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TH FEHIRTE GHH AT GE A1 THTR: dAAR TR GO H IR AL SHATT STHT & T 857
ST & | T8 A TH & — AT 950 TAL R T¢ TBaamm |

A T 3T T 307 37 fad =97 8 | T& 7T Nature Astronomy STHTAY H Izaskun Jimenez-Serra,
Juan Garcia de la Concepcion, Herma Cuppen 31 3¢ & sch(j-ﬁ HATArHH HYTH 7 erythrulose FIIETH
m YA & | Erythrulose S¥-carbon T Tketose & U 9Hqd B Y& <7 chiral, prebiotic pathways Ey FI'F'I
THAATE T & THIT &, 37 SAAISE T 39 rotational TIhHe H & ST IH @RTATEHATR |

gad G+0.693—0.027 & dTa, Galactic &L & TH Tdh AT RABS &, AITHIT 8.2 kiloparsecs ¥ | €F
T Yebes 40 m 3T IRAM 30 m telescopes FITTHEH AT & & sensitive radio surveys SHAHE &l AT7 mm, 3
mm 3 2 mm atmospheric windows & &l 91 GHz & 314 TAYRd I8 | IT&H t@RTATradio TAT & set &l
AN Trotational SETH HET AT emission Hif e HIATINT RiT THHRI ATTATHH ice THET AR TLIHA
erythrulose FAE IS ATEN

G+0.693—0.027 FIT&?

G+0.693—0.027 | Galactic T & 1", 3T T black hole Sagittarius A* & | T8 Hg W AT R HTAL
H U& AUa (R HABS & — Milky Way & ®ia¥ & TETIH turbulent, TH-THET TLIRIT — TIEH
ITHIT 27,000 light-years T | SHSRTTH coordinate & G Galactic coordinates HITTHTS, TaaHT +0.693
3T —0.027 IF@Tongitude 3T latitude & | RABS Sagittarius B2 TR & & T THA 6 IS q
qHT &, AT EHaT 39 A TIT -light Fara= qﬁmﬂotating EIRI Firadio 3M¥ millimetre

e o 190 & TEaIT:AITTT did & |

Webb ®TMIRI view Sagittarius B2 ®i&f@HTs, Galactic & & TH 19161 molecular-cloud STefel | 78 B4
G+0.693—0.027 & SATIH dusty, molecule-AHET TLHEIN & G & (1T &; 7 erythrulose TETH HITLATRY ST

Image: NASA, ESA, CSA, STScl, Adam Ginsburg (University of Florida), Nazar Budaiev (University of Florida), Tachwa Yoo (University of Florida);
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Image Processing: Alyssa Pagan (STScl) fair-use

A radio fingerprint, not life

The evidence chain runs through spectra, fits and chemistry - not through biology.

lab rotational Yebes / IRAM . ice-grain
. abundance fit .
data - lines - - chemistry

Boundary: a sugar molecule, not life; not ribose, RNA, DNA or biology.

Radio TE9H-IT&= & erythrulose 3TU[ card 3T &Y FHTA S : IRV, STHT A& TERT ILAATAT HITaTH Fid e ;
SHA TR TET AR

Original diagram — The Clean Paper CC BY 4.0

Small C2 pieces can build a C4 sugar

The model route is chemistry on icy dust grains, while the C3 sugars stay below detection.

4 )
glycolaldehyde
\ erythrulose
G J
+ C2 +C2 C4 sugar detected
4 ) /
ethylene glycol
G J

C3 sugars: below detection limits

Boundary: chemistry can grow complexity before planets form; it does not show life.
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ZTabundant TFcarbon building blocks — glycolaldehyde =¥ ethylene glycol — icy FUT 9% HfeTh¥ I¥-carbon erythrulose
FH &, STaadT T -carbon sugars TEH GHTE -0 T&d s | Planets T+ & T8t THHT-AS5TH complexity T@Ta 1= |

Original diagram — The Clean Paper CC BY 4.0

HEq@I 0 SHEE R : Udh THAG 6 ILAITAV S8 Aaiarad TLAEYI & a7 ¥ survive FiT Tahd e, TA-TR
A TEIAATR U | THEE A& [l @IHd(e 7 StE-T, RNA TTAFd & d I = A =i a6 ol

STHR B = RATRIT

- Yebes 40 m 3% IRAM 30 m telescopes & Galactic HZT ETdh HABS G+0.693—0.027 & broadband

radio AFIRETEHAAM &I |

- EF &I MIMTrotational T REIH N HESE & erythrulose @IHT I di-TTastronomical %{?ﬂi‘ FMTHAT
I H TETHATE T T8 &

- TUHHA thermodynamic equilibrium & MADCUBA-SLIM & HY&®e M EH &I, 3T IHline-AHTT HABS
g § TE9HATE 180 ﬁmwmﬁawountﬁﬁl‘n

