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1.	  Introduction	  

03
/0
2/
15
	  

C.
	  H
el
se
ns
,	  F
CC

-‐h
h	  
de

te
ct
or
s	  W

S	  

3	  



Session	  today	  

•  Solid	  states 	   	   	  Marcello	  Manelli	  
•  Gas	  micro	  paUern 	   	  Archana	  Sharma	  
•  Noble	  liquids	   	   	  Francesco	  Lanni	  
•  Photo	  detectors 	   	  Tommaso	  Tabarelli	  de	  FaQs	  
•  Organic	  scinQllators 	   	  Ana	  Maria	  Henriques	  Correia	  
•  Dual	  read-‐out 	   	  Nural	  Akchurin	  
•  Crystals 	   	   	  Paul	  Rene	  Michel	  Lecoq	  
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We	  know	  all	  those	  technologies	  cannot	  be	  used	  for	  the	  whole	  
acceptance	  
And	  that’s	  exactly	  what	  we	  need	  to	  do,	  have	  a	  pragmaQc	  
approach	  to	  determine	  our	  needs	  and	  goals	  based	  on	  physics,	  
price	  might	  not	  even	  a	  consideraQon	  for	  this	  preliminary	  study	  	  



At	  higher	  √s	  

•  At	  higher	  √s	  
•  We	  expect	  more	  energeQc	  parQcles	  

•  Larger	  pT	  
•  More	  boost	  
•  Smaller	  angular	  separaQon	  for	  H,W,Z,	  top	  decays	  

•  Does	  it	  mean	  we	  only	  want	  to	  tune	  our	  detectors	  for	  high	  energeQc	  stuff?	  
	  
•  What	  about	  low	  pT	  	  
•  Double	  higgs	  producQon	  in	  all	  producQon	  modes	  

•  jets,	  b-‐jets,	  lepton,	  photons	  
•  Larger	  possible	  acceptance	  for	  top	  FCNC	  

•  jets,	  lepton	  

•  Primary	  focus	  to	  idenQfy	  our	  needs	  in	  terms	  of	  physics	  
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Detector	  envelope	  drivers	  
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Slide	  inspired	  from	  
M.	  Mangano	  

•  Charged	  parQcle	  resoluQon	  (BL2)	  
•  Jet	  containment	  (Hcal	  depth,	  L)	  

•  Constant	  term	  
•  MET	  ResoluQon	  
•  Punch	  through	  

•  Broadening	  of	  collimated	  jets	  (BL2)	  
•  B-‐tagging	  
•  Jet	  sub-‐structure	  

•  Eta	  acceptance	  
•  Lepton,	  photon	  acceptance	  (Higgs,	  W/Z,…)	  
•  Jets	  (VBF)	  
•  Missing	  ET	  

It	  is	  urgent	  for	  our	  Calorimeter	  performance	  task	  force	  to	  provide	  guidelines	  !	  



2.	  Group	  organization	  and	  goals	  
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Dimensions	  
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+	  scinQllator	  

Calorimeters	  inside	  
solenoid	  

Calorimeters	  outside	  
solenoid	  



What	  we	  are	  thinking	  
•  A	  6T,	  	  12m	  diam	  x	  23m	  long	  main	  solenoid	  +	  an	  acQve	  shielding	  coil	  	  	  
•  Important	  advantages:	  	  	  
•  Nice	  muon	  tracking	  space	  area	  with	  2	  to	  3T	  (muon	  tracking	  in	  4	  layers?)	  	  	  
•  Very	  light	  2	  coils	  +	  structures,	  ≈5kt,	  only	  ≈	  4%	  of	  the	  opQon	  with	  iron	  yoke!	  	  	  	  	  
•  Much	  smaller	  system	  outer	  diameter	  is	  significantly	  less	  than	  with	  iron	  
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H.	  Ten	  Kate	  



About	  calorimeters	  volume	  

•  Calorimeters	  volumes	  will	  depend	  on	  inner	  detector	  radius	  
•  Mainly	  driven	  by	  resoluQon	  on	  high	  pT	  charged	  parQcles	  

