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LHC Beam-vacuum

s.r. radiation ----> photon induced desorption
ions ----> pressure stability (NID)critical
electrons ----> multipacting Icritical

closed geometry!

----> recycling of gas
----> isotherm limited by SVP

Cryogenics
-——->heat loadto 1.9 K

Beam dynamics

———— apeﬂurﬂ
----> impedance limits
----> material properties



Beam induced heat load in the LHC
vacuum system
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1) Resistive losses
Pe<p,, 12<0.05(W/m)

2) Synchrotron radiation, (s.r.)
P(W/m) =1.24103 EXTeV) I(A)

pZ(m)
3) Photoelectrons
s.r. creates an electron cloud

4) Nuclear scattering
I(A) E(TeV)
7(h)

Beam screen removes #1, #2 and #3
#4 sets a limit for the beam lifetime

P(W/m)=0.93



Electron cloud generated heat load
in the LHC beam screen

Y(E,)

o(E,9)

Key parameters

Synchrotron radiation intensity, 7y
Y(E,¢) photoelectric yield
o(E,d) secondary electron yield, E_,, 8,,..

Energy distribution of secondary electrons
Photon reflectivity (magnetic field)

Beam screen shape and diameter

Bunch intensity and spacing

External fields (magnetic, electric, space charge)



LHC vacuum with synchrotron radiation.

Synchrotron radiation
photons desorb strong-
ly bound gas molecules
which are cryosorbed
and gradually accu-
mulate on the cold
beam screen.

Scattered/reflected

photons re-desorb these
molecules at a rate in-
creasing with coverage,
leading in turn to an
increasing gas density

(pressure).

The increase in
pressure due to
‘recycling’ of molec-
ules increases the
probability for gas to
escape through the
pumping slots and to
be permanently cryo-
sorbed on the 1.9K
cold bore. This effect
stabilises the pas
density in the beam
pipe to a safe value.

Without pumping slots,
the beam screen would
have to be warmed-up
periodically to pump-
out condensed gas.
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Test run at INP in Novosibirsk, scaled to
LHC parameters and for initial operation
at ~1/10 of the nominal beam current,
illustrating the effect of recycling of gas
and warming-up of the beam screen.
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H, isotherms at 4.2 k
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Pressure [Torr]

Predicted H: adsorption isotherms on Cu plated stainless steel
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COLDEX (Cold Bore Experiment)

Figure: COLDEX installed in EPA at CERN (Electron
Positron Accumulator), March 1998.

COLDEX is dedicated to study LHC vacuum conditions as close as

possible to real conditions:

. Cold Boreat 1.9 K

2. Beam screen temperature variable between 5 K and 60 K

3. Will make use of synchrotron light source in EPA (Electron
Positron Accumulator) at CERN.

Main subjects:

|. Synchrotron radiation induced desorption of molecules from the
beam screen surface.

2. Studies on synchrotron radiation induced photoelectron cloud

COLDEX was built in a collaboration with NIKHEF and CERN.
Delivery at CERN: November 1997
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LHC Beam-Vacuum

19K
cold bore

Photon stop

'l SR photons

shadow area
where cryosorbed
gas accumulates
adsorbed molecules are
continously recycled due to
scattered photons and
by photo-electrons






Beam Screen
Srralghtm::.ﬁ

Horizontal
Aperture

Vertical
Aperture

0.3 mm/m

X =216 mm

Y =17.1 mm

0.5 mmim

X=214mm

Y =169 mm

26

Cold Bore ID @ 50 mm




LHC Beam Screen Parameters

Aperture
Length
Wall thickness

-| Magnetic permeability

Material

Supports
Temperature

Heat transport
Cooling tubes

Heat leak to 1.9 K
Impedance (longit.)
transvrs, resistive
Quench resistance

Quench Stress
Deformation

Copper coating

Hole area, fraction
Radiation resistance

44/36 mm > 6 Obeam

~15m

1 mm

<1.005

Mn alloyed stainless steel
UltemorTi 4@1.7m
5-20K

<1 W/m

2 (P 3.7 mm)

< 0.05 W/m

< 0.5 Ohm

< 10 GOhm (@ 3.3 kHz)
> 50 Quenches

@B dB/dt = 300 T2s-1

< 340 MPa

< 0.5 mm
50 um (RRR = 100)

~ 2% (~660 holes/m)
109 rad




relative susceptibility / SI
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The Electrical istivity of Cu Plated Stainl las a
Function of Temperature
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Long straight sections

Room temperature sections:
Cu chambers ~ 2mm wall thickness
vacuum stability with ion desorption
bakeout between 150 - 300°C

Cold parts
sofar, very preliminary studies only

limited physical aperture
reduced level of synchrotron radiation
remains -> desorption by electrons and ions

Cryopumping at 1.9 K -> ‘dummy’ beam screen
(see buffles used in commercial cryopumps)

Sections with 4.5 K -> H, vapour pressure
requires special Cryosorbers
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I. Collins, O. Grabner, MAC, 2™ Nov. 199§

Vacuum choices

Below ~25 K all gases apart from H; and He (Ne) will
be cryosorbed in large quantities and at negligible vapour
pressure. These surfaces must be protected from s.r.
photons + photoelectrons to avoid ‘recycling’ of gas

Option 1: (not in present base line design)

Extension of the existing design in the arcs:

-> dummy cold bore (DCB) with < 3K and a special
beam screen

(note: no magnetic field, larger aperture,
copper beam screen with end cooling)

sections without beam screen -> pressure bumps due to
‘recycling’ of H,, -> may require a small fraction of the
DCB surface to be shadowed

Option 2:

DCBat5K<T<25K

-> implies use of cryosorbing material to pump H,
including a special beam screen (to shield the
cryosorber)

-> provisions for the conditioning of the cryosorber
(specifically the temperature to be defined)



l. Colling, O. Grébner, MAC, 2™ Nov. |998

Present work

Study of cryosorbing materials:

[sotherm measurements

pumping speed,

pumping capacity

temperature for operation and conditioning

radiation resistance, microparticles (charcoal 1)

litetime and total capacity

effect of thermal radiation (low energy part of s.r.) on the
vapour pressure

How to incorporate cryosorbing materials in the design
(combined with supports of the beam screen?).

Quantity the synchrotron radiation and gas desorption
including from quadrupole magnets (since the beam will
be off—axis at certain places).

Compatibility with requirements for ¢rvogenics and bean
impedance



Potential use of getter coatings

Primary interest:
Where the base-line design cannot be applied

Experimental vacuum chambers
in-situ bakeout,
high transparency vacuum chambers,
distributed pumping speed required

Long straight sections
regions without a cold bore at 1.9 K which
require a ‘dummy beam screen’
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Unknowns for the beam screen coating:
* Performance at cryogenic temperatures
* Intrinsic (primary) desorption rate due to
-> S.R. photons at grazing incidence
-> Photoelectrons
-> Jon bombardment
* Pumping characteristics for:
H,, CH, N,, CO, CO,, Ar and for gas mixtures
* Total pumping capacity
* Lifetime (ventings)
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