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1= Summary of th€021GDED activities

Almplementation of theexperimental setups for-beam experiments (8 TDRS)
AVEGA TDR Nuclear Resonance Fluorescence experimdéitsADR) IN FINAL STAGE
AVEGA TDR Gammarays above the neutron threshold experiments (ELIGPMNAENALIZED
AVEGA TDR Chargeeparticle detection experimentELISSA, miTiPCand ELITPE ADVANCING
AVEGA TDR Photcfission experiments (EBIC, ELITHGEM and EL)JS@IDVANCING

A Gammabeam applications
A VEGA TDR1: Material studies with positron beams (EDI®S! FINAL STAGE
A VEGA TDR2: NRF industrial applicatio(BLIGIAY FINALIZED
A VEGA TDR3: Medical application€ELIASy ADVANCING

APreparation of competitive ifnouse scientific program in fundamental research and
applicationsg ONGOING

A Recruitment of a competent thouse research team 2019/2020 crisis was resolved

AEstablishmenof prospective scientific collaborations in Romania and from around
globec ONGOINGPANDORA (RCNP Osakaidihdmbal abs), GF (CERN), #R8:5SI)
LNR (JINBubng, 2021 India Vision Plan in Nuclear Physics

ATrainin%)f the next generation researchers in Nucl@drotonicsg 17 students(44% of

the sta




Resources for the implementation of the TDRs
related to the' -beam experiments in 2020

ABudgetin 2021
AELINP¢ 350ke: Nucleuc 4 062kRON 2 X EEROc 230kRON

AManpower
A At the beginning 02021:22.1FTE

AAtthe end of 202032.2 FTE
A Senior scientist5 FTEY, 4 at ELINP and Jabroad
A Junior scientists and pesibcs(12.2FTE), 12 at ELINP (one at 2%) and 1 abroad
A Engineers and technicia3.5FTE); 4 at ELINP (one at 50%)
A PhD student$7 FTEY; 7
A Physicist (1 FTE)L MS student
A Technicians (4.5 FTEY BA students from UB and UPB




GDED stafB@ people, 17 students)

AD.L. Balabanski, C&Head ofDepartment

AP. Constantin, CS ¢IDeputyHeadof Department
AA. Oberstedt, CSnbt at EL-NP for more than 2 years)

AN. Djourelov, V. lancu, CS II

A)I\él. Céjﬁ(ﬁiluc, D. Kahl, H. PatAPSoderstrom, D. Testov, T. Tozar, N. Tsom@&uliman Yi
u,

AG. Turturica, CS

AV. Vasilca, A. Dablpost-docs

AS. Aogaki, G. Ciocan, T. Roman, A. Rqtangineers

AE.Boicy A. Gherghe, Madgeary D. Nichita, A. State, A. Spataru, F. ZBiD student:
AC.Nedelcuc MS student /physicist/

AS.RBan, MBrezeanuR. Corby A.Covalj A.Gutoiy, G.Nitescy A. Pencu, Gserby A.
Vasilec BA students /technicians/

AE. Tracz research assistant
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Experimental setups



ADVAN CE Major problem: missinggualified manpower!!!

o - X X X % %

AELIAD

). Testov, A. Dahljetector testsongoing

Amini-TPQD. Kahl, S. Aogakigst program established; proposal for

in-beam tests in preparation

AELITPC

D. Kahl)project funded @ UW, procurement of ghandling

systemis ongoing

AELIBIC

ELITHGEKA. Oberstedt (?)M. Cuciuc)the prototyping

contractwith ATOMKIs closeglthe implementation of the arrays has

started

AELISSAC. MateiH. Pai)end-cupon hold; approved test experiment
at IFINHH to be done in 2022

AELIARV. lancu, V. Vasilcaynder ongoing

AELIP$N.

