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A Brief History

JE
?—

* Original Mission: The industrialization of X-band
accelerating structures for the main linac of the
Next Linear Collider.

* Additional Responsibility: The design and
construction of the structure supporting girder
assembly for the NLC main linac.
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A Brief History

JE
?—

* IB4 Factory and Structure History

e June 2000: Factory conceptualized and founded by N. Holtkamp
and D. Finley

*  Nov. 2000: Decision to site factory in IB4

July 2001: FXA-001, the first structure built by FNAL (but not at
FNAL) completed

Sept. 2001: Infrastructure established and factory operational with
our small vacuum furnace

Mar. 2002: FXA-002 partially assembled at FNAL

*  June 2002: Large Vacuum Furnace installed and operational

Aug. 2002: First structure (FXA-003) constructed entirely at FNAL
is completed

*  Nov. 2002: First FNAL built structure (FXB-002) undergoes high

power testing at SLAC’s NLCTA
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Structure Production and Performance Review:

FXA Structures Histor
W —y

FXA series, aka T20VGS, 20 cm. long, 45Smm o.d.
cells, 120 degree phase advance traveling wave
structures. Main purpose of these structures was
for us to learn structure construction techniques
and develop our processes. Three FXA structures
were built, none were high power tested.

FXA-001: All-brazed structure assembled using a
hydrogen furnace at AlphaBraze, Inc.
in California.

FXA-002: All-brazed structure assembled using a
hydrogen furnace at AlphaBraze.

FXA-003: All-brazed structure using our vacuum
furnaces. First structure assembled FXA-003
entirely at Fermilab.

May 11, 2004 Harry Carter to Accelerator Advisory Committee Meeting Slide 5



Structure Production and Performance Review:
“Dummy” Structures

St
L.

“Dummy” Structures and their

components are used for:

*  Qualifying furnace braze cycles prior
to brazing actual structures

»  Girder stability studies and vibration
testing. Dummy structures have
mechanical properties identical to
real structures.

We have produced nine (5.4 meters’
worth) of these structures in support
of girder studies.

“Dummy” Structure Final Assembly
in Our Large Vacuum Furnace
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=& Structure Production and Performance Review: Strongbacks

Dummy Structure being test fitted
On an NLCTA-style “Strongback”

FXB-002 Mounted on NLCTA-style “Strongback”

* We produced nine long structure supporting
systems known as “strongbacks”(six for
NLCTA use at SLAC, and three for use in
girder development at FNAL)

* We also produced 10 short strongbacks for
use in the 8-Pack Project
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Structure Production and Performance Review:
Jt FXB Structures Histor
L 3 M

FXB series, aka H60VG3, 60 cm. long, 61mm o.d. cells, 150 degree phase
advance traveling wave structures. These structures were originally
intended to be the ones used for Phase 11
of the 8-Pack project. 12 FXBs were
originally planned for construction, in
order to supply nine (5.4m) structures
to be mounted on a 6m long NLC proto-
type girder. Ultimately,
seven FXB structures were
built. Their construction
And testing history is shown
on the next slide.
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Structure Production and Performance Review:
Jt FXB Structures Histor
L 3 M

FXB-001: Damaged during construction. Became one of our
“dummy” structures.

FXB-002: All-brazed structure assembled using a vacuum
furnace at Advanced Thermal Processing (ATP).
Fermilab “fat-lipped” I/O couplers used.

FXB-003: All-brazed structure assembled at Fermilab but sub-
sequently processed with 3% hydrogen mixture in
furnace at ATP. Fermilab “fat-lipped” 1/0 couplers
used.

FXB-004: All-brazed structure in vacuum furnaces at Fermilab. )
Fermilab waveguide (FWG) I/O couplers used.

FXB-005: Same as FXB-004, but cell pretuning prior to assembly resulted NO
in problem---not sent to SLAC for high power testing.

FXB-006: Same as FXB-004 but cells vacuum-fired at 1000 C for one hour > H2
prior to stack assembly. Presently installed in the 8-Pack test
at NLCTA. Used

FXB-007: Identical to FXB-006. Presently installed in the 8-Pack test
at NLCTA.

&' FXB Cell on Single Disk RF
Measurement Test Setup
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Structure Production and Performance Review:
Jt FXC Structures Histor
L 3 M

*  FXC production
« aka H60V(G3S17, 150 deg. ,
no HOM extraction

FXB Cell

e 5 structures were produced

FXC Cell

 FXC-003 was the first damped,
detuned structure to meet the
TRC R1 requirement (65MV/m
unloaded gradient, 400ns pulse
width, <0.1 breakdowns/hr.)

