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Outline D

RPC detectors at LHC

- Main parameters and working conditions

RPCs gas system

- The closed loop gas circulation
- Limits on the present configuration

Closed loop operation and gas filtering

- Experimental set-up at the GIF
- Characterization of the purifiers

Test of purifiers configurations

- Comparison of the different configurations tested
- Optimization of purifier configurations
- Monitoring of the impurities

Implementation of new configuration at LHC

Conclusion

Qutline
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RPC detectors at the LHC Experiments &)
Experiment ATLAS CMS ALICE (MTR) ALICE (TOF)
Material Bakelite Bakelite Bakelite Glass
Layout Single-gap Double-gap Single-gap Multi-gap
Read-out (coordinate) 2 1 2 2
Surface (m?) 7500 3750 140 171
Volume (m?3) 15 15 0.3 18
Barrel: 10
Expected bazckground 10 arre 10 50
rate (Hz/cm?) Endcap:100
Integrated charge Barrel: 50
500 50 25
(mC/cm?) Endcap: 500
Gas system operation Closed loop Closed loop Open mode* Closed loop
< _ _ R134a/iC,H,,/SF4
D Gas mixture R134a/iC,H,,/SFs | R134a/iC,H,/SF; R134a/SF,
> Ar/ R134a/iC,H,,/SF4
D
> :
O *Upgrade to closed loop gas system on going
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RPC detectors at the LHC Experiments &)

Why RPCs for application in LHC Experiments need a “particular care”?

Large size systems (~15 m? of gas volume and ~10° m? of sensitive area)

Very expensive gas mixture: 600 kCHF/year per experiment

Very long period of operation expected (at least 10 years)

Very high level of background radiation expected

Integrated charge never reached before:

- 50 mC/cm? for ALICE and CMS
- 500 mC/cm? for ATLAS

Basically impossible to operate the gas system in open mode

- technical and financial reasons
- nowadays with 10% of fresh gas replenishing rate (600 I/h), the cost is 1000€/day

Closed loop operation

- gas mixture quality: presence of impurities in the return gas of irradiated RPCs
- possible bad RPC performance due to impurities
- gas mixture purification is needed

\Votivation
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RPCs Gas System

Gas Building SGX

Purifier

Humidifier

GO0,

SES Gamm—
Storage Conditioning
SGX - USC
High pressure part of pipe length
the Gas Circulation System ~235m

USC55

Gas Racks
in Service
Area

Low pressure part of
the Gas Circulation System

Mixer

Humidifier

Purifier module
Pre-distribution and pump

Final distribution

System limitations

RPCs operation are removed

are not properly removed

Closed loop gas recirculation

- Technical and financial reason
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- Not all the extra-components produced during

- Detector performances can be affected if impurities

- Not possible to work in open mode

Distribution
Racks for RPCs
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Purifier 1: - MS (10%5A+90%3A)
- lifetime 1.5 day

Purifier 2: - Cu-Zn and Ni-Al2O3
- lifetime 15 day
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RPCs Gas System
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Limits of currently used purifiers configuration:

3. Too many regeneration cycles

Limiting factor if flow increase is needed

1. Not all the extra-components produced during RPCs operation are removed.
2. \lery short cycle

\ Purif. 1 | Purif. 2
number of regenerations\ @ @
Pre-SaturationVol (m?) \ 160 850
process gas flow (1m3/h) \ 5 5
Pre-SaturationTime (h) \ 33 163
Pre-SaturationTime (day)
Regeneration time (min) 480 360
Regeneration temperature (°C) 220 200
Conditioning time (min) 150 720
Conditioning tlow (1/h) 100 100
Conditioning time (vol) 10 50
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Experimental set-up at the GIF

o)

X/~

16 RPC gaps
E§ Wwith standard HPL

Tent with temperature
and humidity controlled

- Set of lead filters allowing
to modulate the radiation
intensity

- Absorption factor:

from 1 to 10000

\\ \\ //

Brad. Display

Overview
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Irrad. Display

/ UMP
- 137Cs source (Y 662 keV): 2 =

590 GBq _.§'? n = X5
- At ~-2m: 1cGy/h 53 5@ ~| ¥
- RPC counting rate ~200Hz/cm? g// | \\\ X5B Zone
- Accelerator factor: ~30 E SURCE chambers
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Experimental set-up at the GIF &)
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Geyy,
En‘mary supply h S Useq 4 Two set of chambers:
Mixer 9as pos,bbn 9 - Open mode: reference and
| Naf S poyy, characterization of the
Hommidifier is impurities.
/ —Rre—{— 4 - Closed loop: filtering and/or
[>T<F® etectors . . iy
Eroch inopenmode | 8 = Open Mode accumulation of impurities.
Mixture P ) Long term operation for final
W validation
Detectors
in closed loop Flexible system:
- Easily to change configurations
Purifier module i - Easily replacement of purifiers
for closed loop > after P1 - Possibility to install different
/ detectors
-
D After P3
o))
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Experimental set-up at the GIF &)

a/ways V. Use

MicroGC-MS
] '\Iﬂ Column: Analysis .
o PPU oont: | - GC measures gas concentration
| - ppm level
| .
.. - GC coupled with a MS
3 (H - - ldentification of impurities
2000 | .
| N - 3 different columns
1 | ‘ / - “ \‘ - Separation of different types
PPPPP e of impurities
100 64
o 45 F
o S e
CoH2aF2 | . it \
B e B ‘ L

(o]

%0
—L
10 20 30 40 50 60 70 80
(replib) Bhene, 1,1-difluoro-

F- station and liquid chromatography (HPLC)

- Based on bubbling the gas mixture in water

- Measurement of the fluoride concentration in water
solution

Gas analysis instruments
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Experimental set-up at the GIF &)

After about 50 days of operation

Impurities in open mode are less than in closed loop

In the closed loop the impurities accumulate

The task of purifiers: avoid exponential increase of the impurities in the closed loop
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Characterization of the purifiers

o)

X/~

Set-up and conditioning phase

Numerous cleaning agents are available
Basic characterization to verify the performance with the specific RPC gas mixture

Experimental set-up

Primary supply
RE

Mixer

The return gas from RPC operated
under radiation
distributed among several cartridges.

is collected and

Each cartridge contains a
specific cleaning agent.
The gas is analysed at the
input and at the output of
each cartridge

...... ./

L
Humidifier
I( - )
e | RPC 1 |
kre—| RPC2 =
e [_me 1y
Pump module
([ T s EA
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iCHyo (%)

Conditioning phase

Conditioning phase: some purifiers need a
preparation time

- At start-up they absorb a component of
the gas mixture

MolSieve 5 A
- It absorbs CoHoF4

- Relative concentration of other
components increases

30
- —— MolSieve 4A
25 —— MolSieve 5A
20—
15—
10
— .«..“
:JIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII
00 5 10 15 20 25 30 35 40 45 50

volume change in the purifier
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Characterization of the purifiers &)

Molecular Sieves | Cu/Zn
- They filter H,O (as they should) - - They filter O, (as they should)
- capacity ~150 g(H20)/kg(MolSieve) - capacity ~5 g(O2)/kg(catalyst)
- They filter some extra impurities - - They filer H,0
- They absorb part of the RPC mix - capacity ~50 g(H20)/kg(catalyst)
- Conditioning phase needed - R11 filters additional impurities, R12 does not
. and it enhance an extra component
\ Mol. Sieve 3A - Cu R11
- | / R11 seems to be
JNU | Noteffective wrt | {_l4 | quite effective
LIl » Rean}/ i f \ e
- »t\ / x\ ~Y | i I S )
N A/ - ——
= |
21y | Cu-Zn R
ol [ - Mol. Sieve 5A - R12: basically no
} 3
% L/ - ]?i(tra cc}I:omponents
il /;/ | Many impurities | llterea.
P . | | are filtered - Some components
%? /  erput | are enhanced.
@) - Retum
@ eSUPPIY
5 .
=
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Purifiers configurations tested &)
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Overview
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2nd optimized

configuration

MS

Mixture Mixtul"e. 4A MS :l"
Current configuration |™*¢ A “
at LHC experiments S I R us
Mixture ixture \ > \ J - J

from(RPC 1:; RtP('s T 1 1
> 2 P3

configuration

Mixture Mixture
from RPC to RPCs
4

1st optimized

~ ] 2
Set-up validation e Equivalent to
:;:Tﬁ 10.2 CMS (Barrel) year
| % | | | | | | | | I | | | | | | |
31/12/200 31/12/200 31/12/201 01/01/201
time
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Results on new purifiers configuration &)
I
ot _ Analysis point: \ OV1
Column: OV1 after P3 - \\
3 \C2H2F4
1500 .0 1° config g \\
2 \ :
f 2° config. SPe__ IpC4H10 :
: — = | PPU
- / | i
<+ b
N—rr" = ———
= 24.00 36.00 oo / COIumn PPU Anaa.lzltself g;lnt
% 1° config
=1 50 days of operation o . 25woriig:
g - H20 is present in the first configuration ¢ 7
i) L , . CsH
— | - ldentification of many impurities } o
Q o : : 2000 CHzF>
O - Inthe 2° configuration there are less 7 C2HsFs
<. impurities (some disappear!) J CZ?F3 o\
CD 0.00;
=
@
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Results on new purifiers configuration &)

