The Feasibility of Detecting Fluorescing Amino Acids in Near-Surface Ice on
Europa Using Laser-induced UV Spectroscopy from Orbit -
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Introduction

Europa is a prime candidate in the search for extraterrestrial life due to its subsurface ocean, believed to be in contact with a
rocky mantle [1]. Potential hydrothermal activity on the ocean tloor presents a plausible setting for synthesizing organic
molecules from inorganic precursors [2].

Aromatic amino acids, namely phenylalanine, tyrosine and tryptophan, are essential for life as they play critical roles in cellular
processes [3]. Their molecular structure enables them to tluoresce in the 200-400 nm range — suitable for detection ana
characterization. Their synthesis is unlikely to occur abiotically, making them compelling biosignatures [4].

The detection of salts and ocean-derived compounds on Europa's surface suggests that oceanic material, including organics,
may be reaching the surface [5].

However, their longevity on the surface governed by degradation that is driven primarily by charged particles caught in
Jupiter's magnetosphere and solar ultraviolet (UV) radiation [6, 7]. Fig. 1 Artistic rendering of internal and
We modeled two key degradation mechanisms ot aromatic amino acids on Europa’s surface, depending on location, depth,  external processes affecting Europa’s

and time: radiolysis and photolysis. ocean and ice shell. Credit: NASA/JPL
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Radiolysis: Using a particle physics code [8], we simulated the interaction

of Europa’s near-surface ice with energetic magnetospheric particles, E};O i E};O [ F acid concentrations at select
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amino acids, based on experimental measurements [11, 12] (see Fig. 2). © P ] @)  Depthfmnl years. Dashed lines: photqusig
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latitudes due to slow crystallization [16], significantly scatters UV photons. g o : e i at different locations of the
We computed photolytic degradation rates for aromatic amino acids, - oy | | [Peemenme frailing and leading hemispheres,
which is significantly attenuated as a function of ice depth. These rates ) N respectively, after 10°years for a

were derived from experimental measurements [6, 12] (see Fig. 2). P oW 6°°'WL§2g°'it‘§d;2°'°W‘5°'°W‘8°°W90 CE 6""?:3;;@;2“ IS0°E 180°E radiolytic Qonstant of 0.034 Mgy™.
. .‘\
‘ 4 ‘ ‘\‘
¥ ey - ° A .
E S t I a t I n F | u O r e S C a] C - . . Trailing Leading 0 ' > led yrs F|g ] 3 Deg rad atl on
a-‘ - T R e3-led yrs -
I I l g e - — RS N, Se3-ledy Um escales of

1e3 5e3 yrs o,

5001e3y' aromatic amino

100- SOOyI‘S aCIdS I
50-100 yIs

We coupled the two degradation me'chaplsms t&estlmate the net oLLewty of

aromatic amino acids as a functlo.ﬂ of cation and.d_ep’eh in Euromear—surfac@ . 5

ice, assuming it is vapor—depos¢ed b e A JMwsn  vapor-deposited ice,
Our tindings indicate that su las rvc-an'eﬁ@ctlvely penetrate tiquppermost |

20ys  gllowing for an SNR
~millimeter of vapor-deposite er Europan mﬂ? ~ blishing this
- o -> 1000 yrs
y' Qa b VS QY (S Y (s o 0.000: .
fluorescence a’crossEu-r oa fe & pIaJmE)'Ie
» .‘__ ig.3. o - e .

.............................

-1

_""  of 3in laser-inducec
depth as the critical longevity - Surface <
'“":""":""':;;;.,.;;;j_:" ........ .......... ‘ R | qet e Ct‘l O n S or three
. - — = t 1 OO S
18], we estimated the permis §|bé e’éradatlon of the effective upper laver of ice  HEIEES wOSENREY (ENNEE ) an L, 00-500 yr
A to right). Top
th;su rface O‘r dUﬂn » ?h “V‘n\- N . ; X . : N : :

3 ""—}T gagos Ionaa 'ﬁC | D> SN e 2 p = - fluorescence
ﬂuorescence mgr%l detectlon B B 3 3
500— 1000 yrs
ctive up B Y S ... Umm L 0.034, 0
required to produce a statistically significant
- v K VJ) aY: ’- | - - ‘ N \ =Ye ............................ ..................... , '. O ,,,,,,,,,,,,,,,,,,,,,,,,,,,, ....................... | O ........................... ,,,,,,,,,,,,, e | O " _10%7s Ia n d e b'aS ~
ra Q|y‘[‘_|c Constan’-a L ‘ d' sec 1,:,: » L T . - | e - e -

L e «14» w;qv %

. W - | ’
‘,.ﬂ 11 ¢ Geophys. Res. (Oceans) 10¢

ews M/sro C f




