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Purpose of this work

The primary objective of this work is to search for multiquark states in the 5—7 GeV.
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Pentaquark State P/

* The theoretical prediction of pentaquark states can be traced back to the quark model proposed by Murray Gell-Mann
in 1964. In 1979, Daniel Stauffer constructed a four-quark plus one antiquark model, and in 1997, the team of Markov
and Polyakov predicted the existence of a particle called ®" with a mass of 1530 MeV. In 2003, the Japan LEPS
experiment detected a resonance signal at 1540 MeV. After 2015, the LHCb experiment validated its existence through

high-statistics data.

In July 2015, the LHCb collaboration at CERN observed this type of particle
for the first time in the decay of bottom lambda (A) baryons. Subsequent

experiments have discovered multiple pentaquark states, including P (4312)",
P.(4440)", and P_(4457)".
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Figure 1: Feynman diagrams for (a) A) — J/w A* and (b) A) — PTK~ decay.
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Figure 6: Fit to the cosfp.weighted m ;.
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p distribution with three BW amplitudes and a

sixth-order polynomial background. This fit is used to determine the central values of the masses
and widths of the P states. The mass thresholds for the £ D" and X D*" final states are

superimposed.




MC Simulation

Study Process: ete™ > PXp > J/ypp - eTe  (utu™)pp
Threshold: 4.457+0.938=5.395GeV

Samplel: Signal. MC samples for e*e™ —» Pp — ] /ipp were generated at an energy point of /s =
6.5 GeV, with a total of 200,000 events.

Sample2: Background. We generated 200,000 events background sample for the process ee™ - J/ypp

(without pentaquark state) at /s = 6.5 GeV. Continuum background is the main background!

Type Process Amount Generator
ete” — Pip — J/ypp,
JIW — ete (U um)

ete” — J/ypp,
B
ackground MC I — ete () 200,000 | ConExc,PHSP

Signal MC 200,000 | ConExc,PHSP OSCAR 2.6.2




Event Selection

Study Process: ete™ — PFp - J/Ypp

Good charged tracks:

> |ny| <1lcm,|V,| < 10cm

PID:

» p:prob(p)>prob(e, m, K, 1)
» e:prob(e)>prob(p,m, K, 1)
» u:prob(u)>prob(p,m, K, e)

Other selections:
» Numberof p=1andp =1

> Numberof ut =y~ =1oret =e

1

Events/2.00[mm]

Vertex Fit:

» p,p and two lepton(e or u) come from the same
point.

Kmfit Fit:

> p,p and two lepton(e or p) restrain to center-of-
mass.

Mass Requirement:

> We require M;,, € [3.05,3.15] GeV

do(Vyy) and z,(V,) distribution
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The distribution of M(J /Yp)

Use P.(4450)" state as an example at /s = 6.5GeV!

P.(4450)7 is consist of two state P.(4440)" and P.(4457)*

Signal: e*e™ - P'p - ] /Ypp
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Continuum background is the main background!

Other background is very low.

Background: ete™ - J/Ypp
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Resolution Correction

In order to improve the mass resolution, we correct the mass

Mass Resolution Correction:

P.(4312)%

Events/4.00[MeV/c?]
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Study of one P/ State
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The design integral luminosity of STCF is 100 fb-!. Consider the detect efficiency of P.(4450)% is 47.2%

Signal Number: Nyps = Lipn; * O * €

(background)
Assuming that 6(e*e™ — J/{ppp) = 0.1pb, the distribution of M; yp are displayed:

O-Sig = 10fb Gsig = be O-Sig = 1fb
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Significance of P.(4450)™ State
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O G Bkg NLL -11400.6 | -9143.4 | -8771.0 | -§401.1 | -8032.8

Significance 14020 | 6384 | 4920 | 3390 | L1770
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0 We find that when o(e*e™ — J/Ypp) = 0. 1pb, the cross
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Compare with LHCD results