*  Production concluded on April 6, 2004,
with the shipment of FXC-005 to SLAC

RDDS-1 Cell
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Structure Production and Performance Review
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r 3 Structures for the 8-Pack: Project Goals

?—

Overall Project Goal: To Demonstrate an NLC Power Source

Two Phases:

8-Pack Phase-I: Multi-moded SLED II power compression
Produce NLC baseline power: 475 MW 400ns

LC TRC R1 requirement for GLC/NLC:

‘Demonstration of the SLED II pulse compression system RF power and energy
handling capability at the design level.’

8-Pack Phase-II: Use the SLED II system for a Linac sub-unit test:

A full power demonstration of an RF feed to 4.8m of high
gradient structures on the NLCTA beamline.

One of the LC TRC R2 requirements for GLC/NLC: ‘A linac sub-unit test’
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L.

Structures for the 8-Pack: Power Handling Schematic
-

From NLCTA Station 1

From SLED Phase IIa (During ITRP Visit)

From NLCTA Station 2 |

| Overmoded

300MW, 400 ns

% % ¢ %
3dB 3dB 3dB ; 3dB
| stac | | sLac | | Fxc-004 | | Fxc-003 | | FXB-006 | | FXB-007 | [SLAC/KEK| | SLAC |
mmm)> [FXD-a-001] [ FXC-005 | === Just installed last Monday
From SLED Phase IIb
Overmoded
| | | |
2 6 dB 2 4.8 dB 2 3dB 2
3dB ; 3dB ; 3dB ; 3dB
| Fxc | | Fxc | | Fxc | | Fxc | | FXp-a | | FXD-b | [SLAC/KEK]| [SLAC/KEK]
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* http://www-project.slac.stanford.edu/lc/local/Projects/ NLCTA/nlctasumm.html

L.

NLCTA Eight Structure Summary i

»Help I

Total Energy Gain (HeV)

Average Gradient (HV/m)

Average Rat

Station 1

BRun Time ({(hrs)

with power >
100 HH
since last reset:

04/20/2004 21:05:26

Input Power (HH)

118

Station 2

Run Time (hrs)

with power >
100 HH
since last reset:

0472072004 21:05:35

Input Power (HH)

8-Pack

BRun Time ({(hrs)

with power >

(565

since last reset:

Total Energy
Gain (MeV)

0472072004 21:05:55
400

Input Power (HH)

’ 276 I

H60wvgdR17-1 HEquARlT—z(XFXC—OOfJ (—{FXC—OOB FXB-006 FXB-007 ( H60vgds17 HEOVgSRl?(*
Gradient (M¥/m) Gradient (M¥/m) Gradient(H¥/m) Gradient(M¥/m) Gradient (M¥/m) Gradient(HM¥/m) Gradient (M¥/m) Gradient (MV/m)
63 | 62 | 62 | 61 | 63 | 65 | 61 | 63 |
Trips Trips Trips Trips Trips Trips Trips Trips
o | o | 2| o | | o | a | o |
Rate(/hr) Rate(/hr) Rate(/hr) Rate(/hr) Rate(/hr) Rate(/hr) Rate(/hr) Rate(/hr)
0.00 | 0.00 | 0.17 | 0.00 | 0.09 | 0.00 | 0.34 | 0.00 | 0
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Present Status of Structure R&D: RF Design
# Improving Eacc/Es With Dipole Detuning (Zenghai Li, June ‘03)
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«  FXD-A-001 was completed in March and is

*  Additional FXD-A and FXD-B production

Present Status of Structure R&D: FXD Series

(D
HFSS Solid Model of HOM Extractors

We have parts for the
FXD series structures
(H60VG4S17, 1500,

with I/O HOM extraction)
Cells for 6 structures,
3 sets of the -a variant R
egular
and 3 sets of the -b variant  cens
(for two-fold interleaving) i‘n‘;‘t‘z‘hﬁ;’;"cﬁ{ with
have been procured

currently undergoing high power testing at
NLCTA

will commence as soon as our clean room

HVAC controls upgrade is completed (~ 1
week)

HOM extractor
test assembly
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hik

FXD Structure Fabrication Schedule

Sept. Oet. Now. Dec. Jan. Febh. Mar. Apr. May June July Aug. Sept. Oet. Now.

