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Outline 

•  CERN, LHC, CMS & Abdus Salam 
•  Pakistan – CERN Relationship 
•  NCP – CERN Interaction 
•  Benefits for Pakistan 
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What and Where is CERN, 
LHC, CMS? 

European 
Center for 
Nuclear 
Research  

(CERN) 

Large 
Hadron 
Collider 

(LHC) 

Compact Muon Solenoid  

(CMS) 
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CERN: The Laboratory 
•  Centre Europeenne pour la Recherche Nucleaire 

CERN or European Organization for Nuclear 
Research 

•  Established in 1954. 
•  Funded by 21 Member States. 
•  More than half of the high-energy physicists in the 

world are working at CERN. 
•  Annual Budget is around US $ 1.25 billion. 
•  One of the current active project is the Large 

Hadron Collider (LHC). 
•  Goal is pure research in basic science, in 

particular High-Energy Physics. 
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CERN Accelerators 

•  Intersecting Storage Ring   ISR 
•  Proton Synchrotron      PS 
•  Super-Proton Synchrotron   SPS 
•  Large Electron Positron    LEP 
•  Large Hadron Collider    LHC 

– Lepton and Hadron Colliders 
– Precision Measurements of Standard Model 
– Discovery and explore physics beyond SM 
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Accelerator complex 

(1959) 

Biggest ring = 27 km circumference 
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Why LHC? 

•  Why is the Z boson massive while the related 
photon is massless? What is the “origin” of mass? - 
HIGGS 

 
•  Can we obtain experimental evidence to support the 

hypothesis of Grand Unification of all fundamental 
forces? - GUT 

•  Is the “dark matter” in the universe due to 
supersymmetric particles: neutralinos? - LSP 

•  Can we account for the matter – antimatter 
asymmetry in our universe? – CP violation 
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Why LHC? 
•  Are there only 3 families of quarks and leptons? 
•  Do the elementary particles of today have sub-

structure? 
•  Does a new form of matter exist e.g. Quark-Gluon 

Plasma? 

? 
 LHC can answer or shed considerable light on 

these fundamental questions. 
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Experimental Particle Physics in Pakistan 
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q  Dr. R M Chaudhry at GC, Lahore (the alma mater of young 
Abdus Salam)  got the Cockcroft-Walton accelerator in 1954. 

q  Professor Salam played a major role in establishing the 
scientific infrastructure in the country. 

q  Experimental Setups: 

Ø  10 MeV Pelletron at NCP, Islamabad. 

Ø  1.2 MeV Cockcroft-Walton Accelerator at CASP, GCU, Lahore. 

Ø  2 MeV Pelletron Tandem Accelerator at CASP, GCU, Lahore. 

q  A 250 keV, locally developed, electrostatic charged particle 
accelerator at PINSTECH, Islamabad.  

q  PINSTECH has initiated a program to develop a RF Linear 
Accelerator (LINAC) for radiotherapy and research. 



Salam:	  The	  leader	  of	  Pakistani	  Science	  
•  Prof.	  Salam	  was	  one	  of	  the	  first	  few	  in	  late	  fi9ies	  who	  realized	  that	  

gauge	  symmetry	  should	  be	  the	  related	  to	  all	  forces	  and	  unificaAon	  
–  Like	  EM	  force	  which	  saAsfy	  U(1)	  gauge	  symmetry,	  Prof.	  Salam	  proposed	  that	  

SU(2)	  gauge	  symmetry	  should	  be	  related	  to	  weak	  force	  	  

•  Prof.	  Salam	  and	  Weinberg	  independently	  used	  Higgs	  mechanism	  to	  
generate	  masses	  for	  the	  W±	  and	  Z	  bosons	  in	  their	  Nobel-‐Prize	  
winning	  papers	  
–  These	  parAcles	  were	  	  later	  discovered	  at	  CERN	  
–  Hence	  the	  first	  interacAon	  of	  Pakistani	  theorist	  with	  CERN	  and	  SLAC	  	  

