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Overview

) Introduction
© A(: the lightest charmed baryon
© An overview of BESIII experiment
:, A decays at BESIII
© Ag hadronic decays
© A{ semi-leptonic decays
© AF decays that involving the neutron

- Prospects

) Summary
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The fundamental elements of our world
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about 400 million yrs.
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13.7 billion years
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The quark model of A,

The A, baryon is composed of a heavy quark (c) and two light quarks (u & d).

proton A

According to the HQET, the u-d quarks can be treated as a diquark that has
zero spin and isospin, which indicates that:

A, can provide more powerful test on internal dynamics than mesons D/Ds.
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The importance of of A,

A isthelightest charmed baryon, (a) Charmed baryons
and most of the charmed baryons M
will eventually decay to A., which
makes it the cornerstone of charmed
baryons spectroscopy.
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Known decays about A,
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Beijing Electron Positron Collider (BEPC-I/)

Beijing Electron Positron Collider (BEPC)
=Lt TR

X — - 3 oo NN - TR
— oy '\«., L -._._.:I - ~ 5 '-\.“- . :-:'

A0 G, | 3
2004: start BEPCII construction
2008: test run of BEPCII

| 2009-now: BESIII data taking

D #® Achieved Luminosity in 2016:
Lomic = 0998 x 107 cny =5
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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)
G,: 90 ps Barrel
110 ps endcap

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

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

The new BESIII detector is hermetic for neutral and charged particle with
excellent resolution, PID and large coverage.
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BESIII data productions
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BESIII is a unique place to study the hadron structure below 3 GeV.
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BESIII data taken about A,

In 2014, BESIII run the machine at 4.6 GeV
with excellent performance and took data
above the A, pair threshold.

c(nb)

PRL101 (2008) 172001

I

Energy (GeV) Lum. (1/pb) 0.4
4.575 ~ 48 0 1[ H % + H *
L
4.590 ~ 8.1 45 4.6 47 48 :{.?N :_) 51 52 ?;Z’Wf;“
4.599 ~ 567 o
FIG. 4. The cross section for the exclusive process e’ e —

;‘\jz’\; .

It is a great opportunity to study charmed baryon at threshold.

Xiao Dong (IHEP) A decays at BESIII Baryons 2016, FSU, 2016.05



Absolute BF’s of A& hadronic decays

* Absolute branching fractions (BF) of A¢ decays B °
are still not well determined since its discovery s S R e
30 years ago. v N “r:;
* Most of the uncertainties of BF's of A decays EE mm | oo ;u:
are relatively large(25%~40% in PDG 2014). el PR
* BF's of all the known decay modes are measured me=s & | |
relative to At —» pK~n™. N N |
* Belle’s first model-independent measurement: R I R e et
B(AL » pK™m*) = (6.84 £ 0.241577)%, the precision  mm 1 .
reaches 4.7%. - [PRL 113(2014) 042002] =™ | e [0 7=
i o
, uzgzézié% I
However, measurements using the threshold Vmodes A.Z, S modes

pair-productions via ete™ annihilations have the advantage:

Simple and straightforward!
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Reconstruction of particles

Detection of the A% pairs

e’

We reconstruct the particles
from final state particles:

L

« ' oyy

e Ki-omntnm~
« wontn r°
c A-pn™

« X055 Ay

o yt pT[O
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12 modes to
reconstruct the A:

pKSDW+TF_
pK~—ntnd

Art 70
Arta—at
yOrt

Y ta0
Ytota—
Ytw
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Analysis techniques

Single Tag (ST):

* My, = \/Elfeam/c2 - |P12\c|

Double Tag (DT) method:
Reconstruction both A, baryons.

Advantages:

 Events at threshold are clean;

* Some systematic uncertainties
cancels while using DT method.
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Fits to the ST M, distributions in data
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R
2000
1000

600
400
200

300
200
100

200f ngn"n'

100F

226 228

My (GeV/c?)

