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State of TRIUMF
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The state of the laboratory is strong!
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The 530 MeV Cyclotron at TRIUMF:
The World’s Largest Cyclotron

_Builtin 1972

July 01, C2015, Tucsor
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D TRIUMF ARI E L

ADVANCED RARE ISOTOPE LABORATORY

™

ARIEL will be TRIUMF's flagship Rare
Isotope Beam facility for the production of
Isotopes for physics and medicine. ARIEL
uses proton-induced spallation and
electron-driven photo-fission of ISOL
targets for the production of short-lived,
rare isotopes that are delivered to
multiple experiments simultaneously at
the ISAC facility.

July 01, 2015 CEC-ICMC2015, Tucson, AZ
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ARIEL Project 10-Year Plan: Motivation

New Mass
Separators

New

éﬂ_

Targets

BEAMLINES ¢
EXPERIMENT!
FACILITIES

5 YEAR PLAN

10 YEAR PLAN

EXISTING

Cyclotromﬁf CEC-ICMC2015, Tucson, AZ
| 1

" e New complementary

electron linac (e-linac) driver
for photo-fission

* New proton beamline

~» New targets an front end

® Allows substantially expand
RIB program with:

® three simultaneous beams

® increased number of
hours delivered per year

® new RIB beam species

® increased beam

development time
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Time line for ARIEL facility

 Funded now ARIEL | (to be implemented till end of FY2015):

— E-linac demonstrates Electron beam at 25 MeV, 100 kW from SRF linac — license pending
— Civil construction to encompass objectives of ARIEL Phases | & Il

- N\
— E-Hall and Compressor Building complete QTRIUMF

* Next five-year plan — ARIEL Il (2015- 2020)

Electron Target Station
— ARIEL Front-end for ISAC
— Electron beam at 50 MeV, 500 kW
— Proton beam at >480 MeV, 100 pA from the H- cyclotron using new proton beamline
— Proton target station ‘
— 27 ARIEL Front-end for ISAC

July 01, 2015 CEC-ICMC2015, Tucson, AZ
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TRIUMF and e-linac

 Electron driver for photo-fission: independent and

complementary to 500 MeV cyclotron

 Composed of five elliptical cavities at 1.3 GHz

« Final specification 50 MeV/10mA ->0.5 MW beam

= My

power, cw — by 2017 (cash flow dependent)

[T £ *Staged installation: 25-30 MeV and 3 mA - 2014
i
SEENCT L TEy . . .
= Injector cryomodule (ICM) - designed, built and tested
e & o |
0 # )y, o :
‘g}'ﬁ fem e as part of the VECC collaboration - 2013
= \g_:;; B {T — 50kW 50kW  50kW 25MeV 50kW  50kW 50MeV
('""‘{5[ H | BEAMLINES AND 10MeV M vy v
AL O e ! i
. A’) | e 50kW 50kW  50kW 50k!N I50kw
71’ (‘V:f_ Injector-2013 2014 Driver 2017

July 01, 2015 CEC-ICMC2015, Tucson, AZ 8
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Injector Cryomodule

Heat
exchanger &

Power
coupler

ICM_PHASE |

TIKGTED_Revid B

July 01, 2015

Houses
sone nine-cell 1.3GHz cavity

«Two 50kW power coupler

Features

*4K/2K heat exchanger with JT valve on
board — expand LHe from 1.4bar to
32mbar

eScissor tuner with warm motor
*Two layers of mu metal — warm and cold
. N2 thermal shield

*CESIC® HOM damping material in
warm/cold beam-pipe transition

*\WPM based alignment

*Stainless steel ribbed tank with hatches
for access

CEC-ICMC2015, Tucson, AZ 9
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Accelerator Cryomodule

4K phase
separator

« The ACM uses same basic design as
ICM but with two 1.3GHz nine cell
cavities each with two 50kW power Heat R g
couplers Sechanger ' |

Support

e There is one 4k/2k insert identical to the
ICM

* Physical dimensions

LXHXW=39x14x1.3m

Power coupler bracket

9 tons

2K phase
separator

cavity

WPM
bracket

coupler and
support

July 01, 2015 CEC-ICMC2015, Tucson, AZ 10
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Cryogenic system schematic

Liquid He @ 2K produced

In cryo-modules by SA | Linac
pumpiﬂg Cryomodules

Subatmospheric
F::' Pumping system

[ Liquid He @ 4K clo
re-liquefaction/
refrigeration loop

@?

