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Goals



Major FY04 Goals

= Operate the Collider at the Main Injector project
luminosity design goals

> 80% Antiproton transform efficiency from the
Accumulator to Low Beta

» 260x10° protons per bunch
> 18x10/hour antiproton zero stack stacking rate
> Peak Luminosity of 80x103%cm-2sec!

= Integrate over 300pb-!in 39 weeks

= Prepare the Collider for implementation of the
initial stages of the Run IT Upgrades
> Slip Stacking
> AP2-Debuncher Aperture

= Commission the Recycler for electron cooling
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FYO04 Performance



Integrated Luminosity
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FYO4 Average Store Hours per Week
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Peak Luminosity (ub'llsec)
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Data Summary Table

Luminosity Parameters
FY04 FY04
Best Best of | Best of (End) (End)

Parameter Store FY04 FYO03 Design Base

Initial Luminosity (Average) 102.8 87.6 43.7 61.9 433  [x10¥cm2sec’?
Integrated Luminosity per Store (Averaged)| 4241 3221 1518.5 2000 1300 |nb?
Luminosity per week (Averaged) - - - 11.3 7.4 pb?!

Store Length 32.4 26.7 17.8 15.0 15.0 Hours

Store Hours per week - - - 85 84 Hours

Shot Setup Time 2.4 2.6 2.1 2.2 2.2 Hours

TEVATRON Parameters

Best 10 FYO04 FY04

Best stores Best of (End) (End)
Parameter Store Average FY03 Design Base
Protons per bunch 246 249 241.2 260 260 [x10°
Antiprotons per bunch 43 36 25.6 31 25 x10°
Proton Efficiency to Low Beta 85 77 54.8 - - %
Pbar Transfer efficiency to Low Beta 86 81 63.5 80 7 %
HourGlass Factor 0.66 0.67 0.6 0.65 0.65
Initial Luminosity Lifetime 5.2 6.0 8.9 8.3 7.0 hours
Asymptotic Luminosity Lifetime 17.7 19.3 23.7 25.0 25.0 [hours
Effective Emittance 16.9 17.0 22.4 21.0 23.0 |g-mm-mrad

Antiproton Parameters

Best 10 FY04 FY04

Best stores Best of (End) (End)
Parameter Store Average FY03 Design Base
Zero Stack Stack Rate 13.2 12.7 12.0 18.0 13.7  |x10'%hour
Normalized Zero Stack Stack Rate 2.5 2.4 2.4 3.6 2.7 x10°%/hour
Average Stacking Rate 6.8 6.4 7.8 9.3 7.6 [x10%/hour
Stacking Time Line Factor 86 78 94.8 75 75 %
Stack Size at Zero Stack Rate 309 321 299.7 300 300 ([x10%°
Protons on Target 5.3 5.2 5.1 5.0 5.0 [x10%?
Start Stack 198 179 158.8 155 130  |x10%°
End Stack 17 18 12.9 15 15 |x10%°
Unstacked Pbars 181 161 145.9 140 115  [x10%
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Major Accomplishments



Major Accomplishments for the Collider in FY04

= Proton Source
» Operational Improvements
Booster Aperture
- Alignment of Booster cavities and Magnets
- Long 3 septum
New dogleg magnets at Long 3
- Removal of beta wave
- Less tune shift
Damper mode number and Power increase
Matching of the 400 MeV Line
Harmonic Correction
+  Two stage collimation system
> Record intensities- 6.0x10!2 protons/pulse for stacking
> Record efficiencies > 85%

» Record throughput > 1.0x10%° protons/week for Miniboone

= Antiproton Source

» Stacking rate 13.65x10%° pbars/hour

> Largest stack 246x10%

> Longest sustained stack > 2 months
» Debuncher Aperture Increase
>

Main Injector - Debuncher Phase alignment system
Aperture Increase
8 GeV alignment across the injector complex now possible
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Main Injector Accomplishments
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Tevatron Major Accomplishments

