
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Histogram of the RV difference between Gaia DR3 measurements and LAMOST measurements for all the RV selected members. The median value of the difference ΔRV = RVGaia DR3 − RVLAMOST is 4.66 km s−1.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Colour-magnitude diagrams of Melotte 22 and NGC 2682 as examples of the clusters with [Fe/H] in the literature. The filled grey circles are high-quality member stars from Cantat-Gaudin et al. (2020), and open circles are all matched stars with LAMOST RV measurements. Right panel: stars good for the cluster Vrad determination (FLAG=1) are colour-coded with their RV values. Left panel: the colour-filled dots are stars good for [Fe/H] determination (FLAG=12), and the black dots are stars without [Fe/H] determination or with discarded [Fe/H]. The dashed curve in each sub-figure is the PARSEC isochrone with the Cantat-Gaudin et al. (2020) cluster parameters.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Comparison of 82 clusters’ [Fe/H] to literature results with high-resolution spectra (HRS) in the left panel, and of 206 clusters to results from Zhong et al. (2020). The X symbols mark [Fe/H] values with less than three member stars, namely 38 clusters on the left (from HRS) and 75 clusters on the right (from Zhong et al. 2020). The open squares mark clusters with less than three FLAG=12 member stars from this work, which are 23 clusters on the left panel and 92 clusters on the right panel.

      

    

  
    
      Table 5. 

      Newly obtained iron abundances for 74 OCs but with fewer than three FLAG=12 member stars.

      
        





	Cluster
	Nflag12
	[Fe/H]med
	[Fe/H]mean
	σ[Fe/H]
	Cluster
	Nflag12
	[Fe/H]med
	[Fe/H]mean
	σ[Fe/H]





	Berkeley_34
	2
	−0.21 ± 0.06
	−0.21 ± 0.06
	0.05
	UBC_216
	1
	−0.07 ± 0.12
	
	



	COIN-Gaia_2
	1
	−0.24 ± 0.21
	
	
	UBC_374
	2
	0.19 ± 0.03
	0.19 ± 0.03
	0.03



	COIN-Gaia_8
	2
	−0.05 ± 0.04
	−0.05 ± 0.04
	0.08
	UBC_395
	1
	−0.06 ± 0.09
	
	



	COIN-Gaia_15
	1
	−0.01 ± 0.09
	
	
	UBC_417
	2
	−0.04 ± 0.02
	−0.04 ± 0.02
	0.05



	COIN-Gaia_16
	1
	−0.12 ± 0.08
	
	
	UBC_419
	1
	−0.09 ± 0.06
	
	



	COIN-Gaia_21
	1
	−0.11 ± 0.19
	
	
	UBC_421
	1
	−0.37 ± 0.19
	
	



	COIN-Gaia_22
	1
	−0.26 ± 0.26
	
	
	UBC_427
	1
	0.20 ± 0.06
	
	



	Collinder_115
	1
	−0.17 ± 0.19
	
	
	UBC_428
	2
	−0.35 ± 0.16
	−0.35 ± 0.16
	0.13



	Collinder_421
	2
	−0.02 ± 0.04
	−0.02 ± 0.04
	0.04
	UBC_430
	1
	−0.45 ± 0.13
	
	



	Czernik_38
	1
	0.54 ± 0.10
	
	
	UBC_431
	1
	−0.47 ± 0.15
	
	



	Dolidze_5
	1
	−1.93 ± 0.16
	
	
	UBC_436
	2
	−0.19 ± 0.04
	−0.19 ± 0.04
	0.03



	FSR_0932
	1
	−2.17 ± 0.06
	
	
	UBC_437
	2
	−0.20 ± 0.14
	−0.20 ± 0.14
	0.12



	FSR_0975
	1
	−0.18 ± 0.22
	
	
	UBC_438
	1
	−0.39 ± 0.06
	
	



