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ARIADNA: Moel of epermentand method of analysis
the data of applied research at NICA complex

N. Pukhaeva
VBLHEP JINR pukhaeva@jinr.ru

I NUCLEUS-2025, St-Peterburg, 4 August, 2025



CNiCA) Nuclotron-based lon Collider fAcility @Eﬂ@
O e

ARIADNA

‘‘‘‘‘

SR ' =7 o
. ¥ : =
= e — —
it RN — o P e S SIRTL b

_ - § .
T R

>Beams: from p, d’to Au » 2 interaction points: MPD(2025), SPD(2028)
> Luminosity: 70%7(Au), 10%(p) > Fixed target experiment BM@N
» Collision energy 4 — 12.6 GeV »applied research: ARIADNA experiments
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(NiC A) ARIADNA - The Applied Research Infrastructure @gPﬂ?
- for Advanced Development at NICA fAcility

ARIADNA - collaborations — 30 organizations

ARIADNA-LS in the field of life PILLARS OF APPLIED RESEARCH WITH NICA BEAMS

Radiation effects in microelectronics

science
ARIADNA-MSTE radiation materials -

science and radiation e

Radiation

biophysics and

testing of electronics

ARIADNA-ADSR study of accelerator e o

Novel technologies for
accelerator-driven systems (ADS)

driven subcritical reactors

New members: KBSU, EUG(Kazakhstan), Cuba, SA, Egipt

NUCLEUS-2025 N. Pukhaeva




ARIADNA

(NICA) Applied Research Stations at NIC /"™

« SLTI — Long-Term lIrradiation Station, will works
on material and life science

SOCHi - Station Of Chip Irradiation

Applied Research Infrastracture

Station for long-term
exposure SPD
(Detector)

BM@N (Detector)
Extracted beam

{ eﬁ‘f»‘j

SHINE = Collider ISCRA- Irradiation Station of Components of
A\ 'gfmg (Deteﬂﬁﬁ Radioelectronic Apparatus.

| ’ Sl SIMBO- Station of Investigation of Medico-
Hm“ =% wanettacoy — Bjological Objects at the energies of 500-1,000

= | "’"j " MeV/nucleon
59> / S " SHINE- Station of High Energy Investigation in
w20 [ uclotron  imternat Nuclear Energetic, nuclear technologies related
il o3 to the production of energy and nuclear waste

disposal.
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NICA)
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SLTE - Station for Long-Term Exposure

/—\

DataBAse of

\ samples

Intensity
from BM@N

data
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CNICA) Station architecture with @4
cameras and samples

105 cm

155 cm

A

LUMI

beam | | I
Samp es

N. Pukhaeva
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ARIADNA

beamlines
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(NEC A) @Eﬁ?ﬂ?

DataBase for infrastructure and samples

‘ Data of accepted
. Organization
. Input parameters of sample
. simulation results

‘ data of irradiation
. intensity of beam and dose of irradiation

NUCLEUS-2025 N. Pukhaeva




(NICA)

ARIADNA

beamlines

MC Simulations with GEANT and FLUKA

Output data

T TITLE 5 * =
Set the defaults for precision simulations
& DEFAULTS PRECISIO v

Define the beam characteristics
WARNING: Beam Energy/momentum per nucleon

% BEAM B Energy v E 38 1. HEAVYION v
Flat v A $: Flat v
Gauss v 10 e(Y): Gauss v 15
Ton Definition
& HI-PROPE 54, 131
Define the beam position
¥ BEAMPOS X y -10.
x y Type: POSITIVE v
# GEOBEGIN acy t v
try: v t: v Fmi: COMBNAME v
Black body
@ SPH bikbody x: 0.0 y: 0.0 750.
R: 801
Void sphere
@ SPH void % 0.0 y: 0.0 z: 750.
800.
TARGET
& RPP targ Xmin: -5 Xmax: 5.
-5, x: 5.
-0.05 ’max: 0.05
H20sample
@ RPP sample xmin:-0.5 Xmax: 0.5
Y 0.5 x: 0.5
1200. zmax: 1200.5
D
@ RPP 7.5 xmax: 7.5
7.5 7.5
784 zmax: 784.05
FOH
& RPP oh X -8 Xmax: 8
Y 8 x 8
970 x:970.4
¢ END
‘
Region definition v
R S S RPN S B S PR R S R R s ST Sl
SAMPreg 5 +sample

