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History of AMS
The Alpha Magnetic Spectrometer 
(AMS-02) is a state-of-the-art 
cosmic-ray detector designed to 
operate as an external module on 
the International Space Station 
(ISS).
Installed on the ISS in May of 
2011, its main objective is the 
search for antimatter and dark 
matter.
AMS has collected more than 
135,000,000,000 events up to this 
day, at a rate of about 45 million 
events per day.
It will continue in space for the 
duration of ISS’ lifetime.
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Altitude: 400 km
Orbital Period: 92.49 min
Velocity: 27600 km/h
Launch: 20 Nov 1998
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45 Million Events per day
135.000.000.000 Events
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AMS: A detector in space



Anatomy of a detector Transition Radiation Detector 
(TRD)
- 20 layers of proportional chambers 

filled with a Xe/CO2 gas mixture
- p/e rejection ~102-104

Time-of-Flight (ToF)
- 4 layers of scintillation 

counters
- AMS main trigger
- Measurement of !=v/c 

with ~1% uncertainty

Permanent Magnet
6000 Ne-Fe-B 
magnets
Magnitude: 0.15 T

Anti-Coincidence Counters 
(ACC)
- Veto for particles 

traversing from the side

Ring Imaging Cherenkov 
(RICH)
- Aerogel and NaF radiators
- Precise measurement of 
!=v/c with ~0.1% 
uncertainty

Electromagnetic Calorimeter
- 9 super-layers of lead and 

scintillating fiber (17 X0)
- Measurements of e± and "

energy (#E/E~2% - 100GeV)
p/e rejection >104

Sillicon Tracker
- 9 layers of double-sided 

silicon sensors
- Spatial accuracy in bending 

direction: ~10$m
- Measurement of rigidity 

(p/q) up to ~2 TV for protons
- Measurement of charge-sign

Time-of-Flight (ToF)

Inner

Tracker

Tracker
Layer 1

Layer 9



Selecting CR data
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To estimate the proton flux 
some key ingredients are 
necessary:
• Selection of Events
• Exposure Time
• Trigger Efficiency
• Detector Acceptance and 

Efficiency

Proton flux estimation
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Proton flux estimation
The determination of the proton flux requires the study of the 
interaction of the cosmic-rays with the AMS detector as well as with 
earth’s magnetic field.

The essential ingredients 
can be aggregated into the 
following quantities:
• Selection of Events
• Exposure Time
• Trigger Efficiency
• Detector Acceptance 

and Efficiency



Geomagnetic cutoff and livetime

Geomagnetic Cutoff (GV)

1 10 210 310
P(GV)

0

20

40

60

80

100

120
610´

T(
s)

D

�(P ) =
Npart(P )

�t(P ) "trigg(P )Acc0"sel(P )�P
<latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit><latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit><latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit>

�(P ) =
Npart(P )

�t "trigg(P )Acc0"sel(P )�P
<latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit><latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit><latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit>

Rigidity Dependent!

PCuto↵(', ✓)
<latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit><latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit><latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit>

P (GV)
<latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit>



�(P ) =
Npart(P )

�t(P ) "trigg(P )Acc0"sel(P )�P
<latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit><latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit><latexit sha1_base64="6jRxaQuLtMk2FnOVy8G2tcbmCtc="></latexit>

�(P ) =
Npart(P )

�t "trigg(P )Acc0"sel(P )�P
<latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit><latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit><latexit sha1_base64="b2AgFG7QlX4talMaHzXP4pamXxU="></latexit>

1 10 210 310
P(GV)

0

20

40

60

80

100

120
610´

T(
s)

D

Rigidity Dependent!

PCuto↵(', ✓)
<latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit><latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit><latexit sha1_base64="OA/MlKNtUKwBxbJwV0/OTPhb5uQ=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKpSSiqDuit24rGBsoSlhMp20QycXZk4KJeQl3PgqblyouHXhzrdx0lbQ1h8GPv5zDnPO78WCK7CsL6Owsrq2vlHcLG1t7+zumfsH9ypKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdreqJnX22MmFY/CO5jErBeQQch9TgloyzWrTkBgKIO0lbk/2Ewg8v0MV5wxkfGQV7EDQwbk1DXLVs2aCi9DfQ5lNFfLNT+dfkSTgIVABVGqW7di6KVEAqeCZSUnUSwmdEQGrKsxJAFTvXR6VYZPtNPHfiT1CwFP3d8TKQmUmgSe7swXV4u13Pyv1k3Av+ylPIwTYCGdfeQnAkOE84hwn0tGQUw0ECq53hXTIZGEgg6ypEOoL568DPZZ7apm3Z6XG9fzNIroCB2jCqqjC9RAN6iFbETRA3pCL+jVeDSejTfjfdZaMOYzh+iPjI9vWdifGw==</latexit>

P (GV)
<latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit>

P 0C
u
to↵

<latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit><latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit><latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit>

P 00C
u
to↵

<latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit><latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit><latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit>

P
000 C
u
to
↵

<latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit><latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit><latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit>

P
0000
C
ut
o↵

<latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit><latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit><latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit>

Beart
h

<latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit><latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit><latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit>

AMS-02

Geomagnetic cutoff and livetime



Unfolding a flux

�Nj '
X

i

h�tiiP(j|i)Accgen �Pi h��0ii

Ideal unfolding problem!�Nj ' Aij h�0ii

N(P ) =

Z 1

0
�0(P0)�t(P0)| {z }

Physics

Acc(P0)K(P |P0)| {z }
Detector

dP0

�Nj ' Aij(�0) h�0ii True and problematic
unfolding problem!

(... some calculations later ...)



Unfolding a flux

�Nj '
X

i

h�tiiP(j|i)Accgen �Pi h��0ii

�Nj ' Aij h�0ii

Work in 

progress!

