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AN Performance Specifications

N

VN

For NOVA MI has to be able to accelerate to 120 GeV
4 9E13p every 1.33 sec.

The main difference from the Proton Plan (4.5E13p
every 2.2 sec) is the reduction of the MI cycle time.
This reduction will be accomplished with the
elimination of the 8 GeV dwell time and the increase of
the max. acceleration rate from 204GeV/sec to 240
GeV/sec.

Two rf stations will be installed to maintain the same
bucket area.

The vertical Quad Bus will be upgraded to provide the
higher voltage needed.
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Y Other work included 1n this WBS

 Modify the RR LLRF system to accommodate
transfers from Booster and slip-stacking.

— Same functionality with the present MI LLRF system

— Re-use hardware from the present RR and TeV LLRF
systems

e Build the communications infrastructure in the two
new service buildings (MI-14, MI-39).

* Remove the extraction elements from the MI-62
region (anti-proton extraction to TeV)

 Remove the 5 coalescing cavities from MI-60.
 Provide for any water cooling modifications needed.
e Provide a shielding assessment
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S Status of the Proton P_Ian multi-batch slip
A stacking

* We have successfully accelerated in Ml intensities larger than
4.6E13p using multi-batch slip stacking with good efficiencies
(~92%).

* We have delivered to the NuMI target beam intensities larger

than 4.0E13p with very good efficiency and minimal losses In
the beamline.

* We have demonstrated the multi-batch slip stacking operation
In mixed mode (two different Booster events with different
Intensities).

“* The Proton Plan Ml collimators are expected to be ready for
Installation during the summer 07 shut-down.

“* We expect to have all the parts delivered in the next couple of weeks.
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_—_Proton Plan multi-batch slip stacking status
N
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) Mixed Mode MI Operation with multi-
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«—» Proton Plan Ml Collimator Design and

N :
eyl Installation
Marble cladding to reduce “Booster style” fixed aperture with

residual surface activation integrated shielding
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vertical motion Installation will require re-

routing of water and power.
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0Pgm-Tnuls*

+

I2 HMI Rampftunefchrnmfuctupule
Ve PARAMETERS 5
File 7: 1ZDGBV multlbatch SllP stacklng
ARE| SAVE | SEND | RESTORE | PLOT | TINERS | TPL | CUPT I
®inzert *delete
SEQ TYPE TIME MOMEMTUM ~ Pot Pt Pdddat
1 INITI g.884
2 YPARAB 8.96 6
5 PHRAB 1 9.5 20
5 PARAB \ g5 205
&  PARAB \ 11R 185
7 PARAB 119.7 I
& CAFIEF .07
9 PARAB 105 =260
10 PARAE [:11] =260
11 PARAE 11 =220
12 PARAB 6.4 0
13 PARAB F.r45 45
14  PARAB 8,584 0
15 CAFDEP 005 \
' Meszages
S1-JAN-2007 10:08:33: ramp tlmers =zet to 0.78B0, 1.4676, 1.6266, 1.B276
F1-TAN-2007 10:05:35 CHS6: MECAR ramp for cyc 23 zent Dk
31-TJAM-2007 10:03:43; Mecar ﬁamp cyc 23 checked ok
PA1AAR nn CNSA, =1nthR, print. tn MFrAR  =tarted 31-TAN-2007 A0:N35:d41
2B of B

+ AN T |

v
8.9 GeV dwell 0.755 sec
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I2  MI Ramp/tune/chrom/octupole (ST ETTEEEGET #Ppn_Toolse
- File 2: 120Gev stacking and NuMi 11ps
p
—~[MECAR DﬂTﬁ] k¥insert—+*delete
SEQ TYPE TIME MOMENTUM Pdot Pddot Pdddot
1 INITI .08 8.884 0 { o
2 VPARAB e b 2 8.96 6 315.79  8318.2
3 PARAB .04154\ 15954 9.5 20 337.04 ¢
4 PARAB .0961b. .2bb69 22 240 2288 ¢
5 PARAB .26526 \ .92096 85 235 -18.849 ¢
6 PARAB .13187 \ 65282 115 220 “132.95 @
7 PARAB 04273 \.69o55 119.7 0 -5148.9 0
8 CAPDEP .05 74555 119.7 0 Q 0
9 PARAB 09639 K84194 105 -30% -3164.1 ¢
10 PARAB .15254 99449 69 -285 131.11 ¢
11 PARAB .18491 1{1794 i -245 216.33 ¢
12 PARAB 03755 1.P169 6.4 0 6524.5 ¢
13 PARAB .06198 1,3789 7.7945 45 726.07 0
14 PARAB 04842 1.3%73  8.884 0 -929.33 ¢
15 CAPDEP 005 1.3;%3 8.884 0 & 4] n|
\— HMessages
07-JUL-20:06 12:57:21: Mecar ramp cyc 23 checked ok
PA1665 on CNS125, slotl, point io MECAR started 07-JUL-2006 12:57:20
\
\

v
8.9 GeV dwell 0.08 sec
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VN

*During the NOVA ramp we are
going to exceed the maximum
available voltage of the
defocusing (vertical) bus.

