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6GeV CEBAF Accelerator

0.6 GeV linac
(20 cryomodules)‘
1497 M

67 MeV injector
(2 1/4 cryomodules)
1497 MHz bY
RF separators
499 MHz

=

@ Simultaneously delivery of sub-nA @ Momentum spread P < 3x107°

and O(100)uA beams o Parity Quality Beams with nm beam
@ Beam polarization > 85% = nacitinn differences
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Operations: Program Flow

Beamntime
Requests

Experiment Experiment
Proposals Review/Approval Experiment
(with safety review + PAG (Program Advisory Scheduling Process
per ES&H Manual, + Committas) + Approved * |« NPES (Nuclear Physics
Chapter 3120, The * TAC (Technical Experiments Exporimant Schaduling
CEBAF Experiment Advisory Commitiee] Committaa)
Review Process) + JLAB Director

Weekly Accelerator Public_
Planning Meeting Scheduling
Meeting
Long Term ShortTerm
Accelerator Accelerator Shift-by-Shift
Schedule + Schedule * Shhedule + Program
. . 3 : ) Execution
(six months firm? {two weeks! (PD Shift Plan)
six menths tentative) three shifts per day)

o Develop the long term schedule with Physics (TAC, NPES)
@ Develop the short term schedule
o Execute the program

» Work with Physics to optimize the program

> Develop, measure and track performance metrics
> Adjust if needed



@ CEBAF Operations Overview

© CEBAF Operations Metrics and Performance
e FY11/FY12 Run Schedule
o DOE Joule Reliability
o CEBAF Accelerator Availability for Physics
@ System Availability

© FY12 CEBAF Beam Delivery Highlights

Q 12Gev

© Summary
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FY11/FY12 Schedule

CEBAF configuration, energy and pass configuration, has been very stable for

FY11 and FY12.

Energy Changes | Pass Changes

Weeks of Operation

FY10
FY11
FY12

4
0
2

7
7
7

35
30
27t

T FY12 Weeks of operations includes time for beam restoration after the 6-month

shutdown.

CEBAF configuration stability due to QWeak presence throughout FY11 and

FY12.

Hall-A

Hall-B

Hall-C

Exp. Configurations

12

8

2
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FY11 & FY12 DOE Joule Reports

FY2011 DOE SC PART/Joule Metrics FY2012 DOE SC PART/Joule Metrics
SIHToasaE AH FY_H 56 Actual to Date Status as of: 24:00 FY.12 SC AcwallivlDute
Friday, September 30, 2011 | Official Goals Monday, April 30, 2012 agfiﬂg‘a'ﬁm':s
Delivered Research Hours 4,390 4,305 Delivered Research Hours 3,398 3,051
Delivered Beam Studies Hours 366 256 Delivered Beam Studies Hours 283 146
Delivered Tuning / Restore Hours 244 100 Delivered Tuning / Restore Hours 189 160
Total Delivered - 4,661 Total Delivered - 3,357
Expected Delivered Hours 5,000 - Expected Delivered Hours 3,870 -
Total / Budgeted - 93% Total / Budgeted - 87%
Unscheduled Failures <632 365 Unscheduled Failures <632 376
Scheduled Hours 5,618 5,026 Scheduled Hours 4,348 3,733
Research / Scheduled 88% 86% Research / Scheduled 88% 82%
Reliability > 89% Reliability > 89%
‘Weeks of Operation 34.3 29.92 ‘Weeks of Operation 26.5 22.22

FY11 Exceeded Reliability goal of 89%  YTD exceeding Reliability goal of 89%

Reliability Joule Metric Reliability = Lotal Delivared incjyding Beam Studies and
Restoration.



CEBAF Accelerator Availability for Physics

Accelerator Availability

Joule Reliability

100
90
80
70
60 |
50
40
30 -
20 +
10

Percent

FY05 FY06 FYO07 FY08 FY09 FY10 FY11 FY12(YTD)
Accelerator Availability for Physics: Fraction of time that the accelerator is ready
to deliver beam to Physics users.

