The Astroparticles Lens:
Using Particles From Space To Understand OurVVorld

Cosmic Rays Impacting the / A
Origin and Survival of Life -

Keith McBride- Compton Lecture 5
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Optical

With a different type of lens, you can:
|. See through opaque objects
2. Observe different processes
3. Reveal previously hidden structure
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https://www.khanacademy.org/test-prep/mcat/physical-processes/light-and-electromagnetic-radiation-questions/a/diffraction-and-constructive-and-destructive-interference

VVe can use cosmic rays muons to see
through volcanoes
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VVe can use cosmic ray neutrinos to see
through the Eart
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Cosmic ray showers may be triggering lightning




What accelerates/produces cosmic rays?

Supernovae Remnants do
* The powerful expansion of material around a star that exploded

|. Supernova 2. Supernova Remnant
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What produces cosmic rays?

* Supernovae Remnants:

* Within the Milky Way — accelerates
cosmic rays to high energy
* Active field of research

* Example W44

* Fermi telescope observations
* Gamma ray signatures show strong evidence

Wa4
i G34.8-0.7

‘PSR B1853+01

2,

vF, [erg cm2s’]

o Y
-/ brems from setpndaries

*Pions are evidence of cosmic

o [ merseCompion %\ ray interactions
1010 1012

Energy [eV]
The Astroparticle Lens: Lecture 5 8

0 200 400 i 800 1000 1200 1400 1600 1800
[counts/deg?]

1000
[counts/deg?]



Galactic

Vs Extragalactic

Proton
knee

From Galactic
supernova
remnants

Buitink et al.

Rate (per m? per day)

From
extragalactic
sources?

1017
Energy (eV)

The Astroparticle Lens: Lecture 5

f/(



[ J [ J
Proton ——
+ JACEE —x¢—
MGU —&—
Tien-Shan —e—
Tibet —&—
* Akeno —v—
CASA/MIA —&—
Hegra ——
Kascade —o—
Flys Eye —v—
AGASA —+—
HiRes —0—
HiRes stereoc —o—
Auger —=—
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* Measured a spectrum of cosmic rays
* Higher energies, flux falls off (i.e. power law)

* Hold out your hand (while in space) for 6
billion years to catch the 100 EeV cosmic ray
10" 10" 10" 10" 10" 10" 10" 10" 10" 10% 10*

* If you want 99% chance — then closer to 30 Energy ( V)
billion years

* Particles are accelerated somewhere in
the universe to these extreme energies

* Will revisit in the last lecture
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Cosmic rays are accelerated in the Milky Way

* Accelerated/
produced at SNR
sites across the
Milky Way

* In bursts over the age
of the Milky Way

e Cosmic rays fill the
Milky Way like a sea

* The Solar System is
immersed in a sea of
cosmic rays

We will revisit cosmic rays in the Milky Way next week
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These cosmic

* Higher energy radiation
penetrates more material
than low energy

* Each types of radiation
interacts through different
processes

* lonization
* Bremsstrahlung

* The hazard comes from
too much radiation

* Some types of radiation are
more harmful than others

* Deposits more energy into
the material

rays are radiation

a ALPHA —m ™

B BETA

4.5 - X X-RAY =
9 MeV

n NEUTRON

3,000 - 9,000 MeV
(1,000x > X-ray)

Thin plates

aluminum, etc.

Jtom

The Astroparticle Lens: Lecture 5

made of wood,

Lead, iron and
other thick
metal plates

Water,
concrete, etc.

