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ABSTRACT

22 Linac Coherent Light Source II (LCLS-II) cryomodules
were successfully tested at the Cryomodule Test Facility
(CMTF) at Fermilab. Following the completion of the
LCLS-II testing program, CMTF has shifted to testing
cryomodules for the LCLS-II High Energy upgrade (LCLS-

[I-HE). The first LCLS-II-HE cryomodule, the verification KEY PARAM ETER DIFFERENCES: TESTING SEQU ENCE

cryomodule (vCM), was successfully tested and verified the

readiness of LCLS-II-HE cryomodule testing at CMTF, and LC L S -I I & LC LS -I I -H E o Installation — 11 days

production cryomodule (CM) testing has begun. Presented

here are the production CM test acceptance criteria, testing . Cooldown, 24hr soak at 2 K — 5 days
’ Parameter LCLS-11 LCLS-II-HE ’ Y
plan, and CM test results so far. | | ;
: - - . Power rise, MP processing — 5 days
Nominal Cavity Gradient [MV/m] 16 21 A 5 y
: : . Thermal cycle/fast-cooldown — 1 da
LC LS 'I I H IG H E N E RG | Max. Cavity Gradient [MV/m] 21 26 Y 4
. ¢ Q 0 measurements — 2 days
U P G RAD E Min. CM Voltage [MV] 132 173 -
Havi luded the LCLS-II test Cryomodul S - *  UnitTest—1 day
avillg conciuded e - lest programm, LIYOMOGuic Multipacting Processing [Days] 1-2 4-5
HE CM testing. The infrastructure of the test stand remains
largely unchanged. Eight, 7 kW solid state amplifiers have
replaced the 4 kW amplifiers used during the LCLS-II test S -
: : . : 25
program, which were installed and com-missioned during M U LTI PACTI N G
the final LCLS-II CM test. An EPICS-based controls system P R O C E S S I N G . i aml
has also been implemented to conform with a model like =
what 1s used for the accelerator controls at SLAC. CMTF Operating gradient for LCLS-II-HE cavaities, 21 >
houses a state-of-the-art cryo-genic facility with a cryogenic MV/m, lies within multipacting (MP) band, £
capacity of 500 W at 2 K. Cavities use 2/0 doping recipe necessitating processing of cavities. MP typically & .
and nominal gradient increased to 21 MV/m. presents as: sporadic quenching, radiation spikes,
e . W ! ™ RN combination of the two. MP seen in both vertical 5 -
N N | | cavity test as well as CM test.
D - I I I I I I I 1
Procedure: ] DecaRad
* Increase gradient until quench. £ il Criprmunk
. . £
* Return power to cavity until stable. -
. . =
ity _ * Repeat process until quench field or admin. 8 100
i~ D " limit, whichever comes first. £
* LOIlg runs (2—4111') at 21 MV/m before Unit Test. 102509 102510 102511 102512 10-2513 102514 10-2515 102516 10-2517  10-25 18
vCM F21
ACCEPTANCE CRITERIA | . I — CM TEST RESULTS
Parameter Value | Minimum acceptab'le performance during test é 25 '_-u-_:___:—_ ST = T TR ——— 5 { T Ty ] T Two CM have been fully tested and qualiﬁed.
Minimum usable gradient for an 16 MVIm| |Usable gradient — the maximum gradient at which the following 3 O] T 1 SR . . .
individual cavity conditions are met: = 20{ TUFTCLUET BRI TR BUET TEE B PP 204 TTET EUET TEE TE R PEET T Third pI'OdLlCthIl CM set to be tested Aug 2022.
¢ radiation level is below 50 mR/hr, e
e the cavity can run stably for one hour "E' 15 A 15 A V . f t. C d l CM
e 0.5MV/m below th h field. — S~ criiication crvomoauie (v
Nominal usable gradient Individual czwitie;n 511|Ec:5r:t;1Iir regciusmzmilnal usable gradient of 20.8 MV/m. E 10 TT 1:':‘ I'-'ITF A?gmdl_-lm::t o - -III!IIII I'-'ITF j!u.|;lr5|ndl_.| rn::I: . y ( )
Minimum Usable CW voltage The fotal CW vollage produced by cryomodule with cavities running at © | — ,;21 I:-:I. : J Gr:a dliil:w.t IR m'?;-' I:-::: G’;d'iiit e First LCLS-II-HE CM (pl‘OtOtpr)
Cryomoduie Simultancously in GDRISELAP mode and wih the magnet at nominai O 51 == CMIF Max Gradient 5 { =1 CMTF Mox Gradient « Tested April — October 2021, fully qualified