= Tevatron

> Alignment
- Projects
- Tev-Neft
Smart bolt retro-fit
Dipole Un-Rolls
P1 Line roll
IP low-beta regions
Tight aperture areas
* Results
- Better injection efficiency
- Smaller emittance at collisions
- Better ramp efficiency
- Beftter store-store reproducibility
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Tevatron Major Accomplishments

> CDF IP

» Location of IP was 4-5 mm too high vertically
- Significant impact on CDF's

- Silicon tracking efficiency

- SVX longevity due to radiation damage

» Rapid response team was organized during the 1 week
shutdown in early December (due to the 16 house quench) to
find a solution to move the CDF IP down by 4 mm

- Within 1 week: designed, installed, and commissioned a
series of low beta quad moves that
» Moved the IP down by 4mm
» Put the beam through the center of the low beta quads
» Better aligned the quadrupoles

> New Low Beta optics (April 04 - June 04)
+ 20-30% increase in luminosity
- Smaller beta*
* Smaller emittance

Operational Status & Plans - 9/08/04 - McGinnis



TEV Lattice Change
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Major Accomplishments

= Recycler
> At the end of FY03

The Recycler was “on the ropes”
- Lifetime was < 60hrs
- Transverse emittance growth was 12n-mm-mrad/hr
Took drastic measures
- Re-organized the department (broke it away from Main Injector)
- Lengthened the Fall 03 shutdown to bake the entire Recycler

- Instituted the Pbar Tax (Investment) fo guarantee the Recycler
adequate study time and access to the ftunnel

- Re-organized the Accelerator Physics Dept. to give the Recycler and
Tevatron more accelerator physicists

> Recycler bake-out was extremely successful
Transverse emittance growth reduced by a factor of 5-8
Lifetime > 300 hours
» Recycler commissioning has progressed rapidly
Stand alone Recycler shots to the Tevatron (Jan. '04)
- Initial Luminosity > 17x103%cm-2sec!
- Integrated useable luminosity
Stack of >150x10%° pbars in the Recycler
» Using the Recycler in Mixed Pbar operations makes it a luminosity
enhancement
The top 4 luminosity stores were done with using the Recycler

> Recycler is ready for Electron Cooling
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Recycler Pbar Tax (%)
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Major Accomplishments

= QOperations

> Long Stores
* More integrated luminosity
* More reliability - minimize ramping & shot setup
- Beftter able to integrate machine studies
» Better Planning
* Permanent run coordinator (Jim Morgan)
* Daily 9 am operations meetings
* Focused control of machine studies
- Integrate luminosity when the machine is running well
- Do machine studies when the machine is behaving poorly
» Mixed Pbar Operation
* Proposed in February ‘04 by Brian Chase
* Initial proposal presented at the April '04 Run IT PMG

* Dual energy ramps in the MI completed and tested by May ‘04
- First Attempt 6/13/04

» Record Luminosity of 103x103%cm-2sec! recorded 7/16/04
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Mixed Pbar Extraction

Extracting pbars from both the Accumulator and the Recycler for
the same store i.e.

» Twenty four bunches from the Accumulator
> Twelve bunches from the Recycler

Reasons
> Flexibility in the Run IT Upgrade schedule
* Natural merging of commissioning of electron cooling
» Push Recycler commissioning progress by plunging it into operations

> Luminosity enhancement - larger amount of pbars for smaller
emittances

+  Accumulator stack size limited to <200 mA
- Stacking Rate
- Transverse emittance vs Stack Size
Ratio IRecycler'/IAccumuIa‘ror' IS gover'ned by
> Recycler phase space density (cooling)
> Recycler transfer time (Rapid transfers)

Obstacles
» Stacking Rate
» Injector Complex 8 GeV energy alignment
> Longitudinal emittance in both the Accumulator and Recycler

> Transfer time between Accumulator to Recycler
> NEED TO UPDATE MIXED PBAR SOURCE OPERATIONS MODEL
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Luminosity Density (x10 ®cm %sec ™)
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Machine Issues



Machine Issues

= Proton Source

» Radiation damage due to the proton demands of the
heutrino program.

