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[M. Nagano, New J. Phys. 11 065012 (2009)]

@ Particle identification

@ Weight/size constrains: limits in the
energy range

® Extended energy range

@ Particle identification: dependence on
models about atmospheric interactions

DIRECT & INDIRECT MEASUREMENTS
PROVIDE COMPLEMENTARY INFORMATION



:‘-‘
=

_a
k™
o
‘n

o
E
-
=
o |
(TR
S
o
=)

Cosmic Rays in the GeV - TeV range have a galactic origin

Ballaon and
+  Soleliite experiments
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Sources and propagation of GCRs in
the Galaxy

Energy spectrum of GCRs

Antimatter in CRs and indirect
search for DM



PROPAGATION OF GCRS (STANDARD PICTURE)

""""""""""""""""""""" ' + Energy

Fragmentation/

i ion +
: + Convection Decay

Primaries: produced at the Soffcfs = = = = = = = = ==~ ~
Secondaries: produced in inelastic collisions in the ISM (in particular, antimatter)

The spectrum of GCRs up to few TeV is, essentially, a power law shaped by:

- Acceleration at the sources (shock waves)

* Diffusion in the random turbulent
inhomogeneities of the GMF

Sources

Flux

) Diffusion
E



CALET

(CALorimetric Electron Telescope)

450 mm

S
g\r;. C Aree-detector(CH l§|

Data taking: from 2015

Geom. Factor: ~0,1 m2sr
Calorimeter (30 X,)

Energy range: up to few tens of TeV

DAMPE

(DArk Matter Particle Explorer)

See M. Stolpovskiy's talk

Plastic Scintillator Detector BGO Calorimeter

Silicon-Tungst

Neutron Detector

 Data taking: from 2015
« Geom. Factor: ~0.3 m2sr (e-)
 Calorimeter (32 X,)

« Energy range: up to 10 TeV (e-)
up to 100 TeV (nuclei)



SPACE-BASED DETECTORS

Fermi-LAT

(Large Area Telescope)

AMS-02

(Alpha Magnetic Spectrometer)

« Data taking: from 2011
« Geom. Factor: ~0.5 m2sr (Inner)

» Pair conversion telescope
« Data taking: from 2008

~ 2
M 0-04m sré:ECAL) « (Geom. acceptance: ~0.95 m2sr
. agnetic spectrometer + Electr. . :
Calorimeter (17X,) Calorimeter (8.6 Xg)

- Energy range: up to few TeV « Energy range: up to few TeV



Proton spectrum measured by AMS-02 shows a
above few hundred GV

AMS-02: [Q. Yan @ ICRC2019] Fermi-LAT: [PoS(ICRC2017) 159]

CREAM-1 (2005
1 billion protons . ':I':"tso By B . ATIC (200(3} ) HRELIMINARY
AMS 201 1 _201 8 R = 4BGV 7 Ry m  AMS-02 (2011-2013) S |
b mmmmmes P == ; L1 PAMELA (2006-2008) Energy uncertainties
* [=_] Fermi-LAT (2008-2015) .
not included

.. AMS Preliminary data 16V -1.8TV
Refer to the upcoming AMS publication Fermi-LAT 2008-2015
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Fermi-LAT proton flux represents the first time a space-based measurement
of the cosmic-ray proton spectrum has been able to extend to nearly 10 TeV



CALET observations are consistent with AMS-02 and confirm the
with a deviation from a single power law

CALET: [Phys. Rev. Lett. 122, 181102 (2019)]  DAMPE: [Sci. Adv. 5 (9) (2019)]

CALET 2015-2018 50 GeV - 10 TeV | DAMPE 30 months
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Proton Spectrum
BESS-TeV
4 ATIC-2
CREAM-I
PAMELA ' —e— DAMPE
AMS-02 &— AMS-02 (2015)

CREAM-III PAMELA (2011)
NUCLEON (IC)

NUCLEON (KLEM) +— ATIC-2 (2009)
CALET-2018 CREAM | + 111 (2017)
[ uncertainty band (stat. + syst.) for CALET — &+ NUCLEON-KLEM (2018) 40 Gev _ 100 Tev
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Kinetic Energy [GeV] Kinetic energy (GeV)

DAMPE measured proton spectrum confirms the
found by previous experiments and reveals a