SAMPreg 5 +sample

—— x N a
Black hole
@ REGION sixsoDY A 5
+blkbody -void
void around
@ REGION voin 5
+void -sample -targ -fd -fgh
TARGET
@ REGION xirareg A 5
+targ
Sample
@ REGION sampreg s
+sample
fd region
@ REGION roreg N 5
«or: +1d
fgh region
@ REGION rorireg 5
+fgh
+ END
w' GEOEND v
@ MATERIAL water = 1.06
E/dx: v
# COMPOUND water v Mix: Atom v 5 4.6v
HYDROGEN v 12 1.0 M2 OXYGEN v
v 4 oy
MS: v M6: v
@ MATERIAL xtnon = 3.408
y A A 131 X v
@ MATERIAL sci0s = 1.032
Eldx: v
® COMPOUND 8c408 v Mix: Atomv ¢ 5 4.6v
f1:7.0 M1 CARBON v 2:8.0 HYDROGEN v
N3 v P il
v € 16 v

5102 (quartz)
The density of Si02 may vary from 2.3 - 2.5 g/cm3 depending on the
method of preparation. Under ion bombardment, the surface density
will change towards an equilibrium value of about 2.37.

Region definition v
. Pron iss s BaeosWonsolosmitsce sBhoaciss

0

Gaussian distribution of The Xenon beam

Beam distribution 3t the sample

NUCLEUS-2025
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ARIADNA

beamlines

(NICAD data from BM@N for Station

» First BM@N Physics Run » Beam: Xe 3.8, 3.0 GeV

» Interaction rate: 10 kHz » Target: Csi or empty
» Dec 12 — Feb 02 2023 » Detectors: FSD, GEM, ToF400, ToF700, FHCal, ...

DAQ Storage Geant4. Fiuka  Event Generators
(DCM-)SMM, QGSM, UrQMD...
generator.dat

raw data in a binary format

simulation

raw_run.data iqiti
= 600 KBlevent digitizer | = 10 KBlevent
> BmnDataToRoot C run_sim_bmn.G .
S converter + decoder 2
2%
fa 3
@)
% o
ROOT
format .
reconstruction

run_reco_bmn.C

L

B «5 tion |/l
N Sqm getaan Storage Levels

s ©
} persistent

physics

Q.
=
=
@
u .
w analysis
% macro/physics/
b RAW — DIGIT — DSTexp — PhA =
? RAW: raw (binary) event data collected by the
T e ion for | DAQ system after the Event Builder GEN — SIM — DSTsim — PhA
' onvior long- DIGIT: detector readings (event digits) after the GEN: particle collisions description received by 8GeVin)
term exposure digitizer macro an event generator 1Events
DSTexp: reconstructed data of experimental events DSTsim: reconstructed data of simulated events
Csl (2%): 547.84
MEvents
= r : DIGIT fil
. Used: iles
BC1 vC ma no target: 13.25 ~%
MEvents
Empty: 25.61
MEvents BM@N

SiBT1 SiBT2 BC2 SBT3

:DST_exp files e

Create miniDST ” /

used data from BC1, VC, FQH —
NUCLEUS-2025
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@
CNICA) Results of analysis ARIADNA
Vi-add composite ROC + VTSP(1)

Silicon Beam Tracker

Intensity 10-16.01.2023

10° h3 h2
g Too0 S — - v Eniios 1541 s wi|  \]— add composite ROC + VTSP( 1) .
2 9000 %Y - v v ; M::ny 2.56:e+502 2:; 302:?;;2 } )
R . Vv s6Devx 508 hoorx wos | 01-10 9:00 up to 2023-01-16 9:00 »
g ¥ v X v x : Std Devy 1.075e+06 HDevy 1.265e+06 .
= M Number of files = 1857
x

