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New Physics in Cosmic Rays? AMS-100
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Operating on the ISS since May 2011
Weight: 7t Anti-Deuterons: sensitive probe for New Physics in
Permanent Magnet: B=0.15T Cosmic Ravs
Acceptance: 0.1 m2sr y , ,
MDR: 2 TV - Need spectrometer with higher acceptance than
Calorimeter: 17 X,, 1.7 AMS-02: AMS-100

Detected Cosmic Ray Events: >240 Billion
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AMS-100

Weight: 40 t
Thin HTS Solenoid: B=0.5T
Acceptance: 100 m2sr
MDR: >50 TV
Calorimeter: 70 Xo, 4A



AMS-100: Cosmic Ray Physics at Lagrange Point 2

 AMS-100 operated at Sun-Earth Lagrange Point 2 and passively cooled with a sun shield
e Subdetectors at 190 K in switched-on state

e Subdetectors at 100 K in switched-off state

m’ AMS-100

— System tests required under operating conditions at L2:
e Survival at 100 K
* Operation at 190 K
* Operation in vacuum
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Power Consumption:
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Measurement of B=P/E and Z

2 x 4 Measurements,
~20 ps resolution.
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https://arxiv.org/pdf/1907.04168.pdf

AMS-100: Time of Flight System (ToF)

ToF provides the trigger and measures ff# = v/c

* Z measurements from the signal height

Desired ToF Single Counter time resolution: 20 ps
Current ToF prototypes: ~ 40 ps

Operation principle of AMS-100 ToF:

I E—
2.
Pre-Shower Outer-SciFi . . . E
- | . Mplastic scintillator <
ol SiPM 1 SiPM 2
spaasees 28 =) |z
_§======' 43 A RE  Scintillator rods with SiPMs operating at 200 K
- T 52 -
F g  Scintillator dimensions 90 x 25 x 6 mm?3
HHHHy |
‘e | | « Similar to the PANDA Barrel TOF
i i 1.0 1.5 m 2.5 . .
Inner-Support x [m] Q ort — Reached 50ps resolution, but matching factor ~ 0.25

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

—> serial connection of SiPM cells — reduce C ;;,,
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AMS-100: Time of Flight System (ToF)

’ SiPM Scintillator Bars
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B~ from Sr-90 source

{

AMS-100: ToF Prototypes
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AMS-100: ToF Prototypes:

B~ from Sr-90 source

-~ - Teststand optimized for time resolution measurement
e ad N
- Scintillator -
iPM 1 iPM 2 — — .. . .
S S At =t — t; Coincidence Time Resolution (CTR, 0x¢)
o : | o] B For triggered MIP-particles: apy = 77.5 ps
: =———baseline b oar = T7.791 £ 0.003 ps
s - B 102 1201 —— quartic polynomial, x*/NDF = 1.48
CFT 20 % - ‘g 10 1o interval
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Coincidence time resolution: o = |02 + 02 = |6&py + Iscinti + o2 o x Z.noise
- OAat = |9y t, — +/ YSiPM K elec elec a
2 2
of +o
ti+t . , . NERCI
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AMS-100: ToF Prototypes: System Test at low temperatures
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SiPM 1
SiPM 2

Jig bottom
Jig top
Scintillator
Box lid

Box bottom
Sr-90 1
Sr-90 2

10 12

* ToF prototype in air-tight box submerged in liquid nitrogen
e Radioactive source heated (only specified up to 233 K)

* 9 temperature sensors in the box

* Flushing with dry air to avoid condensation and ice

* Bias-voltage corrected for temperature, so the over-voltage

i |
Cryotank: 294 K to 77 K Is constant: 9
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AMS-100: ToF Prototypes: Signal Shape vs Temperature: Slow Decay Time

