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0 Data sets and event selection



Data sets

@ Boss version: 703
@ Data sets: chic1 scan.

Vs (GeV) | Runnumber | £ (pb~1)
3.4900 47467 — 47493 12.11
3.5080 51657 — 51893 181.79
3.5097 51584 — 51656 39.29
3.5104 51894 — 52090 183.64
3.5146 52298 — 52332 40.92

@ Hadronic MC samples:

LUARLW, 10M events each point.
HYBRID, 10M events each point.
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Hadronic event selection

@ Same as R-value analysis published in PRL 128, 062004 (2022)

Track Level

®  Veto Bhabha and Di-gamma events
* Nshower = 2
*  E; 2 E; 2 0.65Epeam
*  |A6] =16, + 6, —180°| < 10°
® Isolated photon
*  Energy deposition should be larger than 0.1 GeV
*  Angle from the nearest charged track should be
larger than 20°
. 0 < Tgmc < 700 ns
®  Good charged hadronic tracks
« | <05cm,|V| <5.0cm,|cos 8] < 0.93
* Prack < 0.94Ppeam » Where Pheam = Ebeam
* Xprob. = (dE/d¥measure — dE/dXproton) / Fproton >

10

*  Remove charged tracks when E/p > 0.8 and p >
0.65ppeam

*  Veto y-conversions when M(e* ™) < 0.1 GeV and
B < 15°

Event Level
At least 2 good charged hadronic tracks

®  Number of good charged hadronic tracks = 2:
* |A8] =16, + 6, —180°] > 10° or |Ag| =
[y — p2| —180° > 15°
¢ Atleast 2 isolated photons

L] Number of good charged hadronic tracks = 3:
The two highest momentum tracks are required not
back-to-back: |AB] = |6, + 6, — 180°| < 10° or
[8¢| = |lpy — p] — 180°] < 15°
*  (number of track with E/p > 0.8) <1
*  (number of track with PID ratio > 0.25) < 1, where

the PID ratio is defined as rpjp =
Prob.(e)
Prob.(p)+Prob.(K)+Prob.(m)+Prob.(e)

® Number of good charged hadronic tracks > 4:
No additional requirements
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Reconstruction of ¢(1020) via ¢(1020) — K*K~

@ PID (dE/dx + ToF)
@ Prob.(K)>Prob.(r),Prob.(K)>Prob.(p) and Prob(K)>0.001

Q N(KT)>1landN(K ) >1
Q P(¢) >0.2GeV
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@ Spin alignment of ¢



Binning determination

@ the resolution of cos 0* and Py:
@ Obstained by LUARLW MC, and fited with double Gaussian function
@ The candidate events are divided into 10 intervals of cos §*
@ Acosf* = 0.2 > 50cos 0+
@ The momentum intervals is set at 0.1 GeV, ranging from 0.4 to 1.6 GeV.

@ Droped 0-0.4 GeV because of the low reconstruction efficiency of ¢
) AP¢ =0.1> 50’p¢
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Extract ¢ signals

@ Unbinned maximum likelihood fit method is used to extract signals from
M(K*TK=) in each (p vs. cos 6*) bin.
@ Signal: Breit-Wigner ® Gaussian
@ Background: 3"-order Chebyshev polynomial
@ The parameter of the breit-Wigner function is fixed to the ¢'s PDG values.
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The difference between data and MC

@ SPlot method for data to extract ¢ signal distribution
@ MCtruth match for MC to extract ¢ signal distribution

35 GeV B5GeV
= |—Luariw —Hybrid 2000~ |—Luarlw —Hybrid
3000 + data 1800 + data
E 1600
2500 E
& 2000 E
e E
2 ok E
@ 1500~ E
1000~ E
E i
sof- E
02 04 06 08 1 12 14 16 18 T 08 -06 -04 02 0 ,L 02 04 06 08
P(g) GeVic cos@
3.5 GeV 3.5 GeV
8000F— |—Luarlw —Hybrid 2000 |—Luariw —Hybrid
E + data E + data
7000/ 1800F-
E 1600
6000 E
E 1400~
000~ D1200F
E D200
i St g
Da000/— 310001~
o F o E
3000~ 800~
E 600
2000~ E
E 400~
1000F- 200
12 Y] 2 04 06 08

ete — #(1020)+X October 23, 2024

7/93



The difference between data and MC

@ SPlot method for data to extract ¢ signal distribution
@ MCtruth match for MC to extract ¢ signal distribution
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The signal distribution of ¢

0.4 <P, <0.5GeV/c

/10.4,05) GeV.

f

+
+
events

L L L L L L L
041 042 043 044 045 046 047 048 049 05

cosh’ P(¢) GeVic

I
08

0.4 0‘6
P(K") GeVic

ete — #(1020)+X October 23, 2024

9/93



The signal distribution of ¢

0.4 <P, <0.5GeV/c
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Poo result

0.4 <P, <0.5GeV/c
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Poo result

0.4<Py4<0.5GeV/c
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The signal distribution of ¢

0.5<P, <0.6 GeV/c

/105,06) GeV.