Additonaly. the indvidualcaviy gradients during s run must be o L e i e e L Tl i e » Record performance for CW machine: 211 MV
dE"d- I I I I I I I I I I I I I I I I
Stable Operation Ir:ED[;ﬂcravities that have a usable gradient above 20.8 MV/m, they must also CAavl Cav: Cavi CAvd CAVS CAVe CAVT CAVE CAVD CAVZ CAVI CAV4 CAVS CAVe CAVY CAVE lt
be shown to be stable (no quenches or trips) at 20.8 MV/m for at least one max. voO age
hour. ..
Captured dark current Tﬁgrdarl-: current as measured by Faraday cups at each end of a ad - 0 ¢ 4 C&Vltles plasma pI‘OCCSSGdI
cryomodule at the minimum CW voltage as defined above shall be =30 35 - — o 35 | N ] .
s st 1o 2tosrate speed o g lecrore. T snould be doe 0 B B W _ o No cavity degradation
such a way to maximize the dark current measured at the Faraday cups. 3.0 - — 3.0 - B _ - ol o, .
Individual cavity Qo Individual cavity Qo's must be measured at the expected operating gradient — I 1 5 Y 5 U 5 IO = T I 1 A IR " PN N - PSR - Ry E A - o No MP observed for pI'OC@SSCd cavities
| . (20.8 MV/m or the usable gradient whichever is lower) | o 25 - ] 25 - F. A t° l CM Fl 3 21 F21
aul fing duration with Each odule must operate at th CW volta t - — - . -
RE power during test GDR/SELAP and with the magnet at operating currents unti he . o ll‘S.t rticle : KF1. ( | )
Pours with 90% operating time. whichever s less, {o venty stable operation a * First LCLS-II-HE production CM
and confirm acceptable coupler heating. oy 15 - 15 - .
2 K Dynamic Load at 173 MV The measured dynamic 2 K heat load of the cryomodule while operating at ¢ Fully quahﬁed, but SOIMC n()nconf()rmance
voltage at total voltage of 173 MV must be < 137 W (equivalent to an average Qg of 101 == qo Spec 101 == Qo Spec
2.7x109). .
Static heat load at 2 K Th: stati}:lz heat load at 2 K must be <7 W 1 3 V1500 1 3 V1500 ObSCI’V@d.
0.5 0.5 ]
Cryomodule thermometry All installed thermometry shall be verified functional by observing 00 FI, Cr'Tn,: ?D 00 FIICWT t,:":' o 2K dynamlc heat load over SPCC —
consistency in output with operational conditions. For sensors measuring g J J J J T T T T - T | T T T T | T
i i i i cavl CAav? CAVI Cavd CAVS CAVe CAavT CAVE Cavl CAavz? CAVI Cavd CAVS CAVe CAVT CAVE . .
entcalocatons an component i  rvoode ere shallbe Cavity Namber Caiity Nomber contribution seems to be lower QO from
component and under static load with no power applied to the cavities or LCLS_II CaVitieS nOt 2/0 I‘eCi e
Cavity Microphonics pl'-lhag Etciﬂphnnics for each cavity must be 10 Hz peak to peak or less, Th t t(h . h p ) > 1 O H
ed 1h jod while at th t dient with the JT
- measure over | o perd e o e cpraing e i e TEST RESULTS WITH COMPARISON TO o Three cavities with microphonics > 10 Hz
ST T St e e ACCEPTANCE CRITERIA + No MP observed at 21 MV/m after processing
off rates
Cryomodule cryogenic valving JT valve, CoolDown/Warm up, Bypass valves shall all be verified functional
operational performance. In paricular. no valve of aciuator s o have ice Parameter Spec vCM F21
_ _ _ form on the room temperafure components. 7 Related LCLS-II-HE contributions: Please also see:
e O o o et S e Average Qo @21 MV/m [e10] 7312 26 MOPOPAL3 . S.Posen et al, High gradien
change the cavity’s frequency from 1299.980MHz to 1300.020MHz. performance and quench behavior of a
Eggrgaﬂﬁnnﬁﬂtﬁsfnhﬁmﬂmm able to adjust cavity’s frequency from 2 K Heat Load @ 21 MV/m [W] <137 119 141 TUTAAOQ3 verification cryomodule for a high energy
Fine funer minimum range ' ' ' THPOJO19 continuous wave linear accelerator”, Phys.
Max. CM Voltage [MV] N/A 211 203 THPOI020 Rev. Accel. Beams 25, 042001 -
) Published 4 April 2022
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