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Design parameters U28+

sis18 SIS100
Energy 200 MeV/u 1.5 GeV/u FAI R en un futuro no muy lejano

lons percycle 1.5 x 10" 5x 101
Repetition rate 2.7 Hz 0.3 Hz

-
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NUSTAR NUclear STructure & Astrophysis Research
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NUSTAR:
NUCclear Structure, Astrophysics and Reactions

What are the limits for existence of nuclei?
Where are the proton and neutron drip lines situated?

Where does the nuclear chart end?

How does the nuclear force depend on varying proton-to-neutron ratios?
What is the isospin dependence of the spin-orbit force?
How does shell structure change far away from stability?

How to explain collective phenomena from individual motion?

What are the phases, relevant degrees of freedom, and symmetries of the nuclear
many-body system?

How are complex nuclei built from their basic constituents?
What is the effective nucleon-nucleon interaction?
How does QCD constrain its parameters?

Which are the nuclei relevant for astrophysical processes and what are their
properties?
What is the origin of the heavy elements?
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R3B: Reactions with Relativistic Radioactive Beams

Calorimeter

outgoing
Fragment detector

DK

Kinematically complete measurement of reactions with high-energy secondary beams

* Nuclear Astrophysics fixed-target experiment for complete inverse-kinematics

. . reactions with relativistic RIBs ~100 MeV/u - 1.5 GeV/u
e Structure of exotic nuclei

*Experiments with the most exotic (<1 ion/s) and short-lived
nuclei - exploring the isospin frontier at and beyond the drip-
lines

« Neutron-rich matter
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How does it work

FA[R (FACILITY FOR ANTIPROTON AND IO
RESEARCH)

SIS100¢300

Antiproton
Production Target

Plasma Physics
Atomic Physics
FLAIR

@ existing facility
@ new facility
Q expenments

R3 B [ — \LLUW Mf«“fKﬁ messurement
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Calorimeter: R3 B

CALIFA
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1. Accelerated
beam impact on
Production Target

2. Products are
separated in FRS

3. Separated
isotopes directed
to experiment

4. Isotope of
interest impact on
Reaction Target

5. Reaction fragments
and gammas are
detected



R3B Concept

few hundred MeV/nucleon _.__,,.
Beam After the reaction: heavy fragment,
................................ - —— - nEUtanS, prDtDnS, gammas
_ Aim: measure all reaction products
Projectile  Free target ‘® Cinematica completa!!
proton =
dipole Magnet neutrons
Incoming
. E
Cocktail beam 8
m
- Outgoinging
o
oo from SERS _ _ fragments
light particles
gamma rays

fragments

protons
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R3B R3B: (Key) Components
RIB from R3IB@RFAIR
Super-FRS\\ -

NeuLAND

R®B-Si-TRACKER

fragments
Protons

CALIFA

¥ RB-GLAD

0. Tengblad MASTER IEM-CSIC Madrid 2023 10



The target cell diameter is 42

mm,. Three target length of LH2 '[al‘get Wlth Si'detECtor
15, 50 and 150 mm. _ :

The cryogenic system operates in \}%
a closed loop. The target is Ny -
connected to a 852 | storage tank. g
The tank is filled with 800 | of
hydrogen at room temperature.

e After liquefaction the hydrogen is
The target cell is made of Mylar at 20.3 K and 1041 mbar.

ZH1 ww G| ypm ssew Buissiw : (Mala doy) L# uoneinbiyuod SWY

oSt

g Gy
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Reaction chamber: , p-tracker, y-spec-calori-meter

')C NV

Identify and track recoils emmitted
at large angles

9 9
* "
P « High angular resolution (better than
1 mrad) = very high segmentation
level = detection of MIP
* Multi-layer sensors 50-100 um for 1t
layer = minimize multiple scattering
or shadow vy rays
 Low threshold 25 KeV

*  Multi-hit capability

sl |8
™ '. .‘/{, Y N

Further:
around the
extended target—> 4p vertex
reconstruction
against ionising
particles hit
* Operate in the proximity of
fields and vacuum

-

Dedicated electronics
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CALIFA: Highly segmented

k./ https://igfae.usc.es/igfae/es/califa-instalado-fair/ Thick detection volume
C“'L"’&* Inner radius 50cm
CALIFA barrel and forward endcap Barrel: Crystal length 15-20 cm
(gamma/particle calorimeter) 1952 crystals = 2 Ton
Barrel EndCap: 680 crystals = 1 Ton
Back Barrel _ _ Front Barrel by | e g

Beam energy: 700A MeV

441 mm
1130 mm



https://igfae.usc.es/igfae/es/califa-instalado-fair/

GLAD - Large-acceptance superconductingdipole magnet
http://fpsalmon.usc.es/r3b/reports/R3B-Glad_MT20_ Preprint IEEEref-PID488807.pdf

Magnet parameters:  Weight: 50t
» Large vertical gap + 80 mrad
* High integrated field of 4.8 Tm

» Fringe field at the target position less
than 20 mT

» Operational temperature 4.6 K

3.5 m long, 3.8 m high and 7 m wide.

