
llh1e n1e1ut:ral .s1ulbat,o,mi,c neutninos are a1s.tr,on1omica1I messen1gers. that: ca1n1 provide us in1formatio,n to, iinvestigat:e the most: 
v·iollent a1stroph1ysica1 I s,o'urce.s: supenn1ova1s, ga1mma-tay biurs.ts, a1n,d cata,clysmic ph,en1omen,a involvin1g bla,ck holl,es and 
neutro,n stairs •. As tlh1ese astrophysical n•eutriin,os freely tra1vel from their poin

1
t ,o,f onig:in witho,ut being sca1tte1red by 

inter.st:eUar mag,n1etic fields, we ,can analyz.e th,ese pa1rticles. by ,o,bservin1g casm1iic-raiy air sh
1
owers 01n1 the Earth1s 

atmosphere. llh
1
ese a1re pr,oduced by t'h1e energeti,c neutninos by intera,cting with th,e a1ir pa1rticles t'h1at prod1uc•e a1 

w.ave11\r,on1t: ,o,f Cheren1kov radiation. To better iiden1tify these backgr:o,un1d neutninos, llceCube, the South P,ol•e N,eutr1in,o, 
Ob.servarto,ry, constructed an imag:ing a1 iir Ch1erenkov telesco·pes ot'h1erwi.se kno,wn as Ice.ACT, th1a1t a1re located at th1e 
So1uth1 P,ole. Th1ese t,eles•co·pes contain tlh1e reso,ur:c,es t·o, detect: the atmas1ph,eric m1uons pr,od 1uced by the casm1ic-ra1y air 
sh,o,wers. F 1urthe1rmore, 1,ceACT ca1n1 independently ,calibrate the an1g1ula1r recon1struction

1 ,o,f llceC 1ulbe to, provid•e .a,cc1ura1te 
res1ults in tut1ure trials. Our olbjective is to, further con1cl1ude tha1t: the data o,btained by l,ce.ACT s1uppo,rts. tlh1e rea1ding,s 1by 
iceC1ulbe by providing a1

n .ana1lysis that: the An1ta1rctlc n
1
ig:h

1
t sky in1terferes ,o,f detecting a1n1y 1po,ssibl,e indications ,o,f 

Cheren1ko,v radlatio·n. Thro,ugh1 an1a1ly.zin1g a1 .sa1mple size ,o,f 30 detected stairs; we found th,at on1ly a1bout 60% of tlh1e 
ph1otometric mea1s1urem,ents a1re ex1plained by a lin,ea1r fit. F1urthenm1ore, calibrati1n1g th1e transparency of th•e atm,o,sphere 
fo,r lceA.CT  mea1suremen

1
ts. can1 be d,o,ne to, an un,certa1inty of appr,o,XJima

1
tely 0.5 1ma1gnit1udes. 

The main 01bJectives ,o,f l,ceACT a1re to, detect cosmlc-ra1y m11uo,ns and to st 1udy tlh1eir 
c•om1position between iron1 a1n,d pro,to,n cosmlc ray sh1owers. Since high-energy 
astrophysical n1e1utri nos travel th1ro1ugh cosm1ic rays to,w.ards Earth, they C•oUide with1 
parti,cles i n1 ,our atmosphere rea1dily ,cha1rging a fenmi,on1 particle (i.e. a1n

1 
electro,n or m1u1on). 

The ferimi·on1 then
1 
travels fa1ster than th1e pha1se velocity of light: towards th,e Ea1rth1, a1nd a1 

portio1n1 ,o,f the pa1rticle ,energy is ,con1verted to, a faint bluish1 ligh1t, kn,o,wn as Cheren1ll«J>v 
radiation1 that tra1vels as a1 wave 1tir,on1t: travelin1g art a1 given .angJe. This a1n1gle is det:enmin1ed 
by th•e h1eig:h1t: ,o,f emiission1 ,of the ,ch1a1

rged part icle a1n1d the density of the air; a1t mo,.st th,e 
ang:le ls measured to lbe le.ss th,an 1 .. 7 degrees .. Th,e photonis fro,m t'h1e Cheren,kov ra1diation

1 

i n1t•eract wit1h1 ,o,ther a
1ir pa

1
rticles, causing an air sho,wer faiSter ·tih1a1

n1 the local speed ,o,f light. 