*\We plan to increase the
available voltage at the
defocusing bus by replacing one
of the transformers with a higher
voltage one and modifying the
corresponding supply.

*These modifications are similar
to the ones done recently on the
focusing quad bus in order to
accommodate the installation of
the wide aperture quads.
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7Y, MI RF Cavities

* In order to maintain the same bucket after transition with the
faster NOVA ramp we need to install two extra rf cavities.

* The two cavities will come from spares and will be installed at
locations where penetrations and utilities already exist.

* \We need to fabricate the supplies required for the operation of
the two cavities along with the power tube assemblies and the
solid state drivers.

« The biggest challenge of this job is the manufacturing and
Installation of the bus bars for the cavity tuners.

— The bus bars for the existing cavities were installed at the early stages
of the MI-60 rf service building when there was no roof.
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Bucket Area vs. Acceleration
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N Modulator and Bias Supplies
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P g Power tube assembly and solid state
drivers
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Q Original Installation of M1 bus bars for rf
Pyl cavity tuners
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A" Cost Overview MI Upgrades
Py (Fully Burdened FY07 $)
ANU MI Upgrades Cost Estimate $K (FY07$)
Estimated Cost (w/Indirects) Contingency % Total
M&S Labor |[Total Cont| Project
WBS |Name M&S | Labor | Total | oohiop | cont % % Cost
Main Injector Upgrades $1,063 $1,434 $2,497] 30% 25% 27% $3,172
Main Injector Upgrades
Planning, Engineering &
1.0.2 |Design $99 $773 $872 48% 27% 29% $1,125
1.0.2.1 |[MI Modifications $77 $631 $708  55% 27% 30% $923
1.0.2.2 |[MI RF Cavities $22 $143 $164] 24% 23% 23% $202
1.0.2.3 |MI Radiation Safety $0 $0 $0 0% 0% 0% $0
Main Injector Upgrades
2.0.2 |Construction $964 $660  $1,624 28% 23% 26% $2,047
2.0.2.1 |[MI Modifications $246 $97 $343 3% 29% 35% $461
2.0.2.2 Ml RF Cavities $718 $563  $1,282 25% 22% 24% $1,585
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<7 Main Injector Upgrades Milestones

FY06 | FYO7 | FY08 | FY09 | FY10 | FY 11
Activity ID Activity Desc. Date Milestone Tier

0224 R D P R R4 1224

L.2 -- WBS L2 Manager's Milestone

202251 MI RF Cavities Bus Bar Fabrication & 28Julog L.2
Installation Complete

>

1.0.23.21 MI Shielding Assessment Complete 05Aug08 L2 A\_
LY
1.0.2.241 MI Cavity Pre-install Testing Complete 25Nov08 L2 Q
202252 MI RF Cavities Fabrication of Ferrite Bias 09Dec08 L.2 A
Supplies Complete
202253 MI RF Cavities Fabrication of Modulators 05Jun09 L.2 A
Complete
1.0.2.1.6.1 MI 2.5 Mhz Cavities Removal Complete 050ct10 L2
1.0.2.1.6.2 MI Decommissioing of A1 Extraction Line 120c¢t10 L2
Complete
202255 MI LCW System Mods Complete 200ct10 L.2
1.0.21.6.3 MI Machine Timing Complete 17Nov10 L2

T.3 -- Fermilab Director or NOVA Management Milestone

E I I P i

2.0.21.41 MI Vertical Quad Bus Upgrade Complete 02Nov10 T.3
202254 MI RF Cavities (2) Installation & Testing 11Nov10 T.3
Complete
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A7 M Upgrades Risks

* Risk Registry for all risks is in WelcomRisk®
— 8 Risks entered with mitigations for this WBS
e 0 high, 1 moderate, 7 low
— Moderate risk with RR LLRF design takes longer than expected
« Several months float on tasks and reasonable contingency (~30%)

« Highrisk for all of ANU is insufficient manpower (NOVA-DocDB-1446)
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) Conclusions

P (Fully Burdened FY07 $)
o Very few upgrades are required for MI to meet the NOVA
goals.
— Only 10% larger intensity from the Proton Plan

— Most of the cycle time reduction is achieved by the elimination of the 8
GeV dwell time.

— The max. acceleration rate is increased by 18% by upgrading one of the
quad supplies and installing two extra rf cavities.

e The total cost is $2.5M (no contingency)
— 27% contingency and the risks are small.
— The biggest cost driver is the installation of the two extra rf cavities.

* Recent results with multi-batch slip stacking are very
encouraging for the success of both Proton and NOvVA Plans.
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