P0
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Unfolding a flux – An iterative process

Rate =
Selected Events

Exposure Time

�0
Unf =

Rate

Acc0Fold
�
�MC
Guess

�

�1
Unf =

Rate

Acc1Fold (�
0
Unf)

�2
Unf =

Rate

Acc2Fold (�
1
Unf)
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Proton Flux

�(P, t) =
Npart(P, t)

�t(P, t)"trigg(P, t)AccMC(P )CData
MC (P, t)�P



AMS Proton Parallel Selection
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Solar Modulation
Of Cosmic rays
Interpretation of time variability
Under Transport Theory



Solar modulation is:
ü Time dependent
Correlated to the 11-year solar activity 
cycle and to short-term events.
ü Space dependent
Modulation parameters vary as the spiral 
magnetic field spreads throughout the 
solar system.
ü Energy dependent
Effect decreases with CR increasing
energy until it vanishes at the 20-50 GeV 
scale.
ü Particle dependent
Depends on charge of the particle.
Particles and antiparticles showcase this 
charge-sign effect.
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FIG. 1. The time-averaged (a) electron flux, (b) positron flux, and (c) ratio Re. The points are
placed horizontally at Ẽ calculated for a flux / E�3 [35]. The time-variation range is indicated
by the shaded regions, see text. The fit of the model in Ref. [36, 37] to the time-averaged data
points is shown by the black curves. The visible time-variation of Re is evidence for charge-sign
dependent solar modulation.
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FIG. 1. The three-dimensional detailed behavior of the AMS (a) proton and (b) helium fluxes as
functions of rigidity from 1 to 10 GV and from 1.9 to 10 GV, respectively and time. The color
code indicates the flux intensity in units of [m2 · sr · s ·GV]�1. During the period of observation,
both fluxes have a distinct minimum in February 2014 (blue line) and a maximum in February
2017 (red line).
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FIG. 1. The three-dimensional detailed behavior of the AMS (a) proton and (b) helium fluxes as
functions of rigidity from 1 to 10 GV and from 1.9 to 10 GV, respectively and time. The color
code indicates the flux intensity in units of [m2 · sr · s ·GV]�1. During the period of observation,
both fluxes have a distinct minimum in February 2014 (blue line) and a maximum in February
2017 (red line).
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Maximum of solar 
activity

Proton Flux



Heliosphere



αMagnetic Field

Solar wind flowMagnetic field lines

Neutral
current sheet
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View
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Parker’s Equation



Local Interstellar spectra
ü Low energy: Strong constraints from Voyager-1
ü High energy constraints from AMS-02
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Cummings et al. ApJ 2016
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Protons and electrons
ü Voyager-1 (Cummings et al. 2016)
ü AMS-02 (Aguilar et al. 2014 & 2015)

Antiprotons and positrons
ü from calculations of secondary CR production in 

the interstellar medium (NTomassetti PRD 2015)

Parker’s Equation
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HP

TS

V

Convection and energy losses
ü Radially outflowing from the sun

ü V=400km/s
ü Changes to subsonic speed beyond 

termination shock (R=85AU)
ü Vanishing at the Heliopause boundary 

(R=122AU)
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Parker’s Equation
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Diffusion
ü Parametrized through an adimensional

normalization factor
ü Time-dependent due to correlation to 

solar activity

������

K? = 0.02Kk

Kk = k0(t)
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3B
� (P/1GV)
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hvdri =
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Parker’s Equation



@f

@t
= r · (Ks ·rf)| {z }

di↵usion

� (V + hvdri) ·rf| {z }
convection and drift

+
1

3
(r ·V)

@f

@ lnP| {z }
adiabatic energy loss

+Q(r, P, t)| {z }
source/LIS
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(Kappl, 2015)

Drift motion along B-field
ü Charge-sign effects
ü Definition of heliospheric current sheet

������

K? = 0.02Kk

Kk = k0(t)
A

3B
� (P/1GV)

������
hvdri =

� (P/1GV)

3
r⇥ B

B2

B = B(r, ✓,�,↵(t))
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α

Parker’s Equation



(Jokipii and Thomas, 1981)

Simulated protons for 
varying tilt angle

(Kappl, 2015)
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Heliospheric current 
sheet

Drift motion along B-field
ü Charge-sign effect

ü Different trajectories for particles and 
antiparticles

ü Role reversal with magnetic reversal
ü Tilt angle defines heliospheric current sheet
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Parker’s Equation



ing tilt angle. In most cases, the drift velocity also increases
with increasing latitude. An exception to this is found for
very low tilt angles (a = 2!) for relatively energetic
particles, when the drift velocity in the inner heliosphere
is somewhat larger at lower latitudes, but this may be related
to the statistical uncertainty of the simulations. In the radial
direction, the HCS drift velocity for energetic particles
increases first with increasing distance from the Sun, reach-
ing its maximum around 5–10 AU, and then gradually
decreases. For low-energy particles the drift velocity stays
roughly constant with radial distance.
[34] We have applied both the flat and wavy current sheet

in the full 2-D model. We have simulated the effect of HCS
drift in a wide range of parameters: from low to medium
modulation and from flat to wavy HCS. Our results are
consistent with observations and verify that GCR modula-

tion is stronger for qA > 0. For qA < 0, the HCS drift
advances the particle transport into the inner heliosphere,
decreasing modulation with respect to nondrift case and
especially to qA > 0 case. Modulation increases with the tilt
angle for qA < 0 to some extent, but then the spectra seem
to approach the nondrift case, which serves as an upper limit
of modulation for qA < 0. The increase of modulation with
the tilt angle for qA < 0 is in agreement with earlier studies
[see, e.g., Kóta and Jokipii, 1983; Burger and Potgieter,
1989]. For qA > 0 conditions increasing tilt angle dimin-
ishes the modulation slightly.
[35] We also studied streaming patterns of GCR particles

of 2 GV rigidity for low-to-moderate modulation conditions.
In qA > 0 case, the main pattern is that for a flat HCS the
particles are driven by the gradient-curvature drift equator-
ward and away from the Sun by the HCS drift. For qA < 0,

Figure 6. Streaming patterns of 2 GV particles in relatively low modulation conditions (k0 = 3.0 ! 10" 7

