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Selection criteria for J/y à gh’, h’à gp+p-

´ Common ones for the good charged tracks and good photons candidates:
u N_ch =2, net_ch= 0 

u Ng ≥ 2, where the deposited energy is larger than 40 MeV for barrel rather than 25 MeV.

´ PID:  without any PID

´ Vertex Fit 
´ 4C Kinematic Fit

u c2(p+p- gg) < 100

u Photon with maximum energy is taken as the radiative 

one from J/y.

u c2(p+p- gg) < c2(p+p- ggg)

´ Veto background events with p0 in the final state: J/yàp+p-p0, gp+p-p0, …
u |M(gg) - mp0 |> 20 MeV 
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EgCMS = 1.4 GeV

DIY MC  

DIY MC



Selection criteria3

A clear and clean h’ signal  

´ h' candidates:
|M(gp+p-) – mh’|< 20 MeV

´ Non- h’:
40 MeV<|M(gp+p-) –mh’ |< 60 MeV 

´ Data vs DIY MC of h’à gp+p-
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´ Peaking bkg: h’à p+p-p0

h’à p+p-p0 Cases N_gen N_ survived e (%) N_normalized

09+12 DIY mc
signal region

6,200,000

274,014 4.42 1061

sideband region 109,901 1.77 426

18+19 DIY mc

signal region

40,000,000

1,688,220 4.22 6777

sideband region 685,091 1.71 2750

log

Selection criteria

M(p+p-):     non-h’	decays from	inc.	mc M(p+p-): non-h’	decays	from	h’-sideband

log

Normalization in height
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A Further Check on the sideband events

1) Exacted the background events from 
inclusive mc within h’	signal/ sideband region, 
respectively.

2) It seems that the h’	sideband events can not   
describe the background in h’	signal region?

3)     Need correction?

Bump at ~0.86 GeV is due to the 
lower sideband of h’ Lower/upper sidebands of h’	between	data	and	inc.

J/yàr0p0 mc

J/yàr0hmc

r0p0+r0h: 
Lower SB

r0p0+r0h: 
Upper SB

Signal: B(J/ψ àg h’ ) = 5.6×10-3 B(h’àgp+p-) =28.9% Product Br  = 1.618×10-3

bkg1: B(J/ψ àr0p0) = 5.6×10-3 B(p0àgg) = 98.8% 5.533×10-3

bkg2 B(J/ψ àp+p-h) = 4×10-4 B(hàgg) = 39.41% 1.5764×10-4
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Scatter plots about M(p+p-): Data

Within h’	signal	region	 Within h’	sideband	region	 Within h’	signal	region	 Within h’	sideband	region	

c2(p+p- gg) vs M(p+p-) M(p+p- g) vs M(p+p-)

Inclusive mc
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Background study with inclusive MC

Background level: 1.51%

where the ratio of 
peaking bkg h’à p+p-p0:
~0.1% (7.0%)  

Without	cut: c2(p+p- gg) < c2(p+p- ggg)	
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Background level: 0.87%

where the ratio of 
peaking bkg h’à p+p-p0:
~0.045% (5.1%)  

Efficiency loss:  ~ 2.65%
Veto background: ~44.2%

Cut	of	 c2(p+p- gg) < c2(p+p- ggg) is	applied	to	further	suppress	the	background.

Background study with inclusive MC
With	cut: c2(p+p- gg) < c2(p+p- ggg)	



Corrections for the dipion mass spectrum  
´ M(p+p-)-dependent detection efficiency, mass resolution, and the mass shift    

