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NUCLEON experiment
101 < E < 4*1012 oBms—

SINP MSU, Moscow
rizont”, Ekaterinburg
ze Arsenal Design Bureau, St.-Petersburg
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. ~Total weight ~ 350 kg

- (for detector ~250 kg); —
- Power cunsumtion~150 W
(for detectors ~ 120 W);
- Telemetry ~270 MB/day;
- Data taking period =5
vears.



system

2 —Carbon target

3 — Scintillator fast
trigger system

4 — Energy measurement
system

5 — calorimeter

6 — Auxiliary electronics
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HDetektop HYKJIOH nepen tectom Ha SPS B LLEPH
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l Yrnoeoe pa3speleHue ~2 Theta I

Entries 5236

Mean 44 .28

RMS 2332

] A 117.5+3.5
U, 300 GeV B 43.98 + 0.01

0.1588 + 0.0080

II[|HIIIHII|ITH|IIHlIIH|IIII|HII|[TI

NUCLEON detector angular resolution at the SPS tests measurement
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Kackag BTOPUUYHbIX YAcTuUL, Bbi3BaH NPOTOHOM
NnpoB3anMoAeCTBOBABLLUUM B MULLEHU

Time = 3.93139 (POSIX 1424623034)

GoodAxis-Selected
Event = 15 (Index = 16638)

Qmax = 1.25939

Es(X) = 510.91; Es(Y) = 791.955
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Bce gapa (man 2015 — dpeBparib 2016).
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= NUCLEON-2 mission for CR
e ——

measurements in law energy region (200-
300 MeV/n) ~ 2021

|

= OJIBO-HERO — CR spectra measurement in
the energy region 1014-10%% eV for all Z

A N

13



Supposed NUCLEON-2 construction and arrangement

To zenith —

Single HICRS

O60muii Buax KHA HYKJIOH Ha cnyTHuKe
PECYPC




HICRS construction

Tracker
strip
detectors

<\ 2mm
7 detectors

O6mmii Bua moayiass KHA HYKJIOH-2
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NUCLEON-2 prototype beam test at NUCLOTRON -
It was C beam in 2016 at HUC-TUBC
and Ar beamin 2017 at BM@N



Argon isotopes distribution measurement in the NUCLOTRON beam test
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A "breakthrough™ experiment is needed, which will turn
high-energy astroparticle physics into an exact science!

That is

HERO
“High Energy Rays
Observatory”

supported by the Russian Academy of Sciences and
included in the Russian Federal Space Program

Main Requirements:
- Effective exposure factor >120 mZ sr year
- Energy resolution

for Protons at 101°-101% eV < 30%

at 1012-101° eV < 20%

for Nuclei at 1072-10%° eV < 15-20%

for Leptons at 3*101-10" eV < 1%
- Charge resolution < 0.2 ch. u. for all Nuclei

in full energy range



Preliminary Design of HERO

lonization Calorimeter

e

L

~ Geometrical dimensions of IC: Diameter of outer circle 1600 mm, height 1470 mm, Weight ~

10 tons
~ IR consists of 62 identical layers. Each layer is a hexagonal plane, 23,5 mm thick, with a

polystyrene scintillator (p~1.0 g/cm3, h=20 mm) and a tungsten-copper-nickel alloy absorber

(p~16/5 g/cm3, h=3,5 mm)
» Number of registration channels 6696.
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~ = 2016 = Pbbeam (150 Gev/n, A/IZ=2.2-2.5 )
= 2017 - Xe beam 13 Gev/nucl, rijidity A/Z =2.1,
= ~5000 part/sec "
= moderation of evaporated neutrons

14 Mev - 0.1 eV for 2.7 usec and reaction

nN+1B > 'Li+a+ 2 MeV.,‘,____"‘
S In borotized
ilator




Conclusion -NUCLLEON

4 Inz NUCLEON rru:3:310n jS nloreifer JgererJrJ SINCE
“Pecember ol 20445 er 5 Vears of datataking™ —

—

. A few millions of CR events were taken and analysed

N Next stepiis the NUCLLEON-2 experiment on the RESURS
sattelite at 2021-2022

= NUCLEONS-2 prototypes were tested at SPS CERN and

e —

NUCLOTRON JINR —
= OJIB9-HERO space experiment ~2025'r.
Design and beam tests of prototypes at SPS CERN .

