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AT : THE LIGHTEST CHARMED BARYON

Quark model picture:
A heavy quark (c) with a unexcited spin-zero diquark (u-d)
Cornerstone of charmed baryons:

Lightest charmed baryon, most of the charmed baryons will eventually
decay to A},

Important input to Ay

Help to extract the b-baryon decay asymmetries.

In 2014, BESIII collected 567 pb~! data above A, pair threshold and
run machine at 4.6 GeV with excellent performance.

>10X More A{ data will come soon
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MOTIVATION

The parameter agp controls the decay asymmetry in the angular
x 1+ agpcosB
2Re(S * P)
5P T ISE+ [P

In this work , we measure dgp, in a weak decay A} —

+
BP, (B:]P =% baryon, P: 0~ meson)

o o e . dN
distribution: Teos0

The model calculations are quite uncertain

* Eg: The ay+0 in the region (—0.76~0.81)
The a,; and ay+ 0 are measured 10 years ago, with large

uncertainties:

* Eg: A5+0 in PDG: —0.45 + 0.32
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THEQORY PREDICTIONS

Some of the QCD-inspired charmed baryon modes are:

The flavor symmetry model
Factorization model
Pole model

Current algebra framework

Many of them calculate the A} Br in agreement with exp

result, but the decay asymmetry do not agree very well.

2. The sign of ayx; is not certain
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AY — Predicted agp PDG ajp This work a5 p

—1.0[12] 051 [11]
—0.49 [10] —0.90 [10]

pK%  —0.49 [13] —0.97 [11] 0.184+0.43+0.14
—0.66 [15] —0.90 [17]
—0.99 [16] —0.91 [1¥]
—010[ ]—O.GT[ ]
—0.95 [10] —0.99 [10]

AT —0.96 [13] —0.95 [11] |-0.91 £0.15 —0.80 £ 0.11 £ 0.02
—0.99 [15] —0.86 [17]
—0 90[ ] —0.94 [1+]
1[12] 0.92[11]
07@[ ] —0.49 [10]

yg0 oas[ ] 0.43[11] —0.45+0.32 —0.57 £0.10 £ 0.07 -
0.39 [15] —0.76 [17]
—0.31 [16] —0.47 [1¥]
,0[ ] 0.92[11]
8 [10] —0.49 [10]

¥ort 053[ ] 0.43[11] —0.734+0.17+£0.07
0.39 [15] —0.76 [17]
—0.31 [16] —0.47 [1¥]

[10] Phys. Rev. D48 4188 (1993) pole model
[11] Phys. Rev. D46 270 (1992) current algebra
[12] Z. Phys. C55 659 (1992) current algebra
[13] Phys. Rev. D46 1042 (1992) pole model
[14] Phys. Rev D57 5632 (1998) factorization
[15] Phys. Rev D50 5787 (1994) pole model
[16] Eur. Phys. J. C7 217 (1999) current algebra framework
[17] Phys. Rev D50 402 (1994) pole model
]

[18] hel-ph/9504428 flavor symmeetry
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EXPERIMENTS FOR a3 R

0.75]

In previous experiments, Ay was assumed unpolarized, and the decay asymmetry
was obtained by analyzing the longitudinal polarization from the weak two-body
decay of the produced baryon B:

dN/dcos®,
o
(o,
o

0.25

(700 [0 ) MU SN SO RN [ S ST S SN ST W S S S R S S "
-1.0 =05 0.0 0.5 1.0

cos0,

Only a,, and ay+_0o was measured:
y Am I'm FIG. 3. The angular distribution of the decay proton

1.AL > Ant,A - pr~ (dN/d cos6). The solid line is the fit to this distribution. The
slope of the distribution is —0.34 =0.14 and represents

2.Af - 2tn0, % - pr® anan 2.

dW 1 Old formula

= —(1 4+ ap_ap cost)

Using the formula: _
dcos 2

0.5

dN/dcos®,
o
o

Table 2: Measurements of the decay asymmetry in different experiments.

