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What are tidal dismption events?






Super Massive Black Hole (SMBH) ~10P-1Mp)




Tidal dismpﬁon events (TDE) occur when a star passes too close to a compact obj ect that

Lts ﬁe[d is able to overcome the stellar sebf-gravi’cy and tear the star apart.
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Tidal dismpﬁon events (TDE) occur when a star passes too close to a compact obj ect that

Lts ﬁe[d is able to overcome the stellar sebf-gravi’cy and tear the star apart.
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Assumption:

star (s ’co’caUy dismpted n a s'mgle
flyby.

Stream of debris

What Iaappens to the debris?




Debris is spvead over a range

of energies




Unbound debris

Debris is spread over a range

of enevgies
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Unbound debris

Debris is spread over a range

of enevgies

~50% | ~ 950%

Bound debris circularizes

to form an accretion disc




Unbound debris

Debris is spread over a range

of enevgies
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Debris accretes viscous [y:

thermal ﬂare mn UV/ soﬁ X-ray




Unbound debris

Debris is spread over a range

of enevgies

~50% | ~ 950%

Bound debris circularizes

to form an accretion disc

Debris accretes viscous [y:

thermal ﬂare mn UV/ soﬁ X-ray

Relativistic Jet and radio signal



Unbound debris

Optical/UV
X-rays
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Accretion disc

Krolik +, 2016




Where can UHECRs be pvoduced?



At Ve[aﬁve[y short distances ﬁfom the
engine, internal diss'qoaﬂon shocks within
the Jets accelerate partic[es and produce

X—Vay emission.

At [arger distances, ou’cﬂows interacts
with the suwounding matter, which slows

it down and produces radio emission.

1019-20,y CRs

(Farrar & Piran, 2014, arXiv: 1411.0704)




Un’oound dGIOTLS mo eculav C oud CO”LSLOY[
%

Strong shock into the MC: CRs pvoduced

CRs then collide with non-relativistic protons in

InterStellar Medium \
the MC: t° and Y-rays (0.1 — 10 GeV)

L{nbound debris produced

stream

N\ ~ 102yaﬂerTDE

(Chen+, 2015, arXiv: 1512.06124)




Can TDEs explain hot spots?
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Abbasi+, 201

Model TDE with 5 parameters:

®* BH mass
* distance ﬁrom Earth

y ﬁracﬂon of star’s rest-mass energy converted in

UHECRs
* ﬁracﬂon ofjetted TDEs

° ’oeaming ﬁraction



Can TDEs explain hot spots?
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Abbasi+, 201

Model TDE with 5 parameters:

®* BH mass
* distance ﬁrom Earth

y ﬁraction of star’s rest-mass energy converted in

UHECRs

y ﬁraction ofjetted TDEs

° loeaming ﬁaction

He+, 2014, arXiv:1411.5273

\

Conditions on efﬂciency of the mechanism that
produces TDEs:

® time between events less than magneﬁc-dispers lon

time;

* growth of SMBH by TDEs is slower than its growth

on accretion at Edding’con limit.

TDEs can account for hot spot ﬂux

(Pfeffer+, 2015, arXiv: 1512.04959)



Thank you fov the attention!






Swift J1644

TA hot spot (2014)

BR slightly larger than 20 G cm

After 5 years of operation
Circle of radius 20
Right ascension 1467
Declination 43.2
72 UHECRSs (19 in hot spot)



Parameter space of tidal dismpﬁon

On[y a star within its respective triangle can be tidaﬂy dismpted

| ' ' ' )

Star Enters Black Hole

(Star swallowed)

Black Hole Enters Star

Weak Tidal Encounter (Not fully disruptive)
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Event Mgy Lok Eiu Tpp (@ ~peak) HRpy (@ ~peak) Line Width Host Type
(10%M) (10 erg s—1) (10°! erg) (10* K) (10*% cm) (10°km s~ ')

SDSS JO748 n/a n/a 10.0 + 0.5 (He II})

PS-10jh : =22 =21 >3 = 0.6 54 + 1.5 (He 11 -22d)

