!
einn- 18310112005 13003 ~ BESIHI BF for A;*>pK-n* is
T atomios larox smaller.
Amert SelL0ME018 eL0s <~ Improved absolute BF of pK-r*
I, L2rs008-005 1054028 together with BELLE’s result are
T 0244020 36210 key to calibrate other decays.

9



Study of SCS Decays A 2> prntr-and A 2> pK* K~
PRL117(2016)232002

Interest since it proceeds W-
Py ———ty z.ﬁa;-z’.ég .exchange only, which is essential
Mac(GeVIc?) Mg (GeVic') to validate the theoretical models

Two-dimensional unbinned maximum likelihood fit and test the application of large-N,

Quab A OpKn Lap Ao

2 5940485 E 495+ 35 v Study of SCS decays can shed
Ejﬂm_* = light on dynamics of A_* decays
A | =1 . .

£ sl ] v B[A_ 2>p¢] is of particular

C [ Aas>prek [nofi—o] Gl AF>pKK- [Via—o] factorization in charmed baryon.
gm; 38+9 :é f v" ST study, relative BFs to
o | o2} A>pKnt is measured.
- | nw g
B0 Bl v Input BESIII measurement:
g | } | o | B[A,*>pK-+]=(5.84£0.27 £0.23)%
i artr it I :

;FIE- 226 2271 2 229 23 1 105 11 1.15 1.2 125 13

Msc(GeV M(K'K)(GeVic?)
_ BII]U(]E! B(I]DG)
AT —pnto (3.91£0.28 £0.15+£0.24) x 10~° (3.5£2.0) x 10"
AF = po (1.06 £ 0.19 £ 0.08 £ 0.06) x 10™% (8.2 £2.7) x 10~*

AF = pKY K~ (non-¢) (5.47 +1.30 +£0.41 +£0.33) x 10~*  (3.5+1.7) x 10~*




Events / (2.5MeV/cz)

SCS Decays A.*2>prland A."=>pn

Their relative size essential to understand the interference of
different non-factorizable diagrams PRD95(2017)111102(R)
It is expected that F(A +%pn)»F(A *2>pn')

Z/l +9 (a) 1 —%— data EM‘ < 27.9@ 90% C.L
_EApr, ] Goof gz g

g ++ g E a0 —Idr:z?nu;; sideband 5:.:
20 711 | A 3 o
G I 5
e By pay e g
15[~ —¢— d_'ata ' l ' s | w 20

[ bepong curvélc” P -0 . T
O . . /] 825 226 227 228 229 23

E -- datain M___ . sideband | : E(_; I:GEVICE}
sk : by

'LfTL _ + H:L 1 ..... i BESIIl Measurements:
gl e 227 228 225 ""-’;_3 v’ First evidence of A" 2p7n with 4.2¢;

Mg (GeV/c?) v B[A.F 2pn]=(1.24£0.28 +0.010) X 10°3;
Nobs v B[A PprY<2.7 X104
B 2-Npsa~ € Bing v B[A."2pal]/B[A.T 2pn]<0.24;
11




Observation of A_*2>nK '+

O The relative BF of neutron-involved mode to proton-involved mode is
essential to test the isospin symmetry and extract the strong phases of
different final states. [PRD93 (2016) 056008]

O First observation of A" decays to final states involving the neutron.

PRL118(2016)112001
I I
041 a0 (@ (b) -
—~ 052 > s
3] ¢ 20 < 20 -
= . 2 2
. . REE R ¢ O 5 10 5 10f .
= . * w
0.48 |- }
. E_,%LIH Bl ;.J .; 1]} l;qq
046 — - P . ' 10 10 (d) 1
. ' . 5
| | * | T P L T AT ;
0.7 0.8 0.9 1 1. 07 0.8 09 1 1.1 046 048 05 0.52 0.54
M2, . (GeVc?) Miiss (GeV7/c?) M,.. (GeV/c?)
B[A.F—nKn*]=(1.82+0.231£0.11)% The phase difference between 1@ and 1:

B[A,*—nKr*]/B[A,*—pK7*]=0.6240.09 | | c0s6=—0.24+0.08
B[A.*—nKt*]/B[A.*—pK°r?]=0.97+0.16 and relative strength: |[ID}/]10)]=1.14+0.11

The first errors are statistical and the second systematic.