Cold box

AND 77K LN system
for He pre-cool.

July 01, 2015

Compressor Building

Compressor

OR/GMS
F’LJ f'lt}l’ Df‘_.-"E.‘r.
monitoring : i |
___________ Furifier
- ~

"Clean™ Helium
Storage Tank

RT gaseous He.
Emphasis on He

purity

b, A

“Dirty” Helium
Storage Tank

\

CEC-ICMC2015, Tucson, AZ 11
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Scope of Sept 30t 2014 (CFI) deliverables

July 01, 2015 CEC-ICMC2015, Tucson, AZ 12



QR TRIUMF

Helium Cryogenic Plant 4K Acceptance Test

Results of the helium
cryoplant acceptance tests.

Measured
Measured performance
(expected)
parameter
values

Pure liquefaction capacity | 367 (288)
with LN2 precooling L/hr

Pure refrigeration capacity | 837 (600)
with LN2 precooling W

900
750

ot

|
1
/_/I_.(:‘J. A sk sl ;
I
I

4 e
3
" 25 a1
bt I 1 g
o # }{ww WW ety i': - 7\.
g, “edeleddogpd 600 g i
8 o
& 15 = 450 £
N v

v ]
—2nd turbine speed

[ 2
. [ Refrigeration capacity i R T e

—— st turbine speed | 3005:
(constant LHe level in the dewar) ol

0 0
0 1 Time, hr 2 3

[ pressure, b

speed, kH.

1
0 150 2

July 01, 2015 CEC-ICMC2015, Tucson, AZ 1L}



R TRIUMF

SA Heat Exchanger
installed 2013 Dec
20 in e-hall

]
e

July 01, 2015

Sub-Atmospheric Helium System

==l - SA pumps manifold
b 2 adiaiail PUN% installed 2014 Jan 14
% in Compressor Bldg

= SA He piping install in B3
tunnel

= LC Water install to dump
HEX 2013 March 27

CEC-ICMC2015, Tucson, AZ
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Liquid & SA Helium Lines in e-hall

'@_la_%w e T ICM LHe
| o m*d‘ | & M " Distribution
I :i ol "L -!u TF '-r--——lﬁ"l % T | = . :

N fﬁwn‘-lw ~ 6

e |I"'Hl = l'-_i_._,,...___n,.'_\ -

ICM SA
Busy Spring
and Summer

O Acmsa (- ‘-
| GHe return | :
_,.-~

GHe return
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ICM Assembly

don | SER

ICM top assembly

013

Mock-up assembly of
ICM used to test
parts and procedures

Final assembly
(aided by lessons
learned from mock-
up) - completed in <1
month

o Bt

Top assembIS/ into tank ” ICM unit Complete (April 9, 2014)
July 01, 2015 CEC-ICMC2015, Tucson, AZ 16
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Hnce

Preparing cables and cryogenics Cold test complete

July 01, 2015 CEC-ICMC2015, Tucson, AZ

ICM Cold test

ICM delivered to
cryogenic test area

» Established cool-down

protocol, vacuum
integrity and cryogenic
performance

» Tested thermal syphon

parameters

 Tuned couplers to

Qext“—?’)(:l'o6

» Established cold

alignment

17




R TRIUMF

ICM Move (April 28)

On April 28 the ICM was moved
from the clean room, craned
over ISAC-II hall, carted over to
proton hall loading bay, craned
down to e-hall and finally craned
into position, six weeks after
completion of the hermetic unit

ICM over ISAC-II

Lowering ICM to the e-Hall ICM in position in the e-Hall

July 01, 2015 CEC-ICMC2015, Tucson, AZ 18
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May E-log Highlight: Injector in place

= 01: ICM in e-hall, warm, under vacuum
= 12: EGUN conditioning — reached 323kV
= 27: first electrons in e-hall - 5pA at FC1

= 28: ICM LN2 pre-cool - temp falling
= 29: ICM 4K cool down L

T527

T518

Y

TS21

"0" time -- 17:45 May 27th

- ‘ p

burst disc works!