5D’ 3:D*°
é I : : We can adopt the same relative contributions of the P states
1200f :
% [ —data i | LHCb as measured by LHCDb to make prediction.
Q - — total fit 'y
%’1000._— background L Assume that o(e*te™ - J/Ypp) = 1pb
= i :
g 800l M I : (We adopt the same 200 binning scheme as LHCDb)
i I I “.u‘ p
g : [ il ¢ * [L ! . . .
'§ 600} i LT G (High Cross Section Assumption)
i 250 F

o
[¢]

e'e—J/ypp)=1pb

e'e—P (4312)'p—J/vpp)=10fb
o(e"e—P (4440) p— )/ ypp)=37fb
o(e’e—P (4457)p—]/ywpp)=17.6fb

soofFif 11
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M yp [MeV] 5
m i .
State M [MeV | ' [MeV | (95% CL) R [%] 50 [l palEHPT
P.(4312)* | 4311.9£0.715% | 9.8+2.77 31 (<27) | 0.30 £0.07"9%,
P.(4440)* | 4440.3 £ 13111 [ 20.6 £4.97 57 (< 49) | 1.11 £0.337)%2 0
; ; 4.2
P.(4457)* | 4457.3 £0.6711 | 6.4£2.07 7] (<20) | 0.53 £0.167013

435 4.4
M[J/yp] (GeV/c?)

4.45

I

DATA

— Fitting Curve
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P.(4457)"
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Compare with LHCD results

To better compare the resolution differences between the two experiments, we replace the background with the

sixth-order polynomial used in the LHCb experiment for comparison.
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The mass resolution is sufficient to clearly resolve the P.(4440)* and P.(4457)™ as distinct states.
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Significance

Significancel: Exist P.(4312)" state. VS There is no P.(4312)7 state.
Significance2: P.(4440)* and P.(4457)™ are two different state. VS They are the same state P.(4450)% .

Origin

G(e'e—J/ypp)=1pb

o(e’e—P (4312) p—=J/ypp)=5fb
o(e’e—P.(4440) p—]/ypp)=18.5fb
o(e'e—P (4457) p—1/ypp)=8.8fb
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40 |4
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I DATA
— Fitting Curve
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— P (4440)"
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Hypothesis 1
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cle'e—P (4312) p—J/ypp)=5fb
cle*e—P, (4440) p—]/ypp)=18.5fb

Events/2.00[MeV/c?]

40 [
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I pata
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c(e'e—P (4312) p—]J/ypp)=5fb
140 o(e'e —P (4440) p—J/ypp)=18.5fb

120
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o(e'e —P (4457) P—J/ypp)=8.8fb
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] 'uuﬁ T le

F’

43 435 44
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M[J/ypl (GeV/c?) M[J/ypl (GeV/ch) MUJ/yp] (GeV/)
T~
01,00, 03 = 10,37,17.6fb | 6,00,03=5,185,880 | 01,075,053 = 12.5,9.25,4.4f
Background Cross Section Hypothesis | Significancel | Significance? |/Significancel | Significancg2 | Significancel | Significance2
o(ete™ - J/ypp) = 1pb Signal NLL -20992.9 -70808.3 -18583.6 -56783.3 -17394.8 -49927.7
Bkg NLL -20936.2 -70769 -18568.7 -56770.5 -17391.3 -49923.6
Significance 10.650 8.87c N\ 5460 5.06g” 2.650 2.860
o~ = 14




Cross Section Measurement

Events/2.00[MeV/c?]

The cross section for each P state can be calculated by the follows equation:

250 FF

200

150

100

50 e

o(e*e” = Pp — J/ypp) =

ole'e—J/ypp)=1pb I DATA
o(e'e—P,(4312) P—J/ypp)=10fb I — Fitting Curve
o(e'e—P (4440)p—1/ypp)=37fb ---- Background
G (e'e—P (4457)F—1/ypp)=17.6fb Al P.(4312)"

"i'i‘ { — P.(4440)"

| P, (4457)"

s a5, L B 1o e R

425 43 435 44 445 45
M[J/yp] (GeV/c?)

