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NextDIS	  :	  Challenges	  for	  
next-‐gen	  DIS	  facili7es	  

q  The	  next-‐gen	  facili7es	  :	  
	  	  	  	  	  	  LHeC,	  EIC	  

q  Detector	  R&D	  :	  
	  	  	  	  	  	  Micromegas,	  RICH	  

	   	  	  
q Monte-‐Carlo	  simula7ons	  

	  	  
q  Financial	  aspects	  

CEA-‐Irfu	  Saclay,	  CNRS/IPNO,	  CNRS/CPHT,	  CNRS/LPT,	  NCBJ,	  INFN-‐LNF,	  
U	  San7ago,	  UPV-‐EHU,	  U	  Antwerpen,	  U	  Birmingham,	  INFN-‐RM1,	  INFN-‐FE,	  
INFN-‐PV,	  U	  Mainz,	  ISS,	  U	  Tübingen,	  U	  Jyvaskyla,	  INPK/PAN	  Cracow,	  
ULB	  Brussels,	  U	  Granada,	  U	  Glasgow,	  U	  Huelva	  

Collabora7on	  of	  22	  Ins7tutes/Universi7es	  :	  
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Next-‐gen	  DIS	  facili2es	  :	  (1)	  LHeC	  
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New	  e-‐p/e-‐A	  collider	  using	  the	  LHC	  beams	  
against	  e∓	  from	  an	  energy	  recovery	  linac	  
Synchronous	  e-‐p/e-‐A	  &	  p-‐p	  :	  ~2025	  to	  ~2035	  

COMPASS	  

Inside	  NuPECC	  Long	  Range	  Plan	  
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Next-‐gen	  DIS	  facili2es	  :	  (2)	  EIC	  

3	  

New	  polarized	  e-‐p/e-‐A	  collider	  using	  exis7ng	  RHIC	  ions	  or	  
CEBAF	  electrons,	  Ee	  x	  Ep	  =	  5x100	  -‐>	  20x250	  GeV2	  

Start	  of	  opera7on	  at	  the	  earliest:	  ~2025	  

Accelerator/IR	  setup	  
for	  RHIC	  solu7on	  

Current	  detector	  setup	  for	  JLab	  solu7on	  
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Some	  examples	  of	  our	  interest	  in	  future	  DIS	  facili2es	  

>	  Gluons	  are	  densely	  packed	  in	  the	  transverse	  plane	  
>	  Recombina7on	  limits	  the	  number	  of	  gluons	  >>	  Satura2on	  
>	  Precise	  measurement	  of	  F2	  and	  FL	  :	  smoking	  gun	  for	  satura7on	  
>	  Gluon	  distribu7on	  measurement	  down	  to	  x~10-‐5	  

Gluon	  spin	  from	  g1	  
scaling	  viola7ons	  !	  

Nucleon	  3D-‐imaging	  from	  
DVCS	  measurements	  
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NextDIS	  Work	  Package	  framework	  

5	  

Our	  philosophy	  for	  this	  WP:	  
	  
>	  Improve	  and	  structure	  collabora7on	  in	  Europe	  
	  	  	  	  	  	  	  >>>	  Posi7on	  ourselves	  strongly	  in	  future	  DIS	  facili7es	  
>	  Do	  detector	  design	  in	  cri7cal	  areas	  (tracking/PID)	  
	  	  	  	  	  	  	  >>>	  Trigger	  applica7ons	  (medical,	  etc)	  
>	  Perform	  accurate	  MC	  simula7ons	  
	  	  	  	  	  	  	  >>>	  Influence	  detector	  design	  
	  
R&D	  and	  simula7on	  are	  generic	  enough	  to	  
be	  useful	  to	  other	  experiments	  (HERA,	  COMPASS,	  JLab)	  

Detector	  R&D	  Monte-‐Carlo	  
Simula7ons	   Applica7ons	  

Develop	  analysis	  
frameworks	  

Synergy	  with	  TMD-‐neXt	  
and	  GPDlogy	  WPs	  

NextDIS	  Collabora7on	  
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Micromegas	  Detectors	  as	  central	  tracker	  

Using	  JLab/CLAS12	  experience,	  
Micromegas	  detectors	  can	  be	  used	  
efficiently	  in	  a	  cylindrical	  geometry	  to	  
replace	  either	  large	  TPCs	  or	  large-‐radius	  
silicon	  detectors	  
	  