•  Keeping	  the	  calorimeter	  depths	  fixed:	  
•  ID	  radius	  from	  2.5	  -‐>	  2	  and	  2.5	  -‐>	  1.5m	  -‐>	  	  volume	  of	  the	  calorimeters	  
reduced	  by	  10	  and	  20%	  

•  Price	  seems	  not	  to	  be	  the	  main	  concern	  for	  the	  moment	  
•  But	  really	  need	  to	  seUled	  on	  first	  sets	  of	  calorimeters	  requirements	  
•  Inner	  and	  outer	  radii,	  depth	  -‐>	  depends	  on	  ID	  and	  material	  
•  Granularity	  -‐>	  physics	  

•  Of	  course	  this	  will	  also	  have	  a	  considerable	  impact	  on	  the	  magneQc	  
system	  
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Our	  goals	  
•  We	  should	  have	  ambiQous	  but	  somehow	  realisQc	  goals	  
•  Limited	  manpower	  (LHC	  run	  II	  is	  around	  the	  corner)	  
•  First	  step	  would	  be	  a	  coherent	  approach	  for	  FCC	  week	  

•  Electrons,	  Photons:	  
•  Define	  η	  coverage	  
•  Ecal	  X0	  does	  not	  need	  to	  be	  significantly	  increased	  respect	  to	  LHC	  (high	  energeQc	  EM	  

showers	  well	  modeled,	  do	  we	  really	  need	  to	  fully	  contain	  30TeV	  electrons?)	  
•  ResoluQon	  not	  a	  problem	  for	  high	  energy	  
•  Need	  to	  define	  what	  we	  need	  for	  the	  low	  side	  
•  Granularity	  to	  be	  defined	  by	  being	  able	  to	  resolve	  a	  di-‐photon	  system	  separated	  by	  

small	  ΔR	  
•  Jets:	  
•  Define	  η	  coverage	  
•  Define	  pT	  range	  
•  Hcal	  granularity	  to	  de	  determined	  from	  sub-‐structure	  ?	  
•  ResoluQon	  dominated	  by	  constant	  term	  at	  high	  Energy	  -‐>	  depth	  needed	  to	  contain	  high	  

energeQc	  jets	  
•  MET:	  
•  ResoluQon	  driven	  by	  η	  coverage	  and	  leakage	  

03
/0
2/
15
	  

C.
	  H
el
se
ns
,	  F
CC

-‐h
h	  
de

te
ct
or
s	  W

S	  

11	  



3.	  Some	  preliminary	  studies	  
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Hadronic	  Calorimetry	  
•  Leading	  parQcle	  in	  a	  jet	  can	  carry	  significant	  fracQon	  (~10%)	  of	  jet	  
energy	  

•  eg	  In	  a	  30	  TeV	  jet,	  8%	  of	  hadrons	  have	  energy	  >	  1	  TeV,	  and	  on	  
average	  ~1	  of	  	  ≥5TeV	  )	  

•  Need	  more	  detailed	  studies	  in	  full	  simulaQon	  
•  Good	  case	  for	  test	  beams	  with	  p/π/µ/e	  energies	  up	  to	  a	  few	  TeV	  
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Single%hadron%content%inside%jets%

•  In%a%30TeV%jet,%~8(15%)%of%hadrons%with%an%energy%above%1(0.5)TeV%
•  ~Linear%behavior%versus%jet%pT%
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Longitudinal	  containment	  
•  Propose	  a	  calorimeter	  depth	  based	  on	  
simulaQon	  of	  single	  pions	  and	  mulQ	  TeV	  
jets	  	  
•  Self	  contained	  study	  
•  Guided	  by	  calorimeter	  technology	  choice	  

•  Using	  a	  pure	  Geant4	  simulaQon	  of	  a	  
sampling	  calorimeter	  (a	  la	  ATLAS	  TileCal)	  
•  Easy	  implementaQon,	  large	  user	  community	  
•  Shortcut	  to	  obtain	  results	  

•  Event	  simulaQon	  
•  Geant4	  parQcle	  gun	  for	  pions	  
•  HepSim	  dijet	  /	  pythia	  samples	  for	  jets	  
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ScinQllator	  