» Proton Demand

» Collider with Slip Stacking, MiniBoone, SY120, NUMI

» Preliminary stages of developing a proton plan

- Pulse component upgrade

Aperture upgrade (RF stations and kickers)
Alignment upgrade (TEV style alignment network)
Closed orbit control (ramped magnets and power
supplies)
Tune control
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Machine Issues

= Main Injector

» Slip Stacking
- Demonstrated 7x10'? protons on target
» Bunch length on target within spec.
* Need to get to 8x10!2 stably
» Running the Fixed target program
+ Commissioning of high intensity NUMI multi-batch cycles
- Transverse and longitudinal dampers
- Switchyard 120
» Mixed Pbar Source Operation
* 8 GeV Energy alignment

Operational Status & Plans - 9/08/04 - McGinnis
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Machine Issues

= TEVATRON

» More alignment work this
shutdown

» B2 Snapback Improvements

» Octupoles
* Beam Stabilization
- Differential Chromaticity
» Orbit Smoothing
- Automated Orbit smoothing
- New BPM system
» TEV Abort

» Unmasking of inputs for
protection

- New BLM system as abort input
» Kicker Pre-fires

- Collimator design

- Abort block reconfiguration
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Pbar Production

= Godl

» Zero Stack Stacking Rate 18x10!° pbars/hr

» Beam on target 5.0x10%? protons per cycle
* Production 17x10-¢ pbars/proton
* Cycle time 1.7 sec

= Achieved
» Zero Stack Stacking Rate 12.7x10%° pbars/hr*
* Beam on target 5.2x10!2 protons per cycle
* Production 15x10-¢ pbars/proton
» Cycle time 2.2 sec
= Difference

» Zero Stack Stacking Rate down 29%
» Beam on target up 4%
* Production down 12%
* Cycle time up 29%

*Averaged over the 10 stores with the highest initial luminosity
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Pbar Production

The momentum spread extracted from the Debuncher into
the Stacktail has been decreased by about 35% over the
past year.

The present Stacktail system with the bandwidth as measured
should be capable of handling a static flux of 29mA/hr

» At small stacks, the present Stacktail system can clear the deposition
orbit as fast as 1.2 seconds

> Note in the future, that the present 2-4 GHz Accumulator Core

Momentum Cooling system will have to be replaced with either the
present or modified 4-8 GHz Accumulator Core Momentum Cooling
system if the Accumulator is going to have to continue support large
stacks.

In the range of cycle times of interest, the amount of beam

reaching the injection orbit of the Accumulator is

proportional to how long the transverse cooling is on in the

Debuncher.

» Indicates an aperture problem in the D-A line.

» The transverse cooling can be increased marginally by
optimizing transverse gain ramping
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D-A Line Plan of Work

= Plot the beam envelope against an accurate model of the D-A
line aperture. (The D-A line model should go from kicker to
kicker)

> Assemble mechanical drawings of all components in the D/A line

» Collect survey data of D-A line

- Referenced to Debuncher Extraction and Accumulator Injection
(not chalk line)

Double check survey data against "common” sense measurements

> Develop an accurate lattice model of Debuncher - D/A line -
Accumulator Injection orbit

- Check these models with beam based measurements

= Open up the D-A line for visual inspection during the
shutdown

= TInstall a Debuncher Extraction Ramped Bump
» Optimizes maximum closed orbit aperture at injection
» Optimizes extraction channel aperture

= Build a forward Pbar BPM system in the D-A line

Operational Status & Plans - 9/08/04 - McGinnis
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Plans for FY05

Install electron cooling in the Recycler in Fall ‘04
shutdown

Run Slip Stacking at 8x10!2 protons/pulse every 2
secs

Increase the pbar production aperture by 25%

Stack at small stacks with a rate of 26x101°
pbars/hr

Run the complex in Mixed Pbar operations
» Assume the gain from Mixed Pbar operations is "break-
even" (pessimistic?)

