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Uncovering a gamma-ray excess at the galactic center

Daylan et al., arXiv:1402.6703
NFW, y=1.26

PSRJ1746-3239.
o

500 light-years
at galacticcenter

Unprocessed map of 1.0 to 3.16 GeV gamma rays

GeV/cm®/s/sr)

gamma-ray excess at the galactic center
— ~30GeV dark matter particle?

unresolved millisecond pulsars?

E° dN/dE (

from pion production in molecular clouds

tension with dwarf galaxies

understanding of astrophysical
background is a big challenge
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explained by nearby pulsars producing electrons pulsars
and positrons?
* anisotropy should be smaller than AMS-02

limit, but still measurable with ACTs

Positron Fraction

different acceleration mechanisms ITllnden & Pjrofumo 2013
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important to see how the

positron fraction continues P. von Doetinchem Jul 17 - p.3



plp

_________ Antiprotons ________ ~ Winkler
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latest AMS-02 antiproton results are also very actively interpreted
* discussion is inconclusive if an additional component is needed or not

better constraints on cosmic-ray propagation and astrophysical production are
needed
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LR Physics Reports
Ry
erepd
. 5 Volume 618, 7 March 2016, Pages 1-37
p L‘ 3 , Pages
e
Review of the theoretical and experimental status of dark matter

identification with cosmic-ray antideuterons

Review of the theoretical and experimental status of dark

.—.1 0 £9) GAPS and AMS sensitivities are based on simulations matter identification with cosmic-ray antideuterons
neutrallno (SUSY) L’L\I\:k M GS fBgCgS.SIIyE'B‘H mITID AP\ DJlMthhn‘l‘\ \‘I‘I“'] rtDR!:\OgN rR P K
m= 30 Ge o K o
i BESS limit X sornee | rXIV:1508. 07785
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m = 40 GeV xamp esS 10r e)_/on -S. arl ara-moade

e gravitino Physics (compatible with p):

AMS (decay) Neutralino:

m =50 GeV SUSY lightest supersymmetric
astroph | particle, decay into bb, compatible
with signal from Galactic Center
measured by Fermi

...............
L
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- late decays of unstable gravitinos

T TTTTT

astrophysical background:
411 collisions of protons and antiprotons
with interstellar medium

Antideuteron Flux [m-2 s'1 sr1 (GeV/n)"

1 Illlllll | L 11 11%

SEE 10 00
Kinetic Energy per Nucleon [GeV/In] 4 nodels with heavy dark matter

o
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Antideuterons are the most important unexplored indirect detection technique!
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modulation

deflection in
magnetic field

proton > 10MeV red [
electron > 10MeV
dark matter%‘ﬁﬁﬁqllatlon or decay (i osjioT > TOMeY blus g
-\ _ neutron > 10MeV ;
! ; mugn > 10MeV magenta &
~‘photon > 10keV ‘

dark matter clumping

Galactic propagation

solar modulation

B zoom
: 20GeV proton

atmospheric interactions interactions with

atmosphere
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Fitting pp to data on d production

Herwig++ (tuned)
CLEO, ALEPH, ZEUS Heh
ALICE (pp) Het HeH {7 Tev
(R, ‘
I ZEUS (e~p) S Pl e i i 318 GeV
=
BSM l I l hadro. - Coal. ALEPH (Z decay) ‘ po ——1 491.19 GeV 2
s
ISR (pp) He+ o 53 GeV
BaBaR (e*e™) ol Hett - 10.58 GeV
--PYTHIA 6/8
CLEO (T decay) m -@- Herwig+ 19.46 GeV
H . 50 s ‘l(l(ll il IE'I)U i I?(‘}(]‘ : IQ"‘SUI :
dark matter Conventlonal prOd UCtlon Coalescence momentum pg [MeV|

(e.g., p+ISM) & dark matter

« d can be formed by an p-n pair if coalescence momentum p, is small

dN; _ @) mqg 1 dN; dN;

* important differences for different experiments and MC generators
exist — more data needed
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* phase space for ion production depends on the available energy in the
formation interaction

* coalescence is highly sensitive to two-particle correlations between the
participating (anti)nucleons — no a-priori reason to expect two-particle
correlations from one generator to be more reliable than from another

* spatial separation — antinucleons originating from weakly decaying particles
with macroscopic decay lengths are produced too far from the primary
interaction vertex

* generators not really tuned for antiparticle production
— tune with antiproton, deuteron, and antideuteron data
— test antiproton spectra first, antineutron data are hard to come by

 formation probability in the per-event simulation coalescence approach is taken
to be exactly 100%, e.g., spin is not considered

* | do not know any hadronic generator that includes coalescence
— construct “afterburner

