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« Search for possible intermediate resonances in the invariant mass of
AA,A¢ or Ag.

BAM-00421: Observation of psi(3686)->phi Lambda Lambda-bar decay, by Aonan Zhu et al.
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» Charmonium mesons are a bridge between the light and heavy quarks, which will
provide knowledge of its structure and may shed light on perturbative and non-
perturbative strong interactions in this energy region.

> Study the baryon excited states consist of A¢ or A¢



Data Samples

Data set Number of events BOSS version
09+12 y(3686) data 4.48 x 108 o
3 } ~12.7Billion
2021 P (3686) data ~22.5% 10
: : 3
09+12 IIJ(3686)-II’1C|US-IV6 MC 5.06%x 10 BOSS 7.0.9
2021 Y(3686) inclusive MC ~23x 108
: 1.2 million for (09+12)
Signal MC (PHSP) 5 million for (2021)




Event Selection criteria

O Charged tracks O A&A reconstruction
° |COSG| < 0.93 hd 105 < Mpn_ < 115 GeV/CZ
 Kaons: |[V,|<10cm, | V. |[<1cm * 105 < M+ <1.15GeV/c?
Ngood > 5, Nggon > 1 « A&A come from secondary vertex
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0 Particle identification

* For Kaons (dE/dx + TOF) * A&A: § >0
Prob(K)>Prob(r), Prob(K) >Prob(p)
Ny =Ng_ =1 O 4C-kinematic fit

« For proton (dE/dx + TOF + EMC) * 4C-kinematic fit with A, AK*, K~
Prob(p)>Prob(r), Prob(p) >Prob(K) « ¥2.<200

» Others are pions by default
N, =21,N; =21, N+ =21,N- 21



» Topology

Background analysis

The main background is ¥ (3686) — Q+Q~

Table 1: Event trees and their respective initial-final states.

index SR e ) ; iEvtTr | iEvtIFSts | nEvts | nCmltEvts
(event initial-final states)
ete 2P, Y 2 9pAN ¢ 2 KTK- A= 7 pA—=>7"p
1 (ete— —atan—K+K-p5) 0 0 41933 41933
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- - .’ ! L - —_ — + -
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(eTe™ = eTv.r K™K pp)




> Reject ¥ (3686) — QT Q events
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* We reject the events in the range of M, € (1.668,1.674) GeV/c?



- Topology after vetoing 1 (3686) — Q+Q events.

Backgrounds are less than 0.5%.

Table 1: Event trees and their respective initial-final states.

index g e I iEvtTr | iEvtIFSts | nEvts | nCmltEvts
{event initial-final states)
ete” =2\ Y 3 pAN ¢ KTK- A5 7m pA—=7p
2k : s = Y ) 3434 3434
1 (e oyt a K+ Kup) 0 ( 34344 34344
5 ete” =5, Y - QT QT 3 KTAQ” 5 K AAS T B A7 p 7 SR
2 B R 2 0 59 34403
Fom = o o , T jo— = o 5
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Signal regions

> Signal regions of A, A peaks
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In the fit to M (pm)
» Signal shape: signal MC sample A [ A mass region: (1.109,1.123) GeV/c?

» Bkg shape: Chebychev function ;



Signal regions
» Signal region of ¢ peak

N In the fitto M(KTK ™)
; Yé/ndf =36.0/24 - -
< 40 « Signal shape: signal MC sample
—
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¢ mass region:  (1.003,1.036) GeV/c?
* ¢ sideband region: (1.042,1.075) GeV/c*
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Comparisons of some distributions

« Comparisons of the invariant mass of AA, A¢ or A¢ Atotal of 449 events survived
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The distributions from data are not consistent with those in signal MC (PHSP) and
Inclusive MC.

There may be some intermediate structures, which can be extracted by the Partial wave
analysis (PWA).
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Partial Wave Analysis

> Introduction []_] 11] Jiangyi: https://github.com/jiangyil5/tf-pwa

Decay —< Faoaa D15 3. (9,6,0)
[ Wigner-D matrix |
R(M) = e
® S| WM m2 — M% — imgl
Particle |  ——g 1
R .
AA,, A ALAL |
[ o - ) (@,8.7)
ZI",lR,]HI)If::;R_A”(w,,(),,())l\’(M)FA(.._,{“I)A’I’:‘;“_A”(<p2,()2,()) | alignment |
L | probability: |A|"2
é) Decay Group: A = A, + A, + -

Decay Chain: A = A;RA, -+
Decay: Wigner D-matrix, A = FD*/ (¢,0,0)
Particle: Breit-Wigner: R(m), user defined

do R
—_— A
2<% 3 [
A ApAcAp ! R
Automatically calculated from decay structure
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https://github.com/jiangyi15/tf-pwa

> Possibly known resonances in ¥(3686) — AAg

Final particles | Possibly known | Quark components 16(JP9 m I,
resonances (GeV/c?) (GeV/c)

(uds, uds)

A¢
(uds, sS)

(i1ds, s53)

Possibly known resonances

f0(2200)
n(2225)
f0(2330)

f0(2470)
A(2325)

£(2230)
A(2325)

£(2230)

c;(uti + dd) + c,(ss) 00t
c;(uit +dd) + c,(ss) 0T (0™ 1)
c;(uti + dd) + c,(ss)  01(0*H)
c;(uil +dd) + c,(ss) 0T (0tH)

uds 5 (g_)
uds 3t
1(5 )
uds +
0(5 )
uds n (_‘)