The in.strum1ent we 1utiilized to, observe the An1tar,ctic night: sky ls the AIISky 340 
Camera th,at ,can view 1310° ,of t1h1e 1n1ig:ht sky. llh1is •ca1mera ,observes visi1ble liglh1

t a
1
nd 

is equipped with a sensitive IKAI 0340 lm1
a1ge Sensor that ca1n read ,o,ut the how 

mu·ch1 light is received in •ea,ch ima1ge. Th,e images are saved a1s FITS (Flexiible lmag:e 
Tran.spo,rt Sy.st:e,m1) files that can ,co1n1tain multiiple anraiys of in1format:io,n an1d a1re 
w1ide1ly 1used for astron1omy resea1rch1 p'urposes. Ea1ch1 ima1ge taken by ·fh1e AIISky 340 
Camera has on1e minute ,o,f exposure time. 

Stars detected by ast1r1ometry�n@t 
r-'I ...,,...,. 

By obtaining a FITS ima1ge by the AIISky 3410 Ca1mera1., we 1used an1 
astrometric ca

1 libratio,n service webs�te known as astrometry.net. where 
w·e uplo,aded it to,. Th1iis website delivers i n

1
forma1ti,o,n n

1
ot just: where e.a,ch1 

.star is. positioned, b 1ut as well as their ph1oto-electr,on1 oo,un1tj in1 o•th,er 
words, th1e amo 1un1t of ph,ot:on1s th,e ca1mera1 received in1 a given1 ima1ge. 

The image on1 11:'h,e left displa1ys the 30 stairs detected by th,e a.st1ro1m1
etry. n,et 

alo,ng with a1 scalar va1l1ue ,o,f t1h1eir visual ma1gn1it1ude fo 1und by usin1g Astro,py,. 
a Pytho1n1 ,core pa,ckage tlh1a1 t ,oon1ta1in1s a.strronomy tools a1n,d a1s.tr,o,no1m1ica1 I 
,ca1

t:a1logs. 

T ·1e 

.Astropy 
ProJec:t 

Ph\'Sit..�, 
IJ panmcnt 

Ba1
sed ,o,n the ph1oto-elect:r,o,n a1n1d th1e vis1ua1

I m1
agnit 1ude 

dartaset.s we recei·ved by a1str•o·met1ry�net a1 1n1d .Astr,opy, we 
olhserved that they a1re bo,th normally di.stributed. By 
t:a1king th•e loga1ritJh1m of the pho,to-electron1 oo,un1ts, this 
dataset ls ,centered at 8.217 with a1 low spread of 01.687 

Log [!Photo-electr,on ,counts]I I Visible Magnitude 

tha1t: iis sliglhrtly skewed nigh1t. For the vis1ua1
I m1agnit 1ude 

dataset:, it is ,centered at: 4·.105 wi·�h1 simila1r .spread ,o,f 01.488 4_75 

that is sligh
1
tly skew,ed left. In either da1ta1set, n,o, ,outliers _.,� 

were detected. 

µ - 8.217 
(Y = 10.,687 

,11 - 4.05 
.(J: = 10.488 

1Photo- 1e I e ctri,c c,ou rits_ vs._ 'il11s i b!lle ma gn itud e 
CR.""'2 • 60.060%) 

• 

• • 
• 

- • 

, . 
• 

4.1'.5 

- I .oo ---�•' ----.----.-----.-- !::-...... - --- --�o, detenm1ine if the phot,o-electron1 ,co,unt received by ,o,ur Ii 
------·----

