
Neutrino Experiment with SpectrometerS in Europe 
...&...  

Neutrino Experiment with SpectrometerS in FERMILAB 
Strategia coordinata per neutrino beams in Europa (ESP) e USA (P5): 

‘R&D al CERN, esperimenti a FNAL’ 
Giugno 2014: APPEC International Meeting for Large Neutrino Infrastructures 

è CERN Council approva la “Neutrino Platform” – stanziati 55 M CHF 

•  NESSiE @CERN: 
                Esperimento approvato WA104-NESSiE 
                Report Apr. 2014 apprezzato da SpSC - MoU  richiesto 
                schedula:  2015-2017 
                ‘Precision measurement of muon momentum & charge in the 0.5 GeV - 10 GeV range’  
                 R&D on Air Core Magnet Spectrometer / study magnetization of large volume Lar-TPC  

                 
•  NESSiE@Fermilab:  
                Physics Proposal a FNAL (PAC, Physics Advisory Committee, P-1057)  
                possibile riutilizzo degli spettrometri di OPERA 
                schedula:  2015-2019 
 

                FNAL sta elaborando un piano strategico per short baseline 
                esaminerà P-1057 in autunno 

Bibliografia recente NESSiE: 
•  An Appraisal of Muon Neutrino Disappearance at Short Baseline 
      arXiv 1306-3455v2 AHEP 2013(2013) Id 948626  
•  The NESSiE concept for sterile neutrinos  XV Workshop on Neutrino Telescopes 

- Venice 2013  arXiv:1312.1227v1 [hep-ph] 4 Dec 2013 
•  ‘’WA104 – NESSiE R&D plan’’, CERN-SPSC-2014-14, SPSC-SR-133 
•   Prospects for the measurement of muon-neutrino disappearance at the FNAL- 

Booster  Apr 9, 2014. 76 pp. e-Print: arXiv:1404.2521 [hep-p] 

All the major items for 2015 rquested as sub judice, 
Waiting for definition of formal actions at CERN and FNAL 
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NESSiE 
Summary 

-  CERN and USA, following the outcomes by ESP (European Strategy) 
and P5 (strategy in USA), agreed to make R&D for neutrino at CERN 
and experiments at FNAL 

-  NESSiE Collaboration has submitted a Technical Report to CERN-SPSC 
and a Physics Proposal to FNAL (PAC, Physics Advisory Committee,  
number P-1057) 

-  FNAL is undergoing a strategic plan for the Short-Baseline projects 
-  Our FNAL proposal will be scrutinized in autumn 
-  The CERN Neutrino Platform has been approved and funded last week 

at the CERN Council (≈ 55 MCHF) 
-  The approved experiments WA104-Icarus, WA104-NESSiE and WA105 

will correspond to MoU’s  

Luca Stanco, CdS 15 July 2014 
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Many discussions/meetings in the last 12 months: 

-  All along CERN-CENF 
-  October 2013: visit of large group of representatives at FNAL 
-  November 2013: restricted meeting at CERN of Neutrino ref. people 
-  January 2014: ICFA-EU in Paris 
-  February 2014: LBNE meeting at FNAL, SBL meeting at CERN 
-  March 2014: visit to INFN HQ 
-  April 2014: SPSC meeting and presentation 
-  June 2014: APPEC International Meeting for Large Neutrino Infrastruct. 

Paper work:  

-  MoU for WA104, SPSC request for human and financial resources 
CERN-SPSC-2014-15, SPSC-M-785, 25 April 2014.   

