Astrofizyka czgstek

prof. dr hab. A.F.Zarnecki
Zaktad Czastek i Oddziatywan Fundamentalnych IFD

Wyktad VI

- bezposrednie poszukiwania ciemnej materii - uzupetnienie LUX

- posrednie sygnaty ciemnej materii: zrodta i modelowanie
- detektor LAT na satelicie FERMI

= teleskopy promieniowania Czerenkowa
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Hi)'e DOUBLE-PHASE TPC

Particle >

— ionization electrons
VNN UV scintillation photons (~175 nm)

Drift time
indicates depth

L1

image by CH Faham (Brown)

*Primary scintillation (S1)
*Secondary scintillation signal
from electroluminescence after

drift (S2)
*Position reconstruction

oZ from time difference between S1
and S2 (1.51 mm/us in LUX for a
electric field of 181 V/icm)

oXY reconstructed from light pattern
observed in the top array.
- Typical resolution of some mm.
‘Reject gammas, betas by S2/S1
ratio

o(S2IS1)y,e > (S2/S1)wimp
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1) THE L\/X DETECTOR °

370 kg Liquid Xenon Detector (59 cm height, 49 cm
diameter) in gas/liquid fases.

0250 kg in the active volume
0118 kg in the fiducial volume

*Construction materials chosen for low
radioactivity: Ti, Cu, PTFE

*Viewed by 122 ultra low-background PMTs
061 on top and 61 on bottom
12 mBq/PMT

*Active region defined by PTFE
oHigh reflectivity for the VUV light - high light collection
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LA AT S\URF 6

*LUX operates 4850 feet (1478 m) underground at the Sanford
Underground Research Facility (SURF), South Dakota, US

*Surrounded by a 7.6 m diameter water shield

*Background dominated by construction materials ...

0<2 background events per day in the central 118 kg target in the
energy window of interest... and is decreasing.

Boulby

| Homestake
!  Mine —>

1 1478 m deep

?
10° 3
1

Gran Sasso

Homestake Cl-Ar

Muon Intensity, m* y'

Frejus

-
I I | | |
0 2000 4000 6000 8000
Depth, meters of water equivalent

1 flux reduced by x10-7
(compared to sea level)

Astrofizyka czagstek: wyktad 6 A.F.Zarnecki S

Monday, March 17, 2014



SPIN-INDEPENDENT SENSITIVITY

WIMP-nucleon cross section (cm2)
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[ ]CDMS-II Si 90% CL
x  CDMS-II Si ROI Centroid
[ 1CoGeNT 2013
[ IDAMA/LIBRA
—— XENON100 225 days
XENON100 100 days
—— CDMS-II all Soudan data
—— CDMSlite
—— ZEPLIN-III
EDELWEISS

—— CDMS-II Ge 2keV threshold re—analysis|

—— XENON10 S2-only
—— SIMPLE
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LUX (2013)-85 live day

\CDMS 1 Ge

DAMA/LIBRA Favoret

XENON100(2012):£25 live days

>20x more.sensitivity

LUX +/-10 expeéted sensitivity

10
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HISTORJICAL PROGRESS IN THE LIMITS

Limit on Nucleon <(Sl),

50 GeV WIMP
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WIMPs do interact with the SM!

indirect detection ] See also lectures b
| A. Melchiorri, ). Conrad, D. |

Boersma and F Donato...

=

S8
lectures by §
). Gascon |

SM

direct detection

SM

collider searches

Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 10



Indirect detection in one slide

®
‘
T 0 ©
{
¢ DM has to be (quasi-) against decay...
@ ... but can usually pair- into SM particles
2 Try to spot those in cosmic rays of various kinds
¢ The 1 i) absolute rates

~~ regions of high DM density

ii) discrimination against other sources
~~ low background; clear signatures

"1 Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 11




Indirect DM searches

\ o

Gamma rays:

¢ Rather

Q when propagating through halo

g about necessary

Q directly to the clear spatial signatures
Q

Clear spectral signatures to look for

UH
Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 18



Bringmann & Weniger (2012)
T

[ oéhromatic lines
XX — 2, vH
O(a?, )

eI

AEJE = 0.15
e AEJE = 0.02

\ (Virtual) Internal

Bremsstrahlung
xx — ff, WTW=y
O(ctem)
002 005 0.0 MY Sy TR YN
x=E/m,
condary photons @ Primary photons
"'/many photons but < direct annihilation to photons
- & model-independent < model-dependent ‘simoling sun’
- difficult to distinguish from astro BG spectral features near £, = m,,
=) good constraining potential =) discovery potential
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Dark matter targets

el G alactic Centre Dwarf galaxies of the Milky Way
QO Proximity (~8kpc) O Many of them within the 100 kpc from Sun
QO High (possibly) central O Extremely DM-dominated environment
DM concentration : O Potential low astrophysu:al
DM profile : core? cusp? background |

