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CEBAF Overview
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12 GeV Project
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CcD-0 Mar-2004
Based on the information presented above and at this review, Critical Decision 4, Approve
Project Completion, is approved.
CD-1 Feb-2006
TNV 111y
CD-2 Nov-2007 Dr. J. Stephen Binkley Date
Deputy Director for Science Programs
CD'3 Sep-2008 Office of Science
CD-4A Jul-2014
12 GeV CEBAF Upgrade CD-4B (CD-4) ESAAB Approval Page 8
CD-4B Sep-2017

Project Completion Approved September 27, 2017!
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12 GeV Project Completion

 Celebration of project completion!

« Keynote address - Honorable Paul M. Dabbar,
Department of Energy - Under Secretary for
Science

 Live YouTube stream of event happening now!
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12 GeV CEBAF Upgrade

Je el on Lab

Dedication Event

May 2, 2018
AGENDA

Amive aft 12:25p.m

12:30 p.m.

1pm.

2:15 p.m.

Light Lunch for Tour Participants (30 min) L 102

Tour of Jefferson Lab (75 min)
Machine Control Center

Tour of Experimental Hall B
Tour of Experimental Hall D
Open Press

Project Team and Honered Guest Photo Op (15 min) CEBAF Afrium

2:30 p.m.

12 GeV Dedication (60 min) Auditorium h
Honored Guests

Jefferson Lab Leadership, staff and scientific Users

Streamed live online via YouTube

Open Press y

3:30 p.m.

3:30 p.m.

4 p.m.

5 p.m.

Press Availability (30 min) L102
Note: Formal program continues in auditorium for all other quests/stafffUsers
with a slide show and presentations from project leaders until the 4 p.m. reception.

Physics Project Leader Presentations (30 min) Auditorium
Iniro by MC, H. Montgomery (2 min)

Hall A& C Highlights, C. Keppel (8 min)

Hall D Highlights, E. Chudakov (8 min)

Hail B Highlights, L. Elouadrhiri (8 min)

Reception (60 min) Afrium
Light Refreshments

THOMA'S JEFFERSON NATIONAL ACCELERATOR FACILITY
12000 606

End

vy
JefferSon Lab



Commissioning Timeline

13-year $338M project started in 2004 (CD-0).

Project development phase 2004-2008 to gain
approval of the Conceptual (CD1), Preliminary
(CD-2) and Final (CD-3) designs.

Start of Construction in 2008.

6 GeV Nuclear Physics program runs in parallel
until May 2012.

12 GeV Commissioning starts in 2013.

Over next four years the Key Performance
Parameters for Accelerator/Hall A/Hall D (2014),
Hall B/C (2017) were demonstrated.

Simultaneous 4-Hall and full power operations
achieved during the spring 2018 run period.

IPAC’18 Vancouver, BC 6

Milestone

CD-0 Mission Need

CD-1 Alt. Selection and Cost Range
CD-2 Approve Performance Baseline
CD-3 Start of Construction

End of 6 GeV CEBAF Operations
Start of 12 GeV Commissioning
Accelerator/Hall A KPP Achieved
CD-4A Start of Initial Operations
Hall D KPP Achieved

Hall B KPP Achieved

Hall C KPP Achieved

CD-4B Full Ops-Project Complete
Four Hall Operations

Full Power Operations

Date

March 2004
May 2004
Nov. 2007
Sep. 2008
May 2012
Dec. 2013
May 2014
July 2014
Dec. 2014
Feb. 2017
March 2017
Sep. 2017
Jan. 2018
April 2018



Physics Program in the 12 GeV Era

Fall 2014 — Spring 2015: 5 GeV & 10 GeV
— HallADVCS
— Hall B HPS
— Hall D/GlueX Commissioning

+ Spring 2016: 12 GeV

— Hall ADVCS, Form Factors
— Hall B HPS
— Hall D/GlueX Commissioning

» Spring 2017: 11.65 GeV

— HallADVCS, GMP

— Hall B HPS, PRAD

— Hall B CLAS12 Project KPP
— Hall C SHMS Project KPP
— Hall D/GlueX Physics

Fall 2017: 11.65 GeV
— Hall A Short Range Correlations (tritium)
— Hall B Engineering Run
— Hall C Commissioning
— Hall D/GlueX Physics