- Wi @lerythrulose HTTTH THRHTAT GG HF blended FTITAT TT HgL (T &4

- Erythrulose fl@‘—l‘lﬂ?ﬂ'ﬁl‘ SN T it glycolaldehyde, ethylene glycol, glyceraldehyde, dihydroxyacetone 2%
glycerol |

- Icy SAATATHE dust FT I7 erythrulose T & HHETT THAT® ATT quantum-chemical 3T kinetic Monte
Carlo HET AT |

~
DA [HI]

- Multi-line T8<H | ITHYAY erythrulose T & 12 sets TEAHATa, 9717 I transitions HISTHT Hid
& | 59 & J& T@Tsets, TR mine T AT transitions, W:Qﬁmﬁf{w £ a’@fﬁi'r W:Q' T &9 Sy
25% AFEH HH & G |

- STHT AL | LTE Hfe Iqawr= ansdf 11.3 + 1.8 K 30 column F9ad (8.7 + 0.8) x 10" cm~2 qTR,
%E\'ﬁﬂ' velocity 69 km/s 3T linewidth 22 km/s & T |

- BEAST AR TIT WL Hy & AT derived erythrulose T0=aT(6.4 & 0.6) x 10710 &)

. @?F?l‘sugars a@r&mﬁr & | Analogous TTH-carbon sugars glyceraldehyde =¥ dihydroxyacetone TE=THATA&T
S‘ﬁ‘; ITH FIUGH l{u <4 x 1071 AT <7 x 10711 §‘I E I'\l\{ ESSIS LS T erythrulose 3T C3 sugars q
FH-T-FH 8-17 ¥ 3T abundant THEE |

- §IT-alignment T3& UYL & | B& T4 IAMIIET & JIATAN & AT A@H T5AS  line-alignment
HEAT0.2% ATAR & & | Hdol TH JTHE JIAH 900 & T@T SHAHT & 97 {1a 95.2% A7 98.3%
EI'FQ'I\_CFH‘ levels Tﬁ}@ FAE

. W—WWH’U?‘ | TET amorphous THTice ¥ HTBS H§ T8t & abundant TIZETC2 TISTHT
— glycolaldehyde ¥ ethylene glycol — & erythrulose IHTa | Closest H‘ﬁiﬁ-‘ﬂ? methanol, glycolaldehyde,
ethylene glycol 2T erythrulose HTHTE of TH & WHYT AT Fitdla, aFmI undetected C3 sugars HTAITHIT
25-70 factors TR ITIT HLd s |




T8 Hdd “HUE & TG TTMalm

‘1'{'# astronomy wﬁﬁﬁfmﬁ‘glycolaldehyde F“simplest I il gl |98 THHEA & 'g‘Tﬁ sugars § qayfa
& AT prebiotic TAAT-ANGIH & AT ARqdI L &, AAdi-T THIAT distinction T¢ TEHH &: glycolaldehyde
U hydroxyaldehyde 9 T saccharide TEN Erythrulose 31T & | g% monosaccharide &, ketose &, ¥ @&
TH AAATEH TIIH & TI0E FRTE TEA IR aan & |

TE AEq@IL & Al IqIadi-of-life THET-ANTTH RIRAT starting T & TT H sugars ARATISAT
& | Ribose 31T glucose meteorites T RYZITE Bennu THA & AT 9 &, AHH Gahd ATAdTR & TR
inventory FTH, & ATextraterrestrial IATAAT R Hhd T | AT meteorites H sugar-Ha = I aGATAL.
F T I 3T dust F IRTIRIAATER SAa TR | T8 THIAY ILEATRTH T2 Taof TheAdla: parent

bodies & T8, meteorites & T&, planets & TE |

TR THEATR T7 & HISTaaYE & odd § | FAAT T A a a &l THAT & families carbon atoms STET 5T
FEEHE aEsTinembers g8 d A abundant 6 & | TR =T -carbon I LEIMEER LB Eﬁl?f:analogous TH-carbon
sugars &N @ d T AT Ld & &f icy T 9T destruction 3T H'F{H'DT routes TF TLIH LT 7 erythrulose &T
comparatively favourable T & |

— o\
e 4 IAHId dglnldl

TE HAT A STHT TEIEEHN TCFHITA prebiotic THHT-ANT &, STHETETH TaN

T% ribose, RNA ITDNA TEE@HT Erythrulose aqueous FITATI ™ &+Te aldoses & isomerize &THahd I
3T prebiotic pathways & ¥IT & Tahe 15, @i RNA FTILFHTbackbone &= |

7 Safd handedness TE @AM Erythrulose chiral &, @i+ radio T8 <A 3up FIIETH F¥dl8; enan-
tiomeric excess AW & [ 3T T& & (GHIRT SHE Td A6 “hand” FHIRETR |