This process is like IO-check

Nobs
eX L

Cross Section Results

Ly = 100fb™1

P.(4312)" | P.(4440)" | P.(4457)"
Nops 464.3 1826.7 882.2
g 47.46% 48.78% 48.65%

oete” - P'p

= J/upp) | 9.78fb

37.451tb 18.13fb

Error 9.67%

4.83% 6.47%

Difference 2.17%

1.21% 3.03%
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Current Status of Double Charmonium Theory and Experiments

S Fux#

SUN YAT-SEN UNIVERSITY

» a survey of theoretical studies in the five models that are currently related to fully charmed tetraquark states

Mass (MeV)
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-]
=
=
(/%]
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Pwave 17~ T, spectrum

7051

~
o
=
(+]

6975

6698
£621

6605

6633

6588
6544

— u=50
— u=100

6951

6877

6284

6495

6944.1

6875.6

6577.1

6495.4

6993

6904

6768

6750

6636

6911
6864

6740

6716

6555

Refs.1 Refs.2

Refs.3 Refs.3 Refs.3 Refs.4 Refs.5 Refs.6
(GI) (MGI) (NR)

QCD Sum Rules
Relativistic Quark Model
Godfrey-Isgur relativized diquark model

The modified Godfrey-Isgur relativized

diquark model with the color screening

effects

Nonrelativistic Quark Model

» For fully charmed tetraquark states with

PC _ 1~

guantum numbers ,the theoretically

predicted mass range is 6.495-7.113 GeV
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Current Status of Double Charmonium Theory and Experiments

» Search for the double-charmonium state with ncJ/tp @ Belle

* Production process : ete™ — (Visr LAY o 1of

* Energy : 10.52GeV % °F } ]

* Decay Mode: g o gt l IHHIHI i
T/ etem, utu" 7 ! lﬁ:llﬁlﬂ_ﬁl l
ne. pp,ppr’, KsKint, KK~ n° K*K-K*K~,2(n*n~n°)

 Integrated luminosity : 980 fb 1

e Mass: 6267 + 43 MeV/c?

e Width: 121 + 72 MeV
 Significance : 2.16 ( near threshold )

Events /50.0 MeV/c?

|

|

|

|

|

|

|

M, J/Ay) (GeV/c?) |
B E A |
|

|

|

|

|

|

|

—e- step 400 MeV
-=- step 500 MeV
—a— step 600 MeV

« ncl/P mass region : [6.0,6.6] GeV/ c?
 Cross-sectionresult : 2.1+£0.7+0.2 pb AM = /5 —m(ne) — m(J /1)

——

o)

Cross sections/pb
N
(3]
| Rkl Rkl WALl RLLL) LLAL LLEL b L |

e Continuum production cross-section fitting function

—

==
6 7 8
—\ / Z”AM center-of-mass energy (GeV)

(S/So)n 18
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Double tag J/¥ and 1,

Exclusive MC production under OSCAR 2.6.2

G F KB

SUN YAT-SEN UNIVERSITY

-
Generator: ConExc ("] ~_Resomncs?_~ W—> W’:\:‘;
A

Event Number: 100,000

« N> K K 10 m0-yy

Signal Channel: efe™ — T,. = n.J/W, D — \W/W
S
s

* J/Y - utuorete”

e Using the Breit-Wigner formula to generate the input

cross-section distribution for simulating resonances.

Breit-Wigner Formula :

. 12nTé
a(e e - T4c) = BT4C—>e+e_BT4c_’77c]/¢ 2 )2 2 12
(S _ mT4C) + mT4CFO

(o) e Ne) e e o) o) Ne) o) Ne) o) Ne) i) o) Neo)

My,

4

.= 6.75GeV

1.74915 0.0
2.48728 0.0
3.80113 0.0
6.45682 0.0
12.90311 0.0
32.23149 0.0
64.43911 0.0
32.20762 0.0
12.87256 0.0

6.43104

3.77999

2.46962

1.73409

1.28226 0.