* Spring 2018: 11.65 GeV

— Hall A Marathon

— Hall B Engineering Run, Run Group A

— Hall C Commissioning, Color Transparency, S2
— Hall D D/GlueX Physics

IPAC’18 Vancouver, BC

Topic Hall A|Hall B |Hall C |Hall D|Other| Total
Hadron spectra as probes of QCD 0 3 1 3 0 7
Transverse structure of the hadrons 2 4 3 1 0 13
Longitudinal structure of the hadrons 2 3 6 0 0 1
3D structure of the hadrons 2 9 7 0 0 21
Hadrons and cold nuclear matter 7 3 7 0 1 18
Low-energy tests of the Standard Model 3 1 0 1 1 6
Total 2 | 23 | 24 5 2 76
Total Experiments Completed 25 | 11 0 |04 )] O 4.0
Total Experiments Remaining 195|219 | 24 | 46 2 72.0
The 12 GeV Nuclear Physics Program is underway!
—
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Beam Tuning Success

— Model vs. Machine convergence met initial and out-year specifications very early
in the Commissioning Program

— Beam envelope matching application for collecting quad scan data and computing
twiss functions at the entrance of each ARC back-propagated to matching section

— AutoQuad application for beam-based determination of quadrupole centers

— AutoSteer application to minimize orbit errors in arcs and across multi-pass linacs
— Automated Dispersion Correction application ready to be released

Please visit Dennis Turner’s poster Thursday afternoon: THPML094 - New Methods for

Geometrical Emittance [m-rad]

Dispersion Measurement and Correction for 12GeV CEBAF
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Simultaneous Four-Hall Capability: 15t —

4t Pass Horizontal Separation

Hall Lasers
Hall A: 500 MHz

Accelerator
Frequency
1500 MHz

IPAC’18 Vancouver, BC

Beam —p
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Simultaneous Four-Hall Capability: 15t — 4th Pass Horizontal Separation

Hall Lasers
Hall A: 500 MHz

Hall B: 500 MHz

Accelerator
Frequency
1500 MHz

IPAC’18 Vancouver, BC 9 Jefferson Lab



Simultaneous Four-Hall Capability: 15t — 4th Pass Horizontal Separation

Hall Lasers
Hall A: 500 MHz

ARRARRARAARAARRARAAR

Accelerator

Beam —p

Frequency
1500 MHz
IPAC’18 Vancouver, BC 9 Jeff;gon Lab



Simultaneous Four-Hall Capability: 15t — 4th Pass Horizontal Separation

Hall Lasers Beam to Halls

Hall A: 500 MHz
Hall B: 500 MHz
Hall C: 500 MHz
A gBgCuAgbgCuAgsgCyAgBgCyAgbgCyAgsgCyAgs;

Accelerator

Beam —p

Frequency
1500 MHz
Recirculated
Beams
IPAC’18 Vancouver, BC 9 Jeff;gon Lab



Simultaneous Four-Hall Capability: 15t — 4th Pass Horizontal Separation

Turn on RF separator

Hall Lasers Beam to Halls

Hall A: 500 MHz
Hall B: 500 MHz
Hall C: 500 MHz

(A gBgCyAgtgCpAgigCuAgBaCyAgbgClAgsgCyAgs)

Accelerator

Frequency
1500 MHz
T ] Recirculated
Separator frequency is 1/3 of the————p RF Separator Cavity Beams
fundamental frequency 500 MHz
IPAC’18 Vancouver, BC 9 Jeff/egon Lab



Simultaneous Four-Hall Capability: 15t — 4th Pass Horizontal Separation

Hall Lasers Beam to Halls
Hall A: 500 MHz
Hall B: 500 MHz B |
Hall C: 500 MHz B

LA g B BB'\ o

Accelerator

Frequency C n
1500 MHz | C |
T ] Recirculated
Separator frequency is 1/3 of the————» RF Separator Cavity Beams
fundamental frequency 500 MHz
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Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Beam to Halls

Beam —p

(A gBgCyAgB CuAgBgCyAgBagCyAgB CQAgEgCyAgsB,

Accelerator

Frequency
1500 MHz
T | Hall D
o : - . Beam
parator frequency is 1/2 of the—p 5! Pass RF Separator Cavity
fundamental frequency 750 MHz
e 2
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Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Existing
Frequency
|
v Beam to Halls
500 MHz
Beam —p
Accelerator
Frequency
1500 MHz
T ] Hall D
i th : Beam
Separator frequency is 1/2 of the—p 5! Pass RF Separator Cavity
fundamental frequency 750 MHz
e 2

