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+ A, features in modern HEP

« BESIII, BEPCII and data
- Analysis at thresholds

« Discussion of the most interesting results

- First Direct Measurement of A. BF at threshold

A. = nKogm+

A. = pneA, - pn
- A, = I and A~ IO

Cross section at threshold

* Future plans at BESIII



Charmed baryon

« Study of charmed baryons allows to study Heavy quark - quark internal
dynamics with a complementary view with respect to the charmed mesons

* A.is extremely powerful system to be tested

- Heavy Quark Effective Theory models as a heavy quark coupled with a unexcited

spin zero diquark u
d ;‘ d
]

C

Charmed meson (D*[cd]) Charmed baryon (A [udc])
my << m, = quark + heavy quark

m,, My << m, = diquark + quark
i i (@ (@

- Absence of degree of freedom of spin and isospin in the light quark component
makes the prediction more reliable

- Diquark correlation is enhanced by the weak Color Magnetic Interaction with a
heavy quark 3



More features of the A,

A, is the lightest charmed baryon, so
eventually all the other will decay into A,

- Important to know the decay properties

A, golden decay mode A, —» pK-n+ is often
used to normalize other BR

- Very important to estimate the absolute BR

A, decays preferentially in A,

- Important input to B physics and V,
calculations

Charmed baryon mass (GeV)
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BEPCI @ IHEP

W Reached the design luminosity of
10°°/ecm?s during the 2016 data
taking

1< 2004: started BEPCII upgrade,
BESIII construction
- 1% 2008: test run

3 - __ S e —
=~ 'fj__-'f_ * 1989-2004 (BEPC):

e Loea=1.0x10% /cm?s

2> « 2009-now (BEPCII):

L_..=0.85x1033/cm?s 5

| BESIII
\ detector

peak



o, (endcap) = 110 ps

SC.
Solenoid

Barrel
ToF

Endcap
ToF

e
- (MDO):

6, (1GeVic) ~ 130 um

dp/p (1 GeV/e) = 0.5 %

BESIII @ IHEP

Electro Magnetic
Calorimeter

Muon Counters (RPCs):
8r¢ =14cm-17cm

RPC: 8
ayers

Electromagnetic
calorimeter (ECAL):

dE/A/E (1 GeV) =2.5%
6



BESIII A program

« Started in 2014, with 4 energy values just above threshold

- Great work of the accelerator people to increase the machine energy!

Energy (GeV) |Luminosity (pb-1)
4.575 ~48 Roughly ~110000 ACKC just
4530 i 26 MeV above threshold!
(PRL 116, 052001 (2016))
4.590 8.1 e
A }[ PRL101 (2008) 172001
4.599 ~567 | * o

There are plans in the future to collect

- I

. . [| J SRttt it SO BT .. ...... ?: ..................

3/1b data even at higher energies to 4546 47 48 43 F B X2 3 5
expand the possibilities

FIG. 4: The cross section for the exclusive process e™e
ATA.




A_ analysis at threshold

« At threshold, A. are produced in pairs

« Typically two techniques are used to
extract the yields of A,

- Single Tag: Only one A, is reconstructed

« Higher efficiency
« Larger background

- Double Tag: both A,

» Lower efficiency

« Smaller background



A_ analysis at threshold

In ST studies frequently used variables:

2

- Mass beam constrained: My = \/ Efeam = Prandidate
« Asymmetric shape due to the ISR

—  Peandidate PECOMeEs smaller

» Resolution dominated by the energy spread of the beam
(indipendently from the final states)

- AE: dE - Ecanclidate - Ebeam-
« mass difference between beam and candidates

« Almost indipendent from the final state

In DT studies:
- Umiss:

« Missing mass

Example of ST M,

— AcA;: 7965 |— qg: 611

1200+ BoD: 30 WMo 0
[ —D,D,: 576 |—ISR: 7

1000|

800

600 —

o

200}

D25 2255 2.26 2.265 2.27 2.275 2.28 2.285 2.20 2.295 2.3

M, (GeVic?)
9




A_ measurement at 2014

Scale factor/
Confidence level

Mode Fraction (;/T)
Hadronic modes with a p: 5= —1 final states
r]_ DRO
r pK =t la]
s pk (892 ]
Ty A(1232)F T K~
s A(1520) 7+ [b]
g pK~ ¥ nonresonant
Iy K
Ig
Iy T
o + a0 7
M1 pK*(892)" 7~ 6]