O High astrophysical
background at TeV

Galaxy clusters
O High DM annihilation luminosity o
O Substructures contribution to the overall DM flux E;Lf!,ﬁf)ordwa”.. ey
U Astrophysmal background may be important j

Substructures in the
Galactic halo

O Low but clean
signal

d Unknown
location

100 kpc' Via-Lactea simulation

Salaxy g)IL_/sg‘_érAb.ell,16'8'9, by H:

Aion Viana Rencontres de Moriond March 2014 12



Gamma-ray flux

The expected gamma-ray flux [GeV-'cm2s-'sr'] from a
source with DM density p is given by

dd., ds? 2 A0 dN.
—(E,, AY) = — dl B L
dEfy ( Yo w> /qu Aw e (w>10 (I') 87Tm?< Z f dEfY

particle physics

(0V) ann - total annihilation cross section

My ‘WIMP mass (50 GeV < m, < 5TeV)
:angular res. of detector _ a
: By : branching ratio into channel f
: distance to source
N,{ : number of photons per ann.

—
—_—

high accuracy
+ rather uncertain spectral information

UH
Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 19



—spiral galaxy example:
. NGC 6503 -

/ observed

-

150

Vcirc(km/s)

100

(o))
o

Klypin, Zhao & Sommerville, Ap)

Radius (kpc)

|:> _.crvatonal determination of (inner) DM profile for MW ~ impossible!

Astrofizyka czastek: wyktad 6 A.F.Zarnecki 15
Torsten Bringmann, University of Hamburg Indirect detection of dark matter - |4



Angle from the GC [degrees]
10” 30”1’ 57107 307 1° 22 5°10920°45°

ppm [GeV/em?]

. Cirelli et al., JCAP’ |
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Non-thermal Spectral Energy Distribution

Electron Population Proton Population
+ B field

+ photon field

EZ dN/dE

Inverse-
Compton

Energy Flux

Radio X-rays Yy-rays
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Non-thermal Spectral Energy Distribution

Electron Population Proton Population

+ B field + target material
+ photon field

Energy Flux
EZ dN/dE

Inverse-

Compton

Radio X-rays Yy-rays
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Spectral Energy Distribution of the Crab Nebula
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Gamma-ray Horizon
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HST

Some High Energy Instruments

Energy
HE y-ray
KeV MeV GeV TeV PeV
INTEGRAL 107"
Water Cherenkov
EGRET Milagro
COMP
50 AGILE

Water Cherenkov

Air Cherenkov HAWC

Fermi GST

MAGIC (future) 10+
VERITAS
HESS
Air Cherenkov
MM CTA (future) 0
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Modern Generation: Fermi GST




BNL Seminar Feb 19, 2009

Large Area Telescope

¥ | incoming gamma ray

Tracker

v direction and
identification

Calorimeter

Y energy
Image particle
showers

Anti-coincidence
detector

Background rejection

3000 kg, 650 W (allocation) segmentation reduces self-

_ ; . 1.8mx1.8mx1.0m veto at high energies
Astrofizyka cza&l@éctron+positron pair Ao F VK300 Gev




Pair-conversion Details...

Astrofizyka czgstek: wyktad 6

Anti-coincidence plastic scintillators

» generate light when a charged particle
passes through them, but not a photon

» readout by PMTs

» provide anti-coincidence time veto for
cosmic rays (reject 99.97%)

A.F.Zarnecki 25
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Pair-conversion Details...

Anti-coincidence plastic scintillators

» generate light when a charged particle
asses through them, but not a photon
= = p 9 p

» readout by PMTs

» provide anti-coincidence time veto for
cosmic rays (reject 99.97%)

Layers of heavy material (tungston)

» provide target nucleii for pair production
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Pair-conversion Details...

Anti-coincidence plastic scintillators

» generate light when a charged particle
asses through them, but not a photon
n = p g p

» readout by PMTs

» provide anti-coincidence time veto for
cosmic rays (reject 99.97%)

Layers of heavy material (tungston)

» provide target nucleii for pair production

Silicon tracker strips

» between each tungston la

» provide time and x or y pdsifion when
particle ionizes atoms in the silicon

» alternating x and y strips give 2D position

Astrofizyka czgstek: wyktad 6 A.F.Zarnecki 27
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Pair-conversion Details...

