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AMS-02 observed Anti-Helium3?

In 2016 Dec, AMS-02 announced,
“we have observed a few events with Z=-2 and with mass around 3He.”

An anti-Helium candidate:

4 [k

Momentum = 40.3 2.9 GeV/c

'. Charge = -2
Mass = 2.96+0.33 GeV/c2
Velocity = 0.9973+0.0005¢

[taken from S. Ting’s slide]
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AMS-02 observed Anti-Helium3?

In 2016 Dec, AMS-02 announced,
“we have observed a few events with Z=-2 and with mass around 3He.”
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AMS-02 observed Anti-Helium3?

In 2016 Dec, AMS-02 announced,
“we have observed a few events with Z=-2 and with mass around 3He.”

An anti-Helium candidate:

7 Z
Folklore :
. ; \ See e.g.,
Astrophysical anti-He3 flux is super low, [Chardonnet et al (1997)]
and it is much much below the sensitivity of AMS-02. [Duperray et al (2005)}

[Cirelli et al (2014)]
[Herms et al (2016)]

Summary of my talk :

Q : Is secondary flux of anti-He3 below AMS-02 sensitivity?
A : Not really. Secondary CR Anti-Helium3 could be observed by AMS-02.

/ . - A Charge = -2
S e g Mass = 2.96+0.33 GeV/c
X g Velocity = 0.99730.0005 ¢

[taken from S. Ting’s slide]
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Secondary production in our galaxy

He3 Xesc/m [Dogiel, Berezinsky, Bulanov, Ptsukin (1990)]
= X O pp—He3 [Gaisser, Schaefer (1992)]
n 1+ (ng3/n,)o55/m [Blum, Katz, Waxman (2009, 2013)]
p He P/~ He

04,3 - fragmentation cross section of antihelium3

Xesc(R) is determined from Boron-Carbon ratio.

The production cross section is important!
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Cross section for nuclei production

Coalescence anzats :

Nucleons (p, n) which travels (almost) same direction forms nuclei

0. — b

d3o, d3aoy\”
@ & D = E“‘dp?’:BA(E” dp3> _

« B, is (almost) independent on other parameters (e.g., v/s, ps, n).
* B, should be determined from the experiment.

Anti-deuteron : ISR (pp collision at /s = 53 GeV)

Anti-Helium3 : No pp collision data ! (except for ALICE 7 TeV preliminary result)
Heavy ion collision gives information.
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VO I u m e Sca I i n g Of BA [See e.g., Csernai and Kapusta (1986)]

Q: B, at pp collision and B, at heavy ion collision should be same?
A : No. It depends on the size of interaction region (fireball).

BA X pA—l X V—A+1

S
p : number density of fireball O
V . fireball volume

B, in heavy ion collision < By in pp collision
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Volume scaling of B2 : anti-deuterium

10-1 I '|' I
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& S0 pW FNAL 300 GeV .,
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C & & PbPb off ALICE 2.76 TeV = high p, 0
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R fm ] [Blum, Ng, Sato, Takimoto(2017)]
Radius of fireball by HBT measurement
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Volume scaling of B2 : anti-deuterium
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Radius of fireball by HBT measurement
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Volume scaling of B3 : anti-Helium 3

107 ¢ :
s | — Eq.(11)
5 pp ALICE 7 TeV /7 (preliminary)
i _ 1. r77 pAl/Be SPS 200-240 GeV i,
10-3 & & PbPb Central ALICE 2.76 TeW % high p,
& & PbPb Central ALICE 2.76 TeV & low p,

& & PbPb Off ALICE 2.76 TeV 7 high p,
& & PbPb Off ALICE 2.76 TeV 5 low
=T & & FbPb Central NA44/NA4D 1584 GeV 5
10'4 & & Aubu Central STAR 200 GeV 5
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R[fm ] [Blum, Ng, Sato, Takimoto(2017)]

Radius of fireball by HBT measurement
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Volume scaling of B3 : anti-Helium 3

Size of fireball in pp collision

1072 i : :
“?4” S TEY

o pp ALICE 7 TeV V5 (preliminary)

r771 pAllBe SPS 200-240 GeV

& @ PbPb Central ALICE 2.76 TeV 7 high p,
# & FbPb Central ALICE 2.76 TeV «7 low p,
& & PhPb OFf ALICE 2,76 TeV .= high p,

Pb Off ALICE 2.76 TeV 5 low o
L ] Ad4/NALGD 158A GeV W5
& & Aubu Cel VE

1073

~

l_'l.
o
B
T 1 |||||I'1

We estimate
B; = (2 —20) x 107* GeV*

for pp collision

10"55— J
10‘?;—
) -heavy ion
8 PR | | |
10 0 1 2 3 4 5 6

R[fm ] [Blum, Ng, Sato, Takimoto(2017)]
Radius of fireball by HBT measurement
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Anti-Helium3 flux

He3bar I this work
vy —| =——Herms et al (2016)
——Herms et al (2016)
~ ——Duperray et al (2005)

s ——Cirelli et al (2014)

. ~Chardonnet et al (1997)
RERRERE T, - =95%CL 5-yr

[Blum, Ng, Sato, Takimoto(2017)]

10718 !
10 10°
kinetic energy [GeV/nuc]

Chardonnet 1997 : p. Which is derived from d for He3. using different pp — dX data.
Duperray 2005 : B parameter from pA/AA collisions.
Cirelli 2014 : PYTHIA
Ibarra-Wild 2012 : PYTHIA & DPMJET-II
Herms 2016 : PYTHIA & DPMJET-II
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Number of anti-Helium3 events at AMS-02 5 yrs

Our estimation on B3

102

prob(>= N events) [%]
o

10°
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Summary

Secondary production of anti-He3 is reconsidered

Coalescence parameter of pp collision should be smaller than AA

Astrophysical antiHe3 could be within the reach of 5-yr AMS-02
Stay tuned for official AMS-02 paper.