2 p(K~ r-‘_—}_rlﬂnlfesonam: a0
T3 A(1232) K*(892)
Mg pK-atata-

Hadronic modes with a p: S = 0 final states

My pata~

rs  pfp(980) 6]
Mg p mraTAT A

lp pKTK™

M P [b]

M pK* K~ non-¢
Hadronic modes with a hyperon:

Mg Ax™
Mg A=T ,-._£J
25 Ap™
Fog AaTaTa™
Fa7 r(13g5)tata, It —
An™
Fag X(1385) 77T, I* —
An~
HTTP://PDG.LBL.GOV Page 3

= %

(23 + 06 )%
(50 £ 1.3)%
(16 £ 05)%
(86 + 3.0 )x10-3
(18 + 056 )%
(28 + 08 )%
(33 £ 10)%
(12 4 04)%
(26 £ 07 )%
(34 £ 10)%
(11 £ 05)%
(36 £12)%

seen

(11 + 08 )x10-3
(8 +4 )x1073
(35 + 20)x10-3
(28 + 1.9 )x10-3
(18 = 12 )x 103
(7.7 +35)x10-4
(82 % 27 )x10-4
(35 + 1.7 )x 1074

S5 = —1 final states
( 107+ 0.28) %
(36 + 13 )%
6 CL=05%
(26 + 07 )%
(7 £4 )x10-3

(55 £ 1.7 )=x10-3

Created: 8/21/2014 12:56

Tes

Azt (11 £ 05)%

X(1385)* %, It - Azt (37 & 31)x10°3

AzT 7T 7~ nonresonant < 8 x 1073
Axt=t 77 2Ptotal (18 + 08 )%

T [6] (18 + 06)%
5(1385)* Bl (85% 33)x10"3

Artw [B] (12 05)%

Artata— w0 noporw < 7 x 10— 3
AKTEY (47 + 15 )x10-3

Z(1690)° K+, =40, AKD (13 + 05 )x10"3

0+ ( 1.05+ 028)%
r+z0 ( 1.00+ 034)%
Etp (55 + 2.3 )x103

(36 + 10)%
< 14 %
(17 £ 05)%
(18 £ 08)%
(83 + 31)x10"3
B (27 + 10)%
(28 + 08)x10"3
Ity 6] (31 09)x10-3
Z(1690)0 K+, =+0 (81 % 30)x10-4
TtK-

I+ Kt K~ nonresonant < 6 x 10~4
=0kt (39 + 14 )x1073
= Ktxt {51+ 14 )x10-3

Z(1530)0 Kkt [ (26 % 10)x10-3

Hadronic modes with a hyperon: S = 0 final states
AKT (50 16 )x104
Akt gta— < 4 x 104
Fok+ (42 + 13 )x 1074
FOK+ gptg= < 21 x 10—4
ItKtr- (17 £ 07 )x10-3

T+ K*(892)0 [ (28 % 11)x10-3

I-Ktgt < 10 x 1073
Doubly Cabibbo-suppressed modes
pK*=m < 23 x 10—4
Semileptonic modes
Aftuy, [l (20 06)%
Netu, (214 06)%
Aptu, (20 < 07)%

CL=90%

CL=%0%
5=1.2

CL=95%

CL=9%0%

CL=90%

CL=90%

CL=90%

CL=90%

Extracted from
PDG2014

* A(BR)/BR = 20%
for many final
states

 No final state
with neutron

* Less than 68%
of total BR was
measured

Starting point of BES]]I program



Published measurements...

