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Inverse kinematics in a solenoid
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"™, Based on HELIOS at Argonne
~- National Laboratory - see the
next talk!

No kinematic
compression!
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A brief history of ISS at ISOLDE

LS2
. C o C O

2017 2018 2019 2020 2021 2022 2023

Magnet arrives at CERN from Brisbane,
is cooled down, and installed in the
ISOLDE hall
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A brief history of ISS at ISOLDE

LS2
® ®
2018

2017

2019 2020

HIE-ISOLDE Workshop 2023

2021 2022 2023

First experiments begin, performing
28Mg(d,p) and 2%Hg(d,p) reactions
with the HELIOS array

Argonneé

NATIONAL LABORATORY
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2018 physics
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ZMg(d,p) reaction looked at the emergence of the
N = 16 shell closure as well as the evolution of s. p.
states into the N = 20 island of inversion®.

208Hg(d,p) reaction used for probing s. p. structure and
properties of nuclei in region of astrophysical r process.
First study of single-neutron excitations for N > 126,
Z <82,

T. L. Tang et al. Phys. Rev. Lett. 124, 062502. (Feb. 2020) .
P. T. MacGregor et al. Phys. Rev. C 104, L051301. (Nov. 2021) .
HIE-ISOLDE Workshop 2023
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https://doi.org/10.1103/PhysRevLett.124.062502
https://doi.org/10.1103/PhysRevC.104.L051301

A brief history of ISS at ISOLDE

[ o + o 0
2017 2018 2019 2020 2021 2022 2023

Built at the University of Liverpool, tested, and installed at CERN — more later
(First ISS workshop 27-28 August 2019)
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A brief history of ISS at ISOLDE

LS2

2017 2018 2019 2020 2021 2022 2023

(Second 1SS workshep 20-21 July)
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A brief history of ISS at ISOLDE

LS2

[ e O —) & 0
2017 2018 2019 2020 2021 2022 2023
Experiment Analysis by Talks
212Rn(d,p) Dan Clarke (UoM) A Today, 11:55
SMg(d,p) Mel Now briefly

81Zn(d,p) Conor O’'Shea (Surrey) —

First time using ISS silicon detector in experiments
— more later and corresponding DAQ + software

J. M. Ordan. General Photo. (2022). URL: https://cds.cern.ch/record/2800900 .
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https://cds.cern.ch/record/2800900

A brief history at ISOLDE

LS2

[ e o9 @ 0
2017 2018 2019 2020 2021 2022 2023
Experiment Analysis by Talks
Z’Na(d,p) Sam Reeve (UoM) A Today, 12:15
%Mg(d,p) Me again! (re-run) Now briefly
» 92%Kr(dp) Annie Dolan (UoL) A Tomorrow, 16:55
"ogn(d,p) Jason Park (CENS) —
"Be(d,p) Jie Chen (ANL) A Tomorrow, 09:30

» %Ni(dp) Andreas Ceulemanns (KUL) A Friday, 12:00

First time using gas recoil detector (») in experiments:
e Used primarily to characterise beam
e Upgrades required to utilise full capabilities (more later)

J. M. Ordan. General Photo. (2022). URL: https://cds.cern.ch/record/2800900 .
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https://cds.cern.ch/record/2800900

A brief history at ISOLDE

Ls2
® ® Sum——— ® ")

2017 2018 2019 2020 2021 2022 2023

(Probably 4°Ca(d,p) and %°Ca(d,p), with more to come later in the year)
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Beams at ISS on a nuclear chart
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° E Simpson. 2023. URL: https://people.physics.anu.edu.au/~ecs103/chart/ (Date accessed: 05/04/2023).
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J. M. Ordan. General Photo. (2022).



https://cds.cern.ch/record/2800900

Detectors at ISS: silicon array

Technical details
® Designed and built in Liverpool during LS2

® 3 modules of DSSDs = 2 sides of hexagonal array
each

® Each module has 512 p-side channels and 44 n-
side channels: total = 1668!

® Approx. 500 mm active silicon length

® Has ASIC readouts using chips designed for R°B
project

x,y) of hit on array

strips

11 n-side
(~ 25 mm)

<
-

\/

128 p-side strips (~ 125 mm)
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Si array at ISS: modes of operation

Silicon mode _ Singles mode

e No direct recoil detec-
tion.

e Use EBIS pulse time, as
well as other tricks, to
clean the E v.s. z spec-
trum.

e Used where recoil detec-
tion difficult/impossible.

?{v.- E; R e
Used for lighter beams
Example: 3°Mg(d,p) — see Example: 2'?Rn(d,p) — see
next slide! Dan’s talk.

