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Outline

* Motivation
» Description of the Original IPNS RCS RF System
* Description of the Third Cavity RF System

 Installation and Commissioning of the Third Cavity RF System

* Plans for Operating Third Cavity at the Second Harmonic
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Motivation

* Early indications suggested that the RF system was voltage

limited.

* A third cavity would provide operational flexibility and possibly
contribute to increased reliability.

A third cavity would provide a platform for 2" harmonic
studies.
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Original RCS RF System: RCS Machine Parameters

Injection Line \

Circumference =42.9 m

« fiy~2.21 MHz, E; = 50 MeV

e f..~5.14 MHz, E_, = 450 MeV
o ~3.7x1012 protons injected

« ~3.2x1012 protons extracted T e

¢ Harmonic number =1
* Repetition rate = 30 Hz
» Typical average beam current ~ 15uA

« Cauvities located in the L2 and L5 straight sections

Extraction Line

« ~21kV total accelerating voltage w/2 cavities
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Original RCS RF System: Typical RF System
« Amplifier Chain

391 RMPS 360 Main Control Room ~ 391 Equipment Deck 391 Ring

| Bdot Bdot Master | o = | : . | CaVIty
- | Amp Integrator Oscillator | . . |
Line Driver .  Predriver Driver . Final p—
Solid State « 4 x4CW200A 2 x 4CW25000- 2 x 8752

75W ~1A@2kV ~TA@5kV ~9A@10kV
Push-Pull Push-Pull Push-Pull
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Original RCS RF System: Typical RF System
e Cavity Tuning

391 RMPS 360 Main Control Room "~ 391 Equipment Deck 391 Ring
FtoV
ity Bias Amp
Phase
’ Detector )
+ | Bdot Bdot Master 0 | . . | CaVIty
- | Amp Integrator Oscillator | . . |
. Line Driver .  Predriver Driver . Final p—
Solid State + 4 x4CW200A 2 x 4CW25000- 2 x 8752
75W . ~1A@2kV ~7TA@5kV . ~9A@10kV
Push-Pull Push-Pull . Push-Pull
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Original RCS RF System: Typical RF System
« Amplitude Control

391 RMPS 360 Main Control Room 391 Equipment Deck 391 Ring
FtoV
ity Bias Amp
Phase
Detector )

+ | Bdot Bdot Master 0 | . | CaVIty
- | Amp Integrator Oscillator | . |
. Line Driver Predriver Driver . Final p—

T Solid State 4 x ACW200A 2 x 4CW25000- 2 x 8752

75W . ~1A@2kV ~7TA@5kV . ~9A@10kV
. Push-Pull Push-Pull . Push-Pull

V% i\gtye N , Envelope
9 Detector
Program
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Original RCS RF System: Typical RF System
« Beam Position and Phase Control

391 RMPS 360 Main Control Room

391 Equipment Deck

| Bdot Bdot Master
- | Amp Integrator Oscillator

Cavity

391 Ring

FtoV
ity Bias Amp
Phase

Detector
Line Driver . Predriver Driver .
Solid State 4 x 4CW200A 2 x 4CW25000-
75W . ~1A@2kV ~7A@5kV .
Push-Pull Push-Pull

~9A@10kV
Push-Pull

Voltage
Program

N " . Envelope
. Detector

Beam Phase
Feedback

Final f—
2 x 8752

Beam

Position
Feedback

Beam
Pickup

Electronics
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Original RCS RF System: Typical RF System
e Cavity to Cavity Phase Control

360 Main Control Room . 391 Equipment Deck

391 Ring

v [ 1> Bﬁ S P D

>

L5
§T ;g 180°

Quad C\c;nr;mand
Phase Hybrid | ' Lt
) Phase

Control Detector

1

Amp

e

Command
Voltage

L2
00
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Original RCS RF System: Typical RF System
 Low Level RF Electronics

