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Overview	  

•  Brief	  mo0va0on	  

•  Introduc0on	  to	  VERITAS	  
	  
•  Technical	  challenges	  

•  Results	  	  

•  Future	  work	  
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Mo0va0on	  I:	  Dark	  MaOer	  Annihila0on	  

•  Ingredient	  1:	  SM	  
extension	  
predic0ng	  a	  self-‐
annihila0ng	  
WIMP	  

•  Ingredient	  2:	  
Channel	  that	  
produces	  
gamma	  rays	  
	  

	  
	  

•  Ingredient	  3:	  
Sufficient	  
local	  DM	  
density	  
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Dark	  MaOer	  con0nued	  

See	  Ben	  Zitzer’s	  talk	  on	  Friday	  	  8/4/2016	   ICHEP	  2016	  



Mo0va0on	  II:	  Astrophysics	  
•  Abundant	  VHE	  gamma-‐ray	  emission	  in	  region	  from	  interes0ng	  

astrophysical	  sources	  
•  Includes	  bright	  VHE	  γ-‐ray	  source	  probably	  associated	  with	  black	  hole	  

central	  engine	  (Sgr	  A*),	  diffuse	  emission	  from	  CR	  interac0ons	  with	  ISM	  
•  Understanding	  this	  emission	  also	  cri0cal	  to	  dark	  maOer	  studies	  using	  the	  

GC	  
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Gamma-‐ray	  Detectors	  
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2°	  -‐5°	  FoV	  
10%	  duty	  cycle	  

FoV:	  ~20%	  of	  the	  sky	  
Survey	  mode	  

Adapted	  from	  Hays,	  ICRC	  2015	  



Complementarity	  of	  experiments	  
•  Different	  combina0ons	  of	  experiments	  and	  targets	  are	  more	  or	  

less	  constraining	  for	  different	  models	  and	  channels	  
•  IACT	  observa0ons	  have	  window	  to	  constrain	  high-‐mass	  WIMPS	  

Fermi-‐LAT	  excess	  @	  GC;	  fits	  DM	  profile,	  ~50	  GeV	  
WIMP	  or	  pulsars?	  

And	  for	  low-‐mass	  WIMP	  case,	  
DM-‐free	  region	  to	  constrain	  “messy”	  
astrophysics!	  
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109 m 

82 m 

T1	  

T2	  

Instrument	  design:	  
●	  Four	  12-‐m	  imaging	  atmospheric	  
Cherenkov	  telescopes	  
●	  499-‐pixel	  cameras	  (3.5°	  FoV)	  
●	  FLWO,Mt.	  Hopkins,	  Az	  (1268	  m)	  

Specifica3ons:	  
•  Energy	  range:	  ~85	  GeV	  to	  ~30	  TeV	  

(post	  upgrade)	  
•  Energy	  resolu0on	  	  ~	  20%	  
•  Angular	  resolu0on	  (68%	  

containment):	  <0.1⁰	  at	  1	  TeV,	  0.14⁰	  
at	  200	  GeV	  

•  Source	  loca0on	  accuracy:	  <50	  
arcseconds	  

     The VERITAS Instrument

Sensi3vity:	  
●	  1%	  Crab	  	  in	  <	  30	  hrs	  
●	  10%	  Crab	  	  in	  <	  30	  min	  

Yearly	  observing	  (good	  weather):	  
●	  Dark	  9me	  ~800	  hours	  
●	  Moonlight	  ~400	  hrs	  addi9onal	  

Supported by: NSF/DOE/Smithsonian, 
NSERC(Canada) 

T3	  

T4	  
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VERITAS	  on	  GC:	  2010-‐2014	  
•  ~85	  hours	  of	  data	  taken	  at	  large	  zenith	  angles	  
•  LZA	  requires	  specialized	  disp	  method	  to	  recover	  angular	  resolu0on	  
•  Energy	  threshold	  also	  rises	  to	  ~2	  TeV	  

Nathan	  Kelley-‐Hoskins	  
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VERITAS	  on	  Sgr	  A*	  

•  Accoun0ng	  for	  the	  diffuse	  emission	  challenging:	  
•  This	  study	  extracts	  full	  spectrum	  from	  direc0on	  of	  Sgr	  A*	  (dominated	  by	  

bright	  point	  source)	  
•  Yields	  results	  that	  are	  consistent	  with	  alterna0ve	  approach	  (Viana	  et	  al.	  