Jtom




Radiation impact on DNA

Discovery of
double helix
structure in
DNA

Photo 51

* Biology:
* It’s all about damage to DNA

* But DNA-repair is common
* Otherwise, we wouldn’t be here

* DNA - double helix structure (2
strands)

* One side is damaged - repair is easy
and common

electron

* Linear Energy Transfer (low-LET) T rzston
 Deposited energy by the radiation KON\
* Low-LET (next slide)
e High-LET
* More likely for both sides to be damaged
* Higher risk of mutation and cell death

ionization
event

a-particle
(high-LET)
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Low-LET example

* 60% of humans are water
* DNA suspended in water in
humans
* Radiation results in ionization

* Inside of the water, ionization seeds
the reactions

* Products can damage DNA
e Entire research field summarized
here

* X-Rays, Gamma rays, low energy
electrons

* Spread energy out
* Processes like Compton scattering

of DNA damage

H;O" + OH + e,

10 bps DNA radiation

length =3.4 hm

X-axis

spur radius (@ nm)

electron
(low-LET)

" ionization
.\ Cluster
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lonization from Low-LET

Compton Scattering

Incoming
X-Ray Photgn'

[}
Vi

Likelihood independent of Z

Electron atom atom
Cloud

@ Hydrogen

electron SN
(low-LET) . Cluster

ionization
Phosphate (PO,)
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High-LET

* Energy deposition in a narrow track
* Doesn’t spread out compared to low-LET
* Lower chance that repair is possible

(high-LET)

* Protons, neutrons, and nuclei

* Alpha (Helium nuclei) particles are useful in
medicine

* Deposits more energy per length
* Penetration of ~100 um (like 10 cell diameters)
* From radium and other isotopes

The Astroparticle Lens: Lecture 5

a-particle ";‘;::y & @ ionization

Radiation type Linear Energy Transfer, keV/pm

Cobalt-60 y-rays 0.2

250-kV x-rays 2.0

10-MeV protons 4.7

150-MeV protons 0.5

14-MeV neutrons 12 (track average)

100 (energy average)

2.5-MeV a-particles 166

2-GeV Fe ions

S-$ o

226 222 4
o sein ,He

Ther nuchius of an atom of adium- 2206 contains B8 prolons and 138
neulions. A radum- L0 meclaus undingoes alpha decay 1o lorm a
differend slement, radon-222, and an alpha parbscle



LET for different types of radiation

Radiation type Linear Energy Transfer, keV/pum

High LET
Cobalt-60 y-rays \\
250-kV x-rays

Middle LET

— Alpha . LOwLET
—— Proton )

— == Electron

10-MeV protons

150-MeV protons

14-MeV neutrons 12 (track average) Electron cut-off energy

100 (energy average)

2.5-MeV a-particles 166
10—
10° 107 10 1 10

Energy (MeV)

2-GeV Fe ions 1,000
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Radiation can create damage

* Our DNA (and cells) are repaired
* Common amounts of radiation

determine impact

* 3 options: repair, mutate, or die

e Deterministic

* Radiation burns, cataracts, radiation sickness

e Stochastic

* Cancer, genetic mutations, passed to offsprings

* Personal aspect

* Need for more thorough understanding of

the impact of radiation

The Astroparticle Lens: Lecture 5

DNA damage
‘ DNA repair

Rephcatlon errors Cell death

Mutations/ Toxmlty
genomic instability i
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History of radiation dosage

 Skin Erythema Dose (SEDs) was a
subjective “first” unit
* UV & (originally) X-Rays
* “what is the minimum amount of radiation to
cause the skin to turn red’?

e Like sunburn

 Radiation can be lethal
e Slotin Accident 1946

* X-Rays (and other radiation) can cause
mutations

* Hermann Muller won Nobel prize in
medicine in 1946 for this discovery
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History of radiation dosage

RELATIVE DOSES FROM RADIATION SOURCES

All doses from the National Council on Radiation Protection & Measurements, Report No. 160 (unless otherwise denoted)

millirems  millisieverts
(mrem) (mSv)

* More objective units: t 10
* Rad (Radiation absorbed dose)

* Energy deposited in matter (ergs/gram)

* | Rad of alphas results in more damage than
| Rad of X-Rays

* Because of clustering

* Rem (Roentgen Equivalent Man) —
Manhattan project era

* Quality factor * Rads

e Sievert introduced in 1979

The Astroparticle Lens: Lecturd
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Muons as background radiation

@ ALPHA ———————p

* Muons are low-LET g sem
* They are highly penetrating | 94;;;‘/{ |
* Deposit energy over larger distances
* Dose rate from cosmic ray muons s
3,000 - 9,000 MeV
to human body: (1,000 xray
* ~0.4 mSvl/year
* mSyv is milli Sieverts or /1000 of a ;
Sievert

\ Primordial cosmic rays, protons

pitN—ont, K+, ...

