
Abstra
tImaging Air Cherenkov Teles
opes (IACTs) dete
t the Cherenkov light �ashes of Extended Air Showers (EAS) triggered by very high energy (VHE) γ-rays impinging on the Earth's atmosphere. Dueto the overwhelming ba
kground from hadron indu
ed EAS, the dis
rimination of the rare γ-like events is rather di�
ult, in parti
ular at energies below 100GeV. The in�uen
e of the Geomagneti
Field (GF) on the EAS development 
an further 
ompli
ate this dis
rimination and, in addition, also systemati
ally a�e
t the γ e�
ien
y and energy resolution of an IACT. Here we present theresults from dedi
ated Monte Carlo (MC) simulations for the MAGIC teles
ope site. Additionally, we show that measurements of sub-TeV γ-rays from the Crab nebula are a�e
ted even for a lowGF strength of | ~B⊥| ≈ 33 µT.
Introdu
tion
•Charged se
ondary parti
les of the EAS are de�e
ted bythe GF resulting in a broadening of the EAS. The east-west separation of ele
trons and positrons in EAS due tothe Lorentz for
e 
an be non negligible 
ompared to thedispla
ement due to Coulomb s
attering [1℄.
•The Cherenkov images on ground 
an be a�e
ted in a waythat the threshold energy of an IACT in
reases [2℄ as wellas its γ/hadron separation 
apability is expe
ted to be de-teriorated.
•The e�e
t on γ-ray indu
ed EAS is expe
ted to be morevisible than on hadron indu
ed EAS, as their shape is ini-tially more regular and the s
attering angles o

urring innu
lear intera
tions are typi
ally larger than that produ
edby the de�e
tion of se
ondary 
harged parti
les due to thein�uen
e of the GF.
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Figure 1: The absolute value of the verti
al 
omponent (orthogonal tothe parti
le's traje
tory) of the GF strength at the site of the MAGICteles
ope [3℄ on the Roque de los Mu
ha
hos observatory on La Palma(28.8◦N,17.9◦W) for 10 km a.s.l. as a fun
tion of the azimuth an-gle and zenith angle (ZA), 
al
ulated for the epo
h 2005 InternationalGeomagneti
 Referen
e Field (IGRF) model [4℄. The traje
tories ofsome established and potential VHE γ-ray sour
es are indi
ated. Forall sour
es, the �eld strength 
hanges very little along the sour
e tra-je
tory. The maximum in�uen
e is expe
ted to o

ur for ZA ≈ 40◦and 180◦ azimuth angle, i.e. for EAS oriented perpendi
ular to thedire
tion of the GF lines.
• It was shown elsewhere [5℄ that IACT measurements ofTeV γ-rays from the Crab nebula were not signi�
antlya�e
ted when the GF strength was below 35 µT.
•The sensitivity of an instrument to the in�uen
e of theGF depends on the imaging performan
e, i.e. opti
alpoint spread fun
tion (PSF) and pixel resolution. Cur-rent IACTs and future high resolution instruments will bemore sensitive to GF e�e
ts.
Monte Carlo Simulation
•Dedi
ated MC data were produ
ed to study the in�uen
eof the GF on the performan
e of the MAGIC teles
ope.The MC data were produ
ed following the standard MCprodu
tion of the MAGIC teles
ope, doing three steps [6℄:1. The CORSIKA program (version 6.019) [7℄ is used tosimulate the delevopment of γ-ray as well as hadron in-du
ed extensive air showers (EAS) for a given set of inputparameters, like the primary γ-ray energy, the magni-tude and dire
tion of the GF, et
. The GF 
omponentswere set to the values for La Palma (28.8◦N,17.9◦W)a

ording to the IGRF model [4℄.2. The output of CORSIKA, 
ontaining information on thelo
ation and wavelength of ea
h Cherenkov photon onground, is pro
essed with a dedi
ated Re�e
tor program,whi
h does the ray-tra
ing of the Cherenkov photons.3. The Camera program reads the output of the Re�e
torprogram and simulates the entire readout 
hain, i.e.thephotomultiplier response, the trigger and the FADC sys-tem in
luding ele
troni
 noise.
•The 
alibration and the image parameter 
al
ulation(Hillas analysis [8℄) was done using the MAGIC Analysisand Re
onstru
tion Software (MARS) [9℄.
Results & Dis
ussionOnly few sele
ted results 
an be dis
ussed here and a moredetailled analysis 
an be found in [10℄.
In�uen
e of the GF on the Image Orientation
•Due to the in�uen
e of the GF on the development of EASthe major shower image axes 
an be rotated and do notpoint any more towards the 
amera 
enter as expe
ted for

γ-rays 
oming from a point-like sour
e pointed at by theteles
ope.

