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Astromag/WiZard pz*u@

O

Extensive R&D in the ‘80s aiming to
optimize superconducting magnet facility to
be flown as a U.S.-Italy project on Space
Station Freedom in the late ‘90s
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Antimatter in CRs

The first historical measurements of the p/p - ratio and
various Ideas of theoretical Interpretations
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CR-antimatter measurements in the ‘90s pz*uz

O

»  Extensive campaign of daily balloon flights operated
by several groups

» Wizard (MASS, TS, CAPRICE)
» BESS
»  Others (HEAT, IMAX...)

»  Main instrument characteristics
» Superconducting magnets (~1T field)

» MWPC & drift chamber tracking systems
(O(100um) resolution )

» MDR ~ 100 =+ 300 GV
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CR-antimatter measurements in the ‘90s pz*uz

O

»  Extensive campaign of daily balloon flights operated
by several groups

»  Wizard (MASS, TS, CAPRICE)
MASS98 MASS91 Ts93 CAPRICEQ4  CAPRICES
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Status at the beginning of 2000s pg*qh

ANTIPROTONS : POSITRONS
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Two directions for the future:
» High-statistics measurement of p @low energy— BESS-Polar
» pand e’ measurement @ high energy > PAMELA & AMSo02
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The Russian-Italian Mission pap.E

Solar

physics PAMELA timeline
Antimatter ‘19989 MoU between

NINA-2

INFN and Russian Space
Agency

2006~ June 15, Launch!

2016 - January,
downlink operation were
terminated

search

NINA-1 NINA-2
-— P PAMELA

P S—

r

Resurs-DK1 b

: = : i Mass: 6.7 tonnes
= SILEYE-2 ALTEINO: , :
SILEYE-1 SILEYE-3 Height: 7.4 m
Life Solar array area: 36 m?2
science
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Time-Of-Flight

plastic scintillators + PMT:
- Trigger
- Albedo rejection;

- Direct E measurement for e

Neutron detector

- Mass identification up to 1 Gev;| ~ ToF 2
- Charge identification from dE/dXjr.

\
Electromagnetic calorimeter m,@;mmmg ’
W/Si sampling (16.3 X0, 0.6 Al) ©As)™
- Discrimination e+ / p, anti-p/ e A
(shower topology) TOF (S3) =

- High-energy e/h discrimination

Spectrometer

GF:21.5cm? sr
Mass: 470 kg

Size: 130x70x70 cm?
Power Budget: 360W

microstrip silicon tracking system + permanent magnet
It provides:

- Magnetic rigidity = R = pclZe

- Charge sign

- Charge value from dE/dx
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The magnet

« 5 magnetic modules

« Permanent magnet (Nd-Fe-B alloy) assembled in
an aluminum mechanics

« Magnetic cavity sizes (132 x 162) mm? x 445 mm
« Geometric Factor: 20.5 cm?3sr

« Black IR absorbing painting

» Magnetic shields

Magnet elements

Aluminum frame

228 mm
132 mm
_)
vy}
..9

— o | )
162 mm |
_:./:o“‘

240 mm

A

’t‘.
= \\ Base plate prototype «0.48 T @ center
! » Average field along the axis: 0.43 T

o =39.17°
B =50.83°




The tracking system ..

6 detector planes, each composed by 3 ladders
Mechanical assembly
« aluminum frames
« carbon fibers stiffeners glued laterally to the ladders
« no material above/below the plane
1 plane = 0.3% X, - reduced multiple scattering
« elastic + rigid gluing

.- - - o
Test of plane lodging inside the magnet

First assembled plane 12/12/2001



Silicon detector ladders

X view Y vie : T
Uuncgon) (or:'%i”:) » 2 microstrip silicon sensors
1 “hybrid” with front-end electronics
<« 533 mm —»
2035 p+ strips 1024 n+ strips Silicon sensors (Hamamatsu):
z — o « 300 um, double sided - x & y view
(=] .
S "T'tP'rf"t Implant « AC coupled (no external chips)
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T Readeout , » 1024 read-out channels per view
ead-ou . .
£ pitch: + 1 i - strip/electrode coupling ~ 20 pF/cm;
wire nonas .
.§ 51 pm - channel capacitance to ground:
(=] . .
= 1?181 . 1024 " - junction: < 10 pF
electrodes ic:
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Y OO
£ 8 VA1 .
E | nmdd Y Bias:
| .
"1 + [ « VY -VX =+ 80 V fed through guard ring
X| surrounding the strips
8 x 128 = 1024 channels 8 x 128 = 1024 channels . BiaS resistor.
i, JUOCHODEE _ - junction: punch-through, > 50 MQ;
Si0, ——= Integrated capacitance . -
B 4 w W | Implanted strips - ohmic: polysilicon, > 10 MQ.
gl " ’ ’ « Leakage current < 1 pA/sensor.
S \f\dw\/v*/—- n-type bulk
i nt p* nt . =
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I