I July 01, 2015 CEC-ICMC2015, Tucson, AZ 19
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ICM Cold test results

100

4K static load (no syphon) 2 3
< 90
4K static load with syphon 6 0.5 E:; . f
2K static load 5 5.5 S 70,
=
77K static load 100 <130 oo
50

2K production efﬁciency 82% 86% 0 5 1Yo 1Y5 2Yo 2Y5 3‘0

5 Active Load (W)
v Cryogenic engineering matches design 2 s o gy o8
. 4
expectations 3
e, ®
»
v" Syphon loop performance characterized — g 2
works well — optimized in off-line cryostat c
tests a
= 0+ T T T T T 1
0 5 10 15 20 25 30

Active Load (W)

July 01, 2015 CEC-ICMC2015, Tucson, AZ 20
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June E-log Highlight: ICM operates

= 18: Sub-atmospheric He pumps started
= 19: First RF test at 2K

»Delivered forward power from 300W to 1.2kW.
=Shifted cavity frequency to 1300.500MHz using tuner.
= ocked cavity amplltude In a range of gradlent‘rom ~1-3MV/m.

= 29:ICM &Ll CaV|ty at 5 MV/m c.w. from calorlmetry
=L imited by field emission from cavity, not couplers

July 01, 2015 CEC-ICMC2015, Tucson, AZ 21
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July E-log Highlight: 5.5 MeV electron beam

03: EGUN:BPM1 characterization Measured Accelerated Beam
19: 5.5 MeV beam to EMBD:VS2 | —ewo

100 |-~ TENO0
AEE00

al !a_ ﬁ
o 1 [
0.00 ‘-"'/ LZ‘ III"‘ - H

5

23. ICM warm up

28: ICM removed from e-hall

.40

Intensity (normalized)

Final Energy (MeV)

T - o Py P
=¥ r_' e Mmli
July 01, 2015 CEC-ICMC2015, Tucson, AZ 5 ' 5 M eV b eam S p Ot 22
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Cryomodule strategy

 Jacket and install ARIEL1 in ICM

o Jacket and install ARIEL2 and install in ACM
together with a dummy cavity
 We call the single cavity ACM configuration
ACMuno

« ACMuno

« Dummy cavity has all interface features including
helium jacket and DC heater

e All helium piping and beamline interconnects will
be final

« ACMuno allows a full cryogenics engineering
test plus two cavity beam acceleration to 25MeV

e Goal - install the cryomodules for a combined
beam test in Sept. 2014 — cryogenic
engineering and funding milestone

& =1
July 01, 2015 CEC-ICMC2015, Tucson, AZ Dummy cavity 23
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ACMuno assembly
proceeds through
June-Aug.

ACMuno — ready for cooldown Sept. 1

July 01, 2015 CEC-ICMC2015, Tucson, AZ 24
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Extending LHe Distribution

Aug 01: U-turn on Injector LHe
distribution system is undone.

. Aug 06: Accelerator supply and return
sections craned to e-hall and installed.

\ et &
=T
] ;.E —éK.\ress.el.pressure“[n‘.lBar] : 23_.
200 —— 2K vessel liquid level [%]
= System Components are | e
installed and operational o T e T
- SU C C e S SfUI C O OI d Own O.I: ICM The 1¢' 2K cooldown. The A-point transition (above), the bath temperature at 2K (below).
& ACM to 4K B
= Sub-Atmospheric Pumping ;! oty fongs emparairs
and 2K operation of both : | e et surend tmperature 14
CMs g0 = == —

Time [hr]

July 01, 2015 CEC-ICMC2015, Tucson, AZ 25
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ACMuno First Cold test results

4K static load with

syphon

2K static load >7 6.5
77K static load 100 TBD
2K production efficiency 82% >90%

v Cryo-engineering looks good — static
loads as expected — cooldown
straightforward

