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Parameters influencing the SEY and ESD
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Electron and molecule emission
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e” impact energy is quickly redistributed:
first to e Fermi gas, then atoms

Born-Oppenheimer

Indirect energy transfer mechanism

from primary e to secondary particles

Energy invariance of emitted particles

Only fraction of e~ (over E, .,

E,, tresholds)
can possibly contribute to SEY and ESD
Ne- & 1/ Egonp
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Electron and molecule emission
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Experimental setup description beam-screen

SEY, ESD, TPD capability at cold \

Controllably reproduce LHC-like conditions:

10K - 300 K Tes=5-20K
10 mbar hours till 1 Langmuir (106 Torr.s)
0-1.5keV E-cloud spectrum
no B-field u-metal chamber

Experimental targets: Energy scan
1076 - 102 molecule/e- ESD sensitivity
Cu, SS, Al ... Unbaked metals |
a-Carbon, LESS, NEG Coatings and treatments
N,, CO, CO,, CH,, Ar,... Cryosorbed gases /

| p-chamber

Wi,
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ESD and SEY measurement

Ci.Ap; /Ig Cj.ApjBG 1Ic
ESD yield: n, ;(E,D) = L : Cryostat
©J kg.T /' qe kp.T /CIe
Signal + Dynamic BG
Isg  I¢ Sample
SEY: 6(E,D) = . I-+1 28V (SEY,ESD)
B C S 3 +46V (Condi.)
e — %] collect
Closed geometry to capture molecules and e- : le j I; e- beam
Simultaneous SEY and ESD measurement -
T Vs Farada
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25-1500eV
Low-energy

Retarding sample bias to reach 0 eV
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SEY measurement

Cu, as-received
I I —— Cu, 300eV at 4.5 mC-mm2
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SEY: Cold Cu conditioning at low and high energy

Conditioning
SEY scrubbing:

Decrease of SEY and ESD with e- dose

Depletion of adsorbed gas & formation of a graphitic layer

High energy electrons are necessary for graphitization.

Known at 300K — Same story at 15K, confirmed by C, peak on XPS

SEY [e~/e”]

e-CLOUD’22

3.0 ;
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Cu, 23 eV at54 mCmm™?
25 —— Cu, 300eV at 2.3 mC-mm~—2
—— Cu, 1keVat22mCmm2
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4
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Energy Dependence. 2012
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SEY: Warm Cu conditioning vs initial surface state

Conditioning Decrease of SEY and ESD with e~ dose
SEY scrubbing: Depletion of adsorbed gas & formation of a graphitic layer
Surface-bound carbon is necessary for graphitization

As-received shape indicates a graphitization potential, E,,,x = 200 eV

as-Rec Cu, US+alco & plastic bag

Vac-bake 200°C & 5m air-vent
—— Air-bake 200°C & 5m air-vent
—— F-P fit: sputter Cu(Gonzalez),s=1.4

“Carbon c’est bon” Nishiwaki & Kato. (2009). 2
Graphitization of inner surface of copper

beam duct of KEKB positron ring. Vacuum. _ _
Full line = as-received

2.0 1 Dashed = few mC.mm-2

1.5 4

Sputtered Cu

—————— e
——
———
-
——
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-

SEY [e /e~ ]

1.0 1

0.5 A

Scheuerlein et al. 2002. An AES study of the
room temperature conditioning of
technological metal surfaces by electron 0.0~

. . . ; 0 200 400 600 800 1000 1200 1400
irradiation. Applied Surface Science.
Electron Energy E,sc [eV]

Cu: 300K, 300eV
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SEY: Cold Cu conditioning vs residual gas composition

Conditioning Decrease of SEY and ESD with e~ dose

SEY scrubbing: Depletion of adsorbed gas & formation of a graphitic layer

The carbon-rich residual gas is insufficient to aid graphitization at this setting (at UHV and 10K)

“Carbon c’est bon” Nishiwaki & Kato.. (2009).

Graphitization of inner surface of copper
beam duct of KEKB positron ring. Vacuum

Scheuerlein et al. 2002. An AES study of the
room temperature conditioning of
technological metal surfaces by electron
irradiation. Applied Surface Science
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u : e Smi.mm .4e-o mbareco .
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ESD: Cold Cu conditioning at low and high energy

Conditioning Decrease of SEY and ESD with e~ dose
SEY scrubbing Depletion of adsorbed gas & formation of graphitic layer
ESD conditioning: Depletion of adsorbed gas