Cross section of efe~>A_*A_~near threshold

v’ Precision measurement of the born cross section of e*e- 9/1;‘2;. arXiv:1710.00150

o AT T T T T T T T T T T T v Born cross section near threshold
o [ e 3 ATAD &
~ [ -e BESIII dat
o 300 [ = Belle data ’ Vs (MeV)  Luns (Pb™1)  fisw 7 (D)
i — BESII fit 15745 17.67 0.45 736 L 11 L 46
: H 4580.0 8.545 0.66 207+ 17413
?}iih’;ﬁdﬂ : - 1 t 4590.0 8.162 0.71 245 4 19 + 16
200 : | + | 4599.5 566.9 0.74 2374+ 3+ 15

v the cross section has a jump at

100 +
4

threshold
: v'the cross section appears flat, in
IS5 TS TS 7% part atodd with Belle
Ns (GeV)

O Fits to the angular distributions v'Fitted by f(6) o (1+a ,.c05%0)
S wop 4574GeV T} S £4.599GeV | |Gp/GulP(1- %) = (1—ar.)/(1+ax.).
£ 3ﬂ[l++-_|.-_‘_—‘- +=|'++-|— = B=y/1—4mEt/s
2 200F ] _
= 100 (a) -f (b) 1 S0 an, 5 [Cor

| : . 15745 —013+012+£008  L14+0.14 %007

105 0 s 7 e 45005 0204004002 1.2340.05 4003
cosB, cosh,
The first time to Measure A, form factor ratio | GE/GM | near threshold.




A" Measurements at BESIII

Published papers (7 papers):

Measurement of the absolute BF for A 2Ae”’v, [PRL115,221805 (2015)]
Measurement of the absolute hadronic BFs for A_Baryon [PRL116, 052001 (2016)]
Measurement of SCS decays A, 2pz*n and A, 2pK*'K~ [PRL117, 232002 (2016)]
Observation of A.2nKSz* [PRL118, 112001 (2017)]

Evidence of the SCS decay A.2pn and search forA,2pn° [PRL117, 232002 (2016)]
Measurement of the absolute BF for A 9/1,u+vﬂ [PLB767,42 (2017)]

Observation of the decay A* 22 n*n*n° [PLB772, 388(2017)]

ongoing topics (7 and more):

BAM-00247 Measurement of absolute BF of the inclusive decay ASf 2A+X
BAM-00251 Measurement of A+ weak decay asymmetry

BAM-00254 Measurement of BFs for A+ decays to 2*nand 2*n’

BAM-00265 Inclusive semileptonic decay of A +=2e*X

BAM-00276 Measurement of BFs for A +-2>E5K*and Z(1530)°K*

BAM-00305 Study of A+=2>An'n
BAM-00328 Measurement of A+ 2KIX
With 567/pb data collected at BESIII during a month, 7 (4 PRL) papers

are published! Lots of the A_related topics are undergoing at BESIII.



Prospects of A." running at BESIII

collision energy to 4.7 GeV in 2018 and to 4.9 GeV by 2020.

— 700
i)

B The energy upgrade project had approved. The machine can increase the

B In next few years (may be 2019), BESII| will =, #BESUL. |
be able to collect 5/fb Data at E, =4.64 GeV, o, Seelesd | ¢
which is expected to be the peak of A_;*A o N - N | o
production threshold. The new dataisabout .~ . [ [ A [
16 times larger than current A_ data sample. 2‘“’.##'

B Unique data taken near A_*A_threshold: ;.| Vi,

4.56 458 4.6 4.62 4,64

v’ Precise measurement of BFs
v’ Clean and low backgrounds
v’ Easily control of the systematic uncertainties — very important

v' Channels containing K,° and neutron—DT method
v Can almost systematically study all A_* decay channels.

4.66 4.68 4.7

s(GeV)
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Competitions from Belle/Belle-11

70 PRL113,042002(2014)
60— <~ 3000 i - ]
-1 - Q .
ab S0 Integrated luminosity +— 50 % 51364477432 @ 978/fb
a0~ _ = | High & complicate
30f- ":zlr;ned'ate 2 000 o7 backgrounds
20F— Machine/detector X ¢ a 5 £
commissioning l summer o
10 ;F\ ™\ shutdowns «— 10 o 1000
SRV P A A B il DR B
x103% 3;_ SN
6 0
5 : Instantaneous
fem?s & uminosity 2000~  (b) WS sample ]
2 — 1000 = -
001 2018 2020 2022 2024 05 21 22 23 24 2.t