·1 .. - ' d · .. - h ' I fl f . h - · e 3· '' sam1p e .stars 1s. . ue t,o, t · e v1s1ua · 1ux ,o, t ,o,.se sta11rs; a1 ..... 
correlation1 plo,t sh,o,wn1 on

1 
t1h1e right wa1s ma1de. We ,can see � �-'° 

3.25 

3.00 

• • 

• 

• 

tha1t: th,ere exi.sts a ne�rt;ive a1
ss,ociat:io,n and ba1sed ,o,n th•e 

re.sid1ua1 I plot bel,ow the data1poi nits signify that th,e data is 
Ii near wi t1h1 a1 

n1 a1 p proximate error ,o,f O. S. Add itii,o n1a1 lly; we 
ca1n see t'h1a1t the limitin,g m.agnitude, the dimmest stair ,o,ur 
ca1mera1 ca1n1 detect: th1ro 1ugh visual is estimated to· be 4.8. 

• 
2.1 

, , .. --.........----.........----......... ---......... ---......... --......... , 

As th,ere exiist:s a m,oderate 1relationslh1ip, R2 = ,601.O,6%, 
between1 the ph1oto-electnic c,o'u nits and tih1e visual 
ma1gnit1ude, we ,co,nclude tha1t vis1ua1I brigh

1
tn1ess ,o,f tih1e s.tars 

s,een1 at: tih1e Antar:ctic nigh1t sky d,o, a1dequately Go,ntriib1ute in1 
the numlber of pho,t,on1s detected by th,e AIISky 340 
ca1mera1. 

00------------------ I 

-

-o. 

i'.5 

• 

• 

&,CII 8.5, !tO 

tog l1Phor,o. - it!n c..ourf ] 
!.5 

-: c,o,smic a1ir sh,o,wers. or stellar ligh1t, we ,o,bse1rve tih1e fig1ure on1 
t1h1e left. The relatio1niSh1i1p th .at we observed is between the 

•. -

UJ 

D - -

- n1umber of ph1ysics ,even1ts 1(c,o,s1mic raiy a1i1r sh,o,wers) sh1own1 in1 io : bl1ue. Ea1ch1 plh1ysics event is a1 · fla1s.h ,o,f Cheren1ko,v radiati,o,n th1a1t 
J4 : ob.serv·ed by· the opera1t:ed llceACT i n1strum•ent. llh1ese fla

1
shes 

a1re n,ea1r-instanta1n1eo'us 1unli ke th,e persistent stella1r lig;ht th1a1t 
- is e'mitted by the en

1
tire n

1
iglhrt sky; h1owever1 it1s important to 

- note that th1ere poten1tia1llly lies a1 type Ill enrorr wh1ere signs of a
1 

c,o,smic raiy a1ir sh1ower •Gould be 01uts.hined by the sky's 
backgro 1und radiation. 

Based on tih1e 30 .stars detected of our FITS image, w·e obse1rved tha1t: th,erre is a moderate; 
lin,ear ,correla

1
tio,n between the n1 1umber ,of ph1oto,ns 1rece:ived by tih1e ,camera and the ·vis1ua1

I 
lbrig:ht:ne.ss ,of ea,ch1 .star, su,ch1 that R2 = 601.016%. Additio,na1lly,. a.s the number of physics 
ev:ents detected lby lceACT a

1
re du•e to the flaslh,es ,of light caus.ed by the oo,smic ra1y air 

sh,o,wers, we con1cl1ude that 11:h,ere lies a1 poten1t'ial type Ill error wh1ere stella1r ligh1t surpasses 
the i rradiance ,o,f Cheren1ko,v light r•eceived by the telescope. 

*More than 20 resea1rchers c,ontributed to loeACT from RWllHI Aa1chen runiv,ersity, 
IM,a1rquette 1univ1ersity, Fri,edrich Alexande,r U1niversity IErlangen, Mi'chi.gan State 
Uniw;ersity; Technical U1 niversity of Dortmund, University of Canterbury and the 
University of Wisconsin., Maid ison. 
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