Beam = 7.56554e+09
In Pipe  =5.72300e+09
Up to FHQ= 4.86455e+09

sibt: xcm
sibty em

HTSC tape structure Intensity 26-10.01.2023
° h4
3 Entries 4166

Mean x 1.521
Meany  4.329e+06
Std Dev x 0.9617
Std Devy 1.582e+06
R R

x10

[ h5
e Entries 4166
g

v

2 um, ReBCO HTSC

Buffer layers,
3to80 nm

Orthorhombic

Research and Gd/CeBa,Cus0,

energy module Mean x 1523

Meany  3.039e+06
Std Dev x 0.963
hé
Entries 4166
Mean x 1.524
Meany  2.585e+06

< 0.08 pm

Std Dev x 0.9625
M Std Devy 8.593e+05

Service platform

Project of the new Russian Orbital Service Station (ROSS) 9:1:9.2 M Time min

11 NUCLEUS-2025
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CNECA) RFIADN
Data from detectors of SLTE

* Data collecting and written at DST

End switch

Stepping
motor

Stepping
motor

Detectors

..FHCal setup...
T T Y
T T Y

I
Target station for long-
term exposure

Stepping
motor

12 NUCLEUS-2025 N. Pukhaeva



NiCA ARIADNA
( ° ) Irradiation of MCP @’4

* MCP after irradiation changed colore
* And are being restored

NUCLEUS-2025 N. Pukhaeva




NICA) 0
DATABASE for STATIONS

> Applied
research

\stations

NUCLEUS-2025 N. Pukhaeva




Thanks for your attention

ARIADNA

pukhaeva@jinr.ru
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(NICA)

Analyzed data samples

ARIADNA

The raw data were taken in the long-term exposure mode, which is the unique option

currently available at the ARIADNA
target station of the NICA facility

VV YV VY VYVYYVYYVY

One Spiil ->
Calibration 2022-12-11 to 2022-12-15
Sample |- seed 2022-12-16 to 2022-12-20
Sample Il — seed 2022-12-20 to 2022-12-21
Sample Il — seed 2022-12-21 to 2022-12-22
Sample IV — seed 2022-12-22 to 2022-12-23
Sample V — Sapphire +Films + Aluminum 2022-12-26 to 2023-01-20

Sample VI — add composite ROC + VTSP(1) 2023-01-10 to 2023-01-16
Sample VIl —add composite MCS + VTSP(2) 2023-01-16 to 2023-01-20
Sample VIl — Cobalt 2023-01-29 to 2023-01-30

NUCLEUS-2025

...HCal setup.

Target station for long-
term exposure

N. Pukhaeva




ARIADNA

. ]
NICA Results of analysis
VII- add composite MCS + VISP(2)

Silicon Beam Tracker

Intensity 16-20.01.2023

h3 ___h2 hi
Entries 674 Entries 674 [ Entries 674

Mean x 337.3 | Mean x ! " §
o W | v [Ny cveus e, saess| VIl — add composite MCS + VTSP(2)
¥ [S8005 sruaens] ¢ (S0P sswtens [Suveny igsiens] (09216 9:00 up to 2023-01-20 9:00
" Number of files = 721
Beam = 3.76358e+09
Beam in Pipe = 2.82269e+09 "

Beamup FHQ = 2.39928e+09

3
10000 219

Intersity N_nuc

b O o n _»
Pt

L
600
Data num

Entries 1348
Mean x 1.613
Meany 5.25e+06
Std Dev x 0.735
Std Devy 1.441e+06

h5
Entries 1348
Mean x 1.61
Meany  3.808e+06
Std Dev x 0.7315
h6
Entries 1348
Mean x 1.611
Meany  3.239e+06
Std Dev x 0.7354
Std Devy 8.704e+05

Irradiation of vertically and horizontally arranged HTSC tapes with
and without copper content

Intersity N_nuc

rerTETE———

Beam
position

10 15 20 25 30
Time min

NUCLEUS-2025 N. Pukhaeva