AMS-02: [Phys. Rev. Lett. 120, 021101 (2018)]
Rigidity dependence of Primary and Secondary Cosmic Rays

s Helium 1.9GV-33TV L
AMS 5 years |
/

o Oxygenx28
T L ks & 4{]

Flux x B [ m2s7sr (GV)"]

» Rigidity dependences are distinctly different for primaries and secondaries

* Both above 200 GeV



Preliminary results on nuclei fluxes

CALET: [PoS(ICRC2019) 101]
CALET: [PoS(ICRC2019) 034] DAMPE: [PoS(ICRC2019) 058)]

- 10% : T T L CoTT T 2500 —e— DAMPE Preliminary
= - 1 L
8 N CALET 2015-2018 ] '._:. i —— s;a;c;zlhﬁ(\zg{;)” DAMPE 39 months
v _WX‘I 0° Nm 2000 PAMELA-CALO (2006/06-2010/01) !
T B [ T | —e— ATic2(2009)
IE 10_2 [ 'Tm — | —%— CREAM I+lll combined (2017) I I | ’
o _ ~ 1500— —¥— NUCLEON (KLEM) (2018) % v T T l J |
E . 4o 0x10° — - e
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=40 G 1000~ ‘ .<:"+' |
h“" E W.@m’ff ¢
10° ¢ " S soole ¢ ¢ imi
© ¢ Simon et al. (1976) Yuyg ZUJ = Preliminary
1010 L m aTic %ﬁm R C Up to 5 TeV/n
L V PAMELA By 1 co e ol T L
10712 | © HEAO3-C2 wﬁ;._ i 10° 10° 10* 10°
| v cRN *L,_‘ Energy per nucleon (GeV/n)
101k A TRAGER (2003) |
* TRACER (2006)
o - ® CREAM-I 1 R \ f h )
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AMS Positron spectrum AMS Electron spectrum
[Phys. Rev. Lett. 122, 041102 (2019)] [Phys. Rev. Lett. 122, 101101 (2019)]

. Positron Spectrum Electron Spectrum
g2 Diffuse term
@, (E) = E—z[cd(E/El)Vd +C,

®-(E)=S(E) [Cu(E/EL)"™ + c,,(f/ﬂ,,')""]
Solar &

N
o

N * AMS-02 ':
- = Fit with Eq. and e
< 15 68% C.L. band o
NE NE
E. 10 Source term 3 100
me:m ?eu
| 0.5GeV-1Tev] “F / 0.5 GeV-1.4 TeV
Energy [GeV] _pMS 6.6 _ Energy [GeV]
* Significant , a sharp
dropoff a!aove 284 GeV, and a finite - Significant non
exponential energy cutoff at 810 GeV consistent with lower energy trends
. » Well described by the
of positrons in the entire range

» The observation may require the inclusion
of 11



DAMPE: [G. Ambrosi et al., Nature 552, 63-66 (2017)]
CALET: [O. Adriani et al. Phys. Rev. Lett. 120, 261102 (2018)]

DAMPE: Direct detection of a at Ex 0.9 TeV, with the
spectral index changing fromy, = 3.1toy, = 3.9

25 GeV-4.6 TeV ol CALET 26 months 11 GeV-4.8 TeV

DAMPE 18 months et

CALET 2018

uncertainty band (stat. + syst.)
DAMPE 2017
PAMELA e +e* 2017
Fermi-LAT 2017 (HE+LE)
AMS-02 2014
HESS 2008+2009

—e— DAMPE (this work)
H.E.S.S. (2008)
H.E.S.S. (2009)
AMS-02 (2014)

—o— Fermi-LAT (2017)
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CALET: The TeV region shows a compatible with the
DAMPE results. The determination of the break will improve with better statistics

13



Local sources of high rigidity proton & nuclei CRs [G. Bernard et al., A&A 555, A48 (2013)]
Different acceleration mechanisms at the source [V. Ptuskin et al., ApJ 763(1):47, (2013)]
Modification of CR transport models [R. Aloisio et al., A&A 583, A95 (2015)

Local sources of high energy electrons and positrons [M. Di Mauro et al., JCAP04(2014)006]
High energy positrons produced via DM annihilation  [L.A. Cavasonza et al., ApJ 839 (2017)]
Modified CR propagation models [K. Blum et al., PRL 111:211101 (2013)]