Accelerator Availability,FY11(80%) and FY12 YTD(75%), exceed the FY goals
(76% and 74%).

Jeffersonlab
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System Downtimes: FY12 vs. FY11

1% Downtime in FY12 (4348 scheduled hours) is equivalent to ~ 2 days of
scheduled operation.

FY12 - FY11 (% Downtime)

Improvements:
. - RF . Stable RF (Inj)
RF Injector RF stability Ops —
) ) Gun . 3 |mproved Lifetime
Gun Cathode lifetime, only one Other mmmm | Dig Oversight
. DC Power [=5]
heat and activate cycle Diag =
during FY12 operations. Crvo W | 0 ESR, 1 CHL trip
Vacuum [}
H H Injector |
Cryo Ong refridgerator trip e H improved
during FY12 operations. sw i
RAD ]
Systems with Increased Downtime: Facllity Mng =
Contrals m
. M 6MSD
SRF C100 fault recovery time i MD
. . FSD Trips [
Beam Studies 12 GeV preparations SRF €100 Recovery
. . Beam Studies I
Optics Unscheduled Tuning for very low Optics Unsched —
beam current program in S 1 o 1 2 3 4
A&B

JefferSon Lab
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@ CEBAF Operations Overview
© CEBAF Operations Metrics and Performance

© FY12 CEBAF Beam Delivery Highlights

@ Demanding Experiments in Each End-Station
@ Parity Quality Beam for QWeak
@ g2p/Gep chicane design and commissioning
@ sub-nA beams for HD-ICE
@ Beam Restoration after the 6Month Shutdown(6MSD)
@ 6MSD Work List
@ Initial Beam Restoration Plan
@ Actual Beam Restoration Plan
e C100
@ BBU
@ C100 Initial Operations
@ 2L25 Gradient Push: April 29

@ FY12 Beam Delivery Summary

Q 12Gev

e Summa ry J)%{{ggon Lab
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Parity Quality Beam: Accelerator Perspective

D Number of detected events (normalized) for
__ positive e helicity, e D-D _ Weak
D Number of detected events (normalized) for Apv = ~ T EM

negative e helicity, ‘&

This only holds if detector acceptance (or efficiency) is independent of electron spin
orientation.

Parity Quality Beam refers to the position, angle and charge differences for the two helicity
states averaged over the entire run.

X — X Position difference at the target, typically in the nm range.

—

x' — x Angle difference at the target, typically in the sub-nrad range.
9-9

%T: Charge asymmetry, 100 — 10 ppb

O

Entries 5026
Mean  -0.5447 Width of asymmetries folds contributions
RMS 8.746 from:

102

10 @ Measurement resolution, i.e. new BCM
electronics for QWeak

@ Beam stability, helicity to helicity

S&T Review May 9—11 11 /39 Q
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Parity Quality Beams at CEBAF

Experiment Energy | Target Apv Maximum Maximum Maximum Maximum
(GeV)  (pA) (ppb) Charge Position Angle Size Diff
(Expected) Asym Diff Diff (60 /o)
(ppb) (nm) (nrad)
HAPPEx-II 3.0 55 1H 1400 400 1 0.2
(Achieved) (20cm)
HAPPEx-III 3.484 100 1H 16900 200 + 100 3+3 0.5+0.1 1073
(Achieved) (25cm)
PREx-1 1.056 100 208Pb 657 + 60 100 £ 130 243 1 10~*
(Achieved) (0.5mm)
QWeak-I 1162 150 1H 23445  —36+14 3.6 £ 0.4(x) —0.22 4 0.01(x) 10~
(Achieved) (35cm) —6.9 £ 0.4(y) —0.18 £ 0.02(y)
QWeak-Il 1.162 180 1H 234+ 5 < 100 <2 <2 1074
(Requirements) (35cm)
QWeak-11 1162 180 1H 23445  —16413 —0.95+0.06(x) —0.07 & 0.02(x) 10—
(Achieved) (35cm) —0.24 £0.28(y) —0.06 £ 0.01(y)
PREx-11 1.0 70 208Pb 500 £ 15 < 100 <1l+£1 0.3+0.12 1074
(Requirements) (0.5mm)
Mgller 11.0 85 1H 35.6 £ 0.7 < 10 <05+£0.5 0.05 + 0.05 10~*
(Requirements) (150cm)