 Cavity to cavity phase control

« Amplitude control

* B offset and scaling

 Master oscillator
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Original RCS RF System: Typical RF System
* Predriver, Driver and Cavity Bias Supply

e Predriver/Driver Cabinet

 Predriver Plate Supply, ~1A@2kV

 Driver Plate Supply, ~7TA@5kv
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Original RCS RF System: Typical RF System
* Predriver, Driver and Cavity Bias Supply

« Cavity Bias Supply,
0 — 1000A, 30vDC

* Grid and Screen Supplies,
Interlock Status and Control

e Predriver/Driver Cabinet

\
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Original RCS RF System: Typical RF System
* Final Plate Supply (the “Reeves”)

» Single Supply provide plate voltage to L2 and L5 finals.
 ~18A@10KkV total.
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Original RCS RF System: Typical RF System
* Final, Cavity and Cavity Bias Choke Box

Choke Box

Accelerating—
Cavity

Final
Amplifier

Amperex

Amperex
8752
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Original RCS RF System: Typical RF System . Cavities are tuned by magnetic
- Ferrite-Loaded, Coaxial Cavity biasing of the ferrite.

« Each cavity contains two ferrite
stack modules that are each ~20
inches long and ~14 inches in
diameter.

 Each stack is made up of 20
Philips type 4H ferrite torroids (mu
~ 350), with edge-cooled copper
cooling disks, insulating end
pieces.

 Two figure-eight, parallel-
connected, water-cooled
conductors provide for biasing.

« Thegap is formed by a ceramic
spacer shunted with glass-vacuum

o _ _ capacitors.
« Cauvities are ferrite-loaded, coaxial
structures, with the accelerating gap in - The cavity is a balanced device
the center. and driven push-pull.
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Original RCS RF System: Typical RF System  Tekmn | g

. Typical Two Cavity Operation S |

« Cavity gap voltages are driven at
RF frequency which is
modulated from ~2.21 MHz at
injection, to ~5.14 MHz at

extraction. |
R 200V chaT 2000 Wiz voms Al Cha 7 1407
EiE 2.00v | 9 Jun 2004
1W12.00% | 07:34:06
21.9V
. 22.0V
« Cavity gap voltages are
amplitude modulated from a few
hundred volts at injection, to
~10kV per gap at Bdot max.
R T o0V a5 00 700wy AR/ 107 500V
Ch3| 2.00V Cha| 2,00V 28 Mar 2006
Mathil 5.00V 2.00ms |i#[10.00 % | 12:27:27
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The Third Cavity RF System
e Third Cavity Test Stand

1

FtoV
Cavity Bias Amp
Phase

Detector

Function Bdot Bdot Master | | | CaV|ty

Generator Amp Integrator Oscillator | | |
1 Line Driver Predriver Driver Final p—
75W 2x YU-106 2x4CW25000 2 x 3CW150000
Push-Pull Push-Pull Push-Pull
~2.5A@4kV ~6A@5kV ~11A@8kV 1
Cavity
i i Envelope
Thggering Voltage Detector
Program

9
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The Third Cavity RF System
 Time Line

June 1 - 16, 2005:

Two week around-the-clock operation in
swept-frequency mode at ~11kV gap
voltage.

June 17 — August 15, 2005:

Disassembled equipment and moved
major components into place.

August 16, 2005:

Typical operating schedule started after
summer shutdown, limiting access to
working areas.