The measurement of the provides complementary
information to the features observed in the spectra and may help
understand their origin

14



ANISOTROPY WITH SPACE-BASED DETECTORS

Traditionally, the search for anisotropies in CRs has been carried out
by ground-based detectors

CR anisotropy measurements with space-based detectors represent a good

opportunity to address the open questions in GCRs in the precision era

Ground-based detectors:

Fix position in the Earth = partial sky coverage
Detector efficiencies hard to evaluate

Usually, insensitive to declination = projection of the dipole onto the
equatorial plane

Space-based detectors:

Nearly full coverage of the skymap

3D characterization of the dipole anisotropy
Direct identification of the primary CR species
Precision determination of detector efficiencies

15



Position Direction

1.0 2.0
Exposure time [x10° s] Exposure time [x10° s]

South
Celestial




Proton background is reduced below the percent level with a selection
based on cuts on E/p and the TRD and ECAL estimators

Events are selected well above the
maximum geomagnetic cutoff
within acceptance at the different
locations in the ISS orbit

For the anisotropy analysis,
selected events are grouped into

E > 16, 25, 40, 65, and 100 GeV

0

0 05 1 15 2 Izz./sp 3 35 4 45 5 9.9x10% e* (16 < E < 350 GeV)

17



The arrival directions of are compared
to the expected map for an flux in

16 < E < 350 GeV

=32

side

24 0 6 12 18
Events/pixel Expected events/pixel

18
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Computation of

requires detailed understanding of

detector efficiencies at different

16 < E< 350 Ge.\!.“‘.w““m‘q 'N“"" A

%

TRD EfflClency

0.99
TRD Efficiency




Sky map of the of the positron
arrival directions in

x2 I ndf 13.99 /27
Constant 54.59 + 2.59
Mean -0.02 + 0.04
Sigma 1.04 £ 0.03

J { %6 4 -3 -2 -1 0 2 3 4 5
-5 -4 -3 -2 -1 O 1 Significance (o)

Significance (o)
The observed sky map shows

A likelihood fit is used to compare the distribution of events and the reference
map, and takes into account the differences in the exposure for different
energies due to geomagnetic cutoff

20



Results consistent with
are set for each energy range

Amplitude of the dipole anisotropy on e* for 16 < E < 350 GeV
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[Phys. Rev. Lett. 122, 041102 (2019)]

[

@ Dipole amplitude U.L. (95% C.1.)
68.3 % C.L. Isotropic exp. (stat.+sys.)
95.4 % C.L. Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)
Isotropic exp. value (stat.+sys.)
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In addition to the sensitivity to nearby astrophysical sources, the measurement of
electron anisotropy provides a test of systematics for the positron analysis

Amplitude of the dipole anisotropy on e for 16 < E < 350 GeV

[Phys. Rev. Lett. 122, 101101 (2019)]

# Dipole amplitude U.L. (95% C.1.)
68.3 % C.L. Isotropic exp. (stat.+sys.)
95.4 % C.L. Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)
Isotropic exp. value (stat.+sys.)
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AMS-02: PROTON ANISOTROPY

The arrival directions of collected in the first 7.5 years are
compared to the expected map for an flux in Galactic coordinates

Selected events are grouped into 9 cumulative rigidity ranges with
R > 18, 30, 45, 80, 150, 200, 300, 500 and 1000 GV

8000 12000 16000 8000 12000 16000
Events/pixel Events/pixel

23



Computation of requires detailed understanding of
detector efficiencies at different
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Results consistent with and are set for each rigidity range

Amplitude of the dipole anisotropy on protons
for R > 200 GV (2x10° events)

=
<
[

@ Dipole amplitude U.L. (95% C.1.}
68.3 % C.I Isotropic exp. (stat.+sys.)
95.4 % C.I Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)

Isotropic exp. value (stat.+sys.)
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AMS Preliminary data
Refer to the upcoming AMS publication
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Similar analysis applied to the -, = and TR
samples collected in 2

'_-

Reduced amplitude of the geographical 1
dependence of the detector efficiencies ’
allows to use

Helium

Tracker L1 relative eff.