IPAC’18 Vancouver, BC 10 JefferSon Lab



Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Existing New
Frequency Frequency
' 4
v
500 MHz 750 MHz
Beam —p
Accelerator
Frequency
1 SOOTM Hz
Separator frequency is 1/2 of the—p 5t Pass RF Separator Cavity
fundamental frequency 750 MHz
IPAC’18 Vancouver, BC 10

Beam to Halls

Hall D
Beam
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Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Turn on RF separator

Beam to Halls

Beam —p

(A gBgCyAgB CuAgBgCyAgBagCyAgB CQAgEgCyAgsB,

Accelerator

Frequency
1500 MHz
T | Hall D
o : - . Beam
parator frequency is 1/2 of the—p 5! Pass RF Separator Cavity
fundamental frequency 750 MHz
e 2
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Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Beam to Halls
C |
Beam —p B n
(A g B gCgAg-B,; C | T

Accelerator J

Frequency B

1500 MHz

T | Hall D

Separator frequency is 1/2 of the—p 5t Pass RF Separator Cavity Beam
fundamental frequency 750 MHz
Every other “bucket” goes to
Hall D
IPAC'18 Vancouver, BC 10 Jef@gon Lab



Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Beam to Halls
Accelerator C |
Frequency n
1500 MHz B
oOoo0oa .
Hall Lasers —}

Hall A: 250 MHz f D

Hall B: 250 MHz

Hall C: 250 MHz Hall D

(existing hall lasers run at

500 MHz) 5th Pass RF Separator Cavity \ Beam

750 MHz Empty Buckets — Cutting the laser pulse rate for
each hall in half (from 500 MHz to 250 MHz) leaves
“empty buckets”, which are directed to Hall D

e 2

IPAC’18 Vancouver, BC 10 JefferSon Lab



Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Accelerator
Frequency
1500 MHz

A gy © 33y 6 |

Hall Lasers
Hall A: 250 MHz
Hall B: 250 MHz
Hall C: 250 MHz
Hall D: 250 MHz

(existing hall lasers run at
500 MHz)

A/BIC separator is located ’
downstream

Beam to Halls
C |
A |
5 B |
= _J
)
Hall D

5t Pass RF Separator Cavity Beam

750 MHz
Four-Hall Operation!

New Hall D laser fills empty buckets (D+3)

IPAC’18 Vancouver, BC

at 250 MHz

10 Jefferson Lab



Simultaneous Four-Hall Capability: 5" Pass Horizontal Separation

Accelerator
Frequency
1500 MHz

A sy C SPYy 6 |

Hall Lasers
Hall A: 250 MHz
Hall B: 250 MHz
Hall C: 250 MHz
Hall D: 250 MHz

(existing hall lasers run at
500 MHz)

A/BIC separator is located ’
downstream

Beam to Halls
C |
A |
5 B |
= JJ
(]
Hall D

5t Pass RF Separator Cavity Beam

750 MHz
Four-Hall Operation!

New Hall D laser fills empty buckets (D+3)

IPAC’18 Vancouver, BC

at 250 MHz

10 Jefferson Lab



Simultaneous Four-Hall Capability: 5" Pass Vertical Separation

To Halls A,B,C
Beam —p n
(B g AmCEBgA; A s B

Accelerator J

Frequency

1500 MHz C

RF Separator Cavity
500 MHz
IPAC’18 Vancouver, BC 11 Jef@gon Lab



Simultaneous Four-Hall Capability: 750 MHz Separator System

» 750 MHz Separation system declared fully operational in Spring 2018 run

» Challenges along the way:

— Managing resonance control with 750 MHz structures as compared to original
500 MHz CEBAF Separator cavities

— Managing RF losses in transmission system (high power phase shifters, long
cable runs, circulators, ...)

— Optimizing installation for maximum overhead

750 MHz Cavity Deflection vs. Power

——Cavity 1 Model ‘
7 + Cavity 1 Measured T

I
[
[
~——Cavity 2 Model ‘
6 4 Cavity 2 Measured {
——Cavity 3 Model
5 + Cavity 3 Measured
——Cavity 4 Model

# Cavity 4 Measured

Position at IPMAEO1 (mm)

0 500 1000 1500 2000 2500 3000

Power (W)
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Simultaneous Four-Hall Capability: 750 MHz Separator System

» 750 MHz Separation system declared fully operational in Spring 2018 run

» Challenges along the way:

— Managing resonance control with 750 MHz structures as compared to original
500 MHz CEBAF Separator cavities

— Managing RF losses in transmission system (high power phase shifters, long
cable runs, circulators, ...)

