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Main Telescope: CAL (Calorimeter)

CHO = FEC Sclar

450 mm

Expected Performance

} CHD

{ from Simulations and/or Beam Tests)

LT R

1200 cm?sr for electrons, light nuclei

> IMC

1000 cmsr for gamma-rays

PT

§ THST- FEC

POy

APDI

m« 1 TeV electron shower

4000 cm?sr for ultra-heavy nuclei*
* for E > 600 MeV/nucleon

AE/E:

~2% (>10 GeV) for e's, y's

~30 % for protons

—— TASC

e/p separation: 103
0.15-03e
Angular resolution: ~0.1° e’s, y's

Charge resolution:

- {Charge Detectnr] [lmagmg Calarlmeterl (Total Ahsurptlun Calorimeter)

Total thickness of Tungsten: 3 X,

nction Charge Measurement (Z=1-46)
Sensor Plastic Scintillator : 14 x 1 layer (x,y)
{+ Absorber) Unit Size: 32mm x 10mm x 450mm
Readout PMT+CSA
January 4, 2016

Arrival Direction, Particle ID

SciFi : 448 x 8 layers (x,y)

COSMICsig @ AAS

Energy Measurement, Particle ID

=7168
Unit size: Imm? x 448 mm

PWO log: 16 x 6 layers [x,y)=192
Unit size: 19mm x 20mm x 326mm
Total Thickness of PWO: 27 X,

APD/PD+CSA

- +
64 -anode PMT+ ASIC PMT-CSA { for Trigger)
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& Proton rejection power of 10° can be achieved with IMC and TASC
shower imaging capability.
& Charge of incident particle is determined to 0>=0.15-0.3 with the CHD.

S. Torii, TeVPA 2013, Irvine, USA



LKA CALET is now on the ISS |

('D August 19th: After a successful launch of the Japanese H2-B
rocket by the Japan Aerospace Exploration Agency (JAXA) at
20:50:49 (local time), CALET started its journey from
Tanegashima Space Center to the ISS.

1

@ August 24th:
The HTV-5 Transfer
Vehicle (HTV-5) is
grabbed by the 1SS
robotic arm.

@ August 25th:

CALET is emplaced on port #9 of the
JEM-EF and data communication with
the payload is established.

the ISS at 19:28
(JSTT).

COSMICsig @ AAS 9



CALET Capability for Electron (+ Positron ) Observation : Nearby Sources

Energy [Gev) Frimary e & from Vela
S50 1758 = Conditions applied: Expac‘]‘ed AHISOT ro py
G00-200 1235 238 Electron efficiency = 70%
Proton rejection factor = 10° from VE'|G SNR
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S. Torii, TeVPA 2013, Irvine, USA



pARE MATTER

DAMI E The DAMPE Collaboration
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- China

- Purple Mountain Observatory, CAS, Nanjin
* Chief Scientist: Prof. Jin Chang
- Institute of High Energy Physics, CAS, Bellii

- National Space Science Center, CAS, Beijing

- University of Science and Technology of China,
Hefei

- Institute of Modern Physics, CAS, Lanzhou

- Switzerland
- University of Genevan
« Ttaly

- INFN and University of Perugia
- INFN and University of Bari

- INFN and University of Lecce I I




The DAMPE Detector

Plastic Scintillator Detector

S

er

Silicon-Tungsten Track

BGO Calorimeter

+ precise tracking + charge measurement =
high energy y-ray, electron and CR telescope



Dark Matter Particle Explorer Satellite

One of the 5 satellite missions of the Chinese Strategic Priority
Research Program in Space Science of CAS

- Approved for construction (phase C/D) in Dec. 2011
- Launched on 17 December 2015 from Jiuquan Satellite Launch

Center
e Satellite = 1900 kg, payload =1300kg
R * Power consumption =640W
i “\ * Lifetime > 3 years

 Launched by CZ-2D rockets

Altitude 500 km
e Inclination 97.4°
e Period 95 minutes

e Sun-synchronous orbit




Dec. 24 2015 First Light of DAMPE

Z-X View Z-Y View

|
<< First < Previous 4911 Next > Last >>
Goto
Colors: 01 02 03 04 05 06 07 08
Stereo Effects: Red Cyan Red Blue Active Passive No Stereo
Advanced Show: Show Trajectory Start Animation Continuous Animation
File Name(s):

./display/20151224_2A/DAMPE_OBS_20151224B012559_RECO5000.root

Event Number:
4911

Time Point:
01:28:17.7486, 24/12/2015

e 328GeV
electron

G. Ambrosi, CSN2, 09/02/2016, Rome




Exposure (m ? sr yr)

Exposure

——— DAMPE (0.3 st
— - — CALET (0.1 mPsr)
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G. Ambrosi, CSN2, 09/02/2016, Rome



gamma-ray Proton

electron
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Nuclei: CR Spectra & Composition toward the
knee(s)
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Comparison of Detector Performance for Electrons

DAMPE is optimized for the electron observation in the tran-TeV region, and the
performance is best also in 10-1000 GeV.