1 IL))
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68.3 % C.I Isotropic exp. (stat.+sys.)
95.4 % C.I Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)

Isotropic exp. value (stat.+sys.)
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AMS Preliminary data
Refer to the upcoming AMS publication
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® Dipole amplitude U.L. (95% C.L.)
68.32 % C.I Isotropic exp. (stat.+sys.)
95.4 % C.I. Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)
Isotropic exp. value (stat.+sys.)
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. AMS Preliminary data
Refer to the upcoming AMS publication

Dipole amplitude U.L. (95% C.1.)
Dipole amplitude U.L. (95% C.I.)
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10? 10°
Minimum Rigidity [GV]

Dipole amplitudh UL (953 CA) @ All measurements found compatible with

and to the amplitude
of the dipole component are set

: for R>200 GV (2.2 x 10° He)
for R >200 GV (6.1 x 104 C)
for R >200 GV (6.3 x 10* 0)

Dipole amplitude U.L. (95% C.L.)
68.32 % C.I. Isotropic exp. (stat.+sys.)
95.4 % C.I Isotropic exp. (stat.+sys.)
Isotropic exp. value (stat.)

Isotropic exp. value (stat.+sys.)
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AMS Preliminary data
Refer to the upcorlnmg AMS publication
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See M. Stolpovskiy's talk

Analysis based on one year of the DAMPE data for all particle types at
calorimeter energies from 100 to 500 GeV

Relative intensity map Angular power spectrum

5% Mull
I 5% Mull
® Data

Preliminary

—-0.04 —0.02 0.00 Multipole, F

The 95% C.L. upper limit on the dipole amplitude is found to be

4x103 at this energy range -



[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

Protons are separated from helium and heavier nuclei by means of cuts on two
independent measurements of the charge

Protons are separated from electrons by means of the Fermi-LAT electron
classifier, which exploits the shower shape in the calorimeter

. Electrons pre|iminary

. Heavy lons

— Alpha/Heavy lon Rejection Cut
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[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

Analysis based on (~179 million protons above 78 GeV)
Events are divided into of minimum energy
Iogarlthmlcally spaced between ~80 GeV - 10 TeV

HEALPix N,,,=16
- -180° 180°

Data @ — Equatorial coords. T Reference

e — e —
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000

Counts [10%] cumulative (E,., > 78 GeV) Counts [10]

Data-driven method to estimate the . Uses:
- Time-averaged event rate, R,

« Distribution of detected event directions in instrument coordinates, P(6,¢)
as empirical estimates of the detector’s efficiency

+ average 100 realizations to beat down statistical noise 30



[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

is compared to the and the relative intensity in
is expanded in spherical harmonics using the HEALPix
anafast algorithm
le—7 . . . . . .
— cumulative (Eeg, > 78 Gev) 727 "W

Y . 3l 68% Null
MR TR W, 1800 3
2 ST S AR ¢ Data

T X SO TRANT RN A _p-value: 0.01 (pre-trials)
£ 5.9 o‘ ¢ '.-" e i ‘0 o \’ \ S L Reed }? ~ ‘5 g
D 2 LB ARV Y, JRITN OF 02 B9 I
\ A ® ; ) o
*

++++*+++++++++-

[ re— . . .
-0.01 -0.005 0 0.005 0.01
Relative Intensity

0 5 10 15 20 25 30
Multipole ¢
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[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

and are
calculated for each cumulative bin in energy

B 99.7% Null Measured UL (Data)
95% Null - Median Expected UL (Null)
68% Null 68% Expected UL (Null)
Data 95% Expected UL (Null)

Dipole Amplitude 95% C.L. Upper Limit

Measured dipole amplitude

103 103
Minimum Energy [GeV] Minimum Energy [GeV]

Dipole deviation for E.,. > 78 GeV range (6,,=3.9x104, 6,,=1.3x1073)

Rest of the energy cumulative bins are consistent with -



CALET: [PoS(ICRC2019) 112]
The analysis is performed on the sample of
collected by CALET in 1115 days ( ) from 2015 to 2018

Events are grouped into threshold
equidistant in log scale between 125 GeV and 2 TeV

average exposuremap HEALPiX Nside=64 average exposuremap

Average exposure Xposure
map @ 125G \ ap@1TeV

e — | Galactic coords. e —— |
0.531246 1.15426 0.574453 1.13845

- Exposure: ISS orbit convoluted with the energy and ,
. ; ; A(E, pixel
direction dependent effective area 1 (ewzms p,ézs (E,pixe ))

