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-
?B : T Central Topics for NuSTAR at FAIR
R The Modularized FAIR start iy P
' * Quest for the limits of existence
«Module 0 « Halos, Open Quantum Systems, Few Body Correlations
SIS100 « Changing shell structure far away from stability
op. 2015/16 « Skins, new collective modes, nuclear matter, neutron stars TG‘D /s
« Phases and symmetries of the nuclear many body system m& /s
s':;dll(l:lv(e) lEXP - « Origin of the elements 108 /s
- proses AL => unified theory (ab-initio, density functional, shell model 3
op. 2015/16 | o .y ) : 0'/s
| - ~ 10%/s

“Module 2 S : r-process pat 103/
SFRS +R3B g . H= Module 0 -3 7
op. 2016 Cpst: 1027 M€ :

Available: 1039 M€ = Pygmy Resonance Neutron stars
;\Madule 3 |MODULE DECISION |\ STRUCTION — OPERATIONAL : ” ”

ntiproton, TIME (month) | CONSTRUCTION "
CR, 0 2009 72 2010/11 2015/16 i I@I
HESR 1 2009 28 201011 2015/16 -
2 2010/11 60 2012 2016 $ N T » . -
. 3 201011 60 2012 2016 . Talk: I33. Peter von Neumann-Cosel,
‘ S I ‘ OLOF TENGBLAD ISNP 2009 MUMBAI 2 Pygmy dipole resonance in stable nuclei ]

R3B: Reactions with Relativistic Radioactive Beams R How does it work Tl -
L Mo,
Ealanmesis = ! FAIR (Faciy ror anmieroton anp ongg®™ =%
laegetrccal . | RESEARCH)
g o s |
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Liamand and 4 Snp deteciors W |
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Ki ically of i with high-energy secondary beams

R3B collaboration:
50 institutes
180 scientists

* Nuclear Astrophysics +A universal fixed-target experiment for complete inverse-
i 5 A ith relativisti

+  Structure of exotic nuclei wi RIBs (~300 - 1500 MeV/u),
+Experiments with the most exotic (<1 ion/s) and short-lived
nuclei - exploring the isospin frontier at and beyond the drip-
lines -

+Concept built on existing ALADIN-LAND experiment at 6ST
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* Neutron-rich matter
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Reaction mechanism: v i Y

" i " 1-
+ Coulomb dissociation High Energy Reaction Studies £ e
« Diffraction '
« Absorption

« Final state interaction

setup for
kinematical
complete
measuremepts

Observables:

* n-momentum distribution

« Charge fragment momentum
« Invariant mass

Exp. variables: « Angular correlations

« Beam energy 30 MeV > 1 GeV/A
« Target material H > Pb

R?!B Light-Ion Induced Direct Reactions ‘{' 5

® elastic scattering (p,p), (o.,), ...
nuclear matter distribution p(r), skins, halo structures

® inelastic scattering (p,p’), (a,0'), ...
deformation parameters, B(E2) values, transition densities, giant resonances

® charge exchange reactions (p,n), (*Het), (d, 2He), ...
Gamow-Teller strength

@ transfer reactions (p,d), (p.t), (p, *He), (d,p), ...
single particle structure, spectroscopic factors
spectroscopy beyond the driplines
neutron pair correlations
neutron (proton) capture cross sections

@ knock-out reactions (p,2p), (p,pn), (p,p *He)...
ground state configurations, nucleon momentum distributions, cluster correlations

13 14
« Projectile SHe = 238U OLOF TENGBLAD ISNP 2009 MUMBAI C S l c OLOF TENGBLAD ISNP 2009 MUMBAI
l{?B mmpmm S. Chakraborty & U.Datta Pramanik et al, ‘,' = I- l{?B ‘!' ~ 1=
Poster D2 mmmmm Saha Inst of Nuclear Physics, Kolkata, India = "~ EZ .

Low-lying dipole strength of neutron-rich ‘Island of inversion’

nucler around N= 20

Low-lying dipole strength and POR
In cave of mewtron rick nucled in addifion to GDR a mew tvpe of excitation made accnrs due fo fhe
collective mation af the newtron core and nentron skin. This ph is called pyg
Exciranion energles here are much below GDR resonanee energy. In newtron rich pra-shell mwelet fa.g,
¥He, JLI S B INCIT20 ) theie low-lying dipole sirength are single particle in natire. However, in
\ . Irevier nucla, newtron rich So, 55 (V- 82),
= -\‘ . ’ these excitation modes are observed to be
. .l' L collecrive tn nanire.
- Our experiment niws ol exploring the notwre
of Low-lying dipole strengtle in the newtrow-rick
nuclei aromnd N~20.