» The overall size of the conical cryostat:
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GLAD Cooldown November / December 2021

300,00

o C. Mayri, H.S. T. Hackler et al.
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Nominal Cool down (room temperature — 15K)

. about 1 month, following intervention 10/2021.

15 K=¥
0.00

9.11.2021 12:00 14.11.2021 1200 19.11.2021 1200 24.11.2021 12:00 29.11.2021 1200
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http://fpsalmon.usc.es/r3b/reports/R3B-Glad_MT20_Preprint_IEEEref-PID488807.pdf

NeuLAND - High-resolution neutron ToF spectrometer

https://www.gsi.de/work/forschung/nustarenna/nustarenna divisions/kernreaktionen/r3b project group/neuland

NeulLAND detector parameters:

» full active detector using RP/BC408

» face size 2.50x2.50 m?

e active depth 3m (30 double-planes)

e 3000 scintillator bars

* 6000 PM / readout channels (both ends)

e 32tons
2022: 15 DP installed

NeulLAND design goals:
e >90% efficiency for 0.2-1.0 GeV neutrons
e Multi-hit capability for up to 5n
* invariant-mass resolution:
NeulLAND to target distance 35 m
AE < 20 keV at 300 keV

O. Tengblad MASTER IEM-CSIC Madrid 2023

NeuLAND submodule
250(270 incl. light guides)x5x5 cm3

| 4

x100 = one
double-plane

15


https://www.gsi.de/work/forschung/nustarenna/nustarenna_divisions/kernreaktionen/r3b_project_group/neuland

For full kinematic reconstruction & reaction channel ID we need to know

* Energy loss -> Nuclear charge Z

 Time of Flight - Mass identification
« Trajectory > Momentum

for incoming and outgoing fragments, beam, gammas

&Quieres instalar las actualizaciones ahor  Instalar

C Vacuum chamber
ROLU
CALIFA

lon begml/ \. “_.

) l . L .

Target

Fiber detectors
ToF

ToFD
Fiber detectors

SEETRAM

R3B tracking system
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Scintillator/ /
lonisation chamber

Beam stop
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Square fibers 0.2x0.2 mm?
Number of fibers ~ 104 fibers
= 60 um resolution

Scintillating Fiber Tracker ¢ Cassar ana . s Infrastructure upgrades
4d Tracking at High Rate with High Dynamic Range

Y Upgraded winding machine
speed/tension control

New infrastructure for sorting
fibres into a mask

Double layer
Small fiber detector for S494 3 mm hole in the middle

Large fiber trackers
inside the vacuum chamber (s454)

17



R3B Summary:
Schedule and first experiments @ GSI in Cave C

2020 50% NeuLAND and 50% CALIFA & Si-Tracker + tracking detector prototypes
Liquid Hydrogen target (LH,)

2019-23 Physics runs at GSI (Cave C) (phase 0)

2024 - 2025? Move to HEC- cave @FAIR

Experiments will make use of uniqueness of R3B:

- Reactions at high beam energies up to 1 GeV/u

- Tracking and identification capability for the heaviest ions

- Multi-neutron tracking capability, high-efficiency calorimeter

Experiments possible for the first time:

- 4 neutron decays beyond the drip-line and for heavier n-rich isotopes

- Kinematically complete measurements of quasi-free nucleon knockout reactions

- Electric dipole and quadrupole response of Sn nuclei beyond N=82, and of neutron-rich Pb
isotopes (polarizability, symmetry energy)

- Fission barriers from (p,2p) reactions ( = r-process)

0. Tengblad MASTER IEM-CSIC Madrid 2023 18



S393 experiment

Study of light neutro-rich nuclei using kinematically complete
measurements in inverse kinematics @ GSI

quasi-free scattering: 1“B(p,2p)*3Be

P

z, proton number

N, heutron number

16B 1 SB
Unbound Unbound

G. Ribeiro

Study the precursor to the
borromean nuclei *Be

18



Quasi-Free Scattering: Knockout reaction

[ 14B(p’2p)13Be }
-
Unbound Unbound

|
|
|
|
|
|
|

* Direct Reaction:
quick and direct
from initial to final
states without
intermediate
compound state.

