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« This strategy iIs not universal but was
developed as a TRIUMF culture
through our early years

« KAON, TR30, ISAC

« Gerardo played a pivotal role in
developing this culture

* He believed strongly in collaboration
and open science

 He assembled strong teams and was
always looking for new talent or new
partnerships to enhance our expertise
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TRIUMF - INSIDE THE 500 MeV CYCLOTRON



KAON Factory Development — (1985-94) H- Extraction

« Cyclotron studies focused on H- extraction
e Challenging R&D

« Other teams focussed on high energy rings
beam dynamics and technology

Fig. 2. Reference position of extraction elements in
the eyclotron.




Early ISAC Years (1995-2000)

CANADA'’S NATIONAL MESON FACILITY

OPERATED AS A JOINT VENTURE BY: ASSOCIATE MEMBERS:
UNIVERSITY OF ALBERTA UNIVERSITY OF MANITOBA
SIMON FRASER UNIVERSITY L*UNIVERSITE DE MONTREAL
UNIVERSITY OF VICTORIA THE UNIVERSITY OF REGINA
UNIVERSITY OF BRITISH COLUMBIA THE UNIVERSITY OF TORONTO

& UNDER THE CONTRIBUTION FROM THE
NATIONAL RESEARCH COUNCIL OF CANADA

* By 1994 TRIUMF had moved on to the
ISAC program and the dream for a
TRIUMF based KAON factory was over

« But the ten years of KAON development
was not completely in vain - TRIUMF
evolved from a Cyclotron lab to an
Accelerator Lab

* |In 1995 several of the cyclotron and
KAON accelerator physicists moved over |
to ISAC with Gerardo spearheading the
post accelerator development
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= The idea ~1998 — brown book

= Discussed In a retreat in the woods
of Vancouver Island

» Goal - increase ISAC ion energy to
support Nuclear Physics studies at

souy  E=1SMev/u  SCLZ  A/qE7 E=6.5MeV,/u
uEaT? .Gﬂ!lnm--ﬂ—

.........

and above the Coulomb barrier
= E>6.5MeV/u for A/q=6 with full ;
energy variability = T

= Bold decision Fgure 4 Lasont of the proposed 1SACS facity

U RS S(oeieVn NI EEVUAII  Conceptual design above is from brown book
linac of 40MV

» Add ECR charge state booster
(CSB)







CW heavy ion SC-linacs performance
landscape — circa 2000

= ATLAS
* Bulk niobium — Ep~15-20MV/m
" INFN-Legnaro
= Sputtered Nb on Cu - Ep~20MV/m

= Bulk niobium cavities — higher gradients
demonstrated but little on-line experience

= JAERI
» Explosively bonded Nb on Cu — Ep~23MV/m
» |[SAC-Il aimed for a considerable advancement
* Bulk niobium cavities — Ep>30MV/m

* Plan was to use new processing and clean
room techniques and advanced cryomodule
engineering to achieve high performance




EPAC 1998 Stockholm — Alberto Facco

ON-LINE PERFORMANCE OF THE LNL MECHANICALLY DAMPED
SUPERCONDUCTING LOW BETA RESONATORS

A Facco. V. Zviagintsev' . S. Canella. A. M. Porcellato. F. Scarpa
INFN-Laboratori Nazionali di Legnaro. Padova, Italy; 'on leave from ITEP. Moscow. Russia
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Off to Italy

» Gerardo was very positive about a collaboration with a
lab from Italy

« We received funding for ISAC-II in April 2000 and began
plans for a prototype resonator to be designed in
collaboration with Alberto and fabricated in Italy

« Ken Fong and | visited Legnaro in Feb. 2001 for the first
cold test with Alberto and Vladimir

Ea (MV/m)



SRF Development 2001 - BC Research

* Newly formed SRF R&D group secured lab space
at BC Research in 2001

« Tests began 2002 — moved to ISAC-Il in 2003

« Tests support parallel developments of cavity
performance, rf controls, cryogenic studies, cavity
preparation, mechanical tuners




More Italilan Connections

= Dario Giove — Milano - WPM : o
= Marco Poggi — LNL - diagnostics i E =
= Matteo Pasini — LNL - Beam dynamics **

