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Plan of Talk

e Introduction:
A brief overview of exotic mesons(J7¢ = 1)

e Current Status of the Photon-Pomeron Fusion Process
Au+ Au — Au® + Au® + 0 p0 — ptro
“4-prong” trigger X (J7'C =07, 277) w nta
Future Plans

e Roman Pots for Double-Pomeron Fusion Process
p+p—p+p+X, X(J'C=1"7T 3" wataatr"
A Preliminary Conceptual Design

e Conclusions and Future Prospects
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Definition: Exotic Mesons

e Conventional gg mesons
J=L+8,P= ()t 0= (—)Lt5,
Forbidden J¥¢=0——,0t—,1—1+,2T—, 3=, etc.

e EXxotic mesons:

nn + g, n = {u,d}, mass ~ 1.9 GeV with J©¢ = 1=+ as the lightest meson
nn + nn; 4-quark exotics

e Notation for Exotic Mesons: The key determinantis { PC'}, e.qg.

[9(J7C) | 17(0=F) of(~*) |1-(1~F) of(a ")
Name T n m,(1400) n,(14007)

I(JPC) | 1tat) o~@atm) | 1T@f) 07 (277)
Name | b1(1235)  hq(1170) | b2(19007)  hg(19007)
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Exotic Meson (BNL E-852):
Reaction: 7= p —» nn— pat18 GeVle, n—~yvy, o(n— ~vy) ~ 30MeV
~ 47200 events
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Exotic Meson (BNL E-852): =7 (1400) — nn-

Reaction: 7~ p — nm~ p at 18 GeV/c,
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Exotic Meson (BNL E-852): = (1600) — p0(770)x—, p°(770) — 7t~
Reaction: 7~p — ntn~ 7w~ pat 18 GeV/c 117 p[ P
~ 250 000 events
Partial waves: 1~ 17 p(770)[P]x, 27107 f2(1270)[S]n 27T0T fo[5]m
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Exotic Mesons

Three Exotic Mesons from BNL-E852: [ (JFC) =1—(1—T)

1. 7, (1400): M ~ 1370 MeV, T" ~ 400 MeV
— T

£ n'm, pr?, f1(1285)m, b1(1235)7

= If 10 @ 10, then predict no 7, (1400) partner but p(1400)

S. U. Chung, E. Klempt and J. G. Korner,
Eur. Phys. J. A 15, 539 (2002)

2. 7, (1600): M ~ 1590 MeV, T ~ 300 MeV
i PRL 86, 3977 (2001)
— n'm, pm, f1(1285)m, by1(1235)w hep-ex/0401004
hep-ex/0405044

3. m,(2000): M ~ 2000 MeV, I" ~ 300 MeV (Preliminary)

— f1(1285)7, b1(1235)7 (Preliminary) hep-ex/0401004
hep-ex/0405044
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STAR Detector
*TAR Detector (year-by-year)
1st year detectors year-by-year implementation until 2003
2" year detectors installation in 2002 installation in 2|0[}3
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Some References of Interest

“RHIC and its Detectors,” Nucl. Instr. and Meth. A 499, 235 (2003)

A partial list of recent work by the STAR Working Group

on ultra-peripheral collisions (the UPC group):

e “Coherent p° Production in Ultra-Peripheral Heavy-lon Collisions,”
nucl-ex/0206004 (2002)
PRL 89, 272302 (2002)

e “Coherent Vector Meson Production in Ultra-Peripheral Heavy-lon Collisions
at STAR/
nucl-ex/0210028 (2002)

e “Quantum Interferometry in p° Production in Ultra-Peripheral Heavy lon Collisions,”
nucl-ex/0402007 (2004)

e “Production e e~ Pairs Accompanied by Nuclear Dissociation in Ultra-Peripheral
Heavy lon Collisions,”
nucl-ex/0404012 (2004)

All the figures shown from the STAR data
have been lifted from the preprints cited above.
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The RHIC zero-degree Calorimeters (ZDCs)
Nucl. Instr. and Meth. A 470, 488 (2001)
Two calorimeters for each intersection point,
18 m away from the point,
to detect neutrons emitted » 300
in the beam direction. 2 | STAR Preliminary —1n
= —2n
Each ZDC:10cmx13.5¢cm W 250~ | —3n
Tungsten plates-+Optical fibers ! +|
150
100~
50_ i . \
0 20 40 60 80 100
ZDC East energy deposit (a.u.)
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Photon+Pomeron— p"

Pioneering Work by S. Klein, et al. (UPC group): RHIC runin 2000 at /sy n = 130 GeV
AU AU Central Trigger Barrel (CTB) in quadrants
- 2-prong trigger—-30 000 events

o
- Au+ Au— Au+Au+p% o0 - ata—
. _ o=2370+£170 £80 mb
P!

