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Outline

e Cosmic rays measurement with AMS

* RICH detector and its performances

* Physics analysis:
isotopic composition of cosmic rays
antiproton/proton ratio of cosmic rays



Cosmic Rays (CRs)

5
:\ 10 B Protons
la — AMS
— «: . * energy of Cosmicraysrangeup to
® Composition:
O 10%F ﬁ'c Al Partcles po 10% eV (AMS measures CRs from
E - Electrons %""5"'-.;». P' 904 few Gev tO TEV)
e = AMS 2, L~ .
% i f& Positrons B, KASKADE GRANDE He: ~8% * Most of cosmicrays are proton and
0] 10 P, ¥ antiprotons C,0,Fe...: ~1% helium which are produced by
~ i AMS astrophysical sources
@ — Photons (diffuse) #, AUGER e-. "’]_Cy . . . .
104 spaccen : ° * New physics can be hidden in cosmic
X [ —> %, =, i
y : e et P: <<1% ray signal (e.g. dark matter)
L 7 - Ground exp E
o't I
1 | | 1 I | | 1 I | I 1 I | I 1 I 1

10-2 1 10° 10* 10° 10® 10'° 10
Energy (GeV)

4’

-dlf(]Js?

senergy losses
sdiffusivereacceleration
sconvection
" eproduction of
secondaries:




AMS-02 on ISS

From May 19t 2011 active on ISS, AMS is operating continuously since then, has
collected > cosmic rays in 5 years.

AMS is expected to take data for all the ISS lifetime (now projected at ).

AMS measures cosmic ray with unprecedented statistics and precision, contributing
to the understanding of cosmic rays origin, acceleration and propagation.

Search signals of dark matter and anti-matter.
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AMS-02: Detectors

Transition Radiation Detector (TRD):
separate p andp from e™ and e*; charge

T|me of Flight (ToF):
velocrcy (A / 2= 2% for Z=2); charge (Az=0.08 for Z= 2)

 rigidity (R=p/z), MDR=3.2TV for Z= 2,
: charge (Az=0.07 for Z=2 with inner tracker), can
: identify particle up to iron (Z=26)

Ring-imaging Cherenkov detector (RICH):
velocity (A / =0.1% for Z=2)
charge (Az=0.3 for Z=2)

Electromagnetic Calorimeter (ECAL, 17 X,):
separate p and’p from e~ and e*; charge

Tracker, RICH and ToF are the key detectors for mass determination



AMS Thermal Environment

Thermal environmentvariation factors

Sun position alongthe orbit (day/night)
Seasonal variation

Solararrays and radiator position (shadow)
ISS attitude and visiting vehicles
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RICH Detector

16 tiles of sodium fluoride, each 85 x 85 x 5 mm3 Detection plane:
ring ~85cm for B=1 The RICH detection Plane is made of

refractive index n = 1.33, p>4.2GeV/c (*He), Kn > 0.5 GeV/n 680 multianode pmts (10880 pixels)
Detection granularity: 8.5 x 8.5 mm?

NaF:

Aerogel:

92 tiles of silica aerogel, each 113 x 113 x 25 mm?3

ring =31cm for f=1

refractive index n = 1.05, p>11.7GeV/c (*He), Kn >2.1 GeV/n

Radiator

—_
rd

Reflector

~47c

Weight <200 kg
Power ~100 W
Acceptance =0.4m?2sr



RICH Reconstruction

Measurement of Charge (Z?) and its Velocity

Aerogel /ﬁaF

Intensity = Z2

4 On average one ring per
event reconstructed

4 Tracker inner track
provide the entry point
and direction
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RICH Performance on ISS (Aerogel)
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After 5 years of data taking > 95% of the channels are working properly
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Physics Analysis

AMS RICH detector measures beta with high precision, combined

with AMS Tracker rigidity measurement, AMS can identify particles
depend on mass.

isotopic composition of CRs
antiproton/proton ratio of CRs

11



Isotopic Composition of CRs
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A ) R + 7 3 = 0.1% for aerogel

By the combined use of ToF, RICH, and Silicon Tracker, AMS is able
to measure isotopic composition of cosmic rays in the kinetic
energy range from few GeV/n to ~10 GeV/n for elements with
charge |Z| up to 4 with unprecedented statistics.