M_...(D"pr) (GeV/c)
v’ Belle tags 36K A_ events with ~1/ab data, while BESIII tags 15K A_ events with
0.5/fb data @ E_,=4.6 GeV.
1500 -BESII 567/fb data [}

v By middle of 2019, Belle-Il will have 5/ab data, ST: A >pK-rr* #
: C

about 180K A, events.

v With 5/fb data @ E_,=4.64 GeV at BESIII (16

times current A_ data sample), about 240K A,

events will be collected.

v’ BESIII had advantages on backgrounds and
. . . 225 2.26 227 2.28

systematic uncertainties. Mpc ( GeV /2 )

1000 =

500




Interest topics—FFs In A_."2 Al*v,

O Previous Measurements from CLEO.

dl’

s = dg’d cosOw d cos® y

|
= B(A — pw) E3

P {%{l — cosOw ) [Hi 21 17(1 + ancos®y) + %(I + cosOw )’ |Hi—1/2-11*(1 — apcos®,)

+ 7 sin? OwllHq20lP(1 + apcos®y) + [H- 12021 — apcos@p)]},

Events / 0.125

Events /0.25

Events /0.2

)
o
o

Events /0.125
Events /0.25

o

0121104-005

13.7/fb 1(45) G

o

T | T L ¥ v | T T L I_I_ L Ll ¥
'l: e ] T L | L T —l_ L
- . .
ob o P Lo
0 -0.5 0 0.5 1
cos 6 ,
| L I
¢
e ¢
I e . i
1.0 -0.5 0 0.5 1.0

Events /0.25
(8]
o
(@]
Events / 45

--------------------------------------

f,/f,=-0.25+0.14 +0.08 (64%)

CLEO Collaboration, PRL75, 624(1995);

f,/f,=-0.31:0.05£0.04 (21%)
CLEO Collaboration, PRL94, 191801(2005);




Interest topics—FFs In A2 Al*v,

O MC simulation (~6 times of current data sample)-[3-D fit].

3 | 40!

K a 140 b
5520;l_r—ﬂ LJ_ @) 5 (b)
QI <120
2100+ = |
o I | w00+ {
LﬁBOj | L

- 600 Ae'*v, events 80¢

60} | 60}{

40; | 40}

20 20

0:||||||\||||||||||||||||I|i| 0: | | \
0 02040608 1 1214 -1 05 0 0.5 1
P(GeV?/c?) cosb,,

N
JI80- | (c)
260~ |
A40-
120F |
100+
80" |
60" |
40-
20~ !

0 i | | \

cos6,

v' Based on MC simulation, we obtain f,/f,=-0.31+0.08(25%), input: -0.31;

v" with 16 times data, the precision for f,/f, will be ~15%;
v" If we combine the data from electron and muon channels, the precision

for measuring f,/f, will expected to reach ~12%.




Interest topics—A_ =2 nl*v,

v’ Provides important information for Lattice calculation of A, =2>pl*v,
v’ Helps to test theoretical predictions.

Covariant confined quark model

Predictions Predictions for A,;*=>nl*y,
K. Azizi et al, PRD80, 096007 (2009) (0.2540.09)%

Light cone QCD sum rule

T. Gutsche et al., PRD90, 114033 (2014) 0.2%

Cai-Dian LU Wei Wang and Fu-Sheng Yu, Phys.
Rev. D 93, 056008 (2016);

(0.293 + 0.034)%

Ming-Qiu Huang, arXiv: 1610.05418
light-cone QCD sum rules

SU(3) symmetry

R. N. Faustov, V. O. Galkina, Eur. Phys. J. C. 76, 0.268%

628 (2016);

relativistic quark model

Cheng-Fei Li, Yong-Lu Liu, Ke Liu, Chun-Yu Cui, | (0.26%0.01)%

Stefan Meinel, arXiv:1712.05783 [accepted by
PRD], Lattice QCD

e*v,: 0.41010.026 4+ 0.012,, +0.002 )
W, 0.400+0.026 4 +0.012,, +0.002)q,

Challenge: 1) two missing particles; 2) Suffers huge backgrounds from A_*=> Al*v,.




Search for A_*2>A’l*y,

o If A, isJ=1/2, it favors the decay A,/"2>Al*v;.

ﬂ+

[

14y = 0(3™)

J is not well measured: & is the quark-model prediction.

Mass m = 2286.46 £ 0.14 MeV
Mean life 7 = (200 £ 6) = 1018 5 (S = 1.6)
cr = 59.9 um

o Searching for A.* 2A1"v; is very important.

