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AMS-02 is the only magnetic spectrometer in space: Operational on the ISS since May 2011

Welght:. / tz_ 5 Recorded more than
Magnet: BL°=0.15Tm 198 Billion cosmic rays
Acceptance: 0.1 mZsr — and will continue through
MDR: 2TV the lifetime of ISS.
Calorimeter: 17 X,, 1.7A —
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AMS-02: Open Questions: Search for Anti-Helium Nuclei

Outer tracker layer
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-~ Mass = 2.93 =+ 0.36 GeV/c?
Mass (*He) = 2.83 GeV/c?
AMS-02 found:
8 3He and 2 “He candidates,
But no hits in outer tracker layer
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AMS-02 Upgrade: Search for Anti-Helium Nuclei

AMS-02 Upgrade: New tracker 105 —
layer ~2.6m
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Only a next generation magnetic spectrometer in space will be

A_MS'OZ .upgr-ade: . . o able to experimentally resolve the questions about Dark Matter
Find Anti-Helium candidates with hits in signals in cosmic ray anti-matter
all tracker layers?
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Future: AMS-100 [E..... *WH

PAMELA AMS-02 AMS-100 _
4 — E 103 F Cosmic Ray Spectrum
:}n 100 f 1 particle/m?-second
10°
10-12 :
v 10°15 .
r [t particle/m?2-year',
The cosmic ray flux follows a power law ®=C E3 107
1021 | AMS-100
Increase in energy by a factor 10 requires an increase in acceptance by 1000. .
] Ankle g
Design Requirements for a superconducting magnet spectrometer operated 12| <1056y =
: Energy [eV] y=-2.8 :
at Lagrange Point 2: 10 100 107 105 108 qom
® Max detectable rigidity of 100 TV GeV TeV PeV EeV ZeV

® Geometric acceptance of 100 m?sr — 1000 times the acceptance of AMS-02

® Measurement of cosmic nuclei with energies up to the cosmic-ray knee



AMS-100: The Expedition to Lagrange Point 2

e Total estimated mass of AMS-100: 40 t Starship SN8

Cctaber 31, 2020

* Magnet system: 2t Starship payload deployment sequence
* Detector equipment: 18t
e Auxiliary equipment: 20 t

e Launch with SpaceX’s Starship rocket
* Mass-to-orbit: 100+t

* Payload to L2 with refueling on-orbit

AMS-100: 40 ¢ guuull




AMS-100: Physics with cosmic rays at Lagrange Point 2
* Position at Sun-Earth Lagrange Point 2
* No heat radiation from sun or
earth
* Allows cryogenic experiments
* Q@aia, Herschel, Plank, WMAP,
James Webb S. Telescope,
Quegqiao, eRosita
e Starting at around 2035 - 2040

* Collecting data for min. 10 years
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AMS-100: High Temperature Superconducting Magnet, Compensation Coil

Neutral
current sheet

Interplanetary Magnetic Field
<B> =6 nT, Variation B=0-37 nT

— large volume solenoid with a B-Field of 1 Tesla in
interplanetary Magnetic Field results in a Torque of 0.4
Nm

— Current in Compensation Coil adjusted such
that total magnetic dipole moment of the system is
reduced to 1/10000

— Remaining angular momentum is balanced
by reaction wheels
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Axial Position, m

Length
Diameter

Number of Turns

HTS Layers
Current
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Radial Position, m

6.3 m
42 m
450

18 @ 50-60K
13500 A
1T
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12.6m
71

3x2 @ 50 K
9500 A
-0.06 T @ z=0, R=0

Magnetic Field, T



AMS-100:

Planned Design:

® 3 mm high temperature superconducting solenoid (HTS tapes)
— 1 T in a volume of 75 m’

® Solenoid operated at 50 — 60 K behind the sunshield in thermal
equilibrium with the environment

® Expandable high temperature superconducting compensation
coil (0 12 m) balances magnetic dipole moment of solenoid

® Solenoid 1s instrumented on the inside with a silicon tracker

and a calorimeter system (70 Xo, 4 A1) Weight: 40 t
- Thin coil Solenoid : BL?>=15 Tm?
°
SciFi-tracker Acceptance: 100 m?sr
i : MDR: 100 TV
® Time-of-flight (ToF) system Calorimeter: 70 Xo, 42
Power Consumption: 15 kW