Poly-Si quench resistor Metal quench resistor

$14161-6050HS-04

$14160-6050HS AFBR-S4N66C013

$13370-6075CN

. 514160-625QHG_V2

-l

0.0 'D.C_ [4=WRi-D-8 D_A

k=90%
0.0L«W
—~—0.2
S =—0.2
< iy
Tfast = RloadCtot é —04 / g g —0.4
S| T sloy s
Tslow = Rq(Cq + Cq) gcg) —0.6 EJ;—O.6 /
= - oS
C>> 98 294 K ﬁg Tfast —— 904K
Poly-Si quench resistor 205K —0.8 — 206K
Tslow X a + bVT - e¢/T 1.0 TR L0 — T K
0 200 400 . 0 500 100
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AMS-100: ToF Prototypes: Signal Shape vs Temperature: Slow Decay Time

Poly-Si quench resistor Metal quench resistor

$13370-6075CN

$14161-6050HS-04 $14160-6050HS AFBR-S4N66C013

k=70%
Poly-5i guench resistor  S14160-6050HS ¢ S14161-6050HS-04
300 = (00 £00)ns $ SI13370-6075CN ¢ AFBR-S4N66C013
Taow X @ + bVT - eS/T — b= (2119 %+ 0.002) ns/vVK

=950 &= (212.9 +0.1) K
:‘j 900 = (0 £ 9) ns a = (57.0 £ 0.4) ns
3 ° = (24 + 0.3) m/\/_ b = (0.076 + 0.002) ns/vVK
% 150 = (194 £ 9) K c= (861 £5) K
" ® \"‘\?\q e W Poly-Si quench resistor

100 e & ) @ — —

L J & ® ® . ° ‘
Metal quench resistor

100 150 200 250 300
ml.... RWH temperature [K]



AMS-100: ToF Prototypes: Signal Shape vs Temperature: Time Resolution

Poly-Si quench resistor Metal quench resistor

$14161-6050HS-04 € ToF Prototypes can be operated at 77 K )
* 0, increases at low temperatures
° at 190 K: S13370-RA75CN

EER

$13370-6075CN k=70%

* S514160-6050HS: o0 =43 ps
\_ * S514161-6050HS-04: a; = 39 ps )

= o] ¢ SI4160-6050HS $ S14161-6050HS-04
U1 ¢ S13370-6075CN » AFBR-S4NG6CO13
3
E (—129 + 23) fs/K T (=7 £11) fs/K
2100 |
: ’ (=66 + 6) fs/K LI
= o ¢ .
-
= 80
b}
g
| p=
TR AT 100 150 200 250 300

temperature [K]
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AMS-100: ToF Prototypes: System Test in Vacuum

Teststand not optimized for time resolution measurement

S14161-6050HS-04

Prototype can be operated in vacuum
amplitude loss of ~ 5 % over first weeks due to outgassing of H,0 and O,

no degradation in time resolution

m 1. Physikalisches
Institut

110

}_\
o
-

amplitude [mV]
=

CO
[

—
e
(e}

—
o
=

J p=1lbar [__Ip < 1mbar
) M Q
°
Channel 1: Channel 2:
ft function: 0=(049£04) mV b= (757 0.5 mV
bta.e-t/T @=BTE0Y WY | a=(56%04)mV
a-e = (57 £ 1) days 7 = (70 & 13) days
N
® ®
®
0 5 10 15 20
time [weeks]
p = 1bar
[ Ip < lmbar

—
o
bo

—
o
o

coincidence time resolution oa; [ps]

——

’

T

(103.3 £ 0.3) ps ﬁ

(1008 + 0.2) ps ¢

98

0 5 10

time [weeks]

15 20

13




AMS-100: Scintillating Fiber Tracker (SciFi)

First & Fast Measurement of R and Z; MDR: 3TV
Provides 2x6 Measurements with 40 um resolution

(using fiber mats made out of 6 layers of 250um thick fibers)