A = Aev (PRL115, 221805 (2015))

First Direct Measurement of A, BF at threshold (PRL116 052001 (2016))
A, - pKKe A - prrt (PRL117 232002 (2016))

A, - nK°m+ (PRL 118, 112001 (2017))

A, = Apv (Phys. Lett. B 767, 42 (2017))

A - pneA - prn’ (PRD95, 111102(R) (2017))

A, - Xt and A » X ntn® (PLB 772 (2017) 388-393)

11



Published measurements...
...discussed today

A = Aev (PRL115, 221805 (2015))

First Direct Measurement of A_BF at threshold (PRL116 052001 (2016))
A, - pKKe A - prrt (PRL117 232002 (2016))

A, - nK°x* (PRL 118, 112001 (2017))

A, = Apv (Phys. Lett. B 767, 42 (2017))

A, —pneA - prn’ (PRD95, 111102(R) (2017))

A, - Xt and A » X'’ (PLB 772 (2017) 388-393)

Cross section at threshold (preliminary)

12



First direct measurements of Ac BF at threshold

» First absolute BF measurements of the golden mode,
while improving the BF of other 11 Cabibbo Favored
hadronic modes.

 BF measured with double tag technique (example):

BF(A} - pK n") =

Npr/Nst x (A, = An7)/e(A; = An~ &&AF — pK—nh)

« Measurements are indipendent with respect to the
number of A_ pairs produced

« N, will be a by-product using a simulatenous fit to
all the final states

« Systematic of the tag mode are canceled out in the
ratio

nts/2.0 MeV/e?

Eve

Events/1.0 MeV/ct

pKm* F"

3000 F o 4 =
ol sz | ] pKm*n?
1000 | L b
0 Ax F Anm® ﬂ F T
i 1Y i
41 Ve 1EL
. PK:ED | Am'mm "| i o+
200 F | \
100 J 2 ' TR A
200 ngﬂ:‘rr' | e K o
100 &“ E
T L "I e i )
226 228 23 226 228 23 226 225 23
My (GeVie2)
100E pK; Kn* ﬁ pK'*r?
s0f #
fh._ J J“_‘ - _.A-l_.u

20 AT * Tt
10F F !“

; h“\_u AL
ig 3 DK;ﬂﬂ - AT =
10f
St 4 ot hub Y .
15¢ {1} -
10b PKT'R } R0 )
st

. 4 L_l 4 l-.MhL .

2.26 2.28 23 226

My (GeVic?)

L
2.28 23 226 2.28 23

PRL116 052001 (2016)



First direct measurements of Ac BF at threshold

With the Double Tag technique
very clean environment

—_ + . .
Mode This work (%) PDG (%)  BELLE B 1) B(A, » pK'p") consistent with
2 L524.0.08+£.0.03 - 1154030 e 1t
(oK 77 seii0211023 50b13 cmaiozang | 1 DG2014 within 2o
pRIx" T38730.13310.05 ~1.65 050 - Same precision as BELLE
pKorT7n~ 153+0.114+0.09 1.30+0.35 Shall i in the fut
pK—7nt7® 45340234030 34+1.0 - Ohall Improve in tne future
Ar™ 1.24 +0.07 +£0.03 1.07 +0.28 with more data
Antn® 7.01+0.37+0.19 36413
AnTm~n" 3.81+0.24+0.18 26+0.7
2ot 1.27+0.08+0.03 1.054+0.28 2) Obtained the number of A pairs
Yt 1.18 +0.10 + 0.03 1.00 + 0.34 c
YtataT  4254+024+020 3.6+1.0 -N. = (105.9+4.8+0.5)x103
Ytw 1.56 +0.20 + 0.07 2.7+ 1.0 Ac
PRL116 052001 (2016) 3) Improved meeasurements of

other 11 CF channels 14



Observation of Ac — nK"S T oressszooizors

First direct measurement a final state with neutron
Test if factorization scheme holds in charmed baryon decay (after it fails in charmed meson)

Double Tag analysis: neutron mass is

Simultaneous 2D f{it to
reconstructed as missing mass

sideband and signal

T T T Li L T T T T
0.54 - 30 (a) T 30
- E
B S
< 0.52 - . & 2 20
- = w
3 :
g 05 n % i
B P ?:Eif 5 £ 0
i e w
= 048
0.46 |- 10f
- E Al Iy 5
1 2 | : : [ (o N g
0.7 0.8 0.9 1 1.1 EECECEEEEEEEERE e CEEPEE IR ERE LR ' 0.7 0.8 0.9 1 11 046 048 05 052 0.54
M2, (GeVZ/c?) M. (GeV/cT) M, (GeV/c®)