Incoming Particle Rate: 2 MHz
Number Readout Channels: 8 Million
Mission Flight Time: 10 years

RWTH
m:‘;::{:i“"“"“ ‘ S.Schael et al., https://arxiv.org/pdf/1907.04168.pdf, Nucl. Instrum. Methods Phys. Res. Sect. A 2019, 944, 162561



https://arxiv.org/pdf/1907.04168.pdf
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AMS-100 Detector E....
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Thermal Analysis of AMS-100:

500 W
;/ 400 W
AN —_— Heat Source
\ Thermal Connections
§: Carbon Fiber Structure
\
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Thermal analysis shows:
Magnet-radiator temperature of 50-60 K,

Detector components @ 200 K

o N ©
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RWNTH David-Sharif Kohlberger, FH Aachen, Faculty of Aerospace Engineering
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AMS-100: High Temperature Superconducting Magnet

AMS-100 magnet system faces many
design challenges due to its

Ultra-thin 1T HTS coil,

Design B-field of 1 T in the center of the
solenoid.

Operating temperature range of 50 to 60 K:

Large temperature margin is important:

* cooling power is very limited via external
radiators,

* large stored energy 39 MJ
* no intervention possible.

Requirement to survive high-vibration
launch conditions

Requirement to fit the magnet and its
compensation coil(s) inside a rocket

=

[
|

* Length: 6.3 m, Diameter: 4.2 m

* Number of Turns: 450

* Operating at 50 K—60 K

* Current: 13500 A

 B-Field: 1T

107 km of HTS Tape

* Thickness: 18x0.04mm = 0.72mm
* Stored Energy 39 MJ

 Radiation Length: 0.11 X,

* Total Weight: 2200 kg

40 g

T T

38F
36F
34f
32f

lyp=13.5 kA
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Magnetic Field on Conductor (T)

Rare-earth barium copper oxide (REBCO)
HTS tapes

Copper Stabilizer

2HM  giiver Overlayer
0.25 ym

(RE)BCO - HTS (epitaxial)

12
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AMS-100: High Temperature Superconducting Magnet, non insulated Coil [J....

Al-alloy skin for mechanical strength HTS cable welded in aluminum jacket
and axial thermal conductivity

15

‘Al-6110-T9, 0.7 mm

Al-6110-T9

10

- Al-6110-T9

i |
fical fiber ——— , , 1 | . | A
A-6110-T9, 0.5 mm | i ‘
Al-Honeycomb, 10 mm
Al-6110-T9, 0.5 mm f = e

Local spo
Honeycomb for Stack of HTS tapes Epoxy (+Kapton) welding

mechanical stiffness between layers

mm

Al-6110-T9 skins paired with a honeycomb structure to increase the
magnet’s stiffness.

 Honeycomb structure increases the effective thickness of the object
with minimal increase in radiation length.

* Magnet becomes more resistant to buckling.

* Al-6110-T9 alloy: provides a compromise between mechanical
strength (yield stress > 500 MPa) and good thermal conductivity. 13



AMS-100: High Temperature Superconducting Magnet 1p1| RWTH
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End-Flanges ( ):

Mechanical support of the magnet
during manufacturing, launch and
operation. Circular, allows quench-back.

Quench model is under development:

— Predicting quench behavior of main solenoid, resulting hot-spot
temperature and mechanical load on conductor are studied for several
i __ quench scenarios.
- ; Mechanical support of the magnet —> Quasi 3D thermal, electrical and magnetic nodal-network model is
; during operation and quench events. built using python.
Circular, allows quench-back.

—> Results from this model are analyzed in ANSYS/Abacus to evaluate
Stringers (blue): the resulting mechanical response.

Mechanical support for during launch.

[mm] Dominik. Pridohl, Jannik Zimmermann, RWTH Aachen
Tim Mulder, CERN t=907.7772 s t=907.7772 s ’_
15
0.59 11T
0.11 i,
753 & fest
2.24 o
2.95 a 25
365 = i H I
4.36 Ssandaeezis B
200 s | j
2 100 1 e ‘
g) _cgb 2768,2 s
2 200 ] gifiieeeees
= 3
e = 100
-200 \\//
_ZQ O
e, S0, , 2

Crp, 015 4 Peray, 10 5 4 dtion,m
rent/w 30 6 5 position, M fu,e, /(%00 6 Position,




Several compact demonstrator coils are envisioned and in
preparation.