Lower ESD yield at high e- dose — Lower pressure rise due to e-cloud

3.0 - 10° E
Asrreceived Cu, As-received Cu: 20eV @ 12K H, CHy4 A= Cu: 300eV @ 12K —— Hs CHq
Cu, 23 eV at5.4 mC-mm™2 co CaHs 1 co CoHg
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—— Cu, 1keVat2.2mCmm2 _ J
| 1
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ESD: Cold Cu conditioning at low and high energy

Conditioning Decrease of SEY and ESD with e~ dose
SEY scrubbing Depletion of adsorbed gas & formation of graphitic layer
ESD conditioning: Depletion of adsorbed gas

Lower ESD yield at high e- dose — Lower pressure rise due to e-cloud

20 eV do little - 300 eV conditions best - 1 keV is not proportionally more efficient
3.0 A od 0.2 0.02
s-receive Cu, As-received —— As-rec. LHC-grade Copper as-rec| v20eV —— As-rec. LHC-grade Copper
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ESD energy dependence: Warm Cu

Main desorbing gases: H,, CO, CO,, , C,Hg Ar,

Threshold around 10eV

zerofor:  Expy .. < Erpp 10° 5
Linear until ~200 eV 1071 ;
' l350ev 1050eV
Adsorbates \ TS 0.0 nm
D << D T ' :
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2 107%4 gepth ?
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From SEY & ESD to Ap,

Knowing the SEY «— EC < ESD interplay allows calculating the dynamic pressure rise due to ESD

Most of 4p; is caused by the beam-accelerated e-

FHC dipole
re—(E;D) X ne—’j(E;D) o8 Q]/S] = Ap]
2
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. r —_ max —_ r max
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. = 10° 0
100 4 —— Total e~ flux 10" —— dQtot —— dQcua
—— True sec: 89% % — dQuz —— dQcane
— Acc.e : 11% o E dQco —— dQur
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1 10 100 1000 - . — — .
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Primary I
electrons

SEY: gas on conditioned Cu 1+
Secondary Desorbed gas
electrons and fragments
Ice = cryosorbed gas, weakly-bound 4 ‘
SEY is substrate-agnostic @10ML (non-porous) Cryosorbed CO, —
>N @ o 9

A

Internally reflected SE

Bulk Copper vacuum/ice & ice/metal
3.0 v 2.5
Asregeived Cu, As-received 13CO 10 — Cu, Conditioned
Cu, 23 eV at5.4 mC-mm™2 2 el — Cu+ 13C0O, 1ML 314
2.5 —— Cu, 300eV at 2.3 mC:mm™2 2% — Cu+ °CO; 2ML 15N
—— Cu, 1keVat22mCmm™ 2.01 B —— Cu+13C0, 4ML .
D‘O Cu + 3C0, 10ML .
2.0 SEY Cu @15K glectml:Enerzgc;{ Ev:?e\v‘] 0 T °
o T 1.5 T 2 \/-
@ -Eu— L ° o
'v 1.5 23eV @ 5.4 mC.mm?2 o h ° m
x > 2
" @ 1.0 - 3
S =
1.0 i
1 iy 1 -
300 eV @ 2.3 mC.mm™?
0.5
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= 15N,/Cu,conditioned
0 T T T
0.0+ T T . T T . ; 0.0+ T T T T T T T 0 100 10?
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 150, C 1015 / | 2
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Primary I
electrons

SEY: gas on conditioned Cu I
Secondary Desorbed gas
electrons and fragments

Ice = cryosorbed gas, weakly-bound

SEY is substrate-agnostic @10ML Cryosorbed CO,

o N 9

dd

o 9

LE-SEY is particularly sensitive, even low coverages

A

Internally reflected SE

Higher 6,,,, and E,;px — € multipacting

Higher reflectivity at LE-SEY — e survival — faster EC build-up transients Bulk Copper vacuum/ice & ice/metal
2.5
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c 13 15 / \ 1| P~ — Cu,
_:_ Cg; COZ CO CH4 N25 i r / \ ;O‘S —— Cu + Ar 1ML
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2.01 - co | | [ 80 —— Cu + Ar 4ML
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ESD yield [molecule/e™]

ESD of ices at 10ML

Ice = cryosorbed gas, weakly-bound

— high ESD vyields

— significant cracking, induced by SE
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ESD of ices at 10ML

Mutual ESD vyield influence in a mixture

Both enhancement and quench are possible

CO transition N, transition
AT -X'ZH(v),0) bII,-X'T (v} 0) 0% %
5% 1 0.2 T T T T T T T L’ /50(230 " ‘
" a E ! e , Ar
@ N2 co | /e _ 0200] ./ Ar 10ML/Cu, Hz
2| ' - i * .« ice charging issues i
a0ty | T CO desomtion : 1 e . contaminated __
c . —— ™N_ desorption ! A -
S 3x107° h 2 P . 0.175
2 i <z d , P9
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Binary ices: SEY & ESD at 10ML