Ps-11af i+ 3 B5402 041 +0.0m 1.91 £ 0.08 0.95 No features

SDSS TDE2 LY AR ! 7 1.827 5 o 0.72 3.4+1.1 (Ha)

PTF09ge 5 5. n/a P § 0.597 5 12 10.1 + 0.7 (He II -19d)

PTF0%axc 2.6 : n/a 5 e 58 T Rl 11.9 + 0.2 (Ha 7d)

PTF09dj1 3.57 5 a n/a 28T 5o 0.587 55 6.5+ 0.4 (Hee 2-62d)

ASASSN-1dae  2.457.2 8240 0.17 2.2+ 0. 0.7+ .0.03 36+ 0.2 (Ho)

But from accretion expect Lpeqr~10*" (Mp Hﬁ)—i%f? cres
But 0.1Mgc® ~ 10°° erg
But from accretion expect T,y fN].UE K (reprocessing material?)

But Rr~T7-10"2Ry P My sMo /% em (reprocessing material?)

But at Ry: v~4- 104ﬂ-fé§ s km 51

|. Arcavi, TDE school, 2015




E+A galaxies
Class iﬁcaﬁon of Post-Starburst and Post-Star-Forming ga[axies

Passive galaxies dominaﬁng rich clusters, whose

Class iﬁcaﬁon depending on

star formation histovy has pro’oab [y been
perturbed by their interaction with the hostile SPGCJU’a[ O]oﬂca[fea‘twes

environment.

Obj ects where star fovmaﬁon activity has been abmptly
truncated aﬁer a strong burst ep isode, are genera”y

indicated as

Post-starburst galaxies

E+A or k+a (and a+k) galaxies,

and are characterized on strong Balmer absorpﬁon

lines with no emission.

Galaxies with normal star formaﬁon activity

Pos’c—starforming galaxies brusquely truncated without a starburst event are

characterized on moderate Balmer absorption lines.



Conditions on sources of UHECRs

R =¢gB<R

Hillas criterion

CR conﬁned during acceleration BR > 3 % 1017 | il E A 1 EQU Gauss cm

: .. 1
Total bolometric luminosity Ly ~ =c I'*(BR)* > 10*T? (E/Z)? erg/s

E44
€Cucr I'= (EQU/Z)Q

Density of sources Miare A1 3 % 1072 Mpe ™2

Source density lower limit Nmin = 2 X 107° (7 x 107%) Mpc ™3



Papers

Tidal dismpﬂon Jets as the source of ultra—high energy cosmic rays

(Farrar & Piran, 2014)

Ultra—high—energy—cosmic—ray hot spots ﬁfom tidal dismpﬂon events

(Pfeffer +, 2015)

The Gamma-Ray Aﬁerg[ows of Tidal Disruption Events
(Chen+, 2015)



New image Old image Difference image

I. Arcavi, TDE school, 2015

The TDE PTFOQaxc




New image Old image Difference image

I. Arcavi, TDE school, 2015

The TDE PTFOSaxc




NV VRiggtelels Old image Difference image

I. Arcavi, TDE school, 2015

The TDE PTHO9axc

A lype la SN




New image Old image Difference image

I. Arcavi, TDE school, 2015

The TDE PTFOSaxc

A variable star




New image Old image Difference image

I. Arcavi, TDE school, 2015

The TDE PTFO9axc

An artifact (not real)




New image Old image Difference image

I. Arcavi, TDE school, 2015

The 1DE PIFO9axc

Finding TDEs Is hard:
- (Galaxy centers are difficult to subtract correctly

- Many contaminants (AGN, SNe In galaxy centers)

Conseqguences:
- Miss a lot of 1DEs







Hillas criterion
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Sources above:

Accelerate protons up to 10* eV

Accelerate iron up to10* eV

]f’che particle escapes ﬁfom the region where it was being
accelerated, it will be unable to gain more energy. This

gives a limit on its max. energy:

erax — UBR

This is obtained asking that the Larmor radius doesn’t

exceed the size of the acceleration region:
R =¢gB<R

Geometrical criterion known as

Hillas criterion



