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| OBesQ dzj FEMsi{LAT

Single Photon Angular v Wide Energy Range: 20 MeV - >300 GeV
Resolution

3.5° i1 100 MeV
0.15° @ 10 GeV Wide Field of View

& 2 sr)

)
'
I
'

40 times
EGRET's
sensitivity
and
extends
energy
range to
300 GeV

Point Source
Sensitivity:
<8x 10° ph cm®s’
(est. performance:
<3Ix1W0*phcmis”)
Source Localization: Good Energy Resolution
03 -1 AEE~ 10%,; 100 MeV - 10 GeV
~ < 20%:; 10 GeV -~ 300 GeV

Low dead ime:
< 100 us/event

Large Effective Area
(Acf'.);-.b > a.om cm2

1RCUL [RAR 2012



INCOS MEPHI

* <
AC AC - geTeKTop aHTMCOBNAaAeHUiA
AC K - koHBepTOp Tpekep - Bcero 1 Xo
25 layers W 0.04 Xo +Si (x,y) (war 0.1mm)
1 cnow nagoebIn Si geTekTop
§ C1, C2 - BINIC geTeKkTOpbl
=
KA - Si(x,y) netexTop
C3,C4 CUMHTMNAUMOHHBIE AETEKTOPbI KanopuMeTpa
C1(BNC)
KK1 - kanopumetp (3Xo)
g ! 4 cnoa Csl 0,75 Xo+Si(x,y) (war 0.5 mm)
a . . KK2 - kanopumeTp
o
E 1200 BGO (21 Xo) 2.24x2.24x%23 cm? - 400x4 kpucTannsl
§ HA - HeATPOHHBIA OETEKTOP SCM NONU3TUNEH
800 / KO Bl - 4 60KOBbIX AeTeKTopa kKanopuMmeTpa 40x120 cm?
" »l
Sy i ——————— A C2 (BNC)
_________ c3
BOKS
©) |  Frrrrsersrerirrmssemssssississsssssssissssisssszassssssrssiessassississs
(=1
[
onopHan
nnuta KHA
. nnurta
.~ C 4 nepexoaHoun
2 Ny thepMel
w ANEKTPOHMKA HO HABWUIATOPa

oy oA = T 0

HNMH 10



< < *
AC =
KonsepTtep- ‘ 100mm €
Tpekep : +
—e
(C) |
~1 X[ / -V
< | ——— (HeBMAMMbBIE)
BINC : . 50 cm
(ToF) g2 —_ |
[Mpeway3p { T
(CC 1) /q _ _ 500 MKm
3 X i 10 3B
Kanopumetp —
(CC2)

11

22 X[



AC

KoHBepTep-
Tpekep

(C)

Kanopumetp
(CC2)
22 X

12




............

[fdzgso dzr j] R O©OCI] tod MiEd
Ot dzj MC 54 040PY [ [ ¢

Q ° 1 —.— |rAMDIA 400
= 10 E ] ] = | FERMI-LAT
= \ |
B R AN
: CE A
s 1 2 o S——
= = 1 N
) R N
v

= 2 \
2 107k 5 = :
™ - 3 ) \
< - 2 E :
- C : 0,01 N
Q 42— FemilaT . i E \.\. y
2 E -.- TAMMA-400 Yy 3 = N o
I ] £ Bkl
£ ] 2 T

10'3 LALLLL 1 LA LALLL LA L Lllll LA A LlllL L LA LALLL 1 1

10'2 10-1 1 10 102 103 01 1 10 100 1000 10000

Queprus, 5B Jueprus, I'>B

13
1RCUL [RAR 2012



. m

1 s - 2_45(5()<

Cdzgj 86 JIsdyd m< g2

0,1-30004 1 |

Lediztotsj tOLWjh
(E,> 1004 ¢ )

~0,02"

] SdzdzOv  Is & Arllzth 2@ d3

] Iste€R5tc. J . H

Cdzj e JIsdud ME sy
(E,>100 y)+ |

~ 2%

st wWWdydddzls or H
L dzj Sstesdzse d 5
W s i

10

J tctsls 5 dzs o
[BIl jd3d fjtcjHOO O]
d dzt stedzOydd

100, B O/ [ dz

H N MH

14



! INCOS MEPHI ‘

TAMNMA-400

15
1RCUL [RAR 2012



m ~ 1490 - s 2500 .