 
-  SPSC request for TDR for WA104-NESSiE:  

A. Anokhina et al., ‘’WA104 – NESSiE R&D plan’’, CERN-SPSC-2014-14, SPSC-SR-133 
  
-  FNAL-Booster SBL proposal: A. Anokhina et al., ‘’ Prospects for the measurement of 

νµ disappearance at the FNAL–Booster’’,  arXiv:1404.2521, P-1057, 10 April 2014 



4 

Consuntivo 2013 
- 3 talks: Neutrino telescope (Venezia), La Thuile, IFAE  
- 2 posters: Lake Louise e IFAE  
- 1 articolo ISI su rivista  
- 2 articoli non ISI (proceedings)  
- 3 tesi triennali  
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From	  Marzio	  Nessi’s	  Talk	  @	  APPEC	  (June	  2014)	  
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Aims	  of	  the	  Project	  

Proposed	  strategy	  
	  

A) 	  The	  	  “conservative”	  approach	  
	   	   	  Air	  Core	  Magnet	  spectrometer	  coupled	  to	  Iron	  Core	  Magnet	  	  
	   	  spectrometer	  –	  Coupling	  to	  	  upstream	  LAr	  TPC	  

	  
B)	  	  The	  advanced	  solution	  (R&D)	  

	  -‐	  Superconducting	  ACM	  spectrometer	  	  –	  Coupling	  to	  	  upstream	  LAr	  TPC	  

-‐ Magnetization	  of	  Large	  Volume	  LAr-‐TPC	  

Precision	  measurement	  of	  muon	  momentum	  &	  charge	  in	  
the	  0.5	  GeV	  -‐	  10	  GeV	  range	  	  
-‐	  relevant	  to	  disentangle	  ν	  anomalies	  in	  	  ν	  /	  anti-‐ν	  channels	  
-‐ 	  relevant	  in	  LBL	  exps	  to	  limit	  ν	  /	  anti-‐ν	  related	  systematics	  	  
	  



WA104	  -‐NESSiE	  R&D	  program	  

• 	  First	  step 	  -‐	  construction	  and	  operation	  of	  	  13/39	  ACM	  coils	  	  
	  	  	  	  	  	  	  	  	   	   	   	  	  
• 	  R&D	  on	  Tracking	  Detectors	  in	  Magnetic	  Field	  

	   	  -‐	  Scintillator	  bars	  +	  SiPM	  in	  analog	  and	  digital	  readout	  
	   	  -‐	  Other	  tracking	  devices	  (RPC	  in	  analog	  readout)	  

	  
• 	  Charged	  beam	  tests	  

	   	  -‐	  charge	  and	  momentum	  	  measurement	  
	   	  -‐	  Test	  on	  LAr-‐TPC	  –ACM	  matching	  	  	  

• 	  Cold	  ACM	  in	  NbTi	  :	  design,	  simulation,	  demonstrator	  

• MgB2	  Conductor:	  	  R&D	  actvity	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Synergy	  	  with	  LAr	  –TPC	  	  magnetization.	  	  

	  
	  	  



ACM construction 



Return flux at CERN 

R&D SuperConductor system 
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Outcome of CENR-SPSC, 10 April 2014 

The SPSC received with interest the document describing the technical  
WA104-NESSiE programme (SPSC-SR-133-2014). The Committee supports  
the R&D on air core magnets and associated detectors that could be used for  
future neutrino projects, and encourages synergy with the Liquid Argon (LAr) R&D  
programmes. 
The SPSC requests a document quantifying the human and financial resources  
needed for all aspects of the project, including the requests to CERN. 

MoU 



MoU for WA104-NESSiE  

WA104-
NESSiE 

INFN 

CERN 

others 
NEW 



cost KCHF! INFN (%)! Other FA (%)! CERN (%)!

ACM construction  
TOTAL! 513! 79%!

(403)!
2%!
(12)!

19%!
98!

Return Flux at CERN  
TOTAL! 140! 53%!

(74)!
15%!
(21)!

32%!
(45)!

R&D SC system  
TOTAL! 350! 15%!

(52)!
1%!
(3)!

84%!
(295)!

Tracker system  
TOTAL! 275! 195! 20! 60!

GRAN 
TOTAL!

1278! 724! 56! 498!