* If both outgoing
particles have the
same masses, in the

lab system: few hundred MeV/nucleon
0,+0,~ 81
(p12p)r (plnp) ‘ e
p s 9
Projectile Free target A
proto“ng ‘p
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0. Tengblad

Experiment:Cave C

14B(p,2p)*3Be

POS PSP

Primary beam
Intensity
Production target
Reaction target

MASTER IEM-CSIC Madrid 2023
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AE Silicon 3 (arb. units)

Reaction channel Idenitifcation

Energy loss in the ToFW
after the target > Luwp

) ALADIN
Identify the element o
after the reaction. | e L

Identify the isotope from

the ALADIN position
deviation and beta of the
fragment.

o Fragment Masses f14B Incomi ng
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C B E .
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Charge identification from energy loss
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Complementary Can we settle this problem via the two-neutron transfer reaction,
Experiment 1Be(t,p)'*Be @ HIE-ISOLDE

11Be 1Be(t,p) °Be  13g,

32t 5
180,396 2] o D
Mo,
2. |
778, (sr23re)" I o e/ _
rary r T,—331 {2]= :I :]. + ;T? . Beam ",
03200 i) B0 13
1 T Betn i ! 77, +g/ 0.46 e
"B T:32 P00 12 Backward
€ Re “Betn Barrel *\‘
- od [ — 0ds=e ‘A\/
Ods.'z Odm 5
Barrel
1512
e —2 n—p — ﬁ Opiz
"_“Opm "_..Upz.n
@ Standard setup
—0 —0 *—® 0sp
pT O ®os P n " ° o 8 HpGe clusters

@ 12 silicon detectors

°
Q (telescopes)
— = Additionall
_’ ‘ = 9 itionally
- \\\ o 1 HpGe detector at
=

beamdump
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Experimentos de NUSTAR: pensar y recordar!

Acrénimos: FAIR NUSTAR SFRS R3B
Que método de produccion se usa en experimentos de NUSTAR?

Cual es el haz primario, y de que origen normalmente?
Cual es el blanco de Produccién?

Cual es el haz secundario? Cual es el blanco de Reaccion?
Por que usamos varios blancos de reaccion en el mismo experimento?

Direct kinematics Inverse kinematics

Por que cinematica inversa? I I<

Que significa cinematica completa? - -

Como se selecciona el canal de reaccion de interés del experimento?

Como se determina la carga, masa, la energia, el momento,
Y no olvides la importancia de medir las: y y neutréns!
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Member List

Affiliation

CAN Saint Mary University
Members: 1

DEU Extreme Matter Institute
Members: 3

DEU GSI Darmstadt
Members: 15

DEU Goethe University Frankfu
Members: 9

DEU Helmholtz-Zentrum Dresden
Members: 5

DEU TU Darmstadt

Members: 31
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Name
Kanungo, Rituparsa

Savran, Demiz
Isaak, Johann
Silva, Joel
Aumann, Thomas
Langer, Christoph
Léher, Bastian
Movsesyan, Alina
Schrock, Philipp
Simon, Haik
Boretzky, Konstanze
Caesar, Christoph
Heil, Michael
Kelic-Heil, Aleksandra
Riselev, Oleg
Kurz, Nikolaus
Korper, Daniel
Pietri, Stephane
Plag, Ralf

Rossi, Dominic
Wamers, Felix
Egelhof, Peter
Geissel, Hans
Gerl, Jirgen
Reifarth, Rene
Beinrucker, Clemens
Glorius, Jan
Gébel, Kathrin
Heftrich, Tanja
Langer, Christoph

Reinhardt,
Reinicke, Stefan
Réder, Marko
Cowan, Thomas

Dentinger, Gregor
Duchéne, Marc
Heine, Marcel
Holl, Matthias
Horvat, Andrea
Johansen, Jacob
Kahlbow, Julian
Kissel, Robert
Léher, Bastian
Miki, Kenjiro
Movsesyan, Alina
Panin, Valerii
Paschalis, Stefanos
Scheit, Heiko
Schindler, Fabia
Schrock, Philipp
Tscheuschner, Joachim
Térngvist, Hans

FRA

FRA

FRA
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Member List

Affiliation

SVN Josef Stefan Institut Lju
Members :

SWE Chalmers University of Te
Members: 6

SWE Lund University
Members: 4

USA Texas A&M University-Comm
Members: 1

Explanation

Name in italic indicates member with different main

Name
Gruzinsky, Nikolay
Inglessi, Alexander
Khanzadeev, Alexey
Korolev, Guerman
Kozlenko, Nikolai
Krivshich, Anatoly
Kuznetsov, Viacheslav
Maev, Evgeny
Maisuzenko, Dmitrii
orishchin, Evgeny
Sarantsev, Victor
Uvarov, Lev