Se h _ocot h < 'QOO‘QCEE o
TTx e Ty ot A< a 10071hj xy
]~ t T roC xm_2018t o~
¢h ay h~ * o0 t >7

HAOMH 16



] ZOdzd ez j GZOW

Omdenerue
om
PAI2OHHO20

6aoka ‘ ‘

HAQUAALHYVIO

!
J 3anyek Ha
p, > '%\opﬁum_\'

llepeeod
Ha

paéouyio

opébymy

" Mepteod na

opéumy

1 RCVU

(ftcjH s5dzOC O RBOMdz"CasHD

NPOMENCVIMONHVIO

[ RAR

st dlsO Ctsfd
L 200

Packpuimue
6amapeil

AMMA-400

17
2012



T 0 7"0O¢ Y onh

R M) 7 5 H dzO v 5065 t8R0GOESO3

TAVIAMA-400
g

emBa Y

Wl

T~ [ B d Is O 5dgsMARGO0 2000006

HAOMH 18



a comparison:
1-day exposure and sensitivity

AGILE-GRID FERMI-LAT GAMMA-400
(pointing) (front, P7_V6)
A+ (100 MeV) ~ 400 cm? ~ 1000 cm? ~ 4000 cm?
Source livetime ~0.5 ~0.16 ~1
fraction
1-day exposure
(30 degree Off_axis’ ~ 2 Lcin®s ~ 1. 'cin4s0 ~ 3 &cin®s
@100 MeV) [
1-day sensitivity </
(30 degree off-axis, 50, | ~10%ergcm?s* | ~10%ergcm?st \z 3Eergcm?s
@100 MeV)
Attitude fixed variable fixed
(1d-exphammasooF M AexmrMF M rexgha R
1 (Fcammasoot  NFRQmT O
Fs exp oo 0BFEacie 19




optical band sky




gammaray band (E>100 MeV)
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The Fermi LAT 2FGL Source Catalog

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr _catalog/
00 MeV to 100 GeV energy rang

August 4, 2008, to July 31, ,.‘

£
o,

L 4

1873sources S\

v p 1 Db {52No association o Possuble association with SNR or PWN

589 unidentified < AGN % Pulsar A Globular cluster
* Starburst Gal ¢ PWN = HMB

+ Galaxy -98NR - .- . . . .*Nova 22




S, ermi
GCanvmai

/x..

s Tedescinn

Classifications

Type Number Percentage of total
Active Galactic Nuclei 832 44%
Candidate Active Galactic | 268 14%
Nuclei

Unassociated 594 32%
Pulsars (pulsed emission) | 86 5%
Pulsars (no pulsations yet) | 26 1%
Supernova 60 3%
Remnants/Pulsar Wind

Nebulae

Globular Clusters 1 <1%
Other Galaxies 7 <1%
Binary systems 4 <1%
TOTAL 1888 100%

HOMH
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OMfted H] dzjdzgd] MEBtEeSMIsy 2
(W. de Boer et al)
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©
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Galaxy Cluster Abell 2218 HST « WFPC2
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t Jdzlsg j detseo MC 15§
MmMC s dzg dzd 2

56

o7

6"58M42° 369 30° 24" 18° 12¢

Figure 18. The merging cluster 1E0657-558. On the right is the smaller Bullet cluster
which has traversed the larger cluster. The colors indicate the X-ray temperature of
the plasma: blue is coolest and white is hottest. The green contours are the weak
lensing reconstruction of the gravitational potential of the cluster. From D. Clowe &
al. [59]
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total  Per Perit.” 822G

(Universe is flat)

Wota = W, + W, W =WepmtW

~72% ~23% ~3%
Q = Q + Q + Q
total b DM DE
stars, galaxies ?? candidates ??7? quintessence

RLMBjtojddj fsmistswdadets?2 mGH=71N4 € o/ e 1/
RLBjtejdzedj Ij B jteOlskzter Wy -2, 725 s
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The content of our Universe

Atoms Dark
Dark 72%
Matter

23%

The ACDM standard model

HNMH 32



Cotsdze ydqw 1 Mmj dzj dzdzts 245
—

Y

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. [ Galaxies, Planets, etc.