9

cuts e of		M(p+p-) bin	at
0.32 GeV

e of		M(p+p-) bin	at
0.42 GeV

e of		M(p+p-) bin	at
0.79 GeV

e of		M(p+p-) bin	at
0.90 GeV

after pre-sel. 47.53% 49.50% 50.97% 47.93%

|M(gg) - mp0 |> 20 MeV 99.57% 99.66% 99.45% 99.64%

Eg2 > 40 MeV 99.97% 99.97% 99.64% 89.77%

c2(p+p- gg) < 100 97.89% 97.71% 96.93% 95.64%

|M(gp+p-) – mh’|< 20 MeV 94.90% 94.86% 95.83% 96.35%

c2(p+p- gg) < c2(p+p- ggg) 97.69% 97.59% 97.66% 98.00%

Cut flow
M(p+p-) bin	at
0.90 GeV
GeV



Momentum of p+  vs	p-10

at truth level

M(p+p-) bin at	320MeV M(p+p-) bin at	420MeV M(p+p-) bin at	520MeV M(p+p-) bin at	790MeV M(p+p-) bin at	900MeVM(p+p-) bin at	300MeV
reconstructed after 4C fit

p(p+)≤150MeV(
200MeV) 

p(p+) >150MeV 
(200MeV) 

p(p+)≤150MeV&&
p(p-)≤150MeV (200)

p(p+) >150MeV&&
p(p-) >150MeV (200)

M(p+p-) bin	at 0.32 GeV: 44 10.1 (16.5) 89.9 (83.5) 3.7 (8.1) 83.6 (75.2)

M(p+p-) bin	at 0.42 GeV: 45.7 9.2 (15.4) 90.8 (84.6) 0    (0.7) 81.8 (69.9)

M(p+p-) bin	at 0.52 GeV: 45.8 7.9 (13.3) 92.0 (86.7) 0     (0) 84.0 (73.4)

Truth[%]Rec.[%]



A Further Check on The Corrections 11

´ M(p+p-)-dependent mass resolution, and the mass shift, where 
the M(p+p-) is	reconstructed		with	info.	before	4C-kinematic	fit.

Similar line-shape as those obtained after 4C-
kinematic	fit

with	4c-fit:		Resolution	is	improved,	 while the mass shift 
is getting larger. 

Angle (𝑝⃗!%
"#$, 𝑝⃗!&"#$):  in degree

M(p+p-) at	
300MeV

M(p+p-) at	
400MeV

M(p+p-) at	
900MeV

Angle (𝑝⃗"!
#$%#&, 𝑝⃗""#$%#&)

Angle (𝑝⃗"! , 𝑝⃗"")

cos(Angle (𝑝⃗"!
#$%#&, 𝑝⃗""#$%#&))

cos(Angle (𝑝⃗"! , 𝑝⃗""))



M(p+p-): px, py at truth level, while 
the pz is from 4c. 12

Line-shape of mass shift is similar as those obtained after 4C-kinematic	fit.

M(p+p-) : px, py from 4c, while the pz is at truth level.

M(p+p-): px, py at truth level, while 
the pz is from info. before 4c. 

M(p+p-) : px, py from info. before 4c, while pz at truth level

mass shift is sensitive to pt
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Red: truth level
Black: after 4c-fit 

The mean value of M(gp+p-), E(g) 
distribution with respect to M(p+p-)

The mean value of Pt(p+) distribution 
with respect to M(p+p-)

Red: truth level
Black: from info. before 4c

difference between 
them



´ 1c of h’,  c2(h’)
´ 1c of p0, c2(p0) 

´ 1c of h, c2(h) 
c2(h’) < c2(p0),  c2(h’) < c2(h)
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With another two cuts: c2(p+p- gg) < 30
Method 2:



h signal is still observed in M(gg) in data!  
Suppressed the h (J/ψ àrh) is needed.15
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With another two cuts:
Method 1:

c2(p+p- gg) < 30 , |M(gg) - mh|> 20 MeV Background level: 
0.87% à 0.5%



´ Differential rate:                                                            , 

´ Decay amplitude:

d,	b:  complex parameters.

a: a constant accounting for the box anomaly.

´ The PDF is constructed to be: 
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Model-dependent study 



Re-calculate the M(p+p-) with px, py at truth 
level, while the pz, e are from 4c. 
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Angle (𝑝⃗!%

"#$, 𝑝⃗!&"#$):  in degree

Line-shape of mass shift is similar as 
those obtained after 4C-kinematic	fit.

M(p+p-) : px, py from 4c, while the pz, e are at truth level.



