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PDDR: https://www.classe.cornell.edu/Research/ERL/PDDR.html
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! Linac A S
y § 344 m with 35 cryomodules
4 \ ;
A *, ]

Total 64 cryomodules, each: T \

Linac B

* six packages of 7-cell cavity/Coupler/tuner 285 m with 29 cryomodules

* a SC magnets/BPMs package
» five regular HOMs/two taper HOMs

SC magnets & BPMs 7-cell cavity Beamline HOM absorber

] Intermodule unit
nominal length: 9.8 m
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e 7 cell cavity

* 1.3GHz

e optimized for high BBU limit
* no HOM antenna

e fully built in house
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ERL Cavity: accuracy matters W& | ERL2015

Stringent Length & Frequency Tolerance: L=1160 mm +/- 0.5 mm

15t Series Production: Un-Stiffened Cavities Target Frequencyas Target Length Length as Built Length Post-
» Initial series production after single HTC prototype Frequency (MHz)  Built (MHz) (mm) (mm) Tune (mm)
ERL7-
> After welding, cavities were too long 002 1298.985 1298.460 1160 1161.04 1165.95
» Cavities were also too low in frequency (requires stretching ERL7-
of cavity to tune to correct frequency), compounding length 003 1238.985 1298.460 1160 1161.54 1163.56
issues ERL7-
» After tuning, cavities were over the length tolerance by a 004 1298.985 1298.498 1160 1160.66 1162.09

large amount
Frequency & Length of ERL Cavities After Welding

Root Cause of Production Cavity Frequency and Length Discrepancy
» There were several reasons the 1% series cavities did not meet production standards:
» Insufficient tracking of salient production variables
»  Lack of a protocol for length and frequency control of cavities during production
> We assumed that by cutting the dumbbells to the target frequency, they would be the right length

> Inaccurate RF Measurement Fixture for Dumbbells!

»  The measurement fixture deformed the dumbbells during measurements
>  Root cause for dumbbells being the wrong frequency (~500 kHz offset)
»  When combined with the erroneous trimming protocol, this leads to an unfixable length error

>  RF Measurement Fixture redesigned

Inaccurate RF

Improved RF Fixture .
P Measurement Fixture =
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2"d batch cavity accuracy R0

Z

2"d Series Prototyping
> Six Dumbbell were selected to form the cavity ERL7-005
> After measuring the dumbbells, it was discovered that if trimmed to the
“ideal” frequency, they would all be much too short! Lo
> So, the protocol was employed: T (mm)
» The dumbbells were trimmed slightly too long (lower frequency) -005 1298.600 1298.259 1157.9 1157.1 1158.4 -0.6
» The entire cavity would be tuned to the correct frequency (by
stretching) resulting in the correct length and frequency!

> Result:

Target
Frequency
(MHz)

Target Length as Length Post-

Built (mm) Tune (mm)

Frequency as

Built (MHz) Alength

ERL7-005

> ERL7-005 was too short and too low in frequency, as built. Target | quencyas T°TBSY | |angthas |lLength Post-
» The amount of etching was adjusted to compensate for the Frequency g iyt (MHz) Length Built (mm) Tune (mm) Atength
discrepancy in frequency. =5 (MHz) (mm)
» After some investigation, it was determined that the estimated -006 1298.85 1298.486 1157.84  1157.85 1159.09 0.09
weld shrinkage for each equator was to small. ERL7
> After adjusting this value, the following cavities came out much ey 129875 1298.386  1157.39  1157.99 1159.3 0.3
better. ERL7
- 1299 1298.578  1161.66  1161.36  1160.08 0.08
2 Series Production 002a

»  Using the above experience, the next three cavities were produced. 2nd Series Production Cavities

>  All three met the frequency and length requirements set forth.

»  All six cavities have been tested with a 100% yield.
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Vertical Cavity Test Results &N | ERL201S
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© ERL7-4 X ERL7-5
1 8 K OERL7-6 © ERL7-7

X Cornell ERL specs.

