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THE PLAN 

!   BACKGROUND 
!   CENTRAL EXCLUSIVE PRODUCTION 

!   PRESENT CEP TAGGING APPROACHES 

!   THE LHC BLM* SYSTEM 

!   SCANNING FOR MASSIVE PARTICLES 
!   CEP PROTONS EXITING THE LHC RING 

!   TAGGING MASSIVE NEW PARTICLES IN CEP 

!   FURTHER DEVELOPMENT 

!   SUMMARY  
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* Not to be confused with Brodsky et al.!  



CENTRAL EXCLUSIVE 
PRODUCTION 
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p  or  N* 

p  or  N* 

CENTRAL SYSTEM 

MX
2 ≈ ξ1ξ2s

pp -> p + X + p 

void 

void 

X 

JPC = 0++, 2++,... 



GLUON vs. PHOTON INDUCED 
PRODUCTION 
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see also: KMOR,  Eur.Phys.J.C19:313 (2001).   

KMR: arXiv 0111078(2001) 

MX = 125 GeV 

MX = 750 GeV 

exclusive production strongly 
dominated by γγ at large MX! 



THE HELSINKI GROUP:  
A SHORT HISTORY OF FORWARD PHYSICS 

INITIATIVES 
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•  Full  Acceptance Detector – J. Bjorken        1991 
•  FELIX     LOI                                               1997 
•  TOTEM  LOI                                                1997 
•  ATLAS TDR: Proposal to extend ATLAS for Forward Physics  2000 
•  TOTEM  TDR                                              2004 
•  FP-420  TDR (CERN-LHCC-2005-025)                                        2005 
•  Prospects of Diffractive and Forward Physics at the LHC            

(CMS/TOTEM, CERN-CMS/TOTEM Note 2007-002)   2006 
•  Central Diffraction in LHCb (JINST 4(2009)P11019    2009 
•  Forward physics with rapidity gaps at the LHC (CMS)                 

(JINST 4(2009P10001)           2009 
•  Central Diffraction at ALICE (JINST 6(2011)P02010)    2010 
•  Turning the LHC ring into a new        2016                           

physics search machine (arXiv:1604.5778)!! 
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June 2000      

2000 

Helsinki Group, 2000 

PROPOSAL TO EXTEND ATLAS 
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BEAM LINE AND RUN CONDITIONS 
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Leading Protons measured at 
+220m  from IP1 & IP5  

ZDC 
FSC 

Leading protons: RP’s at ±220m 
Rap gaps & Fwd particle flows: ( T1?) & T2 spectrometers 
Fwd energy flows: Castor (?) & ZDC’s(?)  
Fwd counters at: ±60m to ±100 (140)m – FSCs..? 
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measuring the left-over protons in cep – the traditional approach 
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SCANNING FOR MASSIVE 
NEW PARTICLES 

 
(RECYCLING THE LEFT-

OVER PROTONS)  
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PROTON EXIT POINTS vs. ξ 

arXiv:1604.5778 The proton transverse momentum is smeared by 50 MeV, which would 
be in accord with ds/dpt∝exp(-20pt).  



PROTON PAIRS IN CEP: 
EXIT POINTS 
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1 fb-1 in 2016  20 pb-1 in 2016 

20 fb-1 in 2016 

20 fb-1 in 2016 

THE LHC 
 
 high 

vs. 

low/moderate  
 
luminosity 
 
physics 



ATLAS / LHCf 

LHCb/MoEDAL 
FSC 

CMS / TOTEM 

ALICE 

T2/CASTOR 
RPs/HPS 
FSC/ZDC 

ALFA/AFP 
LUCID/ZDC 

ZDC/ADA,C 

Beyond ⎜η ⎜> 5 
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Beyond ⎜η ⎜> 10! 
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LHCLHC RING AS A NEW PHYSICS 
SEARCH MACHINE 

Beam Loss 
Monitors to tag 

exit protons 

LHC experiments 
for analysis of the 

central systems 

correlations with the collimators and other 
beam instrumentation devices 



THE MACHINE 
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over 3500 BLM detectors  
along the LHC ring 



A LOCATION AT 230 METERS 
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SUMMARY 
!   HEAVY STATES PRODUCED IN CEP ARE SCANNED – INDEPENDENTY 

OF THEIR DECAY MODES - BY USING THE PROTON EXIT POINTS 
ALONG THE LHC RING 

!   PROMISING WAY OF SEARCHING FOR INVISIBLE DECAYS –TURNING 
LHC INTO A DARK MATTER FACTORY!? 

!   FIRST CANDIDATE EVENTS BEING LOOKED AT, ACCEPTANCE x 
EFFICIENCY CALCULATIOS ONGOING  

!   THE METHOD CAN BE EXTENDED TO ALL LHC IPs; CORRELATIONS 
WITH EXISTING DETECTORS, COLLIMATORS etc. WILL BE EXPLOITED 

!   AUTOMATIC SCANNING OF THE BLM DATA WILL BE SOON AVAILABLE 

!   TRIGGERING OF THE CEP EVENT CANDIDATES vs. CENTRAL MASS TO 
BE REALISED 

6-11/06/16 Károly Róbert College, Gyöngyös, Hungary 



ALICE FORWARD DETECTORS  
GEOMETRIC ACCEPTANCE 
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-  THE EFFECTIVE ACCEPTANCE OF THE ALICE AD 
DETECTORS EXTENDS UP TO η = ±10 

-  Zero Degree Calorimeters (ZDN & ZDP) COMPLEMENT THE 
ACCEPTANCES: leading neutron/gamma detection at 00 
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n seen by  
the ZDN 

π+ seen by  
the ADs 


