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Underground Muon Detector (UMD) Corner-clipping muons
* Aninclined g may trigger two neighborin
* Use UMD of the Pierre Auger Observatory as 1 @iy Water-Cherenkov Strips RNy HIgs g” °
an example detec"or ,0/‘74
= Array of muon detectors buried in the ? |
vicinity of water-Cherenkov detectors " Effect dependent on the zenith and the
| azimuth of the muon w.r.t. the module
» Each detector comprises 3 modules of ' 2.3 m of soil
10 m? of plastic scintillator
= Each module is segmented into 64 | 1_b?t4e§§?g?,ic$
independent strips 64 plastic scintillator strips + ADCs
* Muon signal - a baris triggered if e N i , | |
signal is above threshold for > 12.5 ns A \ \ " Source of bias, leading to overcounting
stcmuua’tor WS optical iber = Previously accounted for with simulations
Single-muon corner-clipping probability 21 in bwo
= When a single muon is injected into a module it can activate one strip, 1u corner-clipping neighboring bars
N; srinr OF EWo neighboring strips, N_ (corner-clipping) —_— > \ -
» Single-muon corner-clipping probability: o o ) reighbonng b Neld0 T N
Nee(0, Ad) Nee(6, Ad) 2|
Pec(0,AQ) = N (0 A¢ = ’ 2109
1[J( y CP) NCC(G/ A¢) +letrip(6/ Aqb) o |
= Use timing with modules with only 2 strips activated - :g 2
At = difference between start times of the 2 strips 3 107
= |
» N obtained by quantifying excess of events with At<5inthe 2 [: | A L4 A
neighboring histogram - difference between the neighboring and PR A
non-neighboring distributions attributed to corner-clipping muons o A
— 0'7 5 10 5 20
= pc(6, A@) can be obtained from data and be used to correct At / (3.125 ns)
for overcounting N_.= excess of neighboring events

Application of the method to data and simulations

0.14} <|> Ocenter = 3° : 0.14} Cb Omc = 0° ' 0.12! I. | prlotoln - A' ']g(]li’,/e'\]) = 15_() o Q' (ljorrlecte'd o I_
Ocenter = 12° Onvc = 12° O ' ® iron v lg(E/eV)=185 O  uncorrected
0.12f Ooror = 22° - 0.12] Onic = 22° s " Ig(E/eV) =175 %
chnter = 30° <|2 QMC = 32° //C’)/ 0.10y
0.10] chnter = 39° o 0.10} QMC = 38° /z/ I
®  Ocenter=49° T G Omc =48° //’ i 0.08y %

goo8f & I 9008 C‘; | Z|s $
€ 7 QL //’ (Zl 0.06¢f

006f P - 0.06} R i

0.04} e 0.04] 45 - - % " ‘ z ﬁ

0.02 ez P-==========222sC ; ———————————— F Q - 0.02f :,—,-/—’::,—w@ ————————————————— () I —— @==--- & - |

OOO_ ..........................................................................
00002 02z 06 08 10 0.0050 02 02 06 08 10 0 10 20 g/ 30 40 50
| sin Agp| | sin A /
v Data and simulations show similar ® Corrected muon estimator: v After COFFeCOUOﬂ. bias is Flat with ©
behavior | ™ number of and below 3%
N = —64In(1 - k/64)  (riggered bars
14 pe(0, A)
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Auger Observatory

* Generally applicable to any kind of segmented
detector with time resolution
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