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Fermi LAT @5, ermi

Cldf' ma-ray

’ Space Telescope
o
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Fermi LAT: Brief Description @, ermi

G-ZII-_ ma-ray

/ Space Telescope

Launched in June 2008 to
~565 km altitude, observing
entire sky every 3 hours

Pair-conversion telescope
designed to detect ~20 MeV
to above 300 GeV photons

3 main systems
- ACD
— Tracker
— Calorimeter
~3 m? geometric area

Angular resolution of ~4° at
100 MeV, improving to better
than 0.15° at above 10 GeV
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Astrophysical y-Ray Objects

GEMINGA

J1836+5925 J0751+1807

- J1614-2230
“CTA1”

J0007+7303 J1744-1134

“Gamma Cygni” J1741-2054
J2021+4026 J1813-1246 J1732-31

@. O . 4@.—“ .
4127 4195842846  j1007+06 i |’ 11459-60 J0633+0632
el
J1826-1256 Taz (@) Crab
J0357+3 J1809-2332 J0613-0200

“Rabbit”
J1418-6058

J0218+4232

J0437-4715

J0030+0451

O New pulsars found in a blind search
O Millisecond radio pulsars

CTA 1 supernova remnant

Cosmic ray particle
% C\ Particles and
et ., gammarays =
o created i the [-] Pulsar

collision
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Research at Mahidol University, Thailand

- Earth's y-ray emission
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Cosmic Ray (CR) e crml

CI-ZII_ ma-ray

” Space Telescope

arXiv:1407.7631v2 (2014)

2 « Energetic particles in space

—~— Protons * ~90% protons, ~9% He, and

~=- Gamma rays (Earth limb) small fraction of heavy nuclei,
—&— Gamma rays (all sky) e', e+, Y, etc_

7 Bamma raye (FG8) - Sources: Supernovae, AGNs,
pulsars, stellar winds, Sun, etc.

 Importance:

— Probes of interstellar and
intergalactic environment

— Problems for space travel
and electronics onboard
satellites or airplanes

— Roles in evolution, carbon
dating, and climate change?

JEE ) [m2s1GeV " sr ]

1 10 10° 10° 10* 10° 10°
Kinetic energy [GeV]
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CR-Induced y-Ray Emission from g

Earth's Atmosphere i

M@

f' Space Telescope

M. Earth is extremely bright
in y ray due to proximity

- How Earth “looks” in y ray
Bl © Emission peaks at ~50 km
§ above ground

10 GeV -1 TeV
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Earth's y-Ray Spectrum

PHYSICAL REVIEW D 80, 122004 (2009)
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@5, ermi

G-ZII-_ ma-ray

/ Space Telescope

Limb spectrum
above ~5 GeV
is well
described by a
power-law
1/E~2.8

Page 8/ 30



Flux x R27 (m2 s sr GV)'1 Gv2.7

. PAMELA, A §
Science (2011)
1 | S KA | IIII 1 11 11 !Ill
10 102 103
RI(GV)

- Power law (F « 1/E™%7) for

very wide range of energy
with “knees” and “ankle”

 Hint of new feature at ~250
GV by PAMELA, CREAM,
and ATIC-2
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CR Proton Spectrum
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G-ZII-_ ma-ray

/ Space Telescope

o

Blomer et al. (2009)

s, air shower measurements

direct measurements

&

&

| | _ r

B direct measurements (protons) ‘,\k
® direct measurements (all particles) M,

A air shower data (all particles)
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Fitting Procedure s, ermi
Gammaray
?/ Space Telescope
CR Proton spectrum Resulting v-rav flux Calculate
parameters pN—y dict gz tﬁ likelihood to the
(normalization, indices, models predlc; ed by the > measured Earth
break energy) mode’s y-ray spectrum
T Vary proton parameters to maximize likelihood

Input proton models
« Single power-law (SPL): F =Fy/E’
« Broken power-law (BPL): F = F,(E,/E)" for E < E,
= Fy(E,/E)” for E > E,,

N energy bins <+ v

obs mod
L:HPPoisson(ni ’ni )

Poisson probability of observing i=1
n’> photons if a model predicts

n"’ photons in the i" energy bin
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Inferred CR Proton Spectrum from
Earth's y-Ray Emission