C2H2F2
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- Impurities are constantly monitored

- Impurities are significant lower in the
second configuration

- Impurities increase when the purifiers
are almost saturated or when the
amount of fresh gas is too low

NVonitoring of the iImpurities
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* FRESHMIX
* OMRETURN
* CLRETURN
* CLAFTERP1

CLAFTERP2

* CLAFTERP3

Signal (V)

Signal (V)
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Analysis point:

Column: PPU after P3

1° config.

nnnnnn

Analysis point;

Column: PPU after P3

2° config.
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Results on new purifiers configuration &)
C2H2oF> ‘
4000 — * FRESHMIX | ‘ N Column: PPU Analysis point:
E CL current conJ. CL optimized conf. CL 2nd optimized conf. E E?E:?:Uﬁ: “““““ ) " ‘\‘ ’ after P3
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=
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Results on new purifiers configuration &)
C2H2oF> ‘
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Results on new purifiers configuration &)

- * CLAFTERP1
CL current confi CL optimized conf. CL 2nd optimized conf. CLAFTERP2
3500 —
B * CLAFTERP3
3000 —
2500 — 3
N |
=
=2000—
o — .
<1500 .
— Xy
1000— .4 |0 .
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500 — ALY ame I8 v Lot
= Seoted T o
| R T L SR L. | o o |
3‘PI12/09 02/07/10 31/12/10 02/07/11
time

- The presence of H20 is still high in the 1° configuration
- In 2° configuration there is less water after the purifiers
- It is possible to continue running when P1 is saturated. The purifiers module last longer.

The HO absorption
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Results on new purifiers configuration &)

= CLAFTERP1

all
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- The presence of H20 is still high in the 1° configuration
- In 2° configuration there is less water after the purifiers
- It is possible to continue running when P1 is saturated. The purifiers module last longer.

The HO absorption
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Results on new purifiers configuration &)
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- The presence of H20 is still high in the 1° configuration
- In 2° configuration there is less water after the purifiers
- It is possible to continue running when P1 is saturated. The purifiers module last longer.

The HO absorption
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Results on new purifiers configuration &)
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- The presence of H20 is still high in the 1° configuration
- In 2° configuration there is less water after the purifiers
- It is possible to continue running when P1 is saturated. The purifiers module last longer.

The HO absorption

Beatrice Mandelli 16 2014 June, 26



Results on new purifiers configuration &)

.l"

a‘a =.

2nd gptimized
configuration

* FRESHMIX
* OMRETURN
* CLRETURN
* CLAFTERP1
CLAFTERP2
* CLAFTERP3
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Example fOr

mPUrlty

Without fresh gas
injection the system
does not work well.

- A percentage of fresh

mixture is mandatory.

Purifiers are needed to
absorb impurities.

PSet2

~6%

The impurity concentration
is relatively high.

The impurity concentration
is high.

The impurity is under

. 1 .
02/03/11
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time

" | control.
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Results on new purifiers configuration &)

Priris:
uriffers gre really nNeedeq

Analysis pqint:

: Column: PPU CL return

config. WITHOUT filters

1.50e4

10003 config. WITH filters

- The fresh mixture injection is about 6%
- After 6 days without filters the impurities concentration increase significantly!

- Some new impurities appear
Beatrice Mandelli 18 2014 June, 26
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RPC performances

Current stability

Current raw data are corrected according to

Total integrated charge: 50 mC/cm?

atmospheric pressure and temperature variation

Bakelite resistivity is a crucial parameter for RPC

—~ 60
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= C ——raw current
- —— corrected current
40 —
| [ Enviromental conditions ]
C 5 25¢
30 » M , = 24§—
1 ] :
20(_ J & ¥ "ww 22F
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Implementation in the LHC RPC gas systems