= Marco Marchetto — LNL — Accelerator
physics and operation

Other Key support

= Ken Shepard — Argonne — assorted wisdom




Towards High Gradient

Choose high performing cavity — Facco s
Ferrari

* Ordered 20 from Zanon in Italy

Develop precision tuner to keep it on
resonance

Develop LN2 cooled coupler to provide rf
bandwidth at high gradient

Adopt clean room technigues to reduce
field emission

Develop strong SC solenoids with bucking
coils inside cryomodule for strong
transverse focussing










Coupling Loop with Direct Cooling
(Roger Poirier)

* Developed from INFN Legnaro
adjustable coupling loop

 Modifications

 Stainless steel body for thermal
Isolation

 Direct LN2 cooling

 Aluminum Nitride to cool inner
conductor




ISAC-IlI Cavity Mechanical Tuner (Tom Ries)

Precise and responsive tuner developed

Motor

~
~

Top Plate

Actuator
Cavity

Tuning Plate

Lever



Cryomodule Milestones

» Alpha particle acceleration in clean
room — Nov. 2004

» Single cryomodule test with beam In
accelerator vault — July 2005

= All cryomodules installed in vault —
March 12, 2006

* First accelerated beam — April 8, 2006

* True to Gerardo’s example we
celebrated each one!




Performance exceeds
design goals
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The average gradient
for the on-line cavities
corresponded to a peak
surface field of 36MV/m
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The performance set a
new high-water mark for
heavy ion SC linacs

= Goal
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Success — April 2010

1605+ Acceleration

12
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E (MeV/u)

ISAC-Il Specification

10 20 30
Cavity #
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SRF Technology
Development for S. Korea
(2015-2018)

« TRIUMF developed and
successfully tested a new
variant (balloon geometry) of
a single spoke resonator for
Hadron acceleration

« Design eliminates the high
level multipacting that
plagues standard geometries

e The cavity design and
prototyping was sponsored
by RISP (S. Korea) and is
being used in their heavy ion
driver linac




TRIUMF and VECC

(Kolkata) (2008-present)

° TRIUMF and VECC have been 8 ﬁ@"’ﬂ'gﬂ--‘_ A Cavity 3
collaborating on mutually T eI Y Yo i
aligned projects since 2008 — o T .
ANURIB in Kolkata and ARIEL f * e
In Vancouver o
An electron cryomodule has R P

been delivered to VECC In
2019

A heavy ion cryomodule will be
completed this year (all cavities
are now qualified)

An ARIEL RIB target module
and beamline will be delivered
in 2022.




HL-LHC Crab Cavity
Cryomodules (2021-2024)

« CERN requires crab cavities In
the LHC as part of a Luminosity
upgrade

* TRIUMF will receive 10 RFD
resonators produced and
gualified by US lab consortium

* TRIUMF to assemble each pair of
RFDs into five cryomodules

* The project supplies critical
Infrastructure to CERN,
supporting both the HL-LHC and
the Canadian particle physics
community

Cold/Warm Transition LHCACFVIV
Scc EDMS 1759896 & 1756971

LHCACFVW

Lower cryogenic line
LHCACFQCO175 (EDMS 1831923)

LJNCks (x3) LHCHACF

| —
EDMS n *xxoooo
31032017

formation about RFD cryomodule

- Overall dimensions (L/I/h): 3350/950/1900mm
- Mass : ~xxxxkg (Without service box)

- Cavity : 2x RFD

- HOM filters : 4 pces (2 per cavity)

- Pick Up Antenna : 2 pces (1 per cavity)

- Tuner : 2 unit (1 per cavity)

- RF Gate valves : 4 pces

- FSl Heads : 16 ports (8 per cavity) TBC

HL-LHC-WP04—CRAB CAVITIES RFD CRYOMODULE FOR SPS TESTS @ trsincering Deparment







Superconducting RF Legacy

« SRF at TRIUMF was born in the Dutto era and
Gerardo was a key facilitator during the early
days

 SRF is now a core competence of TRIUMF

* The success of ISAC-I and ISAC-II showed us
that we can take on challenging new
technologies and succeed magnificently

* The developments paved the way for ARIEL and
enables TRIUMF to continue to support internal
and external projects and student education as
Canada’s centre for accelerator science and
technology
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TRIUMF

Gerardo was a dedicated leader and an
exceptional international ambassador.

He also possessed an endless capacity
for persuasion. He had a major hand in
shaping the expertise within accelerator
science and technology at TRIUMF.

On a personal note Gerardo was a

significant mentor during my formative
years at TRIUMF.

Thank you Gerardo
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