Parity Quality beam parameters meet the QWeak-I| stringent requirements and are the best
achieved by CEBAF in the 6 GeV eral!

S&T Review May 9—11 12 /39 @
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Injection Chicane Longitudinal Dynamics

Reduce QWeak sensitivity to long bunch lengths

Shorten the bunch length by trading energy spread for bunch length in the
injection chicane. Nominal injection chicane optics have Msg = 0: modified optics
such that Msg = 24cm.

Msg = 0.24m optics
15 L Mse = Om optics
g
1} H
0.5 -
Fe) Wmmet B 0 g o 2
& / i
0.5 / B
1 b B i
15
g
2 H
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QWeak Asymmetry Widths Improved with

Mse = 24cm

AccumO_ Asymmetry(%) vs Cycle Number

= Thar int/ 16998
Brob o

Accumd Asymmetry () [~

Accum0 Asymmetry Error(%) vs G

Asymmetry Error (%)

le Number |

MS56 — 2acm Optics

Asymmety (ppm)
|

usiumi_sum Asymmetry

MS56 injector
optics adjustment

Fun Start Time (07 MM DD £ HH: MM
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g2p/Gep chicane design and commissioning
Yves Roblin

@ Major new beamline design and installation for g2p in Hall-A.
@ Large, movable, dipole magnet (FZ2) to achieve all Q2 points.

@ New instrumentation for O(10)nA beam operation. (Hall-A beamline
diagnostics designed for beam currents > 5uA.

PROPOSED g2P EXPERIMENT  [5Z] FZ2 Telescoping Stand
i Fixed Stand

TARGET EXIT BEAMS

r 2N e 9 o I
Al

Slow Raster

REGION 2 REGION EG 4 REGION 5
Fast raster
bpm
calorimeter harps
Jefferdon Lab e
JeffersonLab,. .. v, S&T Review May 011 15 /39
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g2p/Gep chicane design and commissioning
Yves Roblin

@ Dipole location for each configuration calculated and transmitted to survey
and alignment.

o Configuration change takes ~4h

@ Beam transport established after each move in ~4h

septa runs
e

FZ1 Fz2

Jefferdon Lab e
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g2p/Gep chicane commissioning
Yves Roblin

Initial commissioning of line
(12/14-12/22)

Beam commissioned in straight-thru.

1Tvico8

Halla beam dump Match intohall A

Match to line done, beam spots on design.
Moller runs were done.
All diagnostics checked, problems identified and bemg corrected

CW of a few tens of nA delivered for physics detector checks.

Jgffegon Lab . @
e ot S&T Review May 9—11 17 / 39
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HD-ICE: sub-nA beams

Michael Tiefenback

HD-ICE electron beam test: stable sub-nA electron beam delivered for days to the
HD-ICE target.

Tests were in || with QWeak operations:

wan—e _ 4 4 197
IHai—c

Hall B HD Ice Electron Run Screen
Raster Status

X Faraday Cup
After a beam trip, reset Hall B - A E

Raster Masking is
to 10 pA current to FC 1, then

pull the cup and walk the current | Faraday cup 22 ey Raster Status

up by hand to 100 pA over 2 ] Hall B Comm. Alarm
minutes, adjusting steering as Pap  FCel |_EASYBUTTON || Upstream Halo Masked
necessary. Bt ot ) Y Pattern Size

Laser Attenuators _ Close
Pl

Hall-B at 23pA

Hall-C at 180uA

Lest T 6

[ _._IAT EE=s

[Ty o F 0

EE

Laser Attenuator [ S ——S—" Hall B Current (n4)

Cavity BCM and F-Cup well calibrated

25pA corresponds to about one electron every third 499MHz cycle.

