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Introduction

SMOG2 upgrade at LHCDb

» (Gas injection system for fixed target experiments
 He, Ne, Ar, Kr, Xe, Hz, D2, Oz, N2

Forward detector

gas
source
storage cell
\\ﬂ—“_ﬂ
L B V)
beam
Schematic of the LHCD fixed target set- SMOG?2 installation in the LHCb cavern
Up Wlth UnpOIarized gaseous target Source: https://cds.cern.ch/record/2727007?In=en

Source: Barschel, Colin, et al. LHC fixed target experiments: Report from the LHC Fixed Target Working Group of the CERN Physics
Beyond Colliders Forum. Diss. CERN Yellow Reports: Monographs Published by CERN, 2020.
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Introduction

SMOG2 upgrade at LHCDb

» (Gas injection system for fixed target experiments
 He, Ne, Ar, Kr, Xe, Hz, Dz, Oz, N2

‘ QIL (warm-to<cold transiton WTC) e = I

Non-evaporable getter (NEG) coating SNk, o~ LHCb VELO
«  Chemical pump for distributed pumping \ /‘oe[ﬂg-/
* Low secondary electron yield (SEY) coating Hy, Oy, ... : sticking '

Technical drawing of LHCb vacuum system with
NEG coated section highlighted

Source: Massimiliano Ferro-Luzzi: Fixed targets at the LHC: proposals and challenges
https://indico.cern.ch/event/1222068/contributions/5178127/attachments/2571819/4434293/MFL_LHCFixT_Aussois_5jan2023.pdf
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CY) ® ®g0 02°%y © Pumping speed decrease of TiZrV coating during
® o.o.. ®e ® o.o e® %o ' '
® saturation with CO (a) and N2 (b)

Source: Benvenuti, C., et al. "Influence of the elemental composition and crystal structure on the vacuum properties of Ti-Zr-V
nonevaporable getter films." Journal of Vacuum Science & Technology A: Vacuum, Surfaces, and Films 19.6 (2001): 2925-2930.

Schematic of native oxide dissolution of getter during activation

Source: Costa-Pinto, P. Vacuum chambers for LHC LSS. No. TS-Note-2004-009. CERN-TS-Note-2004-009, 2004.
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NEG coating and H2 interaction N
° ??f’i’f’i%%f
« EXcessive H2 sorption can lead to decreased H2 sticking 4 -

Progression of H, absorption

coefficient, or in severe cases embrittlement of the layer 75
potentially leading to peel-off of the thin film §

e |
Hydride phase with cracks

: . Hydride phase and consequent crack
+ Effect of Hz sorption on aging formation mechanisms in gettering materials

« Effect of H2 sorption on SEY

Getter powder peel-off after extensive H2
~gas sorption




Experimental set-up

SVT-2| SVT-1 Full-range gauge (FRG)

B ®E®

SVT-3
g Pumping
@— 2m,®3.5cm NEG chamber : group
&
s
Witness samples placed at the Membrane v A‘ Gas injection
entrance of the pipe gauge
PP (CMR)
RGA V=255I

2 m long NEG coated DN40 304L stainless steel pipes:
« 1.24452 g and 1.73885 g (0.02161 mol and 0.03021 mol) NEG coating

e 2200 cm? surface area
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Experimental procedure

H2 saturation experiments at 2 injection pressure conditions under vacuum at room temperature
on TiZrV coated test pipes

1. High pressure (HP) experiment

6 cycles involving instantaneous Hz injection at 1 mbar

2. Low pressure (LP) experiment

* 1 cycle involving continuous Hz injection at 5-107" mbar

- Vacuum performance characterization in vacuum test bench

- Materials characterization of witness samples



Experimental procedure: HP experiment

1. Bake-out and activation (230 °C for 24 h) 1.E+03 -
T Sticking coefficient
.. .. 1.E+02 H2 injection - 1400
2. Hz2 sticking coefficient measurement 1.E+01 Hz injection I\| \ | measurement
. . . 1.E+00 - 1200 —
3. High pressure Hz injection (1 mbar) 1 E-01 o
— afterwards: static vacuum (2 h) + 24 h pumping 1'E_02 [Reactvation ] - 1000 &
T, S
H2 sticking coefficient measurement g 1E03 — B
_ o _ g 1.E-04 | Bake-out || Activation |E 3 - 800 %’
High pressure Hz injection (1 mbar) o 1.E-05 ——= —— @
— afterwards: static vacuum (2 h) + 24 h pumping £ 1.E-06 ) - 600 2
1.E-07 | Kk x| Kt R 3
6. (H2 sticking coefficient measurement) 1.E-08 i- - mls | rrgiower [ 400 E
1.E-09 - S r \ E limit =
. . 230°C . 230°C:
7. Reactivation (230 °C for 24 h) 1.E-10 = E e — | 200
8. Hz sticking coefficient measurement 1Eqp 22& | o
0 7 14
9. Venting, withess sample retrieval, and visual Time (day)

