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PUZZLES IN ASTROPHYSICS
IN THE PAST AND PRESENT

V. BREREZINGKY

INFN, LARBORATOR]! NAZIONALI DEL GRAN SASSO



FORMULA OF ASTROPHYSICAL DISCOVERIES:!

ALL GREATEST DISCOVERIES
IN ASTROPHYS1¢S APPEARED

UNPREDICTABLY, WHAT WAS

PREDICTED WAS NOT
DISCOVERED.



ACTRQODHYSICAL PURZLES AND DISLOYVERIES

PHENOMEMON PLUZZRLE PUYSICES DASLOVERY
QUAGARS LARGE ENERGY BlLACK, HoOLES
a0 PRODUCTION
PULGARS PERIODIC SIESNAL NEVUTRON STARS,
|26 T RELATIVISTIC
ELECTRODYNAMICS
ATM AND SOLAR  NEUTRINO DEFICIT NEVTRINO
NEUTRINDS OSCILLATIONS
V's FROM GOOD AGREEMENT

GRAV COUAPSE
SN 198%A WiTh BAD THEORY



G REATNESS OF FALSE DISCOVERIES

SQUPER LUMINAL VYELDALITIELZD
1962 ~1axt V2(4-6)c

= w0 Obcetrver

ASTROPHYSICS OF RELATIVIATIC OBIECTS

CYG %X-3 SAGA
VHE (2 1TeV) AND UHE (?.,O.'i- { PeV) "3a..mmu,"-RAD|aTIGN
WAS DETECTED IN 80s BY MANY DETECTORS:
KEEL , HAVERAM PARK. L FLN’S BENE |, AKEND , BAKS AN,
TIEM-SHAN, QO0TY  GULMARG , PLATEDU ROSA, CRIMEA,
DUGWAY , WHIPPLE ...

UNDERGROUND MUCN SIGNAL WAS ALSO DETECTED.

NUSEX, GOUDAN | MUTRON

LESSONM:

NOT TO TRUST "aa'ntscnvemes: EVEN |F MANY

DETECTORS (OBSERVE THE EFFECT

THEORETICAL BRENEFITS:

» LHECH ENERGY ASTROPUNSICS WITH NEW PARTICLES
THEIR PRODUCTION, DETECTION , AND GENERAL LUMITS,
(CYgnets: newtralines, Cight gluinos
free gqluons | dilambda- L.z,[:zrousp and What na‘&?:)

?» ACCELERATION (N BRINARY SQYSTEMS



VIOLATION OF LORENTZ-INVARIENCE
(L.I)

MOTIVATION :
o EXP DATA: PrOBABLY NoT (%)

o (5 superweAK. L] B8rEAKING THEORETICALY FEASIBLE 2
Progasgly Yee ()

» DO WE SPOIL SPECIAL RELATIVITY AESTHETICALLY ©

BREAKING OF L[ {MPLIES EXISTENCE OF TwHE
ABRSOLUTE LORENT 2 FRAME,

RUT IF LI VIOLATION 1S VERN Weak , ALL FRANES
ARE NEARLY EQUIVALEWNT.



}

SFONTANEOUSLY BROKEN LI
SQUATIONS OF MOTION REMAIN LORENTEZ-INVARIANT.
THE VIOLATION SPONTANEOUSLY APPEARS N THE SOLUTIONS

L1 -BREAKING -SOLUTIONS ARE KNOWN IN STRING MODELS
AMD EXTRA DIMENSION MODELS (Colladay, Kestelecky 1335,
Dvels, Shifman 1388 T EWis et of (393)

STRING INTERACTIONS SET NONZERO VEV'S FOR LORENTZ
TENSOR FielDs |, BReAKING THus LI v our

FOUR -DIMENSIONAL WORLD. AFTER SSB THESE TERMS
LOOK LIKE (Coﬁﬂa.&lu.z and Koste.ee,c,k_a;):

SRV T RIS

¥ 1
Kz 0,4,2..., Ve=VEVS V,=4{T, % [ iseudrrom ¥s.

LARGE M (e.9.M=M,,) PROVIDES SNALLNESS oF LI vioLATiON

» SPONTANEOUSLY BROKEN L,l. MODIFIES DISPERSGION

RELATIONS (Coleman , Glaslow 129%)

1, & r N A
e.q. (Tl = V" —> Pﬂ-mi'-u- -g,_v E =0

MODIFIED DISPERSION RELATIONS CHANGE THRESHOLDS
OF REACTIONS (ORSERVABLE EFFECT)
+ -
eg Y+¥ —>e +¢e E;TWTE}
Kp P, P

i Fi T ™ -

& m 2
E X | —
&

€y
- 1 2.
Plzim & TV E  SHIFTS THE THEESHOLD
[ (2 !



