The Neutrino Beamline for the
MINOS experiment: Year 1

NUuFACT 2006, Irvine, August 24-29, 2006

Mary Bishai (MINOS collaboration)

mbishai@bnl.gov

BROOKHFIAUEN

NATIONAL LABORATORY




NuMI/MINOS Concept

Near Detector Far Detector
0.98 KT

<

Fermilab

Fermi Natl. Lab., IL Soudan Underground Lab, MN

Neutrinos at the Main Injector (NuMI)

n
n
MINOS near detector I\/Iaklng Neutri nos:
Linac 120 GeV/c protons strike graphite target
Magnetic horns focus charged mesons (pions and kaons)
Pions and kaons decay giving neutrinos
Booster -
D . 5 Hadron |<[:. :
ecay Plpe Decay Plpe Absorber SRecH
Target hall 1=677m, r=I1m H

Target ? T

Main Injector 7-%
) n.K

\%

120 GeV p+

hadror and muon
monitoring stations

) o~
< >

L = 1.04 km to Near, 735 km to Far Detector

Marv Bishai. NUFACT 06 2 — n.2/3!



NuMI Speci cations

NuMI Beamline specs:

Upto 4 103 120 GeV/c protons every 1.9 secs

) 0.4 MW average beam power

Main injector can accept up to 6 booster batches/cycle. 5 to 6 batches

sent to NuMI in a single turn extraction (10 sec).
Losses not to exceed 1 W/m (design goal is 0.1 W/m) = very stabl e beam
MINOS expt specs:

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

? to beam (w=6.4mm) ) round beam pro le with RMS width 1mm

Beam position stability on target 0:25 mm and angular stability
60 radians.
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OVERVIEW OF THE NUMI BEAMLINE
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NuMI Extraction from Ml

The MI accepts up to 6 proton batches
(5 10%p=atch) at 8 GeV from

the Booster, accelerates 8 ! 120

GeVin 1:5s. Ml cycle types:
NuMI only: Every 1.9 seconds.
Batches 1-6 ! NuMIlin10 s

Mixed mode: Every 2.4-4 seconds.

Batch “1” ( 2 merged Booster batches “slip
stacked” at 8 102 p) ! P source.
Batches 2-6 ! NuMIlin8 s.
Tevatron store cycles: Once per day
( 2hrs). 150 GeV p! Tevatron and

P from Pbar source accelerated to

150 GeV and injected into Tevatron.

Batch structure as measured in NuMI beamline
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NuMI Primary Beamline - 350m
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NuMI Target Hall and Decay Pipe

Target Hall (L=53m) Decay Tunnel (D=6.7m,L=675m)




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 18mm

high and 20 mm long = 0.954 m total length (1.9 interaction lengths)
O(10) Kw instantaneous

beam power ) Water cooled

Target enclosure
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The NuMI Horns

2 Al double-parabolic magnetic lens. Toroidal magnetic el d(B / 1=n).

Outer Conductor
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Horn 1 in target chase.

3T at 200 kA. Water spray cooled.
Horn 1 length = 3.3m

Horn 1 outer diameter =0.35m
Horn 2 length = 3.58m

Horn 2 outer diameter =0.79m

Horn 2 inner conductor
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Horn/Target Work Cell




NuMI| Beam Spectra
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Move target w.r.t to Horn 1: -10cm (LE), -100cm (ME), -250cm (HE)
Beamis 92% ,65% ,15% ¢+ ¢
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BEAMLINE INSTRUMENTATION/MONITORING
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Measuring the Beam Intensity

Three sensors are used to measure the NuMI proton intensity:
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 targ et (TORTGT)

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) 0:0016E12
Noise (TORGT) 0:008E12

Total 1:4%
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Measuring the Beam Pro le

Sacha Kopp

10 SEMS deployed along 360 m of beamline
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Beam Pro le in Pre-Target




Measuring the Beam Position

Characteristics of NuMI Beam Posi-

tion Monitors:

Software algorithm to search

400 secto nd the beam.

NuMI bunches come in 6
batches from booster. Position

IS measured batch by batch.

Linear over 15-20 mm. 50 m

accuracy in pretarget.

11 vertical and 13 horizontal

measurements over 360m.