Au Au ]

S. Klein, etal. (UPC group): Minimum-Bias Data at \/syny = 130 GeV
Zero-degree Calorimeter (ZDC) in coincidence
Au Au* 800 000 events
e ol o

Au+ Au— Au* + Au* +p°%,  p0 - atrn—

od > = 30.742.849.7 mb

Au Au*

PRL 89, 272302 (2002)
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Photon+Pomeron— p"

S. Klein, etal. (UPC group): p® candidates for |y,| < 1
250 Minimum-Bias Data—(ZDC) Trigger
‘\>’ I + b) o THTE 2-prong trigger similar—not shown
=200 ) [ oo, TeTe p.. peaked at 50 MeV/c
g ‘ — Monte Carlo Like-sign background normalized for p.. > 200 MeV/c
_§150 MC p.,. normalized to pY for p. < 150 MeV/c
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“physics S.U. Chung /BNL - p.12

BNL |



,00 Rapidity Distribution

300
I [ ] MC Generated

4? 250 B a) e Data Reconstr.

c [] MC Reconstr.

Minimum-Bias Data—(ZDC) Trigger
2-prong trigger similar—not shown
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Photon+Pomeron— X — nn n ™

Au+ Au — Au* 4+ Au™ + X, X s>t ntn™
“4-prong” trigger:

1. Low-multiplicity neutrons in the beam line (ZDCs in coincidence)

2. Reject high-multiplicity events (with CTB adc)

Total number of triggers (2004) = 5 x 10°

Future: TOF Pads for more efficient trigger ?
DAQ upgrade for more efficient data-taking ?
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Regge Trajectories
A
a,(t) =0.48 4 0.88¢
50 |
a,(t) = 1.086 4+ 0.25¢
J = Re{a(m?)}
40 | G : JPC = 21+ glueball
P3(1670)
Photon-Pomeron Fusion Process:
v+ G — X
30 |
a(1320)
1 .
- Double-Pomeron Fusion Process:
20 | /
p Pomeron
10 F
S £,(1285)
b,(1235)
1.0 2.0 3.0 4.0
n Mass’ (GeV?)
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Allowed Decay Modes of a Meson with /¢ (J¥¢)

Why Photon+Pomeron — 7 n~ 77~ ?

Decay Modes 1G(JFC)
mrm 0F(0FF), 17(177), 0F(2FF), 17(37)

KTK~ 0T (0T +), 1= (0T T),0=(177), 1T (177), 0T (2T 1), 17 (2
nmon w 1= (1= ) |, 1= (3 1),. -

(pm)° — mtmw— 70 0= (0—=),| 1= (1) | o= (2+),---

p? p? — rtrm T 0t (1=1), -

p® fo(600) — wtx~ (7m)° 1T (0F), 1+ (@2t),. -

£0(600) f0(600) — (7m)0 (xm)® | 0t (0T+), 0t (2T1),. ..
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Pomeron--Pomeron— X — ntn ntn

p+p—p+tp+X, X —-7'm
(1)
p+p—p+p+X, X—ormam

&=

A

2=
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Double-Pomeron Fusion Process

If the effective mass of the central system is limited to 1-10 GeV and its rapidity to
—1 < y < +1, then the cross section is estimated to be

o(P+P) =109 ub 2)

The counting rate is, assuming the following parameters
forap x prunat./s = 200 GeV,

£L=10""cm !5 @ [o(P+P) =109 ub] ®
®3)
® [overall acceptance ~ 0.1%] =— IR~ 1Hz

where the overall acceptance is our rough guess; and the interaction rate (I R) does not
include the background trigger rate. In a p x p run lasting one month (10° s), we should

accumulate ~ 1 x 10° events.
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Roman Pots

Resolutions:
0.2mm (radial)
0.4mm (tangential)

Six Roman Pot Stations:
R2 and Rj in front of DO (A. Bravar)
Total Cost=$1.0—1.5M ?

<«---dLo-_>»

xr
A
Vs = 200 GeV
_ DO Qs
STAR ox  HEE T I -
I Rao| Rs > 2
R1
O 10 20 40m
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Conclusions and Future Prospects

e Hadron Spectroscopy with STAR:
An important sector of QCD at RHIC

e Photon-Pomeron Fusion Process:
5 x 10° triggers on hand
MC Work on X — p’(1450,1700) — n 7~ 77— and acceptance studies
Data processing to start soon

e A more efficient trigger and data-taking for “4-prong events”
with TOF pads and DAQ upgrade in the future ?

Characteristics of a JF¢ = 0T—, 21— State:

IG | Intermediate States Final States
1t | p°(770) fo(600), ag: (1320) =T VL I
1t | f0(980) p°(770), f5(1525) p°(770) KtK—ntn—
1+ | K*(890) K, K#(1420) K, ai (1320) «F K K*n¥
0~ | K*(890) K, K%(1420) K K K*r¥
0~ | ad(980) p°(770), a§(1320) p°(770) KtK—ntn—
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Conclusions and Future Prospects

e Double-Pomeron Fusion Process:
Construct Roman pots in two to three years ?

e Searchfor JP¢ =1—1 3—* States:
Possible Decay Modes: ntn~ntn—, KT K—ntn—, K ,K*nT

Current and Future Complementary Venue

for Hadron Spectroscopy:

e STAR/RHIC/BNL

e COMPASS, IHEP/Protvino, J-PARC (Japan Hadron Facility)
e IHEP/Beijing, BaBar, Belle, CLEO-C, GlueX (Hall D)/JLab
e CDF/Fermilab and DO/Fermilab

e Panda (GSl)/Darmstadt, LHC/CERN
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