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Outline

1. Detectors for Space Experiments
— Why
— How
— Where (this is easy: in Space)
2. State of the arts experiments:
— AMSO02 : charged cosmic rays
— Fermi : high energy (1-1000 GeV) photons
— Planck : CMB



1. Detector for Space Experiments

* Building experiments is an art

* Fach apparatus is unigue — there are some standard
pieces (tracker, calorimeter, ...) but each composition
is a delicate interplay between experimental goals,
theory, personal attitude ... and financing agencies!

* This is even more true in Space Experiments, which is
a relatively young field of research

* In the first part of my talk, | will try to show the
philosphy behind the experimental solutions that
have been taken
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Charged Cosmic Rays

Space experiments
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Neutral Cosmic Rays

* Neutrinos, gravitational waves =2 not discussed here

* Photons = Multi-WavelLength search
s Planck
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Space experiments

+ Sensitive to “primary” component (i.e. before
interacting with earth atmosphere)

+ A higher precision on energy and on chemical
composition (Z, isotopes) can be reached

+ With magnet = sensitivity to anti-particles
+ Long period of continuos data taking

— Limited mass

— Limited geometrical acceptance

— Large cost

Cortona - 30/05/2014 M. Incagli - INFN Pisa



High-energy space experiments

* High-energy: above 1-10 GeV

* Different categories of experiments are
possible:

1. Magnetic spectrometer ( a la AMSO02 )
2. Pair-conversion telescope (a la Fermi )

3. Cosmic Rays calorimeter (a la CREAM or
ATIC, but also many new proposals: CALET,
ISS-CREAM, GAMMAA400, HERD, ... )
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Spectrometers vs. calorimeters

e Spectrometers : sign of the charge and momentum
— access to positrons and antiprotons

— access to CR isotopical composition

— BUT: big magnets are heavy (permanent magnets) or hard to operate
in space(superconducting magnets) - some R&D in progress

* Pair-conversion telescope : gamma physics
— dedicated tracking stage (>1X,) in which y->e*e

— much better Point Spread Function (PSF = angular resolution)
— adds some complexity: reduce FOV or loose resolution
* Calorimeters discrimination of nuclei (Z measurement) and ep
(electron-proton) separation
— maximum acceptance

— reach of high energies (~¥100-1000 TeV) for hadrons
— precise (large statistics) measurement of e*+e” flux
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Integral counts: fluxes rapidly decrease

lines: detector
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Comparison AMS02-Fermi

) 7
sibe 27 ¢ The 2 detectors in scale
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v AN 7 maximizes acceptance
_ G '\‘ \ !l'
= N R 7 \
0 3 = ~20° ~75°
% T \\ Y " y | al
K
p Ell =
II \\ R | DAQ LLri
. LI L E o0
,-d.\ =

Cortona - 30/05/2014 65 cm M. Incagli - INFN Pisa 145 cm 10



The issue of background

e But statistics is not the
whole story:
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Many issues ... | will discuss just one:
gamma line search
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» Better energy resolution is good!
» But only if you are not trading too much acceptance for that.



And now the 3 musketeers







AMS: A TeV precision, multipurpose spectrometer

TRD . . Particles and nuclei are defined by their TOF
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One of 20 Layers

AMSO02 redundancy
Example 1: e/p rejection with TRD

electrons and protons are selected by looking at the sign in
the tracker and at ECAL shower shape

with this clean sample, probability density functions in each of
the 20 TRD layers can be built from data
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ep discrimination with TRD
TRD estimator = -In(P./(P,+P,))
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Are TRD and ECAL correlated?

e Correlation studied with pure (99.9%) primary
proton beam of 400GeV/c at Cern SPS

* No sign of correlation observed
| ECAL-TRD Correlation Protons |
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Physics case:
Dark Matter indirect search

* DM annihilation = decay products, in particular anti-
particles, observed by space experiments
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Dark Matter mass scale

thermal
Planck scale
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weak scale Solar mass

* Small problem: ~50 orders of magnitude to
investigate!

e We "like" weak scale because it could solve, at
the same time:
— thermal cross section 2 ov ~ 10726 cm?3s™1
— weak scale = supersimmetry
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Positron fraction

Q

Hints of Dark Matter?

| secondary positron production

"Positron fraction clearly deviates from expected

o AMS
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Positron fraction
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AMS-02 Electron Flux
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AMS-02 Positron Flux

— The spectral index and its dependence on energy is clearly different

from the electron spectrum.
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The all electrons flux

o 40071 T T T T T T 17T T T TTT0

I.I).(I - | o AMS-02 | | .

- 350:_ O ATIC01&02 (2001 & 2003) =

’5 300:_ [] BETS04 (2004) H B

7)) - | O Fermi-LAT (2009) .

e 250 % =

3200:— —

© :

§ 150:— N

L. 100

- °

50 ° H

- ¢ .