CRs Isotopes

CRs isotopes are important to cosmic rays propagation, take 3He/*He as
example

3He is mainly generated by spallation of “He during propagation in
interstellar medium

3He/*He ratio gives amount of the interstellar medium that “He traversed
(like B/C ratio), can be used to constrain cosmic rays propagation models
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3He/*He Ratio before AMS-02

AMS can measure helium isotopic composition from 0.5 to 10 GeV/n
The mass resolution is 10-20%
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Helium ISS data: 8 vs Rigidity

4.5 years data
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3He and “He are separated statistically

We use two independent templates to do template fit:
1. MC driven mass template
2. Data driven mass template
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Beta Resolution Comparison

sample selected with R>200GV, both for data and MC.
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Tracker Rigidity Resolution Comparison

For MC sample, use 85%*He + 15%3He to simulate helium data

0.50<K,<0.56GeV/n 1.06<Kn<1.26GeV/n 2.99<Kn<3.16GeV/n

|||||||||||III|IIII|IIII|IIII|IIII|IIII|IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII II|III|III|III|III|III|III|III|
3 (© .data_E
RICH-
Aerogel (% .
II|II|III|III|III|III|III ]

05 115 2 25 3 35 4 45 1 2 3 4 5 6 7 8 ¢ 2 4 6 8 10 12 14 16

Rigidity [GV] Rigidity [GV] Rigidity [GV] e



Helium Mass Resolution Comparison
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Fit Data with MC Template
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Geomagnetic Cutoff

North Pole
Cﬁ){ earth magnetic field
Ry,
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Helium: under 3He cutoff, above *He cutoff

Bhe4(Rcutoff) < B < BHe3(Rcutoff)
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Helium: under 3He cutoff, above *He cutoff

Bhe4( Rcutoff) < B < BHe3(Rcutoff)
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Signal and Data Mass Template
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The data mass template can also be used to compare MC mass template



*He/*He Error [%)]
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Isotopes of Other CR Species
(proton, lithium, beryllium)



Proton, Deuterium: 'H, ?H (ISS data)

above proton&deuterium cutoff

107

10°

10°

10*

Entries 3.589495e+07

- : Aerogel |

- A
i ‘i :  Beta<0.995

................. O OO s OO OO OO SO UOOs SO S
: A : : :

O_IIIIIII| blll'll* T IIIIIII|

under proton cutoff

above deuterium cutoff
4.5 years data

x10°

oo - S _— Aemgel __________
SRR . & R
secondary

proton flux

300: |

200

100

Entries 895208

There is no clean deuteron data mass template due to secondary
proton flux, but can be used to compare with MC mass template
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Lithium: 6Li, “Li (ISS data)

above cutoff under °Li cutoff
4.5 years data
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Beryllium: ’Be, °Be, 1°Be (ISS data)

above cutoff under ’Be cutoff
4.5 years data
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AMS Latest Publication: p/p Flux Ratio

week endin

PRL 117, 091103 (2016) PHYSICAL REVIEW LETTERS 26 AUGUST 2016

Antiproton Flux, Antiproton-to-Proton Flux Ratio, and Properties of Elementary Particle
Fluxes in Primary Cosmic Rays Measured with the Alpha Magnetic Spectrometer
on the International Space Station
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Conclusion

4 Beta resolution of RICH aerogel is 0.08% for helium, is even better
for higher charges (0.05% for silicon)

4 RICH performance is stable with time, and >95% channels are
working properly after 5 years of data taking

4 lsotopes study is important for cosmic ray propagation. We use two
independent mass templates to measure isotopic composition (data
template and MC template),

4 AMS measures 3He/*He ratio from 0.5GeV/n to 10GeV/n with mass
resolution of 10-20%. the total error of this measurementis about 2-
4% and not dominated by statistical error.

a4 AMS identifies the isotopes of proton, lithium and beryllium.