	LP_658
	1
	−0.32 ± 0.08
	−0.32 ± 0.08
	0.00
	UBC_440
	2
	−0.26 ± 0.05
	−0.26 ± 0.05
	0.10



	LP_930
	1
	0.16 ± 0.04
	
	
	UBC_442
	1
	−0.08 ± 0.06
	
	



	LP_2198
	2
	0.25 ± 0.15
	0.25 ± 0.15
	0.13
	UBC_445
	1
	−0.04 ± 0.33
	
	



	NGC_457
	1
	−0.14 ± 0.18
	
	
	UBC_587
	1
	−0.22 ± 0.08
	
	



	NGC_2169
	1
	−0.05 ± 0.04
	
	
	UBC_596
	1
	−0.19 ± 0.07
	
	



	NGC_6871
	1
	0.26 ± 0.03
	
	
	UBC_607
	2
	−0.38 ± 0.09
	−0.38 ± 0.09
	0.12



	SAI_14
	2
	−0.41 ± 0.08
	−0.41 ± 0.08
	0.07
	UBC_610
	2
	−0.26 ± 0.06
	−0.26 ± 0.06
	0.23



	Sigma_Ori
	2
	−0.46 ± 0.06
	−0.46 ± 0.06
	0.22
	UBC_629
	2
	−0.38 ± 0.06
	−0.38 ± 0.06
	0.04



	Teutsch_8
	1
	0.11 ± 0.18
	
	
	UPK_45
	2
	0.08 ± 0.06
	0.08 ± 0.06
	0.05



	Teutsch_35
	2
	0.12 ± 0.03
	0.12 ± 0.03
	0.03
	UPK_65
	1
	0.02 ± 0.13
	
	



	UBC_49
	2
	−0.18 ± 0.06
	−0.18 ± 0.06
	0.08
	UPK_79
	2
	−0.04 ± 0.04
	−0.04 ± 0.04
	0.04



	UBC_52
	1
	0.04 ± 0.08
	
	
	UPK_82
	1
	0.04 ± 0.01
	
	



	UBC_57
	2
	−0.25 ± 0.09
	−0.25 ± 0.09
	0.07
	UPK_93
	2
	−0.01 ± 0.01
	−0.01 ± 0.01
	0.01



	UBC_61
	1
	0.10 ± 0.16
	
	
	UPK_108
	2
	0.00 ± 0.02
	0.00 ± 0.02
	0.03



	UBC_68
	2
	−0.12 ± 0.10
	−0.12 ± 0.10
	0.09
	UPK_131
	1
	0.02 ± 0.03
	
	



	UBC_73
	2
	−0.19 ± 0.18
	−0.19 ± 0.18
	0.14
	UPK_136
	2
	−0.05 ± 0.05
	−0.05 ± 0.05
	0.14



	UBC_82
	1
	−0.13 ± 0.03
	
	
	UPK_303
	2
	0.12 ± 0.02
	0.12 ± 0.02
	0.02



	UBC_90
	1
	−0.28 ± 0.15
	−0.28 ± 0.15
	0.00
	UPK_333
	2
	−0.05 ± 0.05
	−0.05 ± 0.05
	0.05



	UBC_141
	2
	−0.09 ± 0.04
	−0.09 ± 0.04
	0.03
	UPK_369
	2
	0.18 ± 0.03
	0.18 ± 0.03
	0.20



	UBC_150
	1
	−0.05 ± 0.01
	
	
	UPK_379
	1
	−0.05 ± 0.03
	
	



	UBC_169
	1
	−0.08 ± 0.02
	
	
	UPK_385
	2
	0.13 ± 0.01
	0.13 ± 0.01
	0.04



	UBC_176
	1
	0.12 ± 0.21
	
	
	UPK_418
	2
	−0.25 ± 0.07
	−0.25 ± 0.07
	0.11



	UBC_182
	1
	−0.14 ± 0.29
	
	
	UPK_422
	1
	0.06 ± 0.06
	
	



	UBC_197
	1
	−0.08 ± 0.03
	
	
	vdBergh_85
	1
	−0.24 ± 0.11
	
	





      

    

  
    
      Table 6. 