0—||9||.|| NIRRT Ll L1 L lin

1 10 10? 10°
Energy (GeV)

Cortona - 30/05/2014 M. Incagli - INFN Pisa 25



Hints of Dark Matter?

positron fraction antiprotons electrons + positrons

PAMELA 2008
PAMELA 2010
FERMI 2011 +
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e Strong limits set by antiproton flux (PAMELA)
 Must invent ad hoc (not really "natural") theories

AMSO02 result on antiprotons eagerly expected
* Itis important to constrain the background



AMS redundancy
Example 2: Boron-to-Carbon ratio

« Carbon : primary particle
« Boron : secondary particle produced in interactions of C with
ISM (InterStellar Medium)

AMS: Multiple Independent Measurements

of the Charge (|Z|) Callozo r(lc(uZ)=6)
LR 1. Tracker Plane 1 0.30
/S 2. TRD 0.33
: """"" 3. Upper TOF (1 counter)  0.16
~~~~~~~ 4. Tracker Planes 2-8 0.12

—
—-—
e
-
- -

| ---------- 5. Lower TOF (1 counter)  0.16
e LR EEEE R 6. RICH 0.32

——
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Carbon |
Fragmentation
to Boron
Ri=10.6 GV

Zirk_IN =4.8

— Zior Low=5- 2

Zgicn=5-1
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Future prospects

final analyses (plots available 2° week of June):
— total electrons < 700/1000 GeV

— electron flux < 700 GeV

— positron flux <500GeV

Close to completion

— proton flux <1.8TeV

next in line:

— He, B/C = end of the summer

— fluxes of B, C, O = end of summer

— light nuclei 2 ?

mostly wanted: antiprotons ... no prediction;
— hard, have to do it carefully!



Fermi

Large Area Telescope (LAT)

‘n‘ » Pair conversion telescope.
"4 _—>  » Energy range: 20 MeV-300+ GeV.

n
/ » Sees 20% of the sky at any time (the
¢ full sky for half a hour every 3 hours).

Gamma-ray Burst Monitor (GBM)

» 12 Nal and 2 BCO detectors.
» Energy range: 8 keV-30 MeV.

LAT FoV

GBM Fov

31
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Fermi LAT

* Pair-conversion telescope

— good background rejection due to “clear” y-ray signature

— (also sensitive to CR electrons)
* Tracker: pair conversion, tracking

— angular resolution is dominated by multiple scattering below ~GeV
* Calorimeter: 8.6 X0 for perpendicular incidence Si Tracker

— use shower profile to compensate for the leakage 70 m? 228 pm pitch
~0.9 million channels

energy band: 20MeV to >300 GeV .
effective area: >8000 cm2 = | Large Area
FOV: >2.4 sr = |\ Telescope (LAT)
angular resolution: ~0.1 deg ' |
energy resolution: 5-10%

Anti-coincidence Detector
Segmented scintillator tiles
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Dark Matter (DM) Search with y-rays

(1 will skip DM search from CR electron/positron)

* Gamma-rays may encrypt the DM signal
,/ Gamma-rays

Gamma Ray Flux AT

% W/Z/
(measured by Fermi-LAT) WIMP Dark /q'
Matter Particles
dd 1l <o V> dNS Ecw~100GeV
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DM Search Strategies with y-rays

e Spatial signature

Fermi-LAT data Galactic Diffuse, DM signal
Sources, isotropic (e.g., MW halo)?

= —— +

e Spectral signature
DM signal (e.g., line)?

600 -

Good understanding of the Galactic diffuse
emission and of the instrument is crucial

Counts /(1.42 GeV)

30 35 40 45 50
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DM Search Strategies with y-rays

Galactic Center:

Pros: Good statistics

- MW halo:
Satellites: Cohs: confusion, diffuse BG
Pros: Low BG and good source id
Cons: low statistics

Pros: very good statistics
Cons: diffuse BG

Spectral lines:
Pros: no astrophysical uncertainty
(Smoking gun)

Cons: low statistics

Extragalactic:

Pros: very good statistics
Cons: diffuse BG, astrophysical
uncertainties

Pros: Io.w BG and good source id

Cons: low statistics, astrophysical
Cortona - 30/05/2014 uncertaintied. /ncagli - INEN Pisa 35



WIMP cross section [cm? /s]

1) Satellites: Dwarf galaxies

e Stacking analysis using 10 dSphs and 2 years data
— conservative limit on DM cross section (no “boost factor”)

Upper limits, Joint Likelihood of 10 dSphs

10 l b d m o
3x10 2 =+« u u Channel Name (degree) (degree) (kpc) (log,o[GeV?cm ™))
— bbChannel |  wwm W' W Channel

1072 L —- -7+ Channel - Bootes I 35808 69.62 60 17.7 034
Carina 260.11 —22.22 101 18.0 0.13
- Coma Berenices 241.9 83.6 44 19.0 0.37
L7 Draco 8637 3472 80 18.8 0.13

R Fornax 2371 —65.7 138 17.7 023
1074 Sculptor 287.15 —83.16 80 18.4 0.13
Segue 1 22048 5042 23 19.6 053
1025 | Sextans 2434 422 86 17.8 023
Ursa Major I 15246 3744 32 19.6 040
. _’._/_..4 - 3x10-25 cm? s Ursa Minor 10495 44.80 66 18.5 0.18

