From COS-B to Fermi, 50 years of
gamma-ray astronomy



— OBITUARY

IN a sad coincidence, G. P. S. (Beppo)
Occhialini died on 30 December last
year within a few weeks of Bruno Rossi
and a few months of Bruno Pontecorvo,
three of the greatest Italian physicists of
the same cultural generation. Occhialini
graduated in Florence in 1929, and under
the influence of his father Augusto, also a
professor of physics, at 24 he joined the
Cavendish Laboratory in Cambridge,
under the great P. M. S. Blackett.

He brought to the Cavendish the
coincidence counter technique (“alla
Rossi”) and applied it to the Wilson
chamber, which until then had been
triggered randomly and thus only rarely
captured a decent picture of a cosmic-
ray track. The new circuit was an immedi-
ate success: “One on each, Beppo!”
Blackett exclaimed. Next came the
famous picture of the first electromagne-
tic shower and the confirmation of the
discovery of the positron by C. Anderson,
who narrowly beat them to publication.

After a few years in the increasingly
difficult climate of fascist Italy, he wentto
Brazil to work at Sao Paulo and later
disappeared in the Itatiaya mountains to
wait out the Second World War. Just
before its end, he emerged to move on to
the second great British adventure of his
life: Bristol, the Wills Laboratory and C. P.
S. Powell. There he immediately grasped
the potential of photographic emulsions
for elementary particle work. After re-
searching with the photographic com-
pany liford on how to increase their ‘half
tone’ plate sensitivity, Occhialini per-
sonally exposed a group of the new

plates at the Pic du Midi in the Pyrenees.
This was during the course of a speleolo-
gical campaign, another of his great
passions. When the plates were de-
veloped, in Powell's words, “...a whole

Occhialini— particle passion.

new world was revealed”. After much
scanning, at last they discerned an un-
ambiguous sequence: a particle of “re-
latively small mass” produced a nuclear
disintegration at the end of its range. This
was the discovery of the 7-meson decay.

Blackett and Powell separately won the
Nobel Prize for their work on elementary
particles. Both awards were made in
difficult, Cold War years, and Occhialini
had never made a secret of his political
ideas. Pontecorvo summed it up nicely, in
a famous toast: “l drink not to Beppo, but
to us all: may we collaborate with him, itis
a practically sure way of winning a Nobel
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" G.P.S.0Occhialini (1907—93) |

Prize”. After a few important years in '
Brussels, Occhialini came back to his
father's chair in Genoa and, from 1952, in
Milan. Under his leadership research
groups were born which largely focused
on cosmic-ray studies (the ‘G-stack col-
laboration’), but also covered the tran-
sition of elementary particle work to
accelerator physics (‘K-collaboration’)
and the beginning of space physics. In
the latter field, Occhialini created in
Milan a truly European school of high-
energy astrophysics, out of which came
two generations of active scientists.

Above all, Beppo was instrumental,
together with E. Amaldi and others, in
starting the European Space Research
Organization, and in giving an impetus to |
its scientific programme from which the |
present-day European Space Agency still
benefits. Among the first to grasp the
importance of gamma-ray astronomy, he
was one of the founding fathers of the
COS-B project. A large fraction of its
success can be traced to his scientific
and human guidance.

To work with or for Beppo Occhialini
has been a privilege of many scientists in
diverse fields and countries the world
over. For them, days of labouring under
the exacting standards he set (most of all
for himself) are now cherished memor-
ies. His unique style in science and
culture will continue to receive the best
of compliments that we can pay to it:
imitation. Giovanni Bignami

Giovanni Bignami is in the Istituto di Fisica
Cosmica, CNR, Milan, italy.
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Astronomy from space was inspired by a visit to Bruno
Rossi who was busy building x-ray detectors
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In Orbit: Aug 9, 1975 - Jan 18, 1986

Operations: Aug 22, 1975 - Apr 25, 1982
65 viewing periods, duration 2 weeks to 2 months