P. von Doetinchem Jul17 — p.8



Credit: Gomez, Menchaca from UNAM

p+p at 158 GeV/c with EPOS-LHC, |y| < 0.5
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* coalescence afterburner added to EPOS-LHC, Geant4
* more data needed to constrain (anti)deuteron coalescence model
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SPS Heavy lon and Neutrino Experiment
pre-decessor: NA49

~13m
<« >
vertex time projection vertex time projection time of flight left
chamber 1 chamber 2

/eriex mag

time of flight forward

i target ... projectile
peam Ppmimimm | i - _D. - ——mimim—imm i im - -—| ----- spectator
... A detector

trigger scintillator

counter
X
trigger scintillator
counter time of flight right
y Z gap time projection
chamber
* multi-purpose, fixed-target experiment at the CERN SPS » high momentum resolution:
(NAG61/SHINE facility paper: JINST 9 (2014) P06005) . gé?:)@ail(’re(s%?l}ggr)] (at full B=9Tm)
* precise measurements of properties of produced particles: q, m, p - TOF-L/R: o(t)=60ps
* cosmic-ray antideuteron production happens between 40 and 400GeV . 'GOOTJ";F&igS);g%f?;tion:
* SPS energies from 9 to 400GeV are ideal .

o(dE/dx)/<dE/dx>=0.04

. . . ) *  o(minv)=5 MeV
* data under discussion from the NA61/SHINE strong interactions program: | . high detector efficiency: > 95%

+ p+LH data taken at 13, 20, 31, 40, 80,158GeV/c + 400GeV/c (2016) | * eventrate: 70Hz

P. von Doetinchem Jul 17 — p.10



p-p at 158 GeV
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— 1GV antiproton

RS ' . — 2GV antiproton
— 4GV antiproton

starting location

* reverse computation of antiproton trajectories starting at the same location
with different rigidities
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— 0.5GV antiproton
— 1GV antiproton
— 2GV antiproton
— 4GV antiproton

starting location

* reverse computation of antiproton trajectories starting at the same location
with different rigidities

* change in magnetic environment changes the trajectories drastically
— changes geomagnetic cutoff values

P. von Doetinchem Jul17 — p.13
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rigidity [GV] rigidity [GV]

* average geomagnetic cutoff efficiency depends on flight location
(LDB = antarctic trajectory, ULDB = COSI flight from Wanaka, New Zealand)

* antiprotons less suppressed for Antarctic trajectory

P. von Doetinchem
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: T : 210 = Py
Required rejections for antideuteron o Mg
detection: = ol P (_bkg”_ﬁ, 50Gev)

. e - L B Py g+dy 5o6ev)
— protons: > 108 - 1010 10102 . Py,
— He-4:>107-10° i EEIRE]
= Eaaa
— electrons: > 106 - 108 . CE S
: 0=
— positrons: > 105 - 107 E
Filiee
— antiprotons: > 104 - 108 107
106§
Antideuteron measurement with balloon 1ok
and space experiments require: -
1042_..
— strong background =
suppression {11 e T
— long flight time and large C EHliE EEE
-1
acceptance 10 kinetic energy [GeV/n1]0
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— Gebauer
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Smont j K \ K j J
momentun )\
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 antideuteron identification:
— momentum measured in the form of rigidity

— charge from TOF, TRD, tracker ]_
— lower velocities: Time Of Flight scintillator system 7)) — R . Z 52 1

— higher velocities: Ring Image Cherenkov detector

* self-calibrated analysis:

— calibrate antideuteron analysis with deuterons and antiprotons (simulations and data)

— analysis is ongoing
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Columbia U, UCSD
UCLA, U Hawaii,
MIT
\ antiparticle 3.6m INFN

N >
A \

Plastic Scintillator TOF with PMT
7 or SiPM readout

AN Si(Li) Layer /
" e <><
3m
_Exotic Atom 1 350’$§i(Li) wafers
JA
weight: 1700kg
v power: 1.4kW (Si(Li) 600W, TOF 400W)

[T[' N Tt
the General AntiParticle Spectrometer is specifically designed for low-energy antideuterons and
antiprotons
Long Duration Balloon flights from Antarctica
identification by stopping and creation of exotic atoms tested in KEK testbeam measurements: Astropart.
Phys. 49, 52 (2013)

GAPS has been approved by NASA & JAXA — first flight 2020
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Geant4 simulations
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antideuteron

pos. pion 26 * 1.2

i

—
e

107

HH\I

proton 04 + 08

normalized entries

counts/exotic atom/keV

—
Q
[~

T IIHHI[

— o - 10°

: | g o] Pions, protons
10° ?fif.i.‘Z**‘f’}fif.if.iffff.f.‘1‘.”f_‘;_éf.if.iffff.f.‘Zé*‘f’}fif.if.iffff.f.‘ i e St S Z.f..fiff‘if‘.‘:.‘ -| from d
C 1 L il L L L \ i

