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Outline

vleiizEtijen) e rele oirgammeal rays

x OppeUuRIUESs:  Status)efi near-futlre
gammas-ray/
OPSEN/AleNIES

n GLLAST: Majer mission’at GeV.
Energies
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MOTINVATIOINE

s Gamma rays are Innerentiy,
asseciated Withr Rign-energy.
PArtICIES.

x Any aspect off neutren stars
INVEIVING palticlier acceleration and
Interaction may e studied by
gamma rays.
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PULSARS AND PULSAR WIND NEBULAE

Pulsed radiation represents only a small fraction of the tetal energy loss
from the slowdewn of the neutron star. Maost of the energy. IS carried off
as a wind that can form a nebula in the pulsar's envirenment. Pulsars
and pulsar winds can| aceelerate particles te high energies.

IR Optical X-ray Gamma Ray
GeV and TeV

gamma rays are
produced by the
highest-energy
particles from the
pulsar and the
— pulsar wind

_——

Gamma rays are
therefore
Pulsar associated with the

Spectral Energy Distribution - primary

of the Crab Pulsar and acceleration and
Nebula interaction

| | | \
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SOME OPEN QUESTIONS:

n \Where and how are particles acceleraied?
HOW doIthe parnticlies interact? With What?

D. Thompson

S |t the same! for a
HoWw dOees the ' com

IFReutren star systenis?
Plex environment

(frame: dragging, akerration; stirong
magnetic and electric fields; high currents)
pProduce the ehsenved radiation patters?
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SOME OPEN QUESTIONS:

n \Where and how are particles acceleraied?

D. Thompson

S |t the same! for a
Hoew dees; the com

IHew: dorthe: particles interact? \With Wihai?

IFReutren star systenis?

plex epvirenment

(frame: dragaeing, averration, stfeng
magnetic and electric fields; high currents)
pProduce the ehsenved radiation patters?

SIMPLE OBSERVATIONS OF A FEW
SOURCES ARE NOT GOING TO ANSWER
FUNDAMENTAL QUESTIONS LIKE THESE!
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TWO APPROACHES:

n Observation-driven guestions

> Whiat patterns Sseen in present data will
SURVIVe With Detter elsenatens?

> Whiat are the implications el such
patterns?2

n Theony-driven guestions

> Whiat predictions of current moedels will be
pPoerne oul by new ohservations?

> Hew will'theoretical medels evoelve in
[espense te Improved data?
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Observation: Luminesity vs. Veltage

Does this trend (shown
here as a fit, not a
theory) hold for other

Assuming 1 steradian
pulsars?

solid angle

-
o

B1706-44

What happens as the
observed luminosity
approaches the total
available spin-down

luminosity?

1034 ergs/s

How much does the
assumption of a1l sr
beaming solid angle
distort the picture?
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O High-confidence

gamma-ray pulsars 1013 1014 1015 1016

A | ower-confidence Open Field Line Voltage V (4 x 1020 p-3/2 p1/2
gamma-ray pulsars
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Summary
by Alice
Harding

Which
model (or
variation)
can explain
the light
curves?

D. Thompson

POLAR CAP MODEL  a =109, £,,=16°

Polar Angle (Deg.)

Intensity (arbitray unit)

I 1 ] 1 I 1 I L I
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SLOT GAP MODEL
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OPPORTUNITIES:

A number of gamma-ray. elhsenvaiores will
pe starting or Willflse impreved in the next

few years.

s Four majer Atmesphenc Cherenkoy

elescopes; (AC

).

Hese greund-nased

[elescepes ane mest sensitive anove 100

GeV. Iwoerwide-aperture, high-altiude
lelescopes, sensitive at still higher energies.

n AGILE — smallfsatellite GeV. telescope
s GLAST — large satellite GeV facility
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CANGAROO-III (Collaboration of Australia and
Nippon for a GAmma Ray Observatory in the Outback)

S &N =
: " = -2 : e
. T AT T e e et BT TR l___ " fia { il e ol o el

Four 10 meter telescopes located in Australia

Fall, 2005 — refurbished (cleaned, realigned)
Now taking data. Continuing analysis of older data.
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MAGIC

Major
Atmospheric
Gamma-Ray
Imaging
Cherenkov

- ']
b sl
§ / z g
- - #
Ly

One 17 meter telescope located in Canary Islands
Now taking data. Exciting results appearing.

