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( C.F, scintillation measurement INFN
= (__ tsuuuo azionai
In the Gas Detectors R&D Laboratory at CERN
1) November - December 2025
HV for gas

2) More extended: April 2026 ionization collection

P

Cell with
transparent anode
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Photon Flux (per unit ionization) [min™ p C]
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First result from 2025 campaign = new measurement performed in April; higher

accuracy and mixtures C,F,/CO, with various percentages of CO,
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( C,F, scintillation spectrum description INFN
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CF, and C,F¢
different CF2/CFsintensity
ratio = different processes

" molecule | ntesity /P

CF, 10:1
C,Fe 3:1
CaF 10 2:1

C2Fs and CaF1o
almost the same
ratio—=> similar mechanism
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% Better understanding of the setup

~2cm ~1cm

« Collimating

Thin X-ray
window

Foil
cathode

E Mesh / Cr
coated
window

X-ray source : lars
- 3: —
H

CCD spectrometer

Cu source

Some filtering by Al window
Good approximation of a
parallel-plate

No filed shaper

1 cm field gap

Accurate HV setting:
plateau at ~ 5 kV for C,Fgat 1 bar
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( Scintillation campaign of April 2026
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le12 Final Averaged Spectrum Across All Runs
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*CyFg, CFy4, C4F 4y

*Mixture of these gases and CO,

*Other mixtures

*Effect of pressure

Effect of statistics

Effect of measurements in different days
(micro-alignment and/or T/P)

Effect of integration time.
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10 times 2025 statistics, first results
confirmed for C,F, and C4F;,

Analysis ongoing + new QC calculations
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( Block diagram of the dRICH gas system INFN
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nitrogen

high pressure
storage

(gas bottle
battery ~100 bar

ecu peratio

R perimental hall)

high pressure (up to 10 bar)
(gas system area)

atmosphenc pressure

dRICH
vessel

filtering

separation

The design and prototyping of the gas system is ongoing
in collaboration with the CERN Gas group
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( Progress in the design of the gas system iﬂ/ FN
= i o

Definition of the overall circuit scheme: well advanced

Some elements have already been identified:
- Compressor: Haug Kompressoren, Pluto 11E 50 (SOG6X50-D4)
- Membranes: UBE membranes CO, Separator Grade CO-CO7FS

Components of the gas system which must be prepared on site and installed:
- Main gas pipes

- Compressors

- Gas storage volumes

- Main electrical power distribution

Prototyping started: first test in realistic conditions performed in June
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Scheme of the test beam gas system INFN
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Vessel and gas system overview INFN
= s tions

A\

‘ /I‘?picl Bronkhorst Feedback control.

Refill ~30 In/h.to compensate removed CO,




B
Input panel and pumps &F N

N

“ lstituto Nazionale
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CO2 extraction

Pump
Bypass valve
‘ Pump ><
P> Man. V3l
P> «ac
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Temporary storage volume Llf/ FN

Drum top and bottom connections

'\'/éry”dru'm (50 bar max) 2

([}
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Flowmeters and flow control INFN
= o At

=S
| = Bronkhorst |
== Flowmeters| L=
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Membranes, permeate volume, analyzer INFN
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System Configuration of Membranes **

UBE

**UBE supplies membrane module/cartridge only. UBE Corporation
QSQD1EJ’\EV 250717
: A. 2 Stages & 1 Compressor As areference
.................. Gompressor 1= Stage
{96% | Fecd s GT":I
_ppmaucxe“
E‘ ia Off Gas 2 stage
R 1 S O ossssssosperessssmmmemsessresssessereseees SO
d>J ’,==B:=:=2:=S=t:a=6é:s=:8::izc;a};]:';;égzszo:;;::::::::::::::::::::::::::::::::::::::‘
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2 S -7 S
= ::========== /7 6 A etanece B 9 Comnreccnre . T T T/ ——/— ~
(%} [==== C. 3Stages &2 Compressors \
E Keoiigireas 1 Stage