— Optimizing installation for maximum overhead

750 MHz Cavity Deflection vs. Power

——Cavity 1 Model

7 # Cavity 1 Measured
———Cavity 2 Model

6 4 Cavity 2 Measured

——Cavity 3 Model

5 + Cavity 3 Measured

———Cavity 4 Model

+ Cavity 4 Measured /

Position at IPMAEO1 (mm)

0 500 1000 1500 2000 2500 3000

Power (W)
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Simultaneous Four-Hall Capability

« 51 Pass Horizontal Extraction at 750 MHz with three beams left and one beam right
« 5 Pass Vertical Extraction at 500 MHz showing A, B, C beams

499 MHz vertical separators

.‘-;' "\

A®

/ \

LAMBERTSON

Viewer at Entrance of Beam Switchyard

Viewer at Entrance of Extraction etm
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4-Hall and Full Power Operations

» Routine 4-Hall Operations throughout the Spring 2018 Run

» Stable Full Power Operation demonstrated on April 23

{

Injector
J 65 pHA

Eﬁ

Hall A
22 pA

Hall B
150 nA

|
|
| |

|

Hall'C
40 pA

|
Injector

Hall A
O pA

Hall C
5-pass
85 pA

Beam Power 900 kW

njector

Hall C
5-pass
75 pA

Fast Recovery
of Full Power

IPAC’18 Vancouver, BC



Evolution of Recent Availability

Fast Shutdown Trips (FSD) — less than 5 minutes to recover the beam Period Availability
Last 30 Days 73.9%

Last 7 Days 84.6%
C20/C50 and loss faults - average trip recovery time 0.47 minutes/trip Last 3 Days 86.0%

C100 - average trip recovery time 3.30 minutes/trip

Data in table includes lost time from FSD and system failures Last 24 Hours 87.9%

FSD Trip Summary FSD Trip Summary
March 24 - April 30, 2018 April 23 - 30, 2018
400 Trips Mins 400 Trips Mins
u /Hr  /Trip JHr  /Trip
;go/%ay Bl Dump (Insert.) 08 0.3 ;Zo/%ay Bl Dump (Insert.) 04 03
] Dump (Station.) 0.0 06 [ Hall 03 0.5
D ! B i Gun/Laser 00 77 [ ™Ps (BCM/BLA) 02 0.5
3OOAV_‘ 11.5 /Hr (276 /Day II I E Hall 0.7 0.4 300 Il MPs (BLM) 1.7 0.5
[ . || I I I |3 mps(BcM/BLA) 02 0.5 [ MPSs (Multi/Other) 0.3 0.6
a 1 S 10 /Hr @l wmps (BLM) 32 04 2 10 /Hr | [ Magnets 0.0 08
= I i ! 240 /Day [ MPS (Multi/Other) 0.9 0.4 E 240 /Day @ wultiple/Other 00 02
S 200 0 ! | I | Magnets 0.0 10.5 s 65 = [] Unknown/Missing 0.1 1.6
E | I i ii ' Multiple/Other 03 0.4 E Avg 7.5 /Hr (180 /Day) B vacuum 0.0 11.8
g I H I L HH l H _um E E Unknown/Missing 0.2 0.7 5 [ RF(c25/C50) 31 05
z - rylls 5__3 R R /Hr | vacuum 0.0 17.9 z ﬁ Bl RF (C100) 1.4 3.4
- = I 120 /Da‘/l RF (C25/C50) 36 09 N —__Avg RF 4.4 /Hr (106 /Day) fz/g;Day [ RF (Multi/Other) 0.0 23
El RF(C100) 1.6 3.9 100 Total: 7.5 1.0
[ RF (Multi/Other) 0.0 10.6 Rate from Program (168.0 hrs)
[l RF(Separator) 0.0 8.5 + S0 Tps excluded
| Total: 11.5 1.1
Mar Mar Apr Apr Apr Apr Apr Apr Apr Apr Apr Apr = Rate from Program (85685 hrs) 0
26 29 01 04 07 10 13 16 19 22 25 28 © ED s el Apr23 Apr24 Apr25 Apr26 Apr27 Apr28 Apr29
Day Day
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12 GeV Challenges

Spring 2014: Coil and vacuum failure for 3m Septum magnet; 3 week

interruption to replace damaged coil and repair the vacuum chamber.
This failure consumed the existing spare coil.