Patrick T. MacGregor HIE-ISOLDE Workshop 2023

Used for heavier beams, but
still being improved (more
later).

Example: 9294Kr(d,p) — An-
nie’s talk, ®Ni(d,p) — An-
dreas’s talk.
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How experiments are analysed - the
€) ISSSort

Found peaks in asic_0_0_0

f e
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https://github.com/ISOLDESolenoidalSpectrometer/ISSSort

How experiments are analysed - the 3®°Mg(d,p) reaction

€ IssSort
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https://github.com/ISOLDESolenoidalSpectrometer/ISSSort

d(°Mg,p)**Mg Excitation-Ene

rgy Spectrum
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S, = 2312 keV

FWHM = 188 keV

Ex_recoil
Integral 9199
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ISOLDE Solenoidal

Spectrometer
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Recent activity: upgrades

Detector bed upgrade

e Additional motor for target ladder in vertical axis:
2D movement

* More targets available for use: good for heavy
beams
Gas recoil detector upgrade

e Beam blocker gaining similar 2D mechanism
® Faster preamps

i

B8g3%8¢E8 5

n
20
o
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Recent activity: preparation for the summer

ISS chamber has been emptied
in preparation for upcoming Spec-
MAT tests — see Oleksii’s talk on
Friday 11:15.

’ Liam P. Gaffney
£
()

Removing the
silicon detector array from inside
the magnet at the
Solenoidal Spectrometer with

Still no schedule, but anticipate
the following reactions at least:
INTC Beam Reaction Date
P-634 “Ca  (d,p) (2]
P-654 Ca  (d,p) (2]

LGeneral Electronics for ]

r TPC,
12 AsAd boards and ZAP cards . spechAT MICROMEGAS detector,
2916 senstive pads

Highvvotage feedthrough

O. Poleshchuk et al. Nucl. Instrum. Methods Phys. Res., Sect. A 1015, 165765. (2021) .
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https://twitter.com/lpgaff
https://twitter.com/livuniphysics
https://twitter.com/ISOLDEatCERN
https://twitter.com/CTAEverett
https://twitter.com/ptmacg

https://cds.cern.ch/record/2845951
https://cds.cern.ch/record/2845917
https://doi.org/https://doi.org/10.1016/j.nima.2021.165765

Looking to the future: transfer-induced fission

- W Argon

Si array

nucleon

/

Protons from
(d,p) reactions

Successful proof-of-principle 2%8U(d,pf) experiment at

HELIOS!
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(d,pf) surrogate reaction has advantages over tradi-
tional fission measurements:

2 3 4 5 6 7
Excitation energy (MeV)

® Fission fragments focussed into small solid angle
= efficient detection

® Direct probe of fission barrier — see Maria’s talk
at 15:40 today!

® Full Bragg peak spectroscopy possible at these
energies

® |SOLDE gives access to short-lived actinides
Can combine with scintillator array for (n,v)/(n,f)...

20/23
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https://doi.org/10.1103/PhysRevLett.130.202501

Looking to the futur

CHALMERS

UNIVERSITY OF TECHNOLOGY

i :
3 rings of 11 CeBr detectors from
SpecMAT. Commissioned in Oct.
2022. Can be used for (d,p) ex-
periments for astrophysics’.

. scintillator array

Targets

Scintillation
array

137Cs+60Co
Cumulative spectrum

Res: ~4.5% @ 662keV

- L T /
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" DK Sharp. Private communication.
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Looking to the future: tritium target + forward reactions

INTC
P-582
P-599
P-609
P-660

00

134,136,138,140Xe

vel backwards® forwards®

Spokesperson(s)

Y. Ayyad and E. Vigezzi

A. O. Macchiavelli and K. Wimmer
L. P. Gaffney

D. K. Sharp and P. T. MacGregor

N.B. tritium tar-
get purchased for
SEC and Miniball
experiments

(t,a) + (d,d’) reactions: protons travel

28, 27.
(" Mg.)” Na, 10 MeV/u,2.1 T
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K. Wimmer and A. O. Macchiavelli. Tech. rep. Geneva: CERN, 2021. URL: https://cds.cern.ch/record/2766315.
D. K. Sharp and P. T. MacGregor. Tech. rep. Geneva: CERN, 2023. URL: https://cds.cern.ch/record/2845991.
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https://cds.cern.ch/record/2766096
https://cds.cern.ch/record/2766315
https://cds.cern.ch/record/2799023
https://cds.cern.ch/record/2845991
https://cds.cern.ch/record/2766315
https://cds.cern.ch/record/2845991
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