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Central Exclusive Production at the STAR experiment

=+ Physics motivation: Central Exclusive Production in Doubl_._."'
Pomeron Exchange process ‘

4+ Experimental setup: RHIC complex, STAR detector, Roman Pots
4+ Data sample
+ Prellmmary results from Run 2015 @ +/s = 200 GeV :
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Physics with Tagged Forward Protons in RHIC

QCD color singlet exchange: C=+1 (Pomeron), C=-1
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Central Production at High Energies

As predicted by Regge Theory, the diffractive cross section at high energy,
Including RHIC is dominated by the Pomeron (gluonic) exchange:

Opp ~ 571

Orp ~ 5—0.5

Gpp ~ CONSt. or s* where a ~ O(0.1)

P
X X
. g .
P
p : p p
Regge Theory
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Central Production at High Energies

p(P) p(P)
+ Colliding protons interact via a color singlet (0**) exchange as constrained
by the Pomeron vertex.
#+ In the collider experiment, those protons follow magnetic field of the
accelerator and remain in the beam pipe.
4+ A system of mass My is produced, whose decay products are present in the
central detector region.
#+ Tagging on forward protons assures rapidity gap + soft rescattering
processes = protons in the beam pipe to be detected by roman-pot.
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Central Production in DPE

p p 0 For each proton vertex one has
P . . . t  four-momentum transfer
j=— X .
P '. . g = Ap/p

1Y P 0 n

My =,/€,&, s Invariant mass

In the double Pomeron exchange process, each proton “emits” a Pomeron and the

RHIC

two Pomerons interact producing a massive system My

P P

The massive system could form resonances. We expect that, due to 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.
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Glueball spectrum
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RHIC-Spin Accelerator Complex
RHIC pC “CNI”
absolute pH

polarimeters
polarimeter ™\ _ / |

Former location of pp2pp

L Siberian
Siberian

Snakes

Pol. Proton Source LINAC
AGS quasi-elastic polarimeter

200 MeV polarimeter ~ RF DipolvN\ AGS pC “CNI” polarimeter

15% Snake

RHIC is a versatile QCD Laboratory:
Nucleus- Nucleus collisions (AuAu, CuCu, UU...); Asym. Nucl. (dAu, pAu, CuAu ...);
Polarized proton-proton; eRHIC - Future
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Implementation at RHIC in 2009 (Phase I)

— optimized for low-t coverage (large B°)

RP4 RP3

AT - I-:‘ :W sz
N g Uﬂu
IP (STAR) / /

Vertical (-58 m) Horizontal (-55 m) Horizontal (55 m) Vertical (58 m)

How to measure ?
+ Need detectors to measure forward protons: t, § = Ap/p, M

W = Roman-Pots of PP2PP (~2003)

+ Need detectors with good acceptance and particle ID to measure the

central system
Wi = STAR ( TPC + Time-of-Flight for particle ID )

+ Setup of the PP2PP experiment, used to measure pp elastic scattering
at RHIC was moved to STAR to advance a physics program with

tagged forward protons
May 30, 2016
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PP2PP Setup at STAR

—

Roman Pot - vessel

Roman Pot Station PP2PP and 2009

4 planes of detectors
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Phase I preliminary results in CEP

Kinematic coverage: RP2 B o RP1  RP2
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Models of non-resonant 7+ Preliminary cross section in given kinematic  Np significant (unexpected) correlation
production [2, 3] agree with STAR data range at /s = 200 GeV between scattered protons has been found
up to 72 1GeV /2 oy = 133 £ B(stat) £ 12(sys) nb

Details can be found in Int. J. Mod. Phys. A29 (2014) no. 28, 1446010
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Implementation at RHIC in 2015 & beyond (Phase 117)

New DX — D0 chambers in RHIC

Top view
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In this configuration, CEP program is able to acquire large data
samples without special conditions (ie. the roman-pot detector
can take data along with other STAR detectors).
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Roman Pot Operation in the 2015 RHIC run

FDC coincident rate
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Routine operation of Roman Pots at = 8¢, of the beam
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Data sample (Roman-pot detectors) in Run 2015

+ Collected 6x108 CEP triggers in polarized proton-proton collisions
with transverse and longitudinal proton polarizations
+ Integrated luminosity: = 18 pb~!
+ Trigger conditions for CEP events:
"l At least 2 hits in Time-of-Flight detector (to ensure presence of charged

tracks in TPC)
& Signal In trigger counters in at least 1 Roman Pot at both STAR sides

