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Reactions with Relativistic Radioactive Beams

FAIR s SESPR R’B

Super-FRS ‘/dipole magnet
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Facility for Antiprotons and Ion Research
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e Contributions to CALIFA and NeuLAND



SRCs @ R°B

Nucleon-nucleon Short Range Correlations

= High relative momentum
= Low center-of-mass momentum
= Fraction of high momentum nucleons: 20%

Momentum distribution

I
! High-momentum tail
ke

Nucleon Momentum

= Observed in inelastic (e,e’) scattering (CLAS)
= Confirmed in inverse kinematics (p,2p)

High-momentum fraction

= Experiments limited to stable nuclei




SRCs @ R*B

action

High-momentum fr:

Momentum distribution

Mean-Field

High-momentum tail
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Proposal to use
mRPC to track
SRC protons

from "“C(p,2p)X
reactions in inverse
kinematics
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SRCs @ R*B

High-momentum fraction

Momentum distribution

Mean-Field
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! High-momentum tail
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Neutron excess, N/Z
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* Proposal to use

mRPC to track
SRC protons

By resolution
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from "“C(p,2p)X
reactions in inverse
kinematics
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R3B (future)

* Excellent performance in two
experiments of the FAIR-Phase(

Strip Efficiency (H Bar)

82 .
|

U N T L ‘r"\ M

95%

Efficiency

s o o o -
2 8 8 8 2
TTTTFTTT e P T

& w e = Position (mm)

2200 |
2000[-
1800 -
1600

1400] ‘

Counts

1200

1000~ ‘
800

600

400 —

200"

276

ToF (ns)



| R3B (future)
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ruot ot scale gresy: nol used i this expardment

* Excellent performance in two
experiments of the FAIR-Phase(

Strip Efficiency (H Bar)
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Efficiency

* mRPC considered as part of the

8o | standard R*B setup for upcoming
é‘ - 2023-2024 campaigns
po: L  Considering creation of PAS-ToF
- 7 - Working Group for future detector
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Nuclear
Reactions

for Nuclear Astrophysics
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ISOLDE

Target developments in Seville

Exotic
beam

Self-supported Si:He target

Allowed experiment in inverse kinematics
“He(*®Ni,a)**Ni @ 150 MeV
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ISOLDE

Target developments in Seville

Exotic
beam

Self-supported Si:He target

Allowed experiment in inverse kinematics
“He(*®Ni,a)**Ni @ 150 MeV
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CTN

First (p,y)
Ideal for Nuclear cross section measurement
Low energy beams ——p» Astrophysics using X-rays
—_— e = s e —
e L/ '_}CIIIZC . I: natsn(p,Y)Sb
_:’;ﬁ% . ! -
o= # §o |
| L }__l 120 Ka1+Ka2
I\ I
1 i Y ‘
J BD ‘ KB1+Kps
60| J‘ |
1 Kp2
40— “
| ! 1M |
of = 24 “25 ..2'3" 27 2 RN X

15



CTN

Low energy beams ——p»

First (p,Y)
Ideal for Nuclear Cross section measurement

Astrophysics using X-rays
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Manuel Ricardo Margarida

: : Local training prior to participation at larger scale facilities
Xarepe Pires Paulino
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Modelling

for Nuclear Astrophysics




‘ Kilonova

=
4.0
— Light r-process component =&
— Heavy r-process component
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' .y Heavy r-process models (lanthanides) close
135 M, + 135 M. LM, + 1AM, - /5{\/\4%\ to match observations .
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e Old simulations using Fe-like ions
= need of complete set of atomic data for heavy r-process ions

e \What about actinides?

i Left plot: Kasen et al. Nature (2017)
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e Higher density of low lying levels = higher opacity (in LTE)
e Actinide opacities may have a non-negligble impact in kilonovae

lightcurves

Ricardo
F. Silva RF. Silva et al. Atoms 10, 18 (2022)




Understanding the origin of the elements using
nuclear reactions

M. Xarepe, F. Barba, A. Jantarada, R. Pires, D. Galaviz, Ciéncias

ULisboa

for the NUC-RIA group at LIP
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Instrumentation

for Nuclear Reaction Experiments




Production of thin targets
for experiments

Possibilities for thin
coating production

Pamela
Teubig

pes N
I The evaporator facility C | ciencies
@ LIP/FCUL ULisboa

R. Pires, P. Teubig*, D. Galaviz*, E. Galiana, M. Paulino, L. Peralta, and M. Xarepe for NUC-RIA

\ Contact: ptor iz@lip.pt for more i i }

Thermal evaporation

Instalation
Resistance heat evaporation system consisting of a
hydraulic steel chamber (Balzer) with the possibility
of out-gasing (Fig.2).

Evaporation of metallic and salts material from a
anode-cathode sources using resistive heating in high
vacuum of 10°® kPa, producing thin films (Fig. 1) (nm to
pm) and coatings [1].

