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Recall:	
  total	
  field	
  is	
  not	
  radially	
  symmetric	
  but…	
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Tes$ng	
  the	
  “two-­‐component”	
  
Inputs	
   Standard	
  

Assump$ons	
   Output	
  

Amplitudes	
  of	
  Askaryan	
  
&	
  geomagne?c	
  fields	
  
at	
  a	
  FEW	
  posi$ons	
  

(1)	
  Circular	
  symmetry	
  of	
  
amplitudes	
  in	
  plane	
  

perpendicular	
  to	
  shower	
  
axis	
  (shower	
  plane)	
  

(2)	
  Linear	
  polariza?on	
  
in	
  shower	
  plane:	
  

from	
  Monte	
  Carlo	
  sims.	
  

Predited	
  Electric	
  field	
  at	
  ANY	
  
posi$on	
  on	
  the	
  ground	
  plane	
  

Compare	
  to	
  full	
  Monte	
  Carlo	
  
simula?ons	
  (good	
  agreement)	
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1.  Obtain	
  (MC	
  sims.)	
  separate	
  amplitudes	
  of	
  Askaryan	
  &	
  geomagne$c	
  
fields	
  along	
  a	
  single	
  line	
  of	
  antennas	
  with	
  coordinates	
  (R,	
  Φ0)	
  

	
  

2.  Assuming	
  circular	
  symmetry	
  in	
  shower	
  plane	
  &	
  expected	
  polariza?on	
  
⟶	
  obtain	
  field	
  at	
  any	
  other	
  posi?on:	
  

	
  
3.  Simple	
  geometric	
  projec?on	
  from	
  (r, Φ)	
  in	
  shower	
  plane	
  onto	
  ground.	
  

Methodology:	
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Circular	
  symmetry	
  of	
  Egeo	
  &	
  EAsk	
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Results:	
  
Field	
  predicted	
  with	
  the	
  model	
  

	
  
	
  
	
  
	
  
	
  
vs	
  	
  

Field	
  obtained	
  in	
  full	
  MC	
  sims.	
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Individual	
  components:	
  
•  at	
  a	
  few	
  posi?ons	
  only,	
  along	
  fixed φ0	



•  circularly	
  symmetric	
  
Field	
  at	
  any	
  posi?on	
  (R,	
  φ)	
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Field	
  predicted	
  by	
  model	
  	
  
vs	
  field	
  in	
  full	
  MC	
  sims.	
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  deg.	
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Predicted	
  field	
  vs	
  	
  
field	
  in	
  MC	
  sims.	
  	
  

E	
  =	
  1017	
  eV,	
  Arriving	
  from	
  North	
  
LOFAR	
  site	
  ,	
  sinαB	
  ~	
  0.92	
  

	
  
Input:	
  	
  

|Egeo|&|EAsk|at	
  	
  
posi?ons	
  along	
  East	
  

	
  
Output:	
  	
  

Field	
  components	
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S-­‐N,	
  W-­‐E	
  

N	
  

S	
  

E	
  W	
  

W-E coordinate r (m)
-800 -600 -400 -200 0 200 400 600 800

| (
V/

m
)

E|

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
-310× e            

°70
°60
°45
°25

Full Sim

S-N coordinate r (m)
-2000 -1000 0 1000 2000

| (
V/

m
)

E|

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
-310× e            

°70
°60
°45
°25

Full Sim

Late Early

S – N line 

W – E line 

Solid	
  lines	
  ⟶	
  model	
  
Dashed	
  ⟶	
  ZHAireS	
  



)°Zenithal Angle (
30 40 50 60 70 80

)° (
6

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2    West of core
Cher0.25 r

Cher0.5 r
Cher0.75 r

Cher0.9 r
Cherr

Cher1.3 r

)°Zenithal Angle (
30 40 50 60 70 80

 (%
)

si
m

)/E
to

y
-E

si
m

(E

-2

-1

0

1

2

3

4

5

6

Model	
  predic$ons	
  vs	
  MC	
  simula$ons	
  
E	
  =	
  1017	
  eV,	
  	
  

Arriving	
  from	
  North	
  
LOFAR	
  site	
  	
  

	
  
Input:	
  	
  

|Egeo|&|EAsk|at	
  	
  
posi?ons	
  along	
  East	
  

	
  
Output:	
  	
  

Field	
  components	
  
along	
  West	
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Inaccuracies	
  of	
  model:	
  early-­‐late	
  effect	
  
•  Model	
  assumes	
  circular	
  

symmetry	
  in	
  shower	
  plane	
  
	
  	
  
•  But…	
  Early-­‐Late	
  effects	
  (not	
  

accounted	
  for	
  in	
  model)	
  
arise	
  when	
  projec?ng	
  onto	
  
ground:	
  
-  Early	
  part	
  of	
  shower	
  (hiong	
  

ground	
  first)	
  is	
  closer	
  to	
  
observer	
  than	
  late	
  part	
  

•  Model	
  predicts	
  slightly	
  
different	
  field	
  than	
  full	
  
Monte	
  Carlo	
  simula?ons	
  
-  ~	
  5	
  %	
  effect	
  at	
  θ =	
  70	
  deg.	
  