Also ....
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MAGIC-II

= i MO | @ - i

A second identical 17 meter telescope located 80 m away.

Under construction. Completion in 2007.
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VERITAS

Very
Energetic
Radiation
Imaging
Telescope
Array
System

One 12 meter telescope has been operating. A second one
started operation in December 2005.

Under construction.... 2 more telescopes, complete this year.
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H.E.S.S. (High Energy Stereoscopic System)

; o ;:?%?k — ﬁ\
sb’?‘é'g. "&;&*ﬁ;ﬁ.&"” |- :'-::'-’-"- = f:‘!'\':‘% . ' i ?ﬁ%
i H15 TN X )
5 f

Four 13 meter telescopes have been operating since 2004.
Results have been spectacular.

Near future....
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o 3

Addition of a single 27 meter telescope.
Shown above is a simulation, not a photo.

Total collecting area will be over 1000 ng
Energy threshold will app'foach 20 GeV.
Time scale — 2008.
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Mini-HAWC (High Altitude ARGO-YBJ (Astrophysical

Water Cherenkov) Radiation Ground-based
Observatory at YangBaJlding)

MILAGRO detectors at a high-

altitude site. Resistive plate chamber

e detectors.
Factor of 15 more sensitive _ : : _
than MILAGRO. High-altitude location (Tibet).
Site search in progress. Above Nearing completion.

picture is a simulation.
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NEUTRON STAR SCIENCE WITH TeV
TELESCOPES - PULSARS

No pulsed radiation i oy Ganmatin
seen so far. Limits from ]
H.E.S.S. by Schmidt - -

(2005).

H.E.S.S-Il and MAGIC-II
will have significantly '
lower energy thresholds. R R S S

EGRET found pulsed - B1706-44 s TPV 4
emission above 10 GeV. .
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What is the upper
energy limit on pulsed
radiation?

How does this constrain
high-energy processes?

D. Thompson 363'M Heraeus Seminar: Neutron Stars and Pulsars Bad Honnef 14-19 May 2006 18



NEUTRON STAR SCIENCE WITH TeV

TELESCOPES - PULSARS

Vela Pulsar
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od
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H.E.5.5. Upper Limits
EGRET phase—avg.
Folar Cap Model
Quter Gap Model
Durham

o GCANGAROO (95% C.L.)

e

10 10"
Energy [ MeV ]

IC prediction from QOuter Gap constrained

D. Thompson 363'M Heraeus Seminar: Neutron Stars and Pulsars

Outer gap models
predict an Inverse
Compton pulsed
component at TeV
energies.

For Vela, the H.E.S.S.
results (Schmidt, 2005)
just begin to constrain
some models (e.g.
Hirotani, 2003).

Is Vela a unique case”?

How much can the outer
gap model evolve to
accommodate future
observations?

Bad Honnef 14-19 May 2006 19



NEUTRON STAR SCIENCE WITH TeV
TELESCOPES — PULSAR WIND NEBULAE

. 3EG J1420-6038
K2(G313.3+0.6) ‘4

‘HESS
J1420-607

G313. 5+q 2

~ - 2
— !
o,
=i .
| !
=
=
e '
. r
i '
rd
o £
- g 5
.-'"r;r 7
F
'\:cf‘mfl

]
Rabbit/R2 é

HESS
J1418-609

14h16m
RA (hours)

14h22m 14h20m 14h18m

D. Thompson 363'M Heraeus Seminar: Neutron Stars and Pulsars

H.E.S.S. results such as
this one —the
Kookaburra and the
Rabbit PWN (Aharonian,
2006) — illustrate the
power of TeV telescopes
to see the Inverse
Compton radiation
produced by the pulsar
wind.

Can unidentified TeV
sources be used to
recognize PWN and
possibly pulsars?

Bad Honnef 14-19 May 2006 20



AGILE (Astro-rivelatore Gamma a Immagini LEggero)

w .

Iltalian collaboration

Currently in testing.
Launch planned later this
year.

Operational 2006-2008

Left: AGILE instrument and
spacecraft (Dec. 2005)

Pair production telescope
(30 MeV - 30 GeV)

Pulsar timing and imaging

Somewhat more sensitive
than EGRET
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B1046-58 B0656+14 J0218+4232
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THE GAMMA RAY. LARGE AREA
SPACE TELESCOPE (GLAST):

GLASHE Will"I9e & major BRSErn/aten.
I the GeV energy’ hand wWhere
SOME pulsars are: prominent.