Advantages	  :	  
-‐	  Robust	  
-‐	  Low	  Xo	  
-‐	  VERY	  cost-‐effec7ve	  

self-‐sustaining  carbon  structure

ac2ve  area

connectors  
area

gas  in/out  through  carbon  
structureTypical  specifica2ons  :

§  ac2ve  area  :  40x45cm²  575  µm  pitch
§  resis2ve  strips
§  kapton  driE
§  200µm  PCB,  total  0.25%  X0/layer
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2D	  resis2ve	  read-‐out	  R&D	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Mul2plexed	  read-‐out	  R&D	  

R&D	  :	  Modern	  read-‐out	  technologies	  

²  2	  given	  channels	  are	  connected	  to	  neighboring	  strips	  only	  once	  
in	  the	  detector.	  

	  
²  Easily	  adaptable	  to	  the	  incident	  flux	  of	  par7cles.	  
	  
²  Can	  equip	  up	  to	  ~n²/2	  strips	  with	  only	  n	  electronic	  channels.	  

1	
2	


50x50	  cm²,	  1024	  strips,	  61	  channels	  

NIM	  A729	  (2013),	  888	  

Y	  readout	  

X	  readout	  

Kapton	  

FR-‐4	  

128	  um	  

Bulk	  Mesh	  
Resis2ve	  strips	  grounded	  through	  
a	  resistor.	  

X	  
re
ad

ou
t	  

Y	  readout	  
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w  Evolu7on	  of	  AFTER	  and	  APV25	  chips	  
w  Tailored	  for	  high	  capacitance	  detectors	  (MPGDs)	  
w  Dead-‐7me	  free	  
w  Low	  noise	  :	  2100e-‐	  
w  Gain	  in	  S/N	  up	  to	  25%	  wrt	  previous	  chip	  genera7on	  
w  Self-‐triggering	  capabili7es	  

Next-‐gen	  electronics	  :	  DREAM	  +	  R&D	  for	  colliders	  

R&D	  :	  DREAM	  for	  colliders	  
w  Separate	  analog/digital	  parts	  :	  Very-‐Front-‐End	  Board	  
w  Packaged/bonded	  ASIC	  studies	  
w  Irradia7on	  studies	  and	  simula7on	  
w  Evalua7on	  of	  a	  mul7-‐VFEB	  system	  
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Descrip2on	  of	  Work	  

Deliverables:	  

Tasks	  and	  subtasks:	  
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CLAS12	  RICH	  @	  JLab:	  
	  
Base	  configura7on:	  2	  sectors	  
	  	  	  	  	  	  	  	  	  ~1	  m2	  photon	  detector	  per	  sector	  
	  
Extension	  to	  addi2onal	  sectors	  only	  possible	  
with	  cost-‐effec2ve	  photon-‐detectors	  

Semi-‐inclusive	  DIS	  to	  study	  3D	  nucleon	  structure	  and	  hadroniza7on;	  	  Hadron	  ID	  for	  flavor	  sensi7vity	  	  	  

RICH	  technology	  to	  cover	  	  
few-‐GeV	  momenta	  forward	  hadrons	  

Typical	  Detector	  @	  EIC:	  

π	
 π	
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θ	


3	   5	   7	   9	   p	  (GeV)	  Similar	  RICH	  requirements	  -‐>	  development	  of	  EIC	  applies	  to	  JLab	  

RICH	  Detectors	  for	  Par2cle	  ID	  
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Micro-‐channel	  Large-‐Area	  Picosecond	  Photon-‐Detectors	  (in	  collabora7on	  with	  JLab,	  USA)	  

Project	  goal:	  cost-‐effec7ve,	  compact	  size,	  excellent	  7me	  resolu7on,	  good	  tolerance	  to	  magne7c	  field	  	  
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Performance	  comparable	  to	  a	  MA-‐PMT	  	  

Based	  on	  novel	  devices	  undergoing	  rapid	  evolu7on	  in	  performance	  gain	  and	  cost	  reduc7on	  

Silicon	  Photomul7pliers	  	  
(in	  collabora7on	  with	  manufacturers,	  e.g.	  FBK,	  	  Italy)	  

Rapid	  evolu7on	  of	  the	  technology	  needs	  extensive	  characteriza7on	  and	  dedicated	  readout	  electronics	  

