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Introduction:

REX:

lons are accumulated and transversely cooled in the REX-TRAP

lons are charge bred in the REX-EBIS to the optimal charge state distribution

The charge state of interest is selected in the REX separator

Beam is injected into the REX-linac with an energy of 5 keV/u and accelerated to ~2.8 MeV/u
Charge state acceptance: 2.5 <A/qg<4.5
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Introduction:

» Beam is injected into the REX-linac with an energy of 5 keV/u and accelerated to ~2.8 MeV/u

» Charge state acceptance: 2.5 <A/q<4.5
» Cauvities: Seven RF structures: f=101.28 MHz (except for 9GAP at 202.56 MHz) up to 10% duty cycle
» Focusing: 6 triplets, 1 doublet Steering: 2 pair of horizontal/vertical steerers
» Beam instrumentation: 5 diagnostic boxes (FCs, MCPs, beam attenuators and collimators)
RF E; B, [%] P [kVY] for Alq
structure | [MeV/u] A/q=4.0 | acceptance
RFQ 0.3 25 29 <55
Buncher 0.3 25 1.3 >25 Diagnostics
IHS 1.2 5.1 40 <45
7GP1 1.55 5.7 60 >25
7GP2 1.88 6.3 60 >25
7GP3 2.2 6.8 60 >2.5
9GP 2.85 7.8 >25

Quadrupoles

J.A. Rodriguez, N. Bidault — EPIC Workshop — 2019/12/04




Introduction:

The HIE-ISOLDE superconducting linac:

»  Project staged (1 cryomodule / year since 2015). Project completed in 2018 (Phase 2B)
Cauvities: Quarter Wave Resonators (QWR) made of a copper substrate with sputtered niobium
Cryomodule: five QWR and one SC solenoid, common insulation and beam vacuum, top plate mounted
Nominal energy: 9.2 MeV/u for Alq = 4.5, 14.2 MeV/u for A/q = 2.5
Achieved energy: 7.4 MeV/u for A/qg = 4.5, 11.1 MeV/u for Alq = 2.5 €< ~ 75 % of nominal gradient
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Introduction:

The HIE-ISOLDE High Energy Beam Transfer (HEBT) lines :
»  XTO01 — Miniball Spectrometer

»  XTO02 —Isolde Solenoid Spectrometer (ISS)
»  XTO03 — Scattering Chamber and travelling experiments

Py REX M REX-TRAP

separator

\“"".‘, $ ?. -
?(m-mw "

J.A. Rodriguez, N. Bidault — EPIC Workshop — 2019/12/04



Outline:

> Introduction

[ > Different upgrade options

> Beam energy considerations
»> Beam intensity and time structure considerations
>  Summary

E/RW
S/ iﬁ'ltﬂi J.A. Rodriguez, N. Bidault — EPIC Workshop — 2019/12/04




Different upgrade options:

REX/HIE-ISOLDE today:
7GP1 7GP2 7GP3

RFQ Buncher [IHS

KX HHHH%WWn‘

HIE-ISOLDE phase 3:

RFQ Buncher IHS

low beta CM1 low beta CM2

T - 6000000-00000/00 00000 00000 00000 000

»  Move of the first high-beta cryomodule to the end of the tunnel
»  Continue using the RFQ, the buncher and the IHS structures

» Replacement of the 9GAP and the 3x7GAP structures by two low-beta cryomoduleg

Some of the implications:

Higher beam energies than today

Possibly less AC power consumption

| ++++++

R&D for new low-beta cavities required
Low-beta cryomodule design needed
— Longer set-up times than today

Improved beam dynamics resulting in lower beam losses

Continuous beam energy starting at 1.2 MeV/u (maybe, even ~0.6 MeV/u)
Cryoline and other ancillary equipment already in place
SM18 infrastructure in place (clean room, vertical cryostats, CM bunker...)

Upgrade of the cryoplant needed (current capacity not enough)

Phase 1-2 Phase 3
# cryomodules 4 2
# of cavities 20 12
# of solenoids 4 4
Geometrical beta (By) 10.3 6.3
Eace IMV/M] 6.0 6.0
Quality factor (Q,) > 5-108 >3.2:108
P [W]at 4.2 K for E,. <10 <7
Length [m] 0.3 0.195
Maximum Transit 09 0.85

Time Factor (TTF)

= In-vacuum triplet in the IHS structure remains a weak point (A/q < 4.5)
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RFQ 0.3 2.5 29 <55
C\E/RW p p= Buncher | 0.3 | 25 1.3 >25
S i%2%919& IHS 12 | 51 40 <45
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Different upgrade options:

REX/HIE-ISOLDE today:

RFQ Buncher [IHS 7GP1 7GP2 7GP3

KX HHHH%WWn‘

HIE-ISOLDE phase 3:

RFQ Buncher IHS low beta CM1 low beta CM2

T - 6000000-00000/00 00000 00000 00000 000

Room temperature upgrade of REX:

L 00000 oo -cee/ee cesee 00000 009

»  Move of the first high-beta cryomodule to the end of the tunnel
»  Continue using the RFQ
» Replacement of all other old structures by 5 or 6 new structures (+ buncher)

Some of the implications:

+ Higher A/g acceptance (target: A/q < 5.5)

Improved beam dynamics resulting in lower beam losses

Higher beam energies than today

Possibly lower maintenance costs

=— R&D for new room temperature cavities required

=— New RF amplifiers needed (although, they will also be needed in current configuration)
=— More AC power consumption than today