0.98561 0. 19




Event Selection

Charged-track selection:

> |dy| < 1.0cm,|d,| < 10.0cm;

Photon selection:

> Barrel: |cosf| < 0.8325,E,.4 = 25MeV,

» Endcap: 0.8325 < [cosfO| < 0.9445,E,., = 50 MeV ;

> Time of flight : 0 < |T,| < 10 ns

Kaon selection :

» Global PID : prob(K) = prob(m)&&prob(K) =
prob(u)&&prob(K) = prob(e)

Muon selection :

» 0.1<E,q <03, |p,|=09GeV

Electron selection :

> 08<=2<12, |p,|=09GeV

@) F w X #

SUN YAT-SEN UNIVERSITY

0 reconstruction :

w
» 0.12GeV < M, < 0.15GeV

> 1C kmfit y*> < 60

1. reconstruction :

» 2.78GeV < M, < 3.08GeV

J/\y reconstruction :

> Vertex fit: y? < 60
> 3.05GeV < Mg+,
> 3.05GeV < M,

IA

3.15GeV
3.15GeV

IA

LA s e e s S A W B

§ ops [ STCF Simulation
o | Vs=673GeV,1ab”

T L
£0.02

£0.02 ¢
=z .
0.015 [

0.01 [

0.005 [

U L L L1 1
0 05 1 15 2 25 3 20

Momentum [GeV/c]
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Double tag J/y and 1, . VS5 =6.73 GeV

» Comparsion of J /Py—u*u~ and ]/1/)—>e+e_

| J/Y Mass cut: 3.05GeV < M, +;.- < 3.15GeV ; | e Mass cut: 2.78GeV < Myip-o0o < 3.18GeV JI
————— | ?8________|_| L L L L DL _____é____‘_I_I_T___I____r___I L
£ oI STCF Simulation - 5 - STCF Simulation
m 03 o S 01" oe ]
- : e'e -y + Muon Pairs N O e'e »nJy — Muon Pairs
] 5]
=D.25 | irs: After cut 6 Electron Pairs % I irs: irs _
I Muon Pairs: After cuts = 27162 | Muon Pairs: After cuts = 22439.0 ——  Electron Pairs _|
g Muons in [3.05,3.15]: 26754 + i =0.08 Muonsin [2.78,3.18]: 16268 |
2 02 | Electron Pairs: After cuts = 27074 [\ 7] i Electron Pairs: After cuts = 19972.0 i
[ Electrons in [3.05,3.15]: 22180 A 0.06 - Sectonsini2783:18] 14301 N 5
0.15} J/Y ] _ _
: ] 0.04 - .
0.1 7 I ¥ |
i 1 L r# . i
0.05[ j . 0.02 ¢ * )
i ] o . ]
o+ ] . wt L
0_4 sesiesieghrgpegerrraredeslooyt | dosbooososbooiote | olelesl 0 wesbapept I | | i o S P
28 29 3 31 32 33 34 27 28 29 3 3.1 a Toe V/
Fitting result: mass region in [3.07,3.13]M(I ) [GeV] Fitting result: mass region in [2.95,3.03]
e wo=12.794+0.07MeV,mean = 3.097 £+ 0.001 e u:o0=30.311+0.6MeV,mean =2.988 + 0.001
e e:0=14.05+0.10MeV,mean = 3.096 + 0.001 e e:0=30.671+0.7MeV,mean = 2.989 + 0.001
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Double tag J/Y¥ and n,

