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How to organize an overview of “cryogenic HEP detectors at CERN”

Order of overview of the experiments using cryogenics can be presented in several
ways:

1) Historically between 1960’s and 2030’s
2) Cooling power between the mW and the 100’s kW range

3) Active cryogenic volume between cm? and 50.000 m3

Preference is given for an overview of the detection processes, extending over
time, cooling powers and volumes.

CERN

\w Grenoble 4" June 2015 Cryogenic HEP detectors CERN

N/




Where to find cryogenics in HEP CERN Experiments

O Cryogenic fluids have found application, as active “medium” of detectors, for :

* Incident beam targets from 1960’s .....up to now

% Beam target & particle tracking
Bubble Chambers from 1960’s ....up to 1980’s
Liquid Argon Time Projection Chambers from 1980’s ..... up to now

«» Particles energy measurements
Liquid lonization Chambers from 1970’s ..... up to now

O and as cooling source for super conducting experimental magnets
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Overview

* Incident Beam Targets
+ COMPASS liquid hydrogen target

« Beam Target and particle tracking
« Big European Bubble Chamber
« Liquid argon time projection chamber

« Particle energy measurements
« ATLAS

» Superconducting magnets for detectors
« ATLAS
- CMS

« Future experiments having large demand of cryogenics
* Experiments for FCC
« Long Baseline Neutrino Experiment

Only an overview of cryogenic HEP detectors at CERN is given. There is no intention to present all the past, present and future cryogenic
detectors at CERN.
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Where to find cryogenics in HEP detectors

Target Process
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Cryogenics used in a “target” process

Target process: A particle beam is shot on a low temperature target liquid in a study
on the interaction between the beam particles and the target particles. The target is
not used in the detection process.

Hydrogen is often used in these experiments since it has the simplest nucleus.
It's important that the hydrogen-to-container mass ratio is as high as possible.

Hydrogen pressure shall be slightly above atmospheric pressure and container shall
be fabricated from “plastic” material.

Hydrogen targets were often constructed at CERN between 1960 and 1990. After
this period the interest diminished because of the construction of the colliders.
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Hydrogen target for COMPASS Experiment

Proposed experiment (2011): shoot muon beam at target (deep inelastic scattering)
to study the structure of the proton.

The detector is placed around the hydrogen target and measures the angles
under which the muons are leaving the target area.

VAN, SAESCE TS

Question to the cryogenic group: supply a liquid hydrogen target

1. which enclosure is transparent to muons;

2. with a length of 2.5 meter and 40 mm diameter, aligned with the beam line;

3. which can, for calibration reasons, be emptied and refilled within a period of an

hour.
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Hydrogen target for COMPASS Experiment

Demand from COMPASS was followed by a study based on:
1) How were these targets made in the past;

2) Simplicity of the cooling scheme;

3) Compatibility with the safety regulations.

Proposal:

« Use a commercial fabricated kapton tube (used for ventilation
purposes) with mylar end-caps as liquid hydrogen enclosure;

« Carbon fibre vacuum chamber (with kapton beam windows)
highly transparent for muons
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Hydrogen target for COMPASS Experiment

The helium leak rate through the target wall was measured to be 1.5 103 mbar.l.s! at
room temperature and 7 10° mbar.l.s1 at T= 18 K.

Cryo-cooler based re-
condenser system
(30 W @ 20 K) allows
for a very simple and
safe operation;
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Where to find cryogenics in HEP detectors

Target & Tracker Process
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Cryogenics used in a “target & tracker” process

Target & Tracker process: The cryogenic liquid is used both as target and detector.
Interaction between the beam particles and the nucleus of the liquid lead to the

creation of secondary particles that are tracked for event analysis and eventually
momentum measurements.

CE/RW
\ Grenoble 4t June 2015

/) Cryogenic HEP detectors CERN




Cryogenics used in a “target & tracker” process

Bubble Chambers
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Bubble Chambers

Bubble chambers (D.A. Glaser 1952).
« Fast charged particle passing through a super-heated liquid, ionizes the liquid,;
* In doing so, close to its path a small fraction of the energy of the particles is

deposited as heat;
« This process can lead to local boiling, making the trajectory of the charged

particle visible;
» If magnetic field is applied to the chamber: radius of curvature can be used to

derive the momentum of the particle
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Bubble Chambers

BEBC the Big European Bubble Chamber
(approved 1967, first experiment 1973)

« 35 m3 of subcooled liquid hydrogen kept at 7 bar;
« Enclosed in a 3.5 T superconducting solenoid;
« Just before arrival of beam, a piston was used to lower bath pressure to