0 10 20 30 40 50 60 70 8 90 100 L i e e e T
energy [keV] number of individual particles

ty
|

Background rejection:
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Antiproton flux [(m? s Sr GeV)]
Q
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= primary+secondary

neutralino, m = 8 GeV
— | ZP, m = 30 GeV
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== secondary

||||| I l
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* Neutralinos

e | ZP

e Gravitinos

* primordial black
holesPBHSs,
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signals

as seen by 1
GAPS LDB flight
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g r ot Am-241 59 keV source
E - Gain = 500, 2 ps, -40 C, -150 V bias
8 19— —— FWHM = 4.4 KeV (mean = 53.9 KeV)
u.a:—
06 FWHM: 4.4 keV
0.4
' . 0.2
Shimadzu detector -
T TN N T SRR I i SN S R S A R S ST A NN SR, "R R RS U T S
% 30 40 50 60 70 80

Energy [KeV]

GAPS will use ~1350 4” Si(Li) detectors, 2.5mm thick
fabrication scheme developed at Columbia U, produced by private company Shimadzu, Japan
confirmed performance with cosmic rays (MIPs) and Am-241 source (X-rays)

TOF testing and development ongoing — decision between PMTs and SiPms
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AMS-02 announced antihelium candidates
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needs more data over the next years to make a statistically sound statement

has important implications for antiprotons and antideuterons
— all three channels have to be explained at the same time

— nuclear formation is a key issue
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Welcome to INSPIRE, the High Energy Physics information system. Please direct questions, comments or concemns to
feedback{@ins pirehep. net.

HEP = HEPNAMES : INSTITUTIONS : CONFERENCES : QBN @ EXPERIMENTS o JOURNALS : HELP

Astroparticle Physics
Hawaii U. - Postdoc

Field of Interest: astro—ph hep-ex
Experiment: CAPS

e http://inspirehep.net/record/1495582

Job description:

Duties and Responsibilities:

The successful candidate will participate in the balleon-borne cosmic-ray antideuteron experiment GAPS. Cosmic-ray antideutercns are an important
new probe for indirect dark matter identification. Detailed design and construction of the payload will start in 2017 and the first flight from Antarctica is
planned for the end of 2020. The Hawaii group is mainly involved in the simulation tocls and analysis software development as well as the calibration
and qualification of lithium-drifted-silicon detectors.

Minimum Qualifications:
Applicants must hold a doctoral degree, preferentially in (astro)particle physics. Extensive experience with simulation tools (Geantd) and data analysis
(ROOT) as well as hands-on lab experience with solid-state particle physics detectors is expected.

Toe Apply:
Send application (cover letter, curriculum vitae, list of publications, and contact informaticn for at least two references) to philipvd@hawaii.edu. Please

specify in the subject of the email. Postdoctoral fellow for the GAPS experiment.

Other Conditions:
The initial term of this position is for cne year. Renewal subject to satisfactory performance.

The University of Hawai'i is an equal opportunity/affirmative action institution and is committed to a policy of nondiscrimination on the basis of race,
sex, gender identity and expression, age, religion, color, national origin, ancestry, citizenship, disability, genstic information, marital status,
breastfeeding, income assignment for child support, arrest and court record (except as permissible under State law), sexual crientation, national guard
absence, or status as a covered veteran. Individuals with disabilities who need a reasonable accommedation for the application or hiring process are
encouraged to contact the EEQ/AA coordinator(s) for the respective campus. Employment is contingent on satisfying employment eligibility
verification requirements of the Immigration Reform and Control Act of 1886; reference checks of previous employers; and for certain positions,
criminal history record checks. In accordance with the Jeanne Clery Disclosure of Campus Security Policy and Campus Crime Statistics Act, annual
campus crime statistics for the University of Hawaii may be viewed at: httpo//ope.ed gov/security/, or a paper copy may be obtained upon reguest from
the respective UH Campus Security or Administrative Services Office.

Contact: Philip von Doetinchem
Email: philipwdi Qr'awau edu

Maore Information: .
Letters of Referenoe should be serlt to ghhg.'c @r':m aii.edu

To remowe this listing: Click here
Date added: 2016-11-03

Position also open at UCLA:
http://inspirehep.net/record/1505690
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http://inspirehep.net/record/1505690
http://inspirehep.net/record/1495582

antideuteron searches are

experimentally challenging

— multiple experiments for
cross-checks are important

AMS-02 and GAPS have very

different event signatures AND very

different backgrounds

— very good for independent
confirmation

measurements with NA61/SHINE will
improve understanding of
antideuteron production and modeling

measurement of antideuterons is
a promising way for indirect dark
matter search
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