* Potassium-40 in bananas is about the
same annually

* Total human natural radiation dose
is 2.5mSv/yr

* So only ~20% comes from cosmic
radiation

The Astroparticle Lens: Lecture 5 21



High-LET at higher altitudes

* Recall that the atmosphere is in
the way of measuring these
cosmic rays

 Ascend on balloons

e As altitude increases, so does the
risk of damage from the radiation
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https://www.nytimes.com/2012/08/07/science/space/when-victor-hess-discovered-cosmic-rays-in-a-hydrogen-balloon.html

High-LET for higher charged particles

* Cosmic rays are not just protons
* ~90% are protons

* But high-charge nuclei also, the other 10%

Ne x 1078 g,
OOO
o]

Mg x 10710 Wpo, %o
Ooo

(o}

High LET

Middle LET

—— Alpha
—— Proton
— —= Electron

Low LET

Electron cut-off energy

JACEE

PAMELA
RUNJOB
TRACER
VERITAS

107% 107 1 10
Energy (MeV)

10t 102 103 104
Kinetic Energy Per Nucleus [GeV]
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. 17 protons 37 . 17 protons

Danger in space — Hi-Z [RERrae i s

* Hi-Z means high charge

* Z= number of protons

* Cosmic rays are nuclei
with many protons

* Higher charge > more
damage to human health

* At higher energies, the
LET falls

* Still radiation loses energy,
but it loses less if it is
higher energy/traveling
faster

@ 17 electrons 17 @ 17 electrons

High LET

Middle LET

— -= Electron

Electron cut-off energy

10°  10% 107 1 10 10° 10°
Energy (MeV)

2

<dE > A nz2? ( e’ \° [] ( 2m,c? 52
—{ — = . . I [ =/
dx mect R dmreg I-(1—p2)
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Summary — the danger of cosmic radiation

Radiation type Linear Energy Transfer, keV/pum

* Higher charge of nuclei >
Higher risk from radiation

Cobalt-60 y-rays

250-kV x-rays

* Higher energy, less energy

loss (in energy range of 10-MeV protons
discussion for this lecture) - -~ Electron
g _ 150-MeV
We actually use the ideas of the Electron cut-off  SSEEEX PIOMORZ
energy IOSS In PrOton therapy 14-MeV neutrons 12 (track average)
1.Fast/high-energy protons S 10% 100 100 {energy average)

p enetrate s kl N 2.5-MeV a-particles 166

2. Protons slow down and
deposit their energy mostly in
tumor at depths
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The atmosphere as a shield

* These high-energy particles
don’t make it to the surface

* Just their by-products

* The interactions in the
atmosphere distribute the
focused energy to a diffuse
flux of particles
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 Muons = not as harmful
* Hence the 0.4mSv/yr

Remember: 2.5mSv/yr
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Protons
(Wp=2)

(1,000 ft)
10 20 30 40
|

10 15
Altitude (km)

electrons
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Pilot vs avg human

Protons
(Wp=2)

Muons

* Closer to 7mSv/yr
* Compared to 2.5mSv/yr
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e But where is the extra radiation
dose coming from!?