70 4 2K production efficiency(%) |
60 4 ——Min. JT temperature(K)
—_—total 2K mass flow rate{gm/s) | | 1.5

v Initial RF tests — CW performance limited
to 7MV/m and pulsed performance to
10MV/m by multipacting in couplers — no | | | | | |
field emission to 10MV/m oo e e o B

heater power, W

temperature, K
Mass flow rate, gm/s

2K production efficiency, %
o
o

July 01, 2015 CEC-ICMC2015, Tucson, AZ 26
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Sept E-log Highlight: SRF success

16 : .
O —— Power [CW ACM ARIELZ) Y= 029 i
= 10: ACM RF test at 2K — it all works Sl //:'
) < 8 1
= 16: ICM is back in e-hall on beamline % &« / !
| ik Specification
= 22:|ICM & ACM both at 2 Kelvin 2 wl'
0 0 | : v
= 23: ICM demonstrates 12 MV/m - : : = (M\Bﬂm) 2~
= 24: ACM demonstrates 10 MV/m Ea (MV/m) v

= 26: Two cold cavities locked at 1.3005GHz

= Ready for electron beam!

I July 01, 2015 CEC-ICMC2015, Tucson, AZ 27
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Sept. 22 -0ct. 1

 An amazing week of key milestones

and late nights
o« Sept22-ICM and ACM cooled to 4K

o Sept. 23 - ICM/ACM to 2K - ICM to
12MV/m CW

o Sept. 24 - ACM to 10MV/m CW

o Sept. 25— 2" LLRF system
commissioned

o Sept. 26 — two RF systems on-line

o Sept. 29 — 20MeV acceleration

e Oct. 1- 23 MeV acceleration y 2 8 g ' va/25/2018

July 01, 2015 CEC-ICMC2015, Tucson, AZ 28
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Sept E-log Highlight: 10 MeV Injector

= 20-23:28: 10.6 MeV beam on MBD:VS2

= 29-23: 46 10 6 MeV beam on MBT VSG
\u '

t\%%

July 01, 2015 CEC-ICMC2015, Tucson, AZ
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Sept E-log Highlight: 10 MeV Accelerator*

* Single cavity
= 30-00:06: 10.6 MeV on EABT:VS1 \
30-01:35: 20 MeV beam on EABD:VS

T -

October 1st;
22.9 MeV @ ABD

July 01, 2015 CEC-ICMC2015, Tucson, AZ
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Overall Commissioning Timeline

N July 28 Sept 12
| 5.5MeV | ICM moved to ACM @ 7 >ept 24
i beam @ | | ISAC for cavity MV/m c.w. A (@) 210
~| MBD refurbishment @ 2K MV/m c.w.
A
May 01 June 26 August 29 Sept 16 | Sept 23
ICM @ 5.5 ACMUno in e-hall ICM in ICM @ 12
MV/m on beamline e-hallon | MV/m c.w.
Limited by e e 4 1 ! beamline | Limited by
field emission | ' coupler
. | Sept 30
&8 | 20 MeV
W beam @
il | ABD

July 01, 2015 CEC-ICMC2015, Tucson, AZ 31
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E-linac Cryogenic System Summary

* Project accomplished both on budget and on schedule

 E-linac cryogenic system capable to support 1.3 GHz
superconducting linac operation at 2K

e Air Liquid cryoplant of ~800W provides LHe at 4.5K

» 2K Is achieved by onboard 4K/2K conversion and sub-
atmospheric pumping (31.2 mTorr)

* Main challenge for 24/7 beam production is potential
Impurities due to leaks into S/A part of the system; solution:
» Hermetically sealed S/A pumps with canned motors
* Online purity multipoint monitoring
» Full S/A He gas flow (up to 15 g/s) rated purifier

 Enhanced gas management and oil removal systems of the ALAT cryoplant

July 01, 2015 CEC-ICMC2015, Tucson, AZ 58
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On a Larger Scale

*Mission mpessible accomplished:
*All CFl-funded equipment installed

*Injector & Accelerator cavities establish 210MV/m
=23 MeV Electron beam - 25 MeV in reach
*Future Activities
=Complete tuning dump installation
*Send e-beam to HDT/D
»Raise beam power to 10 kW c.w., 100kW pulsed
*ACM duo, raise energy to 30 MeV
*Tunnel beamline build out FY15/16