Calorimeter

» 12 “logs” of Csl crystal scintillators
in 8 layers per tower, alternating in
X and Y directions (a hodoscope)

» logs are covered with a material
that produces decreasing light
along the length, to provide
measure of position.

» photodiodes read out each “log”,
providing full 3-D image of energy
deposited

» above 3 GeV, showers no longer

contained, 100 GeV half leak out

Tuesday, July 3, 2012



LAT Gamma Candidate Events

The green crosses show the detected positions of the charged particles, the blue lines show
the reconstructed track trajectories, and the yellow line shows the candidate gamma-ray
estimated direction.ykheaed crosses showthe:-detected energy depositions in the 29
calorimeter.




The GeV-TeV Gamma-ray Sky

Supernove
Remants

/. GRB

Fermi.-LAT Sky map
(4-year, >1GeV)

. | | . _ Unidentified
T e s comttp————————_, il 22

' Comes from many standard
‘astrophysical contributions

GaIaX|es

\x

PWNs
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Fermi All-Sky, 3 Years

FERMI (E>10GeV) 67
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Search for DM in Dwarf Spheroidal Galaxies
dSphs are excellent DM targets of opportunity :

> Very large MIL ratios : ~10 to 1000 (M/L ~ 10 for Milky Way)

> Most of them are expected to be free from any other
astrophysical gamma source and have low content in
dust/gas, very few stars

> More promising targets could be discovered by current
and upcoming experiments ! (SDSS, DES, PanSTARRS, ...)

Dwarfs probed in gamma-rays :

0]
Canes Venatici o

Ursa Major I1 i ' . Sextans _ Uncertainty on J, (0.5 ] _
0 -’ es ) B Draco
% 7. L ; ¢ | Se=cpuie 1
G. Martinez

Probability Density

Seulptor ¢

J-factors (DM signal) and their uncertainties can be calculated from

stellar kinematicai data of the dwarfs



Step 1 : Search for DM in dSphs galaxies with Fermi

Select 10 dSphs wih relatively large “astrophysical factor”J
(8 for individual study; +2 for stacking analysis)

« Constrained » MSSM Anomaly mediated SUSY breaking

MSSM — UMall ===x Draco
WMAP compatible

1 05 below WMAP

= UMalll === [raco

Coma Berenices ===+ Sextans Coma Berenices === Sextans

— M ==== Fornax _
UM *** Fornax

Sculptar == Bootes |
mm AMSE Models

= Bootes |

T 1 |||||I'|

~"Limits disfavor Wino

“"S<_LSP with M<180 GeV
~

~

m,,, (GeV)




Step 2 : Combining Fermi dSph limits (pass 7)

Upper limits, bb channel _Update analysis Wlth _a-n
. . improved understanding of the

e 3107 - - Draco - - Sextans .
— Bootes | - Fomax = Ursa Major instrument (reprocessed Pass 7)
- - (Carina — Sculptor — Ursa Minor H

— Seguel = Joint Likelihood, 10 dSphs

—— (Coma Berenices

Leads to a statistical reshuffling
of gamma-ray-classified events
and higher limits.

Limits for 4 Channel (10 dSphs)

2-Year P6_V3 DIFFUSE
PREDICTED P7REPCLEAN V9
2-Year PTREPCLEAN_V9
EXPECTED (P6 V3 DIFFUSE)
68% Cont. (P6_V3 DIFFUSE)
95% Cont. (P6 V3 DIFFUSE)
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d
c
o
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U
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10?
WIMP mass [GeV]

Preliminary

10°
Mass (GeV)




Clusters of galaxies

QO Largest virialized and most massive
structures in the universe :

Radio emission suggests rel. cosmic
ray (CR) population

Lensing and X-Ray observations
indicate large dark matter (DM)

No significant excess

\4

in stacked residual map!

\4

' i

ClusterCenggr ”ED ) 5
S
F

N

v ik ;

DR )

‘ Ill L o b ] *‘-
PRELIMINARYE S0 AT ;

Data analysis :

24 Months of Fermi-LAT data, p6v1l
Diffuse class Events

Binned analysis, 10 deg ROI, 20 Energy
bins from 200 MeV to 100 GeV

Clusters modeled as point sources !

