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RFQin @ieart of LINAC

. |
C « RadieFrequencyQuadrupole (RFQ)elongs to the Linear
accelerator which is the first stage of acceleration towards
the LHC, at CERN.
« Study alternative materials with a better performance to a
future manufacturing of a new RFQ.

* Need to understand the origin of enhanced breakdown and
find a mitigation

« Can blistering influence the lower performance?
» Find materials more resistant to breakdown phenomenon

Surface damages from vacuum
breakdowns and H implantation
nYe UT WRUY RT JWA[ Akt wWz2e¢ Ut

Inspection of RFQ interior vanes
during the long shhdown, 2019
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Materialsfforthe study

-+ Matenals were selected bast sueemaras  Source o manacurng
o _

on thelr: CuOFE Purchase from external company

» Usability for metedlong high Tiaeva Machined at CERN Workshop

gradient RF structures Nb Machined at CERN Workshop 2 paigs of
: : anode

* Potential resistance to CucCrizr Machined at CERN Workshop cathode
b“Ste”ng (tr_ylng to Ilmlt_ CuBe2 Purchase from external company sllzameazs
hydrogen blister formatlon) Ta Machined at CERN Workshop

 Resistance to breakdown ssziein Machined at CERN Workshop
phenomena

{ 1 - Irradiationwith H beam
Testing ) . .
! 2 - High Voltage Pulsirtgsting

Before testing, electrodes have
been through a preparation

phase

U Manufacturing/Machining

U Metrology and SEM
finishing surface analyses

U Surface cleaning

U Thermal treatments
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EHT =10.00 kv Signal A = SE2 Catarina Serafim

na
WD = 6.1 mm Date: 9 Aug 2022 @
L

Sample ID = Cu_electrode_irradiated(032022)_ Mag = 500 X

- Irradiationwith H beam
- High Voltage Pulsirtgsting

Vacuum Breakdown

* When applying a high voltage potential, if the
electric field on the surface is high enough,
the emissions of neutrals, and their sequential
lonization will form a conductive plasma
within our gap and allow the flow of current.
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nalysis of grainrorientation

@5 Red graln = orlentatlon C
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IProbe= 750pA WD=50mm Mag= 50.00KX Anite Perez
EHT=10.00kV Detector = Inlens 3 Jun 2022

@CERN

IPF Coloring || Z0
Copper
001

IProbe~ 10nA WD= 50mm Mag= 1.00KX Anite Perez

EHT =10.00kV Detector = SESI 3Jun 2022 @ CERN

111

101

LopezCazalillg A., Serafinet.al. Effect of surface orientation on
blistering of copper under high fluence keV hydrogen ion
irradiation. ActaMaterialia 266(119699), Published 2Q@anuary
2024,DO0I:10.1016/j.actamat.2024.119699

Grain Boundaries
>2° 1.06%
>10° 98.9%
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Bubblegrowthin Cu

« To model this effect, some computational approaches have been
/:‘ implemented before.

s The growth of tiny He bubble was followed in Cu, showing the
dissociation of small prismatic loops [Jin et al., Sci. Rep. 11 (2021)
12839]

« We simulated a range of H concentratiqng/VVac= [0.5,5])
andfollowed the dislocation networkround thebubble

N =5
=
\l

n H/Vac : 4

(Nyvae NUMber of H per vacancy in the void)
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Bubblegrowthin Cu

~* We showed that even much larger bubbles grow via prismatic loop
6 punching (PLP). In this case the network of shear loops is forming or
adjacent {111} planes with the Burgers vector either aligned or
opposite to the gliding direction of the prismatic loop

[A. Lopez, F. Djurabekova et al. Aletaterialia225 (2022) 117554]

. PLP
Elastic ,_Plastic A
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Dependenc®f blister shapeon grain
orientation
[A. Lopez-Cazalilla, C. Serafim, F.

Djurabekova, Acta Materialia, 266,
119699 (2024)]
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IProbe= 500pA WD=50mm Mag= 5.00KX  Anite Perez @
EHT =10.00 kv Detector = SESI 3Jun 2022 CERN

» The process of formation of blistering
seems to occurs in the two different
grains, at the depth between 26280 nm.

. %Ilolwer development on the blue grain

3.6.2025
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@CERN

IProbe= 750pA WD=50mm Mag= 50.00KX  Anite Perez
EHT =10.00 kV Detector = InLens 3Jun 2022

@CERN




Unevenappearancef blisterson
different grains

@he MD results do not provide informatic
on why (110)/(111) are not the first
surface yielding, being the glide
direction/plane. We see (110) is the first
yielding, contradicting the experiments.

« Since the initiation sites are formed at
different depths depending = — = = ——
on the grain orientation, we ey —
need to know how the pe >
netration depths are for
45 keV H in Cu.