Model-dependent study 
Model 1:r0-w-box anomaly19

PRL120, 242003

c2/ndf=9.8

c2/ndf=1.9

Model 2: r0-w-r(1450)

c2/ndf=18

c2/ndf=2.8

log

c2/ndf=5.2

With	cut: c2(p+p- gg) < c2(p+p- ggg)

c2/ndf=10

With	cut: c2(p+p- gg) < c2(p+p- ggg)Without	cut: c2(p+p- gg) < c2(p+p- ggg)	 Without	cut: c2(p+p- gg) < c2(p+p- ggg)	

PRL120, 242003
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c2/ndf=3.5

With	cut: c2(p+p- gg) < c2(p+p- ggg)	Without	cut: c2(p+p- gg) < c2(p+p- ggg)	

c2/ndf=2.99

log

Model-dependent study 
Model 3: r0-w-r(1450)-box anomaly

NLL = -7962492



´ Based on a combination of chiral perturbation theory (ChPT)-extended 
from SU(3) to U(3), and a dispersive analysis. 

´ Decay amplitude follows:
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Model-independent study 

c2/ndf=4.0

NLL = -7962437

With	cut: c2(p+p- gg) < c2(p+p- ggg)	

where N is a normalization factor, and  

PRL120, 242003

c2/ndf=1.3

need to be 
refined?



´ To further suppress the remaining backgrounds:

´ Add 1C of h’

´ Perform another 4C-fit under J/y à p+p- g:   c2(p+p- gg)	<	c2(p+p- g) ?

´ a strict requirement of c2(p+p- gg) ?
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Next to do



backup
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Corrections for the dipion mass spectrum  
´ M(p+p-)-dependent detection efficiency, mass resolution, and the mass shift    
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Cut flow

Bin M(p+p-)
@320MeV

cuts e of		M(p+p-) bin	at
0.32 GeV

e of		M(p+p-) bin	at
0.42 GeV

e of		M(p+p-) bin	at
0.79 GeV

e of		M(p+p-) bin	at
0.90 GeV

Eg2 > 40 MeV 47.40% 49.41% 50.69% 42.89%

c2(p+p- gg) < 100 46.40% 48.28% 49.14% 41.01%

|M(gp+p-) – mh’|< 20 MeV 44.01% 45.77% 47.08% 39.51%

|M(gg) - mp0 |> 20 MeV 43.95% 45.71% 46.91% 39.50%

Relative diff. of e 7.12% 7.34% 7.46% 17.28%



M(p+p-)-dependent detection efficiency 
for 4 runs
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Transverse Momentum of p+  vs	p-27

M(p+p-) bin at	320MeV M(p+p-) bin at	420MeV M(p+p-) bin at	520MeV M(p+p-) bin at	790MeV M(p+p-) bin at	900MeVM(p+p-) bin at	300MeV

at truth level: p

reconstructed after 4C fit: pT

e of rec. p(p+)≤150MeV(
200MeV) [%]

p(p+) >150MeV 
(200MeV) [%]

p(p+)≤150MeV&&
p(p-)≤150MeV (200) [%]

p(p+) >150MeV&&
p(p-) >150MeV (200) [%]

M(p+p-) bin	at 0.32 GeV: 44 3.8 (8.4) 96.2 (91.6) 0.07 (1.1) 92.4 (84.4)

M(p+p-) bin	at 0.42 GeV: 45.7 7.0 (12.9) 93.0 (87.1) 0      (0.5) 86.0 (74.6)

M(p+p-) bin	at 0.52 GeV: 45.8 6.3 (11.7) 93.7 (88.3) 0       (0) 87.4 (76.7)



Check on the bkg level:   a fit to M(gp+p-)
28 data

Background level: 1.45%

Inclusive mc

Within h’	signal region Within h’	sideband region

Nbkg 67611 68171

Background level: 0.89%

Within h’	signal region Within h’	sideband region

Nbkg 105385 105385

Within h’	signal region Within h’	sideband region

Nbkg 124728 104014

Background level: 1.7%

data
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h’	sideband	events	from	data	with/without	cut	of	c2(p+p- ggg)

A Further Check on the sideband events

Efficiency loss of this cut for data:
|157017- 200957	|	/	200957	=	22%