* Test of materials and preparation procedures.
* Optimize soldering procedure

* Validate models and results (mechanical, electrical and
thermal)

e Starting with small, few turn demonstrator coils, later
moving to larger coils.

* Larger Coils will undergo space qualification tests

) T ' {W//////

Length: 180 mm
Diameter: 120mm
Turns: 36

HTS 4mm, 8 Layers

25

Diameter: 120mm 20

Turns: 3 = W8

15

10

0 200 400 600 800 1000

RWTH Isup/A
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AMS-100: Time of Flight System

Pre-Shower

Inner ToF
Inner-SciFi

Outer-SciFi
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Required ToF-Single Counter time resolution : 20 ps

Z measurements from the signal height
Provides the trigger and measures 3 = v/c

Anti-Deuterons are the most sensitive probe
for New Physics in Cosmic Rays

AMS-100 would observe thousands of
Anti-Deuterons in Cosmic Rays

3
F.H 10 T T T T | T T T T T T T T T T T | T
> . AMS-02 electrons At = (t1 — t3)
(b} 10 " L .., 2
O el
% 1 AMS-02 p Trea.
_ - ey,
2 10 BESS p B e,
- o © --—"._....;..:.___ o ""..c.o “ete
N‘" 10 e, TUTUNTmeeeo.oll BESS (95% CL) D
£ GAPS D _" AMS-02 D sensitivity
_5 [ GAF _
: 10 e STEI e v e, e e.g o - 7 50 ps 20 ps 10 ps
5 D from dark matter AMS-100 D~ " %%, , " X
= a7
w 10

10°%F e "
» D from Secondary production AMS-100 Dsensiti\-fit;!-ﬁ
10 1 1 1 1 1 1 1| | 1 1 1 1 I 1 1| l 1
0.2 0.3 1 2 3 4567 10 20 30
Eyin (GeV)
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Inner ToF
Inner-SciFi Ouller-SciFi

Pre-Shower

—

Jojeipey

ZL-1 s19he
Jayoeu] uoaljis

P ———

/ /
1.0 2.0 2.5

Inner-Support x [m] Outer-Support
Tube Tube

The PANDA Barrel-TOF Detector Design

2L
077 Ly
////[//I//// W

YL

Sensor board (single sided)

A
© Sensor board (double sided)

to rail board

~ torail board

RWTH Scintillator
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-100: Time of Flight System

 Scintillator rods with SiPMs operating at 200 K
* Scintillator dimensions 90 x 25 x 6 mm?3
* Expected time resolution for one rod: 20 ps

e Similar to the PANDA Barrel TOF
— Reached 50ps resolution
But matching factor = 0.25

O-szcint 2 2
0, = k + OsipM + Oclec
Gt INtrinsic time resolution of scintillator with full
coverage
k is the fractional sensor coverage, matching factor
Oeec  ~ Ramp X Cspm @nd intrinsic noise of amplifier

— full coverage of the frontface of scintillators, k=1

—> serial connection of SiPM cells — reduce C ¢,
17



AMS-100: Time of Flight System

=~

Scintillator Bars ™. SiPM w. PCB

SiPM
(Hamamatsu S14161-6050HS-04)

Single Array Size = 6mm x 6mm
Total Nr. Arrays = 4 x4

Array Connection : Hybrid

VBR = 38V

Peak Sensitivity (450nm, PDE=50%)
Capacitance C ), = 2000 pF

4 Array signals are summed up and fed into one channel

- : (Eljen 228)
| 2
ol I | Single Scintillator Size (DxWxL) = 6mm x 25mm x 90 mm
- - Matching-Factor = 1.0 (fased DxW sides to SiPM)
L7 /
L8 -_ﬂ _I TOF Time Resolution(ay) ., = 20 (ps)

M MTW\%%EN
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AMS-100: Time of Flight System