JefferSontab .. ©
CEBAF Operations JLAB PTromas defferson Natenal Acclerator Foclly S&T Review May 9—11 18 /39



Beam Restoration post 6-month Shutdown

Long down with many activities(~ 500 ATlis work tasks written, reviewed and
executed), dominated by 12GeV upgrade tasks:

12GeV

12GeV
12GeV
12GeV
12GeV
12GeV
12GeV
NP-OPS
NP-OPS

Convert Arc8, Arc6, Arc4, Arc2, Arc9, Arc7 (stretch goal)
dipoles from C-magnets to H-magnets.

Install, commission and operate two C100 cryomodules
Connect the NE-stub to the Hall-D transport tunnel
Upgrade LCW system

Upgrade to the personnel safety system (PSS)

Arc Dipole power supplies shuffle

Camac-VME upgrade in the West Arc

g2p beamline installation (Hall-A)

Hall-C dump maintenance

Work coordinated by the 6MSD team, led by Fulvia Pilat.

CEBAF Operations JLAB
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Beam Restoration post 6-month Shutdown

Long down with many activities(~ 500 ATlis work tasks written, reviewed and
executed), dominated by 12GeV upgrade tasks:

Convert Arc8, Arcb, Arc4, Arc2, Arc9, Arc7? and Arcb! dipoles

Complete

Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

from C-magnets to H-magnets.

Install, commission and operate two C100 cryomodules
Connect the NE-stub to the Hall-D transport tunnel
Upgrade LCW system

Upgrade to the personnel safety system (PSS)

Arc Dipole power supplies shuffle

Camac-VME upgrade in the West Arc

g2p beamline installation (Hall-A)

Hall-C dump maintenance

Work coordinated by the 6MSD team, led by Fulvia Pilat.

CEBAF Operations JLAB
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Original Beam Restoration Plan

Three weeks of system checkout/hot checkout

Task

|z011

| October 2011

| November 2011

w38 | w39 | wao | w4l | w42

w43

Wwaa | was | wae | w47 | was

= 7] Commission C100/R100
[%] €100-1 commisioning (No Beam)

[=] €100-2 eommisioning (No Beam)
© [ System Checkout and Beam

T
i

%] System Checkout
% Hot Checkout/Reco/PSs Functional tests
[ 0L03/4 PASKR checks
[E] Hall Hot checkout
© ] Beam Restoration
) Initial Injector Restore
[] Restore 5Pass Beam(tune mode)
[¥] Spass 5.6GeV CW restoration
[=] Restore 5.6GeV machine
[¥] 5.6GeV Physics Setup
[] C100 tests with beam
© [f] 354MeV/pass setup to BSY and BBU test
[=] Inj 20MeV setup
[=] Reconfigure machine to 177MeV/linac for BBU|
[=BBU Tests at 354MeV/pass to BSY
[=] €100 phasing, first beam
[ C100 tests | (tune mode beam) Gradient Cal
[ €100 LLRF test with beam

Tw
ma

el

@ ] Peppo Installation
[=) Installation

) Collaborative Checks
@ [£] Hall-A Program

[=] G2P_Comm
[ Hall-B Program

[ HD-ICE Commissioning
@ [] HD-ICE 4.446/<30nA/-
[] Hall-C Program

[=) Qweak 1.158/180/P

foning
=]

e

CEBAF Operations JLAB

€

Gt i

b cycles through
chine setup

C100 tesis

—
EEEE

Jeffergon Lab

>Tromas Jafarson Natianal Accelerator Facily
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Actual Beam Restoration Plan

@ YR magnet fire, two large septum o RF circulator load LCW leaks;
magnets: CEBAF energy reach compromised
» Overtemp interlock failure » Removed, dry and install wet
> no LCW flow waveguides
> <2wks to install spares > Leaky loads removed, repaired

and installed during Nov/Dec
beam delivery.

