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Abstract: The time-dependent photodetachment action spectra of the linear hydrocarbon anions C,H™ and C,H™ are investigated using the cryogenic
electrostatic 1on storage ring DESIREE. Radiative cooling characteristics of the ions on the millisecond to second timescale are probed by monitoring
changes In the spectra as the 1ons cool by spontaneous Infrared (IR) emission. A simple harmonic cascade (SHC) model is used to model the cooling
processes. The cooling rates, extracted using Non-negative Matrix Factorization (NMF), are fit with 1/e lifetimes of 19 + 2 sand 3.0 + 0.2 s for C,H"~
and C.H~, respectively. For C,H", the adiabatic detachment energy is determined from the cold ions’ photodetachment spectra to be 3.45 + 0.02 eV. The
photodetachment spectrum and the ultraslow radiative cooling dynamics interpreted in the present work provide important data for understanding the
thermal cooling properties of linear hydrocarbon anions and for refining the formation and destruction processes of these anions in astrochemical models.

Experiment and method lon Sources Injection MCP
— Pulsed OPO Beam ﬁ RAES
— Neutrals e
» B3C, H - (n = 2, 3) ion beams were produced using a cesium sputtering ion source with a (o = Af%s Dot
13C-enriched graphite cathode, where sputtered carbon clusters react with residual water
in the source to form hydrocarbons. \ 160° Cylindrical
» For the action spectroscopy experiments, a tunable wavelength OPO laser system was Quadrupoles Symmetric Ring Deﬂec}[/ors —
used to excite the target ions in a crossed-beams geometry through the ion storage ring. j
> The 2D photodetachment action spectra were analyzed using Non-negative Matrix — 10” Deflectors N
Factorization (NMF) a set of algorithms for dimensionality reduction, source separation Imaging — =
and topic extraction. Detector Neutrals
' p
| - Time-binned photodetachment spectra for C,H™ and C.H~ in different ||
Results and analysis me sl - “ ;
I y time slices are shown in the below of upper panel. The data markers ||
: o _ ) - . . . represent the ADE (red value from H; and black value from previous results). |y
| The radlatl.ve cooling of C.4H and C,H™ is probed using two-dimensional Latent components are extracted from NMF analysis. |
| (i.e. storage time and excitation wavelength dependent) photodetachment
)| action spectroscopy as a hot ensemble of stored ions cool during storage. A C,H Photon Energy (eV) CH Photon Energy (eV) I
. 3757 3646 352y 2444’ 3.351 6 3.874 3.757 3.646 3.542 3.444
I photodetachment spectrum surveys collected for C,H™ and C.H™ as a function 20 2080 2282 244t 3901 T I
. . . : — 035 | AA — 0.3-065 |
| ofion storage time are shown in below. 50001 . e e | 00001 06095 | l
— | —— 695 | —_ —— 09125 |
| o - 2 1500 —E —am
I 4 CeH S 1000 © 4000 :
I 6 x 103 -:E_: 5[}0—E -:E_j I
g . | | . — 2000, N\A I
4 330 340 350 360 370 320 330 340 350 360 |
I 40 N Wavelength (nm) Wavelength (nm)
& 2 | . Photon Energy (eV) Photon Energy (eV)
I - - 4 x10 I
: 0 23 " 3.757 3.646 3.542 3.444 3.351 3.874 3.757 3.646 3.542 3.444 |
30 B .0 . 1.0 o+ A .
Q D) ~ | 1 > | 1
I g g E — H3 E _ H; I
I g 20 S 2 3 x 103 }L% }I_,CJ | :
n - c
I ° 0.5 o 0.5 I
10 | = = '
l | 5 c [
| : _____ % 103 - a _
I 330 340 350 360 370 320 330 340 350 360~ 00{ == @ N 0.0- [
Wavelength (nm) Wavelength (nm) 330 340 350 360 370 320 330 340 350 360
I Wavelength (nm) Wavelength (nm) /I
|~ N
. , , , , e initial population density ,t = 0) can be described as:
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Spontaneous radiative cooling was analyzed using a simple harmonic I
Il cascade (SHC) model with the following equation: g(E,t=0)=(p(E)*e "/T)) /(Y p(E)x e E/0sT)) :
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