Detector Energy Range Energy e/p Selection Key Instrument SQT
(GeV) Resolution Power (Thickness of CAL) (m2srday)
ATIC1+2 10 - <3% ~10,000 Thick Seg. CAL 3.08
(+ ATICA4) a few 1000 (>100 GeV) (BGO: 22 X,)
+ C Targets
PAMELA 1-700 5% 10° Magnet+IMC ~1.4
@200 GeV (W:16 X,) (2 years)
FERMI-LAT 20-1,000 5-20 % 103-104 Tracker+ACD 60@TeV
(20-1000 (20-1000GeV) + Thin Seg. CAL (1 year)
GeV) Energy dep. GF (W:1.5X,+Csl:8.6X,)
AMS 1-1,000 ~2-4% 10 Magnet+IMC ~50(?)
(Due to @100 GeV (x 102by TRD) +TRD+RICH (1lyear)
Magnet) (Lead: 17X,)
CALET 1-10,000 ~2-3% ~10° IMC+CAL 44
(>100 GeV) (W:3 X,+ PWO : 27 X)) (1years)
DAMPE 1-10,000 ~1% ~106 IMC+CAL+Neutron 180
(>100 GeV) (W:2 X,+ BGO: 32 X)) (1 years)
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Electrons: Dark Matter vs Nearby

So

urces

oy, electrons -
_ } 8 |
" +—— PAMELA :
—— DAMPE
- — — — Pulsar total T
- Pulsar bkg | -
TE IR
OM ;’f \ 10* , : :
Pl ; i i1l ] Lo il i i Ec=20'|'ev’,I T=5x‘|03yr eIeCtronS ; EETA;-
10 102 103 DD=2X1029(Cm2S'1) « PPB-BETS
+ AMS
E (GeV) Distant component (SN/30yr) v ATIC-2
e 4nd | i 5 o ECC
R 10 excluding T<1x10%yr and r<1kpc o Fermi-LAT
'n x H.E.S.S.
o DAMPE 1yr N
E . .
w
5 Vela
3 10?
£ g
9 Ay
t‘a H L ‘:"'
Monogem  .....lh . ‘Cygnus
10 , e - i< iLoop
10° 10 10° 10° 10* 10°

Electron Energy (GeV)



OBSERVATION MODES AND
THE GAMMA-400 ORBIT EVOLUTION

Observation modes:

- continuous long-duration (=100 days)
observation of some regions of celestial
sphere, including point and extended gamma-
ray SOurces:;

-monitoring of the celestial sphere.

Initial orbit parameters:
- apogee: 300,000 km:
- perigee: 500 km;

- Inclination: 51.4°

\ After ~5 months the orbit will transform to nearly
circular with a radius of ~150,000 km.



AC — anticoincidence detectors
§1 (TOF)

C — Conveter-Tracker

S1, S2 — ToF detectors

—— S2(TOF) S3, S4 calorimeter scintillator detectors

CC1 —imaging calorimeter (2 X,)
2 layers: CslI(Ti) 1 X, + Si(x,y) (pitch 0.1 mm)

bi“s‘—' CC2 - electromagnetic calorimeter
e CsI(TI) 20 X, 3.6x3.6x3.6 cm3 — 22x22x10 = 4840
-S4
electronics
Navigator
connection

truss



HERD Design : 3D Calo &5 Side Sensmve'

About a factor 10 increase in statistics |
respect to eX|st|ng experlments with a
weight 2.3 T ~1/3 AMS

STK(W+SSD)

Charge

gamma-ray direction
CR back scatter

3D CALO
e/G/CR energy
e/p discrimination

|
Voo rEea——

STK(W+SSD)

Shuang-Nan Zhang, 34 HERD Workshop, XiAn, Jan 2016



HERD detectors

| fype lsize IXOA lunit | main functions

tracker B 7/0cmx 2 X0 7 x-y  Charge
(top) strips 70 cm (W Early shower
foils)  Tracks

tracker B 65cmx 2X0 7x-y  Charge
LEI LI strips 50 cm (W Early shower
foils)  Tracks

