
		Astropar)cle	Physics		|		19		September	2017	|		Page	1	

Astroparticle Physics at 
DESY-Zeuthen 

Cosmic	Labs:	

 
 

19 October 2017 
Hamburg, Germany 
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Astropart. Physics @DESY Experiments 

– HESS	
– MAGIC	
– VERITAS	
– TAIGA 	 		
– CTA	

– Fermi	

–  IceCube	
	

•  Gamma-ray	

•  Neutrino	
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High Impact of Astropart. Groups- 
ICRC 2017 (Busan, South Korea) 

•  Gamma-rays:			Elisa	Pueschel	(Highlight	talk)	
•  Neutrinos:		 	Jakob	van	Santen	(Highlight	talk)	

	 	 	 	 	 	Markus	Ackermann	(Rapporteur	talk)	

•  Theory:	 	 	 	Andrew	Taylor	(Review	talk)	

Υ-rays	 ν	

cosmic-rays	

Energy	Informa)on	
Temporal	Informa)on	
Angular	Informa)on	

Cosmic	Labs	
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Subgroups Large Impact 
Coll./Consort.	 Total:	Talks	(Cont.)	 DESY:	Talks	(Cont.)	

Fermi	 16	(21)	 0	(0)	

HESS	 21	(36)	 3	(12)	

MAGIC	 13	(20)	 0	(7)	

VERITAS	 12	(20)	 3	(4)	

CTA	 11	(32)	 0	(4)	

TAIGA	 4	(7)	 1	(2)	

IceCube	 21	(58)	 3	(6)	

TOTAL	 98	(194)	 10	(35)	

The bottom line from this table is that DESY punched well above its weight 
at this year‘s ICRC....one can of course carry out a similar comparison 
with other big Astroparticles phyiscs conferences such as TeVPA	

ICRC 2017 	
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Flare of the misaligned AGN 
NGC1275 
 
•  first time TeV emission 
 
•  fast variability timescale ~1/2 day 

●  Atels issued: ATel #9203, ATel #9929 
 

Group Highlights- MAGIC 

tvar = ⌘(RSchwarz./c)

Energy	Info.	
Temporal	Info.	

(For	 	 	 	 	 	 	 	, 	 	 	 		
	 	 	 	 					)	MBH ⇡ 3⇥ 108 M�

tvar ⇡ 10 hrs ⌘ ⇡ 20
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γ-ray	binary,	long	(315±5	day)	period	11	years	of	
observa)ons	→	long	term	study	of	flux/spectral	
variability	

	
Long	term	observa.ons	key	for	understanding	

electron	accelera.on	in	this	source		

Group Highlights- VERITAS 
Energy	Info.	
Temporal	Info.	

HESS	J0632+057	

1.4 M� 20 M�

apastron	
Colliding	Wind	Accelerator	



		Astropar)cle	Physics		|		19		September	2017	|		Page	7	

Group Highlights- HESS 

7	

•  The CR e- spectrum up to ~20 TeV  
(SOM, 09/17) 

 
•  Crab extension (a standard candle for gamma-ray 

astronomy) 

Energy	Info.	
Temporal	Info.	
Angular	info.	
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The	Crab	Nebula:	the	rota)onal	energy	drain	
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The	Crab-	a	True	Cosmic	Laboratory	 Before	2017:	point-
like	γ-ray	emission	
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Energy (TeV)
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1026

1027
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1031

⌫
L

⌫
,
W

1.0 TeV < Eelec < 3.0 TeV
3.0 TeV < Eelec < 10.0 TeV
10.0 TeV < Eelec < 30.0 TeV

H.E.S.S.	ICRC	2017	

P� ⇡ 1037 erg s�1

Ps.d. ⇡ 5⇥ 1038 erg s�1

Rotational Spindown 
 

Poynting Flux 
 

Wind 
 

Cosmic Rays 
 

Gamma Rays 

~10-6	eV	 ~10-2	eV	 ~100	eV	 ~101	eV	 ~103	eV	 ~1012	eV	
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Crab	Emission-	Electron	Cooling	and	Emission	
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•  Spectrum	evolved:	
				source,	energy	loss,	etc.	

•  Best	fit	with	log-parabola	
				as	source	spectrum		

•  DeviaVon	from	power	law	

•  Reflects	details	of	
acceleraVon	process	

	

ParVcle	AcceleraVon	in	Pulsar	Wind	Nebulae	
electrons	

photons	
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Fraschef	and	Pohl	(2017)	MNRAS	471	4856	
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12	 Rolf	Bühler	•	PlasmaCrab	•	

Turbulence eddy 

Reverse shock 

SimulaVons	of	Ou^low	from	the	Crab	

3D fluid-kinetic simulations 
with realistic boundaries that 
resolve dissipation scales. 