Commission electron cooling for operations by the
end of FYO5
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FYOb5 Goals

Luminosity Parameters

FY04 FYO04 FYO05 FYO05
Best Best of | Best of (End) (End) (End) (End)
Parameter Store FY04 FY03 Design Base Design Base
Initial Luminosity (Average) 102.8 87.6 43.7 61.9 43.3 96.1 80.7 |x10°°cm?sec?
Integrated Luminosity per Store (Averaged)| 4241 3221 1518.5 2000 1300 3369 3190 [nb?
Luminosity per week (Averaged) - - - 11.3 7.4 16.8 12.7 |pb?
Store Length 32.4 26.7 17.8 15.0 15.0 20.0 25.0 |Hours
Store Hours per week - - - 85 84 100 100 Hours
Shot Setup Time 2.4 2.6 2.1 2.2 2.2 2.6 2.6 Hours
TEVATRON Parameters
Best 10 FY04 FY04 FYO05 FYO05
Best stores Best of (End) (End) (End) (End)
Parameter Store Average FY03 Design Base Design Base
Protons per bunch 246 249 241.2 260 260 260 250 x10°
Antiprotons per bunch 43 36 25.6 31 25 42 34 x10°
Proton Efficiency to Low Beta 85 77 54.8 - - - - %
Pbar Transfer efficiency to Low Beta 86 81 63.5 80 77 76 74 %
HourGlass Factor 0.66 0.67 0.6 0.65 0.65 0.65 0.65
Initial Luminosity Lifetime 5.2 6.0 8.9 8.3 7.0 6.4 6.4 hours
Asymptotic Luminosity Lifetime 17.7 19.3 23.7 25.0 25.0 25.0 25.0 [hours
Effective Emittance 16.9 17.0 22.4 21.0 23.0 18.5 17.0 |g-mm-mrad
Antiproton Parameters
Best 10 FY04 FYO04 FYO05 FYO05
Best stores Best of (End) (End) (End) (End)
Parameter Store Average FY03 Design Base Design Base
Zero Stack Stack Rate 13.2 12.7 12.0 18.0 13.7 24.5 14.0  |x10%/hour
Normalized Zero Stack Stack Rate 2.5 2.4 2.4 3.6 2.7 3.1 2.3 x107?/hour
Average Stacking Rate 6.8 6.4 7.8 9.3 7.6 10.1 6.6  |x10'%hour
Stacking Time Line Factor 86 78 94.8 75 75 75 75 %
Stack Size at Zero Stack Rate 309 321 299.7 300 300 300 300 |x10%
Protons on Target 5.3 5.2 5.1 5.0 5.0 8.0 6.2 |x10'?
Start Stack 198 179 158.8 155 130 216 181  |x10%
End Stack 17 18 12.9 15 15 15 15 x10%°
Unstacked Pbars 181 161 145.9 140 115 201 166  [x10%
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Integrated Luminosity (pb'l)

FYO5 Goals Integrated Luminosity
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Inosity

FYO5 Goals Weekly Integrated Lum
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Peak Luminosity (ub'llsec)
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Conclusions

= Collider performance in FYO4

>
>

VYV VYV

A\

Exceeded the design FY04 design curve

The peak luminosity and the luminosity per week has doubled
from FYO3

Most of the Tevatron parameters are close to the design values
The Proton Source is operating at record intensities,
efficiencies, and throughput.
Slip Stacking has been commissioned in the Main Injector
The Recycler is:

- ready for electron cooling

* Dramatically increases luminosity through mixed-pbar operations

Pbar production is well below the design parameters but the
study plan executed over the summer indicates that the source
o;“ ’rl‘[t)e 2hlor"rfall is the result of a small effective aperture in
the D-A line

= FYO5 will be a pivotal year for the Run IT Collider

>
>
>

Pbar stacking
Mixed Pbar operation
Electron cooling installation and commissioning
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