.ﬂ'
i
IPAC’18 Vancouver, BC 16
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12 GeV Challenges

Spring 2015: Cold compressor failure in 2 K cold-box; No spare at JLab,
consumed the SNS cold compressor spare. Program change required:
Ran at half design energy after 5 week down.

IPAC’18 Vancouver, BC 17 .;e/f,ggon Lab



12 GeV Challenges

Fall 2015: YR coil on 3-pass extraction generated a spontaneous leak.
No 3-pass program for FY16, repaired Summer 2016, consumed a YR
coil spare. Required Hall-A DVCS experiment to rearrange its run
plan.

IPAC’18 Vancouver, BC 18 .;e/f,ggon Lab



12 GeV Challenges

* Fall 2016: Arc7 box supply choke failure, no spare. Program change
required to single hall operation until supply repaired.

-

IPAC’18 Vancouver, BC 19 J)e/fggon Lab



12 GeV Challenges

* Fall 2016: 5th pass separator vacuum leak. Program change required:
could not support 5th pass beam to Hall-A simultaneously with 5.5 pass
beam to Hall-D.

IPAC’18 Vancouver, BC 20 Jefferson Lab



12 GeV Challenges

* Spring 2017: Broken wire on 2 K cold-box connector; Scheduled
program terminated two weeks early.

IPAC’18 Vancouver, BC 21 .ge/fggon Lab



12 GeV Challenges

Spring 2018: 5SMVA CHL Compressor Transformer failed; 2 week
interruption to replace matched transformer pair. Run extended.

IPAC’18 Vancouver, BC 22
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12 GeV Challenges - Central Helium Liquefier

System Years of Operation North Linac
CHL1 1991 — Present PR ESG
CHL2 2013 — Present e = AN
2K Coldbox #1 = 1994 — 2000, 2013 — Present [ | CHe e ey \
2K Coldbox #2 2000 - Present { }
ompressors 4K
CHL1 CHL2 \\ T - /I
46KW@21K 4.8kW@2.1K
250 g/s 250 g/s
5.5 MW 3.8 MW

 High availability throughout 6 GeV era (99%)

* However:
— System failures during 12 GeV commissioning

— Contamination events have caused lost time in
Spring 2014, Spring 2015 beam runs and 2017
Summer Shutdown

IPAC’18 Vancouver, BC 23



12 GeV Challenges - Energy Reach

Total energy gain for each linac set to
1050 MeV/linac in Spring 2017 (3.6%
below nominal 1090 MeV/linac)

C100 cryomodules - operating below
design to minimize field emission

C50 cryomodules - optimized for Q,

C20 cryomodules — original CEBAF
cryomodules optimized for minimal
trip rate

IPAC’18 Vancouver, BC

110

100

Energy Gain (MeV)
R - I )
(=] (=] (=] o (=] (=] (=] (=]

=
(=]

(=]

Operational Peak Energy Gain
©C100 B C50 AC20

Ak
AAAAAAAAAAAAA““
P U U 1

o] 5 10 15 20 25 30
Count in Order of Nominal Energy Gain for Each Cryomodule Type
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12 GeV Challenges - Energy Reach

Linac Energy Reach
2018-01-12 to 2018-04-30

@ 1150
Z
&
2 1100 B Reach
&
m 1050
.E
1000
Jan 16 Jan 24  Feb 01 Feb 08 Feb 15 Feb 22 Mar 01 Mar 08 Mar 16 Mar 24 Apr 01 Apr 08 Apr 16 Apr 23
2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018 2018
LEM Estimated Trip Rates
2018-04-29
15
. 10 trips/hr // / Linac Reach
3 10
Z Il vorth 1081.9
.
P S wrips/hr I south 1085.9
't 5;”/// -Total 1083.5

0
1000 1020 1040 1060 1080 1100 1120 1140 1160 1180
Linac Energy {Me¥)
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12 GeV Challenges — Field Emission

Field emitters in SRF cavities erode operational gradients

Historical loss is ~17 MeV/linac/year (~1.5%)