OTHER ASTROPHYSICAL TESTS OF L] o aTioN

® CONSTANCY OF LIGUT VELOCITY (e9. IN €RRBg)
3.€llin etaf (333

o HHGUH ENERRY PHOTON DECAY S .Glashow (957

o VACUUM CHEREWNKOV RADIATION g Glashew 1991



Ast puzafe:
ABSORPTION OF TeV GAMMA-RAYS:
TeV GAMMA-RAY CRISIS ¢

IR i
¢ ¥ Mun 50! 2:20.0%3%
‘r"r:':\h g TeV Source
L+ —e e
ie

yEx ~Lmg Ate. ‘“ﬂ:“"zarra.l m
1TeV 2B, %2 20TV =5  Jpw £ Azp $ 204m
TR RCGR:

(OBE DETECTORS: DIBRE (125-240pn) | FIRAS (125-294
TSCCAM v I‘S';w.m

CALCULATIONS : PRiMack etal (Wigl

MALKAN ADD STECKER. (Cow)
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R DIFFUSE FLUX
COMPILATION BY PROTHEROE AND MEYER 71000
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PREDUCTION CAMMA RAY 4p8CTRUM €F Mun 50

(PROTHEROE , MEYER. 2000)

1 [T T T T T T T T A — :

__ OF Mxn 501, z=0.0336 ‘l' §
Tm -1 _ HEGRA 1597 average _;50:7
) : _ T
E < - corrected 3 .
% Sf 348 §,
= E " . &
= -4 I:-j- : BN
3 + 346~
'“:“'- -5 :_ _"F' 5 :t;h
S o-ep RS .3
:‘E:‘ -7 - observed -44‘:‘:,_,1]

g g o
—-10t _

I
it
° [
>
(4w

log(E,/TeV)



PRODUCTION BGAMMA RAY SPECTRUM OB Mirn 504
J.6GUY et «£ 2000
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PRODUCTION GAMMA RAY SPECTRUM OF Mixn 50|
STECKER 2000
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CONCLUSIONS

8 THERE [S SOME DISCREPANCY BETWEEN MEASURED

TR RCGR AND ARSENCE &F TeV GAMNA RAY

ARBSOR PTION,

® IT MAY INDICATE TO OVERESTIHATED EXTRAGALACTIC

ELUX IN COBE/DIBRE MEASUREMELTS DLE TU

MON- SUFEICIENT SLATRACTION D GALACTIC
AND (MTER PLANETARY CONTR\BUTION,

To RESOLVE "crieis” ExTRAGALACTIC FlLUX SHOULD
BE REDUCED BY FACTOR 2.5 —3,

e IN CONSERVATIVE APPROACH TeV BGAMMA RADIATION

FROM REMOTE GALAXIES IS A PROBE OF

EXtRAGALACT(C TR BRBCGER,,

» TEST oF L] BREAKING CAN BE RELIABLY
PERFORMED USING GAMMA RADIATION WiTH

Ey R0 TeV, wiict 15 ABSORBED ofN 2.3K
MICROWAVE RADIATION



7 nd puz2fe

ULTRA HIGH ENERBY COSMIC RAYS:
1S NEW PHYSICS NEEDED ¢



PROBLE M:

UHE PARTICLES HAVE SMALL PATH-LENGTHS
AS COMPARED WITH THE HURRBLE GSCALE.

PROTONS: DUE TO P+¥y1q >N+ (62K cuToes)
NUCLE] ¥ DUE TO A+¥pix>A+ere”
PHOTONS: DUE TO ¥+ Nyagip— € +e”

UBSERVATIONS:

e NO CUTOFE IN THE SPECTRUM UPTO 2-10%CeV
CTATISTICS OF AGASA
E 2110 [se,.V ! ~ 600 events, | EE“{-{O'3¢V! EQevents
E34- 107! Bevents

e NO ANISOTROPY ASSOCIATED WITH GALACTIC PLANE



ENERGY LOssES HN M{CROWAVE
RATDIATION

E eV



ARSORPTION OF UHE GAMMAS
ON RADID BACKGROUND

(E), Mpc
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IS ENERGY DETERMINATION OF
THE SHOWERS CORRECT ¢

