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Motivation

 The need for accurate post-absorber muon
measurements has grown with Near Detector-less
LBNE redesign

* The hope is to rely on detailed beam simulation plus:
— Extensive hadro-production measurements
— Tertiary muon measurements in both LBNE and NuMlI

— NuMI muon + neutrino measurements “translated” to
LBNE

* Onus is upon the muon systems to provide sufficient

measurements to characterize the neutrino beam at
the far detector



Muon-Neutrino Correlation

* Muons and neutrinos
are anti-correlated in
the two-body decays
of pions and kaons

e Muons take most of
the momentum in the
decay

* For pions:
o E,=(0-0.43)E
o E,=E-E,=(0.57-1.0)E,

x 10

Neutrinos at the Far Detector
(early absorber design)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1F

All neutrinos

Neutrinos with muons
in muon monitors

Far Detector Neutrino Energy (GeV)

12/8/12 Neutrino Flux, PittsburgH - Geoffrey Mills



BLM Scope

e Location of in-situ measurements

ND Muon measurements
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Absorber Hall Elevation
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BLM Muon Systems

Absorber Hall
Service Building

Crane

Absorber
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Energy loss in MeV
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Muon Alcove Environment

* Intense flux of muons
— ~10% muons/cm?/pulse
— Muons energy: ~ 0-50 GeV

* ~ 1 rad/pulse

— Rad hard materials only in direct muon beam

e ~103-10% stopped muons/cm3



System Overview

Hadron production (base program)
— Evaluate hadron production measurements relevant for LBNE
— Oversee and plan for any measurements deemed needed for LBNE

Michel (stopped muon) counters:
— Determine the stopped muon rate at several absorber depths (0~4-5%)
— Separate mu+ from mu- decays (0~4-5%)

lon chamber array:

— Measure the muon profile and centroid after the absorber on a pulse-by-pulse
basis (0~10cm)

Muon cherenkov counters:

— Measure muon spectrum as a function of position across the rear of the
absorber (0~4-5%)



NA61 Hadron Production

* Large spectrometer on the H2 beamline of the SPS at CERN:

Vertex TPCs
super-conducting magnets
bending power of 1.16 Tm
o(p)/p <1% up to 12 GeV/c
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lon Chamber

Beam Centroid Simulation

* In this toy* simulation
beam centroid is
measured to ~ 1-2 cm
corresponding to a
beam angular resolution
of < 0.1 mrad

* Early absorber design
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Cherenkov Counter

Muons

1975 o 17975

I

SS can able to withstand 20 atm (~300 psi)

Pressure varies from vacuum to ~20 atm
Collect forward light from muons near Cherenkov threshold
Flat mirror optics
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Choice of Cherenkov Radiator Gas

e Radiation damage to materials
— Noble gas (?)
* Light yield
— Index of refraction
* Dispersion
— Threshold variation versus wavelength
 Scintillation light

— can be minimized with small impurities of O, (?)



Cherenkov Response for Several
Indexes of Refraction
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Stopped Muon Counter

* Measures rates of stopped muons

— Sensitive to mu+ and mu- separately

* Mu+ seen through usual Michel decay
— 2.2 ps lifetime with a 52.8 MeV endpoint

* Mu- seen through capture reaction:
— 2C(mu+,numu)i?B(GS)

— 12B(GS) beta decays with 30ms lifetime with a 13 MeV
endpoint energy

e Sensitive to neutrino and antineutrino fluxes
separately



Graphite Block
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NuMI Muon Alcoves
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NuMI Muon Alcoves
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NuMI Near Detector Hall
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Current idea to use second alcove
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Proposed arrangement in alcove 2
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Top View

Side view
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Planning

* First step is to arrange for modifications to the
NuMI underground areas for services

— Power, racks, gas system, water system, DAQ,
electronics

* Goalis to have services in place prior to May
turn-on
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Summary of Costs

ftem | M&s Cost

NuMI Services 30k 125k

Electronics 25k

lon chambers 11k 30k

Cherenkov counter 55k 92k

Stopped muon counter 20k 62k

Total 141k 310k (+70k project)

* MA&S split: 70k FNAL, 70k LANL/CU
* Priority should be on services to alcoves

12/8/12 Neutrino Flux, PittsburgH - Geoffrey Mills 27



Current Plan

* Develop services for prototype detectors prior
to beam start up in March
— Power, signal/HV cables, stand, gas lines, racks,
ACNET(?), etc.
* Will work to produce prototype modules for
February installation, but...