©Q V Vv VQ

Combined Likelihood Approach :

In both cases, CR and DM have Fermi 24 Months
comr_n(_)n_ pa_rameter in a" (_:IUSterS ) f;g‘]}i:;gi.'til)‘?tzfncertainties
(Annihihilation cross section or decay

time and maximum Injection efficiency)

-

<
N
X}

L

----- Combined Likelihood

No observational evidence for y-rays so far.
----- - —— AWM7

A paper with details on careful modeling of
clusters as extended sources considering o

both CR- and DM-induced y-ray signals is in o
HAERILE

26 U.L. on <o v> [em® s7]
- -
2L 2
- (%}

10°

-

Preliminary Fornax (11m Paper)

10°
WIMP Mass [GeV]



Other Searches for Spectral Lines in Fermi data :
Narrow Spectral Feature at 130 GeV

Bringmann+ [arXiv:1203.1312] , Weniger [arXiv:1204.2797], Su+ [arXiv:1206.1616, 1207.7060] , ...

Regd (ULTRACLEAN), E, =129.8 GeV Reg3
_ _ | 4.260
Signal counts: 46.1 (4.360) 80.5 - 210.1 GeV : S -

T
p-value=0.37, x5, =23.6/22

Residual map

"

I~ -1.5° b~0°
~ 200 pc from the GC

=
-
=
-
=
1=
@

Reg4
Contr. a=1.15 4.360

K

Bringmann et al. and Weniger showed evidence for a narrow spectral feature
near 130 GeV near the Galactic center (GC).
Signal is particularly strong in 2 out of 5 test regions, shown above.

Over 4 o local significance with S/N > 30%, up to ~60% in optimized ROI.
Some indication of double line (111 & 130 GeV).

XX — 7Y 1 my ~ 130 GeV ; (ov) ~ 1.3 x 10" *"em? /s B(SLEE X1V Rl {e) {13!

Counts - Model

-5

VVYV V¥V

x = IV GeV ) (ov) ~ 3.1 KAGH T em? /s



Line-like Feature near 135 GeV

» Our blind search does not find globally significant feature near 135 GeV

I
| Neig = 19.99 ovis u‘, 4 year P7Clean
4.0l Iy 4'%%4" GC ROI

v "D PDF"

]
[}

80 RO 100 130 140 180 180 200

a0
= 50
9
=
i 30
0

Energy (QeV)

» 3.730 (local) 1D fit at 135 GeV with 4 year reprocessed data
— Look in 4°x4° GC ROI, Use 1D PDF (no use of P.)

» 3.350 (local) 2D fit at 135 GeV with 4 year reprocessed data
— Look in 4°x4° GC ROI, Use 2D PDF (P; in data)

<20 global significance after trials factor



Line-like Feature near 135 GeV

» Our blind search does not find globally significant feature near 135 GeV

I\ 4 year PTREP Clean
74 o ]’EEF -
E=134.860 QoV Neig =17.TT0V8 11 45,00 g RO
N=182 25 | , \"1D PDF"

T — 2,53 + 0.42(95CL)

|
[}

Preliminary

80
E 50
3w
=
=
W 30

0

Energy (QeV)

> 4.010 (local) 1D fit at 130 GeV with 4 year unreprocessed data
— Look in 4°x4° GC ROI, Use 1D PDF (no use of P;)

» 3.350 (local) 2D fit at 135 GeV with 4 year reprocessed data
— Look in 4°x4° GC ROI, Use 2D PDF (P; in data)

<20 global significance after trials factor



Line-like Feature near 135 GeV

» Our blind search does not find globally significant feature near 135 GeV

+ 4 year PTREP_Clean
E=134.860 GeV " | Nu; =16.306vis [ 14%%4° GC ROI
N=1BE .'35'0 f,r "2D PDF"

I' = 2.49 £ 0.42(85CL) \

=]
=]

Preliminary

80
E =0
3w
=
=
wj 30

0

150
Energy (QeV)

> 4.010 (local) 1D fit at 130 GeV with 4 year unreprocessed data
— Look in 4°x4° GC ROI, Use 1D PDF (no use of P;)

» 3.730 (local) 1D fit at 135 GeV with 4 year reprocessed data
— Look in 4°x4° GC ROI, Use 1D PDF (no use of P;)




4 year Fermi-LAT Fermi-Line Search Results

Fit Significance vs Energy from fits in all ROIs
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Features in the Galactic Plane