SiPM(L)
. . — — ¥/ ndf 213.1/249
External triggered / Self-triggered Setup: = : ] rise time a  6.372e-05 * 3.24e-05
0P b -0.06726 + 0.0003186
. - 10%| t 132.8 + 0.01761
Climate Chamber -0.01] t, 0.8718 + 0.01359
= -
E 002
o -
T =
£ 0031, (to) | 50%
= - E
E -0.04— | 00 b
- xX)=a-+
C —(t—=tg)/t
: 005 Amp (1+ e 0)/tr
SiPM Signals,, Linux-PC onsE- sosdt
E Y g
-0.07F
L : D TP EPENETEN BN | PRI APUPETETS IETUTEr IS ATSArE A
. L. 50 100 150 200 250 300 350 400 450
SiPMs Waveform Digitizer (DRS4)
Hamamatsu (S14161-6050HS) Time (ns)
> R SiPM(R)
) ¥2 / ndf 193/ 247
External Trigger J 4 risetime a  -4.892e-05 + 3.243e-05
b ~0.05641 0.0003956
) - 10% 1 132.6 + 0.02262
Power/ Signal (R) - t‘: 0.8395 1 0.01659
< 00—
E -
" 002
- fie(t) | 50%
USB2 0.03—
—ood— Amp
_0‘05:— 90%&
- ) 4 3
=008, 1l e e e b L L
50 100 150 200 250 300 350 400 450
Time (ns)
m I PI!ysikaIisclles m 19




AMS-100: Time of Flight System B

Institut

External Triggered Events:

—~ Coincidence Time Resolution (CTR, g¢)
= For triggered MIP-particles: op = 78.7 ps
=
= : : Ot

3 Time Resolution (gy): o0 = -

g
ZC

o = (39.3 + 0.1(stst.) + 0.7(syst.)) ps

505y, £)-228 (6 mm x 25 mm x 90 mm), PCB-Cha(Hybrid), T=23°C -1 08-06-04-02 0 02 04 06 08 A
At (ns)
10—1_
—~ Wrapping/Reflector Studies:
Z D
E c
o 10°F =
S S
5 o Ot, al.Mylar = 39.3 ps
Tg 107 8 O-t,PTFE = 39.9 pS
2 g
< 5
=
107 | | z

Next steps: Reduce R, X C 5;p
to improve o;

0 20 /10 60 80 100 120 140 160

Pulse Height (mV)

-1 -08-06-04-02 0 02 04 06 08 1
At (ns)

Threshold 20



AMS-100: Time of Flight System &.... ™
Temperature Variation: 10 '
Self triggered measurement, threshold 10 mV — 0.5 MeV e . -
> |
E i .
v 10°F
o - '
5 10 °
ety g -
S u
= |
10745_. .|..+...|JIM'..|...|...|... w1
O 20 40 60 80 100 120 140 160

%0Sr, EJ-228 (6 mm x 25 mm x 90 mm)

Pulse Height (ImV)

180 B
160 |—
- e T=23°C = T=-30°C
Coincidence Time Resolution ’g i N Time Resolution not significantly
(CTR, oa¢) ~ N depending on temperature in
» VAL ) — R o 120 — L g - )
— o . \ //“ . the temperature range 23°C to -30°C
100 (— S S
80 -
o | | Ll | t t
0 1 2 3 4 5 6 7

Over Voltage (V) 21



AMS-100: Scintillating Fiber Tracker eanmostion

signal
amplitude
- ] L Scintillating fibers
=~ | - : pos
= !E g ,_A._L% - '—;,, " ) .- e

! Threaded winding wheel
T 4, = . -

I~
| channel

1 fired pixel

“
P -_phaton

 Staggered layers of @250 um fibres
form a fibre mat

- | particle

T 1 T
* Readout by arrays of SiPMs. 1 SiPM % °'14; [ Scrom
channel extends over the full height of 042 \ w - s e
the mat. o1t \ |
* Pitch of SiPM array should be similar o.osg \
to fibre pitch. Light is then spread over 0.06 e

e WMX

- 50um resolution

few SiPM channels. Centroiding can be
used to push the resolution beyond

p/sqrt(12).

0 L1 \5\ 11 \10\ 11 \151 11 \20I 1 \25I [ \30
nPhe
|ﬂ| gt ‘ R 22



% AMS-100: Scintillating Fiber Tracker

SC
/7,ﬂ | I "‘;7 @ .

