Antideuterons in Cosmic Rays:
Sources and discovery potential

Johannes Herms
Alejandro Ibarra, Andrea Vittino, Sebastian Wild

Technical University of Munich
TeVPA 2016

September 13, 2016

Antideuterons in Cosmic Rays Motivation Sources Propagation Prospects



@ Status of Antinucleons TUT

adapted from [Kapp1+’15] USING [AMS Collaboration’16]
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We have limits; but what about signals?
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& The Antideuteron Idea Tm

@ Background suppression through baryon number conservation
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&2 Aim of this Talk m

What can we see in d that is hidden in p?

@ Background
@ CR collisions with nuclei in the interstellar medium (ISM)
@ CR collisions with nuclei at CR sources (SNRs)
@ Possible signals
o Annihilating/decaying dark matter (DM)
e Evaporating Primordial Black Holes (PBHSs)
@ Up-to-date detection prospects

o realistic signal prospects from DM & PBHs, taking into account
AMS-02 p data
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& Production TUTI

Antiprotons

@ secondary production: expt. cross sects.

[Kappl+’14] e —
@ DM/PBH fragmentation functions: PYTHIA p
Antideuterons
Event-by-event coalescence model: [talk by A. Raklev, DM-ID 17:50]

@ simulate process in event generator
@ products 7 + p coalesce into d if

{Ap<po

Az < 2fm

@ coalescence momentum pg from fit to experiment,
i’ = 152MeV, pPM =192 MeV [Aramaki+’15]
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& Secondary Antideuterons TUTI

cosmic rays ISM d0'~ _ (T—)T‘)
SEOREDY Zw/ o AT T e A (T)

@ &;: primary CR fluxes from fit to AMS/CREAM [kapp1+’15]
@ do,; 5. x/dT; from event-by-event coalescence [Ibarra+’13]
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& Supernova Remnants TUTI

Diffusion-convection equation

af 82]0 1du af inel.
Uor = Pom TamPe, T ST

in stationary plane shock model

u, n u/r, nr
— >
upstream x=0 downstream X

accelerates particles to power law spectrum o« p—¢
@ simple
@ describes main effect on CRs
@ used extensively in context of positron excess

[Tomassetti+’11] [Mertsch+’09]
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@ Supernova Remnants — Secondary CRs

Antiproton-to-Proton ratio
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& Dark Matter TUTI

@ principal motivation for d search

Source Terms:

- N
DM, dec / p(7) de
o T fd F _—
U (7 T) mpm ? dT
N
DM,ann /- 1 p(f‘) ? de
M T) = = i
Qy T(nT) =5 (mDM lov) s~

@ () o< pnrw ()
@ f: chose bb and WTWW ™ as representative channels
@ dN{¥/dT multipicities from PYTHIA

— in the following: only ann. DM.
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&® Primordial Black Holes m

@ abundant BHs may have formed in the early universe
[Hawking’71]
e random density fluctuations
e phase transitions

@ Hawking radiation [Hawking’75]

1GeV
M/(1.06 x 1013 g)

TPBH = hc/8ﬂ'GMPBHkB ~

e black holes smaller than Mz, = 5 x 10 g have evaporated by
now

@ What are they good for?

@ constrain cosmology
o Dark Matter?

review paper eg. [Green’1403.1198]
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& Primordial Black Holes — Situation m

1(')16 10'21 1626 1051

Kawasaki, Kusenko, Tada, Yanagida 16 MP BH [g]
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& Primordial Black Holes — Population m

Formation mass spectrum

@ from scale inv. fluctuations [carr’75]
Adn/dM
dn o M*5/2 i
dMPBH PBH .
@ generally
dn
o< 7 ;
dMpgu e >
Present mass spectrum: add mass loss Adn/dM M
dM ’
- _O‘MF%BH
— a near-universal low mass tail evolves: oy
(&)

dn
dMpgn

4

2 sk
X MPBH M
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& Primordial Black Holes — Emission Model  TLTI

Standard emission model:
@ BHs emit particles that are non-composite at Tppn
@ TppH 2 Aqcp — emission of quarks and gluons

Elementary particle emission rate per internal dof.:

d*N L
dQdt — 2mh(exp(Q/kT) — (—1)2s)

— Thermal spectrum of a black body with absorption probability T',
(from [Page’76])

Emission of antinuclei:

&*Nyg Z/ N; (Mpgn) " dgy,;(Q, E)
dE dt ot dE

dQ
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& Primordial Black Holes — Source Term TUT

Total emission spectrum is the convolution of single BH emm. rate
with PBH mass spectrum and local PBH number density

