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Dark Matter
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● We know that the Dark Matter is 
    stable / non-baryonic / nonrelativistic /
    interacts gravitationally 

● We don’t know what it actually is: 
     mass / coupling / spin / composition /
     distribution in the Universe … 

● Cosmology suggests to probe EW scale 
ΩDM ~ <σAv>−1

σΑ = α2/M2
EW

● Models provide electroweak scale
   stable neutral particles 



WIMPs (Weakly Interacting Massive Particles)
coherent scatter from the entire nucleus
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Dual phase TPC (liquid noble gas)
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Image	  by	  C.H.	  Faham

(WIMP	  signal	  region)

• Time	  structure	  of	  the	  signal	  waveform	  
	  	  	  	  	  and	  S2/S1	  is	  the	  key	  to	  discriminate	  DM
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Darkside-50
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LArTPC	  data
●	  Data/event	  =	  2MB/event	  (a.er	  compression)
●	  WIMP	  search	  mode:	  2	  Hz

340	  GB/day	  =	  	  124	  TB/year
●	  CalibraIon	  mode:	  20	  Hz	  	  or	  more	  

Data/sec	  =	  40	  MB/sec
Total	  =	  	  2	  MB/event	  ×	  1e8	  events	  =	  200TB

●	  Data	  transfer	  rate	  (LNGS	  →	  Fermilab)	  
40MB/s	  =	  3.4TB/day	  

Fermilab	  group’s	  focus	  on	  data	  
●	  Trigger	  logic

B.Baldin
●	  DAQ	  So3ware	  (ARTDAQ)	  

K.Biery	  and	  Y.Guardincerri
●	  Data	  transfer	  from	  LNGS	  to	  Fermilab	  (SAM)

K.Herner	  
●	  Data	  processing	  (FermiGRID)

Y.Guardincerri	  and	  K.Herner
●	  Data	  analysis	  (DarkART)

●	  LArTPC	  (50	  kg	  acIve,	  150kg	  total)	  38	  PMTs
●	  Liquid	  scinIllator	  veto	  (30	  tons)	  110	  PMTs	  
●	  Water	  veto	  (1	  ktons)	  80	  PMTs
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Darkside-50: data flow
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LNGS	  tunnel
●	  Darkside-‐50	  detectors
●	  DAQ	  hardware
●	  ARTDAQ	  

-‐	  Fragment	  receivers
-‐	  Event	  builders
-‐	  Data	  aggregator	  

●	  Run	  database
●	  Online	  monitor	  

LNGS	  surface
●	  Data	  collectors
●	  CompuIng	  cluster	  
●	  DarkART	  

-‐	  RealIme	  processing
-‐	  Data	  validaIon	  
-‐	  Offline	  monitor

Fermilab
●	  Data	  storage	  

-‐	  Bluearc	  disk	  buffer	  (25TB)
-‐	  dCache	  &	  tape	  robot	  

●	  Offline	  processing
-‐	  FermiGRID	  (25	  CPUs	  assigned)
-‐	  OpportunisIc	  CPUs	  in	  OSG

●	  File	  database	  (SAM)
●	  Run	  database	  mirror
●	  GPVM	  service	  for	  user	  (analysis)	  
●	  General	  purpose	  server	  for	  user

2014-‐06-‐16
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Darkside-50: data flow
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ArtDAQ

●	  ART	  based	  data	  acquisi[on	  so\ware	  package	  
●	  SCD	  officially	  supports	  the	  ArtDAQ	  products	  (K.Biery)	  	  

2014-‐06-‐16
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Data transfer: LNGS → FNAL

●	  Normal	  file	  transfer	  rate	  (LNGS→FNAL)	  :	  40MB/s	  to	  60MB/s	  
●	  Some[mes	  the	  rate	  become	  slower	  than	  10MB/s	  
●	  File	  transfer	  monitoring	  service	  (webpage)	  

2014-‐06-‐16
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Data storage (dCache & tape robot)

2014-‐06-‐16



SAM in Darkside-50
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●	  SAM:	  File	  handling	  system	  
-‐	  Meta	  data	  catalogue	  (file	  database)	  
-‐	  File	  locaNon	  catalogue
-‐	  Data	  delivery	  service	  	  	  

●	  DarkART	  uses	  SAM	  to	  locate	  and	  acquire	  the	  processing	  files	  
●	  Powerful	  tool	  for	  organizing	  raw-‐data	  and	  (re)process	  data	  file
-‐	  Bluearc,	  dCache	  and	  tape	  robot	  

●	  Useful	  for	  data	  analysis	  

Other&
clients&

Oracle&DB&

Apache&
(Reverse&proxy,&SSL&

termina;on)&
&

CORBA&DB&
servers&

Sta;on&

ifdh&
samweb&
client&

SAMWeb&
cherrypy&server&
(per&experiment)&

&

SAMWeb&
cherrypy&server&
(per&experiment)&

&

SAMWeb&
cherrypy&server&
(per&experiment)&

&

SAMWeb&
cherrypy&server&
(per&experiment)&

&

Stager&

HTTP,&
HTTPS&

HTTP&

CORBA&

Plan&is&to&eventually&replace&all&CORBA&
components&with&HTTP&

samweb.fnal.gov&

(Project&
methods&
only)&

SAMWeb&architecture&

OCI&

from	  cdcvs.fnal.gov/redmine

ds50gpvm01:~$ samweb -e darkside list-parameters
configuration.ID        string
database.ID     string
detector.type   string
argon.type      string
gas.pocket      string
inop.PMT        string
drift.field     true_float
extraction.field        true_float
source.position true_int
source.type     string
trigger.pmt_threshold   true_float
trigger.fwversion       true_int
trigger.pre_window      true_int
trigger.window  true_int
trigger.majority        true_int
trigger.mode    string
VT1720.status   string
VT1724.status   string
daq.wt  string
daq.ls  string
daq.tpc string
daq.tdc string