-  increases	
  with	
  θ	
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Inaccuracies:	
  cancella$on	
  of	
  fields	
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E	
  =	
  1017	
  eV,	
  θ =	
  60	
  deg.	
  ,	
  	
  
from	
  North	
  @	
  Auger	
  site	
  	
  

Model	
   less	
   accurate	
   at	
   observer	
  
posi?ons	
   &	
   shower	
   geometries	
   where	
  
Askaryan	
   &	
   geomagne?c	
   contribu?ons	
  
almost	
  cancel	
  each	
  other.	
  

sinαB	
  ~	
  0.18	
  

r/rCherenkov	
  

•  Model	
   predicts	
   almost	
   perfect	
  
cancella?on	
  of	
  EAsk	
  &	
  Egeo	
  East	
  of	
  
core	
  at	
  Cherenkov	
  ring:	
  
-  polariza?ons	
  are	
  assumed	
  to	
  

be	
  perfectly	
  parallel	
   to	
  each	
  
other	
  along	
  EW	
  line.	
  

•  This	
  is	
  not	
  exactly	
  the	
  case	
  in	
  full	
  
MC	
  sims.	
  

W	
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shower	
  
plane	
  

Geomagne$c	
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•  Quan?ta?vely	
  tested	
  the	
  Askaryan	
  +	
  geomagne?c	
  approach	
  to	
  
radio	
  emission	
  in	
  air	
  showers:	
  
–  Methodology:	
  

•  Obtain	
  separate	
  |EAsk|&	
  |Egeo|	
  along	
  1	
  line	
  of	
  antennas	
  in	
  MC	
  sims.	
  	
  
•  Standard	
  assump?ons	
  to	
  predict	
  fields	
  at	
  any	
  posi?on	
  on	
  ground.	
  

–  Works	
  at	
  few	
  %	
  level	
  for	
  prac$cally	
  all	
  shower	
  geometries	
  &	
  observer	
  
posi$ons	
  &	
  on	
  a	
  shower-­‐by-­‐shower	
  basis.	
  

•  Fast	
  &	
  accurate	
  calcula?on	
  of	
  E-­‐fields	
  with	
  many	
  Applica?ons:	
  
–  Massive	
  produc?on	
  of	
  electric	
  field	
  paWerns	
  on	
  ground	
  for	
  studies	
  of:	
  

•  shower-­‐to-­‐shower	
  fluctua?ons,	
  	
  
•  dependence	
  on	
  mass	
  composi?on,	
  	
  
•  dependence	
  on	
  hadronic	
  models,…	
  

–  Facilitates	
  the	
  crea?on	
  of	
  field	
  parameterisa?ons	
  (E,	
  θ,	
  Xmax,…)	
  
–  Alterna?ve	
  to	
  interpola?on	
  methods	
  used	
  in	
  reconstrtuc?ons.	
  

•  Limita?on:	
  only	
  applicable	
  to	
  observables	
  not	
  dependent	
  on	
  ?me	
  

Conclusions	
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Observable:	
  Hilbert	
  envelope	
  

Raw	
  E(t)	
  ⟶	
  Filtered	
  (30	
  -­‐	
  80	
  MHz)	
  E(t)	
  ⟶	
  Hilbert	
  envel.	
  H(t)	
  ⟶	
  |H(t)|	
  ⟶	
  max|H(t)|	
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“Robustness”	
  against	
  input	
  line	
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  θ	
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  45	
  deg.	
  	
  
from	
  North	
  @	
  LOFAR	
  site	
  	
  

	
  
Inputs:	
  	
  

|Egeo|&|EAsk|at	
  posi?ons	
  along,	
  
North,	
  South,	
  East	
  OR	
  West	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Output:	
  	
  
Field	
  components	
  along	
  EW	
  

N	
  

S	
  

E	
  W	
  

Small	
  dependence	
  on	
  input	
  line	
  due	
  to	
  
early-­‐late	
  shower	
  effects	
  on	
  ground	
  



Example	
  of	
  fastness	
  of	
  model:	
  

17	
  

shower	
  
core	
  
	
  
	
  

Proton,	
  1017	
  eV,	
  45o	
  	
  
arriving	
  from	
  North	
  	
  

LOFAR	
  site	
  

36	
  antennas	
  in	
  input	
  East	
  line	
  (ZHAireS)	
  	
  ⟶	
  10	
  h	
  of	
  CPU	
  
	
  
200	
  thousand	
  antennas	
  in	
  output	
  (model)	
  ⟶	
  a	
  few	
  minutes	
  


