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Room for “unknown” unknowns

There are known knowns; there are things we know we know.

We also know there are known unknowns; that is to say we
know there are some things we do not know.

But there are also unknown unknowns—the ones we don't
know we don't know.

guote from Rumsfeld in 2002, but the original idea was created
by Joseph Luft (1916—-2014) and Harrington Ingham (1916—-1995)
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Room for “unknown” unknowns

There are known knowns; there are things we know we know.
= Experimental Results

We also know there are known unknowns; that is to say we
know there are some things we do not know.

= Statistical & Systematic Errors

But there are also unknown unknowns—the ones we don't
know we don't know.

= Unaccounted Systematic Errors

guote from Rumsfeld in 2002, but the original idea was created
by Joseph Luft (1916—-2014) and Harrington Ingham (1916—-1995)
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Room for “unknown” unknowns

There are known knowns; there are things we know we know.
= Experimental Results

We also know there are known unknowns; that is to say we
know there are some things we do not know.

= Statistical & Systematic Errors

But there are also unknown unknowns—the ones we don't
know we don't know.

= Unaccounted Systematic Errors

unknown knowns = Dark Matter
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Direct measurements of cosmic rays:
less room for “unknown” unknowns

1. Acceptance
2. Energy determination

— Magnet spectrometer

— Calorimeter

3. Particle identification
— Rejection of background cosmic rays

4. Detection efficiency
— Losses in the detector
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AMS-02 Detector
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Scintillating Fiber | Scintillator(PWO) = |
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Event Examples of High-Energy Showers
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Event Examples of High-Energy Showers
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Event Examples of High-Energy Showers
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Event Examples of High-Energy Showers

Electron, E=3.05 TeV Proton, AE=2.89 TeV
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All Electron Spectrum:
Extended Measurement by CALET

Approximately doubled statistics above 500GeV by using full acceptance of CALET
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i CALET: Phys.Rev.Lett. 120 (2018) 261102 (~ 2 x PRL2017)
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All Electron Spectrum:
Extended Measurement by CALET

Approximately doubled statistics above 500GeV by using full acceptance of CALET
250

1. CALET’s spectrum is consistent with AMS-02 below 1 TeV.
2. There are two group of measurements:
AMS-02+CALET vs Fermi-LAT+DAMPE, indicating the
presence of unknown systematic errors.
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50— 3. CALET observes flux suppression consistent with
— DAMPE within errors above 1TeV.

— 4. No peak-like structure at 1.4 TeV in CALET data,
irrespective of energy binning.
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E>? flux[m?srs 'GeV>?)

Discrepancy still exists, but improved
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All Electron Spectrum:
Extended Measurement by CALET

Approximately doubled statistics above 500GeV by using full acceptance of CALET
250

1. CALET’s spectrum is consistent with AMS-02 below 1 TeV.
2. There are two group of measurements:
AMS-02+CALET vs Fermi-LAT+DAMPE, indicating the
presence of unknown systematic errors.
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— 4. No peak-like structure at 1.4 TeV in CALET data,
irrespective of energy binning.
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AMS-02 Updates (et and e’)
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Status of Cosmic-Ray Proton Spectrum Measurements
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Status of Cosmic-Ray Proton Spectrum Measurements
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Status of Cosmic-Ray Proton Spectrum Measurements
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Status of Cosmic-Ray Proton Spectrum Measurements

— 3x10°
— E <100 GeV: Percent level agreement is obtained between
"E magnet spectrometers (BESS-TeV, PAMELA, AMS-02)
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Wide Dynamic Range Energy Measurement

Distribution of TASC energy deposit sum
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Cosmic-Ray Proton Spectrum from CALET

4
o 3x10
> CALET Collaboration, Phys. Rev. Lett. 122, 181102
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Cosmic-Ray Proton Spectrum from CALET

— 3x10*

CALET Collaboration, Phys. Rev. Lett. 122, 181102
Highlighted as “Editor’s Suggestion”

phys\;s Joumals Help/Feedback Journal, vol, page, DOI, etc. n Yoichi Asacka

D

X

—

QU
|

PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About B

Highlights

"% Flux [m?sr's?GeV"

Category =
4 o | o
1 0 oA Direct Measurement of the Cosmic-Ray Proton Spectrum
¥ Editors’ Suggestion (3,961) from 50 GeV to 10 TeV with the Calorimetric Electron
Prnlgn Sp ¥ Feanwed 1 Fhysics (3,095) Telescope on the International Space Station

O Adriani et & (CALET Collaboration)

tt. 122, 181102 (2019) — Published 10 May 2019

g The CALET collaboration has made a direct measurement of the
cosmic-ray proton spectrum from E = 50 GeV o 10 TeV
confirming a spectral hardening above a few hundred GeV.