Signal Calculated
Amplitude Mean Position
. Channel

Inner ToF "1
Pre-Shower Inner-SciFi  Quter-SciFi |/ X
\ ‘ [ Fired Pel] Y —
0| ‘ Q. &
155 - (
*" & 1@
. o «Photon 5
B X
I L~ -
* £ r Insensitive -
| ] E 014- (o screm | | weas(SiPM) Y Particl
© L +  SCF-78M
0.12 - ) +  SCF-78M + grease
Inner-Support
Tube L —=— Monte Carlo
0.1
0.08
0.06
;I | |
004—
o - 50pum resolutlon
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AMS-100: Scintillating Fiber Tracker (SciFi)

LHCb-SciFi-Tracker:
10,000 km of fibres — 1152 SciFi mats — 144 Modules —> 12 Stations — 340 m? total area

Width: 136 mm 4 e - - e, b Poster “Performance of the LHCb Scintillating
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AMS-100: Scintillating Fiber Tracker (SciFi)

6 Layers SciFi-Mat (0.25mm Fibers) @ temperature range 77 K - 253K  Light yield of 6 Layers SciFi-Mat with 250um fibers
measured at lower temperatures

l) =
Ros— i
ol = . e . i ™ Scintillator Lightyield:
24 i M Yy, ol a —o— (0.024 £0.003) pixK
E I wm ik o Akl L 2 4 = (-1.11£0.14) %/10K
22— ' 1 | | | I \ E 24 ]
L1 | | o
; | | | ~ 1§
zob | ' | ' f ! ‘g ng
&= 2 Sigma l { % -
G v | t S 24
253.15K | , Z
16/ — 233.15K l 8 212
212.00K E 214
—— 153.00K "L . .
14| 77.00K . Y, TR TR — Lightyield(T) =-0.11 % /K
0 100 200 300 400 500 B . . | . ,
channel number =30 X -0 0 10 20 -
temperature
—> no significant changes in performance Light yield of fibre mat
m RWTH @ cryogenic temperatures to be done 16




SciFi tracker R&D for AMS-100 and LHCb Upgrade |

Teststand for the readout of cryogenic cooled SiPMs optical connected to SciFi fiber mat
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Summary & Outlook

« AMS-100 ToF prototypes (EJ-228 and S14161-6050HS-04) B 4 S14160-6050HS ¢ S14161-6050HS-04
201 ¢ S13370-60750N ¢ AFBR-S4N66C013
currently achievable minimal time resolution at 190K: 5
£ (=129 + 23) fs/K T Er== 1) IS
o, =39 ps L (=66 % 6) fs/K ‘L. %ee
@ —e _ [ ™Y
* Test scintillator materials (EJ and BC) and optimize e %’ e ___ o gty sveed o
< 80 L] ’
scintillator geometry (width and thickness) to reach design %E (=76 £ 15) fs/K tevttetfen e
= ' Opr =78 ps — 0y =39 ps

single counter time resolution of 20 ps 100 150 200 250 300

temperature [K]

NS
[en]

w
(924

e SciFi: R&D for AMS-100 and LHCb upgrade II:

w
)

Light yield increased for lower temperatures (14% @ 108 K)

(3]
[Sa

Mean cluster light yield / p.e.

/2 + gemp.
" 88 9945
29.084-2.06
5 LN,, AV =8V J
RT, AV =8V
0 L L 1 L L L1 L L 1 L L 1 L L 1 L L L1 L L 1 L L 1 L 1
150 200 250 300 350 0 20 40
channel Counts
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AMS-100: ToF Prototypes: Scintillator thermocycling

$14161-3050HS-08
reference SiPMs

e~
~—
M
SiPM 1
Thermomete
—=92.5 _ g
% ¢ fast cycling * W::;rézn
él 90.0 ¢ slow cycling position
& L ¢ | e
875 (0.31 £ 0.04) ps/c cle% ¢
300 J Z : ps/cy
= 85.0 * +
250 e variation
=3 § 825 scintillaton
= 10 | L _ position
% 200 cycles g (0.@)8 n
g NASA PT-TE-1402: 5 80.0 - E '!'Z g
g