LHCb-SciFi-Tracker:

Fiber Mat Winding
- 10,000 km of fibre in total

Width: 136 mm

back half-panel

mirror endpiece
C-frame mounting

endplug

See talk Lais Soares Lavra:
»The Scintillating Fibre Tracker
for the LHCb Upgrade”

SiPM aligned
endpiece

light injection
endplug

5m length

front half-panel

1152 SciFi mats, 144 Modules, 340 m? total area

m I Physikalisches ‘
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Pre-Shower

AMS-100: Scintillating Fiber Tracker

Inner ToF

First & Fast Measurement of R and Z; MDR: 3TV

0.3 AEEEEN

0.2 ENBESE

—0.1 e el A
-0.2128

0. INBEEEEENE
| il
0.01 =t

—0.3 EEEEEE

0.0

Inner-Support

Tube

ZL-1 s19he
J9yoeI] UODI|IS =

Provides 2x6 Measurements with
40 um resolution (using 250um thick fibers), MDR 3TV

or
13 um resolution (using 125um thick fibers), MDR 9TV

o = FiberWidth/\12/\VnFiber

)
Q
=
Q
-+
(o}
=

‘\
|

sS—
1 ———

5 Layers, 0.25 mm Fibers

Perdaix

2.5

6 Layers, 0.25 mm Fibers 12 Layers, 0.125 mm Fibers

LHCb / AMS-100 AMS-100
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AMS-100: Scintillating Fiber Tracker

Production of 12 layer fiber mat made out of 125um thick fibers from Kuraray,
LHCb winding machine @ I. Physics Institute adapted to 125um fibers,
winding force less then 5¢N.

12 Layer fiber mat with 125um thick fibers produced
L=90cm, W=1,5cm, H=1.42 mm

6 layer 250pm fiber mat - 12 layer 125um fiber mat | i

1.45mm

— Production of 1st Fiber mat with 125um thick fibers successful!
25




AMS-100: Scintillating Fiber Tracker

Optical Scan of 12 layer fiber mat with 125um thick fibers

—4400

—4600 -

—4800 -

y /um

—5000 A

—5200 A

—5400 -
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12t wound layer

—5600 1.,

o TS
T Sakaiiias e S it et i e s e S
x,am@«w“%v%?“”°“m0“”$k¢%0&‘“&“*%§“%zyﬁw”%a&»f”“”&”°5m&”“&°*§«x”$&$gﬁ°&%owawq
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xmxwwmexWMWyMXW%MWWWXWX
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o R SO b s oot sesppot
&aN0g»Qx»«xgouw0uxo«%«”o«*“%o&°“”“”“”&wﬂx0“”°“%o%&@&»¢Nﬁ&&gx@wvxoo«»“pougzxéax
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X0OOORORRARRHIKHR SOOI ORI OO XSOOSO ¢

A &

&

—-8000

Fitted angled quadratic formula per fibre layer:

—2000 6 ZObO 40b0 GObO

X /um

-6000 —4600

8

15t wound layer

Distance between fitted and actual fiber position increases from

6 um (15t wound layer) till 17um (12t wound layer);

Average distance between fitted and actual fibre position: 13.3 um

— Total Position Resolution (0,) =13 um @ 13.3 um = 19 um — MDR 6TV

26



AMS-100: Scintillating Fiber Tracker

Light yield Measurements using Sr90-radioactive source to excite 12 layer fiber mat with 125um thick fibers

%s;;ou}cle Light yield comparison (0.82m from SiPMs)
. . 20.0 4
on movable tray 6_|ayer Fiber mat with o 6 layer mat with 250 pum fibre: mean = 16.09 px
E/ 250 h k fb e 12 layer mat with 125 pm fibre: mean = 10.35 px
! / \ m thick Tibers 17.5
trigger H N o "',""‘. . S oL,
scintillators + V. ."-‘,'-.ouc,---‘- --'."-'. ° *eee t0e ot
PMTs ’ \
\ 15.0 -
\\\j"\\ \ x
Q s
u\ '\ -~ .®
‘\‘i x ko) e%s ° Teelt *
\, } T . °e Ceten . ee © *. * . .
SIP’\glse(a)Prgf:Iec:dOUt 'q_;loo’.... . ...... ." * ., ’ ..... ®se oo
\ =
; L 75
S
12-layer Fiber mat with =
R R 5.0 A
125 um thick fibers
2.5
0.0 . . . . . .
LY 16 1 230 240 250 260 270 280
R — 250um _ 10 16 SiPM channel number
LY '

T LYiasum 104

Ry exp. @0.8m from SiPM = 1.11

— Lightyield of 12 layer fiber mat with 125um thick fibers lower than expected!
... | o 27