•  The	  first	  interacAon	  with	  BNL	  occured	  in	  fi9ies	  when	  Prof.	  Salam	  
proposed	  his	  “Two-‐components	  neutrino	  theory”	  
–  Explained	  that	  le9-‐right	  asymmetry(or	  parity	  violaAon)	  is	  connected	  with	  zero	  

mass	  of	  neutrino	  
•  According	  to	  his	  theory	  right	  handed	  neutrinos	  don’t	  exist	  in	  nature	  	  

–  Parity	  violaAon	  was	  validated	  by	  experiments	  at	  BNL	  
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Unifica7on	  of	  Electromagne7c	  and	  Weak	  forces	  

17/11/14	   Hafeez	  Hoorani	   13	  	  

=>Electroweak	  theory	  was	  developed	  by	  Salam,	  Weinberg	  and	  Glashow	  (Nobel	  prize	  1979)	  

q  Experimental	  evidence	  of	  Weak	  and	  Electromagne7c	  
	  	  force	  unifica7on	  
Ø  Data	  from	  the	  HERA	  electron-‐proton	  collider	  
Ø  W/Z	  bosons	  were	  discovered	  at	  CERN	  

ü First	  interac7on	  of	  Pakistani	  theorists	  with	  CERN	  	  	  
	  	  	  and	  SLAC	  
ü Prof.	  Salam	  did	  pioneering	  work	  	  in	  the	  development	  
	  	  	  of	  Standard	  Model	  of	  par7cle	  physics	  

22 GeV 6400~WM



Salam	  impact	  on	  Pakistani	  HEP	  
•  Many	  of	  his	  brilliant	  students	  conAnued	  the	  legacy	  
•  Prof.	  Riazuddin	  (one	  of	  Prof.	  Salam	  student)	  was	  a	  great	  parAcle	  

physicists	  
•  He	  published	  about	  two	  hundred	  papers	  	  

–  Some	  of	  	  his	  papers	  have	  500+	  citaAons	  
	  

•  Wrote	  many	  well	  known	  HEP	  books	  (used	  as	  text	  books	  around	  the	  
world):	  
–  A	  Modern	  IntroducAon	  to	  ParAcle	  Physics,	  3rd	  ediAon	  published	  by	  World	  

ScienAfic	  in	  2012	  (first	  ediAon	  was	  published	  in	  1992)	  
–  Quantum	  Mechanics	  by	  Prof.	  Riazuddin	  and	  Prof.	  Fayyazuddin,	  	  published	  by	  

World	  ScienAfic,	  Singapore	  
–  Theory	  of	  Weak	  InteracAon	  in	  ParAcle	  Physics	  	  by	  Prof.	  Riazuddin	  and	  Prof.	  

Marshak,	  published	  by	  	  John	  Wiley,	  New	  York	  
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Pakistan-CERN Relationship 



Pak-CERN Relation Milestones 
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q  1994 – CERN-Pakistan cooperation agreement signed  

q  1994 to 1997 – Informal mutual visits exploring areas of cooperation 

q  1997 – Formal protocol signed for the CMS magnet barrel yoke 
support structure 

q  1999 – NCP becomes a full member of CMS Collaboration 

q  2003 – Joint CERN Pakistan Committee (JCPC) established 

q  2006 – President of Pakistan initiative increases  the collaboration 

q  2012 – LHC consolidation Protocol signed  

q  2012 – Cooperation extended to LINAC-4, CLIC and Magnet group 

q  2013 – Pakistan files application for Associate membership 

q  2014 – Collaboration for CESSAMag  project started 



Pak-CERN Protocols and Agreements 
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S # Signing  Title 

1 Nov 1994 Cooperation agreement concerning: The development of scientific and technical 
cooperation in the research projects of CERN. 

