
Neutrinos from Stored Muons 
nuSTORM	



Overview & Status 



Intro….*	


Y' know, every now and then 
I think you might like to hear something from me 

Nice and easy 
But there's just one thing 

You see I never ever do nothing 
Nice and easy 

I always do it nice and rough 
So I’m gonna take the beginning of this talk 

And do it easy 
Then I’m gonna do the finish rough 

This is the way I do …... 
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*With apologies to T.T.	




nuSTORM: Siting	
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Scope: 
nuSTORM Facility near site	
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µ decay ring: P = 3.8 GeV/c ± 10%	




Scope: 
Far site – D0 Assembly Building	
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Ø Addresses the SBL, large δm2 ν-oscillation regime 
Ø Provides a beam for precision ν interaction 

physics (GeV-scale high-statistics νe & anti-νe 
data for the First Time) 
Ø  Approach 0.1% uncertainty on flux & spectrum 

Ø Accelerator & Detector technology test bed 
Ø  Potential for intense low energy muon beam 
Ø  Provides for µ decay ring R&D (instrumentation) & 

technology demonstration platform 
Ø  Provides a ν Detector Test Facility 

nuSTORM Physics program 
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ν flux 

Ø Based on 1021  120 GeV POT, we obtain 
≈ 1.9 X 1018 useful µ decays 
Ø In PIP era, extract one Booster batch/

cycle (1020 POT/yr è10 year run) 
Ø Baseline FODO ring, C target, NUMI style 

1 horn  
Ø Inconel target + horn optimization + 

RFFAG è X5 ( 2 year run) 
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Eν spectra (3.8 GeV/c µ+ stored) 
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νe	



νµ-bar	



Event rates/100T 
at ND hall 50m  

from straight with  
µ+ stored 

for 
1021 POT exposure	



Event rates at Far detector	




Appearance: Exclusion contours 
νe → νµ (CPT invariant mode of LSND) 
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Global fit from: J. Kopp, P. A. N. Machado, M. Maltoni, and T. Schwetz, 392 JHEP 1305, 050 (2013)	


Bkg uncertainty: 
10% → 50%	



10σ	
5σ	


5% sys.   
1% sys	


99% CL Evidence 
99% CL Appear.	




Cross section measurements - νe	
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µ-	
 µ+	


The search for CP in LBL expts. counts νe and anti-νe events (flux X xsection)	

Note: not shown  here νe (200 evts) and νe-bar (60 evts) inclusive xsection data (1978)	




nuSTORM 
Setting the stage for the next step 
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Capture and inject πs with P=5 GeV/c ± 10% 
Only ~50% of πs decay in straight 

Need π absorber 
Note: injection produces a νµ “flash” from π à µνµ decay 

= integrated flux of the neutrinos from µ decay 	




Low Energy µ beam 
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After 3.48m Fe, we have ≈ 1010 µ/pulse in 100 < P(MeV/c) < 300 

At end of straight we 
have a lot of πs, but  
also a lot of µs with 
4.5 < P(GeV/c) < 5.5 



P5 Question 1	


Ø What makes nuSTORM unique, and 
how does fit in the overall picture of 
this area?	
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What makes nuSTORM unique 

The Physics: 
Ø  Can confirm/exclude at 10σ (CPT invariant channel) the LSND/

MiniBooNE result 
Ø  Only experiment that has access to appearance & disappearance for 

both νµ and νe, neutrino and anti-neutrino  
Ø  ν interaction physics studies with near detector(s) offer a 

unique  opportunity & can be extended to cover 0.2< Eν(GeV) < 4 
Ø  Could be “transformational” w/r to ν interaction 

physics 
Ø  Unique opportunities for νe interaction studies 

Ø  For this physics, nuSTORM should really be thought of 
as a facility: A ν “light-source” is a good analogy 

Ø  nuSTORM provides the beam & users will bring their detector 
to the near hall 
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What makes nuSTORM unique II 

The Facility: 
Ø Although it only needs very manageable 

extrapolations from existing technology 
Ø  It can explore new ideas regarding beam optics and 

instrumentation  
Ø Offers opportunities for extensions 

Ø  Add RF for bunching/acceleration/phase space 
manipulation 

Ø  Provide µ source for 6D cooling experiment with intense 
pulsed beam 
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Three Pillars of nuSTORM 
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Ø  Delivers on the physics for the study of 
sterile ν	


Ø  “Prepare for discovery, have a plan for 

machines that can exploit it.”  nuSTORM is 
preeminent in this regard w/r to sterile 
neutrinos 

Ø  Offers a new approach to the production 
of ν beams setting a 10σ benchmark to 
make definitive statement w/r LSND/
MiniBooNE 