. . = ECG-1 = ECG-2 ECG-3 FRG —Temperature of test pipe
inspection g PP

- repeated 6 times
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Experimental procedure: HP experiment

1. Bake-out and activation (230 °C for 24 h) 1.E+01
2. Ha2 sticking coefficient measurement 1.E+00 S
1.E-01

3. High pressure Hz injection (1 mbar)

— afterwards: static vacuum (2 h) + 24 h pumping E 1.E-02
L . < 1.E-03
H2 sticking coefficient measurement ® 1 E.04
5 =
High pressure Hz injection (1 mbar) ® 1.E-05
— afterwards: static vacuum (2 h) + 24 h pumping E 1.E-06 ® 1t injection
L - " d iniecti
6. (Hz sticking coefficient measurement) 1.E-07 m2"%injection
o 1 E-08 Cycles:123 "5
7. Reactivation (230 °C for 24 h) =e T
1.E-09
8. Ha2 sticking coefficient measurement 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
: : . . Time (s
9. Venting, withess sample retrieval, and visual (=)

Inspection

- repeated 6 times
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Experimental procedure: LP experiment

1. Bake-out and activation (230 °C for 24 h) 1.E+03
2. Sticking coefficient measurement (Hz, Nz, 1.E401
and CO) 1.E-01

3. Continuous H2 injection (5-:1077 mbar) B3
. Intermittent N2 and CO sticking coefficient %_ e
measurements :?-, 1.E-07

4. Sticking coefficient measurement (Hz, Nz, g 1E0

and CO) 1.E-11
5. Reactivation (230 °C for 24 h)

6. Sticking coefficient measurement (Hz, Nz,
and CO)

7. Venting, witness sample retrieval, and visual
Inspection

Bake-out

Y Sticking coefficient

measurement

| Reactivation |

| Continuous Hz2 injection | 1
. |
[ |
ol o : o :-—q-p-—dr *
i Eirrl— Laild [ :i:! | I | — FRG lower
L[ b B Y 1 u‘ . lu- iy 7. 1 ‘ -L limit
I SS9
oo coefficient measurement
230°C ' 230°C
JJ]20°C 20°C

= ECG-1

28

42 56 70 84 98
Time (day)

112

126 140 154

= ECG-2 ECG-3 FRG —Temperature of test pipe

- 1600

- 1400

- 1200

- 1000

- 800

- 600

- 400

- 2000

- 1800

Temperature of test pipe (°C)

- 200




As-deposited samples

FIB cross-section, SEM top view, and XRF composition

Thickness Ti Zr V

(m) (at%) (at%) (at%)
LP-0 1.4+0.4 33.2 19.0 47.8

HP-0 1.0+0.4 29.0 16.4 54.6

Pt coating

A
7o )
= - .
g <
2 & 5
3 Y " 4 2 3 =
. EHT = 5.00 kV Width = 38.11 um Mag= 3.00 KX
IProbe= 500pA WD=52mm Mag= 15.00KX Stephan Pfeiffer GCERN 3 pum WD = 7.9mm Aperture Size = 30.00 ym Date: 25 Jul 2022 )
| —— | EHT = 3.00kV Detector = InLens 7 Dec 2021 | Detector = SE2 StageatT= 0.0° Alice Moros e\




High pressure experiment

S 1.E-02 —
1. Bake-out and activation (230 °C for 24 h) ® activation
o o A high pressure injection
2. Sticking coefficient measurement f ¢ reactivation

3. High pressure injection (1 mbar)
— afterwards: static vacuum (2 h) + 24 h pumping

4. Sticking coefficient measurement

5. High pressure injection (1 mbar)
— afterwards: static vacuum (2 h) + 24 h pumping

Sticking coefficient (-)
i
o
w
—
—O——@—
OO
PO+ — @i
{1

6. (Sticking coefficient measurement)

