
    Table 1 

Summary of the data used in this paper for the nine targets analyzed, including the number of data points for each technique, both new (Nnew) and from archive data (Narch).



	
	Radial velocity
	Lagrangian transit
	TTV



	




	System
	Narch
	Nnew
	Inst.a
	Ntot
	Ntr
	Inst.
	NTTVs
	Ref.





	GJ 3470
	110
	6/10
	HN/C
	126
	1
	CAFOS
	25
	[1]



	HAT-P-12
	23
	6/5
	HN/C
	34
	1
	CAFOS
	60
	[2]



	HAT-P-20
	45
	4/9/15
	H/HN/C
	73
	3
	CAFOS
	33
	[3]



	HAT-P-23
	36
	0
	–
	36
	3
	CAFOS/WiFSIP
	54
	[4]



	HAT-P-36
	16
	7/7
	HN/C
	30
	3
	CAFOS/WiFSIP
	116
	[5]



	WASP-2
	64
	0
	–
	64
	1
	CAFOS
	114
	[6]



	WASP-36
	36
	8/12/24
	H/HN/C
	80
	2
	CAFOS/WiFSIP
	36
	[7]



	WASP-5
	43
	17
	H
	60
	1
	FORS2
	33
	[8]



	WASP-77
	16
	7
	C
	23
	4
	CAFOS/WiFSIP
	21
	[9]







Notes. (a) Instruments are H = HARPS, HN = HARPS-N, C = CARMENES.

References. [1] Awiphan et al. (2016), Bonfils et al. (2012), and Poddaný et al. (2010) [2] Poddaný et al. (2010), Mallonn et al. (2015), Lee et al. (2012), and Hartman et al. (2009). [3] Bakos et al. (2011), Bastürk et al. (2015), Poddaný et al. (2010), Granata et al. (2014), and Sun et al. (2017). [4] Bakos et al. (2011) and Poddaný et al. (2010). [5] Bakos et al. (2012) and Poddaný et al. (2010). [6] Charbonneau et al. (2007), Collier Cameron et al. (2007), Hrudková et al. (2009), Southworth et al. (2010), and Poddaný et al. (2010). [7] Smith et al. (2012) and Poddaný et al. (2010). [8] Hoyer et al. (2012). [9] Poddaný et al. (2010).





  
    Table 2 

Derived parameters for the nine planetary systems analyzed.



	Object
	Vsys
	P
	T0
	K
	α
	c
	d



		(km s−1)
	(days)
	(BJD-2450000)
	(m s−1)
			




	gj3470b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	hat-p-12b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	hat-p-20b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	hat-p-23b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	hat-p-36b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	wasp-2b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	wasp-36b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	wasp-5b
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	wasp-77ab
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]







  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
Example of the light curve analysis of the L5
region of HAT-P-36 b (observed with CAFOS on 2018-03-22) including the linear baseline model (see Sect. 3.2.1). Top panel: raw light curve (violet symbols) together with the 15 min binned data (black open circles, for visualization purposes) and the baseline model fitted. In this case, we assume to trojan (null hypothesis).
Bottom panel: baseline-corrected light curve with the detectable limit calculated as the 95% interval for the
Rt ∕R⋆ parameter in the trojan model. In both panels, the shaded regions correspond to the 68.7% and 99.7% confidence intervals.


    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
Example of the analysis of the parameter space constrain based on the non-detection of transits in our data for the system WASP-77A. Top panel: orbit number (X-axis) vs. the orbital phase covered by our observations (red vertical lines). The transit of the Lagrangian point (L5 in this case) is expected to happen between the dotted horizontal lines. The colored lines represent a small sample of the accepted models. For a model to be accepted it has to either not cross the red lines if the trial trojan radius is larger than the light curve detectability limit (blue lines) or if the trojan transits during our observations but is smaller than the detectability limit (green lines). The bottom panels are just close views on each of the four epochs, where the
X-axis is the phase from the Lagrangian point conjunction.