» Fitin 4° x 4° ROIs along the Galactic plane in 1° steps

 To find where the counts are coming from
» Allowed for negative fluctuations

> Find excess near ~135 GeV near GC

Fits at 136 GeV

Preliminary i
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Operating and planned ACTs

MAGIC

since 2004 £

e
> "’;;;,*::(I'
‘f’?,&'kf«%':ﬁ?f‘r? e HES.S.
: 2 R A MAGIC o since 2002

r“ .ﬁ"ﬂ' (9 M
& Xy W) ¢ : wosy
W) Py - %
v r y ':);ﬁ.- -
o ‘; F - ~ ¥
« o

major

¢ The Cherenkov Telescope Array

~4 Telescopes M Area 1km?2 ) Areal(‘)‘ﬁr"‘n“2

~ Planned ’ T <10 - 100GeV. . ~30 Telescopes : ~20>Telesco'p'e's’
) = 3 >10TeV--
construction from 2015 ? e Do =
" | F =i \
e than any D S 3 ‘é ' 22
eXIStlng Instrument > .-_f ==z =1
.1 Torsten Bringmann, University of Hamburg Indirect detection of dark matter - 34




Cosmic ra

70

;\gg Y Nucleon Cascade
e_
e+ €—
e+

EM Cascade

EM Cascade

EM Cascade

EM Cascade

- Hadronic showers have larger transverse momentum, sub-showers that
look like EM showers

- From Heitler Model of EM showers: max number of particles in shower

is proportional to the incident energy
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Detecting

Cosmic Rays
from Air
showers

yes, this is a
trash can

A.F.Zarnecki

Galbraith & Jelley, 1953

February 21, 1953 NATURE

Light Pulses from the Night Sky
associated with Cosmic Rays

Ixn 1948, Blackett® suggested that a contribution
approximately 10-% of the mean light of the night-sky
might be expected from Cerenkov radiation® pro-
duced in the atmosphere by the cosmic radiation.
The purpose of this communication is to report the
results of some preliminary experiments we have
made using a photomultiplier, which revealed the

thank Mr. W, J, Whitehouse and Dr. E. Bretscher
for their encouragement, and Dr. T. E. Cranshaw for
the use of the extensive shower array.

W. GALBRAITH
J. V. JELLEY

Phototude
§ | EMI fype
< 6260
<
=
3%
2 v
Gt
- 40 ~ -
£ \
g Mirror, diam. 10in.,
7?; - focal length 4-6in.
20 7
l ‘ﬂ-rrr -
0 I- s o A o B o =
] 1 T 1

01 ) 20 30 40 50 60 70
LeV%el {Base  Pulse height (arbitrary units)
o) on
night- oscillo-
sky scope
noise
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Heitler Model

dsplit = In 2)\7“

= Distance over which electron
loses half its energy via
Y radiation

After n steps,

//\ dsplit shower depth
T = Ndgplit = NA, In 2
total number of particles (e+,e-, )
Spllt x
p— 2” p— €>\r

What IS the maximum shower
“size” (total number of particles)?
Occurs when all particles have E=Ecit

Nmax — EO/Ecrit
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Heitler Model

dsplit — 2)\7~
T = Ndgplit = A, In 2

Nmax — EO/Ecrit
! How deep is Nmax? When n=ncit,
n=1 all particles have Ecrit:
et e Nipax =2 it
9 dsplit

:zncrit
ﬂg IiSp“t Ecrit
Eq

Lmax —ecrit >\'r In 2
Fy
Ecrit
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Heitler Model

In Atmosphere:

» A= 40 g/cm?

» Ecrit = 85 MeV

» total depth of atmosphere =1000 g/cm?
» density profile:

_ —h/ho h
p=poe "/ T = / p(h")dh'
h() ~ 8 km 0

- therefore po = 0.00125

- height of first interaction: = 20 km
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0.0014

0.0012

0.0010

0.0008

0.0006

Density (g/cm?