* The cosmic radiation

* Mostly neutrons

* Neutrons do more damage so
even though they are not so

frequent’ they have hlgher Sieverts Radiation vs. Altitude -- September 27, 2015

(I m PaCt) Low Rad Aviation Stratosphere
a .dw.“
* Astronauts are exposed to RGN -

o
%o lunar

eclipse

even more radiation
* Less atmosphere

Max Radiation = 413 uRad/hr @ 67,600 fi

Aviation values: v 5
25,000ft = 45uRads/hr ==
35,000 ft = 166 uRads/hr < =
45.000 ft = 288 uRads/hr

Dose rate (uRad/hr)
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The magnetic field as a shield

nergetic Particles
article Events or
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Funneling particles to the poles

* Higher latitudes, more cosmic rays

* Towards equator, less cosmic rays

* |ISS astronauts receive higher doses
than Space Shuttle astronauts

* 0.5 mSv/day (180 mSv/yr)
* Energy/rigidity cutoff

* |If the cosmic rays are fast enough,
they punch through the magnetic

field
* Earths’ field is a few milliGauss “Scapo Caraveral
. ) “HST orbit: A
* If there were a stronger magnetic |, 285 ciraon ./
field, less energetic cosmic rays L ”

would make it to the Atmosphere

- Equator

/ISS orbit:
51.65° inclination
7 417-420 km altitude
The Astroparticle Lens: Lecture 5 \
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Going from LEO to lunar missions

* Remove the atmosphere
* Still some protection with magnetic fields

* Exposure to much higher radiation

* Radiation from the sun and cosmic rays A e
® Lunar Or.blter. (and ~Sur.face) N Human Tissue Equivalent Plastic
* Measurements from LRO MUY\ / 1
* |.3mSv/day AT
* 2.5 times the ISS astronauts’ dosage rate / =
* 200 times higher than Earth surface! ” 7
Ah : ¥ 5 '
B e 10

The Astroparticle Lens: Lecture 5
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=SEET ERPCI IO R Orbital Altitudes of many significant satellites of earth

| R ———, |
2000 Km / 1243.7 mi

0 km / mi - Sea Level.

37.6 km / 23.4 mi - Self Propelled Jet Aircraft Flight Ceiling (Record Set in 1977).

215 km / 133.6 mi - Sputnik-1 The first artificial satellite of earth.

340 km / 211.3 mi - International Space Station.

390 km / 242.3 mi - Former Russian Space Station MIR.

595 km / 369.7 mi - Hubble Space Telescope. 35,786 km

(GEO) and y (GSO)
[700 - 1700 km] - Polar Orbiting Sateliftes. Geosynchronous satelites orbit the Earth at the same rate that the
[435- 1056 mi] 20,350 km Earth rotates. Thus they remain stationary over a single line of longitude.
GPS (Global Positioning System) Satellites A geostationary satellite will remain in a fixed location as observed
These are on a Semi: Orbit (SSO) from the earths surface, allowing a satellite dish to be alligned to them.
meaning that they orbit the earth in exactly 12 hours (twice per day). This particular altitude marks the border between the MEO and

HEO Zones.

(High Earth Orbit)

600 - 800 km / 372.8 - 497.1 mi - Sun-synchronous Satellites

These satellites orbit the Earth in near exact polar orbits north to south.

They cross the equator multiple times per day and each time they are at the same angle
with respect to the sun. Satellites on these types of orbits are particularly useful

for capturing images of the Earth’s surface or images of the sun.

| ——
Scale: 1 Pixel = 100 Km / 62.1 mi 20000 Km / 124374 mi W—
The Moon
i — 2 o

LEO Zone

(Low Earth Orbit)




Distance scaling

e |SS at 400km

* Lunar orbit at 385,000km
* or ~0.385 Giga meters

* |f the ISS was the building across the
street, the Moon would be
somewhere in Kenosha

* Daily radiation dose is 2-3 times the
ISS astronauts
* Integrate or sum up all the cosmic rays

* Somewhat still protected by Earth’s
magnetic field

* As measured with lunar landers
* Ask Payton about them in 2 weeks

The Astroparticle Lens: Lecture 5
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Mars - traveling even farther