2013)	  

•  Combined	  H.E.S.S.-‐VERITAS	  spectrum	  sta0s0cally	  rich	  
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VERITAS	  on	  Sgr	  A*	  

VERITAS	  >	  2	  TeV	  
Archer	  et	  al.	  (2016)	  
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Power-‐law	  (PL)	  with	  exp.	  cutoff,	  smoothly	  broken	  PL	  favored	  over	  pure	  PL	  



SNR	  G0.9+0.1	  

•  Composite	  radio	  SNR	  (bright	  PWN	  core,	  extended	  radio	  shell)	  
•  H.E.S.S.,	  VERITAS	  centroids	  consistent	  with	  each	  other	  and	  

radio	  core	  
•  Joint	  VERITAS-‐H.E.S.S.	  spectrum	  fits	  well	  to	  a	  pure	  power-‐law	  

with	  no	  break	  up	  to	  20	  TeV	  

Γ=2.51±0.07stat±1.02syst	  
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Residual	  Diffuse	  emission	  

•  H.E.S.S.	  observes	  diffuse	  gamma-‐ray	  emission	  along	  the	  galac0c	  ridge	  
above	  300	  GeV	  (within	  central	  3°	  of	  plane)	  
•  Correlates	  with	  dense	  molecular	  cloud	  regions	  
•  May	  contain	  unresolved	  point	  sources,	  DM	  component	  

•  VERITAS:	  subtrac0ng	  out	  Sgr	  A*	  and	  G0.9+0.1	  reveals	  similar	  emission	  
structure	  above	  2	  TeV	  

VERITAS	  >	  2	  TeV	  
Archer	  et	  al.	  (2016)	  
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Local	  enhancements	  

•  Sgr	  B2	  below	  
detec0on	  threshold	  
(4.1σ	  post-‐trials)	  

•  Second	  enhanced	  
above	  threshold	  at	  
~7σ:	  VER	  J1746-‐289	  

•  Marginally	  extended	  

•  Posi0on:	  	  

VERITAS	  >	  2	  TeV	  
Archer	  et	  al.	  (2016)	  
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l = 0.86◦ ±  0.015◦stat ±  0.013◦sys , 

b = 0.067◦ ±  0.02◦stat  ±  0.013◦sys



as	  
•  H.E.S.S.	  sees	  point	  

source	  that	  
corresponds	  to	  radio	  
arc	  

•  VER	  J1746-‐289	  a	  
combina0on	  of	  PWN	  
detected	  by	  H.E.S.S.	  	  
and	  diffuse	  emission?	  

VERITAS	  	  >	  2TeV	  
Archer	  et	  al.	  2016)	  

7.8σ	  
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Planned	  DM	  search	  region	  

8/4/2016	   ICHEP	  2016	  

Search	  region	  



Poten0al	  DM	  Reach	  
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Future	  plans	  	  

•  Con0nued	  observa0ons	  
•  Monitor	  central	  engine	  for	  variability	  in	  the	  TeV	  
•  Deepen	  exposure	  and	  sensi0vity	  

•  More	  sophis0cated	  analysis	  

•  Disentangling	  different	  components	  of	  the	  complex	  emission	  near	  the	  
GC	  is	  key	  to	  astrophysics	  and	  DM	  studies	  

•  Likelihood	  methods	  are	  beOer	  suited	  to	  separa0ng	  out	  mul0ple	  
components	  and	  at	  combining	  results	  with	  data	  from	  other	  instruments	  
(e.g.	  Fermi)	  
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BACKUP	  
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Nominal	  VERITAS	  Performance	  	  
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Performance	  at	  Large	  Zenith	  Angles	  
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Atmospheric	  Cherenkov	  Telescopes	  

1.4 km 

~10km	  :	  
Cherenkov	  
peaks	  

~0.01-‐100	  TeV	  

	  	  	  	  	  	  Collec9on	  area	  ~	  105	  m2	   Cherenkov	  radia0on	  	  produced	  by	  rela0vis0c	  secondary	  
par0cles	   ICHEP	  2016	  

Electromagne0c	  calorimetry	  with	  the	  atmosphere	  

8/4/2016	  



Gamma-‐ray	  Detectors	  I	  
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FoV:	  ~20%	  of	  the	  sky	  
Survey	  mode	  

2	  sr	  FoV	  
>95%	  duty	  cycle	  

Adapted	  from	  Hays,	  ICRC	  2015	  
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