CALO ~l0K 63cmx 55 3 cmx e/yenergy
LYSO 63cmx XO 3 cmx nucleon energy
cubes 63cm 3A 3 cm  e/pseparation

Shuang-Nan Zhang, 34 HERD Workshop, XiAn, Jan. 2016



Detection Prospccts

bb channel — mpm = 20 GeV bb channel — mpy = 100 GeV

107 ¢ 107
: = = Force Feld = = Force Field
| — = CD_60_060_1 1 | — = CD_60_0.60_1
- GAPS — CD_6001505| . GAPS — CD RO 015.05
I —— Dbackground & | —— background
= = MED fluxes 3 - i MED fluxes
= ] =
%‘ 5ccc)nc[ar5 lj;aclcgmunc] | %‘
L (4]
% 107° % 107°
Nm Nﬁ
£ 1S3
g g
1077 1077
-2 -8 L M T T | . P
10 01 10 01 1 10
T [GeVin] T [GeVin]

DM conﬁg_lrations allowed 135 antiProton bounds Experimental expecteci sensitivities : 30 C.L.

Relevant detection /Prospect:s for Dbar energies GAPS LDB+ : 1detected event

below few Gev n, where cleioencIence on AMS : 2 detected events
solar modulation mc:c|e|ir1g can have an

imPact on the DM 5igna1 GP to a factor of 2

Fornengo, Maccione, Vittino, JCAF 1309 (2013) 031



GAPS detects atomic X-rays and
annihilation products from exotic atoms

d [ Plastic Scintillator TOF _ y
Atomic Transitions
k-N\
/ Si(Li) Target/Detector Augeres .
Refilling e- :: Nolo
- n=ny~15

Alime of flight (TOF) system tags
candidate events and records velocity

The antiparticle slows down & stops in a

ol f : ited . Nuclear
target material, forming an excited exotic Annihilation
atom
Deexcitation X-rays provide signature
Annihilation products provide added X-ray yields were measured at KEK in

background suppression 2004 and 2005




GAPS project history

2002 (original GAPS)
Cubic detector

3 X-rays
2004/2005

KEK Beam Test
2006

Multi-layer detector

TOF stopping depth

X-rays

Pion multiplicity
2008

Proton multiplicity
2009

dE/dX
2012

PGAPS flight

Start Si(Li) fabrication

Plastic Scintillator

o~
~o
Ss.
~

o



GAPS science summary

Antideuterons as DM signatures
- no astrophysical background at low energy
- complementary to direct/indirect searches and collider experiments
- search for: light DM, heavy DM, gravitino DM,
LZP in extra-dimensions theories, (evaporating PBH)
Antiprotons as DM and PBH signatures
- precision flux measurement at ultra-low energy (E < 0.25 GeV)
- complimentary to direct/indirect searches and collider experiments
-~ 10 times more statistics @ 0.2 GeV, compared to BESS/PAMELA
- search for: light DM, gravitino DM,
LZP in extra-dimensions theories, evaporating PBH
Expected to launch from Antarctica in 2018/2019

» 1 LDB flight (~35 days) -> precision antiproton flux measurement
~1500 antiprotons in GAPS E < 0.25 GeV, while 30 for BESS, 7 for PAMELA at E ~ 0.25 GeV

» 2 LDB flights (~70 days) -> improved antideuteron statistics
Antideuteron sensitivity: ~3.0 x 10 [m-2 s srl (GeV/n)1] at E < 0.25 GeV

» 3 LDB flights (~105 days) -> Antideuteron sensitivity: ~2.0 x 10 [m-2 s srt (GeV/n)1] at
E <0.25 GeV




GAPS instrument summary

TOF plastic scintillators Si(Li) detectors
- outer TOF: 3.6m x 3.6m, 2m height - 10 layers, 1.6m x 1.6m

- inner TOF: 1.6m x 1.6m, 2m height ) Iayer space: 20 cm
_ - Si(Li) wafer (~1500 wafers)
- 1m b/w outer and inner

- 4 inch diameter

TOFs o _ - 2.5mm thick wafer
- 500 ps timing resolution _ 12 x 12 rectangular
- 16.5 cm wide plastic - segmented into 4 strips
paddle ; oo - 3D patrticle tracking

- timing resolution: ~ 100 ns
- energy resolution: 3 keV
- operation temperature: -35 C
- dual channel electronics
X-ray: 20 - 80 keV
charged particles: 0.1 - 100