e —
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UltrarHigh Energy Cosmic Rays
TUS experiment status
(E > 4*10"aB)

mn Institute of Nuclear Physics, MSU,
stitute fo

m, Korolev, Moscow region, Russia
= ysics Department, EWHA Woman University, Seoul, Korea
- University of Puebla, Puebla, Puebla, Mexico

- University of Michiocan, Morelia, Michiocan, Mexico

- INFN Torino, Italy

——




The Fluorescence detector measures the longitudinal shower profiles
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REFLECTION FROM THE EARTH

The fluorescence EAS radiation may be measured by the ground or space detectors
to get the longitudinal shower profile and obtain the UHECR parameters: energy,
arrival direction and nature (proton or nuclear). A Cerenkov radiation reflected from .
the Earth surface or clouds may be measured from space also.

Atmospheric conditions are much more stable in upper layers of the atmosphere that
IS Important to reduce systematic uncertainty of the UHECR energy measurement.



CRISIS 2009: MASS COMPOSITION
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omposiion fracuons
(obtained from fits to the X___distributions)
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Fresnel mirror

PMT matrix and
electronics




TUS photo-detector

Photo detector consists of 256 photo
multipliers (of size 1.5 x 1.5 cm? ) with

i
the time resolution 0.8 ps and the spatial
resolution 5x5 km (for the orbit height of
-

500 km).

Light guides matrix

. Photo receiver
P L o

Clusters

PMT’s cluster



e

— 31NR responsibility: Fresnel
mirror production, tests and
optical parameter measurements
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Left: The PSF angular dependence of the TUS Fresnel mirror

Right: The PSF angular dependence of the ideal Fresnel mirror.
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Detector TUS at “Mikhail Lomonosov” satellite during tests at 2013




Launch of the “Lomonosov” satellite on April 28, 2016
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Instant track like flashes
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Left: waveforms of ten PMTs that demonstrated the highest amplitudes. Colors
denote different pixels. Right: snapshot of the focal plane at the moment of
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Thunderstorm activity

SIow-Flashes
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ELVE

(Emission of Light and Very-low frequency perturbation from an
Electromagnetic pulse sources)
t manifest at the lower edge of the
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the ionosphere (altitudes
of 80-90 km) as bright
rings expanding at the
speed of light up to a
maximum radius of ~
300 km. The life time of
an elve is ~1 ms.

The event-map plots of
the sequential frames
of 16 x 0.8 s steps.



The event-map plots of the sequential frames of 12.8 ps steps.




EAS candidates
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Time distributions of the EAS signals in the hit PMT
pixels of the EAS candidate event Ne487.

fa=321.151 geg ra=99 9232 deg
Gec=66 0075 Q'Q dec=55 9439 deg
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N 2 9
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2 b
o
The EAS candidates. Upper plots —image of
event with hit pixels and not-working (blue)
ones.
Bottom plots — the amplitude variation of time
for selected hit pixels. Location of the EAS candidates in the equatorial

coordinate system on top of the Auger+ TA data




DeadPMT 02

6 8 10

161028_021520-161027_231520-004.txt

Entries 1785
Mean 130.7
RMS 62.54

An example of the time profile for the pseudo EAS event




""-_ ‘ ot g
» )3 A a

s

Distribution of the pseudo EAS events.




Calibration of PMTs and comparison to pre-flight measurements.
Relative PMT gain calibration was done by analyzing background
events and is presented here for 2 statistically independent subsets of
data (left and center). Pre-flight measurements (right) are shown with 2
PMT modules that later stopped working turned off for comparison.




Conclusion - US

- Tr J‘JS mission Is ir JI‘JJTIJ!' OETORFSTRCETARINOIRZLVE ¥l

— e deaicatea Viikhail Lemenesov: satelliterorsyears cfjAL_
takmg**' - |

-"'7\'T'T/V‘EA'S‘0T‘UHECR candidates were found and analysed

= TUS s the pilot experiment to confirm a possibility UHECR
study from space.