3 bar to bring the liquid into a metastable state;
« Make pictures when beam is passing;
« Use directly afterwards the piston to bring the bath pressure back to 7 bar
« Pressure cycle had a frequency of about 1 Hz
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Bubble Chambers

- CeRy LR g e
Liquid hydrogen vessel Decompression piston

The chamber was refrigerated by liquid H2 provided by an H2 cycle pre-cooled by
a He refrigerator, while liquid helium was used for the superconducting magnet
cooling (He refrigerator: 25 kW @ 22K, 1.5 kW @ 4.4 K, 2.5 g/s of liquid)
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Bubble Chambers
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Example of BEBC picture

Over a period of 11 years: 6.3 million pictures taken (and analysed!)
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Bubble Chambers

Bubble chambers (all -sizes) wee in common use till the end of the 80’s.
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Cryogenics used in a “target & tracker” process

Liquid Argon Time Projection
Chamber
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Liquid Argon Time Projection Chamber

Liquid Argon Time Projection Chamber process (C. Rubbia 1977) Ad;lc;rsgon

« Aliquid argon volume is enclosed in e

a cryostat equipped with three wire Liquid Argon TPC fr?’-’i"%?:

planes, the last one being at a fffffﬁ

positive potential compared to the Mf;,jffzg

: AN A AL

cathode plane installed at the other - ?gjifj

extremity of the detector. 4 i?:%%
» The wire planes are oriented 0, +60 | ™ AT

and -60 degrees; %gf}ﬁ
- A charge particle entering the liquid ,;ffﬁfﬁf

argon volume can ionize an argon ||

atom, which at the one hand creates Wt f g

a free electron, while it can also * Qwo inductive

creates scintillation radiation; Eary ~ 500V/cm / planes

 The imposed electrical field (values such as 500 V/cm) causes the ionizations to drift
towards the read-out planes, and will be adsorbed by the anode plane. The signal
from the two induction planes and the adsorption plane provides a 2 dimensional
information, while the drift time of the ionization gives the third dimension.
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Liquid Argon Time Projection Chambers

« The scintillation radiation is adsorbed by photo multipliers, giving a time-scale of
the process;
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ICARUS

ICARUS experiment at Gran-Sasso underground laboratory

« Neutrino beam from CERN (650 km distance) is aimed at ICARUS detector,
which has a total liquid argon volume of 540 m3 (sensitive volume 430 m3)

« Temperature gradients in the sensitive volume shall be smaller than 0.5 K

« Argon purity shall be in the ppt oxygen equivalent level, asking for a continuous
circulation of liquid argon through purification system;

« Cryogenic system shall be operational 100% of the time;

« First large scale use of non-vacuum insulated cryostat for a HEP experiment

0 Stainless steel primary membrane
@ Plywood board

9 Reinforced polyurethane foam
0 Secondary barrier

6 Reinforced polyurethane foam
@ Plywood board

0 Bearing mastic

(8] Steel structure with moisture barrier

Example non vacuum insulated cryostat ===
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N, Phase separator

30 m® LN, Vessels

CNGS v beam
DAQ Electronics

N, liquefiers:
12 Stirling units,
48 kW of total cryo-power

West and East modules

Cryogenic lay-out
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Cryogenic flow scheme
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Electron lifetime trend East cryostat
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Where to find cryogenics in HEP detectors

Particle energy measurement
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Liquid Argon lonization Chamber

The noble liguid ionization chamber technique (Willes, Radeka, 1974)

has been used in the past at CERN (NA31, NA48), and is one of the main
components of the ATLAS experiment.

Particles entering the detector are ionizing the working liquid (often giving rise to an
electron shower) situated in a finely distributed HV field. The electrons created are
accelerated in this field and this electrical “current” is measured. The “thickness” of
the detector (Ilength the particle has to travel within the detector) has been
calculated such that all energy of the incoming particle is adsorbed within the
detector.

In this way the exact place of the particle having entered the detector and the
precise energy of the particle entering can be established.

