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NuMI/MINOS Concept
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NuMI Specifications
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NuMI Beamline specs: —ﬂmmmm—
S G aacan
® Upto 4 x 10' 120 GeV/c protons every £ : Thi;aihuﬁ@v \oebtom curer
E '1 ssi?“c?eapﬁ_ otorr |\as seen by the
1.9 SeCS % s [ Il NL{W" toroid
OW bl ™
i 0-4 MW average beam power -?5.506506 0.00‘E+00 5.00E06 1.00E-05 1.50805
time( sec )
» Main injector can accept up to 6 booster batches/cycle. 5 to 6 batches

sent to NuMI in a single turn extraction (10 1 sec).
» Losses not to exceed 0.01 watt/meter = very stable beam

MINOS expt specs:

» Minimize re-absorption of secondary hadrons in target = nar row target

1 to beam (w=6.4mm) => round beam profile with RMS width ~ 1mm

® Beam position stability on target  4=0.25 mm and angular stability

a ~ 60 radians.
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OVERVIEW OF THE NUMI BEAMLINE
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NuMI Primary Beamline - ~ 350m
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NuMI Target Hall and Decay Pipe

Target Service MINOS To Soudan
Building Service
~—Main Injector Building —Xﬁ
= e lL- — — = == = — == = e e
Carriezj —_— . — 105 M
Tunnel = =
Target Hall Beam Absorber Minos Hall—/.f

Minos Near
Detector

0O 64 128 256
METERS

Muon Detectors

Target Hall (6x6x53m) Decay Pipe (R=1m, L=675m)

Marv Bishai. NUFACT 06 6 — p.6/3!



NUMI TARGET AND HORN DESIGN
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The NuMI Target

47 rectangular graphite segments ( 1.784 g/cm

3) each 6.4mm wide X 18mm

high and 20 mm long = 0.954 m total length (1.9 interaction lengths)

O(10) KW beam power at
1 mm beam width = Water

cooled

UUipul be-wingow

Aluminum casing
ooling water pipes 7

Input Be-window

Target/Baffle carrier

‘ a Target enclosure
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The NuMI Horns

2 Al Double-Parabolic magnetic lens. 3T at 200 kA. Water spray cooled.

Outer Conductor

Inner Conductor

Outer conductor outer diameter
h =13.75"

Horn 2 inner conductor
L=3.58m, OC OD=31.13"
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Horn/Target Work Cell

Connections are all done through the
module by person on top of work
cell

Railin

L=

Module

Lead-glass window _|

Hom

Remote lifting table

Concrete walls —_|

3

Marv Bishai. NUFACT 06 10 — p.10/3!



NuMI Beam Spectra
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BEAMLINE INSTRUMENTATION/MONITORING

NuMI Beamline

(Distances in feet from upstream face of Q608)
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Measuring the Beam Intensity

Three sensors are used to measure the NuMI proton:
A DC current transformer (DCCT), which measures the intensi ty in the MI.
2 toroids (Pearson Current Transformers Model 3100) that me  asure the

Intensity at the beginning (TOR101) and, just before the tar  get (TORTGT), of

the NuMI beam line.

Description Uncertainty
Absolute calibration with a < 1.0%
current source for > 1E12
Calibration with DCCT -0.6%

TOR101 vs TORTGT difference 0.2%
Stability (compared to DCCT) 0.4%

Sensitivity 0.06 %

Charge leakage 0.5%

Pedestals (TORTGT) ~ —0.0016 E12
Noise (TORGT) ~ 0.008 E12

a' Total 1.4%
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Measuring the Beam Profile

* Foil Secondary Emission Monitors
» Beam profile + halo measurement
» Very low mass (5 pm Ti)
» Reduced Beam Heating problems
¥ Ti signal lasts longer in the beam.

‘.

Limit Switch

Stepper Iotor
& Linear Slide

Beam -intercepting
Ti forls (Spm)

w I o~ Limit Switch

*  Mechanical/'Vacuum System

!‘ 3 ¥ “Bayonet”-style insertion is compact
e k" s #  Frame is never in the path of beam

Port
‘ ¥ Imsertion accuracy/repeatability
#  Vacuum ~10° Torr on 30 U's ion pump

10 SEMS deployed along 360 m of beamline
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Beam Profile in Pre-Target
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Measuring the Beam Position

Characteristics of NuMI Beam Posi-

tion Monitors:

® Software algorithm to search

400 psec to find the beam.

» NuMI bunches come in 6
batches from booster. Position

IS measured batch by batch.

®» Linear over 15-20 mm. 50 um

accuracy in pretarget.

® 11 vertical and 13 horizontal

measurements over 360m.

Feedback from BPMs used to auto-steer the beam to target cente r
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Hadron and Muon monitors

Parallel-plate ionization chambers are used to monitor had ron and muon

content of secondary beam.