BF(A}Y - nK%*)/BF(A} — pK°7°) = (0.97 £ 0.16)

BF(A} = nK%") = (1.824+0.234+0.11)%

BF(A} - nK%x)/BF(A} — pK~nt) = (0.63 £ 0.09)
First observation! Test of the isospin relation:
AnKm+) + ApK~7t) + V2A(pK°r°) = 0.

15



A, - Xrnttand A, - X'’
(PRD95, 111102(R) (2017))
First observation of the predicted large A, - Xn'n’ and

first direct measurement of A, - I

Double Tag analysis in which the neutron is reconstructed as missing mass using:

M, = \/(Ebeam = EJ‘T+R+R_(JIO))2 == ﬁj;\? __fji'r*ii'ﬁn—(n“ﬂz Myr- = \/(Ebeam i En+n+(n0))2 T rp’A;L __p)JIJfTﬁ(?TD)lz
il SR Number of signal is extracted from M__-M )
SR TRt distribution since the two variables are highly
N 09f . T i % correlated
5 &
> 0.8}—+ 2
s = BF(Af - ntn%) = (1.81£0.17)%
g 1 g
-
Lo FT ] B BF(Af - T ntnt7%) = (2.11 £ 0.33)%
T :
e T 02 025 03 035
M, - (GeV/c?) M, __ — M, (GeV/c?)

16



A_ = pn and pn°

PLB 772 (2017) 388-393

Search and study of SCS decay of A : ST Analyses

First evidence of A, - pn: 4.20

— 40—
& I
Ks) L
= L
g 2
Z 30r
S =
= i
£ 20F 8/ &
Q = H
S H
[T d H
10p | o
0 | : J e I.-Q"I: T
B RUE R LS T | B B |
15 —— deita — T n° il
L eemeees signal curve (b) -
| -+ background curve
[ — total curve T
10+ data in AE sideband y il
[ ---- datain M___. sideband 1 i
l-.'
B | |- - 0 . ji [ P
| Fergree — R TN
IRH (e M E R sHan. &
2 e

S PPN W i 1 ) .""1'-95';.'...
025 006 207 208 229 23
Mg (GeV/c?)

Upper Limit of A, — pn°

5120: ~+— data ; ,;‘ < 27.9@ 90% C.L
g 100 iy o i diadin e
- — totalcurve & o4f
BF(A} — pn) = (1.24 £0.28 £ 0.10) x 1073 80f —~ ceminaEsdamno foy 3\
~ . 2 R N
60 " o (mlllr T
0 4 5 0NG @ 4of =2
BF(A, — pr”) < 2.7 x 1072 @90% C.L. :
20

I RSN e | ket ¥ e
5'.25 2.26 2.27 2.28 2.29 2.3
My, (GeV/c?)

Bt o
AT = pn AL — pr0 \“i
Aqr —pr
BESIII 1.24 +£0.29 < 0.27 < [}.21'—1“
Sharma et al (3] 0231549 0.2 1.0%(0.1P)
Uppal et al [4] 0.3 0.1-0.2 0.3-0.7
S. L. Chen et al [12] 0.11-0.36¢
Cai-Dian Lii et a.\?@] 0.45

Discriminate between different theoritical models: BESIII
tends to the one of Sharma et al assuming negative sign

p-wave of A, = EK* 17
K. K. Sharma, R. C. Verma, Phys. Rev. D 55, 7067 (1997)



Ac cross sections near threshold

One Photon Exchange (OPEX)
prediction for baryon-antybarion
production at threshold

For pointlike baryon Coulomb factor is described by C =:=R <

Moreover:

BESIII has recentlx shown an
enhancement at AA threshold

BaBar data shows the pp at
threshold is flat [1]

BELLE has scan the A A_
threshold with ISR techniques [2]

[1] PRD 87, 092005 (2013), [2] PRL 101, 172001 (2008)