Spatial resolution o

e
&
Sensor instrinsic resolution @
Spatial resolution studied by means of beam-test of silicon detectors and simulation
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Incidence angle (deg.) Incidence angle (deg.) > 2-strip center-of-gravity
e junction side (X): 3 um @0°, <4 pum up to 10° (= determines momentum resolution)
» ohmic side (Y): 8+13 um

» Position finding algorithm accounts for non-linear charge collection, asymmetric signal
distribution, discretization effects = Landi NIMA 554 (2005)

Sensor alignment

Track-based alignment: minimization of spatial residuals as a function of the roto-traslational
parameters of each sensor

* Proton beam (@CERN-SPS 2003) and atmospheric muons (cross-check) =2 ~100£1 um
* In-flight corrections with protons =2 ~10 um
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Spectrometer systematics

O
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deflection shift 107 GV

i

A systematic deflection
shift causes an offset
between e- and e+

= Upper limit set by positron statistics:
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Ten years of PAMELA data pap.E
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PAMELA & AMS-02
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Antiparticles &co.

O

« Antiproton abundance

» Positron & electron abundance, upper limity on anysotropy
« Upper limits on Anti-Helium and SQM
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Antiprotons p*@
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First measurement
extending up to 200 GV
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Antiprotons palh,.g._a'
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The positron excess

@high energy:

* First measurement
extending up to 200 GV

* Clear evidence of increasing
positron fraction above 10
GeV with respect to pure
secondary production

@low-energy

* Deviation from previous
measurements = charge-
dependent solar modulation
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CR leptons
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PAMELA result confirmed by AMS-02 and extended in energy.
(Indication for a decreasing trend above 300 GV...)

CdS 10/10/2018

L10g ‘2gS-CLY ‘o1 “wWI)’N "Ar{ “[e 19 [UBLIpY




CR leptons

E (GeV)

Possible interpretations:

environmental parameters
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Fermi
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Dark matter 2 lepton vs hadron yield must be consistent with p observations
Astrophysical processes 2 known processes (eg. pulsars, dense SNR) , but large uncertainties on

L10g ‘2gS-CLY ‘o1 “wWI)’N "Ar{ “[e 19 [UBLIpY

Measurement of individual spectra confirms the presence of an additional positron component

Propagation—> diffusion coefficient with weird energy dependency or other subtleties, disfavored
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The nuclear component of GCRs

O

H&He primary nuclei

Secondary nuclei from GCR interactions with the ISM:
* B-to-C abundance
« H and He isotopes
« Li, Be, B isotopes
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H&He absolute fluxes PaMZLa
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PAMELA data > Jul 2006 + Mar 2008
AMSo02 data - May 2011 + Nov 2013

w0 L] H&He pawda
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PAMELA data - Jul 2006 + Mar 2008

AMSo2 data > May 2011 + Nov 2013
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O. Adriani et al., Science 332 (2011) 6025 T
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Elena Vannuccini

H & He p*@

= Excellent agreement between
PAMELA and AMS-02 results,
within 2%

= Significant hardening above 230
GV for both H and He.

= Consistent with high-energy
calorimetric measurements

Possible interpretations:

- Source effect (multi-population,
spectral features at injection)

- Propagation effect

CdS 10/10/2018




H-to-He ratio pah?_;
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Heliosphere end Magnetosphere
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Resurs-DK1 orbit

O

Quasi-polar elliptical orbit ( circular from 2010)
Inclination ~ 70°
Altitude ~ 300+600km
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Heliosphere end Magnetosphere

O

Long-term CR-flux variations - solar modulation of various CR components
Solar-particle events (SEPs)

Short- and mid-term CR-flux variations (semi-periodic & transient phenomena)
Geomagnetically trapped and re-entrant albedo particles
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PAMELA observations during 23° and 24° solar cycles P#ﬂeLa
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Solar modulation