0.0004

0.0002

0.0000

Density Profile

20 30
Altitude (km)

10

40 50

600
550
500}
450
400
350

300
250
200

150

Shower-Max Column vs Energy
Lmax —Ncrit )\7“ In 2
Eq
Ecrit

=\, In

10

E, (TeV)

Column Density (g/cm? )

X =

1000

800

600

400

200

Column Density Profile

20 30
Altitude (km)

10

40 50

12F

10F

Alt(km)

Shower-Max Altitude vs Energy

I TeV gamma
ray shower
has max at ~8km

Tuesday, July 3, 2012



R\ Camera

Interaction in atmosphere
generates an Air Shower
(et,e-)

-
N
o
ZZ r N ' - I
\:melfé/ A U@)L”:-J \Jl,@n_t‘-.\[
(&alor
4
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q\,\g"" Camera

Interaction in atmosphere
generates an Air Shower
(et,e-)

-
24
o
Zz B ® ¢ ' : . |
Energy << total signal
(&alor
\4
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iR G? era

Interaction in atmosphere
generates an Air Shower
(et,e-)

-
24
o
U . e~  cn
l_cm.@r@/ X total g}gr\ﬁl
(Calorimeter
\ 4
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Camera Display | Camera Display |

Cleaned
~Image

Gamma Ray:

Camera Display |

Cleaned
Image
Hadron: camage -

Y. Becherini
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Backgroun
cosmic¢ rays than y-ray:

Stereo trigger: =1/4
Image analysis/shc
Arrival direction: : \ ‘
After analysis: $/N=1.0! \ 4
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Simple Stereo Reconstruction

(o

Camera Systems

Nominal System

'
: ’
P
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HESS-II: July 2012!

e Ty 1 e A AT A N
:—'.'ﬂ'.'&fm.m-\.‘
S — e —— = 28 LT %
|
"id.

- .

61
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Sagittarius

Canis Major 8 10

Sculptor 79 11.8 O Observed by Fermi o b=0?-"."
Carina 101  14.8 O Observed by IACTS ’angit},or‘iﬁs
Coma Be. 44 8.6 :
Fornax 140 6.1

2.0kpc, ¥

_ A.F.Zarnecki g T o M T S e PWERgalaxy -
| Aion Viana Rencontres de Moriond March 2014 13




Example

observahons

Sculptor signjficance *

Sculptor and Carina dataset and

map, Sculptor Carina
2 RA 0170271952 06"41™3650
L Dec. —33° 33/ 0070 —50° 58 1270
4.0 0 Distance (kpc) 7944 10145
- Period 2008 Oct - Nov | 2008 Jan - 2009 Dec
2 Hours Observed 11.8 14.8
. NJSRC.L 32.4 8.6
v ' -
O1MiOm - OThOSm  OThOOm ) No significant gamma excess
,,, e
Sl at target position
°
10? =
I »2 I ndf 120.4/95
10 = Constant 1269+ 7.8
- Mean  -0.01275: 0.00503
- Sigma 1.003 + 0.004 . ] .
- Abramowski et al. (H.E.S.S. collaboration), authors A. Viana &
1 o/ A. Charbonnier, Astroparticle Physics 34 (2011) 608
Astrb4f|zyka cZAstek: wykiad 6 2 Signifi?:ance A.F.Zarnecki o8
Aion Viana Rencontres de Moriond March 2014 15 ‘



Example: Sculptor and Carina dataset'and

Sculptor sigpjficance ™
: map, : Galaxy Sculptor Carina
RA 0102m19%2 06"41™36%0
Dec. —33° 33/ 0070 —50° 58’ 1270
4.0 Distance (kpc) 79+4 101+5
Period 2008 Oct - Nov | 2008 Jan - 2009 Dec
i Hours Observed 11.8 14.8
BACKGROUND NI%C.L 32.4 8.6
Vv -355 . 3 s’ 4 . .
Othiom - OThoSm  OThOOm O e) No significant gamma excess
62 Model Sculptor Dwarf Galaxy 11.8 live hours at ta rg et pOSItlon
ON=611 OFF=12137 (0=18.7)
= -39.6y, 0=-1.5 S/B=-0.1
-0.04y/

o T Hd i r 4 .

a e i A AN i W s Estimated background

" * iy e .

c | 1 . Observed gamma-ray candidates

()

i

s « Measured »:

Upper limit on the number N95% L.
Y \

% 002 004 006 008 of « true » gamma-rays
AsifAngulassdistance to center)? (o) AF.Zarnecki 59
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Exclusion curves: halo modeling dependence

: : o _
Constraints on dark matter exclusion curve at 95% C.L.:  yess con. astropart. Phys.34 (2011) 608 . authors