Two electrode pairs allowing
sequential evaporation (Fig. 3),
and a stand for variable
distance evaporation (Fig. 4).

Capable of fabricating targets

which are self-supporting, with
backing and sandwich
films or coatings.

Characterization of the
thin films can be carried
out using energy loss of

alpha @FCUL [2] together
with simulation or RBS @
CTN-IST [3].

Applications

Examples of metal and
salts we have evaporated:
Al, Cu, Ag, Au, Mg, Mn,
nat. Sn, nat. Pb, 2°%Pb,
LiF, NaF, CaF,, etc.

Successes & Future

Fabrication of targets capable to Work included in M.Sc.[5], Ph.D.
produce high energy photons (> 9 MeV, thesis [4, 6], articles [7, 9-11], and
for detector array bench-marking (Fig. 5) [4]- many more to come...

Production of targets to measure atomic (Fig. 6) [5]
and nuclear cross sections [6, 7].

Targets under development for future experiments
CaF, target on a formvar backing @ CMAM, Spain

- Fig6

Targets to study reaction cross section @ CTN-IST,
Portugal. Immediated targets in the pipe-line are
enriched "6Sn, "'8Sn, nat. Cd and "°Cd.

Highly enriched 2°8Pb target for nuclear reaction
experiment at Notre Dame , USA

Detector development and improvement [8] (Fig. 7).
Providing material for Nuclear Physics laboratory

Qasses @ FCUL.

Unique opportunity to train in a target lab, eg.

Partofthe EyUR@:LABS /
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Together for more womeh in nuclear

% ®

Dosimetry

Development of a standard methodology for online
dose calculation in air

L. Pereira23, P. Teubig™2, F. Murtinheira?, P. Santos?, D. Galaviz!?,

Eliereraf S \na 2 Rita Pestana?, Silvia Vifials?, Daniel Galaviz!
1~ Laboratory of Instrumentation and Experimental Particle Physics (LIP)
2- Centre for Micro Analysis of Materials (CMAM)

*FCUL, 2LIP, *BiolSI, *C2TN, *CMAM-UAM

Introduction At the Centre for Micro Analysis of Materials, CMAM, in
M Madrid, there is an ion accelerator with a terminal voltage of
characterized by the presence of toxic and their position in the brain [3]. 5 MV. An external beamline is used for irradiations with 10

protein structures known as amyloids [1,2).

MeV protons and the current is only measured using
Faraday cups that stop the beam

Low-dose radiotherapy, with photons, ' Azheimer's diease (D)
has shown positive results on
Alzheimer's disease (AD) or

Parkinson's disease (PD)[5,6).

& Huntington's disease (HO

Proton therapy has several advantages over
conventional radiotherapy: Reduce

integral dose, and already clinically applied
to noncancerous brain tumours [7

* The device does not affect the irradiation pattern
* Number of protons lost « Area covered by the blades
+ Number of electrons o< Area covered by the blades

AD amyloid structure (8],

PTIPTIN T " . > = This project aims to develop a methodology to measure
Multidisciplinary Approach: Biochemistry and Nuclear Physics join forces ut the

the beam intensity in air witho
irradiation. This is important for experiments related to
nuclear physics and radiobiology, for instance.

Design

Study the radiation effects on the bram Simulation
using established cell lines

Simulation of the experimental
setup with TOPAS [11],
regarding the irradiations
performed with ©Co gamma
source @ C2TN.

* Using AutoCAD
Reactive oxygen species
(ROS) indicate the.
healthiness of the cells [9].
Protocols have been
optimized to study the
brain tissue cell -

PP Elastic coupling  Motor to rotate
ot a conductor)  the system

Axis  Support

« Ametallic piece

+ High generation of secondary electrons
* Low activation of the piece

« High conductance of the charge

irradiation system using
Co gamma-ray source @
3N

Letectrons * Iprotons
* Do not affect the irradiation

PRECISA22 - “Co iradiator @
CITN-IST and used in the first
experiment campaign (10].

o

B/ e 38 [: Slip i to collect th
& R4 Disk with 5 blades . P ring fo colect the
i >3-4 Bearing (nota  charge from the
i Simulation of the ROS ) covering 50% of
[ e — + Using TOPAS! conductor)  rotating disk (sensitive
Ho - production inside a cell, due the area "
i o the interaction with * Included the end of the bearline, 3 water cube on the to pA currents)
i S, onizing radiation, using position of the sample and an aluminium disk with
IR EIEXLLE TOPAS-nBIO [11]. blades rotating
— : A_Future work }———————
0cm
X - ]
Comparison of different modalities: This lne of research looks at 10 em + Production of the device
Preparation for exploratory proton therapy as something more o Tests
experiments using a clinical LINAC at than a means to eliminate cancer. + Calibration