O

1

0

Bsf

[T T T T | T T T T T T | T T T T | T T T T T T T T T T T T l T T T T i

=) ® 04GV ' (highest CR proton spectrum >
S 3F ¢ 07dv recorded since the beginning of - =
S I3 space age!) :
2 o 178V o
Q. L . Il B —
925 ¢ By =

% ° 336V ® 24th Solar maximum ———» |
8 o 62GV ¥ o
= 20 g b 13
= e 30 GV \’; o Z
> 0 o
—_ 1 5 — Eﬁa “'“h } i \:B
>< $ - =
= : & 23 L
A ‘ N
feosice U1
% - «— 23th Solar minimum ——— [ g N
£0.5¢ 1
L 1 1 I | 1 | | | i | | I | I | | | | | | | L I L L L Il I 1 L | | ’\-]‘

2006 2007 2008 2009 2010 2011 2012 201 3 2014

Time [Year]

 CRs at Earth strongly affected by Heliosphere below ~30 GV

* Heliosphere - Ideal environment to test theory for propagation of charged
particles under conditions which well approximate cosmic conditions
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* 3D heliopheric model

 Transport processes: convection, diffusion, drift, adiabatic losses" ™
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PAMELA multi-species low-energy time-dependent spectra used to constrain model

parameters
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Positron fraction
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Charge-dependent solar-modulation effect accounts for discrepancies among PAMELA, AMS-
02 and data collected during previous solar cycle
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SEP observation on Earth:

« Propagation of SEPs along IMF lines

— Earth must be magnetically connected

 Anisotropic emission

— flux observed on Earth depends depends on

geomagnetic location

Sun can accelerate particles up to relativistic energies

SEPs can be observed in the interplanetary space

Often associated to other solar phenomena, eg:
« X and gamma-ray flares
» Coronal-mass ejections (CMEs)

e “Interplanetary Magﬁelic Field Lines . 'I
) 2 i
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SEPs detected by PAMELA pap@

SEP Event Flare CME mtype T | DH-type 11 Bruno et al., ApJ 862, 2018

# Date Onset time | Class | Location | 13-app. time | V,,, | V,,, | Width | Onset time | Onset time : : : ’ I -QI-2I('J06/12/14 —— 1;03121
1| 2006 12/13, 0255 | 12/13,02:14 | X34 | S06W23 | 1/13,0254 | 1774 | 2184 | B | 12/13, 02:26 | 12/13, 0245 & SOT1I0BRT - 501170606
2 | 2006 12/14, 2255 | 12/14, 2038 | X015 | SOWAG | 12/14,2230 | 1042 | 1130 | H | 12714, 2200 | 12/14, 2230 -e-2011/09/06 -=-2011/11/03
3 | 2011 03/21, 0410 | 03/21, 0200 | -~ | N2swizo | o321 0224 [ 1301 | 1430 W -- - fg:gg;ﬁg Tg:gg“ﬁ;
4| 2011 06,07, 0720 | 0607, 06:16 | M2.5 | S2UWS4 | 06/07, 06:40 | 1255 | 1321 | H | 06/07, 06:25 | 06/07, 06:45 & 2012007108, - 20120708
5 | 2011 00/06, 02:20 | 09/06, 01:3% | M5.3 | N14WO7T | 0006, 0224 | 782 [ 1232 | H - | 00/06.0200 * 2012/07/19 = 2012/07/23

2013/04/11  2013/05/22

. . ) o | s .

6 | 2011 0906, 2300 | 0906, 22:12 | X2.1 | NIAWIS | 09/06, 2305 | 575 | 830 | W - | oogo6, 2230 i e
T 1 2001 11703, 23:00 | 11/03, 22:00 | -- | NODE154 | 11/03, 23:30 | 091 | 1188 | H -- -- & 2014/01/06 ¥ 2014/01/07
§ | 201201/23, 0445 | 01/23, 0338 | MS.7 | N2sWa1 | 0123, 0400 | 2175 | 2511 H {0123 0000 -s-2014/02/25 -=-2014/04/18
0 | 201201/27, 1855 | 01/27, 1803 | X17 | N2rw7L | o127, 1827 | 2608 | 241 B | 0127, 18:00 | 01727, 18:30 A-2014/0001 =¥:2014/05/10

