SM18 validation of RFD CM
Prototype for SPS tests
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Goals of RFD CM cold test in SM18

Testing of RFD CM is a crucial validation step of the cryomodule
assembly process.

Validation of the cryomodule at 2K is required before RFD CM
Installation in the SPS.
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Infrastructure: M7 test stand

Dedicated bunker M7 to allow full validation of CC CM.

The test infrastructure will be compatible with both RFD and DQW
cryomodules.
= This test stand will be used to qualify all HL-LHC CM (11).

= Manufacturing and Inspection Plan : CRAB RFD CM TESTING
SM18 - EDMS 2756481
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SM18 planning changes

Due to delays in production and a short window for installation in the SPS during
EYETS 2023-24 the testing program in SM18 was significantly reduced (*).
= Test flow and steps were adjusted.
= Duration reduced from original 4 months to 1.5 month.
= The main goal is to perform Vacuum/Cryo-System leak tests at 2K.
= All measurements and tests at 2K were reduced to minimum.

= No conditioning of the RF power couplers.

= No single cavities performance tests.
= RF tests only include measurements of the fundamental frequency, HOM spectrum

and tuner response.

|
November 2023 December 2023 January 2024

- || 19 24 29 03 08 13 18 23 28 03 08 13 18 23 28 02 07 12 17 22 27

Task Name » Duration » Start » Finish
4 Testing (SM18) and Installation RFDCM inSPSand  58.5d Thu 26/10/23  Tue 30/01/24
_removalof DQW M. - - Testing in SM18
< Testing RFD-CM in SM18 at cold 35.5d Thu26/10/23 _ Thu 14/12/23> oo | |
> Removal DQW-CM from SPS 14.25d ‘Mon 13/11/23  Fri01/12/23 —— ilnstallation of RFD CM in SPS
¢ Installation RFD-CM in SPS 21.5d Mon 18/12/23 Tue 30/01/24 E 1

No works during the
Christmas break

(*) 12th HL-LHC Collaboration Meeting, : RED-CM reception at CERN & acceptance tests
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https://indico.cern.ch/event/1161569/contributions/4921635/

Workflow of RFD CM Iin SM18

Low Power \QF/ Ready to

CM Reception Measurement Transport

! I !

Cool Down M/,dre\
! [ !

4
nt
Alignment Leak Test LB~ <@st RGA
RGA
e ds

Pump & purge

Transfer to M7 Disconnection

)

RF Warm | Connection } :;!(e
Measurement (VAC/CRG/RF) H/\ wa?r: rlua;

Hm ?E/RW >< cancel

Nyl



SM18 planning

e [ [ NN AN AN A A AN S AT T
Testing [SM1B) and Installatian RFD CM Im SP5 and SB.5 4 Thu 261023 Tue 30,/00/24)
remaval of DOW T
ald a55d ThuZRA073 Thulallzi

1 Delive N ad Thu 25/10,/23  Thu 26/10/23 287110

2 Delivery to 83187 ah Thu 26/10y23  Thu 26/10/23 28710

3 Check of transpart box and shack loggers) 2 h Thu 26/10/23  Thu 26/10/23 MME Instrumantatisn

transport monitoring

4 Unpacking ah Thu 26/10/23  Thu 26/10/13 MME

5 Viswal Inspection {icoking for cbvicus damagz h Thu 26/10/23  Thu 26/10/23 MME SRF

& Unloading 1h Fri 27410423 Frl 27710023 HE .

7 Check of travelers ad Thu 2610423 Thu 26/10/13 6/10 Del Ivery

B Installation of wheels or ransport rallers 2 h Eri27/10/23 Bl 27/10/23 HEMME

9 Tranpoet to M7 bunker 0.5d Fri 2710023 Fri 27/10/23 H

1 d | 3h F 17023 R 27/10/23 T MME Instsumentation an d

from B3137 to M7 L .

11 Cannect CM to ground ah Fri 23102 Fri 27410023 & TTN0 t

. Heaters: cabling, bawes | actwity taken frams d Fri 271023 Frig3f1lae T CRG I n S p eC I O n S

12 Vacuwm vessel inspection: welds, bellows,. 1d Fri 27710423 Mon 30/10/2: N, MME

13 Tigthening chcks 1d Fri 2710433 Mon 3010/ N e

14 Cryagenic Instrumentation verlfication. 1d Fri 2710423 Mon 30/10/2! o CRE

15 Remove lateral bock of cavities and lock for 1.5 ¢ Man 30/10/23  Tue 31/10/23 MME

eryoline (remove transport restrain]