GLAST — Basic Information

GEV (LAT was origimnaily.
calleal GLASHE Dy ILSElr)
GBM: 10ikeV — 25 VeV
_aunen: Fall 2007

L [metime:

minimum

QO

y/ears




GLAST Burst Monitor (GBM)

m Successor to BATSE an the Compten Observatory.
n Elight hardware (shown abieve) has heen delivered.

m No pulsar timing mode. GBM willdetect magnetars as Sofi
Gamma Repeaters
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GLAST Large Area Telescope (LAT)

-f

m Successor to EGRET on the Compton Obsenrvatory.
m Significantly larger than EGRET and uses improved technoelogy.

m Currently setting up for environmental testing.
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GIEASHE EAT High Energy Capaniliies

« Huge FOV (~20% of sky)
« Scanning mode views much of the sky every day

« Broadband (4 decades in energy, including unexplored
region > 10 GeV)

« Improved PSF for gamma rays (factor > 3 better than
EGRET for E > 1 GeV)

 Large effective area (factor > 4 better than EGRET)
o Resultsiin factor > 30-100mprevement In sensitivity

« No expendables - long mission without degradation
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L AT Science - Pulsars

e To first order, detecting pulsed gamma radiation is limited
by photon statistics.

e In two years with its scanning mode, LAT will detect 25-30
times as many photons for pulsars as EGRET did in its
lifetime.

 This improvement results in detections intrinsically 25
times fainter or 5 times farther away.

« Several of the known gamma-ray pulsars are at distances
of 2 kpc; therefore LAT will be able to detect some pulsars
at the distance of the Galactic Center or farther.
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LAT Pulsar Science: Luminosity: vs. Veltage

The blue oval shows
the new range that LAT Assuming 1 steradian
will observe. solid angle

—
(=
B1706-44

LAT will push much
closer to where the
gamma-ray luminosity
equals the spin-down
luminosity.

10%4 ergs/s

10218+4232

LAT observations
should be able to
distinguish between the
empirical fit and the
relationship from
simple theory (shown
by the dotted blue line).
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1013 1014 1015 1015 1017
Open Field Line Voltage V (4 x 1029 p-3/2 p172
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LAT Pulsar Science: Pulsar Population

In the P — P-dot
diagram, the heavy blue
line shows the present
limit for gamma-ray
pulsar detections,
about 4 x 10* V open
field line.

Note that not all pulsars
to the left of the line are
gamma-ray pulsars.
The line shows a limit
for accessibility, not
necessarily detections.
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LAT Pulsar Science: Pulsar Population

With LAT sensitivity, ' e ol
the line moves well into Eil i
the bulk of the pulsar
population.

In particular, the ms
pulsars now lie almost
entirely to the left of the
line, in the potentially
observable region, if
this observational trend
is valid.

S,
it

0.001 0.010  0.100  1.000  10.000
P (s)
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LAT Pulsar Science: Highest Energies

—

At energies above 10 GeV,
LAT is at least 100 times
more sensitive than EGRET.

Instead of the handful of
photons seen by EGRET (red
bars at right), LAT will see
hundreds of photons at
these energies. Geminga

Does one of the two pulses
fade away with increasing
energy?

What is the shape of the
high-energy cutoff?

These questions may be
Important tests of models.

B1706-44 B1951+32
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LAT Pulsar Science: Tlesting Models

Light Curves - Example

PSR B1055-52 light curve with
EGRET provided insufficient
information to compare to models.

With LAT, the statistics will allow
some real tests.

EGRET Gamma rays (E>240 MeV)
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LAT Pulsar Science: Tlesting Models

Light Curves - Example

PSR B1055-52 light curve with
EGRET provided insufficient
information to compare to models.

With LAT, the statistics will allow
some real tests.
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Is the emission away from the

pulses associated with the source
(as predicted by the slot gap) or simulated
not (predicted by outer gap)?
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LAT Pulsar Science: Tlesting Models

Light Curves - Example

PSR B1055-52 light curve with
EGRET provided insufficient
information to compare to models.

With LAT, the statistics will allow
some real tests.

EGRET Gamma rays (E>240 MeV)

(8 ]

o

Is the emission away from the
pulse associated with the source
(as predicted by the slot gap) or
not (predicted by outer gap)?