Characteristics of the two configurations

Current LHC configuration

New optimized configuration

2 purifiers

3 purifiers

purif. 1(90% MS3A+10% MS5A)
purif. 2 (metallic catalyst)

purif. 1(90% MS4A+10% MS5A)
purif. 2 (MS4A)
purif. 3 (metallic catalyst)

not all impurities are filter

most impurities are filter

low capacity to absorb water

water absorption increased
by a factor 2

cycle time very short

optimization of the cycle time
with different filters

high number of regenerations
over one LHC running

less number of regeneration

no possibility to increase the
gas flow

possible to increase the gas
flow by a factor >1.5

implementation in the LHC RPC gas systems
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Implementation with Purifier 3
during LHC shutdown
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Conclusion y

Overview

- A detailed and systematic analysis of the exhausted gas from heavily
irradiated RPCs has been performed.

- Several impurities from the exhausted RPC gas have been detected and identified.

- The concentration of impurities (~1000 ppm) has been monitored and is correlated
with the saturation of the purifiers.

- Several purifiers configuration has been tested at the GIF.
- A new optimized configuration for the LHC gas systems has been found.

- The new purifiers configuration allows improving the purifiers run cycle and the
filtering performances for the RPC systems at LHC.

- The set of RPCs operated at the GIF (heavily irradiated) shows a very stable
behavior with the optimized configuration.

- After correction for environmental condition the RPC currents are very stable over all
the test period (2008-2012, for an equivalent accumulated charge of 52 mC/cm?).
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Thanks for your attention
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Gas Chromatograph &)

Fundamentals of Gas Chromatography

It separates mixtures into individual components.

GC creates a time separation.

The mixture passes through a column containing a material that retards some
components more then other — separation.

The components are detected by the TCD.

The result is a gas chromatogram (uV versus time).

The components are identified by the retention time.

Their concentration is given by the peak area. Carrier gas flow

a)
The column T, —
-
- Different types of column.
C_cg - The coating inside the column separates the e
= components. b) o ®
Gg) - Some components are more attracted than other to y
——————————————————
S :
= the coating.
C
D)
L
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Gas Chromatograph &)

Choice and thickness of column coating. -
Column length and diameter.
Choice of carrier gas and flow rate. .

0 [el¢ [e]elelele] ole] .
0 &%%ooooo&co 1 : 7~

Oven temperature.

)1

Column - oToTe) ® 7

O,
(9)
Q
{9}
(9)
(o)
()
{9)
(9)
O,
&)

1

Oven

Pk1 ~

H
Sample o —
/ injector = mam e
Flow controlle - HV versus time

> S
¥ 9—»Waste

- C?rrier gas used as Column S N\ Wheatstone bridge
reference. e
Ice
- Usually He or Ar EERON
(depends on what armer o Column oven P

yOu want to identify) _ One way for carrier gas, the second for the
analytical column flow.

When the analytical flow is pure carrier gas, 51 RI

bridge is equilibrated and signal is zero. cample | 7 Pma Signal
Pin4
Pin2 SUPPlY

- The analytical flow causes fluctuation in the

filament temperature — bridge desequilibrated.
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Characterization of the purifiers

summary table

Beatrice Mandelli

MS3A | MS4A MS5A Cu Rl | CufZnR12 | NiAl,O, NiSiO,
Conditioning 3 10 50 20 20 15 15
(volume changes)
in o L
M’""ﬁ‘;":&“""' H40 H,0 H20 02/ H:0 02/ H:20 Os/H20 01/ H20
Nominal absorption
capadty for the
main companent 140 170 130 5/50 5/50 15/50 15/50
filtered
(g (02/H20) /kg)
Impurities
(1) CH, Unchanged | Unchanged Unchanged Unchanged Unchangpd Unchanged Unchanged
Present up to Present up to
(2) Not present | Not present Not present Not present 400 volume Nat present 400 volume
changes changes
Back after
(3) CaHF, Unchanged | Unchangnd 1000 vol, Unchangpd Enhanced Unchanged Unchanged
changes
(4) CF.SO Filtered Filtered Filtered Filtered Filtered Filtered Filtered
(5) CHyFy Unehanged Filtered Filtered Unchanged Unchanged Unchanged U nchanged
(6) C2HFy Unchanged | Unchanged Filtered Filtered Filtered Filtered Filtered
Present up to
(7) CaHsty Unchanged Filteroed Filtered Filtered Filtered 150 volume Unchanged
changes
Present up to Present up to
(8) CsHy Unchanged Filtered Filtered Filtered 450 volume 150 volume Unchanged
changes changes
26
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