B[A*DA** 1 ]<<B[A D Al*v] ?

u

S

@ ¢ suggestive of di-quark model

Dominant channel

Mass m = 14051712 Mev
Full width ' = 50.5 £ 2.0 MeV
Below K N threshold

1Py =03

Mass
Full width ' = 50 to 250 (== 150) MeV
Pheam = 0.58 GeV /¢

12y = 03 ™) *
m = 1560 to 1700 (= 1600) MeV A } pK /ZTC

4mwx? = 41.6 mb

A(1405) DECAY MODES Fraction (I;/T) P (MeVjc) A(1600) DECAY MODES Fraction (I';/T) P (Mevic)
g 100 % N 15-30 %
— 1Py —o(3—
A(1520) 3/2 47 (z7) A(1670) 1/2— 1JFy = o0d—)
Mass m — 1519.5 + 1.0 MeV [°]
! Mass m = 1660 to 1680 (=~ 1670) MeV
Full width I' = 15.6 & 1.0 MeV [7] Full width [ = 25 to 50 (= 35) MeV
- 2
A(1520) DECAY MODES Fraction (F;/T) P (MeVje) Poeam = 0.74 GeV/c 4mxE = 28.5 mb
NE ELTE B a2 A(1670) DECAY MODES Fraction (I;/T) (Mevyic)
par (42 +1 )% 268 N So_30 % e
Amw ( +1 ) ar 2555 % 394
X arar ( +0.1 ) % — =
A~y ( 5+0.15) % 350 NFK*(892), 5=3/2, D-wave (544) % t

[PRD93, 014021]

[PRC72, 035201]

A D> A(1405) e*v, 2% 105

0. 6%

A2 A(1520) e*v,

0. 1%

Some theories suggested that the weak decay

processes are important to clarify the

existence and the nature of A(7405). Thus, study of A.* 2A(1405)*v; is very impertant.



15

10

A2 pK/Eme v,

A 2pKetv,

0.2

100

50

=0.1

MC: 5 times data

37.6+7.0
>56 significante

.
.‘ *
+ -
*
H —_—
8, i
LiiT? I T 4

0 0.1 0.2

Umiss (G eV)

AS2Eetv,

02 01

black dashed: total backgrounds

blue: A\l — pK— 7+ =0

grega: AL o — e

red histogram: AT — pK— et ve.

=

Full MC simulation

0.5
-0.2 0.1 0 0.1 0.2
Umiss (GeV)
A >3E07%ty,
40 -
- Full MC simulation
30"
20
10
0.2 01 0 0.1 [;.2




A" Hadronic decay

B Systematically study channels via W-exchanges.
Comparisons of the lift time of A_, D° and D* [PDG2017]:
Thc =(200+6)x105 s Ty, =(410.1+1.5)x105s 1, =(1040+7)x105 s

Theoretically, two explanations for D° and D* lifetime difference[zPc33,297]:
[1] light quark interference(D*: c->sud-bar and d-bar);

[2] W-exchange (DP: cu-bar -> sd-bar, W-exchange but suppressed by helicity
conservation)

VIt is expected that the W-exchange (no helicity suppression) mechanism plays an
important role in A_* decays.

v’ The channels proceeds only through W-exchange in A_* decays!!

BFs in PDG 2017

AFDEK (5.0+1.2) X103 BESIII can systematically

A A K- (1.0940.25) X 102 study and precisely measure
the branching fractions for

AF2EZKK (3.610.4) X103

these channels.

A>T (4.0+0.6) X103

Important to study W-exchanges mechanism, clean and straightforward



A" Hadronic decay
B Study of SCS channels: A_*=2> AK*,pn®,pn,nn*, XK+, Z*KO etc.

From Prof. Hai-Yang Cheng’s report.

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

co_ d co . s d
0 0
L In s :|-rr| d_- ] an
u u
u u p u u ] p C d p
d d d d u _ u
C1 C1 Cz
c d d N u u u
* d ]uﬂln u ]-m:oln u ]'ﬂ:oh'l
d < c N <d
d u C . d
] P ] P % P
u u u u d u
E1 EZ E3

a°=(dd -uu)/N2, m=(dd +uu-s5)/\3 for n-n mixing angle =19.5°

A(Ac*—> prd) = (C + C; + Ey- Eg- Ea)/V2
A(Ac*— pn) = (2C4+ Co + Eq+ Ex+ E3)IV3

It is most likely that
T(Ac*—> pn) >> T(Ac"— pg)

Events / (2.5MeV/c?)