Djourelov, A. Gherghejnplementation is ongoing

ADELILAS. Aogaki, M. Cuciuc)evelopment is ongoing




Geant4 VEGAsimulator (P. Constantin)

G b G 4 module: Simulated spectrum and beam spot at 10 m:
AMIMa Heam >eanta Mocule: highest energy, various collimation apertures

1. electron beam laser beam —
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TDR/G4 comparison for top energy gamma and 0.7mm collimation:

Emax BW Flux  Fluxin BW Divergence Beam Spot Diam Spectral Density Spectral Density
[MeV] [FWHM] [0/ s] [0/ s] FWHMIJrad] atlOmFWHM[m] atpeao / s/ efifpeak[o / s/
TDR 19.7 48A 10 11A#0 47AF0 0.74A 1*0 - 4. RBA10 -
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Nuclear Resonance Fluorescence: ELIADE

primary observables
I-ray energies

I -ray Intensities

I Jcoincidence:

I -ray angulardistributions
' I -ray polarization

deduced quantities

I -ray multipolarities
level energies and level schen
e be,, ~spin and parity of level
I -decay branching ratio:

K quantum numbers of leve|

I -ray multipole mixing ratios
Integrated ( , ) cross section
partial and total decay widths

' transition and excitation strengtt

D. Testov, GSuliaman
‘ A. Dhal + students



Clover annealing:
3+2
finalized In
December 2021

Overhead traysfare installed
Cables for 4 clovers are ready

Monitoring and alarming = |
system is ready (monitor, .. oo

actions: sim-call, force
filling, shut-down) -
work of G. Nitescu " S S — T

. . - 4 - -182°C
Crane IS Operatlonal - 07:30 08:00 08:30
== [ch 1] Clover 30 [ch 3] Clover 22 [ch 4] Clover 32
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Status of ELIADE 2021: detector tests & characterization
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work of S.R. Ban and Brezeanu




Status of ELIADE 2021: simulations for ACS

137
BGO, measured '¥'Cs Csl, measured “'Cs

sotef- A o007 A - Validation of simulated Csl and
oosE L 0 A BGO spectra
£ 0.012F 5 - 2 D00k ! \
g 001 :' __ g 000 j ,"
£F i E bamp [ ) - Evaluation of the effect of ACS
2 0.006F 5 Z 0.002F i \
noosf- ;o : / on HPGe spectra
r Y 0.001
0.002;— "z‘ 0; / k
e 0 20 40 600 80 1000 _ .
AT e Simulation for 1 Clover
» Simulated spectra Csl, simulated spectra
10°
direct
.' % Compton \
10°
o © suppressed
T2 % 02 0a 'ofeé 08 T 12 4 1 m
e MeV
1
01llO?ZIIIO¥4IIIO¥GIIIO¥811I=III1.121I 1.4 1.6

results from Fan Zhu



Status of ELIADE 2021: DELILA (daq)

Browser-based interfac

=3 ® = - DAQ for 1 Clover (40 channels) i done
- before end 2021: scale to 4 clovers

- verifying time coincidence

- implementing add-back procidures

1 clover + ACS Sub-domain architecture of DAQ

40 ch (HPGe) 40 ch (HPGe) 40 ch (HPGe) 40 ch (HPGe) 4h (HPGe)
16 ch (AC) 16 ch (AC) 16 ch (AC) 16 ch (AC) 16 ch (AC)
cloc server 1 server 2 server 3 server ... server 8
PSD, PHA PSD, PHA PSD, PHA PSD, PHA PSD, PHA
BU , BU , BU BU BU ,
A JIL/ A J L A J L A J L A u
\\ e
merger
\Vi \Vi eV \Vi
storage
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In-beam test of the ELIADE detectors