2m

v MeV

Cooling system
- oscillating heat pipe (OHP)
- demonstrated in pGAPS

Science We'ight: ~1700 kg, 34H balloon



Cosmic-ray Antideuterons

T. Aramaki et al.,
Astropart. Phys. 74
(2016) 6,

arXiv: 1506.02513

Antideuteron Flux [m2 s1 sr! (GeV/n)1]

102 & |
10-3 — BESS limit
104 L

"GAPS AMS

105 L

1 | IIIIIli

AMS

IIIII.'II

neutralino
m,= 30 GeV

LZP

m, p= 40 GeV

gravitino
m,, =50 GeV

Secondary

I.IIH'I'II 1 iI!IIIII 1 IIIIIIII 1 IIIIIIII 1 IIIlIIlI 1 1IIHII| Liipnm

0.1

1

10

Kinetic Energy per Nucleon [GeV/n]



Antiproton flux [(m? s Sr GeV)™]
o

1073

GAPS precision antiproton flux measurement
provides strong constraints on DM and PBH models

BESS 95/97
B BESS-Polar ll

Secondary Flux Only

PAMELA 7
v Gaps # ‘FH’ ‘?fﬂﬁﬁf Primary flux
\\ )
- _HH* ‘l’ (I)poc<0'v>m[ I\//)I DM J ® propagation
B DM /
- x 10 for Max
n PAI\/IELA 7 antiprotons x 0.1 for Min
oée\w,_,}:* due to Halo model
-0 4:@« BESS: 29 antiprotons Secondary flux
& : :
"’P“ F - constrained by B/C ratio
- GAPS:
B > 1500 antiprotons in 1 LDB (40 days)
| flight
o 7 datg pojnts, ~ 200 counts/bin .
10"

1 Kinetic energy [GeV]

Complementary to direct/indirect DM searches and collider experiments for light DM



Antiproton flux [(m? s Sr GeV)™]

GAPS antiprotons probe light DM and gravitino DM

Light DM

In non-universal gaugino model
good agreement with experimental data
- uncertainty on propagation model

-
2
=]

107

- uncertainty on annihilation cross-section

- different annihilation channels

BESS 95/97

B BESS-Polar Il

PAMELA

¥ GAPS

primary

secondary

= primary+secondary

f‘fﬁ

At
el

7 MED
‘/| +‘f’ m = 8 GeV/c’

MIN

Aramaki et al., 2014
Kappl etal., 2012

Neutralino
et
N

m = 30 GeV/e?
~ MED

10"

! Kinetic energy [GeV]

gravitino DM

Antiproton flux [(m® s Sr GeV)]
=]

stable in galactic time scale
small R-parity violation
- avoid gravitino overproduction

. Py Gravitino
BESS-Polarnl |77 secondary o

PAMELA — primary+secondary g 'L‘_'%:;‘-H-_?'

GAPS j(ﬁ+:+ . -+++$P\

III| 1 1 ) I —

100 GeV/c*

lifetime ~ 10*¥ s

m =

MED

Aramaki et al., 2014
Grefe, 2012
)

! Kinetic energy [GeV]



Antiproton flux [(m? s Sr GeV)|

Unique probes for DM in extra-dimensions
and evaporating PBHs

LZP

—
=

%]

- Lightest Z; charged particle
- stable under Z; symmetry
- right-handed neutrino

Wi TeV/c?

Aramaki et al., 2014
Lavalle et al., 2012

» BESS 95/97 —— primary LZ.P P ® BESS 95/97 = primary
B BESS-Polarn | 7777 secondary E B BESS-Polarll  |**"" secondary
BARELR —— primary+secondary ;{H + o PAMELA = primary+secondary
v anrs Aﬁﬁﬂ b ‘hﬁ\ B | v aas
% |
ﬂ*HI \ £
| S
o d
%102

- o iy 1
m., 30 GeV/ic

Primordial Black Hole Evaporation

- density fluctuations, phase transitions,
collapse of cosmic strings in the early
universe

- R <0.02-0.05 pC' yr (y, Fermi, EGRET)

- R < 0.0012 pc3yr! (p, BESS-Polar Il only)

-..._explosion‘rate:
. R=42x107pc?yr!

Antiproton flu

¢ =600 MV
s Aramaki et al., 2014
107 Abeetal, 2012
B R=5.0x 10*pc3yr!
- ¢ =600 MV

! Lo I I I N N O B I I kY

1 .. ..
Kinetic energy [GeV] 1 Kinetic energy [GeV]
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