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Milestones in Past Year 2=

« 22 January 2010: CM-1 moved into final position and aligned

23 February 2010: Warm side of Couplers under vacuum

« Cryogenic piping connections

11 June 2010: permission to initiate RF commissioning and warm coupler
conditioning

* RF/Klystron commissioning

2 August 2010: Warm coupler conditioning begins, one cavity at a time,
beginning with #8

16 August 2010: Cavity #8 conditioning complete (14 days)

« 26 August 2010: Cavity #7 conditioning complete (10 days)

« 2 September 2010: Cavity #6 conditioning complete (8 days)

« 17 September 2010: Cavity #5 conditioning complete (15 days)

« 22 September 2010: Cavity #4 conditioning complete (6 days)

« 27 September 2010: Cavity #3 conditioning complete (6 days)

« 30 September 2010: Cavity #2 conditioning complete (4 days)

3 October 2010: Cavity #1 conditioning complete (4 days)
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Warm Coupler Conditioning 2%
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Cavity #1 (Z89)
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Recent Milestones - 2 -

« 12 November 2010: Insulating vacuum space leak tight and pumped down
« 23 February 2010: Warm side of Couplers under vacuum

17 November 2010: Cool down begins

* 19 November 2010: Cool down to 4.5 Kelvin complete

« 22 November 2010: At 2 Kelvin

« 10 December 2010: Permission to initiate cold RF operation

17 December 2010: Cold coupler conditioning begins, one cavity at a time,
beginning with #1 (Z89), first RF into CM-1 at Fermilab

1 February 2011: Begin powering Cavity #8 (S33)
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First Cool-down

Cool down to 2 Kelvin
~2 hours ————
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Cavity #1 Performance
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« Determination of Cavity gradient limit: 23-24 MV/m, consistent with
Chechia tests

« Q adjusted to 3E6

* REF signals calibrated

« Cold coupler conditioning per DESY recipe
« Operation with LLRF closed loop

* Lorentz Force Detuning Compensation demonstration
 Fast Thermometry

-  HOM signals seen

 Dark current detected

* Interesting microphonics data

 Cryo Heat Load not as expected

« Large Q drop vs. gradient
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Cavity #1/Z289 Performance #
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Cavity #1/289 Performance #

Gradient (22 MV/m) §

HOM temperature

Cavity vacuum

Fast Thermometry response during a possible
quench
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Cavity #1/289 Performance 2%
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Cavity #1/289 Performance

he

& oy T I ] iu W T a0 T 1 T T ] T
150 | L!{._, J - Red - 20 pulse average
. ,‘ N\ o Green - input response for compensation
N N.,\-’f'?“. ..ﬁ"‘
€0 Y g ot W ww\ e w!f
(< c W
) 3
: Piezo OFF 3
e G Piezo ON
100 40
180 8-
0 | 1 | | | | 20 | 1 | | 1 |
0 05 | 15 2 25 3 0 05 | 15 2 25 3
Tine ) Tie ()

Cavity #1 (at 15MV/m)
LS LFD Compensation Algorithm
From 75Hz to 20Hz
Courtesy of Warren Schappert/Yuriy Pischalnikov

28 Feb - 3 Mar 2011 TTC Meeting, Milano 11



Cavity #1/289 Performance
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Cavity #1/289 Performance __‘-"%

Cavity Q vs E
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Calculated Q, vs. E - NOT a direct measurement!
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Cavity #8/S33 Performance __‘-"%

 High Power (to 1 MW forward power) conditioning is complete
 Began operation with flattop last week
 So far, so good

— 700 us flattop achieved

— Stable cryogenic system

— Some dark current, x-rays

— Minimal activity otherwise

— Quench limit = 23.4 MV/m
e 26.6 MV/m at Chechia

— LLRF Feedback loop tuned and closed
— Lorentz Force Detuning Compensation enabled

— Dynamic Heat Load measurement
- Difficult to determine Q,
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Cavity #8/S33 Performance #
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Cavity #8/S33 Performance #
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CavSigDisplay.vi
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Cavity #8/S33 Performance
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Cavity #8/S33 Performance #
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Dark current (100 nAmp/Volt) vs. E__,
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Cavity #8/S33 Performance
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Detuning Rate(kHz/s)