Energy range: 30 MeV -5 GeV
Effective area: ~50 cm?, f.o.v. ~20°
Angular resolution: ~ 1 degree *

Typical src flux: 10°y/cm?s -> 4 cts/day
Observation periods ~1 month
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e whole Milky Way 70 MeV -5 GeV

) ar 1 r 1F 1F ir N r el S | r 1 ¥ L af 1
2107 20 10 o 20 10 (]
'zol- — ; A e »»—— - +20
[ 3 3 i F i :; 1 .
£ F 7 7 : F E 7
+10 i ra b T 3 § 3 3 1410
0 = -z:-‘ - an B — e = = o e e = — - *:Z - = 9
% ~. . S e ———— S ' ol b 5 |
i 3 g % S % 5, - .
= ¥ 3 S\ b 3 X 3 4 =10
= ) 3 3 X } p! 3
i ¥ 2 3 4 £ iy
-20 -~ ——g——1—1 - ™1 T ™" 1 fiomaangonairiv QUrmmgwm— T e | ™t Y] L vt e ey po e ™ - =20
10 0 10 0 10 0 10 0 30 20 10 0 10 0 20 10 [ 5§ 0 10
GALACTIC GAMMA - RAY EMISSION
PERSEUS CENTER vELA ANTICENTER
L 1 1 i L} | PR . A ' —— i i ' 1 1 A ( VSN VAN N— ) 1 1 | ] L L . ——— ]
+20
{+10
V[' |
I e -~ o
4
-10
-20
T - ! ] 15 T T T
. T "V T a0 ] R R " 60 WESTgey O o T 3% oo 270 " 240 (I " TR T * L.
INTENSITY SCALE BT ] <0 onN-AXIS' COUNTS/SECISR cos -8B ENERGY RANGE: 70 MoV — 5 GeV DECEMBER 1978
0 2 6 14 22 38
Laantesaliaisticad ixsatacel | 1 | FOPCPIO FOPTTTOV IREUTDVPI DUOOY IO | wdasdssdiabindaatonlutuuduadasaadaaaal | AT L 1 Ladtiial Lissstassabansatissalisiatianlisantoceal. Lasaaticad | 1 I} Leasatindd J
‘o_, PON WP .00 o ‘w" PHR OSB3 45 PUN 074020 POR OB .10_,
' . { ) ) i | l I\ A [\ M4 i bl ! ) 3 i $4
i ’ I\ / \ \ { 43
DATAPOINTS. AVERAGE |b] o5* / 4 \_. \ A ‘1\
cunve CUT ALONG B 0" i 4 | | | I\ ,J \
2 [\ AN B R ETH | TR NIRRT A 1 42
\ O ;1;|-i~ l'!t:“ | \ I 'l i\
: e r}‘ | ' | Rl | |
,f i\ ArAN 2 0
T b Ny TR N /i ’ w '
L et TN 4 T " ‘*V
JUAIET gl LT i T A ,“\
K g o I,
g ! h f (Deme*) nay ~O
e e L e e e e e L o L e e B G L L S e M L Bl L L L L L e L
150 120 80 80 30 o 330 300 270 240 210 IGO



After 5 years of COS-B: time to have a party




COS-B: high confidence identifications:
2 PSRs, 1 Blazar, 1 molecular cloud complex

f=.90° 3C273

- 21 sources remain
unidentified - major driver

for next generation

telescopes on CGRO
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GEMINGA (2CG 195+04) Gamma -Ray
X-ray the discovery

the positioning 80’ SAS-2 and COS-B
Einstein Observatory

oy <« Understanding
: Geminga

Optical
the understanding

ESO 3.6m - Palomar 5m
ESO

.....................