AU2s" 1GV" 1) in (a) qA > 0 period with a = 2!, (b) qA < 0 period with a = 2!, (c) qA > 0 period
with a = 40!, (d) qA < 0 period with a = 40!.
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(Alanko-Huotari, 2007)

qA>0, !=2º qA<0, !=2º

qA<0, !=40ºqA>0, !=40º

(Jokipii and Thomas, 1981)

Cosmic ray drifts
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<latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit><latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit><latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit>

Force-FieldEstimation of a delay
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K ⇠ 1

�SM
<latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit><latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit><latexit sha1_base64="FXg/8cDP9wYBg7NMfU6b9i3a1zo=">AAACCHicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUG9FL4IIFY0tNKFstpt26e4m7G6EEnL14l/x4kHFqz/Bm//GTZuDtj4YeLw3w8y8MGFUacf5tioLi0vLK9XV2tr6xuaWvb1zr+JUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OLgq//UCkorG40+OEBBwNBI0oRtpIPRte+Ypy6EcS4czNMz8Z0p7PkR5Knt1e53nPrjsNZwI4T9yS1EGJVs/+8vsxTjkRGjOkVNd1Eh1kSGqKGclrfqpIgvAIDUjXUIE4UUE2+SSHB0bpwyiWpoSGE/X3RIa4UmMems7iRjXrFeJ/XjfV0WmQUZGkmgg8XRSlDOoYFrHAPpUEazY2BGFJza0QD5EJRZvwaiYEd/bleeIdNc4azs1xvXleplEFe2AfHAIXnIAmuAQt4AEMHsEzeAVv1pP1Yr1bH9PWilXO7II/sD5/AGsymmA=</latexit>

Force-FieldEstimation of a delay
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<latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit>

∼7 months

�a
<latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit>

NM Oulu "SM
1977 - 2018

a
<latexit sha1_base64="/eNgHOBkgjdP3A/Sj+g7zVZ46Xg=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWatFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPzGIjLg=</latexit><latexit sha1_base64="/eNgHOBkgjdP3A/Sj+g7zVZ46Xg=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWatFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPzGIjLg=</latexit><latexit sha1_base64="/eNgHOBkgjdP3A/Sj+g7zVZ46Xg=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWatFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuuc2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPzGIjLg=</latexit>

Estimation of a delay
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x
<latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit>

∼7 months

�a
<latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit>

NM Oulu "SM
1977 - 2018

Estimation of a delay
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x
<latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit><latexit sha1_base64="S1x8mzd3hUeE+YkzXefmkVP8wFA="></latexit>

∼6 months

�a
<latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit><latexit sha1_base64="x2VoSxqqRnkAObO1zaLEbr/T05o=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbuboQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T940EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wjm6nfemJK80Tem3HKghgHkkecorFSu6v5IMYe9qo1t+7OQJaJV5AaFGj2ql/dfkKzmElDBWrd8dzUBDkqw6lgk0o30yxFOsIB61gqMWY6yGf3TsiJVfokSpQtachM/T2RY6z1OA5tZ4xmqBe9qfif18lMdBnkXKaZYZLOF0WZICYh0+dJnytGjRhbglRxeyuhQ1RIjY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfKAh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AXndj8o=</latexit>

AMS "SM
2011 - 2016

Estimation of a delay



VWind
<latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit>

Evidence of a delay



k(t
)

<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

k(t)
<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

k(t
)

<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

k(t
)

<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

k(t
)

<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

k(t) = cte
<latexit sha1_base64="TN9ZvoKPwmzd7DOMWHn2hCCdJBQ=">AAACBXicbVDLSsNAFJ34rPEVdSnCYCnUTUlEUBdC0Y3LCvYBbQiTyaQdOpmEmYlQQlZu/BU3LlTc+g/u/BsnbRbaeuDC4Zx7ufceP2FUKtv+NpaWV1bX1isb5ubW9s6utbffkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/vin87gMRksb8Xk0S4kZoyGlIMVJa8qyjWsfLBhFSIxFlXcqDPDfHdXUCryBWxLOqdsOeAi4SpyRVUKLlWV+DIMZpRLjCDEnZd+xEuRkSimJGcnOQSpIgPEZD0teUo4hIN5u+kcOaVgIYxkIXV3Cq/p7IUCTlJPJ1Z3GwnPcK8T+vn6rwws0oT1JFOJ4tClMGVQyLTGBABcGKTTRBWFB9K8QjJJBOQEhTh+DMv7xI2qeNy4Z9d1ZtXpdpVMAhOAZ14IBz0AS3oAXaAINH8AxewZvxZLwY78bHrHXJKGcOwB8Ynz8n1ZfU</latexit><latexit sha1_base64="TN9ZvoKPwmzd7DOMWHn2hCCdJBQ=">AAACBXicbVDLSsNAFJ34rPEVdSnCYCnUTUlEUBdC0Y3LCvYBbQiTyaQdOpmEmYlQQlZu/BU3LlTc+g/u/BsnbRbaeuDC4Zx7ufceP2FUKtv+NpaWV1bX1isb5ubW9s6utbffkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/vin87gMRksb8Xk0S4kZoyGlIMVJa8qyjWsfLBhFSIxFlXcqDPDfHdXUCryBWxLOqdsOeAi4SpyRVUKLlWV+DIMZpRLjCDEnZd+xEuRkSimJGcnOQSpIgPEZD0teUo4hIN5u+kcOaVgIYxkIXV3Cq/p7IUCTlJPJ1Z3GwnPcK8T+vn6rwws0oT1JFOJ4tClMGVQyLTGBABcGKTTRBWFB9K8QjJJBOQEhTh+DMv7xI2qeNy4Z9d1ZtXpdpVMAhOAZ14IBz0AS3oAXaAINH8AxewZvxZLwY78bHrHXJKGcOwB8Ynz8n1ZfU</latexit><latexit sha1_base64="TN9ZvoKPwmzd7DOMWHn2hCCdJBQ=">AAACBXicbVDLSsNAFJ34rPEVdSnCYCnUTUlEUBdC0Y3LCvYBbQiTyaQdOpmEmYlQQlZu/BU3LlTc+g/u/BsnbRbaeuDC4Zx7ufceP2FUKtv+NpaWV1bX1isb5ubW9s6utbffkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/vin87gMRksb8Xk0S4kZoyGlIMVJa8qyjWsfLBhFSIxFlXcqDPDfHdXUCryBWxLOqdsOeAi4SpyRVUKLlWV+DIMZpRLjCDEnZd+xEuRkSimJGcnOQSpIgPEZD0teUo4hIN5u+kcOaVgIYxkIXV3Cq/p7IUCTlJPJ1Z3GwnPcK8T+vn6rwws0oT1JFOJ4tClMGVQyLTGBABcGKTTRBWFB9K8QjJJBOQEhTh+DMv7xI2qeNy4Z9d1ZtXpdpVMAhOAZ14IBz0AS3oAXaAINH8AxewZvxZLwY78bHrHXJKGcOwB8Ynz8n1ZfU</latexit>