We need direct measurement on B!

To calculate antinuclei flux coalescence parameter B, is the most important.
ALICE and LHCDb could be important to measure B;.
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Backup



HBT measurement and emission volume

[Hanbury-Brown, Twiss (1954)]

How to measure the size of emission region.

Correlation function of intensity fluctuation : C = (§1(p1)81(p,))

ép > 1/R different phase space (no interference) —(C =
op <~ 1/R same phase space (interference) —C#0
C A

-

Intensity corr. of n*, K%, p, p etc. at pp, pA, AA collision — size of fireball
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Herms 2016 : PYTHIA & DPMJET-III
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Anti-Helium3 at the LHC

We estimated B;(pp) from B3 (AA). Direct measurement on B;(pp) ?
ALICE preliminary analysis (1109.4836) says,...

The raw spectra of d(d), t(t), and *He(*He) are obtained for pp collisions at /s = 7 TeV
and for Pb-Pb collisions at ,/syy = 2.76 TeV. We observed about 20k antideuterons,
20 antitritons, and 20 *He candidates for the pp collisions collected in 2010.
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Volume scaling

[See e.g., Csernai and Kapusta (1986)]

Non-relativistic case

d°N (21)3 d3
— 3 T[) d°N
W) = @) 75 :'|> Wi =50

If we can neglect the size of particles,
Z N
W(p,x) = C(Wp(p/A, x)) (Wp(p/A, x))

v

BN (o)A (BN (BN
dp3 ‘\v dp3 dp3




Anti-d observation at

E(do/d®p) [1 b/GeV?]

ISR (1970°s)
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Pythia versus Coalescence formula

Ed3crfdp33[mb GeV?)
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@ event by event analysis (PYTHIAG)
= event by event analysis (PYTHIA8)

— Coalescence formula (PYTHIAB)
— Coalescence formula (PYTHIAS8)

e event by event analysis (PYTHIAG)
= event by event analysis (PYTHIAS8)

— Coalescence formula (PYTHIAG)
—— Coalescence formula (PYTHIA8)



How to calculate secondary CR flux

[Dogiel, Berezinsky, Bulanov, Ptsukin (1990)]
[Gaisser, Schaefer (1992)]
[Blum, Katz, Waxman (2009, 2013)]

Assumptions :

1. Same rigidity (R = p/Z) gives same trajectory in magnetic field.
2. Neglect energy loss (I will not discuss e* today)

nB(R}f@; t@) = [ dt [ d3% pisu (%, OP(R; {x, t}, {Xo, to D Qs (R; X, t)

pisu - ISM density Ocop Og
P : probability to reach the earth Qp = Ne — Nnpg
Qz :sourceterm Mmism Mism




How to calculate secondary CR flux

[Dogiel, Berezinsky, Bulanov, Ptsukin (1990)]
[Gaisser, Schaefer (1992)]
[Blum, Katz, Waxman (2009, 2013)]

Assumptions :

1. Same rigidity (R = p/Z) gives same trajectory in magnetic field.
2. Neglect energy loss (I will not discuss e* today)

"

nB(R,.’)_E@,t@) f 5 R N QB(R,f,t)

- = [dt [ d3% p;sp (%, )P(R; {x,t}, {Xc, —
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How to calculate secondary CR flux

[Dogiel, Berezinsky, Bulanov, Ptsukin (1990)]
[Gaisser, Schaefer (1992)]
[Blum, Katz, Waxman (2009, 2013)]

Assumptions :

1. Same rigidity (R = p/Z) gives same trajectory in magnetic field.
2. Neglect energy loss (I will not discuss e* today)
3. Composition is same in every point in which production is active

! ! mnm(% t) X fi(R) ]

Ncr (56)1 t)

np(R; %o, to)

= [ dt [ d3% pjsu (@ OP(R; {x, 8}, {Zo, to))

Qs(R: %o, to) ner(¥o,to)
universal for all elements (function of R)
pisu - ISM density Ocop Op
P : probability to reach the earth Qp = Ne — Nnpg

Qz :sourceterm Mmism Mism



How to calculate secondary CR flux

[Dogiel, Berezinsky, Bulanov, Ptsukin (1990)]
[Gaisser, Schaefer (1992)]
[Blum, Katz, Waxman (2009, 2013)]

Assumptions :

1. Same rigidity (R = p/Z) gives same trajectory in magnetic field.
2. Neglect energy loss (I will not discuss e* today)
3. Composition is same in every point in which production is active

! ! mnm(% t) X fi(R) ]

We can define X,..(R) [g/cm?] such that

ng Ny _Ng N3He Xesc(R)

Qp Qp Qg - Q3He - =pISM(5C>®; to)

This relation is

* model-independent relation.
« supported by the measurement of stable nuclei. (webber, McDonald, Lukasiak (2003)]



Exercise : antiproton / proton ratio
107
' o(pp->pbar), 20%

®, (0.2-0.8) GV

10’ 10° 10°
R [GV] [Blum, Ng, Sato, Takimoto(2017)]



