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Cosmic ray relative abundance

* Primary ratios
determined by - —o— Solar System
the source
+acceleration

Physics
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e Secondaries .
produced by R =
spallation in flight Atomic Number (2)

Martin Israel
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Secondary production

* Primary ratios
determined by the
source
+acceleration
Physics

e Secondaries
produced by
spallatlon in fllght

e Mean column
density (Rigidity)
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Cosmic Ray Beam Dump experiment

* Rigidity-dependent propagation
* Observed secondaries « net production rate
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Secondary CR antimatter

* We just need the production cross section now

* Astrophysical effects are absorbed in the empirical
grammage factor*

An anti-Helium candidate:
Presented at CE! 16

DMDM — W'W~  mpy = 1000 GeV

December 8, 20
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Secondary?

Dark matter?

277 T [GeV/n]

Cirelli et al 2014
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Anti-deuteron and Anti-Helium

* The coalescence picture

Coalescence yield
To be determined by data

* pc:the coalescence momentum***



Coalescence Yield (p,)

 Chardonnet, Orloff, Salati 1997

for both B2 and B3, from pp — d data
— Drag down by low-CME high-p; Serpukhov data

* Duperray et al 2005
for B2, joint pp and pA fit (underfits pp)
for B3, poor fits to the sparce pA data
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Coalescence data (B2)

* Large variation
— Between classes

— Within classes

 For CR secondaries

— pp most important
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Coalescence data (B3)

* No pp data (yet)

"7 A pAl/Be SPS 200-240 GeV pjap -
PbPb Central ALICE 2.76 TeV Vs high p;
PbPb Central ALICE 2.76 TeV Vs low p; |
PbPb Off ALICE 2.76 TeV Vs high p;

PbPb Off ALICE 2.76 TeV Vs low p;
PbPb Central NA44/NA49 158A GeV Vs E
AuAu Central STAR 200 GeV Vs

e /9 MeV
— ~ 2%107°GeV*?

¢ Hedbar, pAl
I He3bar, pBe
tbar, pBe




Coalescence-HBT relation

¢ SChEIb| and HeinZ 1999 (also Mrowczynski 1987 +++)
is related to the source size

measured by the HBT interferometry

 Hanbury Brown and Twiss interferometry
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Hanbury Brown and Twiss interferometry

PQ(k17k2)
ki. ko) = ——————"2 _ = 14cos|(ki—ko).(x1—=x
Ol ko) P (k1) P (k2) cos{(k1 k). (21 ~2)] conmor /.

ROOM

GARAGE

Generalize

 Py(ki, ko)
 Py(k1) Py (ko)

Oy, ks) =1+ X |p(g)?

Padula 2004



Hanbury Brown and Twiss interferometry

e O

o~
=
~—
N
[
=
=
D
»pat
<o
L=
D
=]
L
=
=]
o=
B
o
—t
8]
=
=
=]
<
=
@
N
-y
e~
£
3~
(=4
Z

=~ CATENARY
CABLE

4 6 8 10 12 14
Base-line, d (metres)

Fig. 2. Comparison between the values of the normalized cor-

relation coefficient 1'%(d) observed from Sirius and the theoretical

values for a star of angular diameter (0-0063”. The errors shown
are the probable errors of the observations
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HBT in nuclear physics

 Goldhaber, Goldhaber, Lee, Pais 1960

— Independently

—pp > S —onn Baym 1997
N44 1993

C(Q%) = l4+e @7

S+Pb—->1mw

e Space-time structure of
nuclear collisions

100 200 300
Qinv(MeV/c) Qinv(MeV/¢)




Coalescence-HBT relation

¢ SCher| and HeinZ 1999 (also Mrowczynski 1987 +++)
is related to the source size

measured by the HBT interferometry




Coalescence-HBT relation

* No free parameters!




* Works pretty well | ==

pp ISR 53 GeV Vs
pp Serpukhov 11.5 GeV Vs
—] pAl/Be SPS 200-240 GeV pjap
.1 pBe FNAL 300 GeV pjsp
1 pTi ENAL 300 GeV pjap
K pW FNAL 300 GeV pjap
[ ) R PbPb central ALICE 2.76 TeV Vv's high p;
PbPb central ALICE 2.76 TeV Vs low p;
PbPb off ALICE 2.76 TeV Vs high p;

O 5 1 2 f PbPb off ALICE 2.76 TeV Vs low p;
pp . " I I I PbPb Central NA44/NA49 158A GeV Vs

. AuAu Central STAR 200 GeV Vs
—pA 1.25 — 1.58 fm
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* Also works pretty Tew

77 pAl/Be SPS 200-240 GeV pjap
I | PbPb Central ALICE 2.76 TeV Vs high p;
We PbPb Central ALICE 2.76 TeV Vs low p;
PbPb Off ALICE 2.76 TeV V5 high p;

PbPb Off ALICE 2.76 TeV Vs low p;
PbPb Central NA44/NA49 158A GeV Vs

AuAu Central STAR 200 GeV Vs

* B3 prediction
—2x107* — 2x10~
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Anti-Helium events?

: this work
¢ COUld eXp|a|n - Herms et al (2016)
—Herms et al (2016)
some Of the ; — Duperray et al (2005)
—Cirelli et al (2014)
Chard t et al (1997
AMS events? gy o ctal (1997

e Need the most
optimistic yield
value

10"
kinetic energ
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, Bevalac p-A E, = 2.1 GeV

New Alice data H 1SR 15- SSGov

, H
, ZEUS ep Vs = 300 GeV
, A

LICE pp Vs =7 TeV

* R~1.14fm
— 1.4 GeV m;

—\s=7TeV
— (1805.12455) 270808 o AN

t, ALICE pp \s =7 TeV i, ALICE pp Vs =7 TeV
1709.08522 * *He, ALICE pp /=7 TeV o °Ffe, ALICE pp V5= 7 TeV

t, Bevalac p-A E, = 2.1 GeV t, EPOS (LHC)*

3He, Bevalac p-A E, = 2.1 GeV *He, EPOS (LHC)*

* with afterburner

1.5 2
pT/A (GeV/c)




Coalescence-HBT relation

B, [GeV?]

e Blum, Takimoto 1901.07088

— More general derivation
— Chaoticity parameter (A)

C@Q*) = 1+ 9"

* More or less works

* Joint Yield-HBT data analysis
should be done
— Pt
— centrality

3/27/19 Kenny CY. NG, Antideuteron 2019




Conclusion

* The Coalescence-HBT relation provides an
interpretation to the yield data.

* The predicted anti-helium yield is much higher than
previously thought.

* Joint Coalescence-HBT analysis may further reduce the
uncertainty (p; and centrality bins)

— Help predict the dark matter yield?

* Uncertainty in the secondary CR anti-nuclei could be
significantly reduced.
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ALICE pp Vs=7 TeV

m TETC1SNC dh
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