Red lines = Best-flt CR models to Earth S y-ray measurement

—
o
s

Proton Flux x E275 (GeV'”® m2ssr)

—h
<
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—ThisWork  —+ AMS-01 (2000) —— BESS (2004)
—a— ATIC-2 (2009) _= CREAM (2011) —s— PAMELA (201 1)

SP'L Index 268+004 i % _

I

BPL PRL 112, 151103 (2014) i % _

Index1 =2.81*0.11 A
3
— = + |
_ Normalization scaled to match Ebreak 302 + 96 GeV
- other dlrect measurements Index, =2.61 £ 0.08
2 3 4
10 10 0 Energy (GeV)

PRL 112, 151103 (2014)
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Confirmed by later analyses erml

G-ZII-_ ma-ray

/ Space Telescope

2x10*
PRL 122, 181102 (2019)

—
Qo
I

9x1 03 L .:-:3:3:3 i

Proton Spectrum

E27 x Flux [m? sr's? GeV'’]

8x10° |- BESS-TeV 5 SPL
, A ATIC-2 e
7x10° |- E CREAM:-| d
o PAMELA 5 //
3l ! AMS-02 )
6x10 ¢ CREAM-II B
i NUCLEON (IC) X
Exci0® - v NUCLEON KLEW x [ Payoungkhamdee (2020)
) ALET-2018 T | s L
uncertainty band (stat. + syst.) for CALET ~ §
2 - BPL
4)(1 03 | | | L1 111 | 2 1 | 1 1 1 111 | 3 1 | o
10 10 10

Kinetic Energy [GeV \/

AMS-02 (2015)
10° [ — PAMELA (2011)
— This work

10 10° Rigidity (GV)

W. Mitthumsiri Page 12/ 30



A

' n n
Earth's y-Ray Zenith Profile @ss, ermi
o o T
— — 0
~ 00257 )GR: Space Phys., .« Peak ®Zen =180° - ®Nadir
D. - 125 (2020) —— 2009 (112.02°)
s - 1y 2010 (111.99°) Abdo, et al., PRD 80,
0.02 — ik 122004 (2009)
% - T —— 2011 (112.07)
o - L g —— 2012 (111.96%)
L'é 0.015 [ — ' 'Ii_l —— 2013 (111.97)
2 B il 2014 (111.87)
s - ML
o C E>5GeV . —— 2016 (111.66°)
c L g ﬁ'L.. l by —— 2017 (111.65°)
.% 0.005 — o MR —— 2018 (111.629)
® - F - 1 GeV - 10 GeV
lL — e | 1 1 1 1 | 1 1 1 1 | 1 -V T = e e N

110 110.5 111 1115 112 1125 113 1135 114

Zenith Angle O, (°)

 Peak of profile moved over time due to LAT orbital decay
. Use data from Peak < 0O,  <Peak + 2.0° so we can assume that these

v rays were produced at ~50-km altitude (top of stratosphere)
- y rays with ©,__ < peak were produced at unknown altitude
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Vertical Geomagnetic Cutoff Rigidity
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Cldf' ma-ray

" Space Telescope

Earth's magnetic field blocks CRs below cutoff rigidities for certain locations
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Earth's Stratospheric y-Ray Intensity Maps @S5, ermi

Gamma-*a}'

/ Space Telescope
(b) East

(a) North
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Earth's y-Ray Spectral Changes s, ermi
B i

— ® This work (6f_<0,, <6} 4+2)

— A 3 4 ¢ 3 A ® This work {9;__-2":92_“-:@;_#2*}

— - § , : :
= 3 & e Earth Limb, 2009 (110 <@, _<114)
I i O 3
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— JGR: Space Phys., 125 (2020)
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08

v Energy (GeV)
Imin = Intensity during solar minimum period (2012 — 2017)

Ihax = Intensity during solar maximum period (2009 — 2011 and 2017 — 2018)

W. Mitthumsiri

Page 16/ 30



Reflected
back to space

Incoming

ing Re-radiated
solar radiation

out to space

Heat radiated
ck from surface

The Sun affects the thermosphere
and the mesosphere through UV
and solar winds (see, e.g., Chang,
L.C., et al. (2009), Geophys. Res.
Lett., 36, L15813)

