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FLL CM: ESS Test Stano s

The workflow is split in phases

. .. . Table 1. Phases of the CM Workflow
CM lifecycle is intensively documented

# | Phase Areas
From To
=> CryomOdL”e Assembly from (lNFN/STFC) CEA 1 | Cryomodule reception G02-CXL CM-IRA
2 | Cryomodule preparation CM-IRA
. 3 |C odule installati CM-IRA Bunk
=> Cryomodule testing phase (Mec/Vac/Cryo/SRF) T ol Was Nl [ Bunker
5 | Cryomodule Cold Validation TS2 Bunker
B 6 | Cryomodule Warm-up
(t h IS InC I u d es F E re p o rtS) 7 | Cryomodule Disconnection Bunker CM-IRA
- 8 | Cryomodule Preparation for Dispatch | CM-IRA G02-CXL
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Figure 2. Flow of cryomodule testing phases in the different areas of the T
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Equipment description @

Nal(tl) detectors with Pb shielding (AMPTEK Gammarad5 76x76mm)

https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-
manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db88""-""""*-

» Varial aperture

R:
lﬂ Distance from module (H)
and height (V)
:1m S —
1:

H CM Length6.5m ®
N 9
Rad2 Ly \ T =
Distances from module (H) and height (V) H FRONT
H: 1.06m
V:1.30 m s Computed Interaction Probabilities: 76 mm Nal
Rad1 ' '
Distances from module (H) and height (V) r—— 3
H: 2.4m VA o) ) <
g
g N
< -
8 AN
£ | AN
.f. d d I :campton Scatter X
certified an [ e /
. —Total Attenuation /
calibrated R —
Incident Photon Energy (keV)
Detector.
Dose rate:
Neutrons

and gamma



https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db886b022bfc
https://www.amptek.com/-/media/ametekamptek/documents/resources/products/user-manuals/gammarad5-user-manual-b0.pdf?la=en&revision=afb7309f-7ab0-4490-8e10-db886b022bfc

2

Cryomodules
field emission
experience

: .'/2:; a’?//) ’
'(,I S
s -~ o
THEHE _ WIEWODNICZANSKI
» ERQENLCLEAR PHYSICS

o % OROPEAN ,
' | SPAWATIQN f

Y/

[4

o
(»"

mm)y  POLISH ACADEMY-OF SCIENCES =

\\i% K

Al 9 ( \
N .’_‘{Jl‘;i__é [4 \ G

\ "‘ ".;\ Rlies ‘ﬂ ;(A‘

/ SOURcg




Acquisition and Anal
« Nal(Tl) integrated in EPICS e

Tools with python scripts e Recalibration,
tilator Ansiysis using

Datafles Operations Plot Area
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TS2 Scintillator Analysis
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FE as limiting mechanism — at high fileds -

Ex: high beta cryomodule cm37, cav2 conditioning (Pl 500 us, open loop)
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FE as limiting mechanism =

Ex: high beta cryomodule cm37, cav2 conditioning (Pl 500 us, open loop)
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FE fed by coupler MP: HV suppression

Cm37 cav1 PL 300 us
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-t fed by coupler MP: scintillation in fibers (1) s

Experience with HB cm37 — cav3 -
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-t fed by coupler MP: scintillation in fibers (2) sy

Experience with HB cm37 — cav4 - strongest effect c4 cC3.. € 1
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CEA Montecarlo simulations explain activation =

closed loop operation: open loop operation
* 100 uSv/h neutron, + 50 uSv/h neutron
¢ >2mSv/h gamma * 1.4 mSv/h gamma TS2-CM33_36

e discrete emission lines on
top of bremstrahlung

¥ (mm)
i

P

i

Legend:
Distances from module (H) and height (V)

0L ) ot el

4000 3000 2000 1000 o 1000 2000 3000
z(mm)

G4 simulation points to the following scenario:

* neutrons are generated in the lead shield of Rad1
neutron capture by the bunker shielding material
(60% Fe) is expected to generate discrete gamma
lines (mostly 7.655 MeV due to >°Fe then 9.298 MeV
due to **Fe, then contributions of H,Ca,Si)

. no@C10021097/x86_64 intill 5 European Spallation Source ERIC
S h e | d TS3 Scintillator Anglysis

—— TS2-010CRM:EMR-XRS-001:mcal.VAL

5mm
thick
aluminu
m plate

P2-dnp

H A 4
= : Activation Threshold, g
0 2000 4000 6000 8000 10000 12000 14000 &
le7 Energy [keV]

—— TS2-010CRM:EMR-XRS-002:mcal.VAL

TS2-Rad1 scintillator data

by | -
E TIvaTon Threston
(o] 2000 4000 6000 8000 10000 12000 14000 =
2023-07-13T15:21:03.146869 26999 k&Y D3 xrs-pata hafs FEManager.py
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Montecarlo simulation CEA predicts outcome

All cavities at 20 MV/m

CM is asymmetric : the FPC e- has to be accelerated by
the cavity on its right first

Cavity FE in general low in comparison to FPC induced
radiation (checked with time domain measurements)

« Cavity within Pforward pulse

* FPC radiation mainly in TW at cavity discharge
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TS2-CM33_36
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Valid for CM37
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The dots are either gammas or
electron interactions in the
cryomodule, so see electrons and
radiation spreads all along the beam
line can be seen.