CHULN (Hospital Santa Maria) are

We focus on using it as an
under way.

alternative treatment strategy for
neurodegenerative diseases, for
which no cure to-date exist. More

Test the device at other facilities

+ Analysed the irradiation pattern on the water References

Planning the experiments at the
CMAM (Madrid, Spain) proton

. S ¢ . Measured the electrons created in the metal
C arlna beam faciity durlng fal peslod. information can be found at (12]. tha + Parameters changed in the simulations: 1- 1. Perl, J. Shin, J. Schumann, B. Faddegon, and H. Paganetti.
© Number of blades (3, 5 and 8) Topas: An innovative proton monte carlo platform for research
Acknowledgments o Area covered by the blades (10%, 25% and 50%) and clinical applications. Medical Physics, 39:6818-6837, 10

( : 0 elh o P e St ana o Frequency of rotation (1 Hz, 10 Hz, 20 Hz and 30 Hz) 2012. ISSN 00942405. doi: 10.1118/1.4758060.
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Manuel
Xarepe

Jornadas LIP | July 2022

1 - LIP - Laboratory of Instrumentation and Experimental Particle Physics
2- FCUL - Faculty of Science of the University of Lisbon

Brief Introduction

Nuckoon Homentum

Short Range Correlations:

« Brief fluctuations of nucleon pairs, characterized by:

o High relative momentum*

o Low center-of-mass momentum*

o SRC pair can be pp, pn and nn, where the pn are dominant

o Fraction of high momentum nucleon in nuclei is about 20%
How do we measure them? "I Feference o Fermi Momentum (k)
« High energy probes:

o Inelastic electron scatterin

o Quasi Free Scattering (QFS) in Inverse Kinematics

Integration of a mRPC for Precise Measurement of
High-Momentum Protons in SRC

Manuel Xarepe'?, for the R®B Collaboration

‘Supported by Portuguese FCT, Project Refs: 2021.05736.8D and EXPLIFIS-NUC/0364/2021

1€ 1 C beam

What has been done? \ measured using mRPC detector

R°B Setup

+target
C cockiail

Los MWPC Fibors |

Si Tracker
FooT

RYB experiment
 High Energy branch of the NUSTAR pillar
of FAR

« Reactions with Relativistic Radioactive
Beams performed in Inverse Kinematics
Setup allows for a complete
characterization of the kinematics

SRC at R'B

« 1°C and *%C beams at 1.25 GeViu
« First measurement with complete
kinematics of A(p,2pN)A-2 reaction

* Momentum of the forward emitted proton

.

« Mainly electron scattering [1]
 The number of pn pairs increases with neutron excess

r

istive Plate Chamber (mRPC) D

Fig 2 Selecton of SRC breakup events and angular correlations (2]
Next Step?

B e mRPC Properti P
i « Gaseous detector Pl
3  Active area of 1.5x1.2m? = 1,8 m* i1
 Good time precision o, = 50 ps [3] i
« Good efficiency > 98 i 1
Relative high-momentum fractions for neutrons and protons (Right). 1)
M of High
* QFS 12C(p,2p)X in Inverse Kinematics [2] nig
o First measurement of SRC in Inverse Kinematics at R®B using mRPC Eeruchacn

Due to the excellent timing properties of this
detector, it was proposed to measure the e
momentum of forward emitted protons using the f «
time of fiight method (ToF), with a resolution of |
around 1%;

Brief history of “mRPC” time at RB :

o Arival at GS! in November 2021

* Integrated into R*B Cave and DAQ

« Online and offline analysis software close to
fully developed

« Electronic resolution between RPC and
Start detector around 35 ps

e QFSin Inverse Kinematics using exotic beams
Participated in two FAIR Phase-0 o
experiments, $522 and $509: = s S —
* Excellent it e
References > Very high detection efficiency __ [ P
[1]The CL “Probing © Good ToF resolution — @ ¥ i S
neuirorich nucll.” Nature 560, 617621 (2018) =
. Immediate Future steps: " T
[ Patmk . ot o ~Unparhrtod s Hrmton ke et  Finish the mRPC calibration -t
Analise the data in correlation with other -
13] Bianco, A, et al, “The SHIP timing detector based on MRPC.* Journal of detectors to clean up the ToF Spectra. O SN~
Instrumentation 15.10 (2020): G10017. Prepare the detector for future campaigns >
s —
FCT éncias TECHNISCHE
i UNIVERSITAT
FCT e M gzegy RB

25




People WE‘
AN ANAE N




People

Senior Ph.D. M.Sc. B.Sc.

D. Galaviz

L. Peralta .
J. Sampaio

J. M. Pires
Marques

P. Teubig




‘ People

Senior

8 LIP
Summer
Students




Any questions?

NUC-RiA : :
e N You can contact us nucria@lip.pt
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