0 50 100 150 200 250 300 350 400 450 500 550 600
lllJJIJJ||||lllllJJJJJIIIIIIllllJJJJ|||||||lllll]l]]
= = = ol
= == 5 gate 105 keV -
1000 — = —
=+
-
- - i
0 AV WA PO W S M s A e
2 gate 118 keV
= 1000 —
2
“ L
Z 0
g
S I~
2000 —
1000 —
5 3000
36— T T s T T T T Data, total mode £ F 4 B
34 HA) FRONT | BACK (B) Fit, total mode o F 4 0
= 1 . Data. addback mode o F 7 ]
- "= = . 1 Fit, add-back mode & 2500 = Ae4+07 — | — —
- € F 1 | = Total prompt
‘ 8 f ] r by 1
1 L ] 2e+07 |— z : . —
e S e e L S A S S| 2000¢ 1 I~ = : 3
.o . r : le+ll? — g | N
L. i N 2 1500/ - e
- E [ ] (
z e ] ST T T T T T I T T[T T T T T T T T T T T T T T T T [T T T T [T T T T T T T T T T T T [ T T T T [ T T T T I
- 1 10000~ L L " P I b i it O ‘L‘ jj-{ 0 50 100 150 200 250 300 350 400 450 500 550 600
240 242 244 246 248 250 252 254 oy 7
12345678 C12345678 E, (kev) Energy (keV)
Segment Number Segment Number 100 Energy [keV] 1000 «10°
3500 w L o L e e e e e ) ‘ i i ‘
a6 180 — T T T T T C : 2000 7
26— Time resolution data —+—— F — 511 keV rejec(ed T T — 756 14 - b
it, data 3000
F -~ s LT Fit, dat g % ][ 1/2 — ns
3 4f — Fit ol i 1 _ 2500? —— Total mode g 1500
— L 2 F Q L
22 2 s S 1% 200F 0 10% = )
- - < E £ ] > 1000
E 160 {- - 2 500 - - ]
Y- =2 c [~ 7
=L 1 k] £ L i =
i ” i = 1000f- 1 S 500
1.8 150 - 1 4 C E
L 500 - | =]
145 |- 1 E o 0
1.6 . ! | | . O:‘\‘H\H‘\H‘lw.m.‘m”lu. 0 . e
0 200 400 600 800 1000 1200 1400 o 460 480 500 520 540 560 580 600 2| LRI ’k:tgrmi-d-—’;;\.h.::,,, ik *
Energy (keV) Encrgy [keV] Energy [keV] F 3 -500 & 8=
- — en =+
" 103.6keV, 3% a : . $ -
. y o

LCapponJAKusoglu et al,JINS_-B, T12001202:D N R BN S S RN S 100050 "Z00 400 500 00 700

Time (us) Energy (keV)



Mp o  ECee HamparhatsiNR11973
150 EeBp+ HamamatsiR6233+10C
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ign:F Camera et al,
Rom Rep Phys 63018
. simulations: M Krzysiek
.. NIM A 916 (2019)
' ' tests:P-A Soderstrom,
—= 2. NIM A1027 (2022)




ELIGANT@OMMISSIONM

AE (% FWHM)

AT (ns FWHM)

and Methods in Physics Research, A 1027 (2022) 166171

P-A.Soederstroem

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

ELIGANT-GN — ELI Gamma Above Neutron Threshold: The Gamma-Neutron

setup

P.-A. S6derstrom **, E. Aciksoz ®, D.L. Balabanski ®, F. Camera ><, L. Capponi ¢, Gh. Ciocan?,
M. Cuciuc?, D.M. Filipescu®, I. Gheorghe®, T. Glodariu®?, J. Kaurf, M. Krzysiek ¥, C. Matei *,
T. Roman*®, A. Rotaru®, A.B. Serban?, A. State®, H. Utsunomiya", V. Vasilca*

3 3
2 E 1 1 P 1 Ly
50 T T R - B
Detector ID
I 1 e I I [

Detector I[

Campaign with the scintillation detectors @ 9 MV tandem
and an inbeam test of a digitaDAQ beamtimeJan-June
2022;

(p,n) crosssection measurements with ELIGANN and test
of a digital DAQ

F _- 1 —
j...|....|... 44M9YYC°'PP‘°”%<’99 |
1 2 3
€ Lant [Mev $
Li Glass Geant4 EJ-301:EJ-301

