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Coupled Cyclotron Facility
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2 coupled cyclotrons

primary beams: oxygen to uranium
K500: 8 - 12 MeV/u, 2-8 euA

K1200: 100 - 160 MeV/u, up to 2 kW

A1900 fragment separator
to produce rare isotope beams
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NSCL Primary Beam List

Particle Energy Intensity

A [MeV/u] [pnA]

° 160 150 125
180 120 125

. 22Ne 120 80

] - ] ; 24Mg 170 30

S 40 limir | 36Ar 150 50
£ T 40Ar 140 50
= ol 40Ca 140 22
S !'I 48Ca 140 80
e 58N 160 20
o 20 64N; 140 7
76Ge 130 20

78Ky 140 25

86Kr 140 20

967r 120 1.5

| | . 2sn 120 3

40 60 80 118gn 120 1.5

Neutron Number 124gn 120 1.5

124y¢ 140 10

136xe 120 2

Primary beam list as offered for experiments (January 2010) 209B;j 80 1

(some available beam energies not shown) 238y 85 0.2
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Primary Beam Statistics

SC

CCF delivers a different CCF Primary Beam Isotope Statistics
primary beam every

5 to 7 days, typically 30 beam Xe-136 [5.9%] Ar-36 [5.4%]

changes per year. Ge-76 [6.3%)] 0-16 [5.3%)]

The development of Ni-58 [5.3%]
new primary beams
(isotope and energy)
is driven by user

demand.

Kr-86 [7.4%)]

Ca-40 [5.2%)]

Kr-78 [10.2%)] Xe-124 [4.9%)]

0-18 [3.4%]
Sn-112 [2.9%)]
Zr-96 [1.5%]

Sn-124 [1.4%)]

Mg-24 [1.3%)]
Pb-208 [1.1%)]

U-238 [1.1%)]
Ne-22 [0.9%)]
average fraction of Bi-209 [0.8%]
operating hours Ni-64 [0.4%]

2003 - 2008 Ca-48 [16.8%] Sn-118 [0.2%]

Ar-40 [12.3%]
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Rare Isotopes produced at NSCL

more than 1000 RIBs have been produced (2001-2010)
more than 830 have been used in experiments

60 B [
104,105 = ——1347¢
98,113-122,126-127,131-133| __ £ 8 === = = = ] 100,102-104,106,108,110,112
108-117,121-128q LM u 96,110-119,125-1303q
104-112,116-122R 106-115,118-125pq
99-115T¢ 100-118R,
h 83-84,93-111 84-85,96-112)\10
o 40 87-106y = 80-81,91-1087,
QO 84-98Rp 86-103gy
S 70-72,79-86,88-94R S 72,81-9;
) 65-68,75-80,85-88 A g 64-70,76-84,86-91G 5
zZ 63,64,71-75,78,825q 60-66,72-78,82(3 0
57-58,62,71,73,75-80C ——60,62-63,72,74,76,78-81 7,
c 52-750¢ -l = 54-64,67-78(j
ie 48-70Mn s 4550-70F¢
e 44-66\/ = 43,46-68(r
41-61 43-63T;
o 20 T ——— - R 36-58as ||
>90K Ca Observed
32-50C) T ey
57.45 28,30-48G Experiments at CCF
23-43 24,26-44G;
20.35,37,\]2{4rl 20,22-38,40MgS| Produced at CCF
17-27,29.31F __L —18-32,34\g (observed previously)
12-23\ 13-24 Primary Beams
8,10-15,17,195 _
7-9,11 —=-7,10-12,14B¢ status January 2010
O 1-34 — —+4,6,8He
7t | | ' ' >

Neutron Number

stolz@nscl.msu.edu



Overview of the Fragment Separation Technique

Example: 86Kr — 78N
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NSCL's Facility Plan

Rare isotope beams can be delivered to

several experiment end stations Gamma- Silicon
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phere \
Many of the experimental devices are GRETINA \
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CCF Operations Statistics

e S e L L I e e I LI B
I Beam Ready || Primary Beam D&T | _|Scheduled Off
| | [ Secondary Beam D&T [ Unscheduled Off:

2500

2000 o — .