VWind
<latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit>

Static sun
The solar properties
propagate through the
solar system evenly, 
carried by the plasma.

Evidence of a delay



k(t)
<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

VWind
<latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit>

k(t
� �t1

)

<latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit><latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit><latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit>

k(t
� �t2

)

<latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit><latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit><latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit>

k(t
� �t3

)

<latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit><latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit><latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit>

k(t
� �t4

)

<latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit><latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit><latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit>

k(t) 6= cte
<latexit sha1_base64="eu9Di633or3xzvu7SFcXIXWH+JM=">AAACCHicbVBNS8NAEN3Urxq/qh69LJZCvZRUBPVW9OKxgv2ANoTNZtou3Wzi7kYooVcv/hUvHlS8+hO8+W/ctDlo64OBx3szzMzzY86Udpxvq7Cyura+Udy0t7Z3dvdK+wdtFSWSQotGPJJdnyjgTEBLM82hG0sgoc+h44+vM7/zAFKxSNzpSQxuSIaCDRgl2kheCVfaXtoPiR7JMO0wEUyn9riqT3BfwD2mGrxS2ak5M+BlUs9JGeVoeqWvfhDRJAShKSdK9epOrN2USM0oh6ndTxTEhI7JEHqGChKCctPZJ1NcMUqAB5E0JTSeqb8nUhIqNQl905ndrBa9TPzP6yV6cOGmTMSJBkHniwYJxzrCWSw4YBKo5hNDCJXM3IrpiEhiEpDKNiHUF19eJq3T2mXNuT0rN67yNIroCB2jKqqjc9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+gPrM8f0gKZVQ==</latexit><latexit sha1_base64="eu9Di633or3xzvu7SFcXIXWH+JM=">AAACCHicbVBNS8NAEN3Urxq/qh69LJZCvZRUBPVW9OKxgv2ANoTNZtou3Wzi7kYooVcv/hUvHlS8+hO8+W/ctDlo64OBx3szzMzzY86Udpxvq7Cyura+Udy0t7Z3dvdK+wdtFSWSQotGPJJdnyjgTEBLM82hG0sgoc+h44+vM7/zAFKxSNzpSQxuSIaCDRgl2kheCVfaXtoPiR7JMO0wEUyn9riqT3BfwD2mGrxS2ak5M+BlUs9JGeVoeqWvfhDRJAShKSdK9epOrN2USM0oh6ndTxTEhI7JEHqGChKCctPZJ1NcMUqAB5E0JTSeqb8nUhIqNQl905ndrBa9TPzP6yV6cOGmTMSJBkHniwYJxzrCWSw4YBKo5hNDCJXM3IrpiEhiEpDKNiHUF19eJq3T2mXNuT0rN67yNIroCB2jKqqjc9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+gPrM8f0gKZVQ==</latexit><latexit sha1_base64="eu9Di633or3xzvu7SFcXIXWH+JM=">AAACCHicbVBNS8NAEN3Urxq/qh69LJZCvZRUBPVW9OKxgv2ANoTNZtou3Wzi7kYooVcv/hUvHlS8+hO8+W/ctDlo64OBx3szzMzzY86Udpxvq7Cyura+Udy0t7Z3dvdK+wdtFSWSQotGPJJdnyjgTEBLM82hG0sgoc+h44+vM7/zAFKxSNzpSQxuSIaCDRgl2kheCVfaXtoPiR7JMO0wEUyn9riqT3BfwD2mGrxS2ak5M+BlUs9JGeVoeqWvfhDRJAShKSdK9epOrN2USM0oh6ndTxTEhI7JEHqGChKCctPZJ1NcMUqAB5E0JTSeqb8nUhIqNQl905ndrBa9TPzP6yV6cOGmTMSJBkHniwYJxzrCWSw4YBKo5hNDCJXM3IrpiEhiEpDKNiHUF19eJq3T2mXNuT0rN67yNIroCB2jKqqjc9RAN6iJWoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+gPrM8f0gKZVQ==</latexit>

Evolving sun
The solar properties
propagate through the
solar system but every
layer of plasma contains
the solar parameters from
a previous period.

