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LHCb:	
  a	
  general	
  purpose	
  spectrometer	
  in	
  the	
  forward	
  direc9on	
  
(2<η<5),	
  op9mized	
  for	
  high-­‐precision	
  heavy-­‐flavor	
  physics.	
  	
  

Introduc1on	
  

Performance	
  
between	
  
2010-­‐2018:	
  
	
  
•  Vtx	
  res.	
  4μm	
  
•  tres.	
  45fs	
  
•  pres.0.6%	
  @	
  

100	
  GeV	
  
	
  

LHCb	
  Detector	
  performance	
  arXiv:1412.6352;	
  VELO	
  performance	
  arXiv:1405.7808v2	
  	
  



Beauty production at LHC 
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  gluon-­‐gluon	
  fusion	
  

•  σbb	
  =	
  154±14μb	
  @√s=13TeV,	
  	
  
Within	
  the	
  LHCb	
  acceptance	
  
	
  

–  All	
  b-­‐hadron	
  	
  species	
  produced	
  at	
  LHC	
  	
  
	
  	
  B0,	
  	
  	
  	
  	
  B+,	
  	
  	
  	
  	
  Bs,	
  	
  	
  	
  	
  	
  Bc,	
  	
  	
  	
  Λb,	
  …	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
–  Charm:	
  	
  ~	
  beauty	
  x	
  20	
  	
  

•  Operated	
  since	
  the	
  end	
  of	
  2011	
  at	
  
	
  	
  	
  	
  	
  	
  	
  	
  ~4	
  ·∙	
  1032/cm2	
  s	
  	
  	
  	
  (2x	
  design	
  lumi)	
  
	
  

~	
  60KHz	
  (@13TeV)	
  of	
  bb	
  pairs	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  (104	
  x	
  B	
  factories)	
  

	
  

PLB	
  118,052002	
  (2017)	
  

JHEP	
  03(2016)159	
  

LHCb	
  acceptance:	
  2<η<5	
  

ATLAS/CMS	
  acceptance:	
  |η|<2.5	
  

Covers	
  4%	
  of	
  solid	
  angle	
  (25%	
  of	
  heavy	
  quark	
  mesons).	
  



Beauty	
  physics	
  requirements	
  @	
  LHC	
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•  High	
  Sta9s9cs:	
  Need	
  an	
  efficient	
  trigger	
  to	
  select	
  hadronic	
  and	
  leptonic	
  B	
  meson	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  decays,	
  specially	
  taking	
  into	
  account	
  σbb/σinel	
  	
  ~	
  o(10-­‐3)	
  
•  Excellent	
  vertex	
  resolu9on,	
  to	
  resolve	
  a	
  displaced	
  secondary	
  vertex	
  
•  Very	
  good	
  mass	
  resolu9on,	
  to	
  reduce	
  the	
  background	
  
•  Very	
  efficient	
  par9cle	
  iden9fica9on	
  (K/π),	
  essen9al	
  to	
  do	
  flavour	
  physics	
  
	
  	
  

…	
  and	
  ALARA	
  pile-­‐up	
  	
  

+



LHCb	
  dataset	
  &	
  performance	
  
•  Great	
  LHC	
  running	
  with	
  L	
  	
  

leveling,	
  with	
  over	
  10	
  u-­‐1	
  
delivered	
  Run1+	
  Run2	
  

	
  matched	
  by	
  …	
  
•  an	
  excellent	
  performance	
  

of	
  LHCb	
  detectors	
  
Ø 9	
  u-­‐1	
  recorded	
  

	
  Run1:	
  3u-­‐1	
  @7-­‐8TeV.	
  
	
  Run2:	
  6u-­‐1	
  @13TeV.	
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L	
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Typical	
  fill	
  

In	
  2012	
  Lint	
  ~10%	
  of	
  ATLAS/CMS	
  

2010	
  	
  2011	
  	
  	
  2012	
  	
  	
  	
  2013	
  	
  	
  2014	
  	
  	
  2015	
  	
  	
  2016	
  	
  	
  2017	
  	
  	
  2018	
  	
  year	
  



•  New	
  Physics	
  (NP)	
  evidence	
  may	
  appear	
  both	
  in	
  measurements	
  of	
  CP	
  
viola9on	
  and	
  rare	
  decays,	
  mediated	
  by	
  new	
  par9cles	
  (via	
  their	
  contribu9ons	
  
in	
  loop	
  diagrams);	
  e.g.:	
  Comparing	
  CKM	
  quan99es	
  determined	
  in	
  tree	
  &	
  loop	
  
process	
  

	
  