NORTH LINAC_STATUS
Gang Phase |70 [

K
o
15

Loz
T e tos
1@ 104
o 1Los
1L0s

| * o7
1o
© o Lo

» 1L10.
N e L1
2 ® L1z
o iLis
L4

N e iLis
40 L1
o L7
g

N e L
5 ® iLzn
iLz1




6MSD Restoration Actual Gannt

System checkout w/o beam YR Magr;el repairs CircullalursNVaveguide Work
& [ septelpber 2011 | October 2011 i | fliovember 2011 [pecen]
Tas! Twas\ [ was Wao way waz [ Z8) waa vhs Wae war | was

7C100 Commissioning wfo Beam
[E] Qweak Parity Quality Beam tasks

[ system Checkout

© ] System Checkout and Beam X
] HCO Reco/PSS Functional tests ‘

(%) 0L03/4 PASKR checks

@ [ Hall Hot checkout

%] Milestones that capture special states of CEBAF
PSS certification —
© ] Beam Restoration

] Injector Restore —

FIN) High Current Setup —-—

] Restore 5Pass Beam(tune mode)

3 Restoration: 2(57)pass 2.7Gev Two cycles through < —

) Restore 2.7GeV machine machine setup, started

)Beam Optimization: 2.7GeV Physics Setup 10days later than original @
© 1 C100 beam tests plan

© [] BBU 354MeV/pass

(=] Inj 20MeV setup ._‘
] 177MeV/linac setup, 2-pass &
[ 35aMeV/pass to BSY C100 tests
[# €100 Comell Rad. Test * compressed
to 1wk

=] Phasing. first beam!!! REER

[=] LLRF beam tests

[=] Gradient Cal/Check

[E] INJ Studies Low Priority —

[SAD related items —
] Collaborative Checks
© X8 Program Beam to Halls for final
@ [ HD-ICE 2.254/<30nA/P checks and resumption
© [1XC Program of physics program H
= Qweak 1.158/180/P

Beam for Physics resumes on Nov. 19 2011, the scheduled date.

Jefferfon Lab ©
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C100

@ Two C100 modules installed in the
South Linac (zones 2L24 and 2L.25)
@ Design Parameters:
> Integrated Gradient: 108MeV (an NeAg !
average of 98MeV/C100 is needed ~ EESEIESEEE HH
to achieve 12GeV 5.5pass energy) = %%
» Maximum Beam Current: 465uA
@ One Week of dedicated C100 tests
with beam before Physics
operations in Nov. 2011.

Goals of the one-week test:

o Verify that C100s do not cause beam break up (BBU)

o Digital LLRF controls checkout and commissioning with beam

JefferSon Lab

as Jeftarson

CEBAF Operations JLAB S&T Review May 9—11
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C100 BBU results

Todd Satogata

Eu
3 Hooee 400 uA baseline impedance threshold=1e10

S, 1.00€:

Fl C100-1 (SL24) RI-004 early

§ rooeeos production

£ 1008007

E - INIli i I“IWI\I" I]'Hm‘“i'
2

L S a1l

100604
N & @
K m““"“"e}\“@“«ﬂ“a@«“ﬁv‘\w“ww\«a(\‘*s*?»*? Q“ﬁ?\‘ﬁ“

7 &@@O CICICICICCC 4

«
W

K &
&S

5y

T rooento
£

é‘

400 uA baseline impedance threshold=1e10
8 1.00e409
T €100-2 (SL25)
% 100608
£ rooesa7
3 - I““I I H“
2 1008405
g
: il