DIFFERENT METHODS OF MEASUREMENTE:

+ HAVERAM PARK ' JOINT SIGNAL FROM CASCADE PARTICLES
MDD MUONS | Dqes

s YAKUTSK: CASCADE PARTICLES | MUONS AND

CHERENKOV RADIATION EROM ATM (CALO-
RIKETRIC CALIBRATION)D

e TLY'S EYE: ELUDRESCENT LIGKT EROM ATM
o HIRES : THE SAME
s AGASA: CASCADE PARTICLES AND Muous) SLeco

UNCERTAINTIES IN ENERGY DETERMINATION 1S 20-307



FE PIGHEST ENERSY EVENT
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THE AKENO EVENT

E= (4.7 - 2.6) 10V
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ASTROPHYSICAL SOLUTIONS
AGN AND GRBc: CLASSIcAL GZK CUTOFF

SPACE DENSITY OF UHECR SOURCES |S LocALLY
ENHANCED BY PACTOR 30-l00,

< l Rah.lo-zla HP‘:'

r

Ro
MAGNETIC FOCcVSING FROM VIRGO (M 83)

UHE PRIMARIES ARE GALACTIC IRON NUCLEL
PROBLEM: HIGH FRACTION OF EVENTS FROM DISC,
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FRACTION oF DIsC

EVENTS
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SOLUTIONS WITH NEW PHYSICS

» SUPERHEAVY DARK MATTER (X~ hadrong)
2 o
Mx > 107 6GeV | Ty >10 gr
NO RADICALLY NEW PHYSICS (INVOLVED
e RESONANT NEUTRINOS

“)*‘-ﬁru —> ’Za—) hadrons

TOO HIGH FLUX OF PRIMARY NEUTRINDS |% NEEDED

e TOPOGLOGICAL DEFECTS
RELIABLE PHYSICS , WEAK G2 CUTOFE

e NEW PARTICLES
STRONGLY INTERACTING NEUTRINGS | LSP (GLUEBALL!NOZ

MONOPOLES ..

e LORENTZ INVARIANCE VIOLATION
MOST RADICAL PROPOSAL



Ad P!.a..?.a«‘?e.

SOURCES OF GRRBRs

CRBS wWERE DISCOVERED (UNPREDICTABLY)
IN 19%F3 (PUBLICATION) BY VELA SATELLITES
DESIGNED FOR DETECTING OF NUCLEAR TESTS,

THERE WERE ~500 GRBo DETECTED BY MORE
THEN A DOZEN SPACECRAFTS, WITH A COMCLUSION
TUAT THE SOURCES ARE GCALACTIC NEUTRON STARS,

BATSE (1932) DATA SKOWED TUE COSMOLOGICAL
ORIGIN OF GRBs.

BEPPO-SAX ({1997) DETECTED AFTERGLOW DUE
TO WwhicHd A HOST GALAXN WI(TH [DENTIFIED
REDSHIET (2=0.835) WAS FOUND.



HYDRODINAMICS OF GRBs

4, FIRERALL
She.‘EE shefl

-
.

L.

radiation-dominated meatter -dominated

fireball fivebakll
e', €, ¥, barions
LORENTZ -FACTOR:. FVR §=b

Mb:Eﬂ/z |Ln- 300 ~ (000
2. HYDRODINAMICS

UNSHOCKED JSHOWED GHOCK-ED UNSHOCKED
SGHELL SHELL ISM I5M
— Xq —a ¥y —_—
¥rs ¥ep Yeg

REVERSE CONTALT DISCONTIUTY EXTEANAL
SHO ci. SURFACE SHOCK

2. AFTERGLOW
STARTS WHEN THE SHELL BEGINS (TS SLOWDOWN




*

WHAT THE INNER ENGINE
MUST EXPLAIN 2

ENERGY RELEASE

MAXIMUM ENERGY RELEASE (GRB 990123 ,2=03) 18
E.w*-- '-(-loslfera , TYPLCAL Emomios"-;osg’er&.
BEAMING FacTOR £, = Q/47T Dirgniswes T, BUT
INCREASES NGRBA. €00 3,.-'

6RB RATE Ngpy (S)

GRB DURATIONS 5ms < Tepp S 1000 ¢
AND DISTRIBUTION Nerg (T)

SHORT-TIME STRUCTURE OF THE PULSE (T~ a few ms)

BARYON CONTAMINATION 2» 300-1000



ASTROPHYSICAL GRB ENGINES

4. BINARY NEUTRON- STAR MERGERS

Narosan , Paceynske, Pitan (992
NS NS Janwe et o (339
VIRTVE:

NULMERICAL CALCULATIONS
PROBLEMS:
# NEED FOR STRONG COLLIMATION: E,;Mc. {0 merg,
* GHORT DURATIONS. Tgag ~0.15
*» LARGE BARYON CONTAMINATION

2. HYPERNOVA Pacaynske 1837 -
ROTATING BH WITH STRONG MAGN FIELD 3~I10 G,
ROTATION ENERGY oF BH (E~(0%%ers) IS5 MAGUETICALLY
TRANSFERRED TO DIsC.