(5]
[2)]
o

(5]
[=]
o

simulated

N
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o

How are the pulse shapes,
separation, and relationship to
pulses seen at other wavelengths
explained in different models?
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LAT Pulsar Science: MS Pulsar Theonry 1

Bulik, T., Rudak, B. &
Dyks; J. (2000)
extended a polar cap
moedel for tiadiienal
puUlsars o) the ms
[egime. e dominant
gammzasriay: production
alSes; from: curvature
radiation;

TIhelr predictions,
SHeWN here, are
CORSIStent With' the
EGRET ebservations
ORIy IfItIS assumed that
JO218 was not
detectea.

IEATF shiouldidetect seme
ms pulsarsiin this medel |
(but not JO218). foncng orcer

LAT
threshold
for high
latitudes

0
“
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o
T
o
—
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L
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=
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b=y
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LAT Pulsar Science: MS Pulsar Theory 2

A A
PSR J0218+4232

Zhang and Cheng (2008) adapted thelrr outer gap pulsar model
1erms pulsars. The figures, shewn here show: that this moadel
predicts JO4S7 sheuld bebrghter infgamma rays tiian JO216 —
possible Ifithe EGRE T indication’ofi JO218 IS spuious. e

gammal rays In thisimodel originate fromi synchro=cunvatire
radiation.

I this moedel, boeth pulsars sheuld be visible te LAT, along with
PSR B1821-24 and PSR J2124-3358 and pessibly others.
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LAT Pulsar Science: MS Pulsar Theory 3

J0218+4232

©»
£
L,
>
)
=

GeV/(cm*©s)

1014
10% 10% 10® 102 10" 10° 10" 102 10° 10* 10

Energy (MeV)

Using a polar cap model, Harding, Usev, and Muslimov: (2005)
found an appreach that can explain the olhsernvatiens. it Uses
cyclotren resenani anserptien of radic: emissien to preduce streng
synchretron gamma-ray emission fom J0218. Other ms: pulsars
like JO437 are predicted tor have cunvature radiation just below: the
EGRET limits; but easily visible to LAT.

Possible problem;: this model seems to predict that EGRET should

have seen some other ms pulsars andl 47 Tuc.
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LAT Pulsar Science: Phase-Resoelved Spectra

E2F(E) (MeVem=2s')

Left: Polar Cap
model for Vela
(Daugherty &
Harding, 1996)
Right: Outer
Gap model for
Crab (Cheng,
2004)

-2g7)
)

3 3
k1 kS
g g
[ [
1] 1]

EXF(E) (MeVem=2s™)
E*F(E) (MeVem-1g™")

Models have calculated phase-reselved spectra fior seme gamma-ray: pulsars.
Comparison with the data is largely limited by the data unceraintes.

AT will previde high-guality: phase-resolved spectra for the bright pulsars, with
ernror bars smaller than these by abeut a factor of five.
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NEUTRON STAR SCIENCE WITH LAT —
PULSAR WIND NEBULAE

3EG J1420-6038 , ]
K2(G313.3+0.6) x( LAT will localize the

HESS 31420- EGRET source to sub-
arcmin accuracy, good
enough to confirm the
association with the
PWN or the pulsar.

Dec (deg.)

[ ]
=
o

I:_AT
error box

LAT will combine

spatial, spectral, and
timing information to
help understand this

| .
RabbivR2 & complex region.

HESS J1418-
609

14h22m 14h20m 14h18m 14h16m
RA (hours)
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NEUTRON STAR SCIENCE WITH LAT —
PULSAR WIND NEBULAE

Modeling the PWN
emission to study the
particle acceleration and
Interaction is a
multiwavelength effort,
as illustrated by this
possible Spectral
Energy Distribution
summary from the
H.E.S.S. Web site.
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Past results from the Compiton Observatony en pulsars
and emerging results from TeV telescopes like H.E.S.S.
On pulsar wind nepulae provide a strong Incentive to
puUrsue gamma-ray: elhservations eirneutren stars and
thelr envirenments.

EXpansions and improvements in the eV telescope
airay’s wWill'enlance thel: Sensitvity: and push energy.
thresholds dewn.

AGILE wWill"der seme important fellow-tp stuidies for
pulsars suggested bhut not confirmed by EGRET.

GLAST has all=sky, high-sensitivity: capabilities andl plans
fior cooperative, multiwavelengin elhservations of neutron
stars andl their surroundings. Join the fun!
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