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Outline

•  Upgrade	  of	  the	  CMS	  experiment	  
•  Ready	  by	  2025	  
•  Major	  investments	  –	  and	  many	  opportuniOes	  –	  through	  the	  next	  8	  years	  

•  CLOUD	  experiment	  
•  Outside	  of	  high-‐energy	  physics	  
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CMS  upgrade
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CMS  upgrade
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CMS	  was	  ready	  in	  2008.	  
Designed	  for	  10	  years	  of	  LHC	  
operaOon,	  which	  will	  be	  
reached	  in	  2023.	  
	  

First	  upgrades	  being	  done,	  
e.g.	  right	  now	  Pixel	  detector	  
replacement	  –	  with	  major	  
Finnish	  involvements	  (HIP,	  
Advacam).	  
	  

High	  luminosity	  LHC	  in	  2026.	  
10	  x	  higher	  intensity	  of	  
parOcles	  than	  in	  LHC.	  
	  

CMS,	  like	  other	  LHC	  
experiments,	  need	  to	  have	  	  
a	  major	  upgrade.	  



CMS  Upgrade

Goal:	  Maintain	  and	  improve	  physics	  performance	  at	  10x	  higher	  luminosity	  
•  More	  radiaOon	  hard	  detectors	  à	  survive	  in	  the	  harsh	  radiaOon	  condiOons.	  	  
•  Lighter	  detectors	  and	  structures	  next	  to	  interacOon	  point	  à	  be?er	  physics.	  	  
•  Be?er	  read-‐out	  à	  handle	  higher	  data	  rates.	  
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Display	  of	  a	  VBF	  H	  à	  ττ	  in	  200	  p-‐p	  collisions	  



CMS  upgrade:  Main  items
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Tracker	  to	  be	  replaced	   End-‐cap	  calorimeters	  (2x)	  to	  be	  replaced	  



CMS  Upgrade:  Cost  es*mate

CORE	  costs	  cover	  materials	  and	  services	  for	  the	  
producOon	  phase	  of	  the	  project.	  

Other	  costs	  (not	  in	  CORE):	  R&D	  and	  prototype	  costs	  
for	  the	  design	  development;	  infrastructure,	  facility	  
and	  personnel	  costs	  at	  CMS	  insOtuOons;	  maintenance.	  
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1	  CHF	  ≈	  0.9	  Euro	  



Upgrading  of  CERN’s  main  accelerators  and  experiments
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InstallaOon	  Design,	  protos	   ProducOon	  Concepts,	  R&D	  

Today	  

CMS	  and	  Atlas	  LHCb	  and	  ALICE	  



CMS  upgrade:  Cost  profile  (CORE)

OpportuniOes	  in	  CERN	  experiments	  /	  A.	  Onnela	   9	  

In	  addiOon:	  Further	  costs	  on	  R&D,	  prototypes	  and	  engineering,	  not	  counted	  in	  these	  CORE	  costs.	  

Now	  there	  is	  sOll	  Ome	  to	  join	  !	  



CMS  upgrade:  What  and  who  is  involved?

• Wide	  range	  of	  fields	  involved,	  from	  semiconductor	  detectors	  and	  electronics	  to	  
mechanics	  and	  soiware.	  
•  ProducOon	  in	  industry	  and	  collaboraOng	  insOtutes	  (components,	  sub-‐assemblies)	  
and	  at	  CERN	  (final	  assemblies).	  
•  OpportuniOes	  for	  product	  and	  methods	  development,	  expanding	  of	  know-‐how.	  

•  In	  addiOon	  to	  physicists,	  many	  engineers	  and	  technicians	  needed.	  
•  Professional	  opportuniOes	  on	  leading	  edge	  technologies.	  
•  Training	  opportuniOes	  at	  CERN	  and	  in	  insOtutes.	  

•  More	  info:	  	  
•  www.hip.fi,	  CMS	  Programme	  and	  CMS	  Upgrade	  	  
•  h?ps://cms.cern/detector	  
•  h?ps://jobs.web.cern.ch/	  	  
•  h?p://procurement.web.cern.ch/en	  	  
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2nd  example  of  opportuni*es:  CLOUD,  outside  of  high-‐energy  physics
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Why  CLOUD?
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A.	   	  Anthropogenic	  aerosol	  forcing	  
are	  poorly	  understood.	  

B.	   	  Natural	  part	  is	  very	  small.	  	  
Is	  there	  a	  missing	  natural	  forcing?	  	  
Is	  that	  from	  varying	  cosmic	  ray	  flux,	  
modulated	  by	  sun?	  

