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Fig. S1, Photoelectron spectra: Photoelectron spectra extracted from reference [1] (black) and 
from reference [2] (red) plotted as a function of the kinetic energy release (KER) for the spectrum 
derived by the λ = 261.97 nm excitation (“reference spectrum”) shifted by three- photon energy 
differences, (∆(3hv)) with respect to the “reference spectrum” (see main text / paper). Rydberg 
states and excitation wavelengths are indicated to the left. KER thresholds / assignments for 
ionization of fragments, according to reference [1] are indicated by sticks above the spectra.
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Fig. S2, photoelectron images: Photoelectron images for the excitations (no. 1 – 7)  listed in 
Table S1 (Table 1 in paper). Images (a)-(g) and (h)-(i)  were recorded for repeller voltages of -
3kV and -5kV, respectively. The laser polarization is indicated by a double arrow in (a).
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Fig. S3 (a), Electron KERs and energy thresholds: e-KERs derived from images no. 1 – 7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by one-photon energy differences, (∆(1hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks above the spectra.

Ph
ot

oe
le

ct
ro

n 
In

te
ns

ity
 (A

rb
.U

ni
ts

)

543210
Electron KER0 [eV]

1hv) shift

C**   3s(3P°)  4p(1D)

H** (n=2,3,4,5)

CH** (D, E, 2 (3p), G, 2

 (3p), 2 (3d))

C2** C2
+ [(E X), (f a),  (f X)]

C2H** (3ps Ryd)
CH2** (3p, 3d3A2)

1

2

3

4

5

6

7

a)



7

Fig. S3 (b), Electron KERs and energy thresholds: e-KERs derived from images no. 1 – 7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by two-photon energy differences, (∆(2hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks above the spectra.
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Fig. S3 (c), Electron KERs and energy thresholds: e-KERs derived from images no. 1 – 7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by three-photon energy differences, (∆(3hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks above the spectra.
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Fig. S3 (d), Electron KERs and energy thresholds: e-KERs derived from images no. 6-7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by one-photon energy differences, (∆(1hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks above the spectra. 
The spectrum for no.6  is magnified by factors 7-10.
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Fig. S3 (e), Electron KERs and energy thresholds: e-KERs derived from images no. 6-7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by two-photon energy differences, (∆(2hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks above the spectra. 
The spectrum for no.6  is magnified by factors 7-10.
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Fig. S3 (f), Electron KERs and energy thresholds: e-KERs derived from images no. 1-7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by two-photon energy differences, (∆(2hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks. The spectrum for 
no.1-5  is magnified.
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Fig. S3 (g), Electron KERs and energy thresholds: e-KERs derived from images no. 6-7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by three-photon energy differences, (∆(3hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for ionization of fragments, as specified, are indicated by sticks. The spectrum for 
no.6  is magnified as indicated.

Ph
ot

oe
le

ct
ro

n 
In

te
ns

ity
 (A

rb
.U

ni
ts

)

543210
Electron KER0 [eV]

3hv) shift

H (X) C2 (X, a, A) C2
+(a)

C2 (X, a, A) C2
+(X)

C2H (X, A)

C(X)

C2H2 (X)

CH2 (X)

CH (X)

g)

x 7-10

6

7



13

Fig. S3 (h), Electron KERs and energy thresholds: e-KERs derived from images no. 1-7 (Table S1) plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by three-photon energy differences, (∆(3hv)) with respect to the “reference 
spectrum”, no. 7 (see main text). KER thresholds for autoionization of superexcited C2H2, (C2H2

#), as specified, are indicated by sticks 
above the spectra. 
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Fig. S4, H+ ion images: Images recorded for the excitation no.1-2 and 4-7  as specified in Table S1. The laser polarization is indicated 
by a double arrow in (a).
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Fig. S5, H+ kinetic energy release spectra (KERs): Ion kinetic energy release spectra (Ion-KERs) derived from the images no.1,2,4 -
7 (see Table S1).  The spectra are plotted as a function of the total kinetic energy release for the no. 7 (Total KER0) and shifted by n-
photon energy differences (∆(nhv)) with respect to the “reference spectrum”, no. 7 (see main text) as, ∆(2hv) (a), ∆(3hv) (b) and ∆(4hv) 
(c). KER thresholds for fragment formations by n-photo-dissociation (n = 2, 3 and 4 for photodissociation or autoionization via the 
C2H2**, C2H2

# and C2H2
## intermediate species; see main text), as specified, are indicated by sticks above the spectra.
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Fig. S6, C+ ion images: Images recorded for the excitation no.1-2 and 4-7  as specified in Table S1. The laser polarization is indicated 
by a double arrow in (a).

