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Motivation
Unstable
VSC is involved in the vacuum and cryogenics
layout of the new antimatter experiment PUMA. Matter
* PUMA aims to study neutron skins and halos An nihi Ia‘fon

I

of short-lived nuclei by observing annihilations
of antiprotons with the outermost part of these '/~ /=
nuclei. QM X

* For that, they need to store and transport
1 billon antiprotons from ELENA to ISOLDE.
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For further information, please refer to Jose A. Ferreira's seminar talk on the 23 Nov 2021.
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https://indico.cern.ch/event/996921/contributions/4188666/attachments/2351105/4011145/PUMA%20seminar.pdf

Motivation

« Adsorption isotherms relating pressure, temperature and coverage p = f (T, 0) as
iInput for simulations in the design phase of cryogenic vacuum systems

« Current isotherm data for He and H, only goes down to pressures of 1E-11 mbar

« PUMA requirements: Storing antiprotons > 30 days - Antiproton lifetime > 200
days - Pressure ~ 10-1" mbar at 4.2 K in the storage trap

« Surface temperature 4.2 K - relevant gases are H, and He
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Conductance Pulsed drift Collision trap Storage trap
reduction tube
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Setup (modification from CISTM) LN
Option 1: Isosteres | ., ‘ I “r

U

o (pressure over temperature scans at
_ e w|  aconstant coverage) by varying the
® _ﬁ@ He heating current and insulation
vacuum pressure
—> several isosteres can be used
find the fit parameters of
adsorption isotherm models

e )

| Heating wire

Option 2: Gas propagation
at constant sample temperature with
a continuous injection

— Sample —> can be used to test the isotherm
L — Injection line parameters in simulations and
reproduce the gas propagation

|_— Thermal shield

Insulation vacuum
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Setup — future upgrade

« Specialized setup for propagation
measurements
(U-shaped sample)

« Factor 100 increased sensitivity for
hydrogen

- Manufacturing of parts ready by the
end of this year
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Helium isosteres

Helium isosteres on copper

Helium isostere on copper at 1.16e+16 atoms per m?

Pressure in Helium equivalent, —— 2.00e+13 m™2
corrected for thermal transpiration at each temperature 2.12e+13 m™?
] B — 23le+13 m™
= 1 —e— Downstream 8 e 823e+13 m-2
.E 10_9 E —— Upstream é —— 2.06e+14 m2
; ] —e— Downstream, corrected % —— 5.19e+15 m—i
- i O 1.60e+16 m™~
S 10_1{,? —e— Upstream, corrected E 7 o s6es 18 2
o . = 324e+16 m™2
3 i g —— 4.04e+16 m2
0 10-11 -
o 107 v
a 3 S
© - A
£ 107125 v
© E o
Q . —
E T e ]
2 10713 3 E 1
T E 10713 ~
- T 1 T T T T T T 1 1 <
475 500 525 550 575 6.00 625 650 6.75 - T . T T . T
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Average sample temperature (T5 + T71)/2 [K]

Average sample temperature (T5 + T1)/2 [K]

- Measurements down to 1 - 10~1* mbar (cold) possible
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FI ttl n g h el | u m ISOStereS Isostere data plotted with DRK fit

Fit parameters To = 74.63K and S;,, = 1.70e + 19 atoms per m?

Best theory candidate to describe sub-monolayer f *  0.2e-06 monolayer
. . . 107 - . 6.90e-06 monolayer
adsorption isotherms: E 7.53e-06 monolayer
.. . 2.68e-05 |
Dubinin-Radushkevich-Kaganer = g 6.700.05 22:332:
(DRK) model g 10 _ 1.69e-03 monolayer
E i 5.20e-03 monolayer
—&\/Tn@ S T 10-9- 9.33e-03 monolayer
— . T 1 —_- o ] 1.06e-02 monolayer
p(T) psat(T) € ’ Wlth @ Sm ; i 1.32e-02 monolayer
with fit parameters T, (binding energy) and S, 2 1077
(monolayer capacity). g :
— 107113
: . T, S 0 ;
Fit equation: ln( P ) =—=- [=In (—) £ ]
Psat(T) T Sm g 1
. . 107125
- Fit values for helium work well across all data £ z
sets and many orders of magnitude: E 10-13.
To=74.6 Kand S,, =1.70-101° m2 f
: : , 10—14;
- Comparison with values found by E. Wallén
(CERN) for He on Cu plated stainless steel at 4.2K: 50 5.5 6.0 6.5 7.0 75 3.0
Towaiten = 67.2Kand Sy, waiten = 1.72 - 101° m—2 Average sample temperature [K]
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" . | &)
. . _ \Measurement
Helium propagation at 6 K 2]
pressure
Isotherm fit values from isostere measurements used in COMSOL  * | T (‘(‘)'Stiggggi':;
simulation of the helium propagation measurement 6] e T surface)
N
= . \ ! Measurement
E 107 ; 1.67] ) ~ Pumping of downstream
£ E surface pressure
£ 10-8 ; ! Stop injection 1.4 B
© 3 El’ and isolate
= ] R ' system i _
- 3 Start injection M. 1.2
o 10793 - system in
a E / /‘ | equilibrium " ]
$ 10-10 4 \ Static situation
o Lhe transfer 0.8 Warm injection line
B 10-114
E E —— Measurement - upstream | i
Q. 10-12 - Fressure-front —— Measurement - downstream e
g - —«— COMSOL - upstream . ]
D 13 COMSOL - downstream '
T 10 : T T T T T 0.2 S~ Cold sample N
0 5 10 15 20
Time [h] o = .
- Simulation and measurement agree well with each other! - T
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Predictions for the PUMA geometry - Helium