Launch=11/26/2011 Mars at Launch

Arrival= 08/06/2012 TCM-1
Launch + 47 days
12 Jan

/

Earth at Launch
26 Nov

TCM-2
Launch + 121 days,
26 Mar

ide)

Robotic Arm Instruments
v (MAHLI, APXS,
> Drill, CHIMRA)

TCM-3 - g 5§ ‘ b
Entry - 41 days TCM-5 . 3 { g
26 Jun Entry - 2 days Earth at Arrival L - ¢ Front MARDI
4 Aug 3 Hazcams
TCM-4 / { ,,"‘
Entry - 8 days ¥ 4
29 Jul Mars at Arrival .
TCM-: Tick Marks Every 20 Days| .
Sy * Mars has thin atmosphere
* Measurements by Mars Science Lab on
* Deep space measurements (en route to Mars) GUliD b 06imSyiday (220 mSviyr)

* ~2mSv/day (750 mSv/yr)

The total radiation dose astronauts would receive is close to ~|Sv/yr level
Types of shielding needed!
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What about leaving the Solar system?

Well, something has...and it had detectors on-
board

* Voyager | (2012) and 2 (2018)

* Cosmic ray measurements
* Qutside the heliosphere for the first time
* Charged particles from the sun make a solar
wind, the heliosphere

* “Low energy”’ cosmic ray flux (<100 MeV)
increases by 4 times outside the solar
system

* Crossing the heliosphere >more radiation
* This is interstellar space

The Astroparticle Lens: Lecture 5

35



The

* Solar system in the
heliosphere

* As the sun’s activity
changes, so does its
extent to shield solar
system from GCRs

heliosphere as a shield

The Astroparticle Lens: Lecture 5
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Types of shielding possible

* Passive
. Modulating effects of oth flight
. disturbances etc.) effects
* Like the Atmosphere i ;e
: : R A il
> I SS ast ro n auts d O th I S al ready d u rl ng S PE Chronic low-dose rate 24/7 . ‘ - D:gaer:g[t'ative
. . whole-body exposure ( .\ 4 8- diseases of brain,
* Solar particle events and geomagnetic storms o GCR (protons, helium ions W S " lung cardiovascular,
and heavy ions) [0 N A ‘ ) digestive endocrine,
and secondary particles N ) T immune and

° ACtive (neutrons) | : ‘ \' ;?Z:Z?#:Sﬁve
* Like the Earth’s and the Sun’s magnetic field i

Acute effects

o Cha”enges Acute high-dose and 1 | S;I:Jcticreor;éatlon

: : high»dose_ract)e si;irtc—)tseurp; = ¢ f,-“‘ - prodromal syndrome
* Heavy material (passive) and requires more o e &9 B airome
5 mostly protons, can be in effects
energy (active) o oo e

Individual, age-dependent and sex-specific
differences in radiation sensitivity and

Ongoing work — human ingenuity at its susceptibiy
best!
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Dosage rate with aluminum shielding

600
500 H

400

§
-
o
=
v
-
=
[+¥]
A
2
=
o
=
v —
-
[ 5]
F]
=
73]

BON2010
BON2011
Matthia
1970 1980 1990
Year

(BON2010 - BON2011)/BON2010
(BON2010 - Matthia)/BON2010

Relative difference (%o)

2000 2010 1970 1980 1990 2000 2010

Year

igure 1. Effective dose versus time behind 2-:_‘.]f'cm2 of aluminum shielding using three different GCR models. Effective

lose was computed using the ICRP 60 quality factor [/CRF, 1990] and ICRP 103 tissue weights [ICRF, 2007] with the FAX

Female Adult Voxel) human phantom [Kramer et al., 2004] as described by Slaba et al. [2010a]. Transport was performed
ith HZETRN-/EM [Wilson et al., 1991; Slaba et al., 2010b, 2010¢; Norman et al., 2013).

