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Olintroduction

OA, decays
e Semi-leptonic decays
« AT - Aety,
« AT - Autyy
* Hadronic decays

* Absolute BFs of A, hadronic decays
« AY 5> nKdnt

OSummary
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O Most of the charmed baryons will
eventually decay to At baryon

O Cornerstone of charmed baryon
spectroscopy

O Provide essential input for studying b-
flavored baryon decays involving a A
baryon in the final state

O Help understand the weak interaction
inside a baryon

Charmed baryon mass (GeV)

Ag

the lightest charmed baryon
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Since the discovery of AL baryon in 1973, the
progress of A decays is relatively slow compared to
charmed meson.

O Total branching fraction: smaller than 65%
(PDG2015)
0 Many unobserved decay channels
O Large uncertainties (most larger than 20%)
O Most measurements of A, decays are relative to
the BF of At —» pK~m*channel, the absolute BFs
are not well determined.
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e

= Beam energy: 1.0-2.3GeV
> = 4\‘L

e Design Luminosity:

'/ 1 x 1033cm™2

/

s~'@+/s=3.770GeV




NIM A614, 345 (2010)

The BESIII Detector

Drift Chamber (MDC) i | . o
GP/P (°/o) = 0.5%(1GeV)
Ggejax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

Time Of Flight (TOF)
o;: 90 ps Barrel nCounter

110 ps endcap  EMC: oF INE(°/,) = 2.% 1 GeV) 8- 9 layers RPC
(Csl)  o©,4(cm)=0.5-0.7 cm/VE dRPD=1.4 cm~1.7 cm

]
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In 2014, BESIII collected 567 pb~! data just above the threshold of AL A7 pairs
(Ecns = 4.600 GeV)

a(nb)

4.575 47.67 0.4

| Energy (Gev) | Luminosity (pb~") [ “

4.580 8.545 o ]l

1590 8162 +lﬂﬂ+ﬁ+ﬁﬂﬂm+ﬂ+ tﬂt{tﬁﬁ_ﬁ#

4.600 566.93 45 46 47 48 49 5 ;:.1 52 53 5214
567 pb~! @ 4.6 Gel/™ " eV

FIG. 4: The cross section for the exclusive process e’ e —
AFAC,

This dataset is unique in the world
O Expected to perform precise measurement and search for new decay modes
O absolute BF measurement(just above threshold, Double tag)
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(D Single tag (ST)side :
reconstruct one A, anti-baryon via

o) P k- hadronic decays (large branching fractions
v I C b and low background)

® Beam-constraint mass: Mgc = [EJ. ., — [Pazl

* Energy difference: AE = Eat — Ebeam

P * Charge conjugation is always implied in the work
-/{ ’I' o . .
AR o @ Recoil side(DT):
. vy - . .
signal Recoil seml-le!c)tonlc
Side hadronic
Advantages:

O Obtain the absolute branching fractions
with lower background

O Most systematic uncertainty in the ST
side are cancelled out
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Motivation:

O Theoretical predictions: 1.4% - 9.2% Uniss = Emiss — ¢[Pmiss|
D PDG2015: B(A-CI- - A€+Ve) — (29 i 05)% Emiss = Epeam — B — B+
O Not direct measurement Drmiss = DAz — P — Pe+

Technique:

- —_— _;A 2 —i] 2
Ppa+ = —DPtag \/Ebeam rn/_\,?