Qo
1.0E+10
1.0E+09
0 2 4 6 8 10 12 14 16 18 20

Eacc [MV/m]

w
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HGRP

After 10 K Thermal Cycle

®
cavity HOM load E % -
10" + § oo
B I
Horizontal Test Cryostat: 5 La . 'i\il =
(@) il =
16MV/m, 1.8K: Q, =2.E10 T T T L
(reached with coupler) 2 .
= ] 1.6 K Before Cycle |0}
&/ ® 1.6 K After Cycle
Q, = 3.5E10 without coupler 7] 1.8 KBefore Cycle
10" B 1.8 K After Cycle
] 2.0 K Before Cycle
. A
Q, = 6E10 with coupler and HOM 2.0 K Atter Cycle
absorbers 5 10 - 15 20
acc
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Niobium-

Titanium joint t ¢
Cavity: Niobium
— O
‘ Cold
R Load V

Helium Vessel:
Titanium

Niobium-Titanium joint

R R e S

Seebeck Voltages can be some 10 uV, currents can reach 10 A
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Cool-Down Effects: Thermocurrents & &' ERL20IS

- lIsitreal?
- Magnetometer data from a horizontal test, with probe placed next to the
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Cool-Down Effects: Thermocurrents & &' ERL20IS
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- Does it hurt?

- In a symmetric situation: no
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Cool-Down Effects: Thermocurrents & &' ERL20IS
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+ Horizontal cool-down breaks symmetry
- Longitudinal gradients produce thermo-currents

- Transversal gradients define the asymmetry and the amount of
thermocurrent induced magnetic field hitting the RF surface

- =>single gradients are acceptable, combinations degrade cavity
performance

- But: Temperature gradients may be necessary to expel residual
magnetic field
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Most of the Parts:
316 Stainless Steel
with 5p Copper Coating

Waveguide Flange

Warm Ceramic Windd
40K Flange Air Cooling
300K Flange 1

Cavity Bellows

Instrumentation Port

Pump Port
Antenna . )
(Solid Copper) 5K Intercept Cold Ceramic Window
3000
2750
L TEg
. o
Power rating: 5 kW CW e
. z 5
g 25047
: B
g &
2000 %
3
15048 g
.
Designed by Cornell
1250
1000
41E8
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Built by CPI
et bl Lo ; ¢
" e T AT
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08.28-1311h 08-28-13 12h 08.29-1313h 08-28-13 14h 08-28-13 15h 08-28-1316h 08-29-13 17h 08-28-1318h 08-29-13 19h
[ Main Time Axis (EST)
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Absorbing Material:
Doped SiC

.

Cooling Passage
Configuration of 80K
Cooling Jacket
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Flange for

40 to 80K intercept Slsassombly HTC'Z: NO HOM AbSOI‘berS
5K intercept 3 HTC-3: With HOM Absorbers
S 1012 ! P . | |
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@ Data from HTC-3
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HOM Absorbers Beam Test  « &' Eriaos
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HOM 5K Output

HOM
uncoated

@ (curiated)

5K Input 5K Input

©]
Current, AT (beam pipe AT (80K AT (80K AT (5K flange AT, beam pipe to
bunch length behind Abs.) gas temp) absorber temp)  next to cavity) cavity
coated/uncoated coated/uncoated coated/uncoated coated coated/uncoated
25mA, 3.0 ps 0.075/0.075 1.14/0.82 1.02/0.975 0.007 0.076/-.005
40 mA, 3.4 ps 0.2475/0.335 2.95/2.16 2.72/2.53 0.021 0.179/0.009
40 mA, 2.7 ps 0.2975/0.425 3.00/2.22 2.772/2.63 0.027 0.203/0.014

 No charge-up of the HOM ceramics observed
* HOM heating was less than expected
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40K supply 2"

HGRP support
1line subcooled * 2K helium bath for cavities via 2K-2 phase line post + alignment
for 2K liquid @1.2 * pre-cool gas for cool-down e 6K retumn

. oy = Gas @3 b
supply | bar * 90% heat load from RF losses in the cavities e i
] Liquid @3 bar
2 lines 3.0 bar He * Thermal intercept for HOM absorbers and couplers J0K supy
for 4.5- | liquid * 2/3 dynamic heat load Gas @20 bar
6K Single phase 1.8K supply
Subcooled liquid @1.2 bar
flow
. . 40K delivery
3lines | 20 bar He * Thermal intercept for HOM absorbers and couplers Gas @20 bar
for 40- | gas * 40K thermal shield
0, Vi |
80K *90% heat load from HOM
Input coupler
Cryc Supply Cavity in 1.8K helium bath
i ® |
80K Return 2" i i
| |
4.5K Supply 2" | ® 5K heat <wimii- !
2K Supply 2" | '
(or precool) ! 1T 1PC :
1.8K return ‘L |
I I ] 1T 1 I T !
| el | LW L | = |
| 1 Il Il Il 1] I |
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Precool Fwd 1": : L i LE™ i S —L [ ] o ' S "|J ’ i
T 1 i t — ~ ] I S o
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+ e T
6.5K Return 2": - :
40K Fwd 75" | £ : 1 l
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MLC Milestones LRL2015%
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(as of Fall 2013)

e Dec ‘12— Design completed
e Jan ‘12 —Order 6 remaining input couplers (6 month fab)
e Feb ‘12 — 3 unstiffened cavity built, testing started

e Apr ‘13 — Award vacuum vessel PO (6 month fab) & HGRP (6
month)

e July “13 — Production of 3 stiffened cavities started

e Sept. ‘13 —In-house fabrication of string components
complete (tuners, HOMs, tapers...)