Master	  plate	  (Fe)	   Spacer	  (Fe)	  
Wedge	  Δϕ	  =	  2π	  /	  128	  
Tile	  height:	  10	  cm	  
ScinQllator	  and	  spacer	  width	  (Δz):	  4	  mm	  
Master	  plate	  width	  (Δz):	  5	  mm	  

Energy of hadron (GeV)
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 data 98% (mean from distrib)πTileCal 
)σ2± data 98% (peak Gaus in πTileCal 

CDHS data 99%
 MC 98% (mean from distrib)πFCC 

)σ2± MC 98% (peak in πFCC 

NB:	  Iron	  could	  not	  be	  used	  if	  Solenoid	  
outside	  calorimeters	  	  
Brass?	  Stainless	  steel?	  



Single	  pion	  98%	  containment	  depth	  	  
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•  SimulaQon	  of	  jets	  ongoing	  
•  Goal	  is	  to	  write	  a	  small	  pre-‐print	  moQvaQng	  12λ	  for	  the	  HCal	  	  	  

C.	  Solans	  



4.	  Some	  physics	  benchmarks	  

03
/0
2/
15
	  

C.
	  H
el
se
ns
,	  F
CC

-‐h
h	  
de

te
ct
or
s	  W

S	  

16	  



Benchmarks	  
•  High	  staQsQcs	  	  
==	  large	  acceptance	  and	  good	  resoluQon	  over	  broad	  energy	  range	  
•  Top	  FCNC	  
•  Single	  higgs	  producQon	  -‐>	  to	  access	  low	  stat	  channels	  like	  UH,	  H-‐>μμ	  
•  Double	  higgs	  producQon	  
	  

•  High	  mass	  objects	  
==	  decay	  products	  boosted	  
•  Heavy	  resonances	  -‐>	  qqbar,	  Ubar,	  ZZ,	  WW	  
•  TeV-‐scale	  parQcle	  -‐>	  DM	  
•  Heavy	  quarks	  
•  Susy	  
•  Discriminate	  between	  QCD	  jets	  and:	  

•  W,	  Z,	  H	  
•  Top-‐quarks	  
•  At	  high	  ET	  large	  probability	  for	  a	  QCD	  jet	  to	  emit	  a	  collinear	  W	  
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Boosted	  objects	  at	  hadron	  colliders	  
•  At	  LHC	  	  
•  @8TeV	  boosted	  objects	  are	  becoming	  heavily	  used	  
•  @	  13TeV	  will	  be	  standard	  procedure	  
	  

•  At	  √s=100TeV	  
•  Entering	  super	  boosted	  regime	  pT>5TeV	  
	  

•  Heavy	  objects	  
•  Decay	  to	  highly	  boosted	  top	  quarks,	  W/Z	  bosons,	  H	  ...	  	  
•  Several	  techniques	  for	  idenQfying	  jet	  sub-‐structure	  exists	  
•  Widely	  used	  in	  ATLAS	  and	  CMS	  	  
	  

•  QuesQons:	  
•  Do	  currently	  used	  techniques	  work	  at	  the	  100TeV	  √s	  and	  for	  what	  pT	  range	  
•  Can	  we	  think	  of	  some	  observables	  that	  can	  help?	  	  
•  How	  does	  observables	  should	  be	  used	  to	  constraint	  the	  design	  on	  future	  
detectors?	  	  
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Boosted	  objects	  	  
•  Parameters:	  
•  Cone	  size	  R	  ~	  1	  /	  boost	  
•  Minimal	  distance	  to	  resolve	  two	  partons:	  ΔR~2m/pT	  
	  

•  Example	  for	  top	  
•  pT	  =	  200GeV	  -‐>	  R~2	  
•  pT	  =	  1TeV	  -‐>	  R~0.4	  
•  pT	  =	  10TeV	  -‐>	  R~0.05	  
	  