350~ L
= 5001~
a0 £
£ 400
250~ F
a F o E
€ 200 £ 300
S S 3
> F s
@ 150/ e
= 2000~
100 C
E 100~
50F r
Eoot L I | I I I Covut | | L | L |
-1 08 -06 -04 -02 0 _02 04 06 08 05 051 052 053 054 055 056 057 058 059 06
cos@ P(¢g) GeVic
E 400
sanof- b
12000~ 300
1000 250F-
L F o
e F e
@ 8001~ @ 200
s [ >F
o r [
600~ 150~
400/~ 100~
200 S0~
C | | | | B
02 08 T 12 T 08 -06 02 02 04 06 08

0.4 0‘6
P(K") GeVic

ete — #(1020)+X October 23, 2024 13/93



The signal distribution of ¢

0.5<P, <0.6 GeV/c
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Poo result

0.5<P, <0.6 GeV/c
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Poo result

0.5<P, <0.6 GeV/c
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The signal distribution of ¢

0.6 <P, <0.7 GeV/c
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The signal distribution of ¢

0.6 <P, <0.7 GeV/c
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Poo result

0.6 <P, <0.7 GeV/c
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Poo result

0.6 <Py <0.7 GeV/c
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The signal distribution of ¢

0.7 <P, <0.8 GeV/c
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The signal distribution of ¢

0.7 <P, <0.8 GeV/c
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Poo result

0.7 < P, <0.8 GeV/c
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Poo result

0.7 < P4 <0.8 GeV/c
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The signal distribution of ¢

0.8<P, <09 GeV/c
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The signal distribution of ¢

0.8<P, <09 GeV/c
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Poo result

0.8 <P, <09 GeV/c
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Poo result

0.8<Py4<0.9 GeV/c
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The signal distribution of ¢

0.9 <P, <1.0GeV/c
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The signal distribution of ¢

0.9 <P, <1.0GeV/c
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Poo result

0.9 <P, <1.0GeV/c
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Poo result

09<Py<1.0GeV/c
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The signal distribution of ¢

1.0<P, <1.1 GeV/c
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The signal distribution of ¢

1.0<P, <1.1 GeV/c
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Poo result

1.0<P, <1.1 GeV/c
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Poo result

1.0< Py <1.1 GeV/e
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The signal distribution of ¢

1.1<P, <1.2 GeV/c
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The signal distribution of ¢

1.1<P, <1.2 GeV/c
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Poo result

1.1<P, <1.2 GeV/c
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Poo result

1.1 <Py <1.2GeV/c
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The signal distribution of ¢

12<P, <1.3GeV/c
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The signal distribution of ¢

12<P, <1.3GeV/c
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Poo result

12<P,<1.3GeV/c
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Poo result

1.2<Py<1.3GeV/c
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The signal distribution of ¢

13<P, <1.4GeV/c
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The signal distribution of ¢

13<P, <1.4GeV/c
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Poo result

1.3 <P, <1.4GeV/c
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Poo result

1.3<Py<1.4GeV/c
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The signal distribution of ¢

1.4<P,<1.5GeV/c
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The signal distribution of ¢

1.4<P,<1.5GeV/c
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Poo result

1.4<P,<1.5GeV/c
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Poo result

1.4<Py<1.5GeV/c
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The signal distribution of ¢

15<P, <1.6 GeV/c
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The signal distribution of ¢

15<P, <1.6 GeV/c
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Poo result

15<P, <1.6 GeV/c
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Poo result

1.5<Py<1.6GeV/c
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Poo result
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fit result (data)

0.4 <Py <0.5GeV/c
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fit result (LUARLW MC)

0.4<Py4<0.5GeV/c
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fit result (HYBRID MC)

0.4<Py4<0.5GeV/c

ool
] ]
H Eam,»mu.‘dh,!,.l,nu(mlx ,,[‘I.L,“{ H ,lhl,lllﬂ‘&ﬁrl,hl,)[Uu‘mﬂluyll“Ik# H E‘»Tl,axmlixﬂuhm)mswsnml,mmne{ ER ‘ERI NIRR
o e e o

R ¥ g

] ]
: E‘h,,'lis",u‘x*,um,lriqu“u,;',T“u'ﬂ ?E,;)lll1,;l,um,,)l!1),u"nr;lul!nl‘m“(+ -

.