Evidence of a delay



k(t)
<latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit><latexit sha1_base64="oH4iHnJQTgoghi8wU0AfBGBIggk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3STsToRS+he8eFDx6i/y5r9x0+agrQ8GHu/NMDMvTKUw6Lrfzsrq2vrGZmmrvL2zu7dfOTh8NEmmGfdZIhPdDqnhUsTcR4GSt1PNqQolb4Wj29xvPXFtRBI/4DjlgaKDWESCUcylUQ3PepWqW3dnIMvEK0gVCjR7la9uP2GZ4jEySY3peG6KwYRqFEzyabmbGZ5SNqID3rE0poqbYDK7dUpOrdInUaJtxUhm6u+JCVXGjFVoOxXFoVn0cvE/r5NhdBVMRJxmyGM2XxRlkmBC8sdJX2jOUI4toUwLeythQ6opQxtP2YbgLb68TPzz+nXdvb+oNm6KNEpwDCdQAw8uoQF30AQfGAzhGV7hzVHOi/PufMxbV5xi5gj+wPn8Ads4jaU=</latexit>

VWind
<latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit><latexit sha1_base64="4BTaoENnS16gX2gppCgnHHjxqAY=">AAAB+XicbVBPS8MwHE39O+e/To9egkPwNFoR1NvQi8cJdhtspaRpuoUlaUlSZdR+FC8eVLz6Tbz5bUy3HnTzQeDx3u/H7+WFKaNKO863tbK6tr6xWduqb+/s7u3bjYOuSjKJiYcTlsh+iBRhVBBPU81IP5UE8ZCRXji5Kf3eA5GKJuJeT1PiczQSNKYYaSMFdqMb5EOO9FjyvEdFVBSB3XRazgxwmbgVaYIKncD+GkYJzjgRGjOk1MB1Uu3nSGqKGSnqw0yRFOEJGpGBoQJxovx8Fr2AJ0aJYJxI84SGM/X3Ro64UlMemskypVr0SvE/b5Dp+NLPqUgzTQSeH4ozBnUCyx5gRCXBmk0NQVhSkxXiMZIIa9NW3ZTgLn55mXhnrauWc3febF9XbdTAETgGp8AFF6ANbkEHeACDR/AMXsGb9WS9WO/Wx3x0xap2DsEfWJ8/XRGURA==</latexit>

k(t
� �t1

)

<latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit><latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit><latexit sha1_base64="+IsQy0aYDbQToXrWQCWgzOLTXcE=">AAACGXicbVDLSgMxFM34dnxVXboJloIuLDMiqLuiG5cKthU6ZchkbjU0kxmTO0IZ+h1u/BU3LlRc6sq/MX0stPVA4OSce0nOiTIpDHretzMzOze/sLi07K6srq1vlDa3GibNNYc6T2WqbyJmQAoFdRQo4SbTwJJIQjPqng/85gNoI1J1jb0M2gm7VaIjOEMrhSW/0giLIGF4p5OiKVTc77uV7h7u00DBPeUIrr0dBDFIZBRDfz8slb2qNwSdJv6YlMkYl2HpM4hTniegkEtmTMv3MmwXTKPgEvpukBvIGO+yW2hZqlgCpl0Mo/VpxSox7aTaHoV0qP7eKFhiTC+J7OQghJn0BuJ/XivHzkm7ECrLERQfPdTJJcWUDnqisdDAUfYsYVwL+1fK75hmthFtXFuCPxl5mtQPq6dV7+qoXDsbt7FEdsgu2SM+OSY1ckEuSZ1w8kieySt5c56cF+fd+RiNzjjjnW3yB87XD+acnxU=</latexit>

k(t
� �t2

)

<latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit><latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit><latexit sha1_base64="IN9cRMacJBT62kO3jHcX8UK5gNs=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZIUQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0mzUT+pe1eH5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNVMKTW</latexit>

k(t
� �t3

)

<latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit><latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit><latexit sha1_base64="O20ag7NbASdBXZGg5NnT6wYg5mk=">AAACKnicbVBNS8NAEN34bfyqevSyWAr2YElUUG+iF48K9gOaEjabqS7dbOLuRCih/8eLf8WDHlS8+kPc1h5s9cHCm/dmmJ0XZVIY9LwPZ2Z2bn5hcWnZXVldW98obW41TJprDnWeylS3ImZACgV1FCihlWlgSSShGfUuhn7zAbQRqbrBfgadhN0q0RWcoZXC0nmlERZBwvBOJ0VTqHgwcCu9PazSQME95Qijcj+IQSKjGPpVd6I+rIalslfzRqB/iT8mZTLGVVh6CeKU5wko5JIZ0/a9DDsF0yi4hIEb5AYyxnvsFtqWKpaA6RSjWwe0YpWYdlNtn0I6Un9PFCwxpp9EtnN4lZn2huJ/XjvH7kmnECrLERT/WdTNJcWUDoOjsdDAUfYtYVwL+1fK75hmNiJtXBuCP33yX1I/qJ3WvOuj8tn5OI0lskN2yR7xyTE5I5fkitQJJ4/kmbyRd+fJeXU+nM+f1hlnPLNNJuB8fQNWtKTX</latexit>

k(t
� �t4

)

<latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit><latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit><latexit sha1_base64="ffU4kv6KYC13I41Lu8aus6YL7AY=">AAACKnicbVBNS8NAEN34bfyqevSyWArtwZJIQb2JXjwq2FZoSthsprp0s4m7E6GE/h8v/hUPelDx6g9xW3uw1QcLb96bYXZelElh0PM+nLn5hcWl5ZVVd219Y3OrtL3TMmmuOTR5KlN9EzEDUihookAJN5kGlkQS2lH/fOS3H0AbkaprHGTQTditEj3BGVopLJ1VWmERJAzvdFK0hYqHQ7fSr2KNBgruKUcYlwdBDBIZxdCvuVN1oxaWyl7dG4P+Jf6ElMkEl2HpJYhTniegkEtmTMf3MuwWTKPgEoZukBvIGO+zW+hYqlgCpluMbx3SilVi2ku1fQrpWP09UbDEmEES2c7RVWbWG4n/eZ0ce8fdQqgsR1D8Z1EvlxRTOgqOxkIDRzmwhHEt7F8pv2Oa2Yi0cW0I/uzJf0nzsH5S964a5dOzSRorZI/skyrxyRE5JRfkkjQJJ4/kmbyRd+fJeXU+nM+f1jlnMrNLpuB8fQNYOKTY</latexit>
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Evolving sun
The solar properties
propagate through the
solar system but every
layer of plasma contains
the solar parameters from
a previous period.

k(t��t)
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in plasma or solar astrophysics, our results address a
prerequisite for modeling space weather effects, which is an
increasing concern for space missions and air travelers.