Inflation - aﬂ% P g sl
N ' g °_.'_a o \" ” .:'

Quantum ‘
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years
NASAMWMAP Sclence Team
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NEFW : PNFW {r}

2 a
Einasto:  pga(r) = psexp {—— |:(1) — 1] }
a |\ r,

Isothermal :  pro(r) = l—l-(pﬁ
. N Ps
putkerts - palr) = AT @)
r. 1.16 r —1.584
Moore:  paool(r) = ps (?) (1 + i“_s)
Angle from the GC [degrees|
10 30 17 ¥ 10r 30r1° 22 521090°

I I I I I I I I I I LI |

Moore :

|

_ : DM halo a 1y [kpe] p. [GeV/em?®

""E 1
2 : NEFW — 24.42 0.184
® I Einasto 0,17  28.44 0.033
. : EinastoB | 0.11 35.24 0.021
& | Isothermal | — 4.3%8 1.387
! Burkert — 12.67 0.712
. Moore — 30.28 0.105

lu_l Liiiin 1 L1 1L1illl L1 111l 1 L1 1iiin 1 1 IIII.‘? 111
10-3 10-2 10-1 1 10 102
1 [kpc] 36
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AdLdujmMSdy d@sHjdd, o ¢ isE
yomksdyr Isj ddzs?2 O jBY

A WIMP models

A Dark Stars

A Inelastic Dark Matter

A Dynamical Dark Matter
A Leptophilic Dark Matter
A Supersymmetric Models Beyond the MSSM
A Asymmetric Dark Matter
A KaluzaKlein Models

A Inert Higgs Doublet

A Non-WIMP Models

A The Axion



S OdzH dH OlsT

AKaluza-Klein Boson

Adxion

Aaxino
AGravitino
Ahotino

ASM Neutrino
ASterile Neutrino
ASneutrino
Alight DM

A ittle Higgs DM
ANimpzillas
A-balls

MMirror Matter

1RCUL [ RAR

azO tcts dz!

AChamps (charged DM)
AD-matter

ACryptons
ASelf-interacting
ASuperweakly interacting
Araneworld DM

Adeavy neutrino
ANeutralino

AVlessenger States in GMSB
ABranons

AChaplygin Gas

ASplit SUSY

Arimordial Black Holes
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VicOQo dzj dzd jJ 1 tsdz! yd&3Odz® H dz"n
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pralie —3Hn, — (n?2 — n%) < o,,,0 >

— T CE
Meq X (THT}%E o

n,(to)m, 3x10~ 2" emsec 1

Q, = —
Pc{tﬂ) < Oagnnl > hﬂ

QX — QDM ~ (.23
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2 = . — s . i
How to reconcile ¢ = 3- 10" *°em® /sec with o ~ 10 *cm® /sec?

- DM is produced non-thermally: the annihilation cross section

today is unrelated to the
production process
at freeze-out today
- astrophysical boost no clumps clumps
- resonance effect off-resonance on-resonance
- Sommerfeld effect v/c~ 0.1 v/c~ 1073

+ (Wimponium)

1RCUL [RAR 2012



Boostfactor

Resalved Clumps

42
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DM annihilation via a
Nnarrow resonance just
below the threshold:

DM

DM

167 m2I2

327 2
= — B;B
m2B; (0 + )2 +% !

m? =4aM?*(1—-48) ~y=T/m

(OVga1)

Enhancement can reach 103
with very fine tuned models.