0o 1 2 3 4 5 6 7 8 9 10a10b 10c

number of thermocycles

min. 8 cycles

—
ot
[a=]

—— fast cveling

100 slow cycling
0 25 50 5 100 125 150
time [min] EJ-228 can be thermocycled,
m | RWTHALCHEN elevated temperatures lead to crazing "
Rl UNIVERSITY




AMS-100: ToF Prototypes: Scintillator in Vacuum

5

g
Mass Spectroscopy 510
T05

empty chamber day 1 =
with scintillator day 2 g 00

with scintillator day 3 17.0 17.5 18.0 18.5

with scintillator day 13 mass [u]

COQ ':g:':o Ng
g Z02
45 50 55 60 s
£ Dz CO,
£ Ar B
20.0

95 30 35 40 45 50 55 60

mass [u]

H,0 and O, gas out of voids
E) between polymer chains
_g 21
z1 5
o} H 1 )
2| / 10-6 mbar ° 86 (49 = 34) fs/woek |
- .2 i |
8 0 : = EJ-228 can be stored in vacuum
® : i l g 84 % BUT: frequent pressure changes
% 25.0 % + increase crazing
— +
§22.5 g ]9
g 0 5 10 =
time in vacuum [days] Sgg
o
0.0 2.5 5.0 7.5 10.0 12.5 15.0
m 1. Physikalisches m time In vacuum [weeks] 21




AMS-100: ToF Prototypes: SiPMs thermocycling
$14160-6050HS

Before cycling [ B~ sr-90

~—
“~n —
—~ N
S{41R0- AARDHS U

SiPM 1 Reference  sipp 2
Scintillator

*D_C_TWeNR1°DB_ D.A"
S141R0-FASAHS VP

8| (=0.08%0.08) ps/cycle

0]
W=
&

300

o0
[Rw]

10 cycles
NASA PT-TE-1402:
min. 8 cycles

SiPMs:

only slow cycling
—— fast cycling

[\
[
o

0.9]
o

coincidence time resolution o

temperature U(]
)
o
=)

—

ot

je]
[—

0 2 4 6 8 10

number of thermocycles

100 \

0 25 50 ™ 100 125 150

time [min] S14160-6050HS can be thermocycled without any change in performance

slow cycling
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AMS-100: ToF Prototypes: Signal Shape vs Temperature: Amplitude

Poly-Si quench resistor

$14160-6050HS

$14161-6050HS-04

0.14

Qfast Qslow =

Viax X R . + Lt
max load <Tfast Tslow 3 0.12
2.0.10

Higher T4ow <
- reduced amplitude 0.08
0.06
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AFBR-S4N66C013

Metal quench resistor

$13370-6075CN

¢ S14160-6050HS ¢ S14161-6050HS-04
¢ S13370-6075CN ¢  AFBR-S4N66C013

| | ® o
(0.322 £+ 0.001) mV/K * s ' o
* If.‘ Y & ¢
i o —
o [
R . o (018+0.06) mV/K
N (0.19 + 0.01) mV/K
100 150 200 250 300

temperature (K]
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SciFi tracker R&D for AMS-100 and LHCb Upgrade |

Thermal Simulation of the coldbox (cryogenic cooled SiPMs optical connected to SciFi fiber mat)

Simulated temperatures

Measured temperatures

]

. L 111 ] =l g2
-« i | " V% i g :'g/;,:_: - &
T =] . g b
e \J7; AL X2 5] [;J@‘"' £ 07
# 04 il sea TR g
> P

-192,49°C

-189,27

-187,39 A R 187,63 :-:2,———
) - St e i ] ¥ i - & _241073 = ; i i

-15,7 °C (still decreasing at
end of measurement)

17,222
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