2 Nov 1997 Protocol for the supply of steel supports for the four outer rings of the Compact Muon 
Solenoid (CMS) magnet barrel yoke 

3 June 1998 Memorandum of Understanding (MoU): For collaboration in the construction of the CMS 
detector 

4 June 1999 Protocol to the cooperation agreement 1994 between National Center for Physics (NCP) 
and CERN concerning: Further collaboration between CERN and the NCP. 

5 May 2000 Amendment to the MoU of June 1998: For collaboration in the construction of the CMS 
detector (CMS Collaboration) 

6 June 2001 Protocol to the cooperation agreement 1994 concerning: The development and 
procurement of special components and of services for the CMS detector. 

7 July 2003 Protocol to the cooperation agreement 1994 concerning: A special contribution by Pakistan 
towards the construction of the LHC. 

8 May 2004 
Addendum A1 to the protocol 2003 concerning: A special contribution by Pakistan towards 
the construction of the LHC. It is for the execution of R & D, design, production and/or 
testing tasks and/or supply of ATLAS detector components. 

9 Jan 2006 Memorandum of Understanding (MoU): For collaboration in the development and 
exploitation of the Worldwide LHC computing Grid 

10 Jan 2006 Addendum P066//M1 to the protocol 2003 concerning: A special contribution by Pakistan 
towards the construction of the LHC. It is for the supply of steel shielding. 

11 Sept. 2006 Extension to the protocol 2003 concerning: A special contribution by Pakistan towards the 
construction of the LHC. 



Pak-CERN Protocols and Agreements 
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12 Dec 2006 
Protocol to the cooperation agreement 1994 concerning: The allocation of an 
additional grant of 5 M CHF by the Government of the Islamic Republic of Pakistan 
for CERN-Pakistan collaboration. 

13 Oct. 2008 Amendment A1 to the protocol 2006 concerning: Definitive technical contents of the 
contribution to the Linac4/SPL projects (Annex VIIa). 

14 Sept. 2010 Addendum No.1 to the protocol 2006 concerning: The CMS Resistive Plate 
Chambers Layer Number 4 (RPC4) Detector. 

15 Sept. 2010 Addendum No.2 to the protocol 2006 concerning: The CMS YE4 Shielding Wall. 

16 June 2011 Joint Statement of Intent concerning: The participation of Pakistan in the large 
Hadron Collider (LHC) consolidation project. 

17 June 2011 Extension to the protocol 2003 concerning: A special contribution by Pakistan 
towards the construction of the LHC 

18 Sept. 2012 Addendum P066/LHC/A2 to the protocol 2003 concerning: Mechanical works for the 
consolidation of the LHC splices. 

19 Oct, 2013 Addendum No. P066/LHC/A3 to the protocol 2003 concerning: Scientific and 
technical contribution of Pakistan in the CLIC study 

20 Jan, 2014 Addendum No. P066/LHC/A4 to the protocol 2003 concerning: Scientific and 
technical contribution of Pakistan in the Linac4 Project 

21 Jan. 2014 Protocol to the cooperation agreement 1994 concerning: A contribution by Pakistan 
to CERN in the framework of the CESSAMag Project. 



The CERN effect 
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q  Particle Detectors: 
Ø   R&D on particle detectors, such as RPCs, Gas Electron 

Multipliers (GEM) at NCP and PINSTECH. 

q  Grid Computing: 
Ø  The Worldwide LHC Computing Grid (WLCG) nodes at NCP 

and COMSATS in collaboration with CMS and ALICE. 
Ø  Early computing efforts at NUST. 

q   Accelerator Technology: 
Ø  Design and manufacture of NSC magnets.  
Ø  Sending people in RF acceleration groups like CLIC and 

LINAC4. 
Ø  Recently 5 LEP cavities from CERN have just arrived.  

q     Laser Alignment system for CMS CT 

 



Pakistan-CERN Collaboration  
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Dr.	  Ashfaq	  Ahmad	  Chairman	  PAEC	  and	  	  
Prof.	  Luciano	  Maiani	  DG	  CERN	  (7th	  May	  1999)	  