G

- SUN YAT-SEN UNIVERSITY

VS = 6.73 GeV
Cut Flow(J /- > up) N,ps relative ¢ Cut Flow(J /1 —ee) N,ps relative ¢
total number: 50000 100.00% total number: 50000 100.00%
nGoodm = 2&nGoodp = 2: 34432 68.86% nGoodm = 2&nGoodp = 2: 33918 67.84%
nGoody = 2: 29762 86.44% nGoody = 2: 29832 87.95%
nu, =2 1 and np,, > 1: 26712 89.75% ne, > 1 and ne,, > 1: 26677  89.42%
J/¥ mass cut & vtx_y? < 60: 26321 98.54% J/¥ mass cut & vtx_y* < 60: 21956  82.30%
nK,, =2 1and nK, = 1: 23150 87.95% nkK,, =2 1 and nK, = 1: 19503 88.83%
m'mass cut & km_y? < 60: 20436 88.28% m’mass cut & km_y?* < 60: 17061 87.48%
ncmass cut 17363 84.96% ncmass cut 14378 84.27%
total cut: 32.48% total cut: 28.76%
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Single Tag J /1

Exclusive MC production under OSCAR 2.6.2
Generator: ConExc
Event Number: 100000
Signal Channel: ete™ - T,. = 1./,
* 7, anything
* J/Y - utuT andete”

- Decay Card

2 443 441, e Using the Breit-Wigner formula to generate the input
cross-section distribution for simulating resonances.
PHOTOS WLL;
4 . a’ pi+ pi- PHSP; ° °
e et Breit-Wigner Formula :
0.012 I - HELAMP 1.8 0.0 0.8 0.8 -1.0 8.08;
2
. e TR Lo _ 12mTs
j'DBN . -1|1 j . EEES?P 1.0 0.0 0.0 0.0 -1.0 0.9 ; O‘(e e -_ T4‘C) o ‘BT4,C—)€+€_‘BT4C_)77€]/1/) 2 2 2 2
: ) :EE:rjﬂP 1.0 0.0 0.0 8.0 -1.0 0.0; (S - mT4c) + mT4CFO

: 16 SP;
0.8326 eta - SP;
0.0163 eta 10 SP; 23
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Single Tag J /Y JS = 6.73 GeV

- +,,— + ,—

» Comparsion of | /Y—u™u~ and | /yPp—e™e Miccoit(J/1) = /IPere- — Papyl?/e
| J/Y Mass cut: 3.05GeV < M, +,,- < 3.15GeV _! :_Recoil Mass cut: 2.78GeV < M ocoi < 3.18GeV Jl

%22:\II\|I\\\|\\I\‘I\\\|I\II‘II\\‘I\II‘II\\: $ _\|\|‘\|\||\|\\|||||||\II‘II\I_

£ 62 - STCF Simulation ] EO 15 - STCF Simulation _

L i e+e_%1‘lc‘-l/‘|f + Muon Pairs . E | - e'e %T]CJ/IV - Muon Pairs

-@1 8 - ] = | —+  Electron Pairs

@1 6 } Muon Pairs: After culs = 40835 + + Electron Pairs E g 01 | Muon Pairs: After cuts = 39743.0 ]

L Muons in [3.05,3.15]: 39979

%) 14 ] | Muonsin[2.78,3.18]: 39318

[ Electron Pairs: After cuts = 38465 ] L rs: Afler cuts - 31682.0 i ]

201 2 ; Electrons in [3.05,3.15]: 32058 .’/Ip { 008 r Flecten Pars: ReCOII Mass _
L ] - Electrons in [2.78,3.18): 31324 o

0.1¢ ; 0.06 - -
0.08 - E I 1
0.06 | | 0.04 - . .
0.04F - : o |
0.02 ] 0.02 - S b .
.. AT ¥ TR : £ ‘
29 295 3 3.05 3.1 3.15 3.2 3.25 3.3 0" R -
M) [GeV] 27 28 29 3 31 32 3

Fitting Result: Fitting Result:
e pwo=13.40+0.06MeV,mean = 3.097 + 0.007 e u:o0=28.38+0.46MeV,mean = 2.977 + 0.001
e e:0=15.05+0.08MeV,mean = 3.096 + 0.009 e e0=2893+0.56MeV,mean =2.978 + 0.001
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Single Tag J /1
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SUN YAT-SEN UNIVERSITY