Detailed particulate capture and analysis on refurbished

cryomodules has been conducted:
—Mostly metallic (Steel, Copper)

—Particulates found on cavities and warm region girders

—Particles as large as 1 mm

Helium processing can improve performance

15.0kV 12.4mm x13.0k SE(U)

IPAC’18 Vancouver, BC
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Helium Processing Results
Change in Field Emission Onset

40 | 314 Processed C:

Average Change 093 WV/m
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g 20 N Chan, 9
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12 GeV Challenges - Running Weeks

* Running weeks limited over the last few years

* Recent budget guidance has us turning a corner on post-construction running weeks
* FY18 run extended from 12-20 weeks

« FY19 guidance is to plan for 26 weeks

« OQut-years goal set at 32 weeks which is our adopted reference plan

45

40

35

w
S

N
a

Running Weeks

[
o

10 -

Accelerator Shutdown

FYO1 FYO2 FYO3 FYO4 FYO5 FYO6 FYO7 FYO8 FY09 FY10 FY11 FY12 FY13 FY14 FY1S5 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29

M Weeks Delivered ®Current i New Guidance HPlan
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Future Plans: CEBAF Performance Plan (CPP)

Each run in the 12 GeV era included an event that
resulted in a change to the program.

Reliability Team convened to perform a gap analysis
of historical systems performance relative to specific
metrics shown in table.

CPP captures a multi-year strategy to:

Establish an energy of 1090 MeV/linac with
sufficient overhead to absorb short-term loss of RF
cavities taken offline for maintenance.

Confront obsolescence issues for the older
systems in CEBAF that have been online for
nearly 30 years.

Minimize downtime due to a lack of critical system
spares.

Transition into a program of sustained four hall
operations for over 32 weeks/year.

IPAC’18 Vancouver, BC 28

Category
Reliability
Optimal Running Weeks
Beam Tuning Hours
Beam Studies Hours
Peak Hall Multiplicity
Linac Design Energy
Linac Energy Margin
Overall FSD Trip Rate

Overall FSD Trip Downtime

RF Trip Rate
Beam Loss Trip Rate

Goal
>80
> 32
<8

1090
>100
<15
<5
<10
<10

Unit/Metric
%
weeks/year
hours/week
hours/week
number of halls
MeV
MeV
trips/hour
minutes/hour
trips/hour
trips/hour



Future Plans: CEBAF Performance Plan

» 10-year plan with two major periods
—Performance Ramp-up (FY18-23)
— Steady State and Obsolescence (FY23-28)

* Linac energy 1050 MeV/linac through FY21

» Gain energy margin while at 1050 MeV/linac
—Helium Processing
— Effort to arrest gradient degradation
—C75/C100 Cryomodule Refurbishment

Setting (MeV/linac)
1090 (12 GeV)

5%
1050
\nl\
-
FE
1
ES
o =
-
52
-] “Nge e
3 Dy,
W («lr,r,h

Accelerator Reliability (%)

¢ Energy

Accelerator Steady State
and

P rog ra m Obsolescence Period
« Ramp linac energy to 1090 MeV/linac by 2023 | :
FYI8 Y23
» Steadily improve availability over the out-years Hiscal Year
IPAC’18 Vancouver, BC 29 Jeff.;gon Lab



Future Plans: CEBAF Performance Plan

Component System Objective

o A . | b . I " /R I . b . I . PI . ARC Magnet Power Supply DC Power Critical Spares
Val a I Ity e Ia I Ity a n L] 3m Septum Power Supply DC Power Critical Spares