‘{b OPERATING SCHEDULE - FY05 ‘%ﬂ
October 2004 - September 2005 £
\Q%\%g ._ b ki R Peeien T ENNT
Indicates Holiday % s
. Indicates Run Extension "%ﬂy - o
October 2004 November 2004 December 2004 January 2005
S M T WTh F § S M TWTh F § S M TWTh F § S MTWTh F §
1 2 1 IS TR, [ 1]
3 4 NSRRGSR 7 8 9 10 11 12 13 5 6 7 8 9 101 2 3 45 6 T 8
10 11 12 13 14 15 16 14 15 16 17 18 19 20 12 13 14 15 16 17 18 9 101112 13 14 15
17 18 19 20 21 22 23 21 2 23 A 77 19 20 21 22 23 16 17 1819 20 21 22
24 25 26 27 28 29 30 28 29 30 26 27 28 29 30 23 242526 27 28 29
3 30 3
February 2005 March 2005 April 2005 May 2005
S M T WThF § S M T WThF § S M T WTh F § S MTWTh F §
13
1.2 3 4 1 2 3 4 5 J 4/ 6 7 8 9 1 2/3 4 5 6 7
6 7 B 9 10 11 12 6 78 9 10 11 12 10 11 12 13 14 15 16 8 9 1011 12 13 14
13 14 15 16 17 18 19 13 14 15 16 17 18 19 17 18 19 20 21 2 3 15 16 17 18 19 20 21
20 21 22 23 24 25 26 20 21 22 23 24 25 26 24 25 26 27 28 29 30 22 23 2425 26 271 28
FIg! ] El 2 2 30 n 20 E 3
June 2005 SJuly 2005 August 2005 September 2005
S M T WTh F § 5 T WTh F § S M T WTh F § S MTWTh F §
1 2 3 4 1 2 12 3 4 5 6 1 2 3
5 6 7 8 9 10 11 5 6 7 8 9 7 8 9 10 11 12 13 4 67 8 9 10
12 13 14 15 16 17 18 10 11 12 13 14 15 16 14 15 16 17 18 19 20 11 12 13 14 15 16 17
19 20 21 22 23 24 25 17 18 19 20 21 22 23 21 22 23 24 25 26 27 18 19 20 21 22 23 24
26 27 28 29 30 24 25 26 27 28 29 30 28 29 30 25 26 27 28 29 30
3
4/14/2004 (23 Weeks)
Tek Fun L | Trig'd »- E ki fiun Hi 1 Trig'd
1 Al 200mY
@ 0.00V v
Al 16.0ms
| @ 2.00ms
P
: i IS * -\ ST SUNIEG IURIE U ST PRTUS DU DU S
] \\“* R s i
v e e o R
Chi| 5,00V  Ch2 5.00V  MZ2.00ms AEXL/10S 3.00V 700V .mz_o‘ﬁms AEXLA 10 .00V
ch3[ 500mY @I 1.00V £ Jun 2003 Ché| 200V
5,000 % 06:28:40 15000 %
Tk fun i 1 Trig'd Tak Run i ] Trig'd
5 ]a: s0.0mv -1
|®: 16omv
fA: 12.0ms
1@ 18.0ms
| [} S el
aF : L_ & T 3
Chl| 200V ch2 2004  M2.00ms AEXL/0S 273V Ch2 200V MZ.00ms AEX7105 3.00V
Ch3 200V SEE 200V & & jun 2005 EI z.00V )
E.000% 06:36:11 115,000 %

A 106V
a: 108y

hz Pk-Pk
TNRY

Cha Pk-Pk
1oy

Ch2 Pk-Pk
1o

Chd Pk-Pk
nov

& jun 2005
0640012
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The Third Cavity RF System

» Construction Photos: Test Stand
hﬁ, — - —
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The Third Cavity RF System
» Construction Photos: Test Stand
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The Third Cavity RF System
e Construction Photos: Test tand
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The Third Cavity RF System
» Construction Photos: Test Stand
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The Third Cavity RF System

Construction Photos: Test Stand

.,C..':"f::\-“;‘l'
B
RN
£ Sy

ey (aild




The Installation and Commissioning of the IPNS Third Cavity

The Third Cavity RF System
 Predriver and Driver

« Amplitude and Phase
Detection Electronics

e Driver

e Predriver
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The Third Cavity RF System