      Second-order polynomial MCMC fitting parameters of the clusters’ [Fe/H] as a function of the Galactic radius (RGC), the Z component of the Galactic angular momentum (LZ), and the total Galactic energy (En) for six age groups.

      
        


	Age (Gyr)
	Par.
	RGC
	LZ/103
	En/105





	
	a6
	0.066 [image: equation]
	0.423 [image: equation]
	6.343 [image: equation]



	> 4
	b6
	−1.379[image: equation]
	−2.037 [image: equation]
	17.821 [image: equation]



	
	c6
	7.019 [image: equation]
	2.278 [image: equation]
	12.331[image: equation]



	




	
	a5
	0.004 [image: equation]
	0.177 [image: equation]
	3.203 [image: equation]



	[2, 4]
	b5
	−0.143[image: equation]
	−1.196 [image: equation]
	7.673 [image: equation]



	
	c5
	0.894 [image: equation]
	1.621 [image: equation]
	4.198 [image: equation]



	




	
	a4
	0.005 [image: equation]
	0.037 [image: equation]
	−1.522 [image: equation]



	[1, 2]
	b4
	−0.170[image: equation]
	−0.459 [image: equation]
	−5.670 [image: equation]



	
	c4
	1.026 [image: equation]
	0.685 [image: equation]
	−5.182 [image: equation]



	




	
	a3
	−0.002[image: equation]
	−0.371 [image: equation]
	−6.969 [image: equation]



	[0.5, 1]
	b3
	−0.017[image: equation]
	1.349 [image: equation]
	−21.900[image: equation]



	
	c3
	0.274 [image: equation]
	−1.233 [image: equation]
	−17.206[image: equation]



	




	
	a2
	−0.009[image: equation]
	−0.215 [image: equation]
	−4.113 [image: equation]



	[0.1, 0.5]
	b2
	0.122 [image: equation]
	0.611 [image: equation]
	−13.651[image: equation]



	
	c2
	−0.383[image: equation]
	−0.402 [image: equation]
	−11.297[image: equation]



	




	
	a1
	−0.005[image: equation]
	−0.135 [image: equation]
	−2.439 [image: equation]



	< 0.1
	b1
	0.044 [image: equation]
	0.406 [image: equation]
	−8.025 [image: equation]



	
	c1
	−0.027[image: equation]
	−0.277 [image: equation]
	−6.577 [image: equation]





      

      
Notes. (a6, b6, c6) stands for the age > 4 Gyr group, (a5, b5, c5) stands for the 2 Gyr < age < 4 Gyr group, (a4, b4, c4) stands for the 1 Gyr < age < 2 Gyr group, (a3, b3, c3) stands for the 0.5 Gyr < age < 1 Gyr group, (a2, b2, c2) stands for the 0.1 Gyr < age < 0.5 Gyr group, and (a1, b1, c1) are the age < 0.1 Gyr group. The range of each parameter marks the 16% and 84% of the MCMC fitting sample distribution.



    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Clusters’ median [Fe/H] as a function of their Z component of the Galactic angular momentum (left panel) and the total Galactic energy (right panel) for all of the LAMOST clusters with no less than three FLAG=12 stars. The solid curves are the second-order polynomial MCMC fittings of each age group.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Integral of motion (IOM) of LAMOST OCs with multiple members (Nflag = 1≥ 2). The [Fe/H] colour-code is applied to clusters with at least three FLAG=12 members. The empty symbols are clusters with less than three FLAG=12 members.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Present-day location of LAMOST OCs on the ZGC − RGC plane. Upper panel: all LAMOST OCs, while the middle and lower panels show clusters born after the last passage of Sgr dSph (age < 500 Myr), and clusters born before the passage (age > 500 Myr), respectively. Clusters are colour-coded with their azimuthal velocity Vϕ.