Experiment | Date Result 05
QA7+ A5+ 70 [] 4]: PL B634, 1 65, 2006
FOCUS [14] | 2006 | —0.78 £ 0.16 + 0.19 [15]: PL B350, 256, 1995 I I TR TR
+0.2140.12 cos0,
A%IéEU()S [[1156]] iggg _00936(1)%_256 _045 :l: 0.31 :t 006 [.I 6]: PL B274, 239, ] 992 FIG. 4. The angular distribution dN/d cos8:. The solid line
—U. . is the fit to this distribution. The slope of the distribution is
- [] 7]: PRL 65 2842 20] O +0.24 +0.24 and represents + Pa,_.
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DISADVANTAGE OF OLD WORKS

1. Need two cascade two-body decay dW 1 Old formula
* Can not measure @k, from At - pKQ, (large Br and low bkg level) - . — = (]- -+ XA XA COS H)

d cos 6 2

2. A} is assumed unpolarized when generated.

* We find transverse polarization in many process (AA, XX, etc.)

3. ayo_+ is not measured either, where a0 _+ = 5+ 0 according to isospin symmetry

In our Work:

* We consider & measure the transverse polarization of A} baryon in unpolarized e*e™ annihilation.
* 4 decay parameters: @pk , Apg, Ax+7 050+, obtained from angular analysis, with PT as common.

" apk, and azo + are measured for the first time.
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THE ANGULAR DISTRIBUTION
—1. HELICITY FRAME AND AMPLITUDE

Forete™ » Al A7, A} - BP, the amplitude can be constructed under the helicity basis.

Level Decay Angle Amplitude
0 etTe” — "‘r"* — 1’\;'_(}1)1_\;()\2) to 44)\1:,\2
‘— 1 AT = p(\3)K 2 (61, p1) B,

D{jm,n}(qﬁ, 0,y) = e”ime d{n,ne“'””, is the

Wigner-D function Level O | Level 1
e A, Bisthe ampli’rgde related to N o e %
« ete” - ALA; 2 g

« Af - BP \

!

CM frame A] rest frame

dl’ X )
\ 2 Z -D}L-.I._}kl_}k-z (D ﬁ[j, O)D}l'f-.}ki_}kz (0,95,0)4’4},‘1!}&2‘4}11‘)&2

d cos Bnd cos Bdd
0 1491 M. A1 Az A3

1{.-"2:# , IXE ! 2
2019/9/15 < D}al,}ug(@l? 01, U)DA’L ..}kg(@l ,01,0)[ B, |”, WORKSHOP OF THE BARYON PRODUCTION ATBESII 8



THE ANGULAR DISTRIBUTION
—2. ANGULAR FORMULA IN A — pK O

' polarization

dl’

d cos Hyd cos 8,do,

2 p 4 : Y
x 14 ap cos” o +Pra o sinf1sin ¢,

_

s’ / - 1 1
PT — \,/ | (15 COS H(_l S111 HU S1I A()-

: +
If the sinAy # 0, we can measure

A, is the phase angle difference between A11 and A1 1

2’2 2' 2

A, is also the phase angle between the electric and magnetic form factors of the A}
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THE ANGULAR DISTRIBUTION

—3. ANGULAR FORMULA INAE — At (2 0)

CM frame Af rest frame

at ,"II\\EI A =" e

Al rest frame A rest frame

FIG. 2. Definition of the helicity frame for ete™ — ATAZ, AT - Ant and A — pr—

dl’
d cos Oqd cos B, d cos Oadd dos

o 2 + 20 cos® by
+1/1 — ajay sin Ag sin(26p) sin #; cos f sin ¢y
+1/1 — ajay sin Ag sin(26,) cos #; sin f sin ¢y
x /1= (a_,)2cos(AT™ + o)

+ 4/ 1 — ajay sin Ag sin(26;) sin # cos ¢,

X \/1— (e, )2sin(A}™ + @)

4/ 1 — ad sin Ay sin(26,) sin 6, sin gy af

+ 2090y cos® B cos Braf |+ 20 cosbaory

polarization

If we integrate other angles out: we get
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d cos f5

dN

ox 1+ r:rj{ﬁ{xﬂ cos fs.
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THE ANGULAR DISTRIBUTION
—3. ANGULAR FORMULA INAE — At (2 0)

dl’
d cos Oyd cos 0, d cos Bodd dos
o 2+ 2&(] 0052 H[)