2. Methodology

The transport of CRs in heliosphere is described by the
Krymsky–Parker equation for the omnidirectional phase space
density y ( )rt p, , expressed as function of time t, momentum
p, and position r (Potgieter 2013):

y
y y
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V v K V
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d

The various terms represent convection with the solar wind of
speed @∣ ∣V 400 km s−1, drift motion with an average speed vd,
spatial diffusion with tensor K , and adiabatic momentum
losses. We set up a minimal 2D description, with q= ( )r r, ,
radius, and heliolatitude (Bobik et al. 2012). The parallel
component of the diffusion tensor is k= b

&K p
B B

010 GeV
3

22

0
, in

units of cm2 s−1, where we have factorized an adimensional
scaling factor, k0, of the order of unity. The perpendicular
component is @^ &K K0.02 (Giacalone & Jokipii 1999). The
regular magnetic field (HMF) is modeled with the usual Parker

structure, = + GB 1AB r

r
20 0

2

2 , with qG = W( )r V sin , where

W = -·2.866 10 6 rad s−1 is the angular rotation of the Sun,
@B r0 0

2 3.4 nT au2 sets the field intensity at =r 10 au, and
= oA 1 sets the magnetic polarity cycle of the Sun. The

polarity is positive (negative) when the HMF points outward
(inward) in the northern hemisphere. This model accounts for
gradient and curvature drift effects. In particular, drift is
important across the wavy layer of the HCS, i.e., the surface
where polarity changes from north to south. The angular
extension of the HCS is described by the tilt angle α. The drift
velocity components vr and qv are both proportional to br p

qA
2 , so

that the sign of vd depends on the product qA (Potgieter 2014).
We account for the presence of the termination shock (TS),
placed at a default distance @r 85ts au, and for its time
dependence over the solar cycle (Manuel et al. 2015; Vos &
Potgieter 2016). Beyond the TS, plasma density and B increase
by a factor =sts 3, the TS compression ratio, while V and K
decrease by s1 ts. These quantities are changed gradually,
between their pre- and post-shock values, across a TS thickness
of =L 1.2 au. For instance, the wind speed is modeled as

= -+ - - -( ) ( )V r V V tans
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r r
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2 0

1
2 0

1ts
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ts

ts

ts (from Equation (3) in

Langner et al. 2003), with @V0 400 km s−1. A similar
procedure, based on an arctan-like function of θ, is also
applied to regularize the drift velocity near the HCS (from
Equation (22) and below in Bobik et al. 2012). The modulation
boundaries are set at the heliopause (HP) at =r 122 auhp . The
CR distribution in the heliosphere is computed using the
stochastic differential equation approach of Kappl (2016). This
method consists of the backward-in-time propagation of a large
number of pseudo-particles from Earth to the HP boundaries
(Alanko-Huotari et al. 2007; Strauss et al. 2012; Raath et al.
2016). For a given particle type, the steady-state solution of
Equation (1) ( y¶ ¶ =t 0) is obtained by sampling. The LIS

fluxes J IS are calculated within an improved model of CR
acceleration and propagation (Tomassetti 2015; Tomassetti &
Donato 2015; Feng et al. 2016). Proton and electron LISs are
well constrained by the Voyager 1 and AMS data (Cummings
et al. 2016; Aguilar et al. 2015a, 2015b). Antiproton and
positron LISs rely on secondary production calculations and are
affected by larger uncertainties (Tomassetti 2012; Feng et al.
2016). The CR number density is given by =( )N p dp
p yp dp4 2 . The resulting flux is = b

p
J Nc

4
, which we express in

units of GeV−1 m−2 s−1 sr−1. Due to drift, CR particles and
antiparticles sample different parts of the heliosphere. During
negative polarity, protons and positrons ( >q 0) travel near the
HCS and drift across that plane, while electrons and antiprotons
( <q 0) propagate preferentially through the polar regions, with
faster diffusion and smaller losses. The role of positive and
negative particles interchanges with polarity. Along with qA, the
interplay of the various physics processes depends on the levels
of HCS waviness and HMF irregularities that are contained in α
and k0. Tilt-angle measurements â are provided on a 10 day
basis from the Wilcox Solar Observatory using two reconstruc-
tion procedures: the “classic” model-L and the improved model-
R (Hoeksema 1995; Ferreira & Potgieter 2004).3 A smoothed
interpolation of model-R is adopted as the default. The diffusion
coefficient is also time-dependent, due to changes in the HMF
turbulence (Manuel et al. 2014). A basic diagnostic for the HMF
turbulence is the manifestation of solar sunspots (Plunian
et al. 2009, Bobik et al. 2012; Boschini et al. 2017). Here, we
adopt a simple two-coefficient relation k º + ( ˆ)a b Slog0 ,
where the Ŝ-function smoothly interpolates the monthly series
of SSNs provided by the SIDC—Royal Observatory of Belgium
(Clette & Lefèvre 2016).4

The temporal behavior of these quantities, shown in Figure 1
from 2000 to 2017, is at the basis of the time-dependent nature
of solar modulation. In practice, the problem is modeled under

Figure 1. Reconstruction of the sunspot number ( ˆ ( )S t ) and tilt angle of the
heliospheric current sheet (â( )t ) as a function of time.

3 See also http://wso.stanford.edu.
4 See also http://www.sidc.be.
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(Stochastic differential integration method)

The propagation model
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Three free parametersModel Parameters
�������

↵(t), SSN(t) Direct observation

k0(t) = a log10(SSN(t)) + b

�sim(E, t) = �sim(E; k0(t),↵(t))

Global Fitting procedure
�����
�2 =

X

t

X

E


�sim (E, t��t)� �data(E, t)

�(E, t)

�
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Quasi-stationary conditions
@f

@t
= 0
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(Stochastic differential integration method)

@f

@t
= r · (Ks ·rf)| {z }

di↵usion

� (V + hvdri) ·rf| {z }
convection and drift

+
1

3
(r ·V)

@f

@ lnP| {z }
adiabatic energy loss

+Q(r, P, t)| {z }
source/LIS
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The propagation model



Model Parameters
�����
k0(t) = a log10(SSN(t)) + b

�sim(E, t) = �sim(E; k0(t),↵(t))