1.00E404

C100-1&2 HOM survey and beam-based beam breakup tests (Nov. 2011)

o No BBU observed during initial beam studies (or subsequent beam
operations)
Results consistent with design predictions, BBU threshold >5mA
Large BBU threshold extrapolated with nominal 180uA beam to Hall-C.
Low frequency TM111 modes of most concern, but well within threshold
C100 HOM survey and analysis process validated

Jefferson Lab ©
CEBAF Operations JLAB romas deffeson Natoral Aceelrater Focllly S&T Review May 9—11 24 /39



CEBAF Operations JLAB

C100 Timeline

%\ 100 F 2t2s —— | L ]
= 2L24 LY LL
= 80 o
S 60 et e

] —
B 4 = - i I
2 —
W g
_'E O R " 1 1 1 s 1 s 1

14 28 11 25 10 24 07 21 05
Jan Jan Feb Feb Mar  Mar  Apr Apr  May

@ Dec & Jan worked on Master Oscillator/Digital control issues (no archived
data, C100s off during beam delivery for physics)

@ By the end of Jan. routine physics operations with C100s operating

@ Jan. — April, Data collected, control loops optimized, fault recovery
procedures improved.

@ Continuous LLRF controls improvement leading up to April 29 gradient push.

Jefferon Lab e
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C100 data

C. Hovater & C100 team

Cavity Detuning Angle: PZT Off vs. On

C100 Faults 2/2- 4/30

Oft

m[

Time  Numberof Total Recovery| Average Notes
eriod  Trips  Cavitiies Time | Recovery
Time
25510320 58 410 347
0598 HPA, Beam Vac Issues Dominate
3121 t0
3126 7 115 724 | 0426 Beam Line Vacuum Issues Solved
New firmware for SEL-GDR
s27t0az 8 34 172 | 0215 Transisti
Reduced number of Cavities at 12
aatoars o 10 092 | 0115 Gev Gradients
410to ©One DC overload pushed the cavity
ai16 6 12 06 01 lotalhigh
an7to
4i23 3 o 019 0.095 | 258 Body current (clamp adjusted)
a23t0
4i30 22 % 634 | 0315 Does notinclude 24 hour run

Beam Off

SL25-8 Fault Slgnature

s spazmmins

Forwar
Power (kW

Measured
Gradient

MG

. [
Detunin A YA
Angle(Hz il

CEBAF Operations JLAB

JefferSon Lab

Piezo tuners on 2L25 functioning by
April

Fault/trip rate diminishing
Fault recovery time improving
Ready for the Gradient Push!

S&T Review May 9—11 26 / 39 e



Gradient Push: April 29

S B T v e R
80

60
40
20

O 1 1 1 1 1 1

12:00 14:00 16:00 18:00 20:00 22:00
Apr. 29  Apr. 29 Apr. 29 Apr. 29 Apr. 29 Apr. 29

Int. Energy Gain MeV

o C100 beam current 465uA (12GeV spec.): Hall-C receiving 3/-pass beam
while g2p/Gep occupies 1!~ pass.
@ 2L25-cavity-7 gradient limited to 9MV due to window heating.

>98MeV operation, fully beam loaded for hours!!
Max Energy Gain reached: 104MeV
Physics Beam In Use: 50% during this 24h test.

S&T Review May 9—11 27 / 39 9
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FY12 CEBAF Beam Delivery Summary

@ Three hall experimental program successfully executed, one week remaining
to end of 6GeV operations.
Hall-A Major beamline modifications, commissioning and operations
for g2p/Gep in Hall-A.
Hall-B sub-nA beam for HD-ICE electron operation
Hall-C Parity Quality beam for QWeak
@ Successful beam restoration from 6MSD, resumption of physics on schedule.
» CEBAF Accelerator Reliability and Availability for Physics presently meets or
exceeds the FY12 goal.
@ Successfully delivered physics quality beam with two C100 cryomodules
operational from Feb — May

@ Successfully operated C100 cryomodule at 104MeV integrated gradient with
465uA of beam current. No evidence of BBU observed.

o New Injector Beamline commissioned for € * production experiment, see talk
by Joe Grames.