Pervez	  Musharaf	  Pakistani	  President,	  Pervez	  Buk	  Chairman	  
	  PAEC	  and	  	  Robert	  Aymar	  DG	  CERN	  (25th	  Jan	  2006)	  

Dr.	  Badar	  Suleman	  Member	  Science	  PAEC	  and	  	  
Prof.	  Joseph	  Incandela	  CERN	  Spokesperson	  	  

(11th	  May	  2012)	  

Dr.	  Aka	  ur	  Rehman	  Minister	  of	  Science	  and	  Technology	  Pakistan	  	  
and	  Prof.	  Hafeez	  Hoorani	  visiAng	  CMS	  exhibiAon	  hall	  	  

(15th	  Sept.2000)	  



Pakistan-CERN Collaboration Status  
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DG	  CERN	  and	  Chairman	  PAEC	  (July	  2011,	  Islamabad)	  



Collabora7on	  with	  CERN	  
•  CollaboraAon	  with	  CERN	  started	  when	  MoU	  was	  signed	  in	  1994	  
•  CollaboraAon	  was	  further	  strengthened	  when	  Pakistan	  Atomic	  

Energy	  Commission	  signed	  MoU	  with	  CERN	  in	  Islamabad	  on	  16	  May	  
2000	  
–  The	  MoU	  increased	  Pakistani	  contribuAon	  to	  CMS	  from	  1	  MCHF	  to	  2.5	  MCHF	  
	  

•  Since	  then	  collaboraAon	  expanded	  in	  different	  area’s	  
•  Pakistani	  insAtutes	  are	  now	  acAvely	  involved	  in	  CMS	  and	  ALICE	  

experiments	  
•  Contributed	  to	  ATLAS	  experiments	  both	  in	  hardware	  and	  compuAng	  

area’s	  
•  Contribute	  to	  LHC	  consolidaAon	  
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NCP-‐CERN	  InteracAon	  	  
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CMS	  RPC’s	  project	  	  	  
•  Built,	  tested,	  installed	  and	  commissioned	  (288	  +	  10%	  conAngency)	  

RPCs	  
–  Makes	  66%	  of	  Endcap	  RPC	  system	  of	  CMS	  detector	  at	  CERN	  
–  Responsible	  for	  the	  operaAon	  and	  maintenance	  of	  Endcap	  RPC's	  

•  People	  power	  involved	  ∼	  40	  people	  including	  Physicists,	  Engineers,	  
So9ware	  Developer,	  Students,	  Technicians	  

•  Performance	  Requirement	  for	  RPC’s	  
–  Time	  ResoluAon	  <	  3	  ns	  
–  Efficiency	  >	  95	  %	  
–  Cluster	  Size	  <	  3	  

•  InstallaAon,	  cabling	  	  
–  Signal	  cables	  
–  High	  Voltage 	  	  
–  Low	  Voltage	  	  
–  Detector	  Control	  System	  cables	  	  
–  Temperature	  cables	  
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RPC’s	  Performance	  during	  data	  taking	  
•  Detectors	  are	  performing	  very	  well	  

–  CMS	  reported	  that	  RE	  detectors	  are	  operaAonal	  99.8	  %	  of	  the	  Ame	  with	  very	  
high	  efficiency	  (more	  than	  98%,	  comparable	  	  to	  any	  other	  sub-‐detector)	  

 

•  Other requirements within  
 specification 
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Ø 	  covers	  0	  <	  |η|	  <	  1.6	  	  	  	  
Ø Double	  gaps	  gas	  chamber:	  2	  mm	  gas	  width	  	  