CERN

\/W Grenoble 4" June 2015 Cryogenic HEP detectors CERN

N/




ATLAS liquid argon calorimeter

 Total liquid argon volume of 78 m3

« Total cold mass 550 tons

 Installed in three independent aluminium cryostats

 Liquid nitrogen is used as cold-source for the cooling of these detectors

« Argon gas bubble formation is detrimental for the experiment

« Liquid argon in sensitive volume is sub-cooled between 4.2 Kand 7.7 K
(depending on the vertical position in the argon bath), guaranteeing that no argon
gas bubbles will be formed

« Heat load into the cryostat system: 6kW; Total heat load about 8 kW

« Has been foreseen that calorimeters stay cold over the life-time of the experiment
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ATLAS liquid argon calorimeter

Lryostat cold wall

20 kW LN2
refrigerator
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ATLAS liquid argon calorimeter
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Where to find cryogenics in HEP detectors

Superconducting magnets for
detectors
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Superconducting magnets for detectors

Magnets are in detector set-ups in general be used to be able to measure the
momentum of the particles;
Where are detector magnets different from accelerator magnets:

« Detector magnets have often to deliver a magnetic field in a large volume (sensitive
volume CMS solenoid: 370 m?3);

« Detector magnets are often enclosed in the experiment. In this case the magnet
system shall be made as “transparent” as possible, to diminish the possibility that
particles will be adsorbed in the magnet “mass”;

* Detector magnets are non-series magnets;
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Superconducting magnets for detectors

Largest experimental superconducting magnets systems at CERN can be found at
ATLAS and CMS

d CMS
* Solenoid
v 13 m long, 6 m diameter,
v AT field, 2.7 GJ stored energy
v" Thermo-syphon cooling

Refrigerator:
1.5kW @ 4.5 K
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Superconducting magnets for detectors

O ATLAS
% Central solenoid
5.3 mlong, 2.5 m diameter
2 T filed, 38 MJ stored energy
Thermo-syphon cooling

A NEANERN

+» Barrel Toroid

v’ 25.3 mlength, 20.1 mo.d., 8
separate coils

v' 370 ton cold mass, 4 T on

superconductor;

1.08 GJ stored energy;

Forced flow cooling

s 2 End-cap Toroid
v' 5.0 m length, 10.7 mo.d., 8
separate coils
v 160 ton cold mass, 4 T on
superconductor
0.25 GJ stored energy
Forced flow cooling

Refrigerators:
6 kKW@ 4.5K
20 KW@ 40 K

AN
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Where to find cryogenics in HEP detectors

Future experiments
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(( FCC ))
Studies future detectors for FCC =

Solenoid based experiment (CMS+)
Solenoid:
12 meter diameter
23 meter long
magnetic field of about 6 T
stored energy 54 GJ
cooling power needed: 6 kW @ 4.5 K
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(( FCC ))
Studies future detectors for FCC plis e

Toroids, Solenoid and Dipoles (ATLAS+)
3.5 T Central solenoid 0.6 GJ
Air core Barrel Toroid 48 GJ
Two end-cap Toroids 2x1.6 GJ
Cooling power needed 20 kW @ 4.5 K

30 m diameter and 52 m length

Cryogenic HEP detectors CERN
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The Dune Experiment (CERN participates in study)

Shoot a neutrino beam from Fermi Lab to the Sanford Lab in Lead, 1300 km from Fermi.

To analyse the beam at Sanford Lab, 4 cryostats have been foreseen to be installed in
an underground mine (1.5 km depth). Each of the cryostats shall contain about 17 kTon
of liquid argon (200 days of filling if 5 trucks/day)
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The Dune Experiment (CERN participates in study)

Cryostats (- bl
Seen the detector seize and the s D O suintess steel primary membrane
underground installation: a non- = B riywood board
vacuum insulated cryostat option
has been chosen:

9 Reinforced polyurethane foam
9 Secondary barrier

6 Reinforced polyurethane foam
@ Plywood board

1) Heat-load of 7.5 W/m?, higher
than in the case of a vacuum
insulated cryostat;

0 Bearing mastic

@ Steel structure with moisture barrier

2) However no degradation

possible by “vacuum rupture”, Cryogenics
and no “enormous” vacuum 1. Cryogenic infrastructure to continuous
pumps needed cool 58 kW per cryostat in underground
(1500 meter) area
3) Qualified technique used for 2. Argon purification system to keep purity in
liquid natural gas transport and cryostat at ppt level (13000 m?per
storage cryostat)
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Conclusions

* From the very early days, cryogenics has been implemented in a large range of
HEP detection methods at CERN, used as target, in the detection chain or as
cooling source for superconducting magnets;

« The development of larger magnets for experiments is on-going, now towards
magnets which can have a stored energy of over 50 GJ;

* The neutrino projects under study foresee liquid argon detectors of
unprecedented sizes in underground areas, asking for the application of “new”
isolation techniques;

* The above mentioned implications ask for studies and prototyping efforts, seen
the large step up from existing installations.
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