1500

hours / quarter year

1000

500

0 |
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Year

NSCL ist currently funded for 4200 operations hours per year
Coupled Cyclotron Facility (CCF) operates 24/7 during beam delivery periods



Operations Schedule

2008/2009
December

November

October |

Experiment schedule is finalized
3 months in advance

Experiments are typically 5-7 days long,
1 primary beam from cyclotrons
1-3 different rare isotopes

March

January | February

Shorter quarterly shutdowns for
preventative maintenance

Longer shutdowns for upgrade or
larger repairs

(e.g., summer 2009: installation of new
superconducting ion source)

June

April May

July August September

[7] Maintenance Shutdown

stolz@nscl.msu.edu
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)] Organizational Structure

SC
Operations
lon Source Group (5 FTE) ion source support,
f ™ 0 weekdays 08:00-17:00 on-site,
P call-in support at other times
Operations Engineers Group (8 FTE)
N o0 - cyclotron operations
LSk A i <’ (+ maintaining ion source tune),
Maintenance Engineers Group (4 FTE)  24/7 on rotating shift _ _
o ~ weekdays 08:00-17:00 during maintenance
LT
Beam Physicist Group (3 FTE) beam delivery support, weekdays 08:00-
- 17:00 on-site,17:00-24:00 and weekend
A ‘ on-demand, call-in support at other times
?evFIopment Group (5 FTE) weekdays 08:00-17:00 on-site, on-demand
ﬁﬂﬂ and call-in support at other times
Electronics day time on-site technical support,
Facilities call-in support at other times
Computer for RF systems, power supplys,

_ _ cryogenics, vacuum systems,
Mechanical Design control system, computer,
Fabrication&Assembly mechanical repair, ...



Cyclotron Operator Group

Cyclotron Operator Responsibilities:

Tuning of two cyclotrons and beam lines from ion source to production target,
maintaining ion source tune, monitoring of all production systems,

“first responder” for alarms, operator will call-in technical support if needed,
first contact for experimenter support during off-hours

Primary beam development takes 8-10 hours (12 hours scheduled: 16:00 - 08:00)

Operator Shift Schedule

C

Monday | Tuesday |Wednesday| Thursday Friday | Saturday| Sunday | hours
8 8 8 8 8 12 12 64
8 8 16
8 8 12 12 40

3

week 1

(00] [00)

week 2

MO OW>MOOW® >

8 8

Cyclotron Operator is only group on rotating shift schedule

2 operators per shift crew, 1 OIC = “operator in charge”

three 8-hour shifts during weekdays (shift change at 07:00, 15:00, 23:00)
two 12-hour shifts during weekend (shift change at 11:00 and 23:00)
crew rotates only through 2 out of 3 shifts



Beam Physicist Group

rate in pps
100 B '6

Rare Isotope Production and Delivery: 10° -10:4 45—

Task is similar to Ph.D.-level nuclear physics experiment l

60

Difficulty is correlated with production rate,

which can vary over more than ten orders of magnitude:
many million particles per second to

a few particles per week

S TAHARRR | Z=50

Proton Number

40 -

20 -

Development time: 2 - 24 hours
Delivery time: 3 hours to experiment after development

20 40 60 80 100 120
Neutron Number

1 group leader and 4 beam physicist (50% beam delivery, 50% research)
Beam delivery scheduled during daytime, weekend support with prior arrangement

Beam physicist group also supports initial tuning of experimental devices

stolz@nscl.msu.edu



Control Room Layout
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Facility Logbook

| Home | Hour Log | Account Options [ C [ User | Data-U Displa |
| 911 Log | Plasma Sereen | Short-lerm schedule [ Dashboard [ Logout |
| Activity Log [ Reports | View Notes | Edit Actvity | Edit Beams [ Beamcurention |
Hour Log -

| Edit Ranue [ | C | Shift Chanae | Messaseto [ Feedback |

Repottar: | Stolz, Andreas (AS) - New Activity 0IC: Thomas Beal

K500 Beam: [Mene =l K1200 Beam: [None =] A1900 Beam: Mass nurmber o Element [Nane =l