7. Reactivation (230 °C for 24 h)

1.E-04

9. Venting, witness sample retrieval, and 3
visual inspection Cycle




1.E+01

High pressure experiment

1.E+00
=
o
L ) £ 1.E-01
1. Bake-out and activation (230 °C for 24 h) =
=
2. Sticking coefficient measurement 0
© 1.E-02 e
) o ) o ® 15t injection
3. High pressure injection (1 mbar) m 2nd jnjection
— afterwards: static vacuum (2 h) + 24 h pumping 1.E208 Cycles: 123
4. Sticking coefficient measurement
1.E+01
5. High pressure injection (1 mbar)
— afterwards: static vacuum (2 h) + 24 h pumping
1.E+00 F——
6. (Sticking coefficient measurement)
©
7. Reactivation (230 °C for 24 h) <, c o1
= 1.
8. Sticking coefficient measurement ?
(]
9. Venting, withess sample retrieval, and & 1.E-02 ¢ ;td i_nj_ectti_on
visual inspection "< injection
Cycles: ' 5
1.E-03
1 10 100

Time (s)




High pressure experiment

. . 1.E-03
1. Bake-out and activation (230 °C for 24 h) o
2. Sticking coefficient measurement Lomnry i
1.E-04 p
3. High pressure injection (1 mbar) - - 150 2
— afterwards: static vacuum (2 h) + 24 h pumping _ 150°C L 66 &
S 1.E-05 reactivations £
4. Sticking coefficient measurement = - 50
(]
5. High pressure injection (1 mbar) ? 0°cr 9
— afterwards: static vacuum (2 h) + 24 h pumping £ 1506 e 1st cycle activation
e 1st cycle reactivation
6. (Sticking coefficient measurement) ¢ 2nd cycle reactivation
L. e 3rd cycle reactivation
7. Reactivation (230 °C for 24 h) Lo —— N0  4th cycle reactivation
f§ e 5th cycle reactivation
8. Sticking coefficient measurement — * 6th cycle reactivation
1.E-08 ——Temperature
9. Venting, witness sample retrieval, and 0 10 20 30 40

Time (h)

visual inspection

8468
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High pressure experiment

Calculated released hydrogen guantity

Released H / TiZrV (mol/mol)

0.70
-o-Activation
0.60 —e—-Reactivation
sum
0.50
0.40
0.20
0.10
0 1 2 3 4 5 6

Cycle

Released hydrogen from NEG coating
during (re)activations



High pressure experiment

SEM and endoscopy

5.00 kv High Curre: M = 100KX
WD = 62mm Aperture Size = 30.00 pm Date: 25 May 2022
Detector = SE2 StageatT= 00° Stephan Pfeiffer

Top SEM image of HP-0
as-deposited sample

Top SEM image of HP-6 Endoscopic view of the TiZrV
witness sample coated test pipe after the 61"

cycle




High pressure experiment

SEY -
| ——HP-0 As Received
2 ——HP-0 Activated
O ——HP-1 Activated
- 1.8 ——HP-2 Activated
© ——HP-3 Activated
>1.6 HP-4 Activated
S HP-5 Activated
4‘3 1.4 HP-6 Activated
O
1.2
e
S 1
5
o 0.8
n
0.6
0.4

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Kinetic energy (eV)

Secondary electron yield of withess samples after 1 h 250 °C in-situ activation




Low pressure experiment

Sticking coefficient evolution 107!

H>
* H2, N2, and CO sticking coefficient * N
. . * CO
evolution as a function of sorbed o
hydrogen quantity £ 1072 .
I
&
)
()
v
(=]
c
X 1073
=
&
10705 10- 10~ 10-3 102 102 10°

H/TiZrV (mol/mol)




Low pressure experiment

Sticking coefficient evolution

» Hz2, N2, and CO sticking coefficient
evolution as a function of sorbed
hydrogen quantity

1071
H>
N>
(@(0)
- Pedro's data
E 1072 T . Ivo's data
9 et
=
[}
o]
(v}
()]
£
<1073
(9]
S
n
10_4 -6 -5 —4 -3 -2 -1
10 10 10 10 10 10

H/TiZrV (mol/mol)