(preliminary)
4l C,
768(4) = ~ 35 {1Gu(0)* + 5= Ge(a)] -
T

| > o(@threshold) # O

e

l—e— T /B

—

Measure the cross section close to
threshold to address Coulomb factor

3400__ rrrrrr ] lilvv'[rrr-]vrrr[__

=t ee AN ]

g ~ [ ®BESIIdata ]
[ g © 3001 = Belle data A
i - —OPEX Fit i ]
» 200F" Threshold i ? I L3

100 + ¢

0 J'.; TR | | ST NN S | S S S W | | S S " 'l
5 (GeV) 18




Future plans

Amazing results with limited statistics

— 700,
In the future we plan to collect 3/fb at 4.6 GeV (or %BDOE N A T . -
higher, based on the machines upgrade) 1

| T MO ovueosessoss ssvsuosmesss sowsUUUVON- SN NUUH IR SOUVONY NV O RNOSOSOOS. SO
Data taking would cost ~ 5-6 months mf |
Luminosity (4.64 GeV) can be up to 15 times more 300; ................. ................ __ ................ ................ ........
the present one, if BELLE measurements hold 200 __________________ 5. S - ___________________ ________________ _________ -
Possibility to precision similar to the one of wo: |
charmed mesons o LY, k)

(s(GeV)

Beyond A physics, with high statistics sample at

higher energy we can also address Y(4660), out of
reach at the moment

19



« BESIII program started in 2014 and has already accomplished very important results

Outlook

Direct BF of 12 CF decay measurement

Improving precision of the golden channels

First observation of final states involving neutrons

A, — Alv to test lepton flavor

Many others analysis are on-going and published soon (A, =» AX, A, = E0K-, A, inclusive

semileptonic, A, —» p¢n® among the others)

« In the near future the precision can be increased with even more data

- To reach the level of charmed meson, so stay tuned!

golden mode 3B/B

Bo B(KTT)=(3.88£0.05)% 1.3%
L2 B(KTTTT)=(9.13+0.19)% 2.1%
22 B(KKTT)=(5.39%+0.21)% 3.9%
e B(pKTT) =(6.8+0.36)% (BELLE) 5.3%
=(5.84+0.35)% (BESIII) 6.0%

SL

B(Kev)=(3.55+0.05)%

B(K0Oev)=(8.83%0.22)%

B(pev)=(2.49%0.14)%

B(/\eV) =(3.63+0.43)% (BESIII)

oB/B
1.4%

2.5%
5.6%

12%

20
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Additional Material
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Mode AE (GeV) N3-

PKY [—0.025, 0.028] 1066 -+ 33
pK ' [—0.019, 0.023] 5692 + 88
pK A" [—0.035, 0.049] 503 + 41
pKtn—n° [—0.044, 0.052] 1547 & 61
pKenta~ [—0.029, 0.032] 516 + 34
Ax~ [—0.033, 0.035] 593 + 25
Axa—n° [—0.037, 0.052] 1864 4+ 56
Ar—nta [—0.028, 0.030] 674 + 36
S04~ [—0.029, 0.032] 532 £ 30
= [—0.038., 0.062] 329 + 28
E-ata [—0.049, 0.054] 1009 + 57

For a total of 14415 +159 in 11 ST mode

23



Factorization in A_ — NK=

In the three body decay, the total decay amplitude can be decomposed into two isospin
amplitude of the NK system, an isosinglet I” and a isotriplet I'V.

In the factorization limit, the color-allowed tree diagram in which the n* is emitted and the
NK is a isosinglet, dominates I?, and IV is expected to be small.

Combined with the isospin partners, it is possible to determine the magnitudes of the two
isospin amplitudes and and their phase difference. Important to address features of the final
state interactions.

According to [5], based on the ratios, it is possible to extract the phase:
cosd = —0.24 4+ 0.08

And the ratio of the amplitudes
Factorization scheme

IIV)/119) = 1.14 £ 0.11 seems to be spoiled also

in charmed barions 24
[5] C.-D. Li, W. Wang, and F.-S. Yu, Phys. Rev. D 93, 056008 (2016)
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