What Can Elves Tell Us About :,

®

MINES AuGEx Very Strong Lightning?

OBSERVATORY

Sensitivity Results
otivation William Daniels - " m. mL, Ev. O: O EH EL

1) Argentina has some of the world’s strongest lightning. : : T o . B 2 |
| _ | - Kevin-Druis Merenda ‘_ R
2) The Pierre Auger Cosmic Ray Observatory monitors this region. Advi i Wi % . o L
. . . . . " < ° [ 3' | I 1 I
3) Lightning can be dangerous, so it Is Important to study. VISOr. Lawrence IENCKE E I ;o A
§ I o 1A 14 i

5o € 9 %

' 1‘3‘? . E I S = I t = g ) a4 103— 1.2} A . 1.2}

...... et | £113 Ve Imu a |On 5 Yl v, ' AR N

UOUURON WO v . =N (e (R SOOI Wil 205 OO | B [ * Models the lightning strike, EMP, and interactions with the ionosphere. g ol | vl

* Pierre Auger —_ 5 el Y - , - - . e V. oy
| P et o I - s . 3 e  Numerically propagates Maxwell’'s Equations and the Langevin equation: : | | L
| - Flash rate- (#/min) 1N & = , v 107 vl %9 1 0f
: OE oH oJ, R r v | | o

2 _ 3 L o4 1 o4
605 =V X H — Jtot MOE =V X E Py | VHJH — Wen X Jn + wp’HE()E % 84 T ® i ! . | e
o v 107 0.2- ] 0.2
Au g e r o bse rva to ry - Can we see elves from this simulation? Yes! The excited N_ follows the EMP. D e s ime s e e s ws BT o ol L |
_ Peak Current [kA] Max Amp. Max Loc. FWHM
* The Pierre Auger fluorescence detector (FD) records UV fluorescence. — I — « Varying over peak current while | e of
« FD is made up of four sites with six telescopes each (24 total). g ‘I . :I S keeping other parameters constant. * A output g‘f’“'%m datt) max value of Input
» E| T .. X » Clearly sensitive to peak current. param divided by output param at
| S = o i 2 » Note the turn on point in amplitude nominal value of input param.
%;—26 i_lﬁg, ' ;l\ulgler||=l|3| B 7T = E ) = o @ 120 KA.  Larger ratios = sensitive to that parameter
e ET. P < - o 3
i FD Camera: = 3 s : _I : ; L% l -
L R | -Simulation vs. Data
* 10 MHz acquisition 32 ke | T . e O e e .. : :
rate sl e = AERRRRERE R E NS e Sensitivity study + X minimization —» attempt to match simulation to data.
- a2 S M Xz |c e |
i : - el L g EL- P E |- £ 1z - ED Dat 10 = 89 5 KA * Each red dot is an FD
-8 SR N 2 « E (- I = e ata V_=0.49c pixel.
— s L T R e y n = w = , 40 - - E 1 - T Th I‘S_ .
~0E .Y Se 2 E < , = 0 = g s L /“/ N T =12 ps * Both plots are normalized
G e - : E M : M 2 0o ARl H.=931km | to their respective
E . , R ‘B .8 Ny . E | B . ., L e L =4.2km maximums.
“E Al NN Gocge | SN EH | DisEOancémfrorﬁgElve Cer;SEer [km | Disgnc;frorﬁEIVSGCerﬁer [km % e " ' '
~o0 b 0 =69 LB?]% _— : : s F « Shape of simulation
g 04— (Location of Max, )
£ r _ _ matches data well.
=g = = B 02 Simulation .

E| -Sensitivity Study |
—EIVEeS s 52 348 yiith v = 51
. _Elves are a class of transi_ent Iu_minous events that occur In the Which |ightning parameters affect elve structure the most? = ‘ || [ Loaoith | III“iIIn N

lonosphere above strong lightning. 50 100 150 200 250 300

. : . ] : : Distance from Elve Center [km]

* The fast current flow in lightning is modeled as a Hertzian dipole and _ I | o
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