a) b) c)

d) e) f)

No.1 No.2 No.4

No.5 No.6 No.7
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Fig. S7, C+ kinetic energy release spectra (KERs): Ion kinetic energy release spectra (Ion-KERs) derived from the images no.1,2,4 -
7 (see Table S1).  The spectra are plotted as a function of the total kinetic energy release for the no. 7 (Total KER0) and shifted by n-
photon energy differences (∆(nhv)) with respect to the “reference spectrum”, no. 7 (see main text) as, ∆(2hv) (a), ∆(3hv) (b) and ∆(4hv) 
(c). KER thresholds for fragment formations by n-photo-dissociation (n = 2, 3 and 4 for photodissociation via the C2H2**, C2H2

# and 
C2H2

## intermediate species; see main text), as specified, are indicated by sticks above the spectra.
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Fig. S8, CH+ ion images: Images recorded for the excitation no.1-2 and 4-7  as specified in Table S1. The laser polarization is 
indicated by a double arrow in (a).

a) b) c)

d) e) f)

No.1 No.2 No.4

No.5 No.6 No.7
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Fig. S9, CH+ kinetic energy release spectra (KERs): Ion kinetic energy release spectra (Ion-KERs) derived from the images no.1,2,4 
-7 (see Table S1).  The spectra are plotted as a function of the total kinetic energy release for the no. 7 (Total KER0) and shifted by n-
photon energy differences (∆(nhv)) with respect to the “reference spectrum”, no. 7 (see main text) as, ∆(2hv) (a), ∆(3hv) (b) and ∆(4hv) 
(c). KER thresholds for fragment formations by n-photo-dissociation (n = 2, 3 and 4 for photodissociation via the C2H2**, C2H2

# and 
C2H2

## intermediate species; see main text), as specified, are indicated by sticks above the spectra.

 Io
n 

In
te

ns
ity

 (A
rb

.U
ni

ts
)

6420
Total KER [eV]

2hv) shift
 Io

n 
In

te
ns

ity
 (A

rb
.U

ni
ts

)

6420
Total KER [eV]

3hv) shift

 I o
n 

In
t e

ns
i ty

 ( A
rb

. U
ni

t s
)

6420
Total KER [eV]

4hv) shift

C2H2** CH (X) + CH (X) C2H2
#
 CH* (C, B, A) + CH (X)

C2H2
#
  CH (X) + H + C (1D, X) 

C2H2
##

 CH (X)+ H + C (5S°,1S)

C2H2
##

 CH* (C,B,A) + C(1S) + H
C2H2

##
 CH* (C,B,A) + C(1D) + H

C2H2
##

 CH* (C,B,A) + C(X) + H

a) c)

1 1

2 2

4 4

5 5

6 6

7
7

b)

1

2

4

5

6

7



20

Fig. S10, C2
+ ion images: Images recorded for the excitation no.1-2 and 4-7  as specified in Table S1. The laser polarization is 

indicated by a double arrow in (a).
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d) e) f)

No.1 No.2 No.4
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Fig. S11, C2
+ kinetic energy release spectra (KERs): Ion kinetic energy release spectra (Ion-KERs) derived from the images no.1,2,4 

-7 (see Table S1).  The spectra are plotted as a function of the total kinetic energy release for the no. 7 (Total KER0) and shifted by n-
photon energy differences (∆(nhv)) with respect to the “reference spectrum”, no. 7 (see main text) as, ∆(2hv) (a) and ∆(3hv) (b). KER 
thresholds for fragment formations by n-photo-dissociation (n = 2 and 3 for photodissociation via the C2H2** and C2H2

# intermediate 
species; see main text), as specified, are indicated by sticks above the spectra.

 Io
n 

In
te

ns
ity

 (A
rb

.U
ni

ts
)

14121086420
Total KER [eV]

2hv) shift

 Io
n 

In
te

ns
ity

 (A
rb

.U
ni

ts
)

14121086420
Total KER [eV]

3hv) shift

C2H2
#
 C2 (d, A, a, X) + 2H

C2H2** C2 (d, A, a, X) + H2

C2H2
#
 C2 (f, E, D, C, d, A, a, X) + H2a) b)

1 1

2 2

4 4

5 5

6 6

7 7



22

Fig. S12, C2H+ ion images: Images recorded for the excitation no.1-2 and 4-7  as specified in Table S1. The laser polarization is 
indicated by a double arrow in (a).

a) b) c)

d) e) f)