= Next step is KLYPVE/K-EUSO experiment onlSS at ~2022
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P+V¥Yoe 2N+ pions, E >4*101° eV — GZK cutoff
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P2 vs. P3
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Detecting plane_1 Detecting plane_2

Deteciing plane_3 Detecting plane_4




2018-2019 tests: measurement of the neutron
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“High Energy Rays
Observatory”

D. Karmanov, A. Panov, D. Podorozhny,
L. Tkachev, A. Turundaevskiy

Dmitry Podorozhny 08.06.2018



Total mass of OLHE device: 12.5 tons
Power consumption: no more than S000 W
Daily telemetry' ~ 100 GB;
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.

Relative PMT gain coefficients for all 256 channels according to
pre-flight measurements (top) and reconstructed from
background data for first 3 half-years of operation
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Galactic CR

e The total energy density of
CR particles is about 1 eV/
el T

* About 1% of energy from SN :

required to sustain CR
abundance.

e At 1 TeV, B~1uG, Gyro-Radius
~ 200AU, 0.001pc = Highly
1Isotropic
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Charge Measuring System

~ IC is surrounded on all sides by four-layer Silicon Matrixes. Each matrix consists of several
independent leaders comprising from 3 to 16 detectors with dimensions of 100x100x0.5 mm3.
Each detector is divided into 100 independent pads. In total, HERO includes ~ 8000 detectors
(~8000x100 independent channels)
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Example of a waveform of a slow flash
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Geographic distribution of 207 slow flashes.




EAS - like events
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Geographic distribution of EAS-like events.
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EAS candidates
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Time distributions of the EAS signals in the hit PMT
pixels of the EAS candidate event Ne487.

fa=321.151 geg ra=99 9232 deg
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The EAS candidates. Upper plots —image of
event with hit pixels and not-working (blue)
ones.
Bottom plots — the amplitude variation of time
for selected hit pixels. Location of the EAS candidates in the equatorial

coordinate system on top of the Auger+ TA data




MC simulation log(E) = 20 4, Theta = 66
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Simulated EAS event image .The hit pixel
amplitudes time dependence distribution




EAS event candidate detected on 03.10.2016
with reconstructed arrival direction:;
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y Dec. ( deg/ \\ E > 57 EeV ——
30 48
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360 ? 180
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ocation of the EAS candidate in the equatorial
coordinate system on top of the Auger+ TA data



181003_054850-487

m

I

o

(=R ¥
II|III|I-III|III|III.
M '

o

I

b

L]
L
L

1 1 1 I 1
8

o |

161003_054858-487

The EAS candidate with hit pixels. Upper plot —image of event with hit pixels and dead (blue
ones. Bottom plot —the amplitude variation of time for selected hit pixels (stack histogram).
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Linear 3D fit of the central hit pixels for EAS event
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The difference measurement between simulated
and reconstructed zenith 8 and azimuthal ¢ angles.
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|eCTbI npOBeﬂmnmeb Ha SPS B LI,EPH I —
-—n'yblKa)eﬂﬂep ceuHua Pb (150 Gev/n, A/Z = 2.2-

2.5 )B 2016 r. n aoep KceHoHa Xe C 9HEPrn

13 Gev/nucl n eCTKOCTbIO, COOTBETCTBYHOLLEN

AlZ =2.1 B 2017 r. ¢ "HTeHcnBHOCTbK ~5000
part/sec
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Trigger 1@2@3@4 Xe, AT =0, dec14-14 12 46.dat Signals passed though
discriminators Threshold 30 mV. Add 24 mm Pb on front of box. Add Polyetilene
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UHECR propagation through the space
— free path is ~ 50 Mpc due to interaction with CMB

photons:

Protons
0+ Vo PP+ e+ + -
0+ Ve 2 N+ pions, E >4*10%° eV — GZK cutoff

Nuclel

L+ Vo 2Z+et+e-

A+tV.e2(A-1)+N

A+YV.: 2A+ N+ pions, E > 2*10%! eV for iron nuclei

No GZK neutrinos at E ~ 10%° eV primary nuclei
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Optical parameter measurements of the flight Fresnel mirror
modules.

Focal plane §

— —

At the JINR was proposed and
realized a procedure to measure
optical parameters.

SESEE The Eclipse 700/1000 coordinate
~ measuring machine from Carl Zeiss,
complimented by a laser head and

a web camera, were used.

N
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An example of the CR track event in the UV filter.
The xy-, yt-, xt-projections of the 3-dimentional raw data
PMT amplitudes are given.
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