/ : . . . .
+ \f 1 — aﬁa‘.\ sin Ag sin(26g ) sin 64 cos 5 sin ¢4

/ : . . . .
— \;' 1 — aﬁaﬂ sin Ag sin(26g ) cos #, sin 5 sin ¢4

—_ I} LE
</ 1—(ay )2 msfﬂ‘f” + 02)
A4 :the phase between B1 and B 1, —
2 2 +4/1- oo sin Ag sin(26g) sin f; cos ¢,
We can obtain two Lee-Yang parameters by: — .
ST el (e )28in(AY™ + ¢g) polarization
f — _ + V2 o BP ——
Bep = \/1 (QBP) Sin ﬁ"l ? 1/ 1 — ad sin Ag sin(26,) sin 6, sing‘jlaiﬂ
vpp =1 - (fp)? cos APP. Dot ot By cosbaa [+ 2y cosba,

s out: we get dN

+
——— x 14+ a,_,aycosbs.
d cos 67 Am

2019/9/15
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THE ANGULAR DISTRIBUTION
—4, ANGULAR FORMULA INAE — 20+

2019/

9/15

A )40 A ________
==
I

CM frame

wt

A rest frame

" rest frame

¥ rest frame

A rest frame

dl’
d cos fpd cos 6,d cos Bad cos O3dd dis

o 2 + 20 cos? g

— /1 — a2ay sin(26y) sin 0 cos O3 cos f3 sin ¢ sin Ag
— /1 — aiay sin(26p ) cos @4 sin f; cos f3 sin Ay

X \/1 — (o, )? sin(AZ™ 4 o)

— /1 — a2ay sin(26y) cos ¢ sin f; cos b, sin Ag

'y E[]‘?T_ . .
X \/1 — (00,4 )2 sin(AT ™ — ¢) polarizati

+ \/1 — af sin(26y) sin #; sin ¢ sin Agog,

— 2apay cos® fp cos B cos Hgﬂ'g[]ﬂ_

— 20y cos By cos Qgctg%J, :

If we integrate other angles out: we get

dN

_|_
x 1 —al, . apcosfscosbs.
d cos Bod cos O3 0
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OBTAIN @7 » AND POLARIZATION

— & » - ﬁ: 400 F . -
fﬂ(g) . ( ) ﬂf(g T}H ::" o [N ]]Il\:; !“ ~ _\:%;\TE ,;E
5 —_— —3 b 3 r 1 = ’ellll-— i
[ e(©)IM(&:i)2ag 2 [ @ IO
; 400 - 4‘ ' f:l [ | .
Nuc s | " - 1
- = a2 3 = 2 2 ¢ [ Z 0 .
JEGIE D= 5 — > M@l £l AR '\
' TUEN kme I | v ) ‘w P ,,,I )
225 226 227 228 229 213 225 226 227 228 2129 Z 3
My(GeVic?) My (GeV/ic?)
v'Parameters are obtained from simultaneous fit: S oy -l- T ooy
¥ [AISX Y A
v'Both A} and A7 used, the relation afp= agp is put in the fit. ém_ (c) + g:z"".' (d) ['F%
. . : < i S | 1
v'The MINUIT package in CERN library with Log-Likelihood method is T ol “} I o
used to yield the fitting parameters. 2T ﬂ 2| B
v'Combinatorial bkg events are estimated by Mg sidebands % .jrlﬁ ' l / .'ij
225 226 27 228 2 29 23 225 226 227 228 229 ’,3
. . Mpc(GeV/c* MpdGeV/
v (Peaking) bkg events are estimated by MC. i } nclGeVIe)
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RESULT

dN
l. aAT[ & a2+7-[0 X 1+&'Iw+{z+w[})&'fﬂ(3‘lCDSQ?'

IO + (b) q%
LT

%
S
o
)
| T
>

AT AT
t- ()

R

Ll_lﬁt'ﬁ 20
-I_.

Events/(.1
Events/0.1

N
=

=)
=
b—l|III|III|III!|III

-+

20 g 10 .
Nt R
O e T e — e 0_, N T b |
- -0.5 | 0.5 1 -1 -0.5 0 0.5 1
coso, cos0,

t =080+ 0.11 + 0.02 ag+0 = —0.57 + 0.10 + 0.07

KR
=
3
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RESULT

IN | _ + .
Z. az 0 T + : x 1 — n;;, _, ap cos By cos 3. » (cos ;) = TG mon+ A CO8 O;s

d cos Hod cos fy

B s 0 +
- EAC —2 T (d)
0.5

| FURUREITEY
i T s e e

(:0582 cosO

ago + = —0.73 + 0.17 + 0.07
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RESULT
3. POLARIZATION

<sin @, sin ¢, >oc P, (cosb,) /(L+ a, cos’ 6,)