PRD95(2017)111102(R)
120 - data -; ! < 27.9@ 90% C.L
100 ; :Egkaglrz:r:;cuwa ﬁ“
- — total curve 0.4
80 data in AE sideband E oz
[ = 40 &0 83 100
sobk 1.1, + NiAZ-sp)
40
20
[ Ac+ 9p720
20.25 2.26 2.27 2.28 2.29 2.3
M, (GeV/c?)

BESIII: B[A,* 2pa<2.7 X 10

M(Af — nxt) =V2M (A} — pr©),

 More precise comparison of the two BFs are desired to explore the interference of
different non-factorizable diagrams and BESIII result support the theoretic prediction. It
is predicted that Br[A.* 2n7z7]~3.5 X Br[A.* 2p2Y] [Hai-Yang Cheng, arXiv: 1801.08625]

* With more data, BESIII may report the first observation of these channels.
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Predictions and Measurements

Hai-Yang Cheng etc, arXiv: 1801.08625

Sharma et al. Uppal et al. Chen ef al. Lu ef al. Geng et al. This work  Expt

[24] [41] [42] [25] [26] [in units of 103] [7, 19]
AF — prd 0.2 0.1-0.2  0.11-0.36 048 0.56+0.15  0.08 <0.277?
AF = pn 0.2%(1.7)° 0.3 1.244+041 128 1.24+0.29
AF = pr/ 0.4-0.6 0.04-0.2 1.22758 ?
Af = nat 0.4 0.8-0.9  0.10-0.21  0.97 0.27 ?
A = AKT 1.4 1.2 0.18-0.39 046 +0.09 1.06 0.61£0.12
AF - 2Kt 04-06 0.2-0.8 0404008 0.72  0.52+0.08
Af 5 ZFKY  09-1.2 0.4-0.8 0.80 +£0.16  1.44 ?

 Measuring the decay BFs of these decay channels can provide
important data for understanding the W-exchange and non-
factorizable mechanism.
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Other relevant topics

* A/ hadronic weak decays

v’ Decay asymmetry parameters in At two-body decays, A,;* 2BP/BV
which can be used to study the relative phase between S-wave and P-wave decays

* Exclusive decays containing neutron or K°

v’ First observation of A.* 2nx*, nK*, nz'7% nK*7 etc

It can provides a good test on isospin/SU(3) symmetry by combing the
measurements of the A_* decays proton channels.

v A PpKL/K,C, pKLaP/K 070, etc

_ (M = pK3) —T(AE = pKP)
- TN = pK2) +T(AE — pKY)
Helps to explore K.-K,° asymmetry in A_* decays.

[Fu-Sheng Yu, arXiv: 1709.09873]

* Weak radiative decays

First evidence or observation of At 2y2*
The BF for A* 2y2* is predicted to be 2.8 X10~* [PRD47,2858(1993)] -



Expected precision

v Expectations of the typical A* decay BFs  from Prof. Li Hai-Bo and Lyu Xiao-Rui

typical hadronic decays typical two-body decay SL decay

D° | B(Km*)=(3.8910.04)% B(K°1t%)=(1.19+0.04)% B(K-e*v,)=(3.5310.03)%
Precision: 1.0% 3.4% 0.8%

D* | B(Km*n*)=(8.98 £0.28)% B(K°m*)=(1.47 £0.08)% B(Ke*v,)=(4.41+0.07)%
Precision: 3.1% 5.4% 1.5%

D*, | B(K"K*1*)=(5.45%=0.17)% B(K,°K*)=(1.40£0.05)% B(dpe*v,)=(2.391£0.23)%
Precision: 3.8% 3.6% 9.6%
B(pKm*)=(6.35+0.33)% B(pK")=(1.52+0.08)% B(Ae*v,)=(3.631+0.43)%
Precision: 5.2%, BESIII&Belle |5.6%, BESIII 12%, BESIII

e 5/fb @4.64GeV => 5/fb @4.64GeV = 5/fb @4.64GeV >
Expected precision: <2% Expected precision: <2% Expected precision: ~¥3%
(systematic error dominant) [ (systematic error dominant) | (statistical error dominant)

With 5/fb data at 4.64 GeV, BESIII can precisely and systematically study the
decay property of A. baryon, which is also important for excited baron studies.