W; — —
NeventsN, pixels )

« Events are weighted relative to the average exposure ;
and reconstruction efficiency




CALET: [PoS(ICRC2019) 112]

The HEALPix anafast routines are used to perform a spherical harmonic
decomposition of the event distribution on the sky in galactic coordinates

L] o o L L .
.|Measured dipole amplitude .1 95% C.L. Upper Limit
107 ¢ 107}
(<]
(o]
o
1 1 e
107} . . %% 1 w07E AIOS
- P © e o - ® © °
Measured anisotropy of
e ° S ® 1115-day CALET data ° .
. Measured 1115-day
lo reg|or2j of gxpected ®  95%CL CALET limit
-2 measured anisotropy -2 ;
10°} foritsdayaate | 107 15155y St
20 region of expected 20 region of expected
measured anisotropy 1115-day 95%CL limit
for 1115-day data Predicted anisotropy
95% CL Fermi-LAT for Vela SNR |.'nodel
®  limits 2010 o |95°/t CL Fermi-LAT
3 J 3 J imits
107 3 107 3
10 10 10 10
Threshold Energy [GeV] Threshold Energy [GeV]

* Fermi-LAT independent energy ranges

The quadrupole and octupole moments were analyzed, as a check for the

exposure correction. Results agree with the expectation from 34



Precision era in Cosmic Ray Physics has started thanks to space-
based experiments

Observations challenge the standard paradigm of CRs origin and
propagation. In particular, indirect searches for DM in CRs provide a
window into fundamental physics

The study of the directionality of cosmic rays, i.e. the :
provides complementary information to the spectra and may help to
understand the origin of these features

Currently, , and are providing

precious information about GCRs physics and, in particular, about the
. Ongoing efforts to extend the energy range of the

measurements and increase the overlap with ground-based detectors

35






ANALYSIS OF THE ANISOTROPY

Measurement of the cosmic ray fluxes as function of the
arrival direction in Galactic Coordinates ,

b North-South;, ' e N
.direction®, | | \f

East-West:| - y. o A
direction {:3%Q s

o 1 .
T A o
O-"'

» : ._'l'-‘-‘. ‘- R P,

as ¢ Sz 3 .« g B
. ‘ p : y “?: & .,':" ¥, d g
A, .Qaljnctu_:;qﬁ:n!er’ n s
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SPHERICAL HARMONICS EXPANSION OF CR FLUXES

The directional dependence of the CR flux is described in terms of
an expansion in spherical harmonics

4 m=-+£
(I)(Q, 50) =D (1 NS y: y: aﬁmnm(gv 90))1

VS — =W Al
\ ~ :
Real spherical harmonics basis

Dipole anisotropy (£=1)
(I)max b (I)min

Dipole amplitude ¥ =
k. b (I)max W (I)min

Dipole components

- i
® East-West PEW = \/ el
nr
e——— 3 = 2 y 2
- North-South PNS = |/ 1140 = \/pEW T PNs T PFB

& \“\ 3
o Forward-Backward orp = 4/ S
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E < 350 GeV E < 350 GeV
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. Data

1o uncertainty (stat.)

1c uncertainty (stat.+sys.)
20 uncertainty (stat.)

20 uncertainty (stat.+sys.)

8 Data
1o uncertainty (stat.)
1 uncertainty (stat.+sys.)
20 uncertainty (stat.)
2g uncertainty (stat.+sys.)

10 10° 10 102

Peg Minimum Energy [GeV] Minimum Energy [GeV]
| " v v L L | -
0.1 ' ' -
(. ) E <350 GeV ]
0.05 -
™ - ) !
: Results consistent with
O———— e ——_——— ?

e, : in all the
& Dat -

-0.05 1: L?ncertainty (stat.) o a n d
1 uncertainty (stat.+sys.) 7
20 uncertainty (stat.) -
-0.1 20 uncertainty (stat+sys)| = .

Minimum Energy [GeV]




0.04 -
E < 350 GeV |
0.02 =
— — ‘ — —F SN SN I BN N S S — —-
° X € a o -
-0.02f @ Data -
1c uncertainty (stat.) .
—0.04 1c uncertainty (stat.+sys.) o
’ 20 uncertainty (stat.) -
20 uncertainty (stat.+sys.) P | -

10 10°

PeB

Minimum Energy [GeV]

0.04 (.)

