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Włodek Guryn BNL (for the STAR Collaboration) 

•  Process of central production - physics program at STAR with forward 
protons 

•  The present: 2009 run preliminary results of Phase I program 

•  The near future: Phase I program continued 

•  The future:  Phase II program, large data samples for Central Production 

•  Ultra peripheral AuAu collisions at STAR 

•  Other QCD topics of interest in Central Exclusive Production (Odderon, 
χc, glueball production and QCD scale invariance…) 

•  Summary 
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Non Pert. QCD 
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In t-channel it is an exchange with quantum numbers of vacuum 
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Processes with Tagged Forward Protons 
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p + p → p + X + p 
diffractive X= particles, glueballs 
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 p + p → p + p  elastic 

QCD color singlet exchange: C=+1(IP), C=-1(Ο) 

 p + p → p + X  SDD 

pQCD Picture 
Gluonic exchanges 

Discovery Physics 
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This Topic Has a Long History 



50th Cracow School  
Zakopane 2010  

Włodek Guryn  5 

M 

Summary of the Existing Data 
 (unpolarized) 50 500 

PP2PP 

Highest energy so far: 

pp: 63 GeV (ISR) 

pp: 1.8 TeV (Tevatron) 

pp2pp energy range: 

50 GeV ≤ √s ≤ 500 GeV 

pp2pp |t|-range: 

(at √s = 500 GeV) 

4•10–4 GeV2 ≤ |t | ≤ 1.3 GeV2 
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Central Exclusive Production in Double 
Pomeron Exchange (DPE) 

In the Double Pomeron Exchange (DPE) process each proton “emits” a 
Pomeron and the two Pomerons interact producing a massive system MX 

where MX = π+ π-, χc( χb), qq(jets), H(Higgs boson), gg(glueballs) 

The massive system could form resonances. We expect that because of the 
constraints provided by the double Pomeron interaction, glueballs, hybrids, and 
other states coupling preferentially to gluons, will be produced with much 
reduced backgrounds compared to standard hadronic production processes. 

p
 p


Mx


For each proton vertex one has 
t     four-momentum transfer  
ξ = Δp/p 

MX=√ξ1ξ2s invariant mass 
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Glueball Spectrum 
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The glueball spectrum from an 
anisotropic lattice study 

Colin Morningstar, Mike Peardon 
Phys. Rev. D60 (1999) 034509 
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The Relativistic Heavy Ion Collider 
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RHIC is a QCD Laboratory: 
Nucleus- Nucleus collisions (AuAu, CuCu…); Asym. Nucl. (dAu);  

Polarized proton-proton; eRHIC - Future 



RHIC:  the world’s first polarized pp collider 
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•  Spin orientation varies bunch by bunch 
•  Spin pattern changes from fill to fill 
•  Spin rotators provide choice of spin orientation 
•  “Billions” of spin reversals during a fill with little if any depolarization 

BRAHMS/PP2PP 

PHENIX 

AGS 
BOOSTER 

Spin Rotators 
(longitudinal polarization) 

Solenoid Partial Siberian Snake 

Siberian Snakes 

200 MeV Polarimeter AGS Internal Polarimeter 

Rf Dipole 

RHIC pC Polarimeters Absolute Polarimeter (H↑ jet) 

AGS pC Polarimeters 
Strong Helical AGS Snake 

Helical Partial Siberian Snake 
Spin Rotators 

(longitudinal polarization) 
Spin flipper 

Siberian Snakes 

STAR 

PHOBOS 

Pol. H- Source 
LINAC 
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Implementation at RHIC - tag forward protons  
PP2PP Setup 
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( ) ( )2211
21 yxyxpp ΘΘΘΘ −−=⇒−=

→→

,,

Phys. Lett. B 579 (2004) 245-250, Phys. Lett. B 632 (2006) 167-172, Phys. Lett. B 647 (2007) 98-103 
(Polish coauthors Chwastowski, Pawlik, Sandacz) 



