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Annual Modulation of the Muon Flux

The µ-flux shows a 3-4% summer-winter modulation.

But: no effect on germanium data.

artificial: 
CNGS beam 
 - 2% effect  
 - high intensity vµ - beam 
 - vµ + u → µ- + d 
 - in upstream rock 

natural:  
ΔT of the atmosphere 
- 1.5% effect  
- change in mean free path  
  of primaries  
- change in secondary  
  spectrum
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CNGS Events over Time

• 2011 most “luminous“ year 
• large changes in  
  beam intensity 
• coin. events follow same  
  pattern 
• ratio is flat: correlation 
• grey hatched areas:  
  DAQ-pauses 
• correct for CNGS events

• two bunch extr., 50 ms apart 
• 10.5 µs width/bunch 
• 6 s repetition 
• 2.4 µs TOF to LNGS 
• rcngs = (0.114 ± 0.006)/s 
• clock update Nov. 2011  
   (internal CPU → GPS clk) 
• jumps in CPU clk @ -1.2 s
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CNGS Event Correction

• rµ,d ≈ 3100/d, rµ,s ≈ 3.6·10-2/s 

• most used: rµ ≈ 3.48·10-4/(s m2) 

• norm. on effective detector area

• correction evens out rate 

• pure natural modulation remains 

• consistent with other exp. @ LNGS
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Atmospheric Effect on the Muon Flux

flux approximation: Iµ(t)= Iµ0 + ΔIµ cos(2π/Ƭ · (t-t0))

• p + p → K, π → µ 
• Eµ depends on temperature T 
• ⟨Eµ⟩ ~ ⟨EK,π⟩ ~ ⟨ℓK,π⟩ ~ ⟨T⟩ = Teff 

• rock overburden acts as Ethr 
• cutoff for shifting spectrum 
• climate data from ECMWF &  
  NASA AIRS

weight function W gives  
relative muon production  
per atmospheric level P

weight W(P) ~ Ethr, cosθ, Λn,K,π, rK/π, […] NASA AIRS

ECMWF
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Muon Rate and Teff

• fit to the muon rate: 

• Iµ0= (3.48 ± 0.06) x 10-4/(m2 s) 

• ΔIµ = (1.4 ± 0.1) %

• t0 = (10th ± 4) July, Ƭ =1 yr 

• flat ratio: good correlation 

• DAMA maximum in June 
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Test of model: 
• change laboratory, i.e. [m.w.e.] 
• assume purely pionic/ kaonic  
  µ production processes 
• mix with lit. value rK/π  = 0.149 
• αT  model in good Teff  agreement 

with all other experiments

Correlation between Muon Rate and Teff

Correlation of ΔIµ and ΔTeff 

• ΔIµ/ Iµ0 = αT · ΔTeff /Teff
0 

• correlation coeff. r = 0.66, 0.64 

• strong positive correlation
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Correlation between Muon Rate and Teff
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Conclusion and Outlook

• there are two causes for the modulation of the muon rate: 
- CNGS beam 
- atmospheric temperature change 

• with a CNGS data set, this influence was corrected 
• the temperature effect was measured with high precision 
• the muon veto works well enough to disentangle these two effect with  
   a total contribution of 3-4% 
• consistent with other experiments @ LNGS 

• present status: the muon veto is working 
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CNGS Muons @ GERDA enrGe

@ GERDA Ge-DAQ 

• no structure: small target 

• flat random background 

• good time res. allows tagging

• 45 events in 100 µs window 

• 6 without veto, rand. events: (4.9 ± 2.2) 

• 3 events outside peak are random coin. 

• ROI event @ 1943 keV in one det. (vetoed)
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CNGS @ CERN

• operation 2008-2009 

• April - December 

• ≈ 4 x 1019 POT/yr

• earth’s curvature: 3.5° beam incl. 

• 5.85 x 10-17CC ev./(POT kt) 

• ≈ 1.2 µ/(d m2) expected

operation parameters:

404 days of common operation with µ-DATQ