* With 5/fb data at E_ =4.64 GeV, we could expect for the typical A decay:

~2%

A BF(stat.) [%] AB(stat.)/B Expected AB(stat.)/B
pK.O 1.52+0.08 5.3% 1.3%
pK™m* 5.84+0.27 4.6% 1.2%
pK.Or” 1.87+0.13 7.0% 1.8%
pK .0t 1.53+0.11 7.2% 1.8%
pK-mttr 4.5310.23 5.1% 1.3%
Amt 1.24+0.07 5.6% 1.4%
Antrd 7.01+0.37 5.3% 1.3%
At 3.81+0.24 6.3% 1.6%
>0t 1.27 +0.08 6.3% 1.6%
Xt 4.251+0.24 5.6% 1.4%
P 1.18+0.10 8.5% 2.1%
2tm 1.5640.20 12.8% 3.2%
Al*v, 3.61+0.4 11.1% 2.8%
Al 0.6 [predicted] - - 10%
nl*v, 0.2 [predicted] - - 17%

For typical CF decays, the precision of BFs will be dominated by systematic errors.
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2. and B,

If BEPCII can access energy up to 5 GeV, we can study the decay properties of

r—~—~
2. and =_baryons.
(a) Charmed baryons
314 ? —0.8
A,CEJ'I:
- ) B

2.9 - ! 5f2+ ACE:": _0 6
—_ 3/2-
s |
g ACJ'I:J'I: 1/2- A 3/2t I

_I-

4 Y
3 n
E ,7- nl L‘L.
g —0.4
%" 32+
2 / -
B __
g N & Y o -
5 |

;u'd zu's ;S'd
C C C
+ =+ =0

U
@ { o
et 7 0

* No BFs have been measured for =_.*
(relative to =-z*7*) and =0 (relative to & 7).

« 5, weak decays;
* &, semileptonic decays;

* Decay asymmetry in =, CF weak decays;
[more details can be seen in backup slides]



Summary

o BESIII provides unique data to systematically study A" decays
> Semi-leptonic decays

Measuring Form factors, Searching for more SL decay channels

> Hadronic decays
Precise measurement of typical hadronic decays

PWA for studying sub-structures
SCS and W-exchange decays

Exclusive decays containing K,° and neutron
Decay asymmetry measurements

> Weak radiative decays
First evidence or observation of A_*2y2*
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Thanks!
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§ Beijing Electron Positron Collider (B
SRS T —— *_;{:\ n ‘:{_‘L“ «\:"c» | ,;.Ee‘\ -
- -,_'.-:‘.“‘ — T KL S /

EPC) %

004: start BEPCII construction

BN 2009: Start of BESIII data taking
$% Beam energy: 1.0-2.3 GeV
& Achieved Design Luminosity on

W Apr 5t 2016 : 1x10% cm2s!

\ BESIII detector A\

b . S "
\ T T, .
- ) & u
) s R
. \ e
h ' O e
- e 4
m W G g
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BESIII Detector

Drift Chamber (MDC)
cP/P (°/,) = 0.5%(1GeV)
G gesax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

pCounter
8- 9 layers RPC
ORM®=1.4cm™1.7 cm

EMC: GE/VE(Y/,) = 2.5 % (1 GeV)
(Csl) o,,(cm)=0.5-0.7 cm/VE
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Model &Experiment

Brexe [6]
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SU(4) symmetry limit 9.2 M. Avila-Aoki et al [PRD40, 2944 (1989)]
Non-relativistic quark model 2.6 Perez-Marcial et al [PRD40, 2955 (1989)]
MIT bag model [MBM] 1.9 Perez-Marcial et al [PRDA40, 2955 (1989)]
Relativistic spectator Model 4.4 F. Hussain et al [ZPC51, 607 (1991)]
Spectator quark model 1.96 Robert Singleton, Jr. [PRDA43, 2939(1991)]
Quark confinement Model 5.62 G. V. Efimov et al [ZPC52, 149 (1991)]
Non-relativistic quark model 2.15 A. Garciaet al [PRDA45, 3266 (1992)]
Non-relativistic quark model 1.42 H.Y.Chengetal [PRD53, 1457 (1995)]
QCD Sum Rule 3.0%£0.9 H. G. Dosch et al [PLB431, 173 (1998)]
QCD Sum Rule 26104 R. S. Marques de Carvalho et al
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HOSR 4.72 M. Pervin et al [PRC72, 035201 (2005)]
HONR 4.2
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LCSRs 3.0x0.3 (CZ-type) Y. L. Liu, M.Q. Huang and D. W. Wang [PRD80,