•  Complementary	
  to	
  ATLAS	
  &	
  CMS	
  direct	
  searches	
  
–  If	
  NP	
  is	
  discovered,	
  its	
  	
  structure	
  must	
  be	
  determined	
  

•  New	
  par1cles	
  would	
  distort	
  the	
  SM	
  (CKM)	
  picture	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  B	
  decays	
  by	
  modifying:	
  

–  Phases	
   	
   	
   	
   	
  CP	
  viola9on	
  
–  Amplitudes	
   	
   	
  ó	
   	
  Branching	
  ra9os	
  
–  Lorentz	
  Structure	
  	
  	
   	
   	
  Angular	
  distribu9ons	
  

The	
  LHCb	
  physics	
  programme	
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Imminent	
  LHCb	
  Upgrade	
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•  Precision	
  limited	
  by	
  sta9s9cal	
  uncertain9es.	
  
–	
  Hardware	
  trigger	
  at	
  FE	
  limited	
  @	
  1.1MHz	
  rate.	
  
–	
  Stern	
  pT	
  and	
  ET	
  cuts	
  saturate	
  hadronic	
  channels.	
  	
  

	
  in	
  addi9on…	
  

	
  
•  At	
  higher	
  lumis	
  the	
  current	
  LHCb	
  could	
  not	
  perform	
  successfully	
  

track	
  reconstruc9on	
  
•  Much	
  higher	
  track/primary	
  vertex	
  mul9plicity	
  	
  
•  Processing	
  9me	
  in	
  the	
  online	
  farm	
  too	
  high	
  	
  

•  Designed	
  to	
  survive	
  5y	
  (at	
  ½	
  lumi),	
  so	
  radia9on	
  hardness	
  would	
  start	
  
to	
  become	
  an	
  issue	
  	
  

CERN-­‐LHCC-­‐2011-­‐001	
  	
  

LHCB-­‐TDR-­‐012	
  	
  

•  Excellent	
  results	
  from	
  Run-­‐I	
  and	
  (par9al)	
  Run-­‐II	
  physics	
  data	
  analysis.	
  	
  

BUT….	
  

An	
  Upgrade	
  of	
  the	
  LHCb	
  detector	
  is	
  the	
  answer	
  …	
  	
  



Imminent	
  LHCb	
  Upgrade	
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•  Allows	
  for	
  a	
  Factor	
  5	
  luminosity	
  increase,	
  by	
  means	
  of	
  :	
  
•  New	
  flexible	
  fully-­‐sozware	
  trigger	
  system.	
  

–	
  Trigger-­‐less	
  40MHz	
  readout	
  in	
  all	
  sub-­‐detectors.	
  
–	
  Fully	
  informed	
  trigger	
  with	
  complete	
  reconstruc9on.	
  	
  

•  New	
  SciFi	
  Tracker	
  downstream	
  from	
  the	
  magnet.	
  	
  
•  Finer	
  sensors:	
  VeLo(pixel),	
  UT(strip),	
  RICH(MaPMT).	
  	
  	
  

VELO-­‐II	
  (LHCB-­‐TDR-­‐013)	
  

SciFi	
  &	
  UT	
  (LHCB-­‐TDR-­‐015)	
  

CERN-­‐LHCC-­‐2014-­‐016	
  

PID	
  Upgrade(LHCB-­‐TDR-­‐014)	
  



Imminent	
  LHCb	
  Upgrade	
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PHYSICS	
  PROSPECTS	
  (Table	
  from	
  the	
  LHCB-­‐TDR-­‐012,	
  current	
  es9mates	
  are	
  be{er)	
  

LHCb	
  Upgrade	
  to	
  take	
  data	
  during	
  LHC	
  RUN3	
  &	
  Run4	
  un9l	
  LS4	
  in	
  2030	
  



LHCb	
  Calendar	
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LHCb	
  Calendar	
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HL-­‐LHC	
  

LHCb	
  the	
  flavour	
  exp.	
  in	
  the	
  HL-­‐LHC	
  era	
  



LHCb	
  Calendar	
  

HL-­‐LHC	
  

LHCb	
  lumi	
  limited	
  to	
  a	
  max	
  L=	
  2	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
~5	
  interac9ons	
  per	
  bunch	
  crossing	
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LHCb	
  the	
  flavour	
  exp.	
  in	
  the	
  HL-­‐LHC	
  era	
  



LHCb	
  Calendar	
  

HL-­‐LHC	
  

LHCb	
  lumi	
  limited	
  to	
  a	
  max	
  L=	
  2	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
~5	
  interac9ons	
  per	
  bunch	
  crossing	
  