Global Fitting procedure
�����
�2 =

X

t

X

E


�sim (E, t��t)� �data(E, t)

�(E, t)

�
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Fit to Proton Data

�t = 8.1± 1.2months

a = �1.30± 0.29

b = 4.07± 0.95
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Parker’s Equation
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Figure 2 with the SSN evolution of Figure 1(b): the CR proton
flux keeps increasing for a few months after the solar activity
minimum. These findings explain why other authors, when
proposing simple relations between k0 and SSN had to adopt
different coefficients for descending and ascending phases
(Bobik et al. 2012; Boschini et al. 2017). Remarkably, this
problem is naturally resolved in our model: once the time lag is
properly accounted for, the k0–SSN relations can be captured
by a simple universal function. Similar results are also found
from the correlations between k0 and the tilt angle. The two
quantities are anticorrelated, with coefficients r = -D 0.78T
and r = -0.570 corresponding to the two scenarios. The
inferred lag is also found to be highly stable to changes in the
fitting energy range (moving the minimal energy from 0.08 to
8 GeV) and in the input spectrum (changing the LIS intensity
within a factor of two at »E 1 GeV).

Finally, our model is used to predict the time evolution of
antimatter-to-matter ratios such as e+/e− and p̄ p. Calculations
are shown in Figure 5 under both scenarios DT = 8.1 months

andDT = 0. Measurements of the relative variation of the ratios
are from PAMELA (Adriani et al. 2016), AESOP (Clem &
Evenson 2009), BESS Polar (Abe et al. 2008, 2012), BESS TeV
(Haino et al. 2005), and AMS (Aguilar et al. 2016). For the
e+/e− ratio, we note that calculations within D =T 8.1 months
are favored, although the data do not permit a resolute
discrimination. Across the magnetic reversal, shown in the
figure as shaded bars, a remarkable increase (decrease) of the

Figure 2. Time profile of the proton flux at = –E 1 1.5 GeV. Best-fit calculations are shown as a thick solid line, along with the uncertainty band, in comparison with
the data (Abe et al. 2008, 2012; Adriani et al. 2013; Aguilar et al. 2015a; Kühl et al. 2016). Calculations forD =T 0 are shown as thin dashed lines. The shaded bars
indicate the magnetic reversals of the Sun’s polarity (Sun et al. 2015).

Figure 3. Proton flux calculations as a function of energy and time in
comparison with the data from PAMELA, EPHIN/SOHO, and BESS (Abe
et al. 2008, 2012; Adriani et al. 2013; Kühl et al. 2016).

Figure 4. Scatter plots representing the best-fit k̂0-values from various data sets
(Abe et al. 2008, 2012; Adriani et al. 2013; Kühl et al. 2016) vs. time (a) and
vs. SSNs after accounting (b) and not accounting (c) for the time lag. The
yellow lines represent the adopted parameterization and its uncertainty band.
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A time delay in the protons
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Directly observable solar 
parameters are delayed, only 
affecting the cosmic ray flux 8.1 
months later.

�data(t) ⇠ �sim(↵(t��t), k0(t��t))
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�t ⇠ 8.1months
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A time delay in the protons
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Good agreement between prediction 
and new AMS & PAMELA data.
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New AMS & 
PAMELA data

PAMELA 
Martucci et al. ApJ 854, L1, 2018
Monthly-resolved, 2006-2014

EPHIN / SOHO
Kuhl et al. Solar Phys. 291, 965, 2016
Yearly resolved, 1996 - 2015

AMS-02 
Aguilar et al. PRL 121, 051101, 2018
Monthly resolved, 2011-2017

A time delay in the protons
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Fit region Prediction 
based on 
solar data

Fo
re
ca
st

ü Data is well described by the model
ü Ability to forecast fluxes 8 months in advance
ü Requires retuning using new AMS/PAMELA data

New AMS & 
PAMELA data

Predictability
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FIG. 3. The ratio Re of the positron flux to the electron flux as a function of time. The error bars
are statistical. The best-fit parameterization according to Eq. (3) is shown by red curves. The
polarity of the heliospheric magnetic field is denoted by A < 0 and A > 0. The period without
well-defined polarity is marked by the shaded area [17].
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FIG. SM 6. The ratio Re of the positron flux to the electron flux as a function of time as measured

by AMS (green) and PAMELA (magenta), together with a fit of the logistic function defined

in Eq. (3). PAMELA published only the relative variation of Re but not the absolute value.

Therefore for comparison the PAMELA data points have been normalized to the AMS data in

2012. As example, a numerical solar modulation model (red) for galactic cosmic-ray electrons

and positrons describing the time evolution of Re [22] is also shown. The time period without

well-defined polarity is marked by the shaded area [17].
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Electrons & Positrons
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in Eq. (3). PAMELA published only the relative variation of Re but not the absolute value.

Therefore for comparison the PAMELA data points have been normalized to the AMS data in

2012. As example, a numerical solar modulation model (red) for galactic cosmic-ray electrons

and positrons describing the time evolution of Re [22] is also shown. The time period without

well-defined polarity is marked by the shaded area [17].

7

New AMS data

ü CR proton-driven retuning using new AMS/PAMELA data
ü Requires a smooth transition across reversal 
ü LIS, diffusion and drift parameters for GCR leptons.