AMS-100: Scintillating Fiber Tracker

Lightyield of 6 Layers SciFi-Mat with 250um fibers measured at lower temperatures

2, Scintilator Lightyield:
= e (0,024 £0.003) pix/K
2”2 = (1114 0.14) %/10K
. 2 . ;
L —
2 ;
g7 \L& p
2 \\\ 4
g 21 -
N
2 ]
21. ]
o \[A ]
Exn . W,

—> Lightyield(T) = 0.11 % /K
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AMS-100: Scintillating Fiber Tracker E..... | ™IELR
6 Layers SciFi-Mat (0.25mm Fibers) @ temperature range 77 K - 253K

20

18

16

14

& 2 Sigma
&= 1 Sigma

253.15K
—— 233.15K
-~ 212.00K
—— 153.00K

—— 77.00K

0

100

— no significant changes in
performance

— LHCb SciFi-Tracker is planning
to cool down SiPMs and Fibers
to cryogenic temperatures for
Upgrade 2
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AMS-100

Precise measurements of proton, electron, positron and anti-proton flux at higher energies

| [III]III | IIIIIII| I]IIIII| ] II]IIII| I [Illllli | II[IIIIl | LA

& -
> 40000 B Protons | eeeten. : ]
(5 B Spectrometers Ky ""ul..ﬂ |
v ¢ AMS-100 ‘ i ™
|- — * 02 s : H -
k7 - e T
) 30000 — PAMELA s 8 \ + —
(oY) — > 1 t :
IEI : d'.’" : 11' N
Q. ; ; 'f. Calorimeters : ;
o 20000 - pa————————— st ot Sl ATIC-2 ' 1‘ 7
°°. B CALET : +\ 1
o B 7 . i
o B ff CREAM : \ |
10000 ; : -
¥ ! MDR "
AR T B R T S BT
1 10 10° 10®° 10* 10° 10° 10’

R[GV]

Proton flux is described by a power law with several smooth breaks,
| RWTH inserted for the purpose of illustration (dashed curve).
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AMS-100

As a Magnetic Spectrometer AMS-100 Anti-Deuterons are the most sensitive probe for New Physics in Cosmic Rays

can separate Anti-Matter from Matter Z=-1 Particles in Cosmic Rays

| 1 I | | 1 1 1 | 1 1 | 1 1 T ]— ‘_A 103 E' - Tt | T : T . | 1 ]
200 B 1 S B AMS-02 electrons
| ] ] 10 :g L I -
o E L ™ ".a .
100 __ __ ‘Tu’ 1071 '%_ BESS p 0 o) c ] AQM?-OQZ .p-‘.L . -.-...-.IIIIII
L— =r: . 0_0C "_ . o "o e e L Y .......-. L
i 1 & 10‘325 T BESS (95% CL) D Tteeen..,
Tt 3 S A0S T T 2500 a0,
L 0 § 7 £ D from dark matter AMS-100 D © % **-ea,, ol .' :
> '} 1 = - .
w 10
I ] ‘™
I ] 10°¢ , e
C_ D from secondary production T
-100|— — 11 E AMS-100 D sensitivity
B ] 10— gl 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 J 1
i 1 0.2 0. 1 2 3 4567 10 20 30
. . Eiin (GeV)
_200_| I 1 | L | 1 | L | | 1 L L | | L Il 1 ]_ ‘T’\ 10:— "'[ T T T ||V||| T T T rrrrT T T |1|\|I| T T L ™
—200 -100 0 100 200 = 10 = TTessa B
> [ ]
e § & e
From AMS-02 to AMS-100 Anti Helium Flux: W L _:
":. 107 F —
1 event/year -> 1000 events/year LN ~
. . . o . ‘:E; 10°8 :: _______ S — - AAMS-100 °He (10 years) ::
The resolution is high enough to distinguish 29100 e — N
between the different sources for Anti-Helium 102 | | | 4
0.010.02 0.1 0.2 1 2 34 10 20 100 200 1000
RWTH E,, (GeV/n) 31
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Conclusion