XPDM
PBH /dMPBH Ny X an X et (7)
dEdt = dMppn [ dMpgn dz\fQBHMPBH
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& Propagation Tum

di~ -
% = Qx(rzT)+V (D(T) Vg — Vcwjv) —2h0(2) Loy
t N—_—— — ~——
sources diffusion ggonvection annihilation losses
0 0
—2h (S(Z) - (btot(T)¢ v+ KE(T)*'(# > + Q N
aT N aT N N tert

" - tert. redist.
energy losses & reacceleration

Two-zone diffusion model [Maurin+’02]
parameters tuned to preliminary AMS-02 B/C data [Kapp1+’15]

L [kpc] Do [kpe? Myr—1] 5 Vokms™] V.[kms™]
13.7 0.0967 0.408 31.9 0.2

Solar modulation in force field approx.: e R
T2 4 + 2mTroA %
ToA TO% 315(Tis)

T2+ 2mis u P

where Trroa = Tis — 252 with ¢ = 0.9 GV for j, ¢ € [0.5,1.5] GV for d.

Proa(Troa) =
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& AMS-02 Constraints TUT

We set limits (95% C.L.) on the various contributions in a profile
likelihood approach:

Ri1(0, Naee) — Ry.cop)?
X2 _ Z ( z,th( sQec) z,exp) < X?nin +4
i Tiexp

@ R;exp is the p flux in bin « measured by AMS-02 [ams
Collaboration’16]
@ R;1(0, Ny) is the theoretical prediction for the spallation
background plus one signal contributing
o 0 is the source parameter to be constrained, § = (ov) for dark
matter, N 4, Ng for SNR A and B terms, ppgn for PBHs.
@ N, is the normalization of the spallation background € [0.9,1.3]
from uncertainty in the cross section
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SNR Dark Matter
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&2 Antideuteron Fluxes TUT

limiting d fluxes
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[GAPS: talk by P.v.Doetinchem, DM ID 17:30]
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& Antideuteron Signal m

expected events
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GAPS refers to 3 x 35 day balloon flights; AMS-02: 5 year reach [Aramaki+’15]
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& In Summary... Tum

@ even with nothing visible in p, low-energy d may harbor signals
orders of magnitude larger than the spallation background

@ spallation background enhancement by SNRs is negligible

@ PBH/DM detection prospects for currently operating/planned
detectors limited, but lots of room to the ‘secondary floor’
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Many thanks to collaborators A.lbarra, A.Vittino, S.Wild
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&2 Appendix — He Tum

limiting He? fluxes
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& Appendix — Coalescence momentum iyl

no value of py can fit all the data: [Aramaki+’15]

Fitting py to data on d production

Herwig++ (tuned) ,
CLEO, ALEPH, ZEUS of
ALICE (pp) Hett * =47 TeV
ZEUS (e7p) ot * 1318 GeV
z
ALEPH (Z decay) et 9119 Cev 2
s
ISR (pp) ° o+ +153 GeV
BaBaR (e*e”) i Heti 4 10.58 GeV
~ PYTHIA 6/8
CLEO (T decay) el 9.46 GeV
50 100 150 200 250

Coalescence momentum pg [MeV]

e pp™ =192 732 MeV (envelope 20 ALEPH & BABAR)
e pi? = 152117 MeV (20 ISR)
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& Appendix — *Intermediate* p Constraints m

Dark Matter: limits lines, secondary hypothesis dashed, previous 5 dotted
[Giesen+’15], Gamma rays black [Ahnen+’16],[Ando+’15]

Antiproton bounds on annihilating DM Antiproton bounds on decaying DM
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PBHs:
® pppio S4.0-107% g/em®
@ Qppn/Qpy < 61071
@ Rppp <2.4-107% pc3yr~! (cf. GRB sensitivity ~ 3 - 103 [Abdo+’15])
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& Appendix — SNR enhancement TUTI

Enhancement of d spallation background
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@ at low energies, the enhancement of the d spallation background
is at most 10%
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& Appendix — SNR Scaling approach

!

We use as benchmark SNR parameters:
ny =2cm 3, u; =5 x 107ecm/s, B/Kp = 1/20 uG and rsng = 20 kyr;
r = 3.2 to match primary CR slopes, p.t is varied manually.

Up to loss effects, changes in these parameters can be absorbed into
normalization of fluxes:

P x ,R'SNRYprotonTgNRu?
A P -uy*niDy =P -Fy
B o P - 7snrR11 =:P-Fp

Scaling N' = F/ Fyenchmark instead of recalculating spectra for
different SNR parameters is accurate up to 1(5)% for B(.A) term.
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