2.0%0.3(loffe-type)
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Thomas Gutsche et al [PRD93, 034008(2016)]

relativistic quark model 3.25 R. N. Faustov, V. O. Galkina, Eur. Phys. J. C (2016)
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BESIII [First absolute measurement] | 3.63+0.43 PRL 115, 221805 (2015)]




PRL 118, 082001 (2017)

HH CP HH €54 €53 +HaF43 W F63 — a =0, m,; = 135 MeV, m,, = 689 MeV N . N
l_n Nominal fit Higher-order fit
18 1.30 £ 0.06 1.28 £0.07
=327+ 1.18 —2.854+1.34
716 +11.6 7.14 £12.2

0.4

q2 /qﬁmx

I - q X m'pole

Zaf[ q°)

n=I()

0.81 £0.03
—-2.89£0.52
7.82 4353

0.77£0.02
-2.24 £ 0.51
5.38 £4.80

0.68 = 0.02
—=1.91 £0.35
6.24 + 4.89

-2.44 £ 0.25
13.7£2.15

0.71 £ 0.03
-2.86+0.44
11.8+247

—1.08 £ 30.0
0.79 £0.04
-2.38 £ 0.61
6.64 +6.07
-1.08 =298
0.76 £0.03
=177+ 0.58
493 £6.28
-0.26 £ 29.8
0.67 £0.02
-1.73 £ 0.54
597 £6.64
—1.68 £29.8
-2.22+0.35
12.1 £4.43
129 £29.2
0.72 £0.04
-2.80+0.53

11.7 £4.74
1.35+£294
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N, — pK €T,

black dashed: total backgrounds

blue: A\] — pK—#nt#=0

From Lei Li

3
Blue: backgrounds from A} — pK =z and Al — pK 7+ #° 1a
; |
L 2F
E From Lei Li rep5 histogram: AT — pK—etre.
o
£
g Ug
w
1 e
. r.."'l g,
-0.2 0.1 0 0.1 0.2
Um.iss ( GEV) 0.5 [~
+ —at
Ao — pK e 0.2
Figure: Optimization for M« - .+ Selection.
pink histogram: A7 — pK—x+70 0 RLITA
e o .
red histogram: A} — pK—eTve. !
30 . -
From Lei Li ; @
0.5k G U
R fil »
-..-:f\. . '
[l LN { 10
B *":fi_f.'-"w.f,_ 1
T A R,
1.4 1.6 1.8 2 22 Y9 195 2 205 21 215 22 225 23

M -o- (GeVIc?) My o (GeVic?)

From above optimization, the M-+ < 2.16 GeV/c? is required.

Mok - o+ (GeVic?)
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MC simulations

AS2>Xn%tv,

400 —

300 —

200 —

100 —

0.2

A2 ety

100
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From Lyu Xiao-Rui

No absolute branching fractions have been measured/calculated

ot : ot =0, . ——
Z . : relative to the decay of =™ 21 Z.: relativetothe decayof =™ m
Mode Fraction (T'; /T') Mode Fraction (T; /T")
No absolute branching fractions have been measured.The following are branchin No absolute branching fractions have been measured.The following are bra
to Z” n7 .Cabibbo-favored (§ = —2) decays — relativeto 5~z T oo —2) decays — relativeto 5~ &7
I p2K} 0.087 + 0.021
» I pK K n* 0.34 + 0.04
Iz AK x*
rs 21385 10405 I pK™K (892)" 0.21 + 0.05
+ 0
Ty AK2x 0.323 + 0.033 I pK"K™n™ (no K ) 0.21 + 0.04
Is AF(RQ')\U;:—+ 015,
Ts (138

Very limited knowledge on their decays
We have opportunity to firstly fill up the decay tables

I7 YK mt

Ty K

Iy g ox

To gt

I E2at DEFINEDASL I Ext DEFINEDAS1
re  =asolxt <ol To T Eaatam T T 33x14
I3 Ep+ g0 23+07 T KT 0.297 + 0.024
[ o xt 1.7+05 Iy e, 31+11

Ts Eletu, 2_3tg:§

Iis L 0.07 £ 0.04 IR E"£" anything 1L0+0S5

Cabibbo-suppressed decays — relativeto 5~ z™ +

= Cabibbo-suppressed decays — relativeto £~ &

Iz pKx” 0.21 + 0.04

Tis pK (892)° 0.116 + 0.030 Tis ETKT 0.028 + 0.006
T Stete- 048 +0.20 I AKTK™ (no ¢) 0.029 + 0.007
F S 0.18 £ 0.09 Is Ad 0.034 + 0.007

'y IFKTK 0.15 £ 0.06




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

From Lyu Xiao-Rui

BFs of Cabibbo-allowed decays

ROM  Pole Pole RQM Pole Pole (inunits of %)
Decay Korner, Xu, Cheng, Ivanov |Zenczykowski| Sharma, Expt.