* Cavity Bias Supply, Final Grid and Filament Supply Cabinet

» Cavity Bias Supply, 0 — 1000A, 15VDC

e Final Grid and Filament Supply Cabinet
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The Third Cavity RF System
* “NWL" Final Plate Supply

« 24A@7KV or 12A@14kV T-R Set

Modified to include soft start and crowbar
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The Third Cavity RF System
. Installatlon

j /;‘”dl

il
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The Third Cavity RF System

* |nstallation
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The Third Cavity RF System
 Low Level Electronics

* L6 Amplitude Control

* L5 Amplitude Control

* L2 Amplitude Control

» Cavity Phase Control

* Bdot Integrator
* B Offset and Scaling
* Master Oscillator

» Cavity Bias
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The Thlrd CaVIty RF SyStem IPNS OPERATING SCHEDULE - FY06

October 2005 - September 2006

e MR T Argonne &

. - . Il indicates Holiday Machine Res. 09:00 - 15:00 NATIONAL LABORATORY
. Start-up 15:00 Machine Res. 07:30 - 15:30
Time Line (continued) e
October 2005 November 2005 December 2005 January 2006
S M T WTh F § S M T WTh F § SMTW'I;I'IFS S MTWTh F §
1 i1 2 3 4 5 gy 2 3
2 3 4 SREGEE 6 7 8 [0 2 4 5 6 7 8 9 10 1Bl 45 6 7
9 10 11 12 13 14 15 13 14 15 16 17 18 19 11 12 13 14 15 16 17 8 9 1011 12 13 14
16 17 18 19 20 21 22 (20 21 22 23| ZF 26 13%20 21 2Ez) 24 15 16 17 18 19 20 21
. 23 24 25 26 27 28 9 27 28 29 30 25 27 28 291} 31 22 232425 2% 271 B
December 14, 2005 — February 3, 2006: 0 9 2 50 31
February 2006 March 2006 April 2006 May 2006
. g, S M T WTh F § S M T WTh F § S M TWThF § S MTWTh F §
1 1 23 4 5 6
Plumbed in utilities, pulled cables, checked s vms s s sswis palaa e
- - 5 6 7 8 9 101 5 6 7 8 9 1011 9 10 11 12 13 14 15 14 15 16 17 18 19 20
12 13 14 15746 17 18 12 13 14 15 iﬁ 17 18 m 17 18 19 20 21 22 21 22 2324 25 26 27
' ! 19 20 21 22 23 24 25 19 20 21 22 23 24 25 23 24 25 26 27 28 20 28 & 30 31
performed crowbar test, powered on — T, "
. . June 2006 July 2006 August 2006 September 2006
S M T WThF S S M T WThF § S M T WThF S S MTWTh F §
equipment, checked out amplifiers. s : pEmE +
45 % 7 8 91 2 3EW5 6 7 8 6 7 8 9 10 11 12 Sl 6/ 708 9
11 12 13 14 15 16 17 9 10 11 12 13 14 15 13 14 15 16 ﬁ' 18 19 10 11 12 13 14 15 16
. 18 19 20 21 22 23 M4 16 17 18 19 20 21 22 20 21 22 23 24 35 26 17 1819 20 1 22 23
February 7, 2006. 25 26 27 28 29 30 23 24 25 26 27 28 29 27 28 29 30 3 24 25 26 27T 28 29 30
30 N
4/17/2006 (24 Weeks)
=g . FyDg-24
Operated all three cavities in swept frequency
mode to full voltage (> 30kV total) without L2-L6
cavity phase control.
Tek Run | {_ ) - ] Tr_ig’d TekRun_ | i Fﬁ—] i Tr_ig’d TakI§Un i [ u T ]_ i lrig'.d.
SR et oh el : v : : : . :
1 chi pk-pk : 2 : S 1 Chi Pk—Pk [
121V : % i 2 £ ) 10.9V 1
: : o R . pld
DS b cn3 Pkpk E%""’ Dr—_— ]
[Ch T 2 TTMZ.ooms A Chl F 1.08 V) Ch AT M2.00ms A Ch1 7 108V EE 200V maums Al J 300V 7 Feb 2006
Ch3_2.00V 7 Feb 2006 8 Feb 2006 H12.80% 14:39:23
14.00 % 14:45:02 1[14.00 % 12:40:06
L2 Cavity Upstream Gap Voltage, 1kV/volt L5 Cavity Upstream Gap Voltage, 1kV/volt L6 Cavity Gap Voltage
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The Third Cavity RF System
e Cavity to Cavity Phase Control