O Double tag technique (11 tag modes)

Ngg = 104 + 11
N :
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226 22E 230

B(Af - AeTv,) = (3.631+0.381+0.20)%
NZ4™ = 14415 + 159

— v The first absolute measurement

Mg (GeV/e?) v The precision is improved significantly

Xiaozhong Huang PIC-2016 9



Motivation:

O Theoretical predictions: 1.4% - 9.2%

O PDG2015: B(A} - Aetv,) = (2.7 + 0.6)%
O not direct measurement

Technique:
O Double tag technique (11 tag modes)

Preliminary Result:

B(A} - Aptv,) = (3.4910.461+0.27)%

B(Af - Aptv,)
B(A} - Aetv,)

=0.96+0.16 £ 0.04

v" The first absolute measurement

= 4 " 2 u..z . ) - .
* Uniss (EEV] v" The precision is improved a lot
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Motivation:
O Most relative to the pK~ ™ channel
O No direct measurement on the BF of pK~m* channel

Technique:

O Double tag method: straight and simple
Single tag(ST): ~15000

O pK? P pKn | pKmnd
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Double tag(DT): ~1000
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A global least-square fitter is utilized to
improve the measured precision for
12 A, hadronic decay channels

Mode This work (%) PDG (%)  BELLEB
:-QKE ............ 1523008003 . 21548030 .. o0
pK-rt 58440274023 50413  6.84+02410% |

CpRGTTTTTIRT R 03005 e F 050 T

pKintn~ 15340114000 1.30+0.35
pK~ 7% 4534023+030 34+1.0
Art 1.24+0.07+0.03 1.07+0.28
Artr® 7014+037+019 36+13
ArTa 7" 381+024+018 26407
YOort 1.274+0.08+£0.03 1.05+0.28
Y a0 1.18+0.10+0.03 1.00+0.34
Yrrtr~  4254024+020 36+10
Ytw 156 +0.20+007 27+1.0

N,+5- = (105.944.840.5) x 10°
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N = Npsx-Bigfy

DT DT
N it = Nﬂ: EEB iBiEi-I- i—

Ngig

Niag X Esig/ Eragsig

Result:

O The precision of the absolute BFs
are improved significantly

O BF for pK ~mt is consistent with
PDG value, but lower than Belle’s
value with a significance of 20.

O Improved absolute BF of pK "™
are key to calibrate other decays
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Ngg;l = 14415 + 159
Motivation: oo m_]’ R
O No decay channels with final states containing., "1 ' :
neutron g m—l{"f:'“ ‘zm-ﬁﬂgrﬂ- ]mijr -
O The relative BF of neutron-involved mode to = m..._.j\ “ 4 |
proton-involved mode is essential to test the Z «d* | 200
isospin symmetry for AL decays. 5 = !\
Technique: 4 3
O Double tag technique (11 tag modes)
O The missing neutron is detected by: .
2 2 =
Miss = (pA"' — Pg0 — pn+) -
= Episs = C*|Bmiss|? 3
miss miss O us
oal
= ol
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o o8
M (GeV* fe')
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Fit to MZ,;.. and M_+_- spectra in (a,b) A¥ signal region and (a’,b’) A} sideband

region simultaneously.

81 + 11
%0 (a) a8
Signal region: 7% ® | E n - data
E @% — Total fit
_:1 10 'Q& @ —.ﬁ.{ bk:
-E \ "E -lllll]ﬂ—ﬁthll'.‘g
3 311 g
] =
w0} 10
Sideband region: .

07 08 08 1 11 046 048 05 052 054
Miie (GeV*:/fe') M_+ - (GeV/e%)

Preliminary result (Absolute branching fraction):
B(Af - nKdnt) = (1.8240.231+0.11)%

First observation of A} decays involving neutron.
Xiaozhong Huang PIC-2016

14



Motivation:

1.05

O Only one A} decay channel with X~ hyperon-

is measured. PDG2015
B(AY » X ntnt) =|(2.3 + 0.4)%)
0 Search for new decay modes

Technique:
O Double tag technique (11 tag modes)
O X~ isreconstructed by: X~ - nm™
The missing neutron is detected by:
2
M7 = Mr%u'ss = (ij — Pgd — pn"')

2
- Emiss - Czlﬁmissl2
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Fit to the mass difference of M,,,- and M,

v N - ntn v Ao EXntrtr®
T L a T b
> 16134152 S 8.1413.9 )
] @]
S
S
E
=
=
, e
0.2 0.25 0.3 0.35 0.2 0.25 0.3 0.35
Mype — My, ( GeV/c?) Myee — M, ( GeV/c? )

anching fraction):
)% (PDG2015: (2.3 +0.4)%)
)% (First observation)

Preliminary results (Absolute B
BAl-> 2 mntnt) =(1.81
B (Af - 2 ntntn®) = (2.11

Statistical only
Systematic: ~5%
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Motivation:

OShed light on dynamics of A decays

OAf — p¢ is of particular interest since it proceeds internal W-emission only.