•The extent of the rotation depends on various parameters,like the γ-ray energy, the impa
t parameter, and the posi-tion of the impa
t point with respe
t to the teles
ope.
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Figure 2: Hillas ellipses in di�erent regions of the 
amera for primary
γ-rays of 450GeV energy, impa
t parameters between 60m and 100m,
40◦ ZA, azimuth angle 0◦ (left), 180◦ (right). The red ellipses were ob-tained with, the blue ones without GF. For 40◦ ZA and 180◦ azimuthangle (right) the GF e�e
ts are rather strong be
ause the EAS evolvesnearly verti
ally to the dire
tion of the GF lines.
In�uen
e of the GF on the Image Parameter ALPHA
•Due to the rotation of shower images the distribution ofthe image parameter ALPHA, 
ommonly used to extra
tthe γ signal in single-dish IACTs, 
an be signi�
antly de-graded.
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Figure 3: Normalized distributions of the image parameter ALPHAfor primary γ-rays of 120GeV (top) and 450GeV energy (bottom), im-pa
t parameters between 60m and 100m, 20◦ ZA, and azimuth angle 0◦(left) and 180◦ (right), respe
tively. The red-
olored ALPHA distribu-tions 
orrespond to an arrangement where the 
onne
ting line betweenshower axis and teles
ope opti
al axis is parallel to the north-south di-re
tion and the green distributions 
orrespond to a 
on�guration wherethe 
onne
ting line between shower axis and teles
ope opti
al axis isparallel to the east-west dire
tion. The ALPHA distributions for dis-abled GF in the MC are drawn as red and green dotted lines.
•For the most unfavorable arrangements of EAS w.r.t. theteles
ope the ALPHA distribution is signi�
antly degradedeven if the images are not rotated.
•The de-rotation of rotated shower images does not help tore
over the pointing entirely. At most 10% of the events
an be re
overed by de-rotation of the shower images, re-quiring the knowledge of the γ-ray impa
t parameter [10℄.
In�uen
e of the GF on the Energy Re
onstru
tion &Dete
tion E�
ien
y
•The Cherenkov light distributionon on ground from show-ers 
lose to the threshold energy 
an be thinned out su
hthat most of the events do not survive the trigger level, i.e.the dete
tion e�
ien
y for γ-rays 
an vary by up to 25%[10℄.
•For higher energies (∼ 300 - 1000GeV), the γ e�
ien
yis a�e
ted only at very large ZA (∼ 40◦ - 60◦), where theteles
ope threshold energy is signi�
antly in
reased.
•The total re
onstru
ted integrated light of shower images
an be redu
ed by up to ∼ 20 % [10℄.
Considering GF E�e
ts in Real Data
• 50min of low-ZA (7◦ - 10◦) Crab nebula data from Febru-ary 2007 were analyzed 
onsidering GF e�e
ts.
•The standard MAGIC analysis was performed to extra
tthe γ-ray signal from the data.

•Due to the in�uen
e of the GF the ALPHA plots for dis-tin
t 
amera se
tors show substantial di�eren
es.
•GF e�e
ts are visible in real data even for a very low valueof the GF strenth (| ~B⊥| ≈ 33 µT).
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Figure 4: ALPHA distributions for the low-ZA Crab nebula datasetfor γ-ray energies above ∼ 120GeV, 
onsidering GF e�e
ts. The upperleft distribution was obtained 
onsidering the entire 
amera (signi�-
an
e of about 10.6 σ) while upper right �gure 
orresponds to imagesoriented at favorable dire
tions with regard to the in�uen
e of the GF.Instead, the lower left �gure 
orresponds to events oriented at the mostunfavorable dire
tions with regard to the in�uen
e of the GF. In orderto have enough statisti
s, the opening angles of the most unfavorableand favorable 
amera se
tors were set to 20◦ (�gure 5, left panel). Forea
h ALPHA plot, the 
ut on the parameter ALPHA used to extra
tthe number of ex
ess events was optimized on MC data in view ofmaximum signi�
an
e. The lower right �gure was obtained for eventsoriented at intermediate orientations with respe
t to the proje
ted di-re
tion of the GF in the 
amera (the distribution was normalized tothe area of the favorable and most unfavorable se
tors).
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Figure 5: The 
amera se
tors taken into a

ount to extra
t the γ-raysignal (left) and the signi�an
e in terms of standard deviations for thelow-ZA Crab nebula dataset as a fun
tion of the estimated energy forsele
ted regions in the 
amera (right). The opening angles of the mostunfavorable (red) and favorable (green) 
amera se
tors were set to 20◦.
Con
lusions
•The results from the MC studies suggest that the in�uen
eof the GF 
an redu
e the γ/hadron separation 
apability,and signi�
antly a�e
t the energy estimation as well as the

γ e�
ien
y of an IACT.
•The results from the MC studies indi
ate also that appro-priate MC datasets are not only required for the analysis oflow-energy data . 100GeV but also for the re
onstru
tionof VHE γ-rays of at least 1TeV [10℄.
•The analysis of low-ZA Crab nebula data taken with theMAGIC teles
ope proofs that the instrument is sensitiveenough to demonstrate the in�uen
e of the GF even for avery low verti
al 
omponent of the GF (| ~B⊥| ≈ 33 µT).
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