No.1 No.2 No.4

No.5 No.6 No.7
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Fig. S13, C2H + kinetic energy release spectra (KERs): Ion kinetic energy release spectra (Ion-KERs) derived from the images 
no.1,2,4 -7 (see Table S1).  The spectra are plotted as a function of the total kinetic energy release for the no. 7 (Total KER0) and 
shifted by n-photon energy differences (∆(nhv)) with respect to the “reference spectrum”, no. 7 (see main text) as, ∆(2hv) (a) and 
∆(3hv) (b). KER thresholds for fragment formations by n-photo-dissociation (n = 2 and 3 for photodissociation via the C2H2** and 
C2H2

# intermediate species; see main text), as specified, are indicated by sticks above the spectra.

 Io
n 

In
te

ns
ity

 (A
rb

.U
ni

ts
)

20151050
Total KER [eV]

2hv) shift

 Io
n 

In
te

ns
ity

 (A
rb

.U
ni

ts
)

20151050
Total KER [eV]

3hv) shift

C2H2** C2H (B', A, X) + H
C2H2

#
 C2H* (Ry, C, B) + H

C2H2
+** C2H (X) + H+

C2H2
+** C2H+ (X) + H

a) b)

1 1

2 2

4 4

5 5

6 6

7 7



24

Fig. S14, H+ angular distributions: H+ KER spectra for images no. 1,2 and 4-7, average anisotropy / β2 parameters (see Table S2)  
and energy ranges used for the β2 determinations.
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Fig. S15, C+ angular distributions: C+ KER spectra for images no. 1,2 and 4-7, average anisotropy / β2 parameters (see Table S2)  
and energy ranges used for the β2 determinations.
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Fig. S16, CH+ angular distributions: CH+ KER spectra for images no. 1,2 and 4-7, average anisotropy / β2 parameters (see Table S2)  
and energy ranges used for the β2 determinations.
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Fig. S17, C2
+ angular distributions: C2

+ KER spectra for images no. 1,2 and 4-7, average anisotropy / β2 parameters (see Table S2)  
and energy ranges used for the β2 determinations.
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Fig. S18, C2H + angular distributions: C2H + KER spectra for images no. 1,2 and 4-7, average anisotropy / β2 parameters (see Table 
S2)  and energy ranges used for the β2 determinations.
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Fig. S19, Ion angular distributions: a) and b) C + KER spectra for images no. 7 and 6, c) CH + KER spectrum for image no.5 average 
anisotropy / β2 parameters and energy ranges used for the β2 determinations. 
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Fig. S20, photoelectron angular distributions: e-KER spectra for images no. 1-7, average anisotropy / β2 parameters (see Table S2)  
and energy ranges used for the β2 determinations. (f) and (h) recorded for repeller voltages of -3kV and -5kV, respectively for no.6 and 
(g) and (i) recorded for repeller voltages of -3kV and -5kV, respectively for no.7.
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Fig. S21, β2 parameters vs. ion images: Average β2 parameters (Table S2) derived from ion 
images as a function of excitations (no. 1,2, 4-7; Table S1) and ions.
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Fig. S22, electron KERs for images no. 4-5 (Table S1): e-KERs plotted as a function of the 
kinetic energy release (KER) for the no. 7 (KER0), shifted by two-photon energy differences, 
(∆(2hv)) with respect to the “reference spectrum”, no. 7 (see main text). Full width at half 
maximum (FWHM) of broad spectra were determined, as indicated. KER thresholds for C2H+(X) 
vibrational mode formations, as specified, are indicated by sticks above the spectra.
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Fig. S23, Potential energy curves for excited C2 states: Potential energy curves for C2
** 

 derived 
from ref. [3] and [4]). Spectroscopic constant for B′ 1Σg

+ state of ωe=1424.11cm-1 and 
ωexe=2.57cm-1were used.[4] 

4.5

4.0

3.5

3.0

2.5

2.0

1.5

En
er

gy
 (e

V)

4.03.53.02.52.0
internuclear distance (Bohr)

 A1
u

 B1
g

 B'1

g

 d3
g

 15
g

 C1
g

v'=0

v'=3v'=0 <=>

v'=6
v'=0

v'=4

0.1eV



35

Tables S1, Images and resonant excitations.

Image
no.