    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
Detailed example of the constraining of the trojan mass vs. libration amplitude parameter space in the case of WASP-77A.Negative (positive) values for the libration amplitude are used to represent constraints on transits before (after) the Lagrangian point passage. Only the white region is not explored by our data.


    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
Parameter space of trojan’s eccentricity vs. libration amplitude constrained by the non-detection of transits in the four Lagrangian passages observed for WASP-77A b. The results show that only highly eccentric orbits are possible for any libration amplitude and that low eccentric orbits are still allowed for libration amplitudes larger than
35°.


    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
Upper limits on the masses of trojan bodies located at the exact Lagrangian points of the nine systems studied. The symbol size scales as the mass of the planet. The mass of Neptune is denoted for reference and the shaded region represents the super-Earth mass regime.


    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
Light curves of all Lagrangian point transits observed with ground-based facilities. A linear baseline model accounting for time, seeing, airmass,
XY positions on the detector, and background has been removed. Purple data points are the individual measurements while big black open symbols represent 10 min bins. The system and observing date (in YYMMDD format) are shown in each panel. The vertical dashed line indicates the mid-transit passage of the Lagrangian point and the dotted vertical lines indicate the total duration of the transit assuming the same as the planet.


    

  
    
      Fig. A.2 
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continued.
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continued.


    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
Constraint of the trojan mass vs. libration amplitude parameter space based on the three techniques used in this paper. The constraint from individual transits is shown as blue shaded regions with open circles, the constraint from the combined light curve is shown in light blue with open star symbols, the constraint from TTVs is shown as green diagonally striped shaded region, and the radial velocity constraint is shown as a red vertically striped shaded region. The two horizontal dotted lines represent the Earth and Neptune and are shown to guide the eye.


    

  
    Table B.1 

New radial velocities obtained for GJ 3470.



	Julian date
	RV (km s−1)
	σRV (km s−1)
	Instrument





	2457791.50172
	26.5240
	0.0029
	HARPS-N



	2457791.58217
	26.5266
	0.0025
	HARPS-N



	2457792.36992
	26.5200
	0.0023
	HARPS-N



	2457792.55721
	26.5118
	0.0022
	HARPS-N



	2457793.40268
	26.5123
	0.0032
	HARPS-N



	2457793.53939
	26.5186
	0.0023
	HARPS-N







  
    Table B.2 

New radial velocities obtained for HAT-P-12.



	Julian date
	RV (km s−1)
	σRV (km s−1)
	Instrument





	2457784.64979
	–41.1009
	0.0026
	CARMENES



	2457784.75095
	–41.0845
	0.0023
	CARMENES



	2457785.63389
	–41.0332
	0.0045
	CARMENES



	2457785.73902
	–41.0413
	0.0039
	CARMENES



	2457785.76369
	–41.0403
	0.0037
	CARMENES



	2457791.66003
	–40.4358
	0.0067
	HARPS-N



	2457791.72821
	–40.4217
	0.0065
	HARPS-N



	2457792.67559
	–40.4414
	0.0051
	HARPS-N



	2457792.76510
	–40.4491
	0.0039
	HARPS-N



	2457793.68221
	–40.4957
	0.0050
	HARPS-N



	2457793.77300
	–40.4957
	0.0044
	HARPS-N







  
    Table B.3 

New radial velocities obtained for HAT-P-20.