E < 350 GeV
0.02 =
e =i il
-0.02f @ Data -
1g uncertainty (stat.) .
—0.04 1c uncertainty (stat.+sys.) o
’ 2¢ uncertainty (stat.) -
25 uncertainty (stat.+sys.) P | -

10 10?

Minimum Energy [GeV]

E < 350 GeV

0 ——-..——-—_.___l___.__

-0.02 @ Data

1o uncertainty (stat.)

1o uncertainty (stat.+5ys.)
20 uncertainty (stat.)

20 uncertainty (stat.+sys.)

-0.04

10 107
Minimum Energy [GeV]

Results consistent with
in all the
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1o uncertainty (stat.) 1o uncertainty (stat.)
1 uncertainty (stat.+sys.) 1 uncertainty (stat.+sys.)
20 uncertainty (stat.) ) 20 uncertainty (stat.)
2¢ uncertainty (stat.+sys.) 2¢ uncertainty (stat.+sys.)

'] ] L0 BB II ] ] ] L0 B i II '] ']
10? 10° 10? 10°
Minimum rigidity [GV] Minimum rigidity [GV]

Results consistent with

— [ .
- Y in all the

# Data
1o uncertainty (stat.) an d
1 uncertainty (stat.+sys.)
2¢ uncertainty (stat.)
25 uncertainty (stat.+sys.)

'] '] ] L0 BB II ] ] ] 0 B III
107 10°
Minimum rigidity [GV]




[J. Vanderbroucke @ ICRC2019 &
arXiv:1903.02905]

B 30 Null B 30 Null

20 Null | | 20 Null

1o Null 1 ' 1o Null
Data | I Data

103 : 103
Minimum Energy [GeV] Minimum Energy [GeV]

B 30 Null
| 20 Null
1o Null

¢ Data

10°
Minimum Energy [GeV]




[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

0 < 60° 6 < 45°

A0 Vil @nA

"“dW i

The EW effect is viSThie=== EW effect removec

-6 -4 -2 0 2 -6 -4 -2 0 2
Significance [¢] Significance [o]

* By reducing the maximum off-axis angle 6,
events close to the horizon are removed (higher
geomagnetic deflections)

 Fermi-LAT uses 9 < 45° below 139 GeV and
8 < 50° above 139 GeV
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[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

Angular resolution for protons ~0.01° (68% angular containment)

The tail of the PSF extends out to an angular error of 180° = protons
entering from the bottom of the detector but reconstructed as downward-
going particles

Fermi-LAT : quadrupolar a,,, exposure
Events bad reconstructed pile up at the equatorial poles = a,,, excess

Use independent direction
measurement by tracker and
calorimeter (tracker-calorimeter
angle) as a proxy for the quality of the
reconstruction

The final cut of 0.2 is applied,
where the a,,, is consistent with
isotropy

0.5 1.0 15 2.0 2.5 3.0

Maximum Tracker-Calorimeter Angle [radians]
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[J. Vanderbroucke @ ICRC2019 & arXiv:1903.02905]

The method to construct the reference map uses the time-averaged event rate
over a year = not accounted rate variations may induce a spurious signal

Fermi-LAT orbit covers regions of different geomagnetic cutoff = variations in

the rate that might not be time-averaged

Relative variation of the rate vs Mcllwain

Fit Fit
-+ Data (78 < Energy [GeV] < 139) ) -+ Data (139 < Energy [GeV] < 251)

+‘F‘\,‘V Q:’? ++ +++

Tt

+ + . _ F— 4 J(
NSy | o ﬁ%

-+ +74r++‘+

10 1.1 12 13 14 15 16 1.7
Mcllwain L

10 1.1 12 13 14 15 16 1.7
Mcllwain L

Fit Fit
-+ Data (830 < Energy [GeV] < 9752)
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The observed event rate can
vary by as much as 1% over
the range of Mcllwain L
experienced by Fermi

A systematic 10 dipole excess
due to the Mcllwain L-
dependent event rate is
expected

N.B.: The Mcllwain L parameter describes
the magnetic field lines: ~regions with the
same geomagnetic cutoff
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