Cost-‐Effec2ve	  Photon	  Detectors	  
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Compton	  Camera:	  3D	  imaging	  without	  tomography	  by	  gamma	  tracking	  
(in	  collabora7on	  with	  Italian	  Health	  Ins7tute,	  ISS)	  	  

Project	  goal:	  large	  area	  coverage	  to	  limit	  and	  control	  the	  pa7ent	  assumed	  dose	  

0.1	  MeV	     Compton Arc 

Tracker/
Scatterer 

Absorber + 
Photon Detector 

	  	  	  Poten7al	  Benefits:	  
	  
-‐  Higher	  efficiency	  than	  SPECT	  
-‐  No	  intrinsic	  limit	  to	  spa7al	  resolu7on	  
	  	  	  	  	  	  	  	  	  	  (e.g.	  positron	  range	  in	  PET)	  	  
-‐  Broad	  applicability	  
	  	  	  	  	  	  	  	  	  	  broader	  set	  of	  radionuclides	  than	  PET	  
	  	  	  	  	  	  	  	  	  	  real-‐7me	  dose	  control	  in	  radiotherapy	  
	  
Complex,	  no	  clinic	  system	  in	  opera7on	  yet	  
	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  Perfect	  applica2on	  challenge	  	  
	  	  	  	  	  	  	  	  	  for	  HPH	  detector	  R&D	  ac7vi7es	  	  

Proof-‐of-‐principle	  use	  of	  cost-‐effec7ve	  devices:	  
	  	  	  	  	  	  	  	  GEM	  or	  Micromegas	  as	  tracker	  
	  	  	  	  	  	  	  	  SIPM	  or	  LAPP	  as	  photon	  detector	  

Applica2on:	  Medical	  Imaging	  
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Deliverables:	  

Tasks	  and	  subtasks:	  

Descrip2on	  of	  Work	  
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Monte-‐Carlo	  Simula2ons	  for	  future	  DIS	  facili2es	  

(semi-‐)Inclusive	  Deep	  Inelas2c	  Scacering	  
Exis7ng	  tools	  were	  mainly	  designed	  for	  the	  inclusive	  case	  and	  are	  not	  sufficient	  for	  SIDIS.	  
Need	  unpolarized	  and	  polarized	  unintegrated	  (transverse-‐momentum	  dependent)	  parton	  distribu7ons.	  
Need	  full	  kinema7c	  range	  from	  low-‐x	  up	  to	  the	  valence	  region	  (take	  care	  of	  different	  theory	  approaches).	  
Hadroniza7on	  and	  radia7ve	  correc7ons	  needed.	  
Need	  helicity-‐dependent	  parton	  showers,	  dedicated	  diffrac7ve	  dissocia7on	  simula7on.	  
	  
	  
Exclusive	  processes	  
Consistent	  descrip7on	  of	  DVCS,	  DVMP,	  TCS,	  DDVCS,	  from	  valence	  to	  low-‐x.	  
For	  unpolarized	  and	  longitudinally/transversely	  polarized	  nucleons	  QED	  rad.	  cor.	  	  and	  nucleon	  dissocia7on	  needed.	  
QCD	  correc7ons	  (NLO)	  needed.	  
	  
	  

Deep	  Inelas2c	  Scacering	  on	  nuclei	  
Many	  e-‐p	  MCs,	  but	  few	  for	  e-‐A.	  Exis7ng	  tools	  (DPMJET)	  are	  incomplete	  and	  no	  longer	  maintained.	  
Need	  MC	  with	  full	  treatment	  of	  hard	  scavering,	  (in-‐medium)	  QED/QCD	  showers,	  hadronisa7on/nuclear	  de-‐excita7on,	  
and	  QED	  radia7ve	  correc7ons.	  
	  
Common	  requirements	  for	  all	  processes	  
High-‐accuracy	  QED	  radia7ve	  correc7ons.	  
Fast	  simula7on	  needed	  for	  detector	  design.	  

