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HISTARS: HIE-ISOLDE Timing Array for Reaction Studies

Highly-sensitive detector for measuring the lifetimes of nuclear
excited states populated in reactions at HIE-ISOLDE

Based on fast scintillators, both for gamma radiation and for the
detection of charged particles with sufficient time response

Combine with existing instrumentation to achieve a performing
hybrid array

Funded with nearly 1 M€ by the Spanish government for “new
projects to be developed by Spanish research groups at CERN”

(and a very involved process to get agreements signed and funds released...)
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14 HPGe detectors with BGO
shields (arranged in 3 rings at 379,
902 and 143¢

11 LaBr3(Ce) scintillation detectors
at 702, 902 and 1108,

Good energy resolution

Fast timing measurements via
LaBr;(Ce) y-y coincidences using a
third y in the HPGe

Absolute efficiency @ 1332 keV:
HPGe: 1.10(3)%
LaBrs(Ce): 1.75(5)%

The ROSPHERE!
‘Bucharest. 9- MW.tandem accelerator
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EXOGAM + Fast timing LaBr; Ce) array

— Nuclear spectroscopy of prompt fission
fragments in 2013

— Thermal neutron induced fission of 23>U.

— EXOGAM + 16 LaBr; Ce)

— Digital DAQ for energy

— Analog TACs for timing
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Coupling of EUROBALL detectors and FATIMA UK detectors
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A.K. Mistry et al., Nucl. Instrum Meth. A 1033 (2022) 166662
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ldentification of fragments Isomer yy(t) Byvy(t)

FATIMA | B 1.5" diameter and 2" height
ey — N LaBr;(Ce) crystals
Beta-plastic detectors

TAMEX FPGA-based TDCs
(resolution of 11 ps) with
leading edge timing and ToT
energy in 2 branches.

 Energy resolution of 5% at
511 keV

* CRT for ®°Co of 320 ps
FWHM
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Can low energy reactions at HIE-ISOLDE be combined with

fast timing measurements?
Coulomb excitation

lifetimes (well) above 10 ps
statistics

states in deformed nuclei

low-energy transitions
Transfer reactions

population of specific states: 0+, etc...

Other reactions
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... combining both provides
information on quadrupole moments

Coulomb excitation

—> |Investigate collective states
— Coulex cross sections depend on
guadrupole moments

Lifetime measurements
Complementary measurements, provided by
independent methods, i.e. deep inelastic

J. Heese, Z. Phys. A —
Atomic Nuclei 325, 45-53 (1986)

A.M. Hurst et al.,
PRL 98, 072501 (2007)
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week ending

PRL 112, 162701 (2014) PHYSICAL REVIEW LETTERS 25 APRIL 2014

Shape Coexistence in the Neutron-Deficient Even-Even 82138 g Isotopes Studied
via Coulomb Excitation

N=104 N=206

! 7=82 !

' |
. 1
3000 4¢tdeformed (prolate y !
- + : :
12 10 ~ \ R, 12 8" :
2500 & " . il S !
. N !
‘6, \° o P
] L .
< 2000 ® 6} e 5/ o :
£t R | !
> 4!» O ) ':
S Lo \,  O—4 ; ‘spherical-weak oblate’:
| oo - 2+ 1 A 4+ i
L ®, . e —@— ? 1 2"
1000 S x/ ‘ 7 - ' : €
" N ely, = -0.2 -0.1 0 01 02 03
: — _J
)
- /

B, ~-0.15 B, ~ +0.25
Lot n(0p-2h) n(4p-6h)

or- 0
1 | | | | lI 1 | | | 1 1 1 1 | 1 :I

174176178 180 182 184 186 188 190 192 194 196 198 200202 204 206
Mass Number A
. HIE-ISOLDE WS May 2023

A
-2




s
Vot -y
o

L.M. Fraile

500
< 400
=, 300
200
100" =

N. Bree, PhD thesis, KU Leuven
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T. Grahn et al.,
M. Scheck et al.,

Analysis requirements
— Branching ratios

— Conversion coeficcients

PRC 80, 014324 (2009)
PRC 81, 014310 (2010)
L. P. Gaffney et al. PRC 89, 024307 (2014)
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L. P. Gaffney et al. PRC 89, 024307 (2014)