L=	
  10-­‐20	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
25-­‐50	
  int.	
  per	
  BXing	
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LHCb	
  the	
  flavour	
  exp.	
  in	
  the	
  HL-­‐LHC	
  era	
  



LHCb	
  Calendar	
  

HL-­‐LHC	
  

LHCb	
  lumi	
  limited	
  to	
  a	
  max	
  L=	
  2	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
~5	
  interac9ons	
  per	
  bunch	
  crossing	
  

LHCb	
  the	
  flavour	
  exp.	
  in	
  the	
  HL-­‐LHC	
  era	
  

Expression	
  of	
  Interest	
  2017	
  
[CERN-­‐LHCC-­‐2017-­‐003]	
  

PHYSICS	
  CASE	
  
[LHCB-­‐PUB-­‐2018-­‐009]	
  

HL-­‐LHC	
  machine	
  study	
  
CERN-­‐ACC-­‐NOTE-­‐2018-­‐0038	
  

LH
CC

	
  a
sk
ed

	
  to
	
  a
dd

re
ss
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L=	
  10-­‐20	
  x	
  1033	
  cm-­‐2	
  s-­‐1	
  
25-­‐50	
  int.	
  per	
  BXing	
  



LHCb	
  Upgrade	
  II	
  Physics	
  Case	
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[LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  

PHYSICS	
  TOPICS	
  ADDRESSED:	
  
(assuming	
  a	
  sample	
  of	
  300/u	
  of	
  data)	
  
	
  

•  Time	
  dependent	
  CPV	
  
•  Time	
  integrated	
  CPV	
  
•  Unitarity	
  Triangle	
  &	
  semi-­‐lept.	
  
•  Mixing	
  and	
  CPV	
  in	
  Charm	
  
•  Rare	
  Decays	
  
•  Forward	
  and	
  high	
  pT	
  Physics	
  
•  Exo9c	
  hadrons	
  and	
  Spectroscopy	
  
	
  
•  Appendix	
  on:	
  
	
  	
  	
  Heavy	
  Ions,	
  Fixed	
  target,	
  long-­‐lived	
  par9cles	
  



LHCb	
  Upgrade	
  II	
  Physics	
  Case	
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[LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  Summary	
  of	
  Results:	
  

Integrated	
  Lumi	
  	
  	
  	
  	
  	
  	
  	
  	
  9/u	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  23/u	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  300/u	
  



LHCb	
  Upgrade	
  II	
  Physics	
  Case	
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[LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  Summary	
  of	
  Results:	
  



Physics	
  Case:	
  CP	
  Viola1on	
  

14	
  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  

Φs	
  



Current	
  (LHCb	
  only)	
  	
  	
  	
  Unitarity	
  Triangle	
  

15	
  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  



Pre-­‐HL-­‐LHC	
  (LHCb	
  only)	
  	
  	
  	
  Unitarity	
  Triangle	
  

16	
  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  

La�ce	
  QCD	
  assump9ons	
  from	
  theory	
  community	
  



Post-­‐HL-­‐LHC	
  (LHCb	
  only)	
  	
  	
  	
  Unitarity	
  Triangle	
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  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  

La�ce	
  QCD	
  assump9ons	
  from	
  theory	
  community	
  

Permit	
  tree-­‐level	
  observables	
  (SM	
  benchmarks)	
  to	
  be	
  assessed	
  against	
  loop	
  
contribu9ons	
  (new	
  physics	
  sensi9ve)	
  



Physics	
  Case:	
  Rare	
  decays	
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  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  

•  Wide	
  range	
  of	
  observables	
  in	
  bàs/d	
  l+l-­‐	
  

•  Down	
  to	
  a	
  10%	
  precision	
  on	
  



Physics	
  Case:	
  Forward	
  GPD	
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•  Spectroscopy:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  New	
  discovery	
  opportuni9es	
  
	
  
•  Poten9al	
  best	
  Higgs	
  to	
  charm	
  

limits	
  @	
  LHC	
  

Argand	
  plot	
  Z(4430)-­‐	
  from	
  Bà	
  Ψ(2s)	
  K+π-­‐	
  

SV-­‐tagger	
  BDT	
  separates	
  b	
  and	
  c	
  	
  for	
  the	
  sub-­‐leading	
  	
  
versus	
  leading	
  jet	
  for	
  ppàVH(bb,cc),	
  where	
  V=Z,	
  W	
  

[LHCB-­‐PUB-­‐2018-­‐009]	
  	
  
arXiV:1808.08865  



HL-­‐LHC	
  machine	
  considera1on	
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…	
  and	
  to	
  do	
  that	
  a	
  new	
  
detector	
  is	
  needed	
  



LHCb	
  Upgrade	
  II	
  detector	
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[CERN-­‐LHCC-­‐2017-­‐003]	
  