Principle of the Measurement 
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• (Elastically) scattered protons have very small 
scattering angle θ*, hence beam transport 
magnets determine trajectory scattered protons 

• The optimal position for the detectors is  where 
scattered protons are well separated from beam 
protons 

• Need Roman Pot to measure scattered protons 
close to the beam without breaking accelerator 
vacuum 

Beam transport equations relate measured position at the detector to scattering angle 

x0,y0:  Position at Interaction Point 
Θ*x Θ*y :  Scattering Angle at IP 
xD, yD   :  Position at Detector 
Θx

D, Θy
D :  Angle at Detector 
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Reconstruction of the Momentum Loss ξ 
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€ 

x1 = a1x0 + L1Θ x + η1ξ ;     detection point 1
x2 = a2x0 + L2Θ x + η2ξ ;     detection point 2

€ 
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ξ
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⇐ Accelerator transport 

For inelastic forward protons there is an additional momentum loss term 

1.  Need to measure vector at the detection point, hence two RPs are 
needed on each side of STAR. 

2.  For a proton, which scatters with Θ and ξ we have: 



ZDC 
Roman pots 

ZDC 
Roman pots 

Measure recoil system Mx 

ToF 2m 

Current STAR detector in cross section 
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BEMC 

EEMC FMS 
FPD 

TPC 

BBC 

VPD FTPC 

Włodek Guryn  

Large acceptance detector running since 2000 
•  High resolution tracking device: TPC in -1<η<1, -π<φ<π 
•  Forward rapidity gap veto  
•  FTPC: 2.5<|η|<4.2, BBC:  3.8<|η|<5.2 
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Great Charged Particle ID in the STAR  TPC  
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•  High resolution tracking device: TPC in 
-1<η<1, -π<φ<π 

•  Excellent particle identification 
capability: TPC dE/dx, ToF 

Reconstructed hadrons: KS, ϕ, Λ, Ξ, and Ω  in Au+Au 
collisions at √sNN = 39 GeV 

Preliminary 

Preliminary 

Preliminary 

Preliminary 

Particle identification with new 
barrel Time-of-Flight system.  

Preliminary 

dE/dx vs. rigidity compared with 
theoretical expectations 

Preliminary 



1.  Roman Pot (RP) detectors to measure forward protons 
2.  Staged implementation for wide kinematic coverage  

•  Phase I, present- low-t coverage 
•  Phase II, future- higher-t coverage, large data samples 
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Implementation: STAR + pp2pp 
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1.  Need detectors to measure forward protons: t - four-momentum transfer,  
ξ = Δp/p, MX invariant mass and;   
2.  Detector with good acceptance and particle ID to measure central system 
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Kinematic “filter” (dpT) for “gg”  
(F. Close et al./W102) 

•  Coupling of the exchange particles to the 
final state mesons for gluon exchange 
(small dpT) and quark exchange (large dpT) 

•  Spin-dependence of the coupling can be 
studied at RHIC 
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“Large” ≥ O(ΛQCD) 

PLB 397 339 (1997) 

As predicted by Regge theory the 
diffractive cross section at RHIC is 
dominated by the Pomeron (gluonic) 
exchange, : 
σRR ~ s-2 
σRP ~ s-1 
σPP ~ const. or sα where α ~(0.1) 

Gluon  
Ladders 
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WA102 f0(1500) π+π-π+π-  

σ(f1)= 7 µbarn 

σ(f0)= 3 µbarn 

We are sensitive 
to this level of 
cross section 

dPT > 0.5 GeV/c 

dPT < 0.2 GeV/c 

0.2 GeV < dPT < 0.5 GeV/c    

F.E.Close and A.Kirk, PLB397, 333 (1997). 
f1(1285) 

f0(1500) 



Central Exclusive Production Process in DPE 
p1p2→p1’MXp2’  
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Phase I: 2009 data 
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•  Data taken with RP and ToF multiplicity triggers for the central process 

