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Large Calorimeters (Ground)
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Technology Wish List
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Challenging Accelerators

to reach 1020 eV

LHC magnetic field,
radius ~ 107 km (Sun - Mercury)

or 10 GT fields!




Challenging Accelerators

with LHC magnetic field, R "
radius ~ 10" km (Sun - Mercﬁ v’;

or 10 GT magnets!

3 Mercury

8.4 Tesla
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FD Coihueco: FD Loma Amarilla: 3000 km2 Detector
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eXtreme Laser Facility.
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High Energy Extensive Air Shower Fluorescence Technique
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Location of a distant Elve (red square)
Observed by the observatory (blue squares)

R. Musa for the Pierre Auger Collaboration “Observation of Elves in Auger”,

Trace. Col 14. Row 6
Trace. Col 13. Row 5
Trace. Col 14. Row 7
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Simple Model of an Elve signature from the source (s)
which generates an EMF pulse that causes fluorescence
in the ionosphere (P) and the light is observed at (O)
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EPJ Focus Point on Interdisciplinary Science with Cosmic Rays
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Anisotropy Hints > 60 EeV
Statistically limited
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Last Significant Increase in Exposure
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Anisotropy Hints > 60 EeV
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Neutrino & UHECR Coincidence ?

DecY(deq)]

i TE=2lmm L) s
Fang, Fuijii, Linden, AO ‘14



* TAX4SD |

Telescope Array x 4
H.Sagawa, 657

enhance the sensitivity to the hot spot

SD: 507 scintillators
1.2 km - 700 km?

new 500 SD stations
2.08 km spacing
approved in Japan in Apr 2015

2 new FDs in MD and BRM
submit 1n US 1n Oct 2015

3000 km?
operation
in Dec 2017




Upgrade of PAO: AugerPrime

R Engel, 656

mass sensitivity above the
cut-off (no FD ev.)

scintillator
faster electronic (120 MHz)
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Really Large Calorimeters

Going to Space
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« The JEIVI EUS PrOJect

A pioneering mission to measure the
highest energy cosmic rays from space



JEM-EUSO Collaboration

«Japan, USA, Korea, Mexico, Russia, Algeria

*Europe: Bulgaria, France, Germany, Italy, Poland,
Romania, Slovakia, Spain, Switzerland, Sweden

16 Countries, 77 Institutions, more than 300
researchers




JEM-EUSO In USA

Institutions on NASA APRA

University of Chicago, PI Institution
University of Alabama in Huntsville
Marshall Space Flight Center
University of Wisconsin-Milwaukee
Colorado School of Mines
Vanderbilt University

Other US Institutions in the Collaboration
University of California, Berkeley
University of California, Los Angeles
Fermilab

University of Kansas, Wichita

others interested 1n joining
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Near-Term Formative Visionary

Gravitational
Waves

Gravitational Wave Surveyor = Gravitational Wave Mapps

Cosmic rays

Microwaves

CME Polarization Surveyor

TWST

&
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Far IR Surveyor

LUVOIR Surveyor ExoEarth Mapper
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Improved

Energy resolution:
Requirements:
30% for E > 80 EeV
Central region

X___resolution

max




Nadir (2 yrs)
35° tilt (3 yrs)
-3 x area
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Fresnel Lens Refractor
60 deg FOV : =

e —

Optics design by ray traci

A.
Simulation conditions

FOV +30

Optical 330 + 400 ALN N\ Focal Surface

bandwidth nm

Entrance 223 m
Pupil 1 "
Diameter : Rear Lens ‘

F/number <1 N f Middle Lens
e i\ | : Middle Lens

i W/ Precision Fresnel _
For(;ai ~4.5 "E v : lens cancels Optics
surface  (curved) X chromatic aberration
area == AR R

\
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\
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Front Lens

Diameter : 2.65m
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Focal Surface Detector

26mm Y. Kawasaki, ID 0472

Elementary Cell
4932 2x2 PMTs = 256 pixels)
MAPMTs
(8x8 pixels)

2.35m

. Focal Surface detector Photo-Detector Module
137 PDMs g (3x3 ECs = 2,304 pixels)
= 0.3M Pixels - L

1 High Voltage / PDM




Simulated air shower image on the focal

surface detector.
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Laser — Air Shower Equivalence

photons/(mA2 time bin)

350 :— Laser @ 27 km (50 shot average)
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~300 km
—_—
4(! 80 km
Elves

eldentify UHE sources i x
*Measure energy spectra of individual sources g ' ’
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Declination [°]
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JEM-EUSO Source Identification
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Super Heavy Dark Matter