— Tight schedule: might not be ready for installation
until summer (2013)

— Would require short (1 day?) shutdown for alcove
access if alcoves are prepped properly



Possible Improvements

* Magnetic spectrometer concept:

— Use dipole magnets to bend muons out of high
radiation field

— Momentum and charge selection
— Competitive in terms of cost

* |nvestigate installing stopped muon counters
inside the absorber

— Lower muon energy threshold (less absorber for
muons to penetrate

— Difficulties: higher radiation field






Beam C/L
2m offsets to beam C/L

‘




12/8/12 Neutrino Flux, PittsburgH - Geoffrey Mills
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FNAL SDWF004-1 Dipole

SDFWO004-1, non-linear part of strength
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Magnet Concept
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Magnet Concept

1181.102
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dB/B0
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Summary

* Opportunity to optimize muon systems
* Potential cost savings
* Needs to be addressed prior to CD-2



™) ik Narre Duraticn SLart Fresh [rred
I [ e | ! 2

1 Total Cost Roll-Up 133 days Mon 12/3/12 Wed 8/21/135356,236.48
T | Management 155days Mon12/3/12  Fri 7/5/13 $29,060.00 Mgz, Travel[S,000]
3 |5 Engineering Support 155days Mon12/3/12  Fri 7/5/13534,100.00 2, Tewwel[S,000]
4 Cherenkov Detector Gas System 61days Mon 12/3/12 Mon 2/25/13 $25,839.20
s | Conduct OOH Fdays Mon12/3/12 Tue 12/11/1251,507.50
6 | Develop Specifications for Gas Bottie Mechanics Tdays Mon12/3/12 Tue 12/11/1251,507.50
7 Watall Gas Bottle Patform with Restraints Gdays  Mon L/7/13 Mon 1/14/135768.64 Mech Tech
& | watall Vacuum Pump 1ldays Tue 1/15/13 Tue 1/29/135768.64 7 FNAL Mech Tech
9 |l stall Gas Tube 1ldays Tue 1/15/13 Tue 1/29/1354,66456 85 FNAL Mech Tech MES{1,500]
w |5 § Review Gas System Schematic and Revise as Needed 17days Mon 12/3/12 Tue 12/25/1252,947.50 Engineer FNAL Engineer
11 | Procure Gas System Components 29days Wed 12/26/12 Mon 2/4/13510,60000 10 %ml
0 | Wil Gas System Components 1Sdays  Tue 2/5/13 Mon 2/25/1353,07456 1 FNAL Mech Tech{32%]
13 Mechanical Stand for Alcove 2 Test S1Sdays Mon12/3/12 Tue2/12/13520,279.76
“ i Design Stand 125days Mon 12/3/12 Wed 12/19/12$11,905.20 Engineer[16%] FNAL Designer LANL Englaser
15 |i Procure Stand Fabrication 35days Wed 12/19/12  Wed 2/6/1355,300.00 14 000]
€ 5§ stall Stand in Alcove 2 4days  Wed 2/6/13  Tue 2/12/1353,07455 15 FNAL Mech Tech
17 Install Racks 7Sdays Mon12/3/12  Fri3/15/13512,715.28 v
13 |i i Review Rack stalation Plan 27days Mon12/3/12  Tue 1/8/13352,947.50 Engineer LANL Engineer
19 | identity and Locate Suitable Existing Racks Gdays Mon 1/28/13  Mon 2/4/1351,362.40 1275+13 days Electriclan
» |Ee rstall Mechanical Wedge to Support Racks 10days  Tue 2/5/13 Mon 2/18/1351,537.28 19 Mech Tech
21 |5 Wrstall Drip Ceiling Over Racks 15days Mon2/25/13  Fri3/15/13353,07456 20FS+4 days FNAL Mech Tech
2 & watall Level Platform for Table Near Alcove 4 15days Mon2/25/13  Fri3/15/135768.64 20FS+4 days FNAL Mech Tech
23 i Conmect Racks to Clean AC Power 1Sdays Mon2/25/13  Fri3/15/1352,924.20 2075+4 days FNAL Electricien
M Install Cabies days Mon12/3/12 Thu 3/7/13516,348.82
= | Review Proposed Cable Plant Design 12days Mon 12/3/12 Tue 12/18/1251,507.50 NAL Engiseer
» | Review Network Capadity 17days Mon 12/3/12 Tue 12/25/125376.90 FNAL Erglseer
n |&E Ugpdate Cable Plant Design Sdays Mon 12/24/12 Fri 12/28/12$3,015.20 2575+3 days Enginesr
2 |5 Procure Cable Assemblies 30days Mon 12/31/12 Fri 2/8/13 54,280.00 7
® | Wrstall Cable Patch Panels in New Racks Sdays Mon2/11/13  Fri2/15/1352,597.23 2= Mech Tech M&S{1,000]
®» |5 Wrstall Cable Assemblies l4days Mon2/18/13  Thu 3/7/1353,07456 2 FNAL Mech Tech
3 | Replace Network Repeater in MINOS ND Hall 1ldays Mon 1/14/13 Mon 1/28/1351,537.23 @D FNAL Mech Tech
n Install Electronics into Racks 7Sdays Mon12/3/12  Fri3/15/13$42,895.52
13 | Review DAQ Strategy 6days Mon 12/3/12 Mon 12/10/12 50.00 Uscosted Phyalchit
E ] Decide on DAQ Components Required 10days Tue 12/11/12 Mon 12/24/12 $0.00 33 Uncosted Mhyalcht
s |5 Procure DAQ Components 40days Tue 12/25/12 Mon 2/18/1357,420.00 £ o00)
% | Watall Bectronics 19days Tue2/19/13  Fri3/15/1353,989.12 FNAL Elec Tech
n Purchase Osdlloscope 20days Mon 12/3/12 Fri 12/28/12 $26,500.00 MES{2S,000]
38 Procure Temperature Sensor and Bectronics 20days Mon 12/3/12  Fri 12/22/12 50.00
B stall Temperature Sensor & DAQ Sdays Mon12/31/12  Fri 1/4/1354,986.40 33 FNAL Elex Tech
@0 lon Chambers 102 days  Mon 12/3/12 Tue 4/23/13529,557.28
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Date: Mon 11/26/12 Milestore * External Mikestoee © Marwad Tisk Ein  Stet-cnly 4