—~10" = A.V. & A. Charbonnier
» =
w E Excluded -
5 L
> Range of allowed
o 107" = .
vV E DM halo profiles
§ I -
"'3 102" =
(] —
»w
3 L
2 1022 =—
0 — NFW profile (f = const., c=20)
'S A ) ) N LELEL LY Cored profile (3 = const., rc=0.05kpc)
B 1'920” N EEEEEEE NFW profile ( = const., c=35)
~——— Cored profile (B = const., rc=0.5kpc)
108 — ~ e=sssas NFW profile (B=p_, c=20)
=" amaaaes Cored profile (B = B"ou, rc=0.05kpc)
— aaameme NFW profile (B =p_ , c=35)
C aeeasss Cored profile (B = B"ou, rc=0.5kpc)
B s Fermi limits for NFW profile
[ HESS limits for Fermi's NFW profile
10.24 | | IIIIIII | | [ | | | I I I |
10" 1

10 10?
DM mass Mo™Y)

(a) Sculptor

» Various DM halo profile were studied in the case of Sculptor => helps to
estimate the uncertainties due to the halo modeling
» Complementary constrains to Fermi limits
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Two Cherenkov telescopes 17m in diameter
2005: First telescope (mono)

2008: Faster readout
2009: Stereoscopic mode Canary Island of La Palma, 2200m asl

L7 8

2011-2012: Upgrades f‘é

* MAGIC cameras:
- Field of view: 3.5°
- 1039 pixels / camera
- DAQ: DRS4 at 2 GSample/s

« Stereo Trigger

- Rate: ~300 Hz
- Energy threshold: ~50 GeV

-

-

RencohHEiadq Ak wyktad 6 P.Colin, J. AldkSi&BECkDM search with MAGIC March84th 2014




* MAGIC response function: calculated for each observation period separately
. modeled from the Segue 1 observations
. few models of DM annihilation and decay:

Secondary photons
Monochromatic line

Virtual Internal Bremsstrahlung
Gamma-ray boxes

=
o

m, = 100 GeV

BN ™, - 1000 GeV
EEEEE ™, = 10000 GeV

before the convolution

dN/dE [GeVY
H

after the convolution

+ + + 4+

* m, inthe 100 GeV - 10 TeV
(200 GeV — 20 TeV) range

* BR =100%
* Einasto density profile
* NoO boost factor

RencohHEiadq Ak wyktad 6 P.Colin, J. AldkSi&BECkDM search with MAGIC MarchB24th 2014




+ Galactic Center Best MAGIC mono constraints are

(17 h): Albert et al. ApJ Lett. 638 (2006) L101 _from Segue 1 observation

—— &F
e {E_O=100 GeV & «
1 (E_0=E _opt & o_I
— 11 (E_0>E_opt &
[ Uncertainty in Astr

+ Galaxy Clusters 1 ophysic

Perseus cluster (25 h): Aleksi¢ et al. ApJ 710
(2010) 634

+ Dwarf Spheroidals

Segue 1 (30 h): Aleksi¢ et al. JCAP 06 (2011) 035 -
Willman 1 (16 h): Aliu et al. ApJ 697 (2009) 1299 ;b8 i i s s DTN
Draco (8 h): Albert et al. Apj 679 (2008) 428 e

RencohHEiadq Ak wyktad 6 P.Colin, J. AldkSi&BECkDM search with MAGIC March®4th 2014
=



: MAGIC stereo
. ---- MAGICmono
' Fermi-LAT

_ VERITAS
. -.-.- HESS. (qq)

<ov> [cm’ s

[EEY

Q
N
N

MAGIC provides the
strongest limit above
3 TeV from dSphs

[EEY

Q
N
w

10
10%

10-26
10?

Aleksic et al. JCAP 02 (2014) 008
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[EEN

Q
N
w

This work

H.E.S.S.

o MAGIC, 158 h Segue 1

<ov> [cm® 7]
o

130 GeV Iirie_,‘

H.E.S.S., 112 h Galactic Halo

....... Fermi-LAT, 3.7 yrs GC region

| IIIIIIII | IIIIIIII
102 10°

llllll lllllllll lllllllll IIIIIIIII lllllllll lllllllll AL

Aleksic et al. JCAP 02 (2014) 008

™ .
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10°

Aleksi¢ et al. JCAP 02 (2014) 008

-
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This work

[T

Fermi-LAT

T T T T TT

llllllll llllllll lllllll
102 10° 10*

=
o

Aleksic et al. JCAP 02 (2014) 008 m, [GeV]

-
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Smence optlmlzatlon under budget constralnts
= Array area increases with y energy % ,_
= Mirror area decr_ ses withy energy .. budget (2006):