H g Hall Magnet Power Supply DC Power Critical Spares
—Purchase CEBAF and Cryogenics critical _ .
3m Septum Magnet Coil DC Power Critical Spares
S pa reS S/R Common Magnet Coil DC Power Critical Spares
800 HP CHL Compressor Motor Cryogenics Critical Spares
P u rCh ase 6 " 5 kW a nd 1 3 kW klyStrO nS CHL Warm Compressor Bodies (2) Cryogenics Critical Spares
_ Arrest g rad ie nt d eg rad ati 0 n CHL Diffusion Pumps | Cryogen?cs Cr?tical Spares
ESR Warm Compressor Bodies (2) Cryogenics Critical Spares
° U pg rade warm IlnaC glrders Wlth mOdern ESR Diffusion Pump Cryogenics Critical Spares
Linac U/L-tube Transfer Lines (5) Cryogenics Critical Spares
p u m p teCh n 0 | Og y CHL Relief Valves (11) Cryogenics Critical Spares
* Implement clean room protocol for all in- LTSI " SR
. . . 13 kW C100 Kilystrons (2) RF Energy Reach
fleld |Inac g I rder assem bly WO rk C20 Warm Beamline Girders Linac Vacuum Energy Reach
_ . . H C100 Warm Beamline Girders Linac Vacuum Energy Reach
Address immediate obsolescence issues _ v o '
Particulate-Free Vacuum Hoods Linac Vacuum Energy Reach
— BU||d and Comm|SS|On a neW 2K COId_bOX C75 SRF Cavities SRF Cryomodules Energy Reach
Safety PLC Upgrade Personnel Safety Obsolescence
25 L/S lon Pumps Beamline Vacuum Obsolescence
Uninterruptible Power Supplies Controls Obsolescence
Network Switches Controls Obsolescence
Network Console Servers Controls Obsolescence
: 2
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Future Plans: Cryomodule Refurbishment Program

 Summer 2018:
—Helium process five zones (10-15 MeV/pass)

—Install F50 and F100 in North Linac (30-40 MeV/pass) T Scal Year Cryomodule
_ FY18 F50, F100
« C75 Refurbishment: FY19 C75-01
—Best cost in terms of MV/$ FY20 C75-02, C100-R1
—Replace C20 cavities with high current 5-cell cavities FY21 C75-03, C75-04, C100-R2
—Upgrade LLRF analog controls to digital FY22 C75-05, C75-06, C100-R2
—Specs: 18.5 MV/m and Q, > 8e9 Fy23 | C75-07, C75-08, C100-R3
. FY24 C100-R4
« C100 Refurblshm.e.nt o | o Fy s 7500
—Reprocess cavities to eliminate field emission FY26 C100-R5
and thereby minimize dynamic heat load and EY27 C75-10

radiation (LCLSII standard)

—Apply best practices for “clean” installation and
maintenance

IPAC'18 Vancouver, BC 31 Jefferson Lab



Future Plans: Full Injector Upgrade

» Upgrade for Gun HV 130 kV - 200 kV, reduced space charge to support reliable, low-loss high bunch

charge operations.
Status: Installing summer 2018.

* New %2 cryomodule — to replace first and oldest SRF element in CEBAF
Status: Cooled to 2K last month. Will install in CEBAF after tested with beam. Planned for summer

2020.

Increased the injector final
energy from 45 MeV to 123 MeV
by replacing a C20 with a C100

Increase Gun Voltage New Cryounit with new SRF

from 130 keV to 200+ keV design
Lowers the space charge Eliminates the x/y coupling To achieve the 12 GeV injector

effect to achieve higher and improves and simplifies energy requirement
beam current in the early

the Parity Quality beam setup.

injector \ 5 MeV Dump j Synchrotron Light Monitor
Chopper Cryoumt ,/,Cryomodules p

Buncher Capture / MMM A y | | | L y : i |

Q 1~ b B B ] e
1 1]

= unchlength \ \lnjectlon Chicane
. gg @ FC#1 Cavity ! Fox2 WV W
£ gc 5
c Qo E
Gun#3 2 2 2
2 a 500 keV Dump 45 MeV Dump/Spectrometer
Y

spin flip as required by
Parity Quality experiments

Added a second 90 degree Integrate Capture into the Cryounit
Wien filter Simplifies the acceleration process
Enables 180 deg electron and lowers the RF power.
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Summary

JLAB has completed the 12 GeV
Upgrade for the CEBAF Accelerator

Many successes along the way
Many challenges as well
12 GeV Physics program underway

CEBAF Performance Plan in place
to provide critical spares, stay
ahead of obsolescence and to
maintain energy reach and high
availability for the 12 GeV Physics
program and beyond!

IPAC’18 Vancouver, BC 33 Jefferson Lab



Summary

JLAB has completed the 12 GeV
Upgrade for the CEBAF Accelerator

Many successes along the way

Many challenges as well
12 GeV Physics program underway

CEBAF Performance Plan in place
to provide critical spares, stay
ahead of obsolescence and to
maintain energy reach and high
availability for the 12 GeV Physics
program and beyond!

Thank you!

IPAC’18 Vancouver, BC 33 .ge/fggon Lab
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