14" I (h) E, (keV) bf. Je P Tpeev (PS) B(E2) | (Wu.) 1Q:| (e b)
: ¥ Hg 27 366.8 1 35.7(15) 30(7) 52(2) 4.04(8)
: 4 287.0 0.959(4) 30.2(10) 32.8(34) 191(6) 6.46(11)
240 ! 6; 340.1 1 8.7(4) 8.1(31) 308(15) 7.81(19)
- 12* 8; 4183 1 3.19(14) 2911 309(13) 7.65(17)
: 9, 329.1 0.65(16) 12.1(8) 169(40) 5.6(7)
1%Hg 27 405.3 1 24(3) 26(4) 47(6) 3.9(2)
10t 47 402.7 0.93(2) 5.6(20) 13(4) 200(70) 6.6(12)
6, 356.8 1 9.1(4) 7(3) 231(10) 6.82(15)
2109 §  aa ! o e 760
+ ! ) i i
8 ~
375(40)
¢ RDDS
331(33) . .
p Some states are accesible in
. a EFD DSAM CoulEx with sufficiently |
é 2 oulceX wWIiItn suftTicien on
Y 550) M. Scheck et al., y 8
" L L]
ot PRC 81, 014310 (2010) lifetimes
E. E, E I J La [\ BE) 1l DI Bl :
eVl [keV] eV ﬂpsx Wl bl [107eb?] Population
351.8 0 351.8 2* 0 100 42.1(23) 55(3) 4.1(2) 0.15(1)
6132 351.8 2614 4% 2+ 100 37.1(11) |253.1(75) 7.4(2) 0.26(1)
9463 613.2 333.1 6" 4+ 100 9.1(9) 331(33) 8.0(8) 0.29(3)
1360.3 9463 413.7 8" 6* 100 2.8(3) 375(40) 8.4(9) 0.30(3)
1847.7 1360.3 487.4 10" 8" 100 1.44(32) / 327(73) 7.7(11) 0.28(6)
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PRL 105, 252501 (2010) PHYSICAL REVIEW LETTERS 17 DECEMBER 2010
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Discovery of the Shape Coexisting 0" State in Mg by a Two Neutron Transfer Reaction

K. Wimmer,' T. Kroll,"* R. Kriicken,' V. Bildstein,' R. Gernhiuser,' B. Bastin,” N. Bree,” J. Diriken,” P. Van Duppen,”
M. Huyse,” N. Patronis,>" P. Vermaelen,” D. Voulot,? J. Van de Walle,® F. Wenander,? L. M. Fraile,* R. Chapman,’
B. Hadinia,” R. Orlandi,” J. F. Smith,” R. Lutter,’ P. G. Thirolf,® M. Labiche,” A. Blazhev,® M. Kalkiihler,® P. Reiter,®
M. Seidlitz,® N. Warr,® A. 0. Macchiavelli,” H. B. Jeppesen,’ E. Fiori,'’ G. Georgiev,'® G. Schrieder,'" S. Das Gupta,'?
G. Lo Bianco,'? S. Nardelli,'* J. Butterworth,'? J. Johansen,'* and K. Riisager'*

REX-ISOLDE: 1.82 MeV/u 3°Mg o
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FIG. 3. +y-ray energy spectrum in coincidence with protons
from transfer to the excited state. The inset shows the suggested

partial level scheme of **Mg. HIE-ISOLDE WS May 2023



1. Upgrade of the reaction particle detectors to provide good timing and high-
rate capabilities
avoiding count rate bottlenecks could benefit a wide range of experiments