Upgrade	
  II:	
  VeLo	
  Chanllenges	
  

22	
  



Upgrade	
  II	
  Vertex	
  &	
  Tracking	
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•  Include	
  9ming	
  detectors	
  to	
  improve	
  PV	
  
reconstruc9on,	
  decrease	
  ghost	
  probability	
  

•  Hybrid	
  VELO	
  pixel	
  with	
  increased	
  radia9on	
  
hardness	
  and	
  reduced	
  material	
  budget	
  	
  

•	
  Magnet	
  side	
  sta9ons	
  could	
  be	
  added	
  azer	
  LS3	
  
(upgrade	
  I	
  consolida9on)	
  to	
  improve	
  momentum	
  
resolu9on	
  of	
  tracks	
  upstream	
  of	
  the	
  magnet	
  	
  
	
  

Vertex	
  Detector	
  
Ø  Small-­‐r:	
  small	
  pixels,	
  

radia9on	
  hard	
  
Ø  Large-­‐r:	
  larger	
  pixels,	
  

fast	
  9ming	
  

[CERN-­‐LHCC-­‐2017-­‐003]	
  



Upgrade	
  II	
  Par1cle	
  ID	
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RICH	
  detectors:	
  
•  Be{er	
  coverage	
  required	
  at	
  high	
  &	
  low	
  momenta	
  
•  Be{er	
  single	
  photon	
  resolu9on<5mrad 	
  	
  
•  Improvement	
  of	
  op9cal	
  error	
  by	
  using	
  flat	
  mirrors	
  
•  Higher	
  granularity	
  plus	
  9ming	
  info	
  
TORCH	
  ToF	
  detector:	
  
•	
  PID	
  for	
  low-­‐momentum	
  par9cles.	
  
•	
  Aim	
  for	
  70ps	
  single	
  photon	
  9me	
  resolu9on.	
  	
  
•	
  Combine	
  with	
  VELO	
  info	
  for	
  improved	
  track	
  matching.	
  

**	
  Synergies	
  with	
  other	
  CERN	
  R&D	
  projects	
  UltraFast	
  (ASIC	
  
development	
  for	
  ultrafast	
  RO	
  electronics)	
  

[CERN-­‐LHCC-­‐2017-­‐003]	
  



Upgrade	
  II	
  Calorimetry	
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ECAL	
  Upgrade	
  Ib	
  (LS3	
  in	
  2025):	
  
	
  
	
  
	
  
•  Inner	
  region	
  of	
  the	
  ECAL	
  most	
  affected	
  by	
  

radia9on,	
  pile-­‐up	
  
•  According	
  to	
  the	
  TDR	
  “The	
  performances	
  

should	
  remain	
  sa9sfactory	
  up	
  to	
  2.5Mrad”	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (C	
  term	
  ~<3%)	
  →	
  20/u	
  or	
  ~2023	
  	
  
•  Degrada9on	
  in	
  performance	
  would	
  then	
  be	
  

seen	
  in	
  Run	
  4	
  (2	
  x	
  1033	
  cm-­‐2s-­‐1)	
  	
  
•  Innermost	
  modules	
  need	
  to	
  be	
  replaced	
  

during	
  LS3	
  	
  
•  Original	
  plan	
  was	
  to	
  replace	
  with	
  (iden9cal)	
  

spare	
  modules	
  (32	
  modules	
  already	
  available)	
  
• Requires	
  “only”	
  dismantling	
  the	
  columns	
  
of	
  modules	
  above	
  the	
  central	
  region	
  
• Other	
  interven9on	
  would	
  require	
  the	
  
dismantling	
  of	
  a	
  large	
  frac9on	
  of	
  the	
  
calorimeter	
  →	
  long	
  task	
  

•  	
  	
  



Upgrade	
  II	
  Calorimetry	
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ECAL	
  Upgrade	
  Ib	
  (LS3	
  in	
  2025,	
  before	
  RUN4):	
  
ALTERNATIVE	
  OPTION:	
  
•  Replace	
  Innermost	
  modules	
  with	
  a	
  newer	
  technology.	
  	
  
•  Test	
  for	
  a	
  full	
  new	
  ECAL	
  in	
  the	
  LHCb	
  Upgrade	
  II	
  	
  
•  Why:	
  Lots	
  of	
  interes9ng	
  physics	
  are	
  some9mes	
  very	
  demanding	
  with	
  the	
  CALO	
  syst.	
  