10°



Low pressure experiment

1. Bake-out and activation (230 °C for 24 h) 1.0E-01
-®-H2 —-4—N2 -li-CO
Sticking coefficient measurement (Hz, N2, and
CO)
3. Continuous H2 injection (5-107" mbar) g 1.0E-02
Intermittent N2 and CO sticking coefficient measurements é
4. Sticking coefficient measurement (Hz, N2, and S
CO) £
. S 1.0E-03
5. Reactivation (230 °C for 24 h) &
6. Sticking coefficient measurement (Hz, Nz, and
CO)
1.0E-04

7. Venting, witness sample retrieval, and visual
iInspection

Before injection  After injection After reactivation




Low pressure experiment

SEM and endoscopy

Top SEM image of LP-0 Top SEM image of LP-1 Endoscopic view of the TiZrV
as-deposited sample witness sample coated test pipe after the LP
cycle




Conclusion

* 6 cycles of high pressure (1 mbar) H2 injections with 230 °C and 24 h activations
« 1 cycle of low pressure (5-1077 mbar) H2 injection with 230 °C and 24 h activation

—> Absorption of more than 0.20 H / NEG possible repeatedly without observing visual signs of
peel-off in the beam pipe at 1 mbar injection pressure

—> Saturation above 0.01 H/ NEG observed at 5-107" mbar injection pressure
—> Sticking coefficients decrease with increasing sorbed hydrogen quantity
—> Sticking coefficient is only partially regainable with the 230 °C and 24 h activation

» Witness sample peel-off / coating delamination needs further investigation using flat samples

« Effect of “aging” needs further investigation, as progressing in the high pressure cycles, after
1 h in-situ activation at 250°C.:
» Decrease of O dissolution and increase of SEY

Lower carbon-to-carbide conversion

Lower degree of metal reduction

23
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Additional info

1.E+00

1.E-01 | ——20°C
1.E-02 | ——230°C
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1.E-11
1.E-12
1.E-13
1.E-14
1.E-15 _
1.E-04 1.E-03 1.E-02 1.E-01 1.E+00

H/ TiZrV (mol/mol)

Sievert’s law [1]

8468

Pu, = 2Inxy + 14.2 7

activation

embrittlement (?)

injection

H2 equilibrium pressure (hPa)

[1] Chiggiato, P., and P. Costa Pinto. "Ti~Zr-V non-evaporable getter films: From development to large scale production for the Large Hadron Collider." Thin Solid Films 515.2 (2006): 382-388.
~



Additional info

Metal-hydrogen pressure-composition isotherm diagrams

1000 p 12
— 600 ] 10 B . T a2
400 b 351
T, €T,<T, ) 340
200 . 10"+ 327
VH.ogVH; — 313
T
Pial o Ti'd"_ ’ _;IOO ] 1 + .
c(ad) o o | T 80 i
P 2Z s & 40 4
3 a D ©
c X 1
o ! 5 10
%0 y '\ g E 20 . ~
Se L hs N e :
2 4 ©
= N, : 310 b & 10?2
[S] 1 \ ' a & b
g : \ : E 4 i -~
a hysteresis 1 ‘\ i Z 107
4]
a p L’ B adsorption / F : Ch : § 2 b
1 - —
’/ Ti “ I E ! J
<E i x 10
f desorption I“ i 0.6
§ e ————————— —
,l ! Plateau region "I : 04 7] =
' ¥ ! 4 10
Al 1 17 7\ 1 02
Composition (H/M) ol 4 1084 =
09 108 102 10 1 10'
. 2.0

Hydrogen concentration—— . . .
(Hydrog ) H/ze x=H/V

(@) [1] (b) [2] (€) [3]

Ti-H (a), Zr-H (b), and V-H (c) pressure-composition isotherm diagrams

[1] Henry-Couannier, Frederic. "From Dark Gravity to LENR." Journal of Condensed Matter Nuclear Science 18 (2016): 1-23.
[2] Libowitz, George G. "A pressure-composition-temperature study of the zirconium-hydrogen system at high hydrogen contents." Journal of Nuclear Materials 5.2 (1962): 228-233.

