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Cosmic Rays

[ ] [ ] [ [ ] [ 4
* High Energy Charged Particles, originating from % ° rues .-
outer space $OE N
* Mostly atomic nuclei: 85% Protons, 12% Helium, 2% @ 1° A\G {1 porciper - S
Heavy Nuclei Sy Mlghaey |
° 1% Leptons - " Abbasi et al. (2008))
. . . 10
* Spectrum follows a smooth power law distribution iy
over a wide range of energy 10 Kl
g \ (I/porticle per m’-year)
10 Galactic CosmicRays *\ Extragalactic CosmicRays
* Several Unanswered Questions: '
* Where do cosmic rays originate from? e
* Hodo they get their energies? [
e How do cosmicrays reach us? W LHCp+beam
102 l
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Cosmic Rays Don't Point to Their Sources




Cosmic Rays Don't Point to Their Sources

Neutrinos point back to their source . -— S e sl 55y e
Gammas point back to their source T P R,

Cosmic Rays bend in magnetic fields
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Cosmic

Ray Elemental Abundances
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Image adapted from Tatischeff and Gabici (2018) Atomic number, v/

Cosmic rays measured
from protons up to
Uranium

o  Every nuclide observed on
earth exists in cosmic rays

Some elements are more
abundant in CRs than in
the solar system

Inelastic collisions of
heavier nuclei with
interstellar medium (ISM)
could create lighter nuclei

Collision results
(interaction probabilities)
can be estimated with
accelerator data



Cosmic Ray Elemental Abundances
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Rising Positron Fraction

- I " I
* Positrons were expected to be % i i
produced as propagation g - i
events (their fraction = r i
decreasing with increasing = H#
energy), following the blue 3 L
trendline 101 -
 Surprise! At higher energies, L[ i
positron fraction rises i i - -
* Need to understand the 1| ~ = HEAT 04495) | |
propagation better! S 7 o> & |- caPRICEM |
St~ oo PAVELA
’ Fermi-LAT
CRDB I I —lI—AMS—GE
10—2 1 L1 111 1 1 1 L1 111 1 1 1 L1 111 1 1 1 11
1 10 107

Energy (GeV)



Propagation Clock Isotopes

0.6 | I L III | I L 0 | lll I I | L LR lll I 1 |
 10Be is an unstable isotope - ® |ISOMAX TOF i
of half-life 1.39 x 05 m ISOMAX CK W
10° years, °Be is stable . O ACE | > 1
* Quantifying 04 - O Ulysses | L
the 1°Be/°Be ratio of 0 - I\/’\;’éa?g 1,2 -
cosmic rays would help 5 03 g ISEI; - 4
determine average @ : ) .
lifetime of cosmic rays T o2 L T il
in our galaxy and provide - T —p— |
. ' L _J T
strong constraints for a7 T i e N odel
current propagation ==~ Leaky box model
models I | | |
. O | | | . | | | L1 1111 | | | Y I R 8 | | |
* This would make for a 10-2 10" 10° 10°

great experiment target... Ekin (GeV/n)



* Need to measure charge, mass, and
energy of incident particles

e 9Be and 9Be have a 10% mass
difference

Measurement Challenges

Magnet Spectrometer!

‘Be  10Be
+4(, 9U +4q, 10U

i We need a very
| high resolution

to measure this
(better than 3%)
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Our magnet is Super-conducting and generatesa -y
uniform 1 Tesla magnetic field within!

This is enough to lift a steel toe-boot \4 &

If you have a pacemaker,
you cannot come within 20
ft of HELIX when the :4;%'7”
magnet is on N



Where will we put our detector?




Cosmic Ray Measurements




Cosmic Ray Measurements
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Ground Array Experiment




Cosmic Ray Measurements

Space Experiment
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HELIX!

High Energy Light Isotope eXperiment

* A magnetic spectrometer to
measure °Be and 1°Be masses and
achieve mass resolution of 3%

Top TOEZ

A payload designed for a long-

Drift
Chamber
Tracker

duration balloon flight

Bore paddle

Energy range: 1-3 GeV/nucleon
- Stage 1 (first flight)

Bottom T( ) 48




HELIX Stage 1 Performance Goal

DCT
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Drift
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This image kindly provided by Dr. Nahee Park
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HELIX Stage 1 Performance Goal

Measures particle
_} timing (Velocity) Top TOEgS

and charge
L (xy.z) x 72 DeT
Drift
Chamber
‘ bore paddle ~}- TEnCaEr
I |\ ..
RICH radiator Bore paddle
B X Neherenkov
RICH focal plane Bottom TO
y
— |
Bottom TOF Lt

This image kindly provided by Dr. Nahee Park
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HELIX Stage 1 Performance Goal