W._""_’,-""< . I
b — C d s
pre'm —:
d tl; yop
pK*K~

external W-emission
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Fit to the Mg distribution

Technique:

25 2% 2@ 2

NG

27
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0

186 1.1 115 12 125 1.

X N
o . —
3 > O Relative to pK 7™
= 2 O Input BESIII measurement:
- -
E g B(AY - pK~n*) = (5.84+0.274+0.23)%
g q:‘: AY - pK9 and AT - At
i i
226 221 228 229 230
Mg (GeVic?) Mgc(GeVic?)
two-dimensional unbinned maximum likelihood fit Result:
T LA o pKti- . SFAT - PEEKC Decay modas BB, (T o) BB, (PDC avragy)
> = AN (6I0£048£0.25)x 107 0.069 £ 0.036
gi"ﬂ - (a) g A = po (181£0.33£0.13) x 10~ 0.0164 £ 0.0032
o tnon ¢ 38+9 of Via ¢p 44+8 AF = pKY KT (nowd)  (9.36£2224071)x 107 0,007 £0.00240.002
:' E‘ - Buiode (This work) Buode (PDG average)
wiir B A = prteT (391£028+015£024) x 107 (35220)x 107
8 | | £ AF - po (LOG£0.194+0.08£006) x 107 (82£27) x 10™
S Rl (AL : A 5 pKY K™ (now-d) (547 £130£041£033) x 107 (35 17) x 107

Uncertainty in the second column:

statistical + systematic + reference mode
18



Motivation: ST T Ty Sy
R 1+9 (a) ]
CONot measured yet 2 0 41 .
Oin the SU(3) flavor symmetry > - +_1+ :
B(AY - pm)>>B(Af - pr®) 5 L 1T A
L I | = ' 2 '+ i
nial JI7L :FL;Z-L;, -
Simultaneous fit to the My distribution L @ Fo N
a)TI"W D_J..H..L“‘&ng,L:.L:.‘Jl-'T'.{::I‘f:"':'.'
b) n - nfnn° 8 g NOTT T
nal curve 12 + i
-+= background curve o () 1
- =—total curve T
10 | —data in AE sideband B
Preliminary result: - datain M, sideband | ]
B(Af - pn) = (1.24+0.28+0.1)x107° | % |'L ;
Sk by
T TR

First evidence for A} — pn (4.20) L

e -
3.25 2.26 2 27 2.28 2. 29 2.3
Mg (GeVic?)

Xiaozhong Huang PIC-2016 19



At - pr®: no obvious signal

< 27.9@ 90% C.L.

L/LO

signal curve

-+ background curve
— total curve

— data in AE sidebal

50 40 60 8+'0 1600
N(A;—pr”)

oty

Events / (2.0MeV/c?

(P Sl Mt PO TR
2.29 2.3
Mg (GeV/c?)

S
;i
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Fit to the My distribution

Upper limit:
B(Af - pr®) < 2.7 x 107* (@90% C.L.)

Compared with B(AL — pn):
B(AF - pr®)/B(AF - pn)<0.24
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Based on the 567 pb~1! data taken just above the threshold of A} A7 pairs,
BESIII presents

O Improved measurements of many hadronic and semi-leptonic decays
v Af > pKn?t
v A-CI-_ - Al+Vl
O Evidence/Observation of other decay modes for the first time
v Af - pn (evidence)
v AL - X ntntr (observation)
v Af - nKOmt(observation)
v Af - pntn~(observation)
They are important to our understanding of the A baryon.

More results are coming !
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