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NASA’s Fermi telescope resolves supernova remnants at GeV energies
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Supernova Remnants

First resolved TeV y-ray
image of a Shell type SNR
(Resolution ~10 arcmin)

Acceleration source of
cosmic rays, but is it
evidence of protons?

Dense
molecular
cloud

Supernova
remnant

Compressed
shell of hot gas

Inverse Compton
scattering— y-rays




Supernova Remnants

Tanaka et al., The Astrophysical Journal 685 (2008) 988
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Scientific Motivation

Constrain the origin of cosmic rays by measuring
gamma-ray spectra to 100 TeV.

Probe particle acceleration in astrophysical jets
with wide field of view, high duty factor
observations.

Explore new physics with an unbiased survey of
the TeV sky.
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Equatorial all sky map, point source search, spectral index -2.7
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Differential Sensitivity E2 dN/dE TeV/(cm? s)
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Galactic plane, point source search, spectral index -2.7

significance [¢]




goEL-108 1l DMHL

et 6091 DMHZ

': vI9TI DMHZ

G 9LLE
BTN DMHZ

"5 0£Z-T0STI DMHT

‘wa-mowaﬂ!szm

LT-vTISTI DMHZ

W 0ST-0Z8T( DMHZ

‘0 9CTI-€18

9Z8Tl DMHZ




O-

2HWC _J1908+084

2H\VC _J1908+

Dec (J2000)

-

+19.00°
- +18.50°

+18.00°
ZHWC 11928+177

@ 3FGL119!5.4+1727
+17.50° IFGL |1928' 941739 @ =

293.00° 292.50° 292.00° 291.50° 291.00°
RA (J2000)

0 10 20

Excess counts




Q

PRELIMINARY

’mo-mmwaﬂu‘s:N :

=6£8TI DMHZ

~v¥8T[ DMHZ

T0-8¥8T[ DMHZ

+0S8TMDMHZ

‘ﬂo+~mwaﬂu>>:~

0+/S8TI DMHZ

"o 6¥0+9S8TMDMHZ

+806T[ DMHZ

"5 P80+806T( DMHZ

,TN;H MDMHZ

| OVT+£26TDMHZ

.Iw:+wmmﬁﬂu§_,_m

$B88T+1E6TI DMHZ



BN

Significance [ o

+29.80°

+29.60°

1.6+2026

+29.40°

+

g
w
S

S
=
@
a

+28.80°

299.00° 298.50° 298.00°
RA (J2000)

0 50 100
Excess counts

2HWC J1953+294 %
2HWC J1939+237 ©,

2HWC J1948+244 °,




Q

preliminary skymap (2011-2015)

Pass 1 311-day

<
T

PRELIMINARY

"0 LEZ+6E6TI DMHZ

a1 sl ~ann

70:00:00

g
72:00:00.0

HZ




(e 0]
—

[6ap] "2aQ

Cee > ca=w
covnboaece"”
bom

Se spee>




16

GRB 170206A

T T 7
/ wWind u:l(c:nusj: -Ferm i'iC—‘.B 1]
[Fermi(GBM i-INTEGRAL (SPI-AC &}
15 |- /4i(LA‘j: -
/
S 14 -
T
7=
13 | // i
Win ::’ iKonus) - Mars-0d
12 [
215 214 213 212 211

Light Curve

0 5
- time(s) (2017-02-06T10:51:57.70)

20




E?. dAN/dE [erg cm ™

10_5 ] IIIIIII‘ ] IIIIIII‘ ] IIIIIII‘ ] IIIIIII‘ ] IIIIIII‘ ] IIIIIII‘ ] IIIIIIII ] IIIIIII‘ [

1076

107

1078

= Fermi-GBM (0.208 - 1.376 s)
= Fermi-LAT (0.208 - 20.208 s)

= HAWC (0.208 - 20.208 s) z=0.3
o= HAWC (0.208 - 20.208 s) z=1.0

HAWC (0.208 - 1.376 s)

1 .
1 ]
Y i

1
""""""""""""""""""" VoS
v
x |

10_9 [ RN 1 1 LIInl [ R R L L LTI

107°

107 1073 1072 107t 1 10 102 108 10

E [GeV]

——_—— ey 7 .
' ITI% P |
eeeeee i ]
' I §
i ]

eeeeeeeeeeeeeee II'IA_‘
: 5

[ 106 107 1074

GBM Fluence [erg/cm?] 10-1000 keV




86 85 84 83 82

al”]

—2-101 2 3 456 7 8 9 5 -

significance [o] log10(MC Energy)




83 82 81
al®]

B &2 e
-2-10 1 2 3 45 6 7 8 9

significance [o]




E=10.2TeV, 0=14.7

ber of triggered PMTs
e energy proxy

y [meter]

—_
v
c

—
g

E

o)

—

-

x [meter]




(s3d) (285240 oAndaY3) B0

E
L
%
®
E
(=)
-
)
O
c
b
R
Q

I\

r\‘.!\
]



Log, (Effective charge) (PEs)

Log (Effective charge) (PEs)

1 1AL TORTN | . 1

{ d { N .1 : {

0| bl g R 0!