A	  +	  B	  à	  The	  CLOUD	  experiment	  

What	  influences	  climate	  changes?	  
	  
This	  graph	  shows	  radiaOve	  forcing	  on	  
Earth’s	  atmosphere.	  
Source:	  IPCC,	  Summary	  for	  Policymakers,	  2013	  



Why  at  CERN?
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•  Controlled	  ‘cosmic	  rays’	  
•  Beam	  from	  PS	  

•  Low	  energy	  beam,	  
limited	  interest	  to	  high-‐
energy	  physics.	  

•  ExisOng	  CERN	  know-‐how	  	  
is	  very	  useful!	  
•  Ultra-‐clean	  surfaces	  and	  
gas	  systems	  

•  Vacuum	  
•  Thermal	  control	  
•  RadioacOve	  sources	  
•  Etc.	  

PS	  East	  Hall	  

T11	  beam	  	  
(3.5	  GeV/c)	  

Proton	  Synchrotron	  (PS)	  accelerator	  
first	  operaOon	  in	  1959	  !	  



Close  links  between  field  measurements  and  CLOUD  

•  More	  info:	  	  
•  www.hip.fi,	  CLOUD	  experiment	  
•  h?ps://home.cern/about/experiments/cloud	  	  

OpportuniOes	  in	  CERN	  experiments	  /	  A.	  Onnela	   14	  

HyyLälä,	  Finland	   CERN	  

Example	  of	  measurements	  at	  CLOUD:	  
RecreaOng	  of	  boreal	  forest	  condiOons,	  to	  understand	  
the	  observed	  aerosol	  parOcle	  nucleaOon	  and	  growth.	  
	  



Aerosol  and  atmospheric  know-‐how  from  par*cipa*ng  ins*tutes

•  Finnish	  insOtutes	  in	  leading	  
roles.	  

•  OpportuniOes	  for	  scienOsts	  
from	  wide	  range	  of	  fields	  
(aerosols,	  atmospherics,	  
chemistry,	  etc.)	  
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CLOUD	  is	  in	  full-‐speed	  producLon	  of	  leading-‐edge	  scienLfic	  results!	  
•  J.	  Almeida	  et	  al.,	  Molecular	  understanding	  of	  amine-‐sulphuric	  acid	  par=cle	  nuclea=on	  in	  the	  atmosphere,	  Nature,	  2013	  
•  H.	  Keskinen	  et	  al.,	  Evolu=on	  of	  par=cle	  composi=on	  in	  CLOUD	  nuclea=on	  experiments,	  Atmospheric	  Chemistry	  and	  

Physics,	  2013	  
•  S.	  Schobesberger	  et	  al.,	  Molecular	  understanding	  of	  atmospheric	  par=cle	  forma=on	  from	  sulfuric	  acid	  and	  large	  

oxidized	  organic	  molecules,	  PNAS,	  2013	  
•  F.	  Riccobono	  et	  al.,	  Oxida=on	  Products	  of	  Biogenic	  Emissions	  Contribute	  to	  Nuclea=on	  of	  Atmospheric	  Par=cles,	  

Science,	  2014	  
•  F.	  Bianchi	  et	  al.,	  Insight	  into	  acid-‐base	  nuclea=on	  experiments	  by	  comparison	  of	  the	  chemical	  composi=on	  of	  posi=ve,	  

nega=ve	  and	  neutral	  clusters,	  PNAS,	  2014	  
•  J.	  Kirkby	  et	  al.,	  Ion-‐induced	  nuclea=on	  of	  pure	  biogenic	  par=cles,	  Nature,	  2016	  
•  J.	  Tröstl	  et	  al.,	  The	  role	  of	  low-‐vola=lity	  organic	  compounds	  in	  ini=al	  par=cle	  growth	  in	  the	  atmosphere,	  Nature,	  2016	  	  
•  E.	  Dunne	  et	  al.,	  Global	  par=cle	  forma=on	  from	  CERN	  CLOUD	  measurements,	  Science,	  2016	  

First	  major	  publicaOon,	  
5	  years	  aier	  CLOUD	  
approved	  in	  CERN	  
programme,	  
2	  years	  aier	  first	  run.	  
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These  were  some  quick  high-‐lights  on  opportuni*es  in  CERN  experiments.  
Thank  you  for  your  aSen*on.  

  
Ques*ons?