•  Tracks reconstructed off line in TPC 

•  Require two reconstructed tracks in opposite direction in the RPs 

•  Work in progress for identifying exclusive DPE events: rapidity gaps, PID, pT-
balance, missing-mass… 



50th Cracow School  
Zakopane 2010  

Włodek Guryn  20 

Run 2009 Candidate Central Production Event 
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Phase I: First Look at Central Production  
(Vector Meson Production) 
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Exclusive production of vectors meson in pp and pbarp collisions 
A.Cisek, W. Schäfer and A. Szczurek, Meson 2010 

The ρ0 cross section ~ few hundred nb  

φ


J/Ψ


Υ




Phase I: First Look at Central Production  
(non exclusive channels) 
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• Use RP and ToF multiplicity  trigger online 

• Reconstruct TPC tracks off line 

• Confirm two tracks in the Roman Pots 

• Reconstruct Mx using TPC tracks assuming 
all pions 

K0 ρ0 

Double Pomeron Exchange 

TPC RP East RP West 



Phase I Elastic Scattering: First high-statistics 
measurement of AN at HE (√s=200 GeV) 
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• Statistical errors + systematic t-scale uncertainty (10%) in the fit  
• Higher-t reach planned from the upcoming √s=500 GeV (and with 
Phase II set-up) at RHIC 

€ 

AN (t) =
σ↑(t) −σ↓(t)
σ↑(t) +σ↓(t)

= C1φ flip
em*φnon− flip

had + C2φ flip
had*φnon− flip

em
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Phase II - Simulation Performance Plots 
We assume the DPE cross section 140 µbarn, and branching ratios as measured at the ISR 

A. Breakstone  et al.,  Z. Phys. C42, (1989) 387
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Phase II - Simulation Performance Plots 

Geometrical acceptance dN/dt acceptance 

•  Mass MX calculated from the proton kinematics


•  Use phase space to determine the decay of mass MX in a particular channel


•  Use STAR TPC acceptance to make sure that all decay products are measured.


•  High-Mx reconstruction is limited by PID (π/K separation up to ~ 1.6 GeV/c) 
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Acceptance and expected yields in MX  

Event yields for 20 week run at 500 GeV


π+π-π+π- -  2.7×106 events 

π+π-  -     10.4×106 events

K+K-  -        0.8×106 events 

Mass Acceptance 

√s=500 GeV 
Phase II  
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Other QCD Processes: χc Production 
arXiv:1005.0695 L.A. Harland-Lang, V.A. Khoze, M.G. Ryskin, W.J. Stirling 
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CDF: σ (χc) = 76±10 ±10 nb 
PRL 102, 242001 (2009)  

BR(χc => J /ψ+ γ )= 1.14 ± 0.08 %  

RHIC 



Other QCD Processes: χc Production 
Szczurek and collaborators 
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Odderon Contribution to J/ψ production 
A. Bzdak et. al Phys. Rev.D 75.094023, also S. Klein, et. al PRL 92, 142003 (2004) for γIP  
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O 

IP 

IP 

O 

Use scaling from HERA to calculate cross sections from Tevatron to RHIC 

J/ψ (500/2000)0.4 ~ 0.4 and for ϒ (500/2000)0.7~ 5 

dσcorr/dy => J/ψ ~ 0.5 nb  and ϒ ~ 0.8 pb 

Calculation assumes: 

• IP = 2 gluons, O = 3 gluons

• Soft Pomeron for small masses 
and hard Pomeron assumed for 
higher masses 

• E(s,mV)~(√s/mV)λ, where λ=0.2 
(0.35) 




The Glueball Filter in Central Production 
and Broken Scale Invariance 

John Ellis and Dmitri Kharzeev arXiv:hep-ph/9811222 

50th Cracow School  
Zakopane 2010  

Włodek Guryn  30 



The φ Correlations and Broken Scale Invariance 
John Ellis and Dmitri Kharzeev arXiv:hep-ph/9811222 
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The azimuthal angle  correlation between outgoing protons are  
an alternative filter to identify glueball states 



J/ψ Production in DPE and Photoproduction 
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1.  In many cases J/ψ is produced.  