Cut Flow(J /vy ->up) N, ps relative ¢ Cut Flow(J//y—ee) N, ps relative ¢
total number: 50000 100.00% total number: 50000 100.00%
nGoodm = 1&&nGoodp = 1: 49582 99.16% nGoodm = 1&&nGoodp = 1: 49522 99.04%
nu, =2 1 and np,, > 1: 40436 81.55% ne, = 1 and ne;, = 1: 39242  79.24%
J/ P vexfit_x* < 60: 40404 99.99% J /P vtxfit_y? < 60: 39225 99.96%
J/Y mass cut: 39743 98.36% ]/ mass cut: 32452 82.73%
Recoil mass cut 39099 98.38% Recoil mass cut 31886 98.26%

total cut: 78.20% total cut: 63.77%
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Background Analysis

Double Tag Single Tag
* Continuum cross section. V8§=6.75GeV efficiency a(fb) Num efficiency o(fb) Num
Signal 31.00% 64.43 3 70.50% 64.43 548
o= A V 2uAM Continuum 31.00% 819.26 35 70.50% 819.26 6886
(s/sp)™ J/ypp 1.38% 20 0 11.40% 20 27
J/ Pt 0.42% 30 0 4.88% 30 18
(From Belle) J/ WK K~ 1.41% 30 0 14.23% 30 51

The cross-section estimates for J/Yypp. J/PYm n~and J/PYK* K™ background at +/s =6.75 GeV are obtained by

scaling their current measured values below 5 GeV down by a factor of 100.

\\‘IIT\‘\"IIII

éoo2i E %-025_ . . _‘ 9‘024;7\ 1T LI T T 17T | T T 7:

5 YSt STCF Simulation & - STCF Simulation ] $.022 - STCF Simulation E

B.018 e -y — e : B - ee sy — ot ] B0.02 &€ Ny S ]

£.016 - ——— g Z aqab S— E
Number of the bkg | | 0014 wreensmem
0.012 fy SHrpigm MPfResss 0 BTl
BleCirofth in [&)78.3.18]: 23482 l_ﬂL 8

5 0.01"
5x10 0.008 - 01 :
0.006 | bo—
0.004 " 0.0051 J/yrTnm
0.002 -
- OII\‘II\\‘\ P Loaw o 07“‘ e L 111
27 28 29 3 31 3.2 33
M(Recol) [GeV] 27 28 29 3 3.1 M(Hescb% [Ge\%ls . 28 29 3 3.1 M{Rg:b% [Ge\%'s 26



Estimate Cross Section and Signal Number

O ;¢ = 20eV,
O I;, = 10MeV

O, = 1MeV

— 1
= BT4C_>3+3_ ~2x%107° ’BT4C_’77c]/1l’ - 10 ~ 0.1

B 127T% .
a(e*e” > Tye > NJ /W) = Br, et~ Brymg/p ™ e ~64.43fb
(S_mT4c) +m%4cr%4c

""" """ ">”">"~">">" "> ">">"°>">"”""”""”""”"”"/7"”"/"/""/—/ 77— |
: OL=100fb"1 |
_ I

: OB(J/W—e e ,utu”) =0.11932=11.932% |
I

'O B(n.—K*Kn°%) =0.0115=1.15% |
| |
| N, =0elB(J/Yp—e Tem yut u B —KtK n%) = 3(peak) |
- J

* STCF can generate 1 « 10° T, (N,,, = oL)

T b X &

= SUN YAT-SEN UNIVERSITY

cross section input

40

20

[o2=]
o]

> A. Badalian, B. loffe and A. V. Smilga, Nucl

6.65 6.7 6.75 6.8 6.85 6.9
s (GeV)

. Phys. B281 (1987) 85 27


file:///C:/Users/97240/Documents/WeChat Files/wxid_s6ib3brnsakg21/FileStorage/File/2025-01/badalyan1987.pdf

Fitting of Signal and Background

N
I

=

% 702— STCF Simulation SI'W”HC')

° - 1 Background (MC)
60 - e 5T, ondly —;?;:L :::“
50 ;_ G-s7Gev. 100’ Bkg Fit
40 &

30
20
10

0
6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

Background Fitting: one-order polynoimal
Signal Fitting: Gaussian

Mass (GeV)

 Significance :

’ SUN YAT-SEN UNIVERSITY

log likelihood value from the fit w/o signal

/

S =[2(nL,,(s+0b

InL,,(b)

)]1/2.