Kramer ('92) |Kamal (’92) | Tseng (’93) |et al. (’98) (’94) Verma, (’99)

=F - STK? 6.45 0.44 0.84 3.08 1.56 0.04

25 — 20t 3.54 3.36 3.93 4.40 1.59 0.53 0.55 £ 0.16°

=0 5 AKO 0.12 0.37 0.27 0.42 0.35 0.54 seen

=20 - nOKO 1.18 0.11 0.13 0.20 0.11 0.07

20 ntK- 0.12 0.12 0.27 0.36 0.12

20 - 5050 0.03 0.56 0.28 0.04 0.69 0.87

20— =20 0.24 0.28 0.01 0.22

29— =0/ 0.85 0.31 0.09 0.06

20— =gt 1.04 1.74 1.25 1.22 0.61 2.46 seen

Q0 —» =0K0 1.21 0.09 0.02
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Most of the Z. weak decay asymmetries are
missing in experiment.

From Lyu Xiao-Rui

Decay asymmetry o 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)
2f - tKY -1.0 0.24 —0.09 —0.99 1.00 0.54
2f — B0t —0.78 —0.81 —0.77 -1.0 1.00 —0.27
20— AK? —0.76 1.0 —0.73 —0.75 —0.29 —0.79
=0 »OKY —0.96 —0.99 —0.59 —0.55 —0.50 0.48
20 5 NtK- 0 0 0 0 0
=0 — =040 0.92 0.92 —0.54 0.94 0.21 —0.80
=0 — =0 —0.92 -1.0 —0.04 0.21
=0 — =0/ —0.38 —0.32 —1.00 0.80
205 =gt —0.38 —0.38 —0.99 —0.84 —0.79 —0.97 —0.6£0.4
QY — =0K0 0.51 —0.93 —0.81
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Charm-flavor-conserving weak decays

M Light quarks undergo weak transitions, while c quark behaves as a “spectator”
e.g. 2.~ A_m. Can be studied using HHChPT.

BI(E.0—>A, ) = 2.9x10% }
Br(Z.*—>A. 1% = 6.7x10*

s->-Wu

From Lyu Xiao-Rui

can be firstly explored at BESIII

Cheng, Cheung, Lin, Lin, Yan, Yu ('92)

Semileptonic decays

— NRQM <| rROM LFOM 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]
E) 9 E"etr. | 18.1(12.5) 8.5 7.4 8.16 9.7 seen
E& — %y, | 18.4 (12.7) 8.5 74 8.16 9.7 seen

in units of 1019s1
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A 2> AlYy, decays

o In 1991, ARGUS reported the first measurement of A_.*=>Al*v; with
477 pb1 Y (1S), Y(2S) and Y (4S) data

20
t | (6) (e+e — APX) - BR(A, — AetX) =4.20+1.28+0.71 pb

o(ete” = AP X)-BR(AS — AptX) = 3.91 4 2.02 4 0.90 pb
Phys. Lett. B 269, 234 (1991).

N / 100 MeV/c'
N / 100 MeVv/c?

|'|1'|||||||||-le-_|_;_'l

: . ‘|
o 1 2 3 4 5 0 1 2 3 4 5
mass(re’)  (CeV/c Mass(aw)  (GeV/€)

oIn 1994 CLEO |mproved the measurement with 1.6 fb-! Y/(4S) data

120 !

o‘(e+e — A X)-BR(A! — Aet X) = 4.87 +0.28 4 0.69 pb

100

80

o(ete” = AT X)-BR(AY — AutX) = 4.43 + 0.51 + 0.64 pb

Events/100 MeV/c’

Phys. Lett. B 323, 219 (1994).

g
L L I L I B

0
*

1 L 1 1 L L I
1 2 3 <} 5
Inveariar mass f (A e™ (Gev ./ c?)

o Based on above two measurements PDG extracts BF for A;*2>Al*y,
with t(A.*) and the assumption of form factors

Aty [l (28 + 04)% 42

Aet v, (29 % 05)% Not direct measurement!

Aptw, (27 + 06 )%