	Julian date
	RV (km s−1)
	σRV (km s−1)
	Instrument





	2457778.73074
	–19.3379
	0.0030
	HARPS



	2457779.62713
	–17.5785
	0.0021
	HARPS



	2457779.66825
	–17.4749
	0.0020
	HARPS



	2457779.70548
	–17.3942
	0.0029
	HARPS



	2457783.29928
	–17.3966
	0.0071
	CARMENES



	2457783.33735
	–17.4780
	0.0028
	CARMENES



	2457783.37978
	–17.6001
	0.0017
	CARMENES



	2457784.29131
	–19.8829
	0.0014
	CARMENES



	2457784.33715
	–19.9465
	0.0017
	CARMENES



	2457784.35189
	–19.9118
	0.0017
	CARMENES



	2457784.36669
	–19.9133
	0.0019
	CARMENES



	2457784.42444
	–19.9156
	0.0016
	CARMENES



	2457784.47847
	–19.9112
	0.0011
	CARMENES



	2457785.29185
	–18.1693
	0.0021
	CARMENES



	2457785.33989
	–18.0342
	0.0019
	CARMENES



	2457785.39013
	–17.9107
	0.0026
	CARMENES



	2457785.47954
	–17.7162
	0.0011
	CARMENES



	2457785.54400
	–17.5504
	0.0018
	CARMENES



	2457785.56634
	–17.4910
	0.0014
	CARMENES



	2457791.35401
	–17.0477
	0.0024
	HARPS-N



	2457791.37720
	–17.0165
	0.0025
	HARPS-N



	2457791.41835
	–16.9499
	0.0025
	HARPS-N



	2457791.46151
	–16.8990
	0.0020
	HARPS-N



	2457791.52634
	–16.8384
	0.0025
	HARPS-N



	2457792.40987
	–18.2047
	0.0017
	HARPS-N



	2457792.45106
	–18.3115
	0.0019
	HARPS-N



	2457792.47385
	–18.3708
	0.0021
	HARPS-N



	2457792.61402
	–18.7004
	0.0024
	HARPS-N







  
    Table B.4 

New radial velocities obtained for HAT-P-36.



	Julian date
	RV (km s−1)
	σRV (km s−1)
	Instrument





	2457784.62650
	–17.0151
	0.0024
	CARMENES



	2457784.67574
	–17.0888
	0.0020
	CARMENES



	2457784.72818
	–17.1169
	0.0021
	CARMENES



	2457785.65525
	–16.5881
	0.0025
	CARMENES



	2457785.67649
	–16.6234
	0.0028
	CARMENES



	2457785.69869
	–16.6133
	0.0037
	CARMENES



	2457785.71784
	–16.6445
	0.0038
	CARMENES



	2457791.63596
	–16.5054
	0.0052
	HARPS-N



	2457791.70608
	–16.4135
	0.0057
	HARPS-N



	2457791.76242
	–16.3341
	0.0058
	HARPS-N



	2457792.72138
	–16.5978
	0.0037
	HARPS-N



	2457793.62341
	–16.0329
	0.0032
	HARPS-N



	2457793.70754
	–16.1395
	0.0035
	HARPS-N



	2457793.75023
	–16.2006
	0.0028
	HARPS-N







  
    Table B.7 

New radial velocities obtained for WASP-36.



