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Outline

» WIMP gamma-ray spectral lines
» Fermi-LAT analysis:
» ROIs and data selection
» Analysis Method
» Hypothesis test and fit procedure
» Combined likelihood analysis
* Results for line search (15.5-year Fermi LAT data)
» Local significance
» Upper Limits on signal strength
» Constraints on (ov) and t
» Global significance
> Perspectives for an APT-like detector
» Simulated data sample
» Fit results
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» Self annihilation: yy - yy

ar : w"}
do 1 (ov) (dN M:E:E;m@
< ) < Y) ]ann (An) ECMH‘IGUGEE; \..i_.
ann ann

dE =41t2m)2( dE

» Decay: x - yy

LaTlaT]

10 r Credits: M. Gustafsson et al. PRL

(dfb) 1 1 (dNy) J (AD) | 99, 041301 (2007) 1

dE - decay : g v ]i

dE decay 41 myt dE decay |

s Wy _ 28(E —E ine)for annihilation z

dE 6(E —E;;,.) for decay |
my  for annihilation 0.01 1- E ;i - ]

> Eline — mx/z for decay 3
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«=omi Fermi-LAT analysis: ROls and data selection
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PRELIMINARY

Galactic Latitude

T
102 103

L
10%

Number of Events (=100 MeV)

Observation time

August 2008 —
December 2023

Energy Range

[10 MeV — 2 TeV]

Zenith angle 0,

100°

Event class

256 (CLEAN)

Event Type All EDISP event types
Data Quality DATA_QUAL==
LAT _CONFIG==

IN_SAAI=T

» Each ROl is a cone
centered on the GC with
different angular apertures

> Galactic Plane used as a
control region

» Rols optimized for some
theoretically-motivated DM
density profiles as in PRD
91, 122002

» Individual analyses for each
EDISP sample (EDISPO,
EDISP1, EDISP2, EDISP3)

» Combined analysis of all
EDISP samples
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«=crmi Analysis method: Hypothesis test and fit procedure

’/ Spa Tal SCOpE
> Photon flux from any ROI: o 1 R
o PRELIMINARY R16
» HI: q)RoI(E) = q)bkg(E) + q)sig(E) _g -+
» HO: ®py(E) = Ppyg(E) — +
o 10% +
» Signal flux : %
c
> q)sig(E) = S8(E — Ejine) ‘g 107
» the parameter s = 0 represents the line intensity e 1
» Background flux: 100 4
E GeV
> q)bkg(E) = q)smooth(E) + q)bkg line(Et) nerg_Y( ev)
( e Blog( ) » EXxpected counts in each observed energy
k (Ei) if Efi < 10GeV bin:
— 0
> Gamoon(B) =1 >y = [ A enor(Ej|E) D)
\k (E—o) if Egie > 10GeV > @(E,) is the gamma-ray flux
> ®pigline(E)= bS(E — Ejine) > &gy IS the exposure in each Rol

» The parameter

b can be either positive or negative » Maximum likelihood fit procedure
implemented in sliding energy windows



Combined likelihood analysis

» Combined likelihood:
Lcombined(s) — nLi(S)

> The index i runs over the different W A
EDISP types =]

> We define the Test Statistic TS:

R16, Eft = 16.3 GeV

~
TS = 2[InLy max — Lo max] S | eoem
> A feature is significantly detected if TS >25 ook
» If a signal is not significant, the UL on the = -1 — combined
— 2.71

line flux is evaluated from the log~l

function:
» UL at 95%CL.:
logL =logL .. —(2.71)/2

10714 1011 10~10 1072 1078
Line Intensity (cm=2 s~1)
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M. Giliberti et al., PoS, ICRC25

Results: Local significance of possible line features
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» 1000 background-only simulated
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This work
(Fermi-LAT 15.5 yrs)

I 68% Containment
I 95% Containment

> Expectation bands obtained from the 1000 pseudo-experiments

> Results consistent with expectations from the null hypothesis,
with few outliers

pseudo-experiments:

» Counts in each energy bin
extracted from a Poisson
distribution with its average
value taken from a template
model (null hypothesis)

» Same analysis chain as real
data

> ULs at 95% and TS
distributions are evaluated

» From the quantiles of the
distributions 68% (red) and 95%
(blue) containment bands are
built