[3] Fukai, Yuh. The metal-hydrogen system: basic bulk properties. Vol. 21. Springer Science & Business Media, 2006




Additional info

Metal-hydrogen pressure-composition isotherm diagrams

10 1 1 1 1 ] |
Y 473K
ZrsoNisg 573K f
« Amorphous H’f
o Crystalline / J '
4I573K
1.0f f .
- /
o > 4
s ;
a
0.1F E
373K
0.01-# !
0 0.4 0.8 1:2
x=H/M

Pressure-composition isotherm diagram of amorphous and crystalline ZrosNios alloy [1]

[1] Fukai, Yuh. The metal-hydrogen system: basic bulk properties. Vol. 21. Springer Science & Business Media, 2006




Additional info

SVT-2  SVT-1 Full-range gauge (FRG)

Sticking coefficient measurement SVT-3 ‘ ‘
. . . . — 2m,@3.5cm NEG chamber % Pumping
« Transmission ratio: p2/p3 measured during @ : ] : group
transmission measurement ‘ al
Membrane I Gas injection
IO
RGA
1.E-06
SVT-2
—e—SVT-3
_ 1.E-07
f:
E
g 1.E-08
5
1.E-09
1.E-10
0 10 40 50

Time (min)

29
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Additional info

SVT-2  SVT-1 Full-range gauge (FRG)

Sticking coefficient measurement SVT-3 ‘ ‘
. . . . — 2m,@3.5cm NEG chamber % Pumping
« Transmission ratio: p2/ps measured during ® : : group
transmission measurement ‘ al
Membrane I Gas injection
aue’ ()
RGA
10000
< 1000
2
E r—r—r————o—o—9
2 100
E 10
1
0 1 2 3 4 5 6 7 8




Additional info

Sticking coefficient measurement

Transmission ratio (-)

Transmission ratio: p2/p3 measured during
transmission measurement

p2/ps = sticking coefficient (via Molflow+
simulations)

10000
1000
r— — *+— & ———9
100
10
1
0 1 2 3 < 5 6 7 8

Transmission ratio (-)

SVT-3

SVT-2  SVT-1 Full-range gauge (FRG)

‘ || Pumping

@— 2m,@3.5cm NEG chamber

group

@1cm conductance

Membrane @ I Gas injection
gauge —

(CMR)

1.E+04

o— Molflow+ simulation on Test bench
1.E+03
®
1.E+02 [ )
)
®
[
[)
1.E+01 /
4
1.E+00 @ ° o ©° A

1.E-07 1.E-06 1.E-05 1.E-04 1.E-03

RGA

2

r

1.E-02 1.E-01 1.E+00

Sticking coefficient (-)




Additional info

. . 1.E-03 - 250
1. Bake-out and activation (230 °C for 24 h) —soc G
. . - . B 200 9-’
2. Sticking coefficient measurement :
1.E-04 150°C - 150 ‘é‘
3. High pressure injection (1 mbar) 130°C 00 &
— afterwards: static vacuum (2 h) + 24 h pumping _ E
1]
.o .. o 1.E-05 - 50
4. Sticking coefficient measurement <
_ o _ g activations 20°Ct o
5. High pressure injection (1 mbar) 2 e 1st eycle activation
— afterwards: static vacuum (2 h) + 24 h pumping £ 1E-06 o
e 2nd cycle activation
6. (Sticking coefficient measurement) 3rd cycle activation
. . i 1.E-07 1st activation e 4th cycle activation
/. Reactivation (230 °C for 24 h) e 5th cycle activation
8. Sticking coefficient measurement ® Giheycle activation
1.E-08 — Temperature
9. Venting, withess sample retrieval, and 0 10 20 30 40

visual inspection Time (h)




Additional info

. . 1.E-03 - 250
1. Bake-out and activation (230 °C for 24 h) 5
C .. 200 <
2. Sticking coefficient measurement 2
1.E-04 150 =
3. High pressure injection (1 mbar) 100 2
— afterwards: static vacuum (2 h) + 24 h pumping . £
© =
C - o 1.E-05 50
4. Sticking coefficient measurement £
| o £ 0
5. High pressure injection (1 mbar) @ * 1st cycle activation
) . : (] -
— afterwards: static vacuum (2 h) + 24 h pumping £ LE06 o '2hil cyclo:adiivation
6. (Sticking coefficient measurement) 3rd cycle activation
. . 1.E-07 e 4th cycle activation
7. Reactivation (230 °C for 24 h) e 5th eycle activation
8. Sticking coefficient measurement R ey et ton
1.E-08 —e—Temperature
9. Venting, withess sample retrieval, and 7 8 9 10 11

visual inspection Time (h)




Additional info

XPS and SEY procedure

—> compare SEY and top surface composition (XPS) before and after an in-situ activation of
witness samples from the HP experiment