•  Impact	  on	  the	  detector	  design	  
•  Calorimeter	  depth,	  granularity	  
•  Pixel	  size	  in	  the	  tracker	  for	  non	  overlapping	  tracks	  
•  Is	  sub-‐structure	  off	  the	  table?	  
•  -‐>	  Relies	  on	  good	  angular	  separaQon,	  good	  energy/momentum	  resoluQon	  
	  

•  Example	  for	  CMS:	  
•  Tracking	   	  ∆R	  ~	  0.002	   	  ∆p/p	  ~	  5-‐10%	  
•  ECAL	   	  ∆R	  ~	  0.02	  	  	   	  ∆E/E	  ~1%	  	  	  
•  HCAL	  	   	  ∆R	  ~	  0.1	   	   	  ∆E/E	  ~5%	  

•  Charged	  Tracks	  could	  play	  a	  major	  role	  jet	  structure	  ID	  in	  highly	  boosted	  
regimes	  	  
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Jet	  shapes	  
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M.	  Pierini	  

DR(jj)~0.35	  

DR(jj)~0.01	  

V-‐bosons	  color	  neutral-‐>	  does	  not	  radiates	  (QCD	  wise)	  
Use	  pT	  flow	  to	  as	  discQminant	  
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S.	  Chekanov	  



Higgs	  
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√s=100TeV	  

Baglio,	  Quevillon,	  Djouadi	  

•  σ(Ubar)@13TeV	  ~	  800pb	  
•  At	  100TeV	  forward	  jets	  from	  VBF	  
are	  really	  forward…	  (~	  eta	  6)	  

•  The	  signals	  of	  today	  are	  the	  
backgrounds	  of	  tomorrow	  (J.	  Ellis,	  
TBC)	  



Double	  higgs	  
•  HH:	  
•  Inclusive	  cross	  secQon	  40	  Qme	  
LHC14	  

	  
•  UHH	  	  
•  Cross	  secQon	  grows	  over-‐
proporQonally	  compared	  to	  
other	  channels	  

•  Can	  be	  more	  sensiQve	  for	  
enhance	  self-‐couplings	  

•  Complementary	  to	  HH	  final	  state	  
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Nothing	  (to	  my	  knowledge)	  done	  on	  
higgs	  from	  the	  experimental	  side.	  
Main	  focus	  where	  on	  high	  mass	  objects	  
	  



5.	  Next	  steps	  and	  how	  to	  contribute	  
•  Interested	  people	  will	  certainly	  focus	  also	  on	  Run	  II	  data	  
•  Defining	  an	  easy	  way	  contribuQng	  is	  one	  of	  the	  main	  point	  	  
•  Need	  clear	  definiQon	  where	  full	  simulaQon	  is	  needed	  
•  For	  the	  FCC	  week:	  
•  Focus	  on	  truth	  level	  study	  for	  the	  physic	  benchmarks	  that	  will	  drive	  the	  
detector	  design	  (prepare	  small	  document,	  twiki?)	  

•  Then	  Prepare	  guidelines	  on:	  
•  How	  to	  perform	  a	  truth	  level	  study?	  
•  How	  to	  start	  simulaQon	  
•  How	  to	  esQmate	  and	  quanQfy	  a	  given	  concept	  on	  performances	  

•  Need	  
•  Share	  common	  events	  for	  detector	  studies	  
•  Common	  methods	  to	  evaluate	  performances	  
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Backup	  
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M.	  Mangano	  

Higgs	  ttH	  
•  UH:	  
•  cross	  secQon	  60	  Qmes	  LHC14	  (38pb	  @	  100TeV)	  
•  Use	  booted	  UH	  to	  reduce	  combinatorics	  	  
•  UH/UZ	  to	  cancel	  theory	  uncertainQes	  



Preliminary	  studies	  

•  Need	  also	  to	  consider	  collinear	  W	  
emission	  in	  jets	  as	  a	  BG	  

Madgraph	  +	  Pythia8,	  pT(top,b)>5TeV	  
	  

Only	  	  W-‐>	  μνμ	  
	  

anQkT0.5	  

5TeV	  tops	  90%	  of	  the	  
energy	  inside	  0.1	  cone	  
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90%	  of	  top	  pT	  
inside	  0.1	  cone	  