* AMS-100is a powerful magnetic spectrometer detector concept **  >

» Acceptance 1000x higher than of AMS-02 L ! = \

=

* MDR 100 TV — Calorimetry measurements up to the cosmié""k‘néé:“{*Pe_\l)*’“*" b H i;_
« Sensitive to measure Anti-Matter and other rare nuclei in Cosmic Rays
* High accuracy measurement of the positron spectrum till 10 TV

e Continous full sky coverage to measure gamma rays with excellent \

angular resolution

* New technologies Weight: 40 t

* High temperature superconducting magnets are becoming Thin coil Solenoid : BL2=15 Tm?
Acceptance: 100 m?sr
very important for accelerators and detectors on earth (LHC. FCC) MDR: 100 TV
_ Calorimeter: 70 Xo, 44
and in space Power Consumption: 15 kW

Incoming Particle Rate: 2 MHz
Number Readout Channels: 8 Million
Mission Flight Time: 10 years

* Detector technologies @ cryogenic temperatures

32
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AMS-02 — A TeV Particle Spectrometer T

Particles and nuclei are defined by their

TRD
Separation e*:p

s | charge (Z) and energy (E ~ P) 5; f oetan
g = ﬁ 4= — : f \
(6000 -

3] e i
- -J:'.".r -I'.."r ‘-‘-iﬁr'-n- Loy
- e iap

1
=

|1.|I'
o
et '\—--‘i-k ot
AR

PR D=0~ il o -

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL

RWTHAACHEN »
UNIVERSITY
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AMS-02 Results & Open Questions: Positron Flux — Search for Dark Matter:

< 100 GeV covered by AMS-02
with accuracy of 2 - 4%

> 100 GeV covered by AMS-100

25 lllll | | | Illllll | | | | lllllll | | | | lllllll
Positron Spectrum

* AMS-02

Diffuse term:
Low-energy part of the flux dominated by the

PRL 122, 041102

dark matter particles

20 C. ) 2019 . . . . .

L == Fit, 68% CL N positrons produced in the collisions of ordinary

: Tw o) < Bl m 1 CAE B expl_E/E.) : cosmic rays with the interstellar gas

- e sz d 1 s 2 5/

o m =
15 [ & } —] Source term:

C B Origin through pulsars or dark matter anihilation
10- 8 - or an unknown source

-5 4 Cutoff (= 300 GeV):

= ™M

- W Source term Gives the maximum energy of the positrons and

5 C could therefore represent half the mass of the

| Energy [G?V]
1 10 — 100 1000

— Rigidity range x10,
Increase of acceptance by 1000

R to detect enough particles (Flux ~ C - E~3) 35
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Anti-deuteron -
candidate 7~

Momentum = 6.23 £0.37 GeV/c

Charge =-1
Mass = 1.74=%0.24 GeV/c?
M, =1.88 Gev/c?

Number of events

PRI T S AT SR TN T S AT T N W

1 2 3
Charge sign x Mass [GeV]
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W85 BESS limit
[ GAPS sensitivity

PHYS. REV. D 97, 103011
2018

—— DM CuKrKo
MED-MAX

—— Secondary CuKrKo
MED-MAX

¢ [(GeV/n) "Tm=2sTsr™]

= Tertiary CuKrKo
MED-MAX

col ol vl vvod v vrd v 3 m

-10 1 | 1 1 111 I | l l 1 |
10 1071 100 10! 102
T/n [GeV/n]

No active or proposed instrument has the sensitivity to
exclude low energy Anti-Deuterons from

Dark Matter Annihilation by measuring the flux expected
from secondary production
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AMS-100: Silicon Tracker & | ™

Support Si-Tracker Inner SciFi - Magnet outer SciFi
tube Pre-Shower Layers 1-12 Inner ToF_ Outer ToF
T \!

0.3 u 11

0.2 BEE R

0.1m ;L

0.0/

-0.18

0.0 0.5 1.0 x(m) 1.5

Performance of the Silicon Tracking System:

e Expected: a single point resolution of 5 um in the bending plane
for |Z| = 1 particles

* Higher resolution by lowering the temperature to 200 K

* Six double layers arranged in cylindrical geometry leading to a
maximum of 24 measurement points for a single track

* With a magnetic field of 1 T, the AMS-100 silicon tracker
provides an MDR of 100 TV

e The structure is similar to the CMS silicon strips detectors in the
barrel module but with silicon ladders instate of single strips

* Sensitive area 380 m?