2

2.187
2.221
2.312
2.470
2.342

2.240

2.342

2.240

0.207
0.185
0.065
0.075
0.177

0.345

0.177

0.345
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PWA results with known states

» The projections of the PWA results with possibly known resonances

Mai: -InL= -126.87 Mpg: -InL= -126.87 Mag: -InL= -126.87 .
4 data data data
351 B back ground back ground M back ground
— total fit 35 1 —— total fit
35 1 PHSP 0- ¢
—— PHSP_0- ¢ |
30 2225 n(2225) ¢
x 4 30 1 fo(2200
— £0(2200) ¢ 30 4 ol )¢
—— A(2325) A — A(2325) A
> 23 A(2325) A 5 S 954 — A(2325)A
. v 25 &
‘Lg (G} o~
3 20 ; o =
<] ; 20 - s 20 -
L%’ :>j 15 > 151
10 iy 10 J 10 b
> 5 1 5 =
0- 0 0-
2.1 2.2 2.3 2.4 25 2.6

* It has been subtracted for the background events, which are described with the

normalized events in ¢ sideband regions

* There are two missing pieces in M4 and Mz, , and we try to add other particles.
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Add an unknown resonance

Final particles | Possibly known | Quark components 16(JP9 m I,
resonances (GeV/c?) (GeV/c)

f0(2200) c;(uti + dd) + c,(s§) 0T (0t ) 2.187 0.207
AA

(uds, #ds) n(2225) c,(uti + dd) + c,(s5) 01 (0~ 1) 2.221 0.185
A A(2325) uds i 3 2.342 0.177

(uds, sS) (2 )
X(2450) Not found in PDG (f’) 2.45 0.05

2

A(2325) uds 3* 2.342 0.177

(uds, s5) X(2450) Not found in PDG ) 2.45 0.05
2

15



PWA results with the unknown state

» The projections of the PWA results with an additional unknown state.

Mai: -InL= -155.55 Mpg: -InL= -155.55
4+ data + data M/’\¢I -InL= -155.55
35 1 m back ground B back ground F dota
— total fit 2] —dmal i B back ground
—— PHSP_0- ¢ — P:‘ZSZPZ_SO)';? 35 — total fit
30 1 n(2225) ¢ B ) —— PHSP_0- ¢
— £(2200) ¢ 30 1 X(2450) — f(2200) ¢ — — n(2225) ¢
— A(2325)A —— NA(2325) A 301 X (2450) — f(2200) ¢
54 — X(2450)A | > 5] — X(2450) A — N2325)A
S — A2325)A | O — A2325)A | > 55 — X(2450) A
o — X(4500A | & X(2450)A | & | — A(2325) A
5 201 = N L —— X(2450) A
o o 20 & o
2 g S yiadl
(< i c ) I
g 15 Y 154 g ||
i i 2151 + +
10 A " 1
+ [ + 10 i ] | + 1
5 ~ N 5 ) #1, S\
" : At e A\ | I\
. ‘ 0- : e 0- e ——— —
2.2 2.3 2.4 2.5 2.6 2.7 21 2.2 2.3 2.4 2.5 2.6 2.1 2.2 2.3 2.4 25 2.6
AR Mg Ap

« We can see that the projections of the PWA results are consistent with those in data,

after considering the other unkown states.
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O Using about 2.7 billion y(3686) events collected by BESIII in 2009,2012 and 2021, a
partial wave analysis is performed for ¥ (3686) — AA¢ decay.
» Some known intermediate resonances are considered:
 AA resonances: n(2225), f,(2200).
 A¢ resonances: A(2325).
> In order to fit data well, we tried to add an unknow state “X /X(2450)” in

M(A/A¢) distribution, and the projections are consistent with those in data.
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Next to do

O Next to do:
« Check the significances of the intermediate resonances.
e More checks on the unknown “X /X (2450)” state.

« Search for other intermediate resonances states.
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Back up



» Cutof Q@ _aw it
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> The invariant mass of A, A and ¢
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O Good photon:
- 0<TDC< 14
« Barrel: E > 0.025 GeV
|cosO| < 0.8
« Endcap: E > 0.050 GeV
0.86 < |cosO| < 0.92



> Possibly known resonances in ¥(3686) — AA¢

Final particles | Possibly known | Quark components 16(JP9 m I,
resonances (GeV/c?) (GeV/c)

£0(2200) c;(uti + dd) + c,(s5)  0F(0TH) 2.187 0.207

dA /—\J- n(2225) c;(uti + dd) 4+ ¢,(s5) 0F(0~H) 2.221 0.185

(uds, uds) £0(2330) ¢ (uii +dd) + cy(s5)  0T(0+) 2.312 0.065

f5(2470) c;(uti + dd) + c,(ss) 0T (0t ™) 2.470 0.075

A(2325) uds 3~ 2.342 0.177

(uds, s5) $(2230) uds 3* 2.240 0.345
1(5 )

A(2325) uds 3* 2.342 0.177

(4ds, s5) £(2230) uds 3” 2.240 0.345

1(5 )



X' BARYONS
(§=—1,1=1)

Yt-nuus Y'-uds ¥ =dds

2(2455) Bumps I(JP)=1(7Y

There is also some slight evidence for ¥* states in this mass region from the reaction vy p — K*'X — see GREENBERG 1

¥(2455) MASS = 2455 MeV

X(2455) WIDTH

3(2455) WIDTH

VALUE (MeV) DOCUMENT ID TECN COMMENT
140 ABRAMS 1970  CNIR K p, K dfotl
100 +20 BUGG 1968  ONIR
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