C2H2 Rydberg states;
nl; 1Λg, (v1v2v3v4v5)a

One-photon 
excitation/ nm

Two-photon 
excitation/

cm-1

1 3p; 1Δg, (00020) 270.364 73969

2 3p; 1Σg, (00000) 269.255 74279

3 3p; 1Σg, (01000) 268.262 74554

4 3p; 1Δg, (01020) 263.992 75760

5 3p; 1Σg, (01000) 262.864 76085

6 4p; 1Δg, (00000) 242.245 82561

7 4p; 1Σg, (00000) 240.947 83006

a n: principal quantum number for Rydberg electron. l: Rydberg electron orbital. (v1, v2, v3, v4, v5): 
vibrational quantum numbers referring to vibrational modes. ν1 (C-H symmetric stretch), ν2 (C-C stretch) 
ν3 (C-H asymmetric stretch), ν4 and ν5 (bend)
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Table S2 (a), Anisotropy parameters for images: Anisotropy parameters, βn = β2, β4, and β6 determined from ion images (see Fig. 
S14 – S18 for energy ranges) for n = 2 / 2,4 / 2,4,6 vs. ions and excitations (no/#, 1,2, 4 – 7; see Table S1).

#  Ion 2 4 6  Ion 2 4 6 Ion 2 4 6 Ion 2 4 6 Ion 2 4 6

1 H+ 0.87   C+ 0.78   CH+ 0.51   C2
+ 0.36   CH2

+ 0.71   
  1 -0.49   0.85 -0.2   0.49 0.06   0.35 0.02   0.65 0.18  
  1 -0.46 -0.14  0.85 -0.18 -0.03  0.49 0.06 -0.01  0.35 0 0.03  0.64 0.17 0.03
2  0.86    0.49    0.52    0.32    0.6   
  1 -0.55   0.58 -0.21   0.52 0.01   0.35 -0.06   0.52 0.18  
  1.01 -0.46 -0.33  0.59 -0.17 -0.08  0.51 -0.01 0.03  0.35 -0.05 -0.01  0.52 0.16 0.04
4  0.8    0.34    0.38    0.04    0.8   
  0.89 -0.37   0.37 -0.13   0.37 -0.06   0.05 -0.01   0.89 -0.37  
  0.89 -0.3 -0.27  0.37 -0.13 0.01  0.37 -0.05 -0.03  0.05 -0.01 -0.02  0.89 -0.3 -0.27
5  1.14    0.55    0.35    0.05    0.1   
  1.26 -0.46   0.58 -0.1   0.33 0.08   0.05 0.01   0.08 0.04  
  1.27 -0.38 -0.33  0.58 -0.1 -0.03  0.33 0.08 -0.01  0.05 0.01 0.02  0.07 0.01 0.05
6  0.84    0.51    0.42    0    -0.17   
  0.9 -0.21   0.52 -0.03   0.43 -0.02   0 -0.02   -0.22 0.12  
  0.9 -0.19 -0.1  0.53 0.01 -0.1  0.43 -0.02 -0.02  0 -0.01 -0.01  -0.22 0.13 -0.01
7 0.88   0.37   0.28   0.13   0.12   
  0.79 0.33   0.4 -0.12   0.29 0.05   0.14 -0.02   0.03 0.23  
  0.79 0.26 0.28  0.4 -0.1 -0.1  0.32 0.08 0.17  0.14 -0.03 0.02  0.01 0.16 0.18
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Table S2 (b), Anisotropy parameters for images: : Anisotropy parameters, βn = β2 and β4, determined from photoelectron images 
(see Fig. S19 (a – g) for energy ranges a - h) for n = 2 / 2,4 vs. excitations (no/#, 1 – 7; see Table S1). Repeller voltage: -3 kV.

-3kV  2 4 2 4 2 4 2 4 2 4 2 4 2 4 2 4

PES # a a b b c c d d e e f f g g h h
 1 0.47  0.47  0.35            
  0.45 0.06 0.47 0.03 0.35 0.01           
 2 0.48  0.42  0.34  0.39          
  0.46 0.03 0.4 0.03 0.35 -0.03 0.38 0.02         
 3 1.29  0.71              
  0.82 1.16 0.55 0.37             
 4 -0.16  0.42  0.52            
  -0.07 -0.21 0.42 0.01 0.53 -0.03           
 5 -0.07  0.62  0.65  0.49          
  0.02 -0.19 0.57 0.07 0.57 0.06 0.5 -0.02         
 6 0.17  0.12  -0.16  -0.14  0.93  1.67  2.83  2.16  
  0.17 -0.01 0.12 -0.01 -0.14 -0.26 -0.35 -0.12 0.84 0.2 1.33 0.88 2.3 1.56 2.1 0.16
 7 0.01  0.05  -0.03  0.03  -0.23  0.61  
  -0.06 0.16 0.01 0.1 -0.11 0.16 -0.03 0.14 -0.18 -0.11 0.71 -0.3
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Table S2 (c), Anisotropy parameters for images: : Anisotropy parameters, βn = β2 and β4, determined from photoelectron images 
(see Fig. S19 (h – i) for energy ranges, a - f) for n = 2 / 2,4 vs. excitations (no. / #: 6 – 7; see Table S1). Repeller voltage: -5 kV.