—_
o

10 2012 03/07, 02:50 | 03 /07, 00:13 | X5.4 | NITE27 | 03/07,00:24 | 2684 | 3146 | H | 03/07, 00:17 { 03/07, 01:00
11| 2012 03/13, 18:05 | 03 /13, 17:12 | M7.9 | N1TWG66 | 03/13, 17:36 | 1884 | 1031 H | 03/13, 17:15 | 03/13, 17:35
12| 2012 05/17,01:55 | 05/17,01:25 | M5.1 | NIIWT6 | 05/17, 01:48 | 1582 | 1506 | H | 05/17, 01:31 | 05/17, 01:40
13 | 2012 07/06, 23:30 | 07 /06, 23:01 | X1.1 | SI3W50 | 07/06, 23:24 | 1828 | 1007 | H | 07/06, 23:00 | 07/06, 23:10

—

14 | 2012 07/08, 18:10°| 07 /08, 16:23 | M6.9 | SITW74 | 07/08, 16:54 | 1497 | - - 157 | 07/08, 16:30 | 07/08, 16:35 Power law With
N
15 | 2012 07/19,06:40 | 07/19,04:17 | M7.7 | SI3WSS | 07/19, 05:24 | 1631 | 1631 H [ 07/19,05:24 | 07/19, 05:30
16| 2012 07/23, 08:00 | 07/23, 01:50 | - - | SITW132 | 07/23,02:36 | 2003 | 2156 | H -- 07/23, 02:30 \

T T M| lllIl|,|,|,I covol vl

10" exponential cutoff
04/11, 07:02 | 04/11, 07:10 E, | , i L)
05/22, 12:50 | 05/22, 13:10 90100 200 300 400 500
10/28, 15:24 Energy [MeV]

01/06, 07:45 | 01/06. 07:58  PAMELA bridges the gap between low—energy

01/07, 18:17 | 01/07, 18:27

/25,0038 | 02/, 0038 in-situ spacecrafts and ground-based NM
IR T T network observations (GLEs)

-- 09/01, 11:12

—__wwis | e 26 SEPS observed within 2006-2014

17| 2013 04/11, 08:25 | 04/11, 06:56 | M6.5 | NOOE12 | 04/11,07:24 | 861 | 1360
18 | 2013 05/22, 14:20 | 05/22, 13:08 | M5.0 [ NI5GWT0 | 05/22, 13:25 | 1466 | 1491
19 | 2013 10/28, 16:30 | 10/28, 04:32 | M4.4 | SO6E28 | 10/28, 15:36 | 812 | 1008
20 | 2013 11/02,07:00 | 11/02,04:00 | -- | NO3W139 | 11/02, 04:48 | 828 | 998
21 | 2014 01/06, 08:15 | 01/06, 07:30 | X3.5 | SISW112 | 01/06, 08:00 | 1402 | 1431
22 | 2014 01/07, 19:55 | 01/07, 18:04 | X1.2 | SI5W11 | 01/07, 18:24 | 1830 | 2246
23 | 2014 02/25,03:50 | 02/25, 00:30 | X4.0 | SI12E82 | 02/25,01:25 | 2147 | 2153
24 | 2014 04/18, 13:40 | 04/18, 12:31 | M7.3 | S20W34 | 04/18, 13:25 | 1203 | 1359
25| 2014 09/01,17:20 | 09/01, 10:58 | X2.4 | NMEI127 | 00/01, 11:12 | 1901 | 2017
26| 2014 09/10, 21:35 | 09/10, 17:21 | X1.6 | NI14E02 | 00/10, 18:00 | 1267 | 1652

Event-integrated fluence [MeV sr cn¥]"

=== = = = = == = = = = = S = = == R = =
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SEPs detected by PAMELA pap@