Dominated by pK 7

23 226 228 23

NFC’+T = Npsp- Bfﬁfs+T
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Mode N-T

pK? 1243 + 37
pK—mt 6308 + 88
pK2r® 558 + 33
pKrtm— 485+ 29
pK—mtn0 1849 + 71
At 706 + 27
Artrd 1497 + 52
ArTn— 7T 609 + 31
YOt 522 + 27
Y tq0 309 + 24
Ytrto 1156 + 49
Y tw 157 + 22
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Fits to the DT M, distributions in data

1:: PK, pKnk ph::rcm:+ Mode N-IiT
AL . pK: 97 4+ 10
"§ 200 An* F o An'n® S M 264 PK T + 420 + 22
: w + - . pKar?° 47 + 8
% 20¢ [I)KO?T'D | - AT ] ¥Oor+ KO + ] 34 =0
- ; pK_W+7rD 176 + 14
s ﬁlhﬁ » ; Am™ 60 + 8
15¢ oK ' - Art 70 101 £+ 13
10} s b
’ )‘L | MIL | Artroat 5347
2.|26 2+128 2.3 leﬁ 228 2.3 226 I zszﬂu“?i Eoﬂ-+ 38 :t 6
M, (GeVicd) Y T rd 25 +5
Yt~ 80+9
A least square global fit: Y Tw 13+ 3
Simultaneous fit to all the tag modes, while
constraining the total ALA. pair number, o ot
taking into account the correlations. Nf—j— — N;\g A B:'BJE;—J;—
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Results of the absolute BF’s of A& hadronic decays
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e Branching fraction for pK % is consistent with that of BELLE B;

e The BF’'s improve the precision of PDG value significantly.
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PhysRevlLett.116.052001
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Absolute BF of the Af —» Ae™v,

e AL - Aetv,isac — slTv; dominated process.

e Theoretical predications for BF of Af = Ae™v, ranges from 1.4% to 9.2%.
e Urgently need for LQCD calculations.

e No direct absolute measurement for B(Ag — Ae*v,) yet.

e Sothe measurement for B(Af — Ae*v,) can provide important
experiment information for:

a) testing the theoretical predications for B(Af - Aetv,) .
b) calibrating the LQCD calculations.
c) additional information for determining CKM elements.

Xiao Dong (IHEP) A decays at BESIII Baryons 2016, FSU, 2016.05



Reconstruction of AF — Aetv,

e 11 ST modes are used.

e Wefindap, 7~ ande™ from the
remaining tracks of the ST mode,
and require that the p and =™ are
froma A.

‘p
()k\e T/‘"‘.I"[_-

Semi-Leptonic % /@)
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The A’s peak is very clean.

Xiao Dong (IHEP) A decays at BESIII

Baryons 2016, FSU, 2016.05



Results of the BF of AF — Aetv,

We fit the U,,;ss to obtain the signal yieds. %
O 30
=]
o
'-r-"mj:i.-; = Em':.-i:i - ('|§j;ui.-;e~| c.
=
= 20
Eltljh.‘i- = Elr:-ruu - E.‘L - -E"{ * s E
%)
>
ﬁ;njﬁr; = jjj'll_"b - ﬁ'\ - j_i‘:.p . = 10l
Ppap = —Ptag ﬁl' Efcam — M,
"Ll‘ I — 'L ]
-0.2 -0.1 0 0.1 0.2
B(AE » Aetv,) = (3.63 £ 0.38 + 0.20)% U, (GeV)

This is the first absolute measurement!
And the precision is better than previous PDG results.

Phys.Rev.Lett. 115 (2015) 221805
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Comparison with theoretical predictions and PDG

Theoretical Models

predicated branching fraction for A7 — Aetwve

MBM [1] 1.9%

NRQM [1] 2.6%
SU(4)-symmetry limit [2]]9.2%

RSQM (3] 4.4%

QCM [4] 5.62%

SQM [5] 1.96%

NRQM2 [6] 2.15%

NRQMS [7] 1.42%

QCD SRI g (3.0 +£0.9)%

QCD SR2 [9] (2.6 + 0.4)%

QCD SR3 [9] (5.8 + 1.5)%

STSR [10] 2.22% for A} — ATy,
STNR [10] 1.58% for A — ATy
HOSR [10] 4.72% for A} — ATy,
HONR [10] 4.2% for AT — Ay,
LCSRs [11] (3.0 +£0.3)% for Al — Al"y, (CZ-type)
PDG 2014 [14] (2.1+0.6)%