Voltage

360 Main Control Room 391 Equipment Deck 391 Ring
| L5
vo (> | >
180 Degrees
Quad | copmend 180°
Phase Hybrid Phase H[‘r
Control 1
Detector =
Amp
L2
H{ l >
| 0°
Command
Voltage
180 Degrees
H -
Quad
Phase Hybrid Phase
Control 4—@,
Detector
Amp Phase
Angle
| L6
‘{ g; S | D_' 240°
10dB Command
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The Third Cavity RF System
e Cavity to Cavity Phase Control

L) <iCL L ] ik

CH1: L2 Gap Voltage
CH2: L5 Gap Voltage

CH3: L6 Gap Voltage
Ch1 Freq
3.015MHz

i Ch2+Ch1 Pha
) 167.8 °

1 Ch3-+Ch1 Pha

115.5°
Chi[ 2.00V Ch2[ 2.00V |M 100ns A Chd 5 3.12V
WiE 2.00V Bl Ch1 & 0.00V 2 may 2006
[14.00 % 06:36:56
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The Third Cavity RF System
« Time Line (continued)

IPNS_Targat_Boss Current

\lE_-?a_
\
S)
3
Bi
)
=N

March 1, 2006:

Implemented L2-L6 cavity phase control and
operated all three cavities with beam (> 24kV ALY
total).

Tek Ilun' : [—”—] Trig'd Tek Ilur|v : [—U—] Trig'd

&
-

CH1: L2 Gap Voltage

Before retuning

F)
i CH3: L6 Gap Voltage
':I_,___. [} SRR |0 "R | B e AR Vi S—
CH1: Gap Voltage Program [ | '
Chi_ 200V Ch2[ J00V  M2.00ms AEX/105 140V % 5.00V_(cha 5.00V  M2.00ms A Chd S 3.12V
. T Ch3| 2.00V 2.00V 2 Mar 2006 5.00V 2 Mar 2006
CH3: L5 Rectified Gap Voltage B — s2Mar 2 L 073438
CH4: L6 Rectified Gap Voltage
Tek "“"_ He—— Trig'd Tek run f———————] Trig'd
u : 1 : I T 1 T T A 240V
: 1 : : w000y
After retuning g L \ MATH: Total Gap Voltage
.r]v/. P B
o I
Chi__ 200V Ch2[ J00V  M2.00ms AEXL/I00 1.40V - IMTM AER0T 1 a0V
chi 200V 200V 2 Mar 2006 ' 2 Mar 2006
19.000 % 1513 BERD | s.00V 2.00ms §19.000 % | 08:41:40
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The Third Cavity RF System
« Time Line (continued)

IPNS OPERATING SCHEDULE - FY06
October 2005 - September 2006

Indicates Run Period 4 Machine Res. 09:00 - 11:00
Bl ndicates Holiday Machine Res. 03:00 - 15:00 Arg{a,r,li:! Euum"
Start-up 15:00 Machine Res. 07:30 - 15:30
Shutdown 10:00
October 2005  Movember 2005  December 2005 January 2006
S M TWThF § S MTWThF S S MTWThF § S MTWTh F §
. . B 1 123 4.5 2 3
MarCh 14—Apr||7 2006 2 3 4/5WBI7T 8 o 7 B/9MIMIIZ |4 50607 8 9 10 13 4 5 6 7
1 9 1011 12 13 14 15 (13 14 15 16 17 18 19 11 12 13 14 15 16 17 80 1011 12 13 14
16 17 18 19 20 21 22 20 21 2 PG 18 19 20 21 224 15 16 17 18 19 20 21
23 24 25 26 27 28 29 27 28 29/30 5EJ 27 28 nE] N 22 232425 26 27 28