SEP Event Flare CME m-type II | DH-type II — Bruno et al" ApJ 862’ 2018
# Date Onset time | Class | Location | 1*'-app. time |V, | V,,, | Width | Onset time | Onset time iy : : - i R :
P Q’E --2006/12/14 -=-2011/03/21
1| 2006 12/13,02:55 | 12/13.02:14 | X34 | SOGW23 | 12/13.0254 [ 1774 | 2184 | H | 12/13, 02:26 | 12/13, 02:45 S 10% ¢ & 2011/06/07 ¥-2011/09/06
2| 2006 12/14, 2255 | 12/14, 21:58 | X156 | SOGWAG | 12/14,22:30 | 1042 | 1130 | H [ 12/14, 2209 | 12/14, 22:30 = -e-2011/09/06 -#-2011/11/03 3
i e 4 2012/01/23 ¥ 2012/01/27 ]
312011 03/21, 0410 | 03/21, 0200 | - | N2sw120 | 03/21,02:24 | 1341 [ 1430 | -- - S s . e ke
4| 2011 06/07, 07:20 | 06/07, 06:16 | M2.5 | S2IW54 | 06/07.06:40 | 1255 | 1321 | H | 06/07, 06:25 | 06,07, 06:45 O + 20120706 ¥ 201207/08 3
5 | 201109/06,0220 | 09/06,01:35 | M5.3 | NIAWOT | 0906, 0224 | 782 [1282| W 0906, 02:00 => © 2012/0719 = 2012/07/23
6| 2011 0 16, 22:30 =4 3 SIOULL A
. . r 2 D 2013/10/28 = 2013/11/02
7 o1 SEP-analysis issues: -- 2 e & 2014/01/06 ¥ 2014/01/07 o
8 | 2012 0| . o[ . . . 3. 04:00 = -e-2014/02/25 -=-2014/04/18  —
"o+ Source identification & classification [ | S [ 420140901 ¥20140910
. . T L o)
10| 20120 » Association to flares, CME:s... . 0100 g 10E- E|
11 | 2012 0] ° 3, 1735 —— = =
12 | 2012 1) GLES 70040 g § B 7]
13| 20120 + different class of events? 6, 2510 e E|
35 o —d = . -
¢ “2 « Spectra evolution novo | £ F Power law with =
Y . . . =, L el .
16| 20120 ° Inten51ty, time proflle s spectral 3,020 q:, 1 Eexponentlal cutoff \ . 3
17| 2013 0 : 10710 > Ll ) ) . |
18| 20130 Slgna_tl,lres'" 2, 1310 o 90100 200 300 400 500 2000
10| 0131 © COIIlpOSlthH 8, 15:21 Energy [MeV]
M w31 * p/He, 3He content a
2| 00 ’ : woss | o« PAMELA bridges the gap between low-ener
2| 010 © Magnetospherlc effects v 1827 . . & gap gy
23 | 2014 02725, V30 [ UZ7Z5, W30 | KO0 [ SIZESZ | UZ/Z5, ULZo | 2147 [ 2103 [ H | UZ72Z0, Uomn [ UZ7 25, 00:56 ln_SItu Spacecraﬂs and ground_based NM
24| 2014 04/18, 1340 | 04/18, 12:31 | M73 | SOW34 | 04/18,13:25 | 1203 | 1350 | H | 04/18, 12:55 | 04/18. 1306 .
25 | 2014 00/01, 17:20 | 09/01, 10:38 | X2.4 | NME127 | 09/01, 11:12 | 1901 [ 2017 | H 09/01, 11:12 network ObSGI'V&thIlS (GLES)
26 | 2014 00/10, 21:35 | 00/10,17:21 | X16 | NI4E02 | 09/10, 1800 | 1267 [ 1652 | H 09/10, 17:45 * 26 SEPs Observed Wlthln 2006-201 4

* Spectra consistent with CME-driven shock acceleration (finite escape time)
* No qualitative distinction between SEPs observed as GLEs and those that are not
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May 17°, 2012
SEP event

First observed GLE of
24° solar cycle

Earth magnetically
connected to the Sun

Associated to M1.5-class
X-ray flare

Extended emission
(>100MeV) seen by
Fermi-LAT

Unique possibility to
measure pitch angle
distribution over broad
energy range, to
disentangle interplanetary
transport process

Asymptotic direction during first polar pass after the

event onset

May 17, 2012, 01:57:00 - 02:20:00 UT

GEO latitude [deg]

i ————— T T T 17— T ¥ —
. e : TN o 2
s T i
40:_!{"" . - ) l{
= | 1 5 X
20w ~ &
o :::;' :rq.: ',;‘.' . pr 1 &
AU IANCY oo =
20 i — 0.8 g
— T A\ 0.7 =
8 %0 0.6
BOE 1 e 1 4 0.5
-150 -100 -50 0
GEO longitude [deq]
IMF direction
Pitch angle

Adriani et al. - ApJL - 801 (2015) L3
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Adriani et al. - ApJL - 801 (2015) L3 %
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The PAMELA obital environment paha

O

Particle count rate (S11*S12)

LA A

PAMELA sweep through the
magnetosphere along a near-
Earth semipolar orbit
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* Observation of trapped
radiation

Latitude

* Characterization of high-
energy albedo population

- Improvement in low-altitude
radiation-environment

description

Altitude

(South-Atlantic Anomaly)

Longitude
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Conclusions pahg_a'
[T &