Aloisio, Matarrese, AO ‘15
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EUSO Balloon:

15t flight and first light on 24-25.8.2014




instrument booth

optical bench

radiator

electronics (DF
on "dry shelf"

PDM

Fresnel lens
fixed/tight

I

Fresnel le
adjustabl

evacuatiot

Baffle &
“deceleration cylinder”

IR Camera



Balloon
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EUSO Balloon first flight

Lake Huron

() Sudbury Sault Ste. Marie Q)

float 3:43 UT

termination 8:20 UT

Timmins

launch 0:53 UT : splashdown 8:59 UT

« Z

| 100 km |

EUSO-Balloon: was launched on August, 24 2014 from Timmins, (Canada)



Flasher & Laser shot

Aver.Count: 0.442 GTU : 0
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EUSO-SPB mission

Super Pressure Balloon = SPE'--@

]
i

On average, 1 event/night in I\/Iarch/AprfiZI""*f"
Possibility to fly for several weeks



EUSO-SPB

~ 10’ km’sr

Super Pressure Balloon

(SPB)

Ultra Long Duration flight

2017 Spring Campaign

First observations of UHECRS

from near space:
50 nights (2 dark periods)

Photon

Events/
Threshold hour

Events/
dark period

300 0.18 21

200 0.42 50
400 0.09 11

Path of the successful 2015 fllght by NASA, from Wanaka NZ

Guinea



SPB Flight under NASA leadership (2017)

4x Hamamatsu 64 Pixel
Sacket:

SPB-flight: Different Background
ST e conditions, transient atm. events

Test of a SIPM based detection element
(a subset of the PDM)

adjusted height to
create a plane PDM
surface with both
SiPKs and MAPRMTs

A key development of the JEM-EUSO
program

Ay, ® 10° km’sr

Southern

Path ofae successful 201?3 fllghtbyNASA from Wanaka NZ







In 20 years?
Free Flyer with variable orbit (energy threshold)
(100) X Auger




Stereo?




How many UHECRs > 60 EeV?

Auger + TA ~30 events/yr

JEM-EUSO
~200 events
> 60 EeV/yr

Earth - surface ~ 5 108 km?
~3.4 10° events/yr




How many UHECRs > 60 EeV?

\
Auger + TA ~30 events/yr 60\ .
JEM-EUSO 6\0
~200 events \)6
> 60 EeV/yr

Earth - surface SQSka
7

~3.4 10°




Higher rate telemetry down-links and innovative ways to recover large data samples

60






&5 k]
azimuth [dag]

115 120
azimuth [dag]

azimuth [dag]

A vertical laser pulse directed upward from the Central Laser Facility is observed
by the four eyes of the Auger fluorescence detector under exceptionally clear

conditions. The triggered pixels in the four eyes are shown on the right. The eyes 62
are 26 to 40 km distant







Cost of Hard Drive Storage (1980-2010)

The Incredible Shrinking Cost of Hard Drive storage

from 1980 to present
1,000,000 B

$100,000

$10,000

$1,000

$100

S/Gigabyte

S10

S1

$0.10

$0.01
§58584

§

n-.\..

1932

Chart: honesthypocrite.blogspot.com
Data: http://ns1758.ca/winch/winchest.html

Instead of dropping science,
drop the trigger?

Write out the entire sky

This crazy idea gets a bit little less crazy
every year.

Sensible option for Auger Post-20157?
Would make detector unique.
Increase science scope

64




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Challenging Accelerators
	Challenging Accelerators
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	High Energy   Accelerators
	Anisotropy Hints > 60 EeV
	Last Significant Increase in Exposure
	Anisotropy Hints > 60 EeV
	Neutrino & UHECR Coincidence ?
	Slide Number 21
	Slide Number 22
	Really Large Calorimeters
	The JEM-EUSO Project
	JEM-EUSO Collaboration
	Slide Number 26
	Slide Number 27
	Y 
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Y 
	Slide Number 35
	Slide Number 36
	JEM-EUSO Annual Exposure 
	Slide Number 38
	JEM-EUSO Science objectives 
	JEM-EUSO Full Sky Coverage � �with nearly uniform exposure
	Slide Number 41
	Super Heavy Dark Matter
	ZeV neutrinos?
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Flasher & Laser shot
	Slide Number 52
	Slide Number 53
	Slide Number 54
	�International Space Station
	Slide Number 56
	Slide Number 57
	How many UHECRs > 60 EeV?
	How many UHECRs > 60 EeV?
	Slide Number 60
	Extra Slides
	Slide Number 62
	Slide Number 63
	Slide Number 64

