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Central Exclusive Production (CEP)
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O ourmeasurement:p+p—2>>p+X+p X:mm"1m
O colliding particles emerge intact
O produced state X is fully measured

O particular case : large rapidity gaps Ay=An > 3 — for hadronic
processes, CEP = Double Pomeron Exchange (DPE), Pomeron :
Regge trajectory with vacuum quantum numbers

[ DPE is a spin-parity-isospin filter ISJPC for system X : 0*0**,0+2**...
ADiffractive photoproduction (y+P) of vector particles (J/¥,p...)
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Physics motivation of CEP studies

p. rap-gap > 3 >< rap-gap >3 P
X; > 0.95 X; > 0.95
& <0.05

Colliders : ISR, TEVATRON, RHIC,LHC, M,~\'s

Q LHC (> 2015 ) H, WW, ...

0 TEVATRON: high mass region < 100 GeV : heavy mesons production,
perturbative QCD (Maria Zurek at Meson 2012)

4 ISR, RHIC : low mass region :

"
Pa
& spectroscopy, glueball search - ﬁ PR
@ non-perturbative aspects of meson production : ~
IP. IR
Pb
P2
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Physics motivation of CEP studies

Spectroscopy :
 understanding of scalar meson spectrum. CEP i/
advantage : spin and isospin filter simplifies PWA g g |

 general agreement that lightest glueball should be
a scalar with mass in the range 1 — 2 GeV. In DPE its
formation might be enhanced

Non-perturbative aspects of meson production:

» L.A. Harland-Lang et al., The phenomenology of CEP at
hadron colliders arXiv:1204.4803

» P.Lebiedowicz et al., Exclusive pp—2>pptr*m reaction: From
the threshold to LHC, Phys. Rev. D81(2010)036003

> R. Staszewski et al. Exclusive "1~ Production at the LHC
with Forward Proton Tagging, Acta Phys. Polon.
B42(2011)1861)

» P.Lebiedowicz, talk at Meson2012
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The STAR experiment at RHIC

Measure recoil system M,

= F1es
FPD _ I =11
= PD =
ZDC ZDC
Roman pots Roman pots
G —— —

Large acceptance detector running since 2000

> high resolution tracking device : TPC -1 <| n| <1
» particle identification capability : TPC dE/dx; TOF (not for data presented here)
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Forward proton tagging

at 55-58m
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* roman pots with silicon strip detector for forward proton tagging

» staged implementation to cover wide kinematic range:

» phase | (present data, 200 GeV, low momentum transfer ~0.003 < -t < ~0.03)

» phase Il ( 500 GeV, larger t coverage ~0.1 < -t < ~1.5, standard optics, large
data samples)
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RP Phase | (2009) at STAR detector

7

Horizontal and vertical RP for full ¢ coverage
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Data selection

Data : polarized pp 100 + 100 GeV, run 9 (2009)

»RP trigger
» two forward (diffractive) protons

v On each side of IP (East and West) ~ 100 GeV proton registered in RP

v non-collinear tracks : A9 =,/(4) -6F)* + (8} —6F)* >0.15 mrad

» two oppositely charged tracks in TPC
v [n| <1
v > 14 hits/track
v p;> 150 MeV

v' From primary vertex
> transverse momentum balance

E ;‘p_w"gloo GeV

I = (P + Py + 77 +7)r| <0.02 GeV
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Data selection

* partially selected sample: pp + two g ooy

charged tracks (no A8 > 0.15 mrad) (@ 00} —
. | — Like-sign pairs

* contains elastic pp—2>pp events with 4o0f s

TPC track not belonging to the same 300 STAR prefiminary

interaction vertex, characterized by
large fraction of ‘like-sign’ tracks (red
curve)
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» these ‘overlap’ events can be removed missing p., [GeV]

by requirement of TOF signal within

o A )
bunch for central tracks at cost of 2 0ar . E
statistics _E06F .
04F Signal 4

* transverse momentum balance cut
very efficient in reduction of the

(central pair
o
T

o .
T I rT
¥

‘ y 0.2; .
overlap’ events as well as the non- b _ E
exclusive backgroud 0.65 { Coliinear protons

* AB > 0.15 mrad cut still needed to et
remove CoOsmics (protons pair)px [GeV]
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Invariant mass of centrally produced 11

£ 50
* p;™ss < 0.02 GeV i R —
. A8 > 0.15 mrad “t —
* dE/dX — (d E/dx)'lTl = 30 30__ STAR preliminary
20 *
Spectrum similar to the one mf + 'I 'I
published by AFS at ISR (1985): B $

 almost no like-sign background

* dominated by low invariant mass
pairs < 1 GeV

 characteristic cross section drop
~1 GeV due to f,(980) in final state
interaction

Acceptance

e B I T -
mass(n*1) [GeV/c?]
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Summary and outlook

O measurement of the central exclusive production of r+11- pairs in
proton-proton collisions at 200 GeV using Roman Pot tagging of the
diffractively scattered protons at very small momentum transfers has
been shown

O very small non-exclusive background, estimated by like-sign content
of the two-pion sample, has been demonstrated

O further studies of the 200 GeV CEP sample (cross section,
interpratation of the measured spectrum) in progress

O preparation for the analogous measurement at 500 GeV in 2013 in
progress (30-40 times larger statistics, PWA possible)

O plans for Phase |l of the measurement (standard beam optics, very
large statistics, various studies of non-perturbative QCD e.g. instanton
search)
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Backup slides
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Acceptance for pp—2>pp1r*m

ABCDHW Collabaration
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» acceptance for small p diffractive
protons (unlike ISR AFM experiment)

D-l-

 acceptance (TPC+protton tagger) is
~flat in two-pion invariant mass
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Acceptance studies for pp—2ppT1rtT
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AFS ISR 62 GeV CEP Tt inv. mass

Events/10 MeV

Events/25 MeV

»10
1.6
1.4
1.2

0.8
0.6
0.4
0.2

450

400 -

350
300

200

1000 |»+

(a)

pte

ISi?

4 t
4

L]
b-?..dn

(a)

1
1 1.2

1
1. 1.2

L
1.4

L
1.8 1.8

o1t o o sia o

a2
M(nn) GeV

M{rm) GeV 100

(b)

D2

teeesteuseatetes ml”

1.8 2.
M{mm) GeV

(b)

CEP at STAR Meson2012

7 23
M(nm) GeV

15




AABCDHW ISR 62 GeV CEP 1" inv. mass
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ALICE LHC 7.0 TeV CEP tr*minv
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Scalar pion formfactor in B->1rmrr decays

A T T MR B i :
DD 02 04 06 08 1 1.2 14 16 18 2
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Fig.1. Modulus of the plon scalar form factor I'T {sclid line), obtained mn our fit
uzing the MLC af with & =2 GeV and for which the fitted parameter ¢ = (195 +
4.2) GeV—4, compared to that caleulated in Rel. [27] using the Muskhelishvili-
Oimnés equations {double-dash dat Iine). The dash-dat line (far ¢ = 15.3 QeV-1
and the dashed cne (for ¢ = 23.7 GeV—*) represent the variation of the [T modulus
when ¢ varies within s error band.
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