Hormal mode RT sC njs K5 N-Line K12 A19 Exp | Baual | Time: |[17:35 HH:MM | Date: ||2nm 0401 PEY-MM-DD

status | [ore =] | [orr =] |[orF = |[oF = [ [orr = | [orF =1 | [orF =] |Jore =] | [oFF = ,ENGI

Docs| _AddTh | Addime |

CLR RF YAC DAQ PS CTL UTL CRY SAF OTH DET MAG ECR MOT DFL wonE | SOURCE | vauLt [ summary | Experiment |
Lo
FAL CoU = | ART = | Ks = | SOF = | 00301 » | 9
Activity Log: Wed 31 Mar 2010 17:39 through Thu 1 Apr 2010 17:39 [ howevery 16 minutes Lotk Times — Previous 24 hours  Mest 24 hours —  Entry reference
BREAKDOWNS (FAL) | Source|vault] summary| | RT | sc | 5 | im12 | k5 | nNine | K12 [ A9 | Em Bqual
1 5:00-KBG ART K& SOF  Status OFF  OFF  OFF OFF OFF OFF OFF OFF OFF )
1 #p1 10-00301 _Notes: K500 RF coupler #4 removed cleaned and reinstalled in the A line. Activity INA INA INA INA INA INA INA INA INA
119-KBG ART K&  GSOF  sStatus OFF OFF OFF OFF OFF OFF OFF OFF OFF 8
1 Api 10-00801 _ Notes: KS0O RF coupler #1 removed cleaned and reinstalled in the B line. Actiity INAINA INA INA N4 INA INA INA INA
I ART K&  SOF  Status OFF  OFF  OFF OFF OFF OFF OFF OFF OFF
e MNotes: Explosive gas alarm in N1 tripped by Dave Poe who is cleaning a 0
o t0-om0r 1OPS BP0 Actiity INA INA INA INA INA INA INA INA, INA,
531 KA ART K& SOF  Status OFF OFF OFF OFF OFF OFF OFF OFF OFF
ot Motes: Water tape alarm for ART B. Workis being condusted on source and 0
1 Apr 10-00201 some water dripped onto the tape. Activity INA INA INA INA INA INA INA INA INA
K500 Beam: None K1200 Bearn: None A1900 Bearn: None Experiment; 00301 —Maintenance Shutdown Mode: COU - R -
ART K& SOF  Status OFF  OFF | OFF OFF OFF OFF OFF OFF OFF
Hotes: DPPS called the console fo report a farced open to a perimeter door. |
7:53-KEG informed the cadet that DPPS Is to investigate perimeter door alarms and

[ 2pr 1000301
Operators ate onlyts Ivestiate (nside daors This Is the second ims this week " A A " " A " A A

. . . .
I have had to instruct them about this requirement. Also, during normal business
s on weekiars, DFFE 1.5 call 6saning Traning o DPPE 1 arder, IN Data=-u areas. invite corrections
Docs: TRE321 (SafetyProcedure; ,
i
Monda
02020-Stuchbery, A. \f

Starting date: Thu 1 Apr 2010

— Previous 24 hows | = Previous 13 Howrs | —Previous 8Hours | Nextdd hours— 25-0ct-2004 10:37
New starttime: [2010.05.31 17:3 New endtime: [2010.0401 17:39 _Update | Spokesperson Safety Representative Backup Spokesperson Experimenter in Charge
® Please enter the above values as YYYY-h-DD HH:MM. For example 2010-04-01 1738 stuchberv’ A- Andrew Davies Andrew Davies Paul Davidson
ﬁ Source Operator Beam Device Cryogenics
- Physicist L. Gene Physicist Physicist Engineer
: H H Dallas i Mauricio (SeGA) Allyn
Facility status is captured in Hourlog d Cole Battin Portills Wilhelm McCartney
on call on call Mueller on call
database by operator
K500 Ki200 Vault Attenuator
40p 7+ 40p 18+ N3 Actual 3
12.34 MeV/nucleon 140 MeV/nucleon Minimum 1
. . . Time Status Beam Quality
A" Operatlons data, |nCIUd|ng 10:30  Experiment running Primary beam satisfactory
10:15 Experiment running Primary beam satisfactory