THE OQUTER PARTS OF THE DISC ARE ACCELERATED TO
RELATIVISTIC VELOCI(TIES.
VIRTUVES:
* LARGE Tgep
* LARGE E,Gl&NIOsqc.t-&
PROBLEMS:
e NO NUMERICAL CALCULATIONS (LARGE & &)
e LARGE BARAYON CONTAMINATION

3. QUPRANOVA Vietri , Stella (sasg
MASSIVE NEUTRON STAR STABILIZED BY ROTATION
o SMALL BARYON CONTAMINATION
s MO MUMERICAL CALLULATIONS



ELEMENTARY PARTICLE SOLUTION:

SUPERCONDUCTING STRINGS
AS GRB ENGINES.

BARBUL  PACZYNSKI ,SPERGEL (3873
PACZYNSK] 1938
V.8, [ UNATYK ,VILeNKIN 2000



STRINGS ARE ONE-DIMENSIONAL TOPOLOGICAL DEFECTS
WHICH ARE PRODUCED BY SSB (W >=Z

NETWORK OF STRINES AND LOOPS AT EPOCH £
MEAN LENGTH OF A LooP: L~ dit

: -
SPACE DENSITY OF LOOPS! Ny~ 7
IN MANY MODELS LOOPS ARE SUPERCONDULTING (WITTEN (3%)
WUTH ELECTRIC CLRRENT INDUCED BY MAGMETIC FIELD

As ! jﬁh" e-"Be

LoopPs osciLiaTE PERIODICALLY (T~ £/2)
AND ONE POIVT, CUSP , REACHES V=C EAck PERICD

cUSP



GRBs FROM CUSPS

CuspP BEAMED BEAM ofF
E-M PULSE  AccpLERATED EXTERNAL
On i/ PARTICLES SHO Ci
/ (FIREBALLY
é Kem Jo ‘6/9 ,  Kem~10
8rA1/%

DURATION OF CUSP EVENT: T up=p%s~ Tegg

. de.zn 1
LUENCE: —
i 5= ) ds2 dS=

RATE:  dNg,, ~ V(& dVa) 45
Vi)~ fat’ |, ASL=Lede

RESULLTS

~fy Y/
o Ngag (S ~2:10 S_p By Y™

max
¢ tsna N?:d._s 8_} me , Tgrp ™~ 10 A
» SUORT-TIME STRUCTURE TWE TO WIGGLES
PARAMETERS
-8 Iy -+
An (07 (hato GeY) ,Brll G, =Y
PRCBLEM

RATE OF GRB<¢ FROM GALAXIES 1S VERY LOW,

CLSPS CAN BE RESPONCIBLE FoR SUBSET DF SHORT
BORSTS



CONCLUSIONS

» TeV GAMMA-RAY CRISig IS BASED ON COBE/D]BRE
IR DATA. THE EXTRAGALACTIC COMPOMENT MAN B8E
OVERESTIMATED DVE TO TOSUFFICIENT SUBTRACTION
OF GALACTIC AND INTERPLANETARY CONTRIBUTION,

e THE ARSENCE OF GZK (UTOFF (N UHECR SPECTRUM
SEEMS TO RE RELIARLY ESTABLISHED,
THE SOLUTION OF THIS PROBLEM NEEDS SOME
EXOTIC ASTROPHYS|ICS OR NEW PUYSICS,

* GRB ENGINE 1S ESSENTIALLY UNKNOWN,

THE ASTROPHNSICAL ENGINE W(Tk ENERGY OUTPUT
VP TO 8::“:-_'-{-{05"&*3 , LARGE INTERVAL oF 6RB
DURATIONS Sme £Tgpp & 1000 eB6, TS DIFFICULT
TO CONSTRUCT,

IT COULD BE THAT NEW PHYSICS (S NEEDED FOR

REALISTIC MODELS (SUPER CONDUCTING CoSMIC STRINGS )