Active field of research

The Astroparticle Lens: Lecture 5
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The safe dose evolution

* NASA originally for Apollo
missions had very little (no)
guidance on radiation dose

* |t wasn’t nearly the biggest
risk to the astronaut

* ~|970 the doubling rule

* Career exposure was 4 Sv

* Doubles the lifetime risk of
leukemia

* Individualized exposure risk
assements

* The Age & Gender Shift
(NCRP Report 98)

NASA has followed several distinct recommendations on radiation limits since the
Apollo era today due to the evolving understanding of space radiation environments
inside spacecraft and tissue, new epidemiology data, and the age and gender makeup of
astronauts. Recommendations by the National Academy of Sciences (NAS) in 1967
(NAS 1967) noted that radiation protection in manned space flight is philosophically
distinct from protection practices of terrestrial workers because of the high-risk nature of
space missions. The 1967 NAS report did not recommend “permissible doses™ for space
operations, noting the possibility that such limits may place the mission in jeopardy and
instead made estimates of what the likely effects would be for a given dose of radiation
(Schimmerling, 2009).

TABLE 6.7—Career whole-body dose equivalent limit (Sv) for a lifetime excess risk of
fatal cancer of three percent as a function of age at exposure. *°

25 35 45 55

1.5 2.5 s 4.0

Female 1.0 ! ; 3.0

*1 Sv = 100 rem.
® Based on a 10 year exposure duration.
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Historical NASA Crew MISSION Doses

: 650 mSv

1000 ission. I Mars Mission & NCRP Guidance for

: < Radiation Worker
Lifetime Limit for 65yo

Skylab, Mir and ISS

100

<« 50 mSv/yr

Hubble Missions g, Radiation Worker
Annual Limit

-
(]

-

\ Mission Dose

S
—

NOTE: Log Scale 0 200 400 600 800

Astronaut, i Modified from Cucinotta et al. Radiat Res (2008)
S. Robin Elgart | shona.elgart@nasa.gov 2022 NCRP Annual Meeting 40




What about finding life?

e A related field of research
e Radiation is a hazard

* Other worlds
* Exoplanets (or extrasolar planets)

* First 3 exoplanets discovered are
near a pulsar
* Unknown if they have atmospheres

* The amount of radiation at the surface
is probably extremely high (but depends
on the atmosphere)

* Over 6,000 exoplanets discovered

The Astroparticle Lens: Lecture 5
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Habitable zones

* The sun’s activity impacts the
cosmic rays that make it to Earth

* And, therefore, the radiation
environment here on Earth

* Other planets around other stars
can have a similar coupling

* Active research in determining if
an exoplanet is in the habitable
zone

* energetic particle environments

LOCAL INTERSTELLAR MEDIUM

The Astroparticle Lens: Lecture 5

H!LIOSpHERz

SOLAR
CosmiC RAYS
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Energetic particle environments of exoplanets

Dr. Rodgers-Lee’s research

GJ 436 system

StEPs
(8§2.2)
GCRs
(§2.1) : 10~* 103 102 10-! 10° 10' 102 10° 104
Equivalent dose rate [mSvday~1]

transport through
atmosphere
(§2.3,2.4)

Astrosphere/stellar wind
(Mesquita+ 2021)
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Some lifeforms use radiation

* Black mold found in Chernobyl
walls

* Early 1990s

* Melanin in the fungus allows it to SR ——
“eat” radiation - radiosynthesis Eetat

* Transform ionizing radiation into
biological energy
* Ongoing research

* Even research on using fungi like
this in space
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Extremophiles

e Life can withstand ridiculous
environments

* Too many interesting things to
mention

* The most resistant organism found so
far is:
Deinococcus radiodurans

* Survives more than 1000 times the
radiation dose needed to kill a person

* Even more than tardigrades
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Searching for life on other planetary bodies

lonizing radiation

. . ofe ! Direct effect Indirect effect
* Life on other worlds might utilize | ~
the radiation

* Might not be life as we know it

* Radiolysis on planetary bodies with
lack of atmosphere

 Beneath ice of Enceledus

e Cosmic rays make it through some of
the rock/ice

a
£
L
=2
o
@
@
S
=]
m

1010

* Source of radiation/energy for those
extraterrestrial extremophiles

-
<

-

=

-
<

0.001 0.01 0.1 1
, Depth
The Astroparticle Lens: Lectu AR

igure 1. Biomass versus depth of Mars (blue), Europa (black) and Enceladus (red).