Vikhrov, Vladimir
zhdanov, Andrey
Vencelj, Matjaz

Nilsson, Thomas
Johansson, Hékan
Jonson, Bjérn

Thies, Ronja

Heinz, Andreas
Lindberg, Simon
Cederkall, Joakim
Avdeichikov, Vladimir
Fahlander, Claes
Golubev, Pavel
Bertulani, Carlos

250
40
15

affiliation

Affiliation

TU Dresden
Members: 2

TU Miinchen
Members: 9

University of Cologne
Members: 5

CSIC Madrid
Members: 8

Universidad Complutense d

Members: 1
Universidad de Vigo
Members: 1

University of Santiago de

Members: 5

CEA Bruyeres le Chatel
Members: 3

CEA Saclay
Members: 5

GANIL
Members: 2
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Member List

Kréll, Thorsten
Fernindez Martinez, Guillermo

Ignatov, Alexander
Ilieva, Stoyanka
Rhee, Han-Bum
von Schmid, Mirke
Petri, Marina
Heil, Sebastian
Syndikus, Ina
Cowan, Thomas
Réder, Marko
Reinhardt, Tobias
Zuber, Kai
Geznhiuser, Roman
Bendel, Michael
Heiss, Benjamin
Klenze, Philipp
Le Bleis, Tudi

Miicher, Dennis
Reichert, Sebastian
Remmels, Patrick

Winkel, Max
Zilges, Andreas
Hennig, Andreas

Mayer, Jan
Netterdon, Lars
Pickstone, Simon

Tengblad, Olof

Borge, Maria José
Garrido, Eduardo

Garzon Camacho, Alejandro
Marroquin Alonso, Irene
Nacher, Enrique

Perea, Angel

Ribeiro, Guillermo
Fraile, Luis

Casarejos, Enrique

Cortina-Gil, Dolores
Alvarez-Pol, Hector
Benlliure, Jose
Cabanelas Eiras, Pablo

Chatillon, Audrey
Laurent, Benoit
Obertelli, Alexandre
Corsi, Anna

Pollacco, Emauel
Santamaria, Clementine
Korten, Wolfram
Sozrliam, Olivier
Vandebrouck, Marine
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Member List

Affiliation

FRA IPN Orsay
Members: &

FRA Université Paris Sud
Members: 0

GBR STFC Daresbury Laboratory
Members: 7

GBR University of Birmingham
Members: 1

GBR University of Edinburgh
Members: &

GBR University of Liverpool
Members: 5

GBR University of Surrey
Members: 1

HRV RBI Zagreb
Members: 2

HUN ATOMKI Debrecen
Members: 2

HUN EG6tvés Lorand Univers
Members: 1

LTU University of Vilnius
Members: 1

NLD KVI-CART
Members: 3

PRT Instituto Superior Tecnic
Members: 1

PRT Nuclear Physics Center, U
Members: 3

ROU Institute of Space Scienc
Members: 2

RUS JINR Dubna
Members: 5

RUS NRC Kurchatov Institute M
Members: 5

RUS PNPI Gatchina
Members: 20
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Spokesperson:

Name
Audouin, Laurent
Gorbinet, Thomas
Tassan-Got, Laurent
Yan, Yiman
Audouin, Laurent

Lemmon, Roy
Borri, Marcello
Grant, Alan
Kogimtzis, Moschos
Labiche, Marc
Lazarus, Ian
Pucknell, Victor
Freer, Martin

Woods, Phil
Davinson, Thomas
Estrade, Alfredo
Lederer, Claudia
Chartier, Marielle
Lindsay, Scott
Powell, William
Thornhill, Jim
Wells, David
Catford, Wilton

Gasparic, Igor
Basrak, Zoran
Elekes, Zoltan
Krasznahorkay, Attila
Horvath, Akos

Deltuva, Armoldas

Kalantar-Nayestanaki, Nasser
Harakeh, Muhsin

Rigollet, Catherine

Crespo, Raguel

Galaviz Redondo, Daniel
Henriques, Ana

Teubig, Pamela

Haiduc, Maria

Potlog, Petru-Mihai
Fomichev, Andrey
Bezbakh, Andrey
Golovkov, Mikhail
Gorshkov, Alexander
Krupko, Sergey
Chulkov, Leonid
Korsheninnikov, Alexey
Kuzmin, Evgeny
Nikolskii, Evgenii
Volkov, Vasily
Alkhasov, Georgij
Balin, Dmitri

Batist, Leonid
Dobrovolsky, Alexander
Fetisov, Andrey
Gennady, Petrov
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