S&T Review May 9—11 28 / 39 @
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@ CEBAF Operations Overview

© CEBAF Operations Metrics
and Performance add 5

accelerating

add
expnlr:‘ n]!llntal
modules .

© FY12 CEBAF Beam Delivery

Highlights
Q 12GeVv
@ 12GeV Commissioning N linear”
OverVieW upgrade ’ acn:li‘:asling
@ Steps Towards 12GeV g »f_’ L modules
o 12GeV CEBAF Operations: ~ "™* magnet

The Initial Years

© Summary

S&T Review May 9—11 29 /39 a
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Commiissioning Planning

Accelerator Commissioning Goals

Achieve 12GeV CD4 project goals

Establish physics quality beam

Establish the Machine Model for basis of 12GeV CEBAF operations
Develop tools and procedures for routine 12GeV CEBAF operations

© 000

o Commissioning plan interleaves NP and 12GeV project funded weeks of
operation.

@ Assumes hardware has been thoroughly tested and checked out before
resumption of beam delivery.

@ Thorough review of 4GeV commissioning documents, procedures and initial
years of CEBAF operations is used to guide the planning process and time
estimates.

@ The commissioning plan will be undergoing detailed review and updates
during the LSD.

CEBAF Operations JLAB S&T Review May 9—11 30 /39 Q



12GeV CEBAF Commissioning Overview

Build upon the 6 GeV toolset, commissioning and operating experience.

New Hardware Beam Physics Issues
o CHL-2 @ Synchrotron radiation induced
. d
@ New Injection chicane emittance and <2 growth
o C100 cryomodules, digital LLRF @ Double Bend Achromat (DBA)
controls Optics in the upper passes, Msg # 0

@ Spreader, Recombiner and optics in the upper arcs.

Transport sections @ Globally optimized optics to reduce
0 (beamsize) on all passes, present

@ RF separators for A,B,C extraction e /= )
optics is optimized for the first pass.

@ Arcl0 and Hall-D transport line

S&T Review May 9—11 31 /39 @
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Steps Toward 12GeV

During 6GeV operations Beam Studies time has been used to validate 12GeV
design, examples (other than C100) include:

IBaseIine 6 GeV optics |12 GeV style optics I

Q 12GeV Globally Optimized Optics:
Loaded (Dec. 2005) and
successfully delivered (for weeks)
physics quality beam.

Pass 2

Pass 3

Pass 4

@ Augment Pathlength control via
small adjustments in MO
frequencies. This is needed to
supplement the pathlength system
capacity at the higher beam
energies. S

MMMMMMMMMMMMMMMMMMMMMMM

Pass 5

@ Induced a temperature change in
the Arcs and measured the
pathlength change, to estimate the
impact of higher temperatures in
the tunnel.




Modeling: Beam Based Measurements via LOCO

Y.Roblin

\I\\I\I\\II\\I\\I\\I]I:\\I\I\ °USeSIOCalOrb|tk|Cksatthe

start of each Arc
5!10_3_ .. .
@ Beam position monitors

throughout the Arc

o lterative fitting allows
extraction of average dipole
body gradient for that Arc
dipole type.

1 @ Arcs 4 & 6 data has been

collected, analysis underway

<y>, Cy (m)

-501 073

7
5
gl

T e o e B e i, )

] Z TR TIR

s e s e ey @ Remaining ARC data will be
B ¥ SESEESSPSSSSSELSSSEEER3 . ..
Lapfoopnsonboancaanfkanpaannls collected in the remaining

sehtroid output-—input: ARCEfitted.ele luttice: ArcGiter.te days of 6GeV operation_

Measured dipole body gradients will be compared with bench measurements and
entered into the 12GeV machine model.