Measures particle
_} timing (Velocity)  1op 1014
y

and charge

Measures particle
DCT _ deflection in magnetic

L (xyz) x 72

field (curvature) Drift
Chamber
—— bore paddle Tracker
RICH radiator Bore paddle
B X Neherenkov | RICH
RICH focal plane Bottom TOEZS] %
V' /
—
Bottom TOF Lt

This image kindly provided by Dr. Nahee Park
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HELIX Stage 1 Performance Goal

Measures particle
_} timing (Velocity)  1op 1014
y

and charge

Measures particle
oCT _ deflection in magnetic

L (xyz) x 72 ) .
field (curvature) Drift
Chamber
e | e D07 paddle S
RICH radiator ACCU rate Bore paddle
B X Neherenkov relativistic VélOCity ) RICH
RICH focal plane measurement Bottom 'l‘

This image kindly provided by Dr. Nahee Park
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Validation Process

. Build Experiment

Thermal Vacuum Test
Magnet Test

Integration Test
Shipping to Site

I'
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Launch!
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Validation Process

Build Experiment
Thermal Vacuum Test

Magnet Test

Integration Test

Shipping to Site

Launch!




Validation Process

Build Experiment
Thermal Vacuum Test
. Magnet Test = it
Integration Test 'ﬁiff ff:~ ~w\~~j §_3
Shipping to Site o —

A o

Launch!

~ s A S
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Fun Fact #2 G
Liquid Helium boil-off 2 e
destroys apple e il
products, but not Samsung = N
products! -




Validation Process

Build Experiment
Thermal Vacuum Test

Magnet Test
Integration Test
Shipping to Site
Launch!




Validation Process

Build Experiment
Thermal Vacuum Test

1.

2.

3. Magnet Test

4. Integration Test \ AT |

5. Shipping to Site NN #S | HHHEaEE i N
6. Launch! N E— L4 |



Fun Fact #3

Every high pressure system
needs some kind of relief valve.
The HELIX one is nicknamed
the "Prime Weapon" and you
should not stand in front of it
when the magnet is filled.




o Fact #3.5

The magnet once exploded
because of poor internal
welding. The dewar did not
endure the pressure it was
designed for and almost killed :(

Phys/EngPhys Students, please
take note!




Validation Process

Build Experiment Happening Soon!
Thermal Vacuum Test Payload is currently in Kiruna, Sweden :)
Magnet Test

Integration Test
Shipping to Site

o A wheE

Launch!
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Fun Fact #4

When Launching from the
North pole (specifically
Kiruna, Sweden), you must

be certain the polar vortex
will take you over Canada
and not Russia if you want
to get full flight time and
recover your payload




Challenges of Balloon Experiments

 Power: Solar Panels + Batteries
* Weight <2700 kg (To reach 40 km Alt.)
 Bandwidth for data transfer

* Thermal limitation: Only conductive
and radiative cooling

* You cannot repair or modify apparatus
after launch!




* Thermal Model

JRFASHR, T 12627263, T2F4 TOFS
21 25, T2

* Metrology

X
a0 o A .

. Hamamatsu SiPM Breakdown Voltage Temperature Compilation




Ssummary

 HELIX will provide key measurements of propagation clock isotopes that will
be essential to understand new features of cosmic rays and discriminate
between propagation models

* The first stage of HELIX is scheduled to fly soon out of Kiruna, Sweden!
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Thank You!

Up Next: Bonus Slides




Primary to Secondary Ratio

’ Sepondarles .are generatgd by ..% 0.4 - comparison with measurements
primary particle interactions ES:U o 08 oR{, from 0.5 GeV/n to 3 TeV/n
. . 0.3 ** + oy
° Prlmary to Secondary cosmic - Ul & .‘ﬁo.
ray ratio of interest: Boron to 8 A _;L‘&‘f..
Carbon = 0.2 | o
(I) R
(I) P Secondary 9 o AMS.02 |
Boron - PAMELA (2014) Wy
S 01— v TRACER (2006) {: .tﬁ*y* Gowsik et al. (2014)
& CREAM-I (2004) L O R
(I)O arbon ~ E% A ATIC-02 (2003) | +
Primary B AMS-01 (1998) A
B Buckley et al. (1991)
0.05 - CRN-Spacelab? (1985)
* Sensitive to amount of matter 0.04 - Heron 0o (1530,
traversed to reach earth 5 Simon etal (1974-1976) L
0.03 - o Dwyer & Meyer (1973-1975)
o Orhetal (1972)
002 ||||| | | ||||||| | |||||||ﬁ | ] |||||||

1 10 10 10° ._
Kinetic Energy (GeV/n)



Rising Positron Fraction
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* Positrons were expected to be % i i
produced as propagation g - i
events (their fraction = r i
decreasing with increasing = H#
energy), following the blue 3 L
trendline 101 -
 Surprise! At higher energies, L[ i
positron fraction rises i i - -
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Primary to Secondary Ratio for Propagation Studies