Power Supply 10 kA by CERN: 620 KCHF in-kind loan for 1 year  

MoU 

Released  
yesterday, 
July 14th, 
by CERN 
Project 
Manager 
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FNAL-NESSiE 

arXiv:1404.2521, P-1057 
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in case of a positive outcome from FNAL,  
we are fully open  
-  either to accept any new USA  

Collaborator  
-  and to be part of the larger project  

for SBL at FNAL 
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Key-points of the proposal: 

1.  The muon-neutrino disappearance is mandatory  
- either in case of null result on electron-neutrino 
  (the sterile possibility might still be there due to interference modes  
    and data mis-interpretation) 
- or in case of positive result 
   (to address the correct interpretation of sterile, 
    see current tension between appearance/disappearance) 

 
2.  Standalone measurement of muon-neutrinos 

(fully compatible with upstream LAr, or, in case, a small active scintillator target 
may be foreseen at Near-site for NC/CC and absolute rate control) 

 
3.  Interplay between systematic and statistical errors: 

optimized configuration for Near and Far sites  
 
4.  No R&D/refurbishing/upgrade: robustness of the program 

(80% of re-used well proven detectors, straightforward extension; 
 < 100 kWatt needed for each site) 

5.  IDENTICAL near and far detector 
(the same iron slab will be cut in two pieces to be put corresponding in the Near and the Far) 
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Careful study of the FNAL-Booster neutrino beam, 
based on previous knowledge from MiniBooNE, SciBooNE and  
data obtained by HARP and E910. 

-  full simulation of the beam with GEANT4 and FLUKA 
(from proton to neutrinos) 
 

-  detailed systematic error source analysis 
(use of Sanford-Wang parametrization) 

-  Several configurations analyzed, on/off-axis including MicroBooNE site 
and different detector sizes 
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chosen 
configuration 

Sanford-Wang 
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Iron slabs thinner than those available by OPERA NOT worth 
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Near site 

Far site 
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Figure 32: The sensitivity plot (t 90% C.L.) for the negative-focussing option assuming 3.5�106

pot with and without the air magnet option. Black (red) line: �µ (�µ)exclusion limit. Note that the
contribution of the magnetic field in air to the sensitivity has not being included, yet. Blue (green)
line: old (recent) exclusion limits on �µ from previous (CDHS) and recent ([43])measurements.The
two filled areas correspond to the present exclusion limits on the �µ from CCFR ([44] and Mini-
BooNE [16] experiments (at 90% C.L.).
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from here (now) to here (NESSiE) 
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Above conditions plus 
a full simulation 
and a careful treatment 
of 1% systematics error 

Sensitivity 

with strong cuts 
plus statistical error 
plus systematics only 
on pµ reconstruction  

Three independent analysis, 
with different statistical 
approaches  
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Schedule and Costs 

A bit aggressive, but reliable schedule 
based on successful OPERA experience 

Both Near and Far 

(new Electronics, new DAQ, 2 x coil number) 
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For an ease installation… 

FAR site, on SURFACE NEAR site, in the pit 

Note: the detectors size is 6x6 m2 

          In case business go on, 
          there is room for discussion 
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Status of FNAL-NESSiE, June 2014 

Proposal well received by  
FNAL director.  
PAC number attributed. 
It will scrutinized  
in the next autumn. 
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Then,  
 
we are forced to undergo a “WAIT & WATCH” scheme: 
 
-  very low FTE percentages 
-  major items requested as sub judice  



Collaboration 

Bari: 0.3 FTE/3 
Bologna: 1.5/7  
Frascati: 0.1/1 
Lecce: 1.5/4                TOTAL: 5.3 FTE / 26 People 
Padova: 1.6/10 
Roma1: 0.3/1 
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Richieste ai servizi  
PADOVA per il 2015: 

Elettronica: t.b.d. 

Meccanica: t.b.d 

Uffico Tecnico: 4 m.u. per supporto valutazione siti CERN/FNAL 

Inventario: 5 K (s.j.) 
Consumo: 75 K + 487 K (s.j.)  
Missioni: 118 K + 72 K (s.j.)  

Richieste finanziarie 2015 

Totali:193 K + 564 (s.j.)  



Thank you ! 
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NESSiE at FNAL 

NESSiE at CERN 