<a=-»:|

U

Feed Gas Flow Rate
Feed Gas Composition

Product Gas Purity : CO,<1%

Cascading Membranes

INFN
New System Configuration of Membranes **

**UBE supplies membrane module/cartridge only.

Istituto Nazionale
di Fisica Nucleare

UBE

UBE Corporation

CS-001E_REV.K_250717
As areference

Competitive Advantages

96% * 99.5 % recovery & 99.0 % purity CH,, all in one go.
- Save energy with just one compressotr.
; 97% + Big savings especially for small scale plants.
>
S
th Stage ~
o 98% // D. 4 Stages & 1 Compressor 7 N
% | Product Gas \
S 09% | e > i
() 1%t Stage 2nd Stage
% I Feed (.-7:55c @ #
E I I : ompressor

3rd Stage

: 800 Nm?h (at 0 °C, 1013 mbara)
: CO, 40 %, CH, 60 %

Operating Temperature : 25 °C (77 °F)*

*Maximum allowable temperature is 60 °C (140 °F).
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p Small selective permeability INEN
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1 Molecular engineering of specific

\X polyimides

Polyimides: A Versatile Class of High-Performance Polymers
Wide range of backbone chemistries and functional maodifications

DIVERSE POLYIMIDE BACKBONES

4. Functionalized / Tailored Pls
{custom designs)

o] (o]
WL
o o,
Tunability through
functional groups (X)

3. Commercial Benchmark Pls
(e.g., Matrimid®)

2. High Free Volume Pls
(e.g., 6FDA-based)

orodtio-of;

Balanced properties

1. Conventional Aromatic Pls
(e.g., BPDA-based)

o] o
o
o (e
High thermal stability Bulky groups create free volume

Rigid backbane Enhanced gas transport Well-established benchmark
a MOLECULAR ENGINEERING g—
Tailoring structure — optimizing performance
PHOSPHINE OXIDE INCORPORATION STRATEGIES
3 A 5 s . DESIRED QUTCOMES
A B. C. Diamine phosphine D. BDP-type
oxide motifs oxide derivatives oxide monomers functionalization Increased backbane rigidity
0 and intermolecular Interactions
I 1 9 Ar u b
P P H NOF\Q H, B / I @ Reduced chain mobility
o n
of SIS . W
v, Suppressed CO, induced
plasticization
P=0 as plasticization Bulky structure increases Incorporated into backbone Targeted modifier for enhanced lll. Stable gas transport

suppressor rigidity and free volume during poly(amic acid) synthesis €0, sorption selectivity under pressure

O Polyimides offer a broad molecular design space. Phosphine oxide chemistry provides a powerful tool
Y to engineer next-generation membranes with superior anti-plasticization performance.

From Conventional BPDA-Based Polyimide
to BDP-Functionalized Polyimide
Targeted

Conventional Benchmark BDP-Functionalized
Polyimide Polyimide
BDP Functionalization

o) bt o)
P
N N R
o] o]
= Introduction of phosphine n
oxide 0_’ 0) BDP-functionalized polyimide
= Bulky diphenyl groups (with phosphine oxide)

= Enhanced intermolecular
interactions

BPDA-based polyimide
(benchmark)

« Increased T; and chain rigidity
+ Strong dipolar interactions (P=0)
* Suppressed CO;-induced plasticization

= High permeability

+ Susceptible to CO;-induced
plasticization

+ Free volume increase under pressure

+ Loss of selectivity

Design Goal:
Enhanced rigidity &
anti-plasticization

performance

+ |Improved pressure stability
= Better selectivity retention

‘ * Molecular engineering of the polymer backbone — Stable, high-performance gas separation membranes

Al
INFN

C

biphenyl diphenylphosphine oxide
(r|g|d bulky and highly polar:
anti-plasticization)

Istituto Nazionale
di Fisica Nucleare

for membranes

CH,

Ck

BDP-Functionalized Polyimides: Targeted Stability
[ Enhancement

*Incorporation of bulky rigid BDP units
*Suppression of chain mobility _ <

*Reduced CO,-induced plasticization i i 1
*Maintained permeability—selectivity balance —
L
e 1)' E— |

'; .,%r‘-ru*wu.u“é’i ‘ud
'? I’A&;ﬁ“ﬁ* w.»v—*- r"‘béf J’Q&
xpected impact
simproved high-pressure stability