Upgrade	
  II	
  Calorimetry	
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ECAL	
  Upgrade	
  Ib	
  (LS3	
  in	
  2025,	
  before	
  RUN4):	
  
ALTERNATIVE	
  OPTION:	
  
•  Replace	
  Innermost	
  modules	
  with	
  a	
  newer	
  technology.	
  	
  
•  Test	
  for	
  a	
  full	
  new	
  ECAL	
  in	
  the	
  LHCb	
  Upgrade	
  II	
  	
  
•  Why:	
  Lots	
  of	
  interes9ng	
  physics	
  are	
  some9mes	
  very	
  demanding	
  with	
  the	
  CALO	
  syst.	
  



Upgrade	
  II	
  Calorimetry	
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ECAL	
  Upgrade	
  II	
  :	
  
Requirements	
  to	
  meet	
  the	
  demands:	
  

•  Improved	
  energy	
  &	
  posi9on	
  resolu9on	
  &	
  Improved	
  sensi9vity	
  to	
  low	
  ET	
  
•  Reduce	
  lateral	
  and	
  longitudinal	
  shower	
  size	
  =>	
  new	
  absorber	
  (to	
  get	
  up	
  to	
  
25	
  X0)	
  &	
  reduced	
  cell	
  size	
  =>	
  New	
  op9mal	
  geometry	
  to	
  be	
  studied	
  

•  Wider	
  dynamic	
  range:	
  New	
  RO	
  electronics	
  
•  Timing	
  informa9on	
  to	
  reduce	
  the	
  combinatorics,	
  specially	
  important	
  in	
  a	
  HL-­‐

LHC	
  regime	
  è	
  New	
  RO	
  electronics	
  but	
  also	
  NEW	
  SIGNAL	
  COLLECTION	
  method:	
  
Fast	
  Scin9llators,	
  Fibres,	
  Silicon	
  ?	
  

**	
  Synergies	
  w/	
  other	
  CERN	
  R&D	
  projects	
  UltraFast	
  (ASIC	
  R&D	
  for	
  ultrafast	
  RO	
  electronics)	
  

	
  
POSSIBLE	
  OPTIONS:	
  
	
  
1)	
  Homogeneous	
  crystal	
  calorimeter	
  (w/	
  	
  longitudinal	
  segmenta9on	
  ?)	
  

	
  -­‐	
  Fast	
  &	
  Rad	
  Hard	
  crystal	
  with	
  high	
  light	
  yield	
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2)	
  Sampling	
  calorimeter	
  
-­‐ Converter	
  material	
  with	
  typical	
  RM	
  ~	
  1-­‐2cm	
  (Lead,	
  W	
  or	
  various	
  alloys)	
  	
  
-­‐ Rad.	
  hard	
  crystal	
  as	
  scin9lla9ng	
  medium	
  w/	
  high	
  light	
  yield	
  &	
  fast	
  response	
  	
  
-­‐ Radia9on	
  hard	
  light-­‐guide/fibre	
  to	
  transport	
  light	
  (for	
  Shashlik	
  type)	
  
-­‐ Radia9on	
  hard	
  photo-­‐detector	
  (in	
  the	
  corresponding	
  spectral	
  range)	
  
-­‐ Include	
  a	
  very	
  fast	
  (crystal)	
  component	
  (~20ps)	
  for	
  pile-­‐up	
  mi9ga9on	
  into	
  module	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  or	
  add	
  “pre-­‐shower	
  9ming	
  layer”	
  (Si	
  based?)	
  in	
  front	
  of	
  Shashlik	
  

R&D	
  has	
  started	
  on:	
  
ØPerformance	
  studies	
  of	
  various	
  sampling	
  calorimeters:	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Shashlik,	
  SpaCal,	
  etc…	
  
ØRadia9on	
  hard	
  scin9llators	
  of	
  garnet	
  type:	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  i.e.	
  YAG	
  and	
  GAGG	
  crystals)	
  
ØRadia9on	
  hardness	
  of	
  GaAs	
  photodiodes	
  with	
  epitaxial	
  
technology	
  
ØTungsten	
  alloys	
  

Remember:	
  requirements	
  in	
  most	
  inner	
  region	
  not	
  the	
  same	
  as	
  
for	
  middle	
  or	
  outer	
  region	
  àdifferent	
  technologies	
  possible	
  

àCurrent	
  R&D	
  concentrates	
  on	
  replacement	
  of	
  32	
  modules	
  in	
  LS3	
  



Upgrade	
  Calo	
  II:	
  Homogeneous	
  Calorimeter	
  

Generic	
  R&D	
  on	
  radia9on	
  hard	
  garnet	
  type	
  crystals:	
  
	
  

Samples	
  of	
  GAGG	
  
irradiated	
  at	
  CERN	
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Prospec9ve	
  R&D	
  started	
  since	
  NEW	
  detectors	
  are	
  needed	
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•  R&D active on sub-detectors 
•  Planning group set milestones & review progress 
•  Met with national representatives on funding steps 
•  The LHCC recently approved LHCb  to proceed to a TDR 

on LHCb Upgrade II. 
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Interest	
  from	
  new	
  
collaborators	
  ac9vely	
  

encouraged.	
  