* Readout: VA-140 Chip, 0.35 um CMOQOS, 0.3 mW/Channel

* 5.2 10° Channels




AMS-100: Tracking System

Performance of the Silicon and SciFi Tracking System

Expected of the Tracker and ToF System

or/R

Silicon Tracker
* 2x12 points

* 5 um resolution

SciFi Tracker
* 2 x 6 points

* 40 um resolution

1;| T T TTTTT T T T TTTIT T T T TTTTT T T T I/Illllll.ll T T TTTIT 1 E M_ZR AMS—].OOZ Separateﬁ@&withﬁ-ffUptOEkin=15GEV©P=17GEV¢R=17GV
N y . / N Pr M(Deuteron)=1.876 GeV
L . y=EIM total
1 \ \ S F T k / 10_1 | Maximum acceptable resolution
-1 ciFi-Tracker S T e o ettt teiu aietetin et et ettt seteinttsiit sttt el et atelnie et et et sttt
— 2 2 2
N | = M\ (&Y L (”_/)
I _ X M R p
102 O Half-Tracker c Tracker  ToF
< ) . 0102
~ Calorlmetgr/ 3
—_— =
[0
e ToF
[o]
3| Full-Tracker
10 E -200 -100
[ L 1 IIIHJJ Il 1 IJIJI\l 1 L LlJIIIJ 1 1 IIIIJIJ Il L1 1llln Ll 1 10_3' TraCker
10 1 10 10  10° 10* 10° o 100 o
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AMS-100: Electromagnetic Calorimeter & | ™M

Support
Preshower Detektor: tube Pre-Shower

* 12 silicon detector layers interleaved with thin tungsten layers (5 X,)
=400 cm, Weight 4 t

* Measures direction of cosmic gamma rays

* Limit the backsplash of the calorimeter into the silicon tracker

Crystal Calorimeter (inspired by HEARD concept): o
* 3-dimensional grid of 37740 LYSO cristal cubes(3 cm x 3 cm x 3cm) ,§_,
e R=40cm, L=400 cm, Weight 8.2 t =
* LYSOis a Cerium doped Lutetium based scintillation crystal with a

density of 7.1 g/cm3, X, = 1.14 cm, each crystal ~ 2.6 X,
* Readout with large and small area photodiodes glued to one face of

the cube.
* Allows reconstruction of the shower shape

L b
220
N
7] ]
HEE
|
HE
[ ]
||
||

Combined detectors:

* Can separate electromagnetic and hadronic showers

* Radiation length of 70X,

* Nuclear interaction length 44,

 Measurement of cosmic protons and ions with energies
above 100 TV up to the cosmic-ray knee (PeV) are possible

LYSO crystal  LYSO crystal with photodiodes
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AMS-100: Electromagnetic Calorimeter

High-Energy Gamma Rays

Insttut

2 i
1. Using the calorimeter to measure directly
gamma rays with an acceptance of 30 m? sr
1 i
2. Measure photons which are converted in the
3 mm thin magnet coil (0.12X,) .
E o
3. Measure photons at low energies with the >
Gamma Converter at the endcap which is
inspired by the GAMMA-400 design 1.
-2.
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Precise measurements of proton, electron, positron and anti-proton flux at higher energies
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AMS-100

Precise measurements of proton, electron, positron and anti-proton flux at higher energies

— 2807 L) R R

o B | ]
s Cmr -
O 200 7 -
‘_L - H.E.S.S. —
7 : / -
w 150 i A\ -
o B f S ]
B N B

'g.' B f A :T?'!--i -
& 100 vty 1 —
N N . _

U B / Electrons \\L .
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Precise measurements of proton, electron, positron and anti-proton flux at higher energies
r 25 IIII| I I IIIIII| I I IIIIII| I I IIIIII| I IIIIII|
Posltrons

¢ AMS-100: Model (a)
¥ AMS-100: Model [b)

-

O

T 200 3 e

o %
w15

o ke

E )

> 10 i [
e \ « " *
Ty

5 \ t‘ +++
| \\‘F“"‘- e e |

1 10 10? 10° 10*

Energy E [GeV]

Model (a): a power law plus a source term with an exponential cutoff (blue circles, lower curve at high energy).
Model (b): power laws with spectral breaks and the last break is at 300 GeV (blue squares, upper curve at high energy).

The dashed green curve shows the contribution as typically expected from secondary production to the spectrum in model
43
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