B Fl'ﬁﬂ' FEAFR AR T8 A El'gﬂl?ﬂ'Earth SED Qﬁﬂ STHYAY minor bodies & \‘rlTFQ: G delivery
discuss F¥ATE, ARIT T& LT meteorite W—aﬁ\‘vﬁ‘l‘ dqTr mﬁ'ﬁ'{ﬁ T extrapolation & |
THARTATT “IAIAAT of THA” THHATEA HEATRITE A&N Udh class of U ATILAT HTATmetabolism,
ATl T ATRPIART assemble FHTA & TR A= M

T TE9H GHI G R SE A T8 @ dl HaY T A9dd &, (-1 GO line-FHET &, 3¥ I
THTblending TT aHAA 6 HEd HidTs Rl AT identifications & I8 e 15 |

Delivery THH HHT Ag[8 | THIAL FATHA H7aTe & Late HEEGHAN® FH AT (0.5-50) x 10° kg
erythrulose LT [Earth T Ta.9 Gahd M1 AHR(T T8 GEATRS THIAAN TC AT R, 3T A& a1qquir
FaE ﬁmﬁ‘ﬂ'ﬁ}?{'ﬁ' itself questioned & |

THW RS 82

TR SHU&S qUdheld (@I FaH A TaHMa R | T8 TANMITH I Re L HA T aa0 & radio Aa®HYT, @&l
frequencies 3T velocities % multiple transitions, quantitative TATHE 3T HIY< blending a‘F&ﬁw AT
& | B TEIATIAHISE & JIOVAN ARATRIET &; ST @0 3T 9@ 6 R consistency TEH & |
WWW%H’F@WWW strategyg‘ |



AT FHASE ETHATA TE9H 8] qq0H IqIqdT -of -life TATATR | THHAA 6 HEA a(@HT & icy HT IT
BETAT 7 erythrulose plausibly I T&d T Y SANATH L ATEIRES THH dalGadis | AHT TET TS,
undetected C3 sugars HT=TT Hoverproduce FYATE 3T ATLATHT ice T early-Earth reaction WW qr
THdTtrace & [7d “T& AL 4H & A< &~ & “TAA AT IL &H H 7SS @l a& &I VAT &, Fra
TEN

THATT A qUfdf: A7gd astrochemical TE=H; ¥ ETT ATCHIT THAT-GTSTH; speculative Stafdh A8qqd |

Prebiotic THHT-ATTAH & SATILAT GHAATR | IAIAAT -of -life TXEIT H THAHAT &g, 3T G early-Earth
I I Tamounts § AT TR E-d | $F FHAITRIGH &+ ®TUH THdTexogenous delivery &1
comets, asteroids ¥ meteorites Q’@ HU ATH % S9g, e 3 =7 e strange environments gaT

&

TE THIAL 39 aG¥ &I upstream XH AR | T8 Fadl & HF -9 -HH T 90T TLRIRIaarad T9Tq
qEET gadl, ‘E‘I@I% minor bodies & lock 5 & T8 | T8 STHT inevitable T8 18 {1 e~ THET{ & starting
inventory FH “&ael Earth I¢ T EISTH I8 : THITT6 TAHT-AS5TH ®lds, & QdTplanets § T8¢ [T &1
TehaTs |

FEHIRTATH ATS AR “THT & G 8¢ S8 8~ A& 15 | TTd GHE0r SR Galactic HaL & TH
SSTATATdh HABS 7 detectable chiral IT&HTR, 3T IH TIH aAHLHET-GSAH icy dust FIT TL T Tehel [
& | SAATAIA AT H T 1T § I A9qT & |

A AAaral TIIGT 7 a9 I@T A Sl I8 T894/ ILE HiLd &: Galactic HFZL HRABS
G+0.693—0.027 & erythrulose, T chiral ¥-carbon ketose | YT Yebes 40 m ¥ IRAM 30 m telescopes &
EWTETmultiple radio transitions & AR, STTa TANTHTHIRELA SETH R HIANTIATAT icy dust HIT
T AW AEA & FHCIT ATAT T A8qa <0 & fid &l T8 S@HTR & prebiotic ILHILAHT-ATTTAH
W—ﬁ'—ﬂ@m planets Y meteorites T § T5T & &8 | T8 STET A& 1 ribose TET RNA & 31T
g -'-l@'ch‘f:ﬁ\'@ 37T T Earth 9% Gﬁiﬁl‘ﬁrﬁrﬁ‘ seed @ T7 HST9d astrochemical T8 =H & SfaamEEyn,
grfaT implication §‘: F[W prebiotic inventory FRrTItE E‘Fﬂ:ﬂ'lﬂ BILS chcl'\ls BIGE BH 98¢ STHd T
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