Absorber Muon Monitors

Target
\ Target Hall

120 GeV z

protons
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Main Injector
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Target Alignment with Beam

Use low intensity beam and scan
across target: Maximum P.H. when beam passes be-

Graphite protection ‘baffle’ . .
\ Graphite target tween target and graphite protection
baffle.

Water cooling line
In-situ verification of beamline

21.4mm
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(et~
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,,,,,, - alignment with target hall components.
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Beam monitoring/control

Automated beam steering using feedback from 10-H and 9-V BPMs every

spill. Magnet trims adjusted as needed to keep beam trajecto ry stable.

BPM horiz. positions vs. location Wed Sep 28 16:48:07 EDT 2005
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Beam Permit System

Permit to fire NuMI extraction kicker is given prior to each be am pulse.
Dedicated hardware based on Tevatron fast abort system from ~ 250 Inputs
to NuMI BPS

Inputs include:

-All magnet currents except trims
-Kicker high voltage

-MI orbit through extraction region
-loss monitor HV

-Target temperature

-Horn current HV

Must be manually reset by operator

6 trips/day on average 1 yr after startup  ~ 2 x 10~% trips/spill

2
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OVERALL BEAM PERFORMANCE
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Beam Performance - Power/Uptime

9M spills taken so far!

NuM| Beam Performance, January 2005-July 2006
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More on Major Downtimes

April 05: Target water leak. Use He back pressure to stop leak

Oct 05: Horn 2 support foot used in work cell comes loose - causes grou nd
fault. Replaced foot.

Apr 06: Horn 2 water line ceramic insulator leak. Replaced ceramic.

July 06: Horn 1 DI bottle resin broke apart and clogged cooling spray

nozzles. Replaced faulty valve - cleaned out spray nozzles.

Repaired
line

Target leak Horn 2 foot Horn 2 leak
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Beam Performance - Spot Size

The mean and RMS (error bar)

Beam widths as measured in Pre-Target, Jan ‘06

§ g distribution of NuMI beam  verti-
= of i _ _

- £ cal and horizontal profiles versus

5 of . average batch intensity . The last

point is the first pulse containing

a slip-stacked batch sent to NuMI.
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Beam width stable with RMS: ~ 1.1 mm horizontal ~ 1.25 mm vertical

at 2.5E13 protons/pulse

3
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Beam Performance - Stability

Same mode in consecutive spills Interleaving modes in conse cutrive spills
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With width stability = > 99.5% of beam is on target
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Beam Performance - Targeting

Shift in muon centroid position by
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Beam Performance - Losses 1

Average losses along NuMI beamline in NuMI-only mode, Jan '06
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Beam Performance - Losses 2

Average losses along NuMI beamline in NuMI-mixed mode, Jan '06
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Neutrino beam stability
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Conclusions

MILESTONES:

® Spillintensity of 3 x 103 protons

® Average power of 270 kW maintained over ~ 1 hour
® Integrated 1 x 10?Y protons-on-target in approx 6 mos.
$ Automated operation fully commisioned = stable beam with lo w losses.
» Successful system repairs => running with same components after 9M
spills!
Goals:

® Finish spare target and horns in 2006.
® Improved cycle time = expect 2 x 10%° P.O.T/yr.

® Booster batch stacking commisioning — higher intensity in 2007+.

7
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BACK UP SLIDES
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Horn current scan
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Target Water Leak: Apr 05

Symptom: Target scan reveals lower signal in the hadron monitor when

beam is between baffle and target.
Problem: A leak in the target cooling lines had

sprung and filled the target canister and the
downstream end of the target enclosure with
water

Repair: Use He back pressure to effectively

stop leak.
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Horn 2 Ground Fault: Oct 05

Sam Childress, 11 May 2006

Owl shift Sat. Oct. 1, hard ground fault of 1 ochm.
-when Horn 2 moved to work cell ground fault
cleared
-foot left behind in chase, nut had vibrated off
-scorch marks seen under foot
Moved old foot, installed new foot
Wed 12, lmn rep%tale, |

Horn 2 before beam 4 cm
clearance foot to floor

&S
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Horn 2 Cooling Problem: Apr 06

Sam Childress, 11 May 2006

Symptom: Suction of water back from Horn 2 could not keep up with
water spray rate to the horn — water built up in the horn

Swage-lock fitting
disconnect here

Problem: hole in suction line
at ceramic electrical insulator

drawing in air, \ =
reducing water suction

Repair: replace this section

Cut 5 cm stainless pipe here e

Water collection tanle—

A
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Horn 1 cooling problem: July 06

Symptom: DI bottle resin broke apart, managed to make it by the filter, a nd

clogged up the spray nozzles in the horn.

Problem: When the pump pressure to the D.I. bottle
was turned off, slight overpressure in the surge tank
pushed water (and resin beads) backwards out of the
D.l. bottle past an incorrectly installed flapper check
valve, and into the supply line to the horn nozzles.
Repair: 1- install different check valve 2- install filter

as back-up in case of check valve failure.

3
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