Detector	
  (Global)	
  R&D	
  effort	
  

31	
  

•  LHCb has amended its constitution to introduce the Technical Associate 
membership: 

“An	
  Ins1tute	
  can	
  be	
  given	
  the	
  status	
  of	
  Technical	
  Associated	
  Member	
  if	
  it	
  wishes	
  to	
  
bring	
  in	
  technical,	
  financial	
  or	
  human	
  resources	
  to	
  a	
  par1cular	
  detector	
  or	
  compu1ng	
  
related	
  project.	
  Technical	
  Associate	
  Members	
  are	
  not	
  eligible	
  to	
  have	
  LHCb	
  
authorship,	
  nor	
  have	
  access	
  to	
  the	
  LHCb	
  data	
  and	
  internal	
  physics	
  results.	
  Access	
  to	
  
soqware	
  for	
  detector	
  or	
  soqware	
  development	
  is	
  granted	
  to	
  Technical	
  Associated	
  
Members.	
  
A	
  Technical	
  Associated	
  Member	
  must	
  be	
  hosted	
  by	
  an	
  Ins9tute	
  of	
  the	
  LHCb	
  
Collabora9on,	
  called	
  the	
  Host	
  Ins9tute.	
  The	
  Host	
  Ins9tute	
  will	
  propose	
  the	
  Technical	
  
Associated	
  Member	
  candidature	
  to	
  the	
  Collabora9on	
  Board.	
  
The	
  Host	
  Ins9tute	
  must	
  take	
  the	
  responsibility	
  to	
  ensure	
  the	
  long-­‐term	
  opera9on	
  and	
  
maintenance	
  of	
  any	
  hardware,	
  or	
  sozware,	
  which	
  the	
  Technical	
  Associated	
  Member	
  
would	
  produce	
  and	
  which	
  would	
  become	
  part	
  of	
  the	
  experiment.	
  Otherwise,	
  
theTechnical	
  Associates	
  must	
  apply	
  for	
  full	
  membership.	
  
The	
  Technical	
  Associated	
  Members	
  will	
  not	
  have	
  a	
  CB	
  member	
  or	
  a	
  vote	
  in	
  the	
  CB,	
  but	
  
will	
  be	
  represented	
  in	
  the	
  CB	
  through	
  the	
  Host	
  Ins9tute.” 

Interest	
  from	
  new	
  collaborators	
  
ac9vely	
  encouraged.	
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•  Technical Associate membership is defined in a way that avoid any 
conflict of interest with other current ATLAS/CMS/Belle-II memberships. 

•  Resource optimization suggests that the LHCb Upgrade II might benefit 
greatly of a global effort on instrumentation R&D and on its ulterior 
physics data exploitation (from 2030 onwards); by the experimental 
flavour physics community as a whole. 

•  Interested parties are encouraged to contact any of the LHCb institutions 
to explore (in contact with the LHCb management) the possibility to 
become a Technical Associate Members 

•  Next LHCb Upgrade II open workshop on April 8th-10th, 2019 in 
Amsterdam is a great opportunity to explore how to get involved. 

Interest	
  from	
  new	
  collaborators	
  
ac9vely	
  encouraged.	
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  &	
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•  Several	
  theore1cally	
  clean	
  observables	
  whose	
  sta9s9cal	
  error	
  
can	
  be	
  dras9cally	
  reduced	
  (γ, RK(*), Bsèμμ…)	
  

•  New	
  Physics	
  scale	
  probed	
  will	
  be	
  highly	
  increased	
  compared	
  
with	
  pre-­‐HL-­‐LHC	
  

•  Widen	
  the	
  set	
  of	
  observables	
  under	
  study	
  to	
  search	
  and	
  
characterise	
  new	
  physics	
  (bèsll, bèclv…)	
  

•  Strong	
  programme	
  beyond	
  flavour	
  exploi9ng	
  unique	
  acceptance	
  
(spectroscopy,	
  electroweak,	
  dark	
  sector)	
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•  The	
  LHCb	
  detector	
  azer	
  2030	
  should	
  have	
  the	
  following	
  
features:	
  
