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Stimulated lonization of residual gas
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Residual gas density evolution + Secondary particle creation
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Residual gas density evolution + Secondary particle creation

For the LHC

Photoelectron Yield PY PSD SEY Secondary Electron Yield

Synchrotron f\/\/ Photoe"  e- accelerated \;‘;i: r~> multipacting
EC Jhoton=35 €V Radiation \ Z ) <
- o \\-' o X, s E, ~5-500 eV
E;0,=200-400 eV Tglcondary e Electron «{
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SEY SEY |SD ESDEIectron Stimulated Desorption

main impact ofions: ISD = n; > n._>n,,

The goal of this study is to understand the role played by ions on pressure increase
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origin of ion production?

Residual gas density evolution + Secondary particle creation
4 . 6

INJ E-R FT  Stable Beam/p-p COL H
g T +S a) P £11600° 5 VPS Conditions
O 6000 X s . .
S w0 BEAM |2 2{1400" 2 Fill for physics « At room temperature
S o é mo.gg 7319 -RUNII 7+ Ina straight section of LHC
w1500 £ S . .
. 2 — 1 - * No magnetic field
0 50 100 150 200 VPS .
S’ N 3 ¢ 80 mm diameter
31.(»(10'9— 1
v PRESSURE .
S soao0® I Pressure evolution S
(%) .
g Measurements performed on
0 50 100 150 200 .
150" o copper beam screen (station 4) B1
< 1ox0® ELECTRON |
5 CURRENT Pb
— 500 I - Ie_ Instruments
00§ . 1\
0 50 100 150 200 A — .
g 8x10° d) 0 u ot f/ E ; ?;1
POSITIVE N L amsld i .
E 6x10° rED 200 % o “SL: = 7 J\:V't ] B
S a0® V™V a0 3 S , — ;
N4 I t
T 2a0° WP ! ' Q ’
. W M-soo V. BAGLIN, meeting, CERN, 5th Dec. 2017

50

Vacuum enveloppe Liner Vacuum port

September 26, 2022

suheyla.bilgen@ijclab.in2p3.fr



S nt during the LHC run I

origin of ion production?
Residual gas density evolution + Secondary particle creation
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origin of ion production?

Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to calculated current only due to an e- contribution
ions, we compare the exp measurement yg for different bias applied to the electrode.
I =Iion + Ie— + ISE I+duetoe-(Ee-' Vbias)=Ie_ + ISE
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origin of ion production?

Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to calculated current only due to an e- contribution
ions, we compare the exp measurement g for different bias applied on the electrode.
I =Iion + Ie— + ISE I+duetoe-(Ee-' Vbias)=Ie_ + ISE

=1,_[1-SEY]
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origin of ion production?

Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to ions, we compare the exp measurement vs calculated current only due to an e-
contribution for different bias applied on the electrode.

e-
Depends on e- energy spectrum

0.1+

| (E., Vbias)=1I,_ + I¢g

=1,_[1-SEY]

+ due to e-

1E-3 4

1E-4
1 10 100 1000

E (eV)
Experimental Data from Elena Buratin, 2015, CERN

Calculated current induced by e- = e- contribution using experimental data of the e- energy spectrum and calculated Cu SEY.
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origin of ion production?

Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to ions, we compare the exp measurement vs calculated current only due to an e-
contribution for different bias applied on the electrode.
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origin of ion production?

Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to ions, we compare the exp measurement vs calculated current only due to an e-
contribution for different bias applied on the electrode.
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Residual gas density evolution + Secondary particle creation

To discriminate the contribution of e- to calculated current only due to an e- contribution
ions, we compare the exp measurement g for different bias applied on the electrode.
| =b+ I, +1Igg |,y (E,, Vbias) = I, + I

=1,_[1-SEY]
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Residual gas density evolution + Secondary particle creation
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Residual gas density evolution + Secondary particle creation
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Residual gas density evolution + Secondary particle creation
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Residual gas density evolution + Secondary particle creation
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To match experimental data it is necessary to add an ion contribution:
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Experimental measurements show that the amount of ions represents 2.5% of the electronic current in the VPS
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2) Simulation of dynamic vacuum during the LHC run |l
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'.b density profiles

Analytical model of the dynamic pressure — DYVACS — DYnamic VACuum Simulation code
d%n;
_] - - - - m — ° [ R —

DYVACS is based on the gas balance differential equation (VASCO)
It is used to compute the gas density n,

for j= H,, CH,, CO, CO,

Boundary conditions: continuity of flux and pressure between each segment

Radiation l 4 @C“: -

¢}., _>¢}, \\‘ Secondary e- - > - Electron ) _
\ //.{/ i y cloud ons\ '\ /'/'

Synchrotron /\/\/\, -;f e- accelerated ‘; *.‘:\: ® ,multipacting
Photo e p

September 26, 2022 suheyla.bilgen@ijclab.in2p3.fr



'.b s density profiles

Analytical model of the dynamic pressure — DYVACS — DYnamic VACuum Simulation code
d%n;
_] . . . . § — . [ —

Cj is the specific conductance for j gas species
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'.b s density profiles

Analytical model of the dynamic pressure — DYVACS — Dynamic VACuum Simulation code
azn
i | —

io-

Inputs: C;, M j, Ne,j» Npn,jsl i Tes Upns
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'.b as density profiles

Analytical model of the dynamic pressure — DYVACS — Dynamic VACuum Simulation code
d%n;
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'.b s density profiles