350
300 XPS 1

250°C
activated

200°C

N N
o o a4
o O O

h

XPS SEY

o |

as-received activated

Temperature (°C)
e
o
o

o)
o

o

-50




Additional info

XPS

1 .2 C(-") 1s E—— RT-0
—250°C-0
3 R e R R A A R R A A R A A RT-1
= 250°C-1
8 1.0 ] | ¢ & ¢ ¢ | §pop 5 ERRE R G | f | baee RT-2
— e 250°C-2
: ...... RT-3
_ = 250°C-3
© 0.8 “ i 18 S U I A TR Y A B 'R 470 G VI (A (R (N PO RT-4
8_ ; ntu activation Ll 250°C-4
" S o ot teaetae® VY W W\ | [ RT-5
@ e 250°C-5
« 0.6 —o—HP-0 e | | B @ F F ] B E b f fsR H f 8 ] E E F fRiesss RT-6
o S = 250°C-6
- ——HP-1 >
© 0.4 HP-2
N
= HP-3
© ® i As-received,
E 02 HP-4 g - at room temperature,
o —o—H P-5 ] _.';;:,g . ’..:':_.._“.:'after being exposed to air
2 ——HP-6 o e e . ;"‘%%M&*M e
00 T Y Y T L T T T T ’ T J r T ! y
0 50 100 150 200 250 300 e 200 289 280

Relative surface O content decrease

1S

In-situ activation temperature (°C) Binding energy (eV)

C 1 s peak: Carbon-to-carbide conversion
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Additional info

XPS

Ti(0) 2p5, o - Zr(v) 3ds,, fésTo;c-e - V(0) or V(ll) 2p,;, — zRi_O;C-e
...... RT_? 250°C-5 256005
~—250°C-5| | #Zun3d, [ oA\ e AW RTS Y RT-5
il i
ec4 N~ N A N RT-4 . i
AAAAAA RT-4 " 250°C-3 ] V(0) or V(ll) 2p,;, ...ersRT-4
After in-situ activation 2 | aerinsitactvation 2 N\ \ [ o e
-situ activaton /" . M~ J A} L. RT-3 . f—— 250°C-2 — |afterinsituactivation L7\ |/ W fee RT-3
; | —250°C.2 S | M~ NN, R RT2 - er in-situ activation —250°C.2
g | ol bl laeAt PNk | AN | 1 P RT-2 © p——250°C-1 [ T P ve-aman-sve e g N\ - g (0P W | N R A TREIEN RT-2
- e 250°C-1 = | e NS RT-J = = 250°C-1
-SRI N T O 1 N (O U5 i O O [ VO I R 2 RT-1 % = 250°C-0 $ B e e N S e, \ W PSS T T RT-1
R7) ——250°C-0 L s O s RT-0 = ——250°C-0
S TV 2p,, oy, 0000 RT0 > °e (. Tmmemmm—— RT-0
') “P3r > >
> : V(V) 2py;,
As-received, in
Ti(IV) 2p,, As-received, =  at room temperature, i
at room temperature, K after being exposed to air As-received,
e after being exposed to air %&.%‘__.‘.)_‘w'\m ™ - a:tmc;,m_temperatu:; .
ety PR TERSSEY KPSt A after being exposed to air
@80 LaRRIPAY " Ao B
— .'&' ey ."‘”‘, J i T T T T T T i T T T T T ! T T T T
470 465 460 455 450 190 185 180 525 520 515 510
Binding energy (eV) Binding energy (eV)

Binding energy (eV)

Ti 2p peak Zr 3d peak V 2p peak




Additional info

1.80
1.70
1.60
—— TiZrV as received
1.50 —a— TiZrV cyclel
—a— TiZrV cycle 2
1.40 .
—m— TiZrV cycle 3
E 1.30 —m— TiZrV cycle 4
v TiZrV cycle 5
1.20 - —u— TiZrV cycle 6
TiZrV cycle 7
1.10 - ——TiZrV cycle 8
—o—TiZrV cycle 9
1.00 —| —o—TiZrV cyce 10
0.90 -
0.30
0 200 400 600 800 1000 1200 1400 1600 1800

Energy (eV)

Secondary electron yield of TiZrV coating after repeated venting
and activation cycles with 2 h 250 °C activation condition

Source: T. French: The secondary electron yield of non-evaporable getter films for repeated activation/venting cycles




Additional info
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