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Particles and nuclei are
defined by their charge (Z)
and energy (E ~ P) or
rigidity R=P/Z

Both quantities are
measured redundantly and
independently by AMS sub-
detectors: Tracker, TOF,
TRD, ECAL, RICH




Antimatter particles 1n cosmic rays are
unique messengers for the search of dark
matter annihilation signals in the Galaxy
or the presents of large domains of
antimatter in the universe.

AMS collaboration has publish the results
of the positrons, anti-Protons. Now we
need to search for heavier antimatters in
the cosmic rays with AMS. Antihelium i1s
a very 1nteresting topic since till now we
have no clear evidence that we have
antihelium in cosmic rays.
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* Ntuple:
/storage/gpfs_ams/ams/groups/AMS-Iltaly/ntuples/v1.0.0/
1SS.B1236/pass8

from 1305853512.root to 1635855691.root
20 May 2011 —> 2 Nov 2021

* Rigidity: GBL



Selections:

Trigger:
HasPhysicsTrigger;

TOF:
RTI Selections; Beta>0.3;

Good hits on Upper TOF: GoodPathlength(0b0011);
Inner Tracker: Charge in Upper TOF (charge - 0.51, charge + 0.751);
Charge on each layer (charge - 0.31, charge + 0.51); Charge in Lower TOF (charge - 0.51, charge + 0.751);
ChargeRMS/InnerCharge < 0.12 TofPlus.Chi2Coo < 5.0f
Hits on Y side = 7; TofPlus.Chi2Time < 10.0f

Hits ChiSquare < 10;
Fiducial volume 1n 1mner tracker;



From the propagation theory of the cosmic ray, antihelium 1s unlikely to be produced 1n the
cosmic rays, that means, even there are some, should be very small amount. That makes the
search for antihelium much more difficult.
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The background 1s mostly from the particle scattering in the detecter. Due to the

scattering, some of the helium events are reconstructed with negative charge.

In this analysis, the most challenge job 1s to characterise the background and find

discriminating variables.

10’
10°
10°
10"
10°

102

10

I | TTTTHES IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII [T T

—
1l

Antihelium candidates
+
Background

L
o
S

-80

-60

_40

II IIII L

Helium

-20

100



Beta

1.4

1.2

0.8

0.6

0.4

0.2

-
—a

=,

"I.l

Z.%* e
o

lm

‘\ U

||'|'||I Ll

-100

-30 _60 40

10°




Beta

1.4

1.2

-
—a

=,

0.8

0.6

0.4

0.2

Z.H* e
A "l( H

"I.l

lm
e

1 H“

-100

-30

-60

_40

10°




Event display in AMS detector:
Rigidity: 2 GV —> 20 GV

Helium events
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% AMS Event Display
File Edit View Options Tools Help | Eile Options Help

AMS Event Display  Run/Event 1358524601 / 1505 GMT Time 2013-018.15:56:41
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Event display in AMS detector:
Rigidity: -20 GV —> -2 GV

antihelium candidates or background
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Front Side
EI i L h = P =
by 1l | II 1
n . T l'{ll 1l | | I :
I || l =‘£- r':'l I n"“ |IlI I - : I: / I
I I I 1] I I 1J
Iiln_u 1L h 7
I | u| E;I' # T ll"" T —F l':’l TOp View
T i t =1z
% — L —h——% T a— Side View

Front View

% B

3 | I ||1_ 3 - I i 1 [

< <B<E<E<E<H<i 1 H<H <H<H<B<F<E<q |

DAQ

t DAQ

! - Tl.l--.
)L—y e Lx

Levell Levell

T OO T

_ d::::il
T

Levell

]

]

RichRichB No 0 Id=12 p= -5.8t 0.18 M=-0.177+ 0.47 6=2.69 ¢=2.72 Q=2 [=1.0005% 0.0033 fh=1.012+ 0.019 6 _M -24.0° C00=(79.55,-13.42,159.06) LT 0
A



D Q@ % AMS Event Display
File Edit View Options Tools

o)

AMS Event Display Run/Event 1329482442 / 601987 GMT Time 2012-048.13:02:33
Front Side [
EEe el L =====
== I l;:f;ll Jln ”“nl | I : i % lr:ﬂ
T I T ri llIIl I i
| — I ll:& : f “lll nl“ . \ ll:lli j: —
s . 1t o 7

‘ DAQ Z DAQ

]

2 l Mot l 2 T Meacer l
Ly = : Level l % X $ Levell

lichRichBEcal No 0 Id=146 p= -25- 0.96 M=

4.51= 0.47 6=3.03 0=3.83 Q=2 [= 0.9841= 0.0030 [h= 0.973% 0.019 ©_M 43.4° Coo=(26.11,17.43,159.03) LT

O X/ Con...

File Options Help

Top View
Side View
Front View

Two Views

[
v/
v
v
v
v
v
v
|
|
v
v
v
v
v
v
v



200 % AMS Event Display ] ® © @ [Xx] Con...
File Edit View Options Tools ﬂelp? File Options Help

AMS Event Display = Run/Event 1361487887 / 43250 GMT Time 2013-052.23:07:38

Front . Side i
h | = I — % = — I
| | —— H — I ? — 1 1 "ll" \ = ? i ln—u'n  —
I - - | — 3 m
lll n| Iu : ll || : A : Ill 1 4 \ _'.i 5‘
I “Il l|l I]l" II:I‘ :rr - lI“ IF" "| 1 Il:l] - ."l ﬁ
— =Ll%.n - ? i - I 'itlll. ¥ 'lvi: I

Ll || 1] i 1 1 | | Ll | J 1] 1l | | |

=
B
|i|o

z : ' z
JLy - %x

HEHE




Event display in AMS detector:
Rigidity: -2 GV —> 0 GV

background
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For example, we are examining several variables that are closely related to the equality and properties of
the trajectory reconstructed in the inner tracker of the AMS.

These variables are defined from the very beginning to be as sensitive as possible to particle scattering and
resolution effects in the inner tracker.
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For example, we are examining several variables that are closely related to the equality and properties of
the trajectory reconstructed in the inner tracker of the AMS.

These variables are defined from the very beginning to be as sensitive as possible to particle scattering and
resolution effects in the inner tracker.
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1 — background
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SameSignPatialRNum

PartialRigidity: Rigidity obtained
from a fit where the hit on a
given layer 'I' is not considered.
We have 7 PartialRigidity in
total, considering 7 layers of the
iInner tracker.

SameSignPatialRNum: the total
count of the case that
PartialRigidity have the same
sign as the general
reconstructed rigidity.
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https://naia-docs.web.cern.ch/naia-docs/v1.0.0/classNAIA_1_1TrTrackPlusData.html#aa9cbdcd477bf21cae2e6f8b795b4c9a6

For example, we are examining several variables that are closely related to the equality and properties of
the trajectory reconstructed in the inner tracker of the AMS.

These variables are defined from the very beginning to be as sensitive as possible to particle scattering and
resolution effects in the inner tracker.
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Conclusion:

We have found some variables that for signal and background behave different, which
means they are sensitive to the particle scattering and resolution effects. we can use them
to clean the background.

In Progress:
We need to understand the background more and develop more discriminating variables
for generating a powerful estimator that can help to eliminate the background.
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