–  Radia9on	
  Hardness	
  
–  Increase	
  granularity	
  to	
  cope	
  with	
  increased	
  mul9plicity	
  
–  Timing	
  capabili9es	
  to	
  cope	
  with	
  a	
  pile-­‐up	
  of	
  25-­‐50	
  hard	
  
(inelas9c)	
  interac9ons	
  per	
  BX	
  

•  A	
  new	
  procedure	
  has	
  been	
  put	
  in	
  place	
  for	
  those	
  groups,	
  
beyond	
  the	
  current	
  LHCb,	
  interested	
  into	
  the	
  
instrumenta9on	
  R&D	
  for	
  a	
  flavour	
  experiment	
  azer	
  2030	
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  Paula	
  
Collins	
  among	
  others.	
  I	
  want	
  to	
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ECAL	
  Phase-­‐Ib	
  Upgrade	
  (LS3	
  in	
  2025,	
  before	
  RUN4):	
  
ALTERNATIVE	
  OPTION:	
  
ECAL	
  Upgrade	
  II	
  :	
  
TIMING	
  is	
  a	
  new	
  player	
  in	
  the	
  game.	
  	
  
Why	
  it	
  is	
  important	
  at	
  HL-­‐LHC:	
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ECAL	
  Phase-­‐Ib	
  Upgrade	
  (LS3	
  in	
  2025,	
  before	
  RUN4):	
  
ALTERNATIVE	
  OPTION:	
  
ECAL	
  Upgrade	
  II	
  :	
  
TIMING	
  is	
  a	
  new	
  player	
  in	
  the	
  game.	
  	
  
Why	
  it	
  is	
  important	
  at	
  HL-­‐LHC:	
  If	
  we	
  can’t	
  disentangle	
  different	
  PVs	
  (remember	
  we	
  
assume	
  50	
  interac9ons	
  per	
  BX	
  )	
  



Upgrade	
  II	
  Calo:	
  Cerenkov	
  Calorimeter	
  

•  Ongoing	
  radia9on	
  hardness	
  studies	
  and	
  light	
  yield	
  measurements	
  
•  Why	
  is	
  this	
  op9on	
  interes9ng:	
  

•  Cerenkov	
  radia9on	
  is	
  a	
  prompt	
  effect,	
  and	
  therefore	
  very	
  fast	
  
•  Possible	
  synergies	
  with	
  Ultra	
  Fast	
  medical	
  imaging	
  

•  Caveats:	
  
•  Is	
  there	
  enough	
  light	
  yield?	
  
•  The	
  materials	
  are	
  Rad-­‐Hard,	
  for	
  the	
  	
  ECAL	
  inner-­‐most	
  region?	
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Enlarge beyond the current collaboration the 
interested number of institutions 

•  The amendment to the LHCb also addresses possible conflict of interest 
with other experiment membership: 

“A	
  Member	
  or	
  Associate	
  Member	
  of	
  the	
  LHCb	
  Collabora9on	
  is	
  not	
  allowed	
  to	
  be	
  a	
  
concurrent	
  member	
  of	
  the	
  Belle-­‐II	
  Collabora9on	
  unless	
  they	
  have	
  been	
  admi{ed	
  as	
  
part	
  of	
  an	
  ins9tutes	
  Technical	
  Associate	
  Membership	
  or	
  were	
  a	
  member	
  of	
  both	
  
collabora9ons	
  prior	
  to	
  July	
  1st	
  2017.	
  Any	
  requests	
  for	
  joint	
  collabora9on	
  on	
  physics	
  
topics	
  that	
  would	
  substan9ally	
  benefit	
  from	
  the	
  combina9on	
  of	
  data	
  from	
  both	
  
experiments	
  need	
  to	
  be	
  approved	
  prior	
  to	
  commencement	
  by	
  the	
  LHCb	
  
Spokesperson	
  and	
  Physics	
  Coordinator.	
  
This	
  amendment	
  to	
  the	
  LHCb	
  Cons9tu9on	
  will	
  be	
  reconsidered	
  at	
  the	
  end	
  of	
  Belle-­‐
II	
  data-­‐taking.” 