July 01, 2015 CEC-ICMC2015, Tucson, AZ 34
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People who made it happening:

N
<
-
o
7]
)
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—
o
N
O
>
©
O
L
O
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Canada’s national laboratory for particle and nuclear physics
oratoire national canadien pour la recherche en physique nucléaire
et en physique des particules

TRIUMF: Alberta | British Columbia |
Calgary | Carleton | Guelph | Manitoba |
McMaster | Montréal | Northern British

Columbia | Queen’s | Regina | Saint Mary’s
Simon Fraser | Toronto | Victoria | York

Thank you!

Bhiygl COLUMBIA
‘The Best n E

Canada Foundation for Innovation
Fondation canadienne pour l'innovation

Merci!

Western Economic Diversification de I'économie
Diversification Canada  de I'Ouest Canada

Natural Resources Ressources naturelles
Canada Canada

Ad |

INF

.
Centre for Probe Developmen
and Commerdalization
..
] graphy

Owned and operated as a joint venture by a consortium of Canadian universities via a contribution through the National Research Council Canada

Propriété d’'un consortium d’'universités canadiennes, géré en co-entreprise a partir d'une contribution administrée par le Conseil national de recherches Canada
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4K/2K Cryogenics unit test configuration

eTest 1 | 0L
*Measured static load of 4K (2W) and l TSlqu Hoat 4]
2K (0.5W) reservoirs ko o P el
. . . 4K -t
*Measured efficiency of 2K conversion - ] reservoir
of 66% at 0.5 g/s mass flow s 3
. . . .. - |
Measured 4K siphon circuit efficiency ' "‘T’ =1 ]
— extra heat load caused by - d | Cooldown
. . . Val
convection in 4K reservoir ~15-20W =
. - . : o
Test 2 — after modifying siphon circuit - e e
siphon loop now well behaved with TS6 ——
. ntercept |
static load of 1.6W loads
- | 35
4 - =¢==After modification
gﬁ ﬁn < T ={li—Before modification
| ! Add siphon E 25
TJ exhaust guide tube <
. ~__Brand teflon funnelin =~ 8
= > 4K reservoir - o "
| e reduces convective g 10
A l'_"’; load —————ouy 17 S
P e | ¢
m"‘ S | | | , , ,
. 0 2 4 6 8 10 12

CEC-Heaterspower (Siphon) (W)
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Cleanliness Next to Godliness

:_ SA Pumps

= Reliable operation of Cryosystem depends on low level S

of impurities in process gas (He). Typically ~1-3ppm.
= Sub-atmospheric line is the main source of impurities

el

ospheric stream purification (ongoing) \

o — .

=~ From

Ms | SA Pumps : Helium
~1.3 g/s ea. -,Compressor Purifier
x4

To/From
_———— Main He
Compressor

Permanent Solution

= Purifier is on track: equipment installed, He
® piping, and LN2 lines are connected.

B = Commissioning is scheduled for mid-October
upon controls completion

July 01, 2015 CEC-ICMC2015, Tucson, AZ
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Some Creatlve catchlng up

|

| -+ I ;
b
el
]

KICKSTART TECHNOLOGIES LTD.
POINTCLOUD TO REVIT MODEL

July 01, 2015 Plan and Sections Sample Drawing )
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Progress in SRF Systems

* Progress in the past 2 years e # :
: '4;..:4 e |

3 ;=:
« Cryogenics acceptance tests . .qm‘ !“ -

complete

e Two Kklystrons and HV January 2014
supplies installed and |
commissioned

e |CM and ACM assembled,
Installed and commissioned

 First beam acceleration
demonstrated

Sept. 2014

July 01, 2015 CEC-ICMC2015, Tucson, AZ 40
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SRF Summary

v' The ICM1 and ACMuno cold
tests have demonstrated that
the cryo-engineering is robust
and matches specifications

v ICM1 and ACMuno cavities
meet specifications

 Plan to operate each cavity at
13MV/m for 25MeV beam tests
through to the end of 2015

July 01, 2015 CEC-ICMC2015, Tucson, AZ 41
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