* Jan. ‘14 — Begin string assembly in clean room

e May ‘14 — Begin cold mass assembly and instrumentation
(outside clean room)

e End of 14 — MLC ready for testing
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MLC string assembly & | ERL2015
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MLC string assembly N7
&N (ErL20IS
(2" half) |

Apr. 2014
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June 2014
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Vacuum Vessel e i =
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July 2014
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Cryo-Manifold Installation A ?Ronlﬁ
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Cold mass assembly ( LR
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Finishing the MLC i ERi0l5,




Moving MLC to Wilson Lab

3 ~ 1w 1
£ - WSS/ ¥
. J “‘ gy
Sl L/ ar
f Z °
N
A&
o Al
% .
4
OfiR ' nt 3 4
Research Sth T of (bepp, J e
ceelerator AN PLANTATIONS A %, o - 0
n Ma & Wf;a;LgEV/VVEP 2 Joumey Sat: VIWGBI029AM  Downkoad Dete V025 10119 PM
§ 5
'; % Joumey End: IMANE124B29PM Recoed Duricn ~ 4Hours 3EMin's
2 g CopE S RTONS Planiskeg Fegot 3t VB Sl o
Kinzelbs Richard M. L i — - v
Hall ing/ COMSTOCK Education Cen Buildng Fepat Enc: YIS 124829 St Mams 0
mmer g KNOLL
House | 22 Greenhouse
-
3 ) DEANS GARDEN . ” House ROBISON N Blue = Complex el 1
"m Man piary YORK STATE 2
Centel el irary Beeby ing pECTeenhouse 5 garnen 1 omplex nhouse ) g
Hall jion g Hall YAND A mplex > 306
UAD. L o 2 2 o i
ciences Buil o % 4 U I I ‘
R ner —=Fouoer  \%, Feder < 02 1 1 .
el UCTINTock®  HEREAGE % uition 0 0 Ll li. 11 skl L
FARRAND House e Shed VEGETABLE epnhou:
 GARDEN p 0 GARDEN 0 ! 1 1
RIS ROCKWEL h daﬁllem 0 oto erersol g‘:sl 5 ostic B
DEN  AZALEA GAR GARDEI i Lab ortur ; ié
° olg % R 5 04 . !
i\ * ! A e oy I WED | I
ves Ives L
Hall Hall (Cbnfefence BI0LOGY a o [l [ T TR N
Ve East [(Chit QUAD o
3 " 5 :
:] X Bio | 0 arge Animal Rese 5, z I
T S / ® 06
& = . D i
= L R t 2 £ 04
1t o — ab = = | | ‘ h |
e Po il e = 02 i }
: 5 s ol AL Do Too UL Tt WG, 4
a fater oS ]
& ioning CA41 HR 0 e !
o) o1 chrotron Teaching .
B ds Hall 2 ; and Research 0
s 3 0 ) q- Bams s 08
s L] CRESCENT o, =3 %c» Equine H]
\J Lot 2N % Metabolism z 04
J, & <, Unit
1 It o 02
oF Qg Substation
FHELD opt CORNELL ORCHARDS [ 8 n L [T ' "
& C3pge > =
Graphic,
ok Serviced Rl LMUN Y.L

@ Ralf Eichhorn | CLASSE | Cornell University ERL Workshop 2015 | Stony Brook| 06/10/15 36



Ralf Eichhorn | CLASSE | Cornell University ERL Workshop 2015 | Stony Brook| 06/10/15



L 4 T ey
2
¥

& W ( ERL2015

~— _—

June 2015
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Summary and Outlook @ & | ERL20IS

Summary:

* Finished a 40,000 h effort on designing, prototyping and
building a next generation high Q cw cryomodule (in time
and budget)

* Resolved many interesting scientific questions in SRF and
cryogenics

Outlook:

* To be pessimistic: cool-down starts in July

* (Qdata taking will start August (2 weeks per cavity)
 Ramp up to all cavity operation early 2016

* Use this module inside an accelerator
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Thanks!
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