Beauty	
  physics	
  requirements	
  @	
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•  VELO:	
  21	
  (R+ϕ)	
  Si	
  sta9on	
  
•  RICH	
  1&	
  2:	
  C4F10	
  +	
  Aerogel	
  /	
  CF4	
  

	
  π/K	
  separa9on	
  2<p<100	
  GeV	
  	
  
•  TRACKING:	
  Si+Straw	
  tubes	
  +	
  4	
  Tm	
  

δp/p	
  =	
  0.4	
  –	
  0.6%	
  

•  CALO:	
  SPD/PS,	
  ECAL,	
  HCAL	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Lead,Iron,Lead-­‐Scin9llator)	
  
•  MUON:	
  MWPC	
  +	
  GEM	
  

	
  π/μ	
  separa9on	
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Excellent	
  results	
  from	
  Run-­‐I	
  and	
  (par9al)	
  Run-­‐II	
  physics	
  data	
  analysis.	
  Latest	
  results:	
  
•  Observa9on	
  of	
  Ξcc++→Ξc+π+	
  	
  (LHCb-­‐PAPER-­‐2018-­‐026)	
  
•  ΩC

0	
  life9me	
  (LHCb-­‐PAPER-­‐2018-­‐028)	
  
•  Observa9on	
  of	
  2	
  resonances	
  in	
  the	
  Λ0

bπ±	
  systems	
  (LHCb-­‐PAPER-­‐2018-­‐032)	
  
•  Evidence	
  of	
  a	
  ηc(1S)π-­‐	
  resonance	
  in	
  B0→ηc(1S)K+π-­‐	
  decays	
  (LHCb-­‐PAPER-­‐2018-­‐034)	
  
•  An9-­‐proton	
  produc9on	
  in	
  pHe	
  collisions	
  at	
  √SNN=	
  110	
  GeV	
  (LHCb-­‐PAPER-­‐2018-­‐031)	
  
•  Angular	
  momenta	
  of	
  the	
  decay	
  Λ0

b→Λμ+μ−	
  (LHCb-­‐PAPER-­‐2018-­‐029)	
  
•  Observa9on	
  of	
  B0s→D*0φ	
  and	
  search	
  for	
  B0→D0φ	
  decays	
  (LHCb-­‐PAPER-­‐2018-­‐15)	
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  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  
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  [LHCB-­‐PUB-­‐2018-­‐009]	
  arXiV:1808.08865  
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  Wilson	
  Coeff.	
  &	
  NP	
  scale	
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•  Effec9ve	
  field	
  theory	
  approach	
  
•  Generic	
  New	
  Physics	
  scale	
  	
  probed	
  exceeds	
  100	
  TeV	
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**	
  Synergies	
  with	
  other	
  CERN	
  R&D	
  projects	
  UltraFast	
  (ASIC	
  
development	
  for	
  ultrafast	
  RO	
  electronics)	
  

POSSIBLE	
  SOLUTIONS:	
  
1)  Sampling	
  calorimeter:	
  

•  Tungsten-­‐based	
  absorber	
  	
  
•  CMS-­‐inspired	
  designs:	
  	
  	
  

	
  -­‐	
  WLS	
  in	
  chamfers	
  along	
  side	
  of	
  module	
  (tested	
   	
  
	
  with	
  CeF3	
  as	
  a	
  scin9llator)	
  	
  
	
  -­‐	
  Cerium-­‐doped	
  LYSO,	
  quartz	
  -­‐	
  radia9on-­‐hard	
  
	
   	
  alterna9ves	
  to	
  WLS	
  fibres	
  	
  
	
  -­‐	
  Compact	
  LYSO/W	
  shashlik	
  	
  

•  As	
  an	
  alterna9ve,	
  could	
  use	
  clear	
  light-­‐guides	
  .	
  Poten9ally	
  
be{er	
  light	
  yield	
  and	
  radia9on	
  hardness	
  

2)	
  Homogeneous	
  calorimeter	
  made	
  of	
  heavy	
  inorganic	
  scin9llator,	
  e.g.,	
  
LYSO,	
  PWO,	
  GAGG;	
  
	
  
3)  Homogeneous	
  Cerenkov	
  calorimeter	
  based	
  on	
  KRS-­‐6	
  (	
  solid	
  Thallium	
  

Bromo-­‐Chloride)	
  or	
  NBW	
  (NaBi(WO4)2)	
  crystals	
  (fast	
  	
  signal);	
  

4)	
  Sampling	
  W-­‐Si	
  calorimeter	
  
•  Time	
  informa9on	
  impact	
  seen	
  in	
  simulated	
  environment	
  with	
  

50	
  int.	
  per	
  BX	
  w/	
  three	
  layers	
  of	
  Si	
  planes	
  with	
  spa9al	
  
resolu9ons	
  of	
  20ps	
  or	
  50ps.	
  	
  

[CERN-­‐LHCC-­‐2017-­‐003]	
  