Feedback from BPMs used to auto-steer the beam to target cent er
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Hadron and Muon monitors

Parallel-plate ionization chambers (He) with a gap of 1-2mm are used to

monitor hadron and muon content of secondary beam.

2.3x2.4m muon monitor.

1x1m hadron monitor. Max ux= 2  102=cm?=spill at center. )
Max ux= 4 107=cm?=spill
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Target Alignment with Beam

Use low intensity beam and scan

across target:

Hadron Monitor Signal (V/teraprotons)

Graphite protection ‘baffle’
Graphite target
Water cooling line
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tween target and graphite protection

baf e.
In-situ veri cation of beamline

alignment with target hall components.

Vertical scan (mm)
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Beam monitoring/control

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

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

Q

Spill-by-spill adjustments keep
beam stable at target center /

O

3 s profile of beam

Time-stamped spill-by-spill beam information available o fine for MINOS.
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Beam Permit System

Permit to re 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 readings, HV

-Target,baf e, absorber temperatures

-Horn current HV

-Cooling system status

Must be manually reset by operator ( 1 minute) .

6 trips/day on average 1 yr after startup 2 10 ¢4 trips/spill
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OVERALL BEAM PERFORMANCE
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Beam Performance - Power/Uptime

OM spills taken so far!

Scheduled Downtime Horn 2 water leak fix

Tritium shutdo

Horn 2 ground fault Horn 1 clogged
nozzles
Target water leak

<—>

Integrated POT (E19)

Startup Jan 21,2005
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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 ground fault. Replaced foot.
Dec 05: Detected tritium at site boundry (1-2pc/ml) traced to
NuMI. Major sources understood and mitigated.

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

ceramic. This was xed during scheduled downtime. Horn 2 foot
Target leak Horn 2 leak
July 06: Horn 1 DI bottle resin beads got into cooling lines and clogge d cool-

ing spray nozzles. Replaced faulty valve - cleaned out spray nozzles.
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Beam Performance - Spot Size

The mean and RMS (error bar)
distribution of NuMI beam verti-
cal and horizontal pro les versus

average batch intensity . The last
point is the rst pulse containing

a slip-stacked batch sent to NuMI.

NuMI beam profiles versus average batch intensity
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Beam Performance - Stability

NuMI kicker stability at attop:

Batch position stability projected at target:

NuMI-only mode NuMI+Pbar mixed-mode
Horizontal Batch Position at Target (NuMI-only), Jan '06 Horizontal Batch Position at Target (NuMI-mixed), Jan ‘06
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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 5¢m ) beamshiftby 60 rad.

Targeting stability to < 60 rad maintained over run period.
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Beam Performance - Losses 1

BLM: Beam loss monitor - monitors a speci c location.

TLM: Total loss monitor - monitors extended region

Average losses along NuMI beamline in NuMlI-only mode, Jan '06

Losses from individual BLMs

Losses from TLM in NuMI Stub

Losses from TLM in NuMI Upper Hobbit
Losses from TLM in NuMI Lower Hobbit
Losses from TLM in NuMI Pre-Target

10t

102

103

Average losses/spill Rads/s

10%

IIII| IIIIIIII| IIIIIIII| IIIIIIII| TTTTm T 1T

10°

0

800 1000 1200
Distance from Q608 in feet

Peak loss is 0.5rad/s at the last BLM due to pro le monitor in pre-target.
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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 stabillity




Conclusions

MILESTONES:
Spill intensity of 3 103 protons
Average power of 270 kW maintained over 1 hour
Integrated 1 10°0 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 1070 P.O.Tiyr.

Booster batch slip-stacking commisioning ) higher intensity in 2007+.
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BACK UP SLIDES
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Slip stacking for the Pbar source

Alberto Marchionni




Horn current scan

As horn current changes we focus different energies. More current

) more focusing

As target position changes we focus different energy s. Larger

target/horn separation ) higher  energy

LE position ME Position HE Position
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Target Water Leak: Apr 05

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

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

sprung and lled 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




Horn 2 Cooling Problem: Apr 06

Sam Childress, 11 May 2006




Horn 1 cooling problem: July 06

Symptom: DI bottle resin beads got into water line 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.I. bottle past an incorrectly installed apper check

valve, and into the supply line to the horn nozzles.

Repair: 1- install different check valve 2- install Iter

as back-up in case of check valve failure.
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