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2 Electron Cooling System s

» The goal of Electron Cooling
(E-Cool) in the Recycler Ring is
to effectively cool 8.9-GeV/c
antiprotons by mixing them in a
20-m long cooling section with a
cold beam of 4.3-MeV electrons

» The implementation of
Electron Cooling should
significantly increase the
number of antiprotons stored in
the Recycler and improve the
antiproton production rate in
the Accumulator

> In turn, it will increase
the luminosity of the
Tevatron collider
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» Cold electrons flow through a
hot antiproton beam and cool it,
so it i1s natural to call it Electron
Cooling

» Antiproton beam is hot when
the initial temperature of the
antiproton gas, in the beam rest
frame, Is much higher than the
corresponding electron
temperature

>

Antiproton beam needs
to be cooled:

To increase life time

To put more and more
particles into the given
accelerator

To deliver more intense
and denser beams to
the Tevatron, which
presently is the main
source for increasing
the luminosity
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Electron Cooling Location
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Electron Cooling is located in the
MI-31 service building and in the
Recycler Ring in the Main
Injector tunnel at MI-30
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> Electron beam is
generated at the
high-voltage Gun
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> Electron beam is then | 7 af\/ returned back to
transported through the the high-voltage

cooling section Collector
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2= Pelletron Accelerator

Pelletron Accelerator
at MI-31 (Left)

H17m

tonne

> Accelerator Cross-
Section (Right)
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2% Electron Cooling System s

» Cooling Section Line is 20 m long in
the Recycler in MI-30

» Return Line is 20-m long and 1 m
below the Recycler in MI-30

> Supply Line is 19 m long in MI-31

» Transfer Lineis 19 mlongand 1 m
below the Supply Line in MI-31
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mg Electron Cooling Components

| O Electron Cooling System consists of
| 105 components, which include:

10 Cooling Solenoids (with fiducials)
4 90° Bend Magnets (with fiducials)
2 180° Bend Magnets (with fiducials)
25 Focusing Solenoids

26 Beam Position Monitors (BPMs)

1 Flying Wire

12 Beam Scrapers

Vacuum chambers, Toroids
Pelletron Lenses

Cooling~  — ;
Solenoids - |

YVVVVVVVYVYVY

[ Components with Fiducials were

Al e
e Referenced with Laser Tracker
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4 Establish a precision control network for
positioning Electron Cooling Beamline components
IN the Fermilab Local Tunnel Coordinate System
(LTCS)

» October 2004 Upgrade of the October 1998 MI-30
Horizontal network due to construction using the Laser
Tracker for deformation analysis

» October 2004 Upgrade of the January 2001 MI-30
Vertical network for deformation analysis due to
construction

> Tie the new MI-31 Horizontal and Vertical networks to
the upgraded MI-30 network
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# Survey Methodology

4 All Survey and Alignment were done with:

Laser Tracker

Total Station

Optical and Electronic Levels used for Elevations
Gyro-Theodolite for Azimuths

Optical Tooling Instruments

Optical Zenith and Nadir Plummets

VVVYYVYYVY
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J
. MI-30 Control Network

1 MI-30 Network consisted of:

> 15 Floor Monuments
> 31 Pass Points
> 13 Tie-Rods on the Wall

 Deformation Analysis performed
after Network Adjustment
revealed deformations due to
construction
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¥ Horizontal Deformation — MI1-30

Horizontal Deformation - MI-30
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¥ Horizontal Deformation — MI1-30

Horizontal Deformation - MI-30
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Vertical Deformation - MI-30
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Elevation Difference (mm)
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MI-31 Network consisted of:

> 24 Floor Monuments
> 27 Wall Monuments

> 8 Tie-Rods on the Wall
» / Pass Points

» 3 Brass Points
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2 MI-31 Control Network
Steel Shielding
277NN\
SMR N

\: \\_
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Tracker 1 Connecting Enclosure Tracker 2
MI-30 _ _ _ MI-31
Beam Pipe Hole dimensions

are 20.5-cm x 20.5-cm and
3.5-meter long
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MI-31 Network Results
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d Tracker Measurements to
referenced Fiducials

Cooling Solenoid

90° Bend Magnets

180° Bend Magnets

Coolﬂiﬁﬁ" . _
50|enoig; S e '] U Measured as Cylinders/Planes

and Circles:

Focusing Solenoids, (BPMs),
Beam Scrapers, Flying Wire,
Vacuum chambers, Toroids

. b dLenses in Pelletron aligned with
SRR Optical Zenith and Nadir
WMELNES]  Plummets
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» Cylinders Fits
> Circle Fits

» Line Fits

> Plane Fits

> Plane-Line
Intersections
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Beam Alignment Results
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Deviations from Beamline (mm’
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Most important
beam line:

20-m long Cooling
Section Line with 10
cooling solenoids
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+0.50mm
Vertical:
+0.25mm




Fermilab Dr. O’Sheg Oshinowo
IWAA2006 Conference 24
SLAC, California, USA

September 25-29, 2006

# Status of Electron Cooling System

»  The Electron Cooling system was fully
commissioned in May 2005

' > The first cooling of antiprotons was achieved
in July 2005

» Electron Cooling is currently operational at a
| beam current of 0.5 amps DC

» Fermilab has a unique electron cooling system
routinely used for cooling 8.9 GeV/c antiprotons in
the Recycler Ring

» The Recycler anti-proton stack size has been
increased to over 200 x 1019 pbars

»  Fermilab now has a world record Electron
Cooling system, which is a major contributor to the
record luminosity for the Tevatron
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s Conclusion
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» The Electron Cooling system has been
surveyed and aligned and the results have

been presented

» The alignment methodology used has
also been presented
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| The E-COOL System is really COOLII!