8><1 03 — ] Open Access (317)
I PRL Milestone (38)
?x103—

6x10° -
5x10° -

Show Abstract +

Section -

I« ALL
] General Physics: Statistical and

— Quantum Mechanics, Quantum
Information, etc. (661)

|| CEE T SIS () Motion of Heavy Particles on a Submerged Chladni Plate

(] Elementary Particles and Fields (356) Kourosh Latifi, Harri Wijaya, and Quan Zhou
Phys. Rev. Lett 122, 184301 (2019) — Published 10 May 2015

Particles that illustrate the vibration pattern of a surface behave
differently underwater, and the effect could potentially provide a
new way to manipulate nanoparticles for biomedical purposes.

) Nuclear Physics (205)

4
1
b
t
4
4
Y
P

4x10°% -

] Atomic, Molecular, and Optical
— Physics (532)

] Nonlinear Dynamics, Fluid Dynamics,
— Classical Optics, etc. (526)

3><103 ] IIIIII| | ] IIIIII| | IIIIII| ] IIIIII||
10 10° 10° 10* 10°
Kinetic Energy [GeV]

Show Abstract +

F—HI3—DIRIHKE 2019 XEG— 44




Cosmic-Ray Proton Spectrum from CALET

4
o 3x10
> CALET Collaboration, Phys. Rev. Lett. 122, 181102
8 Highlighted as “Editor’s Suggestion”
T o0t - : : : : A
n Systematic errors are discussed in detail
FI:’T:- in the Supplement Material S
o 4
é : b L J
> ?g.,!';!-"f'i:;"_':' B — :r
EE A H“{::ji k J
L 10°F ==
F_X —  Proton Spectrum 1
N 8x10° - BESS-TeV
3L 4 ATIC-2 Key Points:
7x10 ' CREAM:-| . .
6x10° - 3 PAMELA Wide energy dynamic range
} AMS-02 (well calibrated) with constant
5x10° - i EEEJEEDILII 00) response (resolution and
¥ NUGCLEON (KLEM)  Observed energy fraction)

3
4x10 CALET-2018
= uncertainty band (stat. + syst.) for CALET

3><103 ] IIIIII| | ] IIIIII| ] | IIIIII| ] IIIIII|
10 10° 10° 10* 10°
Kinetic Energy [GeV]

F—yI3—DBHKE 2019 XHEE—

45



Cosmic-Ray Proton Spectrum from CALET
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Spectral Behavior of Proton Flux

(a)
Spectral Fit Results

w/ Systematic Errors

r ¥ =-2.868 £ 0.062, Ay = 0.303 = 0.081

s= 0.089 £0.133, Rn =496.1+175.1 GV
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1. Subranges of 50—500GeV, 1-10TeV can be
fitted with single power law function, but not
the whole range (significance > 30).

2. Progressive hardening up to the TeV region

CALET 2018 (statistical error only) was observed.

-

u%Efmz”uw(S*Stematifeu"?ruiT("::EG’ e 3. “smoothly broken power-law fit” gives power
Kinetic Energy [GeV] law index consistent with AMS-02 in the low
energy region, but shows larger index change
and higher break energy than AMS-02.
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Prospects for CALET p/He spectrum measurement

 CALET’s proton spectrum covers for the first time in space the whole energy interval
previously investigated in separate sub-ranges by magnet spectrometers and calorimeters,
making it possible to discuss the spectral behavior in detail.

— Includes the assessment of systematic uncertainties.

— Measured smoothness and extent of the spectral index change should have a strong impact on the
interpretation of the spectral hardening.

* The future main target is to verify the charge-dependent acceleration limit of supernovae
by precisely measuring the spectra of protons and helium up to the 100 TeV region.
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Prospects for CALET p/He spectrum measurement

CALET’s proton spectrum covers for the first time in space the whole energy interval

previously investigated in separate sul
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Prospects for CALET nuclei spectrum measurement

CALET’s proton spectrum covers for the first time in space the whole energy interval

previously investigated in separate sul
making it possible to discuss the spect
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