W. Mitthumsiri

“Breathing” of Earth's Atmosphere @, ermi
Gamma ay

/Sparprlaimpp
140 o7

e
W ve'?
o\

Thermasphere

100

Mesosphere

| Stratosphere |

Troposphere

100 -80 -60 -40 -20 0 20 40 60
Temperature b
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Research at Mahidol University, Thailand

- Dark matter line search
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Dark Matter (DM) s, ermi
Gamma-ray
Space Telescop
Dark
Energy
71.4%
\\‘ v

TODAY

DM = hypothetical particles which interact with ordinary matter
or light very weakly, mainly through gravity only

« Measurements indicate that there is much more DM than
ordinary matter in the universe

DM particles might annihilate or decay into y rays
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Spectral Line

Reg3 (ULTRACLEAN), ) —129 6 GeV

| S1gnal counts 53.4 (4. 260)
p-value=0.85, x2,=14.3/21

80 5 208 5 GeV i

Counts

.-"‘ .'-
0 . . ..-l-"' 'I‘-. - . . . ]
— } } + + ™

't IIIIII IIIIIIII IIIIIIIIE

Counts - Model

| ‘Weniger, JCAPO8 (201 2)

100 150 200
E [GeV]

W. Mitthumsiri

0.316- 1.0 GeV

1.0-3.16 GeV

3.16- 10 GeV

2.5°

-2.5°

2.5°

-2.5°

2.5°

-2.5°

DM Search with y Rays

Excess Signal

Total Flux

2.5 0°

Residual Model (x3)

2.5° g? =25°

arXiv:1402.6703 (2014)

Use the Earth's y-ray emission to calibrate and verify that the
instrument has no spurious effects

/

@ ermi

f ‘:IEI'I'JI'HE-"'E}'

Space Telescope

10.0 x 10%
8.0

20.0x10°
16.0
12.0
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Our DM Line Analysis s, ermi

IIT: 8 years of LAT data
| (2008 — 2016) between
1° 40 -300 GeV

' « Define different
- regions around the
=10 Galactic center

Counts/bin
' I

-8+ The background and
6 dark-matter photon
4 count spectra are
5 modeled as
o Fpy(E)= Np,E 'Be

J. Phys.: Conf. Ser. 901 (2017) 012002
Fpm(FE) = NpMm exp (—

- By varying the value of DM line (£,), we fit and compare the
likelihood of Bg and Bg+DM models to determine the significance

(E - Eﬁ?)

Q2
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DM Line Search Results @, crmd
G-EII-_lTIE-'E'
/ Spacprle;}ropp
J. Phys.: Conf. Ser. 901 (2017) 012002
1200 E- (a) R180 — Bg N = 45515
2 'oooE Bg+DM E, =90 GeV
c -
3 e00E- 0 N mmmemees Only DM Tyq = 2.66
© 400 ;— s=1.8c
200 E- .
OBE==cpmecrecgancmnn=a. mespespusqucseaa muepampemmecooTs T T r——
:ggg = (b) Earth Limb N = 114254
_,2 2000 E— E, =90 GeV
g 1900E= Tyq = 2.69
S 1000 E- s=0.00
500 E—
0= A B T A N RN R RN T R NN N T AN RN R R R R T R N R RN R RN R R R R RN RN R AN B A N A N N LN 1
Zgg (c) Inverse ROI N = 28214
o 500 E, =90 GeV
S 400 -
3 300 Ty, = 2.46
© 200 s =0.00
100
0
Q 35 —R41
S 2 E —R90 —R180 EL
O 2 ... Inverse ROI
-U_) 0.5 ot 1
0 500 250 300

Energy(GeV)
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Research at Mahidol University, Thailand

- Clusters of high-energy y-ray photons search
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o No association Possible association with SNR or PWN = AGN
* Pulsar A Globular cluster + Starburst Galaxy ¢ PWN
@ Binary + Galaxy o SNR # Nova
* Star-forming region = Unclassified source