# Of created sceonda’ry pa?“t?;(?les — f-?, 0.4 - comparison with measurements
© o 0047 from 0.5 GeV/n to 3 TeV/n
C L3 PR,
(cross section) X (# of primary particles) X c 73 +dl_ﬁﬁ3ﬁ' .
S o 1 'h{;‘*"
€ ool T
(amount of matter primaries traversed during li fetime) 8
é o AMS02 !
o Degeneracy between matter & 0 PAMELA (2014) ?ﬂ
. . Q A B v TRACER (2006) v, (i ik et al. {2014)
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. AMS-01 (1998 .
* (Cannot tell difference between : ki sta (191 | \
cosmic rays travelling through a 0.051 Webber ol (1561) (
. . 0.04 - HEAO3-C2 (1980)
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. . 0,03 — Q er eyer -
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* Need to measure charge, mass, and
energy of incident particles

e 9Be and 9Be have a 10% mass
difference

Measurement Challenges

Magnet Spectrometer!

‘Be  10Be
+4q, 9U +4q, 10U

We need a very
" high resolution

- to measure this

(better than 3%)

e 38
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* Need to measure charge, mass, and

Measu rement Cha | |enges energy of incident particles

e 9Be and 9Be have a 10% mass
difference

my
F=qg(vXB)= o r=— ‘Be 10Be
r g8 -q,m _g,2m  +4q, 9u +4q, 10u
| Am/m: 0.025 | | Am/m: 0.100 |
m“"ﬁ"' L m Ty — Both rigidity and velocity must
el E: 1 be measured at a few percent
so0 |- 3 % 7 level precision.
140

a0 |- - 120f i

5 17 o 1 —> HELIX mass resolution:
300 [~ - ]

: : ol
a3 1 = Am/m ~ 2.5%
" J Y\u _:

- ] 20

1:'1':'-_H”TIHHE- E:l 1-:}“ 11”“1|2H”1!1”H1_4 l ] BT . 13

Mass(amu) Mass(amu) 59
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HELIX Detectors

* TOF: Time of Flight

o 3 scintillating paddles with resolution
better than 50 ps when charge >3

e DCT: Drift Chamber Tracker

o measures curvature path of deflected
charged particles in magnetic field

* RICH: Ring Imaging Cherenkov

o Provides accurate velocity
measurement of relativistic charged
particles with Cherenkov light

 Hodoscope:

o Provides an additional position
measurement for particles in 1-
dimension (along x-axis)

Drift
Chamber
Tracker

40
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HELIX Detectors

 TOF: Time of Flight

o 3 scintillating paddles with resolution
better than 50 ps when charge >3

e DCT: Drift Chamber Tracker

o measures curvature path of deflected
charged particles in magnetic field

* RICH: Ring Imaging Cherenkov

o Provides accurate velocity
measurement of relativistic charged
particles with Cherenkov light

 Hodoscope:

o Provides an additional position
measurement for particles in 1-
dimension (along x-axis)
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HELIX Detectors

* TOF: Time of Flight

o 3 scintillating paddles with resolution
better than 50 ps when charge >3

e DCT: Drift Chamber Tracker

o measures curvature path of deflected
charged particles in magnetic field

* RICH: Ring Imaging Cherenkov

o Provides accurate velocity
measurement of relativistic charged
particles with Cherenkov light

 Hodoscope:

o Provides an additional position
measurement for particles in 1-
dimension (along x-axis)
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HELIX Detectors

TOF: Time of Flight

o 3 scintillating paddles with resolution
better than 50 ps when charge >3

e DCT: Drift Chamber Tracker

o measures curvature path of deflected
charged particles in magnetic field

 RICH: Ring Imaging Cherenkov

o Provides accurate velocity
measurement of relativistic charged
particles with Cherenkov light

e Hodoscope:

o Provides an additional position
measurement for particles in 1-
dimension (along x-axis)



HELIX Detectors

TOF: Time of Flight

o 3 scintillating paddles with resolution
better than 50 ps when charge >3

e DCT: Drift Chamber Tracker

o measures curvature path of deflected
charged particles in magnetic field

* RICH: Ring Imaging Cherenkov

o Provides accurate velocity
measurement of relativistic charged
particles with Cherenkov light

 Hodoscope:

o Provides an additional position
measurement for particles in 1-
dimension (along x-axis)




HELIX Stage 1 Performance Goal

Too TOF 74 TOF timing resolution: 50 ps
S S—

=

S
. . < 10"
DCT spatial resolution: 65 pm

Z (xy2) x 72 : DCT
e\ DOFe paddle o =
RICH radiator
8 Ncherenkov RICH velocity resolution: 0.1%
EEEEEEEE— RICH focal plane
I S s

TN N N N |

Bottom TOF Lt \
This slide kindly provided by Dr. Nahee Park
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Energy/nuc (GeV)
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