O

Before PAMELA

» Standard paradigm
o GCRs originates from uniformly distributed SNRs via shock-driven 2°-order Fermi
acceleration (single power-law spectra)
o Antiparticles are produced by nuclear interactions with uniformly distributed matter
within the Galaxy
o Absolute fluxes of GCRs altered while penetrating the heliosphere, modulation
described by spherical potential
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Conclusions p*@
O

» Measurement of GCR particles and antiparticles over a wide energy range:

o Spectral hardening of H and He at about 200GV and different slope for H and He
indicate a more complex scenario of nuclear GCR origin and/or propagation

o Evidence of a positron excess above 10GeV indicates new phenomena (dark matter?
astrophysical e+- sources?)

o p-bar consistent with secondary production hypothesis up to 200 GeV puts further
constraints to possible sources

@ Pregisle measurements of light particle spectra provides improvement to propagation
models

After PAMELA

* Measurement of long- and short- time variation of low-energy particles:
o Tuning of fluid-dynamic model of heliosphere

o Study of solar phenomena, bridging the information provided by low-energy in-situ
observations and high-energy surface observations

* Measurement of trapped and quasi-trapped particles:
o Significant improvement in magnetosphere modeling (radiation-environment)

Elena Vannuccini CdS 10/10/2018




Continuita con 'attivita” Wizard pap.E

e Cosmic-antimatter search

o Independent approach to anti- E
nuclei search

= GAPS experiment

o Next generation spectrometers -
must relay on superconducting
magnets

« LAPUTA r&d, ALADINO proposal

* High-energy CRs
o Calorimetric measurements
= CALET experiment

= CaloCube r&d
=~ HERD experiment

Elena Vannuccini CdS 10/10/2018
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Heliospheric transport equation p#‘h

O

VY4V (K, Vf)— (vp) i+ o1

(V-V)

1
\ .3

a €
T
| - a
(K’ TOE«03 1.6E+04 38E«04 BTE«0d 20E+05 ATE«05 1.1E«06 ( Parker 1965 )

AU Plasma

Temperature

& a: f(x,p,t), omnidirectional function distribution of CRs;

b: convection with solar wind V;

.—-..\

an c: diffusion by magnetic field irregualrities;

d: drift, curvature and gradient in magnetic field;

fgf-“«‘.’::a\\.\‘
: " e: adiabatic energy losses;
Stationary approximation during minimum
| solar activity

) Hydrogen
yr Density

-100 100

0.12 0.16 0.26

200

400

500 -300 300 AU

(em™) 0.00 0.04 0.08 0.24 0.28
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Solar Wind
Speed
(km/s)

Outward IMF

Inward IMF

« Convection with solar-wind velocity V
 Adiabatic energy changes (x V- V')




Heliospheric magnetic field (HMF) pa“%

O

L, Lilt angle

CORONAL MAGHETIC FIELD LINES AT
SOLAR MINIMUMN ACTIVITY

Heliospheric Current Sheet (HCS)
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Heliospheric magnetic field (HMF) p#‘@

O

\

SOUTH SOUTH SOUTH \
CORONAL MAGHNETIC FIELD LINES AT CORONAL MAGHETIC FIELD LINES AT COROHNAL MAGHNETIC FIELD LINES AT
SOLAR MINIMUM ACTIVITY SOLAR MAXIMUM ACTIVITY HEXT SOLAR MINIMUM

A>0 —— magnetic-field reversal ——— A<o

~22-year cycle
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Drift & diffusion

™
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 Diffusion, driven by small-scale HMF irregularities
 Drift caused by gradients and curvature in the global HMF

Elena Vannuccini CdS 10/10/2018




Drift path Pah@

<~ GCR

Drift path changes at each field reversal > ~22-year cycle
Asimmetry between particle of opposite charge - charge dependent solar modulation
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(o] (0}
Dec 13°-14° 2006 Adriani et al. - ApJ - 742 (2011) 102
SEP event S