Three cavity operation. o 31 | % 0

May 2008
S MTWTh F §
123 4 5 6
7 8 910 11 12 13
14 15 16 17 18 19 20
21 22 2324 25 26 27

28 [EE 30 31
IPNS_Target_Beam_Current June 2006 July 2006 August 2006 September 2006
S M T WThF S S M TWThF § S M TWThF § S MTWTh F §
1. 2 1 1 23 45 1 2
4 5 6 7 8 9 10 2 3El5 6 7 8 6 7 8 9 10 11 12 SN 6 78 9
11 12 13 14 15 16 17 9 10 11 12 13 14 15 13 14 151647 18 19 10 11 12 13 14 15 16
18 19 20 21 22 23 24 16 17 18 19 20 21 22 20 21 22 23 24 25 26 17 18 1920 21 22|23
25 26 27 28 29 30 23 24 25 26 2T 28 29 27 28 29 30 24 25 26 27 28 29 30

30
4/17/2006 (24 Weeks)
FY05-24

IPNS_Target_Beam_Current. {microamps)

11 13 15 21 o1 03 05 o7 09 11
Mar14 Raug=nciboty Mar15

17
Last Reading = 14.983519424143 Plot Date/Time: 03/15/06 at 10:55:23

19

36
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The Third Cavity RF System

. - . IPNS OPERATING SCHEDULE - FY06 r
) Tlme Llne (Contlnued) October 2005 - September 2006 A :
Indicates Run Period |1 Machine Res. 09:00 - 11:00
Bl indicates Holiday Machine Res. 03:08 - 15:00 rgg,!},‘g Eunm"
Start-up 15:00 Machine Res. 07:30 - 15:30
Shutdown 10:00
October 2005 November 2005 December 2005 January 2006
SMTWThF § S MTWTh F § S MTWThF § S MTWTh F §
1 1 2 3 4 5 BNz 3
2 3 A FEEEETE 65 7 8 9 10 11 12 4 5 6 7 8 9 10 13 4 5 68 7
9 10011 12 13 14 15 13 14 15 16 17 18 19 11 12 13 14 15 16 17 8 9 1011 12 13 14
. 16 17 18 19 20 21 22 20 21 22 Y 26 18 19 20 21 2[R 24 15 16 17 18 19 20 21
Aprll 4 2006 23 24 25 26 27 28 29 27 28 29/30 25 27 28 20E)] N 22 232425 26 27 28
) . 30 3 20 30 3
February 2006 March 2006 April 2006 May 2006
L2 L6 t thb ~135A S MTWThF 8 SMTWTh F § SMTWThF § S MTWTh F §
— operation wi eam OUA). 1 L
12 A 1B s 4 B3 45 78 7 8 910 11 12 13
56 7 8 9 101 5 6 7 8 9 1011 9 10 11 12 13 14 15 14 15 16 17 18 19 20
12 13 14715046017 180 12 13 14 1504617 18 18 19 2021 22 21 22 2324 25 26 27
19 20 21 22 23 24 25 19 20 21 22 23 24 25 23 24 35 26 27 28 20 28 [ 30
26 27 28 26 27 28 29 30 31 30
Tek Run | — ] Trig'd June 2006 July 2006 August 2006 September 2006
e, e e o T e e SMTWThF § S MTWThF § S MTWThF § S MTWTh F §
: E] : : : : : : : : . 1T 3 1 12 3 45 1 2
# i j i ; 7 % i : X 4 5 6 7 8 9 10 2 SElls5 6 7 8 6 7 8 9 10 11 12 SIEls 6 718 9
1112 13 14 15 16 17 o 10 11 12 13 14 15 13 14 15 1647 18 19 10 11 12 13 14 15 16
_______________________________________________________ 18 19 20 21 22 23 24 16 17 18 19 20 21 22 |20 21 22 23 24 25 26 17 18 19 20 21 22 23
25 26 27 28 29 30 23 24 25 26 27 28 20 |37 28 29 30 31 24 25 26 27 28 20 30
30 3
417/2006 (24 Weeks)
FYDG-24
Ch1 Freq
3.008MH2