’”u!ituh(rﬂiylﬂ]l“ﬂ"‘ﬂ“ﬂh!]Hl“(# H

1
bt U iy »lhuuﬁ

[ 1L

A
E,,m,, l,(hu‘“‘,u’“(u[,.‘llwll,luumq

|
ity 1‘"1»71l,x,‘sxﬂgl'";lz#mm;{ 2

ete — $(1020)+X October 23, 2024 60/93



fit result (data)

0.5<P, <0.6 GeV/c
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fit result (LUARLW MC

0.5<P, <0.6 GeV/c
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fit result (HYBRID MC)

0.5<P, <0.6 GeV/c

! &
] ] ]

H ‘E;nluﬂumxfm,;,,i,1“|‘s,glﬂl,ll.imm H ;,wit‘u‘mu,'),l‘;mmil,,»,ﬂl‘si‘u{ H ‘E‘,W,u‘m(u,;TuHmmu,,ﬂu,uhmn{ H ‘E“ﬂ'l]l&lnlﬂmijli));¥|“‘ﬂz’1]§l‘75ﬁflil‘
e o o o
] ] ] ]

H «(E{,m”ic[f[‘ﬁ‘mlhlyiilnﬂn)«))])n[(“[(r(l{ H «(E}l,lmlmuiux,mz,:‘m‘unmn,mn‘k(!{ H «‘EJ,HH,J"L[’mnl,i'l)mll(m’n,l,4“&‘;“11 H «(E»]‘y)”1!&““(4“,%}“r,u;“h‘lﬁﬂnll(‘[(»ﬂ*
o o e e

itk (l;l,qa\mlﬂ‘u(my‘l”IT‘UM’{

o onve) o)

m'e,l‘nm‘,,),lh,)mumm.‘hamlm%

ete — $(1020)+X October 23, 2024 63/93



fit result (data)

0.6 <Py <0.7 GeV/c
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fit result (LUARLW MC

0.6 <Py <0.7 GeV/c
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fit result (HYBRID MC)

0.6 <Py <0.7 GeV/c
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fit result (data)

0.7 < P4 <0.8 GeV/c
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fit result (LUARLW MC

0.7 < P4 <0.8 GeV/c
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fit result (HYBRID MC)

0.7 < P4 <0.8 GeV/c
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fit result (data)

0.8<Py4<0.9 GeV/c
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fit result (LUARLW MC

0.8<Py4<0.9 GeV/c
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fit result (HYBRID MC)

0.8<Py4<0.9 GeV/c
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fit result (data)

09<Py<1.0GeV/c
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fit result (LUARLW MC

09<Py<1.0GeV/c
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fit result (HYBRID MC)

09<Py<1.0GeV/c
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fit result (data)

1.0< Py <1.1 GeV/e
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fit result (LUARLW MC

1.0< Py <1.1 GeV/e
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fit result (HYBRID MC

1.0< Py <1.1 GeV/e
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fit result (data)

1.1 <Py <1.2GeV/c
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fit result (LUARLW MC

1.1 <Py <1.2GeV/c
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fit result (HYBRID MC

1.1 <Py <1.2GeV/c
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fit result (data)

1.2<Py<1.3GeV/c
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fit result (LUARLW MC)

1.2<Py<1.3GeV/c
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fit result (HYBRID MC

1.2<Py<1.3GeV/c
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fit result (data)

1.3<Py<1.4GeV/c
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fit result (LUARLW MC)

1.3 <Py <1.4GeV/c
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fit result (HYBRID MC

1.3 <Py <1.4GeV/c
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fit result (data)

1.4<Py<1.5GeV/c
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fit result (LUARLW MC)

1.4<Py<1.5GeV/c
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fit result (HYBRID MC

1.4<Py<1.5GeV/c
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fit result (data)

1.5<Py<1.6GeV/c
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fit result (LUARLW MC)

1.5<Py<1.6GeV/c

] ] ]
H E,x.m,.ax.fw,nm»u‘hi(th,ﬁwud{ H E‘”nllmlmlh‘ml,)Iml&‘dll)ﬂ;h[[“4 H Eﬂlluul;um;‘m‘l1,[L[&y((~;x#1)l|ﬂu|‘-§c+ H l.-wmnlus,b.l,);m‘;“‘uu,huul“4
e e e e

]
Eﬂﬂmmml‘l;h)1é)1‘Uni;—“é‘)u)qullihﬂ1 : E,..m,!nm‘ml‘u]umlm,».,,‘qum‘(:{

]
?EI,Mlnﬂ(»ﬂf“l)h,'IJ;‘muﬂll,hh[umd{

“

]
: Ex»nnhm,m,ug.‘h(uuu“».,,.;;u;u#

.

]
iExmhut”uum,;x]uu.n‘mu.uu(u;uu{ : E,».ldhml‘m;,;;.i,u‘uwm,'.l,mmq

2

“

ete — $(1020)+X October 23, 2024 92/93




fit result (HYBRID MC)

1.5<Py<1.6GeV/c
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