1 RCVU

[ RAR

o
—3(_.2)

re /(10

2012




NP QM effect that can enhance the annihilation cross section by orders of
magnitude in the regime of small velocity and relatively long range force.

In terms of Feynman diagrams:

First order croes section:

For oM /my 2 1 the perturbative expansion breaks down,
need to resum all orders
i.e.: keep the full interaction potential.
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(m O eV) [BHjd ME]fjtemd
s OQdzH  H|@Is T axino The lightest stable particle

(LSP)Tneutral ijno
(dark matter) - gravitino (Q)

{ud d&@ W4 adz g
(m O 100RNGeMV snjd bdsesd]
WIMP f tctsflstc OdzMmid o C
The lightest stable particle
(LKP) 7 Kaluza-Klein
particle (BY)
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LML Bdy § LSy ted d3j 2l

Experiment Target

ANALS Nal Experiment Target
DAMA/Nal Nal

DAMA/LIBRA Nal DAMA/L Xe Lxe
DAMA/1 ton Nal

NAIAD Nal WARP LAr
HDMS Ge XENON 10 LXe
KIMS Cs| XEN.ON 100 LXe
Caf2 - Kamioka CaF2 Zepl!n | LXe
CDMS Ge Zepl!n I LXe

CRESST Cawo4 Zeplin Il LXe
EDELWEISS Ge ArDM LAr
EURECA Ge LUX LXe
CoGeNT Ge LZS/LZD LXe

ROSEBUD  Ge, sapphire MAX LXe/LAr
COUPP FSH CLEAN LNe
PICASSO FSH DEAP LAr
SIMPLE FSH XMASS LXe
NEWAGE CF4 MIMAC 3He gas
DM- TPC CF4

Drift CS2

MIMAC 3He gas
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Target Atom
3 10°3 (mass Mp)

WIMP

Recoil

P

Tmax = 2 MAc2p2
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INCOS MEPHI

R dzdze MistcOydw  sw o dzj dad W
sj s MUjlO foHLj Gd

| <

Earth

WiMP

wind December

NRRN

FIG. 1: A simplified view of the WIMP welocities as seen from the Sun and Earth. Due to the
rotation of the Galactic Dhsk (contmning the Sun) through the essentially non-rotating dark matter
halo, the solar system experences an effective “WIMP wind." From the perspective of the Earth,
the wind changes throughout the year due to the Earth's orbital motion: the wind is at meacamuom
speed around the beginming of June, when the Earth 15 moving fastest in the direction of the disk
rotation, and at a minimum speed around the beginming of December, when the Earth is moving

fastest in the direction opposite to the disk rotation. The Earth’s orbit 13 mnclined at ~60° relative
to the plane of the Disk.
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Primary cosmic ray

~500 KM === -

Smaller detectors
but long duration.
PAMELA!

Primary Cosmic Rays | /

Top of atmosphere -‘ —~40 km

Large detectors but
short duration.
Atmospheric
overburden ~5 g/cm?.
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JAVAY cosmic antiparticles
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INSIDE SCIENCE RESEAREHHYSICS NEWS UPDATE The American Institute of Physics Bulleting of
Research News Numbé&79#1, December22, 2008www.aip.org/pnuby Phil Schewe

ASUPERCONDUCTORS
ALARGE HADRON COLLIDER
APLANETS

AQUARKS

AFARTHEST SEEABLE THING
AULTRACOLD MOLECULES
ADIAMOND DETECTORS

ACOSMIC RAYS

Another mystery pertains to the findings of two detectors held atfe by a
balloon and one on a satellHeoking for oddities in the number of
antiparticles arriving with regular particles among cosmic rays reaching Ez
They see an excess of such particles which some interpret as evidence fo
GRT NJ Y U0 S N&éakiinter@dtirlg faiticles hiot @&h Mdiore.
Scientists associated with the ballcborne ATIC detector (NaturgQ Nov)

and the satellitePAMELAttp://arxiv.org/abs/0810.4995
IGHT PASSES THROUGH OPAQUE MATTER

AMACROSCOPIC FEEDBACK COOLING