Design Work | | |
. | Ly
FXD-A&LE Cell Tables Arrive from SLAC ‘ | |
T I I |
[ FNAL Review of Cell Tables Complete | |
. Decision

‘ 'O Couplers & Matching Cells Design Complete |
| .

HOM Couplers & Extraction Cells Design Complete (Output End})

) 1
| HOM Couplers & Extraction Cells Desien Complete (Input End) ‘

| i ey ——— - -

Parts Procurement

‘ Cell Procurement Period for FXD-00]1 thru -006 I |

1
‘ HOM Parts Procurement Periu d for FXD-003 and -004

i
|
‘ Coupler & Matching Cells Procurement Period for FXD-001 thru -006 |
|

‘ HOM Parts Procurement Period for FXD-005 and -006

T ]
Structure Fabrication : i

FXD-001 (&)

|
| b

I T
| |
. ! ! |
| | FxD-0028) : |

|

|

|

|

| i

| .

FXC.005 : I FXD-003 (A) '—I HOM Extraction at Output End
| . I

FXC.002 | | I FXD-004 ('B)

|

|

|

| FED-005 (A) ‘ I

‘ HOM Extraction at 'O Ends !
FXD-I]I]IS B) ‘

8-Pack Phase ITa: Initially 2-FXBs +2-FXCs +4-KEE/SLAC Ingtall 2000-Hour Test Run
Siructures
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Present Status of Structure R&D: FXE Series
-]

Currently 1n the design stage

We will use the FXD-B disk set design for the body of the
structure, thus 1t will have the same electrical design as the
FXDs, (H60VG4S17, 150 deg. , with /O HOM extraction)

Cells for 3 structures have been ordered
The Fermilab “fat-lipped” coupler design will be used in order

to regain the lost accelerating gradient that occurs with the
waveguide coupler design. A single RF input coupler design
will be developed, while the output coupler will employ either
two or four output RF flanges.

Internal silicon carbide loads are being investigated for the HOM
manifolds.
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# FXE Structure Fabrication Schedule

Jan. Feb. Mar. Apr. May. Jun. Jul. Ang. Sep. Oct. Nov. Dec. Jan. Feh. Mar.

Design Work |
Technology
Decision

I
- Decision to Use .
FXI} Cell Tables |

1
Design of 'O
Couplers& | |
Matching Cells [

I/O HOM Couplers &
| | Extraction Cells Design

Cells (3 Sets) |

Parts Procurement

| 'O Couplers &
' Matching Cells
| |
| 'O HOM Couplers
& Extraction Cells

T
i) o e ‘. =
Structure Fabrication | FXE.B.001 i I

FXE-B-002 |

| | FXE-B-003

i End of FXD Production
I
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# Present Status of Girder R&D: Vibration Studies

Studies: ' FNAL Geop

e Effect of cooling water on structures stability
e Comparison of Al and Stn.Stl. strongbacks

e Effect of vacuum on vibration transmission

e Transmission of vibration to quads (PM EM)
e Study on more realistic supports

o Effect of movers on structure stability

e Adding more constrains: waveguides
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Present Status of Girder R&D: 3-D Modeling
and Analysis (C. Bottfo)

hik

Power Spectrum Al strongback w/ 2 FXB type structures

1E-11-
clJ1E-12 Jﬂ
%1513— i 87 Hz
| 95 Hz

30 35 40 45 50 55 &0 &5 70 75 =]u 85 a0 a5 100
Frequency [Hz]
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# Future Plans

The Technology Decision and Its Impact---The decision will
come too late to significantly influence FY0S funding. Our
guidance is to assume flat funding for FY0S. If the decision
is COLD, we will:

* Complete FXD Structure Series
e Build Our Next Structure: FXEs
* QGirders---Complete R&D and Build Prototype

Once this work is completed, we would ceased further
X-band R&D.
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# Future Plans

The Technology Decision and Its Impact: If the

decision is WARM, we will:
* Complete FXD Structure Series
*  QOur Next Structure: FXEs
* QGirders---Complete R&D and Build Prototype

« QGet back to our original mission---industrialization

of structure production
« X-Band Power at Fermilab (Joint effort between
TD and AD)

* Initiate planning and design work for an ETF
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# Conclusion

* [ have given you an overview of what we have
accomplished, our ongoing work, and our future
plans. Even if the technology decision 1s cold, we
will continue our X-band effort through the end of
this calendar year.

* I encourage you visit our facility if you haven’t
already done so, we are always happy to give tours.

* Any Questions?
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