/\- [
= -
= &2:
aa—l B
) 1
T 04_:
j74 -
= 0 1
=) J +
‘g5 0.1 -
Z  F
-0.2_,,,, [ R R N TR TR TN N N SR N N

|
-0.5 0 0.5 1
cosb,

sinAg = —0.28 + 0.13 + 0.03

* The transverse polarization is first studied and
found to be non-zero with 2.10
Q1Y Bect more data

Nature Phy. 15 631 (2019)

0.004f 0.004
S 0002 S o002
o [ o B
= ! = i
o or o op
w w
3 [ 3 [
= -0.002| b = -0.002}

—0.004}- —0.004f + +
[ 1 1 1 B 1 1
- 05 0 05 1 4 05 0 05 1
cos8, cosb,

FIG. 2. Moments p(cosfla) for acceptance uncorrected data as a function of cosfx for (a) pr—pnt and (b) pr~an”
data sets. The points with error bars are the data, and the solid-line histogram is the global fit result. The dashed
histogram shows the no polarization seenario (W(&;0,0,0,0) = 1).

AD =424+ 0.6 £ 0.5(rad)
* With a large data sample, the PT of |/ = AA'is
quite accurate.
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SYSTEMATIC UNCERTAINTY

Source a; ap ab ap sinAg A7 AT AY
Reconstruction 0.00 0.00 0.00 0.00 0.8 0.0 0.0
7 veto 0.01 0.00 0.01 0.00 0.0 0.2 0.0

AFE signal region 0.07 0.01
Mpc signal region 0.12 0.01
Bkg subtraction 0.03 0.01

0.02 0.3 0.1 0.1
0.02 0.5 04 0.1
0.02 0.3 0.3 0.0

Total 0.14 0.02

0.07 0.07

0.03 1.0 0.6 0.2

The systematic uncertainties arise from:
1. The reconstruction of final tracks.
2. KQ - n°n0 veto

3. AE requirement

4. Background subtraction.

Thzg](g?g?isﬁc uncertainties dominate.
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SUMMARY

sinAy = —0.28 + 0.13 + 0.03

The transverse polarization is
first studied and found to be
non-zero with 2.10

Best precision on the hadronic weak decay asymmetries

The measurement of aj{n and as+.o0 are consistent but with improved precision.

dpk . and ayo + are measured for the first time.

The negative sign of as+,0 is confirmed at >80, rule out a lot of models.

8023879/‘%0 model gives predictions fully consistent with all the measurements.

AL — Predicted app PDG a,p This work ajp Bep YBP AT (rad)
—1.0[12] 051 1]
—0.49 [10] —0.90 [10]
pK% —0.49 [13] —0.97 [14] 0.18 £+ 0.43 + 0.14
—0.66 [15] —0.90 [17]
—0.99 [16] —0.91 [1¥]
—0.70 [12] —0.67 [11]
—0.95 [10] —0.99 [10] -
Art =096 [13] —0.95 [11] —0.91£0.15 —0.80 £ 0.11 £ 0.02 0.067553+505 0,607 5051017 3.0+ 2.4+ 1.0
—0.99 [15] —0.86 [17]
—0.99 [16] —0.94 [14]
071 [12] 082 [11]
079 [10] —0.49 [10] )
yhrt 083 [13] 843 [14] —0.45+£0.32 |F0.57 £ 0.10 £ 0.07 |-0.66 75367022 —0.4870- 57021 41 £1.14+0.6
039 [15] —0.76 [17]
—0.31 [16] —0.47 [1¥]
070 [12] 092 [11]
078 [10] —0.49 [10] )
Ot g@ﬁ[ ] 9/4'3[ ] —0.73 £ 0.17 £ 0.07 [0.4870 227007 04970257007 0.8+ 1.240.2
0:39 [15] —0.76 [17]
0.31 [16] —0.47 [19]
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PROSPECT: APPROVED DATA TAKING
BETWEEN 4.6~4.7GEV IN 2020

*We will accumulate at least 10~20x more A, 598
L] C N ;
pairs (1~2M) = 0.7}

*Irreplaceable sample to systematically refresh ~ 0-6F
the whole A, knowledge and impact relevant 0.5f

theoretical and experimental studies. 04b

*BESIIl data above 4.6GeV will follow a sharp 0.3%

rise of the Y(4660) or a flat cross section near

threshold 02E

0.1
*Accessible to the form factor and polarization o

I;IIIII|II1|IJI|III|III|1III
of the A, at higher Q2 0™458 46 462 4.64 4.66 468 4.

1 1 1 l 11 1 | 1 |
472 4.74 4.7

IR
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