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The Ingredients
- Helium: The star of cryogenics
v Liquid helium: 100 years
v" Superfluid helium
- Accelerator examples







3He phase diagram

]

< 3r Superfluid

E A phase

§ °| oo

& Normal liquid

0
0.0001

1 1 L ! s
0.01 0.1
Temperature

0.001

“He phase diagram

100000000 : Triple point

N 1.760 K
10000000 = Solid 29.7 bar

- Liquid
< 1000000 =
& Lambda line 1 Critical point
o - /O 5.195K
5100000 - pguid e A 2.274 bar
3 -~ Hell Tevatron
. 10000 7 Lambda pointO P r%é(.?n

1000 - LHC o g'égz)bK
E operftion YU bar
100 I T 7 A T R T
0 1 2 3 4 5 6 7

Temperature (K)



== g
s o o= Y . = .

Normal-fluid fraction: . Suer'fluid fr_'action:

Androniskashvili
experiment

=
'
c
@
©
©
@
N
©
IS
=
o
P

1 15
Temperature (K)







Superconductor (SC)
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Anomalous transport properties used to cool high-field
superconducting magnets and RF cavities




(proton mass = @ = ~1GeV/c? )
(courtesy of Young-Kee Kee)
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CERN and the Large Hadron Collider

- The LHC accelerator
- The low-p magnet systems




Luminosity vs. energy of colliders
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Superconducting magnets
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For low-luminosity points:
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0 Radiological > Use materials resistant to the radiation rate permitting an estimated
machine lifetime, even in the hottest spots, exceeding 7 years of operation at the
baseline luminosity of 1034cm-2s1.

O Personnel safety: Keep residual dose rates on the component outer surfaces of the
' cryostats below 0.1 mSv/hr.

o  Apply the ALARA principle (As Low As Reasonably Achievable).
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IR5 azimuthally averaged power

z-region (m)
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For comparison : Arc magnet ~ 1 Gy/yr
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Fermilab Accelerator Sciences
..Ihe-hvatron and its cryo-plant

- New cryogenic areas and era
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. Three frontlers of research |n partlcle phyS|cs form an interlocking framework that

Origin of Mass




@ Milestones

—

i

Janusary f Technicians compiete the first asssmbly of o sinng
of 3.8-GHz superoonducting cavities af Fermilab.

Feb. 40 f Four Indian irstibfions sign a Memomndurm of
Undemstanding with Fermilab to collsbomte on supsmonduct-
March 8 7 COF and DFero announce the discovery of
collisions that produce single top quars, procf of & second
kind of subatomic production mechanism for top quares.
March 12 / COF and DZem narmow the search far the
elusive Higgs boson, seiting more stringsnt constraints
on the particle’s mass.

March 18/ COF finds svidenos of o new composite particks,
¥id140), whose curious characteristics. mary reveal new ways
that quarks can comibine ta form matter.

March / Df=m cbtairs the world's most precise measure-
ment af the mass of the ¥ boson.

Apri 1 F The MIMERwA newtring espeniment obseres the first
interactions of nevtrinos with carbon and hydmgen otomas.
May 1 / Officials from the LLE. Congress, the LS. Department
of Enemgy, Fermilab and the University of Minnesoba break
ground for the NOWA expesriment in Minnesota.

Moy 27 The ArgoMeul sxperiment, which uses o neer ress-
trina detection technology, records the first neutring sigrals.
June 28 F COF anncunioss the discoweny of the Omega-sub-b
baryon, o distant relative of the proton.

duly /' Femilat begires the upgrade of s newtnino baamline
from 400 to TO0 kilewatts for the MO project.
August ! Construction begins on a high-awailability
oomputing center ot Fermilab.

Seplember [ Working with Fermilab and other DOE
laboratories, a LS. -based manufacturer produces the first
SAF ncceleration cavity that meets the performance goal
for the newt-gersration linear oocelerator.

Zapt. 28 / The Department of Erergy anncunces Mission
[Me=d fior the MicroBooKE neutrino swperiment of Femmilab.
Ootober / Technicians begin installng the first crgomodule
in Fermilab’s near supemonducting mdic-fFequenoy test
accelerator facility.

D= pemibeer  The Muon-to-Blesstron Conversion Experiment
{Mue) recefves DOE's Mission Meed approval.

Dec. 4 § & sup=monducting prototype magret made
af niokium-tin acheeves its design goal of 200 Tesla'm.

Do, 8 { Soientists in the LHG Remote Operations Center
at Fermilab cbserve the first particdle collisions in the CMS
detscior ot CERN at the wodd-recond eregy of 2236 Tell

Dex. 17 § The Cryogenia Dark Matter Saamch announces the
abssrmtion of fao candidate svents for dark-matier particles.
Deo. H-2T { The Farmilab: accelsmior complex sets & rsoord
for the hours of particle colider cperation in a sngle week,
prodisdng 151 hours of physios data.
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Integrated Luminosity 10000.17 (1/pb)

Favored Higgs Mass Region .
6.5 km of superconducting magnets
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