ds50gpvm01:~$ samweb -e darkside list-values file_formats
unknown
binary
art_format
root_tree
histogram
ds50gpvm01:~$ samweb -e darkside list-values file_types
raw
data
logfile
unknown
mc
ds50gpvm01:~$ samweb -e darkside list-values run_types
wimp_search
random
natural_argon
commissioning
calibration
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Database mirror
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●	  Run	  database	  (postgresql)	  at	  LNGS	  is	  mirrored	  at	  Fermilab:	  S.Lebedeva
●	  DarkART	  uses	  the	  database	  informaNon	  to	  process	  raw	  data	  files	  at	  FermiGRID
●	  Offline	  monitor	  uses	  the	  database	  to	  view	  the	  experiment	  history	  

2014-‐06-‐16
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DarkART

●	  DarkART:	  Darkside-‐50	  data	  analysis	  package	  (based	  on	  ART	  architecture)
●	  Modular	  programming	  of	  data	  analysis	  (good	  flexibility)	  
●	  IntegraNon	  with	  other	  Fermilab	  product	  (ARTDAQ	  and	  SAM)	  
●	  Fermilab	  SCD	  officially	  supports	  the	  ART	  product
●	  A	  lot	  of	  help	  from	  ART	  support	  group	  

C.Green,	  J.Kowalkowski,	  K.Biery,	  and	  M.Paterno,	  and	  L.Garren
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Offline monitoring (under construction)

●	  Fermilab	  has	  the	  data	  almost	  real	  Nme
→	  database	  mirror	  
→	  data	  flow	  monitor
→	  data	  processing	  monitor
→	  data	  validaNon	  

2014-‐06-‐16
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Darkside DocDB

●	  Darkside	  is	  a	  very	  heavy	  user	  of	  the	  Fermilab	  DocDB
●	  More	  than	  860	  entries	  (x	  10s	  of	  documents,	  photos	  and	  plots)	  

2014-‐06-‐16



Darkside-50 near term plan
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Natural	  argon	  runs
●	  ~10Hz	  for	  normal	  runs	  (20MB/s)	  
●	  No	  pracNcal	  delay	  of	  data	  transfer	  
(cf.	  LNGS→Fermilab	  :	  ~40MB/s)

	  	  
Argon	  spike	  (39Ar	  x	  10)	  runs
●	  Maximum	  rates	  (~100MB/s)	  
●	  Total	  data:	  	  250TB/month
●	  Data	  transfer	  lagging	  expected	  

Underground	  argon	  (39Ar	  x	  10-‐2)	  runs
●	  ~2	  Hz	  for	  normal	  runs	  (4MB/s)
●	  Total	  data:	  380TB/3-‐years

Calibra[on	  runs
●	  ~45	  Hz	  for	  normal	  runs
●	  Total	  data:	  400TB/(all	  calibraNon	  runs)

●	  LArTPC	  (50	  kg	  acIve,	  150kg	  total)	  38	  PMTs
●	  Liquid	  scinIllator	  veto	  (30	  tons)	  110	  PMTs	  
●	  Water	  veto	  (1	  ktons)	  80	  PMTs

2014-‐06-‐16



Darkside-G2 (next generation)
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●	  Total	  LAr	  :	  5	  ton	  
●	  AcIve	  LAr:	  3.5	  ton	  (DS50	  x	  70)
●	  Total	  558	  PMTs	  (3”D)	  in	  TPC	  (DS50	  x	  15)
●	  Longer	  dri.	  Ime	  (DS50	  x	  3)
●	  Use	  exisIng	  water	  and	  neutron	  veto

Expected	  raw	  data	  rate	  
DS50	  x	  (70)2/3	  x	  15	  x	  3	  =	  DS50	  x	  764(?)

R&D	  to	  reduce	  the	  raw	  data	  size	  	  	  
	  	  	  ✔ ︎	  Use	  lower	  radioacNve	  PMTs
	  	  	  ✔ ︎	  Use	  lower	  radioacNve	  cryostat
	  	  	  ✔ ︎	  On	  board	  base-‐line	  subtracNon	  

Data	  transfer	  issue
	  	  	  ✔ ︎	  LNGS→	  Fermilab	  (>>40MB/s	  ?)

Data	  processing:	  CPU	  intensive	  task
	  	  	  ✔ ︎	  More	  CPUs	  in	  FermiGRID	  (?)
	  	  	  ✔ ︎	  OpportunisNc	  OSG

We	  are	  going	  to	  use	  DS50	  experience	  to	  
understand	  how	  to	  safely	  reduce	  the	  data	  
storage	  and	  compuIng	  needs.	  
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Summary
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Thank	  you	  very	  much	  for	  your	  support!

This	  data	  handling	  model	  can	  be	  applied	  any	  small	  scale	  experiment!

2014-‐06-‐16
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