      

    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
        Positions of the age < 0.1 Gyr clusters on the Galactic plane, compared to the nearby molecular clouds from Zucker et al. (2020), Zucker (2019). The two dashed circles indicate a Galactic radius of 8.2 kpc and 10 kpc. The clusters are colour-coded with their median [Fe/H] value in the left panel, and with age in the right panel. Only clusters with more than three FLAG=12 stars are displayed.

      

    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
        [Fe/H] distribution of clusters along the Radcliffe gas wave. Upper panel: a bird’s eye view and the lower panel is a side view along the Cartesian Y axis. Clusters are colour-coded with their [Fe/H] values.

      

    

  
    
      Table 7. 

      Galactic coordinates, age, Cartesian coordinate XYZ (centred on the Sun), age, and [Fe/H] of the 24 very young LAMOST OCs along the Radcliffe wave.

      
        


	Cluster
	Glon (°)
	Glat (°)
	age (Myr)
	X (pc)
	Y (pc)
	Z (pc)
	[Fe/H]





	ASCC_16
	201.139
	−18.37
	13.48
	−305
	−118
	−108
	0.06 ± 0.07



	ASCC_21
	199.938
	−16.60
	8.91
	−307
	−111
	−97
	0.08 ± 0.10



	ASCC_29
	214.743
	−0.13
	93.32
	−869
	−602
	−2
	−0.21 ± 0.06



	Alessi_20
	117.615
	−3.70
	9.33
	−190
	364
	−26
	0.15 ± 0.57



	Collinder_69
	195.162
	−12.05
	12.58
	−393
	−106
	−87
	0.10 ± 0.22



	Gulliver_6
	205.246
	−18.14
	16.59
	−346
	−163
	−125
	0.06 ± 0.11



	IC_348
	160.486
	−17.81
	11.74
	−303
	107
	−103
	0.06 ± 0.13



	Melotte_20
	147.357
	−6.40
	51.28
	−143
	91
	−19
	0.07 ± 0.09



	Melotte_22
	166.462
	−23.61
	77.62
	−114
	27
	−51
	0.10 ± 0.07



	NGC_2183
	213.898
	−11.84
	17.37
	−662
	−444
	−167
	0.11 ± 0.04



	NGC_2232
	214.458
	−7.47
	17.78
	−257
	−176
	−40
	−0.02 ± 0.12



	NGC_2264
	202.941
	2.17
	27.54
	−650
	−275
	26
	−0.14 ± 0.31



	NGC_7063
	83.0930
	−9.89
	97.72
	78
	646
	−113
	−0.09 ± 0.03



	RSG_5
	81.7190
	6.10
	34.67
	47
	323
	34
	0.11 ± 0.11



	RSG_7
	108.781
	−0.32
	38.90
	−133
	393
	−2
	0.00 ± 0.09



	Roslund_6
	78.4950
	0.58
	89.12
	74
	368
	3
	0.04 ± 0.10



	Stock_10
	171.714
	3.56
	81.28
	−368
	53
	23
	−0.06 ± 0.10



	UPK_166
	100.382
	−9.91
	26.91
	−116
	638
	−113
	0.02 ± 0.26



	UPK_168
	101.455
	−14.58
	36.30
	−115
	571
	−151
	0.10 ± 0.10



	UPK_185
	105.807
	−9.94
	70.79
	−153
	543
	−98
	0.01 ± 0.04



	UBC_17a
	205.335
	−18.02
	18.62
	−302
	−143
	−108
	0.06 ± 0.38



	UBC_31
	163.527
	−14.72
	26.30
	−317
	93
	−86
	−0.01 ± 0.08



	UBC_17b
	205.142
	−18.18
	11.48
	−350
	−164
	−127
	−0.04 ± 0.09



	UBC_19
	162.215
	−19.48
	6.91
	−373
	119
	−138
	0.09 ± 0.10
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