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R3B Overview
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Nuclear EOS
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EOS from Pygmy Dipole Resonance
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RQRPA calculations provide correlation
between the measured PDR strength and the
neutron skin thickness

= 4T RQRPA (DD-ME2, 132G
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Requires assumption of a specific line-shape
of PDR and GDR

Photoabsorption c.s. not very sensitive to
low-lying E1 strength
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Selecting a better experimental observable
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PHYSICAL REVIEW C 81, 051303(R) (2010)

Information content of a new observable: The case of the nuclear neutron skin

P.-G. Reinhard' and W. Nazarewicz*"*
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CALIFA: CALorimeter for In Flight detection of gamma Lﬁqﬁ\'jgggﬁgg
rays and high-energy charged pArticles DARMSTADT

BARREL back BARREL front

W /M,

140.3°  BARREL 43.2° ENDCAP

——\ CEPA
7° /

Beam energy. 700A MeV

CALIFA barrel: « CEPA (CsI(Tl)): fully funded, first
« Total of 1952 CsI(Tl) crystals (1152 in front half) module built
« 896 crystals expected to be ready end of 2018 * IPhos (LaBry/LaCls): 75% funded

23.09.2018 | NuSYM2018, September 10-13 2018, Busan, South Korea | Dominic Rossi | 10 R3B



TECHNISCHE
UNIVERSITAT
DARMSTADT

Ef
274
i

<=5

NeuLAND

NeuLAND detector parameters:

@ full active detector using RP/BC408
@ face size 250x250 cm?

@ active depth 300 cm

@ 3000 scintillator bars + 6000 PMTs
@ 32 tons

@0, ,,=1cm & 0, < 150 ps

X,¥,Z

Design goals:

@ >90% efficiency for 0.2-1.0 GeV neutrons
@ multi-hit capability for up to 5 neutrons r =
@ invariant mass resolution down to ==L - n —

AE < 20 keV at 100 keV above thr. ~ g <@ double plane 11 during bar mounting
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NeuLAND

E,., with gate on 3 Neutrons

rel

“E 3n, 600 MeV, 100 keV

NeuLAND Phase 0 =t 12dp @ 14m

« 130 cm active 2DCalibr
depth el
» 2600 channels "F¢
>40% detector  .f

simulation prediction: reconstruction
efficiency of the order of 20% for 3 n, 10 %
for 4 n (600 MeV, preliminary)

SAT test of in-house
: developed NeuLAND
N NS &L | " : electronics underway:

A A \\*\ e | « multichannel front-end
NeuLAND demonstrator backjo.ms,‘ 3 electronic card TAMEX for
RIKEN after participationgipssess S high-resolution time and
9 experiments, incl. studies of light - charge measurements
exotic systems (4 n)-upto EQS of heavy

tin systems
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Tracking Detectors: TOF Wall

Z separation [NV

o : . 2
Size: 120 x 100 cm G . < 38 ps

- Total of 176 paddles, arranged into 4 layers Rate 1 MHz

* No light guide, PMT R8619 coupled directly to scintillator

* Movable holding structure to sweep TOF wall across beam
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« n-skin changes accordingly by about 0.19 fm for 132Sn . 15; ¢ E
« Total reaction cross section changes only by 2.5% :
P R | H | ST SR S S NN S S |
» Total neutron-removal cross section changes by about 20% o 20 W Lf&ev) 0. 100120
Variation 8L = £5 MeV — 6Ar,, = £0.01 fm and 66,y = +1%
— o, Very sensitive, limit given by DFT predictions reached o :
AN y g y P Relativistic Mean Field Theory (DD2):
* But: relation of 6,y to L or Ar,,; needs reaction theory ! S. Typel, Phys. Rev. C 89, 064321 (2014)
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Reaction theory

o= (7 ) (V) [l mon® R < - mo) Y R )

P,(b) = /dzd23 (s, 2) exp {— ZT/d%p;f(b—s,z)— NT/d2spZ(b—s,z)]

Bertulani, Danielewicz, Introduction to Nuclear Reactions (CRC Press, London, 2004)

distributions
NeuLAND

acceptance

Experiment (4 independent measurements):

S
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Glauber/Eikonal theory

o

A 4

,L-C,,fzéll - Collective (Coulomb + nuclear) excitation (of giant resonances) + neutron evaporation:

for Sn &~ 100 mb (20% of ocaN)
= has to be determined experimentally

o

= Relation g,y © L
= Task: Testing and quantifying uncertainties of Eikonal reaction theory
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Test of Eikonal reaction theory Dl
T T [ .
S0 Test with energy dependence of *2C + 12C total
45k reaction cross section
= 40? Parameter-free Eikonal prediction overestimates
e F cross sections
5 ¥E
30 ; Expected deviations due to:
= 1) In-medium effects: Pauli blocking
50 2) Fermi motion
- 3) Higher-order
880 4) Collective excitations
860 —
sa0 b Taking into account Pauli blocking:
- C.A. Bertulani, C. De Conti, PRC 81 (2010)
820 Higher-energy data point overestimated by =2%
800 [ * A, a Glauber = L
. # NEIN ¢ Glauber with 4 Theoretical improvements needed
780 - ¢ + + * Pauli correction
760 F- o400 e Experiment = But:
E L e vt vt v vt 14 onlythree data points in the range 0.4 to 1.2 GeV/u
0 200400 600 800 1000 1200  _, precise data needed incl. energy dependence

E (MeV/nucleon)
T. Aumann et al., PRL 119, 262501 (2017)
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FAIR Phase-0 experiment

NeuLAND:
Measure collective cross section
up to three-neutron decay

Fragment spectrometer GLAD:
Acceptance 15%
(up to 13 neutron removal)

400—

Resolution (sigma): dA/A=0.12, 6Z/Z = 0.10 o J
Measured quantity Method Uncertainty 501 e JU U SC I !
or Absorption <1% — Theory
OAZ AE after target <1% — n-skin
OAN Mass spectrum 1% —L

coll

. _ 0,
Oinel, AN  (A-X) fragment + x neutrons ~ <5% T. Aumann, C.A. Bertulani,

_ coll F. Schindler, S. Typel,
OR,AN — OAN — 9inel, AN — PRL 119 (2017)
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» Dipole polarizability data analysis still ongoing for n-rich
Sn isotopes

» Key detectors for polarizability studies will be finalized and
commissioned in the near future

» Cross section measurements for EOS studies already
planned for FAIR Phase-0
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