2. The experimental challenge is to distinguish between 
production channels 

Are φ correlations and dPT distributions of the forward 
protons different for different reactions? 

Need d2σ/dtdξ for each process 



Ultra Peripheral Collisions (UPC)  
of Heavy Ions  
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• Ultra Peripheral Collisions: nuclei miss each other (γγ and γP interactions) 

• Requires: b > RA+RB 

• Weizsacker-Williams approach: a field of almost real photons 

Phys.Rept.458:1-171,2008 (arXiv:0706.3356) 



Particle Production in UPC 
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MAIN PHYSICS TOPICS 

• Meson spectroscopy: ρ, ω, φ, ρ’ = mix of ρ(1450) and ρ(1700); 

• Transition from soft physics (ρ,ω,φ) to pQCD (J/Ψ, Υ); 

• e+e- pair production; 

• Fundamental tests of Quantum Mechanics: interference between non 
overlapping particles 

Two step process 
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Signature and Triggering  

•  Signatures:  
–  Coherent production dominates 
–  Low transverse momentum (pT ≤ 2h/RA ≈ 60 

MeV) 

–  Low multiplicity events with vertex  
–  Events with nuclear breakup accompanied by 

forward neutrons   
•  Trigger:  

o  Minimum bias  
•  Low multiplicity  
•  Neutrons in both ZDCs  

o  Topology ToF and TPC:  
•  Low multiplicity events  
•  Coincidence of  North and South  
•  Top and Bottom veto cosmics  
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The ρ0 photoproduction cross section 
•  Goncalves & Machado (EPJ C29,2003) 

–  QCD color dipole approach  
–  Nuclear effects and parton saturation phenomena  

•  Frankfurt, Strikman & Zhalov (PRC67 034901,2003) 
–  Generalized vector dominance (VDM) 
–  QCD – Gribov-Glauber approach   

•  Klein & Nystrand (PR C60 014903, 1999)  
–  VDM 
–  Classical mechanical approach for scattering 
Klein & Nystrand model agrees well with the data, |y|<1 does not allow to 

discriminate based on shape 
Phys. Rev. C77 34910 (2008‏) 

Red total cross section 
Blue cross section with mutual 
excitation.  
Simulation based on Klein & Nystrand 

Coherent and incoherent form factors  
Double exponential fit function 
σ(incoh)/σ(coh)~ 0.29 ±0.03 

STAR preliminary  
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Photoproduction of π+π-π+π- �
(arXiv:0912.0604) Phys.Rev.C81:044901,2010 

•  Expected to be largely through a radially 
excited  

•  Could be ρ(1450)  and/or ρ(1700)


•  Studies of the substructure showed low mass 
pion pairs  accompanied by ρ(770)


σcoh(π+π-π+π-)/σcoh(ρ[770])=13.4 ± 0.8 % 

Peak at low pT is due to the 
coherent production 

no signal for ρ' →π+π- channel 
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Summary 
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1.  A new rich diffractive physics program with tagged forward protons in 
polarized proton-proton scattering at RHIC, has been launched and its 
significant expansion has been proposed. 

2.  It will search for new physics, including glueballs, Odderon and sphalerons 
(particle correlations in DPE process). 

3.  It will search for diffractive production of light and massive systems in 
double Pomeron exchange process. Possible Pomeron - Odderon 
interaction => J/ψ production, C−odd glueball. 

4.  Other QCD processes will be studied a) breaking of the scale invariance 
as a glueball filter; and b) χc central production. 

5.  Not discussed here - systematic study of the spin dependence of elastic 
scattering, of unpolarized quantities σtot, ρ, dσ/dt in unexplored ranges of t 
and √s. 

6.  STAR has had a reach program with many common topics in heavy ion 
UPC collisions.  

RHIC is an exciting, and complementary to other hadron colliders, place to do 
diffractive physics 