Cavity #8/S33 Performance #

Dynamic LFD Detuning with Gradient ’ L )
QAILC_Cryomodule_Instrumentation\CM1-Study\Cavity8\PiezoScan Piezo Sensitivity vs. Gradient

0 ; ; ; ; QAILC_Cryomodule_Instrumentatiom\CM1-Study\Cavity8\PiezoScan
525 T T T T T T T
-200 - B 52| i
df/dt =-1090.0 (HZ/S)/(Me\//m)2
-400 b 51501 i
-600 - 2 51 -
I
=
=
-800 - = 5051 B
o
5]
(=]
-1000 - E 5 i
=
2
8
-1200 - E 495 i
1400 - 491 _
485 B
-1600 -
) _ ) Q:\LC_Cry wie_lnstr. atiomCM1-Study\Analysis/Q:ILC_Cryomodule_Instrumentation\CM1-Studj\Cavity8\Piez:
1800 Q:JLC_Cryomodyle_Instrumentatiom\CM1-Study\Analysis/Q:LC_Cryomodule_Instrumentatiom\CM1-Study\Ca ) 5 10 15 20 25 30 35 40
0 5 10 15 20 25 30 35 40 Nominal Gradient (MV/m)

Nominal Gradient (MV/m)

Lorentz Force Detuning Compensation tuned

28 Feb - 3 Mar 2011 TTC Meeting, Milano 21



Cavity #8/S33 Performance
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NML Transverse Response of CM-1 23 Feb 2011 8:46 am to 12:20 pm
NML Vertical Response of CM-1 23 Feb 2011 8:46 am to 12:20 pm ' ——— NML REF (x) : i B
NML REF (y) : : : gav: Ex;
PR ~Lav X,
O REF Cort) o - oo N W - ]
Oioil st pss R CavS{y),  |serfodbmnifortin o 1 - Quad () ‘
Cav 7 (y) c : :
= Ouaq(y) FOOAB
'% 015k 4 ......................................... 4 . g
Displacements 3 MU S U W W O O
£ £
g 0.1 T R e | §
;‘é 005 Foobloor B & Bl A . - A - - . . . |
0.05 AT L b . SR I ¢
_M M D[J . 2Di[JD = 4[JIDEI EDi[JD BUiDU 10600 . 12UiDD“ =
0 . 3 T Ll 1 i, e 21 B 0152 Time : Sec
0 2000 4000 6000 8000 10000 12000 a1 1)
Time : Sec l
: i
0 l
o
va 4
0 i i {
if = ia
LN ! | 1AL
1 ' !
FFT of Frequency Response
Microphonics - courtesy of Mike McGee
28 Feb - 3 Mar 2011 TTC Meeting, Milano 22



Cavity #8/S33 Performance #
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Conditions during DHL measurements - 25 Feb 2011
Q, appears to be at least 107
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Cavity #8/S33 Performance
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Stuck Tuner Motor investigation

All motors exercised warm and cold
This motor operated ~20 minutes (120 kHz) before stopping

Fault appears to be external to windings per TDR measurement
(preliminary determination)

Studying specifications of motor (Sanyo)
Building test stand with similar spare motor
Investigating alternate controllers
Investigating more robust protection scheme
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Future Plans
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Cold Coupler Conditioning and cavity performance one cavity at a
time (#2 next, starting next week)
As cavity pairs are completed, connect RF distribution

Complete module test
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Summary
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Cold operation of CM-1 in progress since November 2010
— NML still a construction area!

Single cavity performance measurements in progress
— Cavity #1/Z289 shows large heat load, yet to be understood
— Cavity #8/S33

All systems being understood and characterized

Many successes
— Stable cryo
— LLRF
— LFDC
— Controls

A Few issues
— Z89 heat load
— S33 tuner motor

Developing list of enhancements for CM-2
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CM-1 Team at Fermilab
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