— Only discrete steps in beam energy between 0.3 and ~ 3.4 MeV/u
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Different upgrade options:

REX/HIE-ISOLDE today:
RFQ Buncher IHS  7GP1 7GP2 7GP3

KX HHHH%WWn‘

HIE-ISOLDE phase 3:

RFQ Buncher IHS low beta CM1 low beta CM2

T - 6000000-00000/00 00000 00000 00000 000

Room temperature upgrade of REX:

RFQ Buncher ST1

000000 oo ces/ee cosee e00/ee 000

HIE-ISOLDE phase 3 + replacement of IHS structure:

RFQ Buncher ST1 low beta CM1 low beta CM2

-EII00E 0000 oec0cc Cles-esiee-sesee-sesiee-ooe

Room temperature upgrade of REX + fifth high-beta cryomodule:

RFQ Buncher ST1

— MHHHHHWWMW
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Beam enerqgy considerations:

Upgrading the IHS structure could allow A/q as high as 5.5

HIE-ISOLDE Phase 3 better than a room temperature upgrade for low A/q beams (thanks to the independent phasing of

the low-beta SRF cavities)

HIE-ISOLDE Phase 3 not a lot better than REX for A/q = 4.5 if gradients below 80 % of nominal
Room temperature upgrades only allows discrete changes in energy up to 3.4 MeV/u
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SRF at nominal:

Phase 2B HIE-ISOLDE
——Phase 3 HIE-ISOLDE

——Room temperature upgrade of REX
——Phase 3 HIE-ISOLDE + upgrade IHS
——Room temperature upgrade of REX + CM5
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SRF at 80 % of nominal:
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Beam intensity and time structure considerations:

Increasing the A/q acceptance of linac to 5.5 will allow the acceleration of lower charge states
The ionization efficiency of the REX-EBIS will be higher for many isotopes

The optimum breeding time will be shorter which will result in an increase of the repetition rate and a reduction of the
instantaneous beam intensity at the experimental stations

Transmission through the REX-TRAP will improve at the space charge limit (LE8 particles per pulse) which will be
important for intense beams (e.g. after 2 GeV / 4 uABTY line upgrade)

Reduction in breeding times will be very beneficial for short lived isotopes
Reduction in stable contaminants from the REX-EBIS
Reduction in beam losses due to charge exchange

Charge state distribution for 2°6Hg
(434 ms breeding time)
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2017 Campaign 1S547
2018 Campaign 1S631
206Hg46* (A/q=4.478)

~ 13 % efficiency

206Hg44+ (A/q=4.682)
~ 25 % efficiency
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Charge state distribution for 2°6Hg
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206Hg38* (A/q=5.421)
~ 22 % efficiency
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Beam intensity and time structure considerations:

» Increasing the A/q acceptance of linac to 5.5 will allow the acceleration of lower charge states
The ionization efficiency of the REX-EBIS will be higher for many isotopes

The optimum breeding time will be shorter which will result in an increase of the repetition rate and a reduction of the
instantaneous beam intensity at the experimental stations

»  Transmission through the REX-TRAP will improve at the space charge limit (LE8 particles per pulse) which will be
important for intense beams (e.g. after 2 GeV / 4 uABTY line upgrade)

Y VYV

»  Reduction in breeding times will be very beneficial for short lived isotopes
»  Reduction in stable contaminants from the REX-EBIS
» Reduction in beam losses due to charge exchange
Phase 3B Room temperature Phase 3B + Room temperature
upgrade IHS upgrade upgrade + CM5
Charge State 206Hg46+ 206Hg44+ 206H938+ 206Hg44+ 206Hg38+ 206Hg44+ 206H938+
Alq 4.478 4.682 5.421 4.682 5.421 4.682 5.421
Tperiog [MS] 450 450 160 450 160 450 160
Toreed [MS] 434 434 155 434 155 434 155
Breeding efficiency [%] 13 25 22 25 22 25 22
Maximum beam energy at 10.0 9.7 8.4 9.6 8.9 11.2 10.2
nominal [MeV/u]
Maximum beam energy at
80% of nominal [MeV/u] 8.1 8.4 7.8 7.8 6.9 9.7 8.9
Beam current [a.u.] 1 1.9 1.7 1.9 1.7 1.9 1.7
Instantaneous beam 1 1.9 0.6 1.9 0.6 1.9 0.6
current [a.u.]
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Summary:

> Phase 3 of the HIE-ISOLDE:

Porsche 911
Higher beam energies (specially for low A/q beams)

Continuous beam energy starting at 1.2 MeV/u (maybe, 1
Cryoline and other ancillary equipment already in place
SM18 infrastructure in place (clean room, vertical cryostats, CM bunker...)
Upgrade of the cryoplant needed (current capacity not enough)

R&D for new low-beta cavities and design of cryomodule required
In-vacuum triplet in the IHS structure remains a weak point (A/g < 4.5)

| ++ + +

» Room temperature upgrade of REX: VW Sharan

+ Higher A/q acceptance

+ Higher intensities for heavy beams (higher breedin
+ Lower maintenance costs

— R&D for new room temperature cavities required
— New RF amplifiers needed (although, they will also be needed in current configuration)
= Only discrete steps in beam energy between 0.3 and ~ 3.4 MeV/u

=X-TRAP mitigated...)

» Phase 3 of the HIE-ISOLDE + Upgrade of IHS
Porsche Panamera

» Room temperature upgrade of REX + CM5

Porsche Cayenne
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