» For this, we use
MDRANGE?*, while typical

Monte Carlo methods are
commonly applied.

s 4 A 4 L% ade M,
4 pm IProbe= 500pA WD=50mm Mag= 5.00KX Anite Perez
|= i EHT = 10.00 kv Detector = SESI 3 Jun 2022 @ CERN
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MDRANGE #BCA

(111 (100)

) MDRANGE

H range
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IProbe= 750pA WD=50mm Mag= 5000KX Anite Perez
EHT = 10.00kV Detector ns 3 Jun 2022

@CERN

Recoils formation ~ vacancy formation

— Vacancies | ‘ The studied grains under low fluence show that bubbles
0.05| Eeé’:g; : are formed at different distances, which is consistent with
MDRANGE results, observing a deeper formation in (110)
z grains.
S.0:L CASWIN BCA code ] _ o .
£ ' L] i After a complete dataset of blisters/protrusions is obtained
0.02 4 with MD, we understand the mechanisms of surface
modification. However, we observe that under low
s TPy * fluences, only (100) grains experience blistering and not
0.0 . et A s (111), with a similar H profile
0 50 100 150 200 250 300 350 400

Depth (nm)
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Comparison with experiments

We filter those recoils with kinetic energy lower than 40 eV (approximately
_ the energy needed to create a vacancy), and we observe that for <100> the
6 peaks are close, however the distances between them in <111> and <110>
(specially the latter)

A. Lopez-Cazalilla, C. Serafim, F. Djurabekova, Acta Materialia, 266, 119699
(2024)
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Difference in rangeprofiles of Hhionsiand
vacancies explains thedifferentsblister
g rOWth ra.tel [A. Lopez-Cazalilla, C. Serafim, F. Djurabekova, Acta Materialia, 266,

. 119699 (2024)]
o * The formation of vacancies occur

C : = closer to the surface in <111>
o and <110>grains, but the
52! Yoo, hydrogen atoms need more time
£ ol | o (fluence) to fill these gaps and
gwof 5 develop larger blisters visible in
el ™2 the surface, while in <100> is
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LES d¢ests for/lall materals

(o

Non-irradiated Irradiated
Max Field | Stable Field] Max Field Stable Field
(MV/m) (MV/m) (MV/m) (MV/m)
SS316LN 62.5 60
CuBe2 40 16.7
TiAI6V4 95 90
CuCrlZr 29 25
Cu-OFE 25 20
Nb (BCP) 42 21.7
Ta 38.1 24
3.6.2025

MeVArcl2, Wiks Slott, Sweden

TiAI6V4, CuBe2 and SS316 were the
best materials in reaching a stable
field. Followed by GOFE and
CuCrlZzr.

We see very big differences in the
electric fields reached between
irradiated pairs and non irradiated
pairs.

The blistering effect from irradiation
doesn't seem to provoke a decrease
of performance on the electrodes.
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Plasma cleaning treatmer
+

Repeat LES testing

EHT =15.00 kv Catarina Serafim

WD =12.0 mm Date: 23 Jun 2023

Signal A = SE2 Sample ID = CuBe_irrad_LES_ Mag= 3.00 KX
3 B 7 e o

10 pm EHT =15.00 kv Catarina Serafim
WD =12.0 mm Date: 23 Jun 2023
Signal A = SE2 Sample ID = CuBe_irrad_LES_ Mag= 1.00KX
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Plasmdreatment of the electrodes

CuBe2 SS316

» Chemical analysis was performed in different areas before and after plasma cleaning.
» Before plasma treatment we had12% of C

« After plasma cleaning we have3% of C
* Hence, plasma treatment was a success for carbon removal from the surface.

* New electrodes (GWOFE and Stainless Steel)

* manufactured> irradiated> plasma cleanee> subjected to new high voltage pulsing tests.
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Conditioning results with-and without
plasmar treatment

(o

e CUOFE electrodes
after irradiation

e Electric field
achieved: 25 MV/m

e CUOFE electrodes aft:

irradiation + plasma
cleaned

* Electric field achieve

82.5 MV/m

3.6.2025

80~

Electric Field (MV/m)

Cu E-Field
Cu Irrad E-Field

Cu Irrad Treated E-Field
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Conditioning results with-and without
plasma: treatment

® . | Stainless Steel 316LLN
150- -3000
« SS316LN electrodes -
after irradiation g il 1 E
- ] fE=F="0  LESR 2000
« Electric field 2100 b I T z
achieved60 MV/m & 75 e e e T L1500 2
2 P IR et <
5 50- ' O e 71000 8
5 e e e T A
" s fogl e T e T e e 1500
« SS316LN electrodes alf )| et Ty
irradiation + plasma - | | | | | 0
0.0 0.2 0.4 0.6 0.8 1.0
cleaned Pulses 1e9
e Electric field achieve e SS316LN Irrad E-Field —— SS316LN Irrad No. BD
160 MV/m e SS316LN E-Field —— SS316LN No. BD

e  SS316LN Irrad Treated E-Field —— SS316LN Irrad Treated No. BD
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Conditioning results after irradiation
= andoxygen plasma-treatment
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él 20

N
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N\

CuBe2 SS316LN Cu-OFE
®m Max Field (MV/m) m Stable Field (MV/m)
Irrad Max Field (MV/m) Irrad Stable Field (MV/m)
B [rrad-OPC Max Field (MV/m) ® [rrad-OPC Stable Field (MV/m)
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Conclusions

appearing protrusions using MD, in agreement with

. We identify the effect of surface orientation on the shape of
Qo
experiments.

The difference between the vacancraage and the
penetration depth of H in (110) and (111) grains explains the

later development of blisters, complementing the previous
models.

The blisters do not induce breakdowns

However, carbon contamination during irradiation plays a
certain role in increased breakdown rate
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Thank you for
you attention!
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