@ PAMELA (80 - 160) MeV ® PAMELA (160 - 500) MeV

S ! ® PAMELA (500 - 1500) MeV @ PAMELA (1500 - 3000) MeV
. . 8 —— GOES-11 (80 - 160) MeV  ——— GOES-11 (160 - 500) MeV

First instrument to 3 —— Apatity (M) —— Barentsburg (NM)
directly measure E
. 0 0 0 g‘“"‘ :‘:’"

relativistic SEPs in g ; e ——

near-Earth space. fwfa <« GLE > L Al e T ==
S 107 1

1410100 1471300 150100 1571300

16/0100

. E Hezum PAMELA (75 - 125) MeV/n ®  PAMELA (125 - 350) MQW’{
It bridges the gap between S E [ ~ PAMELA (350 - 700) MeVin —— GOES-11 (75- 125) MeVin
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gound—%)ased = = a B ﬂ?l}#‘ *ii ==y
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measurements (NM GLEs)
PAMELA observation done during passages over high-latitude regions
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The Time-of-Flight system

The apparatus

*3 double-layer scintillator

paddles
*X/Y segmentation
*Total: 48 Channels

First-level trigger
*Albedo rejection
odE /dx

eParticle identification

(<1GeV/c)

*Cpddic ~ 110ps
SPECTROMETER CALORIMETER *Grop ~ 330ps (for MIPs)
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_______________________ @

The apparatus

SPECTROMETER CALORIMETER

Elena Vannuccini

The em calorimeter

* 44 Si layers (X/Y) |
+22 W planes

* 16.3X_/0.61,

e 4224 channels i

* Dynamic range 1400 mip

* Self-trigger mode (> 300 GeV GF~600 cm? st)

Main tasks:

e ¢/h discrimination

* /" energy measurement

Performances:

* p/e* selection efficinecy ~ 90%

* p rejection factor 10°

* e rejection factor >10*

* Energy resolution ~5% @200GeV

CdS 10/10/2018



The apparatus
CARD

Neutron detector
*36 ’He counters: *He(n,p)T — Ep=780 keV
* 1cm thick polyetilene moderators

* n collected within 200 ps time-window

Main tasks:

SPECTROMETER CALORIMETER *¢/h discrimination @high-energy

Elena Vannuccini CdS 10/10/2018



The magnetic field

MAGNETIC FIELD MEASUREMENTS

« Gaussmeter (F.W. Bell) equipped with 3-axis probe mounted on a motorized positioning
device (0.1Tmm precision)

« Measurement of the three components in 67367 points Smm apart from each other
* Field inside the cavity:
«0.48 T @ center
« Average field along the axis: 0.43 T
» Good uniformity
- External magnetic field: magnetic momentum < 90 Am?

PAMELA field along the Z axis

0.6 ;
Average field = 043 T

=
-

0.63

uuuuuuu

"
r

-BY (Tesla)
4
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0.5
0.45
0.4 |
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g
I

0.35

02 .1
' 0.3

L :L/ magnetic cavity (436 mm) m:

Q

Lo
=250 =200 -150—-100 =50 4] 50 100 150 200 250
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Angular systematic (flight data)
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PAMELA antiproton DM limits P&B

O

Anmhilation constraints from antiproton flux o3 PAMELA bounds - EINASTO profile - annlhilating DM

10~ . . = 10 3 L LA — g
a E Bounds from full PAMELA 2
E » = (g2t energy spectrum &

10- = 3 S
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= g} | A 8
- 1{]—23 Q — _25 = = 5.
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g ; 10 E I.'II’." E N
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& L 1 &
10~ ' : - - | A 1 3
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L

F . m=i2Tev,BF=as0 ‘ ] . -
[ --eme- x: 400 GeV, BF = 53 1 (ChOllS et al. 2009) M%LQ

Positron-excess T e || Contribution from DM
. . | PAMELA Data | annihilation.
Interpretations [ |
2 - | Solid line — E__ =100TeV
'fw L dash—dot line — Emux=1OTeV
S + dotted line — £ =3TeV —
Dark matter - + 0108 e
. S
=boost factor required N
XDM e* & Channel 1 I BRI
= lepton vs hadron yield ol o | 001
must be consistent with p- K oy o) 10 // f
. E(G
bar observation (Cs
0.20 T 1T T | T 1T | T ] (Blasi 2009)
§ e+ (and e-) produced as
0.10 . secondaries in the CR
Astrophysical processes X = acceleration sites (e.g. SNR)
1 0.05 -3
=) —
» known processes s 0.03 *~! (Hooper, Blasi and Serpico,
k=4

2009)

5 int 0.02 — . .
larg.e uncertainties on .. 7 | contribution from diffuse
environmental parameters ol o . ] mature & nearby young

"5 10 20 50 100 200 pulsars.
E. (GeV)
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Positrons from Geminga and PSR Bo656+14 PE*VIE{\‘EI

O

10?