Ø Bakelite	  bulk	  resisAvity:	  	  	  	  ρ	  =	  2-‐5	  x	  1010	  Ωcm	  

Ø Gas	  mixture:	  C2H2F4	  	  +	  iso-‐C4H10	  +	  	  	  SF6	  	  	  	  	  

	   	  	  	  	  	  	  	  	  	  	  	  96.2%	  	  	  	  	  	  	  	  	  3.5%	  	  	  	  	  	  	  	  	  	  0.3%	  

Ø 	  Operated	  in	  avalanche	  mode	  	  



Decay	  products	  of	  Higgs	  boson	  candidate	  passing	  
through	  Pakistani	  Detectors	  
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Some	  other	  contribu7ons	  
•  Our	  group	  developed	  Detector	  Control	  System	  (DCS)	  for	  RPC	  

–  Now	  being	  used	  at	  P5	  

•  Also	  developed	  RPC	  ConstrucAon	  DB	  	  

•  The	  GUI	  for	  configuraAon	  database	  is	  also	  developed	  by	  our	  group	  
–  Deployed	  at	  P5	  in	  2011	  and	  has	  been	  used	  successfully	  since	  then	  

•  TesAng	  of	  Data	  Quality	  &	  Monitoring	  (DQM)	  module	  is	  responsibility	  
of	  our	  group	  

•  Contributed	  to	  the	  development	  of	  LHC	  data	  Logging	  System	  &	  LHC	  
Common	  Console	  Manger	  (CCM)	  from	  October	  2006	  to	  December	  
2007	  
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Grid	  Node	  to	  access	  LHC	  data	  
•  Processing	  of	  huge	  amount	  of	  LHC/CMS	  data	  needs	  a	  lot	  of	  computaAonal	  power,	  

hence	  resources	  	  
•  First	  Pakistani	  Tier2	  was	  deployed	  in	  June	  2004(operaAonal	  24/7	  even	  during	  	  

severe	  blackout	  in	  Pakistan)	  
•  Immediate	  access	  to	  wealth	  of	  LHC	  data	  with	  up-‐to-‐date	  CMS	  so9ware	  releases	  	  
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Year  CPU HEPSPEC06  Storage  Network Connectivity 
Jan-08 14 67.2 3.2 TB 2 Mbps (Shared) 

April-08 36 172.8 3.2  TB 2 Mbps (Shared) 

Sep-08 74 355.2 3.2 TB 10 Mbps (dedicated)  

Feb-10 160 1600 3.2 TB 10 Mbps (dedicated)  

Jun-10 240 2400 69 TB 155 Mbps (dedicated)  

Dec-10 524 6364 87 TB 155 Mbps (dedicated)  

June-11 524 6364 175 TB 155 Mbps (dedicated)  

May-12 524 6364 260 TB 155 Mbps (dedicated)  

NCP-LCG2 2009 2010 2011 2012 2013 
CPU (HEP-SPEC06) 3280 3480 4352 5440 6365 

Disk (TB) 200 200 300 300 300 

Network (Mbps) 42 42 53 66 - 

Pledges	  	  



Physics	  Analysis	  
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Some	  Physics	  Analyses	  covered	  at	  NCP	  
•  Study	  of	  associated	  producAon	  of	  top	  quark	  and	  Z-‐boson	  using	  CMS	  

data	  collected	  in	  2012	  at	  8	  TeV	  center-‐of-‐mass	  energy	  
•  Z	  cross	  secAon	  measurement	  in	  muon	  channel	  
•  Measurement	  of	  the	  single	  top	  t-‐channel	  charge	  asymmetry	  
•  Study	  of	  χc	  states	  	  
•  Energy	  peaks	  to	  calibrate	  parAcle	  masses	  
•  DiLeptonic	  Top	  Quark	  Pair	  Cross-‐SecAon	  Measurement	  
•  GEM	  SimulaAon:	  physics	  and	  performance	  studies	  	  
•  StarAng:	  

–  Work	  on	  SUSY	  and	  Beyond-‐the-‐Standard-‐Model	  (BSM)	  searches	  	  in	  	  
mulAlepton	  final	  states	  