Semimay P—  (1active Task ) Dusationenly Fieish-only a

Page L
12/8/12 Neutrino Flux, PittsburgH - Geoffrey Mills 39




o]

Start

= F

-

™)

o [
a5 Decide on Initial Commercial Detector Model Sdays Mon12/3/12  Fri12/7/1250.00
Q i Procure Commerdial Detector 12days Mon 12/10/12 Tue 12/25/1251,06000 41
a i Design Mounts Sdays Wed 12/26/12  Tue1/1/1352,16000 &
& | Produce Mount Drawings Sdays Wed 1/9/13 Tue I/15/1352,16000  4&3FS+5days
& | Procure kon Chamber Mount Parts 10days Wed I/16/13 Tue /29/1352,12000 &4
& |u Choose Detector Technology 10days Wed 1/30/13  Tue 2/12/1350.00 &
& | Ugdate Detector Mount Design Sdays Wed2/13/13 Tue 2/19/1351,450.00 &%
& | Procure lon Chamber Detector 20days Wed 2/2013 Tue3/19/1354,28000 &7
@ | Procure lon Chamber Detector Mount Components 20days Wed3/20/13 Tue 4/16/1354,28000 48
s |id install lon Chamber Detector in Alcove Sdays Wed4/17/13 Tue4/23/135153728 &
51 Cherenkov Detector 110days Mon 1/14/13  Fri 6/14/13 $83,888.80
s |ii Review/Update Current Cherenkiow Detector Design Sdays Mon1/14/13  Fri1/18/1335,895.20
s3 |u Design Baffles/Determine PMT Location Sdays Mon1/21/13  Fril/25/1352,88000 @S2
S |i§ Generate Baffle Drawings Sdays Mon1/28/13  Fri 2/1/1352,880.00 53
£ Procure PMTs 15days Mon 1/21/13 Fri 2/8/13 $10,600.00 52
S |3 Update Safety Requirements Sdays Mon 2/4/13  Fri 2/8/1352,94750 54
s | Design PMT Mount and Feedthroughs Sdays Mon1/28/13  Fri 2/1/1353,600.00 53
58 | Design Remote Control Adjustable Mount 10days Mon2/11/13  Fri2/22/13$5,895.20 55
s |id Procure Remote Controlied Adjustable Mount Companents 65days Mon2/25/13  Fri5/24/13 $42,400.00
60 | Assembie and Test Cherenkov Detector 10days MonS5/27/13  Fri6/7/1354,48433 %
6 |3 Install Cherenkov Detector in Alcove Sdays Mon6/10/13  Fri6/14/1352,30592 &0
a2 Stopped Muon Detector 163 days  Mon 1/7/13 Wed 8/21/13$61,551.84
63 |5 § Review/Update Current Muon Detector Design Gdays  Mon 1/7/13 Mon 1/14/1352,880.00
64 |id Select PMT to be used Sdays Tue1/15/13 Mon 1/21/13510,60000 &3
& |l Design HV Gating Blectronics 49days  Tuel/22/13  Fri3/29/1352346000 64
66 |id Design Muon Detector and Generate Drawings 8days  Mon 4/1/13 Wed 4/10/1356,48000 65
6 |id Generate Layout of Graphite Blocks Sdays Thudf11/13 Wed4/17/1351,48000 65
6 |i Design Graphite Block Can and Generate Drawings 15days Thud/18/13 Wed5/8/1334,32000 &7
& | Spedity Graphite Blocks Sdays  Thu5/9/13 Wed5/15/1351,48000 68
n i Procure Graphite Blocks 30days ThuS/16/13 Wed6/26/1356,36000 &
n i Assembie Graphite Blocks 19days Thu6/27/13  Tue 7/23/1333,07456 0
n | instail Stopped Muon Detector 21days Wed7/24/13 Wed 8/21/1351,537.28 71
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