-5kV  2 4 2 4 2 4 2 4 2 4 2 4

PES # a a b b c c d d e e f f
 6 0.13  -0.14  0.56  0.5  0.72  0.56  
  0.14 -0.01 -0.09 -0.11 0.6 -0.09 0.5 -0.01 0.6 0.3 0.6 -0.1
 7 0.06  0.67  0.39  0.13  
  0.04 0.04 0.69 -0.03 0.33 0.12 -0.03 0.35
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Table S3, Dissociation products: Low-lying valance states of CH/CH*, correlating to H (n=1) + 
C (3P0, 1D2 , 1S0, 5Sº2),according to  ab initio calculation by Vázquez et al.[5]

Molecular states  Atomic energies 
(eV)

Atomic
states 

c4 (1)6 4.182   C( 5Sº2)

(2)2 2.684 C( 1S0)

A2C2 (2)D2 1.263 C( 1D2)

X2 B2 a4 b4 0.000 C( 3P0)

Table S4 (a) Thresholds vs. fragment dissociation: Dissociaction energies (D0) for fragments 
of C2H2. m(min) are the minimum number of photons required for the fragment formations in 
multiphoton dissociation, corresponding to excitation no. 7 (Table S1).  

Fragment D0(eV) m(min)/hv
H(n=1) + C2H(X) 5.712a 2
H*(n=2) + C2H(X) 15.911b 4
H(n=1) + C2H*(B’) 9.352b 2

H2 + C2(X) 6.333c 2
H2 + C2(d) 8.816 b 2
H2 + C2(C) 10.581 b 3

CH2(X)+ C(3P0) 9.170 c 2
CH2(X)+ C*(1D2) 10.433 b 3
CH2(X)+ C*(1S0) 11.854 b 3
CH2(X)+ C*(5Sº2) 13.352 b 3
CH2(X)+ C*(3Pº0) 16.650 b 4
CH2(X)+ C*(1Pº1) 16.854 b 4
CH2(X)+ C*(3Dº3) 17.115 b 4

CH(X)+ CH(X) 9.921d 2
CH(X)+ CH*(A) 12.796 b 3
CH(X)+ CH*(B) 13.150 b 3
CH(X)+ CH*(C) 13.864 b 3

2H + C2(X) 11.174 b 3
2H + C2*(d) 13.657 b 3
2H + C2*(C) 15.422 b 4

CH(X)+H+ C(3P0) 13.666 b 3
H2+ C(3P0) +C(3P0) 12.475 b 3

a. From Mordaunt’s paper (Ref. [6])
b. Calculated values refers to fragment energetic in NIST (Ref. [7])
c. From Matthíasson’s paper (Ref. [8])
d. From Evrin’s paper (Ref. [9])
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Table S4 (b), Thresholds vs. ionizations: Ionization energies (IE) for the parent molecule and 
fragments. m(min) are the minimum number of photons required for ionization of the species in 
multiphoton excitation, corresponding to excitation no. 7 (Table S1).  Ethr are common thresholds 
for ionization of fragment species according to equation Ethr(Fi/Fi*) = nh  IE(Fi/Fi*); n = 1,2,3 
with respect to the “reference spectrum”, no. 7. (see main text). 

Molecule m(min) / hv IE(eV) Ethr(eV)
C2H2(X) 3 11.400 4.037

Fragments m(min) / hv IE(eV) Ethr(eV)
H(n=1) 3 13.598 1.837
H*(n=2) 1 13.598 1.744
C(3P0) 3 11.260 4.177

C*(1D2) 2 11.260 0.295
C*(1S0) 2 11.260 1.715
C*(5Sº2) 2 11.260 3.214
C*(3Pº0) 1 11.260 1.366
C*(1Pº1) 1 11.260 1.570
C*(3Dº3) 1 11.260 1.831
CH(X) 3 10.640 4.797
CH*(A) 2 10.640 2.521
CH*(B) 2 10.640 2.882
CH*(C) 2 10.640 3.595
CH2(X) 3 10.640 5.037
C2(X) 3 11.866 3.659
C2*(d) 2 11.866 0.908
C2*(C) 2 11.866 2.450
C2H(X) 3 11.610 3.827

C2H*(B’) 2 11.610 2.321

a. From NIST (Ref. [7])
b. From Krechkivska’s paper (Ref. [10])
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