 ROSAT PSPC  0.08-028 ke\’j
)
)

ROSAT PSPC  0.28-0.53 keV]

300 1
& - 4
:\00 o T T TR
- ROSAT PSPC  0.70~1.50 keV|
St |} ‘ {

20%
0
40

Proper motion AT ; ,
discovery '92 I pregsreopprgegrraans
4 Egret phasogram, '98 f 1

the optical-y connection

0
0 05 1 15 2

237 msec periodicity, '92
the x-y connection



Going higher in Energy : a brief History ofjly-ray Trackers
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11,762 y-rays

E>50 MeV '2 (72-73)
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S decades of y-ray astronomy from space
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4FGL-DR4 14y
7114 sources

o No association @ Possible association with SNR or PWN <~ AGN
¥ Pulsar A Globular cluster + Starburst Galaxy ¢ PWN
@ Binary + Galaxy © SNR * Nova
* Star-forming region




The Fourth Fermi LAT Catalog
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pulsar wind nebulae
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Fermi Highlights and Discoveries

W onps —

ete spectrum & | — BLAZARS ~—g

- — RADIO GALAXIES ;

— STAR BURST GALAXIES

GLOBULAR CLUSTERS

FERMIBUBBLE | . & .

-~ ™~ -
'I‘ SRS

' SNRS & PWN

B & NOVAE

L GAMMA-BAY BINARIES

PULSARS: isolated, binaries, & MSPs

 SUN. flares & CR interactions — @

16rS

18



The Fermi catalog is dominated by AGNs....
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The Fourth Fermi LAT Catalog

Supernova remnants &
pulsar wind nebulae
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now ... FERMI-LAT!
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ASTRONOMY

Gamma Rays and Neutron Stars

Giovanni F. Bignami

nly Galileo was quicker. After discov-
ering the satellites of Jupiter on 10
January 1610 in Padua, he wrote up
his results in elegant Latin, personally did the
artwork, allowed time for refereeing (by the
Inquisition) and for printing (by hand), and
had the Sidereus Nuncius hit the streets, or the
canals, of Venice on 10 March. The NASA-
led, international GLAST mission, now called
the Fermi Observatory, was launched on 11
June 2008, deployed flawlessly into orbit,
started taking in gamma rays from the sky and
routing them through an impressive data-
crunching machine, allowed time for a mini-
mum of thinking, and just 4 months later, its
first important result was reported online
[Abdo er al, see p. 1218 of this issue (/)].
Even Galileo would have been impressed, and
so should we: Here is a new way of doing sci-
ence, right on the eve of the International Year
of Astronomy.
As Abdo et a4l report. the Fermi Obser-

Satellite and ground observations provide

A new gamstar. The CTA1 supernova remnant has a well-formed radio shell,
with a diameter of about 1.5°. Close to its center, the Fermi gamstar (blue
dot) diccaveraed by Abdo ef al (1) emits trains of oulsed aamma radiation

new insights into gamma-ray emissions
from neutron stars.

majority of known gamma-
ray sources in our Galaxy.
Interpreting UGOs as gam-
stars would provide a natural
explanation for the quarter-
of-a-century UGO mystery:
Gamstars are simply pulsars
that emit gamma rays in a fan
beam geometrically different
from the radio one, which
may well exist but does not
intercept the Farth. Gamstars
would then be neutron stars
with a somewhat different
physics (and geometry) from
that of the gamma-and-radio
pulsars (like Vela and the
Crab), for which both beams
sweep the Earth.

But neutron stars and
gamma rays seem to have
even more in common. On



Fermi & pulsars

a success story

«2nd most
relevant
discovery in
2009»

(Science)
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y-ray PULSAR CENSUS

GRP

300
280

260
240
220
200
180
160
140
120
100
80
60
40
20
0

1

970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020




~»
o

o w & & 8
o

5 8 8 8§ 8

EGRET

-2

150

08

1999

2007

FERMI - LAT

25000

J0835-4510

20000

15000 |-

10000 -

5000

L
0.2

L
0.4

L
0.6

I
0.8

10




Not just an increase in number
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294 show y-ray pulsations.  >40 more likely will ‘soon’.
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Figure 1.

Cumulative number of known gamma-ray pulsars, beginning with the launch
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Rossi prizes

tomorrow:



in 2021, for the first time in 20 years, the SIF Enrico
Fermi prize recognized two women scientists