–  High	  pT	  muons	  Performance	  study	  	  
•  Plan	  for	  SUSY	  searches	  on	  the	  basis	  of	  experience	  gain	  from	  top	  

physics	  analysis	  
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Highlights	  from	  different	  analysis	  
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X-‐secAon	  raAo	  of	  χc2	  and	  χc1	  at	  7	  TeV	   Single	  top	  x-‐secAon	  raAo	  

DiLeptonic	  Top	  Quark	  Pair	  Cross-‐SecAon	  Measurement	  

Di-‐Lepton	  Mass	  
Top	  Quark	  PT	  

σprod	  =	  1.17±0.06	  (stat,lumi)	  nb	  Energy	  distribuAon	  of	  b-‐jets	  



Highlights	  from	  different	  analysis	  
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Output	  of	  CMS	  project	  at	  NCP	  
•  EHEP	  Staff:	  4	  PhD,	  4	  Non-‐PhD,	  3	  Engineers	  	  
•  Students:	  7	  PhD,	  10	  M.Phil	  

•  Total	  thesis	  on	  CMS	  project:	  
–  Completed	  three	  PhD's	  and	  27	  M.Phil	  theses	  
–  	  both	  on	  hardware	  and	  physics	  analysis	  
–  Students	  were	  involved	  in	  commissioning	  of	  	  
	  the	  RPC’s	  as	  well	  as	  testbeam	  

	  
•  Exp.	  ParAcle	  Physics	  is	  a	  diverse	  subject,	  	  

	  students	  get	  experience	  of	  working	  are	  well	  equipped	  	  
	  	  	  	  	  	  	  with	  physics	  concepts,	  hardware	  skill,	  analysis	  techniques	  and	  staAsAcal	  

methods,	  advance	  programming	  and	  compuAng	  skills,	  simulaAon	  and	  modeling,	  
as	  well	  as	  experience	  of	  working	  in	  a	  large	  scienAfic	  collaboraAon	  
–  Hence	  successful	  in	  academic,	  research	  as	  well	  industrial	  environment	  
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Students	  Affilia7on	  

Quaid-‐e-‐Azam	  University	  

Int.	  Islamic	  University	  

University	  of	  Karachi	  

Riphah	  University	  

Hazara	  University	  

Kohat	  University	  

Federal	  Urdu	  University	  



LHC	  Schools	  at	  NCP	  

17/11/14	   35	  

First	  School	  on	  LHC	  Physics	   Second	  School	  on	  LHC	  Physics	  

Third	  School	  on	  LHC	  Physics	  

q  EHEP	  Group	  of	  NCP	  organize	  Schools	  on	  LHC	  
Physics	  every	  year	  

q Main	  objecAve	  of	  these	  Schools	  is	  to	  prepare	  a	  
group	  of	  trained	  young	  scienAsts	  who	  could	  
analyze	  LHC	  

q We	  are	  organizing	  “First	  ICTP-‐NCP	  Interna7onal	  
School	  on	  LHC	  Physics	  ”	  from	  25	  August	  to	  05	  
September,	  2014	  

1-‐	  First	  School	  on	  LHC	  Physics:	  
	  	  	  	  	  Date:	  12th	  to	  30th	  	  October	  2009	  
	  	  	  	  	  No	  of	  ParAcipants.	  60	  
	  2-‐	  Second	  School	  on	  LHC	  Physics:	  
	  	  	  	  	  	  Date:	  25th	  April	  –	  14th	  May	  2011	  
	  	  	  	  	  	  No	  of	  ParAcipants.	  45	  
3-‐	  Thirld	  School	  on	  LHC	  Physics:	  
	  	  	  	  	  Date:	  08-‐19	  November	  2012	  
	  	  	  	  	  No	  of	  ParAcipants.	  50	  

First	  ICTP-‐NCP	  InternaAonal	  School	  on	  LHC	  Physics	  