	Julian date
	RV (km s−1)
	σRV (km s−1)
	Instrument





	2457778.76807
	–12.8833
	0.0107
	HARPS



	2457778.80797
	–12.9182
	0.0068
	HARPS



	2457778.85385
	–12.9576
	0.0069
	HARPS



	2457779.60030
	–13.4827
	0.0061
	HARPS



	2457779.73384
	–13.3094
	0.0088
	HARPS



	2457779.77421
	–13.2352
	0.0070
	HARPS



	2457779.82374
	–13.1700
	0.0108
	HARPS



	2457779.86853
	–13.0910
	0.0177
	HARPS



	2457783.44083
	–13.5112
	0.0146
	CARMENES



	2457783.45054
	–13.4601
	0.0542
	CARMENES



	2457784.44115
	–13.7575
	0.0061
	CARMENES



	2457784.45624
	–13.7384
	0.0057
	CARMENES



	2457784.53293
	–13.5657
	0.0051
	CARMENES



	2457784.55202
	–13.5744
	0.0057
	CARMENES



	2457784.59006
	–13.5012
	0.0103
	CARMENES



	2457784.60601
	–13.5290
	0.0120
	CARMENES



	2457785.41944
	–14.0861
	0.0106
	CARMENES



	2457785.52423
	–14.1569
	0.0052
	CARMENES



	2457785.59082
	–14.1437
	0.0071
	CARMENES



	2457791.55299
	–13.4939
	0.0096
	HARPS-N



	2457791.60835
	–13.5219
	0.0097
	HARPS-N



	2457792.50103
	–12.8269
	0.0059
	HARPS-N



	2457792.53141
	–12.8277
	0.0062
	HARPS-N



	2457792.57894
	–12.8443
	0.0102
	HARPS-N



	2457792.59412
	–12.8832
	0.0105
	HARPS-N



	2457792.64469
	–12.9135
	0.0087
	HARPS-N



	2457793.44677
	–13.4685
	0.0083
	HARPS-N



	2457793.50910
	–13.4019
	0.0060
	HARPS-N



	2457793.56663
	–13.3037
	0.0065
	HARPS-N



	2457793.59534
	–13.2685
	0.0060
	HARPS-N



	2457793.65484
	–13.1750
	0.0081
	HARPS-N



	2458100.54522
	–14.0508
	0.0137
	CARMENES



	2458100.56529
	–14.1231
	0.0129
	CARMENES



	2458100.67273
	–14.1769
	0.0106
	CARMENES



	2458100.68894
	–14.1711
	0.0117
	CARMENES



	2458100.73091
	–14.2054
	0.0104
	CARMENES



	2458100.74677
	–14.2196
	0.0101
	CARMENES



	2458101.54573
	–13.4606
	0.0078
	CARMENES



	2458101.56070
	–13.4320
	0.0078
	CARMENES



	2458101.66642
	–13.5792
	0.0060
	CARMENES



	2458101.68185
	–13.5828
	0.0054
	CARMENES



	2458101.69731
	–13.6015
	0.0053
	CARMENES



	2458101.71265
	–13.6024
	0.0060
	CARMENES



	2458101.75226
	–13.6371
	0.0069
	CARMENES







  
    Table B.8 

Summary of photometric data obtained for the 10 systems analyzed in this paper.



	


	System
	Date
	Instrument
	Filter
	Lpoint
	Coverage
	Span
	Texp
	#images
	[image: equation]



					(L4 /L5)
	(phase)
	(h)
	(s)
		(mmag)





	GJ 3470
	2017-dec-30
	CAFOS
	SDSSz
	L4
	0.813–0.859
	3.63
	2–20
	330
	0.93



	




	HAT-P-12
	2018-feb-08
	CAFOS
	SDSSi
	L4
	0.830–0.864
	2.64
	20–180
	128
	0.41



	




	HAT-P-20
	2017-apr-03
	CAFOS
	SDSSz
	L5
	0.133–0.187
	3.72
	5–20
	298
	0.97



		2017-nov-16
	CAFOS
	SDSSi
	L5
	0.138–0.206
	4.74
	4–8
	399
	0.42



		2017-dec-09
	CAFOS
	SDSSi
	L5
	0.175–0.211
	2.50
	5–9
	210
	0.38



	




	HAT-P-23
	2017-jul-13
	CAFOS
	SDSSz
	L4
	0.833–0.927
	2.73
	10–28
	<67
	0.44



		2017-jul-24
	CAFOS
	SDSSz
	L4
	0.761–0.914
	4.45
	7–16
	351
	0.49



		2017-nov-09
	WiFSIP
	rp
	L4
	0.766–0.869
	3.0
	60
	105
	0.31



	




	HAT-P-36
	2017-02-23
	CAFOS
	SDSSi
	L5
	0.064–0.256
	5.00
	10–38
	231
	0.50



		2018-05-15
	WiFSIP
	rp
	L5
	0.123–0.217
	2.98
	60
	102
	0.41



		2018-05-20
	WiFSIP
	rp
	L5
	0.064–0.256
	2.99
	10–38
	104
	0.40



	