4 RICH is used to identify antiproton from electron below ~10GeV
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RICH radiator

NaF:

16 tiles of sodium fluoride
each 85 x 85 x 5 mm3

ring =85cm for B=1
refractiveindex n =1.33
B>0.75

Ekin> 0.5 GeV/n

Aerogel:

92 tiles of silica aerogel
each 113 x 113 x 25 mm3
ring =31cm for B=1
refractiveindex n = 1.05
B>0.953

Ekin >2.1 GeV/n
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RICH Detection Plane

Hamamatsu
7600 -00 -M16

PMT Hamamatsu R7900-MI6:
OHigh single-photon detection
efficiency

OHigh response uniformity SR
OLow sensitivity to expernal B fiel (S s
(metal channel dynodes) “ o
O Gain = 105 @ 800V

Light Guides acrylic plastic free of _ _
UV absorbing additives Detection granularity: 8.5 x 8.5 mm?
Shielding to magnetic field in Alu
plates (0.8-1.3 mm)
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RICH Reflector]

About 30 % of the C photons point ouside of the detection arr
The mirror is made of 3 sectors
Multilayer structure deposited on a carbon Fiber S
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RICH Monitoring

F
AMS Trigger Rate 200-1200Hz [ 1 ESUUSUORROS USSR SRS SO
RICH Event size 200-400Bytes, 35 TB per S wibhi
year b |
The average number of hits per event s -2
around 10-40, depending on the actual é hr o000 U U w time

position of the orbit.
The amount of noise triggered per channel
is expected to stay below the per mil level.

occupancy

channel

After 5 years of data taking still >95% of the channels are working properly’
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RICH Calibration

The electronic offset (Pedestal) and noise (Speq) Of €ach channel vary with

the temperature

Online calibration is performed every 46’ (twice per orbit)
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RICH Calibration

» Agl tiles map using on flight data with R>100GV
(B=1)

« Different Agl tiles have different mean n; inside each
tile there is n gradient due to a non-homogeneus

density and geometry; border effects =) variation
An/n<1.5x104

« After corrections An/n=2 x 105

1.045 1.050

- I ' I ' I ' I ' I ' I I — |SS Data
ﬁ e F ™ Ground value :
< g : - - i
BZ  1040F Nitrogen gas evaporation L ]
& > . No sign of aerogel aging is observed
= .
% é r . AMS switched-on on ISS ]
I o : WWVWMW ]
o " 1.048 | .
it [ : I : I : I : I : I : I : I : I : I
May Jul Sep Nov Jan Mar May Jul Sep Nov
2011 -2012

AGL refractive index depends on environment conditions (air humidity) and it varies
from ground to vacuum situation. A dynamical procedure monitors changes in the
average tile refractive index.



Helium Tracker rigidity resolution
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3He/*He: Data Template method

“He Mass Template is extracted directly from Data

1.01 . : :
% N For a given geographic location, the
@ - geomagnetic field screens light
1 isotopes bellow a certain velocity
0.99—
I 0.98[-
0,97/~
096:_ | | | | | | |

5 10 15 20 25 30
Minimum Rigidity CutOff

— Less dependent on MC fine tuning

— 4He Data Template contamination sources:
* Primary3He due to not perfect knowledge of Geocutoff + finite beta resolution

* Fragmentation: *He -> 3He inside detector
41



p ldentification

key detectors: RICH and TRD
5.4<|R|<6.5 GV Events

ISRICH

B S|gn(R)><A-|-RD -

25 215 1050 05 115 2 25
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