*Potential shift beyond conventional PI
[imits

*Relevant for advanced gas
separafions

\ — Promising route for next-generation polyimide membranes
%
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Al
Sequence of operations with C,F, INFN

\ ‘ A 1gtituto Nazionale
di Fisica Nucleare

N

Cleaning and filling:

- Air to N,: open circuit

- N, to CO,: open circuit

- CO, to C,F,: recirculation, membrane separation

Normal operation with C,F :
recirculation on, filtering on, membrane separation on
C,F¢ input compensates p, T variations, residual CO, purge, and leaks (~1 I/h)

Stand-by operation with C,F, :
no C,F, recirculation, pressure stability by allowing small input flow
problems: contamination level increases, overpressure not compensated

C,F¢ Recovery:
- C,F¢ to CO,: circulation, membrane separation at high flow and high pressure
- €O, to N, or directly Yo air
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( flushing N, or CO, (no circulation) INFN

\ ‘ A letituto Nazionale
di Fisica Nucleare

Gas outlet from Exhaust

K
Exhaust X{

n—
SN
™

Close circuit Gas panel Co,

o ] — &

Evacuation

Air to N, and N, to CO,: open circuit
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C,F, filli .,
2l e | lng INFN
= W

N

CO, outlet from Evacuation

Close circuit Gas panel Co,

Evacuation

T [>—Q l % - | CaFe

CO, to C,F,: recirculation and membrane separation

ePIC dRICH 22/07/2026 dRICH radiator gas Fulvio Tessarotto 24



/j
V) Vessel pressure stability in normal operation INFN
= - spuo e
Pressure vs Time

Prassure vs Time
063

w— PrEgsure M

osr

(UR ]

Flow vs Time

MFC Flow vs Time

== Command fow nh
= Fenadback fow inh

2063

L) .

During data taking operation: C,F, input compensates leaks and p, T evolution
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delicate C,F, recovery operation U/F N
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Rasp
Pi 22
Bubbler
+ 5 mba
- 8 mbar ‘
co, Brankharst
C,Fs = Flowmeters| |
N, L
Vacuum

vl

Output
flowmeter Ret
ete! :
Membrane ~ -l
Cimu'
CO2 extraction flowmeter Pump

Pump
B)ipass valve

co. Permeate
colfector

‘ Pump > >
<>

Man. Valve

>
P> ac
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( C,F¢ filling and recovery experience INFN
= (s
First filling: severe leaks with C,F s

after CO, operation with small leak

Fast intervention: external "sealing”
Data taking at SPS could be performed

Recovery in the Storage Drum
> C,F successfully reused at PS

Opening and fiXing 'eaks. 0” E 200 .‘400 GOO- 800 1000 1200 1400
1 Time (s)
C,F¢ normal operation (~11/h)

— . C i C-n-mr.:wm,.-,m i i i ~1 . 2
Filling/Recovery performed three times 2F¢ to CO; transition in ~1.5h |

Filling: CO, extracted from the top, C,F, injected from the bottom,
CO, filtered by membrane, C,F, from tank to prototype

Recovery: C,F, extracted from the bottom, CO, injected from the top
C,F¢ passing the membrane (retentate), only CO, permeate purged
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( INFN
\ Igtituto Nazionale
L—/ di Fisica Hucleare
Monitoring tools
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Monitoring p, T, flow, transp., .. INFN

\ ‘ A letituto Nazionale
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N

Essential role of p sensors
(4 on vessel, 4 on gas system)

Many temperature sensors helped
understanding the status and the
transitions

Important moisture measurement
and CO, measuring device

Six flow meters and rotameters
Speed of sound (binary gas analyzer)

Control and recording
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New C.,F, transparency measurement 1

al
INFN

C
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CO, trasmittance at different pressures
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- I ; =
o o ~100 mbarn
B I gﬂa—Z .
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&l ; with literature
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New C,F, transparency measurement 2 INFN

\ ‘ A letituto Nazionale
di Fisica Nucleare

N

Cross Section

. 5x10_24
NE |
o B —#— C2F6 3 bar
5 - }
4 - % —=— Sigma Ray 2.7 bar
3
2
1—
0—
[ | [ | [ | [ |

L

200 300 400 500 600 700 800
Wavelength(nm)
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