Analytical model of the dynamic pressure — DYVACS — Dynamic VACuum Simulation code
d%n;
— | : : : . . — S .., =

S is the wall distributed pumping speed for each gas.
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'.b density profiles

Analytical model of the dynamic pressure — DYVACS — Dynamic VACuum Simulation code
d%n;
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'.b lensity profiles

Analytical model of the dynamic pressure — DYVACS — Dynamic VACuum Simulation code

9%n;
o0 —
C] 922 + Dion—j + De—j + Dph—j + Dth—j i nj =0
D.j = Mejl'e — *T. ECdensity computed with « the map model »
T. Demma et al. Model
I'. depends on: - SEY (surface properties) ,
- beam parameters (nppb, bunch length, beam size, etc.) and
- on vacuum chamber dimensions, etc.
“\ <~ ~‘~>
| § @:‘
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Electron
cloud
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% nsity profiles
Analytical model of the dynamic pressure — DYVACS - Dynamic VACuum Simulation code

3%n;
CJ?ZJ + Dion—j + De—j + Dph—j + Dth—j R nj =0

Omi1 = APy + bp % + cpp> Dej = Nejl'e — *T. ECdensity computed with « the map model »

T. Demma et al. Model

— Py, (101 e-/m): EC density/meter after the mth passage of bunch

4.5

] ] a: linear coefficient
4.0 TERARX €4 p o .
- s —~— Decay map | e used to determine the e- gain from one bunch to another.
=] by « adepends strongly on the SEY.
T 30 y
= ] 48 bunches | 28 empty 48 bunches .
g *°1 (Z bunches j b: quadratic term
> 207 i b » considers the equilibrium density (plateau) of the EC.
% L5 - 7! g_ b depends on beam parameters (nppb, bunch length,
o o 0 beam si d hamber dimensi
L 10 $ S eam size, etc.) and on vacuum chamber dimensions.
P o/ < 7’0/ T
Q 05 |\'ﬂ % |\ Tl .
0.0 -LREE SR i c: cubic term

0 250 500 750 1000 1250 1500 1750 2000 2250
Time (ns)
Electron density for a nominal LHC fill using 48 bunches
followed by 28 empty bunches for the decay

e corresponds to a minor correction factor and C=0 for our
simulations.
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Comparison between in situ measurements in the LHC and the DYVACS simulation

For a=1,4 (SEY=1,6); b=[0; -5] variation of the b factor by DYVACS; c=0
Contribution of each gas to the total pressure

45X10-9 ' I ' I ' I ' I ' I ' I ! I ! I ! I
b b) i 3.5X:|.0>9 T T T T T T T T T
4.0x10° H 1~ —e— measured pressure -
I Energy """""""""""""" i 3.0x10° 4 Fill 6636 —— DYVACS pressure -
3.5x10° - —=— Sim. with EC _ Ho |
= - —a— Sim. without EC | | 2.5x10° A ——Co2
S 3 0x10°- e Stable i . ] —CH4
g : _ beam —e— Measurement 5 2000°- co
~ ol e & "\ é ]
o 25x10°- S 15x10° i}
=]
2 ooxw0°4 AW o\ 2 |
8 ' ; &) 1.0x10° 4
S 9 _ - _
f_E 1.5x10 ] 5.0x10‘1°—_ — —
= 1.0x10'9-_ 0.0 Z\\i g i
5.0x10™" - : o 1 2 3
0.0 e Time (h)
- I ' . . .
0 A good agreement was observed in a short computation time,
Time (min) between the in situ pressure measurements and DYVACS
simulation

September 26, 2022 suheyla.bilgen@ijclab.in2p3.fr



nsity profiles

Pressure time evolution measurements vs DYVACS simulations
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All calculations reproduce with
a good agreement the in situ
pressure evolution measured
in station 4 (unbaked copper)

of VPS in the LHC.




% density profiles

Distribution of partial pressures along the pipe
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DYVACS reproduces the evolution of the partial pressures for H,, CO,, CO and CH, during beam operation
H, has the highest partial pressure
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Pressure time evolution measurements vs DYVACS simulations
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Simulation reproduces with a good agreement the in situ pressure evolution measured in station 4
(unbaked copper), station 2 C-Coating, station 1 NEG of VPS in the LHC.
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Pressure time evolution measurements vs DYVACS simulations
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ticle accelerators

origin of ion production?
Residual gas density evolution + Secondary particle creation
it e

Pressure evolution

3) Conclusion and perspectives
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Goal: Understand the role played by ions and identify dominant parameters which drive the pressure evolution.

/> In situ measurements in the LHC : A

1) For the first time, a significant amount of positive ions has been detected in the VPS during the LHC beam operation.
-» In situ measurements in the LHC are essential to improve our understanding of complex phenomena occurring in the LHC

beam pipes
N Y,
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Goal: Understand the role played by ions and identify dominant parameters which drive the pressure evolution.

"% In situ measurements in the LHC : )
1) For the first time, a significant amount of positive ions has been detected in the VPS during the LHC beam operation.

-> In situ measurements in the LHC are essential to improve our understanding of complex phenomena occurring in the LHC
beam pipes
N J

/> Dynamic pressure simulation in the LHC: \
A simulation code called DYVACS was developed and used to successfully compute the dynamic pressure in the VPS, by taking

into account the influence of the EC density build-up and the ionization of residual gas by the EC.
- DYVACS needs material parameters (ISD, ESD, PSD, SEY) and EC density parameters (depending on beam

\_Pparameters and vacuum chamber dimensions). -/
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Thank you for your attention !
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