The chirality of life

do not exist in Nature used by living organisms

3 . o
protein a-helix double stranded DNA helix,
(right-handed) B-form (right-handed)

mirror DNA (left-handed), mirror protein (left-handed)

HANDED HANDED

LEFT RIGHT

Perplexing puzzle in the origin of life on Earth.
Why does life exhibit homochirality?

The Astroparticle Lens: Lecture 5
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WWhat is chirality

mirror

CHIRAL OBJECTS plahe

Mirror

Achiral molecule

' T Mirror images are
; superimposable
—_— — —b ——
mirror
plane

Left hand Right hand Cannot be superimposed ‘ Chiral mO'GCU'G

: )\ Mirror images are
ACHIRAL OBJECTS : H non-superimposable

Mirror

S | .
B 6 left-handed right-handed

BOTEW SCrew

Right hand Can be superimposed
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Spin state of electrons

* The Vester-Ulbricht hypothesis

* ~50 years ago
* lefty electrons can selectively damage/destroy molecules of one handedness

* So the origin of life may have been “handed” an asymmetry

Electrons Anti-Electrons

Mass: 0.51 MeV r{’ \ ‘ /

Charge: -1 C } i
Spin: 1/2 ?

Magnetic: —1.0 B

Right-handed Rmht -handed
p State Down State
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Polarized radiation

polarized
radiation
* Spin of particles as a collection | o
in the same direction Y/, @
) . Ejected
* Polarization .
Ld ° ° = . t.
* Polarized radiation S
* Higher chance of interaction with °
one type of prebiotic molecule —h
over the other = % Nucleic bases
* Research on creating prebiotic BN Tt direction
molecules of both handedness s determined by
in Iabs the sugar backbone

Left-handed helix Right-handed helix
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FUNDAMENTAL FORCES OF NATURE

A 4
Sinons Gravitation
Interaction

The only Parity-violating Force — distinguishes between left and right
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Life’s chiral puzzle and cosmic rays

* Noemie Globus’ ongoing research on cosmic ray muons impacting the
evolution of life on Earth

* (anti)Muons are polarized-weak force decay from pions

Mirror - DNA

nt—=>put+v 1

Cosmic ray o

f #
Magnetically _ - Neutrino: v

polarized muon H
or electron — We ak
Interaction -
Pion: mt

( Lifetime: 26 ns )

]
/o Muon: p*

Muon spins are 100% polarized.
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Left-handed Right-handed

Muography

Positive cosmic rays

* Results in a ratio of about ~1.25
antimuons (+) over muons (-)

* Which provides a cosmic ray muon
rain of right-handed antimuons
(slightly) over left-handed muons

* Which is hypothesized to have a
higher interaction with right-

handed prebiotic amino acids &

g,::?@

&
* Preferentially destroys the left- e I

A. ¢

Left-handed helix Right-handed helix

(side view) (side view)

handed/mirrored molecules
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Heliopause

Solar Wind

Ploneer

Termination
Shock

With the astroparticle lens, we can survive and
find out how we got here.

The Astroparticle Lens: Lecture 5

primary cosmic-ray

atmosphere

magnetically polarized cosmic rays (£ < 0):

enantioselective mutagenesis


https://phys.org/news/2020-12-ancient-cosmic-ray-paleo-detectors.html

Next week: Cosmic ray isotopes that
help us understand the Milky Way

Thank you!
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