Astrophysical interest

Indirect method of measurement of radiative capire cross-section of unstable nentron-rick nwelel
il De nsafiul i uncleosywihests process . Frirther the nnigne method wsing RIS will Relp us 1o pin
down the ospin-dependent part of Equation OF Stale of asymmeiric nuclear matier,

cCSIC
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Proton knockout reaction

1 Scimillagor
1 Wircchaniber
Isi

. . [ULi  %Li %Li "Li OLi
Inverse kinematics 0,75 - s R PR
Beam: 'Be (fragmentation of *0@304MeV/u) x5 » ﬂl(’deg)

Target:  liquid Hydrogen
Yu. Aksyutina et al. PLB 666(2008)430
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R’B IH(14Be, 2pn)'2Li oS

Differential cross section as function
of relative energy for '2Li(*'Li+n) after
1p knockout from “Be

. 149, . £ =1.47(19)MeV
= Ii
Y S,,=1.26(13) MeV
= 12Lj gs: a virtual s-state with a
a4 scattering lenght -13.7(1.6)fm
g
=
5 Eu=ffi+Bl-M -,
B
k]
a
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F:fn [Mt’v) Yu. Aksyutina et al. PLB 666(2008)430
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R?B 1H(14Be, 2p)tiLi g :

Diferential cross section as
function of relative energy

13, . i i

v Li from 13Li(11Li+2n)
2
= Correlated background
508 >
E do _ Efan
Boe H|dE,, (221, +Ey,,)"
e
- C. Forssén et al. NPA 673 (2008) 143
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-
o

B (MeV)

E,=1.47(31) MeV
three- body resonance
Yu. Aksyutina et al. PLB 666(2008)430
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WHAT DO WE GAIN BY FAIR

IHigher Primary beam energy | [Primary Beams |

= 10'%s; 1.5-2 Gelliy; s

I Higher secondary beam intensity I

* 2(41x10"s 30 GeV protons
= 100 T yp to 35 GeViu
- up to 90 GeV protons

Thicker reaction targets
In the order of 1g/cm? \

= Faclor 100-1000 over present in intensity

Reaction products
Kinematically forward focused

Implies an extended detection scheme /
with better efficiency and resolution \

Possible study more exotic nuclei
efficient down to 1 ion/s, shorter halflive

_CSIC
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Reactions with Relativistic Radioactive Beams

R3B Start version

\ 6LAD:  6SI

- Large

RIB from

Super-FRS - Acceptance

— Dipole

« Target :
« Tracker -
+ Calorimeter '

!\ Neutrons

| Heavy

fragments
Protons

Neutron detector NeuLAND Working group coordinator: K. Boretzky (GSI)
Existing LAND detector: NeuLAND design goals:
* 6,< 250 ps .
* Oyyz =3 Cm
» Size:2x2x1n
§- Plastic scintil
cconverter sand

detection principle
based on
Resistive Plate
Chambers
layered with
iron converters

status:

v proof of principle: RPC excellent for slow protons
v prototypes with included converter as electrodes:
efficiency of 99%, time resolution ~50 ps

g Strong participation by the
ﬁ Saha Inst of Nuclear Physics, Kolkata, India

Development of RPC for NeuLand @ SINP, Kolkata: Calorimeter CALIFA@R3B R&D
The 1st prototype build @SINP 2" week of Nov. Testing started with cosmic Background. Engineering design and Mechanical structure - based on carbon fibre alveolus
Detect with energy resolution < 5%
g U.Datta Pramanik et al, ) 23 7S 30 Mev
c S I C mmmm Saha Inst of Nuclear Physics, Kolkata, India

p <300 MeV 24
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Calorimeter CALIFA@R3B R&D

General design of the detector based on kinematical considerations
“Egg’ shape LR
Highly segmented
Thick detection volume
Inner radius 30cm
Crystal length 13 cm
Barrel 3650 crystals = 1.6 Ton

BARREL

: | Csi(T)+APD @662 keV v

R

! 2 hev
1. R0y

z@k =
‘csic

Channal
WG Coordinator: Lola Cortina, Univ. Santiago de Composteﬁs

- i
~a

R?B Calorimeter CALIFA@RB R&D -
Forward end cap - possible Phoswich solution

In the Forward direction the high energy combined the exponential

behavior of the Lorentz boost makes a special solution needed:;

Possible solution > Two high resolution & high efficiency scintillator
crystals in a phoswich configuration with a common readout

s —
scM P

Geant 4 simulations

f
.’I

Phoswich: proton detection
LaBr + LaCl

_p E=flAE)+a(rE,)

PREANE: 2y {2 T 2
i - -
dr AR |2 4

1% of incident beam
is detocted
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38 Phoswich response to gammas and protons == 3'- il
R Huge dynamic range <30 MeV y <300 MeV p £
(et =) '
7t R i
) -
228Th gamma source L

@

Ey = 200 -2600 KeV

P
a4 —
- e ey
L Sampled (1 Gs/s)
T TR - anode pulse
’ ] :: decay time=
- _ 16(LaBr)/28(LaCl) ns
TR ) .

PM tube + digital readout

27
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Calorimeter CALIFA R&D

Readout Electronics for APD

MTM-16 PREAMP, SHAPER, DICRIMINATOR, MULTIPLEXER
MDI-2 VME SEQUENCER AND ADC

2 x 256 channels
Daisy-chained
(like DRAMS)

£

30 €/ch

' g Features:

MTM- 16 frastsnd schematios:

(DAL < 9],
= 10 M samphes | 5 per bus.
* Up to 512 channels can be converted
» Mt evert bufer

Supports dfferent types of time st

{ain, threshold, polarity).
*  Address modes: A24 [ A2
+  Data transfer modes: D16,32,64, BLT32,

OLOF TENGBLAD ISNP 2009 MUMBAI

High quality 12 bit {4k} conversion with sliding scale ADC

Zero suppression with indhidus thresholds

Connected frontend modules can be remote controlled

®  Multicast for event reset and imestamping start.