Modern-‐day	  experiments	  need	  both	  state-‐of-‐the-‐art	  
instrumenta7on	  AND	  simula7on	  

This	  WP	  brings	  together	  most	  experts	  on	  these	  direc7ons,	  towards	  a	  simula7on	  and	  	  analysis	  strategy	  
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cross	  sec7on	  
evalua7on	  radia7ve	  correc7ons	   events	  

transverse-‐momentum	  
dependence	  

collinear	  PDFs&FFs	  

exis7ng	  

update	   …	  1st	  milestone	  

new	   …	  2nd	  milestone	  

Illustra2on	  for	  Semi-‐Inclusive-‐DIS:	  GMC-‐Trans	  
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A	  common	  requirement	  :	  QCD	  and	  QED	  correc2ons	  

QED	   QCD	  

PDF	  parametriza7on	  
dependence	  

Large	  correc7ons,	  accurate	  measurements	  
needs	  careful	  treatment	  of	  RC,	  
fully	  imbedded	  in	  MC	  	  simula7ons.	  
(experimental	  resolu7ons	  have	  large	  impact)	  

Full	  NLO	  

Quark	  NLO	  

LO	  

DVCS	  
Compton	  Form	  Factors	  

Phys.	  Rev.	  D87	  (2013)	  054029	  

Large	  correc7ons,	  accurate	  measurements	  
needs	  careful	  treatment	  of	  QCD	  correc7ons,	  
very	  sensi7ve	  to	  gluon	  GPDs.	  
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Descrip2on	  of	  Work	  

Deliverables:	  

Tasks	  and	  subtasks:	  

(Open-‐source	  codes	  on	  NextDIS	  web	  site)	  
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Financial	  Aspects	  

Breakdown	  of	  total	  cost	  

Breakdown	  of	  MC	  costs	  

Breakdown	  of	  R&D	  costs	  

Total	  request	  to	  EC	  :	  599	  583	  €	  

NextDIS	  is	  essen2ally	  the	  result	  of	  a	  merge	  of	  3	  WPs	  
	  
Natural	  balance	  between	  MC	  and	  R&D	  ac7vi7es	  
	  
Important	  aspect:	  educa7on	  (Ph.D.	  students,	  

	   	   	  workshop	  series,	  school)	  

(all	  figures	  include	  25%	  overhead)	  

Personnel	  request:	  
3	  years	  PhD	  student	  
6.5	  years	  of	  postdocs	  
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Backup	  Slides	  
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Electroweak	  interac2on	  and	  physics	  beyond	  the	  SM	  

Quark	  distribu7ons	  
	  polarized	  (L/T)	  or	  not	  

3D-‐imaging	  of	  the	  nucleon	  (GPD)	  
Transverse	  Momentum	  Distribu7ons	  

Gluon	  distribu7ons	  
	  polarized	  or	  not	  

F2	  and	  FL	  measurements	  in	  nuclei	  
Study	  of	  gluon	  satura7on	  (CGC)	  

Accurate	  measurement	  of	  sin2θw	  
e-‐τ conversion	  	


An	  Electron-‐Ion	  Collider	  will	  allow	  the	  unique	  explora2on	  of	  some	  of	  the	  most	  
intriguing	  open	  ques2ons	  in	  modern	  nuclear	  physics:	  	  
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•  First	  prototypes	  in	  2004.	  Collabora7on	  CERN/Irfu.	  
•  The	  woven	  micro-‐mesh	  is	  laminated	  between	  two	  
photo-‐sensi7ve	  layers	  →	  reduc7on	  of	  dead	  zones	  

•  Large	  areas	  
•  Robust,	  industrial	  process	  (printed	  circuit)	  

Lamina7on	   Micro-‐mesh	  integra7on	  

Insola7on	   Development	  BU
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Bulk	  Micromegas	  :	  Fabrica7on	  scheme	  
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Electric	  leak	  test	  Segmenta7on	  and	  prepara7on	  	   Gluing	  of	  the	  side	  carbon	  ribs	  on	  circular	  
shape	  

Gluing	  of	  addi7onal	  ribs	  	   Seyng	  and	  gluing	  of	  driz	  plane	  

Curved	  Micromegas	  :	  Fabrica7on	  process	  
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ATLAS/NSW	  

	  
	  
	  

High	  flux	  et	  sparking	  
	  
	  

Fabrica2on	  

R-strip to ground, 1.0 mmNon resistive telescope 0.5 mm
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2	  new	  wheels	  (NSW):	  
	  
§ 	  1200	  m2	  of	  resis7ve	  Micromegas	  
§ 	  More	  than	  2M	  electronics	  channels	  

D=12	  m	  

R-strip to ground, 1.0 mmNon resistive telescope 0.5 mm
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Non	  resis7ve	   Resis7ve	  