Ø  Only facility that can do appearance & 
disappearance for ν and anti-ν	



Ø  Can add significantly to our knowledge 
of ν interactions, particularly for νe  
Ø  ν “Light Source” 

Ø  Provides an accelerator science test 
facility 

 
 



BUT, we have new hurdles to 
overcome	


Ø New Administration 
Ø  “Need relevant SBL program” 

Ø Also, ν interaction physics will be done @ 
LBNE 

Ø  “Frontier” muon facilities in the far distant 
future	


Ø  “Costing not believable” 
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LAr1-ND: 	


Testing Neutrino Anomalies with	



Multiple LArTPC Detectors	


 at Fermilab	



LAr1-ND 
(40 ton fiducial) 

MicroBooNE 
(61 ton fiducial)   

LAr1 
(1000 ton fiducial) 

MicroBooNE (470m) 

LAr1 (700m) 

LAr1-ND (100m) 

Booster 
Neutrino 
Beam 

nuSTORM	
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Fine-Resolution Totally Active Segmented 
Detector (IDS-NF) 

Simulation of a Totally Active Scintillating Detector (TASD) using 
Noνa and Minerνa concepts with Geant4 

3 cm 

1.5 cm 
15 m 

◆  3333 Modules (X and Y plane) 
◆  Each plane contains 1000 slabs 
◆  Total: 6.7M channels 

•  Momenta between 100 MeV/c to 15 GeV/c 
•  Magnetic field considered: 0.5 T 
•  Reconstructed position resolution ~ 4.5 mm 

15
 m

 

B = 0.5T 

35 kT Total Mass 
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Magnet- Concept for IDS-NF  

 
Ø  VLHC SC Transmission 

Line 
Ø  Technically proven 
Ø  Affordable 

1 m iron wall thickness.  
~2.4 T peak field in the iron. 

Good field uniformity 
R&D to support concept 

Has not been funded 
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TASD Performance 

ν Event Reconstruction ε	

 Muon charge mis-ID rate 

Excellent σE 



Appearance: Exclusion contours 
νe → νµ (CPT invariant mode of LSND) 
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Global fit from: J. Kopp, P. A. N. Machado, M. Maltoni, and T. Schwetz, 392 JHEP 1305, 050 (2013)	


Bkg uncertainty: 
10% → 50%	



10σ	
5σ	


5% sys.   
1% sys	


99% CL Evidence 
99% CL Appear.	


Integrated recon. Eff: 
17% -> 80+% 

SuperBIND -> MLAr	


10σ	




Detector Options 

Fid Volume B Recon Costing Model 
SuperBIND ☑ ☑ ☑ ☑ 
Mag-TASD ☑ ☑ ☑ ☑ 
Mag-LAr ☑ ☑ -> ☑ ☑ -> ☑ ☑ -> ☑ 
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☑ Yes - OK 
☑ Maybe 
☑ Not Yet 

Technology check List 



Costing  



nuSTORM: Total Project Cost 

25 Alan Bross                           nuSTORM Workshop, Fermilab            November 21st, 2013    

1Near Hall sized for multiple experiments & ND for SBL oscillation physics 
21.3kT Far + .2kT Near & include DAB work 
3Assumes LBNE estimates: Proj. Office (10%), L2 (9.4%), L3 (4%) 

Total contingency – 45%	




Conventional Facilities	
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Overall contingency on Base Cost + EDIA – 53% 

If you don’t believe this, then you should not believe the costs for µ2e or LBNE	


LBNE started with approximately 40% contingency on CF -> 25% once drawings done	


If 53% is unbelievable, then our “Flagship” is likely to become the Titanic	




nuSTORM: Total Project Cost 
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1Near Hall sized for multiple experiments & ND for SBL oscillation physics 
21.3kT Far + .2kT Near & include DAB work 
3Assumes LBNE estimates: Proj. Office (10%), L2 (9.4%), L3 (4%) 

Total contingency – 45%	




Developing the Cost Range 

16LBNE CD-1 Director's Review - 25-27 September 2012

Association for the Advancement of 
Costing Engineering (AACE)	


28 Alan Bross                           nuSTORM Workshop, Fermilab            November 21st, 2013    

Bob O’Sullivan	


Magnets present largest uncertainty.  Even if we let contingency go to to 100%,  
this only adds ~ $25M to the TPC	




Moving Forward	


Ø Continue work to generate TDR 
Ø Facility 

Ø  Decay Ring 
Ø  Pursue in parallel FODO and RFFAG 
Ø  But, try to reach “a” solution ASAP in order to accurately 

determine nuSTORM’s ability to determine ν flux 
(intensity & spectrum) 
Ø Biggest impact on ν interaction physics program 

Ø Detector (SBL osc physics) 
Ø  Time to move to MLAr?	
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Too Hard?	