BESIII (3.62 +0.38 + 0.20)%

Xiao Dong (IHEP)
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Semileptonic A& decay

B(AL — Aetv,) = (3.63 £0.38 £ 0.20)%
[(AE - Aetvy) = (18.2 + 2.1) x 1010571

DA} — XeTv) = (22.54+8.5) x 1010571
(DY = Xetv) = (15.84 4+ 0.27) x 10'1%s™!  PDG2014
(DT — XeTv) = (15.45 4 0.29) x 1019571

['(Af — Aetv) (A — Xetv)

Experiment: =1.16 = 0.13 =1.444+0.54
P T(D = Xe+) T(D = Xe+)
o T(A+ — Xe+ J. Rosner (2012)
Prediction: 1“((5 < i V)) = 1.20 ~ 1.67 Manohar, Wise(1994)
—aActy Gronau and Rosner(2011)
Indications:

« Theinclusive A semileptonic decay rate close to the Af — Altv, rate.

* No evidence for semileptonic decay in the final states without a A.

Precise measurement of the inclusive A semileptonic decay is important.
* Search for other semileptonic decay mode is important.
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Observation of Af - nKJm™

11 ST modes are used.
e Two-dimensional unbined
simultaneous fit to M2, 3
and M_+_- is performed. :
g :1 ¢, (a)
2 0541 3.
o
'w0.52 - i
+ g 2
R
05_ ) * "" :-,:.:::::";I‘S':}?j. ot . L 0.7 Q.!-”EII“ rﬂzeviﬁil 1.4
e
048 '
0.46 —
| 1 I |

0.7 0.8 0.9 1 1.1
M2 (GeV?/c*)

Events/0.0025 GeV fc?

Events/0.0025 GeV fc?

=
=
=

15

0~

(b%)

states involving the neutron.
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B(AY > Aetv,) = (1.82 £ 0.23 + 0.10)%

First observation of Af decays to final
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More A¢ 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
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Prospect of precision

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

Hadronic decays :

 PWA analysis of Cabbio-favored hadronic decays: light hadrons;

e Studies of the modes involving neutron particles.

Semi-Leptonic decays :

 So far, only mode Af - Aetv, is measured, how about Af - pK~etv,?
* Many more semi-leptonic modes can be established at BESIII!

golden mode 6B/B SL 4B/B

DO B(Kpi)=(3.88 +-0.05)% 1.3% B(K e v)=(3.551+0.05)% 1.4%

D+ B(Kpipi)=(9.131+0.19)% 2.1% B(KO e v)=(8.831+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)=({5.01+1.3)% (PDG2014) @ 26% | B(Aev)=(2.1+:0.6)%(PDG2014) | 29%

A =(6.8+0.36)% {BELLE) 5.3% =(3.631+0.43)% (BESI) | 12%

‘ =(5.84+0.35)% (BESIII) 6.0% =(3.631+0.20)% ( new BESIIl) | 5.4%
=(5.8410.18)% (new BESIII) | 3.0%
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Other relevant studies

A¢ hadronic weak decays:
« Two-body hadronic decays of AL are of great interest;

« Decay asymmetry parameters in A¥ two-body hadronic weak decays, such as
Af— BP and Af- BV.

Search for A% low rate decays and rare decays:

. Weak radiative decay Af— yX'*; predictions of BF are 104 ~10°
Sensitivity with 0.5 M AJC“ pairs gets to ~10*

. FCNC, lepton number/family violation, baryon family violation.
Sensitivity with 0.5 M Af pairs reaches to ~10°
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Achievements:

* BESIll took a data set of 567/pb and published several world-best results;
* For the first time, BESIIl is able to precisely study its decays at threshold.

More potentials

 Alarger data set
A golden opportunity to thoroughly improve our knowledge on A¢ decays;

* Hadronic decays

PWA analysis of Cabbio-favored hadronic decays and studies of the modes
involving the neutron;

* Semi-Leptonic decays
Many more semi-leptonic modes, like A- — pK~e*v,, can be studied at BESIII!

Thank you |
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