Charge Sign Effect



@f

@t
= r · (Ks ·rf)| {z }

di↵usion

� (V + hvdri) ·rf| {z }
convection and drift

+
1

3
(r ·V)

@f

@ lnP| {z }
adiabatic energy loss

+Q(r, P, t)| {z }
source/LIS
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Diffusion
ü Parametrized through an adimensional

normalization factor
ü Time-dependent due to correlation to 

solar activity

������

K? = 0.02Kk

Kk = k0(t)
A

3B
� (P/1GV)

������
hvdri =

� (P/1GV)

3
r⇥ B

B2

B = B(r, ✓,�,↵(t))
<latexit sha1_base64="jQlUtzb4fW8W0mj+l2Guo3tZ+3M="></latexit><latexit sha1_base64="jQlUtzb4fW8W0mj+l2Guo3tZ+3M="></latexit><latexit sha1_base64="jQlUtzb4fW8W0mj+l2Guo3tZ+3M="></latexit>

k0(SSN) = a log10(SSN) + b
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Parker’s Equation
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FIG. 2. The AMS proton (blue, left axis) and helium (red, right axis) fluxes as function of time
for 8 rigidity bins. The error bars are the quadratic sum of the statistical and time dependent
systematic errors. Detailed structures (green shading and dashed lines to guide the eye) are clearly
present below 40 GV. The vertical dashed lines denote boundaries between these structures at I)
September 27, 2011; II) March 7, 2012; III) July 20, 2012; IV) May 13, 2013; V) February 7, 2014;
VI) December 1, 2014; VII) March 19, 2015; VIII) November 17, 2015; IX) June 20, 2016; X)
November 28, 2016. The red vertical dashed lines denote structures that have also been observed
by AMS in the electron flux and the positron flux [33].
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Geomagnetic cutoff and livetime

Event Rate (Hz) Geomagnetic Cutoff (GV)

Event rate is correlated with
Earth’s magnetic field

Highest cutoff rigidity for positive 
particles with a maximum 40 °
inclination to detector.
It uses the International 
Geomagnetic Reference Field 
(IGRF).
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<latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit><latexit sha1_base64="cvfnTzuuCjJEt9IwWGKV+eD21Vk=">AAAB+XicbVBPS8MwHE39O+e/To9egkOYIKMVQb0NPehxgt0Gaxlplm5hSVqSVBl1H8WLBxWvfhNvfhvTrQfdfBB4vPf78Xt5YcKo0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUYuLhmMWyEyJFGBXE01Qz0kkkQTxkpB2OrnO//UCkorG41+OEBBwNBI0oRtpIPbvic6SHkmdN/6R20zqelHt21ak7U8BF4hakCgo0e/aX349xyonQmCGluq6T6CBDUlPMyKTsp4okCI/QgHQNFYgTFWTT6BN4ZJQ+jGJpntBwqv7eyBBXasxDM5kHVfNeLv7ndVMdXQQZFUmqicCzQ1HKoI5h3gPsU0mwZmNDEJbUZIV4iCTC2rSVl+DOf3mReKf1y7pzd1ZtXBVtlMABOAQ14IJz0AC3oAk8gMEjeAav4M16sl6sd+tjNrpkFTv74A+szx8udpLV</latexit>
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<latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit><latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit><latexit sha1_base64="jZ9aqRYLq63RWAwh70NKAZ/jS2s="></latexit>
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u
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<latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit><latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit><latexit sha1_base64="fi57OEodPDSaY6pdB0dSHOWNpRQ="></latexit>
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<latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit><latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit><latexit sha1_base64="N8UhVGCF3tMnNBdKcTcK2AciBkU="></latexit>
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<latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit><latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit><latexit sha1_base64="uURUuKiYNvFl8cPyrT1OeImYXS0="></latexit>

Beart
h

<latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit><latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit><latexit sha1_base64="hVgYP1znd7+ogw/BgjHkxh3Ubp0="></latexit>

AMS-02

Geomagnetic cutoff and livetime



�(P ) =
Npart(P )

�t(P ) "trigg(P )Acc0"sel(P )�P
<latexit sha1_base64="gl83cDjGLy+Mim5wvH8JoKWLLfE="></latexit><latexit sha1_base64="gl83cDjGLy+Mim5wvH8JoKWLLfE="></latexit><latexit sha1_base64="gl83cDjGLy+Mim5wvH8JoKWLLfE="></latexit>
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MC Acceptance & Data-MC corrections

�(P ) =
Npart(P )

�t(P ) "trigg(P )AccMC(P )CData
MC (P )"sel(P )�P

<latexit sha1_base64="jyuCOa9bX6v4ju5xAQegIA3kT5U="></latexit><latexit sha1_base64="jyuCOa9bX6v4ju5xAQegIA3kT5U="></latexit><latexit sha1_base64="jyuCOa9bX6v4ju5xAQegIA3kT5U="></latexit>



Unfolding a flux

�Nj '
X

i

h�tiiP(j|i)Accgen �Pi h��0ii

Ideal unfolding problem!�Nj ' Aij h�0ii

N(P ) =

Z 1

0
�0(P0)�t(P0)| {z }

Physics

Acc(P0)K(P |P0)| {z }
Detector

dP0

�Nj ' Aij(�0) h�0ii True and problematic
unfolding problem!

(... some calculations later ...)



Unfolding a flux

�Nj '
X

i

h�tiiP(j|i)Accgen �Pi h��0ii

�Nj ' Aij h�0ii

Work in 

progress!

P0
<latexit sha1_base64="/NHvsr4xDR6dcRamSjR1RLKvtME="></latexit><latexit sha1_base64="/NHvsr4xDR6dcRamSjR1RLKvtME="></latexit><latexit sha1_base64="/NHvsr4xDR6dcRamSjR1RLKvtME="></latexit>

P
<latexit sha1_base64="aI+lwrGxFHd/shuJcHsZvjGBZUM="></latexit><latexit sha1_base64="aI+lwrGxFHd/shuJcHsZvjGBZUM="></latexit><latexit sha1_base64="aI+lwrGxFHd/shuJcHsZvjGBZUM="></latexit>



Unfolding a flux – An iterative process

Rate =
Selected Events

Exposure Time

�0
Unf =

Rate

Acc0Fold
�
�MC
Guess

�

�1
Unf =

Rate

Acc1Fold (�
0
Unf)

�2
Unf =

Rate

Acc2Fold (�
1
Unf)

...<latexit sha1_base64="7P8jU3wIGzl0PtRdOhZfUUYO/I4="></latexit><latexit sha1_base64="7P8jU3wIGzl0PtRdOhZfUUYO/I4="></latexit><latexit sha1_base64="7P8jU3wIGzl0PtRdOhZfUUYO/I4="></latexit>