10 T T Ackermann+11, PRL 107, 241302

WIMP mass [GeV]

M, mp>=20 GeV to satisfy <ov>=3x102° cm3 s!
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2) Milky Way DM Halo

* Another recent and complementary DM search for MW halo

— Search for continuous emission from DM annihilation/decay

in the smooth MW halo
DM signal

* Analyze bands 5deg off the plane
» decrease astrophysical BG
» mitigate uncertainty from
inner slope of DM density profile
» fit DM source and astrophysical

-sky ma icci i
y-sky map emission simultaneously

Cortona - 30/05/2014 M. Incagli - INFN Pisa 37



Constraints on DM Model

* Modeling the astrophysical emission improves DM constraints

* w/ astrophysical BG, the limit constrains the thermal relic
cross section for WIMP with mass > 30 GeV (comparable to

dSphs)

xx — bb, NFW

10721 .
Fisstesess 30, wfo background modeling, pp=0.2-0.7 GeV cm™
., w/o background modeling -
10 i constrained free source fits IB
— fis==== 37, po=0.43 GeV cm™ - 0.001:
o 1078 .= 50, po=0.43 GeV cm™> ® :
o 1078 PR g 5x107*
S £ '
24
§ 10 >
Vo B <
Ve al o X107
ST, =t W 5x107%
10726 ="
10 10 10° 10° 0.1

m [GeV]

Ackermann+12, ApJ 761, 91
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Gamma line search

Evolution of line-like Feature near 135 GeV:
1. 1D PDF, reprocessed data (better energy calibration)
— 3.70 (local) at 135 GeV

2. 2D PDF, reprocessed data

— 3.40 (local) at 135 GeV (Energy dispersion in data is narrower than
expected when P, is taken into account)

— <20 global
1 2.
Y 70 — \ 4 year P7TREP_Clean] ' ' ' ' . 4year PTREP_Clean
70| E=134.860 GeV NM - | 43x40 GC RO | | E=134.860 GeV 500y, —16.30evs o eeror o
N=182 ‘ 5.25 |3 T30 /\"D PDF" _ N=182 275 |3.350 | o pDE"
80 T — 253+ 0.42(950CL) ;o 1 8 T=249+042(95CL) ' )
E 50 351 1o £ 50 251 P
ﬁ,m» P 1.75 ;N 1 ﬁ‘m P 125} ,! !
£ Preliminary - \ £er Preliminary - R
lu 3() 1 1 1 E m | K 1 | 1
20 20
3
5
0
A5)
-3 2('])

50 100 150 200 : 50 100 150
Energy (QeV) Energy (QeV)
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Fermi Future Prospects in DM search

* Dwarfs will remain a prime target (halo analysis: close match)
— increased observation time
— discovery of new dwarfs
— sensitive to higher energies

 Next generation Cherenkov Telescope (e.g., CTA) will extend the limit to
higher WIMP masses

* Extend significance of line search

T o107

4-Yr Pass 7 Median Expected Limit
4-Yr Pass 7 Expected Limit, +30 dSphs
1024 | 10-Yr Pass 7 Expected Limit, +30 dSphs

““CTA, MW halo

102 (taen from Doro+ 13)
0"

Preliminary
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The Planck experiment

launch 14 May 2009




he PInck satellite

e

2 instruments:

- LFI (led by Italy)
- HEMTSs (transitors)
- cooled at 4K
- sensitive to 30-100 GHz

- HFI (led by France/UK)
- bolometer array
- cooled at 0.1K
- sensitive to 100-857 GHz

- shield facing sun

Cortona - 30/05/2014 M. Incagli - INFN Pisa
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The sky as seen by Planck

100 GHz 143 GHz 217 GHz

thermal dust emission

353 GHz 545 GHz 857 GHz
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Consistency: HFl 100 GHz — LFI 70 GHz

Red is mostly CO, Blue is mostly free-free. CMB is gone!

IR e
-10° -10* -10 -101 10 10* 10  10* 10 10°
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3 minutes of quasi ‘raw” data (i.e. only demodulated).The Solar (cosmological) dipole is clearly

visible at 145GHz with a 60 seconds period (the satellite rotates at 1 rpom), while the Galactic

plane crossings (2 per rotation) are more visible at 545 GHz than at 143 GHz. The Dark
_bolometer sees no sky signal, but displays a similar population of glitches from cosmic rays.
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Combined CMB map
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ACDM is a very good fit

(= Kunz presentation)
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Conclusions

Cosmic rays (CR) spans many orders of magnitude and
flux = very different experimental techniques are
required

Space experiments are able to see "primary" cosmic
rays = BUT limited geometrical acceptance

The CR flux decreases very rapidly with energy = hard
to reach energies above few TeV (electrons) or few
hundred TeV (protons)

The TeV energy range is particularly interesting for DM
search (WIMP thermal cross section) =2 interest
partially decreased after antiproton and gamma results
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