	WASP-2
	2017-jul-20
	CAFOS
	SDSSi
	L4
	0.806–0.869
	3.21
	7–12
	236
	0.28



	




	WASP-36
	2017-dec-09
	WiFSIP
	rp
	L5
	0.159–0.228
	2.54
	60
	88
	0.76



		2018-jan-01
	CAFOS
	SDSSz
	L5
	0.128–0.209
	2.99
	25–60
	101
	0.46



	




	WASP-5
	2016-oct-26
	FORS2
	z_SPECIAL
	L4
	0.792–0.885
	3.64
	12
	174
	0.18



	




	WASP-77
	2017-sep-26
	CAFOS
	SDSSi
	L5
	0.090–0.241
	4.93
	4–12
	376
	0.80



		2017-oct-11
	CAFOS
	SDSSi
	L5
	0.141–0.224
	2.70
	5–13
	228
	0.40



		2017-dec-14
	WiFSIP
	rp
	L5
	0.149–0.240
	2.99
	10
	145
	0.26



		2017-dec-25
	WiFSIP
	rp
	L5
	0.130–0.221
	3.0
	10
	148
	0.24







Notes. (a) Mean uncertainty per 15 min bin.





  
    Table B.9 

Constraints for the transit time (phase in the case of the combined transits) and depth from the individual fitting to each epoch assuming no transit is found and a linear baseline model.



	System
	Date
	Inst.
	JD_in
	JD_end
	[image: equation]



				BJD-2457000 (days)
	R⊕





	GJ 3470
	2017-dec-30
	CAFOS
	8118.5564
	8118.6678
	3.73



	




	HAT-P-12
	2018-feb-08
	CAFOS
	8158.6747
	8158.7361
	4.19



	




	HAT-P-20
	2017-apr-03
	CAFOS
	7847.3845
	7847.5008
	8.28



		2017-nov-16
	CAFOS
	8074.5465
	8074.7055
	2.94



		2017-dec-09
	CAFOS
	8097.6551
	8097.7208
	6.38



		Combined
	–
	0.140
	0.200
	2.02



	




	HAT-P-23
	2017-jul-13
	CAFOS
	7948.5736
	7948.6464
	5.78



		2017-jul-24
	CAFOS
	7959.4030
	7959.5472
	6.20



		2017-nov-09
	WiFSIP
	8067.3540
	8067.4378
	5.13



		Combined
	–
	0.775
	0.925
	1.39



	




	HAT-P-36
	2018-feb-23
	CAFOS
	8173.5360
	8173.6985
	5.97



		2018-may-15
	WiFSIP
	8254.5726
	8254.6509
	9.64



		2018-may-20
	WiFSIP
	8258.5943
	8258.6731
	13.3



		Combined
	–
	0.154
	0.179
	2.04



	




	WASP-2
	2017-jul-20
	CAFOS
	7955.5091
	7955.6060
	4.32



	




	WASP-36
	2017-dec-09
	WiFSIP
	8097.5313
	8097.5992
	8.02



		2018-mar-22
	WiFSIP
	8200.4865
	8200.5731
	5.44



		Combined
	–
	0.158
	0.175
	2.01



	




	WASP-5
	2016-oct-26
	FORS2
	7687.5323
	7687.6344
	5.15



	




	WASP-77A
	2017-sep-26
	CAFOS
	8023.5241
	8023.6846
	7.81



		2017-oct-11
	CAFOS
	8038.5539
	8038.6216
	4.48



		2017-dec-14
	WiFSIP
	8102.4852
	8102.5647
	7.06



		2017-dec-25
	WiFSIP
	8113.3395
	8113.4193
	4.27



		Combined
	–
	0.100
	0.230
	1.39
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