1‘ L)) i | Re . 71' L | i . - 4

0 100 0 80 100
Distance from axis (m) Distance from axis (m)

True I\/IC energy 18 TeV True I\/IC energy 380 TeV
Reconstructed energy 17 TeV Reconstructed energy 350 TeV




[su] awn 1y

30
25
20
15

o 0
< ™

m)

(

120
from axis

=22.1

84.01, Dec

(s3d) (ebieyo aal

Run 3108, TS 1961465, Evi# 235, CXPE40= 235, RA




log10(MC Energy)




Differential Sensitivity E2 dN/dE TeV/{cm? s)

10—11 ]

10—12 ]

Fermi
10 Years

“~<Milagro - 1yr HAWC Desic
= Sensitivity -

VERITAS - 50 Hrs

Fermi
10 Years

VERITAS - 50 Hrs

\\ '
\M\llagro -1lyr

HAWC Design
Sensitivity - 1 yr

-

MAGIC - 50 Hrs HAWC 1 yr MAGIC - 50 Hrs
9-bin Analysis
Ap) 2017
10_13 v v b LA B T Y v v LA L L B | ¥ v ¥ v L | T T T
101! 10° 10? 102 = 10° 10! 102

Energy [TeV]

Energy [TeV]







[su] swn ny




'... »"

\
\ )
. \\ \\
\ ,
'\)x‘ \
A \
,\i\ \ "\\ \\
\\’\> mm“ e EIRE g A
RGN O Weg IR R
W \\\ U \\~ “& \Q\\ b .
X \\ \\ A>Ty AN \
S\ \\ "4 M g Q
/ QEPWEP «Whe i \*\\‘* AQY A R
S \\ \\\ S %\ \\ \"\ X N\ ).\\.
\\ \\\ N S Wee \bm
\< W \\\ R\ N \% o \\\k‘
b . Sl
. \o\“

// ///

¢ Q b‘} o~




@ Moon (To Scale)

Main results

Extended regions, transient
events, highest energies
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Recent HAWC publications

“Very-high-energy particle acceleration powered by the jets of the
microquasar SS 433,” Nature 562, 82-85 (2018)

“Constraints on spin-dependent dark matter scattering with long-lived
mediators from TeV observations of the Sun with HAWC,” Physical Review
D 98, 123012 (2018)

“First HAWC observations of the Sun constrain steady TeV gamma-ray
emission,” Physical Review D 98, 123011 (2018)

“Multimessenger observations of a flaring blazar coincident with high-
energy neutrino lceCube-170922A,” Science 361 (13 Jul 2018) 6398

“Observation of Anisotropy of TeV Cosmic Rays with Two Years of HAWC,
The Astrophysical Journal 865 (2018) 57

“Search for dark matter gamma-ray emission from the Andromeda Galaxy
with the High-Altitude Water Cherenkov Observatory,” Journal of
Cosmology and Astroparticle Physics 06 (2018) 043

“Constraining the p-bar/p Ratio in TeV Cosmic Rays with Observations of
the Moon Shadow by HAWC,” Physical Review D 97, 102005 (2018)
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Preliminary

CR spectrum
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Abeysekara et al [HAWC] Nature 562 (2018), 82-85
VHE emission from the jets of a microquasar

SS 443
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HAWC detection of increased TeV flux state for
Markarian 501

ATel #8922; Andrés Sandoval (IF-UNAM), Robert Lauer (UNM), Joshua Wood (UMD) on
behalf of the HAWC collaboration
on7 Apr2016; 23:38 UT
Credential Certification: C. Michelle Hui (c.m hui@nasa.gov)

Subjects: Gamma Ray. TeV, VHE, Request for Observations, AGN. Blazar

R mmend < 15

The HAWC Observatory measured an increased gamma-ray flux from the direction of the BL Lac
Markarian 501 (z=0.033) at the level of (4.88 +/- 1.05) x 10e-11 photons cmA-2 sA-1 above 1 TeV
when averaged during the 6 hour transit over HAWC on April 6, 2016 (MID 57484 3]
57484.56) which is 2.2 times the average Crab flux observed by HAWC. For the following transit
on April 7, 2016 (MJD 57485.30 - 57485.55), a decreased but still above-average flux of (2.78 +/-
0.09) x 10e-11 photons cm?-2 sA-1 was observed, 1.3 times the Crab flux seen by HAWC. The
flux on April 6 lies 4 sigma above the average flux of 0.89 x 10e¢-11 photons cmA-2 sA-1 that was
measured for this source by HAWC during the previous year. The flux level on April 7 is 2 sigma
above this average and seems to indicate a declining but on-going high flux state. All flux values
are obtained from a maximum likelithood fit under the assumption of a fixed spectral shape with
power law index of 1.8 and exponential cut-oft at 6 TeV. These spectral parameters are the best fit
results for HAWC data from Markarian 501 collected between November 2014 and December
2015. HAWC is a TeV gamma ray water Cherenkov array located in the state of Puebla, Mexico
that monitors 2/3 of the sky every day with an instantaneous field of view of ~2 sr. The HAWC
contact people for this analysis are Robert Lauer (University of New Mexico, rjlauver@unm.edu)
and Michelle Hui (Marshall Space Flight Center. ¢.m hui@nasa.gov).