{1 ch1+Ch3 Pha
1 -11a.7°

CH1: L2 Gap Voltage

CH3: L6 Gap Voltage

Chi| 2.00V |Ch2[ 2.00v M 100ns| A Chd F 3.12V
200V Bl Ch1 & 0.00V 4 Apr 2006

[H[12.00 % 13:01:37

37
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2nd Harmonic
* Fundamental Three Cavity Operation

LS
MO —|> ﬁ 1 2 L L
Quad Fundamental
. Gap Voltage 130-
Hybrid Program
®-Control ®-Det . 1
L2
Q 4 3 [~
Fundamental
Gap Voltage
Program
180"
[4H1 2 FAw—s
Quad
Hybrid
P-Control F& ®-Det
¢ L6
Ehe s> > T
1ndn Fundamental aj—;'
Gap Voltage
Program
L6 Cavity Bias ——

| FtoV L5 Cavity Bias |——
L2 Cavity Bias }|——
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2nd Harmonic
* Minimum Second Harmonic Operation

Gap Voltage
Program

LS
MO —|> 1 2 % L L
Quad Fundamental
. Gap Voltage 180
Hybrid Program
®-Control ®-Det . 1
L2
Fundamental é‘g

Quad
Hybrid

®-Control 2*f

O-Det

¢ DD =

T
=2
i

2™ Harmanic
Gap Voltage
Program

L FtoV —{ L6 Cavity Bias ——
| FtoV }—[: L5 Cavity Bias |——
L2 Cavity Bias }|——
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2nd Harmonic
* Minimum Second Harmonic Operation

25
6 ‘ Fundamental Frequency ‘ Fundamental Gap Voltage Program
20 -
N 9
T
2 S 151
g S5
24 :
[ ©
= = 10 -
g S
o
L 3 1
5 4
2 T T T T T 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Time (ms) Time (ms)
12 12
2nd Harmonic Frequency —— 2nd Harmonic Gap Voltage Program
10 4 10 -
¥
8 i
2 8- )
3 ~
5 2 °
5 6 =
g > 4
Lo,
2
2 T T T T T T T o
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Time (ms) Time (ms)
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2nd Harmonic
e Second Harmonic Operation

LS
o | S D S
Quad Fundamental
. Gap Voltage 130
Hybrid Program
®-Control ®-Det . L
L2
S‘; 4 3 —/|Z]5—| >—| >—| > D T
Fundamental
Gap Voltage
Program
2*f =
Timing
Cantrol
180" -
i [4H1 2 Fm—y ®-Det [ L2
Quad
Hybrid
O-Control F& Multiplexer ®-Det
@ L6
Multiplexer @4 3 ,B’\ D D—|> D T
1048
Fundamental
Gap Voltage P .
apznf Hag;m:fmm Multiplexer =
Gap Voltage Program
L FtoV —{ L6 Cavity Bias ——

| FtoV }—[: L5 Cavity Bias |——
L2 Cavity Bias }|——
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2nd Harmonic
e Second Harmonic Operation
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The Installation and Commissioning of the IPNS Third Cavity

Summary

e The third cavity has been installed and is operational.

* L2 — L6 cavity operation has been demonstrated, although not to
satisfactory beam performance levels.

L5 — L6 cavity operation has yet to be demonstrated.

* We have a platform for 2"d harmonic studies and hardware is
being built.