experiment Statlstlcs, bl‘eakdown 10:00 Experiment running Prfmary beam satfsfactory
statistics and availability can be S Rt A e e
extracted from Hourlog database

stolz@nscl.msu.edu



Facility Availability

High availability is essential to maintain experiment schedule - I
(defined 3 months in advance) 1.0 ——— FCF| F-a?“-lty A‘fal-la|bl-lty —

Availability is product of all system availabilties

Availability A relates to Mean Time Between Failures (MTBF)
and Mean Down Time (MDT):

A = MTBF / (MTBF + MDT)

Increase MTBF and decrease MDT

Availability

Mean Down Time MDT is sum of many components:
Recognize a problem exists, diagnose problem, repair strategy,
get parts, install, test, check quality, recover operations

MDT can be decreased by reducing time for each step

Mean Time Between Failures MTBF depends on quality
Design, parts, work, procedures
Quality engineering and quality officer, project teams

2001 2003 2005 2007 2009
Year

Track failures by system, root cause analysis, preventive action,
value engineering

stolz@nscl.msu.edu



Availability on Hallway Displays

Staff members are informed on-line about availability in 10 Hallway Displays

Thursday, 1 Apr 2010 10:44

how 6 hours ago

12 hours ago

18 hours ago

24 hours ago

Current Experiment

02020-Stuchbery, A.

K500 K1200 Vault
40Ar’* 12.34 MeV/nucleon  “°Ar'®* 140 MeV/nucleon N3 Experiment running
1 day 7 days 30 days 180 days

Availability 86.5 % 91.0% 80.2 o, 83.7 o
Scheduled Off 0.0 hrs 0.0 % 1 hrs 1%, 125hrs 17 % 1,276 hrs 30%
Unscheduled Off 3.3 13.7 % 15 9% 118 16 % 496 11 %
Development 0.8 3.3% 15 9 %% 167 23 % 875 20 %o
Experiment 20.0 83.3 % 137 82 % 301 42 % 1,633 38 9%

Utility Shutdowns

Tour (Today 17:45-18:45 )

Access Restrictions

K500 vault, K1200 vault, Transfer Hall, N3 vault secured




Quality Management System

NSCL introduced Quality Management System to achieve and maintain high availability
(third-party certification to ISO 9001 in 2008)

Every system or process failure triggers “Trouble Report”
Root cause analysis, corrective and preventive action

Labwide Preventive Maintenance Database
Scheduled Maintenance with Reminder Emails
Maintenance Records to document maintenance history

Continual

Experimenter Feedback Survey to analyze “Customer Satisfaction” Improvement

Experimenter feedback helps to improve beam delivery

Employee Training
Online Training modules can be taken any time,
training database to document successful training

similar management systems for Integrated Safety (OHSAS 18001certification ) and
Environmental Management (ISO 14001 certification)

stolz@nscl.msu.edu
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Future Challenge

Operations| support

system group FTEs ratio Total FTEs
ion source ion source group 1.5 2 3
cyclotrons operator group 10 1.5 15
A1900 :

+HE beam line beam delivery group 1.5 2 3
gas stopping | beam delivery group 1 2 2
60keV beam

transport + beam delivery group

analysis

EBIT

+ Q/A ion source group 1 2 2
separator

LEBT

RFQ LINAC group 5 1.5 7.5
SRF linac LINAC group

beam line

to experiment
diagnostics

beam delivergroup

LINAC group

0.5

CCF

13

CCF+ReA3

20.5

Expansion:
Stopped and reaccelerated beams

cryogenic linear gas stopper

cyclotron gas stopper

EBIT charge breeder
superconducting RF linear accelerator
(0.3-3.2 MeV/u, 12 MeV/u upgrade)
new experiment halls

B increase in Operations staff by 60%

stolz@nscl.msu.edu