Follow turbulence and acceleration 
over nine decades in scales: 

Tim
e of injection by pulsar [yrs] 

Bühler and Giomi MNRAS 2016 

Neutron star 

E
lectric current 

↵ = 10�

↵ = 45�

↵ = 80�
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Crab	Nebula	Extension	Revealed	at	γ-ray	Energies	2017	

H.E.S.S.	ICRC	2017,	arXiv:1707.04196	

Note- the HESS Υ-ray extension is 
larger than that seen in X-rays. On 
physical grounds this is well 
motivated when considering the 
different electron energies probed.	
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ParVcle	AcceleraVon	and	MagneVc	Turbulence	

•  Shi`ing	of	μ1‘	to	μ2‘	is	caused	by	magneVc	turbulence	

•  What	drives	strong	magneVc	turbulence?	
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ParVcle	Transport	in	Space	

A	study	of	the	fundamental	plasma	processes	governing	par)cle	transport	(and	
accelera)on)	in	astrophysical	sefngs,	the	interac)on	with	MHD	turbulence,	
reconnec)on,	etc.	
Jokipii	suggested	different	scaling-	updated	understanding	of	MHD	turbulence	

Zhang	et	al	in	
prep	
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Electrons	from	Local	PWN	(Source)?	
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Group Highlights- Fermi-LAT	

17 

Catalog for flaring gamma-ray sources and running real time monitor  
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/ 
 
 DESY news 30/08/2017 

Abdollahi et al., ApJ 846 1, 2017 
PhD thesis 2017 Matteo Giomi 
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Group	Highlights-	IceCube	

18	

7	years	

Star)ng	events	

8	years	

through-going	muons	

𝛾	=	2.7	

𝛾	=	2.2	

Energy	range:	~	120	TeV	-	5	PeV	

Energy	range:	~	10	TeV	-	2	PeV	

IceCube	collabora)on,	TeVPA	2017	

IceCube	collabora)on,	ICRC	2017	

•  Poten)al	spectral	
hardening	above	100	TeV	
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19	

Which	Cosmic	Laboratory	is	Being	Probed?	

Energy	Info.	
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Neutrino	ProducVon	in	Astrophysical	Sources	

p	 γ	

p	 p	

For	pγ	interac)ons,	a	“high	energy”	proton	threshold	energy	exists	
for	pion	produc)on:	

s = 2m2
p + 2Epmp

s = m2
p + 2(Ep + pp)E

bg
�

Emin
p ⇡ mpm⇡

Ebg
�

Mul)ple	pion	produc)on	channels:	
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Search	for	Neutrinos	from	SNe	Explosions	

21	

•  Stacking	analysis	to	probe	origin	of	cosmic	neutrinos	from	
chocked-jet	supernovae	and	SNe	expoding	into	a	massive	
circumstellar	medium	(SN	IIn).	

•  Different	)me	correla)ons	/	expected	neutrino	light	curves	tested.	
•  No	correla)on	found	stacking	several	hundred	SNe.	
•  Bright	SNe	tested	separately.	
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Are	bright	AGN	the	Sources	of	the	PeV	Neutrinos?	
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Kadler	et	al.	(2016)	Nature	Physics,	12,	807	

Gao	et	al.	(2016)	Ap.J.	843	(2017)	109	

Brightness	level	makes	it	a	valid	candidate	
	

Secondary	electrons	in	sources	are	
however	problema)c,	forcing	pionic	
component	to	be	sub-dominant	
	

Pion	spectrum	reflects	proton	
threshold	energy	for	this	channel	
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GRBs	as	Source	Candidates	

What	is	the	maximum	energy	this	source	can	reach?	....are	
rela)vis)c	shocks	efficient	accelerators?	
	

For	non-rela)vis)c	shocks:	

For	rela)vis)c	shocks	the	situa)on	looks	asrac)ve,	recalling	that:		
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Boncioli	et	al.,	ICRC	2017	
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Group Highlights- CTA 

50	h	

30	min	

100	s	

5	h	

CTA	South	-	filled	(◼ ︎)	symbols	
CTA	North	-	open	(◻ ︎)	symbols	•  An	understanding	of	the	

instrument	sensi)vity	to	
transient	events	on	different	
)mescales	

•  Angular	resolu)on	studies		
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Group Highlights- TAIGA 

Point source sensitivity for TAIGA 1km2  

A 10s TeV - PeV Instrument	

•  A	beser	understanding	of	the	
instrument	sensi)vity	to	point	
sources	

•  HiSCORE	has	detected	the	ISS	–	
Laser.	Proves	to	be	an	excellent	
calibra)on	sources	to	test	array	
event	)ming	reconstruc)on	

•  Next	goal	is	the	detec)on	of	the	
Crab	Nebula	(low	eleva)on	
angle	observa)ons)	



		Astropar)cle	Physics		|		19		September	2017	|		Page	26	

ExciVng	Recent	Developments	

Put	Neutrino	plot	here?	

First	Gravita)onal	Wave	Event	with	an	Electromagne)c	Counterpart	

Gravita)onal	wave	+	GRB	uncertainty	regions	

H.E.S.S.	arXiv:1710.05862	

…and	other	interes)ng	mul)-messenger	observa)onal	
developments	are	currently	in	pipeline!	
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Summary 
•  The	field	is	now	rich	in	the	range	of	high	energy	astrophysical	objects	detected,	

thanks	to	the	diverse	range	of	energies	(and	messengers)	covered	
	
•  A	subset	of	these	astrophysical	objects	demonstrate	a	wide	variety	of	phenomena	

(ie.	Opera)ng	as	“Cosmic	Labs”),	allowing	full	exploita)on	of	the	informa)on	
provided	by	their	messenger	par)cles	

•  A	growing	level	of	interconnectedness	is	star)ng	to	be	revealed	between	these	
results,	as	these	fields	mature	and	the	“discovery	dust”	sesles	

•  Our	theore)cal	understanding	of	these	systems,	in	some	cases,	is	star)ng	to	also	
mature	

•  Exci)ng	new	results	appear	to	be	revealing	that	a	class	of	objects	recently	
discovered	connect	gamma-ray	emisers	to	NS-NS	Gravita)onal	wave	sources	