Non-linear mapping of SEY & ESD with composition

Linear averaging leads to factor ~2 errors

Mutual influence of desorption yields also observed in PSD: . " kY ¢ CH, e CO ’
—— SEY fit —— CHg4 fit — CO fit
* Bertin, M., Fayolle, E. C., Romanzin, C., Poderoso, H. A., Michaut, X., Philippe, L., ... & T 35711" CH4Z CO
Fillion, J. H. (2013). Indirect Ultraviolet Photodesorption From CO: N2 Binary Ices—an i‘ 304 10ML/SS
Efficient Grain-gas Process. The Astrophysical Journal, 779(2), 120. H?é
% 2.5
Quenching behaviour is also known: "
o
* Dupuy, R., Haubner, M., Henrist, B., Fillion, J. H., & Baglin, V. (2020). 5 2:01
Electron-stimulated desorption from molecular ices in the 0.15-2 keV regime. E 154
Journal of Applied Physics, 128(17), 175304. E;
« Reimann, C. T., W. L. Brown, and R. E. Johnson. g 1.0
Electronically stimulated sputtering and luminescence from solid argon. § 0.5 -
Physical Review B 37.4 (1988): 1455. Kick-out
ESD and SEY often anticorrelate in thick ices (!) L ' ! ! ' i
) 0 20 40 60 80 100
100% CH,4 Molar fraction [% CO in CH4] 100% CO
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Binary ices: SEY & ESD at 10ML

Non-linear mapping of SEY & ESD with composition

Linear averaging leads to factor ~2 errors

3.0 — 15\, — - 9.0 4.0 7 «  SEY © CH, ¢ CO .
— Ny fit —— Ar fit —— SEYfit —— CHyfit —— CO fit
15N] - — 3.5 |"= .
251 N,:Ar . " CH,:CO
) 10ML/Cu = 10ML/SS
: Q 30 7
g g
= 2.0 - - 6.0 £
3 = o 2.5
o | wn
< &
©

? 1.5 L 45 £ 2.0 -
o
o >
- 2 1.5
- 1.0 A - 3.0 =
Al o
2 E
3 s 1.0 -
0 3

0.5 - - - 1.5 &

TKick-out 0.5 - _
Kick-out
0.0 A - 0.0 0.0 A
0 20 40 60 80 100 0 20 40 60 80 100
100% N, Molar fraction [% Arin N5] 100% Ar 100% CH, Molar fraction [% CO in CH4l 100% CO
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Binary ices: simple model for SEY & ESD

3.5 1 Na + NBoa 6 linear combi,n=1 - 3.5
Simple model: k=0.5, n=3~5 Ns+Nass ~—— 6 power mean,n=-4
3.0 - - 3.0
SEY:. 04:Bmax(x) = i‘/[.r — 1).?;?1“” + 208 max
T
L 2.5 - - 2.5
9
-]
o
K]
g 2.0+ - 2.0
Possible generalization to n-components ! .
< new yields
1.5 1 steaay-state - 1.5
©
.y . . @ . _initial yields
If similar to multicomponent sputtering: > ESD V'eﬁ'(%) T
1.0 : G— & : - 1.0
(lon Implantation and Synthesis of materials,Nastasi&Mayer,2006) i e desorption
e irradiation pushes the SEY and ESD to a new steady state, 0.5 4 o5
where the ESD yield ratio = bulk composition ratio N
surface comp. bulk composition
0.0 4 ~30:70 1:1 - 0.0
. ] ] I I T I T I 1 I
New SEY appears, following the newly established ESD ratio 0.0 0.2 04 0.6 0.8 1.0
100% A Molar fraction x [ Bin A] 100% B

on the e irradiated thick ice surface.
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Conclusions

New collector-based setup for cold ESD, SEY & TPD

Developed methods to probe low-energy region of ESD and SEY
in conditions relevant to HL-LHC and other cold machines & applications

New data for technical-grade surfaces & coatings

ESD vyield, threshold, conditioning rate and SEY
as a function of energy, dose, temperature and cryosorbed gases
for Copper and other materials, coatings & treatments

Insights into LHC vacuum and EC-induced dynamic vacuum effect:
Conditioning is linked to ESD and SEY reduction, also at cold

Fraction of E-cloud effectively contributes to the conditioning
Electrons fragment molecules: different gas dynamics and chemistry

Mixed ices have a strongly nonlinear behavior

Next steps

Explore the parameter space and better understand the processes

Generalize the results for further use: semi-empirical fits to data for simulations
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