/

log likelihood value from the fit

Fitting  * Nsig =6.5+£12.3

| Result: * Npack = 3144+ 24.6
|

|

e Mean =6.75+0.01 GeV

c 0=4.921+1.82MeV

Fr————————_——_——_———————————

| Calculated « N_., =8

: Reuslt: * Npgck = 313

28



Fitting of Signal and Background

r _________ =

'Single Tag J /¢

-

VS: 6.73GeV~6.77GeV Step size:5MeV 8 steps

12000 - STCF Simulation

10000 - eve - T, =0y
s =6.73 GeV, 100 b

Events /5 MeV

8000 -

6000

4000

2000

Signal
[ Continuum Bkg

B Jivpp

B Jiyrn
B Jivy KK
— Total Fit
----- Signal Fit
Bkg Fit

 Significance :

’ SUN YAT-SEN UNIVERSITY

log likelihood value from the fit w/o signal

0
6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

* Background Fitting: one-order polynoimal

« Signal Fitting: Gaussian convolution BW function

Mass (GeV)

7
S = [2(JnLy, (s + b) —|InL,,(b))]*/2.
/

log likelihood value from the fit
N 1
| - L=100 fb |
|« significance = 5.720 I
r-—-——————————————— ————— 1

| Fitting * Ngig =15303 +473.4
' Result : * Npack = 62791.7 + 299.6
 Mean =6.75+0.001 GeV

I
| e 0=1.71+2.0MeV



Results under different Cross Section Assumption

Double

Tag

5 times

10 times

Single
Tag

5 times

10 times

BEE A /GeV
inputZ{ T (fb)
Nobs(f55)
input#X [ (fb)
Nops(lE55)
inputZ{ H (fb)

Nobs“%_%)

BEE = /GeV
inputZ H (fb)
Nobs(l55)
inputX E (fb)
Nobs(lE5)
inputZ H (fb)

Nobs('fg%)

6.73
3.8
0
19.0

38.0

6.73
3.8
32

19.0
161

38.0
323

6.735
6.5
0
32.3

64.6

6.735
6.5
55

32.3
274
64.6
548

6.74
12.9
1
64.5

129.0

6.74
12.9
109
64.5
547
129.0
1094

6.745
32.2
1
161.2

322.3
14

6.745
32.2
274

161.2
1370

322.3

2740

6.75
64.4
3
322.2
14
644.4
28

6.75
64.4

548
322.2
2738
644.4
5476

6.755
32.2
1
161.0

322.1
14

6.755
32.2
273

161.0
1366

322.1

2732

6.76
12.9
1
64.4

128.7

6.76
12.9
109
64.4
547
128.7
1094

6.765
6.4

32.2

64.3

6.765
6.4
55

32.2
273
64.3
546

6.77
3.8

18.9

37.8

6.77
3.8
32

18.9
160

37.8
320

&K E

SUN YAT-SEN UNIVERSITY

significance

0.450
1.970
3.580

significance

5.720
26.760

57.660
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Summary

> For the P/} states: Our investigation involved simulating the distributions of various

P states at 6.5 GeV. A comparison with LHCb data was performed, and the significance

was evaluated under different cross-section hypotheses, laying the groundwork for future

studies.

» For the di-charmonium: Based on theoretical cross-section predictions, we simulated the
expected signal and background distributions. The calculated significance led to the
conclusion that the single-tag method 1s more viable than the double-tag method for

detection.
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