MBLTES, CBLT

28
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Alternative digital solution

R3B experiment Cost & commitments
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Comittments as of 2005
HADES -development (Cost Estimate in 2005 € GSI 3.000C
Slow control |
uadropoles 1.000¢| |Spain 2.000C
Magnets E—P
g GLAD 5.700¢| 7
Sweden 1.650C
_ — . [ToF wall 370¢|
MPR16 — Preamp 8 FTracking 2700 Univ. Germany 1.370C
Lin/Log al® Detectors ICALIFA 3.200€
g|* Recoil 650C LS 1.100¢€
Temperature control X
o] 1 INeuLand 2.500¢| 7 Tndia 1.000€
HV monitoring
N \Vacuum 300¢|
16 x 40MHz 12 bit ADC TRB net |France |  500C
i MWD — moving window DAQ 500
. . T Russia 300C
= deconvolution (DGF), 14 bit eff.  Hub for 16 fibers
ey Ir?temal modu!e tr|gger GBIt - interface Infrastructure 1106 1 Poland 200C
different algorithms in parallel
ca 50 € / channel \ 15ME | |EU 3.500C
- 15 MC
g Participation by: Prof. Vandana Nanal and Rudrajyoli Palit
. Dept. of Nuclear & Atomic Physics 29 S l 30
het C S l c — Tata Inst of Research, Mumbai, India bt ‘ . : > | ‘ : OLOF TENGBLAD ISNP 2009 MUMBAI
RB Summar s RB rs8 collaborati o
Y iy i collaboration iy i
+  FAIR WILL BECOME A WORLD-CLASS CENTRE FOR MAJOR PARTS OF Argonne National Laboratory, USA @  Kurchato Inst, Moscow, Russia
ATOMKI, Debrecen, Hungary Max-Planck Inst Heidelberg, Germany
THE SUBATOMIC PHYSICS CCLRC Daresbury Laboratory, UK Michigan State Univ, East Lansing, USA
— Modularised version maintains competitiveness in all scientific domains CEA Saclay, France mmmm PNP!, Petersburg, Gatchina, Russia
Chalmers Uni of Tech, Goteborg, Sweden RIKEN, Japan
* NUSTAR COMMUNITY COMBINES A VAST NUMBER OF IFIC - CSIC, VE'E;‘C'@ ISP_ai"_ and Russian Academy of Sciences, Moscow, Russia
COMPFLEMENTARY EXP. FACILITIES & METHODS TO STUDY THE CUPP project, Pyhaesalmi, Finlan I saha Inst of Nuclear Physics, Kolkata, India
NUGLEAR STRUCTURE Dep. of Phys & Astro, Univ Aarhus, Denmark Tata Inst of Research, Mumbai, India
Forschungszentrum Rossendorf, Germany s TeChnische Universitét Darmstadt, Germany
— Low ENERGY, HIGH ENERGY AND RING BRANCH GANIL, Caen, France £ Technische Universitat Minchen, Germany
+ HisPEC, DESPEC, MATS, ILIMA, R3B, EXL, ELISE .. GSI, Darmstadt, Germany Univ Santiago de Compostela, Spain
IFJ PAN Krakow, Poland [ap— Universitat zu Koln, Germany
* R3B-REACTIONS WITH RELATIVISTIC RADIOACTIVE BEAMS YIELD I I IN2P3/IPN Orsay, France ) momm Univerity of Bergen, Norway
UNIQUE POSSIBILITIES FOR STUDIES OF NUCLEAR SYSTEMS AT THE nstof Modern Physics, Lanzrou, China University of Birmingham, UK
EXTREMES, BASED ON A GENERIC FIXED-TARGET SET-UP r——rA Fosicn, Ui e oo a0, Brazil :] 33:522:3 of Complutense Madrid
— FULLY ADAPTED TO SUPER-FRS PRODUCTION METHOD IPN Lycn‘_ France ) University of Liverpool, UK
IPPE Obninsk, Russia University of Manchester, UK
* R&D ENLARGING THE EXPERIMENTAL TOOLBOX AT R®B REQUIRES mmm— Jagellonski University, Krakow, Poland ST University of Paisly, UK
CUTTING-EDGE INSTRUMENTATION — jﬂvf\)agneifu&er{be? Url‘(lf\‘ljnM:nL Germany =all=  University of Surrey, Guildford, UK
- oethe Univ, Franl , Germany University of York, UK 3 .
?’\/}\s ZgAEL%{g;COMPANIED BY EFFICIENT METHODS FOR DATA HANDLING - Joint Inst Nuclear Research, Dubna, Russia @E=Vale Univerity, USA RB collaboration:
e JUstus-Liebig-Univ, Giessen, Germany — 50 institutes
180 scientists
31 32