16 Remove M2 lovel gauges and nstallHe 14 Mon 30/10/23 Tue 31/10/23 MME

level gauges

19 RF inspection and measurement 0754 Tue31/10/23  Wed 01f11/2:

20 Tuner installaticn 1d Wed 01/11/23  Thu 02/11/23

21 Aligment chech and measurement 2d Thu02f11/23 _ Mon D&/1

25 Installation and Welding Jumper and 3.63d Mon 0611723 Fri 10/11/23 Jumper and SaTety group eXtenSlOn Weld'n

LE

23 Leak check second beam line g-musm d i w1123 Tue 14/11/23]

with N2

24 Leak check cavity beam line (arrives with N2.63 4 Tue 14/11/23  Fri 17/13/23

26 Installation safety extension group (safety 1d Frilpf11/23 Mon Leak C h eC kS

walve, rupture disk and pressure 13/13/23

27 Supply hellum gas (k4) to safety extensian 4 h Man 13/13/23  Man

and level gauges 13/13/23

s s

Akgment check with CM under wacuum 4h Fri 171122 R 17,1113 ﬁl | g nmen i

wd. Fressure test 2d Ban 20/11/23 Tue 21/11/23

31 Cabling and signal checks 1d Tue21f11/23  Wed 22/11/2 Pressu re test

32 Close the bunker 1h Thu 23/11/23  Thu 23/11/23 -

ok Final checks
— —

ool-aown

36 aligment measurement at 2% &h Tue 28/11/23  Wed 25/11/Z

37 RF fundamental freq. measurement 1d Wed 23/15/23 Thu 30/11/23

38 HOM spectrum 1d wed 29/11/23 Thu 30/11/23 2 K

39 Tuner response 14d wed 2918023 Thu 30/11/23

48 Warm-ug 72h Thu 30/11/33 5w 03,/12/23 CRG War m 'u D

43 Open valve and start pumping withthe  0h Thu3nf11/23 Thu 30/11/23

SRF pumping group

50 Crya lock-out 1h Thu 30/11/23  Thu 30/11/23

51 High power RF system switch off ad Thu 30/11/23  Thu 3011423

52 Open bunker 1h Thu30/11/23  Thu 30/11/23 Leak Chec kS

53 Leak detection cavity beam line 1d Thu30/11/23 Friolf12/23 . .

54 RGA cawity beam line 14d Thu3of1L/E3  Fri0L/12/23 DISCOH nectlon

55 RF fundamental freq. measurement 1d Fridlf12/33 Mon

[fundamental and HOM] 04/12/23

57 Beam Vatuum cavity |ine 1d aon 08/ 12/F3 Tue 05/12/23)

58 Insulation Vacuum a7sd Tue05/12/23  Wed 06/12/2:

59 Msconmect cabling 1d Wed 05/12fF3  Thu 07/12/23)

60 Jumper 475d Thu07f12/23  Wed 13/12/2:

61 Disconmet He gas supply (ed) 1h Thu 14/13/23  Thu 14/12/23 CRG

B2 2y | Zh Thu 14/13/23  Thu 14/12/23 CRG

63 Disconmect Vacuum cabling 1h Thu 14/12/23  Thu 14/12/13 ERM- VACUUN

67 Switch on lonic pump and Menitoring, 94 Thu 14/12/23  Thu 14/12/23 14012

beam cavity bing

B8 Switch on lanlc pump and Maonitoring, ad Thu 14/12/23  Thu 14/12/23 1412

sacond beam ling

CM ready for transpi Fs i 114/12/23  Thu 14 Sz
CLERIN

i ket

HL
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Conclusions

The test infrastructure is ready to enable validation of the RFD CM.

A validation and testing program is being developed. Includes
procedures, reports and full data logging.

Due to delays in production, the test program was reduced.

The main goal of the SM18 test is to verify Vacuum/Cryo-System leak
tightness at 2K.

Only low power RF measurements are intended.

Courtesy: T. Capelli

HiLy Y (G |
HL-LHC PROJECT e K. Turaj, 26th September 2023




Thank you very much!

K. Turaj, 26th September 2023



Tests (Eng. spec. EDMS2043014)
RF Frequencies of deflecting mode

Qo-V, curve including power dissipated at 4.1MV at 2K
Quench field value

Lorentz Force Detuning test

dF/dp test

HOM frequencies & Q’s

Output power through HOM coupler
Test on modes around 760 MHz
External coupling verification of ancillaries

Field emission onset (Emitted radiation from cavity)
Multipacting levels

Effect of thermal cycling (15K-2K)

G (&)

RFD CM Test Program

Manufacturing and Inspection Plan: CRAB RFD CM
TESTING SM18 - EDMS 2756481

Comments
RF VNA measurements (after string assembly)

Target frequencies, 400 MHz: S;; < —25 db, HOMs:
S,1 =0.25db
Calorimetric measurements

With particular care to frequencies around 760 MHz
for RFD and 960 MHz for DQW

External quality factor of several HOMs

External quality factor of the field antenna (at
fundamental mode frequency)

< 50 pSv/hr?

Sustained RF full power within vacuum limit of 1 108
mbar

3 cycles.

The variation of all the parameters in this table shall
be within a range of +/- 5%




RFD cryomodule
ports/interfaces

Alignment and position monitoring
BE/GM

Total Qty : 16

|

Insulation vacuum
TE/VSC

Beam vacuum
TE/VSC

1040

Cryogenic
TE/CRG

Pick up antenna feedthrough
Total Qty : 2

Insulation vacuum pumping port 2/2
FSI - DN63 CF flange Total Qty : 4—iso K DN100
Total Qty : 16

Insulation vacuum pumping port 1/2 Level gauges feedthrough
Total Qty : 4-iso K DN100 2x / 2x ConFlat (CF) DN40

Cryogenic jumper
Iso K DN400
Total Qty : 1

Insulation vacuum instrumentation — Iso K DN100
Total Qty : 1

Beam vacuum instrumentation 1/2
Total Qty : 4

Beam vacuum instrumentation 2/2 | .
Drawing under preparation

Total Qty : 4
See drawings XXXXX

Instrumentation port
Insulation vacuum pressure relief — Iso K DN160 3 Flanges ISO K DN100
Total Qty : 1

Cryogenic safety port for pressure measurement
HOMS feedthrough 1 Flanges 1SO K DN63

Total Qty : 4

Instrumentation port
1 Flange ISO K DN100
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