Line Flux at 95%CL (cm~—2 s™1)

M. Giliberti et al., PoS, ICRC25

Results: ULs comparison with expectations from pseudo-
experiments
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10711

This work
(Fermi-LAT 15.5 yrs)
68% Containment
95% Containment
PRD 2015
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Energy (GeV)

Measured limits lie within the containment bands, and are therefore

consistent with the expectations for the null hypothesis

ANTARCTIC DEMDN



«=mi Constraints on (ov) and 7 from line sear

 Upper limits on signal strength converted into physical parameters of interest (5,,,v) and 7,
 The upper limits on (o ,4,,,v) lie in the interval 1073° — 10726 cm3s~1
* The lower limits on 7, are in the range 103° — 103! s
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Global significance

» For each ROI, we build the
distribution of the maximum TS
values obtained in the pseudo-

M. Giliberti et al., PoS, ICRC25 experiments, and we evaluate

81 R3-PRELIMINARY ) R16-PRELIMINARY 1 R41-PRELIMINARY its quantlles

» Assuming that the (global
significance obeys a half-

$ 1o _ _ normal distribution, we

e associate a global significance
0.5 + n .

o to each value of TS

2 29 ROO-PRELIMINARY | R180-PRELIMINARY » The quantiles are

§ 277 1 converted in ¢ units

B 2.0 4

> All features are globally

Lo | insignificant

05 - ] / » In our data the potential

0.0 | | | | | . | | feature with the highest
oo R B e e e r global significance is found

in R3, but its global
significance is ~ 0.550

10
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e ermi Perspectives for an APT-like detector: simulated data sample

/ Space Telescope
> A simulation is performed assuming a total exposure of 50 m? yr

» This corresponds ~ 12 years of APT in LEO orbit e
> APT on-axis effective area A pr = 10 m? . 2 Y e ——
> Fermi-LAT 15.5 years exposure : g, 47 ~6.35 m?yr % iy
> Ay r of about 1 m? above 1 GeV 2" 1 ] e
> However, in the L2 position APT will operate without SAA and ;fg 1= -
Earth occultation - _— -== Fermi-LAT
> Double exposure — half of time interval needed e
» Gamma-ray sky model 10 107

» Galactic diffuse emission evaluated with DRAGON code [1] ottt o E(Gew
> Isotropic gamma ray bagkround emission [2] s ool
» Energy dispersion of 10%

[1] P. De La Torre Luque, M.N. Mazziotta, A. Ferrari, F. Loparco, P.R. Sala, and D. Serini. FLUKA
cross sections for cosmic-ray interactions with the DRAGON2 code. Journal of
Cosmology and Astroparticle Physics,2022(07):008, jul 2022

[2] M. Ackermann et al. The spectrum of isotropic diffuse gamma-ray emission between
100 MeV and 820 GeV. The Astrophysical Journal, 799(1):86, jan2015.

1

5.29071 log1l0(counts/pixel) 6.25447



Fit results

Rol 3 - PRELIMINARY

Rol 16 - PRELIMINARY

Rol 41 - PRELIMINARY
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Rol 90 - PRELIMINARY Rol 180 - PRELIMINARY

Line Intensity at 95% CL (cm™2 s71)

—— 50 m? yr Simulation

—— This work (Fermi-LAT 15.5 yrs)
68% Containment
95% Containment

Energy (GeV)
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» Same model as in LAT
analysis

» No control region to account
for possible systematic
effects

» No EDISP subsamples, only
10% energy resolution

» Observable improvement of
upper limits thanks to
increased exposure

» Poissonian
pseudoexperiments by
randomizing photon count
spectra using template
distributions for each ROI from

simulated data
12
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> Space Telescope ./4’-)?. e
> We implemented a dedicated line-like feature search, obtaining competitive limits
that are up to 2 orders of magnitude better than the previous Fermi-LAT line search
in 2015

» No candidate feature significantly observed
» The improvement is due to:
»Combined-likelihood analysis technique

> More detailed modeling of the astrophysical background between 1 and 10
GeV

»Larger data statistics
> We studied DM lines sensitivity of an APT-like detector

» Simulated template of Galactic diffuse gamma-ray emission + Isotropic emission
as test sample

> A detector in L2 with higher effective area would improve the current limits

13
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