. EJ-301

150
& (degree)



—— Geant4 full energy peak
-+ Geantd with single escape
® 152Eu

1072

103 104

Efficiency of the
gamma-detector array
simulated and
confirmed with
standard sources

Around 8% at 500 keV,
1% at 10 MeV

High-energy
performance and
linearity evaluated up to
9 MeV with Pu/Be/Ni
source



Efficiency (%)

~ Neutrons

Light > 200 keV
ee

! L P T
6 8 10
Neutron energy (MeV)

High-energy neutrons
from 2°2Cf spontaneous
fission measured in the
EJ-301 liquid
scintillators

Clean neutron
identification well
separated from
gammas

Efficiency consistent
with simulations



Counts/10 keV

- Low-energy neutrons
from 2>2Cf
spontaneous fission
measured In the GS-
5 20 lithium-glass

1 1 I I |: 1 I I |: [ I
0 1000 2000 3000 4000 5000

o 3 scintillators

L i - Resonance peak
E around 250 keV in °Li

200 keV < E,, < 300 keV o

: . Efficiency consistent
20001 T with simulations
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ELIGANT-GN this work, Emin ~2 MeV|

P. F. Schuster, et al., Emin = 0.8 MeV

FREYA,E =2 MeV
min

0,2

80 100 120 140 160 180

degree)

Neutron detectors
characterised for cross-talk
using PuBe and 2°2Cf

Sources

Multiplicity based fission
trigger, neutron
identification, detector
alignment and coincidences,
all working together

Neutron angular correlations
reproduced

In principle, ELIGANT-GN
ready to take beam



({ il Photoneutromreactions @ EINP: ELIGANIN

5, 05_ T T T T T T T ]
Current o i ]
Proton beam 2. Target - ]
—p —_— 4 - ——— ]
3. Collimator 03l ~o B
4. Faraday cup T N\ .
- \ \
/ 0.2~ \\ .
ELIGANT-TN / Faraday cup i \
. Target placed in the ot #.X
center of the detection S il >
system: natCu, natAj oEe e e e e e T ]
107 107 1072 10" 1 10
E, (MeV)
—  eor _
E * Present exp.
S0=| . gekharan (1976) -
28 3He counters RS )
_ & [ | * Bubb(1965) .
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e N . Sous
Inper rln'g.4counters N a 3 N
Middle ring: 8 counters S 30— & o oA ST
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5 L :V‘ .‘.'.. ¢ v .o.
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- R )
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Moderated 3He array consisting of 28 gas tubes T =

Pressure in the tubes 12 bar

Approximately 40% efficiency up to 2.5 MeV
Efficiency simulated in Geant4 and MCNP : ﬁt .\% |
Simulations confirmed with a PuBe neutron source (blue) SN B ;
Average energy of the neutrons extracted from the ring ratio L

Ring ratio



ELIGANTNHardware

oNew digital data acquisition féHe proportional counters requires
singleended signals

0MPR16 preamplifiers provide differential signals

0 16-channel differentiato-singleended converters using high slew
rate op-amps have been designed, simulated and produced




d‘ Catalin Matei; other duties
'»»” ] Haridas Pag from Dec. 2021
S E LI SSA - Status of the Art|reodorsretuses jan. 2022

PROJECRESTARTED

40 Micron X3 position sensitive silicon strip
detectors already purchased and tested

* Results of the test published: S.
Chesnevskaya et al. JINST13, TO5006

* DAQ system debugged and tested (to be
tested under beam condition)

* LNS experiment at 2018 — YY1 possible
replacement for QQ3 end-cap detectors

AN T G N Y [N T TN NN SN T N N N N VO T MO A |
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W strip no.

Current extrapolations of p-wave (E1) and d-wave (E2) astrophysical 5-factors for
the Gamow peak (red bar) in red giant stars have uncertainty of 40 — 80%

PLAN:

U strip no.