.!pffe@on Lab 9
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Infrastructure: CEBAF Element Database (CED)

A flexible, scalable database originally designed to capture the 12GeV model.

Status: “CED
o Database schema design complete i

@ Elements are being populated: RF,
Magnets, BPMs, Harps, ...

@ Machine Model parameters are intrinsic to
each element that is on the beamline.

Existing Tools are being migrated to use CED as
the sole source of information:

LEM Linac Energy Manager, done and

in use now
= BEM Beam Energy Monitor, done and
- in use now

Matching Quad scan emittance, TWISS
measurement with matching
capability, done and in use now
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Initial 12GeV Operations: Machine Development

12GeV CEBAF Commissioning Fall 2013 (6wks), Winter/Spring 2014 (13wks)
and Fall 2014 (16wks).

Changes to Accelerator Operations during this period.

@ 24/7 CASA support in the control room during this period
o Engineering/technical on-site support will be day/swing shift, owl as needed.

Weeks of operation will be used to:
© Make the new hardware perform as per specification
@ Confront synchrotron radiation effects in the upper passes
@ Establish a scalable (50%—100%) model drivel machine for NP physics

@ Develop procedures and tools for (near) routine CEBAF Operations by end of
2015

© Work towards exceeding reliability goals
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Initial 12GeV Operations: Beams for Physics

First Scheduled Physics Operations: Winter/Spring of 2015
@ Beam Quality on lower passes (1,2 and 3) should be near 6GeV CEBAF beam
quality as synchrotron radiation effects are minimal on those passes.
» Recommend initial beam for physics use lower passes
@ Beam Quality on the passes 4,5,& 5.5 will always suffer synchrotron radiation
effects. Larger emittances, 9 and beam sizes. The magnitude of this effect
depends on the linac energy, central orbit control and envelop matching.

Proposed Initial CEBAF Reliability Goals:

FY12 FY13 FY14 FY15 FY16 FY17 FY1s8
Weeks of Operation 265 0 24 35 35 35 35
Reliability Goal(%) 89 NA 50 60 70 75 80

CEBAF Reliability in 2005 was 85%, ten years after the start of Physics. The
proposed reliability goals are based on a faster ramp since we are commissioning
an Upgraded accelerator not a new accelerator.

S&T Review May 9—11 36 /39 @

CEBAF Operations JLAB



12 GeV CEBAF OPS Summary

@ In addition to completing the 6GeV program, work preparing for the 12GeV
commissioning continues.
o C100 commissioning made significant progress in FY12
> No BBU observed
> Delivered parity quality beam for months with C100 operational
> Fault rate and recovery times improved throughout the run
@ 12GeV tool development has already started and in some cases are quite
mature.

@ Commissioning plan has been developed that merges 12GeV project and NP
machine development.

Jefferson Lab
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@ CEBAF Operations Overview
© CEBAF Operations Metrics and Performance
© FY12 CEBAF Beam Delivery Highlights

Q 12Gev

© Summary
@ The End is Near

CEBAF Operations JLAB

CEBAF Operations first ever all
women shift, March 30 2012.
Crew Chief Amy Comer,
Operators Brandi Cade and
Anna Shabalina
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Summary

FY12 has been a year of significant accomplishments for CEBAF Operations:
@ Restoration after the 6MSD

@ Major beamline modifications, commissioning and operations for g2p/Gep in
Hall-A.

@ sub-nA beam delivery over days for HD-ICE electron operation

o Parity Quality beam for QWeak; achieved the best parity quality beam ever
for CEBAF

o CEBAF Accelerator Reliability and Availability for Physics presently meets or
exceeds the FY12 goal.
Preparation for 12GeV continues and enthusiasm continues to build:
@ Successfully delivered physics quality beam with two C100 cryomodules
operational from Feb — May

@ Successfully operated C100 cryomodule at 104MeV integrated gradient with
465uA of beam current. No evidence of BBU observed.
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