- 100 ME capital inv. (S)
¢ & - 50 M€ capital inv. (N)

few large telescopes &
~ for lowest energies, "

~km? array of
for20 GeVto1TeV

- medium-sized
telescopes for
the 100 GeV to
10 TeV domain

"V

~ large array of small
telescopes,
sensitive about few TeV

l 7 km2 at 100 TeV




(cta CTA sites candidates

two sités to cover full sky
at 20°-30° N, S

La Thuille, 9-16 March 2013 G.Lamanna



Cta CTA telescopes: 4 types, 3 classes, a great challenge

cherenkov telescope array

e

400 m? dish area
27.8 m focal length
1.5 m mirror facets

4 .5¢ field of view

0.1° pixels ASTRI Design
4.3 m mirror

Camera @ over 2 m oo oy
0.25° pixels

Carbon-fibre structure

Active damping
of oscillations,
active mirror control

Multiple options under study:

Conventional single mirror, PMT camera
Single mirror, silicon sensor camera
Dual mirror optics, silicon & MAPMT camera

4 LSTs on each site
70 SSTs on Southern site

MEDIUM-SIZED DUAL MIRROR TEL.
EXTENDING THE MST ARRAY

100 m2 dish area
16 m focal length
1.2 m mirror facets

9.7 m diameter
50 m?2 dish area
5.6 m focal length

7-8° field of view
~2000 x 0.18° pixels

8-90 field of view
11000 x 0.07° pixels

Extend South array
by adding 36 SCTs
contributed mostly by US

25 MSTs on South site
15 MSTs on North site

La Thuille, 9-16 March 2013 G.Lamanna



cta Sensitivity in units of Crab flux

cherenkov telescope array

10 E L] 1 L | L] 1 LILLILIL I| 1 1 LI L II ] E

. Array | 50 hours LST —o— .

- 5 sigma MST = -

I SST --arm a ]

all —=— :

- 1E -

3 s background and .

= n systematics limited .

= - A 4 -

:é n -
K7

o 0.1 F E

v n background limited .

.j.E _ i

| - L -

g i i
2

° oop  LST SST

0001 1 1 r 1l 1 1 L el 1 1 L sl 1 1 1 sl 1
0.01 0.1 1 10 100
Energy (TeV)
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cta Resolutions

cherenkov telescope array

s
E L T L
E i, Formi-LAT HAWC g |
L= = -
'E B HAWC
o 5
; (&
10" i
2 2 |
s =
5 5
Emf - E 10
- = - Fermi-LAT
> 5 | CTA
< w |
10-\3._ i i |II||I| i |IIII|| i i II|I|I| i i ||I||I| L L i iiis ||“||i ||||"|‘ | “||"| ||||||i |Illlld i |||IIJ IIII“I ||||"|
10° 10° 10° 10° 10° 10° 10¢ 10* 10* 10° 10° 10" 10° 10°
Photon Energy (MeV) Photon Energy (MeV)
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cta A visual comparison with the H.E.S.S. survey

cherenkov telescope array

H.E.S.S.

CTA, for same exposure

expect ~1000 detected sources
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Addressing key science questions

1. Where and how are the bulk of CR particles accelerated in our Galaxy
and beyond? Understanding transitions in the CR spectra.
(one of the oldest surviving questions of astrophysics)

2. How cosmic-rays propagate, interact, and heat the environment? Which
are the consequences from Galactic to cosmological scenarios?

3. What makes black holes of all sizes such efficient particle accelerators?

4. What do high-energy gamma-rays tell us about the star formation
history of the Universe, the structure of spacetime, or the fundamental
laws of physics?

5. What is the nature of dark matter? Can it be discovered via indirect
searches? Can we map dark matter halos?

6. Are there short-timescale phenomena at very high energies? Are GRBs
gamma-ray emitter? Is there new Galactic phenomenology to uncover?
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Preparatory Phase

Preliminary report regarding the implementation and cost of CTA

Proposal for the implementation and operation of CTA
Detailed implementation and operation plan for CTA
Signature-ready draft documents for the construction

CTA baseline array construction

Initial science operation with partial arrays

Science operation

CTA mid-energy expansion (US)

SC R&D and prototyping

Telescope construction

Full science operation

Astrofizyka czgstek: wyktad 6

2010 | 2011 | 2012

A.F.Zarnecki

2013 | 2014 | 2015 | 2016 | 2017

B 25 Countries
B 154 Institutes
B 839 Persons
B 256 FTEs

more want to join

2018

2019

2020

2021
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