Most recent catalog (4FGL) above 50 MeV from 8 years of data include
more than 5,000 sources, with ~1300 at no other wavelengths
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Fermi LAT's Energy Overlap with s ermi
Ground-based Detectors pr S Tascre
W 10.85_
;f" Eur. Phys. J. Plus 133:324 (2018)
£ 107k COMPTEL
=T}
S 10" CCRET
E 3 EGRET MAGIC
=,
= 10
wn .
= G Fermi-LAT
2 1 E IBIS/ISGRI HESS/VERITAS
10 e-ASTROGAM
F JEM-X HiSCORE
1 CTA South
E
G E:
1 Illlld [ ] IIII|"1 | l'lll"l I I|||"|I | |'||"’I [l Illld 1 J 111 [ |
02 10" 1 10 100 100 100 100 10° 100 10° 100 10"
Energy (MeV)

Fermi LAT = Good sky coverage, but limited sensitivity above 100 GeV
Ground-based detectors = Less coverage, but high sensitivity above 100 GeV
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Clusters of High-energy vy rays

*

e * . O
* '® @) *
‘S, o °
. . f.\

e o (..".
~ 7/
® ® ® -
® ® o ®
® e © © o

/

More sensitive to hard-spectrum y-ray flares Zenith

Data Set
10 years (2008 — 2018) above 10 GeV
Oz.n < 100° (to avoid Earth's photons)

~850,000 photons analyzed

W. Mitthumsiri

”

@
= erml

G-ZII-_ ma-ray

f' Space Telescope

Search for groups of >2 photons
above 10 GeV within 1.0° radius
and within 20, 96, and 192 minutes

Analyze the Galactic plane (within
+10° latitude) and high-latitude
regions separately
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Clusters in 196-min Interval S erml

Space Telescope

-75¢
® BLLac Unassociated in 4FGL AGN of unknown type @ Supernova remnant
& Binary FSRQ ® Potential association with SNR or PWN ¢ Globular cluster
® Pulsar Pulsar wind nebula ® High-mass binary % No known counterpart
® Radio galaxies Star-forming region
W. Mitthumsiri Page 27 / 30



Source Types of Detected Clusters b i

Space Telescope

POSSIBLE ASSOCIATIONS OF THE CLUSTERS DETECTED IN 192-
MINUTE TIME WINDOW

E Galacticplane E High latitude

500
0 Janthaloet (2021)

400

350

300

250

200

150 124

Number of cluster detected
[
2

100 % = 71
<0 = = iy " 46
= = 7
. 03 0E 10 10 62 70 o Ez %3 %[} 0 0
%, o * % e -«. % > 4 4
& &F & F NETOAIFONI AP S R
O i <
*@S‘ Q:z,o O 6{&" &'5“ sz.<*b ga‘}o 4@"‘ @vb 41‘5‘5\ S
c’q_.o. '@‘ & ° & e & ¥ . i
M ® o
% >
2 @
Ry N
& o
> 0\.""
Q
Class
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W. Mitthumsiri

Cluster Search Summary

Number of Number of
Numberof | clusterswith | Numberof | clusters with
total clusters no known total clusters no known
counterpart counterpart

2 31
5" 36"

134™

Janthaloet (2021) & ®

Page 29/ 30



~
Summary @S el

CI-ZII_ ma-ray

/ Space Telescope

« Earth's y-ray analysis
— CR spectrum reconstruction
— Instrument calibration
— y-ray monitor in space
— CR spectral variation
— Geographical y-ray map
« Dark matter line emission analysis: no significant line
found found in 8 years of data

« Clusters of high-energy photons analysis: some sources
with no known counterparts are potentially newly
discovered sources

e More to come
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Abstract A

Gamma-ray
r' Space Telescope

The Fermi Large Area Telescope (LAT) is a space-based gamma-ray
observatory launched in 2008 and is currently still in operation with
unprecedented capability. It has revolutionized our understanding of the GeV
gamma-ray sky and cosmic ray (CR). Working at Mahidol University in
Thailand, | am an affiliated scientist of the Fermi LAT Collaboration. My
research with Fermi LAT largely involves analyzing the CR-induced gamma-
ray emission of the Earth's atmosphere which is useful for the study of CR
spectrum, the geomagnetic field, and the CR-air interactions. We search for
sharp gamma-ray lines in the direction of the Galactic center which could
hypothetically be emitted from dark matter decay. We also experiment with a
different method to uncover faint transient gamma-ray sources at sub-TeV
energy which may potentially be candidate targets for ground-based detectors
such as CTA at higher energy ranges.
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