* Inlet pressure max. 1- 10~ mbar
during measurements at ISOLDE

« Vacuum limit for helium to ensure
sufficient experimental time:

n < 4 - 107 helium atoms per m?

- Gas densities in the collision
and storage trap are low
enough with the new isotherm
values even after 7 days of
exposure to 1 - 107! mbar helium
at the inlet

6 December 2022

Helium gas density in the center [m™3]

Gas density in PUMA cryostat after 7 days of gas accumulation

1012 E
3 —— To=68.15K, n,,=1.27e + 19m2
1011 i To = 75.00K, n,, = 1.70e + 19 m~2
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] e fl
7 — — e S \‘L.L
100 3 conductance PDT and storage trap l
] reduction collision trap
I I 1 1 1 I
0.0 0.5 1.0 15 2.0 2.5
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Conversion of hydrogen isotope HD into H, and D,

Injection of 1 - 10*® HD molecules per m? into closed, “TDS” after isostere measurement - Clear, distinct
cold system - high signals for masses 2 and 4 visible peaks at slightly different temperatures on masses 2,
during injection of HD (mass 3) 3and 4
le-10
10-8 4 Lll Sr—— an;u 1.5 -ii Downstream 1 amu
— P " —— Downstream 2 amu
< Upstream 2 amu < i —— Downstream 3 amu
T 107104 Upstream 3 amu = L0 i —— Downstream 4 amu
@ —— Upstream 4 amu @ i i
: | | 3osy
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----- A i ddddded ki I
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o © 30 :
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Time [h] 54.6 54.8 55.0 55.2 55.4

Time [h]
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Joint H, and HD isosteres from HD injections

HD isostere data plotted with DRK fit H, isostere data plotted with DRK fit
Fit parameters T, =212.76 Kand S, = 2.94e + 19m—2 Fit parameters T, =181.23K and S, =2.93e+ 19 m~?
107°3 . 2.09e+17 m2 10_5: . 275e+17 m2
— ] 6.89e+17 m~2 — 7.31e+17 m2
3 1 - 1.95e+18m™2 © 1 . 120e+18 m™2
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Average sample temperature [K] Average sample temperature [K]
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Pure H, injections and combination of all H, data

Pure H, isostere data plotted with DRK fit All H, isostere data plotted with DRK fit
Fit parameters T, = 203.42Kand 5., =2.74e + 19m~ Fit parameters T, = 171.92K and S,,, =4.50e + 19 m2
1 < 484e+18m™ ]
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~ i I ]
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10 ; 10-10 - 8.84e+18 m™?
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Average sample temperature (Ts + T1)/2 [K] Average sample temperature (Ts + T;)/2 [K]

—> Combination of the two measurement methods might not be correct
—> Pure H, measurements still ongoing
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Gas Density (]:"C[‘I13}

Extracting H, isotherm data from p lifetime
measurements in ALPHA with COMSOL simulations

0.0 25

5.0

75 100
Days Since Warmup

12.5 15.0
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Exemplary variation of the monolayer capacity
with T,=209K fixed

- Pressure over time in measured point (104 mm from left side of the electrodes)

COMSOL n,,=6.45e+18 m~2 _
COMSOL ny,=1.00e+19 m—2
COMSOL ny,=2.00e+19 m—2
COMSOL n,=3.00e+19 m~2
COMSOL n,=4.00e+19 m~2
COMSOL n,,=5.00e+19 m~2

-9 COMSOL np,=6.00e+19 m~—2
ALPHA data after bakeout

ALPHA data after 1. warmup
ALPHA data after 2. warmup
ALPHA data after 3. warmup

!

Pressure [Pa]

0.0 25 5.0 7.5 10.0

Time [d]

- Vacuum in ALPHA is better than in simulations
- Our isotherm assumptions for PUMA were conservative

12.5 15.0 17.5 20.0
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Next steps

« Take more H, isostere data and find reliable fit
values for the adsorption isotherm

Verify H, isotherm with a pressure propagation
measurement and COMSOL simulation

| | Thanks for
Re-do some of the helium measurements with

smaller temperature gradient yo u r

* Previous isotherm assumptions for the PUMA
layout seem to have been conservative

No anomalies or unknown effects could be
found in the isotherm behavior of H, and He

DRK model fits best for H, and He across
many orders of magnitude

@) 6 December 2022 Anke Stdltzel | VSC Seminar: Sub-monolayer adsorption isotherms of H, and He 15

<Z