On the right also radiation in the lead
shield of RAD1 and the table its
installed on
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Vertical Test vs Cryomodule test

CM | Cav FE FE FE FE
energy | energy | during | during
det. 1 | det. 2
[MeV] | [MeV]
3 | MO0O7 - 3
MO18 - -
MO020 3 !
MO11 5 5
4 | MO14 - 3
MO16 | none none
MO030 N/A N/A
MO31 5.2 5.8
5 | M023 6 6
MO025 <4 6
MO29 | none none
MO034 6 6

CM | Cavity | VT field CM
from | emission field emission
1tod4 | [MV/m] [MV/m]
Detectorl | Detector2
4 MO14 | From 17 From 17 From 17
to 19 to 18 to 18
MO16 none none none
MO030 none From 15 From 15
to 19 to 19
MO31 From 15 From 15 From 15
to 23 to 18 to 18
5 MO023 | From 12 | From 10.5 From 12
to 18 to 14.5 to17.5
MO025 at 19 From 15 From 15
to 17 to 17
MO029 none none none
MO034 none From 15 From 15
to 18 to 18

Qualitative check: affected by different

geometry (efficiency) and sensitivity

FE in VT && CM

o
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Concern: HB produce neutrons @

CM31 at TS2, Nb activation by Field emission from cavities

i Pulsed-Radiation Monitoring —

. . .
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from beam losses? Activity with Bl
to mitigate by filtering background
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Warm coupler conditioning =

Evidence of no radiation => licensing aspects (SSM)

1. CAVITY 1 c o u p I e r t re n d s 44. Radio Protection data taken during warm couplers conditioning l . .
1.1.  Duration 44.1. Background measurement 442 Coup/e/s C O u p I e r ra d | at | O n d ata

Start 2023-06-14 10:00 | Data taken with Pandora detector, which belongs to RP, are shown in . itionin
End 2023-06-14 16:09 background data (acquired on a Sunday before and after warm couple Data (RP Pandora SYStem) taken durmg couplers conditio g are shown below.
Duration | 06:09 h measurements data (with RF on) are reported: they show no activity a
Events Some barriers approximately at the same power level (300 kW). Vacuum, arcs and M| ler conditionin, ”::“m':"*l’:::::“ T — —_— — = 0 X
EPU activity correlation observed. L = 0:;:: - ol ._70.:.:‘ o S T e —
12 Trend dring the onditon fm i rEm L) LEn il s S
2. Trends during the conditioning process " 800 i eI e R e
LEW an i r Ly r’:‘::l"ll'lvﬁi Yous 0K
c :: % © Live Data " mj Tt Contachy: ctive.
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:é g F ] Bl .‘ ! ,-‘= A - z‘ i A ;m < : R N H |
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: £ : 8- = _B‘m JJ:H i o o ......- e rirmd CE St g e i e s et b i ' Lol : J 4L i l ) X [ |, .
od %9 ¢ R e VR = S T \ ; *
& ] 12:26, 335 kW., . rmier = ~ AELTY |
T 94 84 - R wr?::oa. 318 kW E Figure 1 Background Data: RP data (Pandora system) taken on a Sunday b N i i o ol S A e e : i ! A £
8 o e T T e e e g [ F warm conditioned. Nothing above backgrow L L . ‘ foofor i L te e !
151 .1 1 8d o3 = " [shRiill SRUL| kB Sl dhmin gyt g iy '1‘: 1 Liatld 31 10 1 Hi'vj"" il ik ]
7587 *d —r e L . — "m ]
% ? ; sll.\; gﬁ E“ g & e [ mems e acopeetiza O7-g-2023 170501
£ gl "gs-;a FR 7 Figure 3 Data (RP Pandora system taken during coupler 1 conditioning). Nothing above background detected.
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29983 #1°%7 o -
R e 3 ‘
‘ ‘ g_z ° o I [ [ ]
JdH3" suumary  Total time summaries
9. Cavityl | 06:50 h
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Figure 2 Background Data: RP data (Pandora system) taken on a Sunday after CM32 couplers have been warm rm coupler condmomng requlred 16 hand 05 m of unmterrupted RF operation.
conditioned. Nothing above background detected.

Activity started with scintillators data and landed with radioprotection certified Pandora data
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