Plastic scintillators
Scintillating fibers
Inorganic crystals such as CeGAGG

Fiber device used at ILL
Position resolution 3-mm
Fast start signal for timing
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2. Addition of a fast scintillator array at low Doppler-shift angles to measure

lifetimes of nuclear excited states populated in reactions
possible synergies with other devices

e oI Contents lists availsble at Sciencelirect “E'
- Nuclear Inst. and Methods in Physics Research, A =
LaBr3(Ce) journal homepage vvrw alsavier comlocatanima
¢ Alternat|ves SUCh as CEBF3, CO'dOpEd La Br3 Optimizing time-pickup algorithms in radiation detectors with a genetic L))
. . algorithm -
¢ D0p|ng, S|Ze, Shape V. SanchaTcmblcqu , V. Vcdla LM. Pnnl ,S.Ritt*, J.M. Udias
60
Photosensors Algorithm m CO(F"‘)’H'V'
. PS
* PMT: selection + development — T =
* SiPMs DLED 153 ~1 109 ~1
RDLED 157 ~1 112 ™1
Digitizing algorithms CR filter + RDLED 148 ~1 101 ™
D-CFD 147 ~1 101 ~1

General filter + RDLED 137 ~1 96 ~1
HIE-ISOLDE WS May 2023
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Detector | Type | Vi, (V) | E..; (%)

RO779 PMT —~1300 1.0(1)

R6231 PMT —1000 3.3(1)

J30035TSV | SiPM 30 3.9(1)

32 4.3(1)

J60035TSV | SiPM 29 3.7(1)

32 4.1(1)

Viiee CFD Delay FWHM FWHM

Detector Type

(V) (ns) “ICo(ps) **Na(ps)
u RO7T! PMT | -1300V 1.6 110(3) 158(3)
i | | 30035 array | SiPM | 32 6 235(15) -
o 32 6 271(12) 151(12)
— I 60035 array | SiPM | 32 5 256(13) | 386((12)
J30035TSV J60035TSV

J.R. Murias, PhD thesis

Spectral .

’ Viiae Active surface

Type Sensor Company response Gain
(V) area
(nm)

PANMT RO779 Hamamatsu 420 5.0x10° | -1750 | ¢ 46 mm
PMT H2431-50 Hamamatsu 420 2.5x10° -3000 @ 53 mm
SiPM | 13360-3050CS | Hamamatsnu 450 1.7x10° | 53 £ 5 3.0 x 3.0 mm?
SiPM | 13360-6075CS | Hamamatsu 150 4.9x10° | 53 £ 5| 6.0 x 6.0 mm?
SiPM J30035TSV onsemi 420 4.0x10% | 25 =5 | 3.07 x 3.07 mm?
SiPM J60035TSV onsemi 120 4.0x10° | 25 + 5 | 6.07 x 6.07 mm?
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HISTARS (ISOLDE/CERN) Year 1 Year 2 Year 3

e |@B|e|ale]e|u|ale|a|a Project
| @[] |@[as] EE

WP1: Physics goals

Identification of physics cases m I EM CSIC Mad rid (O- Tengblad)
Benchmark cases, letter of Intent M1

Milestone 1.1

WP2: Definition of the HISTARS fast-timing gamma array I F I C UV—CS I C Va Ie n Ci a ( E . N a, C h e r)
Simulations and selection of external detectors U C M ( I_ M F)

Milestone 2.1 External HISTARS fast-timing array M2 |

WP3: Test and selection of optimal ultra-fast scintillators C| en Ci as | nteg ra d a S, U H U’ H ue IVa

Test and selection of fast particle detectors , . . . .
Milestone 3.1 | Selection of fast particle detectors M3 FAM NI Fac' CC FISICaSI Unlve rSIdad de Sevnla

WP4: Mechanical design and integration of gamma scintillators

Design and construction of the mechanical structure
Milestone 4.1 | Installation of mechanical support m M4 9 70 k€ g ra nte d u n d e r‘ ”COVI D recove ry”

WP5: External fast-timing array

Purchasing, mounting, test and integration | | | re S e a rC h fu n d S

Milestone 5.1 | Installation of gamma array M5

WP6: Internal detection array

Purchasing, mounting, test and integration

Milestone 6.1 | Installation of particle array M6 I n p u t a n d i d e a S We I CO m e

WP7: Offline setup

Mounting, integration, electronics and DAQ, tests I mfra I | e @ u C m . e S
Milestone 7.1 | Working HISTARS prototype m M7 Lu iS i F ra i I e @ cern.c h

WP8: Commissioning

Commissioning with radioactive beam
Milestone 8.1 | HISTARS ready for experiments M8

JINis KYOU! HIE-ISOLDE WS May 2023
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