1000 Gamow peak 12C(cv)160 NACRE-I fit * S(EIp Fey 204 . .
Ecp ~300 keV (1) sirenp USE the mi I’HTPC to test
BSED Kunz 2] .
s @ other active targets
@ A 5ELp Schurinn 2011
g 10 4 B(E2p Scharmann 2011
i *S(EIp Roters 1999
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o ' D. Khal
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ELITPQletailed planning agreed with U. Warsa\

AU. Warsaw obtained funding ELITPC: vacuum chamber, cage electrod:
and detection unit; EENP to provide the readout electronics (existing)
and the vacuum and gdsmandling system (to be finalized)

AGashandling system designed (T. Roman) and is under implementatior
for the mintTPC,; still needs to be adjusted for the ELITPC

ELINP activetarget team
D. Kahk group leader

M. Cuciug electronics, DAQ

S. Aogakg electronics, DAQ

T. Romarg vacuum, gas systems
G. Ciocamm mechanical engineer
A. Statec automationengineer
O.Serbuc¢ BA student

+ two open positions
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nuclear physics

Photofission at ELNP i eli

Implefnentation status

ELINPphotofissionteam
A. Oberstedtic group leader

M. Cuciug electronics, DAQ

S. Aogake electronics, DAQ

T. Romarg vacuum, gas systems
G. Ciocam mechanical engineer
E. Udup; mechanical engineer
A. Statec automation engineer
+ two open positions

EL{BIC ELITHGEM
(x4)

one chamber almost ready to be fully equipped with THGEM
remaining three are not> detectors--> ELINP
to be finalized at ENIP

P




Photofission at ELNP i eli

nuclear physics

Impleméntation status

ELIBIC ELITHGEM

ELINPphotofissionteam
A. Oberstedtic group leader

M. Cuciug electronics, DAQ
S. Aogake electronics, DAQ
T. Romarg vacuum, gas systems
G. Ciocam mechanical engineer
E. Udup; mechanical engineer
A. Stateq automation engineer @i
+ two open positions
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Intense gamma beam irradiatiom systemforrseliddargets
SEAP/SICAP public acquisition listing went live: am 5™ March 2021
Offer submission deadline extended until 28" October 2021
Technical Design Report (TDR)delivery estimated for February-March 2022
Full irradiation systemrdélivery estimated fan Augusts - September 2022

Site Acceptance Test (SAT)and:staffitraining estimated for August-September
2022

KIS te U igrUHe FOE" reeilCBEetrg €ibktaio8 ZM z 1 EAOQO]
Not yet available at the presentttime
Can be acquired separately at a later date
Can use one of the already available HPGe detectors in the meantime

V. lancu, V. Vasilca, T. Tozar



Gamma Beam Industrial Applications: ELIGIA

Aim: Use the gamma beam as a probe to study the structural properties and the
elemental composition of industrial objects
A. Active interrogationg Nuclear resonance fluorescende | NRE + CT:
A In collaboration with the ELIADE group Elemental/isoto

B. High resolution radiography and tomography imaging | RIC maps
Nuclearfiuet

SpecialNNdclear
Materials

Industrial OT

Cuiltural e Density sereening
Heritage ‘ :

V. lancu, G. Turturice



Gamma Beam Industrial Applications i ELIGIA: Equipment & Status

Aim: Use the gamma beam as a probe to study the structural properties and the
elemental composition of industrial objects

Gammaray radiography and CT

A Two experimental setups: pentitam CT and codeeam CT, large volume scintillators
A Spatial resolution less than mm in objects up 150 kg
A In house developed control system and DAQ for radiography and CT

IMPLEMENTATION STATUS:

A Positioning systems and M'wng of

detectors available i
, 4 b <P leource

A DAQ and control system ready fc
pencil beam CT

A Next tasks: DAQ for current
mode; finalize 2D imaging statio

Pencil beam CT 90%

]
G/ 2yS o0SIYéE | d0%

SNM detection = InduSEsEi



ELIPS (ELI -np Positron Source) status Sept. 2021

2 he redesigned beam lines for ERA2 experimental hall

Team

ANikolayDjourelov,Dr. Habil, CSligroupleader
AAndreaSerbanPhDstudent, XPS/AES/PAES
A AndreiCovalj student(joined June2021)
ACosminaNedelcy student(joined Sept 2021)

Done

AELIPSD modelfor ERR and GSRallocationc redesigned

ACMAwith VEGAparameters- simulated

AVacuumhardwarefor the end-stationsand the transport
line, power supplies,control electronics vacuumpumps,
detectors,and dataacquisitionelectronics- purchased

AVacuumpumps- tested

ABeammonitor - tested

AXPSand AESfrom the XPS/AES/PAESectrometer -
operational

ADetectors(HPGeBaR(No.1), MCB - tested

ATransporttubes- with mounted solenoids

AMost of the coilsfor the transportmagneticfield - ready

ASampldoadlocks- in production

A Controlsoftware¢ a greatpart completed,in progress



CMA with VEGA parameters - simulated N. Djourelov

REP holeDham =0 mm | plateSizeY
ORT absoTh=127pm | =lmm |15 | 16 17 15 19 20 2 n
on P [' \ Easz = 5.0 MeV
" plateSizeX=5 mm
Slow positron Production with VEGA data \\{5 \' Slow e- intensity | 851 856 | 904 | 925 | 976 |996 [1038 | 1018 | 1038
— o\2
Simulation = platesizeX = 5 mm, holeDiam =
Geantd - plateSizeY = 20 mm 0 2 15
folder: home/nikdjour/ A/rghev/ absoTh = 127 um mm
run of 1.15331107 gammas, then calibrated for 1.15311x10"! T - — -
PrimaryGenerator and GammaSource by Paul Constantin ¢ mtensity *I07s 13;4 %;;a H:?
Gamma Parameter; tested for 2.5 MeV, 5.0 MeV, 6.1 MeV, 7.6 MeV 1308 170 1188
Geometry
distance from [P =7.5m N
CMA foils Pt, L-= 150 nm (look in SecondaryProcess.cc) 5 e e
default thickness of Pt foil 127 pm el
holder bars made from Cu
plateSize’Y = to be optimized
plateSizeX = to be optinuzed
gap = plateSizeX / 3
targetLength = 150 mm
Purchased Pt foil 150150 mm? thickness 127 um
Results i
holeDham = § mm Epy =
platesizeX = 6 mmn, 25 50 6.1 76
plateSizeY = 20 mm MeV
absoTh = 127 ym
Slow e” mtensity *10° 5" | 2.60 10.38 12.54 13.62
- - : With Pt side walls
holeDham = § mm abrso
platesizeX = 5 mm, =127 150 200 254 holeDiam = 0 mm plateSizeY
plateSizeY = 20 mm pm platesizeX = 5 mm, =20 mm 19 18 17 16 15 14 12
| Eay = 7.6 MeV - absoTh =127 um
Slow ¢ intensity *10° 5% | 13.62 14.80 13.48 12.37 Eway = 7.6 MeV
Slow & ntensity “10° 57| 15.30 15.58 15.37 15.60 1457 15.58 15.11 13.50
holeDiam = O mm | plateSizeX - .
=127 - 4 ] 7 .
e somer | ™ C ’ Conclusion:
Slow e miensity 510 576 | 904 | 891 | 861 | 778 . . .
— With VEGA 4 times high lo
5% o5 |58 It we expect 4 times nigher slo
886 | 283 | 890
* ity th Imated for EGS GBS
Average 850 | 007 | 381 e’ Intensity than estimated 1or



The vacuumhardware for the end-stations and the transport line, power supplies, control
electronics, vacuum pumps, detectors, and data acquisition electronicpurchased.

& etc.

Vacuum pumps- tested Beam monitor with CCD camerai tested with electrons

lon pump
10° mbar

TMP 108 mbar