Dan Hooper et. al. , Phys. Rev. D 96, 103013 (2017) Abeysekara et. al., Science, 358 (2017) 911

interpretations of the cosmic-ray positron

excess”

Sum 5
—— Geminga
------ B0656-+14 10' f
= 107 Other Pulsars o
3 L
—:J ,,l,"’ {5 | SR . ................... ................... -
< | ‘ :
= = ¢ . E .
sy | B E
@ B M ‘ A ]
S5 :
W :
107 Hommm 6=0.33 (base) = = r=dxiO%yr [-oivo i R
e L ettt - = §=0.31 = = Fit param. syst. i
10 p 10 s §20.35 30 range (base) :
e — 7=3.6x10%r ® AMS-02ef E
]0—3 5 L 3 * e 2 kol 1 = 1
“HAWC observations strongly favor pulsar - = — rr;‘i,] =

“...leptons emitted by these objects are therefore
unlikely to be the origin of the excess positrons,
which may have a more exotic origin”
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B and C absolute
fluxes

Adriani et al. - ApJ- 791 (2014) 93

IIIII| T T IIIIII| T T IIII.'_J!EI'

1.7
—
o]

Widest energy range
covered so far

(GeVin)

-l

s
- ] e
Nm .
9 .
=z B —&— PAMELA _
. = —— g:.l:]::{ —
Reduced tracking —— EE}?“ i
performance, due tO lﬂ-l 1 1 1 11 | 1 ICRNI 1 1 11 1 | |
detector saturation: 04 ! 203 4 5678910 20 100
E(GeV/n)
.0, = 14 pm, 0, = 19 pm _/
GALPROP code tuned to PAMELA B&C data
-MDR = 250 GV » Plain diffusion model (Vladimirov et al. 2012)
* Solar modulation: spherical model ( $=400MV )
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B/C ratio N ( C\\
5, \ ) A\
B nuclei are of ~pure 05 o) N \ ]
secondary origin = : ~__ 1 »
045 s - %
CN,0 +ISM - B + ... 04f =)
— . ¢
- B o e T v 4 =
— B/C provides the 035 = 5 4 =
strongest constraint to o 03 =4 5
propagation parameters [CEeE=S q &
so far = =N
02— = i‘::;-]?ﬂl‘z‘?mlimimry} \8
— Galprop ~
015 = T Tac W
- —— s £
01 - —5— AMS-0I b_: :5
[L[I : 1 1 | 11 | | | 1 1 1 11 1 | | 1 _|_|_|J—: w
. 4 1 2 3 4 5678 10 20 30 100
PAMELA data consistent E(GeVin)
with previous _ GALPROP code tuned to PAMELA B&C data
measurements and with ¢ Plain diffusion model (Vladimirov et al. 2012)
a standard scenario * Solar modulation: spherical model ( $=400MV )
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B and C abundances
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Adrianti et al ApJ 818 (2016) P*
gzLa
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1H — primary

2H — secondary
90% from 4He+1H

2 (40%@1GeV/n)
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Trajectory analysis . dw@

O

o Trajectories propagated back and forth the 30
measurement location

20 -

e Particles classified according to trajectory
behaviour 10

o Reach magnetosphere boundary
x Interplanetary origin

Z GMS, RE
o
T

o Intersect atmosphere boundary
x Albedo 10 1
o Do not intersect the boundaries
= Stabily trapped

X GMS, RE




The PAMELA obital environment paha

O

Particle count rate (S11*S12)

LA A

PAMELA sweep through the
magnetosphere along a near-
Earth semipolar orbit

n

"’ ., J
4 \‘\

% LN
I \."\"f
LV WY R

|
JIR
| PRI

R

* Observation of trapped
radiation

Latitude

* Characterization of high-
energy albedo population

- Improvement in low-altitude
radiation-environment

description

Altitude

(South-Atlantic Anomaly)

Longitude
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Re-entrant
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May 17°, 2012
SEP event

First observed GLE of
24° solar cycle

Earth magnetically
connected to the Sun

Associated to M1.5-class
X-ray flare

Extended emission
(>100MeV) seen by
Fermi-LAT

Unique possibility to
measure pitch angle
distribution over broad
energy range, to
disentangle interplanetary
transport process

Asymptotic direction during first polar pass after the

event onset

May 17, 2012, 01:57:00 - 02:20:00 UT

GEO latitude [deg]
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Elena Vannuccini

CdS 10/10/2018




Adriani et al. - ApJL - 801 (2015) L3 %
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