-‐  Maximum	  area	  ~	  2	  m2	  
-‐  Produc7on:	  1024	  planes	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (2015-‐16)	  
	  
Transfer	  to	  industry:	  

-‐  ELVIA	  (France)	  
-‐  ELTOS	  (Italy)	  
-‐  Triangle	  Labs	  (US)	  	  

Resis7ve	  anodes:	  
	  
-‐  Reduced	  spark	  amplitude	  
-‐  No	  dead	  7me	  
-‐  Robustness	  

ATLAS	  Micromegas	  small	  wheel	  project	  
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-‐  Mul7plica7on	  in	  the	  holes	  
-‐  ~	  50%	  of	  electrons	  transferred	  
-‐  Gain	  per	  layer	  a	  few	  10’s	  	  to	  103	  
-‐  Low	  ion	  back	  flow	  (1%)	  
-‐  Mul7stage	  structure	  →	  gain	  105	  
-‐  More	  fragile	  and	  more	  

integra7on	  issues	  

-‐  Mul7plica7on	  between	  mesh	  and	  anode	  
-‐  Stability	  of	  gain	  wrt	  gap	  
-‐  Gain	  104-‐105	  
-‐  Low	  ion	  back	  flow	  (1%,	  down	  to	  10-‐6)	  
-‐  Robust	  
-‐  Sparking	  unless	  resis7ve	  or	  preceded	  by	  a	  

GEM	  foil	  for	  preamplifica7on	  
-‐  Smaller	  ul7mate	  thickness	  (both	  in	  mm	  

and	  X0)	  
-‐  Slightly	  more	  radia7on	  resistant	  

GEMs	  vs.	  Micromegas	  
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GEM:	  Sauli	  1997	   MM:	  Giomataris	  1996	  
-‐  COMPASS	  
-‐  LHCb	  muon	  detector	  
-‐  TOTEM	  telescope	  
-‐  HBD	  (Hadron	  Blind	  Detector)	  
-‐  NA49	  (upgrade)	  
-‐  X-‐ray	  polarimeter	  (XEUS)	  
-‐  GEM	  TPC	  for	  LEGS,	  BONUS	  
-‐  STAR	  FGT	  
-‐  KLOE2	  vertex	  detector	  
-‐  OLYMPUS	  
-‐  SuperBigBite	  (JLab/Hall	  A)	  
-‐  CMS	  forward	  muon	  chambers	  
-‐  ……	  
and	  at	  the	  proposal/prototyping	  stage	  
-‐  EIC	  R&D	  
-‐  DarkLight	  phase-‐I	  
-‐  …..	  

-‐  COMPASS	  (1	  &	  2)	  
-‐  NA48/KABES	  
-‐  CAST	  (CERN	  Axial	  Solar	  Telescope)	  
-‐  nTOF	  (neutron	  beam	  profile)	  
-‐  Piccolo	  (in	  reactor	  core	  neutron	  

measurement)	  
-‐  T2K	  TPC	  
-‐  JLab/CLAS12/MVT	  
-‐  RIKEN/MINOS	  (exo7c	  nuclei	  spectroscopy)	  
-‐  ATLAS	  muon	  system	  upgrade	  
-‐  …..	  
and	  at	  the	  proposal/prototyping	  stage	  
-‐  ASACUSA	  (an7-‐H)	  
-‐  HARPO	  (astrophysics)	  
-‐  MIMAC	  (dark	  maver)	  
-‐  FIDIAS	  &	  ACTAR	  (low-‐energy	  heavy	  ion)	  
-‐  EIC	  R&D	  

GEMs	  vs.	  Micromegas	  (2)	  
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"  Tailored for detectors with high capacitances 

"  ~30% less noise compared to the previous generation 
(after ASIC) 

"  Depending on detector type ENC of 2000-2700 is 
expected 

"  Version 1 submitted 

"  Added intermediate peaking times for more flexibility 

"  Minor bugs corrected 

"  Packaged chips expected in May-June	  

55Fe	  source	   Front End Unit : Active comp. 
on top & bottom sides 

" 8 Dream ASICs 
" 8-channel 40 MHz ADC 
" Virtex-6 FPGA 
" SFP cages 
" 2.5 Gbit/s optical link 
" 1Gb Ethernet 
" JTAG based system monitor	  

DREAM	  chip	  