(detecting diffractive protons)
w Veto on signal in small tiles of Beam Beam Counters covering

3.3 < |n| < 5.0 (rapidity gap)

4+ The preliminary results presented here are obtained with 2.5% of

whole collected data sample using fast offline processing.
+ Full offline reconstruction for proton-proton collisions has been done

and analyses are ongoing.
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Si Detector Performance in Elastic Scattering
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Chuster sneray in W1D

o
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+ \Very good performance of the Silicon detectors
&l Low noise
"l High (>20) signal to noise ratio
"l High single plane efficiency
'@ High proton track reconstruction efficiency

Chustar snergy in WL

1263412

o
10 20 30 40 S0 60 TO 80 90 100 110
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CEP Event Selection — two mesons

+ Exactly 2 opposite-sign tracks in TPC matched with hits in Time-of-
Flight detector

+ Consistence between z-component of vertex measured in TPC and the
vertex reconstructed from ToF of protons detected in Roman Pots (to

remove overlap of elastic scattering with minimum-bias events)

| ZyTx — Z9TX <30

+ Protons (consistent with £ = 0) not collinear (to remove elastic events

as described above)
MeV

D7 + 7 | > 60
+ \Veto in large Beam Beam Counter tiles (2.1 < In| < 3.3) to confirm
rapidity gap
+ Particle ID determined by | % —%E,K <30

+ Momentum balance between central system M, and protons measured
In the Roman Pots
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Proton kinematics of the exclusive m*m~ production

+ Majority of protons in exclusive a*zx~ production have very low momentum loss & < 0.05

+ Acceptance in -t range [0.03, 0.3] (G';EV)2

Fractional momentum loss of protonsin p +p —p + "+ + Four-momentum transferred squaredin p+p — p+ 1+ +p
not acceptance-corrected, statistical errors only not acceptance-corrected, statistical errors only
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CEP m*m™ sample : Missing momemtum

Detection and momentum reconstruction of all final state particles provides the ability to
ensure exclusivity of the system via momentum balance check
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x-component of sum of protons momenta [GeV/c]

Signal visible as strong anti-correction
of proton momentum and central
track momentum
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Invariant Mass Distribution M, (rtrr)

Invariant mass of i, pr”‘SS < 0.1 GeV/c, not acceptance-corrected, statistical errors onhs ) . -
Exclusive n*m
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pp=p+ T TmT +Pp Nuclear Physics B 264 (1986) 154 — 184

Small Background after momentum balance cut!

+ broad structure extending from a*zx~ threshold to approximately 1
4+ sharp drop at about 1 Gf;v

+ resonance-like structure between 1-1.5

GeV
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2
. GeV
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Compare with CDF Result on ata~ Central Production

Invariant mass of nr, p$i95<0.1 GeV/c, not acceptance-corrected, statistical errors only PhyS Rev. D91 (2015) 9, 091101
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+ T he essential features of the STAR result are the same as those at other colliders
4+ Similar spectrum to those found by AFS at ISR(pp) and CDF ( pp, with no p/p
tagging but by rapidity gap method)
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Invariant Mass Distribution M, (KK)

Invariant mass of KK, pT"**< 0.1 GeV/c, not acceptance-corrected, statistical errors only PhyS Lett. B Vol. 453(1999) 305
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+ prominent peak around 1.5-1.6 Gce;V M(WK‘} GeV

+ some enhancement at f,(1270)/f,(1370) region

+ In spectrum measured by WA102 (fixed target), there is significant contribution from
f,(980) not seen by STAR (most probably an effect of limited acceptance at low masses
(low K pr))

= Expect ~ 10% exclusive K*K™ events at full statistics allowing measurement of
cross-section and Partial Waves Analysis.
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Summary and Outlook

%+ STAR experiment at RHIC has suitable conditions to study diffractive
physics, which has been demonstrated by CEP measurement with
Roman Pot Phase I.

+ We had a very successful data taking run in 2015 @ +/s = 200 GeV for
both pp and pA (Phase I1%).

+ Routine operation of Roman Pots at = 8s, of the beam was achieved.

=% In 2015, STAR collected large sample of high quality CEP-dedicated
data, whose 2.5% sub-sample was used to prepare presented
preliminary mass distributions of exclusively produced pion and kaon
pairs.

=+ \We are analyzing the full data sample to search for scalar particles (0**)
as well as higher JPC states including 4r states.

4+ We are looking forward to proton-proton data run in 2017 @ /s = 510
GeV. Data will be collected in larger kinematic region and will allow
comparison of results from two energies.
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